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I. Course Title : Production of Plantation Crops 

II. Course Code : PSM 501 

III. Credit Hours : (2+1) 

IV. Why this course ? 

Plantation crops play an important role in the national economy of India. These 

crops also provide livelihood security to a large section of farmers. This course 

will impart theoretical as well as  hands-on  eXperience  to  the  learner  on scientific 

production technology of various plantation crops in Indian perspectives. It will 

provide comprehensive knowledge in this regard. 

V. Aim of the course 

The course is designed to provide both basic and applied knowledge on 

variousaspects of production technology of plantation crops grown in India. 

The course is organized as follows: 
 

 
No Blocks Units 

1 Importance of Plantation Crops I Role of plantation crops 
II EXport potential 

III Promotional programmes 

2 Production Technology I Varietal wealth 

II Propagation and 

nursery management III 

Agro techniques 

3 Harvest and Post-harvest I Maturity 
 

indices and harvestmanagement II Post 

harvest management 

VI. Theory 

Block 1: Importance of Plantation Crops 

Unit 1: Role of plantation crops: Role of plantation crops in national 

economy, area-production statistics at national and international 

level, classification, clean development mechanism and carbon 

sequestration potential of plantation crops. 

Unit 2: EXport potential: EXport potential, problems and prospects 

and IPR issues in plantation crops. 

Unit 3: Promotional programmes: Role of commodity boards and 

directorates in the development programmes of plantation crops. 
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Block 2: Production Technology 

Unit 1: Varietal wealth: Botany, taXonomy, species, cultivars and 

improvedvarieties in plantation crops. 

Unit 2: Propagation and nursery management: Plant multiplication 

including in-vitro multiplication, nursery techniques and 

nursery management in plantation crops. 

Unit 3: Agro techniques: Systems of cultivation, cropping systems, 

multitier cropping, climate and soil requirements, systems of 

planting, high density planting, nutritional requirements, water 

requirements, fertigation, moisture conservation, role of growth 

regulators, macro and micro nutrients, nutrient deficiency 

symptoms, physiological disorders, shade regulation, weed 

management, training and pruning, crop regulation, plant 

protection, management of drought, precision farming, organic 

production practices. 

Block 3: Harvest and Post harvest management 

Unit 1: Maturity indices and harvest: Maturity indices, harvesting 

methods, harvesting  seasons  and  mechanized  harvesting 

in plantation crops. 

Unit 2: Post harvest management: Post harvest handling including 

primary processing, grading, packaging, storage and benefit 

cost analysis of plantation crops. 

Crops 

Coconut, Arecanut, Oilpalm, Cashew, Coffee, Tea, Cocoa, Rubber, 

Palmyrah, Betel vine 

VII. Practical 

• Description of botanical and varietal features; 

• Selection of mother palms and seedlings; 

• Nursery techniques; 

• Soil and water conservation measures; 

• Nutrient deficiency symptoms; 

• Manuring practices; 

• Pruning and training methods; 

• Maturity standards; 

• Harvesting; 

• Project preparation for establishing plantations; 

• GAP in plantation crops; 

• EXposure visits to commercial plantations, research institutes. 
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VIII. Teaching Methods/ Activities 

• Lecture 

• Assignment (Reading/ Writing) 

• Demonstration 

• EXposure visits 

IX. Learning outcome 

After successful completion of this course, the students are eXpected to: 

• Develop the technical skill in commercial cultivation of plantation 

crops 

• Be able to start plantation crop-based enterprises 

X. Suggested Reading 

 Afoakwa EO. 2016. Cocoa Production and Processing Technology. CRC 

Press. Anonymous. 1985. Rubber and its Cultivation. The Rubber Board of 

India. 

 Chopra VL and Peter KV. 2005. Handbook of Industrial Crops. Panima. 

 Choudappa  P,  Anitha  K,  Rajesh  MK  and  Ramesh  SV.  2017. 

Biotechnology of Plantation Crops.Daya Publishing House, New Delhi 

 Choudappa P, Niral V, Jerard BA and Samsudeen K. 2017. Coconut. 

Daya Publishing House, New Delhi. 

 e-manual on Advances in Cashew Production Technology. ICAR – 

Directorate of Cashew Research, Puttur –574 202, DK, Karnataka. 

 Harler CR. 1963. The Culture and Marketing of Tea. OXford Univ. Press. 

 Joshi P. 2018. Text Book on fruit and plantation crops. Narendra Publishing 

House, New Delhi Kurian A and Peter KV. 2007. Commercial Crops 

Technology. New India Publ. Agency. 

 Nair MK, Bhaskara Rao EVV, Nambia KKN and Nambiar  MC. 

1979. Cashew. CPCRI, Kasaragod. 

 Panda H. 2013. The Complete Book on Cashew. Asia Pacific Business 

Press Inc. 

 Panda H. 2016. The Complete Book on Cultivation and Manufacture of 

Tea (2nd Revised Edition). Asia Pacific Business Press Inc. 

 Peter KV. 2002. Plantation Crops. National Book Trust. 

 Pillay PNR. 1980. Handbook of natural rbber production in India. Rubber 

Research Institute, Kottayam. pp.668. 

 Pradeepkumar T, Suma B, Jyothibhaskar and Satheesan KN. 2007. 

Management of Horticultural Crops. Parts I, II. New India Publ. 

Agency. 
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 Ramachandra et al. 2018. Breeding of Spices and Plantation crops. 

Narendra Publishing House, New Delhi. 

 Ranganathan V. 1979. Hand Book of Tea Cultivation.  UPASI, Tea Res. 

Stn. Cinchona. 

 Sera T, Soccol CR, Pandey A, Roussos S Coffee Biotechnology and 

Quality. Springer, Dordrecht. 

 Sethuraj MR and Mathew NT. 1992. Natural Rubber: Biology, Cultivation 

and Technology (Developments in Crop Science). Elsevier Science. 

 Sharangi AB and Datta S. 2015. Value Addition of Horticultural crops: 

Recent trends and Future directions. SPRINGER; ISBN: 978-81-322- 

2261-3. 

 Sharangi AB and Acharya SK. 2008. Quality management of Horticultural 

crops. Agrotech Publishing House, Udaipur; ISBN: 81- 8321-090-2. 

 Srivastava HC, Vatsaya and Menon, KKG. 1986. Plantation Crops – 

Opportunities and Constraints. OXford and IBH. 

 Thampan PK. 1981. Hand Book of Coconut Palm. OXford and IBH. 

 
I. Course Title : Production of Spice Crops 

II. Course Code : PSM 502 

III. Credit Hours : (2+1) 

IV. Why this course ? 

Spice crops play an important role in  the  national  economy  of  India. These 

crops also provide  livelihood  security  to  a  large  section  of farmers. This 

course will impart theoretical  as  well  as  hands-on eXperience to the learner 

on  scientific production technology of various spice crops in Indian 

perspectives. It will providecomprehensive knowledge in this regard. 

V. Aim of the course 

The course is designed to provide both basic and applied knowledge on 

variousaspects of production technology of spice crops grown in India. 



550  

The course is organized as follows: 
 

 
No Blocks Units 

1 Importance of Spice Crops I Role of spice crops 

II Classification of spice crops 

2 Production Technology I Varietal wealth 
 

No Blocks Units 

II Propagation and 

nursery management 

III Agro techniques 

3 Harvest and Post harvest I Maturity 

indices and harvestmanagement II Postharvest 

management 

 
VI. Theory 

Block 1:    Importance of spice crops 

Unit 1: Role of Spice crops: Introduction, importance of spice crops, 

pharmaceutical significance, historical accent, present status – 

national and international, future prospects, role of Spices board and 

other development agencies. 

Unit 2:  Classification of spice crops: Major spices, minor spices, seed 

spices, tree spices, herbal spices. 

Block 2: Production Technology 

Unit 1: Varietal wealth: Botany and taXonomy, species, cultivars, commercial 

varieties/ hybrids in spice crops. 

Unit 2: Propagation and nursery  management:  Seed,  vegetative  and micro- 

propagation methods, nursery techniques and nursery management 

practices. 

Unit 3: Agro techniques: Climatic and soil requirements, site selection, layout, 

sowing/ planting times and methods, seed rate and seed treatment, 

nutritional and irrigation requirements, intercropping, miXed 

cropping, intercultural operations, weed control, mulching, plant 

protection, precision farming, physiological disorders, protected 

cultivation, organic production practices. 

Block 3:     Harvest and Post harvest management 

Unit 1: Maturity indices and harvest:  Maturity  indices,  harvesting methods, 

harvesting seasons, mechanized harvesting. 

Unit 2: Post harvest management: Post harvest management including 

primary processing, grading, packaging and storage, GMP in 

major spice crops. 
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Crops 

Black pepper, small and large Cardamom, Turmeric, Ginger, Garlic, 

Coriander, Fenugreek, Cumin, Fennel, Ajwain, Saffron, Vanilla, 

Nutmeg, Clove, Cinnamon, Allspice, Tamarind, Garcinia, Curry leaf. 

VII. Practical 

• Identification of seeds and plants; 

• Botanical description of plant; 

• Varietal features; 

• Planting material production; 

• Field layout and method of planting; 

• Cultural practices; 

• Harvest maturity, harvesting; 

• Drying, storage, packaging; 

• Primary processing; 

• GAP in spice crops; 

• GMP in spice crops; 

• Short term eXperiments on spice crops; 

• EXposure visits to spice farms, research institutes. 

VIII. Teaching Methods/ Activities 

• Lecture 

• Assignment (Reading/ Writing) 

• Demonstration 

• Exposure visits 

IX. Learning outcome 

After successful completion of this course, the students are expected to: 

• Develop the technical skill in commercial cultivation of spice crops 

• Be able to start spice-based enterprises 

X. Suggested Reading 

 Agarwal S, Sastry EVD and Sharma RK. 2001. Seed Spices: Production, 

Quality, Export. Pointer Publ. 

 Arya PS. 2003. Spice Crops of India. Kalyani. 

 Bose TK, Mitra SK, Farooqi SK and Sadhu MK. Eds. 1999. Tropical 

Horticulture. Vol.I. Naya Prokash. 

 Chadha KL and Rethinam P. Eds. 1993. Advances in Horticulture. Vols. 

IX-X. Plantation Crops and Spices. Malhotra Publ. House. 
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 Gupta S. Ed. Hand Book of Spices and Packaging with Formulae. 

Engineers India ResearchInstitute, New Delhi. 

 Kumar NA, Khader P, Rangaswami and Irulappan I. 2000. Introduction 

to Spices, Plantation Crops, Medicinal and Aromatic Plants. OXford and 

IBH. 

 Nybe EV, Miniraj N and Peter KV. 2007. Spices. New India Publ. 

Agency. 

 Parthasarthy VA, Kandiannan V and Srinivasan V. 2008. Organic 

Spices. New India Publ. Agency. 

 Peter KV. 2001. Hand Book of Herbs and Spices. Vols. I-III. Woodhead 

Publ. Co. UK and CRC USA. 

 Ponnuswami V et al. 2018. Medicinal Herbs and Herbal Cure. Narendra 

Publishing House, New Delhi. 

 Pruthi JS. Ed. 1998. Spices and Condiments. National Book Trust. 

 Pruthi JS. 2001. Minor Spices and Condiments- Crop Management and Post 

HarvestTechnology. ICAR. 

 Purseglove JW, Brown EG, Green CL and Robbins SRJ. Eds. 1981. 

Spices. Vols. I, II. Longman. Ramachandra et al. 2018. Breeding of 

Spices and Plantation crops. Narendra Publishing House, New Delhi. 

 Ravindran PN. 2000. Black pepper, Piper nigrum. CRC press. Ravindran 

PN. 2002. Cardamom, the genusElettaria. CRC press Ravindran PN. 2003. 

Cinnamon and cassia. CRC press Ravindran PN. 2004. Ginger, the genus 

Zingiber. CRC press Ravindran PN. 2007. Turmeric, the genus curcuma. 

CRC press Ravindran PN. 2017. The Encyclopedia of Herbs and Spices. 

CABI 

 Shanmugavelu KG, Kumar N and Peter KV. 2002. Production 

Technology of Spices and Plantation Crops. Agrobios. 

 Sharangi AB, Datta S and Deb P. 2018. Spices “Agrotechniques for quality 

produce”. Apple Acadamic Press (Tylor and Francis Groups), New Jersey, 

USA. 

 Sharangi AB. 2018. Indian Spices “The legacy, production and 

processing of India’s treasured export.” Springer International 

publishing AG, Part of Springer Nature 2018, Cham, Switzerland. 

 Sharangi AB and Datta S. 2015. Value Addition of Horticultural crops: 

Recent trends and Future directions. SPRINGER; ISBN: 978- 81-322-

2261-3. 

 Sharangi AB and Acharya SK. 2008. Quality Management of Horticultural 

crops. Agrotech Publishing House, Udaipur; ISBN: 81- 8321-090-2. 
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 Thamburaj S and Singh N. Eds. 2004. Vegetables, Tuber Crops and 

Spices, ICAR. 

 Tiwari RS and Agarwal A. 2004. Production Technology of Spices. 

International Book Distr. Co. 

 
I. Course Title : Production of Medicinal and Aromatic Crops 

II. Course Code : PSM 503 

III. Credit Hours       : (2+1) 

IV. Why this course ? 

Medicinal and aromatic crops play an important role in the national economy 

of India. These crops also provide health security to all. This course will impart 

theoretical as well as hands-on eXperience to the learner on scientific production 

technology of various medicinal and aromatic crops in Indian perspectives. It will 

provide comprehensive knowledge in this regard. 

V. Aim of the course 

To impart comprehensive knowledge on the production technology of important 

medicinal and aromatic crops 

The course is organized as follows: 
 

 
No Blocks Units 

1 Importance of Medicinal and  I Classification of medicinal 

Aromatic Crops and aromatic crops 

II Medicinal plant based industry 

III Aromatic plant based industry 
2 Production technology I Varietal wealth 

II Propagation and nursery 

management III Agro techniques 

3 Harvest and Post harvest I Maturity indices and harvest 

management II Post harvest management 
 

Theory 

Block 1:    Importance of Medicinal and Aromatic Crops 

Unit 1: Classification of medicinal and aromatic crops: Importance of medicinal 

plants, Importance of aromatic plants, Role in national economy, 

utility sectors of medicinal and aromatic crops, classification of 

medicinal and aromatic crops, role of institutions, Medicinal Plant 

Board and NGO’s in research and development of medicinal and 

aromatic crops. 

Unit 2:  Medicinal  and  plant  based  industry:  Indian   system   of medicine, 

traditional systems of medicine, tribal medicine, medicinal 

industry, source of medicinal plants, area, 
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production, eXport and import of major crops, problems, 

prospects and challenges, IPR issues. 

Unit 3: Aromatic plant based industry: Essential oils,  classification, physical 

and chemical properties and storage of essential oils. Indian 

perfumery industry, area, production, eXport and import status of 

major aromatic crops, history and advancements, problems, 

prospects and challenges, IPR issues. 

Block 2:    Production technology of medicinal and aromatic crops 

Unit 1: Varietal wealth: Botany and taXonomy, species, cultivars, commercial 

varieties/ hybrids in medicinal and aromatic crops. 

Unit 2: Propagation and nursery  management:  Seed,  vegetative  and micro- 

propagation methods, nursery techniques and nursery 

management practices. 

Unit 3:    Agro techniques: Climatic and soil requirements, site selection, layout, 

sowing/ planting times and methods, seed rate and seed treatment, 

nutritional and irrigation requirements, intercropping, miXed 

cropping, intercultural operations, weed control, mulching, plant 

protection. 

Block 3:    Harvest and Post harvest management 

Unit 1: Maturity indices and harvest:  Maturity  indices,  harvesting methods, 

harvesting seasons in medicinal and aromatic crops. 

Unit 2: Post harvest management: Post harvest management including 

primary processing, eXtraction, grading,  packaging  and storage, 

GMP in medicinal and aromatic crops. 

Crops 

A. Medicinal crops: Senna, periwinkle, medicinal coleus, aswagandha, 

glory lily, sarpagandha, Dioscorea sp., Aloe vera, Andrographis paniculata, 

Digitalis, medicinal solanum, isabgol, opium poppy, safedmusli, Stevia 

rebaudiana, Mucuna pruriens, Piper longum, Plumbago sp. 

B. Aromatic crops: Palmarosa, lemongrass, citronella, vetiver, mentha, 

patchouli, sweet flag, jasmine, tuberose,  geranium,  artemisia, lavender, 

Ocimum sp., eucalyptus, sandal 

VI. Practical 

2 Description of botanical and varietal features; 

3 Nursery techniques; 

4 Lay out and planting; 

5 Manuring practices; 

6 Maturity standards; 

7 Harvesting; 
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8 Primary processing; 

9 EXtraction of oils; 

10 Herbarium preparation; 

11 Project preparation for establishing herbal gardens; 

12 GAP in medicinal and aromatic crops; 

13 GMP in medicinal and aromatic crops; 

14 EXposure visits to institutes, herbal gardens and industries. 

VII. Teaching Methods/ Activities 

2 Lecture 

3 Assignment (Reading/ Writing) 

4 Demonstration 

5 EXposure visits 

VIII. Learning outcome 

After successful completion of this course, the students are eXpected to: 

2 Develop the technical skill in commercial cultivation of 

medicinal and aromaticcrops 

3 Be able to start medicinal and aromatic crop-based enterprises 

IX. Suggested Reading 

 Atal CK and Kapur BM. 1982. Cultivation and Utilization of 

Medicinal Plants. RRL, CSIR, Jammu. 

 Barche S. 2016. Production technology of spices, aromatic, medicinal 

and plantation crops. New India Publishing Agency, New Delhi. 

 Das K. 2013. Essential oils and their applications. New India Publishing 

Agency, New Delhi Farooqi AA and Sriram AH. 2000. Cultivation 

Practices for Medicinal and Aromatic Crops. Orient Longman Publ. 

 Farooqi AA, Khan MM and Vasundhara M. 2001. Production Technology 

of Medicinal and Aromatic Crops. Natural Remedies Pvt. Ltd. 

 Gupta RK. 2010. Medicinal and Aromatic plants. CBS publications. 

 Hota D. 2007. Bio Active Medicinal Plants. Gene Tech Books. Jain SK. 

2000. Medicinal Plants.National Book Trust. 

 Khan IA and Khanum A. 2001. Role of Biotechnology in Medicinal and 

Aromatic Plants. Vol. Vikaaz Publ. 

 Kurian A and Asha Sankar M. 2007. Medicinal Plants. Horticulture 

Science Series, New India Publ. Agency. 

 Panda H. 2002. Medicinal Plants Cultivation and their Uses. Asia Pacific 

Business Press. Panda H. 2005. Aromatic Plants Cultivation, Processing 

and Uses. Asia Pacific Business Press. Ponnuswami et al. 2018. Medicinal 

Herbs and Herbal Cure. Narendra Publishing House, 
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New Delhi. 

 Prajapati SS, Paero H, Sharma AK and Kumar T. 2006. A Hand book of 

Medicinal Plants. Agro Bios. 

 Ramawat KG and Merillon JM. 2003. BioTechnology – Secondary 

Metabolites. OXford and IBH. 

 Shankar SJ. 2018. Comprehensive post harvest technology of flowers, 

medicinal and aromatic plants. Narendra Publishing House, New Delhi. 

 Skaria PB, Samuel M, Gracy Mathew, Ancy Joseph, Ragina Joseph. 

2007. Aromatic Plants. New India Publ. Agency. 

 

I. Course Title : Breeding of Plantation and Spice Crops 

II. Course Code : PSM 504 

III. Credit Hours       : (2+1) 

IV. Why this course ? 

Plantation and spice crops play an important role in the national economy of 

India. For maXimizing the production, productivity and quality of plantation 

and spice crops, fundamental knowledge on breeding methods of the major 

crops is essential. This course will impart theoretical as well as hands-on 

eXperience to the learner on reproductive biology, breeding methods and 

breeding achievements in various plantation and spice crops 

V. Aim of the course 

To impart comprehensive knowledge on the principles and practices in the 
breedingof important plantation and spice crops 

The course is organized as follows: 
 

No Blocks Units 
 

1 Genetic diversity I Species and cultivar diversityII 

Germplasm evaluation 

2 Crop improvement I Breeding objectives II 

Breeding methods 

3 Breeding achievements and I Breeding achievementsfuture 

thrusts II Future thrusts 

VI. Theory 

Block 1:     Genetic diversity 

Unit I: Species and cultivar diversity: Floral and reproductive biology, 

cytogenetics, male sterility, incompatibility, wild and cultivated 

species,popular cultivars. 

Unit II: Germplasm evaluation: Survey, collection, conservation and 

evaluation of germplasm. 

Block 2:    Crop improvement 

Unit I: Breeding objectives: Breeding objectives/ goals on the basis of 

yield, quality, stress tolerance, adaptation. 

Unit II:        Breeding    methods:    Approaches    for     crop     improvement, 
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introduction, selection, hybridization, mutation breeding, 

polyploidy breeding, improvement of quality traits, resistance 

breeding for biotic and abiotic stresses. 

Block 3:    Breeding achievements and future thrusts 

Unit I: Breeding achievements: Breeding achievements in terms of 

released varieties, parentage, salient features. 

Unit II: Future thrusts: Molecular breeding and biotechnological approaches, 

marker-assisted selection, bioinformatics, breeding for climate 

resilience 

Crops 

A. Plantation crops: Coconut, Arecanut, Cashew, Cocoa, Rubber, 

Oil palm, Coffee, Tea, Palmyrah, Betel vine 

B. Spice crops: Black pepper, small and large cardamom, Ginger, 

Turmeric, Fenugreek, Coriander, Fennel, Cumin, Ajwain, 

Garlic, Nutmeg, Cinnamon, Clove, Allspice, Garcinia, 

Tamarind 

VII. Practical 

• Characterization and evaluation of germplasm; 

• Floral biology, anthesis; pollen behaviour, fruit set; 

• Practices in hybridization, selfing and crossing techniques; 

• Polyploidy breeding; 

• Mutation breeding; 

• Induction of somaclonal variation and screening the variants; 

• Evaluation of biometrical traits and quality traits; 

• Salient features of improved varieties and cultivars; 

• Screening for biotic and abiotic stresses; 

• Bioinformatics; 

• EXposure visits to research institutes for plantation and spice crops. 

VIII. Teaching Methods/ Activities 

• Lecture 

• Assignment (Reading/Writing) 

• Demonstration 

• EXposure visits 

IX. Learning outcome 

After successful completion of this course, the students are eXpected to: 

• Develop the technical skill in breeding of plantation and spice crops 

• Be able to start plantation and spice crop-based seed production/ 

nursery centres 

X. Suggested Reading 

 Afoakwa EO. 2016. Cocoa Production and Processing Technology. 



558  

CRC Press. Anonymous. 1985. Rubber and its Cultivation. The Rubber 

Board of India. 

 Chadha KL, Ravindran PN and Sahijram L. 2000. Biotechnology in 

Horticultural and Plantation Crops. Malhotra Publ. House. 

 Chadha KL. 1998. Advances in Horticulture. Vol. IX,X. Plantation and 

Spices Crops. Malhotra Publishing House, New Delhi. 

 Chadha KL and Rethinam P. Eds. 1993. Advances in Horticulture. Vol. 

IX. PlantationCropsand Spices. Part-I. Malhotra Publ. House. 

 Chopra VL and Peter KV. 2002. Handbook of Industrial Crops. 

Haworth Press, USA and. Panama International Publ. (Indian Ed.). 

 Choudappa P, Anitha K, Rajesh MK and Ramesh SV. 2017. 
Biotechnology of Plantation Crops. Daya Publishing  House,New Delhi. 

 Damodaran V  K,  Vilaschandran  T  and  Valsalakumari  PK.  1979. 

Research on Cashew in India. KAU, Trichur. 

 Devi AR, Sharangi AB, Acharya SK and Mishra GC. 2017. Coriander 
in Eastern India: The landraces and genetic diversity. Krishi Sanskriti 

Publications. New Delhi. ISBN: 978-93- 85822-48-3. 

 E-manual on Advances in Cashew Production Technology. ICAR – 
Directorate of Cashew Research, Puttur –574 202, DK, Karnataka 

 Harver AE. 1962. Modern Coffee Production. Leonard Hoff. 

 Kumar N. 2017. Introduction to Spices, Plantation Crops, Medicinal and 

Aromatic Plants.CBS Publishers. 

 Nybe EV, MiniRaj N and Peter KV. 2007. Spices. New India Publishing 
Agency. Panda H. 2013. The Complete Book on Cashew. Asia Pacific 
Business Press Inc. 

 Panda H. 2016. The Complete Book on Cultivation and Manufacture of Tea 

(2nd Revised Edition). Asia Pacific Business Press Inc. 

 Pillay PNR.  1980. Handbook of Natural Rubber Production in India. 

Rubber Research Institute, Kottayam. pp. 668. 

 Ponnuswami et al. 2018. Blossom biology of Horticultural crops. Narendra 

Publishing House, New Delhi. 

 Ponnuswami et al. 2018. Botany of Horticultural crops. Narendra 

Publishing House, New Delhi Ponnuswami et al. 2018. Spices. Narendra 
Publishing House,New Delhi. 

 Raj PS and Vidyachandra B. 1981. Review  of  Work  Done  on Cashew. 

UAS Research Series No.6, Bangalore. 

 Ramachandra et al. 2018. Breeding of Spices and Plantation Crops. 

Narendra Publishing House,New Delhi 

 Ravindran PN. 2002. Cardamom, the genus Elettaria. CRC press 

Ravindran PN. 2003. Cinnamon and cassia. CRC  press Ravindran PN. 
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2004. Ginger, the genus Zingiber. CRC press Ravindran PN. 2007. 

Turmeric, the genus Curcuma. CRC press 

 Ravindran PN. 2017. The Encyclopedia of Herbs and Spices. CABI 

 Sera T, Soccol CR, Pandey A, Roussos S. Coffee Biotechnology and 

Quality. Springer, Dordrecht. 

 Sethuraj MR and Mathew NT. 1992.Natural Rubber: Biology, Cultivation 

and Technology (Developments in Crop Science). Elsevier Science. 

 Sharangi AB and Datta S. 2015. Value Addition of Horticultural crops: 

Recent trends and Future directions. SPRINGER; ISBN: 978-81-322- 

2261-3. 

 Thampan PK. 1981. Hand Book of Coconut Palm. OXford and IBH. 

 
I. Course Title : Breeding of Medicinal and Aromatic Crops 

II. Course Code : PSM 505 

III. Credit Hours : (1+1) 

IV. Why this course ? 

Medicinal and aromatic crops play an important role in the national 

economy of India. For maXimizing the production, productivity and 

quality of medicinal and aromatic crops, fundamental knowledge on 

breeding methods of the major crops is essential. This course will impart 

theoretical as well as hands-on eXperience to the learner on reproductive 

biology, breeding methods and breeding achievements in various 

medicinal and aromatic crops. 

V. Aim of the course 

To impart comprehensive knowledge on the principles and practices in 

the breedingof important medicinal and aromatic crops. 

The course is organized as follows: 
 

 
No    Blocks Units 

1 Genetic diversity 1. Species and cultivar diversity 

2. Germplasm evaluation 

2 Crop improvement 1. Breeding objectives 

2. Breeding methods 

3 Breeding achievements and future 1. Breeding achievements 

thrusts 2. Future thrusts 
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VI. Theory 

 
Block 1:        Genetic diversity 

Unit 1: Species and cultivar diversity: Floral and reproductive biology, 

cytogenetics, male sterility, incompatibility, wild and cultivated 

species,popular cultivars. 

Unit 2:  Germplasm evaluation: Survey, collection, conservation and 

evaluation of germplasm, IPR issues. 

Block 2:     Crop improvement 

Unit 1: Breeding objectives: Breeding  problems  in  medicinal  and aromatic 

crops. Genetics of active principles, breeding objectives/ goals 

on the basis  of  yield,  quality,  stress tolerance, adaptation. 

Unit 2: Breeding methods: Approaches for  crop  improvement, introduction, 

selection, hybridization, mutation breeding, polyploidy 

breeding, improvement of quality traits, resistance breeding for 

biotic and abiotic stresses. 

Block 3: Breeding achievements and future thrusts 

Unit 1: Breeding achievements: Breeding achievements in  terms  of released 

varieties, parentage, salient features. 

Unit 2: Future thrusts: Molecular breeding   and   biotechnological approaches, 

marker-assisted selection, bioinformatics, breeding for climate 

resilience. 

Crops 

A. Medicinal crops: Cassia angustifolia, Catharanthus roseus, Gloriosa 

superba, Coleus forskohlii, Stevia rebaudiana, Withania somnifera, 

Papaver somniferum, Plantago ovata, Chlorophytum sp., Rauvolfia 

serpentina, Aloe vera, Piper longum, Plumbago sp. 

B. Aromatic crops: Mint, geranium, patchouli, lemon grass, palmarosa, 

citronella, vetiver,   Artemisia,   ocimum,   lavender,   Kaempferia galanga, 

eucalyptus 

VII. Practical 

• Description of botanical features; 

• Cataloguing of cultivars, varieties and species in medicinal and 

aromatic crops; 

• Floral biology; 

• Selfing and crossing; 

• Evaluation of hybrid progenies; 

• Induction of economic mutants; 

• High alkaloid and high essential oil mutants; 

• Evolution of mutants through physical and chemical mutagens; 

• Introduction of polyploidy; 

• Screening of plants for biotic and abiotic stress; 

• In-vitro breeding in medicinal and aromatic crops. 
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VIII. Teaching Methods/ Activities 

• Lecture 

• Assignment (Reading/ Writing) 

• Demonstration 

• EXposure visits 

IX. Learning outcome 

After successful completion of this course, the students are eXpected to: 

• Develop the technical skill in breeding of medicinal and aromatic 

crops 

• Be able to start medicinal and aromatic crop-based seed production/ 

nursery centres 

X. Suggested Reading 

 Chadha KL and Gupta, R. 1995. Advances in Horticulture. Vol. XI. 

Malhotra Publ. House. Farooqi AA, Khan MM and Vasundhara M. 2001. 

Production Technology of Medicinal and Aromatic Crops. Natural 

Remedies Pvt. Ltd. 

 Gupta R.K. 2010. Medicinal and Aromatic plants. CBS publications Jain 

SK. 2000. Medicinal Plants. National Book Trust. 

 Julia F and Charters MC. 1997. Major Medicinal Plants – Botany, Cultures 

and Uses. Thomas Publ. 

 Kurian A and Asha Sankar M. 2007. Medicinal Plants. Horticulture 

Science Series, New India Publ. Agency. 

 Ponnuswami et al. 2018. Blossom biology of Horticultural crops. Narendra 

Publishing House, New Delhi 

 Ponnuswami et al. 2018. Botany of Horticultural crops. Narendra 
Publishing House, New Delhi 

 Ponnuswami et al. 2018. Medicinal Herbs and Herbal Cure. 
Narendra Publishing House, New Delhi 

 Waghulkar VM. 2012. Quality assurance techniques in 

pharmaceuticals. New India Publishing Agency, New Delhi 

I. Course Title : Systematics of Plantation and Spice Crops 

II. Course Code : PSM 506 

III. Credit Hours : (1+1) 

 

IV. Why this course ? 

Plantation and spice crops play an important role in the national economy of 

India. For the crop improvement programme of these crops, fundamental 

knowledge on origin and development, evolutionary process, taXonomy and 

cytogenetics and is most essential. This course will impart theoretical 

knowledge to the learner on the origin and distribution,  evolutionary process, 

taXonomy and cytogenetics of variousplantation and spice crops. 
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V. Aim of the course 

To impart basic knowledge on the origin and development, evolutionary process, 

taXonomy, chemotaXonomy, cytogenetics and genetic resources of plantation 

and spice crops. 

The course is organized as follows: 
 

No Blocks Units 
 

1 Origin and evolution 1. Centre of origin 

2. Systematics 

2 Genetic diversity 1. Species and cultivar diversity 

2. Germplasm 

3 Cataloguing 1. Descriptors 

  2. DUS guidelines  

 
VI. Theory 

Block 1: Origin and evolution 

Unit I: Centre of origin: Centre of origin, distribution,phylogeny. 

Unit II: Systematics: Botany, cytology, ploidy status, seX forms, 

flowering andpollination biology, cytogenetics. 

Block 2: Genetic Diversity 

Unit I: Species and cultivar diversity: Wild and related species, 

cultivars. 

Unit II: Germplasm: Indigenous and eXotic germplasm. 

Block 3: Cataloguing 

Unit I: Descriptors: Biovarsity/ NBPGR descriptors and their salient 

features. 

Unit II: DUS guidelines: DUS guidelines, molecular aspects of 

systematics. 

Crops 

A. Plantation crops: Coconut, Arecanut, Oil Palm, Tea, Coffee, 

Cocoa, Cashew,Rubber, Betel Vine 

 
B. Spice crops: Black Pepper, Small Cardamom, Ginger, 

Turmeric, Nutmeg, Cinnamon, Clove, Vanilla, Coriander, 

Fennel, Cumin, Fenugreek, Garlic 

 
VII. Practical 

• Genus, species and cultivar features of various plantation and spice 

crops; 

• Characterization based on descriptors; 

• Characterization based on DUS guidelines; 

• Study of seX forms and floral biology; 

• Study of molecular markers; 

• EXposure visits to national institutes including NBPGR. 
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VIII. Teaching Methods/ Activities 

• Lecture 

• Assignment (Reading/ Writing) 

• Demonstration 

• EXposure visits 

IX. Learning outcome 

After successful completion of this course, the students are eXpected to: 

• have thorough understanding on the systematics of plantation  and 

spice crops 

X. Suggested Reading 

 Afoakwa EO. 2016. Cocoa Production and Processing Technology. 

CRC Press 

 Chadha KL and Gupta R. 1995. Advances in Horticulture. Vol. XI. 

Malhotra Publ. House. Charles B. 1993. Discussions in Cytogenetics. 

Prentice Hall Publications, 

 Diwan AP and Dhakad NK.  1996.  Genetics  and  Development. Anmol 

Publications Private Limited, New Delhi. 

 E-manual on Advances in Cashew Production Technology. ICAR – 

Directorate of Cashew Research, Puttur –574 202, DK, Karnataka 

 Panda H. 2013. The Complete Book on Cashew. Asia Pacific Business Press 

Inc. 

 Panda H. 2016. The Complete Book on Cultivation and Manufacture of Tea 

(2nd Revised Edition). Asia Pacific Business Press Inc. 

 Pillay PNR.  1980.  Handbook of Natural Rubber  Production in India. 

Rubber Research Institute, Kottayam. pp.668 

 Ponnuswami et al. 2018. Blossom biology of Horticultural crops. 

Narendra Publishing House, New Delhi 

 Ponnuswami et al. 2018. Botany of Horticultural crops. Narendra 

Publishing House, New Delhi Ravindran PN. 2000. Black pepper, Piper 

nigrum. CRC press 

 Ravindran PN. 2002. Cardamom, the genusElettaria. CRC press Ravindran 

PN. 2003. Cinnamon and cassia. CRC press Ravindran PN. 2004. Ginger, 

the genus Zingiber. CRC press Ravindran PN. 2007. Turmeric, the genus 

curcuma. CRC press Ravindran PN. 2017. The Encyclopedia of Herbs and 

Spices. CABI 

 Sera T, Soccol CR, Pandey A and Roussos S. Coffee Biotechnology and 

Quality. Springer, Dordrecht. 

 Sethuraj MR and Mathew NT. 1992.Natural Rubber: Biology, Cultivation 

and Technology (Developments in Crop Science). Elsevier Science. 
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 Sharma G. 2009. Systematics of fruit Crops. New India Publishing House, 

India. Strickberger MW. 2005. Genetics (III Ed). Prentice Hall, New Delhi, 

India Tamarin RH. 1999. Principles of Genetics. Wm. C. Brown Publishers 

 
I. Course Title : Systematics of Medicinal and Aromatic Crops 

II. Course Code : PSM 507 

III. Credit Hours : (1+1) 

IV. Why this course ? 

Medicinal and aromatic crops play an important role in the national economy 

of India. For the crop improvement programme of these crops, fundamental 

knowledge on origin and development,   evolutionary   process,   taXonomy and 

cytogenetics is most essential. This course will impart theoretical knowledge to 

the learner on the origin and distribution, evolutionary process, taXonomy 

and cytogenetics of various medicinal and aromatic crops. 

V. Aim of the course 

To impart basic knowledge on the origin and development, evolutionary 

process, taXonomy, cytogenetics and genetic resources of medicinal and 

aromatic crops. 

The course is organized as follows: 

No    Blocks Units 
 

1 Origin and evolution I Centre of origin II Systematics 

2 Genetic diversity I Species and cultivar diversityII 

Germplasm 

3 Cataloguing I Descriptors 

  II DUS guidelines  

VI. Theory 

Block 1: Origin and evolution 

Unit I: Centre of origin: Centre of origin, 

distribution,phylogeny, chemotaXonomy. 
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I. Theory 

Block 1: Origin and evolution 

Unit I: Centre of origin: Centre of origin, distribution, phylogeny, 

chemotaXonomy 

Unit II: Systematics: Botany, cytology, ploidy status, seX forms, 

flowering andpollination biology, cytogenetics. 

Block 2: Genetic Diversity 

Unit I: Species and cultivar diversity: Wild and related species, 

cultivars. 

Unit II: Germplasm: Indigenous and eXotic germplasm. 

Block 3: Cataloguing 

Unit I: Descriptors: Biovarsity/ NBPGR descriptors and their salient 

features. 

Unit II: DUS guidelines: DUS guidelines, molecular aspects of 

systematics. 

Crops 

1. Medicinal crops: Opium poppy, Isabgol, Aswagandha, Senna, 

Medicinal coleus,Glory Lily, Periwinkle, Sarpagandha, Long Pepper, 

Stevia, Safed musli, Plumbago sp. 

2. Aromatic crops: Lemongrass, Citronella, Palmarosa, Vetiver, Mint, 

Patcholi, Geranium, Ocimum, Rosemary, Lavender, Kaempferia 

galanga, Eucalyptus 

II. Practical 

• Genus, species and cultivar features of various medicinal and aromatic 

crops; 

• Characterization based on descriptors; 

• Characterization based on DUS guidelines; 

• Study of seX forms and floral biology; 

• Study of molecular markers; 

• EXposure visits to national institutes including NBPGR. 

III. Teaching Methods/ Activities 

• Lecture 

• Assignment (Reading/ Writing) 

• Demonstration 

• EXposure visits 
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IV. Learning outcome 

After successful completion of this course, the students are eXpected to have 

thorough understanding on the systematics of  medicinal  and  aromatic crops 

V. Suggested Reading 

 Birel Shah and Seth AK. 2005. Text book of Pharmacognosy and 

Phytochemistry. CBS Publishersand distributors, New Delhi. 

 Charles Burnham. 1993. Discussions in Cytogenetics. Prentice Hall 

Publications 

 Diwan AP and Dhakad NK. 1996. Genetics and Development. 

Anmol Publications Private Limited, New Delhi. 

 Farooqi AA, Khan MM and Vasundhara M. 2001. Production Technology 

of Medicinal and Aromatic Crops. Natural Remedies Pvt. Ltd. 

 Gupta RK. 2010. Medicinal and Aromatic plants. CBS publications 

 Prajapati ND, Purohit SS, Sharma AK, Kumar T. 2006. A Hand book of 

Medicinal Plants. Agro Bios (India). 

 Ponnuswami et al. 2018. Blossom biology of Horticultural crops. Narendra 

Publishing House, New Delhi. 

 Ponnuswami et al. 2018 Botany of Horticultural crops. Narendra Publishing 

House, New Delhi Raju R Wadekar. 2015. Pharmacognosy and 

phytochemistry, Event publishing house 

 Ranjal Kandall. Bioactive compounds and  genomic  study  of medicinal 

plants. LAMBERTAcademic Publishing 

 Sharma G. 2009. Systematics of fruit Crops. New India Publishing House, 

India. Skaria P Baby et al. 2007. Aromatic Plants. New India Publ. 

Agency. 

 Strickberger MW. 2005. Genetics (III Ed). Prentice Hall, New Delhi, 

India Tamarin RH. 1999. Principles of Genetics. Wm. C. Brown 

Publishers. 

 Thakur RS, Pauri HS and Hussain A. 1989. Major Medicinal Plants of 

India. CSIR. 

 

I. Course Title :   Underexploited Plantation, Spice, Medicinal and 

Aromatic Crops 

II. Course Code : PSM 508 

III. Credit Hours         :    (2+0) 

IV. Why this course ? 

There are many number of undereXploited plantation, spice, medicinal and 

aromatic crops which are becoming important in line with the major ones. They 

could very well be the major crops of tomorrow. This course will 
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impart comprehensiveknowledge to the learner on the importance and scientific 

production technology of various under utilised plantation, spice, medicinal and 

aromatic plants in India. 

V. Aim of the course 

To facilitate understanding on the importance and cultivation of underutilized 

and lesser known plantation, spice, medicinal and aromatic plants.The course 

is organized as follows: 
 

 
No    Blocks Units 

1 Importance and status I Importance and uses 

II  Status and future prospects 

Production technology I Propagation and varieties II 

Agro techniques 

3 Harvest and post harvest I Harvest indices management 

II Post harvest management 
 

VI. Theory 

Block 1:     Importance and status 

Unit I: Importance and Uses: Introduction, importance, economic parts 

used,traditional uses. 

Unit II:  Status  and  future   prospects:   Present   status,   origin, distribution 

andfuture prospects of under eXploited PSMAs. 

Block 2:     Production technology 

Unit I: Propagation and varieties: Propagation and nursery techniques, 

speciesvarieties. 

Unit II:      Agro  techniques:  Climatic  and  soil  requirements,  planting and 

after care, weed and water management, manuring, plant 

protection. 

Block 3:     Harvest and post harvest management 

Unit I:   Harvest   indices:   Maturity   indices,   harvesting   time, techniques, 

cropduration. 

Unit II: Post harvest management: Primary processing, eXtraction and 

valueaddition, storage, active ingredients. 

Crops 

A. Plantation crops: Wattle, minor species of Areca, Coffea, Hevea 

B. Spice crops: Illicium verum, Myristica malabarica, M. beddomei, 

Cinnamomum tamala, C. malabatrum, Xanthoxylum sp., Curcuma caesia, 

C. aromatica, C. zedoaria, C. amada, Anethum graveolense, Hyssopus 

officinalis, Eringiumfoetidum, Pimpinella anisum, Artocarpus lacucha. 
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C. Medicinal plants: Flacourtia montana, Plectranthus aromaticus, 

Adhatoda sp. Hemidesmus indicus, Tinospora cordifolia, Gymnema 

sylvestre, Psoralea corylifolia, Eclipta alba, Aristalochia indica, Morinda 

citrifolia, Caesalpinia sappan, Terminalia chebula, T. bellerica, 

Phyllanthus amarus, Strychnos nuxvomica, S. indicum, S. xanthocarpum, 

Aegle marmelos, Alpinia sp., Hibiscus subdariffa, Anthocephalus 

kadamba, Costus sp., Kaempferia rotunda, K. parviflora, Picrorrhiza 

kurroa, Nardostachis jatamansi,Valeriana officinalis, Swertia chiraita, 

Aconitum sp., Salvia officinalis, Centella asiatica, Bixa orellana, 

Bacopa monnieri 

D. Aromatic plants: Bursera sp., Commiphora wightii, Ocimum 

kilimandjaricum, Melaleuca, Michaelia champaka, Rosa damascena, 

Cananga odorata, marjoram, chamomile 

VII. Practical 

 Botanical characteristics of species and varieties of various 

underexploitedplantation, spice, medicinal and aromatic plants; 

 Economic parts and their products; 

 Propagation and nursery techniques; 

 Harvesting and primary processing of under utilised PSMAs; 

 EXposure visits to institutes, botanical gardens, herbal gardens and 

distillationunits. 

VIII. Teaching Methods/ Activities 

• Lecture 

• Assignment (Reading/ Writing) 

• Demonstration 

• EXposure visits 

IX. Learning outcome 

After successful completion of this course, the students are eXpected to: 

• be thorough with the importance and commercial production technology 

of underutilized and lesser known plantation, spice, medicinal and 

aromatic plants. 

• be able to start underutilized and lesser known plantation, spice, 

medicinal andaromatic plants-based enterprises 

X. Suggested Reading 

 Atal CK and Kapur BM. Cultivation and Utilization of  Aromatic plants. 

R.R.L. Jammu Barche Swati. 2016. Production technology of spices, 

aromatic, medicinal and plantation crops. New India Publishing 

Agency, New Delhi 
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 Chadha KL and Gupta R. 1995. Advance in Horticulture. Vol. XI. 

Medicinal and AromaticPlants. Malhotra Publ. House. 

 CSIR, The Wealth of India. Volume A-Z CSIR 

 Farooqui AA, Khan MM and Sreeramu BS. 1997. Cultivation of 

Medicinal and Aromatic Cropsin India. Naya Prokash. 

 Jain SK. 1979. Medicinal Plants. National Book Trust. 

 Kurian A and Asha Sankar M. 2007. Medicinal Plants. Horticulture 

Science Series, New India Publ. Agency. 

 Nybe EV, Mini Raj N and Peter KV. 2007. Spices. Horticulture Science 

Series, New India Publ. Agency. 

 Peter KV. Under exploited and underutilized Horticulture crops. 

Volume I-IV. New India Publication Agency. 

 Ponnuswami et al. 2018. Blossom biology of Horticultural crops. Narendra 

Publishing House, New Delhi. 

 Ponnuswami et al. 2018. Botany of Horticultural crops. Narendra 

Publishing House, New Delhi Ponnuswami et al. 2018. Medicinal Herbs 

and Herbal Cure. Narendra Publishing House, New Delhi 

 Sharangi AB and Datta S. 2015. Value Addition of Horticultural crops: 

Recent trends and Future directions. SPRINGER; ISBN: 978-81-322- 

2261-3. 

 Sharangi AB, Bhutia PH, Chandani Raj A and Sreenivas M. 2018. 

Underexploited spice crops: Present status, agrotechnology and future 

research directions. Apple Academic Press (Taylor and Francis Group), 

Waretown, NJ, USA, p.326. 

 Sivarajan VV and Balachandran I. 1994. Ayurvedic Drugs and their 

Plant Sources. OXford and IBH. 

 
I. Course Title       :    Growth and Development of Plantation, Spice, 

Medicinal and Aromatic Crops 

II. Course Code      :    PSM 509 

III. Credit Hours     : (2+1) 

IV. Why this course ? 

Understanding on growth and development of plantation, spice, medicinal 

and aromatic crops is vital towards quality production as well as yield. 

Fundamental knowledge on developmental physiology, biology and 

biochemistry and the associated changes is most essential. This course will 

impart theoretical as well as hands-on eXperience to the learner on these 

aspects of PSMA crops for improving their productivity. 

V. Aim of the course 

To impart comprehensive knowledge on the growth, developmental stages 
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and cropregulation to increase the productivity in PSMAs 

The course is organized as follows: 

  No Blocks Units  

1 Growth and development I Stages of growth II Growth 
pattern 
III Assimilate partitioning 

2 Canopy management I Canopy management II Plant bio 

regulators 

3 Developmental physiology and I Vegetative phase 

biochemistry II Flowering and fruit set 

III Growth and development during 

stress 
 

VI. Theory 

Block 1:     Growth and development 

Unit I: Stages of growth: Growth and development, definitions, 

components, photosynthetic productivity, different stages of 

growth, growth curves, growth analysis, morphogenesis in PSMAs. 

Unit II:     Growth pattern: in annual, semi-perennial and perennial crops, growth 

dimorphism, environmental impact on growth and development: 

effectof light, temperature, photoperiod. 

Unit III:    Assimilate partitioning: Assimilate partitioning during growth and 

development, influence of water and mineral nutrition. 

Block 2:    Canopy management 

Unit I:       Canopy management: Canopy management for conventional and high 

density planting pruning, training, chemicals, crop regulation for 

yearround and off season production in PSMAs. 

Unit II:  Plant  bio  regulators:   plant   bio   regulators-   auXins, gibberellins, 

cytokinins, ethylene, inhibitors and retardants, basic functions, 

biosynthesis and role in crop growth and development. 

Block 3:        Developmental physiology and biochemistry 

Unit I: Vegetative phase: Developmental physiology and biochemistry 

during dormancy, bud break, juvenility. 

Unit II:      Flowering and fruit set 

Physiology of flowering, photoperiodism, vernalisation, effect of temperature, 

heat units, thermoperiodism, pollination, fertilisation, fruit set, fruit 

drop, fruit growth, ripening, seed development in PSMAs. 

 
Unit III: Growth and development process during stress: Growth and 

development process during stress, production of secondary 

metabolites, molecular and genetic approaches in growth and 

development. 
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VII. Practical 

• Dormancy mechanisms in seeds, seed rhizomes; 

• Techniques of growth analysis; 

• Evaluation of photosynthetic efficiency under different environments; 

• Technologies for crop regulation in cashew, coffee, cocoa, etc.; 

• Root shoot studies, flower thinning, fruit thinning; 

• Crop regulation for year round production; 

• Use of growth regulators in PSMA crops. 

VIII. Teaching Methods/ Activities 

• Lectures 

• Assignments (Reading/ Writing) 

• Demonstrations 

• EXposure visits 

IX. Learning outcome 

After successful completion of this course, the students are eXpected to 

• have thorough understanding on growth and development of PSMA 

crops 

• will enable them to formulate crop regulation strategies for 

productivityenhancement. 

X. Suggested Reading 

 Afoakwa EO. 2016. Cocoa Production and Processing Technology. 

CRC Press 

 Buchanan BW. Gruiessam and Jones, R. 2002. Biochemistry and 

Molecular Biology of Plants. John Wiley and Sons. 

 E- manual on Advances in Cashew Production Technology. ICAR - 

Directorate of Cashew Research, Puttur –574 202, DK, Karnataka 

 Epstein E. 1972. Mineral Nutrition of Plants: Principles and 

Perspectives.Wiley. 

 Fosket DE. 1994. Plant Growth and Development: A Molecular 

approach. Academic Press. Leoplod AC and Kriedermann PE. 1985. 

Plant Growth and Development. 3rdEd.McGraw-Hill Panda H. 2013. 

The Complete Book on Cashew. Asia Pacific Business Press Inc. 

 Panda H. 2016. The Complete Book on Cultivation and Manufacture of 

Tea (2nd Revised Edition). Asia Pacific Business Press Inc. 

 Pillay PNR. 1980. Handbook of Natural Rubber Production in India. 

Rubber Research Institute, Kottayam. pp.668 

 Ravindran PN. 2000. Black pepper, Piper nigrum. CRC press Ravindran 

PN. 2002. Cardamom, the genus Elettaria. CRC press Ravindran PN. 

2003. Cinnamon and cassia. CRC press Ravindran PN. 2004. Ginger, the 

genus Zingiber. CRC press Ravindran PN. 2007. Turmeric, the 
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genus curcuma. CRC press 

 Ravindran PN. 2017. The Encyclopedia of Herbs and Spices. CABI 

 Roberts JS Downs and P Parker. 2002. Plant Growth Development. In: 

Plants (L. Ridge, Ed.), pp. 221-274, OXford University Press 

 Salisbur FB and Ross CW. 1992. Plant Physiology. 4th Ed. Wadsworth 

Publ. 

 Sera T, Soccol CR, Pandey A. and Roussos S. Coffee Biotechnology 

and Quality. Springer, Dordrecht. 

 Sethuraj MR and Mathew NT. 1992. Natural Rubber: Biology, Cultivation 

and Technology (Developments in Crop Science). Elsevier Science. 

I. Course Title : Biochemistry of Plantation, Spices, Medicinal and 

Aromatic Crops 

II. Course Code : PSM 510 

III. Credit Hours         : (2+1) 

IV. Why this course ? 

Postharvest physiology and biochemistry of plantation, spice, medicinal and 

aromaticcrops contributes immensely towards quality improvement in crude 

as well as processed products. Fundamental knowledge on biochemistry of 

various crops is also essential for formulating their management practices 

in the field. This course will impart theoretical as well as hands-on 

biochemistry of PSMA crops 

I. Aim of the course 

To impart comprehensive knowledge on the biochemistry, production of 

primaryand secondary metabolites and the eXtraction of bioactive principles 

from PSMAs 

The course is organized as follows: 
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No Blocks Units 
 

1 Post harvest physiology I Physiological and biochemical 

`   changes 

II 

2 

Contaminants 

Value addition 

 
I 

 
Value added products II 

Quality standards 
3 EXtraction techniques I EXtraction techniques 

II Plant tissue culture  

 

 
II. Theory 

Block 1:     Post-harvest physiology 

Unit I:  Physiological  and  biochemical  changes:  Maturity  indices, changes 

during ripening, processing, factors affecting quality. Secondary 

metabolites and their biosynthetic pathways, factors affecting 

production of secondary metabolites. 

Unit II: Contaminants: Adulterants, and substitutes, sources of contamination- 

microbial, heavy metal, pesticide residues in PSMAs. 

Block 2:    Value addition 

Unit I:    Value added products: FiXed oils, essential oils, dyes, oleoresins, aroma 

chemicals and other value added products, their content, storage, 

medicinal and pharmacological properties, use in the food, flavour 

perfumery and pharmaceutical industries. 

Unit II: Quality standards: Quality standards of raw materials and 

finishedproducts. 

Block 3: Extraction  techniques 

Unit : Extraction methods: Basic and advanced extraction techniques in PSMAs-

Soxhlet, SCFE, Membrane extraction. Chemical characterization-

HPTLC, GCMS, LCMS, NMR 

Unit II: Plant tissue culture: Plant tissue cultures in the industrial productionof 

bioactive plant metabolites. Cell suspension culture systems for large 

scale culturing of plant cells and production of secondary 

metabolites. Advantages of cell culture over conventional eXtraction 

techniques. 

III. Practical 

• Biochemical characterisation; 

• Detection of adulterants and substitutes; 

• EXtraction and quantification of secondary metabolites; 
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• Chromatographic separation of the products; 

• Quality assurance; 

• Testing the product; 

• EXposure visit to leading industries; 

• Assessment of antimicrobial properties; 

• In-vitro production of secondary metabolites. 

IV. Teaching Methods/ Activities 

• Lecture 

• Assignment (Reading/ Writing) 

• Demonstration 

• EXposure visits 

V. Learning outcome 

After successful completion of this course, the students are eXpected to develop 

the technical know- how on postharvest biochemistry of plantation, 

spice,medicinal and aromatic crops. 

VI. Suggested Reading 

 Afoakwa EO. 2016. Cocoa Production and Processing Technology. CRC 

Press. 

 Daniel M and Mammen D. 2016. Analytical methods for medicinal plants 

and economic botany. Scientific publishers. 

 Das K. 2013. Essential oils and their applications. New India 

Publishing Agency, New Delhi. 

 E-manual on Advances in Cashew Production Technology. ICAR - 

Directorate of Cashew Research, Puttur –574 202, DK, Karnataka. 

 Hammon JM and Yusibov V. 2000. Plant Biotechnology: New Products 

and application. Springer- Verlag. 

 Orhan I. 2012. Biotechnological Production of Plant Secondary 

Metabolites. Bentham Science Publishers. 

 Panda H. 2013. The Complete Book on Cashew. Asia Pacific Business 

Press Inc. 

 Panda H. 2016. The Complete Book  on  Cultivation  and Manufacture 

of Tea (2nd Revised Edition). Asia Pacific Business Press Inc. 

 Parimelzhagan T. 2013. Turning plants into medicines: Novel 

approaches. New India Publishing Agency, New Delhi. 

 Pillay PNR. 1980. Handbook of Natural Rubber Production in India. 

Rubber Research Institute, Kottayam. pp.668. 
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 Ponnuswami et al. 2018 Medicinal Herbs and herbal cure. Narendra 

Publishing House, New Delhi. 

 Raaman N. 2006. Phytochemical techniques. New India Publishing 

Agency, New Delhi. Raju R Wadekar. 2015. Pharmacognosy and 

phytochemistry, Event publishing house. 

 Ramawat KG. 2007. Biotechnology: secondary metabolites: plants and 

microbes. Science Publishers. 

 Ranjal Kandall. Bioactive compounds and genomic study  of medicinal 

plants. LAMBERTAcademic Publishing. 

 Sera T, Soccol CR, Pandey A and Roussos S. Coffee Biotechnology 

and Quality. Springer, Dordrecht. 

 Sethuraj MR and Mathew NT. 1992. Natural Rubber: Biology, Cultivation 

and Technology (Developments in Crop Science). Elsevier Science. 

 Shah B and Seth AK. 2005. Text book of Pharmacognosy and 

Phytochemistry. Cbs Publishers and distributors, New Delhi. 

 Shankar SJ. 2018. Comprehensive post harvest technology  of flowers, 

medicinal and aromatic plants. Narendra Publishing House, New 

Delhi 

 Shukla YM. 2009. Plant secondary metabolites. New India Publishing 

Agency, New Delhi Syed Aftab Iqbal and Noor Ahmed Khan. 1993.Text 

book of Phytochemistry. Discovery Publishing house Pvt. Ltd. 

 Tiwari C. 2018. Antimicrobial properties of Medicinal plants. Narendra 

Publishing House, New Delhi. 

 Trivedi C. 2004. Herbal drugs and biotechnology. Pointer Publishers. 

 Waghulkar VM. 2012. Quality assurance techniques in pharmaceuticals. 

New India Publishing Agency, New Delhi. 

 
I. Course Title : Biodiversity and Conservation of 

Plantation, Spice Medicinal and 

Aromatic Crops 

II. Course Code : PSM 511 

III. Credit Hours       : (2+1) 

IV. Why this course ? 

India is the homeland of several plantation, spice, medicinal and aromatic crops. 

Biodiversity conservation is considered as the primary step in protecting the gene 

pool available in these crops. Fundamental knowledge on centres of diversity, 

germplasm  evaluation, documentation, data base management and 



576  

cataloguing is most essential. This course will impart theoretical as well as 

hands-on eXperience to the learner on these areas. 

V. Aim of the course 

To impart basic knowledge on natural as well as agro bio diversity, its value 

and conservation strategies with respect to PSMAs. 

The course is organized as follows: 
 

No Blocks Units 
 

1 Plantation and spice crops I Biodiversity 

II Germplasm collection and 

quarantine III Documentation and 

cataloguing 
IV National and international 
issues 

2 Medicinal and aromatic crops I Biodiversity 

II Germplasm collection and 

quarantine III Documentation and 

cataloguing 

IV National and international 

issues 

 

VI. Learning outcome 

After successful completion of this course, the students are eXpected to develop 

thorough understanding on biodiversity conservation of plantation, spice, 

medicinaland aromatic plants. 

VII. Theory 

Block 1:     Plantation and Spice crops 

Unit I:      Biodiversity: Biodiversity, issues  and  goals,  centres  of  origin of 

Plantation and spice crops, primary and secondary centres of 

genetic diversity. 

Unit II: Germplasm   collection   and   quarantine:   EXploration and germplasm 

collection, planning and logistics, eXchange of germplasm, plant 

quarantine principles, regulations plant quarantine systems in India. 

Components of germplasm evaluation, descriptor lists. 

Conservation of genetics resources, Concept of base and active 

collections, long and short term storage of Plantation and spice 

crops, gene bank management. 
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Unit III: Documentation and cataloguing: Recent approaches and role of 

biotechnology in PGR conservation documentation and data base 

management, cataloguing gene bank information. Molecular 

markers in characterisation of plant  genetic resources. GIS in 

biodiversity mapping. 

Unit IV:       National and international issues: Genetic resources management of 

Plantation and Spice crops in India and in International perspective. 

Utilization and achievements in major crops. Concepts of rarity, 

threat, endangerment and eXtinction in major plantation and spice 

crops. Bio diversity concerns, national and international regulations, 

conservation networks. Good collection practices, domestication, 

PPV and FRA and DUS testing. Geographical indication, 

Biodiversity act and biodiversity legislations. 

Block II:   Medicinal and aromatic crops 

collection,   planning   and   logistics,   eXchange   of germplasm, 

plant quarantine principles, regulations plant quarantine systems 

in India. Components of germplasm evaluation, descriptor lists. 

Conservationof genetics resources, Concept of base and active 

collections, long and short term storage of Plantation and spice 

crops, gene bank management. 

Unit III: Documentation and cataloguing: Recent approaches and role of 

biotechnology in PGR conservation documentation and data base 

management, cataloguing gene bank information. Molecular 

markers in characterisation of plant  genetic resources. GIS in 

biodiversity mapping. 

Unit IV:       National and international issues: Genetic resources management of 

Plantation and Spice crops in India and in International perspective. 

Utilization and achievements in major crops. Concepts of rarity, 

threat, endangerment and eXtinction in major plantation and spice 

crops. Bio diversity concerns, national and international regulations, 

conservation networks. Good collection practices, domestication, 

PPV and FRA and DUS testing. Geographical indication, 

Biodiversity act and biodiversity legislations. 

VIII. Practical 

• Collection and identification of different plantation, spice, medicinal 

and aromaticplants from natural sources; 

• Preparation of herbarium; 

• Botanical and phyto-chemical grouping of PSMAs; 

• Classification of PSMAs based on plant parts used; 
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• Documentation of germplasm; 

• Maintenance of passport data and other records; 

• Field eXplorations; 

• Detection of adulterants and substitutes in PSMAs; 

• Ethno botanical studies in tribal areas; 

• Planning and layout of herbal gardens; 

• EXposure visits to herbaria, herbal gardens and important 

organisations engagedin collection and utilization of PSMAs. 

IX. Teaching Methods/ Activities 

• Lectures 

• Assignments (Reading/ Writing) 

• Demonstrations 

• EXposure visits 

X. Suggested Reading 

 Afoakwa EO. 2016. Cocoa Production and Processing Technology. 

CRC Press 

 Choudhari AB. Megadiversity Conservation: Flora, Fauna and 

Medicinal Plants of India’s hot spots. 

 Devi AR, Sharangi AB, Acharya SK and Mishra GC. 2017. 

Coriander in Eastern India: The landraces and genetic diversity. 

Krishi Sanskriti Publications. New Delhi. ISBN: 978-93- 85822- 

48-3. 

 E- manual on Advances in Cashew Production Technology. ICAR 

-Directorate of Cashew Research, Puttur –574 202, DK, Karnataka 

 Kassahun Beemnet, Jemal Omar Sherif, TessemaTsion, Abate 

Solomon. 2009. Production, Processing and utilization of 

Aromatic Plants. EIAR. 

 Khan JB and Singh GP. 2012. Biodiversity Management and 

Conservation LAMBERT Negi SS. Biodiversity of India and its 

Conservation. 

 Panda H. 2002. Medicinal Plants Cultivation and their  Uses. Asia 

Pacific Business Press. Panda H. 2005. Aromatic Plants 

Cultivation, Processing and Uses. Asia Pacific Business Press 

Panda H. 2013. The Complete Book on Cashew. Asia Pacific 

Business Press Inc. 

 Panda H. 2016. The Complete Book on Cultivation and Manufacture 

of Tea (2nd Revised Edition). Asia Pacific Business Press Inc. 

 Panda H. 2017. Herbal andAromatic Plants Cultivation, Processing, 
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Utilisation and Applications. Discovery publishing house, New 

Delhi 

 Pillay PNR. 1980. Handbook of Natural Rubber Production in India. 

Rubber Research Institute, Kottayam. pp.668 

 Ponnuswami et al. 2018. Medicinal Herbs and herbal cure. 

Narendra Publishing House, New Delhi 

 Ponnuswami et al. 2018. Spices. Narendra Publishing House, New 

Delhi Pullaiah T. 2011. Biodiversity in India Vol.5.Daya 

Publishing house 

 Rajak RC and Rai MK. Herbal Medicines, Biodiversity and 

Conservation strategies. IBH. Ramakrishnan N. 2018. 

Biodiversity in Indian Scenario. Daya publishing house. 

 Sera T, Soccol CR, Pandey A, Roussos S. Coffee Biotechnology and 

Quality. Springer, Dordrecht. 

 Sethuraj MR and Mathew NT. 1992. Natural Rubber: Biology, 

Cultivation and Technology (Developments in Crop Science). Elsevier 

Science. 

 Thirugnanakumar. 2018. Genetic diversity and phenotypic 

stability in crop plants. New India Publishing Agency, New Delhi 

 Trivedi PC. Medicinal Plants: Utilization and Conservation. 
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Course Title with Credit Load for Ph.D. (Hort.) in Plantation, Spices, 

Medicinal andAromatic Crops 

 

 

 

*Compulsory among major courses 
 

 

 
 

Course Code Course Title Credit Hours 

 
PSM 601* 

Major Courses (12 Credits) 

Advances in Production of Plantation and Spice Crops 

 
3+0 

PSM 602* Advances in Production of Medicinal and Aromatic Crops 3+0 

PSM 603* Recent Breeding Approaches in Plantation, Spice, Medicinal 

and Aromatic Crops 

3+0 

PSM 604 Advanced Methods in Laboratory Techniques in PSMA crops 1+2 

PSM 605 Biotechnological Approaches in PSMA Crops 3+0 

PSM 606 Abiotic Stress Management in Plantation, Spice, Medicinal and 

Aromatic Crops 

2+1 

PSM 607 Organic Spice and Plantation Crops Production 2+1 

PSM 608       Marketing and Trade of Plantation, Spices, Medicinal         

      and  Aromatic Crops 

2+1 

 
Minor courses 06 

 Supporting courses 05 

PSM 691 Doctoral Seminar-I 0+1 

PSM 692 Doctoral Seminar-II 0+1 

PSM 699 Doctoral Research 0+75 

 Total 100 
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I. Course Title     : Advances in Production of Plantation and Spice Crops 

II. Course Code     : PSM 601 

III. Credit Hours   : (3+0) 

IV. Why this course ? 

Plantation and spice crops play an important role in the national economy of 

India. These crops also provide livelihood security to a large section of 

farmers. This course will impart knowledge to the learner on advanced 

scientific production technology of various plantation and spice crops in 

Indian perspectives. Hi-tech production technologies will be discussed  in this 

course. 

V. Aim of the course 

The course is designed to provide advanced crop production techniques of 

various plantation and spice crops grown in India. 

The course is organized as follows: 
 

 

 
No Blocks Units 

1 Importance of Plantation and I. Area, production, 

productivity: Indian andspice Crops world 

scenario 
II. EXport potential 

III. Promotional programmes 

2 Advanced agro techniques I. Varietal wealth and planting 

material 

production 

II. Mass multiplication techniques 

III. Hi-tech nursery techniques 

IV. Impact of climate change 

3 Harvest and post harvest I. Maturity 

indices and harvestmanagement II. Post- 

harvest management 

III. Quality standards 

VI. Theory 

Block 1: Importance of Plantation and Spice Crops 

Unit I:    Area, production, productivity: Indian and world scenario: Role of 

plantation and spice crops in national economy, area- production 

statistics at national and international level, productivity challenges, 

industrial requirement of plantation and spice crops, demand-supply 

scenario of plantation and spice crop. EXport potential: EXport 

scenario, market opportunities and challenges in plantation and 

spice crops, global imports and eXports, eXport of organic produce 

and products. 
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Unit III: Promotional programmes: Role of commodity boards and 

directorates in the development programmes of plantation and 

spice crops, contract farming, Farmer Producer Organizations 

(FPO) and Farmer Producer Companies (FPC). 

Block 2:    Advanced Agrotechniques 

Unit I:       Varietal wealth and  planting  material  production:  Cultivars and 

improved varieties in plantation and spice crops, mass 

multiplication techniques, hi-tech nursery techniques. 

Unit II:    Agrotechniques:    Precision    farming     techniques,     HDP systems, 

fertigation, chemical regulation of crop productivity, protected 

cultivation of high value crops, mechanization in plantation and 

spice crops, hydroponics, aeroponics, application of 

nanotechnology, robotics. 

Unit III: Impact of climate change: Impact of biotic and abiotic factors on growth 

and productivity, climate resilient technologies in plantation and 

spice crops, soil health management, organic production systems. 

Block 3:    Harvest and postharvest management 

Unit I: Maturity indices and harvest: Influence of pre and post harvest factors 

on quality of plantation and spice crops, pre and post harvest 

management techniques for improving quality, good 

manufacturing practices in plantation and spice sector. 

Unit II: Quality standards:  Domestic  and  international  standards, HACCP, 

Coconut, Arecanut, Oil palm, Cashew, Coffee, Tea, Cocoa, 

Rubber, Palmyrah, Black pepper, Cardamom, Ginger, Turmeric, 

Nutmeg, Cinnamon, Clove, Vanilla, Garcinia, Coriander, 

Cumin, Fennel, Fenugreek, Ajwain, Dill, Saffron 

VII. Teaching Methods/ Activities 

• Lecture 

• Assignment (Reading/ Writing) 

• Presentation of review papers and research articles 

• EXposure visits to research centres, industries 

VIII. Learning outcome 

After successful completion of this course, the students are eXpected to: 

• be equipped with the latest research outcome in commercial 

cultivation of plantationand spice crops 

• be able to start hi-tech plantation and spice crop based enterprises 

IX. Suggested Reading 

 Afoakwa EO. 2016. Cocoa Production and Processing Technology. CRC 

Press Agarwal S, Divkarasastry EV and Sharma RK.  2001.  Seed Spices, 

Production, Quality and Export. Pointer Publ. 

 Anonymous. 1985. Rubber and its Cultivation. The Rubber Board of India. 
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 Barche S. 2016. Production Technology o Spices, Aromatic, Medicinal and 

Plantation Crops. New India Publishing Agency, New Delhi. 

 Chadha KL. 2001. Hand Book of Horticulture. ICAR. 

 Chopra VL and Peter KV. 2005. Handbook of Industrial  Crops. Panima. 

 Choudappa P, Anitha K, Rajesh MK and Ramesh SV. 2017. 

Biotechnology of Plantation Crops. Daya Publishing House,  New Delhi. 

 Choudappa P, Niral V, Jerard BA and Samsudeen K. 2017. Coconut. 

Daya Publishing House, New Delhi. 

 E-manual on Advances in Cashew Production Technology. ICAR- 

Directorate of Cashew Research, Puttur –574 202, D.K., Karnataka. 

 Harler CR. 1963. The Culture and Marketing of Tea. OXford Univ. Press. 

 Joshi P. 2018. Text Book on Fruit and Plantation Crops. Narendra 

Publishing House, New Delhi. 

 Kurian A and Peter KV. 2007. Commercial Crops Technology. New India 

Publ. Agency. Marsh AC, Moss MK and Murphy EW. 1977. Composition 

of Food Spices and Herbs, Raw, Processed and Prepared. Agric. Res. Serv. 

Hand Book 8-2. Washinton DC. 

 Nair MK, Bhaskararao EVV, Nambiar KKN and Nambiar MC. 1979. 

Cashew. CPCRI, Kasaragod. 

 Nybe EV, Mini Raj N and Peter KV. 2007. Spices. New India Publ. 

Agency. Panda H. 2013. The Complete Book on Cashew. Asia Pacific 

Business Press Inc. 

 Panda H. 2016. The Complete Book on Cultivation and Manufacture of Tea 

(2nd Revised Edition). Asia Pacific Business Press Inc. 

 Peter KV. 2001. Hand Book of Herbs and Spices. Vols. I-III. Woodhead 

Publ. Co., UK and CRC, USA. 

 Peter KV. 2002. Plantation Crops. National Book Trust. 

 Pillay PNR. 1980. Handbook of Natural Rubber Production in India. Rubber 

Research Institute, Kottayam. pp.668. 

 Ponnuswami et al. 2018. Spices. Narendra Publishing House,  New Delhi 

 Pradeepkumar T, Suma B, Jyothibhaskar and Satheesan KN. 2007. 

Management of Horticultural Crops. Parts I, II. New India Publ. Agency. 

 Purseglove JW, Brown EG, Green CL and Robbins SRJ. 1984. Spices. Vols. 

I, II. Longman. Purseglove JW. 1968. Tropical Crops– Dicotyledons. 

Longman. 
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 Ramachandra et al. 2018. Breeding of Spices and Plantation crops. 

Narendra Publishing House, New Delhi. 

 Ranganathan V. 1979. Hand Book of Tea Cultivation. UPASI, Tea Res. 

Stn. Cinchona. Ravindran PN. 2003. Cinnamon and cassia. CRC press. 

 Ravindran PN. 2004. Ginger, the genus Zingiber. CRC press 

– Ravindran PN. 2007. Turmeric, the genus curcuma. CRC press, Medicinal and 

Aromatic Plants Industrial Profiles. Routledge, UK. 

 Ravindran PN. 2001. Monograph on Black Pepper. CRC Press. Ravindran 

PN. 2017. The Encyclopedia of Herbs and Spices. CABI 

 Ravindran PN and Madhusoodanan KJ. 2002. Cardamom, the Genus 

Elettaria. CRC press. Sera T, Soccol CR, Pandey A and Roussos S 

Coffee Biotechnology and Quality. Springer, Dordrecht. 

 Sethuraj MR and Mathew NT. 1992. Natural Rubber: Biology, Cultivation 

and Technology (Developments in Crop Science). Elsevier Science. 

 Shanmugavelu KG, Kumar N and Peter KV. 2002. Production 

Technology of Spices and Plantation Crops. Agrobios. 

 Sharangi AB and Acharya SK. 2008. Quality management of Horticultural 

crops. Agrotech Publishing House, Udaipur; ISBN: 81-8321-090-2 

 Sharangi AB and Datta S. 2015. Value Addition of Horticultural crops: 

Recent trends and Future directions. SPRINGER; ISBN: 978-81-322- 2261-

3. 

 Sharangi AB, Datta S and Deb, P. 2018. Spices: Agrotechniques for quality 

produce, April, Academic Press (Tylor and Francis Groups), New Jersey, 

USA. 

 Sharangi AB. 2018. Indian Spices: The legacy, production and 

processing of India’s treasured export. Springer International publishing. 

AG, Part of Springer Nature, 2018, Cham, Switzerland. 

 Srivastava HC, Vatsaya and Menon KKG. 1986. Plantation Crops– 

Opportunities and Constraints. OXford and IBH. 

 Swain SC. 2018. Precision Farming in Horticulture: Approaches and 

strategies. Narendra Publishing House, New Delhi. 

 Thampan PK. 1981. Hand Book of Coconut Palm. OXford and IBH. 

Varmudy V. 2001. Marketing of Spices. Daya Publ. House. 

 Winton AL and Winton KB. 1931. The Structure and Composition of Food. 

John Wiley and Sons. 

 Yagna Narayan Ayer AK. 1960. Cultivation of Cloves in India. ICAR. 
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I. Course Title : Advances in Production of Medicinal and Aromatic 

Crops 

II. Course Code : PSM 602 

III. Credit Hours : (3+0) 

IV. Why this course ? 

Medicinal and aromatic crops play an important role in the  national economy 

of India. They also cater to the  primary health care needs of a large section 

of people. This course will impart knowledge to the learner on advanced 

scientific production technology of various medicinal  and aromatic crops in 

Indian perspectives. 

V. Aim of the course 

The course is designed to provide latest developments and trends in the 

production technology of various medicinal and aromatic crops grown in India. 

The course is organized as follows: 
 

 
No    Blocks Units 

1 Importance of Medicinal and 1. 

Biodiversity of medicinal Aromatic Crops 

and 

aromatic crops  
2. Area, production, productivity 

statistics 
3. EXport potential 

2 Advanced Agro techniques 1. Domestication studies 

2. Varietal wealth and 

planting material 

production 

3. Agro techniques 

4. Impact of climate change 

3 Harvest and post Harvest 1. Maturity indices and 

harvest Management 2. Modern methods of 

eXtraction of MAPs 

3. Quality standards 

VI. Theory 

Block 1: Importance of Medicinal and Aromatic Crops 

Unit I: Biodiversity of medicinal and   aromatic   crops   (MAPs): Biodiversity 

of MAPs, conservation networks, global initiatives on medicinal 

plants conservation and development, World history on usage of 

MAPs, preference to natural products. Indian traditional wisdom and 

heritage, Indian herbal wealth, documentations, 
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databases, scientific validation. 

Unit II:    Area, production and productivity statistics: Role of medicinal and 

aromatic crops in national economy, area-production statistics at 

national and international level, productivity challenges, Trends in 

food, flavouring, perfumery and cosmetic industries, requirement in 

the ayurvedic, pharmaceutical, perfume and cosmetic industries, 

demand-supply scenario of MAPs. 

Unit III: EXport potential: EXport and import of crude   drugs, 

standardized eXtracts, aromatic plants, essential oils. Intellectual 

Property Rights, patents. Contract farming. Role of Medicinal Plant 

Board in promotional programmes of MAPs. 

Block 2: Advanced agro-techniques 

Unit I: Domestication of medicinal and aromatic crops: Need for domestication, 

changes on domestication, influence of environment on secondary 

metabolite production, developing cultivation packages for emerging 

crops. 

Unit II: Varietal wealth and planting material production: Cultivars and 

improved varieties in medicinal and aromatic crops, mass 

multiplication techniques, micropropagation, hi-tech nursery 

techniques. 

Unit III: Agro techniques: Advanced research in the field of growth and 

development, nutrition and irrigation requirements, inter culture, 

mulching, weed control. 

Precision farming techniques, HDP systems, fertigation, chemical 

regulation of crop productivity, protected cultivation of high value 

crops, hydroponics, aeroponics, application of nanotechnology, nano- 

fertilizers, nano-pesticides, robotics. 

Unit IV: Impact of climate change: Impact of biotic and abiotic factors on 

growth, productivity and quality, climate resilient technologies in 

medicinal and aromatic crops, soil health management, organic 

production systems. 

Block 3: Harvest and post harvest management 

Unit I: Maturity indices and harvest: Influence of pre and post harvest factors 

on quality of medicinal and aromatic crops, pre and post harvest 

management techniques for improving quality, good 

manufacturing practices in herbal sector. 

Unit II:   Modern   methods    of    eXtraction    of    MAPs:    Advanced essential 

oil eXtraction and value addition methods in aromatic plants, 

advances in phytochemical eXtraction technologies, separation of 

bio-molecules, phytochemicals and drug development. 

Pharmacology and pharmacognosy, in vivo and in- vitro eXtraction 

of secondary metabolites, bioreactors. 
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Unit III: Quality standards: Quality standards in medicinal and aromatic 

plants, quality standards in crude drugs and finished products, use 

of aroma chemicals, aroma therapy, advanced research in 

biomedicines, nutraceuticals and natural drugs, American, 

European and Asian legislations on plant drugs, domestic and 

international standards, modern packaging techniques. 

Crops 

A. Medicinal crops: 

Coleus, Glory lily, Senna, Periwinkle, Stevia, Aswagandha, 

Sarpagandha, Aloe, Phyllanthus amarus,. Andrographis paniculata, 

Isabgol, Poppy, Digitalis sp., Commiphora sp., Ipecac, Henbane, 

Ocimum sp., Centella, Bacopa, Plumbago sp. Saraca, Valerian, 

Jatamansi, Aconits, Ephedra and Bael. 

B. Aromatic crops: Palmarosa, Lemongrass, Citronella, Vetiver, 

Geranium,Artemisia, Mint, Eucalyptus, Rosemary, Thyme, 

Patchouli, Rose, Jasmine, Tuberose Lavender. 

VII. Teaching Methods/ Activities 

• Lecture 

• Assignment (Reading/ Writing) 

• Presentation of review papers and research articles 

• EXposure visits to research centres, industries 

VIII. Learning outcome 

After successful completion of this course, the students are eXpected to: 

• be equipped with the latest research out come in commercial 

cultivation of medicinaland aromatic crops 

• be able to start hi-tech medicinal and aromatic crop based enterprises 

IX. Suggested Reading 

 Dharamvir H. 2007. Bioactive Medicinal Plants. Gene Tech Books. 

 Farooqi AA and Sriramu AH. 2000. Cultivation Practices for Medicinal 

and Aromatic Crops. Orient Longman Publ. 

 Farooqi AA, Khan MM and Vasundhara M. 2001. Production Technology 

of Medicinal and Aromatic Crops. Natural Remedies Pvt. Ltd. 

 Jain SK. 2000. Medicinal Plants. National Book Trust. 

 Khan IA and Khanum A. 2001. Role of Biotechnology in Medicinal and 

Aromatic Plants. Vol. Vikaaz Publ. 

 Panda H. 2002. Medicinal Plants Cultivation and their Uses. Asia Pacific 

Business Press. Ponnuswami et al. 2018. Medicinal Herbs and herbal 

cure. Narendra Publishing House, New Delhi. 

 Prajapati ND, PaeroHit SS, Sharma AK and Kumar T. 2006. A Hand 
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Book of Medicinal Plants. Agro Bios. 

 Ramawat KG and Merillon JM. 2003. Biotechnology–Secondary 

Metabolites. OXford and IBH. 

 Shankar SJ. 2018. Comprehensive post harvest technology of flowers, 

medicinal and aromatic plants. Narendra Publishing House, New Delhi. 

 Sharangi AB and Acharya SK. 2008. Quality management of Horticultural 

crops. Agrotech Publishing House, Udaipur; ISBN: 81-8321-090-2. 

 Sharangi AB and Datta S. 2015. Value Addition of Horticultural crops: 

Recent trends and Future directions. SPRINGER; ISBN: 978-81-322- 2261-

3. 

 Swain SC. 2018. Precision farming in Horticulture: Approaches and 

strategies. Narendra Publishing House, New Delhi. 

 Tiwari C. 2018. Antimicrobial properties of Medicinal plants. Narendra 

Publishing House, New Delhi. 

 

I. Course Title     :    Recent     Breeding      Approaches      in      Plantation, 

Spice,Medicinal and Aromatic Crops 

II. Course Code   :    PSM 603 

III. Credit Hours   :    3+0 

IV. Why this course ? 

Plantation, spice medicinal and aromatic crops (PSMA) play an important 

role in the national economy  of  India.  These  crops  also  provide livelihood 

security to a large section of farmers and cater to the primary health care needs 

of a large section of people. This course will impart knowledge to the learner 

on the advancedbreeding approaches followed in important PSMA crops in 

Indian perspectives. 

V. Aim of the course 

The course is designed to provide knowledge on modern approaches in the 
breedingof various PSMA crops grown in India. 

 
The course is organized as follows: 

 

 
No    Blocks Units 

1 Plantation crops  I Genetic resources II Breeding 

methods 

III Breeding achievements 

2 Spice crops  I Genetic resources II Breeding 

methods 

III Breeding achievements 

3 Medicinal and Aromatic crops I Genetic resources 

II Breeding methods 

III Breeding achievements 
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VI. Theory 

Block 1: Plantation Crops 

Unit I: Genetic resources: Evolutionary mechanisms, adaptation and 

domestication, genetic resources,  genetic  divergence, 

cytogenetics, variations and natural selection, types of pollination 

and fertilization mechanisms, sterility and incompatibility systems 

in Plantation crops. 

Unit II: Breeding methods: Introduction and selection, chimeras, clonal 

selections, intergeneric, interspecific and inter-varietal hybridization, 

heterosis breeding, mutation and polyploidy breeding, resistance 

breeding to biotic and abiotic stresses, breeding for improving quality, 

genetics of important traits and their inheritance pattern, molecular and 

transgenic approaches and other biotechnological tools in crop 

improvement. 

Unit III: Breeding achievements: Breeding objectives, ideotype breeding, 

breeding problems and achievements in Plantation crops. 

Block 2: Spice crops 

Unit I: Genetic resources: Evolutionary mechanisms, adaptation and 

domestication, genetic resources,  genetic  divergence, 

cytogenetics, variations and natural selection, types of pollination 

and fertilization mechanisms, sterility  and  incompatibility systems 

in Spice crops. 

Unit II: Breeding methods: Introduction and selection, chimeras, clonal 

selections, intergeneric, interspecific and intervarietal hybridization, 

heterosis breeding, mutation and polyploidy breeding, resistance 

breeding to biotic and abiotic stresses, breeding for improving quality, 

genetics of important traits and their inheritance pattern, molecular and 

transgenic approaches and other biotechnological tools in crop 

improvement. 

Unit III: Breeding achievements: Breeding objectives, ideotype breeding, 

breeding problems  and achievements in Spice crops. 

Block 3: Medicinal and aromatic crops 

Unit I: Genetic resources: Evolutionary mechanisms, adaptation and 

domestication, genetic resources,  genetic  divergence, 

cytogenetics, variations and natural selection, chemotaXonomy, 

pollination and fertilization mechanisms, sterility and 

incompatibility systems in Medicinal and Aromatic crops. 

Unit II: Breeding methods: Introduction and selection, clonal selections, 

intergeneric, interspecific and intervarietal hybridization, heterosis 

breeding, mutation and polyploidy breeding, resistance breeding to 

biotic and abiotic stresses, breeding for improving quality, genetics of 

important traits and their inheritance pattern, genetic mechanisms 
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associated with secondary metabolites, molecular and transgenic 

approaches and other biotechnological tools in crop improvement. 

Unit III: Breeding achievements: Specific breeding objectives in medicinal 

and aromatic crops, ideotype breeding, breeding problems and 

achievements in medicinal and aromatic crops. 

Crops 

A. Plantation crops: Coconut, Arecanut, Oil palm, Cashew, Coffee, Tea, 

Cocoa, Rubber 

B. Spice crops: Black pepper, Cardamom, Ginger, Turmeric, Nutmeg, 

Cinnamon, Clove, Garcinia, Coriander, Cumin, Fennel, Fenugreek, 

Ajwain, Dill. 

C. Medicinal crops: Senna, Periwinkle, Aswagandha, Isabgol, 

Sarpagandha, Poppy, Glory lily, Medicinal coleus, Mucuna pruriens, 

Ocimum, Centella asiatica, Bacopa monnieri, Andrographis paniculata, 

Aloe vera, Phyllanthus amarus, Eucalyptus, Bael, Henbane. 

D. Aromatic crops: Lemongrass, Palmarosa, Citronella, Vetiver, Mint, 

Sweet basil, Lavender, Geranium, Patchouli, Artemisia, Rosemary, 

Thyme, Sage, Marjoram, Fever few. 

VII. Teaching Methods/ Activities 

• Lecture 

• Assignment (Reading/ Writing) 

• Presentation of review papers and research articles 

• EXposure visits to research centres, PSMA crop based industries 

VIII. Learning outcome 

After successful completion of this course, the students are eXpected to: 

• be equipped with the latest research outcome in crop improvement of 

PSMA crops 

• be able to start hi-tech PSMA crop based seed/ planting material 

productionprogrammes 

 
IX. Suggested Reading 

 Afoakwa EO. 2016. Cocoa Production and Processing Technology. 
CRC Press.

 Agarwal S, Divkarasastry EV and Sharma RK. 2001. Seed Spices, 
Production, Quality and Export. Pointer Publ.

 Anonymous. 1985. Rubber and its Cultivation. The Rubber Board of 
India.

 Atal C and Kapoor V. 1992. Cultivation and Utilization of Medicinal 

and Aromatic Crops.CSIR.

 Barche S. 2016. Production technology of spices, aromatic, medicinal 

and plantation crops. New India Publishing Agency, New Delhi.

 Chadha KL. 2001. Hand Book of Horticulture. ICAR.
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 Chadha KL and Gupta R. 1995. Advances in Horticulture. Vol.XI. Malhotra 

Publ. House. Chopra VL and Peter KV. 2005. Handbook of Industrial 
Crops. Panima.

 Choudappa P, Anitha K, Rajesh MK and Ramesh SV. 2017. 
Biotechnology of Plantation Crops. Daya Publishing House, New Delhi.

 Choudappa P, NiralV, Jerard BA and Samsudeen K. 2017. Coconut. 
Daya Publishing House, New Delhi.

 E-manual on Advances in Cashew Production Technology. ICAR - 

Directorate of Cashew Research, Puttur –574 202, D.K., Karnataka.

 Farooqi AA, Khan MM and Vasundhara M. 2001. Production Technology 

of Medicinal and Aromatic Crops. Natural Remedies Pvt. Ltd.

 Handa SS and Kaul MK. 1982. Cultivation and Utilization of Medicinal 

Plants. NISC, CSIR. Harler CR. 1963. The Culture and Marketing of 
Tea. OXford Univ. Press.

 Jain SK. 2000. Medicinal Plants. National Book Trust.

 Joshi P. 2018. Text Book on Fruit and Plantation Crops. Narendra 
Publishing House, New Delhi.

 Julia F and Charters MC. 1997. Major Medicinal Plants–Botany, Cultures 

and Uses. Thomas Publ.

 Kurian A and Peter KV. 2007. Commercial Crops Technology. New India 

Publ. Agency. Marsh AC, Moss MK and Murphy EW. 1977. Composition 

of Food Spices and Herbs, Raw,

 Processed and Prepared. Agric. Res. Serv. Hand Book 8-2. Washinton DC.

 Nair MK, Bhaskararao EVV, Nambiar KKN and Nambiar MC. 1979.

Cashew. CPCRI, Kasaragod. 

 Nybe EV, Mini Raj N and Peter KV. 2007. Spices. New India Publ. 

Agency. Panda H. 2013. The Complete Book on Cashew. Asia Pacific 

Business Press Inc.

 Panda H. 2016. The Complete Book on Cultivation and Manufacture of Tea
(2nd Revised Edition). Asia Pacific Business Press Inc. 

 Peter KV. 2001. Hand Book of Herbs and Spices. Vols. I-III. Woodhead 
Publ. Co., UK and CRC, USA.
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I. Course Title : Advanced Methods in Laboratory Techniques in 

PSMA Crops 

II. Course Code : PSM 604 

III. Credit Hours : (1+2) 

IV. Why this course ? 

Plantation, spice, medicinal and aromatic crops demand specific  post harvest 

management and value addition. At each step it has to undergo quality 

assessment using modern equipment and machinery. EXport standards are 

also based on stringent quality parameters. This course is designed to make 

the learner well versed with modern analytical methods, instruments and 

machinery used in qualityanalyses. 

V. Aim of the course 

To equip the students with the latest laboratory techniques required for 

assessing the quality of PSMA crops. 

The course is organised as follows 
 

 

 
No Blocks Units 

1 Plantation Crops I  Physiological and biochemical 

changes Contaminants Value 

addition 

2 Spice Crops I  Physiological and biochemical 

changes II Contaminants 

III Value addition 

No Blocks Units 

3 Medicinal and Aromatic 

Crops I Secondary metabolites and their 

biosynthetic pathways 

Contaminants III Value addition 
 

VI. Theory 

Block 1: Plantation Crops 

Unit I: Physiological and biochemical changes: Physiological and 

biochemical changes during maturity and ripening including post 

harvest changes. Factors influencing quality. 

Unit II: Contaminants: Adulterants, substitutes, sources of contamination: 

microbial, heavy metal, pesticide residues. 

Unit I: Physiological and biochemical changes: Physiological and 

biochemical changes during maturity and ripening including Post 

harvest changes. Factors influencing quality. 
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Unit II: Contaminants: Adulterants, substitutes, sources of contamination: 
microbial, heavy metal, pesticide residues. 

Unit III: Value addition: FiXed oils, essential oils, value added products, 

grading,storage, transportation. 

Block 3: Medicinal and aromatic crops 

Unit  I:  Secondary  metabolites   and   their   biosynthetic   pathways, factors 

affecting production of secondary metaboiltes, changes during 

maturity,harvesting and processing. 

Unit II:   Contaminants:    Adulterants,    substitutes,    contamination: microbial, 

heavy metal, pesticide residues. 

Unit III: Value addition: FiXed oils, essential oils, oleoresins, concretes, 

absolutes, dyes, natural colours, aroma chemicals, grading, 

storage, transportation. Quality standards of raw materials and 

finishedproducts. 

VII. Practical 

• Sampling techniques in PSMA crops or their parts; 

• Solvent eXtraction of spices and medicinal plants; 

• Detection of adulterants and substitutes; 

• EXtraction of secondary metabolites from medicinal crops; 

• Qualitative analyses of secondary metabolites; 

• Quantitative estimation of secondary metabolites; 

• Preparation of plant eXtracts; 

• Chromatographic separation of eXtracts; 

• Thin layer chromatography; 

• SoXhlet eXtraction; 

• Super critical fluid eXtraction; 

• Determination of physical and chemical properties of essential oils; 

• Flavor profile of essential oils by gas chromatography; 

• Chemical characterization by HPTLC; 

• Chemical characterization by GCMS; 

• Chemical characterization by LCMS; 

• Chemical characterization by NMR; 

• Bioassay and High Throughput Screening; 

• Techniques for assessment of antimicrobial property; 

• Techniques for assessment of antioXidant property, pesticide residue 

analyses; 

• Determination of heavy metals by flame photometry; 

• Plant tissue cultures in the industrial production of bioactive plant 

metabolites; 

• EXposure visit to leading medicinal and aromatic industries, 

accredited qualitycontrol labs. 



595  

VIII. Learning outcome 

After completion of this course, the student will be equipped in 

• the modern analytical methods of biochemistry 

• handling of equipments and machinery used in biotechnology, 

processing and valueaddition 

IX. Suggested Reading 

 Barche S. 2016. Production technology of spices, aromatic, medicinal and 

plantation crops. New India Publishing Agency, New Delhi. 

 Das K. 2013. Essential oils and their applications. New India Publishing 

Agency, New Delhi. Hammon JM and Yusibov V. 2000. Plant 

Biotechnology: New Products and application. Springer-Verlag. 

 Orhan I. 2012. Biotechnological Production of Plant Secondary 

Metabolites. Bentham Science Publishers. 

 Raaman N. 2006. Phytochemical techniques. New India Publishing 

Agency, New Delhi. Ramawat KG. 2007. Biotechnology: secondary 

metabolites: plants and microbes. Science Publishers. 

 Sadasivam S and Manickam A. 1991. Biochemical methods. New Age 

International Publishers. 

 Shankar SJ. 2018. Comprehensive post harvest technology of flowers, 

medicinal and aromatic plants. Narendra Publishing House, New Delhi. 

 Shukla Y.M. 2009. Plant secondary metabolites. New India Publishing 

Agency, New Delhi. Parimelzhagan T. 2013. Turning plants into 

medicines: Novel approaches. New India Publishing Agency, New 

Delhi. 

 Tiwari C. 2018. Antimicrobial properties of Medicinal plants. Narendra 

Publishing House, New Delhi. 

 Trivedi C. 2004. Herbal drugs and biotechnology. Pointer Publishers. 

 Waghulkar VM. 2012. Quality assurance techniques in pharmaceuticals. 

New India Publishing Agency, New Delhi. 

 
I. Course Title : Biotechnological Approaches in PSMA Crops 

II. Course Code : PSM 605 

III. Credit Hours : (3 +0) 

IV. Why this course ? 

Tools of biotechnology are widely used in crop improvement, crop management, 

crop protection and post harvest management of PSMA crops. This course is 

designed to impart knowledge on advanced biotechnological 
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tools used in various spheres of plantation, spices, medicinal and aromatic crops. 

V. Aim of the course 

The main objective of the course is to impart to the learner, knowledge on 

advanced biotechnological tools used in various spheres of plantation, 

spices, medicinal and aromatic crops. 

The course is organized as follows: 
 

 
 

 
No Blocks Units 

1 Plantation Crops I In-vitro mass multiplication 

techniques II In-vitro breeding 

Transgenic crops 

2 Spice Crops I In-vitro mass multiplication 

techniques II In-vitro breeding 

III Transgenic crops 

3 Medicinal and Aromatic I  In-vitro mass Crops 

multiplication techniques 

II In-vitro breeding III Transgenic 

crops 

IV In-vitro production of secondary 

metabolites 
 

Theory 

Block 1: Plantation Crops 

Unit I: In-vitro mass multiplication techniques: In-vitro conservation of 

plantation crops, direct and indirect organogenesis, micro grafting, 

hardening techniques. 

Unit II: In-vitro breeding: Production of haploids, somaclones and 

identification of somaclonal variants, in-vitro techniques to 

overcome fertilization barriers, protoplast culture and fusion, 

construction, identification and characterization of somatic hybrids 

and cybrids, wide hybridization, embryo rescue of recalcitrant 

species. In-vitro mutation for biotic and abiotic stresses, disease 

elimination in crops. 

Unit III: Transgenic crops: Recombinant DNA methodology, gene transfer 

methods, tools, methods, applications of rDNA technology. Role of 

molecular markers in characterization of transgenic crops, 

fingerprinting of cultivars, etc., achievements,  problems  and future 

thrusts. 

Block 2: Spice Crops 

Unit I:   In-vitro mass multiplication techniques: In-vitro conservation of spice 
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crops. direct and indirect organogenesis, micro grafting, hardening 

techniques, production of microrhizomes. 

Unit II: In-vitro breeding: Production of haploids, somaclones and 

identification of somaclonal variants, in-vitro techniques to 

overcome fertilization barriers, Protoplast culture and fusion, 

construction, identification and characterization of  somatic hybrids 

and cybrids, wide hybridization, embryo rescue of recalcitrant 

species, in-vitro mutation for biotic and abiotic stresses, disease 

elimination in crops. 

Unit III: Transgenic crops: Recombinant DNA methodology, gene transfer 

methods, tools, methods, applications of rDNA technology. Role of 

molecular markers in  characterization  of  transgenic crops, 

fingerprinting of cultivars, etc., achievements, problems and 

futurethrusts. 

Block 3:    Medicinal and Aromatic Crops 

Unit I: In-vitro mass multiplication techniques: In-vitro conservation of 

medicinal and aromatic crops, direct and indirect organogenesis, micro 

grafting, hardening techniques, production of microrhizomes. 

Unit II: In-vitro breeding: Production of haploids, somaclones and 

identification of somaclonal variants, in-vitro techniques to 

overcome fertilization barriers, Protoplast culture and fusion, 

construction, identification andcharacterization of somatic hybrids 

and cybrids, wide hybridization, embryo rescue of recalcitrant 

species, in-vitro mutation for biotic and abiotic stresses, disease 

elimination in crops. 

Unit III: Transgenic crops: Recombinant DNA methodology, gene transfer 

methods, tools, methods, applications of rDNA technology. Role of 

molecular markers in characterization of transgenic  crops, finger 

printing of cultivars, etc., achievements, problems  and future 

thrusts. 

Unit IV: In-vitro production of secondary metabolites: In-vitro production and 

characterization of secondary metabolites, bioreactors. 

Crops 

Coconut, Rubber, Oil palm, Coffee, Tea, Cocoa, Black pepper, 

Cardamom, Turmeric, Ginger, Vanilla, Periwinkle, Rauvolfia, Mint, 

Cymbopogon grasses, Medicinal coleus, Ocimum sp., Aswagandha, 

Aloe, Safed musli, Stevia 

VI. Learning outcome 

The learner is eXpected to be: 

• acquainted with the applications of biotechnology in PSMA crops 

• able to start modern labs based on biotechnology in PSMA crops 
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VII. Suggested Reading 

 Afoakwa EO. 2016. Cocoa Production and Processing Technology. 

CRC Press. Bajaj YPS. Ed. 1987. Biotechnology in Agriculture and 

Forestry. Springer. 

 Chadha KL, Ravindran PN and Sahijram L. Eds. 2000. Biotechnology 

of Horticulture and Plantation Crops. Malhotra Publ. House. 

 Choudappa P, Anitha K, Rajesh MK and Ramesh SV. 2017. 

Biotechnology of Plantation Crops. Daya Publishing House, New 

Delhi. 

 Choudappa P,  Niral  V,  Jerard  BA  and  Samsudeen  K.  2017. 

Coconut. Daya Publishing House, New Delhi. 

 Debnath M. 2005. Tools and Techniques of Biotechnology. Pointer 

Publ. 

 E-manual on Advances in Cashew  Production  Technology. ICAR- 

Directorate of Cashew Research, Puttur –574 202, D.K., Karnataka. 

 Glover MD. 1984. Gene Cloning: The Mechanics of DNA 

Manipulation. Chapman and Hall. Gorden H and Rubsell S. 1960. 

Harmones and Cell Culture. AB Book Publ. 

 Keshavachandran R and Peter KV. 2008. Plant Biotechnology: Tissue 

Culture and Gene Transfer. Orient and Longman (Universal Press). 

 Keshavachandran R, Nazim PA, Girija D and Peter KV. 2007. 

Recent Trends in Biotechnology of Horticultural Crops. New India 

Publ. Agency. 

 Panda H. 2013. The Complete Book on Cashew. Asia Pacific Business 

Press Inc. 

 Panda H. 2016. The Complete Book on Cultivation and Manufacture 

of Tea (2nd Revised Edition). Asia Pacific Business Press Inc. 

 Panopoulas NJ. (Ed.). 1981. Genetic Engineering in Plant Sciences. 

Praeger Publ. 

 Parthasarathy VA, Bose TK, Deka PC, Das P, Mitra SK and 

Mohanadas S. 2001. Biotechnology of Horticultural Crops. Vols. I-

III. Naya Prakash. 

 Pierik RLM. 1987. In-vitro Culture of Higher Plants. 

MartinusNijhoff Publ. 

 Pillay PNR. 1980. Handbook of natural rubber production in India. 

Rubber Research Institute, Kottayam. pp.668. 

 Prasad S. 1999. Impact of Plant Biotechnology on Horticulture. 

2nd Ed. AgroBotanica. 
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 Sera T, Soccol CR, Pandey A and Roussos S. Coffee Biotechnology 

and Quality. Springer, Dordrecht. 

 Sethuraj MR and Mathew NT. 1992. Natural Rubber: Biology, 

Cultivation and Technology. (Developments in Crop Science). Elsevier 

Science. 

 Sharma R. 2000. Plant Tissue Culture. Campus Books, 

International. 

 Shukla YM. 2009. Plant secondary metabolites. New India Publishing 

Agency, New Delhi. Singh BD. 2001. Biotechnology. Kalyani. 

 Skoog F and Miller CO. 1957. Chemical  Regulation of Growth and 

Formation in Plant Tissue Culture in-vitro. Symp. Soc. EXp. Biol. 

11, 118-131. 

 Williamson R. 1981-86. Genetic Engineering. Vols. I-V. Academic 

Press. 

 

I. Course Title : Abiotic Stress Management in Plantation, Spice, 

Medicinal and Aromatic Crops 

II. Course Code     : PSM 606 

III. Credit Hours    : (2+1) 

IV. Why this course ? 

Global climate is undergoing drastic changes and crops find it difficult to 

adapt to the changed environments. Abiotic stress due to temperature, water, 

salts, radiations, nutrients, pollutants, etc. affects the growth, physiology, 

yield and quality attributes of PSMA crops. This course is designed for the 

learner to understand the influence of  these  abiotic  stress  factors  on PSMA 

crops. 

V. Aim of the course 

The course aims to impart knowledge on the influence of abiotic stress factors 

on growth, physiology, yield and quality attributes of PSMA crops along with 

advancedapproaches in the management of these stresses. 

The course is organized as follows: 
 

 
No Blocks Units 

1 Abiotic Stress I Temperature and   water   stress 

II Stress due to soil conditions and 

salt III Pollution stress 
IV Other stresses 

2 Climate Change  I Contributing factors II Carbon 

trading 

III Impact of climate change on 

PSMA crops 

3 Climate Resilient TechnologiesI Varieties 
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Climate resilient technologies III 

Waste management 
 

 

 

VI. Theory 

Block 1:     Abiotic Stress 

Definition, soil conditions (salinity, alkalinity, ion toXicity, fertilizer toXicity, 

etc.), salt stress 

Unit I: Temperature and water stress: Stresses due to water (high and low), 

temperature (high and low), symptoms, mechanisms governing 

tolerance, associated physiological and biochemical factors, impact 

on PSMA crops and produce, changes in phenology and quality. 

Unit II: Stress due to soil conditions and salts: Alkainity, salinity, iron toXicity, 

fertilizer    toXicity    symptoms,     mechanisms governing tolerance, 

associated physiological and biochemical factors, impact on PSMA 

crops and produce, changes in phenology and quality. 

Unit III: Pollution stress: Gaseous pollutants and heavy metals, symptoms, 

mechanisms governing tolerance, associated physiological and 

biochemical factors, impact on PSMA crops and produce, changes 

in phenology and quality. 

Unit IV: Other stresses: Stress due to radiation, wind, nutrients. symptoms, 

mechanisms governing tolerance, associated physiological and 

biochemical factors, impact on PSMA crops and produce, changes 

in phenology and quality. 

Block 2:    Climate change 

Unit I:   Contributing   factors:    Introduction    to   climate    change, factors 

contributing to climate change, change in temperature, rainfall, 

humidity, rise in the atmospheric CO2 levels, tropospheric ozone 

levels,eXtreme climatic events. 

Unit II: Carbon trading: Global warming, carbon trading, role of green 

housegases, impact on productivity of PSMA crops. Clean 

development mechanism. 

Unit III: Impact of climate change on PSMA  crops:  Plantation  crops, Spice 

crops, Medicinal and aromatic crops. 

Block 3:    Climate resilient technologies 

Unit I: Varieties: Plantation crops, Spice crops, Medicinal and aromatic 

crops. 

Unit II: Climate resilient technologies: Plantation crops, Spice crops, Medicinal 

and aromatic crops. 
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Unit III: Waste   management:   Alternate farming  systems, Zero 

waste management, Microbial waste management. 

VII. Practical 

• Analysis of plant stress factors; 

• Relative water content; 

• Chlorophyll stability indeX; 

• Plant waXes; 

• Stomatal diffusive resistance; 

• Transpiration; 

• Photosynthetic rates; 

• Calculation of water use efficiency and growth rates; 

• Identifying abiotic stress symptoms and injuries; 

• Use of antitranspirants; 

• Managing nutrient stress; 

• Stress management by hormones; 

• Screening for abiotic stress tolerance; 

• Weather data analyses and quantification of climate change; 

• Cropping pattern changes due to climate eXtremities; 

• Phenological and quality changes in PSMAs; 

• Pesticide residue analysis in PSMAs. 

VIII. Learning outcome 

The learner is eXpected to get empowered on 

• the impact of abiotic stress on PSMA crop production 

• the mitigation measures to be adopted for sustaining PSMA crop 

production 

IX. Suggested Reading 

 Afoakwa EO. 2016. Cocoa Production and Processing Technology. CRC 

Press. 

 Ahmad, Parvaiz, and  Prasad  MNV.  2012.  Abiotic  Stress  Responses in 

Plants Metabolism, Productivity and Sustainability. Springer. 

 E- manual on Advances in Cashew Production Technology. ICAR- 

Directorate of CashewResearch, Puttur– 574 202, D.K., Karnataka. 

 Prasad HC, Rao, Sriniv NK, Shivashankar and Seetharamaiah K. 2013. 

Climate-Resilient Horticulture: Adaptation and Mitigation Strategies. 

Springer. 

 Hebbar KB, Kumar SN and Choudappa P. 2017. Impact of climate change 

on Plantation Crops. Daya Publishing House, New Delhi. 

 Jenks MA and Hasegawa PM. 2003. Plant Abiotic Stress. Black Well. 

 Levitt J. 1972. Response of Plants to Environmental Stresses. Academic 

Press. 

 Manish B. 2018. Climate resilient agriculture: Adaptation, mitigation 

strategies. New India Publishing Agency, New Delhi. 

 Mussell H and Staples  R. 1979.  Stress Physiology in Crop Plants. 
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Wiley Inter. Science. Nickell LG. 1983. Plant Growth Regulating 

Chemicals. CRC Press. 

 Panda H. 2013. The Complete Book on Cashew. Asia Pacific Business 

Press Inc. 

 Panda H. 2016. The Complete Book on Cultivation and Manufacture of Tea 

(2nd Revised Edition). Asia Pacific Business Press Inc. 

 Pillay PNR. 1980. Handbook of natural rubber production in India. 

Rubber Research Institute, Kottayam. pp.668. 

 Rao Prasada GSHLV, Rao, GGSN and Rao, VUM. 2008. Climate 

Change and Agriculture over India. Kerala Agricultural University, 

Thrissur. 

 Roy B and AK Basu. 2009. Abiotic stress tolerance in crop plants. New India 

Publ. House. Sera T, Soccol CR, Pandey A and Roussos S. Coffee 

Biotechnology and Quality. Springer, Dordrecht. 

 Sethuraj MR and Mathew NT. 1992. Natural Rubber: Biology, Cultivation 

and Technology (Developments in Crop Science). Elsevier Science. 

 Shanker AK and Venkateswarlu B. 2011. Abiotic Stress in Plants– 

Mechanisms and Adaptations. In tech, Croatia. 

 Turner NC and Kramer PJ. 1980. Adaptation of Plants to Water and High 

Temperature Stress. John Wiley and Sons. 

 Venkateswarlu B, Shanker AK, Chitra M and Maheswari M. Crop Stress 

and its Management: Perspectives and Strategies. Springer. 

 www.plantphysiol.org, www.plantsress.com 

 
I. Course Title       : Organic Spice and Plantation Crops Production 

II. Course Code      : PSM 607 

III. Credit Hours       : (2+1) 

IV. Why this course ? 

A shift to organic agriculture is happening in different parts of the world. Demand 

for organic plantation and spice crops is also increasing globally. This course is 

designed to give comprehensive knowledge on scientific organic farming 

technologyin plantation and spice crops. 

V. Aim of the course 

To impart knowledge on principles, concepts, techniques and certification 

proceduresof organic farming in spice and plantation crops 

The course is organized as follows 
 

 

 
No Blocks Units 

http://www.plantphysiol.org/
http://www.plantphysiol.org/
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1 Concepts of Organic Farming I. Importance 

II. Organic conversion plan 

III. Organic farming systems 

2 Organic Production Technologies I. Plantation crops 

II. Major spices 

III. Minor spices 

3 Certification and Quality Control I. Accreditation 

II. Organic standards 

III. Quality control 
 

VI. Theory 

Block 1: Concepts of Organic Farming 

Unit I:       Importance: Principles, perspectives,   concepts   and   components of 

organic farming, present status of organic farming at national and 

global level, domestic and global demand for organic products with 

respect to spice and plantation crops, organic production and eXport– 

opportunities and challenges. 

Unit II: Organic Conversion Plan: Advanced methods for enhancing soil fertility, 

soil amendments. Modern methods of composting, 

vermicomposting, coir pith composting, bio fertilizers, pest and 

disease management in organic farming; crop rotation in organic 

horticulture, weed management, botanicals and bio- control agents. 

Unit III: Organic Farming Systems: Natural farming, permaculture, 

biodynamicfarming, Zero budget farming, Homa farming, EM 

technology. 

Block 2:   Organic Production Technology 

Unit I: Plantation crops: Coconut, Coffee, Cocoa, Tea. 

Unit II: Major Spices: Black pepper, Cardamom, Ginger, Turmeric, 

Vanilla. 

Unit III: Seed spices: Coriander, Cumin, Fennel, Fenugreek. 

Block 3: Certification and Quality Control 

Unit I: Accreditation: Accreditation agencies, certification agencies, 

procedure of certification, types of certification. 

Unit II: Organic standards: Domestic and international standards, 

NPOP,IFOAM, CODEX, HACCP standards. 

Unit III: Quality control: Participatory Guarantee System (PGS) in 

quality control, quality control for organic products. 

VII. Practical 

• Enrichment of composts; 
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• Biofertilizers; 

• Bio control agents; 

• Biodynamic preparations; 

• Zero- budget preparations; 

• Biopesticides; 

• AMF in organic production; 

• Waste management techniques; 

• EXposure visits to organic fields, certification and marketing centers. 

VIII. Learning outcome 

The learner is eXpected to get empowered on 

• the organic farming techniques in Spice and Plantation crops 

• the organic certification procedures in Spice and Plantation crops 

IX. Suggested Reading 

 Afoakwa EO. 2016. Cocoa Production and Processing Technology. CRC 

Press. Dahama AK. 2005. Organic Farming for Sustainable Agriculture. 

2nd Ed. Agrobios. 

 E- manual on Advances in Cashew Production Technology. ICAR- 

Directorate of CashewResearch, Puttur –574 202, D.K., Karnataka. 

 Gehlot G. 2005. Organic Farming: Standards, Accreditation, 

Certification and Inspection. Agrobios. 

 Palaniappan SP and Annadarai K. 2003. Organic Farming: Theory and 

Practice. Scientific Publ. 

 Panda H. 2013. The Complete Book on Cashew. Asia Pacific Business 

Press Inc. 

 Panda H. 2016. The Complete Book on Cultivation and Manufacture of Tea 

(2nd Revised Edition). Asia Pacific Business Press Inc. 

 Parthasarthy VA, Kandiannan V and Srinivasan V. 2008. Organic 

Spices. New India Publ. Agency. 

 Pradeepkumar T, Suma B, Jyothibhaskar and Satheesan KN. 2008. 

Management of Horticultural Crops. New India Publ. Agency. 

 Sera T, Soccol CR, Pandey A and Roussos S. Coffee Biotechnology and 

Quality. Springer, Dordrecht. 

 Shivashankar K. 1997. Food Security in Harmony with Nature. 3, IFOAM- 

RD, ASIA, Scientific Conference. 1-4 Dec., 1997, UAS, Bangalore. 
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I. Course Title : Marketing and Trade of Plantation, Spices, Medicinal and  

                         Aromatic Crops 

II. Course Code     :      PSM 608 

III. Credit Hours    :     (2+1) 

IV. Why this course ? 

Marketing and trade are two important aspects in the domestic as well as 

international movement of PSMA crops. Instability in the price structure 

as well as demand of various plantation and spice crops often puts the farmers 

and entrepreneurs at risk. This course is designed to impart in the learner a 

deeper understanding on marketing and trade in raw materials and value 

added products of PSMAs crops both at the  domestic  and international level. 

 

V. Aim of the course 

This course is designed to impart in the learner a deeper understanding on 

marketing and trade in raw materials and value added products of PSMAs 

crops both at the domestic and international level. 

The course is organized as follows 

 

No Blocks Units 
 

Importance of Marketing and T e 

. Market opportunities 

II.  Marketing strategies 

2 Marketing Channels I. Market organisations 

II. Value chain management and 

total qualitymanagement 

3 Entrepreneurship Development I.  Decision making 

II. Price structure 
 

VI. Theory 

Block 1: Importance of marketing and trade 

Unit I:   Market opportunities: Market opportunities and challenges in PSMA 

crops at the domestic and global level, consumption in India’s 

plantation, herbal and spice and other industries, Demand- supply 

scenario of PSMAs at the national and international level, Marketing 

and trade in raw materials and value  added products 

Unit II: Marketing strategies: Direct and indirect marketing, niche marketing, 

specialty markets, market intermediaries and their role, market 

infrastructure needs, marketing efficiency. market organization, 

planning, promotion, cost  control,  contract farming 
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Block 2:    Marketing Channels 

Unit I:      Market organizations: Marketing co-operatives including tribal co- 

operatives, public private partnerships (PPP), Farmer Producer 

Companies  (FPC)  and  Farmer  Producer Organisations (FPOs). 

Unit II: Supply chain management and total quality management: Good 

transportation procedures, cold storage facilities, State trading, 

warehousing and other govt. agencies. Role of  commodity boards 

and eXport promotion councils in marketing and eXport of 

PSMA crops 

Block 3:    Entrepreneurship development 

Unit I: Decision making: Risk   taking,   motivation,   importance   of planning, 

monitoring, evaluation and follow up, SWOT analysis, generation, 

incubation and commercialisation of ideas and innovations. 

Communication skills, domestic and eXport market intelligence, 

eXport standards. Role of information technology and 

telecommunication in marketing of PSMAs 

Unit II: Price structure: Price analysis and price forecasting in PSMA crops, 

policies on eXport, import   and   re-eXport   of commodities and 

value added products, guidelines for marketing of organic produce 

and organicproducts 

VI. Practica 

• Study of requirement of various raw materials by the plantation, spice and 

ayurvedaindustries; 

• Demand supply analysis of various PSMA crops; 

• EXposure visit to trading centres, eXporters, ware  houses,  value 

addition units,etc.; 

• Study of FPOs and FPCs in various crops; 

• Preparation and evaluation of projects; 

• Documentation of case studies. 

VII. Learning outcome 

The learner is eXpected to get empowered on 

• the marketing and trade opportunities and channels in PSMA crops 

• the entrepreneurship development and value chain in PSMA crops 

• decision support and pricing system in PSMA crops 

VIII. Suggested Reading 

 Afoakwa EO. 2016. Cocoa Production and Processing Technology. CRC 



607  

Press. 

 Chinnappa B. 2018. Economics and marketing of Arecanut in India. 

Narendra Publishing House, New Delhi. 

 CUTS. 2004. Data base on Medicinal Plants. CUTS Centre for 

International Trade, Economicsand Environment, Calcutta. 

 E-manual on Advances in Cashew Production Technology. ICAR- 

Directorate of Cashew Research, Puttur-574 202, D.K., Karnataka. 

 Holly J and Cheria K. 1998. The medicinal plant Sector in India. 

Medicinal and Aromatic Programme in Asia (MAPPA), New Delhi, 

India. 

 Panda H. 2013. The Complete Book on Cashew. Asia Pacific Business 

Press Inc. 

 Panda H. 2016. The Complete Book on Cultivation and Manufacture of Tea 

(2nd Revised Edition). Asia Pacific Business Press Inc. 

 Pillay PNR. 1980. Handbook of natural rubber production in India. 

Rubber Research Institute, Kottayam. pp.668. 

 Sera T, Soccol CR, Pandey A and Roussos S. Coffee Biotechnology and 

Quality. Springer, Dordrecht. 

 Sethuraj MR and Mathew NT. 1992. Natural Rubber: Biology, Cultivation 

and Technology (Developments in Crop Science). Elsevier Science. 

 Tyagi SK. 2015. Spices, Plantation Crops, Medicinal and Aromatic 

plants-a hand book. New India Publishing Agency. 

 Varmudi. 2001. Marketing of Spices. Daya publishing house. 

 Ved DK and Goraya GS. 2007. Demand and Supply of Medicinal Plants 

in India. NMPB, New Delhi, FRLHT, Bangalore. 
 

 e-Resource 

www.nmpb.nic.in 

 

 

Suggested Journals 

  

 
Sr. No. Name of the Journal ISSN No. 

 1 Annals of Horticulture 0976-4623  

 2 Biological Agriculture and Horticulture 2165-0616  

 3 Current Horticulture 2455-7560  

 4 European Journal of Medicinal Plants 2231-0894  

 5 Horticulture Enviornment and Biotechnology 2211-3460  

http://www.nmpb.nic.in/
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6 Indian Coconut Journal 0970-0579 

7 Indian Horticulture Journal 2347-3029 

8 Indian Journal of Arecaunt Spices and Medicinal Plant 0972-2483 

9 Indian Journal of Arid Horticulture 2249-5258 

10 Indian Journal of Horticulture 0974-0112 

11 International Journal of Horticulture 1927-5803 

12 International Journal of Horticulture, Agriculture and 2572-3154 

Plant Sciences 

13 International Journal of Innovative Horticulture 2320-0286 

14 International Journal of Seed Spices 

15 International Journal of Tea Science 0972-544X 

16 Journal of Applied Horticulture 0972-1045 

17 Journal of Herbs, Spices, and Medicinal Plants 1540-3580 

18 Journal of Medicinal and Aromatic Plant Sciences 0253-7125 

19 Journal of Medicinal Food 1557-7600 

20 Journal of Medicinal Plant Research 1996-0875 

21 Journal of Medicinal Plant Studies 2320-3862 

22 Journal of Plantation Crops 2454-8480 

23 Journal of Spices and Aromatic Crops 0971-3328 

24 Medicinal Plants: International Journal of Phytomedicines0975-4261 

and Related 

25 Polycyclic Aromatic Compounds 1040-6638 

26 Progressive Horticulture 2249-5258 

27 Rubber Science (Natural Rubber Research) 2524-3993 

28 Spice India 0970-5805 

29 The Asian Journal of Horticulture 0973-4767 
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Course Title with Credit Load for M.Sc. (Hort.) in Post-Harvest Management 
 

 

Course 

  Code  

Course Title Credit Hours 

PHM 501 * Postharvest Management of Horticultural Produce 2+1 

PHM 502* Postharvest Physiology and Biochemistry of 
Perishables 

2+1 

PHM 503 Packaging and Storage of Fresh Horticultural Produce 1+1 

PHM 504        Packaging of Processed Horticultural Produce 
 

1+1 

PHM 505* Principles and Methods of Fruit and Vegetable 
Preservation 

2+1 

PHM 506       Laboratory Techniques in Postharvest Horticulture 

 

1+2 

PHM 507* Processing of Horticultural Produce 2+2 
PHM 508 Quality Assurance, Safety and Sensory Evaluation of 2+1 
 Fresh and Processed Horticultural Produce  

PHM 509 Functional Foods from Horticultural Produce 2+0 

PHM 510 Marketing and Entrepreneurship in Postharvest 
Horticulture 

1+1 

PHM 511 Value addition and processing of plantation crops and spices 2+1 

PHM 512 Value addition of medicinal and aromatic plants 2+0 

 
Minor Courses (08 credits) 08 

 Supporting Courses (06 credits) 06 
 Common compulsory courses (05 credits) 05 

PHM 591 Master’s Seminar 0+1 

PHM 599 Master’s Research 0+30 

 Total 70 

*Compulsory among major courses 
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Course Title : Postharvest Management of Horticultural Produce 

Course Code : PHM 501 

Credit Hours : (2+1) 

Why this course ? 

Fruits and vegetables are perishable crops that suffer great losses both in 

quantity and quality after harvest. These produce require integrated approach to 

arrest their spoilage and overcome the present day challenges that assimilates 

millions of tons annually. Lack of postharvest awareness and absence of sufficient 

and functioning equipment in the postharvest chain result in serious postharvest 

losses in developing countries. Clear and comprehensive understanding of 

postharvest deteriorative factors is necessary to overcome these  challenges. Pre and 

postharvest management such as good cultural practices, use of improved varieties, 

good handling practices pre and postharvest, temperature and relative humidity 

management, storage atmosphere management, use of permitted chemicals, design 

of appropriate packaging materials and storage structures are some of the control 

measures use in reducing postharvest losses. Hence this customized course 

Aim of the course 

To impart comprehensive knowledge on management of horticultural produce 

thus eXtending the post-harvest life of the produce by various treatments. 

The course is organized as follows: 
 

No. Block Unit 

1. Post harvest management of 

horticultural produce 

I. Importance and scope 
II. Regulation of ripening 

III. Treatment for extending shelf life 

IV. Handling system and marketing 
                                                                       of horticultural crops  

 
Theory 

Block 1: Postharvest Management of Horticultural Produce 

Unit I: History, Importance  and  scope  of  Postharvest  technology  of horticultural 

produce. Nature and structure of horticultural produce. Pre and 

Postharvest losses and their causes. 

Unit II: Climacteric and non-climacteric fruits. Regulation of ripening by use of 

chemicals and growth regulators. Control of sprouting, rooting and 

discoloration in vegetables. 

Unit III: Maturity indices for harvest. Harvesting and harvesting tools. Curing in 

roots and tubers. Prepackage Operation: Preecooling, washing, sorting, 

grading of horticultural perishables for local markets and export. 

Postharvest handling of spices, plantation  crops,  medicinal  and aromatic 

plants. Equipments for washing, sizing, grading. 
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Unit IV: Pre and Postharvest treatments for eXtending storage  life/  vase  life. VHT, 

irradiation treatment, skin coating, degreening, etc. Prepackaging, 

Packaging techniques for  local  market  and Standards and specifications 

for fresh produce export 

Unit V: Postharvest handling system for horticulture  crops  of  regional importance. 

Principles of transport, modes of transportation, types of vehicles and 

transit requirements for different horticultural produce. Marketing: 

Factors influencing marketing of perishable crops, marketing systems and 

organizations. 

Practical 

• Study of maturity indices for harvest of fruits, vegetables, spices and 

plantation crops; 

• Protective skin coating with waX emulsion and pre and  Postharvest treatment 

with fungicides, chemicals and growth regulators to eXtend the shelf life of 

fruits and vegetables; 

• Prepackaging of perishables; 

• EXtension of vase life of cut flowers by use of chemicals and growth 

regulators; 

• Control of sprouting of potato and onion by using growth regulators; 

• Study of modern harvesting, sorting and grading equipments; 

• Study of effect of pre-cooling on shelf-life and quality of fresh fruits, 

vegetablesand flowers; 

• Visit to packaging centers; 

• Visit to local markets, cooperative organizations, super  markets  dealing 

with marketing of Perishables. 

Teaching Methods/ Activities 

• Lectures 

• Assignments (Reading/ Writing) 

• EXposure visits 

• Student presentation 

• Group Work/ seminars 

Learning outcome 

After successful completion of this course, the students are eXpected to be able 

tounderstand: 

• Regulation of ripening by use of chemicals and growth regulators 

• Pre and Postharvest treatments for eXtending storage life/ vase life 

• Standards and specifications for fresh produce 

Suggested Reading 

 Bhattacharjee SK and Dee LC. 2005. Postharvest technology of flowers and 
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ornamental plants. Pointer publishers, Jaipur. 

 Chattopadhyay SK. 2007. Handling, transportation and storage of fruit and 

vegetables. Gene- Tech books, New Delhi. 

 FAO. 2007. Handing and Preservation of Fruits and Vegetables by Combined 

methods for Rural Areas-Technical Manual. FAO Agr.Ser.Bull., 149. 

 Kader AA. 1992. Postharvest technology of horticultural crops. 2nd ed 

university of California. Paliyath G, Murr DP, Handa AK and Lurie S. 2008. 

Postharvest Biology and Technology of Fruits, Vegetables and Flowers, 

Wiley-Blackwell, ISBN: 9780813804088. 

 Pruthi JS. 2001 (Reprint). Major spices of India crop management and 

Postharvest technology. ICAR, NewDelhi 

 Stawley J Kays. 1998. Postharvest physiology of perishable plant products. CBS 

publishers. Sudheer KP, Indira V. 2007. Postharvest Technology of 

Horticultural Crops, Peter K.V. (Ed.), New India Publishing Agency, ISBN 

9788189422431. 

 Sunil Pareek (Ed.) 2016. Postharvest Ripening Physiology of Crops, CRC 

Press, ISBN 9781498703802. 

 Thompson AK. (Ed.) 2014. Fruit and Vegetables: Harvesting, Handling and 

Storage (Vol. 1 & 2) Blackwell Publishing Ltd, OXford, UK. ISBN: 

9781118654040. 

 Verma LR and Joshi VK. 2000. Postharvest Technology of Fruits and 

Vegetables: Handling, Processing, Fermentation and Waste Management. 

Indus Publishing Company, New Delhi, India. ISBN 8173871086.Wills RBH 

and Golding J. 2016. Postharvest: an introduction to the physiology and 

handling of fruit and vegetables, CABI Publishing, ISBN 9781786391483. 

 Wills RBH and Golding J. 2017. Advances in Postharvest Fruit and Vegetable 

Technology, CRC Press, ISBN 9781138894051. 

Websites: 

Horticulture-Post harvest management CSIR-NISTADS 

http://www.nistads.res.in/indiasnt2008/ t6rural/t6rur13.htm 

Post harvest technology- MANAGE http://www.manage.gov.in/ftf- 

itt/prgReports/iihr.pdf Role of post-harvest management 

http://www.fao.org/3/y5431e/y5431e02.htm 

 

Course Code : PHM502 

Course Title : Postharvest Physiology and Biochemistry of 

Perishables 

Credit Hours : (2+1) 

 

Why this course? 

Immediately after harvesting, vegetables and fruits are subjected to the 

http://www.nistads.res.in/indiasnt2008/
http://www.manage.gov.in/ftf-itt/prgReports/iihr.pdf
http://www.manage.gov.in/ftf-itt/prgReports/iihr.pdf
http://www.fao.org/3/y5431e/y5431e02.htm
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active processes of degradation. Numerous physiological and biochemical 

processes continuously change the original composition of the crop until which 

decrease the shelf life of the produce. Postharvest physiology is the scientific 

study of the physiology of living plant tissues after picking. It is very much 

necessary to learn about it as has direct applications to postharvest handling in 

establishing   the storage and transport conditions that prolong shelf life. Hence this 

customizedcourse. 

Aim of the course 

To impart comprehensive knowledge on physiology of horticultural produce 

after harvest and to understand different physiological processes like respiration 

ripening 

 

The course is organized as follows: 
 

No Blocks Units 
 

1 Biochemistry of perishable I Structure and composition of 

horticultural produce 

II Biochemical Changes after 

harvest 

2 Postharvest physiology of I Maturity, Ripening and respiration 

perishables II Respiratory climacteric and 

transpiration 

  III Factors affecting shelf-life  
 

Theory 

Block 1: Biochemistry of perishables 

Unit I:      Introduction, biochemical structure and composition of fruits, vegetables and 

ornamentals. 

Unit II: Biochemical changes during development and ripening. Structural 

Deterioration of the Produce-cell wall degradation, change in membrane 

lipid.: Biosynthesis of ethylene and its regulation. Ethylene action and 

ripening processes, its perception-action and regulation. 

Block 2:    Postharvest physiology of perishables 

Unit I:     Determining maturity and maturity indices. Ripening processes: events of 

ripening and factors affecting them. 

Unit II:     Physiology of preharvest and postharvest; factors affecting shelf-life and 

quality of fruits, vegetables and ornamentals. 

Unit III: Respiration: respiratory climacteric, its significance. Transpiration and 

water stress during postharvest. Postharvest oXidative stress: active 

oXygen species, AOS generation, physiological effects on horticultural 

commodity, control of oXidative injury. 

 
Practical 

• Determination of physical parameters like specific gravity, fruit firmness, 
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etc.; 

• Determination of physiological loss in weight; 

• Determination of chemical constituents like sugar, starch, pigments, 

Vitamin C,acidity during maturation and ripening in fruits/ vegetables; 

• Estimation of ethylene evolved from ripening fruits; 

• Delay/ Hastening of ripening by ethylene treatments; 

• Determination of firmness, TSS, moisture, Titratable acid, sugar, protein, 

starch,fats, chlorophyll, carotene, anthocyanin, phenols and tannins; 

• Measurement of respiration and ethylene evaluation. 

Teaching Methods/ Activities 

• Lectures 

• Assignments (Reading/ Writing) 

• EXposure visits 

• Student presentations 

• Group Work 

Learning outcome 

After successful completion of this course, the students are eXpected to be able 

to: 

• Understand about different factors affecting shelf life 

• Processes of respiration and ripening 

• Biosynthesis of ethylene and its action on ripening 

 
Suggested Reading 

 Chadha KL and Pal RK. 2015. Managing postharvest quality and losses in 

horticultural crops. Vol-1: General Issues, 1-231p Astral International (P) Ltd., 

New Delhi

 Chadha KL and Pal RK. 2015. Managing postharvest quality and losses in 

horticultural crops. Vol-2: Fruit Crops, 253-561p Astral International (P) Ltd., 

New Delhi

 Chadha KL and Pal RK. (2015) Managing postharvest quality and losses in 

horticultural crops. Vol-3: Vegetables, Flowers and Plantation Crops, 581- 727p 

Astral International (P) Ltd., New Delhi

 Hodges DM. 2003. Postharvest Oxidative Stress in Horticultural Crops, 1st 

Edition, ISBN 9781560229636

 Paliyath G, Murr DP, Handa AK and Lurie S. 2008.  Postharvest Biology and 

Technology of Fruits, Vegetables and Flowers, Wiley-Blackwell, ISBN: 

9780813804088.

 Sunil Pareek (Ed.) 2016. Postharvest Ripening Physiology of Crops,CRC Press, 

ISBN 9781498703802.

 Thompson AK. 1995. Post harvest Technology of fruits and vegetables. 

Blackwell Sciences Verma LR and Joshi VK. 2000. Postharvest Technology
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of Fruits and Vegetables: Handling, Processing, Fermentation and Waste 

Management. Indus Publishing Company, New Delhi, India. ISBN 8173871086. 

 Wills RBH and Golding J. 2017. Advances in Postharvest Fruit and Vegetable 

Technology, CRC Press, ISBN 9781138894051.

 Wills RBH and Golding J. 2016. Postharvest: an introduction to the physiology 

and handling of fruit and vegetables, CABI Publishing, ISBN 9781786391483.

 Websites

 Food and Agriculture Organization http://www.fao.org/home/en/ Respiration in 

plants http://ncert.nic.in/ncerts/l/kebo114.pdf

 Ethylene biosynthesis and its response http://www.biologydiscussion.com/ 

plants/hormones - plants / ethylene-biosynthesis- and-its-responses-plant- 

hormones/25986

 
Course Title : Packaging and Storage of Fresh Horticultural Produce 

Course Code : PHM 503 

Credit Hours : (1+1) 

Why this course ? 

Being a potential source of minerals, vitamins and proteins and 

carbohydrates, horticultural commodities play an important role in the health 

and nutritional security of the people. Proper packaging and storage will 

utilize market surplus during glut season and thus give boost to the food 

industry. Horticultural produceis highly perishable particularly under 

tropical conditions of India. The spoilage of these commodities can be 

reduced to a large eXtent by this storage technology.  Hence  this customized 

course 

I. Aim of the course 

To acquaint with the different storage systems and packaging systems for 

perishablehorticultural produce. 

The course is organized as follows: 
 
 

No Blocks Units 
 

1 Storage systems I. Importance of storage 

II. Different methods of storage 

III. Modified methods of storage 

 

2 Packaging I. Importance of packaging and 

packagingmethods 

II. New technologies in packaging 

http://www.fao.org/home/en/
http://ncert.nic.in/ncerts/l/kebo114.pdf
http://www.biologydiscussion.com/%20plants/hormones%20-
http://www.biologydiscussion.com/%20plants/hormones%20-
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II. Theory 

Block 1:   Storage Systems 

Unit I:   Importance of  storage  of  horticultural  produce,  present  status and 

future scope. Principles and methods of storage – field storage 

structures and designs for bulk storage of horticultural produce- 

onion and potato, etc. Evaporative cool chambers. Physiological 

changes during storage. 

Unit II: Refrigerated storage – principles of refrigeration, types of 

refrigerants, refrigeration equipments. Cold storage rooms – 

Calculation of refrigeration load. Storage requirements of different 

fruits, vegetables, flowers. Storage disorder symptoms and 

control. 

Unit III: Controlled or modified atmosphere  (CA/MA)  storage  – principles, 

uses, structures and equipments, methods and requirements. 

Effect of CA storage on the physiology of stored produce. 

Hypobaric storage- principle, uses, and requirements. Storage 

disorders. 

Block 2:   Packaging 

Unit I: Importance of packaging of fresh and processed horticultural produce, 

present status and future scope. Gaps in packaging concepts. 

Packaging requirements of fresh horticultural produce. Packaging 

patterns and methods. Food packaging systems: Different forms 

of packaging such as rigid, semi-rigid, fleXible forms. Traditional, 

improved and specialized packages. Paper based packages: 

corrugated fibre board boXes – raw material and types of boXes. 

FleXible packaging materials – types and their properties. 

Consumer and intermediate fleXible bulk containers. Testing of 

fleXible packaging material. Barrier properties of packaging 

materials. 

Unit 2: New technology in packaging – stretch wrapping system, vacuum 

packaging, gas packaging, controlled atmosphere (active and 

intelligent) packaging, vibra packaging, skin packaging, shrink 

packaging, form- fill-seal packaging, Packaging machines. 

Quality control and safety aspects of packaging materials. 

 
III. Practical 

• Study of special storage structures for bulk storage of onion/ potato, 

etc.; 

• Study of storage behavior of different fruits and vegetables in zero 

energy coolchamber; 

• Determination of refrigeration requirements (capacity) for given 

quantity of fruitsand vegetables; 

• Study of storage behaviour of different fruits and vegetables in cold 

room; 
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• Study of chilling injury and storage disorders; 

• Study of shelf-life of fruits and vegetables in modified atmosphere 

packaging. Visit to special storage structures, cold storage units. Study of 

types of packaging materials, types of plastic films and their properties; 

• Determination of water vapour transmission rate (WVTR) and gas 

transmissionrate (GTR) of packaging material; 

• Applications of packaging material for fresh fruits and vegetables, 

beverages, spice products; 

• Determination of shelf-life of fresh products in different types of packages; 

• Study of packaging machines – vacuum packaging machine, shrink 

wrappingmachine, double seamer, etc. Visit to packaging unit. 

IV. Teaching Methods/ Activities 

• Lectures 

• Assignments (Reading/ Writing) 

• EXposure visits 

• Student presentations 

• Group work/ seminars 

V. Learning outcome 

After successful completion of this course, the students are eXpected to 

be able tounderstand: 

• Importance of storage of horticultural produce 

• Different methods of storage 

• Importance of packaging for fresh horticultural produce 

• Different methods of packaging 

VI. Suggested Reading 

 Ahvenainen R. 2003. Novel Food Packaging Techniques, CRC Press, ISBN 

0849317894. Ahvenainen R. 2001. Novel Food Packaging Techniques. 

CRC.

 Burg SP (Ed.). 2004. Postharvest physiology and hypobaric storage of 

fresh produce, CABIPublishing, ISBN 0851998011.

 Chattopadhya SK. 2007. Handling, transportation and storage of fruits and 

vegetables. Gene- Tech books, New Delhi.

 Chandra GopalaRao. 2015. Engineering for Storage of Fruits and 

Vegetables; Academic Press, 1st Edition.

 Coles R, McDowell D and Kirwan MJ. (Eds.). 2003. Food Packaging 

Technology, Blackwell Publishing, ISBN 1841272213.

 Mahadevaiah  M   and   Gowramma   RV.   1996.   Food   packaging
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materials. Tata McGraw Hill. Painy FA. 1992. A handbook of food 

packaging. Blackie Academic. 

 Pantastico B. 1975. Postharvest Physiology, Handling and Utilization of 

Tropical and Subtropical Fruits and Vegetables. AVI Publ.Robertson GL. 

(Ed.). 2010. Food packaging and shelf life: a practical guide CRC Press, 

ISBN 9781420078442.

 Thompson AK. 2010. Controlled atmosphere storage of fruits and 

vegetables (2nd Edition), CABIInternational, ISBN 9781845936464.

 Wilson CL. (Ed.). 2007. Intelligent and active packaging for fruits and 

vegetables, CRC Press, ISBN 9780849391668.

Websites 

 Storage practices and structures UCANR 

http://ucanr.edu/datastoreFiles/234-1303.pdf

 Low cost storage technologies for preservation-IARI 

http://www.iari.res.in/download/pdf/ story4_eng.pdf

 https://energypedia.info/wiki/Cold_Storage_of_Agricultural_Products

 
Course Code : PHM 504 

Course Title : Packaging of Processed Horticultural Produce 

Credit Hours : (1+1) 

I. Why this course ? 

Horticulture industry is dominated by market interaction in terms processing 

and their packaging. Much of the total cost of produce is determined by 

nature of packaging and packaging material used. Packaging cost sometimes 

eXceed the raw material cost, depending on the nature of the produce, time 

and period. This course helps in understanding the packaging interaction 

with produce, environment and time. And it also helps to take informed 

decision on package requirement for horticulture produce. 

II. Aim of the course 

To acquaint with the different and packaging systems for processed 

horticultural produce. 

The course is organized as follows: 
 

No    Blocks Units 
 

1 Packaging principles and functions Functions of packaging 

Basic principles of 

packaging materials 

Manufacture of 

packaging materials 

Types of packaging 

materials, 

  Testing of packaging  

http://ucanr.edu/datastoreFiles/234-1303.pdf
http://www.iari.res.in/download/pdf/
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III. Theory 

Block 1:     Packaging principles and functions 

Unit I:       Functions of packaging; Type of packaging materials; Selection 

of packaging material for different foods; Selective properties of 

packaging film; Methods of packaging and packaging equipment. 

Unit II:   Mechanical  strength of  different packaging materials;  Printing of 

packages; Barcodes and other marking; Interactions between 

packaging material and foods; Environmental and cost 

consideration in selecting packaging materials. 

Unit III: Manufacture of packaging materials; Potential of biocomposite 

materials for food packaging; Packaging regulations; Packaging and 

food preservation; Disposal of packaging materials. 

Unit IV: Metal cans: types, fabrication, lacquering  and  tin  quality. Double 

seaming technology – defects and causes. Glass containers – 

types; testing quality – thermal shock resistance, thermal shock 

breakage, impact breakage. 

Unit V: Testing of packaging; Rigid and  semi  rigid  containers; containers; 

Sealing FleXible Equipment. Labeling; Aseptic and shrink 

packaging; Secondary and transport packaging. Different 

packaging systems for dehydrated foods, frozen foods, dairy 

foods, fresh fruits and vegetables. 

IV. Practical 

• Testing of packaging material: compression strength/drop test/thermal 

shock test/seam evaluation/ seam defects; 

• Determination of shelf-life of processed products in different types of 

packages; 

• Study of packaging machines – vacuum packaging machine, shrink 

wrapping machine, double seamer, etc.; 

• Visit to packaging units. 

 
VIII. Teaching Methods/ Activities 

• Lectures 
• Assignments (Reading/ Writing) 

• EXposure visits 

• Student presentations 

• Group Discussions 

IX. Learning outcome 

After successful completion of this course, the students are eXpected to 

be able tounderstand: 

• Importance of packaging for processed horticultural produce 

• Different methods of packaging, methods and their applications in 

food industry. 
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X. Suggested Reading 

 Ahvenainen R. 2001. Novel Food Packaging Techniques. CRC

 Ahvenainen R. 2003. Novel Food Packaging Techniques, CRC Press, ISBN 

0849317894. Coles R, McDowell D and Kirwan MJ. (Eds.) 2003. Food 

Packaging Technology, Blackwell Publishing, ISBN 1841272213.

 Joseph H Hotchkiss. 1987. Food and Packaging Interactions, (ACS 

symposium series -365, April 5-10, 1987. American Chemical Society, 

Washington DC. 1988)

 Mahadevaiah M and Gowramma RV. 1996. Food  packaging materials. 

Tata McGraw Hill. Painy FA. 1992. A handbook of food packaging. 

Blackie Academic.

 Robertson G. L. Ed. 2010. Food packaging and shelf life: a practical 

guide CRC Press, ISBN 9781420078442.

 Thompson AK. 2010. Controlled Atmosphere Storage of Fruits and 

Vegetables, CABI Publishing; 2nd revised edition.

 Wilson CL. (Ed.). 2007. Intelligent and active packaging for fruits and 

vegetables, CRC Press, ISBN 9780849391668.

 
Course Code : PHM 505 

Course Title : Principles and Methods of Fruit and Vegetable Preservation 

Credit Hours  : (2+1) 

I. Why this course ? 

The fruits and vegetables are comparative higher value than cereals and more 

perishables. Losses in the fruits and vegetables are high and chances to 

reduce the waste and enhancing the employability through post-harvest 

processing are more. The processing includes pre-processing of fruits and 

vegetables before these are fit to final conversation into processed foods. The 

food preservation and processing industry has now become of a necessity 

than being a luXury. It has an importantrole in conservation and better 

utilization of fruits and vegetables. In order to avoid the glut and utilize the 

surplus during the season, it is necessary to employ modern methods to 

eXtend storage life for better distribution and also processing techniques to 

preserve them for utilization in the off season on both large scale and small 

scale. Hence this customized course. 

II. Aim of the course 

Understanding spoilage, underlying principles and methods of processing 

of fruits and vegetables. 

III. Learning outcome 

After successful completion of this course, the students are eXpected to be 

able to: 

• Understand Principles and different methods of preservation 

• Principal  spoilage   organisms,   food   poisoning   and   their   control 
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measures 

• Canning of fruits and vegetables 

• Processing equipments and layout of processing industry 

IV. Theory 

Block 1: Principles and Methods of Fruit and Vegetable Processing Unit 

I: Introduction, Historical development in food processing, type of 

food and causes for food spoilage. Basic principles of fruits and 

vegetables processing; 

Unit II: Thermal processing, pH classification of foods, heat resistance of 

microorganism; Heat resistance of enzymes in foods, Spoilage of 

thermal processed food; Containers – canning, rigid tin plates 

and   cans,   aluminium   cans,   glass   containers    –    types; flexible 

packaging materials, Composite can, specification, corrosion of 

cans, heat penetration into containers and methods for 

determination of process time. 

Unit III: Effects of low temperature on fresh commodities and prepared 

product. Freezing preservation,  freezing points of foods, slow and 

quick freezing, Cryogenic freezing and frozen food storage. 

Dryingand dehydration, sun drying solar dehydration, mechanical 

dryingtypes of driers, osmotic dehydration. 

Unit IV: Food fermentation – alcoholic, acetic and lactic fermentation. 

Pickling and curing; Effect of salt on food preservation, types of 

salt  cured  products.   Traditional   and   new   products; chemical 

preservation, SO2, benzoic acid, sorbic acid, antioXidants and 

antibiotics, newer preservatives. Preservation by controlling water 

activity – high sugar products, intermediate moisture food, 

foodconcentration. 

Unit V:   Food irradiation, principles, types and sources of radiation, mode of 

action of ionizing radiation; radiation effect on food constituents and 

regulation. 

 

VII. Practical 

• List and cost of equipment, utensils, and additives required for small 

scaleprocessing industry; 

• Chemical analysis for nutritive value of fresh and processed fruits and 

vegetables; 

• Preparation and preservation of fruit based beverages and blended 

products fromfruits and vegetables; 

• Evaluation of pectin grade; preparation and quality evaluation of fruit 

jam; 

• Preparation of papain; 

• Blanching and its effects on enzyme; 

• Preparation of dehydrated vegetables; 
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• Study of different types of spoilages in fresh as well as processed 

horticulturalproduce; 

• Study of biochemical changes and enzymes associated with spoilage; 

• Sensory evaluation of fresh and processed fruits and vegetables; 

• Visit to processing units. 

VIII. Teaching Methods/ Activities 

• Lecture 

• Assignment (Reading/ Writing) 

• EXposure visits 

• Student presentation 

• Group Work 

IX. Suggested Reading 

 Barret DM, Somogyi LP and Ramaswamy H. Eds. 2005. Processing Fruits: 

Science and Technology (2nd Edition), CRC Press, ISBN 9780849314780. 

 FAO. 2007. Handling and Preservation of Fruits and Vegetables by 

Combined Methods for Rural Areas- Technical Manual. FAO Agricultural 

Services Bulletin 149. 

 Fellows PJ. 2009. Food Processing Technology: Principles and Practice 

(3rd Edition), Woodhead Publishing, ISBN 9781845692162. 

 Lal G, Siddappa GS and Tandon GL. 1998. Preservation of Fruits and 

Vegetables. ICAR, ISBN 9788171640904. 

 Ramaswamy H and Marcotte M. 2006. Food Processing: Principles and 
Applications. Taylor & Francis. 

 Salunkhe DK and Kadam SS. 1995. Handbook of Fruit Science and 
Technology:Production, Composition and Processing. Marcel Dekker. 

 Srivastava RP and Kumar S. 2014. Fruit and Vegetable Preservation: 

Principles and Practices (3rd Edition), CBS Publishing, ISBN 
9788123924373. 

 Verma LR and Joshi VK. 2000. Postharvest Technology of Fruits and 

Vegetables: Handling, Processing, Fermentation and Waste Management. 

Indus Publishing Company, New Delhi, India. ISBN 8173871086. 

Websites 

http://agriinfo.in/default.aspX?page=topic&superid=2&topicid=2065 

http://www.fao.org/docrep/X0209e/X0209e02.htm 

http://www.cstaricalcutta.gov.in/images/CTS%20Fruits_and_Vegetables%20N 

SQF.pdf 

 
Course Code : PHM 506 

Course Title : Laboratory Techniques in Postharvest Horticulture 

Credit Hours  : (1+2) 

http://agriinfo.in/default.aspx?page=topic&superid=2&topicid=2065
http://www.fao.org/docrep/x0209e/x0209e02.htm
http://www.cstaricalcutta.gov.in/images/CTS%20Fruits_and_Vegetables%20NSQF.pdf
http://www.cstaricalcutta.gov.in/images/CTS%20Fruits_and_Vegetables%20NSQF.pdf
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I. Why this course ? 

To familiarize with the conventional analysis of raw and processed food 

products of all commodity technologies used for routine quality control in food 

industry, and their role on nutritional labeling. To develop an understanding and 

methodologies of instrumental techniques in food analysis used for objective 

methods of food quality parameters. 

To familiarise with advances in instrumentation and Postharvest 

management 

VI. Theory 

Block 1:     Laboratory Techniques in Postharvest Management 

Unit I: Rheological techniques and  instrumentation  used  in  food industry. 

Analysis of food additives like food colour, antioXidants, 

emulsifier,etc. 

Unit II: Analysis of pesticide residues, metallic contaminants, Analysis of food 

flavours. 

Unit III:    Quality analysis  of processed fruits and vegetables,   coffee, tea 

and spices. Identification and enumeration of microbial 

contaminants. 

Unit IV: Principles   of   chromatography  (GC,   GCMS,   HPLC, LCMS),

 spectrophotometry (Atomic absorption 

spectrophotometer, ICAP spectrophotometer), ICP-MS, ICPOES, 

NMR, ESR, amino acid analyser, flame photometry, 

electrophoresis. 

Unit V:    Colour measurement in foods, IRGA, Radio-isotopic techniques. Non 

destructive quality evaluation (NDQE)- E-nose, E-tongue, 

machine vision. electrophoresis. 

VII. Practical 

• Sample preparation for quality analysis. Energy calculation, sample 

calculations; 

• TeXture analysis, Rheology of different foods; 

• Instrumental colour analysis; 

• Sensory evaluation and microbiological eXaminations of fresh and 

processedproducts; 

• Estimation of tannin/ phytic acid by spectrometric method; 

• Moisture and fat analysis by NIR spectroscopy; 

• Separation and identification of sugars in fruit juices; 

• Separation and identification of carotenoids by column 

chromatography; 
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• Estimation of respiration in fruits and vegetables; 

• Flavour profile in essential oils using GC; 

• Identification and determination of organic acids by HPLC; 

• Capsaicin content and Scoville Heat Units in chillies; 

• Heavy metal analysis using atomic absorption spectrometry; 

• Residue analysis. 

VIII. Teaching Methods/ Activities 

• Lectures 

• Assignments (Reading/ Writing) 

• EXposure visits 

• Student presentations 

IX. Learning outcome 

After successful completion of this course, the students are eXpected to 

be able tounderstand: 

• Techniques and instrumentation used in food industry 

• Analysis of pesticide residues 

• Quality analysis of processed fruits and vegetables 

• Principles of chromatography and Spectrophotometry 

• Non-destructive quality evaluation 

X. Suggested Reading 

 Lundanes E., Reubsaet L and Greibrokk T. 2013. Chromatography: Basic 

Principles, Sample Preparations and Related Methods, ISBN-13: 978-

3527336203, Wiley VCH 

 Mark F Vitha. 2016. Chromatography: Principles  and Instrumentation. 

John Wiley & Sons, ISBN 9781119270881 

 Suzanne NS. 2010. Introduction to Food Analysis, ISBN 978-1-4419- 1478-

1, Springer. Ranganna S. 2001. Handbook of Analysis and Quality Control 

for Fruit and Vegetable Products, Tata McGraw-Hill ISBN 

9780074518519. 

 Semih Otles (Ed). 2016. Methods of Analysis of Food Components and 

Additives (Chemical and Functional Properties of Food Components) CRC 

Press, ISBN-13: 978-1138199149 

 
Course Code : PHM 507 

Course Title  : Processing of Horticultural Produce 

Credit Hours : (2+2) 

I. Why this course ? 

Postharvest system deals with ensuring the delivery of a crop from the time 
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and place of harvest to the time and place of consumption, with minimum 

loss, maXimum efficiency and returns to all concerned including grower, 

processors and consumer. The term ‘system’ represents a dynamic, compleX 

aggregate of locally interconnectedfunctions or operations within a particular 

sphere of activity. While, the term pipeline of operations refers to the 

functional succession of various operations but tends to ignore their compleX 

interactions. Primary processing operations include washing/ cleaning, 

sorting, grading, dehulling, pounding, grinding, packaging, soaking, 

winnowing, drying, sieving, whitening and milling and secondary operations 

include miXing, cooking, drying, frying, moulding, cutting, eXtrusion 

product preparation. 

II. Aim of the course 

This course gives an overview of status of fruit and vegetable processing in 

the country, objectives and importance of preservation, important constraints 

and different unit operations processing industry which helps in eXpansion 

of industry and scope for further growth in this sector. 

This course is organized as follows: 
 

No Blocks Units 
 

1 Importance and 

Thermal processes 

I Scope and Importance 

II Thermal processes 
III Evaporation 

2. Processing equipment I Processing equipment and facilities 
 and enzyme kinetics II Enzyme kinetics 

 

 

III. Theory 

Block 1:    Importance and Thermal processes 

Unit I: Processing unit- layout and  establishment,  processing  tools. Quality 

requirements of raw materials for processing, preparation of raw 

material, primary processing: grading, sorting, cleaning, 

washing, peeling, slicing and blanching; minimal processing. 

Unit II: Preparation of various processed products from fruits and vegetables, 

flowers; role of sugar and pectin in processed products. Freezing of 

fruits and vegetables. Containers, equipment and technologies in 

canning. 

Unit III:  Juice eXtractions, clarification and preservation, recent advances in 

juice processing technology, application of membrane 

technology in processing of juices, preparation of fruit beverages 

and juice concentrate. Sensory evaluation. 

 

Block 2:    Processing equipment and enzyme kinetics 

Unit I:       Dehydration   of   fruits   and   vegetables   using   various   drying 
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technologies and equipment, solar drying and dehydration, 

packaging techniquefor processed products. 

Unit II: Quality assurance and storage system for processed products. 

Nutritive value of raw and processed products, plant sanitation 

and waste disposal. Types of horticultural and  vegetables wastes 

and their uses, utilization of by- products from fruits and 

vegetables processing industries. 

IV. Practical 

• Handling of harvesting equipments; 

• Determination of physical and thermal properties of horticultural 

commodities; 

• Thermal process calculations; 

• Particle size analysis, Storage structure design; 

• Numerical problems in freezing, drying, conveying and calculations 

pertaining toteXture and Rheology; 

• Handling of heating equipment, pulper, juice eXtractor, deaerator, 

juice filters; 

• Processing industries waste treatment; 

• Working of a canning unit; 

• Visit to commercial processing units and storage units. 

V. Teaching Methods/ Activities 

• Lectures 

• Assignments (Reading/ Writing) 

• EXposure visits 

• Student presentations 

 

VI. Learning outcome 

After successful completion of this course, the students are eXpected to 

be able tounderstand: 

• Unit operations of processing 

• Planning for domestic as well as commercial storage and processing 

facilities 

• Kinetics of growth and enzyme reaction 

VII. Suggested Reading 

 Karel M and Lund DB. 2003. Physical Principles of Food Preservation 

(2nd Edition), CRC Press, ISBN 9780824740634. 

 Paul Singh R and Heldman DR. 2009. Introduction to Food Engineering 

(4th Edition), Academic Press, ISBN 9780123709004. 
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 Rao DG. 2010. Fundamentals of Food Engineering, PHI Learning Pvt. 

Ltd., ISBN 9788120338715. 

 Ratti C. 2008. Advances in Food Dehydration, CRC Press, ISBN 

9781420052527. 

 Toledo RT. 2007. Fundamentals of Food Process Engineering (3rd 

Edition), Springer, ISBN 9780387290195. 

 Smith PG. 2011. Introduction to Food Process Engineering, Springer, 

ISBN 9781441976611. 

Course Code : PHM 508 

Course Title : Quality Assurance, Safety and Sensory Evaluation ofFresh 

and Processed Horticultural Produce 

Credit Hours : (2+1) 

I. Why this course ? 

The quality of fresh horticultural commodities is a combination of 

characteristics, attributes, and properties that give the commodity value for 

food (fruits and vegetables) and enjoyment (ornamentals). Producers are 

concerned that their commodities have good appearance and few visual 

defects, but for them a useful cultivar must score high on yield, disease 

resistance, ease of harvest, and shipping quality. To receivers and market 

distributors, appearance quality is most important; they are also keenly 

interested in firmness and long storage life. Although consumers buy  on the 

basis ofappearance and feel, their satisfaction and repeat purchases are 

dependent upon good edible quality. Assurance of safety of the products sold 

is eXtremely important to the consumers. Hence this customized course. 

II. Aim of the course 

To understand the quality and safety management system and the process 

of sensory analysis for horticultural products 

This course is organized as follows: 
 

 

No Blocks Units 
 

1 Quality Assurance I Concept of quality 

II Food laws and regulations 

I. Food safety 

II Quality management 

I.Introduction to sensory evaluation 

II Methods of sensory evaluation 
 

III. Theory 

Block 1: Quality Assurance 

Unit I: Concept of quality: Quality attributes- physical, chemical, 



 

nutritional, microbial, and  sensory;  their  measurement and 

evaluation. Concepts of quality management: Objectives, 

importance and functions of quality control; Quality 

management systems in India; Sampling procedures and 

plans. 

Unit II: Food laws and regulations in India, Quality management 

standards, ISO, BIS, PFA, AGMARK and QMS standards, 

quality system components and their requirements. 

Block 2:    Safety 

Unit I: Food safety and standards act (FSSA,2006); Strategies for 

compliance with international agri-food standards; EXport 

specification and analysis and critical control  points  (HACCP), design 

and implementation of an HACCP system, steps in the risk 

management process. Traceability in food supply chains. 

Unit II: Organic Certification, GAP, GMP, TQM. Indian and 

International quality systems and standard like, CodeX Alimentarius, 

ISO, etc. Consumer perception of safety; Ethics in food safety. 

Block 3:    Sensory Evaluation 

Unit I: Introduction to sensory analysis;  general  testing conditions, 

Requirements of sensory laboratory; organizing sensory evaluation 

programme. Selection of sensory panellists; Factors influencing 

sensory measurements; Sensory quality parameters -Size and shape, 

teXture, aroma, taste, colour and gloss;  Detection, threshold and 

dilution tests. Different tests for sensory evaluation– discrimination, 

descriptive, affective; Flavour profile and tests; Ranking tests. 

 
Unit II: Methods of sensory evaluation of different food products. 

Designing of experiments. Handling  and  interpretation  of  Data. Role 

of sensory evaluation in product optimization. Relationship between 

objective and subjective methods. Sensory Analysis for consumer 

evaluation. Computer aided sensory evaluation of food and bewarage. 

IV. Practical 

Evaluation in product optimization. Relationship between objective and 

subjective methods. Sensory analysis for consumer evaluation. Computer- aided 

sensory evaluation of food and beverage. 

• Analysis for TSS, pH, acidity, sugars, pectic substances, minerals, 

vitamin C, carotene, alcohol, benzoic acid and SO2 contents, yeast and 

microbial eXaminationin processed products; 

• Demonstration of measurement of vacuum/ pressure, head space, filled 

weight, drained weight, cut-out analysis and chemical additives; 

• Moisture content, rehydration ratio and enzymatic/ non-enzymatic 

browning in dehydrated products; 
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• Analysis of spices for quality parameters. Evaluation of processed 

products according to FSSAI specification; 

• Selection and training of sensory panel; 

• Identification of basic taste, odour, teXture and colour; 

• Detection and threshold tests; Ranking tests for taste, aroma, colour 

and teXture; Sensory evaluation of various horticultural processed 

products using different scales, score cards and tests, Hedonic testing; 

• Estimation of color and teXture; optimising a product by sensory analysis; 

• Studying relationship between objective and subjective methods. 

V. Teaching Methods/ Activities 

• Lectures 

• Assignments (Reading/ Writing) 

• EXposure visits 

• Student presentation 

VI. Learning outcome 

After successful completion of this course, the students are eXpected to 

be able toUnderstand: 

• Concepts of quality management 

• Food laws and regulation in India 

• EXport specification and guidelines by APEDA 

• Consumer perception of safety and Ethics in food safety 

VII. Suggested Reading 

 Amerine MA, Pangborn RM and Rosslos EB. 1965. Principles of 

Sensory Evaluation of Food Academic Press. 

 Curtis PA. 2005. Guide to Food Laws and Regulations, Wiley- 

Blackwell, ISBN 9780813819464.DGHS Manual 8: Manual of Methods 

of Analysis of Foods-Food Additives. Curtis PA. 2005. Guide to Food Laws 

and Regulations, Wiley-Blackwell, ISBN 9780813819464. Early R. 1995. 

Guide to Quality Management Systems for the Food Industry, Springer, 

ISBN 9781461358879. 

 Kemp SE, Hollowood T and Hort J. 2009. Sensory Evaluation: A 

Practical Handbook, Wiley- Blackwell Publisher, ISBN 

9781405162104. 

 Krammer A and Twigg BA. 1973. Quality Control in Food 

Industry.Vol.I, II.AVI Publ. 

 Lawless, Harry T, Heymann and Hildegarde. 2010. Sensory Evaluation 

of Food: Principles and Practices, Springer, ISBN 9781441964885. 

 Ranganna S. 2001. Handbook of Analysis and Quality Control for Fruit 

and Vegetable Products, Tata McGraw-Hill ISBN 9780074518519. 

 Ranganna S. 2001. Handbook of Analysis and Quality Control for Fruit 
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and Vegetable Products, Tata McGraw-Hill, ISBN 9780074518519. 

 The Food Safety and Standards Act, 2006 along with Rules & 

Regulations 2011, Commercial Law Publishers (India) Pvt. Ltd. 

Websites 

https://en.wikipedia.org/wiki/Sensory_analysis 

https://link.springer.com/chapter/10.1007/978-1-4757-5112-3_5 

https://www.foodqualityandsafety.com/ 

 

Course Code : PHM 509 

Course Title : Functional Foods from Horticultural Produce 

Credit Hours : (2+0) 

I. Why this course ? 

Functional foods are foods that have a potentially positive effect on health 

beyond basic nutrition. This course eXamines the rapidly growing field of 

functional foods in the prevention and management of chronic and infectious 

diseases. It attemptsto provide a unified and systematic account of functional 

foods by illustrating the connections among the different disciplines needed 

to understand foods and  nutrients,  mainly:  food science, nutrition, 

pharmacology, toXicology and manufacturing technology. Advances within 

and among all these fields are criticalfor the successful development and 

application of functional foods 

II. Aim of the course 

To familiarise with functional foods from horticultural produce this 

course is organized as follows: 
 

 

No Blocks Units 
 

1Functional food and importance I Introduction, Sources and 

classification 

II Functional Ingredients 

2. Bioactive Compounds I Introduction and classes of bioactive 

compounds 

II Mechanism of Neuroprotection 
3. Nutraceuticals I Introduction, classification, role and 

healthbenefits 
 

III. Theory 

Block 1: Functional food and importance 

Unit I: Functional foods- Introduction, definition, history; Importance, 

relevanceand need of functional foods. Sources and classification of 

functional foods. Importance of horticultural produce as functional 

foods. Functional foods derived from fruits, vegetables, medicinal and 

aromatics. 

Unit II: Functional ingredients and their properties. Therapeutic potential 

and effects of horticultural produce; Herbs, herbal teas, oils, etc. in 

the prevention and treatment of various diseases. Effect of 

http://www.foodqualityandsafety.com/
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preservation and processing on functional properties of 

horticulture produce. 

Block 2: Bioactive Compounds 

Unit I:   Introduction, Classes of bioactive  compounds  present in fruits and 

vegetables. Polyphenols: Phenolic acid, Stilbenes, Flavonoids, 

Lignin, Coumarin, Tannin, etc. –their chemistry, source, 

bioavailability, interaction in food systems; changes during 

storage and processing. Alkaloids; Nitrogen Containing 

Compounds; Sulphur compounds; phytosterols; carotenoids; 

dietary fibres, etc.–their chemistry, source, bioavailability, 

interaction in food systems; changes during storage and 

processing. 

Unit II: Mechanism of neuroprotection by bioactive compounds. 

Techniques of EXtraction, purification and concentration of 

bioactive compounds from fruits and vegetables. Bioactive 

compound and health benefits Incorporation of bioactive 

compounds in foods. 

Block 3: Neutraceuticals 

Unit I: Nutraceuticals- Introduction, classification of  nutraceuticals, dietary 

supplements, fortified foods, functional foods and 

phytonutraceuticals. Role of medicinal and aromatic plants in 

nutraceutical industry. Healthbenefits of phytoneutraceuticals. 

IV. Teaching Methods/ Activities 

1. Lectures 

2. Assignment (Reading/ Writing) 

3. EXposure visits 

4. Student presentation 

V. Learning outcome 

After successful completion of this course, the students are eXpected to 

be able tounderstand: 

• Importance of functional foods 

• Functional ingredients and their properties 

• Classes of bioactive compounds present in fruits and vegetables 

• Mechanism of neuroprotection by bioactive compounds 

• Importance of Nutraceuticals 

VI. Suggested Reading 

 Rosa LA, Alvarez-Parrilla E and Gonzalez-Aguilar GA. 2009. Fruit and 

Vegetable Phytochemicals: Chemistry, Nutritional Value and Stability, 

Wiley-Blackwell, ISBN 9780813803203. 

 Senrawat R, Khan KA, Goyal MR and Paul PK. 2018. Technological 

Interventions in the Processing of Fruits and Vegetables, Apple 

Academic Press, ISBN 9781771885867. 

 Vattem DA. 2016. Functional Foods, Nutraceuticals and Natural Products: 

Concepts and Applications. DEStech Publications, Inc, ISBN 978 1 60595 

101 0. 
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 Watson RR and Preedy V. 2009. Bioactive Foods in Promoting Health: 

Fruits and Vegetables (1st Edition), Academic Press, ISBN 

9780123746283 

 
Course Code : PHM 510 

Course Title : Marketing and Entrepreneurship in Post Harvest Horticulture 

Credit Hours : (1+1) 

I. Why this course ? 

To develop marketing strategies and equip individuals to start their own food 

service.To develop Techniques for the development of entrepreneurial skills, 

positiveself image and locus of control. 

II. Aim of the course 

To understand the market channel and appraise entrepreneurship 

opportunity in postharvest operations. 

This course is organized as follows: 
 

No Blocks Units 
 

1 Marketing and entrepreneurship I .Entrepreneurship in 

processing industry 

II Business Plan 

III MSME Enterprise 

IV Marketing 

V Institutional supports 

 

Theory 

Unit I: Entrepreneurship – Concept, need for entrepreneurship – Types of 

entrepreneurs -entrepreneurial opportunities in horticultural 

processing sector-Government schemes and incentives for 

promotion of entrepreneurship in processing sector. 

Unit II: Writing Business Plan- Business Plan Format  for  Small  and micro 

Enterprises-Generation, incubation and commercialization of 

business ideas – Environment scanning and opportunity 

identification. 

Unit III: Steps in establishment of MSME Enterprise – Planning of an enterprise 

– Formulation and project report-Meaning – Importance Components 

and preparation.-Government Formalities and Procedures. 

Unit IV: Marketing potential of processed products at domestic and 

international level-Marketing management-Marketing functions, 

market information and market research-Problems in marketing of 

processed products- Demand and supply analysis of important 

processed products- Marketing channels – Marketing strategy 

(product strategy and pricing strategy)- Supply chain management – 

Meaning, importance, advantages, supply chain management of 

important processed products. 

Unit V: Institutional support to Entrepreneurship Role of Directorate of 
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III. Practical 

Industries, District Industries, Centres (DICs), Industrial 

Development Corporation (IDC), State Financial corporation 

(SFCs), Commercial banks Small Scale Industries Development 

Corporations (SSIDCs), Khadi and village  Industries Commission 

(KVIC), National Small Industries Corporation (NSIC), Small 

Industries Development Bank of India (SIDBI). 

• Consumer Behaviour towards Processed Foods; 

• An Empirical Test-Carrying out the SWOT (Strengths, Weaknesses, 

Opportunities and Threats) analysis of successful Enterprises; 

• Constraints in setting up of horti based industries; 

• Field visits to study any one of the Local Financial Institutions to study 

the MSMEPolicies; 

• Preparation of business plan and proposal writing-Project evaluation 

techniques; 

• Discounted and undiscounted techniques; 

• Case studies of successful entrepreneurs. 

IV. Teaching Methods/ Activities 

• Lecture 

• Assignment (Reading/Writing) 

• EXposure visits 

• Student presentation 

V. Learning outcome 

After successful completion of this course, the students are eXpected to 

be able tounderstand: 

• Concept of entrepreneurship 

• Writing Business Plan 

• Steps in establishment of MSME Enterprise 

• Marketing management 

• Institutional support to Entrepreneurship 

VI. Suggested Reading 

 Adhikary MM. 2014. Enterprise and Entrepreneurship for Agri-Business 

Management and Planning. Daya Publishing House. New Delhi 

 Bhaskaran S. 2014. Entrepreneurship Development and Management. 

Aman Publishing House, Meerut. 

 Choudhury M  and Barua N. 2014.  Marketing  of Processed  Fruit and 

Vegetable. Daya Publishing House. New Delhi. 

 Gaur SC. 2012. Handbook of Agro Food Processing and Marketing. 

Agrobios. Jodhpur 

 Kadam MM and Bishe RN. 2018. Textbook on Agricultural 

Entrepreneurship. Narendra publishing house. New Delhi. 

 Sudheer KP and Indira V. 2018. Entrepreneurship and Skill Development 

in Horticultural Processing. New India Publishing Agency. New Delhi. 

 Sudheer KP and Indira V. 2018. Entrepreneurship Development in Food 

Processing. New India Publishing Agency. New Delhi. 
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Course Code : PHM 511 

Course Title  : Value Addition and Processing of      

                               Plantation  Crops and Spices 

Credit Hours : (2+1) 

 

I. Why this course ? 

Plantation crops & spices occupy a predominant position in the agricultural 

economy of the state. Apart from foreign exchange earnings, organic spices, 

value added spices like oils and oleoresins are assuming significance. Post 

harvest operations like processing, extraction and development of value added 

products play a major role in maintaining quality of plantation crops and spices 

to the specifications of international trade. Clear and comprehensive 

understanding of postharvest deteriorative factors is necessary to overcome the 

challenges in serious postharvest losses. Studying these aspects is important in 

the establishment of a profitable production enterprise based around plantation 

crops, spices and essential oils. Hence this customized course 

II. Aim of the course 

To facilitate deeper understanding on the principles and practices of processing 

and value addition of plantation crops and spices. 

This course is organized as follows: 

 
No Blocks Units 

1. Value addition and 

processing of 

plantation crops 

I. Importance , Commercial uses of 
spices and plantation crops. Trading 

II. Processing and value addition 

2. Processing and value 

addition of spices 

I. Major spices 
II. Tree spices 

III. Seed spices and minor spices 

IV. Innovations in value addition 

 

III. Theory 

 

Block 1:    Value addition and processing of plantation crops 

Unit I:       Importance of plantation crops and spices in the economy of state of 

nation. Commercial uses of spices and plantation crops. Trading of 

plantation crops, spices and products in domestic and export 

markets. 

Unit II:        Processing and value addition of plantation crops, viz., Coffee, Tea, 

Cocoa, Cashew nut, Coconut, Oil Palm, Arecanut, Rubber, 

Palmyrah palm . 

Block 2:     Processing and value addition of spices 

Unit I.        Processing and value addition of major spices, viz., Black Pepper, 
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Cardamom, Ginger, Turmeric, Chilli and Paprika. 

Unit II. Processing and value addition of tree spices:- Clove, Nutmeg, 

Cinnamon, Allspice, Camboge. 

Unit III. Processing and value addition of Seed spices and minor spices 

coriander, cumin, fennel, fenugreek, curry leaf and vanilla. 

Unit IV.       Innovations in value addition of plantation crops: virgin coconut oil, 

desiccated coconut, spray dried coconut powder, preservation of 

coconut inflorescence sap etc. Utilization of arecanut spathe for 

diversified uses. Modern method of chocolate manufacture. 

Decaffeinated coffee, Green tea, Oolong tea, Organic tea etc. Hi- 

tech processing for extraction of essential oils and oleoresins from 

spices. Encapsulated spice flavours, extruded spices, essences, 

drops, nutraceuticals, pigment and aromatics. 

IV. Practical 

• Identification of different products of plantation crops and spices. 

• Familiarizing different grades of plantation crops, spices and their 

products. 

• Preparation of refined coconut oil, preserving tender coconut water and 

vinegar. 

• Production of clarified juice, syrup and wine from cashew apple. 

• Fermentation of cocoa beans and production of chocolate. 

• Extraction of spice oleoresins and essential oils. 

• Preparation of dried and dehydrated products from spices. 

• Preparation of white pepper. 

• Preparation of spice powders and curry powders. 

• Visit to processing units of plantation crops and spices. 

• Quality control of spices (adulteration in spice products) and plantation 

products. 

V. Teaching Methods/ Activities 

• Lecture 

• Assignment (Reading/Writing) 

• EXposure visits 

• Student presentation 

VI. Learning outcome 

After successful completion of this course, the students are eXpected 

to be able tounderstand: 

• Familiarizing with different value added products from plantation crops 

• Familiarizing with different value added products from spices 

• Method of processing of spices and plantation crops 

• High tech processing methods 

VII. Suggested Reading 

 Bavappa, K.V.A., Nair, M.K., Premkumar, T. 1982. The Arecanut Palm 

Monograph series. CPCRI, Kasaragod. 

 Chadha KL et al.  (Eds.). 1993-95.  Advances  in Horticulture. Vol. IX 

Plantation Crops and Spices. Malhotra Publishing House, NewDelhi. 
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 Coreley,R.H.V., Harden,J.J., Wood,H.J. 1976. Oil Palm Research and 

Development. Crop Science-I. Longman, New York. 

 Mandal, RC. 1997. Cashew: Production and Processing Technology. 

Agro.Bot. 

 Masada ,Y.1986. Analysis of Essential Oil by Gas Chromatograph and 

Mass Spectrometry. John Wiley & Sons. 

 Peter, K.V. 2001. Hand Book of Herbs and Spices. Vols. I-III. Woodhead 

Publ. Co., UK & CRC, USA. 

 Pruthi,J.S. 1993. Major Spices of India. Crop Management and Post 

Harvest Technology. ICAR, New Delhi. 

 Thampan, P.K. 1984. Handbook on Coconut Palm. Oxford and IBH Pub. 

Co. New Delhi. 

 

Course Code : PHM 512 

Course Title : Value Addition of medicinal and aromatic plants 

Credit Hours : (2+0) 

I. Why this course ? 

Economic importance of medicinal and aromatic plants is much more to 

countries such as India than to rest of the world. They occupy a predominant 

position in the agricultural economy of the state. Post harvest operations like 

processing, extraction and development of value added products play a major 

role in maintaining product quality to the specifications of international trade. 

Clear and comprehensive understanding of postharvest deteriorative factors is 

necessary to overcome the challenges in serious postharvest losses. Hence 

this customized course 

II. Aim of the course 

To educate the principles and practices of processing and value addition of 

medicinal and aromatic crops. 

This course is organized as follows: 

 
No Blocks Units 

1. Introduction I. Importance , Scope & prospects 

2. Processing and value 

addition 

I. Medicinal plants 

II. Aromatic plants 

III. Seed spices and minor spices 

IV. Innovations in value addition 

3. Active principles I. Extraction and analysis 

methods 

II. Utilization of active principles 

III. Quality control & standard 

specifications 
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III. Theory 

Block 1.   Introduction 

Unit I : Importance and scope of medicinal and aromatic crops. Scope in modern 

medicine, ayurveda and indigenous system of medicine. Prospects of 

processing and value addition of medicinal and aromatic crops for 

utilization in the pharmaceutical, nutraceutical, flavour and 

perfumery industries. 

Block2.    Processing and value addition 

Unit I.: Processing and value addition of medicinal plants, viz., Catharanthus, 

Dioscorea, Solanum, Datura, Rauvolfia, Acorus, Digitalis, Ephedra, 

Opium Poppy, Cannabis, Neem, Kaempferia, Plumbago, Alpinia, 

Adhatoda, Isabgol, Liquorice, Aloe, Safed musli, Sapan wood, 

Withania, Gloriosa, Stevia, Coleus. 

Unit II.: Processing and value addition of aromatic plants, viz., Lemon grass, 

Palmarosa, Vetiver, mint, Rose, tube rose, Rosemary, Eucalyptus, 

Sandalwood, Geranium, Jasmine, Patchouli, Lavender, Tulsi, 

Davana, Citronella etc. 

Block3.    Active principles 

Unit I : Extraction and analysis of active principles using TLC,GC, 

HPLC,Hydro-distillation, solvent extraction, enfleurage. 

Unit II : Utilization of active principles of medicinal plants in the pharma sector. 

Study of aroma compounds of aromatic plants and their utilization in 

the perfumery industries. Quality control & standard specifications 

in essential oils. Nano-processing technology in medicinal and 

aromatic plants. 

IV. Teaching Methods/ Activities 

• Lecture 

• Assignment (Reading/Writing) 

• Student presentation 

V. Learning outcome 

After successful completion of this course, the students are eXpected to 

be able tounderstand: 

• Familiarizing with different value added products from medicinal plants 

• Familiarizing with different value added products from aromatic plants 

• Method of processing 

• Active pinciples 

VI. Suggested Reading 

 Chadha,K.L. and Gupta. R. 1995. Advance in Horticulture Vol. 11 

Medicinal & Aromatic plants.Malhotra Pub. House, New Delhi. 

 Handa,S.S. and M.K. Kabul. 1996. Supplement to Cultivation and 

Utilization of Medicinal Plants RRL (CSIR) Jammu- Tawi. 
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 Kirthikar,K.R. and Basu,B.D.1993. Indian Medicinal Plants, Vol. 1-4. 

Lalit Mohan Basu, Allahabad. 

 Kurian, A.and Sankar, M.A.2007. Medicinal Plants. New India Publishing 

Agency, New Delhi. 

 Sudeer, K.P. and Indira,V.2008. Post –Harvest Technology of 

Horticultural crops, Horticulture Science Series. New India Publ. Agency. 
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Course Title with Credit Load for Ph.D (Hort.) in Postharvest Management 
 

 

Course Code Course Title Credit Hours 

PHM 601** Ripening and Senescence of Fruits and Vegetables 1+1 

PHM 602** Recent Trends in Food Preservation 1+1 

PHM 603 Management and Utilization of Horticultural 
Processing Waste 

3+0 

PHM604** Supply Chain Management of Perishables 2+0 

PHM 605 EXport Oriented Horticulture 1+0 

PHM 606 Food Additives 1+1 

PHM 607 Advances in Processing of Plantation, Spices, 

Medicinal and Aromatic Plants 
3+0 

PHM 608 Value Addition in Ornamental Crops 1+1 
 Minor courses 06 
 Supporting courses 05 

PHM 691 Doctoral seminar I 0+1 

PHM 692 Doctoral seminar II 0+1 

PHM 699 Doctoral Research 0+75 

 TOTAL 100 

 

*Compulsory among major courses 
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Course Title : Ripening and Senescence of Fruits and Vegetables 

Course Code  : PHM 601 

Credit Hours : (1+1) 

 
I. Why this course ? 

Fleshy fruit eXperiences profound physiological, biochemical, and structural 

modifications during ripening to facilitate seed dispersal and to become 

attractive and nutritious for human consumption. The metabolic networks 

regulating fruit ripening are very compleX, and ethylene appears to be a key 

factor acting in concert with other environmental signals and endogenous 

factors. The classical distinction between climacteric and nonclimacteric 

ripening is now questionable, as different patterns of synthesis and 

sensitivity to ethylene may operate in the ripening  of different fruits. In 

recent years, much progress has been done in the characterization of the main 

biochemical pathways implicated in the different ripening-associated 

processes and in the identification of key genes controlling these events. This 

coursehighlights current understanding and advances in the regulation of fruit 

ripening and key metabolic pathways associated with the different ripening-

related processes, with emphasis on their impact on fruit quality. 

II. Aim of the course 

To impart knowledge about physiological and molecular changes during 

senescenceand ripening. 

III. Theory 

Unit I: Environmental factors influencing senescence, ripening and post 

harvest life of fruits, flowers and vegetables. 

Unit II: Molecular mechanism of senescence and ageing.Physiological, 

biochemical and molecular aspects of senescence and fruit ripening. 

Senescence associated genes and gene products. 

Unit III: Functional and ultra structural changes in chloroplast membranes, 

mitochondria and cell wall during senescence and ripening. 

Unit IV: Ethylene biosynthesis, perception and molecular mechanism of action; 

regulatory role of ethylene in senescence and ripening, 

biotechnological approaches to manipulate ethylene biosynthesis and 

action. 

Unit V: Alternate post harvest methodology and quality attributes. Scope for 

genetic modification of post harvest life on flowers and fruits. Uses of 

GM crops and ecological risk assessment. 

IV. Practical 

• Physiological and biochemical changes during senescence and 

ripening; 

• Estimation of ethylene during senescence and ripening; 

• Determination of Reactive OXygen Species and scavenging enzymes; 



638  

• Measurement of dark and alternate respiration rates during senescence 

and ripening; 

• Estimation of ripening related enzyme activity, cellulases, pectin methyl 

esterases, polygalacturonase, etc. 

V. Teaching Methods/ Activities 

• Lectures 

• Assignments (Readomg/ writing) 

• Student presentation 

VI. Learning outcome 

After successful completion of this course, the students are eXpected to 

be able tounderstand: 

• Physiological, biochemical and structural changes during scenecesnce 

and ripening. 

VII. Suggested Reading 

 Bartz JA and Brecht JK. 2003. Post harvest physiology and pathology 

of vegetables. Marcel Dekker Inc. 

 Davis PJ. 2004. Plant Hormone: Biosynthesis, Signal transduction and 

action. Kluwer Academic Publishers. 

 Dris R and Jain SM. 2004. Production practices and quality assessment 

of food crops, Vol. 4: Post harvest treatment and Technology. Kluwer 

Academic Publisher. 

 Khan NA. 2006. Ethylene action in plants. Springer Verlag. 

 Knee M. 2002. Fruit Quality and its Biological Basis. Sheffield Academic 

Press, CRC Press. Nooden LD. 2004. Plant cell death processes. Elsevier 

Science, USA. 

 Paliyath G, Murr DP, Handa AK and Lurie S. 2008. Post harvest 

biology and technology of fruits, vegetables and flowers. Blackwel 

Publishing, Iowa, USA. 

 Seymour G, Taylor J and Tucker G. 1993. Biochemistry of fruit ripening. 

Edited Chapman andHall, London. 

 Valpuesta V. 2002. Fruit and vegetable biotechnology.Woodhead 

Publishing Limited, Cambridge, England. 

 
Course Title : Recent Trends in Food Preservation 

Course Code : PHM-602 

Credit Hours    : (1+1) 

I. Why this course ? 

Commendable production with short storage life and strategic selling limits 

the produce to huge loss after harvest. To prevent the postharvest loss 

preservation of produce with appropriate technique enhances the finished 

product shelf life nearly 10 to 30 times. Food processing combines raw food 
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ingredients to produce marketable food products that can be easily prepared 

and served by the consumer. Emerging technologies which have already 

found in the food industry or related sector are High pressure processing, 

pulsed electric fields, ultrasound, and cold plasma. The basic principles of 

these technologies as  well  as  the  state  of  the  art  concerning their impact 

on biological cells, enzymes, and food constituents. 

II. Aim of the course 

The present subject imparts knowledge on recent advancement in food 

preservation technologies. The basic principles of  preservation technologies 

as well as the state of the art concerning their impact on biological cells, 

enzymes and food constituents. 

Current and potential applications will be discussed, focusing on process- 

structure- function relationships, as well as recent advances in the food process 

developmentthat make foods. 

The course is organized as follows: 
 
 

No Blocks Units 
 

1 Hurdle technology and recent I Hurdle technology 

advances II Thermal and Non-thermal 

technology 

III Recent food preservation 

techniques 

2 Enzyme applications and quality I    Enzyme and their applications 

parameters II Quality specifications and standards 

III. Theory 

Block 1:     Hurdle technology and recent advances 

Unit I:   Hurdle   technology,   Principles   of   Hurdle    Technology, Minimally 

Processed foods, Intermediate moisture foods, role of water activity 

in food preservation, Chemicals and biochemicals used in Food 

Preservation- Natural food preservatives, bacteriocins. 

Unit II: Thermal and Non-thermal technology, Advanced Thermal and 

Nonthermal Technology- Pulsed electric field, microbial 

inactivation, application, present status and future scope. 

Fundamentals and Applications of  High  Pressure  Processing to 

Foods, Advances in Use of High Pressure to Processing and 

Preservation of Plant Foods, Commercial High-Pressure 

Equipment. Food Irradiation – an Emerging Technology. 

Unit III: Recent food preservation  techniques,  Ultraviolet  Light  and Food 

Preservation; Microbial Inactivation by  Ultrasound; Use of 

oscillating Magnetic Fields. Nonthermal Technologies in 

Combination with Other Preservation Factors. Preservation by 

ohmic heating-Advances in Ohmic Heating and Moderate 

Electric Field (MEF) Processing; Radio- Frequency Heating in 
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Food Processing; Current State of Microwave Applications to 

Food Processing .Supercritical Fluid Alternative to Isolating 

bioactive compounds. 

Block 2:   Enzyme applications and quality parameters 

Unit I:       Enzyme and their applications. Enzyme and their application in food 

processing, Principles of food biotechnology, fermentation and 

enzyme mediated food processing, production of high value 

products such as Single Cell Protein, nutritional additives, pigments 

and flavours. 

Unit II: Quality specifications and standards. Quality parameters and 

specifications, Food laws and standards, HACCP, FSSAI 

amendments, ISO, FDA. 

IV. Practical 

• Determination of thermal resistance of food spoilage microorganisms; 

• Determination of thermal death curve; 

• Thermal process calculations; 

• Demonstration of hurdle approaches in fruits and vegetables 

preservation. 

• Detection of microbes in each hurdle. Study of shelf life of fresh cut 

produce ineach hurdle; 

• Study of fresh cut produce packing, storage temperature and microbial 

interaction; 

• Study of thermal and non thermal application in food preservation; 

• Study of moisture content in food their water activity; 

• Demonstration of microwave technology in fresh produce preservation 

and drying; 

• Determination of dry matter content in food using microwave 

technology; 

• Study the use of enzymes in different fruit juice eXtraction, 

quantification, time –Pectinase/cellulose and others; 

• Incubation techniques of enzymes using fermenter for juice eXtractions; 

• Group discussions on current market potential of hurdle technology – 

Prose andcons; 

• Visit to advanced food processing unit; 

• Visit to SCFE unit. 

V. Teaching Methods/ Activities 

• Lectures 

• Assignment (Reading/ Writing) 

• Student presentation 

VI. Learning outcome 

After successful completion of this course, the students are eXpected to be 

able to: 
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• Understand the latest methods and techniques in preservation of food 

particularlyof horticultural produce 

VII. Suggested Reading 

 Barbosa CGV, Pothakamury UR, Palou E and Swanson BG. 1998. 

Nonthermal Preservation of Foods, Marcel Dekker Inc., ISBN 

9780824799793. 

 Karel M and Lund DB. 2003. Physical Principles of Food Preservation 

(2nd Edition), CRC Press, ISBN 9780824740634. 

 Sun Da-Wen (Ed.) 2014. Emerging Technologies for Food Processing 

(2nd Edition), Elsevier, ISBN 9780124114791. 

 Tewari G and Juneja V. 2007. Advances in thermal and nonthermal food. 

Blackwell Publishing, ISBN 9780813829685. 

Websites 

 http://www.sciencepublishinggroup.com/specialissue/specialissueinfo?jo 

 http://www.ijpab.com/form/2017%20Volume%205,%20issue%206/IJPAB- 

2017-5-6-363-371.pdf 

 https://www.omicsonline.org/conferences-list/food-processing-technologies- 

and-advances-in-food-preservation 

 https://www.elsevier.com/books/advances-in-cold-plasma-applications-for- 

food-safety-and- preservation/bermudez-aguirre/978-0-12-814921-8 

 
Course Code: PHM-603 

Course Title: Management and Utilization of Horticultural Processing Waste 

Credit Hours: (3+0) 

 
I. Why this course ? 

Processing of fruit and vegetables generates varying level and kinds of 

wastage that can be managed differently. With the rapid progress in 

establishment of processing industries in our country on account of liberal 

government policies, the importance of  waste  management  has  become an 

essential and integral part of plant design as the inappropriate disposal of 

wastage has already caused great loss to environment and public health. 

Food processing is a capital intensive, high energy and water consuming, 

and moderate to highly polluting industry. However, one can minimize 

adverse effects on environment and public health and may also augment 

profit of processing unit by judicious disposal and utilization of waste 

materials. They can be used in composting, cattle feeding and biogas 

generation and certain types may also be utilized in production of value 

added products. 

II. Aim of the course 

Understanding the utilization and efficient management of waste from 

horticulturalprocessing industry. 

http://www.sciencepublishinggroup.com/specialissue/specialissueinfo?jo
http://www.ijpab.com/form/2017%20Volume%205%2C%20issue%206/IJPAB-2017-5-6-363-371.pdf
http://www.ijpab.com/form/2017%20Volume%205%2C%20issue%206/IJPAB-2017-5-6-363-371.pdf
http://www.omicsonline.org/conferences-list/food-processing-technologies-and-advances-in-food-
http://www.omicsonline.org/conferences-list/food-processing-technologies-and-advances-in-food-
http://www.elsevier.com/books/advances-in-cold-plasma-applications-for-food-safety-and-
http://www.elsevier.com/books/advances-in-cold-plasma-applications-for-food-safety-and-
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The course is organized as follows: 
 

No Blocks Units 
 

1 Waste treatment and disposal I Introduction 

methods II Waste treatment processes 

III Waste disposal methods 

2 Valorisation of wastes I Recovery of useful products 

II Treatment of solid and liquid 

waste 

 

III. Theory 

Block 1: Waste treatment and disposal methods 

Unit I: Introduction: Waste and its consequences in pollution and global 

warming. Need for waste management. Waste and its 

classifications and characterization-sampling methods, analysis 

and standards for waste discharge. Importance of point and 

nonpoint sources of wastes, Solid and liquid wastes. 

Unit II: Waste treatment processes: BOD, COD, DO, TS VS, ash, and different 

unit operations in waste treatment processes. 

Unit III: Waste disposal methods: Nature of waste from processing industry 

and their present disposal methods. Waste segregation, Primary 

secondary and tertiary waste treatment processes, Conventional and 

non-conventional waste treatment processes, aerobic and 

anaerobicwaste treatment processes. 

Block 2: Valorisation of wastes 

Unit I: Recovery of useful products: Valorization of wastes: Recovery of useful 

products and by-products from waste, viz., organic acids, bioethanol, 

biobutanol, colour, essence, pectin, oils, etc. animal feed and single 

cell protein. 

Unit II: Treatment of solid and liquid waste: Technology of treatment of 

solid and liquid wastes from fruit and vegetable industries. 

Immobilized bioreactor in waste treatment.Anaerobic bioreactor 

and energy production.Circular economics and waste 

management. 

IV. Teaching Methods 

• Lectures 

• Assignments (Reading/ Writing) 

• Student presentations 

V. Learning outcome 

After successful completion of this course, the students are eXpected to be 

able to: 

a. Can identify the problems related waste treatments and disposal 

methods 
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b. Problem related valuation of waste and recycling of waste 

VI. Suggested Reading 

 Arvanitoyannis IS. 2008. Waste Management for the Food Industries, 

Academic Press, ISBN 9780123736543. 

 Joshi VK and Sharma SK. 2011. Food Processing Waste Management: 

Treatment and Utilization Technology, New India Publishing Agency, 

ISBN 9789380235592. 

 Waldron K. Ed. 2007. Handbook of waste management and co-product 

recovery in food processing, CRC Press, ISBN 9780849391323. 

 Websites 

 https://www.cabdirect.org/cabdirect/abstract/20153005486 

http://www.3rmanagement.in/service/horticulture-waste-management/ 

 
Course Code : PHM 604 

Course Title : Supply Chain Management of Perishables 

Credit Hours  : (2+0) 

I. Why this course ? 

Supply chain management is the management of the flow of goods and 

services and includes all processes that transform raw materials into final 

products. It involves the active streamlining of a business’s supply-side 

activities to maXimize customer value and gain a competitive advantage in 

the marketplace. SCM represents an effort by suppliers to develop and 

implement supply chains that are as efficientand economical as possible. 

Supply chains cover everything from production toproduct development to 

the information systems needed to direct these undertakings. Because of this, 

effective supply chain management also requires change management, 

collaboration and risk management to create alignment and communication 

between all the entities. 

II. Aim of the course 

To understand the intricacies of perishable supply chain and its 

management.The course is organized as follows: 

 

 
No Blocks Units 

 

1 Supply chain management of I Introduction perishables 

II Intrinsic Issues 
III Support system in supply chain- – 

Infrastructure 

IV. Support system in supply chain- 

Finance 

V. Support system in supply chain- 

Government 

http://www.cabdirect.org/cabdirect/abstract/20153005486
http://www.3rmanagement.in/service/horticulture-waste-management/
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III. Theory 

Block 1: Supply chain management of perishables 

Unit I:  Introduction. Role of supply chain and logistics, Challenges faced 

in supply chain, Input suppliers, Farm output: Market 

intermediaries, Processors, Retailers. 

Unit II:  Intrinsic Issues: Perishability, Quality, Grading, Risk: Sources of 

risk, Classification of Agricultural risk- Production risk, Market 

and Price risk. Management of risk. 

Unit III: Support system in supply chain- Infrastructure: definition, role. 

Transport network, Cold storage, organised market, etc. 

Information technology-Enterprise resource planning, E- 

Choupal, Mobile Technology, web portal on agri-market 

information. 

Unit IV: Support system in supply  chain-  Financial  Systems: Introduction, 

Role and Relevance, Problems in Synchronization, Role of 

Technology; Credit Structure in India -Reserve Bank of India 

(RBI), NABARD; Commodity Markets, Corporates in 

Agribusiness. 

Unit V: Support system in supply chain- Role of Government: Introduction; 

Agencies- As a Direct Player. Measures for improving supply 

chain and its effectiveness, involvement of organized retailers. 

• Present scenario of supply chain management; 

• Case Study: Supply chain management of fruits and vegetables 

in Safal daily fresh/ APMC/ Reliance Fresh/ Amul/ D-Mart/ 

Spencer Retail/ Vipani/ Farmers Bazars/ Farm Fresh/ Apni 

Mandi, etc. based on regional importance. 

IV. Teaching Methods/ Activities 

• Lectures 

• Assignment (Reading/ Writing) 

• Student presentationz 

V. Learning outcome 

After successful completion of this course, the students are expected to 

identify the problems related to supply chain management of perishables. 

VI. Suggested Reading 

 Chandrasekaran N and Raghuram G. 2014. Agribusiness Supply 

Chain Management, CRCPress, ISBN 9781466516755. 

 Chopra S and Meindl P. 2007. Supply chain management: strategy, 

planning, and operation (3rd Edition), Pearson Education, Inc.,ISBN 

0132086085. 
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Websites 

http://www.scmr.com/ https://blog.kinaXis.com/ 

http://www.supplychainnetwork.com/ http://supplychaininsights.com/ 

http://www.supplychain247.com/ 

 

Course Code : PHM-605 

Course Title  : Export Oriented Horticulture 

Credit Hours : (1+0) 

I. Why this course ? 

This course relates the national economy which is dependent on the contribution 

of the eXport-oriented income. Export oriented policies and laws must be 

followed by the growers to meet the requirement of the importing countries. 

II. Aim of the course 

To acquaint the students with the eXport oriented requirements of 

horticultural crops. 

The course is organized as follows: 

 

No Blocks Units 
 

1 Product specifications and I Introduction 

sanitary measures II Produce specifications and 

standards 

III EXport oriented sanitary 

measures 

2 EXport related policies I EXport implications 

II Treatment of solid and liquid 

waste 
 

III. Theory 

Block 1:     Product specifications and sanitary measures 

Unit I:   Introduction: India’s position and  potentiality in world trade; eXport 

promotion zones in India. EXport and import policy, problem in 

eXport of fresh horticultural produce, eXport infrastructure (sea 

port, airport, bulk storage facilities, irradiation, Vapour Heat 

Treatment, quarantine, transportation, etc.,).quarantine need, 

major eXport destination and competing nations for selected 

crops. 

Unit II: Produce specifications and standards: Scope, produce specifications,   

quality and safety standards for eXport of fruits, viz., mango, grape, 

litchi, pomegranate, walnut, cashewnut, etc., vegetables, viz., onion, 

chilli, okra, bitter gourd, gherkin, etc., flowers, viz., rose, carnation, 

chrysanthemum, gerbera, specialty flowers, etc., cut green and 

foliage plants. 

Unit III: EXport  oriented  sanitary  measures:  Processed  and   value- added 

products, Postharvest management for eXport including 

packaging and cool chain; HACCP, CodeX alimentarius, ISO 

http://www.scmr.com/
http://www.supplychainnetwork.com/
http://www.supplychainnetwork.com/
http://www.supplychain247.com/
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certification; APEDA and its role in eXport, WTO and its 

implications, sanitary and phyto-sanitary measures.  CodeX 

norms and GAP and SOP for  eXport  of major horticultural crops 

from India. 

Block 2:   Export related policies 

Unit I: Export implications: EXport of seed and planting material; implications 

MRL for export of horticultural produce. 

Unit II: Export oriented regulatory issues: Agriculture Export Policy, Export 

procedure; EXIM Policy, APMC act, Auction Centres, Regulatory 

issuesof Ministry of Commerce, GoI. 

Teaching methods  
• Lecture 

• Assignment (Reading/ Writing) 

• Student presentation 

IV. Learning outcome 

After successful completion of this course, the students are eXpected to be 

able to: 

• entry barriers, covering issues such as economies of scale, high capital 

investments, difficult access to distribution channels and markets, etc. 

• bargaining power of buyers, which relates to issues such as the level of 

concentration of buying power, buyers’ access to information, switching 

opportunities and costs, etc. 

V. Suggested Reading 

 Bartz JA. and Brecht JK. 2002. Postharvest Physiology and Pathology of 

Vegetables (IInd Edition) Marcel Dekkar, Inc, New York. 

 Bhattacharjee, SK. 2006. Advances in Ornamental Horticulture. Vols. 

I-VI. Pointer Publ. Bose TK and Yadav LP. 1989. Commercial Flowers. 

NayaProkash, Kolkata. Bose TK, Maiti 

RG, Dhua RS and Das P. 1999. Floriculture and Landscaping. 

NayaProkash. 

 Chadha KL. 1995. Advances in Horticulture. Vol. XII. Malhotra Publ. 

House. 

 Islam CN. 1990. Horticultural Export of Developing Countries: Past 

preferences, future prospects and policies. International Institute of Food 

Policy Research, USA. 

 Reddy S, Janakiram T. Balaji T, Kulkarni S and Misra RL. 2007. 

Hightech Floriculture. Indian Society of Ornamental  Horticulture, New 

Delhi. 

 Sheela VL. 2007. Flowers in Trade. New India Publ. Agency. 
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Course Code : PHM 606 

Course Title  : Food Additives 

Credit Hours : (1+1) 

I. Why this course ? 

Food additives have been used for centuries to improve and preserve the 

taste, teXture, nutrition and appearance of food. Food additives and 

preservatives are used in today’s food supply to prevent foodborne illness, 

enable the transportation of food to areas that otherwise wouldn’t be 

possible, and for the efficient manufacture of products to consistently meet 

the established quality standards. Although there may be certain ill effects 

of additives and preservatives in food, they increase its shelf life and help 

retain the flavour, color, and teXture. They also help maintainor  increase the 

nutritive value of food. Hence this customized course. 

II. Aim of the course 

To understand the chemistry of food additives and their functions in food 

processing This course is organized as follows: 

 

No Blocks Units 
 

1 Quality control of horticultural I Importance of food additives 

products  II Methods of 

preservation 
III Different additives types 
IV Flavour technology 

V Use of functional ingredients 

and safety and toXicological 

evaluation 
 

Theory 

Block 1: Food Additives 

Unit I: Importance of food additives in processing and preservation of 

horticultural produce by food additives. Food additives-definitions, 

classification, international numbering systems and functions. 

Unit II: Principles and methods of preservation by use of  sugar,  salt, spices, 

essential oils, vinegar, mode of action of chemical preservatives. 

Unit III: AntioXidants, colours and flavours (synthetic and natural), 

emulsifiers, sequester ants, humectants, hydrocolloids, sweeteners, 

acidulants, buffering salts, anticaking agents, clarifying agents, etc. 

– uses in horticulture  foods  and functions in formulations. 

Unit IV: Flavour technology: types of flavours, flavour generated during 
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processing – reaction flavours, flavour composites, stability of 

flavours during food processing, flavour emulsion, essential oils and 

oleoresins,etc. 

Unit V: Uses of enzymes in eXtraction of juices.  Pectic  substances  and their 

role as jellifying agents.Protein, starches and lipids as functional 

ingredients, functional properties and applications in horticultural 

food. Safety and toXicological evaluation of food additives: 

GRAS-tolerance levels and toXic  levels  in  foods, LD50 value. 

III. Practical 

• EXtraction of fruit and vegetable juices using enzymes clarification; 

• Role of additives and preservatives in RTS, cordial, squash, 

concentrate, syrup, jam, jelly, marmalade, ketchup, sauce, preserves, 

chutneys, pickles, candies, crystallized products; 

• Estimation of benzoic acid, sulphur-di-oXide; 

• Estimation of pectins. 

IV. Teaching Methods/ Activities 

• Lecture 

• Assignment (Reading/ Writing) 

• EXposure visits 

• Student presentation 

V. Learning outcome 

After successful completion of this course, the students are eXpected to 

be able tounderstand: 

• Importance of food additives in processing and preservation of 

horticultural produce 

• About Flavour technology 

• Safety and toXicological evaluation of food additives 

VI. Suggested Reading 

 Branen AL, Davidson PM, Salminen S and Thorngate III JH. 2001. Food 

Additives (2nd Edition), Marcel Dekker Inc., ISBN 0824793439. 

 DGHS Manual 8: Manual of Methods of Analysis of Foods-Food Additives. 

Gerorge. AB. 1996. Encyclopedia of Food and Color Additives. Vol. III. 

CRCPress. 

 Madhavi DL, Deshpande SS and Salunkhe DK. 1996. Food Antioxidants: 

Technological, Toxicological and Health Perspective. Marcel Dekker. 

 Michael and Ash I. 2008. Handbook of Food Additives (3rd Edition), 

Synapse Information Resources, Inc., ISBN 9781934764008. 

 Nagodawithana T and Reed G. 1993. Enzymes in food processing. 

Academic Press. (Ötleº S. ) Ed. 2005. Met of Analysis of Food Components 

and Additives, CRC Press, ISBN 9780849316470. 

 Taylor AJ. and Linforth RST. 2010. Food Flavour Technology (2nd 
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Edition), Wiley- Blackwell, ISBN 9781405185431. 

 Wood R, Foster L, Damant A and Key P. 2004. Analytical Methods 

for Good Sdditives, CRCPress, ISBN 084932534X. 

Websites 

 Additives and colors FDA- 

https://www.fda.gov/food/ingredientspackaginglabeling/ food 

additivesingredients/ucm094211.html 

 https://www.faia.org.uk/ 

 https://www.eufic.org/en/whats-in-food/category/additives 

 
Course Code : PHM-607 

Course Title : Advances in Processing of Plantation, Spices, 

Medicinal and Aromatic Plants 

Credit Hours : (3+0) 

I. Why this course ? 

This course deals with post-harvest operations, processing and value 

addition details of plantation, spices, medicinal and aromatic plants. This 

course would be very useful for everyone who so ever is interested to know 

about harvesting and handling of spices, plantation,  medicinal  and aromatic 

plants. 

II. Aim of the course 

To familiarize with advances in processing of plantation, spices, medicinal 

andaromatic plants 

The course is organized as follows: 
 

No Blocks Units 
 

1 Handling and utilization of I Introduction medicinal and 

plantation, spice, II By product utilization 

aromatic plants III Value addition of medicinal 

and aromaticplants 

2 Essential oil utilization and IV. Recovery of useful products 

their storage V. Treatment of solid and  liquid 

waste 
 

III. Theory 

Block 1: Handling and utilization of plantation, spice, medicinal and 

aromatic plants 

Unit I: Introduction: Commercial uses of spices and plantation crops. 

Introduction to processing and products in plantation and spice 

crops. Significance of on farm processing and quality of finished 

products. Processing of major spices, eXtraction of oleoresin and 

essential oils. Processing of produce from plantation and spice 

crops. 

Unit II: By  product  utilization: By  product  utilization  in  plantation crops 

for coir production, mushroom culture, cocopeat, bee 

http://www.fda.gov/food/ingredientspackaginglabeling/
http://www.fda.gov/food/ingredientspackaginglabeling/
http://www.faia.org.uk/
http://www.eufic.org/en/whats-in-food/category/additives
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keeping, toddy tapping, Oil cake production and utilization, vermi-

composting, Fuel wood and timber wood from perennial spices and 

plantation crops (crops, viz., coconut, areca nut, cashew nut, oil 

palm, palmyrah, date palm, cocoa, tea, coffee, rubber, etc. 

cardamom, black pepper, ginger, turmeric, chilli and paprika, 

vanilla, cinnamon, clove, nutmeg, allspice, coriander, fenugreek, 

curry leaf, etc.). 

Unit III: Value addition of medicinal  and  aromatic  plants:  Value addition 

on aromatic oils and medicinal herbs. Principles and practices of 

different types of eXtraction – distillation, solvent eXtraction, 

enfleurage, soXhlet, supercritical fluid eXtraction, phytonics, 

counter current eXtraction. Commercial uses of essential oils, 

aroma therapy.Commercial utilization of spent material. 

Block 2:     Essential oil utilization and their storage 

Unit I:    Quality determination of essential oils: Qualitative determination of 

essential oils.   Quality   analysis   and   characterization through 

chromatographs. 

Unit V:    Storage of essential oils: Storage of essential oils. Utilization of spent 

material of medicinal and aromatic crops in manufacture of 

agarabatti, organic manures and other useful products. 

DetoXification of waste materials. Role of spent material in bio- 

control of diseases and pest in organic farming. Role of micro- 

organisms in conversion of waste in to useful products. 

IV. Teaching Methods/ Activities 

• Lecture 

• Assignment (Reading/ Writing) 

• Student presentation 

V. Learning outcome 

After successful completion of this course, the students are eXpected to be 

able to: 

• Learn utilization and processing of spice, plantation, medicinal and 

aromatic plants 

• Apply appropriate processing technique to the crop related processing 

technique 

VI. Suggested Reading 

 Afoakwa EO. 2016. Cocoa Production and Processing Technology, CRC 

Press, ISBN 9781138033825. 

 Chakraverty A, Majumdar AS, Raghavan GSV and Ramaswamy HS. 

2003. Handbook of Postharvest Technology: Cereals, Fruits, Vegetables, 

Tea, and Spices, CRC Press, ISBN 9780824705145. 

 Chi-Tang Ho, Jen-Kun Lin and Fereidoon Shahidi. 2008. Tea and Tea 

Products: Chemistry and Health-Promoting Properties, CRC Press, 

ISBN 9780849380822. 
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 Kumar N, Khader JBMM, Rangaswami P., and Irulappan I. 2017. 

Introduction to Spices, Plantation Crops, Medicinal and Aromatic Plants 

(2nd Edition), OXford & IBH Publishers, ISBN 9788120417762. 

 Pruthi JS. 1993. Major Spices of India Crop  Management Postharvest 

Technology, ICAR Publication, ISBN 1234567147556. 

 Siddiqui MW. 2015. Postharvest Biology and Technology of 

Horticultural Crops: Principles and Practices for Quality Maintenance, 

CRC Press, ISBN 9781771880862. 

 https://www.cabdirect.org/cabdirect/abstract/20006781145: 

https://www.springerprofessional.de/en/value-addition-in-flowers/4657550 

 

Course Code: PHM 608 

Course Title: Value Addition in Ornamental Crops 

Credit Hours : (1+1) 

 

I. Why this course ? 

Ornamental crops provide better income from a unit area with higher 

profitability. The production of flower crops has increased significantly and 

there is huge demand for floricultural products in the world resulting in 

growing international flowertrade. Value addition in floriculture increases 

the economic value and consumer appeal of any floral commodity. This 

course will be useful as a source of income generation. 

II. Aim of the course 

To acquaint the students about the scope and ways of value addition in 

ornamental crops. 

The course is organized as follows: 
 

No Blocks Units 
 

1 Value addition of flowers I Introduction 
II Value addition of flower crops 

III Neutraceuticals from petals 

2 Floral arrangements I Floral arrangements 

and women empowerment II Women empowerment 

\ 

III. Theory 

Block 1:      Value addition of flowers 

Unit I:  Introduction: Importance, opportunities and prospects of value 

addition in floriculture; national and global scenario; production 

and eXports, supply chain management. 

Unit II:      Value addition of flower crops: Dry flower making including pot 

pourries, their uses and trade; eXtraction technology, uses, sources 

and trade in essential oils; aroma therapy; pigment and natural dyes 

eXtraction technology, sources, uses and trade. 

Unit III:     Neutraceuticals from petals: Pharmaceutical and neutraceutical 

http://www.cabdirect.org/cabdirect/abstract/20006781145
http://www.springerprofessional.de/en/value-addition-in-flowers/4657550
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compounds from flower crops; petal embedded hand made paper 

making and uses, preparation of products like gulkand, rose 

water, gulroghan, attar, pankhuri. 

Block 2:      Floral arrangements and women empowerment 

Unit I: Floral arrangements: Floral craft including bouquets, garlands, 

flower arrangements, etc. tinting (artificial  colouring)  of flower 

crops; 

Unit II:   Women empowerment: Women empowerment   through value added 

products making. 

• Dry flower making including pot pourries; eXtraction 

technology, uses, sourcesand trade in essential oils; 

• Pigment and natural dyes eXtraction technology; 

• Pharmaceutical and neutraceutical compounds from 

flower crops; 

• Preparation of products like gulkand, rose 

watergulroghanattar, pankhuri; 

• Petal embedded handmade paper making; 

• Floral craft including bouquets, garlands, flower 

arrangements, etc.; 

• Tinting (artificial colouring) of flower crops. 

IV. Teaching Methods/ Activities 

• Lecture 

• Assignment (Reading/ Writing) 

• Student presentation 

• Group Work/ Seminars 

• Product preparation and income generation assessment 

V. Learning outcome 

After successful completion of this course, the students are eXpected to be 

able to: 

• Will be helpful in converting waste into wonder by making 

potpourris, greetingcards, etc. 

• Students can give training to women and create a source of 

employment to ruralwomen 

VI. Suggested Reading 

 Bhattacharjee SK and De LC. 2004. Advances in Ornamental 

Horticulture Vol. V, Pointer publishers, Jaipur. 

 Gary L. McDaniel. 1989. Floral design and arrangement. A Reston Book. 

Prentice hall. New Jersey. 

 Lauria A and Victor HR. 2001. Floriculture – Fundamentals and 

Practices. Agrobios. Lesniewicz Paul. 1994. Bonsai in your home. Sterling 

publishing Co, New York. 

 Prasad S and Kumar U. 2003. Commercial Floriculture. Agrobios. 
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 Randhawa GS and Mukhopadhyay A. 2000. Floriculture in India, 

Allied publishers, India. Reddy S, Janakiram T, Balaji T, Kulkarni S 

and Misra RL. 2007. Hightech Floriculture. Indian Society of 

Ornamental Horticulture, New Delhi. 

 Salunkhe K, Bhatt NR and Desai BB. 2004. Postharvest biotechnology of 

flowers and ornamentalplants. NayaProkash, Kolkata. 

Websites 

 http://www.vedamsbooks.com/no103218/user_forgot_pass.php 

https://www.springerprofessional.de/en/value-addition-in-flowers/4657550 

www.ihc2018.org/en/S29.html 

 

Journals on Postharvest Management of Horticultural Crops 

Sr. No. Name of the Journal ISSN No. 
 

1. Annual Review of Food Science and Technology ISSN 19411421, 

19411413 

2. Comprehensive Reviews in Food Science and ISSN 15414337 

Food Safety 

3. Trends in Food Science and Technology ISSN 09242244 

4. Food Chemistry ISSN 03088146 

5. Food Microbiology ISSN 10959998, 

07400020 

6. Postharvest Biology and Technology ISSN 09255214 

7. Food Research International ISSN 09639969 

8. Critical Reviews in Food Science and Nutrition ISSN 15497852, 

10408398 

9. Journal of Food Engineering ISSN 02608774 

10. International Journal of Food Microbiology ISSN 01681605 

11. Food Control ISSN 09567135 

12. Innovative Food Science and Emerging TechnologiesISSN 14668564 

13. Food and Bioprocess Technology ISSN 19355130, 

19355149 

14. LWT-Food Science and Technology ISSN 10961127, 

00236438 

15. Journal of Functional Foods ISSN 17564646 

16. Food Quality and Preference ISSN 09503293 

17. Journal of Food Composition and Analysis ISSN 08891575, 

10960481 

18. Plant Foods for Human Nutrition ISSN 09219668, 

15739104 

19. Current Opinion in Food Science ISSN  22147993 

20. Food Packaging and Shelf Life ISSN 22142894 

21. Journal of the Science of Food and Agriculture ISSN 10970010, 

00225142 

22. International Journal of Food Science and Technology ISSN 13652621, 

09505423 

23. Journal of Food Science ISSN 00221147 

24. Journal of Food Protection ISSN 0362028X 

http://www.vedamsbooks.com/no103218/user_forgot_pass.php
http://www.springerprofessional.de/en/value-addition-in-flowers/4657550
http://www.ihc2018.org/en/S29.html
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25. Phytochemical Analysis ISSN 09580344, 

10991565 

26. Food Reviews International ISSN 15256103, 

87559129 

27. European Food Research and Technology ISSN 14382377, 

14382385 

28. Biosystems Engineering ISSN 15375110, 

15375129 

29. Agribusiness ISSN 15206297, 

07424477 

30. Journal of Sensory Studies ISSN 08878250 

31. Journal of Texture Studies ISSN 00224901 

32. International Journal of Food Properties ISSN 10942912, 

15322386 

33. International Journal of Food Sciences and Nutrition ISSN 09637486, 

14653478 

34. Journal of Food Science and Technology ISSN 00221155 

35. Advances in Food and Nutrition Research ISSN 10434526 

36. Journal of Food Process Engineering ISSN 17454530, 

01458876 

37. British Food Journal ISSN 0007070X 

38. Journal of Food Quality ISSN 01469428, 

17454557 

39. Food Science and Technology International ISSN 10820132 

40. Irish Journal of Agricultural and Food Research ISSN 07916833, 

20099029 

41. Journal of Food Processing and Preservation ISSN 01458892 

42. Stewart Postharvest Review ISSN 17459656 

43. International Journal of Food Science ISSN 23145765, 

23567015 

44. Food Science and Technology ISSN 01012061, 

1678457X 

45. International Food Research Journal ISSN 19854668 

46. International Food and Agribusiness Management ISSN 15592448, 

10967508 

Review 

47. Food Science and Technology Research ISSN 13446606 

48. International Journal of Food Engineering ISSN 15563758, 

21945764 

49. Journal of Horticultural Research ISSN 23005009, 

23533978 

50. International Journal of Postharvest Technology and ISSN 17447550, 

17447569 

Innovation 
51. Food Technology ISSN 00156639 
52. Open Nutraceuticals Journal ISSN 18763960 

53. Advance Journal of Food Science and Technology ISSN 20424868, 

20424876 
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Course Title with Credit Load for M.Sc. in Microbiology 
 
 

Sl. 
No. 

Course Code Course Title 
Credit 

hours 

1. MICRO 501 Techniques in Microbiology 0+2 

2. MICRO 502* Principles of Microbiology 3+1 

3. MICRO 503* Microbial Physiology and Metabolism 3+1 

4. MICRO 504 Microbial Genetics 2+1 

5. MICRO 505* Soil Microbiology 2+1 

6. MICRO 506 Microbial Biotechnology 2+1 

7. MICRO 507* Food Microbiology 2+1 

8. MICRO 508 Bacteriophages 1+1 

9. MICRO 509 Environmental Microbiology 2+1 

10. MICRO 510 Industrial Microbiology 2+1 

11. MICRO 511 Biofertilizer Technology 2+1 

12. MICRO 512 Cyanobacterial and Algal Biotechnology 2+0 

13. MICRO 591  Master’s Seminar 0+1 

14. MICRO 599 Master’s  Research 0+30 

17
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Course Title: Techniques in Microbiology 

Course Code: MICRO 501 

Credit Hours: 0+2 

Why this course? 

The science of microbiology is the study of microorganisms and their activities. 

It is concerned with their form, structure, reproduction, physiology, metabolism and 

identification. It includes the study of their distribution in nature, their relationship to 

each other and their living things, their beneficial and detrimental effects on agriculture 

and the physical and chemical changes they make in their environment. In microbiology 

laboratories, some special equipment and apparatus are commonly used. Students of 

microbiology should have a general idea regarding their constructive features, operation, 

precaution for use, and also the maintenance of the equipment. 

Aim of the course 

This course aims to introduce various techniques and instrumentation methods 

required for the study of microorganisms. This course provides understating of 

techniques and methods of microscopy, spectroscopy, chromatography, and 

electrophoresis. 

 

 

 
The course is organized as follows: 

No. Blocks Units 

1. Technique in microbiology 1. Practicals include estimation of 

microbiological contents of samples like 

water, soil, air, etc. 

2. Operation and care of microscopes 

3. Preparation of smears and their morphological 

observation using a microscope 

4. Performance of various staining techniques, 

study of biochemical activities, Identification 

of microorganisms, preparation of culture 

media etc. 

 
Practicals 

• Awareness of lab safety measures 

• Study of general microbiological equipment, cleaning of glassware and 

apparatus for laboratory use 

• Methods of sterilization used in the microbiology laboratory 

• Use of simple techniques in the laboratory (Colorimetry, Centrifugation, 

electrophoresis and chromatography) 

• Types of culture media 

• Isolation techniques and direct microscopic count 
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• Environmental factors affecting bacterial growth: physical-chemical, 

temperature, pH, osmotic pressure, light (UV), and bacteriostatic agents. 

Bacteriology of air, water, and soil. 

• Characteristics of important types of micro-organisms: major functional groups 

of bacteria, lactic acid, spore-forming, coliforms bacteria, fungi, yeast, and mold. 

• Assessment of microbial quality of portable water. 

• Working of a microscope 

Teaching methods/activities 

 Lecture

 Assignment (Reading/Writing)

 Publication Review

 Student presentation

 Group discussion

 Case Analysis and case studies

 Guest Lectures

 Review of policy documents

Learning outcome 

After successful completion of this course, the students are expected to be able to: 

 Appreciate the scientific foundation of general microbiology and relate the key 

learning to the job of a microbiologist professional

 Utilise methods and tools for microbial agricultural development for the nation.

 Increase the probability of use of different microbial cultures for the benefits of 

agriculture production

Suggested Reading 

• Roy A.K. 2010. Laboratory Manual of Microbiology (Practical Manual Series). 

• Goldman E and Green LH. 2015. Practical Handbook of Microbiology. 3rd 

Edition. http/www. CRC press life science Microbiology 

• Brock, T.D. 2008. Biology of microorganisms (Ed.) Madigan MT, Martinko J 

M, Dunlap P V,Clark D.P., 12th ed. Pearson, New Jersey. 

• Pelczar, M.J. Jr., Chan, E.C.S. and Kreig, N.R. 1997. Microbiology, Concepts 

and Application, 5th edition, Tata McGraw Hill, New York. 

• Prescott, L.M., Harley and Klein. 2002. Microbiology 5th Edition, Tata 

McGraw Hill, New York. 

• Bhatia, M.S. 2009. Principles of Microbiology. Swastik Publishers., DeIhi. 

• Madigan, M.T., J.M. Martinko, P.V. Dunlap and D.P. Clark. 2001. Brock 

biology of Microorganism 10th Ed. Pearson Education lnc, USA. 

• Singh, U.S. and K. Kapoor 2010. Introductory microbiology Oxford Book 

Company., Jaipur 

• Tortora, G.J., B.J. Funke and C.L. Case. 2010. Microbiology: an 

introduction.10th Ed. Benjamin Cummings., New York. 

Websites 

http://www/
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• http://www.asmscience.org 

• http://www.asm.org 

• http://www.microbiologyonline.org.uk 

• http://www.microbeworld.org 

 
Course Title: Principles of Microbiology 

Course Code: MICRO 502* 

Credit Hours: 3+1 

Why this course? 

Microbes has become a part and parcel of our lives This course is required for the 

future battle against infectious diseases worldwide, understanding the environmental 

importance of microbes and to exploit them for food production, biotechnological and 

industrial applications. Hence, this customized course. 

Aim of the course 

The main focus of our course is the potential of the organisms that cause disease 

and benefits in the society. You will also cover aspects of the biochemistry, physiology 

and genetics of microorganisms. 

 
The course is organized as follows: 

 
No. Blocks Units 

1. Scope and History of Microbiology 

and microscopy 

1. Scope of microbiology and 

microscopy 

2. History routes 
3. Staining and microscopy 

2. Evolutionary link of prokaryotes 1. Phylogenetic classification 
2. Methods of sequencing 

3. Microbial growth, characterization 1. Microbial growth and reproduction 

and regulation 

2. Sterilization techniques 

3. Nutritional requirements for 

microbial growth 

 

Theory 

Block 1: Scope and History of Microbiology and Microscopy 

Unit 1: Scope of microbiology 

Scope of microbiology, microbes and microbiologist. Emergence of 

Special Fields of Microbiology. 

Unit 2: History Routes 

The Germ Theory of Disease, Early Studies: Pasteur’s Further 

Contributions, Koch’s Contributions, Methods to control infections, 

spontaneous generation theory. 

Unit 3:      Staining and microscopy 

http://www.asmscience.org/
http://www.asm.org/
http://www.microbiologyonline.org.uk/
http://www.microbeworld.org/
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Microscopy; Bright field, Dark field, Phase contrast, Confocal, 

Fluorescence, TEM, SEM – Working Principles and applications; Properties 

of light; Simple staining, Differential and special staining. 

Block 2: Evolutionary Link of Prokaryotes 

Unit1: Phylogenetic classification 

Evolutionary relationship among prokaryotes. Prokaryotes and Eukaryotes, 

Phylogenetic and numerical taxonomy. Species concept. 

Unit2:       Methods of sequencing 

Use of DNA and r-RNA sequencing in classifications. Techniques in 

identification of microbes through metagenomics 

Block 3: Microbial Growth, Characterization And Regulation 

Unit1: Microbial growth and reproduction 

Major groups of microorganisms (Bacteria, fungi , actinomycetes and yeast), 

structure and function. Microbial growth and reproduction- communication, 

bacteria, yeast and virus growth, Replication, Cultivation methods, Normal 

micro flora of Human body; Immune response- specific and non-specific 

host resistance. 

Unit 2:      Sterilization techniques 

Physical and chemical methods of sterilisation. 

Unit 3:      Nutritional requirements for microbial growth 

Classification of microbes: electron, energy and carbon sources. 

Practicals 

• Working principles and handling of different types of microscopes – Bright and 

Dark field microscopy 

• Working principles and handling of different types of microscope- SEM and 

TEM 

• Methods of isolation from different environments – soil, water, milk and food 

• Use of selective media for isolation 

• Purification techniques of bacteria and fungi 

• Enumeration and Quantification techniques 

• Maintenance and preservation of cultures 

• Assessment of microbial quality of portable water. 

• Morphological characterization of Bacteria 

• Morphological characterization of fungi 

• Biochemical characterization of bacteria 

• Biochemical characterization of fungus 

Teaching methods/activities 

 Lecture

 Assignment (Reading/Writing)

 Publication Review
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 Student presentation

 Group discussion

 Case Analysis and case studies

 Guest Lectures

 Review of policy documents

Learning outcome 

After successful completion of this course, the students are expected to be able to: 

 Knowledge on historical perspective of Microbiology

 Basic knowledge on different structure of microbes

Suggested Reading 

• Brock TD. 2008. Biology of microorganisms (Ed.) Madigan MT, Martinko J M, 

Dunlap P V, Clark DP, 12th ed. Pearson, New Jersey. 

• Pelczar MJ. Jr., Chan, ECS and Kreig NR. 1997. Microbiology, Concepts and 

Application, 5th edition, Tata McGraw Hill, New York. 

• Prescott, L.M., Harley and Klein. 2002. Microbiology 5th Edition, Tata 

McGraw Hill, New York. 

• Bhatia, M.S.2009. Principles of Microbiology. Swastik Publishers., DeIhi. 

• Madigan, M. T., J. M. Martinko, P.V. Dunlap and D.P. Clark.2001. Brock 

biology of Microorganism 10th Ed. Pearson Education lnc, USA. 

• Singh, U.S and K. Kapoor 2010. Introductory microbiology Oxford Book 

Company., Jaipur 

• Tortora, G. J., B.J. Funke and C.L. Case. 2010. Microbiology: an 

introduction.10th Ed. Benjamin Cummings., New York 

• Davis BD, Dulbecco R, Eisen HN and Ginsberg HS. 1990. Microbiology (4th 

edition). J.B.Lippincott company, Newyork. 

• Alexopoulus CJ and C W. Mims. 1993. Introductory Mycology (3rd 

edition).Wiley Eastern Ltd, NewDelhi. 

• Elizabeth Moore-Landecker. 1996. Fundamentals of the fungi. (4th edition). 

Prentice Hall International, Inc, London. 

• Heritage,J. Evans E.G.V. and Killington, R.A. 1996. Introductory 

Microbiology. Cambridge University Press. 

• Webster J. 1993. Introduction to Fungi.(2nd edition).Cambridge University 

press, Cambridge. 

• Prescott LM, Harley JP and Klein DA. 2006. Microbiology (7th edition) 
McGraw Hill, New York. 

• Schaechter M and Leaderberg J. 2004. The Desk encyclopedia of Microbiology. 

Elseiver Academic press, California. 

• Nester, E.W., Roberts, C.V. and Nester, M.T. 1995. Microbiology: A human 
perspective. IWOA, U.S.A. 

• Pelczar Jr, M.J. Chan, E.C.S. and Kreig, N.R. 1993. Microbiology, Mc. Graw 

Hill. Inc, New York. 
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• Holt JG and Bergey DH. 1994. Bergey’s Manual of Determinative Bacteriology 

(9th Edition), Williams and Wilkins, Baltimore. 

• Mara D. and Horan N. 2003. The Handbook of Water and waste water 

Microbiology. Academic Press-An imprint of Elsevier. 

• Madigan M T, Bender K S, Buckley HD, Sattley WM, Stahl DA 2017. Brock 

Biology of Microorganisms - 15th edition. Pearson Education, USA. 

Websites 

• http://www.asmscience.org 
• http://www.asm.org 

• http://www.microbiologyonline.org.uk 

• http://www.microbeworld.org 

 

II Course Title : Microbial Physiology and Metabolism 

Course Code : MICRO 503* 

Credit Hours : 3+1 

Why this course? 

Microbial physiology is defined as the study of how microbial cell structures, 

growth and metabolism function in living organisms. Microbial physiology is important 

in the field of metabolic engineering and also functional genomic. The study of diversity 

of microbial metabolic processes & their regulation, how microbes respond to 

environment stress and manipulation and the genetic control of these processes are 

essential for their potential applications of microbial process for the production of 

commercial products. 

V. Aim of the course 

Microorganisms have tremendous metabolic diversity hence it’s intriguing to 

learn how these small creatures deal with different environmental conditions and either 

adopt themselves to it or convert it to favourable conditions by involving different 

physiological processes. The contents of this course will help students how microbes can 

grow on substrates other than glucose, their inorganic metabolism and photosynthesis 

and how do they respond to the changes in environment. It will elaborate the anaerobic 

respiration by variety of groups of microbes and nongenetic regulation at metabolic 

pathways. 

The course is organized as follows: 

o. Blocks Units 

1. Scope of microbial growth and 

physiology 

1. Structure, function  and 

biosynthesis  of cellular 
components 

2. Pathways and their significance, 

Growth kinetics and nutritional 

classifications 

1. Growth Kinetics, cell cycle, cell 

division, pathways and 

fermentation metabolism. 

2. Growth and factors affecting 

growth and culture systems. 

3. Nutritional classification and spore 

formation and germination 

3. Enzymes and microbial metabolisms 1. Kinetics and Mechanism of 

Enzymes 
2. Microbial metabolism 

4. Synthesis of macromolecules 1. Biosynthesis of macromolecules 

http://www.asmscience.org/
http://www.asm.org/
http://www.microbiologyonline.org.uk/
http://www.microbeworld.org/
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VI. Theory 

Block 1: Scope of Microbial Growth and Physiology 

Unit 1: Structure, function and biosynthesis of cellular components 

Microbial nutrition – Chemical composition of microbial cell – 

Structure, and function of cell membrane in prokaryotes, archaea and 

fungi – Macro and Micro- nutrients and their physiological functions – 
Transport of solutes across the membrane 

Block 2: Pathways and their Significance; Growth Kinetics and Nutritional 

Classifications 

Unit 1: Growth Kinetics, cell cycle, cell division, pathways and fermentation 

metabolism 

Microbial growth. Cell cycle and cell division. Bioenergetics - 

carbohydrate utilization via EMP, HMP, ED, TCA pathways, Aerobic and 

anaerobic respiration. Fermentative metabolism. Assimilation of nitrogen 

and sulphur - Oxygenic and anoxygenic photosynthesis - Mechanisms of 

carbon-dioxide fixation in prokaryotes. Ethanol, lactic acid, butanol, 

acetone and mixed acid fermentation. Fermentation of nitrogenous 

organic compounds ,Regulation of microbial metabolism. 

 
Unit 2: Growth and factors affecting growth and culture systems 

Effects of physical, chemical and other environmental factors on growth, 

Continuous culture, Diauxic growth and Synchronous culture. Method 

of growth measurement. Morphogenesis and cellular differentiation. 

Unit 3: Nutritional classification and spore formation and germination 

Metabolic diversity  in photoautotrophs, photoheterotrophs, 

chemoautotrophs and  chemoheterotrophs. Nutritional 

grouping/classification of microorganisms. Bacterial endospore-types, 
morphology, biochemistry and regulation of formation and germination 

Block 3: Enzymes and Microbial Metabolisms 

Unit 1: Kinetics and Mechanism of Enzymes 

Enzyme kinetics: Michaelis Menten kinetics - mechanisms of inhibition 

of enzyme activity - coenzymes and prosthetic groups. 

Unit 2: Microbial metabolism 

Methods to determine free energy of biochemical reactions - high energy 

compounds. Microbial metabolism: generation of ATP, reducing power, 

development of proton gradient and biosynthesis of ATP. 

Block 4:        Synthesis of Macromolecules Unit 

1: Biosynthesis of macromolecules 

Biosynthesis of macromolecules – Synthesis and assembly of cell wall 

components – Methods of studying biosynthesis 

VII. Practicals 

• Use of simple techniques in laboratory (Colorimetry, Centrifugation, 

electrophoresis and GLC, etc.). 

• Determination of viable and total number of cells. 

• Measurement of cell size. 



664  

• Gross cellular composition of microbial cell.. 

• Study of bacterial spores and factors affecting germination. 

• Enzyme activity and kinetics – calculating Km and Vmax of enzyme. 

• Demonstration of thermos-, meso-, and psychrophilic micro-organisms. 

• Production and testing of inducible enzymes in bacteria. 

• Sporulation and spore germination in bacteria. 

• Protoplasts formation and regeneration. 

• Estimation of generation time and specific growth rate for bacteria and yeast. 

• Diauxic growth curve. 

• Production of synchronous cells. 

• Effect of chemicals and environmental factors on bacterial growth. 

• Isolation and Identification of reserve food material (Glycogen/ polyphosphates, 

PHB) from bacteria (Azotobacter, Bacillus megaterium). 

• Growth of microorganisms on various carbon and nitrogen sources. 

VIII. Teaching methods/activities 

 Lecture

 Assignment (Reading/Writing)

 Publication Review

 Student presentation

 Group discussion

 Case Analysis and case studies

 Guest Lectures

IX. Learning outcome 

After successful completion of this course, the students are expected to be able 

to: 

 Knowledge about cell cycle and microbial pattern

 Growth and practical training on methods to determine microbialgrowth

X. Suggested Reading 

• Moat, A. G. and J. W. Foster. 2002. Microbial Physiology. John Wiley & Sons, 

New York, USA. 11th ed. Prentice-Hall, Inc. Englewood Cliffs, New Jersey. 

• Madigan, M.T, J.M. Martinko and J. Parker. 2006. Brock: Biology of 

Microorganisms, 11th ed. Prentice-Hall, Inc. Englewood Cliffs, New Jersey. 

• White, D. 2007. The Physiology and Biochemistry of Prokaryotes, 3rd Edition. 

Oxford University Press. 

• Downs, D. M. 2006. Understanding microbial metabolism. Annual Review of 

Microbiology 60, 533–559. 

• Hosler et al. 2006. Energy Transduction: Proton Transfer Through the 

Respiratory Complexes. Annual Review of Biochemistry 75, 165-187. 

•  Okuno et al. 2008. Correlation between the conformational states of F1- ATPase 

as determined from its crystal structure and single-molecule rotation. PNAS 

105(52): 20722-20727. 

• Itoh et al (2004) Mechanically driven ATP synthesis by F1-ATPase. Nature 427, 

465-468. 

• Doelle HW. 1969. Bacterial Metabolism. Academic Press. 
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• Gottschalk G. 1979. Bacterial Metabolism. Springer Verlag. 

• Nelson DL and Cox MM. 2017. Lehninger, Principles of Biochemistry, 4th 

Edition, W.H.Freeman & Company, 2004. (T1) 

• Voet D and Voet JG. 2002. Fundamentals of Biochemistry, Upgrade Edition, 

Wiley. 

Journals 

 Journal of Bacteriology.
 Advances in Microbial Physiology.

 Soil Biology and Biochemistry.

 Journal of Applied Bacteriology.

 Applied and Environmental Microbiology.

 Microbiology.

Websites 

• http://www.asmscience.org 
• http://www.asm.org 

• http://www.microbiologyonline.org.uk 

• http://www.microbeworld.org 

• http://www.textbookofbacteriology.net 

• https://www.e-education.psu.edu 

• http://www.ncbi.nlm.nih.gov/pubmed/12050002 

• http://www.journals.elsevier.com/bba-bioenergetics/ 

• http://www.bmb.leeds.ac.uk/illingworth/oxphos 

• http://www.atpsynthase.info/ 

• https://ocw.um.edu.my/course/view.php?id=67 

• https://mic.microbiologyresearch.org/content/journal/micro/ 

10.1099/mic.0.037143-0 

 

III Course Title : Microbial Genetics 

Course Code : MICRO 504 

Credit Hours : 2+1 

Why this course? 

Microbial Genetics has traditionally been a field of basic science research as 

microorganisms offer several features that facilitate the study of evolutionary process, 

understanding the genotype and its expression system. Students also hone their abilities 

to read, understand and critically evaluate research articles as well as improve 

presentation skills. 

V. Aim of the course 

This course is designed to provide an understanding of the fundamentals of 

genetic processes in prokaryotes and eukaryotes. The study of microbial genetics has 

provided much of the understanding of fundamental genetic processes for all organisms, 

especially through the use of in vivo and in vitro genetic tools. 

The course is organized as follows: 

 
No. Blocks Units 

1. Introduction to microbial 

genetics 

1. Historical perspectives of microbial 

genetics 

2. Genome of prokaryote, eukaryote (fungi) 

and virus 

http://www.asmscience.org/
http://www.asm.org/
http://www.microbiologyonline.org.uk/
http://www.microbeworld.org/
http://www.textbookofbacteriology.net/
http://www.e-education.psu.edu/
http://www.e-education.psu.edu/
http://www.ncbi.nlm.nih.gov/pubmed/12050002
http://www.journals.elsevier.com/bba-bioenergetics/
http://www.bmb.leeds.ac.uk/illingworth/oxphos
http://www.atpsynthase.info/
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  3. Genetic elements - chemical structure 

andproperty, enzymes associated and 

replication 

4. Extra-chromosomal DNA in bacteria 

andeukaryotic cells 

2. Gene expression and regulation 1. Introduction to Gene structure and 

expression 

2. Regulation of gene expression 

3. 3. Mutation, genetic 

recombination 

1. Principles of mutation and types and 

sequencing 2. Mutagens and their mode 

of action 

3. DNA damage – DNA repair mechanisms in 

bacteria 

4. Genetic recombination in bacteria 
5. Gene Sequencing 

   

 

VI. Theory 

Block 1:    Introduction to Microbial Genetics 

Unit 1:      Historical perspectives of microbial genetics 

Introduction to Microbial genetics; Historically important events and major 

contributions of scientists in the field of Microbial genetics; Terminologies 

employed in microbial genetics and definitions; Nucleic acid – overview 

DNA, RNA. 

Unit 2:      Genome of prokaryote, eukaryote (fungi) and virus 

Bacterial genome Eukaryotic genome; Viral genome; Difference between 

prokaryotic and eukaryotic genome; Mechanisms and role of prokaryotic 

genome- an overview. 

Unit 3: Genetic elements - chemical structure and property, enzymes associated 

and replication 

Structure of DNA – A form, B form, Z form; RNA- tRNA, mRNA, rRNA; 

Role and Replication of DNA and RNA; Enzymes involved in Replication 

and its role. 

Unit 4:      Extra-chromosomal DNA in bacteria and eukaryotic cells 

Plasmids, Mitochondrial DNA, Chloroplast DNA – structure and function. 

Block 2:    Gene Expression and Regulation 

Unit 1:      Introduction to gene structure and expression 

Gene structure and expression, principles of operon, gene expression in 

prokaryote and eukaryotes, intron and exons, post transcriptional 

modifications. 

Unit 2:      Regulation of gene expression 

Regulation of gene expression, negative expression (lac operon and trp 

operon), positive regulation (cAMP). 

Block 3: Mutation, Genetic Recombination and Sequencing 

Unit 1: Principles of mutation and types 
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Principles of mutation, spontaneous and induced mutation, different types 

of mutations, selection principles of mutants. 

Unit 2: Mutagens and their mode of action 

Mutagens and their mode of action, transposable elements and insertion 

sequences. 

Unit 3: DNA damage - DNA repair mechanisms 

DNA damage, DNA repair mechanisms in bacteria. 

Unit 4: Genetic recombination in bacteria 

Genetic recombination in bacteria, mechanisms of recombination, 

transformation, conjugation, transduction. 

Unit 5: Gene sequencing 

Gene cloning and gene sequencing. Impact of gene cloning, polymerase 

chain reaction, DNA sequencing, recombinant DNA technology. 

VII. Practicals 

• Isolation of genomic DNA from pure cultures of bacteria and fungi. 

• Visualization of mega plasmids of bacteria. 

• Isolation of bacterial plasmids and Plasmid curring. 

• Qualitative and quantitative assay of DNA by spectrometry and gel- 

electrophoresis. 

• Inducing mutation by chemicals, physical and biological agents. 

• Transformation and selection of transformants. 

• Amplification of gene of interest by PCR – cloning and expression. 

• Isolation of metagenomic DNA from environmental samples. 

VIII. Teaching methods/activities 

 Lecture

 Assignment (Reading/Writing)

 Student presentation

 Group work in practical

 Field visit

 Case studies

IX. Learning outcome 

After successful completion of this course, the students are expected to be able to: 

 Identify and distinguish genetic regulatory mechanisms at different levels 

 Plan basic experiments in Microbial genetics 

 Describe and summarize experimental work in a correct way. 

X. Suggested Reading 

• Brown TA. 2001. Gene Cloning and DNA Analysis: An Introduction. Fourth 

Edition. Blackwell Science Inc., Oxford, UK. 

• Levin B. 2002. Gene VIII. Oxford Univ. Press, New York. p.990. 

• Maloy SR, Cronan JE, Freifelder D. 2008. Microbial Genetics - second edition. 

Narosa Publising house, New Delhi. p. 525. 

• Omoto CK and Lurquin PF. 2004. Genes and DNA: a beginner’s guide to 

genetics and its applications. Colambia University Press, USA. 
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• Sambrook J, Fritsch EF, Maniatis T. 2000. Molecular Cloning: A laboratory 

Manuel. Third Edition. Cold Spring Harbor Press, New York. 

• Streips UN, Yasbin RE. 2006. Modern Microbial Genetics. Wiley – Liss. John 

Wiley & sons, Inc. Publication, NY. 

• Birge EA. 1981. Bacterial and Bacteriophage Genetics. Springer Verlag. 

• Gardner JE, Simmons MJ and Snustad DP. 1991. Principles of Genetics. John 

Wiley& Sons. 

• Lewin B.1999. Gene. Vols. VI-IX. John Wiley & Sons. 

• Maloy SR, Cronan JE and Friedfelder D. 2008. Microbial Genetics. Narosa. 

• Scaife J, Leach D and Galizzi A 1985. Genetics of Bacteria. Academic Press. 

William Hayes 1981. Genetics of Bacteria. Academic Press. 

• Strips UN, Yasbin RE *2006. Modern Microbial Genetics. Wiley-Liss, NY. 

Websites 

• http://highered.mcgraw-hill.com/sites/0072552980/student_view0/chapter9/ 

• http://highered.mcgrawhill.com/sites/0072835125/student_view0/animations.html 

• http://cwx.prenhall.com/brock/ 

• http://www.cliffsnotes.com/sciences/biology/microbiology 

•http://plato.acadiau.ca/courses/biol/Microbiology/home.HYPERLINK 

“http://plato.acadiau.ca/ 

courses/biol/Microbiology/home.html”html 

• http://www.learner.org/courses/biology/index.html 

 
Course Title : Soil Microbiology 

Course Code : MICRO 505* 

Credit Hours : 2+1 

Why this Course? 

Understanding the function of the soil ecosystem in relation to ever changing soil 

conditions is key to understanding the basic mechanisms of soil productivity. This is 

important in light of the urgency to change agricultural practices and also the problems 

of xenobiotic compounds in soils. The possible perturbations caused by pollution, intense 

agricultural practices or changing land use–are of major concern. The possibility of 

involvement of nonculturable or minute cell fractions requires innovative research using 

molecular biological techniques. Information on the effects of different root parts versus 

bulk soil is interesting. Role of microorganisms in biogeochemical cycles and their 

interactions decide the nutrients available to crops. The rhizosphere– the micro 

environment around plant roots houses intense biological, physical and geochemical 

activity distinguishing it from surrounding soil. Diversity, distributions, activities and 

interactions of innumerable organisms affect and are affected by availability of energy 

and nutrients, soil-water content and rhizosphere redox states. Soil food webs and 

nutrient cycling in agro ecosystems is of prime concern. 

V. Aim of the course 

 To help unlock and harness the potential of microorganisms in soil. 

 To know the potential benefit of consortia of microorganisms to protect plants 

from different stresses. 

http://highered.mcgraw-hill.com/sites/0072552980/student_view0/chapter9/
http://highered.mcgrawhill.com/sites/0072835125/student_view0/animations.html
http://cwx.prenhall.com/brock/
http://www.cliffsnotes.com/sciences/biology/microbiology
http://plato.acadiau.ca/courses/biol/Microbiology/home.HYPERLINK
http://plato.acadiau.ca/courses/biol/Microbiology/home.HYPERLINK
http://plato.acadiau.ca/
http://www.learner.org/courses/biology/index.html
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 To study the role of microorganisms in the ecosystem functioning, nutrient 

cycling and biogeochemical processes including soil enzymes, through their 

metabolic activity and interactions. 

The course is organized as follows: 
 

No. Blocks Units 

1. Developments in soil 

Microbiology and Soil 

parameters 

1. Historical prospective of soil 

microbiology. Factors affecting soil 

microflora 
2. Ecology of soil microbiology 

2. Microbiology and Biochemistry 
of Plant parts 

1. Plant parts and soil interface interaction 

3. Role of microorganisms in 

nutrient biocycle 

1. Microbial transformations of various 

nutrients 

2. Microbial degradation of organic matter 

3. Microbial diversity 

4. Role of microorganisms in biodegradation 

of xenobiotics and pesticides. 

 

VI. Theory 

Block 1:    Developments in Soil Microbiology and Soil Parameters 

Unit 1: Historical prospective of soil microbiology. Factors affecting soil microflora. 

Landmarks in the history of soil microbiology. Abiotic factors (physical and 

chemical) affecting soil microflora as pH, chemicals, moisture, air, 

temperature etc. 

Unit 2:      Ecology of soil microbiology 

Soil biota, Soil microbial ecology, types of organisms in different soils; 

Soil microbial biomass; Microbial interactions: unculturable soil biota. 

Block 2: Microbiology and Biochemistry of Plant Parts 

Unit 1: Plant parts and soil interface interaction 

Microbiology and biochemistry of root-soil interface; phyllosphere, plant 

growth promoting rhizobacteria, soil enzyme activities and their importance. 

Block 3: Role of Microorganisms in Nutrient Biocycle Unit 

1: Microbial transformation of various nutrients 

Microbial transformations of nitrogen, phosphorus, sulphur, iron and 

manganese in soil. Siderophores and antimicrobials. 

Unit 2:      Microbial degradation of organic matter 

Biochemical composition and biodegradation of soil organic matter and crop 

residues. 

Unit 3:      Microbial diversity 

Endophytic microorganisms, Mycorrhizae, types and role in phosphate 

mobilization. Potassium releasing bacterium. Microbes in biotic and abiotic 

stress management. 



670  

Unit 4: Role of microorganisms in biodegradation of xenobiotics and 

pesticides 

Biodegradation of pesticides, Organic wastes and their use for production 

of biogas and manures: Biotic factors in soil development. 

VI. Practicals 

• Determination of soil microbial population 

• Determination of Soil microbial biomass 

• Decomposition studies in soil based on the carbon dioxide evolution, 

• Soil enzymes- Determination of dehydrogenase activity 

• Measurement of important soil microbial processes such as ammonification, 

Nitrification, N2 fixation, S oxidation, P solubilization and mineralization of 

other micro nutrients 

• Study of rhizosphere effect 

• Microbial diversity of Endophytic microorganisms 

• Observation of Mycorrhizae, types and Potassium releasing bacterium 

• Effect of Microbes on biotic and abiotic stress management 

VII. Teaching methods/activities 

 Lectures. To use ppt and video clippings whenever necessary based on the topics 

that are hard to understand. 

 The students must be assigned either in individual or in groups to identify the 

soils and crops grown and must get respective soil samples and plants for 

analyzing the microorganisms. They must subject the culture for various analysis 

depending upon the culture such a nitrogen fixing ability, phosphate solubilising 

property etc. 

 Testing their efficiency through growth studies 

VIII. Learning outcome 

 Students will become familiar to the types of microbes in soil and their 

association with plants. 

 The exclusive role of microorganisms in plant growth can be thoroughly 

understood. 

IX. Suggested Reading 

 Paul EA. 2015. Soil Microbiology, Ecology and Biochemistry. Elsevier 

 Jan Dirk Van Elsas, Trevors JT and Elizabeth M.H. Wellington, 1997. Modern 

Soil Microbiology. Marcel Dekker, Inc. 

 Paul EA. 2007. Soil Microbiology and Biochemistry 3rd Edition. Academic 

Press. 

 Cardon ZG and Whitbeck JL. 2007. The Rhizosphere An Ecological 

Perspective. Academic Press. 

 Schulz BJE, Boyle CJC and Sieber TN (Edrs). 2006. Microbial Root 

Endophytes. Pub Springer. 

 Magesin R and Schinner F. (Edrs). 2005. Manual of soil analysis monitoring 

and assessing soil Bioremediation. Pub: Springer. 
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 Pinton R, Varanini Z and Nannipiers P. The Rhizosphere Biochemistry & 

organic substances at the soil-plant interface. Pub: CRC Press. 

 Prasad TV. 2011. A Text Book of Soil Microbiology. Dominant Publishers & 

Distributors, New Delhi. 

 Mukerji KG, Manoharachary C and Singh J. 2006. Microbial activity n the 

Rhizosphere. Pub: Springer. 

Journals 

 European Journal of Soil biology. 

 Canadian Journal of Microbiology 

 Annual Review of Microbiology 

 Journal of the Indian Society of Soil Science. 

 Soil Biology and Biochemistry 

 Applied soil ecology 

Websites 

• www.nature.com 
• www.microbiologysociety.org 

• www.sare.org 

 
I. Course Title : Microbial Biotechnology 

II. Course Code : MICRO 506 

III. Credit Hours : 2+1 

IV. Why this course? 

To give practical knowledge on fermentation and to develop fermentation for 

industrial application. Hence, this customised course. 

V. Aim of the course 

The aim is to teach students about industrially useful microorganisms and use of 

fermentor for the production of various primary and secondary metabolites The course is 

organized as follows: 

No. Blocks Units 

1. Scope of Microbial Technology 

and Fermentation Metabolism 

1. Microbial Biotechnology 
2. Fermentation Metabolism 

3. Fermenter/bioreactor design and operation 
4. Fermentation system 

2. Recombinant products 1. Production of recombinant 

3. Microbial conversion and their 

product formation 

1. Industrial production of beverages, acids 

and solvent 

2. New tools and recent advances in microbial 

biotechnology 

 
VI. Theory 

Block 1: Scope of Microbial Technology and Fermentation Metabolism 

Unit1: Microbial Biotechnology: 

Introduction, Scopes, historical development, application and 

challenges. 

Unit 2: Fermentation Metabolism 

http://www.nature.com/
http://www.microbiologysociety.org/
http://www.sare.org/
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Fermentative metabolism, isolation, preservation screening and 

genetic improvement of industrially important microbes; Microbial 

growth kinetics. 

Unit 3:     Fermenter/bioreactor design and operation 

Fermenters – types of fermenter, stirred tank reactor, bubble column 

reactor, airlift reactor, packed bed reactor, fluidized bed reactor and 

trickle bed reactor, agitation and aeration in a reactor, mass transfer. 

Foam formation and control. 

Unit 4:     Fermentation system 

Types, Batch, Fed batch and continuous fermentation- multistage 

system. Solid state fermentation, Overproduction of primary and 

secondary metabolites e.g. amino acids, organic acids, alcohols, 

enzymes, organic solvents, antibiotics, etc. 

Immobilization of enzymes; and cells; Scale-up principles; Down- 

stream processing, etc. 

Block 2:    Recombinant Products Unit 

1: Production of recombinant 

Current advances in production of antibiotics, vaccines, and biocides; 

Steroid transformation; Bioprocess engineering; Production of 

recombinant DNA products, Immobilization techniques. 

Block 3: Microbial Conversion and their Product Formation 

Unit 1: Industrial production of beverages, acid and solvent 

Production of alcohol (ethanol, wine and beer) and improvement by 

genetic engineering. Microbial production of acids (citric, acetic and 

gluconic acid) solvents (glycerol acetone and butanol) aminoacids 

(lysine and glutamic acid). 

Unit 2: New tools and recent advances in microbial biotechnology 

Concept of probiotics and applications of new tools of biotechnology 

for quality feed/food production; Microorganisms and proteins used 

in probiotics; Lactic acid bacteria as live vaccines; Bioconversion of 

substrates, anti-nutritional factors present in feeds; Microbial 

detoxification of aflatoxins; Microbial polysaccharides: fermentative 

production of xanthan gums.  Bacterial  bioplastics, genetic 

engineering of microorganisms for the production of poly-3 

hydroxyalkanoates. Single  cell protein, Bio-insecticides; Bio- 

fertilizers; Waste as source of energy/food Microbiologically 

produced food, colours, and flavours. Retting of flax. Recent 

advances in microbial biotechnology. 

VII. Practicals 

 Isolation and maintenance of industrially important microbes

 Production of alcohol

 Production of beer

 Production of citric acid
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 Production of lactic acid

 Standardization of physical factors for the higher production of citric acid

 Production and assay of antibiotics

 Production of pullulan

 SCP production

 Study of bioreactors and their operation

VIII. Teaching methods/activities 

 Lecture

 Assignment (Reading/Writing)

 Publication Review

 Student presentation

 Group discussion

 Case Analysis and case studies

 Guest Lectures

 

 
IX. Learning outcome 

After successful completion of this course, the students are expected to be able 

to: 

 Better knowledge on industrially important microbes

 Important downstreaming processes followed for product development

X. Suggested Reading 

 Cruger W and Cruger A. 2004. Biotechnology - A Textbook of Industrial 

Microbiology. 2nd Ed. Panima.

 Ward OP. 1989. Fermentation Biotechnology. Prentice Hall.

 Wiseman A. 1983. Principles of Biotechnology. Chapman & Hall

 Peppler HJ and Perlman D.1979. Microbial Technology. 2nd Ed. 
Academic Press.

Websites 

• http://www.asmscience.org 

• http://www.asm.org 

• http://www.microbiologyonline.org.uk 

• http://www.microbeworld.org 

 
Course Title : Food Microbiology 

Course Code : MICRO 507* 

Credit Hours : 2+1 

Why this course? 

Food Microbiology focuses on a wide variety of current research on microbes 

that have both beneficial and deleterious effects on the safety and quality of foods, and 

are thus a concern of public health. 

http://www.asmscience.org/
http://www.asm.org/
http://www.microbiologyonline.org.uk/
http://www.microbeworld.org/
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This course, food microbiology focuses specifically on issues of food spoilage 

caused by the presence of food-borne pathogens. Students are instructed in methods of 

sanitation and preservation during food preparation and processing. 

V. Aim of the course 

To familiarize the students with recent advances in food microbiology including 

fermented foods, dairy, food preservation, detection of food- borne diseases, their 

control measures. 

The course is organized as follows: 

No. Blocks Units 

1. Historical Perspective and Scope 

of Microbiology in relation to 

food 

1. Importance and significance of 

microorganisms in food 

2. Factors of special significance in Food 

Microbiology 

3. Microbial spoilage of different types of 

foods 

2. Fermentation and Food 
Preservation 

1. Food fermentation methods 
2. Preservatives and preservation methods 

3. Food safety and Quality 1. Advanced techniques in detecting food- 

borne 

Management Systems pathogens and 

toxins. 

VI. Theory 

Block 1: Historical Perspective and Scope of Microbiology in Relation to 

Food 

Unit 1: Importance and significance of microorganisms in food 

Introduction and  scope; Food Microbiology Important 

microorganisms in food and  their sources. Importance and 

significance of microorganisms in food. 

Unit 2: Factors of special significance in Food Microbiology 

Intrinsic and extrinsic factors influencing microbial growth in foods; 

Spores and their significance; Indicator organisms and 

Microbiological criteria. 

Unit 3:     Microbial spoilage of different types of foods 

Microbial spoilage of meat, milk, fruits, vegetables and their products. 

Food-borne pathogens (bacteria, fungi and viruses) and intoxication. 

Block 2: Fermentation and Food Preservation Methods 

Unit 1: Food fermentation 

Fermented dairy, vegetable, meat products. 

Unit 2: Preservatives and preservation methods 

Physical methods, chemical preservatives and natural antimicrobial 

compounds. Biologically based preservation systems. Foods for 

Specified Health Probiotic bacteria; Bifidus factor. Bacteriocins and 

their applications; Pre-, probiotics and symbiotics. Microbes as food 

single cell protein. 



675  

Block 3: Food Safety and Quality Management Systems 

Unit 1: Advanced techniques in detecting food-borne pathogens and toxins 

Food safety and Quality Management Systems- General principles 

of food safety risk management, Recent concerns on food safety- Safe 

food alternatives (Organic foods), Good agricultural Practices (GAP), 

Food Indicators of water and food safety and quality Advanced 

techniques in detecting food-borne pathogens and toxins. HACCP 

(Hurdle technology and Hazard analysis. Critical control point) 

CODEX, FSSAI (Food Safety and Standard Authority of India) 

systems in controlling microbiological hazards in foods. Food safety 

regulations 

VII. Practicals 

 Statutory, recommended and supplementary tests for microbiological 

analysis of various foods 

 Infant foods, canned foods, milk and dairy products, eggs, meat, vegetables, 

fruits, cereals, surfaces, containers, normal, spoiled, processed, fermented 

food and water 

 Testing of antimicrobial agents 

 Analysis of water 

 HACCP Plan 

 Visit to Food processing Industries 

VIII. Teaching methods/activities 

 Lecture 

 Assignment (Reading/Writing) 

 Student presentation 

 Group Work in Practical 

 Visit to Food processing Industries 

IX. Learning outcome 

With this course the students are expected to be able to learn 

 Important microorganisms in food and their sources. 

 Various Factors of special significance in Food Microbiology. 

 Biologically based preservation systems of foods. 

 Advanced techniques in detecting food-borne pathogens and toxins. 

X. Suggested Reading 

 Bibek Ray. 1996. Fundamentals of Food Microbiology. CRC Press. 

 Frazier W.C. and Westhoff D.C. 1991. Food Microbiology. 3rd Ed. Tata 

McGraw Hill. 

 George J Banwart. 1989. Basic Food Microbiology. AVI. James M Jay. 1987. 

Modern Food Microbiology. CBS. 
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 Peppler H.J. and Perlman D. 1979. Microbial Technology. 2nd Ed. Academic 

Press. 

 Adams, M.R., and M. O. Moss 1996. Food Microbiology, New Age International 

(Rt) Ltd., New Delhi. 

 Frazier, W.C. and D.C. Westhoff, 1988. Food Microbiology (Reprint 1995), Tata 

McGraw Hill Publishing Ltd., New Delhi. 

 James M. Jay., Loessner, M.J. and Golden D.A. 2005. Modern Food 

Microbiology, Seventh edition. 

 Verma, L.K. and Joshi, V.K. 2000. Post Harvest Technology of Fruits and 

Vegetables, Tata McGraw Hill Publication. 

 Bhunia AK. 2008. Foodborne Microbial Pathogens- Mechanisms and 

Pathogenesis, Food Science text Series, Springer International, New York, USA. 

 Benwart, G.J. 1987. Basic Food Microbiology, CBS Publishers & Distributors, 

New Delhi. 

 Deak, T. and Beuchat LR. 1996. Hand Book of Food Spoilage Yeasts, CRC 

Press, New York. 

 Doyle, M.P. and Beuchat, L. R. 2007. Food Microbiology- Fundamentals and 

Frontiers, ASM Press. 

 Garbutt, J., 1997. Essentials of Food Microbiology, Armold – International 

Students edition, London. 

 Marriott, N.G. and Gravani R. B. 2006. Principles of Food Sanitation, Food 

Science text Series, Springer International, New York, USA. 

Websites 

• https://www.journals.elsevier.com/food-microbiology 

• https://www.nature.com/subjects/food-microbiology 

• https://www.frontiersin.org/journals/microbiology/sections/food-microbiology 

• https://www.sciencedirect.com/journal/food-microbiology 

 
Course Title : Bacteriophages 

Course Code : MICRO 508 

Credit Hours : 1+1 

Why this Course? 

Bacteriophages are viruses that infect and reproduce in bacteria. Phages are 

inherently highly specific towards bacterial hosts. This characteristic has both negative 

and positive aspects in that it is beneficial in terms of avoiding negative effects on the 

host microbiota and a hindrance when it comes to detection and elimination of the target 

pathogen Course is formulated to demonstrate the complete sequence of host parasite 

reactions and provide a model by which virus –host cell reactions can be postulated for 

infection in higher plants and animals. 

http://www.journals.elsevier.com/food-microbiology
http://www.journals.elsevier.com/food-microbiology
http://www.nature.com/subjects/food-microbiology
http://www.nature.com/subjects/food-microbiology
http://www.frontiersin.org/journals/microbiology/sections/food-microbiology
http://www.frontiersin.org/journals/microbiology/sections/food-microbiology
http://www.sciencedirect.com/journal/food-microbiology
http://www.sciencedirect.com/journal/food-microbiology
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V. Aim of the course 

To familiarize the students about phages and phage- bacterial interactions. 

Bacteriophages have been of intense value in elucidating many biological 

phenomena, including those concerned with genetics. 

The course is organized as follows: 

 
No. Blocks Units 

1. Bacteriophages 1. Historical prospective of bacteriophages 
2. Biological processes of phage bacterial 

interaction 

3. Life cycle of bacteriophages 
4. Biotechnological Genetic manipulation 

 
VI. Theory 

Block 1: Bacteriophages 

Unit 1: Historical prospective of bacteriophages. 

Historical developments and classification of bacteriophages. 

Unit 2: Biological processes of phage bacterial interaction 

Physiology, biochemistry, enzymology and molecular biology of 

phage- bacterial interactions. 

Unit 3: Life cycle of bacteriophages. 

Structure, functions and life cycles of P2 phage, Lambda phage, 

M13 phage, ÕX174 phage. 

Unit 4: Biotechnological Genetic manipulation 

Phages in the development of molecular biology and genetic 

engineering. 

VII. Practicals 

 Titration of phages and bacteria. 

 Absorption of phages. 

 Preparation of phage stocks. 

 Isolation of new phages and phage resistant bacteria. 

 One step growth curve, phage bursts. 

 Induction of lambda. 

 Complementation of T4rII mutantsetc. 

VIII. Teaching methods/activities 

 Lecture 

 Assignment (Reading/Writing) 

 Student presentation 

 Group Work in Practical 

IX. Learning outcome 

With this course the students are expected to be able to learn 

 About different phages and phage- bacterial interactions. 

 Intensible value Bacteriophage in elucidating many biological 

phenomena, including those concerned with genetics. 
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 Development of molecular biology and genetic engineering 

X. Suggested Reading 

 Birge EA. 2000. Bacterial and Bacteriophage Genetics. Springer- Verlag. 

Mathew CK. 1972. Bacteriophage Biochemistry. Am. Chemical Soc. 

 Mathew CK, Kutter EM, Mosig G & Berget P. 1988. Bacteriophage T4. 

Plenum Press. 

 Nancy T and Trempy J. 2004. Fundamental Bacterial Genetics. 

Blackwell. Stent SG. 1963. Molecular Biology of Bacterial Viruses. WH 

Freeman and Co. 

 Winkler J, Ruger W and Wackernagel W. 1979. Bacterial, Phage and 

Molecular Genetics - An Experimental Course. Narosa. 

 Winkler U and Rugr W. 1984. Bacteria, Phage and Molecular Genetics. 

ALA. 

Websites 

• https://www.nature.com/scitable/definition/bacteriophage-phage-293 

• https://www.phe-culturecollections.org.uk/news/nctc-news/the-rise-and-rise- 

ofbacteriophages.aspx 

• https://www.khanacademy.org/science/biology/biology-of-viruses/virus- 

biology/a/ bacteriophages 

 
 

I. Course Title : Environmental Microbiology 

II. Course Code : MICRO 509 

III. Credit Hours         :    2+1 

IV. Why this Course? 

This course deals with the study of composition and physiology of microbial 

communities in the environment. Diversity of microbial populations and their important 

roles in air, water, soils and sediments. Microbial community ecology and interactions 

with plants and animals. Microbial communities control nutrient cycles and 

transformation of compounds. Deeper understanding about the beneficial and harmful 

effects of microbial communities in the environment will help, so this course has been 

mandated. 

V. Aim of the course 

The course is designed to introduce students to diverse microbial population and 

their important roles in environmental processes in air, water, soils and sediments.types 

of microorganisms found in the air, terrestrial and aquatic environments. Interaction of 

microbial communities with plants and animals. Geochemically and environmentally 

significant processes that are contributed by the activities of microorganisms. Methods 

that are used to identify and enumerate bacteria in natural environments and also how 

specific microbial activities. Impact of microbial degradation of organic contaminants 

and xenobiotics. 

The course is organized as follows: 

No. Blocks Units 

1. Microbial ecology 1. Scope of   Environmental   microbiology 

http://www.nature.com/scitable/definition/bacteriophage-phage-293
http://www.nature.com/scitable/definition/bacteriophage-phage-293
http://www.phe-culturecollections.org.uk/news/nctc-news/the-rise-and-rise-
http://www.phe-culturecollections.org.uk/news/nctc-news/the-rise-and-rise-
http://www.khanacademy.org/science/biology/biology-of-viruses/virus-
http://www.khanacademy.org/science/biology/biology-of-viruses/virus-
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  and Ecological Niche. 
2. Microorganisms and their natural habitats 
3. Extremophiles 

2. Microbial interaction 1. Biogeochemical cycles 
2. Waste water and solid waste treatment 

3. Microbial upgradation in fossil 

fuels and interaction in rumen 
and gastrointestinal tract 

 

 

VI. Theory 

Block 1: Microbial Ecology 

Unit 1: Scope of Environmental microbiology and Ecological Niche 

Scope of environmental microbiology, Microbial ecology: Microbial 

evolution and biodiversity – Ecological niches – Definitions, biotic 

and abiotic environment. Environmental segments. Composition and 

structure of environment. Concept of biosphere, communities and 

ecosystems. Ecosystem characteristics, structure and function. Food 

chains, food webs and trophic structures. Ecological pyramids. 

Unit 2: Microorganisms and their natural habitats 

Microorganisms and their natural habitats: Aeromicrobiology, 

Astrobiology, Methane and chlorates on Mars, terrestrial analogues. 

Biofilms and microbial mats, Aquatic ecosystems- Public Health 

Microbiology. 

Unit 3:     Extremophiles 

Extremophiles: Definition and ecological aspects. Thermophiles, 

Xerophiles, Psychrophiles, Piezophiles, Alkaliphiles, Acidophiles- 

Halophiles and Barophiles. Environmental Distribution and 

Taxonomic Diversity, Physiology, Adaptive mechanisms, Enzymes, 

Applications. 

Block 2: Microbial Interaction 

Unit 1: Biogeochemical cycles 

Biogeochemical cycling and its consequences. Global environmental 

problems. 

Unit 2:     Waste water and solid waste treatment 

Microbiology of wastewater and solid waste treatment: - Waste- 

types-solid and liquid waste characterization, physical, chemical, 

biological, aerobic, anaerobic, primary, secondary and tertiary 

treatments. Anaerobic processes-Bioremediation of nuclear wastes. 

Bioconversion of Solid Waste and utilization as fertilizer. 

Bioaccumulation of heavy metal ions from industrial effluents. 

Biomining. Microbiology of degradation of xenobiotics in the 

environment, ecological considerations, decay behavior. 

Unit 3:     Microbial upgradation in fossil fuels and interaction in rumen and 

gastrointestinal tract. 
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VII. Practicals 

Microbial upgradation of fossil fuels and coal gas. Microbial 

interaction in rumen and gastrointestinal tract. 

 Determination of indices of pollution by measuring BOD/COD of 

different effluents. 

 Microbial Analysis of natural waters. 

 Quality control tests, waste treatment and anaerobic digestion; 

 Demonstration of waste water treatment processes such as activated 

sludge processes, biofilter and fluidized bed process. 

 Bacterial reduction of nitrate from ground waters. 

 Isolation and purification of degradative plasmid of microbes growing in 

polluted environments. 

 Recovery of toxic metal ions of an industrial effluent by immobilized 

cells. 

 Utilization of microbial consortium for the treatment of solid waste 

[Municipal Solid Waste] 

 Biotransformation of toxic metal ions into non-toxic metals ions. 

 Microbial dye decolourization/adsorption. 

 Biotrap based isolation of selective functional microbes. 

 Thermophlic enzyme in biomass deconstructions. 

 Halophilic microbes from salt lake-Pesticide degradation by microbes 

VIII. Teaching methods/activities 

o Lecture 

o Assignment (Reading/Writing) 

o Student presentation 

o Group Work in practical 

o Field visit 

o Case studies 

IX. Learning outcome 

After successful completion of this course, the students are expected to be able 

to:  
o Appreciate the diverse microbial communities in environment and will be 

able to isolate and enumerate them from different environment. 

o Realise the significance of microbial communities in biogeochemical 
cycles and their beneficial aspects to plants. 

o Role of microorganism which are involved for bioremediation of harmful 
xenobiotic compounds. 

X. Suggested Reading 

 Campbell R. 1983. Microbial Ecology. Blackwell. 

 Hawker LE & Linton AH. 1989. Microorganisms Function, Form and 
Environment. 2nd Ed. Edward Arnold. 

 Richards BN. 1987. Microbes of Terrestrial Ecosystem. Longman. 

 Mitchell R. 1992. Environmental Microbiology. John Wiley & Sons. 

 Baker K.H. and Herson D.S. 1994. Bioremediation. McGraw Hill Inc., N.Y. 
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 Metcalf and Eddy HP. 2004. Waste Water Engineering - Treatment, Disposal 

and Re-use. Inc., Tata McGraw Hill, New Delhi. 

 McEldowney S Hardman DJ and Waite S. 1993. Pollution: Ecology and 

Biotreatment. Longman Scientific Technical. 

 Mitchell R, and GuJi-Dong. 2010. Environmental Microbiology. John V, Wiley 

Sons. Inc. 

 Waste Water Microbiology 2nd Edition. Bitton. Chemistry and Ecotoxicology 

of pollution. Edited by Des. W. Connell, G.J. Miller. Wiley Interscience 

Publications. 

 Bitton G. 2010. Waste Water Microbiology 2nd Edition. 

 Connell OW and Miller GJ. 1984. Chemistry and Ecotoxicology of pollution. 

Wiley Interscience Publications. 

 Forster CF and John Wase DA. Environmental Biotechnology. Ellis Horwood 

Ltd. Publication. 

 Trivedi RK. 1998. Advances in Waste Water Treatment Technologies. Volumes 

II and I Global Science Publication. 

 Lawrence P, Wacekett C and Hershberger D. 2000. Biocatalysis and 

Biodegradation: Microbial transformation of organic compounds. ASM 

Publications. 

 Hurst CJ. 2001. A Manual of Environmental Microbiology. 2nd Edition. ASM 

Publications. 

Websites 

• http://microbiology.ucsc.edu. 

• http://www.asm.org 

 

Course Title : Industrial Microbiology 

Course Code : MICRO 510 

Credit Hours       :    2+1 

 
IV. Why this Course? 

The syllabus of industrial microbiology is oriented towards the industrial 

application of microorganisms and recent microbial products. After studying this course 

students will know the industrial aspects of microbiology. 

V. Aim of the course 

To expose the students to the commercial exploitation of microorganisms for 

production of useful products. Focus will be on understanding of the techniques involved 

and the application of microorganisms for agribusiness purpose. 

The course is organized as follows: 

No. Blocks Units 

1. Basics of Industrial 

Microbiology 

1. Historical account of microbes in 

industrial Microbiology. 
2. Fermented Microbial products. 

2. Bioplastics, Biopolymers & 

Biofuels 

1. Biocontrol agents and Biopesticides 
2. Industrial production of Bioplastics and 

biopolymers 
3. Production of valuable products. 

http://microbiology.ucsc.edu/
http://www.asm.org/
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VI. Theory 

Block 1: Basics of Industrial Microbiology 

Unit 1:    Historical account of microbes in industrial microbiology 

Introduction to Industrial Microbiology. Sources and characters of 

industrially important microbes; their isolation, purification and 

maintenance. types of fermentation and fermenters. Microbial growth 

kinetics in batch, continuous and fed-batch fermentation process. 

Unit 2:    Fermented Microbial products 

Bioreactors: Types and configuration. Microbiology and production 

of alcoholic beverages; Malt beverages, distilled beverages, wine and 

champagne; Commercial production of organic acids like acetic, 

lactic, citric, and gluconic acids, Commercial production of important 

amino acids (glutamic acid, lysine and tryptophan), vitamins 

(riboflavin and vitamin A), enzymes, antibiotics and single cell 

proteins. 

Block 2: Bioplastics, Biopolymers and Biofuels 

Unit 1: Biocontrol agents and Biopesticides 

Biocontrol agents and Biopesticides: Biocontrol agents and their scope 

in control of plant diseases, nematodes and insect pests. Role of 

bioagents in sustainable agriculture. 

Unit 2:     Industrial production of Bioplastics and biopolymers 

Introduction & industrial production of Bioplastics: Microorganisms 

involved in synthesis of biodegradable plastics and microbial 

pigments and biopolymers. Biosensors: Development of biosensors to 

detect food contamination and environment pollution. Biofuels: 

Production of ethanol, biogas and hydrogen from organic residues, 

fuels from algae; Mushroom cultivation. 

Unit 3:     Production of valuable products 

Genetic engineering of microbes, Role of recombinant microbes in 

industrial sectors for enhanced production of valuable products. 

Mechanisms of pesticide degradation by microbes. Biomining: Coal, 

mineral and gas formation, prospecting for deposits of crude, oil and 

gas, recovery of minerals from low-grade ores. 

VII. Practicals 

 Isolation and purification of industrially important microbes (Bacteria, 
fungus and yeasts) 

 Production of industrial compounds such as alcohol, beer, citric acid, 

lactic acid acetic acids gluconic acid and their recovery 

 Demonstration of biogas production 

 Production and assay of enzymes, organic acids and pigments 

 Mass production of biocontrol agent 
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 Visit to industries 

VIII. Teaching methods/activities 

o Lecture 

o Assignment (Reading/Writing) 

o Student presentation 

o Group Work in Practical 

o Field visit/Industries/University lab 

o Case studies 

IX. Learning outcome 

After studying this course students will know and will be able to learn – The 

applied and industrial aspects of microbiology such as screening of 

microorganisms, strain improvement, microbial metabolites, fermented microbial 

products, microbial enzymes, Biofuels using microbes and microbial production 

of Biopolymers. The recent applications of the microbes for the human welfare. 

X. Suggested Reading 

 Sylvia DM, Fuhrmann JJ, Hartlly PT and Zuberer D. 2005. Principles and 

Applications of Soil Microbiology. 2nd Ed. Pearson Prentice Hall Edu. 

 Waites, M.J., Morgan, N.L., Rockey, J.S. and Higton, G. (2002). Industrial 
Microbiology: An Introduction. Blackwell Science Publishers. 

 Crueger W and Crueger A. Biotechnology: A Text Book of Industrial 

Microbiology Panima Publishing Corporation. 

 Reed G. 1999. Prescott and Dunn’s Industrial Microbiology. CBS Publishers. 

 Demain AL. 2001. Industrial Microbiology and Biotechnology IInd Edition. 
ASM Press, Washington. 

 Stanbury PF, Whitaker W and Hall SJ. 1997. Principles of Fermentation 

Technology Aditya Books (P) Ltd., New Delhi. 

 Baltz RH, Davies JE and Demain AL. 2010. Manual of Industrial Microbiology 
and Biotechnology. 3rd Edition, ASM Press. 

 Forciniti D. 2008. Industrial Bioseparations: Principles and Practice. 1st 

Edition, Wiley- Blackwell. 

 OkaferN. 2007. Modern Industrial Microbiology and Biotechnology, Scientific 

Publishers, Enfield, USA. 

 Nduka O and Benedict OC. 2018. Modern Industrial Microbiology and 

Biotechnology, Taylor and Francis 465p. 

 El Mansi EMT, Bryce CFA, Dahhou A, Sanchez S, Demain AL, Allman AR. 

2012. Fermentation Microbiology and Biotechnology 3rd Ed. CRC Press, Taylor 

and Francis, Boca Raton. 

 Stanbury AF and Whitaker A. 1984. Principles of Fermentation Technology – 
Oxford Pergamon press New York. 
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 Moses V and Cape RE. 1991. Biotechnology - The Science and the Business 

Harwood Academic Publishers, USA. 

 Casida LE Jr. 1989. Industrial Microbiology Wiley Eastern Ltd., N. Delhi. 

 Miller BM and Litsky W. 1976. Industrial Microbiology, McGraw Hill 
Co.,New York 451p. 

 Crueger W and Crueger A. 1984. Biotechnology – a Text book of Industrial 

Microbiology. Science Tech. Inc., Madison. 

 Glazer AN and Nikaido HN. 1995. Microbial Biotechnology: Fundamentals of 
Applied Microbiology, W.H.Freeman Co., New York. 

 Demain AL and Solomon MA. 1986. Manual of Industrial Microbiology and 

Industrial Microbiology, American Society of Microbiology, Washington. 

 Atkinson B and Marituna F. 1983. Biochemical Engineering and Biotechnology 

Handbook, McMillian Publishers. 

 Jones DG. 1983. Exploitation of Microorganisms. Chapman & Hall, Oxford. 

 Peppler HJ and Perlman D. 1979. Microbial technology Vol.1 Fermentation 
Technology, Vol.2, Academic Press. 

 Rehm HJ and Reed G. 1995. Biotechnology, a Comprehensive Treatise, 8 Vols. 

(Reference Book) Verlag Chemie,Wienheim. Also refer Second edition, 12 

vols,1995 (Rehm,H.J.: Reed, G.: Puhler,A; Stadler, P Eds) 

 Moo-Young Y. 1985. Comprehensive Biotechnology- 5 vols. (Reference Book) 

Pergamon Press, Oxford. 

 Arora DK. 1992. Handbook of Applied Mycology – 5 Vols. (Reference Book) 

Marcel Dekker, New York. 

 Glick BR and Pasternak JJ. 2003. Molecular Biotechnology-principles and 
applications of recombinant DNA, ASM press, Washington,760 pp. 

 Also consult latest issues of: 

 Advances in Applied Microbiology, Biotechnology Advances, 

 Biotechnology & Genetic Engineering Reviews,Advances in Biochemical 

Engineering & Biotechnology, Advances in Microbial Physiology 

Websites 

• https://www.biomerieux.com/en/industrial-microbiological-control-0 

• https://icar.org.in/content/food-and-industrial-microbiology 

 
Course Title : Biofertilizer Technology 

Course Code : MICRO 511 

Credit Hours : 2+1 

IV. Why this Course? 

The exploitation of beneficial microbes as a biofertilizer is of prime importance 

in agriculture sector for their potential role in food safety and sustainable crop 

production. There is wide gap between nutrient removal and supplies. There is 

increase in cost of fertilizers due to deplete in the feed stock fossil fuels besides 

http://www.biomerieux.com/en/industrial-microbiological-control-0
http://www.biomerieux.com/en/industrial-microbiological-control-0
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growing concern of environmental hazards due to chemical fertilizers. It is 

essential to exploit Biofertilizers having functional traits for enhancing plant 

growth and productivity, nutrient profile, plant defense and protection with 

special emphasis to its function to trigger various growth- and defense-related 

genes in signaling network of cellular pathways to cause cellular response and 

thereby crop improvement. The syllabus Biofertilizers technology is oriented 

towards application of biofertilizer to trap atmospheric nitrogen to the soil and 

convert them into plant usable forms. They also convert the insoluble phosphate 

forms into plant available forms. They stimulate root growth by producing some 

hormones and antimetabolites. Improved Plants. 

V. Aim of the course 

To familiarize the students and farmers with mass scale production of different 

agriculturally important microorganisms which are being used as biofertilizers 

for maintaining the soil and plant health for sustaining crop productivity and their 

importance in organic farming. 

The course is organized as follows: 

No. Blocks Units 

1. Agriculturally important 

beneficial microorganisms 

1. Agriculturally important beneficial 

nitrogen fixing microorganisms. 

2. Agriculturally important beneficial 

microorganisms related to phosphorous, 

potassium, Sulphur and Zinc nutrition 

3. Agriculturally important beneficial 

microorganisms having plant growth 

promoting rhizobacteria 

4. Agriculturally important biocontrol 

microbial inoculants 
5. Economics of biofertilizer production. 

2. Production of Biofertilizer 1. Production and quality control of 
biofertilizer 

 
VI. Theory 

Block 1:     Agriculture Important Beneficial Microorganisms 

Unit1: Agriculturally important beneficial nitrogen fixing microorganisms. 

Different agriculturally important beneficial microorganisms: 

Chemical Vs Biofertilizers: Current Scenario in biofertilizer 

technology in world-In India-List of biofertilizers-their applications 

in agriculture. Brief introduction about Agriculturally beneficial 

microorganisms (free living, symbiotic (rhizobial, actinorhizal), 

associative and endophytic nitrogen fixers including 

phosphobacteria, cyanobacteria, their types and importance 

taxonomic classification, Nitrogen fixing biofertilizers: nodule 

formation, competitiveness and quantification of N2 fixed and their 

use. Mechanism of phosphorous solubilizationby photobacteria. 

BIS standards of biofertilizers. Application of nanotechnology in 

bioinoculant production. 
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Unit 2: Agriculturally important beneficial microorganisms related to 

phosphorous, potassium, Sulphur and Zinc nutrition 

Different agriculturally important beneficial microorganisms: 

phosphate solubilizing bacteria and fungi, including mycorrhiza; 

Mechanism of phosphorous solubilization by phosphobacteria. 

Bacteria for potassium, Sulphur and Zinc nutrition. 

Unit 3:   Agriculturally important beneficial microorganisms having plant 

growth promoting rhizobacteria. 

Different agriculturally important beneficial microorganisms: plant 

growth promoting rhizobacteria. FCO norms and biofertilizer 

production and usage at national and international levels 

Unit 4: Agriculturally important biocontrol microbial inoculants 

Different agriculturally   important beneficial microorganisms: 

Biocontrol microbial inoculants. Requirements for establishing 

bioinoculants production unit. Economics of biofertilizers 
production. Constraints in biofertilizers production and usage 

Unit 5: Economics of biofertilizer production 

Different agriculturally important beneficial microorganisms for 

recycling of organic waste and compositing, bioremediators and 

other related microbes. 

Block 2:     Production of Biofertilizer 

Unit 1:        Production and quality control of biofertilizer 

Different agriculturally important beneficial microorganisms - 

selection, establishment, competitiveness, crop productivity, soil & 

plant health, mass scale production and quality control of bio 

inoculants. Biofertilizer inoculation and microbial communities in 

the soil. Different formulations of biofertilizers. Advantages and 

limitations of Liquid formulations. 

VII. Practicals 

 Isolation of phosphate solubilizing microorganisms. 

 Isolation of efficient microorganisms, 

 Determination of beneficial properties in important bacteria to be used as 
biofertilizer, Nitrogen fixing activity, indole acetic acid (IAA), siderophore 

production etc, 

 Bioinoculant mass production and quality control. 

 Population dynamics in broth and carrier materials during storage. 

 Development of cultures from starter. 

 Preparation of broth for large scale cultivation in fermenter/ large containers. 
Inoculation and development of culture. 

 Mass production of carrier based and liquid biofertilizers. Mass production 
ofimportant two or three biocontrolagents (Trichoderma viride, 

Pseudomonas fluorescens and Metarhizium anisopliae). 

 Form, dose and method of application. 

 Mass production of AM fungi in pot and root organ culture. 

 Quality control and BIS standards. 
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 Mass production of Azolla and BGA. 

 Visit to a biofertilizer production plant 

VIII. Teaching methods/activities 

o Lecture 

o Assignment (Reading/Writing) 

o Publication Review 

o Student presentation 

o Group discussion 

o Case Analysis and case studies 

o Guest Lectures 

o Review of policy documents 

IX. Learning outcome 

After successful completion of this course, the students are expected to be able 

to learn: 

o Agriculturally important beneficial microorganisms for fixation of various 
important elements and compounds. 

o Biofertilizer production and usage at national and international levels. 

o Requirements for establishing bioinoculants production unit, economics 
(solid liquid carrier) production, constraints in biofertilizers production and 
usage. 

o A complete exposure to all kinds of agriculture important biofertilizers 
along with their functions and properties, 

o Helps to develop as entrepreneur. 

X. Suggested Reading 

Books 

 Alexander M. 1977. Soil Microbiology. John Wiley. 

 Bergerson FJ. 1980. Methods for Evaluating Biological NitrogenFixation. 

John Wiley & Sons. 

 Sylvia DM, Fuhrmann JJ, Hartlly PT and Zuberer D. 2005. Principles and 

Applications of Soil Microbiology. 2nd Ed. Pearson Prentice Hall Edu. 

 Van Elsas JD, Trevors JT and Wellington EMH. 1997. Modern Soil 

Microbiology. CRC Press. 

 Panwar JDS and Jain AK. 2016. Organic farming scope and use of 
biofertilizers. Pub: NIPA, New Delhi. 

 Gaur AC. 2010. Biofertilizers in Sustainable Agriculture, ICAR, New 

Delhi. 

 Chanda P and Srivathsa RSH. 2005. Liquid Biofertilizers. Ministry of 

Agriculture Department of Agriculture & Cooperation, GOI. 

 DeshMukh AM, Khobragade RM and Dixit PP. 2007. Handbook of 
Biofertilizers & Biopesticides. Oxford Book Company, Jaipur, India. 

 Gupta RP, Kalia A and Kapoor S. 2007. Bioinoculants a Step towards 

Sustainable Agriculture,.NIPA, New Delhi. 
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 Somani LL, Shilkar P and Shilpkar D. 2011. Biofertilizers Commercial 

Production Technology & Quality Control. AgroPublishing Acadamy, 
Udaipur. 

 Srivastava HS and Singh RP. 1995. Nitrogen nutrition in higher plants. 
Associated Publishing Company, New Delhi. 

 Kannaiyan S and Kumar K. 2005. Azollabiofertiliser for sustainable Rice 

Production. Daya Publishing House, Delhi. 

 Kannaiyan S, Kumar K and Govindarajan K. 2010. Biofertilizer 

Technology. Scientific Publishers (India), Jodhpur. 

 Vora MS, Shelat HN and Vyas RV. 2013. Handbook of Biofertilizers & 

Microbial Pesticides. 

 Chanda JK. 2008. Biofertilizer Statistics 2006-07. The fertilizer Association 

of India, New Delhi. 

Journals 

• Journal of Biofertilizer& Biopesticides 

• Journal of Botanical Sciences 

Websites 

• Biofertilizer in organic Agriculture (www.Journalphytology.com) 

• Microbial biofertilizers (www.Boffinaccess.com) 

• Biofertilizer as a prospective input for sustainable agriculture in India. 

http://www.krishisewa.com/articles/organic-agriculture/115- 

biofertilizers.html 

• Handbook of Microbial Biofertilizers M. K. Rai, PhD Editor Pub: Food 

Products Press, NY. 

• Bio fertilisers 

https://www.worldcat.org/search?q=biofertilisers&fq=dt%3Abks&dblist= 

638&qt=sort&se= yr&sd=desc&qt=sort_yr_desc 

 
Course Title : Cyanobacterial and Algal Biotechnology 

Course Code : MICRO 512 

Credit Hours : 2+0 Why 

this Course? 

Cyanobacteria and algal biomass contribute major role in carbon cycle in turn 

influencing the climate. The blooms of cyanobacteria and algae in different ecosystems 

is worth exploiting due to their wide biodiversity. They play an important role in 

agriculture by contributing to the fertility of soil in terms of biomass, biofertilizer, and 

act as herbicides, insecticides and in bioremediation. Their physiological and 

biochemical properties disclose their significant potential for colorants, polysaccharides, 

pharmaceutical & nutraceutical compounds, and valuable biomolecules of industrial 

importance. With the population explosion and scarcity of land, these can provide better 

feed stock due to their high protein content, easy cultivation, and versatile growth and 

easy to harvest. It is challenging for designing bioreactor and utilizes waste waters for 

growing and harvesting cyanobacteria and algae for these purposes. They are capable 

of producing and accumulating lipids which 

http://www.krishisewa.com/articles/organic-agriculture/115-
http://www.worldcat.org/search?q=biofertilisers&fq=dt%3Abks&dblist
http://www.worldcat.org/search?q=biofertilisers&fq=dt%3Abks&dblist
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can be the source for biodiesel in future. This course will help the student to understand 

taxonomy and molecular biology methods of cyanobacteria. The course will give 

knowledge on cyanobacterial and algal fuels, 

V. Aim of the course 

The aim is to give exposure on the potential applications of cyanobacteria and 

algae in Agriculture, Industry and Environment; to inculcate knowledge on algal 

mass production techniques and their valuable products of commercial 

importance and to introduce the R&D and entrepreneurial opportunities algae. 

Students will learn about biodiversity of cyanobacteria and their classification, 

the biotechnological applications in agriculture – biofertilizers, biocontrol, 

bioenergy and bioprocessing, their applications in pharmaceuticals, production of 

antioxidative enzymes and pigments, as source of food, etc. 

The course is organized as follows: 

No. Blocks Units 

1. Importance of cyanobacteria and 
algae 

1. Ecology   and evolution of algae and 
cyanobacteria 

2. Physiology and culturing of 

cyanobacteria and algae 

1. Algal pigments, storage products. 
2. Metabolism of carbon and nitrogen. 
3. Culturing methods. 

3. Role of cyanobacteria and algae 
in agriculture and their products 

of industrial importance 

1. Importance as fuels, neutraceuticals and 

industrial importance 
2. Role of algae related to environment. 

 
VI. Theory 

Block 1: Importance of Cyanobacteria and Algae 

Unit 1:     Ecology and evolution of algae and cyanobacteria 

Introduction to cyanobacteria and algae. Definition, occurrence and 

distribution, thallus structure, reproduction, life cycles, origin and 

evolution of cyanobacteria, molecular evolution; role of algae in 

evolution of land plants and horizontal transfer of genes. Brief 

classification of algae: different classes, occurrence and distribution. 

Block 2: Physiology and Culturing of Cyanobacteria and Algae 

Unit 1: Algal pigments, storage products. 

Algal pigments, storage products, physiology and metabolism 

including photosynthesis. 

Unit 2:     Metabolism of carbon and nitrogen 

Ecology of algae –primary colonizers and cycling in soil and water. 

Cellular differentiation and nitrogen fixation, nitrogen metabolism 

carbon metabolism. 

Unit 3:      Culturing methods 

Algal culturing and cultivation. Culture types, culture conditions, 

culture vessels, culture media, sterilization, culture methods, 

synchronous cultures, photobioreactors, algal density and growth, 

seaweed cultivation. 
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Block 3: Role of Cyanobacteria and Algae in Agriculture and their 

Products of Industrial Importance 

Unit 1: Importance as fuels, neutraceuticals and industrial importance. 

Cyanobacterial and algal fuels, Fine chemicals (restriction enzymes 

etc.) and nutraceuticals from algae; UV absorbing pigments, 

Industrial products from macroalgae - seaweed biotechnology, 

sustainable aquaculture. Ecology of algae- distribution in soil and 

water; primary colonizers, carbon sequestration and cycling in soil 

and water. Cellular differentiation and nitrogen fixation, nitrogen 

metabolism. 

Unit 2: Role of algae related to environment. 

Algae in pollution control - as pollution indicators, eutrophication 

agents and role in Bioremediation and reclamation of problem soils. 

Cyanobacterial and algal toxins, allelopathic interactions, Algae in 

global warming and environmental sustainability. Cyanobacteria and 

selected microalgae in agriculture – biofertilizers & algalization; soil 

conditioners; reclamation of problem soils. 

VII. Teaching methods/activities 

o Lecture 

o Assignment (reading/writing) 

o Publication review 

o Student presentation 

o Group discussion 

o Case analysis and case studies 

o Guest lectures 

 
VIII. Learning outcome 

After successful completion of this course, the students are expected to be able 

to:  
o Types of cyanobacteria and algae along with their physiological and 

biochemical properties that provides base for selection for further 

exploitation of industrial use. 

o Algal culturing and cultivation. Culture types, culture conditions, 

synchronous cultures, photobioreactors, algal density and growth, 

seaweed cultivation. 

o Production of cyanobacterial and algal fuels 

o Industrial products from macro algae – seaweed biotechnology, 

sustainable aquaculture. 

o Ecology of algae – distribution in soil and water; primary colonizers, 

carbon sequestration and cycling in soil and water. 

IX. Suggested Reading 

• Ahluwalia AS. 2003. Phycology: Principles, Processes and 

Applications. Daya Publ. 
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Journals 

• Barsanti L and Gualtieri P. 2006. Algae: Anatomy, Biochemistry and 

Biotechnology. Taylor & Francis, CRC Press. 

• Carr NG and Whitton BA. 1982. The Biology of Cyanobacteria. 

Blackwell. 

• Herrero A and Flores E. 2008. The Cyanobacteria Molecular 

Biology,Genomics and Evolution. Calster Academic Press 

• Kumar HD. 2005. Introductory Phycology. East West Press. Linda E 

Graham & Lee W Wilcox. 2000. Algae. Prentice Hall. 

• Andersen RA. 2005. Algal Culturing Techniques. Academic Press. 

• Venkataraman LV and Becker EW. 1985. Biotechnology and Utilization 

of Algae: the Indian Experience. DST. 

• Das MK. 2010. Algal Biotechnology. Daya Publishing House. 

• Tiwari. 2014. Cyanobacteria: Nature, Potentias and Applications. Daya 

Publishing House. 

• Khattar JIS, Singh DP, Kaur G. 2009. Algal Biology and Biotechnology. 

I.K. International Publishing House Pvt. Ltd. 

• Bhatnagar SK, Saxena A, Kraan S. 2011. Alga Biofuels. Stadium Press 

(India) Pvt. Ltd. 

• Sahoo D and Kaushik BD. 2012. Algal Biotehcnolgoy and Environment. 

I.K. International Publishing HousePvt. Ltd. 

• Journal of Phycology 

• Journal of Applied Phycology 

• Frontiers in Microbiology 

Websites 

• Cyanbacterial and algal Biotechnology 

•  https://www.worldcat.org/search?q=cyanobacterial+and+algal+biotechnology 

&qt=results_ page#%2528x0%253Abook%2Bx4%253Aprintbook%2529format 

• www.cyanosite.bio.purdue.edu 

• http://www.asmscience.org 

• http://www.asm.org 

• http://www.microbiologyonline.org.uk 

• http://www.microbeworld.org 

• http://www.bbsrc.ac.uk/organisation/policies/reviews/scientific-areas/1107- 

algal-research. aspx 

• http://asulightworks.com/resources/videos/arizona-center-algae-technology-and- 

innovation. Html 

https://www.worldcat.org/search?q=cyanobacterial%2Band%2Balgal%2Bbiotechnology%20&qt=results_
https://www.worldcat.org/search?q=cyanobacterial%2Band%2Balgal%2Bbiotechnology%20&qt=results_
http://www.cyanosite.bio.purdue.edu/
http://www.asmscience.org/
http://www.asm.org/
http://www.microbiologyonline.org.uk/
http://www.microbeworld.org/
http://www.bbsrc.ac.uk/organisation/policies/reviews/scientific-areas/1107-algal-research
http://www.bbsrc.ac.uk/organisation/policies/reviews/scientific-areas/1107-algal-research
http://asulightworks.com/resources/videos/arizona-center-algae-technology-and-innovation
http://asulightworks.com/resources/videos/arizona-center-algae-technology-and-innovation
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Course Title with Credit Load for Ph.D in Microbiology 
 

Sl. 
No. 

Course Code Course Title 
Credit 

hours 

1. MICRO 601* Improvements in fermentation Technology 2+1 

2. MICRO 602 Microbial physiology and regulation 2+0 

3. MICRO 603* Recent development in soil microbiology 2+0 

4. MICRO 604 Recent approaches in environmental 
microbiology 

2+0 

5. MICRO 605* Plant microbe interactions 1+1 

6. MICRO 691 Doctoral seminar I 0+1 

7. MICRO 692 Doctoral seminar II 0+1 

8. MICRO 699 Doctoral Research 0+75 

*Core Courses 

 
I. Course Title       :    Improvements in Fermentation Technology 

II. Course Code      :    MICRO 601* 

III. Credit Hours      :    2+1 

IV. Why this Course? 

This course aims to introduce technological advancement of fermentation and 

bioprocess for industrial applications. Microorganisms are capable of growing on a wide 

range of substrates and can produce a remarkable spectrum of products. This course will 

enlighten the students on basics of fermentation, metabolic engineering, fermenter design 

and downstream processing. The economics of industrial products are introduced to 

understand commercialization of microbial products. 

V. Aim of the course 

The aim is to teach students regarding fermentation industry using industrially 

useful microorganisms including yeast technology. To introduce the students to broad 

coverage of a diverse field of fermentation technology, provide an understanding of the 

exploitation of microorganisms in the manufacture of bio products and provide the 

students with skill in operation of fermenter. 

 
The course is organized as follows: 

No. Blocks Units 

1. Rise of Fermentation 
Technology 

1. Development in Fermentation 
2. Types of Fermenters 

2. Fermenter 1. Component of fermenter and use 

3. Fermentation process 1. Types of Fermentation 

4 Recombinant Strategies 
Followed 

1. Strategies for isolation of industrially 
important microbes 

 

VI. Theory 

Block 1: Rise of Fermentation Technology 

Unit 1: Development in Fermentation 
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Definition of fermentation – rise of fermentation technology – current 

trends in fermentation industry – scope and importance of 

fermentation technology. 

Unit 2:     Types of fermenters 

Continuous, batch and fed batch culture –anaerobic fermentation - 

range of fermentation process – microbial growth cycle – diauxic 

growth – growth kinetics – substrate uptake kinetics (Jacob and 

Monod) - primary and secondary metabolites – future prospects of 

fermentation microbiology. 

Block 2: Fermenter 

Unit 1:     Components of fermenter and use 

Peripheral parts and accessories – alternative vessel designs – 

containment in fermentation – fermenter preparation and use - 

aeration and agitation – instrumentation and control – biosensors in 

monitoring – computer applications in fermentation technology. 

Block 3: Fermentation Process 

Unit 1: Types of Fermentation 

Solid state and submerged fermentation – acidic/alcoholic 

fermentation – recovery of product – effluent treatment – Economics 

of fermentation 

Block 4: Recombinant Strategies Followed 

Unit 1:    Strategies for isolation of industrially important microbes 

New strategies for isolation of industrially important microbes and 

their genetic manipulations; Antibiotic fermentation research; steroid 

transformation; Yeast technology – classification, genetics, strain 

improvement for brewing, baking and distilleries. 

VII. Practicals 

 Studying the various components of fermenter 

 Exposure to different types of fermenter 

 Sterilization and operating procedures 

 Designing the production culture medium 

 Isolation and purification of industrially important microbes 

 Genetic manipulations in microbes 

 Fermentation by improved strains of yeast for production of alcohol 

 Microbial production of enzymes by solid state fermentation 

 Microbial production of important antibiotics 

 Bioremediation of industrial effluents 

VIII. Teaching methods/activities 

o Lecture 

o Assignment (Reading/Writing) 

o Publication Review 

o Student presentation 

o Group discussion 

o Case Analysis and case studies 
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o Guest Lectures 

IX. Learning outcome 

After successful completion of this course, the students are expected to be able 

to:  
o Students should have an understanding of the variety of fermentation and 

subsequent processing approaches available for the manufacture of 
biological products and the design and operation of these systems. 

X. Suggested Reading 

 Stanbury PF, Whitaker A and Hall SJ. Principles of fermentation 

technology, Second edition 

 Patel AH. Industrial Microbiology 

 El Mansi EMT and Bryce CFA. Fermentation Microbiology and 
Biotechnology 

 Srivastava ML. Fermentation Technology 

 Singh T and Purohit SS. Fermentation Technology 

 El Mansi EMT, Bryce CFA, Demain AL and Allman AR. Fermentation 

Technology – Microbiology and Biotechnology 

 Peppler HJ and Perlman D. 1979. Microbial Technology. 2nd Ed. 

Academic Press. 

 Reed G. 1987. Presscott& Dunn’s Industrial Microbiology. 4th Ed. CBS. 

 Stanbury PF and Whitaker A. 1987. Principles of Fermentation 
Technology. Pergamon Press. 

 Wiseman A. 1983. Principles of Biotechnology. Chapman & Hall. 

Websites 

• http://www.asmscience.org 

• http://www.asm.org 

• http://www.microbiologyonline.org.uk 

• http://www.microbeworld.org 

• http://www.scribd.com/doc/46151150/Fermentation-Technology 

• http://www.chalmers.se/en/areas-of- 

advance/lifescience/research/Pages/Fermentation- 

Technology.aspx 

 
Course Title : Microbial Physiology and Regulation 

Course Code : MICRO 602 

III. Credit Hours: 2+0 

IV. Why this Course? 

Microorganisms have tremendous metabolic diversity hence it’s intriguing to 

learn how these small creatures deal with different environmental conditions and either 

adopt themselves to it or convert it to favorable conditions by involving different 

physiological processes. The contents of this course will help students how microbes can 

grow on substrates other than glucose, their inorganic metabolism and biosynthesis and 

how do they respond to the changes in environment. 

V. Aim of the course 

http://www.asmscience.org/
http://www.asm.org/
http://www.microbiologyonline.org.uk/
http://www.microbeworld.org/
http://www.scribd.com/doc/46151150/Fermentation-Technology
http://www.chalmers.se/en/areas-of-
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To acquaint students with current topics in molecular microbiology. Course 

imparts thorough knowledge about the synthesis of biomolecules in microorganisms by 

various pathways and their regulation. 

The course is organized as follows: 

No. Blocks Units 

1. Historical evaluation of 

microbial 

1. Molecular aspects of various cell component 

physiology 

2. Regulation and pathways 1. Regulatory Pathways 
2. Regulatory control 

3. Current topics  

 
VI. Theory 

Block 1: Historical Evaluation of Microbial Physiology 

Unit 1: Molecular aspects of various cell component 

Origin, evolution, structure, function and molecular aspects of various 

cell components. Differentiation in bacteria, slime molds, yeasts. 

Molecular biology of bioluminescence, bacterial virulence. Heat 

shock response. Extracellular protein secretion in bacteria. 

Block 2: Regulation and Pathways 

Unit 1: Regulatory Pathways 

Regulation of initiation, termination and anti-termination of 

transcription. Global regulation and differentiation by sigma factor. 

Regulatory controls in bacteria - inducible and biosynthetic pathways. 

Oxidative stress control. Fermentative and respiratory regulatory 

pathways. 

Unit 2: Regulatory control 

Ribosomal RNA and ribosomal proteins regulation under stress condition. 

Specific regulatory systems; SOS regulatory control; Antisense RNA 

regulation of gene expression. Biosynthesis of micromolecules 

(Nucleotides and Aminoacids) macromolecules (DNA, RNA, 

Proteins) Global nitrogen control and regulation of nitrogen fixation. 

Unit 3:     Current topics 

Topics of current interest in Molecular microbiology and regulatory 

systems. 

VII. Teaching methods/activities 

o Class room Lecture 

o Assignment (Reading/Writing) 

o Student presentation 

o Seminar presentation by students 

VIII. Learning outcome 

With this course, the students are expected to be able to learn 

o Current topics in molecular microbiology. 
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o Thorough knowledge about the synthesis of biomolecules in microorganisms by 

various pathways and their regulation. 

o About the synthesis of biomolecules in microorganisms by various pathways and 

their regulation. 

IX. Suggested Reading 

 
Websites 

• https://www.frontiersin.org/journals/microbiology/sections/microbial- 

physiology-and metabolism 

• https://www.sciencedirect.com/bookseries/advances-in-microbial-physiology 

•  https://www.researchgate.net/journal/0065- 

2911_Advances_in_Microbial_Physiology 

• https://bmb.psu.edu/undergraduate/courses/course-archive/2016/fall- 

2016/microbiologymicrb/ micrb-401-fall-2016/micrb-401-microbial-physiology-and- 

structure 

• Selected articles from journals. 

 
Course Title : Recent Developments In soil microbiology 

Course Code : MICRO 603* 

Credit Hours : 2+0 

Why this Course? 

Directly or indirectly the waste of human and other animals, their bodies, and 

the tissues of plants are dumped onto or buried in the soil. It is the microbes that make 

these changes –the conversion of organic matter in to simple organic substances that 

provide the nutrient material for the plant and agriculture world. Thus microorganisms 

play a vital role in maintaining life on earth. The prerequisite for this class is SOIL. To 

be completely prepared for this class a course taken in Microbiology is very useful. 

V. Aim of the course 

To make students learn the latest trends in soil microbiology like diversity, 

biological control and bioremediation. 

 

 
The course is organized as follows: 

No. Blocks Units 

1. Recent developments in soil 1. Ecology   and   microorganisms   diversity 
microbiology 

2. Role of microorganisms in soil  

3. Bioremediation  

 
VI. Theory 

Block 1: Recent Developments in Soil Microbiology 

Unit 1: Ecology and microorganisms diversity 

http://www.frontiersin.org/journals/microbiology/sections/microbial-
http://www.frontiersin.org/journals/microbiology/sections/microbial-
http://www.sciencedirect.com/bookseries/advances-in-microbial-physiology
http://www.sciencedirect.com/bookseries/advances-in-microbial-physiology
https://www.researchgate.net/journal/0065-2911_Advances_in_Microbial_Physiology
https://www.researchgate.net/journal/0065-2911_Advances_in_Microbial_Physiology
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Molecular ecology and biodiversity of soil microorganisms; Survival 

and dispersal of microorganisms. Interaction between agricultural 

chemicals, pollutants and soil microorganism 

Unit 2:      Role of microorganisms in soil 

Successions and transformation of organic matter; Role of 

microorganisms in soil fertility. Soil health and quality: Microbial 

indicators 

Unit 3:     Bioremediation 

Bioremediation of polluted soils; Biological control. Other topics of 

current interest. 

VII. Teaching methods/activities 

o Lecture 

o Assignment (Reading/Writing) 

o Seminar presentation by students. 

o Case studies 

VIII. Learning outcome 

With this course, the students are expected to be able to learn 

 Latest trends in soil microbiology like diversity, biological control and bioremediation.

IX. Suggested Reading 

Websites 

• https://www.springer.com/in/book/9789811073793 

• https://www.researchgate.net/publication/322952969_Advances_in_Soil_ 

Microbiology_ 

Recent_Trends_and_Future_Prospects_Volume_2_Soil-Microbe- 

Plant_Interaction 

• Selected articles from journals. 

 
I. Course Title : Recent Approaches in Environmental Microbiology 

II. Course Code : MICRO 604 

III. Credit Hours     :     2+0 

IV. Why this Course? 

The activities of the microorganisms at large in nature/ environment are 

considered in this course. Microbes play far more important roles in nature than their 

small sizes would suggest. In order to evaluate the roles of microorganisms in 

ecosystems, it is essential to understand the precise natural habitats and how their 

activities can be explored. 

V. Aim of the course 

To apprise the students about the role of microbiology in environment 

management for sustainable eco-system and human welfare. 

The course is organized as follows: 

No. Blocks Units 

1. Recent environmental issue 1. Basic concepts and environmental issues 

http://www.springer.com/in/book/9789811073793
http://www.springer.com/in/book/9789811073793
https://www.researchgate.net/publication/322952969_Advances_in_Soil_
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  2. Methodology of 

management 
3. Microbial waste treatment. 

environmental 

2. Energy harnessing from organic 
waste 

1. Pollution through conventional fuel 
2. Renewable sources of energy. 

3. Treatment 
disposal 

of waste for safe 1. Disposal of domestic and industrial wastes 
2. Global environmental problems 

 

VI. Theory 

Block 1: Recent Environmental Issue 

Unit 1:     Basic concept and environmental issues 

Types of environmental pollution; problems arising from high-input 

agricultural residues. Air and water pollution. 

Unit 2:     Methodology of environmental management 

Waste water treatment -physical, chemical, biological and microbial 

processes; need for water and natural resource. 

Unit 3:     Microbial waste treatment 

Microbiology and use of micro-organisms in waste treatment; 

biodegradation; degradation of Xenobiotic, surfactants; 

bioremediation of soil & water contaminated with oils, pesticides & 

toxic chemicals, detergents, etc.; aerobic processes (activated sludge, 

oxidation ditches, trickling filter, rotating drums, etc.); anaerobic 

processes: digestion, filtration, etc. 

Block 2: Energy Harnessing from Organic Waste 

Unit 1: Pollution through conventional fuel 

Conventional fuels and their environmental impact. 

Unit 2:     Renewable sources of energy. 

Energy from solid waste; ; biogas; land filling, microbial hydrogen 

production; use of agro-industrial waste, agricultural waste for sugar 

to alcohol; gasohol; biodegradation of lignin and cellulose; 

biopesticides; biofertilizers; composting; vermiculture, etc. 

Block 3: Treatment of Waste for Safe Disposal 

 

 

Unit 1:     Disposal of domestic and industrial wastes. 

Treatment schemes of domestic waste and industrial effluents; food, 

feed and energy from solid waste; bioleaching; enrichment of ores by 

micro-organisms. 

Unit 2:     Global environmental problems 

Ozone depletion, UV-B, greenhouse effects, and acid rain; 

biodiversity and its conservation; Microbial and biotechnological 

approaches for the management of environmental problems. 



699  

VII. Teaching methods/activities 

o Lecture 

o Assignment (Reading/Writing) 

o Seminar presentation by students. 

o Case studies 

VIII. Learning outcome 

With this course, the students are expected to be able to learn 

 Latest trends in environmental microbiology like Treatment schemes of 

domestic waste and industrial effluents; food, feed and energy from solid 

waste; bioleaching; enrichment of ores by micro-organisms 

 Renewable and non-Renewable resources of energy; energy from solid 

waste; conventional fuels and their environmental impact; biogas; land 

filling, microbial hydrogen production 

IX. Suggested Reading 

 Evans GM and Furlong JC. 2002. Environmental Biotechnology: Theory 

and Application. Wiley International. 

 Jordening HJ and Winter J. 2006. Environmental Biotechnology: Concepts 

and Applications. Wiley-VCH Verlag. 

Websites 

• https://www.springer.com/series/11961 

• http://microbiology.ucsc.edu. 

• http://www.asm.org 

 
I. Course Title : Plant Microbe Interactions 

II. Course Code : MICRO 605* 

III. Credit Hours    : 1+1 

IV. Why this Course? 

In the course, interactions between plants and microbes are discussed on general 

and detailed level for both pathogenic and symbiotic interactions. This course will be 

helpful in imparting knowledge to student about Infection mechanisms, defense of plants 

and stress responses and a large number of important problems within agriculture, 

horticulture and forestry 

 
V. Aim of the course 

The aim is to familiarize the students with the biochemical and biophysical 

mechanisms, genetics, genomics, proteomics and advanced microscopy, spectroscopy 

of different interfaces of beneficial and pathogenic plant microbe interactions. Molecular 

analysis of relevant factors in the plant and microbes, and components that modulate 

plant-microbe interactions for soil and plant health for sustaining crop productivity. 

The course is organized as follows: 

http://www.springer.com/series/11961
http://www.springer.com/series/11961
http://microbiology.ucsc.edu/
http://www.asm.org/
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No. Blocks Units 

1. Types of eco system and 
microbial interaction 

1. Different interfaces of interactions. 
2. Ecosystem- Concept and Dynamics. 

2. Signaling and interaction 
among microbes 

1. Microbial interaction. 

3. Genomic and proteomic study 
in plant microbe interaction. 

1. Methodology/resources   in   plant-microbe 
interaction. 

 

VI. Theory 

Block 1: Types of Ecosystem and Microbial Interaction 

Unit 1: Different interfaces of interactions 

Plant-microbe, microbe-microbe, soil- microbe, soil-plant-microbe 

interactions leading to symbiotic (rhizobial and mycorrhizal, Azolla- 

Anabaena), associative, endophytic and pathogenic interactions. 

Unit 2:     Ecosystem- Concept and Dynamics 

Types of ecosystems: Concept and dynamics of ecosystem, Food 

chain and energy flow, Microbial communities in the soil. Community 

dynamics and population interactions employing DGGE, TGGE, T-

RFLP. 

Block 2: Signaling and Interaction among Microbes 

Unit 1: Microbial interaction 

Quorum-sensing in bacteria, flow of signals in response to different 

carbon or other substrates and how signals are recognized. 

Block 3: Genomic and Proteomic Study in Plant Microbe Interaction 

Unit 1: Methodology/resources in plant-microbe interaction 

Methodology/resources to study plant-microbe interaction, 

biosensors, transcriptome profiling, metabolic profiling, genomics, 

and proteomics Induced systemic resistance against pathogens and 

tolerance against abiotic stress: Molecular basis; Molecular diversity 

of microbes, plants and their interactions including transgenic 

microbes and plants. 

VII. Practicals 

 Phylochip based microbial community analyses- 

 Endophytic and phyllosphere microbial community 

 PCR-DGGE-Rhizosecretion secretome -FT-IR, HPLC 

 Multifunctional protein identification and characterization using 2DE, 
MALDI-TOF. 

 Examination of mycorrhizal infection in roots of different plants. 

 Characterization of PGPR; Quantification of siderophores, HCN and IAA 

VIII. Teaching methods/activities 

o Lecture 

o Assignment (Reading/Writing) 

o Publication Review 

o Student presentation 

o Group discussion 



701  

o Case Analysis and case studies 

o Guest Lectures 

IX. Learning outcome 

After successful completion of this course, the students are expected to be able 

to: Better understanding of soil – plant – microbe interaction and how the plant/ microbial 

system select their host. In addition this course will also provide new insight about the 

various biomolecules secreted by the plant root as well as microbes which forms the basis 

for their intimate association and exert multiple benefits to the plants. 

X. Suggested Reading 

 Kosuge T and Nester, E.W. 1989. Plant Microbe Interactions: Molecular and 

Genetic Perspectives, Vol.I-IV, McGraw Hill.

 Paul Eldor, A. 2007. Soil Microbiology, Ecology and Biochemistry

 Robert L. Tate III. 1995. Soil Microbiology, John Wiley & Sons, INC.

 Sylvia David, M., Fuhrmann, T.A., Hartel, P.G. and Zuberer, D.A. 2005.

Principles and Applications in Soil Microbiology (II nd Edition). 

 Verma, D.P.S. and Kohn, T.H. 1984. Genes involved in Microbe-Plant 

Interactions, Springer-Verlag

 Jaya Kumar Arjun, Kumarapillai Harikrishnan. 2011. Metagenomic analysis of 
bacterial diversity in the rice rhizosphere soil microbiome. Biotechnol. Bioinf. 

Bioeng. 1(3): 361-367

 Andrea Porras-Alfaro and Paul Bayman.2011. Hidden Fungi, Emergent 

Properties: Endophytes and Microbiomes. Annu. Rev. Phytopathol. 49: 291-315.

 Eleonora Rolli et al. 2014. Improved plant resistance to drought is promoted by 

the root associated microbiome as a water stress-dependent trait. Environmental 

Microbiology. doi: 10.1111/1462-2920.12439

 Roeland L. Berendsen, Corne´ M.J. Pieterse and Peter A.H.M. Bakker. 2012. The 
rhizosphere microbiome and plant health. Trends in Plant Science, Vol. 17, No. 

8.

 Josep Penuelas and Jaume Terradas. 2014. The foliar microbiome. Trends in 

Plant Science. http://dx.doi.org/10.1016/j.tplants.2013.12.007

Journals 

 Advances in Microbial Physiology

 Annual Review of Genetics/Biochemistry

 Annual Review of Microbiology

 Applied and Environmental Microbiology

 Biology and Fertility Soils

 Indian Journal of Microbiology

 Journal of Bacteriology

 Journal of Basic Microbiology

 Microbiology and Molecular Biology Reviews

 Nature/Science/EMBO Journal

 Reviews in Microbiology and Biotechnology

 Soil Biology and Biochemistry

 Trends in Biotechnology

http://dx.doi.org/10.1016/j.tplants.2013.12.007
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 Trends in Microbiology

 Trends in Plant Sciences

Websites 

• http://testweb.science.uu.nl/pmi/ 

• popups.ulg.ac.be/1780-4507/index.php?id=7578 

• www.researchgate.net/...The_rhizosphere_microbiome_and_plant_health... 

• journal.frontiersin.org/Journal/10.3389/fpls.2013.00165/abstract 

http://testweb.science.uu.nl/pmi/
http://www.researchgate.net/...The_rhizosphere_microbiome_and_plant_health
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Course Title with Credit Load for M.Sc. in Plant Physiology 
 

 

CODE COURSE TITLE CREDITS 

PP 501* PRINCIPLES OF PLANT PHYSIOLOGY - I 2+1 

PP 502* PRINCIPLES OF PLANT PHYSIOLOGY-II:  2+1 

PP 503* PLANT DEVELOPMENTAL BIOLOGY: 

PHYSIOLOGICAL AND MOLECULAR BASIS 

2+1 

PP 504* PHYSIOLOGICAL AND MOLECULAR RESPONSES OF 2+1 

 PLANTS TO ABIOTIC STRESSES  

PP 505* HORMONAL REGULATION OF PLANT GROWTH 

AND DEVELOPMENT 

2+1 

PP 506 PHYSIOLOGICAL AND MOLECULAR MECHANISMS OF 
MINERAL NUTRIENT ACQUISITION AND THEIR 
FUNCTIONS 

2+1 

PP 507* PHOTOSYNTHETIC PROCESSES, CROP GROWTH AND 
PRODUCTIVITY AND CONCEPTS OF CROP MODELLING 

2+1 

PP 508 PHYSIOLOGY OF FIELD CROPS 2+0 

PP 509 PHYSIOLOGY OF HORTICULTURE CROPS 2+0 

PP 510 SEED PHYSIOLOGY 2+1 

PP 511 PHENOTYPING PHYSIOLOGICAL PROCESSES 2+0 

PP 512 CROP GROWTH REGULATION AND MANAGEMENT 2+0 

PP 591 MASTER‘S SEMINAR 0+1 

PP 599 MASTER‘S RESEARCH 30 
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Credit: 2+1 

Course Code: PP 501* 

Title: PRINCIPLES OF PLANT PHYSIOLOGY - I  

WHY THIS COURSE? 

Plant‘s growth and development and therefore, agricultural productivity depends 

on two major inputs like water and nutrients. In this regard, this course being a 

fundamental course will acquaint the students with the basic concepts of plant water 

relations and mineral nutrition. The course provides a basic knowledge on water and 

nutrient acquisition and their transport throughout the phenological stages. Further, it 

also provides hands on experience in assessing the plant and soil water status besides 

nutrient acquisition by plants. 

AIM OF THIS COURSE 

The aim of this course is to impart knowledge in the field of water relations and 

mineral nutrition and how plants acquire water and transport it under different soil 

water regimes and also make use of the water in an effective way to maximize use 

efficiency. In addition, the other aim is to impart knowledge of how plants minimize 

water loss under stress conditions besides educating the students of how plants make use 

of nutrients in a best possible way. 

No. Blocks Units 

1. Contributions of Plant 

Physiology to agriculture 

1. Physiology for yield improvement 

2. Physiology for quality improvement 

2. Plant cell and anatomy 1. Structure and physiology of cell 
organelles 

2. Anatomy of angiosperms and its 
significance 

3. Plant water relations 1. Soil and Plant Water Relations 

2. Water Absorption and Translocation 

3. Transpiration and Evaporative Cooling 

4. Water Productivity and Water Use 
Efficiency 

5. Moisture Stress and Plant Growth 

4. Mineral nutrition 1. Uptake, transport and translocation of 
assimilates and ions in plants 

2. Nutriophysiology of essential and 
benificial elements in plants 

3. Concepts of hydroponics and foliar 
nutrition 

5. Hormonal Physiology 1. Hormonal regulation of plant growth and 
development 

2. Synthetic growth regulators in agriculture 
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LEARNING OUTCOMES 

By the end of this course, the student will be able to: 

● Comprehend the fundamental concepts of plant physiological processes 

associated with water relation and mineral nutrition. 

● Describe the physiological mechanisms of water relation and mineral nutrition. 

● Recognize and describe how plants respond to mineral deficiency and toxicity. 

BLOCK 1: CONTRIBUTIONS OF PLANT PHYSIOLOGY TO AGRICULTURE 

Unit 1:   Physiology for Yield Improvement 

● Significance of Plant Physiology as a discipline 

● The physiological attributes targeted for green revolution in rice and 

wheat, productivity increment in various crops such as maize, 

sugarcane, pulses, horticultural crops. 

Unit 2: Physiology for Quality Improvement 

● The physiological attributes targeted for quality improvement in 

agronomic, horticultural and tree crops. 

BLOCK 2: PLANT CELL AND ANATOMY 

Unit 1: Structure and Physiology of Cell Organelles 

● Basic facts about cell. Definitions about cellular components. 

● Structure of cell wall and plant organelles. 

● Functions of cell wall and plant organelles. 

Unit 2: Anatomy of Angiosperms and its Significance 

● Structural organization of a plant. 

● Organ, organ system, tissue systems, tissue and cellular components 

of plant anatomy. 

● Functions of various tissues in plants 

BLOCK 3: PLANT WATER RELATIONS 

Unit 1:   Soil and Plant Water Relations 

● Water and its importance; Molecular structure of water; Properties and 

functions of water 

● Concept of water potential; Plant cell and soil water potential and their 

components; Methods to determine cell and soil water potential; 

Concept of osmosis and diffusion 

● Soil physical properties and water availability in different soils; Water 

holding capacity and approaches to improve WHC; Concept of FC and 

PWP; Water holding polymers and their relevance 

Unit 2: Water Absorption and Translocation 

● Root structure and functions; Root architecture and relevance in water 

mining; Mechanism of water absorption and translocation; Theories 

explaining water absorption and translocation; Aquaporins 

● Mycorrhizal association and its relevance in water mining 

Unit 3: Transpiration and Evaporative Cooling 

● Evaporation and transpiration; relevance of transpiration; factors 

regulating transpiration; Measurement of transpiration; approaches to 

minimize evaporation and transpiration; Concept of CCATD and its 

relevance 
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● Energy balance: Solar energy input and output at crop canopy level 

● Stomata- its structure, functions and distribution; Molecular 

mechanisms of stomatal opening and closing; Concept of guard cell 

turgidity; role of K and other osmolytes; role of ABA in stomatal 

closure; Guard cells response to environmental signals; Signaling 

cascade associated with stomatal opening and closure 

● Antitranspirants and their relevance in agriculture 

Unit 4:   Water Productivity and Water Use Efficiency 

● WUE and its relevance in water productivity; Transpiration efficiency, 

a measure of intrinsic WUE; Approaches to measure WUE; Stomatal 

and mesophyll regulation on WUE; Passioura‘s yield model 

emphasizing WUE 

Unit 5:   Moisture Stress and Plant Growth 

● Physiology of water stress in plants; Effect of moisture stress at 

molecular, cellular, organ and plant level 

● Drought indices and drought tolerance strategies 

● Drought tolerance traits 

BLOCK 4: MINERAL NUTRITION 

Unit 1:   Uptake, Transport and Translocation of Assimilates and Ions in Plants 

● Mechanism of mineral uptake and translocation; Ion transporters; 

genes encoding for ion transporters; localization of transporters; xylem 

and phloem mobility; Nutrient transport to grains at maturity; 

Strategies to acquire and transport minerals under deficient levels. 

● Role of mycorrhiza, root exudates and PGPRs in plant nutrient 

acquisition. 

Unit 2:   Nutriophysiology of Essential and Benificial Elements in Plants 

● Role of mineral nutrients in plant‘s metabolism; Essential elements 

and their classification; Beneficial elements; factors influencing the 

nutrients availability; critical levels of nutrients. 

● Functions of mineral elements in plants. 

● Deficiency and toxicity symptoms in plants. 

Unit 3:   Concepts of hydroponics and foliar nutrition 

● Foliar nutrition; significance and factors affecting total uptake of 

minerals; Foliar nutrient droplet size for effective entry; role of wetting 

agents in entry of nutrients. 

BLOCK 5: HORMONAL PHYSIOLOGY 

Unit 1: Hormonal Regulation of Plant Growth and Development 

● Histories on the discovery of various plant hormones. 

● Physiological functions of various plant hormones along with their 

practical applications. 

Unit 2: Synthetic Growth Regulators in Agriculture 

● Various synthetic forms of plant hormones. 

● Applications of synthetic plant growth regulators in various crops. 

PRACTICALS 

1. Standard solutions and preparation of different forms of solutions 
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2. Studies on the basic properties of water 

3. Demonstration of surface tension of water and other solvents 

4. Measurement of plant water status: Relative water content and rate of water loss 

5. Determination of water potential through tissue volume and Chardakov‘s test 

6. Determination of water potential using pressure bomb, osmometer, 

psychrometer 

7. Determination of soil moisture content and soil water potential 

8. Use of soil moisture probes and soil moisture sensors 

9. Measurement of transpiration rate in plants; use of porometry 

10. Measurement of CTD and CCATD 

11. Demonstration and use of anti-transpirants to reduce transpiration 

12. Influence of potassium and ABA on stomatal opening and closing respectively 

13. Deficiency and toxicity symptoms of nutrients 

14. Effect of water stress on plant growth and development 

 
TEACHING METHODS / ACTIVITIES 

● Lecture 

● Assignment (Reading/Writing) 

● Student presentation 

● Practicals 

RESOURCES BLOCK 1: 

P C Trivedi 2019. Plant Physiology in Agriculture and Forestry. Aavishkar Publishers 

& Distributors 

BLOCK 2: Crang, R., Lyons-Sobaski, S. and Wise, R., 2018. Plant anatomy: a 

concept-based approach to the structure of seed plants. Springer. 

BLOCK 3: 

Unit 1: 

● Jordi Martínez‐Vilalta and Núria Garcia‐FornerWater potential regulation, 

stomatal behaviour and hydraulic transport under drought: deconstructing the 

iso/anisohydricconcept Plant, Cell and Environment(2017)40,962–976 

● S. Mangrich, E. M. C. Cardoso, M. E. Doumer, L. P. C. Romão, M. Vidal, A. 

Rigol, E. H. Novotny. Improving the Water Holding Capacity of Soils of 

Northeast Brazil by Biochar Augmentation. Chapter 16, pp 339–354 

Unit 2: 

● McElrone, A. J., Choat, B., Gambetta, G. A. and Brodersen, C. R. (2013) Water 

Uptake and Transport in Vascular Plants. Nature Education Knowledge 4(5):6 

● Hodson, R.C. and J. Acuff. 2006. Water transport in plants: anatomy and 

physiology. Pages 163-183, in Tested Studies for Laboratory Teaching, Volume 

27 (M.A. O'Donnell, Editor). Proceedings of the 27th Workshop/Conference of 

the Association for Biology Laboratory Education (ABLE), 383 pages. 
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Unit 3: 

● Caspar C.C. Chater, Robert S. Caine, Andrew J. Fleming, Julie E. Gray Plant 

Physiology Jun 2017, 174 (2) 624-638; DOI: 10.1104/pp.17.00183 

● Petra Dietrich, Dale Sanders, Rainer Hedrich, The role of ion channels in light‐ 

dependent stomatal opening, Journal of Experimental Botany, Volume 52, Issue 

363, 1 October 2001, Pages 1959–1967, https://doi.org/10.1093/ 

jexbot/52.363.1959 

Unit 4: 

● Sreeman, S.M., Vijayaraghavareddy, P., Sreevathsa, R., Rajendrareddy, S., 

Arakesh, S., Bharti, P., Dharmappa, P., Soolanayakanahally, R., 2018. 

Introgression of Physiological Traits for a Comprehensive Improvement of 

Drought Adaptation in Crop Plants. Front. Chem. 6, 92. 

Unit 5: 

● SeyedYahyaSalehi-LisarHamidehBakhshayeshan-Agdam, (2016). Drought 

Stress in Plants: Causes, Consequences, and Tolerance. Drought Stress Tolerance 

in Plants, Vol 1 pp 1-16 

BLOCK 4: 

Unit 1: 

● Pandey, Renu. (2015). Mineral Nutrition of Plants. 10.1007/978-81-322-2286- 

6_20. 

● Barker A. V. and D. J. Pilbeam (2015). Handbook of Plant Nutrition, Second 

Edition. Books in Soils, Plants, and the Environment Series, the 2nd Edition, CRC 

Press. 

Unit 2: 

● Vatansever, R., Ozyigit, I. I., and Filiz, E. (2017). Essential and beneficial trace 

elements in plants, and their transport in roots: a review. Applied biochemistry 

and biotechnology, 181(1), 464-482.. 

● Tahat, M. M., and Sijam, K. (2012). Arbuscularmycorrhizal fungi and plant root 

exudates bio-communications in the rhizosphere. African Journal of 

Microbiology Research, 6(46), 7295-7301. 

Unit 3: 

● Rajasekar, M., D. UdhayaNandhini and Suganthi S. (2017) Supplementation of 

Mineral Nutrients through Foliar Spray – A Review. 

Int.J.Curr.Microbiol.App.Sci. 6(3): 2504-2513.https://doi.org/10.20546/ijcmas. 

2017.603.283 

● Alshaal, Tarek and El-Ramady, Hassan. (2017) Foliar application: from plant 

nutrition to biofortification. Environment, Biodiversity and Soil Security. 

10.21608/jenvbs.2017.1089.1006. 
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BLOCK 5: 

Unit 1: 

● Davies, P.J. ed., 2013. Plant hormones: Physiology, Biochemistry and 

Molecular Biology. Springer Science & Business Media. 

General Source of Information: 

● Taiz T, Zeiger E and Max Mller IM, 2018, Fundamentals of Plant Physiology 

● Taiz L and Zeiger E. 2015. Plant Physiology and development.6th Ed 

● Salisbury FB and Ross C. 1992 (4th Ed.) Plant Physiology 

● Emanuel Epstein and Arnold J. Bloom.2004, Mineral nutrition of plants: 

principles and perspectives.2nd Ed. 

● Hopkins WG and Huner NPA. 2004. Introduction to Plant Physiology 

● Kramer, P. J., Water relations of plants 

● Kirkham, M. B., Principles of soil and plant water relations 

● Hopkins WG, 2008, Introduction to Plant Physiology 

 

Credit : 2+1 

Course Code : PP 502* 

Title : Principles of Plant Physiology II 

 
WHY THIS COURSE? 

Mechanisms associated with growth and development determine crop 

performance under any given condition. Metabolic and growth processes are quite 

sensitive to environmental factors and hence comprehensive understanding of the 

physiological basis of growth and development would be essential. 

AIM OF THIS COURSE 

This course will impart knowledge on cellular structure and function that 

determine of carbon and nitrogen metabolism, lipids, enzymes and secondary 

metabolites in plants. Relevance of metabolic processes on growth and development 

leading to productivity will be dealt. 

The course is organized as follows: 

No 
. 

Blocks Units 

1 Structure and classification 

of biomolecules 

1. Structure and classification of 
carbohydrates 

2. Structure and classification of aminoacids 

3. Structure and classification of proteins 

4. Structure and classification of lipids 

2 Primary metabolism 1. Photosynthesis: Photochemical Processes 

2. Photosynthesis: Biochemical Processes 

3. Synthesis of sugars and starch 

4. Respiration 
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  5. Nitrogen assimilation 

6. Protein synthesis 

7. Lipid synthesis 

8. Lipid catabolism 

3 Secondary metabolism 1.  Structure and classification of secondary 
metabolites 

2. Physiological roles of secondary 
metabolites 

4 Developmental physiology 1. Regulation of seed germination and 
development 

2. Regulation of morphogenesis 

3. Regulation of reproductive phase 

 

LEARNING OUTCOMES 

By the end of this course, the student will be able to: 

● Figure out the fundamental metabolic processes in plant 

● Describe the physiological mechanisms and metabolic events associated with 

regulation of plant growth 

BLOCK 1: STRUCTURE AND CLASSIFICATION OF BIOMOLECULES 

Unit 1. Structure and classification of carbohydrates 

● Classification, nomenclature and structure of various carbohydrates. 

● Classification, nomenclature and structure of various monosaccharides. 

Unit 2. Structure and classification of aminoacids 

● General structure of aminoacids. 

● Classification of various aminoacids. 

Unit 3. Structure and classification of proteins 

● Classification and structure of various proteins. 

Unit 4. Structure and classification of lipids 

●  Classification and structure of various lipids as per LIPID MAPS 

database. 

BLOCK 2: PRIMARY METABOLISM 

Unit 1. Photosynthesis: Photochemical Processes 

● Chloroplast ultrastructure with special mention of lamellar system. 

● Excitation, electron and proton transfers and their relevance in energy 

conservation. 

● Concepts of pigment systems and generation of powerful reductant and 

oxidant. 

● Water oxidation, Water-water cycle and other aspects of electron transfer. 

Unit 2. Photosynthesis: Biochemical Processes 



712  

● CO2 diffusion mechanisms and diffusive conductances, concept of Ci 

determining Photosynthesis. 

● RuBisCO enzyme kinetics and Calvin cycle mechanisms, Regulation of 

Calvin cycle and metabolite fluxes. 

● Photorespiration: the advantages and inefficiencies of photosynthesis 

because of photorespiration. 

● Concepts of CO2 concentrating mechanisms (CCM) and spatial and 

temporal differences in carboxylation. 

● Ecological aspects of C4 and CAM photosynthesis. 

● Product synthesis, Starch and Sucrose biosynthesis. 

Unit 3. Synthesis of sugars and starch 

● Enzymatic synthesis and regulation of starch and sucrose synthesis. 

Unit 4. Respiration 

● Mitochondrial organization and functions 

● Aspects of Glycolysis, TCA cycle and mitETC. 

● Relevance of growth and maintenance respiration 

● Concepts of CN resistance respiration – Alternate and SHAM sensitive 

ETC 

Unit 5. Nitrogen assimilation 

● Developments in d-nitrgen fixation 

● Nitrate reduction and assimilation GS-GOGAT process for amino acid 

synthesis 

● Inter-Dependence of carbon assimilation and nitrogen metabolisms 

Unit 6. Protein synthesis 

● Ribosomal mechanisms involved in the protein synthesis process. 

Unit 7. Lipid synthesis 

● Biosynthesis of fatty-acids, diacyl and triacyl glycerol, fatty acids of 

storage lipids. 

Unit 8. Lipid catabolism 

● Digestion of triacyl glycerols. 

● Alpha and beta-oxidation of fatty-acids. 

BLOCK 3: SECONDARY METABOLISM 

Unit 1. Structure and classification of secondary metabolites 

● Protective and structural metabolites. 

Unit 2. Physiological roles of secondary metabolites 

● Secondary metabolites and their significance in plant defense mechanisms. 

● Secondary metabolites in antioxidant mechanism. 

BLOCK 4: DEVELOPMENTAL PHYSIOLOGY 

Unit 1. Regulation of seed germination and development 
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● Seed germination, dormancy and related concepts. 

● Physiology of seed development 

Unit 2. Regulation of morphogenesis 

● Photoperiodism: Phytochromes, their structure and function 

● Circadian rhythms, 

● Blue light receptors: Cryptochrome and morphogenesis. 

● Vernalization and its relevance in germination. 

Unit 3. Regulation of reproductive phase 

● Floral organ development 

● Factor regulating reproduction face initiation. 

PRACTICALS 

1. Radiant energy measurements 

2. Separation and quantification of chlorophylls 

3. Separation and quantification of carotenoids 

4. O2 evolution during photosynthesis 

5. Anatomical identification of C3 and C4 plants 

6. Measurement of gas exchange parameters, conductance, photosynthetic rate, 

photorespiration 

7. Measurement of respiration rates 

8. Estimation of reducing sugars, starch 

9. Estimation of NO3, free amino acids in the xylem exudates, quantification of 

soluble proteins 

10. Bioassays for different growth hormones- Auxins, Gibberellins, Cytokinins, 

ABA and ethylene 

11. Demonstration of photoperiodic response of plants in terms of flowering 

TEACHING METHODS / ACTIVITIES 

● Lecture 

● Assignment (Reading/Writing) 

● Student presentation 

● Practicals 

 

RESOURCES 

Block 1: 

Unit 1: 

● Kirchhoff, H., (2019)Chloroplast ultrastructure in plants, New 

Phytologisthttps://doi.org/10.1111/nph.15730 

● Jafari, T., Moharreri, E., Amin, A., Miao, R., Song, W., and Suib, S. 

(2016). Photocatalytic water splitting—the   untamed   dream:   a review 

of recent advances. Molecules, 21(7), 900. 
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Unit 2: 

● Jensen E, Cle´ment R, Maberly SC, Gontero B. 2017 Regulation of the 

Calvin – Benson–Bassham cycle in the enigmatic diatoms: biochemical 

and evolutionary variations on an original theme. Phil. Trans. R. Soc. B 

372: 20160401. http://dx.doi.org/10.1098/rstb.2016.0401 

● Raven, J. A., and Beardall, J. (2015). The ins and outs of CO2. Journal 

of experimental botany, 67(1), 1-13. 

● Rae, B. D., Long, B. M., Förster, B., Nguyen, N. D., Velanis, C. N., 

Atkinson, N. .and McCormick, A. J. (2017). Progress and challenges of 

engineering a biophysical CO2- concentrating mechanism into higher 

plants. Journal of Experimental Botany, 68(14), 3717-3737. 

Unit 3: 

● Hagemann, M., Weber, A. P., andEisenhut, M. (2016). Photorespiration: 

origins and metabolic integration in interacting compartments. Journal 

of experimental botany, 67(10), 2915. 

● Kühlbrandt, W. (2015). Structure and function of mitochondrial 

membrane protein complexes. BMC biology, 13(1), 89. 

Unit 4: 

● Liesche, J., and Patrick, J. (2017). An update on phloem transport: a 

simple bulk flow under complex regulation. F1000Research, 6. 

● Jensen, K. H., Berg-Sørensen, K., Bruus, H., Holbrook, N. M., Liesche, 

J., Schulz, A., and Bohr, T. (2016). Sap flow and sugar transport in 

plants. Reviews of modern physics, 88(3), 035007. 

● Julius, B. T., Leach, K. A., Tran, T. M., Mertz, R. A., and Braun, D. M. 

(2017). Sugar transporters in plants: new insights and discoveries. Plant 

and Cell Physiology, 58(9), 1442-1460. 

Unit 5: 

● Rao, D. L. N. (2014). Recent advances in biological nitrogen fixation in 

agricultural systems. In ProcIndianNatlSciAcad(Vol. 80, No. 2, pp. 359-

378). 

● Hoffman, B. M., Lukoyanov, D., Yang, Z. Y., Dean, D. R., and Seefeldt, 

L. C. (2014). Mechanism of nitrogen fixation by nitrogenase: the next 

stage. Chemical reviews, 114(8), 4041-4062. 

● Mus, F., Crook, M. B., Garcia, K., Costas, A. G., Geddes, B. A., Kouri, 

E. D.andUdvardi, M. K. (2016). Symbiotic nitrogen fixation and the 

challenges to its extension to nonlegumes. Appl. Environ. Microbiol., 

82(13), 3698-3710. 

Unit 6:  

● Pagare, S., Bhatia, M., Tripathi, N., Pagare, S., and Bansal, Y. K. (2015). 

Secondary metabolites of plants and their role: Overview. Curr Trends 

Biotechnol Pharm, 9(3), 293-304. 

● Jain C, Khatana S and Vijayvergia R: Bioactivity of secondary 

metabolites of various plants: a review. Int J Pharm Sci and Res 2019; 

10(2): 494-04. doi: 10.13040/IJPSR.0975-8232.10(2).494-04.. 

http://dx.doi.org/10.1098/rstb.2016.0401
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Unit 7: 

 

 

 

 

 

 

 

 

Unit 8: 

 
● Li, C., Li, J., Chong, K., Harter, K., Lee, Y., Leung, J.,and Schroeder, 

J. (2016). Toward a molecular understanding of plant hormone actions. 

Molecular plant, 9(1), 1-3. 

● Eckardt, N. A. (2015). The plant cell reviews dynamic aspects of plant 

hormone signaling and crosstalk. 

● Jiang, K., andAsami, T. (2018). Chemical regulators of plant hormones 

and their applications in basic research and agriculture. Bioscience, 

biotechnology, and biochemistry, 82(8), 1265-1300. 

● Zwanenburg, B., Pospíšil, T., and Zeljković, S. Ć. (2016). 

Strigolactones: new plant hormones in action. Planta, 243(6), 1311- 

1326. 

● Kumar, R., Khurana, A., and Sharma, A. K. (2014). Role of plant 

hormones and their interplay in development and ripening of fleshy 

fruits. Journal of experimental botany, 65(16), 4561-4575. 

● Gururani, M., Mohanta, T., and Bae, H. (2015). Current understanding 

of the interplay   between   phytohormones    and    photosynthesis under 

environmental stress. International journal of molecular sciences, 

16(8), 19055-19085. 

Unit 9:  

● Song, Y. H., Shim, J. S., Kinmonth-Schultz, H. A., and Imaizumi, T. 

(2015). Photoperiodic flowering: time measurement mechanisms in 

leaves. Annual review of plant biology, 66, 441-464. 

● Sanchez, S. E., and Kay, S. A. (2016). The plant circadian clock: from 

a simple timekeeper to a complex developmental manager. Cold Spring 

Harbor perspectives in biology, 8(12), a027748. 

General Text books: 

● Plant Physiology, Taiz, Lincoln, Zeiger, Eduardo Origanl American 

edition published by Sinauer Associates, Inc., 2006; 4th ed., 2007, 

XXVI, ISBN: 978-3-8274-1865-4; © Springer. 

● Plant Physiologyby Frank Boyer Salisbury and Cleon Ross. 

● Introduction to Plant Physiology 3e (Wie)by William G. Hopkins. 

 

Credit: 2+1 

Course Code: PP 503* 

Title: PLANT DEVELOPMENTAL BIOLOGY: PHYSIOLOGICAL 

AND MOLECULAR 

BASIS 

WHY THIS COURSE? 

From the conventional description information on plant growth and development 

based on morphology and anatomy, phenomenal changes and leads taken place in the 

last one and half decade to address these processes at physiological, biochemical 

and molecular levels. This basic understanding has provided options to regulate these 
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processes genetically using genetic and molecular tools and by 
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interventions using chemicals and external factors. To give an example on flowering, the 

progress made regarding the molecular players that regulate flowering, initiation, the 

photoreceptors like phytochromes and their regulation by the photoperiod-short and long 

days has provided options to manipulate the flowering time to bring in synchrony, etc. 

Phenomenal progress also made in several other processes like germination, viability, 

root development and pollination, etc. The other major area of contribution is in tissue 

culture where is understanding of plant developmental biology has been put o practical 

use and knowledge on morphogenesis is exploited to maximum. It is very essential that 

the students get exposed on these aspects to complement the research programs on crop 

improvement. 

Aim of this course 

To explain about basic physiological and molecular processes concerning various 

facets of growth and development of plants. It provides knowledge on basic physiological 

processes governing developmental events in plants including senescence and fruit 

development and ripening. Development of vegetative tissue like shoot, leaf and root and 

morphogenetic phenomena like flower induction and development, factors associated 

with photoperiod and thermoperiod response. Regulation of morphogenesis would be 

studied at the molecular level providing information on genes involved. In addition, 

students will study how to apply the knowledge on plant development and 

morphogenesis using tissue culture. 

The course is organized as follows: 

 
No. Blocks Units 

1. Plant 

Developmental 

Biology 

1. Evolutionary Development of Plants and Role of 
Environment 

2. Physiological and Molecular Determinants of Seed Biology 

3. Vegetative Growth and Organ Development 

4. Physiological and Molecular Aspects of Reproductive 

Growth and Development 

5. Ripening and Senescence 

6. Physiological and Molecular Regulation of Plant 

Development Influenced by Light and Temperature 

2. Plant Anatomy 1. Anatomy of roots, stem and leaf 
2. Basic terminologies in anatomy and morphology of plant 

organs 

3. Practical 

application of 

morphogenesis 

1. Tissue culture and micro-propagation 

2. Application of in-vitro techniques for crop improvement 
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LEARNING OUTCOMES 

After completion of this course students are expected to have knowledge on and 

insight into the physiological and molecular basis of plant growth and development. The 

student will develop critical insight in physiological aspects of vegetative growth and 

reproductive development at molecular level. 

Unit 1: Evolutionary Development of Plants and Role of Environment 

● Plant development and plasticity, evolution, Biodiversity 

● Novel features of plant growth and development, Concept of plasticity- 

evolution and biodiversity, Model plants for study; Environment and 

development. 

● Developmental stages and program; Cell-cycle, totipotency and 

regeneration. 

Unit 2: Physiological and Molecular Determinants of Seed Biology 

● Seed development- Physiology of seed development, role of hormones in 

embryo development; seed development and maturation. 

● Seed dormancy- Physiological and molecular mechanism of seed dormancy 

regulation. Seed germination- seed structure and Hormonal regulation of 

germination, Mobilization of food reserves during seed germination. 

Unit 3: Vegetative Growth and Organ Development 

● Regeneration and totipotency- organ differentiation and development – 

role of hormones- developmental control genes in crop plants. 

● Meristems in plant development. 

● Shoot, Leaf, Trichome and stomate development and differentiation. 

● Axillary shoot branching; Bud dormancy and growth 

● Root development; Nodule development; Tuber development- hormonal 

control, signaling and molecular regulation- genes involved. 

● Vascular bundle development- xylem and phloem differentiation 

Unit 4: Physiological and Molecular Aspects of Reproductive Growth and 

Development 

● Floral Induction and Development: Molecular and physiological mechanism 

of transition-vegetative to reproductive phase- floral organ initiation and 

development their controls. 

● Development of male and female gametophyte; gametophytic mutants: pollen-

stigma interaction- Pollen germination and tube growth; role of imprinting; 

Male sterility: and fertility restoration; Self incompatibility; Sterility and 

fertility restoration, Maternal gene effects, Zygotic gene effects. 
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● Sex determination in plants, mate choice in plants. 

● Embryo and endosperm development- fertilization, role of imprinting; 

Parthenocarpy and apomixes 

Unit 5: Ripening and Senescence 

● Fruit development, enlargement, maturation and ripening; climacteric and 

non- climacteric fruit ripening mechanism. 

● Hormonal, biochemical & Molecular aspects of fruit ripening 

● Senescence and its regulation; Hormonal and environmental control of 

senescence; PCD in the life cycle of plants. 

Unit 6: Physiological and Molecular Regulation of Plant Development Influenced 

by Light and Temperature 

● Light control of plant development: Phytochromes and cryptochromes, 

phototropins, their structure, biochemical properties and cellular distribution 

● Molecular mechanisms of light perception, signal transduction and gene 

regulation 

● Photoperiodism and its significance, vernalization and hormonal control 

● Circadian rhythms-biological clocks and their genetic and molecular 
determinants 

● Thermomorphogenesis- Thermoperiodism 

BLOCK 2:   APPLICATION OF MORPHOGENESIS AND ITS 

PRACTICAL APPLICATION 

Unit 7: Tissue culture and micro-propagation 

● Applications of tissue culture for plant production, callus induction, somatic 

embryogenesis, regeneration from different explants. 

● Micro-propogation, tip and axillary node culture of commercially important 

crops, hardening and ex-vitro establishment, concept of somatic hybridization 

and protoplast culture. 

Unit 8: Application of in-vitro techniques for crop improvement 

● Development of somoclones, identification and exploitation of somoclonal 

variants 

● Haploid production, pollen/anther, ovule/ovary culture 

● Production of secondary metabolites by tissue culture, concept of bio- 

fermenters. 

● Plant transformation, development of transgenic plants and their 

characterization 

● Germplasm storage, cryopreservation and regulation 

PRACTICALS 

1. Studying shoot apical meristem, floral meristem development and pollen tube 

development 
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2. Phenotyping photomorphogenesis: a) Studying effect of day length (short day and 

long day) in regulating floral induction/ flowering time in short day/long day/day 

neutral plants and b) effect of light on seed germination in light- sensitive and - 

insensitive seeds. 

3. Studying effect of temperature on- a) thermomorphogenesis- measuring 

hypocotyl elongation under different temperature conditions and b) sex 

determination using cucurbits/sesame plants. 

4. Measure physiological paramters of fruit ripening and study the expression of key 

genes regulating ripening. 

5. Study the effect of ethylene, its inhbibitor and scruber on ripening (tomato). 

6. Study different sterilization techniques, prepare media stocks and plant 

hormones. 

7. Inoculate explant (seed and leaf tissue) of model plant for callus induction. 

8. Subculture the callus and standardize regeneration protocol for shoot and root 

induction using callus and leaf explant. 

9. Micro-propagation using meristem tip and axillary node culture. 

10. Standerdize anther/ pollen culture for haploid production in 

model/crop/horticultural plant. 

11. Isolation of protoplast from Arabidopsis/tobacco and its culturing 

12. Study about selectable marker, reporter gene, PCR, southern and northern 

blotting techniques. 

13. Transformation of tobacco callus or leaf explant by Agrobacterium tumefacines 

and Agrobacterium rhizogenes for production of transgenic 

14. Molecular characterization of transgenic- PCR, southern blotting, gene 

expression. 

TEACHING METHODS / ACTIVITIES 

● Lecture 

● Assignment (Reading/Writing) 

● Student presentation 

RESOURCES 

Unit 1: 

 

 

 

 

 

 

 
 

Unit 2 

● Karl J. Niklas. Plant Evolution- An Introduction to the History of Life. 

● B. Bahadur et al. (eds.), Plant Biology and Biotechnology: Volume I: 

Plant Diversity, Organization, Function and Improvement 

● M. De Jong and O. Leyser. Developmental Plasticity in Plants. Cold 

Spring Harbor Symposia on Quantitative Biology. 63-73. 

● Dirk Inze and Lieven De Veylder (2006). Cell Cycle Regulation in Plant 

Development. Annu. Rev. Genet. 2006. 40:77–105 

 
● J. Derek Bewley et al., Seeds-Physiology of Development, Germination and 

Dormancy. 
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Unit 3 

● Kent J. Bradford and Hiroyuki Nonogaki (2007). Seed Development, 

Dormancy and Germination. Blackwell publishing. 

 
● Matthew MS Evans and M. Kathryn Barton (1997). Genetics Of Angiosperm 

Shoot Apical Meristem Development. Annu. Rev. Plant Physiol. Plant Mol. 

Biol. 48:673–701. 

● Keni Jiang and Lewis J. Feldman (2005). Regulation of Root Apical 

Meristem Development. Annu. Rev. Cell Dev. Biol. 21:485–509. 

● Piazza et al., (2005). Evolution of leaf developmental mechanisms. New 

Phytologist. 167: 693–710. 

● Fiona Tooke and Nick Battey (2003). Models of shoot apical meristem 

function. New Phytologist. 159: 37–52. 

● Zheng-Hua Ye (2002). Vascular Tissue Differentiation And Pattern Rev. 

Plant Biol. 55: 521-535. 

● Zeevaart, J.A.D. 1976. Physiology of flower formation. Annu. Rev. Plant 

Physiol. 27: 321-348. Zeevaart, J.A.D. 2006. Florigen coming of age after 

70 years. Plant Cell 18: 1783-1789. 

● John R. Pannel. (2017). Plant Sex Determination. Current Biology 27, R191–

R197. 

● Mark A. Johnson et al., 2019. A Fruitful Journey: Pollen Tube Navigation 

from Germination to Fertilization. Annu. Rev. Plant Biol. 70: 20.1–20.29 

● JA Callow: Advances in Botanical Research- Incorporating Advances in 

Plant Pathology Vol. 44, Developmental Genetics Of The Flower. 

● Thomas Jack (2004). Molecular and Genetic Mechanisms of Floral 

Control. The Plant Cell. 16: S1–S17. 

● Anna M. Koltunow and UeliGrossniklaus (2003). APOMIXIS: A 

Developmental Perspective. Annu. Rev. Plant Biol. 54:547–74. 

● Vernonica E. Franklin-Tong. Self-Incompatibility in Flowering 

Plants-Evolution, Diversity, and Mechanisms, Springer 

Unit 5: 

● Howard Thomas (2013). Senescence, ageing and death of the whole plant. 

New Phytologist. 197: 696–711. 

● Eric Lam, Hiroo Fukuda and Jean Greenberg. Programmed cell death in 

higher plants. Reprinted from Plant Molecular Biology, Volume 44 (3), 

2000 

● Eng-Chong Pua and Michael R. Davey: Plant Developmental Biology 

- 

Biotechnological Perspectives. 

 
Unit 6: 

● Meng Chen (2004). Light Signal Transduction In Higher Plants Annu. Rev. 

Genet. 38: 87–117. 
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● Christian Fankhauser and Joanne Chory (1997). Light Control Of Plant 

Development Annu. Rev. Cell Dev. Biol. 13: 203–229. 

● Mieke de Wit (2016). Light-Mediated Hormonal Regulation of Plant 

Growth and Development. Annu. Rev. Plant Biol. 67: 22.1–22.25 

● Keara A. Franklin and Philip A. Wigge. Temperature and Plant 

Development. Wiley Blackwell. 

● Keara A. Franklin et al., (2014). Interaction of light and temperature 

signaling. Journal of Experimental Botany. 65(11): 2859–2871. 

Unit 7: 

● Bhojwani SS and Razdan MK. Plant tissue culture: theory and practice, a 

revised edition. Elsiver publication. 

● Bhojwani SS, Sant Saran, Dantu and Prem Kumar. Plant Tissue Culture: 

An Introductory Text. 

● Edwin F George and Michael A Hall, E-book. Plant Propagation by 

Tissue Culture 3rd Edition. 

Unit 8: 

● Krishna, H., Alizadeh, M., Singh, D., Singh, U., Chauhan, N., Eftekhari, 

M., and Sadh, R. K. (2016). Somaclonal variations and their applications 

in horticultural crops improvement. 3 Biotech, 6(1), 54. 

● Evans, D. A. (1989). Somaclonal variation-genetic basis and breeding 

applications. Trends in genetics, 5, 46-50. 

● Benson, E. E., Dumet, D. J., and Harding, K. (2009). Cryopreservation of 

plant cells, tissues and organs. Encyclopedia of Industrial Biotechnology: 

Bioprocess, Bioseparation, and Cell Technology, 1-22. 

● Schumacher, H. M., Westphal, M., and Heine-Dobbernack, E. (2015). 

Cryopreservation of plant cell lines. In Cryopreservation and Freeze- 

Drying Protocols (pp. 423-429). Springer, New York, NY. 

● Kalaiselvi, R., Rajasekar, M., and Gomathi, S. (2017). Cryopreservation of 

plant materials-a review. IJCS, 5(5), 560-564. 

● Jana Murovec and BorutBohanec (2012). Haploids and doubled haploids 

in plant breeding. Intechopen. DOI: 10.5772/29982 

● Maria Antonietta Germanà (2011). Anther culture for haploid and doubled 

haploid production. Plant Cell, Tissue and Organ Culture. Volume 104, 

Issue 3, pp 283–300 

● Ren, J., Wu, P., Trampe, B., Tian, X., Lübberstedt, T., and Chen, S. (2017). 

Novel technologies in doubled haploid line development. Plant 

biotechnology journal, 15(11), 1361-1370. 

● Jim M. Dunwell, (2010). Haploids in flowering plants: origins and 

exploitataion. Plant Biotechnol J. 2010 May 1;8(4):377-424. doi: 

10.1111/j.1467- 7652.2009.00498.x 



723  

● M. R. Ferrie and K. L. Caswell (2011). Isolated microspore culture 

techniques and recent progress for haploid and doubled haploid plant 

production. Plant Cell, Tissue and Organ Culture. Volume 104, Issue 3, 

pp 301–309 

● Thijs, S., Sillen, W., Rineau, F., Weyens, N., and Vangronsveld, J. (2016). 

Towards an enhanced understanding of plant–microbiome interactions to 

improve phytoremediation: engineering the metaorganism. Frontiers in 

microbiology, 7, 341. 

General Source Information: 

● Eng-Chong Pua and Michael R. Davey: Plant Developmental 

Biology - Biotechnological Perspectives. 

● B. Bahadur et al. (eds.), Plant Biology and Biotechnology: Volume I: 

Plant Diversity, Organization, Function and Improvement . 

● J. Derek Bewley et al., Seeds-Physiology of Development, Germination 

and Dormancy. 

● M. De Jongand O. Leyser. Developmental Plasticity in Plants. Cold 

Spring Harbor Symposia on Quantitative Biology. 63-73. 

● GabyongBae and Giltsu Choi (2008). Decoding of Light Signals by Plant 

Phytochromes and Their Interacting Proteins. Annu. Rev. Plant Biol. 

59:281–311 

● Viola Willemsen and Ben Scheres (2004). Mechanisms of pattern 

formation in plant embryogenesis. Annu. Rev. Genet. 38:587–614 

● MomokoIkeuchi, et al., (2016). Review- Plant regeneration: cellular 

origins and molecular mechanisms. Development, 143: 1442-1451. 

● John R. Pannel. (2017). Plant Sex Determination. Current Biology 27, 

R191–R197. 

● Vernonica E. Franklin-Tong. Self-Incompatibility in Flowering Plants - 

Evolution, Diversity, and Mechanisms. Springer. 

● Peter van Dijk and Jos van Damme (2000). Apomixis technology and the 

paradox of sex. Trends in Plant Sciences 5(2): 81-84. 

 

Credit : 2+1 

Course Code : PP 504* 

Title : PHYSIOLOGICAL AND MOLECULAR RESPONSES 

OF PLANTS TO ABIOTIC STRESSES 

WHY THIS COURSE? 

With the changing climate, plants are being more frequently exposed to abiotic stresses 

like, water, salinity, temperature, nutrient, radiation, etc. limiting the productivity. This 

will not only affect livelihoods of individual farmers but also the food security. Concerted 

efforts have been made to grow crops under resource limited/stressful environmental 

conditions and advances in physiology, molecular biology and genetics have 

significantly helped in this endeavor. In recent years, our understanding of the physio-

morphological, biochemical and molecular adaptation of plants to resource 
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limited/stressful environment is phenomenal. This course will outline different abiotic 

stresses, their impacts on agricultural productivity, stress tolerance mechanisms, stress 

mitigation strategies, crop improvement approaches and traits for stress tolerance. 

AIM OF THIS COURSE 

This course aims to describe students the abiotic-stress physiology and their 

effects on plant growth and productivity. This will also help students gain insights into 

latest developments in stress physiology and stress tolerance mechanisms, approaches 

for crop improvement under stressful environment. 

The course is organized as follows: 

 
No. Blocks Units 

1. Abiotic Stresses 1. Introduction to Abiotic Stresses 

2. Drought Stress 1. Moisture Stress Responses in Plants 

2. Stress Perception and Molecular Responses of Plants 

to Drought Stress 

3. Plant Adaptive Mechanisms to Drought 

4. Approaches to Improve Drought Tolerance 

3. Salt, Heavy Metal, 

Water Logging, 

Temperature and 

Light Stress 

1. Salt Stress 

2. Heavy Metal Stress and Water Logging 

3. Temperature and Light Stress 

 
LEARNING OUTCOMES 

After completion of this course students are expected to have knowledge on and 

insight into the physiological and molecular responses of plants to abiotic stresses. 

The student will develop critical insight in adaptive mechanisms of plants against 

various abiotic stresses. 

 
BLOCK 1: ABIOTIC STRESSES 

Unit 1: Introduction to Abiotic Stresses 

● Abiotic stresses major constraints to realize potential yields of crop 

plants, yield losses. 

● Drought prone areas in India- Frequency of occurrence of drought, 

Rainfed- kharif, Rabi, Areas affected by salinity, heavy metals, water 

logging, high temperature scenario due to global warming. 

BLOCK 2: DROUGHT STRESS 

Unit 1: Moisture Stress Responses in Plants 

● Drought-characteristic features; water potential in the soil-plant-air 

continuum. 

● Physiological and biochemical processes affected by drought.Oxidative 
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stress- generation of ROS and other cytotoxic compounds, their effect on 

cellular process. 

● Effect on total carbon gain- decrease in photosynthetic area and function, 

protein turn over and lipid characters, phenology-reproductive aspects, 

critical stages. 

Unit 2: Stress Perception and Molecular Responses of Plants to Drought 

Stress 

● Stress perception andsignal transduction leading to expression of 

regulatory genes, stress specific kinases, stress specific transcription 

factors, functional genes associated with adaptive mechanisms 

Unit 3: Plant Adaptive Mechanisms to Drought 

a. Escape and desiccation avoidance mechanism 

● Concept of stress escape- exploiting genetic variability in phenology, 

Drought avoidance mechanisms- Maintenance of cell turgor, water 

mining by root characters. 

● Moisture conservation- Regulation of transpiration- traits reducing heat 

load, Stomatalfactors guard cell metabolism, moisture conservation by 

waxes 

● Water use efficiency (WUE) and concept of water productivity- 

regulation of transpiration efficiency-stomatal conductance, mesophyll 

efficiency, relevance of WUE and Passioura‘s model. 

b. Desiccation tolerance- Concept of acquired tolerance 

● Decreased turgor mediated upregulation of cellular tolerance 

mechanisms, Osmolytes, managing cytotoxic compounds, ROS, RCC, 

scavenging - enzymatic and non-enzymatic, protein turnover, stability, 

chaperones, membrane stability, photo-protection of chlorophylls. 

Unit 4: Approaches to Improve Drought Tolerance 

● Development of genetic resources- donor genotypes for specific traits, 

Genomic resources- genes, QTL‘s regulating adaptive mechanisms, 

Conventional, transgenic and molecular breeding approaches to improve 

relevant adaptive traits, concept of trait introgression 

BLOCK 3: SALT, HEAVY METAL, WATER LOGGING, 

TEMPERATURE AND LIGHT STRESS 

Unit 1: Salt Stress 

● Soil salinity-Effect of salt stress, ionic and osmotic effects; species 

variation in salt tolerance; glycophytes and halophytes, Salt tolerance 

mechanisms - exclusion, extrusion and compartmentalization, Signaling 

during salt stress – SOS pathway, Approaches to improve salt tolerance. 

 
Unit 2: Heavy Metal Stress and Water Logging 

● Heavy metal toxicity in plants (eg., Al, Cd), tolerance mechanisms and 

approaches to improve. 

● Plant response to water logging, role of hormones- ethylene, mechanism 
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of tolerance and approaches to improve. 

Unit 3:Temperature and Light Stress 

● High and low temperatures; effect on plants; adaptive mechanisms, 

evaporation cooling, concept of cellular tolerance, protein stability, 

chaperones, HSPs, HSFs, membranes. 

● High light and high ionizing radiation- photo oxidation and photo- 

inhibition; mechanisms of tolerance, plant adaptation to low light, 

concept of shade avoidance response (SAR) 

PRACTICALS 

1. Measurement of soil and plant water status. 

2. Drought stress imposition and measurement of physiological and 

biochemical changes in plants under stress –gas exchange and fluorescence 

measurements. 

3. Imposition of osmotic stress using PEG 

4. Determination of water use efficiency as a drought resistant trait. 

5. Drought Susceptibility Index (DSI) -precise field technique to identify 

productive genotypes under stress. 

6. Approaches to quantify root characters 

7. Determination of stomatal parameters and canopy temperature as a reflection 

of transpiration and root activity. 

8. Determination of Salinity Tolerance Index. 

9. Studying acclimation response - Temperature induction response. 

10. Heat tolerance and membrane integrity- Sullivans heat tolerance test. 

11. Quantification of osmolytes – proline under stress. 

12. Oxidative stress imposition- Quantification of oxidative stress 

13. Quantification of ROS under stress. 

14. Estimation of ABA content in leaf and root tissues under stress. 

15. Determination of Sodium and Potassium in plant tissue grown under salt stress. 

16. Estimation of antioxidant enzymes. 

TEACHING METHODS / ACTIVITIES 

● Lecture 

● Assignment (Reading/Writing) 

● Student presentation 

● Practicals 

RESOURCES 

Block 1: 

Unit 1: 

● Plant Physiology Book by Eduardo Zeiger and Lincoln Taiz. 

● Plant physiology Book by Frank B. Salisbury, Cleon W. Ross Salisbury, 
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Frank B 

● Pereira   A (2016)   Plant Abiotic   Stress Challenges from the 

Changing Environment. Front. Plant Sci. 7:1123. doi: 

10.3389/fpls.2016.01123 

● Sergey Shabala, 2012. Plant Stress Physiology. 

● https://www.mapsofindia.com/maps/india/drought-prone-areas.html 

Block 2: 

Unit 1: 

● http://threeissues.sdsu.edu/three_issues_droughtfacts03.html 

● Abid, M., Ali, S., Qi, L.K., Zahoor, R., Tian, Z., Jiang, D., Snider, J.L. and 

Dai, T., 2018. Physiological and biochemical changes during drought and 

recovery periods at tillering and jointing stages in wheat (Triticum aestivum 

L.). Scientific reports, 8(1), p.4615. 

● Fathi, Amin and Barari, Davood. (2016). Effect of Drought Stress and its 

Mechanism in Plants. International Journal of Life Sciences. 10. 1. 

10.3126/ijls.v10i1.14509. 

● AshwaniPareek, Sopory. S.K, Bohnert.H.JandGovindjee 2010. Abiotic 

Stress Adaptation in Plants, Springer, The Netherlands 

● Dumont, S. and Rivoal, J., 2019. Consequences of oxidative stress on plant 

glycolytic and respiratory metabolism. Frontiers in plant science, 10. 

● Mittler, R., 2002. Oxidative stress, antioxidants and stress tolerance. Trends 

in plant science, 7(9), pp.405-410. 

● Demidchik, V., 2015. Mechanisms of oxidative stress in plants: from classical 

chemistry to cell biology. Environmental and experimental botany, 109, 

pp.212-228. 

● Das, K. and Roychoudhury, A., 2014. Reactive oxygen species (ROS) and 

response of antioxidants as ROS-scavengers during environmental stress in 

plants. Frontiers in Environmental Science, 2, p.53. 

● Yadav, Praduman, Sunil kumar and Veena Jain. (2016). Recent Advances in 

Plant Stress Physiology. Daya Publishing House, New Delhi. 

Unit 2: 

● GyanaRanjan Rout and AnathBandhu Das. 2013. Molecular Stress 

physiology of plants. Springer, India. 

● Combined Stresses in Plants Physiological, Molecular, and Biochemical 

Aspects Editors: Mahalingam, Ramamurthy (Ed.) 2015. 

● Lata, Charu and Muthamilarasan, Mehanathan and Prasad, Manoj. (2015). 

Drought Stress Responses and Signal Transduction in Plants. In elucidation 

of abiotic stress signaling in plants (PP.195-225). Springer, New York,Ny. 

DOI: 10.1007/978-1-4939- 2540-7_7. 

● Zhu, J.K., 2016. Abiotic stress signaling and responses in plants. Cell, 167(2), 

pp.313- 324. 

● Osakabe, Y., Yamaguchi-Shinozaki, K., Shinozaki, K. and Tran, L.S.P., 2013. 

Sensing the environment: key roles of membrane-localized kinases in 

http://www.mapsofindia.com/maps/india/drought-prone-areas.html
http://threeissues.sdsu.edu/three_issues_droughtfacts03.html
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plant perception and response to abiotic stress. Journal of experimental botany, 

64(2), pp.445-458. 

● Xiong, L. and Zhu, J.K., 2001. Abiotic stress signal transduction in plants: 

molecular and genetic perspectives. Physiologia plantarum, 112(2), pp.152- 

166. 

● Gill, S.S., Anjum, N.A., Gill, R. and Tuteja, N., 2016. Abiotic Stress signaling 

in plants–an overview. Abiotic Stress Response in Plants, 3, pp.1- 12. 

● de Vasconcelos, M.W.P.L., Menguer, P.K., Hu, Y., Revers, L.F. and Sperotto, 

R.A., 2016. Stress signaling responses in plants. BioMed research 

international, 2016. 

Unit 3: 

● Khan, A., Pan, X., Najeeb, U., Tan, D.K.Y., Fahad, S., Zahoor, R. and Luo, 

H., 2018. Coping with drought: stress and adaptive mechanisms, and 

management through cultural and molecular alternatives in cotton as vital 

constituents for plant stress resilience and fitness. Biological research, 51(1), 

p.47. 

● Abobatta, Waleed. (2019). Drought adaptive mechanisms of plants -a review. 

Adv.Agr.Environ Sci., 2(1). 42-45. DOI: 10.30881/aaeoa.00021. 

● Basu, S., Ramegowda, V., Kumar, A. and Pereira, A., 2016. Plant adaptation 

to drought stress. F1000Research, 5. 

● Gilbert, M.E. and Medina, V., 2016. Drought adaptation mechanisms should 

guide experimental design. Trends in plant science, 21(8), pp.639-647. 

● Kamanga RM, Mbega E, Ndakidemi P (2018) Drought Tolerance 

Mechanisms in Plants: Physiological Responses Associated with Water 

Deficit Stress in Solanum lycopersicum. Adv Crop Sci Tech 6: 362. DOI: 

10.4172/2329-8863.1000362 

● Farrant, Jill and Cooper, Keren and Nell, J. (2012). Desiccation tolerance. 

● Drought Stress Tolerance in Plants, Vol 1, Physiology and Biochemistry, 

Editors: Hossain, M.A., Wani, S.H., Bhattacharjee, S., Burritt, D.J., Tran, L.- 

S.P. (Eds.) 

● Prakash, M. and Dr.K.Balakrishnan. 2014. Abiotic Stress tolerance in crop 

plants. Satish Serial Publishing House. Delhi. ISBN: 978-93-81226-92-6. 

● Plant Tolerance to Individual and Concurrent Stresses Editors: Senthil- 

Kumar, Muthappa (Ed.) 2017. 

● Fernando, V.D. and Schroeder, D.F., 2016. Role of ABA in Arabidopsis salt, 

drought, and desiccation tolerance. In Abiotic and Biotic Stress in Plants- 

Recent Advances and Future Perspectives. IntechOpen. 

● Le Gall, H., Philippe, F., Domon, J.M., Gillet, F., Pelloux, J. and Rayon, C., 

2015. Cell wall metabolism in response to abiotic stress. Plants, 4(1), pp.112-

166. 

● Hasanuzzaman, M., Nahar, K., Alam, M., Roychowdhury, R. and Fujita, M., 

2013. Physiological, biochemical, and molecular mechanisms of heat stress 

tolerance in plants. International journal of molecular sciences, 14(5), 



729  

pp.9643-9684. 

● Khan, M.I.R., Fatma, M., Per, T.S., Anjum, N.A. and Khan, N.A., 2015. 

Salicylic acid-induced abiotic stress tolerance and underlying mechanisms in 

plants. Frontiers in Plant Science, 6, p.462. 

Unit 4: 

● Tuberosa, Roberto and Salvi, Silvio. (2006). Genomic based approaches to 

improve drought tolerance in crops. Trends Plant Sci. 11. 1260-1285. 

● Ali, A., Ali, Z., Quraishi, U.M., Kazi, A.G., Malik, R.N., Sher, H. and 

Mujeeb-Kazi, A., 2014. Integrating physiological and genetic approaches for 

improving drought tolerance in crops. In Emerging technologies and 

management of crop stress tolerance (pp. 315-345). Academic Press. 

● Sahebi, M., Hanafi, M.M., Rafii, M.Y., Mahmud, T.M.M., Azizi, P., Osman, 

M., Abiri, R., Taheri, S., Kalhori, N., Shabanimofrad, M. and Miah, G., 2018. 

Improvement of drought tolerance in rice (Oryza sativa L.): Genetics, 

genomic tools, and the WRKY gene family. BioMed research international, 

2018. 

● Manavalan, L.P., Guttikonda, S.K., Phan Tran, L.S. and Nguyen, H.T., 2009. 

Physiological and molecular approaches to improve drought resistance in 

soybean. Plant and Cell Physiology, 50(7), pp.1260-1276. 

● Shah, A.A., Salgotra, R.K., Wani, S.A. and Mondal, S.K., 2017. Breeding and 

genomics approaches to increase crop yield under drought stress in climate 

change scenario. European Journal of Experimental Biology, 7(4), pp.1-7. 

● Dixit, S., Yadaw, R.B., Mishra, K.K. and Kumar, A., 2017. Marker-assisted 

breeding to develop the drought-tolerant version of Sabitri, a popular variety 

from Nepal. Euphytica, 213(8), p.184. 

● Mir, R.R., Zaman-Allah, M., Sreenivasulu, N., Trethowan, R. and Varshney, 

R.K., 2012. Integrated genomics, physiology and breeding approaches for 

improving drought tolerance in crops. Theoretical and Applied Genetics, 

125(4), pp.625-645. 

● Singla-Pareek, S.L., Reddy, M.K. and Sopory, S.K., 2001. Transgenic 

approach towards developing abiotic stress tolerance in plants. Proceedings: 

Indian National Science Academy Part B, 67(5), pp.265-284. 

Block 2: 

Unit 1: 

● Gupta, B. and Huang, B., 2014. Mechanism of salinity tolerance in plants: 

physiological, biochemical, and molecular characterization. International 

journal of genomics, 2014. 

● Zhu, J.K., 2001. Plant salt tolerance. Trends in plant science, 6(2), pp.66-71. 

● Moghimi, A., Yang, C., Miller, M.E., Kianian, S.F. and Marchetto, P.M., 

2018. A novel approach to assess salt stress tolerance in wheat using 

hyperspectral imaging. Frontiers in plant science, 9. 

● Isayenkov, S.V. and Maathuis, F.J., 2019. Plant Salinity Stress: Many 
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Unanswered Questions Remain. Frontiers in plant science, 10. 

● Tuteja, N., 2007. Mechanisms of high salinity tolerance in plants. In Methods 

in enzymology (Vol. 428, pp. 419-438). Academic Press. 

● Carillo, P., Annunziata, M.G., Pontecorvo, G., Fuggi, A. and Woodrow, P., 

2011. Salinity stress and salt tolerance. In Abiotic stress in plants- 

mechanisms and adaptations. IntechOpen. 

● Rasool, Saiema and Hameed, Asiya and Azooz, Mohamed and Rehman, 

Muneeb and 

O. Siddiqi, T and Ahmad, Parvaiz. (2013). Salt Stress: Causes, Types and 

Responses of Plants. 10.1007/978-1-4614-4747-4_1. 

● Negrão, S., Schmöckel, S.M. and Tester, M., 2017. Evaluating physiological 

responses of plants to salinity stress. Annals of Botany, 119(1), pp.1-11. 

Unit 2: 

● Fukao, T., Barrera-Figueroa, B.E., Juntawong, P. and Peña-Castro, J.M., 

2019. Submergence and Waterlogging Stress in Plants: A Review 

Highlighting Research Opportunities and Understudied Aspects. Frontiers in 

Plant Science, 10, p.340. 

● Emamverdian, A., Ding, Y., Mokhberdoran, F. and Xie, Y., 2015. Heavy 

metal stress and some mechanisms of plant defense response. The Scientific 

World Journal, 2015. 

● Mani, A. and Sankaranarayanan, K., 2018. Heavy Metal and Mineral 

Element- Induced Abiotic Stress in Rice Plant. In Rice Crop-Current 

Developments. IntechOpen. 

● Barceló, Juan and Poschenrieder, Charlotte. (2008). Plant Water Relations as 

Affected by Heavy Metal Stress: A Review. Journal of Plant Nutrition. 13. 1-

37. 10.1080/01904169009364057. 

● Regulation of root traits for internal aeration and tolerance to soil water 

logging- flooding stress. Takaki Yamauchi, Timothy D. Colmer, Ole 

Pedersen, Mikio Nakazono, Plant physiology, 2018, 176(2) 1118-1130. DOI: 

10.1104/pp.17.01157. 

Unit 3: 

● Szymańska, R., Ślesak, I., Orzechowska, A. and Kruk, J., 2017. Physiological 

and biochemical responses to high light and temperature stress in plants. 

Environmental and Experimental Botany, 139, pp.165-177. 

● Maduraimuthu, Djanaguiraman and Prasad, P. V. Vara. (2014). High 

temperature stress.. 

● Nahar, K., Hasanuzzaman, M., Ahamed, K.U., Hakeem, K.R., Ozturk, M. and 

Fujita, M., 2015. Plant responses and tolerance to high temperature stress: role 

of exogenous phytoprotectants. In Crop production and global environmental 

issues (pp. 385-435). Springer, Cham. 

● Mathur, S., Agrawal, D. and Jajoo, A., 2014. Photosynthesis: response to high 

temperature stress. Journal of Photochemistry and Photobiology B: Biology, 

137, pp.116-126. 
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● Ort, D.R., 2001. When there is too much light. Plant physiology, 125(1), 

pp.29-32. 

● Demmig-Adams, B. and Adams Iii, W.W., 1992. Photoprotection and other 

responses of plants to high light stress. Annual review of plant biology, 43(1), 

pp.599-626. 

● Dietz, K.J., 2015. Efficient high light acclimation involves rapid processes at 

multiple mechanistic levels. Journal of Experimental Botany, 66(9), pp.2401-

2414. 

 

Credit : 2+1 

Course Code : PP 505* 

Title : HORMONAL REGULATION OF PLANT GROWTH AND 

DEVELOPMENT 

 
WHY THIS COURSE? 

Many plant growth and developmental processes are regulated by 

phytohormones. It is important to understand the hormone biosynthesis, structure, 

function, signal transduction and their practical application. It is also important to provide 

basic knowledge on manipulating growth and developmental processes using plant 

hormones. 

AIM OF THIS COURSE 

It provides knowledge on the fundamentals of hormone biosynthesis, 

homeostasis, transport and signaling and the role in regulating basic physiological 

processes governing developmental events in plants.The role of classical hormones on 

developmental processes from germination, shoot and root apical meristem 

differentiation, flowering, seed maturation and senescence. The aim of this course is to 

appraise the students about structure and function of plant growth regulators. 

The course is organized as follows: 

 
No. Blocks Units 

1. Plant Growth and 

Development : 

Hormonal 

Regulation 

1. Introduction to Plant Hormones 

2. Plant Hormones - Discovery and Metabolism 

3. Physiological Role of Hormones in Plant 

Growth and Development 

4. Endogenous Growth Substances other than 
Hormones 

5. Hormone Signaling 

6. Key Genes Regulating Hormone Levels and 
Functions 

7. Crosstalk of Hormones in Regulation of Plant 

Growth and Development Processes 
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  8. Practical Utility of Growth Regulators in 

Agriculture and Horticulture 

 

LEARNING OUTCOMES 

After successful completion of this course, the students are expected to be able to: 

1. Acquire basic knowledge about plant hormones and plant growth regulators. 

2. Understand the physiological roles and mechanisms of actions of plant 

hormone. 

3. Obtain practical knowledge about application of plant growth regulators in 

agricultural and horticulture. 

BLOCK 1: PLANT GROWTH AND DEVELOPMENT: HORMONAL 

REGULATION 

Unit 1: Introduction to Plant Hormones 

● Growth, differentiation and development regulated by plant growth 

substances 

● Definition and classification of growth regulating substances:Classical 

hormones 

● Definition and classification of growth regulating substances:Endogenous 

growth substances other than hormones, Synthetic chemicals 

Unit 2: Plant Hormones - Discovery and Metabolism 

● Discovery, biosynthetic pathways and metabolism of Auxin 

● Discovery, biosynthetic pathways and metabolism of Gibberellins 

● Discovery, biosynthetic pathways and metabolism of Cytokinins 

● Discovery, biosynthetic pathways and metabolism of Abscisic acid 

● Discovery, biosynthetic pathways and metabolism of Ethylene 

● Discovery, biosynthetic pathways and metabolism of Brassinosteroids 

● Discovery, biosynthetic pathways and metabolism of Strigolactones 

Unit 3: Physiological Role of Hormones in Plant Growth and Development 

● Physiological functions of Auxin and use of mutants and transgenic plants in 

elucidating the physiological functions 

● Physiological functions of Gibberellins and use of mutants and transgenic 

plants in elucidating the physiological functions 

● Physiological functions of Cytokinins and use of mutants and transgenic 

plants in elucidating the physiological functions 

● Physiological functions of Abscisic acid and use of mutants and transgenic 

plants in elucidating the physiological functions 

● Physiological functions of Ethylene and use of mutants and transgenic plants 

in elucidating the physiological functions 

● Physiological functions of Brassinosteroids and Strigolactones and use of 

mutants and transgenic plants in elucidating the physiological functions 
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● Discovery, biosynthetic pathways metabolism and physiological roles of 

Salicylic acid and Peptide hormones 

Unit 4: Endogenous Growth Substances other than Hormones 

● Discovery, biosynthetic pathways metabolism and physiological role of 

Polyamines and Karrikins 

● Discovery, biosynthetic pathways metabolism and physiological roles of 

Jasmonates and Tricontanol 

● Discovery, biosynthetic pathways metabolism and physiological roles of 

systemins Concept of death hormone 

● Recent developments in elucidating responses of Salicylic acid, Peptide 

hormones and Polyamines at physiological and molecular level 

● Recent developments in elucidating responses of Jasmonates, Systemins, 

Karrikins and Tricontanol at physiological and molecular level 

Unit 5: Hormone Signaling 

● Hormone signal perception, transduction -  Receptors, components and 

mechanism (Auxin, Gibberellin, Cytokinin, ABA and Salicylic acid) 

● Hormone signal perception, transduction -  Receptors, components and 

mechanism (Ethylene, Jasmonate, Brassinosteroids and strigolactones) 

● Advances in elucidating the structure and function of receptors and 

signaling components of important hormones 

Unit 6: Key Genes Regulating Hormone Levels and Functions 

● Genomics approaches to regulate hormone metabolism and its effect on 

plant growth and development – case studies 

Unit 7: Crosstalk of Hormones in Regulation of Plant Growth and 

Development Processes 

● Crosstalk of Hormones in Regulation of Plant Growth and Development 

Processes: Floral transition, reproductive development, Shoot and root 

apical meristem development 

Unit 8: Practical Utility of Growth Regulators in Agriculture and 

Horticulture 

● Practical Utility of Growth Regulators in Agriculture and Horticulture: 

Rooting of cuttings, Vine and brewing industry, Promotion of gynoecious 

flowers, hybrid rice production, induction of flowering in pine apple, 

cucurbits. 

● Practical Utility of Growth Regulators in Agriculture and Horticulture: 

Delaying of senescence and ripening, Production of dwarf plants for 

ornamental purpose, As herbicides, Reduction in flower and fruit drop 

PRACTICALS 

1. Extraction of Auxins from plant tissue 

2. Separation and detection of Auxins by GC / GC-MS / HPLC / Immunological 

technique 

3. Bioassay of auxin- effect on rooting of cuttings 
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4. Extraction of abscisic acid (ABA) from plant tissue 

5. Separation and detection of ABA by HPLC/Immunological technique 

6. ABA bioassays- effect on stomatal movement 

7. Preparation of samples for ethylene estimation in plant tissue 

8. Estimation of ethylene in plant tissues using gas chromatography 

9. Ethylene bioassays, estimation using physico-chemical techniques- effect on 

breaking dormancy in sunflower and groundnut 

10. Extraction of Gibberellins from plant tissue- GC / GC-MS / HPLC 

11. Separation and detection of GA by GC / GC-MS / HPLC/Immunological 

technique 

12. GA bioassays- effect on germination of dormant seeds 

13. Cytokinin- extraction from plant tissue 

14. Separation and detection of cytokinin by GC / GC-MS / HPLC 

15. Cytokinin bioassays- effect on apical dominance and senescence/ stay green 

TEACHING METHODS / ACTIVITIES 

● Lecture 

● Assignment (Reading/Writing) 

● Student presentation 

● Practicals 

RESOURCES 

● Davies, P.J. 2004, Plant Hormones: Biosynthesis, Signal Transduction and 

Action, 2nd Edition. Kluwer Academic Publishers, Dordrecht, The Netherlands. 

● Hedden, P. and Thomas, S.J. 2006. Plant Hormone Signalling, Blackwell 

Publishing Ltd., Oxford, UK. 

● Osborne, D.J. and McManus, M.T. 2005. Hormones, Signals and Target Cells in 

Plant Development. Cambridge University Press, New York, USA. 

● Tucker, G.A. and Roberts, J.A. 2000. Plant Hormone Protocols. Humana Press- 

Springer Science, New York, USA. 

● Buchanan B B, Gruissem W and Jones R L Biochemistry and Molecular 

biology of Plants, 2nd Edition 

● Lincoln Taiz and Eduardo Zeiger. Plant Physiology and Development, 6th 

Edition. 

● Teaching Tools in Plant Biology, The American Society of Plant Biologists 

● The Arabidopsis Book(http://www.arabidopsisbook.org/) 

 

Credit : 2+1 

Course Code : PP 506 

Title : PHYSIOLOGICAL AND MOLECU MECHANISMS OF 

MINERAL NUTRIENT ACQUISITION AND THEIR 

FUNCTIONS 

WHY THIS COURSE? 

http://www.arabidopsisbook.org/)
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In both basic and applied plant sciences, an understanding of the mineral nutrition 

of plants is of fundamental importance. Nutrient element forms the skeleton of any 

organic molecule in the organism vis-à-vis plant. Apart from the conventional 

information on criteria of essentiality, nutrient uptake pathways, function of essential 

elements and their deficiency and toxicity symptoms, remarkable advances have been 

made at physiological and molecular level. Exploration of the physiological mechanisms 

adopted by plants to tolerate the deficiency of specific nutrient element provides an 

opportunity alter the plants‘ ability to cope with the low nutrient condition. Identification 

and functional validation of various transporters involved in nutrient uptake and 

distribution, deciphering the sensing and signaling of nutrient starvation response and 

their regulatory network provides options to develop nutrient uptake and utilization 

efficient crops. In the era of Omics, ‗ionomics‘ provides the total elemental composition 

of the plant and is a powerful approach to the functional analysis of its genes and the gene 

networks. Besides, it is also essential to expose the students to various conventional and 

high-throughput phenotyping techniques to identify the nutrient efficient ‗donors‘, traits 

and QTLs/candidate genes to complement the research program on crop improvement. 

AIM OF THIS COURSE 

It provides knowledge on basic physiological processes governing nutrient 

uptake, physiological role of elements, factors influencing uptake, internal 

remobilization of nutrient element during starvation and adaptation strategies. Regulation 

of nutrient uptake and translocation would be studied at the molecular level providing 

information on genes and other signaling factors involved. The aim of this course is to 

make the students understand the physiological and molecular basis of nutrient uptake, 

translocation and utilization and to apply this knowledge in genetic improvement of crop 

plants. 

The course is organized as follows: 

 
 

No. 

 

Blocks 

 

Units 

1. Mineral Nutrient: 

Classification, Function, 

Availability, Deficiency 

and Toxicity 

1. Mineral Elements : Classification, Function, 

Deficiency and Toxicity 

2. Nutrient Availability at Rhizosphere 

2. Nutrient Uptake, 

Translocation and 

Acquisition 

1. Ion Uptake Mechanisms 

2. Ion Transport to Shoot and Grains 

3. Physiological and Molecular Mechanism of 

Nutrient Acquisition and Transport : 
Macronutrients 

4. Physiological and Molecular Mechanism of 
Nutrient Acquisition and Transport : Micro and 

Beneficial Nutrients 
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  5. Microbes, Fungal Association for Nutrient 

Acquisition 

6. Nutrient Delivery 

3. Nutrient Efficiency of Crop 1. Improving Nutrient Acquisition and Efficiency 

of Crops 

 

LEARNING OUTCOMES 

By the end of this course, the student will be able to: 

● comprehend the fundamental concepts of mineral nutrition of plant. 

● describe the physiological and molecular mechanisms of acquisition and 

translocation of nutrient. 

● describe the basis of differential nutrient efficiency. 

BLOCK 1: MINERAL NUTRIENT: CLASSIFICATION, 

FUNCTION, AVAILABILITY, DEFICIENCY ANDTOXICITY 

Unit 1: Mineral Elements: Classification, Function, Deficiency and Toxicity 

● Classification based on mobility and characteristic features; physiological 

role in regulating plant growth, metabolism, development and human 

health- Regulatory Dietary Allowance (RDA) 

● Deficiency and toxicity of macro, micro and beneficial elements 

● Tolerance of plants to nutrient toxicity, hyper-accumulators of nutrients: 

Concept of phytoremediation 

Unit 2: Nutrient Availability at Rhizosphere 

● Biological and chemical reactions influencing nutrient availability near the 

root system, interaction between ions in the rhizosphere 

● Rhizosphere chemistry in relation to plant nutrition- chemical reactions, root 

exudates to mobilize nutrients 

BLOCK 2: NUTRIENT UPTAKE, TRANSLOCATION AND ACQUISITION 

Unit 1:     Ion Uptake Mechanisms 

● Mineral salt absorption- chemical potential of solute- Nernst equation- passive 

uptake- diffusion, ion exchange-Donnan Equilibrium, mass flow of ions 

● Mediated transport- Facilitated diffusion -ionophores; membrane transport 

proteins- active transport-ion channels, Primary and secondary transport- 

carriers and pumps 

Unit 2: Ion Transport to Shoot and Grains 

● Long distance transport in plants - Mechanism of xylem and phloem transport, 

Radial movement of ions across the root 

● Mechanism of phloem transport, remobilization of mineral nutrients - phloem 

loading, phloem unloading 

Unit 3: Physiological and Molecular Mechanism of Nutrient Acquisition and 

Transport: Macronutrients 

● Molecular structures of LAT and HAT, their localization and regulation by 

various external factors 

● Nitrate transporters and their functional regulation - Nitrate transporters 
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(NRT1, NRT2, dual-affinity nitrate transporter NRT1.1/CHL1) 

● Phosphate transporters and their functional regulation - PT1/PHT1, PHT2, 

PHT3, PHT4 

● Potassium transporters and their functional regulation - KT/HAK/KUP family 

● Ion transporters involved in transport of multiple elements, for example, 

sulphate transporter for Selenate transport, phosphate transporter for Arsenate 

transport, etc. 

Unit 4: Physiological and Molecular Mechanism of Nutrient Acquisition and 

Transport 

: Micro and Beneficial Nutrients 

● Plant Strategies: Different Strategies I & II adopted by plants for uptake of 

Fe under Fe deficient condition 

● Transporters and genes regulating uptake and transport of micronutrients, 

genes encoding transport/channel proteins, Examples of genes encoding 

mineral ion transporters for Zn, Fe, Mn, Cu, B, Mo, Ni, Cl, Na, Si, Se 

● Beneficial nutrients and their role in plant growth and development – Sodium, 

Silicon, and Cobalt 

Unit 5: Microbes, Fungal Association for Nutrient Acquisition 

● Microbes to improve nutrient availability – Bio-inoculation technology- P 

solubilizers and Zinc solubilizers in nutrient absorption 

● Microbial systems for biological nitrogen fixation – process of nodulation, 

biochemistry of N2-fixation 

● Endophytes to improve nutrient availability, Mycorrhiza- Mycorrhizal 

symbiosis on nutrient uptake by root. Role of AMF on nitrogen, phosphorus 

and zinc uptake. 

Unit 6: Nutrient Delivery 

● Foliar application of nutrients, absorption and their compartmentation, 

Concept of slow release fertilizers and chelates (organic and inorganic) 

● Soil less cultures- aeroponics, hydroponics, fertigation 

BLOCK 3: NUTRIENT EFFICIENCY OF CROP 

Unit 1: Improving Nutrient Acquisition and Efficiency of Crops 

● Concept of nutrient uptake and use efficiency- Genotypic differences- 

physiology and molecular mechanisms, Nutrient use efficiency in selected 

crops 

● Root system architecture (RSA), root characters associated with nutrient 

acquisition, Genes and QTLs to improve nutrient acquisition and efficiency 

for important nutrients in few crop species 

● Transgenic and molecular breeding approaches to improve traits associated 

with acquisition and efficiency- Case studies 

● Biofortification strategies – for micronutrients, agronomic approaches 

● Influence of nutrition status on plant response to biotic and abiotic stresses 

PRACTICALS 

1. Techniques to develop the deficiency symptoms of nutrients – 

Hydroponics/Aeroponics- diagnosis of deficiency symptoms in agriculturally 

important crop plants 
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2 Physiological and biochemical markers to identify nutrient deficiency levels 

3 Biochemical markers for essential elements: Assay of nitrate reductase activity 

for N 

4 Estimation of chlorophyll concentration in leaves of N deficient and N sufficient 

plants 

5 Collection of acid phosphatase from root exudates and enzyme assay for P 

6 Measuring anthocyanin and chlorophyll pigments concentration in leaves for P 

7 Collection of organic acid in root exudates, characterization and quantification 

for P 

8 Assay of carbonic anhydrase activity for Zn 

9 Assay of SOD Activity for Cu, Zn and Mn 

10 Estimation of nitrogen concentration in plant tissue - Kjeldhal and Dumas method 

11 Estimation of phosphorus concentration in plant tissue – colorimetric method 

12 Estimation of potassium, magnesium and sodium concentration in plant tissue - 

flame photometer 

13 Estimation of micronutrients (Zn, Cu, Fe, Mn, Co etc) concentration in plant 

tissue - atomic absorption spectrometer/ ICP-OES 

14 Measurement of simple root traits such as root length, angle, volume, surface 

area, etc. (using conventional methods or root scanner and WinRhizo) 

15 ‗Shovelomics‘ in the field grown crops (for measuring root architecture) and 

using ‗ImageJ‘ for analysis 

16 Non-invasive techniques to quantify nutrients – XRF (X-Ray Fluorescence) and 

hyper spectral reflectance 

TEACHING METHODS / ACTIVITIES 

● Lecture 

● Assignment (Reading/Writing) 

● Student presentation 

● Practicals 

 
RESOURCES 

Block 1: Unit I: 

● Recommended Dietary Allowances: 10th Edition 

(https://www.ncbi.nlm.nih.gov/books/NBK234932/pdf/Bookshelf_NBK234932. 

pdf) 

● da Silva Lobato, A.K., Lima, E.J.A., Lobato, E.M.S.G., Maciel, G.M. and 

Marques, D.J., 2016. Tolerance of Plants to Toxicity Induced by Micronutrients. 

In Abiotic and Biotic Stress in Plants-Recent Advances and Future Perspectives. 

IntechOpen. 

● Renwick, A.G., 2006. Toxicology of micronutrients: adverse effects and 

uncertainty. The Journal of nutrition, 136(2), pp.493S-501S. 

● Krämer, U., 2018. The Plants that Suck Up Metal. German Research, 40(3), 

pp.18-23. 

● OroojSurriya, S.S.S., Waqar, K. and Kazi, A.G., 2014. Phytoremediation of 

soils: prospects and challenges. Soil remediation and plants: Prospects and 

challenges, p.1. 

http://www.ncbi.nlm.nih.gov/books/NBK234932/pdf/Bookshelf_NBK234932.pdf)
http://www.ncbi.nlm.nih.gov/books/NBK234932/pdf/Bookshelf_NBK234932.pdf)
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● Sarma, H., 2011. Metal hyperaccumulation in plants: a review focusing on 

phytoremediation technology. Journal of Environmental Science and 

Technology, 4(2), pp.118-138. 

Unit 2: 

● Mineral Nutrition of Higher Plants 3rdEdn– H. Marschner 

● Plant Physiology Book by Eduardo Zeiger and Lincoln Taiz 

● Book Chapter: Mineral Nutrition of Plants – Renu Pandey, In: Plant Biology and 

Biotechnology. B. Bahadur et al. (eds.), Volume I: Plant Diversity, Organization, 

Function and Improvement, DOI: 10.1007/978-81-322-2286- 6_20, Springer 

India, Pp. 499-538. 

● López-Arredondo, D.L., Leyva-González, M.A., Alatorre-Cobos, F. and Herrera- 

Estrella, L., 2013. Biotechnology of nutrient uptake and assimilation in plants. 

International Journal of Developmental Biology, 57(6-7- 8), pp.595-610. 

Block 2: 

Unit 1: 

● Sugita, R., Kobayashi, N.I., Hirose, A., Tanoi, K. and Nakanishi, T.M., 2019. 

Visualization of Ion Transport in Plants. In Agricultural Implications of the 

Fukushima Nuclear Accident (III) (pp. 221-231). Springer, Singapore. 

● Russell, R.S. and Clarkson, D.T., 2016. Ion transport in root systems. Perspect. 

Exp. Biol, 2, pp.401-411. 

● Jennings, M.L., 2018. Carriers, exchangers, and cotransporters in the first 100 

years of the Journal of General Physiology. The Journal of general physiology, 

150(8), pp.1063-1080. 

● Aibara, I. and Miwa, K., 2014. Strategies for optimization of mineral nutrient 

transport in plants: multilevel regulation of nutrient-dependent dynamics of root 

architecture and transporter activity. Plant and Cell Physiology, 55(12), pp.2027- 

2036. 

Unit 2: 

● Barberon, M. and Geldner, N., 2014. Radial transport of nutrients: the plant root 

as a polarized epithelium. Plant physiology, 166(2), pp.528-537. 

● De Schepper, V., De Swaef, T., Bauweraerts, I. and Steppe, K., 2013. Phloem 

transport: a   review   of   mechanisms   and   controls. Journal    of experimental 

botany, 64(16), pp.4839-4850. 

● Comtet, J., Jensen, K.H., Turgeon, R., Stroock, A.D. and Hosoi, A.E., 2017. 

Passive phloem loading and long-distance transport in a synthetic tree-on-a- chip. 

Nature plants, 3(4), p.17032. 

Unit 3: 

● Regulation of Nutrient Uptake by Plants: A Biochemical and Molecular 

Approach – Gyanendra Nath Mitra 

● Uraguchi, S., Kamiya, T., Sakamoto, T., Kasai, K., Sato, Y., Nagamura, Y., 

Yoshida, A., Kyozuka, J., Ishikawa, S. and Fujiwara, T., 2011. Low-affinity 

cation transporter (OsLCT1) regulates cadmium transport into rice grains. 

Proceedings of the national academy of sciences, 108(52), pp.20959-20964. 

● William C. Plaxton and Hue T. Tran (2011) Metabolic Adaptations of Phosphate- 

Starved Plants. Plant Physiology, 156:1006–1015. 



740  

● Elanchezhianet al. (2015) Physiological and molecular approaches for improving 

phosphorus uptake efficiency of crops. Current Science, 108(7): 1271-1279. 

● O‘Brien et al. (2016) Nitrate Transport, Sensing, and Responses in Plants. 

Molecular Plant 9, 837–856. doi.org/10.1016/j.molp.2016.05.004 

● Ragel, P., Raddatz, N., Leidi, E.O., Quintero, F.J. and Pardo, J.M., 2019. 

Regulation of K+ nutrition in plants. Frontiers in Plant Science, 10. 

● Brian G. Forde (2000) Nitrate transporters in plants: structure, function and 

regulation. Biochimica et Biophysica Acta 1465: 219-235. 

● Wei Xuan, Tom Beeckman and Guohua Xu (2017) Plant nitrogen nutrition: 

sensing and signalling. Current Opinion in Plant Biology, 39:57–65. 

doi.org/10.1016/j.pbi.2017.05.010 

● Chin et al. (2011) Developing rice with high yield under phosphorus deficiency: 

Pup1 sequence to application. Plant Physiology, 156, 1202–1216, 

doi.org/10.1104/pp.111.175471 

● Gamuyaoet al. (2012) The protein kinase PSTOL1 from traditional rice confers 

tolerance of phosphorus deficiency. Nature, 488- 535. 

doi.org/10.1038/nature11346. 

● Ragel, P., Ródenas, R., García-Martín, E., Andrés, Z., Villalta, I., Nieves- 

Cordones, M., Rivero, R.M., Martínez, V., Pardo, J.M., Quintero, F.J. and Rubio, 

F., 2015. The CBL-interacting protein kinase CIPK23 regulates HAK5- mediated 

high-affinity K+ uptake in Arabidopsis roots. Plant Physiology, 169(4), pp.2863-

2873. 

● Volpe, V., Giovannetti, M., Sun, X.G., Fiorilli, V. and Bonfante, P., 2016. The 

phosphate transporters LjPT4 and MtPT4 mediate early root responses to 

phosphate status in non-mycorrhizal roots. Plant, cell and environment, 39(3), 

pp.660-671. 

● Li, Y., Peng, L., Xie, C., Shi, X., Dong, C., Shen, Q. and Xu, Y., 2018. Genome-

wide identification, characterization, and expression analyses of the 

HAK/KUP/KT potassium transporter gene family reveals their involvement in 

K+ deficient and abiotic stress responses in pear rootstock seedlings. Plant growth 

regulation, 85(2), pp.187-198.a 

● López-Arredondo, D.L., Sánchez-Calderón, L. and Yong-Villalobos, L., 2017. 

Molecular and genetic basis of plant macronutrient use efficiency: concepts, 

opportunities, and challenges. In Plant Macronutrient Use Efficiency (pp. 1-29). 

Academic Press. 

Unit 4: 

● Inostroza-Blancheteau, C., Aquea, F., Moraga, F., Ibañez, C., Rengel, Z. and 

Reyes- Díaz, M., 2017. Genetic Engineering and Molecular Strategies for 

Nutrient Manipulation in Plants. In Essential Plant Nutrients (pp. 405-441). 

Springer, Cham. 

● Sperotto, R.A., Ricachenevsky, F.K., Williams, L.E., Vasconcelos, M.W. and 

Menguer, P.K., 2014. From soil to seed: micronutrient movement into and within 

the plant. Frontiers in plant science, 5, p.438. 

● Tsai, H.H. and Schmidt, W., 2017. One way. Or another? Iron uptake in plants. 

New Phytologist, 214(2), pp.500-505. 

● Connorton, J.M., Balk, J. and Rodríguez-Celma, J., 2017. Iron homeostasis in 
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plants– a brief overview. Metallomics, 9(7), pp.813-823. 

● Curie, C. and Mari, S., 2017. New routes for plant iron mining. New Phytologist, 

214(2), pp.521-525. 

● Himeno, S. and Fujishiro, H., 2017. Roles of Zinc Transporters in Cellular 

Transport of Cadmium and Manganese. In Metallomics (pp. 265-283). Springer, 

Tokyo. 

● Grillet, L., Lan, P., Li, W., Mokkapati, G. and Schmidt, W., 2018. IRON MAN 

is a ubiquitous family of peptides that control iron transport in   plants. Nature 

plants, 4(11), p.953. 

● Lambers, H., Hayes, P.E., Laliberte, E., Oliveira, R.S. and Turner, B.L., 2015. 

Leaf manganese accumulation and phosphorus-acquisition efficiency. Trends in 

Plant Science, 20(2), pp.83-90. 

● Shao, J.F., Yamaji, N., Shen, R.F. and Ma, J.F., 2017. The key to Mn homeostasis 

in plants: regulation of Mn transporters. Trends in plant science, 22(3), pp.215-

224. 

● Salomé, P.A., 2017. Manganese Is a Plant‘s Best Friend: Intracellular Mn 

Transport by the Transporter NRAMP2. 

● Manuel, T.J., Alejandro, C.A., Angel, L., Aurora, G. and Emilio, F., 2018. Roles 

of Molybdenum in Plants and Improvement of Its Acquisition and Use Efficiency. 

In Plant Micronutrient Use Efficiency (pp. 137-159). Academic Press. 

● Zielińska-Dawidziak, M., 2015. Plant ferritin—a source of iron to prevent its 

deficiency. Nutrients, 7(2), pp.1184-1201. 

● Castro, P.H., Lilay, G.H. and Assunção, A.G., 2018. Regulation of micronutrient 

homeostasis and deficiency response in plants. In Plant Micronutrient Use 

Efficiency (pp. 1-15). Academic Press. 

● Yoshinari, A. and Takano, J., 2017. Insights into the mechanisms underlying 

boron homeostasis in plants. Frontiers in plant science, 8, p.1951. 

● Camacho-Cristóbal, J.J., Navarro-Gochicoa, M.T., Rexach, J., González-Fontes, 

A. and Herrera-Rodríguez, M.B., 2018. Plant Response to Boron Deficiency and 

Boron Use Efficiency in Crop Plants. In Plant Micronutrient Use Efficiency (pp. 

109-121). Academic Press. 

● Ma, J.F. and Yamaji, N., 2015. A cooperative system of silicon transport in plants. 

Trends in Plant Science, 20(7), pp.435-442. 

● Sotta, N., Duncan, S., Tanaka, M., Sato, T., Marée, A.F., Fujiwara, T. and 

Grieneisen, V.A., 2017. Rapid transporter regulation prevents substrate flow 

traffic jams in boron transport. Elife, 6, p.e27038. 

Unit 5: 

● Afzal, I (2019). "Plant beneficial endophytic bacteria: Mechanisms, diversity, 

host range and genetic determinants, Microbiological research 

● Bertolazi A.A. et al. (2018) Linking Plant Nutritional Status to Plant-AMF 

Interactions. In: Egamberdieva D., Ahmad P. (eds) Plant Microbiome: Stress 

Response. Microorganisms for Sustainability, vol 5. Springer, Singapore 

● Bhale, U. N., Bansode, S. A., and Singh, S. (2018). Multifactorial Role of 

ArbuscularMycorrhizae in Agroecosystem. Fungi and Their Role in Sustainable 

Development: Current Perspectives, 205–220.doi:10.1007/978-981-13-0393- 

7_12 
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● Dipta, B., Bhardwaj, S., Kaushal, M., Kirti, S., and Sharma, R. (2019). 

Obliteration of phosphorus deficiency in plants by microbial interceded approach. 

Symbiosis.doi:10.1007/s13199-019-00600-y 

● Gahan, J. and Schmalenberger, A., (2014). The role of bacteria and mycorrhiza 

in plant sulfur supply. Frontiers in plant science, 5, p.723. 

● Garcia, K. and Zimmermann, S.D. (2014). The role of mycorrhizal associations 

in plant potassium nutrition. Frontiers in plant science, 5, p.337. 

● Nadeem, S.M., Ahmad, M., Zahir, Z.A., Javaid, A. and Ashraf, M., (2014). The 

role of mycorrhizae and plant growth promoting rhizobacteria (PGPR) in 

improving crop productivity under stressful environments. Biotechnology 

advances, 32(2), pp.429- 448. 

● Nath, M., Bhatt, D., Bhatt, M. D., Prasad, R., andTuteja, N. 2018. Microbe- 

Mediated Enhancement of Nitrogen and Phosphorus Content for Crop 

Improvement. Crop Improvement Through Microbial Biotechnology, 293– 

304.doi:10.1016/b978-0-444- 63987-5.00014-1 

Unit 6: 

● Lakhiar, I.A., Gao, J., Syed, T.N., Chandio, F.A. and Buttar, N.A., 2018. Modern 

plant cultivation technologies in agriculture under controlled environment: A 

review on aeroponics. Journal of Plant Interactions, 13(1), pp.338-352. 

● Pradhan, B. and Deo, B., 2019. Soilless farming-the next generation green 

revolution. Current Science (00113891), 116(5). 

● Sharma, N., Acharya, S., Kumar, K., Singh, N. and Chaurasia, O.P., 2019. 

Hydroponics as an advanced technique for vegetable production: An overview. 

J. Soil Water Conserv, 17, p.364. 

● Fu, J., Wang, C., Chen, X., Huang, Z. and Chen, D., 2018. Classification research 

and types of slow controlled release fertilizers (SRFs) used-a review. 

Communications in soil science and plant analysis, 49(17), pp.2219-2230. 

● Trenkel, M. E. 2010. Slow- and Controlled-Release and Stabilized Fertilizers: An 

Option for Enhancing Nutrient Use Effciency in Agriculture, 1–133. 

Paris,France: International Fertilizer Industry Association (IFA). 

● Meena, B. P., K. Ramesh, S. Neenu, P. Jha, and I. Rashmi. 2017. Controlled 

Release fertilizers for improving nitrogen use efficiency, 59–79. New Delhi: New 

India Publishing Agency. 

● Naz, M. Y., and S. A. Sulaiman. 2016. Slow release coating remedy for nitrogen 

loss from conventional urea: A review. Journal of Controlled Release 225:109– 

20. doi:10.1016/j.jconrel.2016.01.037. 

● Fageria, N.K., Filho, M.B., Moreira, A. and Guimarães, C.M., 2009. Foliar 

fertilization of crop plants. Journal of Plant Nutrition, 32(6), pp.1044-1064. 

● Malhotra H, Pandey R, Sharma S and Bindraban P (2019) Foliar fertilization: 

Possible routes of iron transport from leaf surface to cell organelles. Archives of 

Agronomy and Soil Science, DOI: 10.1080/03650340.2019.1616288 

Block 3: 

Unit 1: 

● Reynolds, M.P., J.I. Ortiz-Monasterio, and A. McNab (eds.). 2001. Application 

of Physiology in Wheat Breeding. Mexico, D.F.: CIMMYT. 

● The Molecular and Physiological Basis of Nutrient Use Efficiency in Crops – 
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Editors Malcolm J. HawkesfordandPeter Barraclough 

● Weih, M., Hamnér, K. and Pourazari, F., 2018. Analyzing plant nutrient uptake 

and utilization efficiencies: comparison between   crops   and   approaches. Plant  

and Soil, 430(1-2), pp.7-21. 

● Riedelsberger, J. and Blatt, M.R., 2017. Roots—The Hidden Provider. Frontiers 

in plant science, 8, p.1021. 

● Jewel, Z.A., Ali, J., Mahender, A., Hernandez, J., Pang, Y. and Li, Z., 2019. 

Identification of Quantitative Trait Loci Associated with Nutrient Use Efficiency 

Traits, Using SNP Markers in an Early Backcross Population of Rice (Oryza 

sativa L.). International journal of molecular sciences, 20(4), p.900. 

● Ferrante, A., Nocito, F.F., Morgutti, S. and Sacchi, G.A., 2017. Plant breeding 

for improving nutrient uptake and utilization efficiency. In Advances in Research 

on Fertilization Management of Vegetable Crops (pp. 221-246). Springer, Cham. 

● Wang, Y. and Wu, W.H., 2015. Genetic approaches for improvement of the crop 

potassium acquisition and utilization efficiency. Current opinion in plant biology, 

25, pp.46-52. 

● Wan, T.E.N.G., Xue, H.E. and TONG, Y.P., 2017. Transgenic approaches for 

improving use efficiency of nitrogen, phosphorus and potassium in crops. Journal 

of integrative agriculture, 16(12), pp.2657-2673. 

● Rose, T.J., Impa, S.M., Rose, M.T., Pariasca-Tanaka, J., Mori, A., Heuer, S., 

Johnson- Beebout, S.E. and Wissuwa, M., 2012. Enhancing phosphorus and zinc 

acquisition efficiency in rice: a critical review of root traits and their potential 

utility in rice breeding. Annals of Botany, 112(2), pp.331-345. 

● Ali, J., Jewel, Z., Mahender, A., Anandan, A., Hernandez, J. and Li, Z., 2018. 

Molecular genetics and breeding for nutrient use efficiency in rice. International 

journal of molecular sciences, 19(6), p.1762. 

● Ali, J., Jewel, Z., Mahender, A., Anandan, A., Hernandez, J. and Li, Z., 2018. 

Molecular genetics and breeding for nutrient use efficiency in rice. International 

journal of molecular sciences, 19(6), p.1762. 

● Heuer, S., Gaxiola, R., Schilling, R., Herrera‐Estrella, L., López‐Arredondo, D., 

Wissuwa, M., Delhaize, E. and Rouached, H., 2017. Improving phosphorus use 

efficiency: A complex trait with emerging opportunities. The plant journal, 90(5), 

pp.868-885. 

● Garg, M., Sharma, N., Sharma, S., Kapoor, P., Kumar, A., Chunduri, V. and 

Arora, P., 2018. Biofortified crops generated by breeding, agronomy, and 

transgenic approaches are improving lives of millions of people around the world. 

Frontiers in nutrition, 5, p.12. 

● Riaz, A., Abbas, A. and Raza, S., 2017. Techniques for the Enrichment of 

Micronutrients in Crops through Biofortification: A Review. Journal of Advances 

in Biology and Biotechnology, pp.1-7. 

Credit: 2+1 

Course Code: PP 507* 

Title: PHOTOSYNTHETIC PROCESSES, CROP GROWTH AND 

PRODUCTIVITY AND CONCEPTS OF CROP MODELLING 

WHY THIS COURSE? 

Agronomic inputs and environmental factors enhance crop growth by improving 
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photosynthetic processes and photosynthate partitioning. Carbon metabolism is the most 

important physiological process that has a direct influence on crop growth and 

productivity which is quite sensitive to biotic and abiotic constraints. Hence a 

comprehensive understanding canopy photosynthetic process is crucial. This is an 

important component in crop improvement program, especially in the scenario of 

plateauing yields. These photosynthetic processes and their response to environmental 

factors form the basis for developing growth and yield predicting models. 

AIM OF THIS COURSE 

The course provides a comprehensive theoretical and hands on experience and expertise 

to students on various aspects of photosynthesis including biophysical, biochemical and 

molecular regulations. While canopy photosynthesis drives crop growth rates, factors 

associated with sink activity and partitioning determine productivity. Hence, adequate 

emphasis would be given to canopy photosynthesis, translocation and its feedback 

regulation, Crop growth and yield structure analysis and their responses to environmental 

factors. 

Growth and yield prediction models and their relevance will be adequately discussed. 

The course is organized as follows: 

 

No. Blocks Units 

1. Photosynthetic 

Processes 

1. Canopy Architecture and Energy Utilization 

2. Photochemical Processes 

3. Biochemical Processes 
4. Product Synthesis and Translocation 

5. Growth and Yield forming Mechanisms 

2. Yield Improvement 

and Modelling 

1. Molecular Options to Improve Photosynthesis, 
Growth and Productivity 

2. Fundamentals of Dynamic Simulation Models 

3. Description of Well-established Yield Models 

4. Examples of Robust Models Extensively Used 

 
LEARNING OUTCOMES 

After completion of this course students are expected to have in depth knowledge on 

Photosynthetic processes associated with product synthesis and yield development. 

Students will also obtain current knowledge on various crop models. 

BLOCK 1:PHOTOSYNTHETIC PROCESSES 

Unit 1: Canopy Architecture and Energy Utilization 

● Parameters associated with canopy architecture that determine radiation 

interception and absorption 

● Energy absorption by primary and accessory pigments and energy 

utilization efficiency 

● Light distribution inside the canopy and concepts of light extinction 

coefficient 
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Unit 2: Photochemical Processes 

● Ultrastructure of chloroplast: structure and composition of lamellar system 

● Components of electron transport, Water oxidation system and energy 

conservation processes 

● Pigment systems and the generation of a powerful oxidant and a powerful 

reductant 

● Chlorophyll fluorescence and fluorescence quenching: qN, qP, NPQ 

Unit 3: Biochemical Processes 

● CO2 diffusion and resistances (gs and gm). Concept of Ci determining 

CO2 diffusion. 

● RuBisCO activation state, kinetics and catalytic properties 

● Carboxylation processes in C3, C4 and CAM plants and their relevance 

● CO2 concentrating mechanisms and their importance in 

improving carbon assimilation 

● Ecological significance of C4 and CAM photosynthesis 

● Photorespiration and Mitochondrial respiration and net carbon gain 

● Carbon isotope discrimination and its importance as a surrogate of Ci 

Unit 4: Product Synthesis and Translocation 

● Triose phosphate utilization and regulation of Calvin cycle mechanisms 

● Product synthesis and partitioning between starch and sucrose 

● Concepts of end-product inhibition or Pi-regeneration limitation 

● Phloem transport and factors that regulate phloem loading and un-loading 

Unit 5: Growth and Yield forming Mechanisms 

● Carbon gain and the concepts of Canopy photosynthesis. Relevance 

of LAI and LAD in determining total carbon gain and crop growth 

rates 

● Source : Sink relationship and its relevance in governing differences in 

crop growth rates and productivity. 

● Concepts of HI and partitioning coefficient and remobilization of 

carbon from vegetative organs to reproductive structures 

● Growth analysis and parameters that explain growth rates: NAR, CGR, 

HI and their inter-dependence. 

BLOCK 2: YIELD IMPROVEMENT AND MODELLING 

Unit 1: Molecular Options to Improve Photosynthesis, Growth and Productivity 

● Characteristic features of the Chloroplast genome: its structure and genes 

associated with various photosynthetic mechanisms, coordinated expression 

of chloroplast and nuclear genome for maintaining photosynthetic activities. 

● Genomic and genetic resources such as specific genes and QTL associated 

with photosynthetic processes 

● Transgenic options to enhance photosynthetic performance such as 

transferring genes to mitigate oxidative stress damage (SOD, APX, AKR 

etc) 

● Theoretical concepts of crop improvement through inducing CCM in C3 

plants and reducing photorespiration 
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Unit 2: Fundamentals of Dynamic Simulation Models 

● Collection of crop specific genetic coefficient, 

● Crop, soil and historic weather data 

Unit 3: Description of Well-established Yield Models 

● Application and limitations of modeling; 

● Yield prediction models such as APSYM, PeanutGrowetc 

● Machine learning approaches and IoT for making informed on-farm 

decisions 

Unit 4: Examples of Robust Models Extensively Used 

● Duncan‘syield prediction model 

● Passioura‘smodelfor growth maximising 

PRACTICALS 

1. Plant sampling for leaf area and biomass estimation; analysis of growth and yield 

parameters – LAD, NAR. CGR, LAI, LAR, SLA portioning efficiency, HI. 

2. Measurement of light interception, light extinction coefficient, energy 

utilization efficiency based energy intercepted, and realized. 

3. Gas exchange: principles and uses to assess variations in CO2 and water vapour 

transfer, determination of A/gs and intrinsic WUE 

4. Quantification of chlorophyll content by various methods: colorimetric and 

SPAD meter. The concept of SLN 

5. Chlorophyll fluorescence and quenching coefficients 

6. Theoretical aspects of carbon isotope fractional and its use in determining WUE 

7. Quantification of RuBisCO content by ELISA (if possible) 

8. Determination of RuBisCO activity and activation state using radioactive CO2 

9. CO2 and light response curves and computation of carboxylation efficiency, 

quantum efficiency, relative limitations of photosynthesis at single leaf level. 

10. Adoption of crop models: Growth and yield prediction by Duncan‘s and 

Passioura‘s models 

TEACHING METHODS / ACTIVITIES 

● Lecture 

● Assignment (Reading/Writing) 

● Student presentation 

● Practicals 

RESOURCES 

Block 1: 

Unit 1: 

● Goyne, P. J., Milroy, S. P., Lilley, J. M., and Hare, J. M. (1993). Radiation 

interception, radiation use efficiency and growth of barley cultivars. 

Australian Journal of Agricultural Research, 44(6), 1351-1366. 

● https://www.sciencedirect.com/topics/chemistry/photosynthetic-pigment. 

● Frank, H. A., Young, A., Britton, G., and Cogdell, R. J. (Eds.). (2006). The 

photochemistry of carotenoids (Vol. 8). Springer Science and Business Media. 

http://www.sciencedirect.com/topics/chemistry/photosynthetic-pigment
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Unit 2: 

● Ruban, A. V. (2016). Nonphotochemical chlorophyll fluorescence quenching: 

mechanism and effectiveness in protecting plants from photodamage. Plant 

Physiology, 170(4), 1903-1916. 

● Maxwell, K., and Johnson, G. N. (2000). Chlorophyll fluorescence—a 

practical guide. Journal of experimental botany, 51(345), 659-668. 

● https://www.researchgate.net/publication/38051229,_The_photochemical_re 

action_in _photosynthesis. 

Unit 3: 

● Wang, Y., Stessman, D. J., and Spalding, M. H. (2015). The CO2 

concentrating mechanism and photosynthetic carbon assimilation in limiting 

CO2: how Chlamydomonas works against the gradient. The Plant Journal, 

82(3), 429-448. 

● Dietz, K. J., and Pfannschmidt, T. (2011). Novel regulators in photosynthetic 

redox control of plant metabolism and gene expression. Plant Physiology, 

155(4), 1477- 1485. 

● Farquhar, G. D., Ehleringer, J. R., and Hubick, K. T. (1989). Carbon isotope 

discrimination and photosynthesis. Annual review of plant biology, 40(1), 

503-537. 

Unit 4: 

● Paul, M. J., and Foyer, C. H. (2001). Sink regulation of photosynthesis. 

Journal of experimental botany, 52(360), 1383-1400. 

● De Schepper, V., De Swaef, T., Bauweraerts, I., and Steppe, K. (2013). 

Phloem transport: a review of mechanisms and controls. Journal of 

experimental botany, 64(16), 4839-4850. 

Unit 5: 

● Weraduwage, S. M., Chen, J., Anozie, F. C., Morales, A., Weise, S. E., and 

Sharkey, 

T. D. (2015). The relationship between leaf area growth and biomass 

accumulation in Arabidopsis thaliana. Frontiers in plant science, 6, 167. 

● Hay, R. K. M. (1995). Harvest index: a review of its use in plant breeding 

and crop physiology. Annals of applied biology, 126(1), 197-216. 

● Irving, L. (2015). Carbon assimilation, biomass partitioning and productivity 

in grasses. Agriculture, 5(4), 1116-1134. 

Block 2: 

Unit 1: 

● de Freitas Lima, M., Eloy, N. B., de Siqueira, J. A. B., Inzé, D., Hemerly, A. 

S., and Ferreira, P. C. G. (2017). Molecular mechanisms of biomass increase 

in plants. Biotechnology Research and Innovation, 1(1), 14-25. 

● Raines, C. A. (2011). Increasing photosynthetic carbon assimilation in C3 

plants to improve crop yield: current and future strategies. Plant physiology, 

155(1), 36-42. 

● vonCaemmerer, S., and Evans, J. R. (2010). Enhancing C3 photosynthesis. 

Plant Physiology, 154(2), 589-592. 

http://www.researchgate.net/publication/38051229%2C_The_photochemical_reaction_in
http://www.researchgate.net/publication/38051229%2C_The_photochemical_reaction_in
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Unit 2: 

● http://ijid.informaticspublishing.com/index.php/ijid/article/download/111838 

/78332 

● https://www.mdpi.com/1424-8220/18/8/2674/pdf 

Unit 3: 

● http://ijid.informaticspublishing.com/index.php/ijid/article/download/111838 

/78332 

● https://www.mdpi.com/1424-8220/18/8/2674/pdf 

Unit 4: 

● Splinter, W. E. (1974). Modelling of plant growth for yield prediction. 

Agricultural Meteorology, 14(1-2), 243-253. 

General Source Information: 

● Molecular mechanisms of Photosynthesis 2nd Edition 2014 by Robert E 

Blankenship 

● Canopy Photosynthesis: From Basics to Applications. 20165 Editors: 

Hikosaka, Kouki, Niinemets, Ülo, Anten, Niels P.R. 

● The Leaf: A Platform for Performing Photosynthesis. 2018. Editors: 

AdamsIII, William W., Terashima, Ichiro. 

● Handbook of Photosynthesisn3rd Edition. 2016. Mohammad Pessarakli 

Credit : 2+0 

Course Code: PP 508 

Title : PHYSIOLOGY OF FIELD CROPS 

 
WHY THIS COURSE? 

In recent years, phenomenal progress has been made in understanding plant 

processes which are crop specific. Genetic gain in productivity can be achieved only by 

improving plant physiological traits/adaptive mechanisms. Even crop management 

should be based on sound physiological principles. For example, crop‘s response to the 

increase in global warming has to be looked from thermo morphogenesis concept in 

terms of GDD and its effect on phenological processes in some of the important field 

crops exposure on crop specific physiological processes is necessary and has particular 

significance. 

AIM OF THIS COURSE 

This course provides a broad exposure on the physiological aspects of field crops. 

The objective is to impart comprehensive information on physiological processes and 

physiological basis of growth, development and productivity of field crop plants. 

Besides, the emphasis is on unique crop specific features. 

Broad categories of crops that can be selected for this course are as follows. 

1. Cereals – Rice, Wheat, Maize etc. 

2. Millets – Finger millet, Sorghum etc. 

3. Pulse crops- Green gram, Black gram, Lentil, Pigeon pea, Chickpeas, Cowpea, 

Beans etc. 

4. Oilseed crops – Groundnut, Rapeseed Mustard, Soybean etc. 

5. Sugarcane 

6. Fibre crops- Cotton, Jute, Ramie, Hemp etc. 

The course is organized as follows: 

http://ijid.informaticspublishing.com/index.php/ijid/article/download/111838/78332
http://ijid.informaticspublishing.com/index.php/ijid/article/download/111838/78332
http://www.mdpi.com/1424-8220/18/8/2674/pdf
http://ijid.informaticspublishing.com/index.php/ijid/article/download/111838/78332
http://ijid.informaticspublishing.com/index.php/ijid/article/download/111838/78332
http://www.mdpi.com/1424-8220/18/8/2674/pdf
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No. Blocks Units 

1. Physiology of Field 

Crops 

1. Introduction 

2. Crop Establishment, Crop Growth and Development 

3. Reproductive Growth 

4. Seed Nutrient Quality 

5. Plant Nutrition 

6. Abiotic Stress Response 

7. Crop Specific Physiological Processes and 
Importance 

 

LEARNING OUTCOMES 

After completion of this course, students will accrue comprehensive knowledge on 

various physiological processes of variety of field crops. 

BLOCK 1: PHYSIOLOGY OF FIELD CROPS 

Unit 1: Introduction 

● Origin- Variability in physiology of crop plants between wild species and 

cultivated. Adaptability to growing environments (ecosystems), Importance 

in food grain contribution 

Unit 2: Crop Establishment, Crop Growth and Development 

● Seed characteristic features, dormancy, viability, concept of seed priming 

seedling establishment and crop stand 

● Different crop growth stages, concept of source establishment and optimum 

LAI, Canopy architecture, light interception/radiation use efficiency, thermal 

time, heat units, GDD, determining growth duration. 

Unit 3: Reproductive Growth 

● Photo and thermo-periodic response for flowering, sink development, sink 

source relationship, partitioning efficiency, improvement in HI, yield 

determining factors, genetic gain in yield over years, structuring of ideal plant 

type, limitations to improve source to sink size, options to improve yield 

potential 

Unit 4: Seed Nutrient Quality 

● Seed quality, seed as a source of nutrients, seed constituents and their 

improvement, concept of pathway engineering to improve seed quality 

Unit 5: Plant Nutrition 

● Nutrient requirement, genetic variability in nutrient acquisition under 

constraint conditions, specific nutrient disorders 

Unit 6: Abiotic Stress Response 

● Response to different abiotic stresses, plant traits/mechanics to improve 

adaptation to realize potential yields. 
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● Global warming responses, thermomorphogenesis, approaches to overcome 

the constraints. 

Unit 7: Crop Specific Physiological Processes and Importance 

● Choosing location specific crop species exposure will be given on 

physiological process as described above. Besides, emphasis is on providing 

information on crop specific features/productivity constraints 

TEACHING METHODS / ACTIVITIES 

● Lecture 

● Assignment (Reading/Writing) 

● Student presentation 

 

RESOURCES 

Pulses: 

● Grain Legumes: Editors: De Ron, Antonio M. (Ed.) 2015. Springer 

● Legumes under Environmental Stress: Yield, Improvement and 

Adaptations. Edited by M.M Azooz and P. Ahmad, Hoboken, NJ: John Wiley 
and Sons, Ltd., 328 pages. ISBN:978-1-118-91708-4 

● Pulse Crops: Biotechnological Strategies to Enhance Abiotic Stress Tolerance 

.S. Ganeshan P. M. Gaur R. N. ChibbarDr. Narendra Tuteja Dr. Sarvajeet 

Singh Gill Dr. RenuTuteja chapter 17 

● Climate Change and Management of Cool Season Grain Legume Crops . 

Edited by Shyam Singh Yadav, David L. McNeil, Robert Redden, 

Sharanagouda A. Patil Springer 

● Nature‘s pulse power: legumes, food security and climate change. Michael J. 

Considine, Kadambot H.M. Siddique, and Christine H. Foyer . J Exp Bot. 

2017 Apr 1; 68(8): 1815–1818. Published online 2017 May 11. doi: 

10.1093/jxb/erx099 

Sugarcane: 

● Glassop D, Rae AL and Bonnett GD (2014) Sugarcane flowering genes and 

pathways in relation to vegetative regression. Sugar Tech. 16(3): 235-240. 

DOI 10.1007/s12355-013-0284-z 

● McCormick AJ, Watt DA and Cramer MD (2009) Supply and demand: sink 

regulation of sugar accumulation in sugarcane. Journal of Experimental 

Botany. 60(2): 357-364. DOI 10.1093/jxb/em310 

● Moore PH and Botha FC (2014) Sugarcane: physiology, biochemistry, and 

functional biology. John Wiley and Sons ISBN 978-1-118-77119-8 

● Ram B, RajulaShanthy T, Viswanathan R, Hemaprabha G and Palaniswami 

C (2016) Handbook on sugarcane. ICAR-Sugarcane Breeding Institute. ISBN 

978-93-85267- 03-1 

● Shrivastava AK, Solomon S, Rai RK, Singh P, Chandra A, Jain R and Shukla 

SP (2015) Physiological interventions for enhancing sugarcane and sugar 

productivity. Sugar Tech. 17(3): 215-226. DOI 10.1007/s12355-014- 0321-6 
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Maize: 

 

 

 

 

 

 

 

 

 
Rice 

 
● Evans, L.T., 1996. Crop Evolution, Adaptation and Yield. Cambridge 

University Press. 

● Jeff L. Bennetzen, j.l AND Hake, S.C. (2009) Hand Book of Maize: Its 

Biology, Springer-Verlag New York 

● Singh, C.B.andKhare, D. (2015). Genetic Improvement of Field Crops. 

Scientific Publishers, Jodhpur. 

● Tollenaar M., Dwyer L.M. (1999) Physiology of Maize. In: Smith D.L., 

Hamel C. (eds) Crop Yield. Springer, Berlin, Heidelberg 

 

● Yoshida, S., 1981. Fundamentals of Rice Crop Science. IRRI. 

● Rehman, Abdul. (2016). Photosynthesis under heat stress. Handbook of 

Photosynthesis, Edition: Third Edition, Publisher: CRC Press Taylor and 

Francis Group, pp.697-701. 

● Negrão S, Courtois B, Ahmadi N, Abreu I, Saibo N, Oliveira MM (2011) 

Recent updates on salinity stress in rice from physiological to molecular 

responses. Crit Rev Plant Sci 30:329-377 

● Von Caemmerer, S., Quick, W.P. and Furbank, R.T., 2012. The development 

of C4 rice: current progress and future challenges. science, 336(6089), 

pp.1671-1672. 

● S. Hubbart S. Peng P. Horton Y. Chen E. H. Murchie. Trends in leaf 

photosynthesis in historical rice varieties developed in the Philippines since 

1966;Journal of Experimental Botany, 2007, Vol. 58 (12), 3429–3438 

● Fahad S, Bajwa AA, Nazir U, Anjum SA, Farooq A, Zohaib A, Sadia S, 

Nasim W, Adkins S, Saud S and Ihsan MZ (2017) Crop production under 

drought and heat stress: plant responses and management options. Frontiers 

in Plant Science 8(1147):1-16. 

● Pandey V and Shukla A (2015) Acclimation and Tolerance Strategies of Rice 

under Drought Stress. Rice Science 22(4):147-161. 

Cereals and Millets: 

● Kole, Chittaranjan. 2006. Cereals and millets 

● Samuel A. Matz. 2006. Cereal science 

Wheat: 

● Rinki, Mamrutha HM, Sareen Sindhu, Tiwari Vinod, Singh GP 2018. 

Dissecting the physiological and anatomical basis for high yield potential in 

HD 2967. Vegetos. 31: 121-124. 

● Kumar R, Kaur A, Ankita P, Mamrutha HM, Singh GP 2019. CRISPR based 

genome editing in wheat: A comprehensive review and future prospects. 

Molecular biology reports10.1007/s11033-019-04761-3 

● R.Tiwari and H.M.Mamrutha. 2014. Precision Phenotyping for Mapping of 

Traits for Abiotic Stress Tolerance in Crops. Biotechnology: Prospects and 

Applications. Editors. R.K. Salar, S.K. Gahlawat, P. Siwach and J.S. Duhan. 

Pp79-85. Publisher: Springer. 
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● Wheat Physiological Breeding II: A Field Guide to Wheat Phenotyping. 

(CIMMYT publication) 

● Breeding for field crops book by David Allen Sleper and john Milton 

Poehlman 

● Wheat Physiological Breeding volume I and II by Mathew Reynolds from 

(CIMMYT): Wheat Physiological Breeding: A Field Guide to Wheat 

Phenotyping. 

● Mamrutha H.M. et al. (2019) Physiological and Molecular Basis of Abiotic 

Stress Tolerance in Wheat. In: Rajpal V., Sehgal D., Kumar A., Raina S. (eds) 

Genetic Enhancement of Crops for Tolerance to Abiotic Stress: Mechanisms 

and Approaches, Vol. I. Sustainable Development and Biodiversity, vol 20. 

Springer, Cham 

● Tiwari V. et al. (2017) Managing Abiotic Stresses in Wheat. In: Minhas P., 

Rane J., Pasala R. (eds) Abiotic Stress Management for Resilient Agriculture. 

Springer, Singapore 

Credit: 2+0 

Course Code: PP 509 

Title: PHYSIOLOGY OF HORTICULTURE CROPS 

WHY THIS COURSE? 

Improving physiological processes forms the basis to enhance the productivity 

or to improve a specific growth processes. Several interventions based on principals of 

physiological processes provide options to enhance crop productivity. Basic insight on 

photoperiodic response is crucial for determining planting dates. Understanding the 

mechanisms of rooting for vegetative propagation has lead in developing rooting 

hormones etc., In view of this, a comprehensive exposure on growth and development 

of horticulture crops and providing insights on major production constraints and 

physiological approaches to overcome is highly essential. 

AIM OF THIS COURSE 

This course should provide a broad exposure on the physiological aspects of 

horticulture crops. The objective is to impart comprehensive information on 

physiological processes and physiological basis of growth, development and 

productivity of horticultural crop plants. To describe basic and applied physiology 

behind the production and productivity of horticultural crops and their pre and 

postharvest management, ideal storage conditions, quality retention, processing and 

value addition. 

Broad categories of crops that can be selected for this course are as follows. 

1. Fruit crops: Mango, Grapes, Apple, Banana, Citrus etc. 

2. Vegetable crops: Tomato, Onion, Brinjal, Cauliflower, Okra etc. 

3. Tuberous crops: Potato, Cassava, Sweet potato, Yam etc. 

4. Plantation crops: Coconut, Oil palm, Cashew, Tea, Coffee, Rubber, Areca nut, 

Cocoa etc. 

5. Floriculture crops: Rose, Marigold, Carnation, Chrysanthemum, Gladiolus, 
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Orchids, Tuberose etc. 

6. Other groups: Medicinal crops, Aromatic crops, Spices crops. 

The course is organized as follows: 

No. Blocks Units 

1 Physiology of 

Horticultural Crops 

1. Introduction 

2. Crop growth and Development 

3. Reproductive Growth 

4. Pre and Post-harvest Physiology 

5. Plant Nutrition and Abiotic Stress 
Responses 

6. Specific Aspects and Unique Crop Features 

 
LEARNING OUTCOMES 

After completion of this course, students will accrue comprehensive knowledge 

on various physiological processes of variety of horticultural crops. 

BLOCK 1: PHYSIOLOGY OF HORTICULTURAL CROPS 

Unit 1: Introduction 

● Origin, distribution and adaptability of crops to different agro-climatic 

conditions 

Unit 2: Crop growth and Development 

● Internal factors (hormone etc.) influencing various physiological processes 

linked to vegetative growth or growth of specific organ, correlative and 

algometric growth\ 

● External factors (water, nutrition, temperature etc.) influencing various 

physiological processes linked to vegetative growth or growth of specific 

organ, correlative and algometric growth 

● Propagation methods, grafting, cutting, budding, air layering. Physiology of 

pruning, dwarfing, branch bending, canopy management etc 

● Physiological and biochemical aspects of scion and root stock interaction 

and compatibility 

Unit 3: Reproductive Growth 

● Physiology of flowering, photo- and thermo-periodism and response to 

vernalization 

● Factors influencing reproductive growth, fruit and seed set/retention, 

physiology of flower sex ratio 

● Physiological processes governing source-sink relationship and productivity. 

Unit 4: Pre and Post Harvest Physiology 

● Preharvest factors influencing postharvest physiology 

● Physiological and molecular mechanisms of ripening 

● Physiological and molecular mechanisms of senescence 
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● Hormonal and chemical control of postharvest deterioration 

of fruits/vegetable/flowers 

● Regulation of ripening at physiological and molecular levels 

● Regulation of senescence at physiological and molecular levels 

● Approaches to improve shelf life and storability 

● Approaches to improve postharvest management 

● Approaches to improve processing and value addition 

Unit 5: Plant Nutrition and Abiotic Stress Responses 

● Nutrient acquisition and requirement, plant phenology and nutrient 

requirement 

● Role of rootstocks in nutrient acquisition and in abiotic stress tolerance. 

● Adaptive mechanisms and approaches to improve performances under 

drought and high temperature 

● Adaptive mechanisms and approaches to improve performances under 

frost, chilling and nutrient deficient conditions 

● Root physiology in abiotic stress tolerance 

Unit 6: Specific Aspects and Unique Crop Features Specific aspects: 

● Polyhouse cultivation 

● Hormones/PGRs for improving crop performance 

● Major and micronutrients for improving crop performance 

● Light interception, shade regulation, dwarfing root stocks 

● Chilling requirement for flowering, photoperiodic response, pollen 

viability, stigma receptivity 

● Flower (blossom) and fruit drop 

Unique crop features: 

● Maturity and maturity indices 

● Source-sink relations 

● Vegetative propagation, 

● Physiology of tuberization and rhizome initiation and formation 

● Virus free planting material 

● Bulbs/tubers dormancy, bud break 

● Physiological disorders 

● Storage 

● Packaging 

● Quality 

TEACHING METHODS / ACTIVITIES 

- Lecture 

- Assignment (Reading/Writing) 

- Student presentation 
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RESOURCES 

Block 1: 

Books 

● M. R. Sethuraj and A. S. Raghavendra, Tree Crop Physiology, ISBN- 13:978- 

0444428417, ISBN-10:0444428410, Elsevier Science Publishers. B. V. 

(2012) 

● Dhillon/Bhatt, Fruit Tree Physiology, ISBN-10: 9380428421, ISBN-13: 978- 

9380428420 Narendra Publishing House (2012), 

● Prerak Bhatnagar, Physiology of Growth and Development of Horticultural 

Crops, ISBN-10:817754666X, ISBN-13: 978-8177546668 

● Amar Singh, Fruit Physiology and Production, ISBN-10: 8127211788, 

ISBN-13: 978- 8127211783, Kalyani Publishers; 5th edition (March 28, 

2003). 

● Krishna Hare, Physiology of Fruit Production, ISBN-10:9380012373, ISBN-

13:978- 9380012377, Studium Press India Pvt. Ltd (2012) 

● Edward F. Durner, Principles of Horticultural Physiology, ISBN-13: 978- 

1780643069, ISBN-10:1780643063, CABI (June 3, 2013) 

● J. K. A. Bleasdale, Plant Physiology in Relation to Horticulture, ISBN-10: 

8192686094, ISBN-13:978-8192686097, SENTIFIC (2014) 2nd edition 

● Dr. Mukul Kumar, Physiology of Fruit Production, ISBN-10:9384568384, 

ISBN- 13:978-9384568382, Year- 2015 

● ElhadiM.Yahia and Armando Carrillo-Lopez, Postharvest Physiology and 

Biochemistry of Fruits and Vegetables, ISBN-10:0128132787, ISBN- 

13:978- 0128132784, Woodhead Publishing (7 November 2018). 

● Sergio Tonetto de Freitas and Sunil Pareek, Postharvest Physiological 

Disorders in Fruits and Vegetables, ISBN-9781138035508, 

1138035505,Taylor and Francis Ltd 

Crop Specific information: 

Mango 

● Dhillon, W.S. and Bhat, Z.A., 2011. Fruit tree physiology. Narendra 

Publishing House. 

● Sandip, M., Makwana, A.N., Barad, A.V. and Nawade, B.D., 2015. 

Physiology of flowering–the case of mango. Int. J. Appl. Res, 1(11), pp.1008-

1012. 

● Schaffer, B. and Andersen, P.C., 2018. Handbook of environmental 

physiology of fruit crops. CRC Press. 

● Lakshminarayana, S., Subhadra, N.V. and Subramanyam, H., 1970. Some 

aspects of developmental physiology of the mango fruit. Journal of 

Horticultural Science, 45(2), pp.133-142. 

● SWAMY, J.S., 2012. Flowering manipulation in mango: A science comes of 

age. Journal of Today's Biological Sciences: Research and Review, New 

Delhi, 1(1), pp.122-137. 
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● Singh, V.K. and Sharma, K., 2008. Physiological and biochemical changes 
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Credit : 2+1 

Course Code : PP 510 

Title : SEED PHYSIOLOGY 

WHY THIS COURSE? 

Seeds are considered as propagule and as a major source of nutrition for humans 

and other animals. Therefore, all information concerning their nutritive value, chemical 

composition; storability, retention of viability are very important. Looking into the 

importance of seeds, emphasis has been given to produce high quality seeds with 

excellent genetic potential to improve seed germination and to produce vigorous 

seedlings. In fact, recently techniques are employed to raise healthy and vigorous seeds 

to obtain vigorous seedlings. Several hormones and chemicals are used to improve the 
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oil, protein, and other economic attributes of seeds. Therefore, to give more insight into 

the development of quality seeds and also protecting them without losing much of 

nutritive value, this course has been proposed. 

AIM OF THIS COURSE 

This course will approach the subjects from two perspectives –physiology of seed 

development and seed germination. It aims to describe students the physiological 

processes involved in regulation and mechanism of seed development, dormancy and 

germination. Further, to provide an insight into physiological processes governing seed 

quality and its survival. Accordingly, the course is organized as follows: 

 

No. Blocks Units 

1. Physiology of Seed 

Development 

1. Introduction to Seed Physiology 

2. Seed Development 

3. Seed Maturation 

4. Metabolism in Developing Seed 

2. Physiology of Seed 

Germination and 

Dormancy 

1. Seed Germination 

2. Seed Dormancy and Viability 

 
LEARNING OUTCOMES 

At the end of the course the students are expected to be able to understand the 

physiology of seed development and seed germination. The students will be able to 

identify the physiological processes involved in regulation of seed development, 

dormancy and germination. 

BLOCK 1: PHYSIOLOGY OF SEED DEVELOPMENT 

Unit 1: Introduction to Seed Physiology 

● Importance of seed as a propagule, seed structure and functions; chemical 

composition of seeds. Embryogenesis: pollination and fertilization, pollen and 

pistil interaction, signal for interaction; pollen load hypothesis; genetical and 

environmental influence on seed development. 

● Source-Sink relationship affecting seed yield and quality. 

● Concept of seed viability and seedling vigour and their relevance; approaches to 

improve the storability of seeds 

● Physiological and molecular mechanisms of seed germination; approaches to 

improve seed germination; seed size and its influence on seed germination 

Unit 2: Seed Development 

● Physiology and molecular mechanisms of embryo, endosperm and seed coat 

development; cellularization during endosperm development; morphological and 

cellular changes 

during seed coat development, anatomy and function of seed coat, programmed 

cell death (PCD) in seed coat, Deposition of seed storage reserves during 

development 
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Unit 3: Seed Maturation 

● Seed maturation and maturation indices; physiological and anatomical changes 

during seed maturation; 

● Seed drying and acquisition of desiccation tolerance in seeds; mechanisms of 

desiccation tolerance; role of ABA LEA‘s, HSP‘s, dehydrins and other stress 

proteins during seed maturation and drying, 

● Seed abortion and approaches to reduce it. 

Unit 4: Metabolism in Developing Seed 

● Chemical composition of seeds (carbohydrates, proteins, fats etc.), source of 

assimilates for seed development, pathways of movement of assimilates to 

developing seed, approaches to increase the chemical composition of seeds. 

● Seed respiration and mitochondrial activity; seed respiration rate and storability of 

seeds. 

● Seed ageing, Mobilization of stored resource in seeds; Chemistry of oxidation of 

starch, proteins and fats; Utilization of breakdown products by embryonic axis. 

BLOCK 2: PHYSIOLOGY OF SEED GERMINATION AND DORMANCY 

Unit1: Seed germination 

● Seed germination, types of germination, imbibition kinetics of germinating seed; 

Physiological events during germination: seed respiration, mitochondrial activity, 

mobilization of food reserve; energy utilization by the germinating seed. 

● Environmental regulation of germination: hydro-time, thermal time and 

hydrothermal time models; Influence of environmental factors on germination; 

Role of plant hormones/PGR's during seed germination. 

Unit 2 :Seed Dormancy and Viability 

● Physiological and molecular basis of seed dormancy, hormonal regulation of 

dormancy, After ripening, dormancy breaking treatments; Ecological perspective 

of seed dormancy. 

● Seed viability: concept and physiology of seed viability, theories of seed ageing, 

seed storage and regulation of storage life of seeds; methods to prolong seed 

viability; Conservation of orthodox and recalcitrant seeds 

● Seed vigour: concept, importance, measurement; Physiological, biochemical and 

molecular basis of seed vigour 

PRACTICALS 

1. Determination of seed reserves: carbohydrates, proteins and lipids 

2. Study of different seed structures 

3. Kinetics of seed imbibition; Seed germination test, enzymatic activities and 

respiration during germination and vigour testing methods etc. 

4. Accelerated ageing test to know the seed vigour and storability 

5. Measurement of seed moisture content 

6. Determination of amylase activity in germinating seeds 

7. Measurement of electrical conductivity in seed leachate 

8. Measurement of seed viability using tetrazolium chloride 
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9. Determination of dehydrogenase activity 

10. Seed germination study- Determination of Germination Index and seedling 

growth 

11. Measurement ofseed vigour index 

12. Dormancy breaking treatments 

13. Seed priming techniques 

14. Effect of environmental stresses on seed germination and seedling growth 

15. Effect of hormones on seed germination 

TEACHING METHODS / ACTIVITIES 

● Lecture 

● Assignment (Reading/Writing) 

● Student presentation 

● Practicals 

● Bewley, JD, Bradford K,,Hilhorst H, Nonogaki H. (2013). Seeds: Physiology of 

Development, Germination and Dormancy, Springer-Verlag 

● Larkins BA and Vasil IK (Ed), Cellular and Molecular Biology of Plant Seed 

Development, 2010, Springer 

● Vanangamudi K, Natarajan K and Vanangamudi M, Seed Physiology, Associated 

Publishing Company 

● Bewley JD and Black M, 1994 Seeds: Physiology of Development and 

Germination, Springer 

● N.W. Pammenter and Patricia Berjak (2000). Aspects of recalcitrant seed 

physiology. R.Bras. Fisiol. Veg., 12: 56-69. 

● Prakash. M. 2011. Seed physiology of crops.(ed). Satish Serial Publishing house, 

New Delhi. 

● Roberto Benech-Arnold, Rodolfo Sanchez. 2004. Handbook of Seed Physiology: 

Applications to Agriculture. CRC Press . 

● Vijayakumar, A. 2001. Seed Dormancy an overview. In : Recent techniques and 

Participatory Approachs in Quality seed production (eds. K. Vanangamudiet al.,) 

TNAU, Coimbatore. pp 287-396. 

● Padmavathi, S., M. Prakash, S. Ezhil Kumar, G. Sathianarayanan and A.Kamaraj. 

2012. A Text Book of Seed Science and Technology. New India Publishing 

Agency, New Delhi. 

● Tina Steinbrecher Gerhard Leubner-Metzger (2017). The biomechanics of seed 

germination. Journal of Experimental Botany, 68(4): 765–783. 

● http://sbc.ucdavis.edu/Research_pages/Seed_physiology_and_technology/. 

● Bench ALR and Sanchez RA. 2004. Handbook of Seed Physiology. Food Product 

Press. 

Credit : 2+0 

Course Code : PP 511 

Title: PHENOTYPING PHYSIOLOGICAL PROCESSES 

http://sbc.ucdavis.edu/Research_pages/Seed_physiology_and_technology/
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WHY THIS COURSE? 

One of the main mandates of SAU and crop specific institutes is crop 

improvement. Seed industry and academic institutes need contribution from 

physiologists on these aspects. Conceptual changes in breeding approaches in terms of 

breeding for specific physiological traits necessitates that the students develop 

conceptual approaches for phenotyping in different physiological processes. 

Characterizing the parents, germplasm accessions, segregating populations for specific 

physiological traits like flowering response, variation in root system architecture, etc is 

crucial for genetic enhancement of these traits. This student ready Course can contribute 

richly to research and development of the seed sectors and crop specific institutions 

where the major emphasis in recent years is genetic enhancement of traits. 

AIM OF THIS COURSE 

The major emphasis in this course is to phenotype well characterized 

physiological processes/plant traits associated with plant growth, development and 

productivity, besides, comprehensive approach to precise imposition of various abiotic 

stresses and capture genetic variability in adaptive traits. The aim is to employ these 

techniques for crop improvement programs. 

The course is organized as follows: 
 
 

No. Blocks Units 

1. Phenotyping 

Physiological 

Processes 

1. Concept of Phenotyping 

2. Phenotyping for Traits for Crop Establishment 

3. Concept and Approaches to Identify Genotypes with 

Superior Growth Rate 

4. Identifying Photo-insensitive Genotypes-options and 

Approaches 

5. Identifying Thermo-insensitive Genotypes-options 

and 
Approaches 

6. Yield Structure Analysis- Relevant Yield Attributes 

7. Source-sink Relationship- Assessment of Limitation 

 8. Identify Genetic RESOURCES for Abiotic Stress 

 

LEARNING OUTCOMES 

After completion of this course students are expected to develop clear concept 

and insight into phenotyping technologies associated with plant growth, development 

and productivity. 

BLOCK 1: PHENOTYPING PHYSIOLOGICAL PROCESSES 
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Unit 1: Concept of Phenotyping 

● Phenotyping technologies are essential component for assessing plant responses, 

identify superior trait donors, mitigation responses, trait introgression and trait 

based breeding. 

Unit 2: Phenotyping for Traits for Crop Establishment 

● Seed viability, seed dormancy, seed hydration rates, seed density and weight 

● Seedling vigour in normal and adverse conditions 

Unit 3: Concept and Approaches to Identify Genotypes with Superior Growth 

Rate 

● Phenotyping for leaf expansion, leaf area index, light interception and crop 

extinction coefficient 

● Pigment quantification for nitrogen and chlorophyll status - SPAD, anthocyanin 

and flavonoids – Duolex 

● Growth rates by non-invasive techniques like NDVI, Concept of Net assimilation 

rate and DM/LAD; surrogates for photosynthetic traits; stomatal characteristic 

Unit 4: Identifying Photo-insensitive Genotypes-options and Approaches 

● Exposing to longer and shorter photoperiod by staggered sowing; extending the 

day length- light interception by red light; days to heading/ anthesis, approaches 

for synchronization of flowering 

Unit 5: Identifying Thermo-insensitive Genotypes-options and Approaches 

● Altering total degree days- staggered sowing at lower latitudes or by growth 

chambers; quantifying heading, anthesis, maturity and grain filling days, grain 

number and weight, grain filling rate. 

Unit 6: Yield Structure Analysis- Relevant Yield Attributes 

● Pollen biology, stigma receptivity, spikelet sterility (cereals), floral abscission 

(other crops), fruiting points / productive tillers, number of grains/ fruits per 

panicle/ inflorescence and grain characteristic 

● Phenotyping for lodging- culm traits, intermodal length, lignification, 

Phenylalanine ammonia lyase (PAL) and Tyrosine ammonia lyase(TAL) 

● Approaches to identify genetic resources with traits to improve yield potential 

Unit 7: Source-sink Relationship- Assessment of Limitation 

● Phenotyping for source-sink size, Concept of sink-source limitation- defloration 

and defoliation 

● Remobilization of stored metabolites and concept of stay green; estimation of 

water soluble carbohydrates;partitioning coefficient and harvest index. 

Unit 8: Identify Genetic Resources for Abiotic Stress Constraints 

● Approaches for precise stress imposition to diverse stresses 

● Identify trait donor lines for different stresses: approaches by Stress Susceptibility 

Index (SSI), Stress Induction Response (SIR) 

● Capturing variability for adaptive traits: root traits, stomatal factors/wax, 

osmolyte, surrogate approach for acquired tolerant traits, Flowering response, 

Spikelet fertility, Abscission and Senescence 
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● Screening high density response-based on SSI – root adaptation and Shade 

Avoidance Response (SAR) 

TEACHING METHODS / ACTIVITIES 

- Lecture 

- Assignment (Reading/Writing) 

- Student presentation 

RESOURCES 

Unit 1: 

● Kumar, J., Pratap, A., and Kumar, S. 2015. Plant Phenomics: An Overview. 

10.1007/978-81-322-2226-2_1. 

● Pratap, A., Gupta, S., Nair, R. M., Gupta, S. K. Schafleitner, R.,Basu, P. S., 

Singh, C. M., Prajapati, U., Gupta, A. K., Nayyar, H., Mishra, A. K.,Baek, K.- 

H. 2019, Using Plant Phenomics to Exploit the Gains of Genomics. Agronomy, 

9, 126. 

Unit 2: 

● AOSA. 2009. Seed Vigor Testing Handbook. Contribution No. 32 to the 

Handbook on Seed Testing. 

● Finch-Savage, W. E., andBassel, G. W. (2015). Seed vigour and crop 

establishment: extending performance beyond adaptation. Journal of 

experimental botany, 67(3), 567-591. 

Unit 3 

● Muñoz-Huerta, R., Guevara-Gonzalez, R., Contreras-Medina, L., Torres- 

Pacheco, I., Prado-Olivarez, J., and Ocampo-Velazquez, R. (2013). A review of 

methods for sensing the nitrogen status in plants: advantages, disadvantages and 

recent advances. sensors, 13(8), 10823-10843. 

● Xue, J and Su, B., 2017, Significant Remote Sensing Vegetation Indices: A 

Review of Developments and Applications, Journal of Sensors, 2017: 17 

https://doi.org/10.1155/2017/1353691. 

Unit 4 

● Ouzounis, T., Rosenqvist, E., and Ottosen, C., 2015, Spectral Effects of Artificial 

Light on Plant Physiology and Secondary Metabolism: A Review American 

society horticulture   science. 50(8) 1128–1135 

doi.org/10.21273/ HORTSCI.50.8.1128 

Unit 5 

● The Flowering Response of the Rice Plant to Photoperiod : A Review of The 

Literature Fourth Edition. 

Unit 6: 

 

Unit 7: 

● White, A. C., Rogers, a., Rees, M and Osborne, C.P., 2016, How can we make 

plants grow faster? A source–sink perspective on growth rate Journal of 

Experimental Botany, 67(1): 31–45. 

https://doi.org/10.1155/2017/1353691
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● Ragheba, A., El-Shimyb, H andRaghebb, G., (2016) Green architecture: a 

concept of sustainability, Procedia - Social and Behavioral Sciences 216: 

778 – 787. 

Unit 8: 

● Wang, H., Wu, G., Zhao, B., Wang, B., Lang, Z., Zhang, C., and Wang, 

H.,2016, Regulatory modules controlling early shade avoidance response in 

maize seedlings, BMC Genomics17:269, https://doi.org/10.1186/s12864- 

016-2593-6. 

● Carriedo, L., Maloof, J and Brady, S., (2016). Molecular control of crop 

shade avoidance. Current Opinion in Plant Biology. 30. 151-158. 

10.1016/j.pbi.2016.03.005 

Credit: 2+0 

Course Code: PP 512 

Title: CROP GROWTH REGULATION AND MANAGEMENT 

WHY THIS COURSE? 

Besides crop improvement, the approach to regulate physiological processes for 

improving crop production made very good leads in recent years. The focus is to employ 

the basic knowledge of several physiological processes to manipulate the plant growth 

and specific processes like ripening, flowering to achieve higher economic yields. This 

dynamic course will address many of these technologies that are being developed for 

crop production based on principles of plant physiological processes. Training the 

students in this student ready coursewill provide the required practical knowledge which 

will be of immense relevance to contribute private agricultural sectors and for agri-based 

industries. 

AIM OF THIS COURSE 

A comprehensive information needs to be provided in this course like light regulation 

in polyhouse cultivation, photoperiod responses by red/far red light for synchronizing 

flowering, techniques for soil less culture like aeroponics, pollen biology and hybrid 

production, chemical regulation of plant growth processes like flower initiation, flower 

sex, flower drop, fruit maturity, ripening and shelf-life etc. 

The course is organized as follows: 

 

No Blocks Units 

1 Propagation - Crop 

Establishment 

1. Seed as a Propogule 

2. Vegetative Propogule 

2 Regulation of Plant 

Growth Processes 

1. Regulation of Plant Growth and Flowering 

2. Fruit Ripening and its Regulation 

3. Concept of Senescence and its Retardation 

3 Protective Cultivation – 

Stress Mitigation 

1. Protective Cultivation Interventions to 

Alter 
Physiological Processes and Growth 

2. Drought Mitigation Options and 
Approaches 

3. Specific Plant Processes Regulated by 

Chemicals 
and Growth Hormones 

https://doi.org/10.1186/s12864-016-2593-6
https://doi.org/10.1186/s12864-016-2593-6
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LEARNING OUTCOMES 

BLOCK 1: PROPAGATION - CROP ESTABLISHMENT 

Unit 1: Seed as a Propogule 

● Concept of improving seed characteristics for crop establishment. 

Mechanisms of regulating seed dormancy, precocious germination, ways 

to control pre-harvest sprouting in crop plants 

● Seed viability and its regulation, factors to minimize loss of viability and 

improve seedling vigour. 

● Concept of seed priming, techniques of priming, seed priming to induce 

tolerance to stresses. 

● Role of media, nutrition and PGPR‘s on seedling vigour and subsequent 

crop establishment 

Unit 2:VegetativePropogule 

● Chemical and hormonal regulation of vegetative propagation 

● Regulation of rooting, bud sprouting, Bulb/tuber dormancy 

● Chemical regulation of graft union. 

● Concept ofinvitromicropropogation 

BLOCK 2: REGULATION OF PLANT GROWTH PROCESSES 

Unit 1: Regulation of Plant Growth and Flowering 

● Chemical and hormonal regulation of plant architecture, tillering, 

branching, bud breaking 

● Regulation of flowering by photo and thermoperiod, nutrients, chemicals 

and hormones, concept of speed breeding 

● Flowering synchrony in hybrid seed production 

● Sex ratio alteration, flower and fruit thinning 

● Pollen viability in relation to environment, harvesting, storage and 

transportation 

● Prevention of abscission, flower and fruit drop, seed and fruit growth 

regulation- role of hormones. 

Unit 2: Fruit Ripening and its Regulation 

● Approaches to improve shelf life – storage environment, water loss, 

respiration 

● Modified atmosphere, gaseous environment for storage , storage disorders, 

chilling injury 

Unit 3: Concept of Senescence and its Retardation 

● Physiology of senescence and options to regulate. 

● Chemical regulation of senescence, maintenance of chlorophyll during 
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storage, role of hormones/micronutrients in reducing senescence. 

● Concept of stay green, advantages and limitations. Relevance of stay 

green traits in plant breeding for crop improvement. 

BLOCK 3: PROTECTIVE CULTIVATION –STRESS MITIGATION 

Unit 1: Protective Cultivation Interventions to Alter Physiological Processes and 

Growth 

● Spectral characteristics of light in polyhouse, light regulation to optimize 

plant photosynthetic and photomorphogenic processes and plant growth 

● LED sources of monochromatic light to regulate growth, etiolating and 

flowering 

● High temperature induced thermomorphogenic processes 

● Artificial growing media, soilless cultures, aeroponics, fogoponics 

● Concept of CO2 fertilization. Effect of humidity on leaf expansion and 

growth. 

Unit 2: Drought Mitigation Options and Approaches 

● Moisture conservation options at soil and plant level 

● Concept of increasing water holding capacity, role of Hydrogels – water 

and mineral nutrients release pattern. 

● Approaches to improve transpiration over evapo-transpiration, stomatal 

and non-stomatal regulation of water loss, antitranspirants. 

● Osmoprotectants, ROS scavengers, plant nutrients. 

● Root stocks in improving tolerance 

● Chemical regulation of flower drop due to temperature Chemicals to 

improve pollen viability during abiotic stress 

Unit 3: Specific Plant Processes Regulated by Chemicals and Growth 

Hormones 

● Rooting of cuttings 

● Wine brewing industry 

● Promotion of gynoecious flower 

● Hybrid rice production 

● Induction of flowering in pine apple, cucurbits 

● Delaying of senescence and ripening 

● Production of dwarf plant for ornamental purpose 

● Reduction in flower and fruit drop 

● Increase in berry size in grapes 

TEACHING METHODS / ACTIVITIES 

- Lecture 

- Assignment (Reading/Writing) 
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- Student presentation 

 

RESOURCES 

Block 1: 

Unit 1: 

● Wu X, Ning F, Hu X and Wang W(2017). Genetic Modification for Improving 

Seed VigorIsTransitioning from Model Plantsto Crop Plants. Front. Plant Sci. 

8:8.doi: 10.3389/fpls.2017.00008 

● William E. Finch-Savage and Steven Footitt. Seed dormancy cycling and the 

regulation of dormancy mechanisms to time germination in variable field 

environments Journal of Experimental Botany, Volume 68, Issue 4, 1 February 

2017, Pages 843 856,https://doi.org/10.1093/jxb/erw477 

● Irfan Afzal, Hafeez Ur Rehman,MuhammadNaveed and ShahzadMaqsood 

Ahmed Basra Recent Advances in Seed Enhancements Intech 2016 

Unit 2: 

● Techniques and Experiments Plant Tissue Culture Techniques and Experiments 

Copyright © 2013 Elsevier Inc. All rights reserved 2013 

● Amrit K. Nanda and Charles W. Melnyk. The role of plant hormones during 

grafting .jPlant Res. 2018; 131(1): 49–58.Published online 2017 Nov 27. doi: 

10.1007/s10265- 017-0994-5PMCID: PMC5762790 

Block 2: 

Unit 1: 

● Jorge J. Casa,andSureshkumarBalasubramanian. Thermomorphogenesis, 

Annual Review of Plant Biology, Vol. 70:321-346 (Volume publication date 

April 2019). First published as a Review in Advance on February 20, 2019 

https://doi.org/10.1146/annurev-arplant-050718-095919 

● Abraham H Halevy Handbook of Flowering: Volume VCRC press, 2018 

● Amy Watson, Sreya Ghosh, Lee T. Hickey Speed breeding is a powerful tool 

to accelerate crop research and breeding. Nature Plantsvolume 4, pages23–29 

(2018) 

Unit 2: 

● Kusumaningrum, D., Lee, S. H., Lee, W. H., Mo, C., and Cho, B. K. (2015). 

A review of technologies to prolong the shelf life of fresh tropical fruits in 

Southeast Asia. Journal of Biosystems Engineering, 40(4), 345-358. 

● Sandarani, MDJC, Dasanayaka DCMCK and Jayasinghe CVL (2018) 

Strategies Used to Prolong the Shelf Life of Fresh Commodities. J AgriSci 

Food Res 9: 206. 

● Falagán, N and Terry, L. A. (2018). Recent advances in controlled and 

modified atmosphere of fresh produce. Johnson Matthey Technology 
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Review, 62(1), 107-117. 

Unit 3: 

● Kim, J., Kim, J. H., Lyu, J. I., Woo, H. R., and Lim, P. O. (2017). New insights 

into the regulation of leaf senescence   in   Arabidopsis. Journal of  

experimental botany, 69(4), 787-799. 

● Luche, H. D. S., Silva, J. A. G. D., Maia, L. C. D., and Oliveira, A. C. D. 

(2015). Stay-green: a potentiality in plant breeding. Ciência Rural, 45(10), 

1755-1760. 

Block 3: 

Unit 1: 

● Bian, Z., Jiang, N., Grundy, S. and Lu, C., 2017, August. Uncovering LED 

light effects on plant growth: new angles and perspectives-LED light for 

improving plant growth, nutrition and energy-use efficiency. In International 

Symposium on New Technologies for Environment Control, Energy-Saving 

and Crop Production in Greenhouse and Plant 1227 (pp. 491-498). 

● Barrett, G.E., Alexander, P.D., Robinson, J.S. and Bragg, N.C., 2016. 

Achieving environmentally sustainable growing media for soilless plant 

cultivation systems–A review. Scientiahorticulturae, 212, pp.220-234. 

● Raviv, M., Lieth, J.H. and Bar-Tal, A. eds., 2019. Soilless Culture: Theory 

and Practice: Theory and Practice. Elsevier. 

Unit 2: 

● Wang, P., Deng, Y., Li, X.Y., Wei, Z., Hu, X., Tian, F., Wu, X., Huang, Y., 

Ma, Y.J., Zhang, C. and Wang, Y., 2019. Dynamical effects of plastic mulch 

on evapotranspiration partitioning in a mulched agriculture ecosystem: 

Measurement with numerical modeling. Agricultural and Forest 

Meteorology, 268, pp.98-108. 

● GernotBodner, Alireza, Hans-Peter, Management of crop water under 

drought: A review. Agronomy for sustainable development. 2, 401-442 
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Course Title with Credit Load for Ph.D. in Plant Physiology 
 

CODE COURSE TITLE CREDIT 

S 

PP 601* FUNCTIONAL GENOMICS AND GENES ASSOCIATED 

WITH A FEW PHYSIOLOGICAL PROCESSES 

2+0 

PP 602* SIGNAL PERCEPTIONS AND TRANSDUCTION AND 

REGULATION OF PHYSIOLOGICAL PROCESSES 

2+0 

PP 603* MOLECULAR APPROACHES FOR IMPROVING 

PHYSIOLOGICAL  MECHANISMS  THROUGH TRAIT 
INTROGRESSION 

2+1 

PP 604 PLANT PHENOMICS – NEXT GENERATION PHENOMICS 
PLATFORMS 

2+0 

PP 605 EXPERIMENTAL TECHNIQUES TO CHARACTERIZE 
PLANT PROCESSES FOR CROP IMPROVEMENT 

0+2 

PP 606 GLOBAL CLIMATE CHANGE AND CROP RESPONSE 2+0 

PP 607 PHYSIOLOGICAL AND MOLECULAR ASPECTS OF 

SOURCE-SINK CAPACITY FOR ENHANCING YIELD 
3+0 

PP 608 SEED AND FRUIT GROWTH AND THEIR QUALITY 

IMPROVEMENT 

2+0 

PP 609 PLANT-MICROBE INTERACTIONS 2+1 

PP 610 WEED BIOLOGY AND PHYSIOLOGY OF 
HERBICIDE ACTION 

2+0 

PP 691 DOCTORAL SEMINAR I 0+1 

PP 692 DOCTORAL SEMINAR II 0+1 

PP 699 DOCTORAL RESEARCH 0+75 

 

*Core courses 
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Credit : 2+0 

Course Code: PP 601* 

Title : FUNCTIONAL GENOMICS AND GENES ASSOCIATED 

WITH A FEW PHYSIOLOGICAL PROCESSES 

 
WHY THIS COURSE? 

Agriculture in India faces tremendous challenges on multiple fronts. There is a 

need for targeted improvement of crops to meet the increasing food demand. Thorough 

understanding of the plant physiological processes, pathways and genes associated with 

the pathways are needed for speed breeding and trait improvement. With help of modern 

tools and techniques, in the genomic ear, a large amount of data on genomic resources 

has been developed. The post-genomic era concentrates on assigning functions to the 

every gene identified in plants. The PhD scholar working on plant biology and related 

field must be exposed to recent trends and developments in this new emerging area. The 

major emphasis would be on new developments in genomics to regulate plant growth. 

AIM OF THIS COURSE 

The major goal is to expose the students of higher education program on 

functional genomic approaches, which is needed for crop improvement in a targeted way: 

i) Identify genes regulating the specific mechanisms/traits 

ii) Assess the relevance of physiological processes/mechanisms and options to 

combine / introgress them. 

The course is organized as follows: 
 
 

No. Blocks Units 

1. Functional Genomics 

and Genes : 

Physiological Processes 

1. Gene Discovery 

2. Genetic Tools for Plant Development 

3. Gene Knock Out Approaches 

4. Chemical Genomics 

5. Gene Over Expression Approaches 

6. Synthetic Biology and Interaction Studies 

7. Case Studies 

 

LEARNING OUTCOMES 

After successful completion of this course students are expected to have in 

depth knowledge on the genetic tools for plant development 

BLOCK 1: FUNCTIONAL GENOMICS AND GENES: PHYSIOLOGICAL 

PROCESSES 
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Unit 1: Gene Discovery 

● Finding genes in complex plant system, Constructing gene-enriched plant 

genomic libraries 

● Recent advancements in genome sequencing, RNA sequencing and 

expression. 

● In Silico prediction of plant gene function, Quantitative Trait Locus analysis 

as a gene discovery tool 

● Gene expression analysis –micro-array and deep sequencing, small RNA and 

Degradome, 

● Study of methylome and its significance 

Unit 2: Genetic Tools for Plant Development 

● Understanding the importance of mutants in unrevealing the physiological 

processes, genome wide insertional mutagenesis – T-DNA insertion mutants, 

Gain in function, Transposon mutagens, Transposition. 

● Physical and Chemical mutagenesis 

● Gene and Enhancer Traps for Gene Discovery 

● High-Throughput TAIL-PCR as a Tool to identify DNA Flanking insertions, 

High- Throughput TILLING for functional Genomics. 

● Genome editing approaches for functional analysis of genes 

Unit 3: Gene Knock Out Approaches 

● PTGS-Antisense technology 

● Virus induced gene silencing (VIGS) 

● Custom Knock-outs with Haripin RNA-mediated Gene Silencing and other 

silencing tools 

● Complementation studies 

Unit 4: Chemical Genomics 

● Reverse chemical genomic approaches for functional validation of genes. 

● Protein structure prediction, homology modelling and virtual screening by 

using bioinformatic approaches to identify the small molecules and their 

validation through phenotyping assessment. 

Unit 5: Gene Over Expression Approaches 

● Vector Construction for Gene Overexpression as a Tool to Elucidate Gene 

Function 

● Transient expression, Transgenics 

● Targeted and conditional expression of transgene 

● Multiple gene expression by Nanostring technology 

● Co-expression analysis and gene networking to identify potential genes in 

the pathway (informatics) 

● Epigenetics 
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Unit 6: Synthetic Biology and Interaction Studies 

● Engineering microbial pathways in plants (eg, photosynthesis) 

● DNA-protein & Protein-protein interaction studies, yeast hybrid system. 

● Correlating the data from genome, transcriptome, proteome, metabolome 

and ionome with phenome 

● Multivariate analysis and identification of metabolite as biomarkers 

Unit 7: Case Studies 

● Functional characterization of genes associated with important cellular 

processes influencing crop growth and development: genes controlling 

photosynthesis and nutrient uptake 

● Functional characterization of genes associated with important cellular 

processes influencing crop growth and development: genes controlling 

respiration and photorespiration 

● Functional characterization of genes associated with important cellular 

processes influencing crop growth and development: fatty acid biosynthesis, 

seed protein quality and quantity 

● Functional characterization of genes associated with important cellular 

processes influencing crop growth and development: genes controlling 

flowering 

 
TEACHING METHODS / ACTIVITIES 

● Lecture 

● Assignment (Reading/Writing) 

● Student presentation 

 

RESOURCES 

Unit 1: 

● Regulation of Gene Expression in Plants. J.A. Gatehouse, in Plant 

Biochemistry, 1997 

● Plant genome sequencing, Delphine Fleury, ... Peter Langridge, in Plant 

Biotechnology and Agriculture, 2012 

● Baxevanis, A. D. and Ouellette, B. F. F. (eds).. Bioinformatics: A Practical 

Guide to the Analysis of Genes and Proteins, Methods of Biochemical 

Analysis, (2001) vol. 43, 2nd ed., New York: John Wiley and Sons, Inc. 

● Gene Expression Analysis: Methods and Protocols, 2018 Editors: 

Raghavachari, Nalini, Garcia-Reyero, Natàlia (Eds.) , ISBN 978-1-4939- 

7834-2, Springer 

● Transcriptome Data Analysis: Methods and Protocols, 2018 Editors: Wang, 

Yejun, 
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Sun, Ming-an (Eds.), 2018, ISBN 978-1-4939-7710-9; Springer 

● Comparative Genomics: Methods and Protocols, 2018 Editors: Setubal, João 

C., Stoye, Jens, Stadler, Peter (Eds.) ISBN 978-1-4939-7463-4; Springer 

Unit 2: 

● Genetic Engineering Dr.Eugene Rosenberg, in It's in Your DNA, 2017 

● Recombinant DNA Technology and Genetically Modified Organisms, 

Padma Nambisan, in An Introduction to Ethical, Safety and Intellectual 

Property Rights Issues in Biotechnology, 2017 

Unit 3: 

● A Versatile Vector Toolkit for Functional Analysis of Rice Genes, Feng 

He, Fan Zhang, Wenxian Sun, YueseNing,corresponding author and Guo-

Liang Wang. Rice (N Y). 2018; 11: 27.doi: 10.1186/s12284-018- 0220-7 

● Genome Editing in Plants: An Overview of Tools and Applications, Venera 

S. Kamburova, Elena V. Nikitina, Shukhrat E. Shermatov, Zabardast T. 

Buriev, Siva P. 

● Kumpatla, Chandrakanth Emani, and Ibrokhim Y. Abdurakhmonov, 

International Journal of Agronomy, 2017, 

https://doi.org/10.1155/2017/7315351 

● Gene Silencing, Renu Bhardwaj, Ravinder Singh, in Emerging 

Technologies and Management of Crop Stress Tolerance, Volume 1, 

2014 

Unit 4: 

● Chemical genomics approaches in plant biology. Norambuena L, Raikhel NV, 

Hicks GR. Methods Mol Biol. 2009;553:345-54. doi: 10.1007/978-1- 60327-

563-7_18. 

● Plant Chemical Genetics: From Phenotype-Based Screens to Synthetic 

Biology. Wim Dejonghe and Eugenia Russinova, Plant Physiol. 2017 May; 

174(1): 5–20.doi: 10.1104/pp.16.01805 

● A plant-based chemical genomics screen for the identification of flowering 

inducers, MartijnFiers, JorinHoogenboom, Alice Brunazzi, Tom Wennekes, 

Gerco C. Angenent and Richard G. H. Immink, Plant Methods201713:78, 

https://doi.org/10.1186/s13007- 017-0230-2 

Unit 5: 

● Gene Overexpression RESOURCES in Cereals for Functional Genomics and 

Discovery of Useful Genes, Kiyomi Abe and Hiroaki Ichikawa, Front Plant 

Sci. 2016; 7: 1359. doi: 10.3389/fpls.2016.01359 

● Gene Overexpression: Uses, Mechanisms, and Interpretation, Gregory 

Prelich, GENETICS March 1, 2012 vol. 190 no. 3 841-854; 

https://doi.org/10.1534/genetics.111.136911 

Unit 6: 

● Plant synthetic biology, Wusheng Liu C. Neal Stewart Jr 

https://doi.org/10.1016/j.tplants.2015.02.004 , REVIEW| 20, 5, P309-317, 

2015 
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● Plant   Synthetic   Biology:   Quantifying   the   ―Known   Unknowns‖   and 

Discovering    the    ―Unknown    Unknowns‖    R.    Clay    Wright,    Jennifer 

Nemhauser, 2019. DOI: https://doi.org/10.1104/pp.18.01222 

● Plant synthetic biology for molecular engineering of signalling and 

development, Jennifer L. Nemhauser and Keiko U. Torii, Nat Plants. 2016 

Mar 2; 2: 16010.doi: 10.1038/nplants.2016.10 

General Source Information 

● Plant Biotechnology-the genetic manipulation of plants: A. Slater (2008) 2nd 

edition, Oxford University Press. 

● Genetically Modified Crops (2011) 2nd edition, Imperial College Press, 

Worlds Scientific Publishers) 

● Teaching Tools in Plant Biology, The American Society of Plant Biologists 

● Lincoln Taiz and Eduardo Zeiger. Plant Physiology, 4 and 5th Edition. 

● Methods in Biotechnology (2009) by John Walker 

● Principles of Gene Manipulation and Genomics (2006) by Sandy B. 

Primrose and Richard Twyman 

● Functional Genomics, Edited by GermanaMeroni, 2012 

● Bioinformatics And Functional Genomics 3rd Edition, Wiley-Blackwell, 

2009, http://pevsnerlab.kennedykrieger.org/php/?q=book3 

● Functional Genomics, 2002, Editors: Town, Chris (Ed.), ISBN 978-94-010- 

0448-0, Springer 

● Functional Genomics: Methods and Protocol, 2017, Editors: Kaufmann, 

Michael, Klinger, Claudia, Savelsbergh, Andreas (Eds.), ISBN 978-1-4939- 

7231-9 Springer 

● Genomes 4 by T. A. Brown (Author) 2017, Taylor and Francis 

● Genomics of Plant Genetic RESOURCES, ISBN: 9789400775749, 

9400775741 Springer 

● Plant Reverse Genetics, Editors: Pereira, Andy (Ed.), 2011, ISBN 978-1- 

60761-682-5 

rd 
● Pevsner J. Bioinformatics and Functional Genomics, 3 Edition, Wiley- 

Blackwell. 

rd 
● Lesk AM. Introduction to Genomics, 3 Edition, Oxford University Press. 

● Neal Stewart C Jr. Plant Biotechnology and Genetics: Principles, 
nd 

Techniques, and Applications, 2 Edition, Wiley. 

● Grotewold E, Chappell J, Kellogg E. Plant Genes, Genomes and Genetics. 

Wiley. 

● Buchanan BB, Gruissem W, Jones RL. Biochemistry and Molecular Biology 

of Plants. 2nd Edition. Wiley-Blackwell. 

● Lesk A. Introduction to Bioinformatics, 4
th

Edition, Oxford University 

Press. 

http://pevsnerlab.kennedykrieger.org/php/?q=book3


776  

● Tramontano A, Lesk AM. Protein Structure Prediction: Concepts and 

Applications, Wiley 

 
Credit : 2+0 

Course Code : PP 602* 

Title : SIGNAL PERCEPTIONS AND TRANSDUCTION AND 

REGULATION OF PHYSIOLOGICAL PROCESSES 

WHY THIS COURSE? 

Biosignaling is emerging as an import fields in plant biology. Thorough 

understanding of signal perception, activation and cellular changes associated is needed 

for manipulation of specific traits or events in plants. The M.Sc. PhD scholar working on 

plant biology and related field must be exposed to this new emerging area. Plant response 

to external and internal factors is mainly through signal perception and amplification 

leading gene expression which brings in altered metabolism regulating physiological and 

biochemical processes and finally plant processes and growth. The course provides 

insights on the diverse receptors, ligand receptor interaction and the role of secondary 

messengers in signal amplification leading to gene expression and finally regulating plant 

growth. 

AIM OF THIS COURSE 

Objective of this course is to provide comprehensive exposure on different signaling 

events and associated cellular changes in plants. The course will include lectures on the 

signalling mechanisms employed by plants to perceive and transduce environmental 

signals. 

The course is organized as follows: 

 
No Blocks Units 

1 Signal Perceptions and 

Transduction : 

Regulation of 

Physiological Processes 

1. Concept of Receptor and Ligands 

2. Receptors – Signal Perception and Transfer 

3. Hormone Signaling 

4. Light Signaling 

5. Abiotic Stress Signaling and Nutrient Signalling 

6. Signaling Cascade during Developmental Events 

7. Signal Perception and Transduction in Plant 
Defense Responses 

 
LEARNING OUTCOMES 

By the end of this course, the student will be able to: 

1. comprehendvarioussignaling events and associated physiological changes in 

plants. 
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2. understand the diverse roles of receptors, ligand receptor interaction and the 

role of secondary messengers in signal amplification leading to gene 

expression. 

BLOCK 1: SIGNAL PERCEPTIONS AND TRANSDUCTION : REGULATION 

OF PHYSIOLOGICAL PROCESSES 

Unit 1: Concept of Receptor and Ligands 

● Signal, signal types, long (diffusible) and short (contact) range signaling and 

components of signaling. 

● Types of receptors, nature of ligands, downstream components like primary, 

secondary signaling components. 

Unit 2: Receptors – Signal Perception and Transfer 

● Cell surface trans-membrane receptors- GPCRs, Receptor Tyrosine Kinases 

(RTKs), Receptors Serine Threonine kinases (RSTKs), Receptor-Like 

Kinases (RLKs), receptor two component systems. 

● Signal transfer phosphor-relay and generation of secondary signaling 

components and activation of TFs or enzymes. 

● Downstream components- G-proteins, second messengers-Cyclic AMP, 

Adenylate cyclase cascade, cyclic GMP, calcium-calmodulin-kinases; 

effector molecules (transcription factor). 

Unit 3: Hormone Signaling 

● Hormone binding receptors-Transduction process. Effector molecules and 

gene expression. 

● Specific signaling pathways of Auxins, Cytokinin, Gibberellins, Ethylene, 

ABA, Brassinosteroids, Salicylic Acid, Strigolactone, polyamines, Jasmonic 

acid, etc. which leads to formative effects. 

● Cross talk in the signaling of different hormones-significance of studies with 

hormone action mutants. 

Unit 4: Light Signaling 

● Perception of light-pigments involved- activation of 

phytochrome/cryptochrome (study of mutants). 

● Light signal transduction. 

● Multiple signaling cascades-identification of signaling components through 

mutant analysis-changes in gene expression. 

Unit 5: Abiotic Stress Signaling and Nutrient Signalling 

● Sensing of environmental factors (Temperature-Osmotic-Ionic stress) 

● Activation of specific molecules and secondary messengers, activation of 

downstream components-leading to stress gene expression. 

● Case studies with different abiotic stresses. 

● Retrograde signaling. 

● Nitrogen fixation, nitrogen and phosphorus uptake, nutrient translocation. 

Unit 6: Signaling Cascade during Developmental Events 

● Leaf senescence/fruit development and ripening. 
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● Tuberization. 

● Sugar signaling. 

● Signaling during seed germination. 

Unit 7: Signal Perception and Transduction in Plant Defense Responses 

● General mechanisms to pathogen response. 

● Role of salicylic acid and active oxygen species. 

● Cross Talk Signaling- Stress matrix under field conditions, cross talk 

between abiotic- abiotic stress, biotic-abiotic stress signaling networks. 

TEACHING METHODS / ACTIVITIES 

- Lecture 

- Assignment (Reading/Writing) 

- Student presentation 

 
RESOURCES 

Block 1: 

Unit 1: 

● He, Y., Zhou, J., Shan, L. and Meng, X., 2018. Plant cell surface receptor- 

mediated signaling–a common theme amid diversity. J Cell Sci, 131(2), 

p.jcs209353. 

● Hall, M.A., Smith, A.R., Novikova, G.V. and Moshkov, I.E., 1999. Perception 

and transduction of ethylene. New Comprehensive Biochemistry, 33, pp.475-

490. 

● Huber, A.E. and Bauerle, T.L., 2016. Long-distance plant signaling pathways 

in response to multiple stressors: the gap in knowledge. Journal of 

Experimental Botany, 67(7), pp.2063-2079. 

● Pollard, T.D., Earnshaw, W.C., Lippincott-Schwartz, J. and Johnson, G., 

2016. Cell Biology E-Book. Elsevier Health Sciences. 

Unit 2 : 

● Braun, Y., Smirnova, A.V., Weingart, H., Schenk, A. and Ullrich, M.S., 2007. 

A temperature‐sensing histidine kinase—function, genetics, and membrane 

topology. In Methods in enzymology (Vol. 423, pp. 222-249). Academic 

Press. 

● Unden, G., Wörner, S. and Monzel, C., 2016. Cooperation of secondary 

transporters and sensor kinases in transmembrane signalling: the DctA/DcuS 

and DcuB/DcuS sensor complexes of Escherichia coli. In Advances in 

microbial physiology (Vol. 68, pp. 139-167). Academic Press. 

● Ortiz-Urquiza, A. and Keyhani, N.O., 2016. Molecular genetics of Beauveria 

bassiana infection of insects. In Advances in genetics (Vol. 94, pp. 165-

249). Academic Press. 

● Snijders, L. and Naguib, M., 2017. Communication in animal social networks: 

a missing link. Adv Study Behav, 49, pp.297-359. 

Unit 3: 

● Hedden, P. and Thomas, S.G. eds., 2008. Annual Plant Reviews, Plant 
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Hormone Signaling (Vol. 24). John Wiley and Sons. 

● Eckardt, N.A., 2015. The plant cell reviews dynamic aspects of plant 

hormone signaling and crosstalk. 

● Chow, B. and McCourt, P., 2006. Plant hormone receptors: perception is 

everything. Genes and development, 20(15), pp.1998-2008. 

Unit 4: 

● Leduc, N., Roman, H., Barbier, F., Péron, T., Huché-Thélier, L., Lothier, J., 

Demotes- Mainard, S. and Sakr, S., 2014. Light signaling in bud outgrowth 

and branching in plants. Plants, 3(2), pp.223-250. 

● Kami, C., Lorrain, S., Hornitschek, P. and Fankhauser, C., 2010. Light- 

regulated plant growth and development. In Current topics in developmental 

biology (Vol. 91, pp. 29- 66). Academic Press. 

● Coureux, P.D. and Genick, U.K., 2007. Triggering and Monitoring Light‐ 
Sensing Reactions in Protein Crystals. In Methods in enzymology (Vol. 422, 

pp. 305-337). Academic Press. 

Unit 5: 

● Wang, C.S., Hsu, S.W. and Hsu, Y.F., 2013. New insights into desiccation- 

associated gene regulation by Lilium longiflorum ASR during pollen 

maturation and in transgenic Arabidopsis. In International review of cell and 

molecular biology (Vol. 301, pp. 37-94). Academic Press. 

● Ben-Ari, G. and Lavi, U., 2012. Marker-assisted selection in plant breeding. 

In Plant Biotechnology and Agriculture (pp. 163-184). Academic Press. 

● Peleg, Z.V.I., Walia, H. and Blumwald, E., 2012. Integrating genomics and 

genetics to accelerate development of drought and salinity tolerant crops. In 

Plant Biotechnology and Agriculture (pp. 271-286). Academic Press. 

● Zhu, J.K., 2016. Abiotic stress signaling and responses in plants. Cell, 167(2), 

pp.313- 324. 

● Pandey, G.K., Pandey, A., Prasad, M. and Böhmer, M., 2016. abiotic stress 

signaling in plants: functional genomic intervention. Frontiers in plant 

science, 7, p.681. 

● Inaba, T., Yazu, F., Ito-Inaba, Y., Kakizaki, T. and Nakayama, K., 2011. 

Retrograde signaling pathway from plastid to nucleus. In International review 

of cell and molecular biology(Vol. 290, pp. 167-204). Academic Press. 

Unit 6: 

● Khan, M.I.R., Reddy, P.S., Ferrante, A. and Khan, N.A. eds., 2019. Plant 

Signaling Molecules: Role and Regulation Under Stressful Environments. 

Woodhead Publishing. 

● Sparks, E., Wachsman, G. and Benfey, P.N., 2013. Spatiotemporal signalling 

in plant development. Nature Reviews Genetics, 14(9), p.631. 

● Becraft, P.W., 2002. Receptor kinase signaling in plant development. 

Annual review of cell and developmental biology, 18(1), pp.163-192. 

● Sparks, E., Wachsman, G. and Benfey, P.N., 2013. Spatiotemporal 

signalling in plant development. Nature Reviews Genetics, 14(9), p.631. 



780  

Unit 7: 

● Rabellino, D., Boyd, J.E., McKinnon, M.C. and Lanius, R.A., 2019. The 

Innate Alarm System: A Translational Approach. In Stress: Physiology, 

Biochemistry, and Pathology (pp. 197-212). Academic Press. 

● Newton, A.C., Torrance, L., Holden, N., Toth, I.K., Cooke, D.E., Blok, V. and 

Gilroy, E.M., 2012. Climate change and defense against pathogens in plants. 

In Advances in applied microbiology (Vol. 81, pp. 89-132). Academic Press. 

● Reverchon, S., Muskhelisvili, G. and Nasser, W., 2016. Virulence program of 

a bacterial plant pathogen: the Dickeya model. In Progress in molecular 

biology and translational science (Vol. 142, pp. 51-92). Academic Press. 

● Rabellino, D., Boyd, J.E., McKinnon, M.C. and Lanius, R.A., 2019. The 

Innate Alarm System: A Translational Approach. In Stress: Physiology, 

Biochemistry, and Pathology (pp. 197-212). Academic Press. 

● Reverchon, S., Muskhelisvili, G. and Nasser, W., 2016. Virulence program of 

a bacterial plant pathogen: the Dickeya model. In Progress in molecular 

biology and translational science (Vol. 142, pp. 51-92). Academic Press. 

● Davies, P.J. ed., 2004. Plant hormones: biosynthesis, signal transduction, 

action!. Springer Science and Business Media. 

● Dzhavakhiya, V.G. and Shcherbakova, L.A., 2007. Creation of disease- 

resistant plants by gene engineering. In Comprehensive and Molecular 

Phytopathology (pp. 439-466). Elsevier. 

● Dyakov, Y.T. and Ozeretskovskaya, O.L., 2007. Vertical pathosystem: 

avirulence genes and their products. In Comprehensive and Molecular 

Phytopathology (pp. 181- 215). Elsevier. 

● Yamane, H., Konno, K., Sabelis, M., Takabayashi, J., Sassa, T. and Oikawa, 

H., 2010. Chemical defence and toxins of plants. 

● Vinutha, T., Gupta, O.P., Prashat, G.R., Krishnan, V. and Sharma, P., 2014. 

Molecular mechanism of Begomovirus evolution and plant defense response. 

In Plant Virus–Host Interaction (pp. 345-357). Academic Press. 

General Source Information 

● Laszlo Bogre and Gerrit Beemster, 2008. Plant cell monographs. Plant 

Growth Signaling. 

● Signals and Signal Transduction Pathways in Plants by Klaus Palme (Editor), 

2012, Springer ISBN-13: 9789401041072 

● Memon, A.R. and Durakovic, C., 2014. Signal perception and transduction 

in plants. Periodicals of Engineering and Natural Sciences (PEN), 2(2). 

● Signal Transduction Mechanism:  EduRev: 

https://edurev.in/studytube/Lecture-15-  Signal-transduction- 

mechanisms/d82aff0d-53d8-4d71-a16c-185c6bdb517b_p 

● Signaling and Communication in Plants, ISBN-10: 3540892273Springer; 

2009 edition (March 18, 2009) 

● Signal Transduction in Plants: Current Advances; 2012, by S K Sopory 

(Editor), Ralf Oelmuller (Editor), S C Maheswari (Editor), ISBN-13: 
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9781461355182 

● Plant Signalling Networks: Methods and Protocols, by Dr.Zhi-Yong Wang, 

Springer, 2016, ISBN-13: 9781493961696 

● Developmental and Cell Biology Series: Hormones, Signals and Target Cells 

in Plant Development Series Number 41, by Daphne J. Osborne, Michael T. 

McManus, Cambridge University Press, ISBN-13: 9780521330763 

● How Plants Communicate by Sarah Machajewski, 2018, Rosen Education 

Service, ISBN-13:9781538301852 

● Signal Transduction in Plants by P Aducci (Editor), 2011, ISBN- 

13:9783034899383 

● Reactive Oxygen Species: Signaling Between Hierarchical Levels in Plants, 

by Franz- Josef Schmitt (Editor), Suleyman I Allakhverdiev (Editor), 2017, 

Wiley- ScrivenerISBN-13: 9781119184881 

● Biocommunication: Sign-Mediated Interactions Between Cells and 

Organisms by Richard Gordon (Editor), Joseph Seckbach (Editor), 2017, 

World Scientific Publishing Europe Ltd ISBN-13: 9781786340443 

● Annual Plant Reviews: Intracellular Signaling in Plants by Peter Hedden, 

Richard Napier, Zhenbiao Yang (Editor) 2008, Wiley-Blackwell (an imprint 

of John Wiley and Sons Ltd) ISBN-13: 9781405160025 

Credit: 2+1 

Course Code: PP 603* 

Title: MOLECULAR APPROACHES FOR IMPROVING 

PHYSIOLOGICAL MECHANISMS THROUGH TRAIT INTROGRESSION 

WHY THIS COURSE? 

Phenomenal progress in understanding the basic physiological mechanisms that 

determine crop performance has been made in recent years. Extensive deciphering of the 

molecular and genetic basis of variations in these mechanisms has led to the enumeration 

of several ―physiological traits‖ that have enormous relevance to improve yield 

potentials as well as adaptation to various biotic and abiotic stresses. Although most of 

the physiological traits have been considered as complex and hard to breed, recent 

advances in understanding the sub-components of most of the major mechanisms coupled 

with the progress made in ―phenotyping‖ to capture genetic variability in such 

subcomponent  traits  have  paved  way  for  the  adoption  of  ―trait  based  breeding‖ 

approaches. The tremendous progresses made in genomics have also led to the 

development of extensive molecular and genetic resources that can be used for a focused 

―breeding by design‖. 

AIM OF THIS COURSE 

Deep understanding of modern translational research methods such as molecular 

breeding, transgenics, genome editing, grafting and reverse breeding approaches such 

as Doubled haploidization will be provided to the students. Contemporary developments 

in molecular approaches in accelerated crop improvement would be dealt with. 

Acquainting with the approaches and techniques is crucial for young students to groom 

themselves into focused and successful scientists in future. Theoretical and 



782  

practical concepts of trait introgression (or trait pyramiding) will be discussed in this 

course so as to provide recent developments in this area of research. To acquaint with 

regulatory aspects of working with transgenic plants is crucial and will be discussed 

elaborately. 

The course is organized as follows: 

 

No. Block 

s 

Units 

1. Trait 

Introgression 

through 

Molecular 

Breeding 

1. Physiological Traits Relevant for Crop 

Improvement and their Phenotyping 

2. Identification of QTL by Bi-parental Mapping 
Approach 

3. Identification of QTLs by Association Mapping 
Approach 

4. Trait Introgression by Molecular Breeding 
Approaches 

2. Trait Introgression 

through 

Transgenic 

Technology 

1. Gene Discovery and Gene Constructs for Relevant 

Plant Traits/Adaptive Mechanisms 

2. Trait Improvement or Pyramiding through 

Transgenic Technology 

3. Genome Editing, a Potential Option for Gene 

Regulation by Transgenic Approach 

4. Characterization of 

Selection Strategies 

Transformed Plants and E 

3. Other Approaches 

for Trait 

Introgression 

1. Trait Introgression through Tissue Grafting and 

Asexual 
Propagation 

2. Doubled haploids for Trait Introgression 

 
LEARNING OUTCOMES 

By the end of this course, the student will be able to: 

1. comprehend the basic concepts of modern translational research methods such 

as molecular breeding, transgenics, genome editing, grafting etc. 

2. describe reverse breeding approaches such as doubled haploidization 

3. accumulate both theoretical and practical concepts of trait introgression 

 

BLOCK 1: TRAIT INTROGRESSION THROUGH MOLECULAR BREEDING 

Unit 1: Physiological Traits Relevant for Crop Improvement and their 

Phenotyping 
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● Physiological traits with relevance to growth, development, biotic/abiotic stress 

tolerance, nutrient acquisition 

● Concept of complex, multi-gene control of physiological traits 

● Concepts of trait introgression to augment crop productivity and/or stress 

adaptation. 

Unit 2: Identification of QTL by Bi-parental Mapping Approach 

● Concepts of developing trait-specific mapping population and identification of 

contrasting parental lines through phenotyping 

● Mapping populations and their developments – F2, RIL, doubled haploid 

populations 

● Accurate phenotyping of bi-parental mapping populations 

● Conventional Genotyping strategies using SNP and SSR markers, other rapid 

approaches like GBS, RADseq, QTLseq etc., 

● Composite interval mapping and other approaches for QTL discovery 

Unit 3: Identification of QTLs by Association Mapping Approach 

● Concepts of assembling a ―Panel‖ of germplasm amenable for association 

mapping based on molecular and phenotypic diversity. 

● Concepts of linkage disequilibrium, LD decay and population structure 

● Concepts QTL discovery in structured populations 

● Phenotyping of the association mapping populations 

● Concepts of Genome wide association studies (GWAS) 

Unit 4: Trait Introgression by Molecular Breeding Approaches 

● Strategies for QTL introgression and Marker Assisted Selection (MAS). 

● Various breeding methods for trait introgression: Marker assisted backcross 

breeding (MABC), 

● Marker assisted recurrent selection (MARS), 

● Marker assisted phenotypic selection (MAPS) etc. 

BLOCK 2: TRAIT INTROGRESSION THROUGH TRANSGENIC 

TECHNOLOGY 

Unit 1: Gene Discovery and Gene Constructs for Relevant Plant Traits/Adaptive 

Mechanisms 

● Map-based cloning to identify novel genes and their allelic variants 

● Identification of differentially expressed genes through transcriptome, 

metabolome and proteome analysis in contrasting genotypes. 

● Gene identification through forward (inducing mutations with radiation, 

chemicals, or insertional mutagenesis)and reverse genetic approaches (site- 

directed mutagenesis, gene knockout or knockdown) 

● Cloning full-length candidate genes, inducible promoters 

● Concepts of ―codon optimization‖ to make constructs for specific crops 

Unit 2: Trait Improvement or Pyramiding through Transgenic Technology 
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● Introduction to GMOs and its application in crop improvement 

● Gene stacking strategies for trait improvement 

● Agrobacterium and other methods of plant transformation including gene gun, 

in planta, etc 

Unit 3: Genome Editing, a Potential Option for Gene Regulation by Transgenic 

Approach 

● Genome editing techniques: CRISPR/Cas9, Zinc finger nucleases etc 

● CRISPR as tool to generate loss-of-function and gain-of-function transgenics 

Unit 4: Characterization of Transformed Plants and Event Selection Strategies 

● Molecular analysis bySouthern, qRT-PCR/Northern analysis, and 

immunoassays 

● Concepts of copy number and desirable number of independent events 

● Evaluation of transgenics based on empirical/physiological/biochemical 

processes under specific conditions – containment and confined field trials 

● Generation of T1 populations, event characterization 

● Molecular data as per regulatory requirements 

● Biosafety and Regulatory aspects of GMO 

BLOCK 3: OTHER APPROACHES FOR TRAIT INTROGRESSION 

Unit 1: Trait Introgression through Tissue Grafting and Asexual Propagation 

● Concept of identifying root stocks with superior traits, grafting, scion root stock 

interaction, compatibility, concept of chimeric grafting in transgenic technology 

involving a non-transgenic shoot to a transgenic root. 

Unit 2: Doubled haploids for Trait Introgression 

● Concept of crossing trait donor lines and developing doubled haploids from 

the F1 anthers. 

● Screening and identifying trait introgressed doubled haploids. 

PRACTICALS 

Phenotyping approaches for the different physiological traits. Development of 

SSR, SNP and SCAR markers, resolution of polymorphism on agarose gels and PAGE, 

genotyping options for SSR markers using capillary and chip based fragment analysis 

systems. scoring of gels and assessment of polymorphism Statistical approaches to assess 

genetic variability, heritability and other parameters. Phylogenetic analysis and principle 

component analysis and construction of dendrograms. Construction of Linkage map, 

QTL maps, population structure, LD decay etc leading to identification of QTLs. 

Bioinformatics – sequence analysis, structure analysis, designing primers for SSR 

regions, SNP2CAPS approaches of genotyping. Molecular biology - genomic/plasmid 

DNA isolation, RNA isolation. Full-length gene cloning, vector construction with 

specific promoter, gene stacking and transient assays. Transformation in model system 

Crop transformation - Agrobacterium mediated transformation (in- planta and invitro), 

particle-gun transformation. Evaluation of transgenics – semiquantitative and 

quantitative RT-PCR, southern blot, northern blot, western blot and ELISA, 

biochemical/physiological assay based on the function of gene and testing 
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LOD. Improvement of traits based on grafting options. Techniques in developing 

doubled haploids and characterization. 

TEACHING METHODS / ACTIVITIES 

● Lecture 

● Assignment (Reading/Writing) 

● Student presentation 

● Practicals 

RESOURCES 

Block 1: 

Unit 1: 

● Physiological breeding I: interdisciplinary approaches to improve crop 

adaptation Edited by Reynolds, M.P. 2012. Chapters 2, 3, 5: 153 

● Reynolds M.and Langridge P., 2016, Physiological breeding. Current 

Opinion in Plant Biology, 31:162–17.1 

● Sheshshayee M.S., Preethi N.V., Rohini S., Sowmya H.R., Smitharani A., Pooja 

B., PrathibhaM.D.and Raju Soolanayakanahally,2018, Introgression of 

Physiological Traits for a Comprehensive Improvement of Drought Adaptation 

in Crop Plants. Front. Chem., 10. 

● Mariano Cossani and Reynolds M., 2012, Physiological Traits for Improving 

Heat Tolerance in Wheat. Plant Physiology, Vol. 160:1710–1718 

● Thomas Payne, Matt hew Reynolds and Bent Skovmand, Searching genetic 

resources for useful variation in physiological traits Chapter 5. Physiological 

breeding I: interdisciplinary approaches to improve crop adaptation edited by 

Reynolds, M.P. 

Unit 2: 

● David Bonnett, Optimizing marker-assisted selection (MAS) strategies for crop 

improvement. Chapter 14: 153 Physiological breeding I: interdisciplinary 

approaches to improve crop adaptation edited by Reynolds, M.P. 

● Breeding Rice for Drought-Prone Environments Edited by K.S. Fischer, R. 

Lafitte, S. Fukai, G. Atlin, and B. Hardy. 2003, IRRI. Section 4. What molecular 

tools are available for selection for drought tolerance? 

● B.C.Y. Collard, M.Z.Z. Jahufer, J.B. Brouwer and E.C.K. Pang, An introduction 

to markers, quantitative trait loci (QTL) mapping and marker-assisted selection 

for crop improvement: The basic concepts.Euphytica(2005) 142: 169–196 

● Alexander E Lipka, Catherine B Kandianis, Matthew E Hudson, Jianming Yu, 

Jenny Drnevich, Peter J Bradbury and Michael. A Gore From association to 

prediction: statistical methods for the dissection and selection of complex traits 

in plants. Current Opinion in Plant Biology 2015, 24:110–118 

● Yang Xu, Pengcheng Li, Zefeng Yang, Chenwu Xu. Genetic mapping of 

quantitative trait loci in crops. The crop journal 5 (2017) 175–184 

● Khanh Le Nguyen, Alexandre Grondin, Brigitte Courtois, and Pascal Gantet. 

Next- Generation Sequencing Accelerates Crop Gene Discovery. Trends in Plant 

Science, March 2019, Vol. 24, No. 3 



786  

Unit 3: 

● Jesse A. Poland and Trevor W. Rife, Genotyping-by-Sequencing for Plant 

Breeding and Genetics. THE PLANT GENOME, 2012. 5:3 

● Bertrand C. Y. Collard and David J. Mackill. Marker-assisted selection: an 

approach for precision plant breeding in the twenty-first century. Phil. Trans. R. 

Soc. B (2008) 363, 557–572 

● Nicolas Heslot, Jean-Luc Jannink, and Mark E. Sorrells. Perspectives for 

Genomic Selection Applications and Research in Plants. Crop Sci. 55:1–12 

(2015). 

● Laura Pascual, Elise Albert,ChristopherSauvage, JanejiraDuangjit,Jean-Paul 

Bouchet, FrédériqueBitton, Nelly Desplat, Dominique Brunel,Marie-Christine Le 

Paslier, Nicolas Ranc, Laure Bruguier, Betty Chauchardc,PhilippeVerschave, 

Mathilde Causse. Dissecting quantitative trait variation in the resequencing era: 

complementarity of bi-parental, multi-parental and association panels. Plant 

Science 242 (2016) 120–130 

● Association     Mapping     in      Plants.      Editors: Oraguzie,      N.C., Rikkerink, 

E.H.A., Gardiner, S.E., de Silva, H.N. (Eds.) 2007. Page-1-39; 103- 132. 

● Myles, S., Peiffer, J., Brown, P. J., Ersoz, E. S., Zhang, Z., Costich, D. E., and 

Buckler, E. S. (2009). Association mapping: critical considerations shift from 

genotyping to experimental design. The Plant Cell, 21(8), 2194-2202. 

Unit 4: 

● Bertrand C.Y Collard and David J Mackill. 2007. Marker-assisted selection: an 

approach for precision plant breeding in the twenty-first century. Phil Trans. Ser 

B2007 

● Xu, Yunbi, and Jonathan H. Crouch. "Marker-assisted selection in plant breeding: 

from publications to practice." Crop science 48.2 (2008): 391-407. 

● Sandhu, N., Dixit, S., Swamy, B. P. M., Raman, A., Kumar, S., Singh, S. P., 

...and Yadav, S. (2019). Marker Assisted Breeding to Develop Multiple Stress 

Tolerant Varieties for Flood and Drought Prone Areas. Rice, 12(1), 8. 

● Assefa, T., Mahama, A. A., Brown, A. V., Cannon, E. K., Rubyogo, J. C., Rao, 

I. M., and Cannon, S. B. (2019). A review of breeding objectives, genomic 

resources, and marker-assisted methods in common bean (Phaseolus vulgaris L.). 

Molecular Breeding, 39(2), 20. 

● Rapp, M., Sieber, A., Kazman, E., Leiser, W. L., Würschum, T., and Longin, C. 

F. H. (2019). Evaluation of the genetic architecture and the potential of genomics-

assisted breeding of quality traits in two large panels of durum wheat. Theoretical 

and Applied Genetics, 1-14. 

● Arya, K. V., and Shylaraj, K. S. (2019). Introgression of Sub1 QTL 

(Submergence tolerant QTL) into the elite rice variety Jaya by Marker Assisted 

Backcross Breeding. Journal of Tropical Agriculture, 56(2). 

● Anyaoha, C. O., Fofana, M., Gracen, V., Tongoona, P., and Mande, S. (2019). 

Introgression of Two Drought QTLs into FUNAABOR-2 Early Generation 

Backcross Progenies Under Drought Stress at Reproductive Stage. Rice Science, 

26(1), 32-41. 
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● Dharmappa, P. M., Doddaraju, P., Malagondanahalli, M. V., Rangappa, R. B., 

Mallikarjuna, N. M., Rajendrareddy, S. H., and Sheshshayee, S. M. (2019). 

Introgression of Root and Water Use Efficiency Traits Enhances Water 

Productivity: An Evidence for Physiological Breeding in Rice (Oryza sativa L.). 

Rice, 12(1), 14. 

● Rembe, M., Zhao, Y., Jiang, Y., and Reif, J. C. (2019). Reciprocal recurrent 

genomic selection: an attractive tool to leverage hybrid wheat breeding. 

Theoretical and Applied Genetics, 132(3), 687-698. 

● Allier, A., Moreau, L., Charcosset, A., Teyssèdre, S., and Lehermeier, C. (2019). 

Usefulness Criterion and post-selection Parental Contributions in Multi- parental 

Crosses: Application to Polygenic Trait Introgression. G3: Genes, Genomes, 

Genetics, g3-400129. 

Block 2: 

Unit 1: 

● Visarada, K. B. R. S., Kanti Meena, C. Aruna, S. Srujana, N. Saikishore, and N. 

Seetharama. "Transgenic breeding: perspectives and prospects." Crop Science 49, 

no. 5 (2009): 1555-1563. 

● Jander, Georg, Susan R. Norris, Steven D. Rounsley, David F. Bush, Irena M. 

Levin, and Robert L. Last. "Arabidopsis map-based cloning in the post-genome 

era." Plant physiology 129, no. 2 (2002): 440-450. 

● Ramalingam, Abirami, HimabinduKudapa, Lekha T. Pazhamala, Wolfram 

Weckwerth, and Rajeev K. Varshney. "Proteomics and metabolomics: two 

emerging areas for legume improvement." Frontiers in plant science 6 (2015): 

1116. 

● Jankowicz-Cieslak, Joanna, and Bradley J. Till. "Forward and reverse genetics 

in crop breeding." In Advances in plant breeding strategies: breeding, 

biotechnology and molecular tools, pp. 215-240. Springer, Cham, 2015. 

● Borghi, Lorenzo. "Inducible gene expression systems for plants." In Plant 

Developmental Biology, pp. 65-75. Humana Press, Totowa, NJ, 2010. 

● Kwon, Kwang-Chul, Hui-Ting Chan, Ileana R. León, Rosalind Williams- Carrier, 

Alice Barkan, and Henry Daniell. "Codon optimization to enhance expression 

yields insights into chloroplast translation." Plant physiology 172, no. 1 (2016): 

62-77. 

Unit 2: 

● Kamthan, Ayushi, Abira Chaudhuri, Mohan Kamthan, and Asis Datta. 

"Genetically modified (GM) crops: milestones and new advances in crop 

improvement." Theoretical and applied genetics 129, no. 9 (2016): 1639-1655. 

● Chen, Weiqiang, and David W. Ow. "Precise, flexible and affordable gene 

stacking for crop improvement." Bioengineered 8, no. 5 (2017): 451-456. 

● Joung, Young Hee, Pil-Son Choi, Suk-Yoon Kwon, and Chee Hark Harn. "Plant 

Transformation Methods and Applications." In Current Technologies in Plant 

Molecular Breeding, pp. 297-343. Springer, Dordrecht, 2015. 

Unit 3: 

● Gaj, Thomas, Charles A. Gersbach, and Carlos F. Barbas III. "ZFN, TALEN, 
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and CRISPR/Cas-based methods for genome engineering." Trends in 

biotechnology 31, no. 7 (2013): 397-405. 

Unit 4: 

● Register III, James C. "Approaches to evaluating the transgenic status of 

transformed plants." Trends in biotechnology 15, no. 4 (1997): 141-146. 

● Prabhu, K. V. "Use of GMOs Under Containment, Confined and Limited Field 

Trials and Post-Release Monitoring of GMOs." Biosafety of Genetically 

Modified Organisms: Basic concepts, methods and issues (Chowdhury MKA, 

Hoque MI, Sonnino A, eds). Food and Agriculture Organization of the United 

Nations, Rome (2009): 157-220. 

● Chen, Wei, and PoHao Wang. "Molecular Analysis for Characterizing Transgenic 

Events." In Transgenic Plants, pp. 397-410. Humana Press, New York, NY, 2019. 

● Giller, K. E. Genetically Engineered Crops: Experiences and Prospects. 

National Academies of Sciences, Engineering, and Medicine, 2016. 

Block 3: 

Unit 1: 

● Wu, Rui, Xiaoran Wang, Yan Lin, Yiqiao Ma, Gang Liu, Xiaoming Yu, 

Silin Zhong, and Bao Liu. "Inter-species grafting caused extensive and 

heritable alterations of DNA methylation in Solanaceae plants." PLoS One 8, 

no. 4 (2013): e61995. 

Unit 2: 

● Doubled Haploid Production in Crop Plants. Editors: W. T. B. Thomas B. P. 

Forster B. Gertsson. Page 337-349, 2003 

● Forster, B. P., and Thomas, W. T. (2005). Doubled haploids in genetics and plant 

breeding. Plant Breed Rev, 25, 57-88. 

 
Credit: 2+0 

Course Code: PP 604 

Title: PLANT PHENOMICS-NEXT GENERATION PHENOMICS 

PLATFORMS 

WHY THIS COURSE? 

Crop improvement in the present scenario is increasing focusing on trait based 

breeding. The phenomenal progress made in genomics cannot be exploited for improving 

plant traits/mechanisms unless phenotyping technologies are developed to capture 

genetic variability. Several technologies have been developed to accurately quantify 

genetic variability in specific traits. 

AIM OF THIS COURSE 

The course aims at providing cutting edge knowledge on the current progress 

made in various phenotyping techniques and approaches. The students will be versed 

with principles of various phenotyping approaches. The aim is to provide hands-on 

expertise in analyzing trait diversity. Exposure will be provided on Non-invasive 
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imaging technologies that drive the phenomics platforms. The course provides 

comprehensive exposure on recent developments in phenomics platforms imaging 

tools/techniques and recent trends in designing specific phenomics platforms e.g. drought 

studies/root phenotyping etc. 

The course is organized as follows: 

 
No Blocks Units 

1 Concepts of High 

throughput 

Phenotyping and 

its Requirement 

1. Concepts of Phenotyping 

2. Physio-Morphological Traits Associated with Crop 

Performance 

3. Features of Phenomic Platforms 

4. Trends in Phenomics 

5. Non-invasive Phenotyping Approaches 

2 Applications of the 

Phenomics Platforms 

1. Basic Studies to Assess the Crop Response 

2. Applied Studies Focused on Crop Improvement 

Programs 

 
LEARNING OUTCOMES 

By the end of this course, the student will be able to understand the current 

progress made in various phenotyping techniques and approaches. 

BLOCK 1: CONCEPTS OF HIGH THROUGHPUT PHENOTYPING AND ITS 

REQUIREMENT 

Unit 1: Concepts of Phenotyping 

● The  concepts  of  ―phene  and  trait‖  analogous  to  gene  and  allele.  Genome- 

phenome relationship, definition of phenotyping, GxE interaction on phenome. 

Unit 2: Physio-Morphological Traits Associated with Crop Performance 

● Overview of phenotyping needs to complement genomic resources, specific traits 

associated with yield potential, stress adaptation (both biotic and abiotic stresses). 

● Need for high throughput precision phenotyping approaches for basic studies and 

to generate genetic and genomic resources. 

Unit 3: Features of Phenomic Platforms 

● Precision growth conditions, maintenance of light, temperature/VPD and RH to 

realize the potential crop growth response. 

● Controlled environmental facilities for simulating challenging climatic 

conditions to phenotype diverse plant traits. 

● Concept of sensors, diverse sensors and their utility in precise quantification of 

environmental variables, soil moisture sensors. 

● Imaging to capture plant traits, image acquisition. Automated big data access, 

processing etc. 

Unit 4: Trends in Phenomics 

● Types of phenomic platforms- Laboratory, Greenhouse and the field-based 
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platforms. 

● Platforms designed for specific needs i.e., root phenotyping, drought studies 

etc., Crop specific phenotyping, mobile and stationary platforms. 

● Global trends in establishing major phenomics platforms, and their 

characteristic features and impact. 

Unit 5: Non-invasive Phenotyping Approaches 

● The concept of non-invasive capturing of plant growth and health 

o Imaging technologies - image acquisition, segmentation and data analysis. 

o Critical aspects of Visual, IR Thermal, Fluorescence, NIR, Hyperspectral 
imaging. 

o Development and validation of models for deriving relevant physiological 
traits from image phenome. 

● Concepts of Plants to sensors and sensors to plants. 

o Stationary and ground based tractor mounted sensors/imaging tools. 

o Unmanned aerial vehicle (UAV) sensors. 

o Machine learning and its integration to analyze ground and aerial based 
images. 

BLOCK 2: APPLICATIONS OF THE PHENOMICS PLATFORMS 

Unit 1: Basic Studies to Assess the Crop Response 

● Functional validation of genes, chemicals and other interventions. 

● Characterize the growth and stress response in contrasts to identify the 

relevance of adaptive trait 

Unit 2: Applied Studies Focused on Crop Improvement Programs 

Unit 1: Basic Studies to Assess the Crop Response 

● Functional validation of genes, chemicals and other interventions. 

● Characterize the growth and stress response in contrasts to identify the 

relevance of adaptive trait 

Unit 2: Applied Studies Focused on Crop Improvement Programs 

● Characterizing the pre-released promising lines for productivity under defined 

environmental variables. Phenotyping germplasm accessions, mapping 

populations for specific traits for mapping. 

● Concept of Phenome Wide Association Studies (PWAS). 

● Genomic selection, gene-based crop models to predict complex traits. 

● Impact of phenomics platform, progress made, case studies. 

TEACHING METHODS / ACTIVITIES 

- Lecture 

- Assignment (Reading/Writing) 

- Student presentation 

RESOURCES 

Block 1: 

Unit 1: 

● Pieruschka, R., and Poorter, H. (2012). Phenotyping plants: genes, phenes 

and machines. Functional Plant Biology, 39(11), 813-820. 

● Fahlgren, Noah, Malia A. Gehan, and Ivan Baxter. "Lights, camera, action: 
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high- throughput plant phenotyping is ready for a close-up." Current opinion 

in plant biology 24 (2015): 93-99. 

● Singh, A. K., Ganapathysubramanian, B., Sarkar, S., and Singh, A. (2018). 

Deep learning for plant stress phenotyping: trends and future perspectives. 

Trends in plant science. 

● Lobos, G. A., Camargo, A. V., del Pozo, A., Araus, J. L., Ortiz, R., and 

Doonan, J. H. (2017). Plant phenotyping and phenomics for plant breeding. 

Frontiers in plant science, 8, 2181. 

● Walter, A., Liebisch, F., and Hund, A. (2015). Plant phenotyping: from bean 

weighing to image analysis. Plant methods, 11(1), 14. 

Unit 2: 

● Rahnama, A., Munns, R., Poustini, K., and Watt, M. (2011). A screening 

method to identify genetic variation in root growth response to a salinity 

gradient. Journal of experimental botany, 62(1), 69-77. 

● Okono, R. (2010). Practical measurement of generic drought adaptation- 

related traits. Drought phenotyping in crops: From theory to practice. 

Generation Challenge Programme, Cornell, USA, 451-457. 

● Chen, D., Neumann, K., Friedel, S., Kilian, B., Chen, M., Altmann, T., and 

Klukas, C. (2014). Dissecting the phenotypic components of crop plant growth 

and drought responses based on high-throughput image analysis. The Plant 

Cell, 26(12), 4636- 4655. 

● Lyu, J. I., Baek, S. H., Jung, S., Chu, H., Nam, H. G., Kim, J., and Lim, P. 

O. (2017). High-throughput and computational study of leaf senescence 

through a phenomic approach. Frontiers in plant science, 8, 250 

● Jeudy, C., Adrian, M., Baussard, C., Bernard, C., Bernaud, E., Bourion, V. 

and Lamboeuf, M. (2016). RhizoTubes as a new tool for high throughput 

imaging of plant root development and architecture: test, comparison with pot 

grown plants and validation. Plant Methods, 12(1), 31. 

● Großkinsky, D. K., Svensgaard, J., Christensen, S., and Roitsch, T. (2015). 

Plant phenomics and the need for physiological phenotyping across scales to 

narrow the genotype-to-phenotype knowledge gap. Journal of experimental 

botany, 66(18), 5429- 5440. 

Unit 3: 

● Ubbens, J. R., and Stavness, I. (2017). Deep plant phenomics: a deep learning 

platform for complex plant phenotyping tasks. Frontiers in plant science, 8, 

1190. 

● Tardieu, F., Cabrera-Bosquet, L., Pridmore, T., and Bennett, M. (2017). Plant 

phenomics, from sensors to knowledge. Current Biology, 27(15), R770-R783. 

● Rahaman, M., Chen, D., Gillani, Z., Klukas, C., and Chen, M. (2015). 

Advanced phenotyping and phenotype data analysis for the study of plant 

growth and development. Frontiers in plant science, 6, 619. 

Unit 4: 

● Kumar, J., Pratap, A., and Kumar, S. (Eds.). (2015). Phenomics in crop plants: 

trends, options and limitations (No. 8, p. 296). New Delhi: Springer India. 

● Costa, C., Schurr, U., Loreto, F., Menesatti, P., and Carpentier, S. (2018). 
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Plant phenotyping research trends, a science mapping approach. Frontiers in 

plant science, 9. 

Unit 5: 

● Das Choudhury, S., Samal, A., and Awada, T. (2019). Leveraging Image 

Analysis for High-Throughput Plant Phenotyping. Frontiers in Plant Science, 

10, 508. 

● Golzarian, M. R., Frick, R. A., Rajendran, K., Berger, B., Roy, S., Tester, 

M., and Lun, D. S. (2011). Accurate inference of shoot biomass from high- 

throughput images of cereal plants. Plant methods, 7(1), 2. 

● JPPC - the Jülich Plant Phenotyping Centrehttps://www.fz- juelich.de/ibg/ibg- 

2/EN/methods_jppc/methods_node.html 

● Hartmann, A., Czauderna, T., Hoffmann, R., Stein, N., and Schreiber, F. 

(2011). HTPheno: an image analysis pipeline for high-throughput plant 

phenotyping. BMC bioinformatics, 12(1), 148. 

● Berger, B., Parent, B., and Tester, M. (2010). High-throughput shoot imaging 

to study drought responses. Journal of experimental botany, 61(13), 3519-

3528. 

● Grift, T. E., Novais, J., and Bohn, M. (2011). High-throughput phenotyping 

technology for maize roots. Biosystems Engineering, 110(1), 40-48. 

● Ge, Y., Bai, G., Stoerger, V., and Schnable, J. C. (2016). Temporal dynamics 

of maize plant growth, water use, and leaf water content using automated high 

throughput RGB and hyperspectral imaging. Computers and Electronics in 

Agriculture, 127, 625-632., 

● DominguesFranceschini, M., Bartholomeus, H., van Apeldoorn, D., 

Suomalainen, J., and Kooistra, L. (2017). Intercomparison of unmanned aerial 

vehicle and ground- based narrow band spectrometers applied to crop trait 

monitoring in organic potato production. Sensors, 17(6), 1428. 

● Busemeyer, L., Mentrup, D., Möller, K., Wunder, E., Alheit, K., Hahn, V., 

and Rahe, 

F. (2013). BreedVision—A multi-sensor platform for non-destructive 

field-based phenotyping in plant breeding. Sensors, 13(3), 2830-2847. 

● Li, L., Zhang, Q., and Huang, D. (2014). A review of imaging techniques 

for plant phenotyping. Sensors, 14(11), 20078-20111. 

Block 2: 

Unit 1: 

● Banan, D., Paul, R., Feldman, M. J., Holmes, M., Schlake, H., Baxter, I., and 

Leakey, 

A. D. (2017). High fidelity detection of crop biomass QTL from low-cost 

imaging in the field. bioRxiv, 150144. 

● Honsdorf, N., March, T. J., Berger, B., Tester, M., and Pillen, K. (2014). 

High- throughput phenotyping to detect drought tolerance QTL in wild 

barley introgression lines. PLoS One, 9(5), e97047. 

● Rungrat, T., Awlia, M., Brown, T., Cheng, R., Sirault, X., Fajkus, J. .and 

Pogson, B. 

J. (2016). Using phenomic analysis of photosynthetic function for abiotic 

stress response gene discovery. The Arabidopsis Book/American Society 

of Plant Biologists, 14. 

http://www.fz-juelich.de/ibg/ibg-
http://www.fz-juelich.de/ibg/ibg-
http://www.fz-juelich.de/ibg/ibg-
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● Tanger, P., Klassen, S., Mojica, J. P., Lovell, J. T., Moyers, B. T., 

Baraoidan, M., and Leung, H. (2017). Field-based high throughput 

phenotyping rapidly identifies genomic regions controlling yield 

components in rice. Scientific Reports, 7, 42839. 

● Zhang, X., Huang, C., Wu, D., Qiao, F., Li, W., Duan, L. and Xiong, L. 

(2017). High- throughput phenotyping and QTL mapping reveals the genetic 

architecture of maize plant growth. Plant physiology, 173(3), 1554-1564. 

● Campbell, M. T., Knecht, A. C., Berger, B., Brien, C. J., Wang, D., and Walia, 

H. (2015). Integrating image-based phenomics and association analysis to 

dissect the genetic architecture of temporal salinity responses in rice. Plant 

physiology, 168(4), 1476-1489. 

● Chen, D., Neumann, K., Friedel, S., Kilian, B., Chen, M., Altmann, T., and 

Klukas, C. (2014). Dissecting the phenotypic components of crop plant growth 

and drought responses based on high-throughput image analysis. The Plant 

Cell, 26(12), 4636- 4655. 

● Parent, B., Shahinnia, F., Maphosa, L., Berger, B., Rabie, H., Chalmers, K., 

and Fleury, D. (2015). Combining field performance with controlled 

environment plant imaging to identify the genetic control of growth and 

transpiration underlying yield response to water-deficit stress in wheat. 

Journal of Experimental Botany, 66(18), 5481-5492. 

Unit 2: 

● Araus, J. L., and Cairns, J. E. (2014). Field high-throughput phenotyping: 

the new crop breeding frontier. Trends in plant science, 19(1), 52-61. 

● Brown, T. B., Cheng, R., Sirault, X. R., Rungrat, T., Murray, K. D., Trtilek, 

M. and Borevitz, J. O. (2014). TraitCapture: genomic and environment 

modelling of plant phenomic data. Current opinion in plant biology, 18, 73- 

79. 

● Pratap, A., Gupta, S., Nair, R. M., Gupta, S. K., Schafleitner, R., Basu, P. S. 

and Mishra, A. K. (2019). Using Plant Phenomics to Exploit the Gains of 

Genomics. Agronomy, 9(3), 126.Rahaman, M., Chen, D., Gillani, Z., Klukas, 

C., and Chen, M. (2015). Advanced phenotyping and phenotype data 

analysis for the study of plant growth and development. Frontiers in plant 

science, 6, 619. 

● Campbell, Z. C., Acosta-Gamboa, L. M., Nepal, N., and Lorence, A. 

(2018). Engineering plants for tomorrow: how high-throughput 

phenotyping is contributing to the development of better crops. 

Phytochemistry Reviews, 17(6), 1329-1343. 

● Araus, J. L., Kefauver, S. C., Zaman-Allah, M., Olsen, M. S., and Cairns, 

J. E. (2018). Translating high-throughput phenotyping into genetic gain. 

Trends in plant science, 23(5), 451-466. 

General Source Information 

● Montes, J. M., Melchinger, A. E., and Reif, J. C. (2007). Novel throughput 

phenotyping platforms in plant genetic studies. Trends in plant science, 

12(10), 433- 436. 

● Development of high throughput plant phenotyping facilities at aberystwyth 

(ppt) 

● Zhou, J., Reynolds, D., Websdale, D., Le Cornu, T., Gonzalez-Navarro, O., 

Lister, C. and Clark, M. (2017). CropQuant: An automated and scalable field 
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phenotyping platform for crop monitoring and trait measurements to facilitate 

breeding and digital agriculture. BioRxiv, 161547. 

● Bradshaw, J. E. (2017). Plant breeding: past, present and future. Euphytica, 

213(3), 60. 

● Lee, U., Chang, S., Putra, G. A., Kim, H., and Kim, D. H. (2018). An 

automated, high-throughput plant phenotyping system using machine 

learning-based plant segmentation and image analysis. PloS one, 13(4), 

e0196615. 

● Furbank, R. T., and Tester, M. (2011). Phenomics–technologies to relieve the 

phenotyping bottleneck. Trends in plant science, 16(12), 635-644. 

 
Credit: 0+2 

Course Code: PP 605 

Title: EXPERIMENTAL TECHNIQUES TO CHARACTERIZE PLANT 

PROCESSES FOR CROP IMPROVEMENT 

WHY THIS COURSE? 

Techniques, tools and instrumentation facilities drive the research in modern biology. 

The course addresses recent developments related to advanced quantification 

methods based on novel methodologies and instruments. Besides the emphasis is on 

new emerging trends in assessing physiological and biochemical processes based on 

surrogate methods. Several molecular biology techniques are now essential to 

comprehend physiological processes. The course provide comprehensive picture on 

these areas addressing recent developments in this area. 

AIM OF THIS COURSE 

Aim of this course is to provide exposure to phenotype very specific physiological 

processes which have direct relevance in crop improvement programmes. The course 

provides insight on recent techniques and methodologies on each of the major 

physiological processes like stress responses, photosynthetic process, hormone area, 

photo-morphogenesis and genomics aspects. 

The course is organized as follows: 

 
No. Blocks Units 

1. Characterization of Plant 

Processes : Experimental 

Techniques and Crop 

Improvement 

1. Stress Responses 

2. Photosynthetic processes 

3. Hormonal Response on Specific Plant 

Growth 
Processes and Quantification 

4. Nutrient Response Acquisition and 
Quantification 

5. Photo and Thermo Morphogenesis 

6. Recent Approaches for Functional 
Genomics 

 
LEARNING OUTCOMES 

After completion of this course students are expected to develop practical skill 
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and knowledge on various experimental techniques employed in crop improvement 

programme. Moreover, students will have experience with characterization of plant 

processes. 

 
BLOCK 1: CHARACTERIZATION OF PLANT PROCESSES: 

EXPERIMENTAL TECHNIQUES AND CROP IMPROVEMENT 

Unit 1:Stress Responses 

● Thermal (reflectance) characters as a measure of water status and root 

characteristics. 

● Oxidative stress induction and assessing the response on lipid peroxidation 

and quantification of ROS, RCC‘s, RNS 

● Fluorescence to assess the stress response. 

● Water use efficiency quantification at leaf, plant level, surrogates for WUE 

● Tissue localization of ROS, RNS by qualitative staining and fluorescence- 

based methods 

Unit 2:Photosynthetic processes 

● Concept and approaches to assess of radiation utilization efficiency (RUE) 

● Quantification of mesophyll and other diffusive resistances 

regulating photosynthesis 

● Carboxylation efficiency (light and CO2 response curves) 

● RuBiSCO activation status 

Unit 3:Hormonal Response on Specific Plant Growth Processes and 

Quantification 

● Bioassays to assess the biological process regulated by hormones – new in- 

vivo assays 

● Promoter assays for hormone response- GUS/YFP/GFP based assays- 

expression of hormone responsive genes 

● Recent analytical tools and techniques to quantify hormones – GC-MS, LC- 

MS, Capillary electrophoresis 

Unit 4: Nutrient Response Acquisition and Quantification 

● Recent   advances in soil less cultures to study   the nutrient 

response- Hydroponics/Aeroponics/Fogoponics. 

● Noninvasive techniques to quantify nutrients – XRD (X-Ray Diffraction 

analysis) and hyper spectral reflectance. 

Unit 5: Photo and Thermo Morphogenesis 

● Photo receptors, light and temperature regulation of plant growth and 

flowering. 

● Thermal time, heat units, GDD. 

● Concept and approaches for speed breeding. 
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Unit 6:Recent Approaches for Functional Genomics 

● In silico prediction of gene function. 

● Flanking sequence identification in insertional (T-DNA/transposon) 

mutants. 

● Concept of insertional mutagenesis and mutant experiments 

● Utilization of genetic resources for functional genomics – mutants and 

tilling, eco tilling 

● VIGS, RNAi, miRNA 

● Genome editing –CRISPR 

● Concept of chemical genomics for functional validation 

● Relevant molecular tools to assess gene expression or (to regulate the 

process and assign a function to gene). 

● Multiple gene expression by Nano String technology 

● Cap analysis gene expression (CAGE) – to identify start point of 

transcription 

● Yeast hybrid interaction. 

● Immunoprecipitation 

● Chip-PCR. 

 
TEACHING METHODS / ACTIVITIES 

- Practical Assignments 

- Results presentation 

RESOURCES 

Unit 1: 

● Costa, Miguel and Grant, Olga and Chaves, M. (2013). Thermography to 

explore plant-environment interactions. Journal of experimental botany. 64. 

10.1093/jxb/ert029. 

● Padhi, Jyotiprakash and K Misra, R and Payero, Jose. (2009). Use of infrared 

thermography to detect water deficit response in an irrigated cotton crop. 

● Root Phenotyping for Drought Tolerance: A Review, Allah Wasaya, Xiying 

Zhang, Qin Fang and Zongzheng Yan, Agronomy 2018, 8, 241; 

doi:10.3390/agronomy8110241 

● Zhang, Yinfeng, Menghong Dai, and Zonghui Yuan. "Methods for the 

detection of reactive oxygen species." Analytical Methods 10, no. 38 (2018): 

4625-4638. 

● Maxwell, Kate, and Giles N. Johnson. "Chlorophyll fluorescence—a practical 

guide." Journal of experimental botany 51, no. 345 (2000): 659- 668. 
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Unit 2: 

● Sinclair, Thomas R., and Russell C. Muchow. "Radiation use efficiency." In 

Advances in agronomy, vol. 65, pp. 215-265. Academic Press, 1999. 

Unit 3: 

● Yopp, John H., Louis Htin Aung, and George L. Steffens, eds. "Bioassays and 

other special techniques for plant hormones and plant growth regulators." 

Plant Growth Regulator Society of America, 1986. 

● DeBlasio, Stacy L., Anne W. Sylvester, and David Jackson. "Illuminating 

plant biology: using fluorescent proteins for high-throughput analysis of 

protein localization and function in plants." Briefings in functional genomics 

9, no. 2 (2010): 129-138. 

● Ljung K., Sandberg G., Moritz T. (2010) Methods of Plant Hormone Analysis. 

In: Davies P.J. (eds) Plant Hormones. Springer, Dordrecht 

● Šimura, Jan, IoannaAntoniadi, JitkaŠiroká, DanušeTarkowská, Miroslav 

Strnad, Karin Ljung, and OndřejNovák. "Plant hormonomics: Multiple 

phytohormone profiling by targeted metabolomics." Plant physiology 177, no. 

2 (2018): 476-489. 

Unit 4: 

● Jones Jr, J. Benton. Hydroponics: a practical guide for the soilless grower. 

CRC press, 2016. 

● Nir, I. "Growing plants in aeroponics growth system." In Symposium on 

Substrates in Horticulture other than Soils In Situ 126, pp. 435-448. 1981. 

● Watson, Michael C. "Fogponic plant growth system." U.S. Patent Application 

15/974,356 filed December 27, 2018. 

● van Maarschalkerweerd, Marie, and Søren Husted. "Recent developments in 

fast spectroscopy for plant mineral analysis." Frontiers in plant science 6 

(2015): 169. 

● Fang, Qian, Hanlie Hong, Lulu Zhao, Stephanie Kukolich, Ke Yin, and 

Chaowen Wang. "Visible and near-infrared reflectance spectroscopy for 

investigating soil mineralogy: a review." Journal of Spectroscopy 2018 

(2018). 

Unit 5: 

● Moe, Roar, and Royal D. Heins. "Thermo-and photomorphogenesis in plants." 

Advances in floriculture research. Report 6 (2000): 52-64. 

● Watson, Amy, Sreya Ghosh, Matthew J. Williams, William S. Cuddy, James 

Simmonds, María-Dolores Rey, M. Asyraf Md Hatta et al. "Speed breeding is 

a powerful tool to accelerate crop research and breeding." Nature plants 4, no. 

1 (2018): 23. 

Unit 6: 

● Kahl, Günter, and Khalid Meksem, eds. The handbook of plant functional 
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genomics: concepts and protocols. John Wiley and Sons, 2008. 

● Editors: Alonso, Jose M., Stepanova, Anna N. (Eds.) Plant Functional 

Genomics, Methods and Protocols 2015 

● Dario Leister 1st Edition Plant Functional Genomics 2004 

● Shan, Qiwei, Yanpeng Wang, Jun Li, Yi Zhang, Kunling Chen, Zhen Liang, 

Kang Zhang et al. "Targeted genome modification of crop plants using a 

CRISPR-Cas system." Nature biotechnology 31, no. 8 (2013): 686. 

● Sadhukhan, Ayan and Sahoo, Lingaraj and Panda, Sanjib. (2012). Chemical 

Genomics in Plant Biology. Indian journal of biochemistry and biophysics. 

49. 143- 154. 

● Tsang, Hin-Fung, Vivian WeiwenXue, Su-Pin Koh, Ya-Ming Chiu, Lawrence 

Po- Wah Ng, and Sze-Chuen Cesar Wong. "NanoString, a novel digital color-

coded barcode technology: current and future applications in molecular 

diagnostics." Expert review of molecular diagnostics 17, no. 1 (2017): 95-103. 

● Kodzius, Rimantas, Miki Kojima, Hiromi Nishiyori, Mari Nakamura, Shiro 

Fukuda, MichihiraTagami, Daisuke Sasaki et al. "CAGE: cap analysis of gene 

expression." Nature methods 3, no. 3 (2006): 211. 

General Source Information 

● Plant phenotyping: a perspective Kumud B. Mishra1, Anamika Mishra, Karel 

Klem and Govindjee, Ind J Plant Physiol. 2016 DOI 10.1007/s40502- 016-

0271-y 

● Sudhakar, P., P. Latha, and P. V. Reddy. Phenotyping crop plants for 

physiological and biochemical traits. Academic Press, 2016. 

● A Review of Imaging Techniques for Plant Phenotyping. Lei Li, Qin Zhang 

and Danfeng Huang; Sensors 2014, 14, 20078-20111; 

doi:10.3390/s141120078 

 
Credit: 2+0 

Course Code: PP 606 

Title: GLOBAL CLIMATE CHANGE AND CROP RESPONSE 

 

WHY THIS COURSE? 

Present Indian agriculture encounters tremendous challenges due to rapid climate 

change. Climate change exerts remarkable negative impact on food, nutritional and 

ecological security. It significantly affects the plant physiological processes, hence 

yield is severely affected. Therefore students of plant physiology need to quip 

themselves with knowledge and skill sets required to navigate the climate change 

scenario and its impact on crops physiological processes. Hence, this course is 

designed . 
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AIM OF THIS COURSE 

The course is designed to provide basic knowledge on the subjects of crop 

responses to climate change. The aim of this course is to address both long-term 

and short-term effects of climate change on crops, natural vegetations and 

ecosystems. 

 
The course is organized as follows: 

 
No. Blocks Units 

1. Climate Change : 

Crop Response and 

Mitigation 

1. Fundamentals of Climate Change 

2. Manifestations of Climate Change 

3. Major GHGs (CO2, Methane, NO2 etc.), their 

Production Rates, Monitoring and their 

Influence on Climate Change 

4. Agricultural Practices on GHG Production 

5. Direct and Indirect Effects of Climate Change on 

Plant Processes 

6. Climate Change Scenario and Impact on Crops 

7. Ozone Depletion   leading to Increased 

Ionizing 
Radiations and its Implications on Crop Growth 

8. Long-term and Short-term Projections of 

Climate Change : Effects on Natural Vegetation 
and Ecosystems 

9. Technologies for Climate Change 

Mitigation in 
Agriculture 

10. Climate-resilient Agriculture 

11. Climate Change: Technologies for Crop 
Response Studies 

12. Politics of Climate Change Negotiations 

 
LEARNING OUTCOMES 

After completion this course, students will be able to obtain in depth and basis 

knowledge on crop responses to climate change. 

 
BLOCK 1: CLIMATE CHANGE : CROP RESPONSE AND MITIGATION 

Unit 1: Fundamentals of Climate Change 

Definition of climate change, history and evidences of climate change and its 

implications. Natural and anthropogenic climate change. Sources of Greenhouse 

Gas (GHG) emission, Global Warming Potential of GHGs, accumulation of 
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GHGs in the atmosphere and science behind climate change, industrial revolution 

and GHG build-up in the atmosphere, Energy- Emission-Economy Interactions, 

carbon intensity of economy, carbon equity/justice. 

Unit 2: Manifestations of Climate Change 

Impact on monsoons, occurrence of extreme weather events, hydrological cycle 

and water availability, effect on crop growing period in tropics, subtropics and 

temperate regions, shifts in distribution of flora and fauna, effects on biodiversity 

and migration of tropical plant species to higher latitudes and altitudes. 

Unit 3: Major GHGs (CO2, Methane, NO2 etc.), their Production Rates, 

Monitoring and their Influence on Climate Change 

GHGs: An Overview, - role of CO2, methane and major uncertainties. 

Mechanism of their production and emission from various, source and sinks of 

GHGs; and contribution of GHGs to global warming. Techniques used in 

monitoring GHGs. 

Unit 4: Agricultural Practices on GHG Production 

Carbon footprint analysis of agriculture and various agricultural practices 

contribute to climate change. Impacts of natural factors and farming practices 

on greenhouse gas emissions. Sources of agricultural GHG emission- 

Agricultural Soil Management, enteric fermentation, manure management, other 

sources. Opportunities to reduce GHG emission from Agriculture. 

Unit 5: Direct and Indirect Effects of Climate Change on Plant Processes 

Problems and Prospects of Crops with changing temperature: Growth and 

Development of Crop plants, Thermo-morphogenesis, phenology, Physiological 

processes such as photosynthesis, Net carbon assimilation, C3 and C4 plants 

adaptation,Respiration, Nutrient acquisition and metabolisms, Plant water 

relations and Heat shock proteins, Grain/seed development: Grain Quality 

parameters and yield. 

Unit 6: Climate Change Scenario and Impact on Crops 

Different scenarios for temperature, rainfall in different agro-climatic zones of 

India and their impact on crop growth and productivity. Major climate change 

(temperature, CO2, and rainfall) impact quantification using field or controlled 

environment experiments, meta- analysis and simulation models. Some examples 

of crop simulation models calibration and their application in short- term and 

long-term predictions. 

Unit 7: Ozone Depletion leading to Increased Ionizing Radiations and its 

Implications on Crop Growth 

Role of CFCs in ozone depletion, penetration of ionizing UV radiations and its 

implications on crop growth. 

Unit 8: Long-term and Short-term Projections of Climate Change : Effects on 
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Natural Vegetation and Ecosystems 

Response of natural ecosystems to increasingatmospheric CO2 concentration and 

climate warming, effect of climate change on quality of feed i.e leaf and stored 

grains/seeds, its implications on pollinators and pests 

Unit 9: Technologies for Climate Change Mitigation in Agriculture 

a. Agricultural biotechnology to produce crop varieties with enhanced carbon 

uptake. 

b. Nutrient management: Management of nitrogenous fertilizers; 

c. Tillage/residue management: 1.Conservation tillage CO2 mitigation 

technology; 2. Biochar: A potentialtechnique for carbon sequestration. 

d. Methane mitigation using reduced tillage technology, change in 

methanogenic bacterial activity using electron acceptors. 

e. Carbon sequestration potential, concept and measurement. 

Unit 10: Climate-resilient Agriculture 

Conventional and biotechnological approaches to improve the crop adaptation 

to climate change. Relevance of "Genome wide mutants" to identify 

genes/processes for improved adaptation to changing environments. 

Unit 11: Climate Change: Technologies for Crop response studies 

T     emperature Gradient Chambers, Temperature Gradient Greenhouses, Soil 

plant atmosphere research system (SPAR), Infra-red warming Technology, Free 

Air temperature enrichment technology, Soil Warming system etc. 

Unit 12: Politics of Climate Change Negotiations 

IPCC, Major International conventions/treaties, Kyoto Protocol, Paris 

Agreement, Global initiatives on Carbon sequestration, carbon trading. 

 
TEACHING METHODS / ACTIVITIES 

● Lecture 

● Assignment (Reading/Writing) 

● Student presentation 

 

RESOURCES 

● IPCC AR5 Reports WG I 2013 

● IPCC AR5 Reports WG II and III 2014 

● IPCC Special Reports 

● UNFCCC website 

● IPCC website 

● NOAA website 

● CCAFS website 

● India‘s Second National Communication to UNFCCC 
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● INCCA Report, MoEF and CC 

● MoEF and CC website 

● Research papers, review articles, National and International Reports 

● Uprety, D.C. and Reddy,V.R.(2016), Crop responses to Global warming, 

Springer publication,ISBN 978-981-10-2004-9,pp 1-125 (2016) 

● Climate Change and Agriculture Worldwide (Editor : Emmanuel Torquebiau) 

Springer Netherlands, 2015 

● Climate Smart Agriculture: Building Resilience to Climate Change. Edited by 

Leslie Lipper, Nancy McCarthy, David Zilberman, Solomon Asfaw, 

GiacomoBranca, Springer, FAO, 2018 

● Handbook of Climate Change and Agroecosystems:The Agricultural Model 

Intercomparison and Improvement Project (AgMIP) in 2 parts Kindle 

Editionby Rosenzweig Cynthia and Hillel Daniel (Author), Cynthia 

Rosenzweig (Editor), 2015 

● Climate Smart Agriculture FAO source book, 2013 

● PK Aggarwal. Climate Change and Indian Agriculture, ICAR Publication 2009 

● Naresh Kumar, S., Singh, A.K., Aggarwal, P.K., Rao, V.U.M., Venkateswarlu, 

B. 2012. Climate change and Indian Agriculture: Salient achievements from 

ICAR network project. IARI Pub., 32p. 

available        at http://www.iari. 

res.in/files/ClimateChange.pdf 

● Hebbar, KB, Naresh Kumar, S. and Chowdappa, P. (2017). Impact of Climate 

Change on Plantation Crops (Eds). P 260. Astrel International –Daya 

Publishing House, New Delhi, India, ISBN: 9789351248330 

● Naresh Kumar S., S.K. Bandyopadhyay, R.N. Padaria, A.K. Singh, Md. Rashid, 

Md. Wasim, Anuja, Ranjeet Kaur, D.NSwaroopa Rani, B.B. Panda, 

L.M. Garnayak, Suresh Prasad, M. Khanna, R.N. Sahoo and V.V. Singh 2014. 

Climatic Risks and Strategizing Agricultural Adaptation in Climatically 

Challenged Regions.  IARI, New Delhi Publication. TB-ICN: 136/2014, P 

106. Available at http://www.iari.res.in/files/ClimaticRisks.pdf 

● Lamb, H.H., 2013. Climate: Present, Past and Future (Routledge Revivals): 

Volume 1: Fundamentals and Climate Now. Routledge. 

● Nelson, G.C., Rosegrant, M.W., Koo, J., Robertson, R., Sulser, T., Zhu, T., 

Ringler, C., Msangi, S., Palazzo, A., Batka, M. and Magalhaes, M., 2009. 

Climate change: Impact on agriculture and costs of adaptation (Vol. 21). Intl 

Food Policy Res Inst. 

● Lobell, D.B. and Gourdji, S.M., 2012. The influence of climate change on 

global crop productivity. Plant physiology, 160(4), pp.1686-1697. 

● Tubiello, F.N., Soussana, J.F. and Howden, S.M., 2007. Crop and pasture 

response to climate change. Proceedings of the National Academy of Sciences, 

104(50), pp.19686-19690. 

● Iizumi, T., Furuya, J., Shen, Z., Kim, W., Okada, M., Fujimori, S., Hasegawa, 

T. and Nishimori, M., 2017. Responses of crop yield growth to global 

http://www.iari.res.in/files/ClimateChange.pdf
http://www.iari.res.in/files/ClimateChange.pdf
http://www.iari.res.in/files/ClimaticRisks.pdf
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temperature and socioeconomic changes. Scientific reports, 7(1), p.7800. 

● Najafi, E., Devineni, N., Khanbilvardi, R.M. and Kogan, F., 2018. 

Understanding the changes in global crop yields through changes in climate and 

technology. Earth's Future, 6(3), pp.410-427. 

● Wheeler, T. and Von Braun, J., 2013. Climate change impacts on global food 

security. Science, 341(6145), pp.508-513. 

● Lobell, D.B., Schlenker, W. and Costa-Roberts, J., 2011. Climate trends and 

global crop production since 1980. Science, 333(6042), pp.616-620. 

● Lobell, D.B. and Field, C.B., 2007. Global scale climate–crop yield 

relationships and the impacts of recent warming. Environmental research 

letters, 2(1), p.014002. 

● Howden, S.M., Soussana, J.F., Tubiello, F.N., Chhetri, N., Dunlop, M. and 

Meinke, H., 2007. Adapting agriculture to climate change. Proceedings of the 

national academy of sciences, 104(50), pp.19691-19696. 

● Sanz-Cobena, A., Lassaletta, L., Aguilera, E., Del Prado, A., Garnier, J., Billen, 

G., Iglesias, A., Sanchez, B., Guardia, G., Abalos, D. and Plaza- Bonilla, D., 

2017. Strategies for greenhouse gas emissions mitigation in Mediterranean 

agriculture: A review. Agriculture, ecosystems and environment, 238, pp.5-24. 

● Wollenberg, E., Richards, M., Smith, P., Havlík, P., Obersteiner, M., Tubiello, 

F.N., Herold, M., Gerber, P., Carter, S., Reisinger, A. and Van Vuuren, D.P., 

2016. Reducing emissions from agriculture to meet the 2 C target. Global 

change biology, 22(12), pp.3859-3864. 

● Alley,R.B. (2014) Two-mile time machine: Ice cores,abrupt climate change and 

our future: Princeton University Press, 

● Fan,K.S.W. (2015) Climate change and Chinese History: A review of trends, 

topics and methods.Wiley Interdisciplinary Reviews.Climate Change, 6,225- 

238.; 

● Uprety,D.C. (2014), Greenhouse gases and Crops, New Delhi Publishing 

India Group pp: 1-427. 

● Uprety,D.C.,Reddy,V.R. and Mura,J.D. (2019), Climate Change and 

Agriculture: A Historical Analysis. Springer, Nature,,Singapore Pvt.Ltd.2019, 

1-88 

● Crutzen,P.J. (1991).Methane‘s sinks and sources. Nature, 350: 380-381. 

● Das,K. and Baruah,K.K. (2008). A comparison of growth and photosynthetic 

characterstics of two improved rice cultivars on methane emission from 

rainfedagroecosystem of North East India, Agricul.Ecosyst. And 

Environ.124:,105- 113. 

● Das,K. and Baruah,K.K. (2008) Methane emission associated with anatomical 

and morphophysiologicalcharacterstics of rice (Oryza sativa L.) plant. 

Physiologiaplantarum 134: 303-312. 

● Uprety, D.C.,Baruah,K.K. and Borah, L. (2011). Methane in rice agriculture. 

J.Sci.Ind.Res.70: 401-411. 

● Abbasi,M.K. and   Adams   W.A,   (2000):Gaseous   N   emission   during 



804  

simultaneous nitrification-denitrification associated with mineral N fertilization 

to a grassland soil under field conditions. Soil Biology and Biochemistry 

32:1251-1259. 

● Bhatia,Aet al (2010): Mitigating nitrous oxide emission from soil under 

conventional and no tillage in wheat using nitrification inhibitors. 

Agriculture,Ecosystem and Environment, 136 (3-4):247-253. 

● Datta A, et al (2011): Greenhouse gas emissions and rice based cropping 

systems: Economic and Technologic challenges and Opportunities. 

Mittig.Adapt.Strateg.Global Change,16 (5): 597-615. 

● Uprety,D.C. (2014). Greenhouse gases and Crops. Publishing India 

Group,,ISBN 978- 81-928337-0-5, pp250-308. 

● Adhya, T.K., Patnaik, P,Satpathy,S.N.;Kumarswami,S. and Sethunathan,N. 

(1998). Influence of Phosphorus application on methane emission and 

production in flooded paddy soils. Soil Biol.Biochem,30: 177-181 

● Babu,J.Y.,Nayak,D.R.andAdhya,T.K. (2006). Potassium application reduces 

Methane emission from flooded field planted to rice. Biol.Fertil, Soils 

(2006),42: 532-54. 

● Lehmann,J.,GauntJ.andRondon,M. (2006): Bio char sequestration in 

terrestrial ecosystem-A review Mitigation and Adaptation strategies for 

Global change (2006) 11:403-427,C.Springer. 

● Uprety,D.C.,Dhar,S.,Hongmin,D.,Kimball,B.A.,Garg, A and Upadhyay, J. 

(2012), Technologies for Climate change Mitigation –Agriculture Sector- 

GEF,, TNA Guidebook series, UNEP RISO Center, DTU, Denmark, pp 1- 

117. 

● Uprety,D.C.,Baruah,K.K. and Borah,L. (2011). Methane in rice agriculture. 

J.Sci. and Indust.Res.70 (6): 401-411 

Credit: 3+0 

Course Code: PP 607* 

Title: PHYSIOLOGICAL AND MOLECULAR ASPECTS OF SOURCE- SINK 

CAPACITY FOR ENHANCING YIELD 

WHY THIS COURSE? 

Yield level reached plateau in many crops improving yield potential and crop 

growth rate forms the basis for further improvement in productivity. Photosynthesis and 

the establishing sink capacity are crucial processes to achieve this goal. Very good 

progress has been made in deciphering the molecular mechanisms to regulate several 

photosynthetic processes at cellular and canopy level. Similar insights now exist 

regarding establishing sink size (capacity). In the last five years, phenomenal conceptual 

approaches have been developed to understand the basic physiological and molecular 

mechanisms to enhance the source through photosynthetic processes. Besides, scientific 

insights in recent years provided leads in improving sink ie., yield associated traits. Yield 

plateau can be broken only by enhancing yield potential by structured improvement in 

source capacity and sink size. 

AIM OF THIS COURSE 
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The course addresses the recent development in photosynthetic processes that can 

be exploited to improve yield potential. Besides, other major emphasis is to provide 

exposure on recent developments in regulating the sink characters ie., yield attributes at 

molecular level to achieve higher potential yields 

The course is organized as follows: 

 
No. Blocks Units 

1. Source Size and 

Function- Basic 

Concepts, 

Physiological and 

Molecular 

Mechanisms, Genomic 

RESOURCES to 

Regulate Source 

Characters 

1. Source Establishment 

2. Source Function- Photochemical Reactions 

3. Source Function- CO2 Diffusion and 
Concentration 

4. Source Function- Metabolic Engineering of 
CO2 Fixation 

5. Case Studies to Improve Source Capacity 

2. Improving Sink 

Size and Capacity 

1. Sink Establishment 

2. Increase the Sink Size by Enhancing the 

Relevant Constituent Traits 

3.  Genetic Genomic RESOURCES, 
Genes/QTLs, Genetic RESOURCES to 

Improve Sink Traits- Case Studies 

4. Source to Support the Sink Capacity 

 
LEARNING OUTCOMES 

By the end of this course, the student will be able to: 

1. comprehend the current development in photosynthetic research 

2. know how to employ the theoretical concept of photosynthetic research in 

yield improvement programme 

3. understand the mechanisms of source and sink establishment 

 

BLOCK 1: SOURCE SIZE AND FUNCTION- BASIC CONCEPTS, 

PHYSIOLOGICAL AND MOLECULAR MECHANISMS, GENOMIC 

RESOURCES TO REGULATE SOURCE CHARACTERS 

Unit 1: Source Establishment 

● Maximize energy capture by improved light interception, light distribution and 

its utilization efficiency, concepts of shade avoidance response (SAR) and option 

to increase. 

● Increase canopy size by vertical expansion – concept of increasing optimum 

LAI levels. 

● Concepts of semi-tall varieties with resistance to lodging: traits associated with 
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lodging resistance. 

● Sustain net carbon gain with age – the relevance of stay green character, photon 

capture and achieve high CO2 reduction to photon ratio under low light. 

● Options for increasing canopy photosynthesis. 

● Relevance of maintaining cell turgor and nutrient status. 

Unit 2: Source Function- Photochemical Reactions 

● Maximize conversion efficiency of intercepted radiation by improving net carbon 

gain - Emerging solutions to increase carbon fixation rate. 

● Improve efficiency of photochemical reaction by - Engineering the pigments to 

expand PAR spectrum into IR range; reduce antenna size, optimize energy 

dissipation mechanisms; optimize components of ETC and downstream 

acceptors; accelerate adaptation for shifting light intensities. 

Unit 3: Source Function- CO2 Diffusion and Concentration 

● Enhance stomatal conductance (gs) and mesophyll conductance (gm) – guard 

cell metabolism; concepts of leaf mesophyll tissue thickness (SLW). 

● Concepts of VPD responses of gs to enhance duration of photosynthesis during 

the day. 

● Bicarbonate transports and aquaporins; achieve higher CCM - Engineering C4 

cycle, CAM, cyanobacteria, carboxysomes, algal pyrenoids. 

Unit 4: Source Function- Metabolic Engineering of CO2 Fixation 

● RuBisCO carbon fixation activity - Increase and optimize kinetics of RuBisCO 

with enhanced specificity to CO2
.
 

● Engineer RuBisCO to minimize feedback regulation by metabolite inhibitors. 

● Increased activation state by improving stability and function of 

RuBisCOactivase; optimize RuBp regeneration – modulate specific enzyme 

levels. 

● New concepts on photorespiratory synthetic bypass. 

Unit 5: Case Studies to Improve Source Capacity 

● Genetic and genomic resources, genes/QTLs associated with specific yield 

potential traits and/or photosynthetic mechanisms. 

● Genetic resources to improve source traits- case studies. 

BLOCK 2: IMPROVING SINK SIZE AND CAPACITY 

Unit 1: Sink Establishment 

● Optimise duration of phenological stages related to sink establishment, genetic 

and environmental factors, GDD and phenology. 

Unit 2: Increase the Sink Size by Enhancing the Relevant Constituent Traits 

● Role of hormones in regulating molecular mechanisms of yield structure 

development. 
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● Genomic and genetic resources developed for regulation/improvement of such 

traits. 

o Sink Size: Tillering associated traits, branching patterns/fruiting points, 

spikelet number, pod number, fruit number. 

o Sink development: Basic concepts and molecular mechanisms associated with 

pollination, fertilization, ovary development in determining the spikelet 

fertility/sterility components and strategies for engineering seed/fruit size in 

crop plants. 

Unit 3: Genetic and Genomic Resources, Genes/QTLs, Genetic Resources to 

Improve Sink Traits- Case Studies 

● Progress and status in developing genomic and genetic resources of validated 

genes/QTLs to improve sink traits- Specific case studies. 

Unit 4: Source to Support the Sink Capacity 

● Canopy architecture to support sink requirements in cereals: plant height, 

tillering, leaf area, shading or senescence of lower canopy leaves, canopy 

photosynthesis. 

● Canopy architecture to support sink requirements in Pulses: Leaf senescence, 

abscission, mobilization of N and other nutrients. 

● Symbiotic N fixation to support sink size and capacity in pulses. 

 
TEACHING METHODS / ACTIVITIES 

- Lecture 

- Assignment (Reading/Writing) 

- Student presentation 

RESOURCES 

Introduction –suggested reading 

● Ray DK, Mueller ND, West PC, Foley JA (2013) Yield Trends Are Insufficient 

to Double Global Crop Production by 2050. PLoS ONE 8(6): e66428. 

doi:10.1371/journal.pone.0066428 

● World Agricultural Supply and Demand Estimates (USDA), 2019 

● Mitchell C. Hunter, Richard G. Smith, Meagan E. Schipanski, Lesley W. 

Atwood, and David A. Mortensen. (2017) Agriculture in 2050: Recalibrating 

Targets for Sustainable Intensification. BioScience • April 2017 / Vol. 67 No. 

4 

● PirjoPeltonen-Sainio, TapioSalo, Lauri Jauhiainen, HeikkiLehtonen, 

ElinaSievila¨inen (2015). Static yields and quality issues: Is the agri- 

environment program the primary driver? Ambio 2015, 44:544–556 DOI 

10.1007/s13280-015-0637-9 

Source establishment - suggested reading 

● Zhu G, Li G, Wang D, Yuan S, Wang F (2016) Changes in the Lodging- 

Related Traits along with Rice Genetic Improvement in China. PLoS ONE 

11(7): e0160104. doi:10.1371/journal.pone.0160104 
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● Burgess AJ, Retkute R, Herman T and Murchie EH (2017) Exploring 

Relationships between Canopy Architecture, Light Distribution, and 

Photosynthesis in Contrasting Rice Genotypes Using 3D Canopy 

Reconstruction. Front. Plant Sci. 8:734. doi: 10.3389/fpls.2017.00734 

● Donald R. Orta, B. ,Sabeeha S. Merchantd,, Jean Alricf, Alice Barkan et al., 

(2015). Redesigning photosynthesis to sustainably meet global food and 

bioenergy demand. PNAS, 112, 8529–8536 

● TANG Yun-jia, Johannes Liesche, (2017). The molecular mechanism of 

shade avoidance in crops- How data from Arabidopsis can help to identify 

targets for increasing yield and biomass production. Journal of Integrative 

Agriculture 16(6): 1244–1255 

● Giovanna Sessa , Monica Carabelli , Marco Possenti , Giorgio Morelli and Ida 

Ruberti (2018). Multiple Pathways in the Control of the Shade Avoidance 

Response. Plants 7, 102; doi:10.3390/plants7040102 

● Wille W, Pipper CB, Rosenqvist E, Andersen SB, Weiner J. 2017. Reducing 

shade avoidance responses in a cereal crop. AoB PLANTS 9: plx039; doi: 

10.1093/aobpla/plx039 

● Ricardo J. Haroa, Jorge Baldessaria, María E. Otegui (2017). Genetic 

improvement of peanut in Argentina between 1948 and 2004:Light 

interception, biomass production and radiation use efficiency. Field Crops 

Research 204, 222–228 

● Dagang Jiang, Weiting Chen, Jingfang Dong, Jing Li, Fen Yang1, Zhichao 

Wu, Hai Zhou,Wensheng Wang and Chuxiong Zhuang. (2018). 

Overexpression of miR164b- resistant OsNAC2 improves plant architecture 

and grain yield in rice. Journal of Experimental Botany, Vol. 69, No. 7 pp. 

1533–1543. 

● Galina Smolikova, Elena Dolgikh, Maria Vikhnina, Andrej Frolov and Sergei 

Medvedev (2017). Genetic and Hormonal Regulation of Chlorophyll 

Degradation during Maturation of Seeds with Green Embryos. Int. J. Mol. Sci. 

2017, 18, 1993; doi:10.3390/ijms18091993 

● Zhu X, Chen J, Qiu K and Kuai B (2017) Phytohormone and Light Regulation 

of Chlorophyll Degradation. Front. Plant Sci. 8:1911. doi: 

10.3389/fpls.2017.01911 

● Tomoaki Sato, YousukeShimoda, Kaori Matsuda, Ayumi Tanaka, Hisashi Ito 

(2018). Mg-dechelation of chlorophyll a by Stay-Green activates chlorophyll 

b degradation through expressing Non-Yellow Coloring in Arabidopsis 

thaliana. Journal of Plant Physiology 222 (2018) 94–102 

● Mandy Christophera,⁎, KarineChenub, RaeleenJenningsa, Susan Fletchera, 

David Butlera, Andrew Borrellc, Jack Christopher. (2018). QTL for stay- 

green traits in wheat in well-watered and water-limited environments. Field 

Crops Research 217 (2018) 32–44 

● Howard Thomas and Helen Ougham (2014). The stay-green trait. Journal of 

Experimental Botany, Vol. 65, No. 14, pp. 3889–3900, 2014 

● Makoto Kusaba • Ayumi Tanaka • Ryouichi Tanaka. Stay-green plants: what 

do they tell us about the molecular mechanism of leaf senescence. Photosynth 

Res DOI 10.1007/s11120-013-9862-x 
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Source function - suggested reading 

● Qingfeng Song, Yu Wang, Mingnan Qu, Donald R. Ort, Xin-Guang Zhu. 

(2017). The impact of modifying photosystem antenna size on canopy 

photosynthetic efficiency— Development of a new canopy photosynthesis 

model scaling from metabolism to canopy level processes. Plant cell and 

environ. 40:2946–2957. 

● Yi Xiao, Xin‐Guang Zhu (2017) Components of mesophyll resistance and 
their environmental responses: A theoretical modelling analysis. Plant Cell 

Environ. 40:2729–2742. 

● Berkley J. Walker, Andy VanLoocke, Carl J. Bernacchi, and Donald R. Ort 

(2016). The Costs of Photorespiration to Food Production Now and in the 

Future. Annu. Rev. Plant Biol. 67:107–29 

● Paul F. South, Amanda P. Cavanagh, Helen W. Liu, Donald R. Ort (2019). 

Synthetic glycolate metabolism pathways stimulate crop growth and 

productivity in the field. Science. DOI: 10.1126/science.aat9077 

● Benedict M. Long , Wei YihHee, Robert E. Sharwood, Benjamin D. Rae, 

Sarah Kaineset al., Carboxysome encapsulation of the CO2-fixing enzyme 

Rubisco in tobacco chloroplasts. Nature communication DOI: 

10.1038/s41467-018-06044-0 

● Douglas J. Orr, André Alcântara2, Maxim V. Kapralov, P. John Andralojc, 

ElizabeteCarmo-Silva, Martin A.J. Parry. Surveying Rubisco diversity and 

temperature response to improve crop photosynthetic efficiency 

● Arren Bar-Even (2018). Daring metabolic designs for enhanced plant carbon 

fixation. Plant science 2018 71-83 

● Christer Jansson1, John Vogel2, Samuel Hazen3, Thomas Brutnell4 and Todd 

Mockler (2018). Climate-smart crops with enhanced photosynthesis. Journal 

of Experimental Botany, Vol. 69, No. 16 pp. 3801–3809, 2018. 

● Brendon Conlan, Rosemary Birch, Celine Kelso, Sophie Holland1, Amanda 

P. De Souza, Stephen P Long, Jennifer L. Beck, Spencer M. Whitney. BSD 

is a Rubisco specific assembly chaperone, forms intermediary hetero- 

oligomeric complexes and is non-limiting to growth in tobacco.(2018) Plant 

physiol (accepted). 

● Benedict M. Long, Wei YihHee, Robert E. Sharwood, Benjamin D. Rae, 

Sarah Kaines,Yi-Leen Lim, Nghiem D. Nguyen, Baxter Massey, SoumiBala, 

Susanne von Caemmerer, Murray R. Badger and G. Dean Price (2018) 

Carboxysome encapsulation of the CO2-fixing enzyme Rubisco in tobacco 

chloroplasts. Nature Communications, (2018) 9:3570 

● Douglas J. Orr, André Alcântara, Maxim V. Kapralov, P. John Andralojc, 

ElizabeteCarmo-Silva (2016). Surveying Rubisco diversity and temperature 

response to improve cropphotosynthetic efficiency. Plant physiology 

DOI:10.1104/pp.16.00750 

● Frank A. Skraly, Madana M.R. Ambavaram, Oliver Peoples, Kristi D. Snell 

(2018). Metabolic engineering to increase crop yield: From concept to 

execution. Plant Science 273 (2018) 23–32. 

Improving Sink source and its capacity -Suggested reading 
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● Paul, 2018, Are GM Crops for Yield and Resilience Possible? –Review, 

Trends in Plant Science, Jan; 23(1):10-16. doi: 10.1016/j.tplants.2017.09.007 

● Ansari et al., 2019, Comparative Studies of Late Planted Capsicum (Capsicum 

annum) for Growth and Yield under Polyhouse and Open Field Condition as 

Influenced by Different Growth Regulators,Indian Res. J. Ext. Edu. Vol, 1, 

No. 1 

● Khumsupanet al., 2019, CRISPR/Cas in Arabidopsis: overcoming challenges 

to accelerate improvements in crop photosynthetic efficiencies, 

PhysiologiaPlantarum. 

● Amthoret al., 2019,Engineering Strategies to Boost Crop Productivity by 

Cutting 4 Respiratory Carbon Loss – Review, Plant Cell Advance Publication, 

doi:10.1105/tpc.18.00743 

● Abdelrahman et al., 2018, Genome editing using CRISPR/Cas9–targeted 

mutagenesis: An opportunity for yield improvements of crop plants grown 

under environmental stresses Neglected pollinators,Plant Physiology and 

Biochemistry 131 (2018) 31–36 

● Xu et al., 2018, Genome-Wide Association Analysis of Grain Yield- 

Associated Traits in a Pan-European Barley Cultivar Collection, Plant 

genome, 11(1). doi: 10.3835/plantgenome2017.08.0073. 

● Sgarmaet al., Genome-wide association of yield traits in a nested association 

mapping population of barley reveals new gene diversity for future breeding, 

Journal of Experimental Botany, Vol. 69, No. 16 pp. 3811–3822, 2018. 

● Hong et al., Genome-wide identification and extensive analysis of rice- 

endosperm preferred genes using reference expression database, J. Plant Biol. 

(2017) 60:249-258. 

● Mir et al., High-throughput phenotyping for crop improvement in the 

genomics era, Plant Science, In press 

● Nadolska-Orezyket   al.,   Major   genes   determining   yield-related   traits in 

wheat and barley, TheorAppl Genet (2017) 130:1081-1098. 

● Savadi, Molecular regulation of seed development and strategies for 

engineering seed size in crop plants- Review, Plant Growth Regulation (2018) 

84:401–422 

● Sonnewaldet al., Next-generation strategies for understanding and influencing 

source–sink relations in crop plants, Current Opinion in Plant Biology 2018, 

43:63–70 

● Zhang et al., OsSRT1 is involved in rice seed development through regulation 

of starch metabolism gene expression, Plant Science 248 (2016) 28–36 

● Schebenet al., Progress in single-access information systems for wheat and 

rice crop improvement, Briefings in Bioinformatics, 2018, 1–7 

● Verma et al., Rice research to break yield barriers, Cosmos, Vol. 11, No. 1 

(2015) 1– 18 

● Li et al., Systems model-guided rice yield improvements based on genes 

controlling source, sink, and flow, 2018, Journal of Integrative Plant Biology, 

Volume 60, Issue 12, 1154–1180 
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● Temperature regulation of plant phenological development, Environmental 

and Experimental Botany, 2015, Volume 111, Pages 83-90. 

● Paul et al., The Role of Trehalose 6-Phosphate in Crop Yield and Resilience, 

Plant Physiology_, May 2018, Vol. 177, pp. 12–23. 

● Narnoliyaet al., Transcriptional Signatures Modulating SAM Morphometric 

and Plant Architectural Traits Enhance Yield and Productivity in Chickpea, 

The plant journal, accepted paper 

 

 
Course Code: PP 608 Credit: 2+0 

Title: SEED AND FRUIT GROWTH AND THEIR QUALITY IMPROVEMENT 

 

WHY THIS COURSE? 

Seed as a propagule is an important input for agriculture. From this context, aspects 

related to seed development, its dormancy and viability etc. assumes significance. 

Besides, seed is the major source of nutrition to mankind and hence, quantitative and 

qualitative differences in seed constituents and their modification and improvement have 

been the area of focus in recent years. Several molecular approaches are now being 

adapted to improve the seed characters like longevity, vigour and seed quality. In addition 

to seed and fruit development, processes regulating the post-harvest deterioration of fruits 

and vegetables, increasing their self-life are another area that needs comprehensive 

intervention involving molecular biology tools and techniques. The course therefore 

addresses recent developments on these aspects. 

AIM OF THIS COURSE 

The major aim of the course is to train and educate the students about the importance of 

seeds and fruits as a source of nutrition for human health. Further, this course also 

addresses how to improve the nutritional status besides protecting the nutritive value of 

seeds and fruits. In addition, the other aim of the course is to address to regulate the post 

harvest deterioration of seeds and fruits to minimize the losses. 

The course is organized as follows: 

 
No. Blocks Units 

1. Physiological and 

Molecular Aspects 

of Seed and Fruit 

Growth : Quality 

Improvement 

1. Physiology of Seed Growth and Development 

2. Seed as a Propagule 

3. Seed as a Source of Nutrition 

4. Quality Deterioration during Storage 

5. Fruit Growth and Development 

6. Fruit as a Source of Phytochemicals : Nutraceuticals 

7. Fruit Ripening, Post Harvest Deterioration and Shelf 

life 
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LEARNING OUTCOMES 

After successful completion of this course, the students are expected to be able to: 

1. comprehend the importance of seeds and fruits as a source of nutrition 

2. describe how to improve the nutritional status of grains and fruits 

3. know how to protect the nutritive value of seeds and fruits 

4. detect the post harvest deterioration of seeds and fruits and to minimize the 

losses 

BLOCK 1: PHYSIOLOGICAL AND MOLECULAR ASPECTS OF SEED 

AND FRUIT GROWTH: QUALITY IMPROVEMENT 

Unit 1: Physiology of Seed Growth and Development 

● Mechanism of seed development and different developmental stages; 

synthesis, mobilization and accumulation of stored reserves; 

● Forms of stored reserves and their localization 

● Sink drawing ability (SDA) and its relevance in seed growth and 

development; 

● Role of plant hormones in seed growth and development and SDA 

Unit 2: Seed as a Propagule 

● Seed as a propagation material; seed size and seed chemical composition and 

their relevance in seed germination 

● Physiological, biochemical and molecular mechanisms and approaches to 

regulate seed germination, seedling emergence and establishment and 

seedling vigour 

● Physiological, biochemical and molecular mechanisms and approaches to 

regulate seed priming and crop establishment: seed dormancy, precocious 

germination and controlling pre-harvest sprouting in crops 

● Physiological, biochemical and molecular mechanisms and approaches to 

regulate seed viability, improving the viability and storability of seeds 

Unit 3: Seed as a Source of Nutrition 

● Seed as a source of nutrition to humans: approaches to improve the quality 

of seeds through synthesis of seed storage reserves and other constituents. 

● Genes/QTL‘s regulating these processes and concept of pathway 

engineering to improve the quantity and quality of seed constituents. 

● Carbohydrates- Amylose and amylopectin ratios for glycemic index, 

resistant and digestable starch, improving dietary fibre, alter gelatinisation. 

● Protein content, modified proteins, essential amino acids. 

● Oil content, fatty acid composition, Omega 3 fatty acids. Carotenoids and 

vitamins 

● Biofortification strategies to enhance the grain zinc, iron, other minerals and 

other essential compounds. 

● Engineering for low protease inhibitors, phytic acid, tannins, phenolic 
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substances, lectins, oxalates as anti-nutritional factors. 

● Case studies of improving seed nutrition components by molecular breeding 

and transgenic approaches. 

Unit 4: Quality Deterioration during Storage 

● Changes in chemical composition during storage; factors influencing the 

deterioration of nutritional quality of seeds during storage; approaches to 

minimize nutritional quality deterioration 

● Effect of quality deterioration on human and animal health 

Unit 5: Fruit Growth and Development 

● Flower and fruit development; concept of parthenocarpy 

● Physiological and biochemical changes during fruit development and 

chemical composition 

● Molecular approaches to regulate flower and fruit drop/ abscission; Role of 

hormones 

Unit 6: Fruit as a Source of Phytochemicals : Nutraceuticals 

● Biosynthetic pathways and the quantification and options to improve by 

hormonal and molecular pathway engineering approaches of Antioxidants, 

Flavanoids, anthocyanins 

● Biosynthetic pathways and the quantification and options to improve by 

hormonal and molecular pathway engineering approaches of Vitamins- 

Vitamin C, Tocopherol, Carotenoids 

● Biosynthetic pathways and the quantification and options to improve by 

hormonal and molecular pathway engineering approaches of Alkaloids, 

Mangiferin, tomatins 

● Biosynthetic pathways and the quantification and options to improve by 

hormonal and molecular pathway engineering approaches of DigestableFiber 

lycopene, stillbeans 

● Biosynthetic pathways and the quantification and options to improve by 

hormonal and molecular pathway engineering approaches of Aroma, 

monoterpenoids and Fatty acid esters. 

Unit 7: Fruit Ripening, Post Harvest Deterioration and Shelf life 

● Physiological and molecular mechanisms of fruit ripening. 

● Postharvest deterioration of fruits; factors regulating fruit deterioration; 

hormonal and environmental aspects of reducing post harvest deterioration 

of fruits 

● Physiological and Molecular approaches to regulate fruit ripening and shelf 

life: Role of Ethylene and Ethylene response factors regulating specific 

processes of fruit ripening; Approaches to regulate specific shelf life 

characters. 

● Improving fruit ripening and shelf life by molecular approaches-Case studies. 

 

TEACHING METHODS / ACTIVITIES 
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- Lecture 

- Assignment (Reading/Writing) 

- Student presentation 

 

RESOURCES 

Unit 1 &2: 

● Bewley, JD,   Bradford K,,Hilhorst   H, Nonogaki H. (2013). Seeds: 

Physiology of Development, Germination and Dormancy, Springer-Verlag 

● Larkins BA and Vasil IK (Ed), Cellular and Molecular Biology of Plant 

Seed Development, 2010, Springer 

● Vanangamudi K, Natarajan K and Vanangamudi M, Seed Physiology, 

Associated Publishing Company 

● N.W. Pammenter and Patricia Berjak (2000). Aspects of recalcitrant seed 

physiology. R.Bras. Fisiol. Veg., 12: 56-69. 

● Prakash. M. 2011. Seed physiology of crops.(ed). Satish Serial Publishing 

house, New Delhi.. 

Unit 3: 

● Lee, K.R., Chen, G.Q. and Kim, H.U., 2015. Current progress towards the 

metabolic engineering of plant seed oil for hydroxy fatty acids production. 

Plant  cell reports, 34(4), pp.603-615. 

● Zhu, Y., Xie, L., Chen, G.Q., Lee, M.Y., Loque, D. and Scheller, H.V., 2018. 

A transgene design for   enhancing   oil   content   in   Arabidopsis and 

Camelina seeds. Biotechnology for biofuels, 11(1), p.46. 

● Patil, G., Mian, R., Vuong, T., Pantalone, V., Song, Q., Chen, P., Shannon, 

G.J., Carter, T.C. and Nguyen, H.T., 2017. Molecular mapping and genomics 

of soybean seed protein: a review and perspective for the future. Theoretical 

and Applied Genetics, 130(10), pp.1975-1991. 

● Tien Lea, D., Duc Chua, H. and Quynh Lea, N., 2016. Improving nutritional 

quality of plant proteins through genetic engineering. Current genomics, 

17(3), pp.220-229. 

● Ufaz, S. and Galili, G., 2008. Improving the content of essential amino acids 

in crop plants: goals and 

● Mene-Saffrane, L. and Pellaud, S., 2017. Current strategies for vitamin E 

biofortification of crops. Current opinion in biotechnology, 44, pp.189-197. 

● Jiang, L., Wang, W., Lian, T. and Zhang, C., 2017. Manipulation of metabolic 

pathways to develop vitamin-enriched crops for human health. Frontiers in 

plant science, 8, p.937. 

● Abhishek   Bohra,   Uday   Chand   Jha,   Rintu   Jha,   S.    J.    Satheesh Naik, 

Alok Kumar Maurya, and Prakash G. Patil, Chapter-1. Genomic Interventions 

for Biofortifcation of Food Crops, A. M. I. Qureshi et al. (eds.), Quality 

Breeding in Field Crops, https://doi.org/10.1007/978-3-030- 04609-5_1 

● Julia L Finkelstein, Jere D Haas and Saurabh Mehta, Iron-biofortified staple 
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food crops for improving iron status: a review of the current evidence, Current 

Opinion in Biotechnology 2017, 44:138–145 

● Raul Antonio Sperotto, Felipe Klein Ricachenevsky, Vinicius de Abreu 

Waldow, Janette Palma Fett, Iron biofortification in rice: It‘s a long way to 

the top, Plant Science 190 (2012) 24–39 

● Biofortification of Cereal Grains with Zinc by Applying Zinc Fertilizers, 

ForsideBioZoom 2009. 

● Jeongyeo Lee, IllSupNou, HyeRan Kim, Current status in calcium 

biofortification of crops, J Plant 

Biotechnol (2012) 39:23–32, 

DOI:http://dx.doi.org/10.5010/JPB.2012.39.1.023 

● Divya Sharma, Gautam Jamr,, Uma M. Singh, SalejSood and Anil Kuma, 

Calcium Biofortification: Three Pronged Molecular Approaches for 

Dissecting Complex Trait of Calcium Nutrition in Finger Millet (Eleusine 

coracana) for Devising Strategies of Enrichment of Food Crops,2017, doi: 

10.3389/fpls.2016.02028 

● Gemede, H.F. and Ratta, N., 2014. Antinutritional factors in plant foods: 

Potential health benefits and adverse effects. International Journal of Nutrition 

and Food Sciences, 3(4), pp.284-289. 

● Vasconcelos, I.M. and Oliveira, J.T.A., 2004. Antinutritional properties of 

plant lectins. Toxicon, 44(4), pp.385-403. 

Unit 4: 

● Kumar, D. and Kalita, P., 2017. Reducing postharvest losses during storage 

of grain crops to strengthen food security in developing countries. Foods, 6(1), 

p.8. 

● Kawakatsu, T., Hirose, S., Yasuda, H. and Takaiwa, F., 2010. Reducing rice 

seed storage protein accumulation leads to changes in nutrient quality and 

storage organelle formation. Plant Physiology, 154(4), pp.1842-1854. 

● Afzal, I., Rehman, H.U., Naveed, M. and Basra, S.M.A., 2016. Recent 

advances in seed enhancements. In New Challenges in Seed Biology-Basic 

and Translational Research Driving Seed Technology. IntechOpen. 

● Probert, R., Adams, J., Coneybeer, J., Crawford, A. and Hay, F., 2007. Seed 

quality for conservation is critically affected by pre-storage factors. Australian 

Journal of Botany, 55(3), pp.326-335. 

Unit 5: 

● Glenda Gillaspy, Hilla Ben-David, and Wilhelm Gruissem, Fruits: A 

Developmental Perspective, The Plant Cell, Vol. 5, 1439-1451 

● Nitsch, J. P. (1953). The Physiology of Fruit Growth. Annual Review of Plant 

Physiology, 4(1), 199–236.doi:10.1146/annurev.pp.04.060153.0012 

● Rahul Kumar, Ashima Khurana, Arun K. Sharma, Role of plant hormones and 

their interplay in development and ripening of fleshy fruits, Journal of 

Experimental Botany,    Volume    65,     Issue     16,     August     2014, Pages 

4561– 4575, https://doi.org/10.1093/jxb/eru277 

● Robert, H.S. Molecular Communication for Coordinated Seed and Fruit 

http://dx.doi.org/10.5010/JPB.2012.39.1.023
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Development: What Can We Learn from Auxin and Sugars? Int. J. Mol. Sci. 

2019, 20, 936. 

Unit 6: 

● Golubkina, N., Zamana, S., Seredin, T., Poluboyarinov, P., Sokolov, S., 

Baranova, H., Krivenkov, L., Pietrantonio, L. and Caruso, G., 2019. Effect of 

Selenium Biofortification and Beneficial Microorganism Inoculation on 

Yield, Quality and Antioxidant Properties of Shallot Bulbs. Plants, 8(4), 

p.102. 

● Lovat, C., Nassar, A.M., Kubow, S., Li, X.Q. and Donnelly, D.J., 2016. 

Metabolic biosynthesis of potato (Solanum tuberosum L.) antioxidants and 

implications for human health. Critical reviews in food science and nutrition, 

56(14), pp.2278-2303. 

● Mak, Y.W., Chuah, L.O., Ahmad, R. and Bhat, R., 2013. Antioxidant and 

antibacterial activities of hibiscus (Hibiscus rosa-sinensis L.) and Cassia 

(Senna bicapsularis L.) flower extracts. Journal of King Saud University- 

Science, 25(4), pp.275-282. 

● Kasote, D.M., Katyare, S.S., Hegde, M.V. and Bae, H., 2015. Significance 

of antioxidant    potential    of    plants    and    its    relevance     to therapeutic 

applications. International journal of biological sciences, 11(8), p.982 

Unit 7: 

● Yahia, E.M. and Carrillo-Lopez, A. eds., 2018. Postharvest Physiology and 

Biochemistry of Fruits and Vegetables. Woodhead Publishing. 

● Valero, D. and Serrano, M., 2010. Postharvest biology and technology for 

preserving fruit quality. CRC press. 

● Wills, R. and Golding, J., 2016. Postharvest: an introduction to the physiology 

and handling of fruit and vegetables. UNSW press. 

● Siddiqui, M.W. ed., 2015. Postharvest biology and technology of horticultural 

crops: principles and practices for quality maintenance. CRC Press. 

● Corpas, F. J., and Palma, J. M. (2018). Nitric oxide on/off in fruit ripening. 

Plant Biology, 20(5), 805–807.doi:10.1111/plb.12852 

 

 
Course Code: PP 609 Credit: 2+1 

Title: PLANT-MICROBE INTERACTIONS 

 
WHY THIS COURSE? 

Plant microbe encounters can be friendly or hostile. Plants are associated with a 

variety of microorganisms, including endophytes, phylloplane and rhizosphere microbes 

which provide plants with mineral nutrients and other benefits. In contrast 

phytopathogens obtain nutrition from plants leading to reduction in plant growth and 

subsequent killing. Besides the genetic makeup expression of the phenotype is regulated 

by environment and the plant microbe interaction especially the endophytes. It is also 

relevant to understand the plant-pathogen and plant-insect interactions to 
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improve tolerance mechanisms by altering specific physiological and biochemical 

processes. The combined effects of biotic and abiotic are another aspects of importance. 

Understanding how physiology of plants simultaneously exposed to abiotic stress and 

pathogens decides the outcome of their interactions is important. The course provides 

comprehensive information on these aspects. Plant-microbe interaction is an emerging 

area and PhD scholar must be exposed to this new knowledge which might help in 

manipulation plant traits and boost crop growth. 

AIM OF THIS COURSE 

The objective of the course is to provide the understanding how beneficial 

microbes (endophyte/rhizosphere/phylloplane microbiome) play a role in boosting the 

plant immune system and thereby stimulate plant health and growth. The course also 

aims to understand how plant pathogens are able to infect plants and how resistant plants 

are able to defend themselves. The course covers comprehensive interactive information 

from physiology, microbiology and genomics. 

The course is organized as follows: 

 
No. Blocks Units 

1. Plant Pathogen 

Interaction 

1. Introduction to Plant Pathogen Interaction 

2. Genetic Basis of Host Pathogen Interaction 

3. Growth Regulators of Plant Defense and 
Susceptibility 

4. Bioenergetics in Plant Pathogen Interaction 

2. Plant- Endophytes / 

Rhizosphere / 

Phylloplane 

Microbes 

Interaction 

1. Interaction of Endophytes/ Rhizosphere/ Phylloplane 

Microbes with Plants 

2. Role of Endophyte / Rhizospheric / Phylloplane 

Microbiota in Plant Physiological Processes 

3. Endophyte / Rhizospheric / Phylloplane Microbes in 

Improving Biotic and Abiotic Stress Tolerance 

4. Bioethics, Biosafety, Intellectual property rights and 

implications in plant-microbe research 

3. Microbial 

Interaction with 

Plants in The 

Presence of Abiotic 

Factors 

1. Disease Triangle and the Contribution of the 

Environmental Factors in Influencing the Plant- 
microbe Interaction 

2.   Physiological and Molecular Basis for 

Predisposition or Endurance of Plant during Abiotic- 

biotic Stress 
Interaction 

 
LEARNING OUTCOMES 

By the end of this course, the student will be able to: 

1. understand how beneficial microbes enhance the plant immune system 

2. comprehend how beneficial microbes stimulate plant growth 
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3. describe plant-microbe interaction 

4. understand plant defense and susceptibility 

 

BLOCK 1: PLANT PATHOGEN INTERACTION 

Unit 1: Introduction to Plant Pathogen Interaction 

● Introduction to plant microbe interaction and importance, the concepts of 

holobiome and hologenome 

● Differences between endophytes/ rhizosphere/phylloplane microbes 

and phytopathogens 

● Types of endophytes/rhizosphere/phylloplane microbes, and their 

classifications 

Unit 2: Genetic Basis of Host Pathogen Interaction 

● Genetics of immune response, Signal perception, Host-pathogen interaction 

(bacteria, fungus and virus). 

● Nature of resistance to diseases-pathogenecity genes (pat) in plant pathogens-

disease specific genes (dsp), avirulence genes (avr), avr gene – coded 

proteins-structure of avr genes. 

● Transmission of the alarm signal to host defense producers: signal 

transduction, pathogen elicitors, protein kinases, calcium ions, 

phosphorylases, phospholipases, ATPases. 

● Accumulation of Phytoalexins as a Resistance mechanism- 

Biosynthesis and 

metabolism of Phytoalexins, Modes of action of Phytoalexins, 

● Pathogenesis-Related proteins (PR) and Disease Resistance- intro- 

Characterization and biological functions of PR proteins, Biosynthesis of PR 

proteins. 

Unit 3: Growth Regulators of Plant Defense and Susceptibility 

● Regulation of hormones countering the pathogen infection and toxins 

modulating the plant physiology 

● ABA-SA cross talk and role of JA during plant interaction biotrophic and 

necrotrophic pathogens respectively 

Unit 4: Bioenergetics in Plant Pathogen Interaction 

● An overview of energy-capture and energy-utilization processes in higher 

plant, Energy-capture and utilization process as affected by pathogenic 

infection. 

● Molecular basis of pathogenesis and the process of interaction- classical 

examples of pathogens causing necrosis, wilts, tumours and soft rots 

● Role of primary metabolism in plant-pathogen interaction 

BLOCK 2: PLANT- ENDOPHYTES / RHIZOSPHERE / PHYLLOPLANE 

MICROBES INTERACTION 

Unit 1: Interaction of Endophytes/ Rhizosphere/ Phylloplane Microbes with 

Plants 
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● Approaches to study endophytic/ rhizosphere /phylloplane microbes bacteria 

and fungi, Intracellular bacteria ‗Cytobacts‘ 

● Possible mechanisms of host plant genotype influence in recruitment of 

endophytic microbes vertical / seed transmission; 

● Inter-kingdom signaling regulating endophyte/ rhizosphere/phylloplane 

microbes development 

● Adaptation with respect to colonization of endophytes/ 

rhizosphere/phylloplane microbes 

Unit 2: Role of Endophyte / Rhizospheric / Phylloplane Microbiota in Plant 

Physiological Processes 

● Phytohormones role in beneficial 

endophyte/rhizospheric/phylloplanerecruitment;; 

● Hormonal regulation of assimilate partitioning in plant-microbe interactions. 

● Plant-Fungus-Bacteria, the three fold interaction for improved plant nutrition 

Unit 3: Endophyte / Rhizospheric / Phylloplane Microbes in Improving Biotic 

and Abiotic Stress Tolerance 

● Importance in imparting stress (biotic and abiotic) adaptations, in the 

regulation of bioactive compound (alkamide) accumulation; acclimatization 

of root-interacting fungi for improved plant nutrition and stress tolerance; 

● Cultivable versus uncultivable endophytes with respect to their extent of tissue 

colonization and diversity 

● Genetic engineering of endophytes for production of industrially important 

bioactive compounds, endophyte-enrichment technologies in crops for traits 

manipulation. 

● Role of existing microbiome on introduced endophyte, symbiotic microbes 

and their interaction 

● Modern techniques for examining plant-microbe-insect interactions. 

Unit 4: Bioethics, Biosafety, Intellectual property rights and 

implications in plant- microbe research 

● DBT biosafety regulations on working with microbial organisms associated 

with plants 

● Standard operating procedure (SOP) 

● Committees dealing with biosafety and safe release of microorganisms 

BLOCK 3: MICROBIAL INTERACTION WITH PLANTS IN THE 

PRESENCE OF ABIOTIC FACTORS 

Unit 1: Disease Triangle and the Contribution of the Environmental Factors 

in Influencing the Plant-microbe Interaction 

● Disease triangle involving plant-pathogen-environment and the importance 

of environmental stresses (drought, heat, humidity and soil factors) in 

influencing the resistance or susceptibility 

● Role of environmental factors in influencing establishment and sustenance of 

introduced beneficial microbes 
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Unit 2: Physiological and Molecular Basis for Predisposition or Endurance of 

Plant during Abiotic-biotic Stress Interaction 

● Plant-water relations and changes in physiology in deciding the microbe 

interaction with plants 

● Metabolites in deciding the microbe interaction with plants 

● Hormonal cross talk, signal transduction, role of R-genes and other defense 

pathways during the simultaneous exposure to abiotic stress 

PRACTICALS 

• In-planta bacterial/fungal multiplication in plant under drought stress 

• Detection of plant pathogens using molecular tools 

• Stomatal conductance in plants under drought stress and pathogen stress 

• Apoplast isolation from plants subjected to bacterial infection 

• Virus induced gene silencing in plants 

• Acetylene reduction assays to check nitrogen fixation in plant (The effect of 

beneficial microbes in plant) 

• Biochemical analyses of beneficial and pathogen-effector proteins 

• Plant colonization and disease or growth promotion scoring 

• In-vivo detection of plant immune responses and their inhibition by effectors 

• Estimation of phytoalexins, PR proteins, ACC deaminase and growth 

hormones in pathogen challenged plants 

• Effect of plant microbe interaction on plant physiological processes 

viz., photosynthesis, chlroroplast, transpiration etc., 

 

TEACHING METHODS / ACTIVITIES 

- Lecture 

- Assignment (Reading/Writing) 

- Student presentation 

- Practicals 

RESOURCES 

Block 1: 

• The plant immune system. By Jonathan D. G. Jones and Jeffery L. Dangl. 

Nature Vol. 

444, Pages 323–329 (2006) 

• Plant immunity: towards an integrated view of plant–pathogen interactions. 

By Peter 

N. Dodds and John P. Rathjen. Nature Reviews. Genetics. Vol. 11, Pages 539–

548 (2010) 

• Signaling in Plant-Microbe Interaction. By Barbara Baker, Patricia 

Zambryski, Brian Staskawicz, S. P. Dinesh-Kumar. Science. Vol. 276 (1997) 

• The role of abscisic acid in plant–pathogen interactions. By Brigitte Mauch- 

Mani and Felix Mauch. Current Opinion in Plant Biology. Vol. 8, Pages 
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409-414 (2005) 

• Salicylic acid in plant defence—the players and protagonists. Current Opinion 

in Plant Biology. By Gary Loake and Murray Grant. Vol. 10, Pages 466-472 

(2007) 

Block 2: 

• Microbial Communities and Their Interactions in Soil and Rhizosphere 

Ecosystems. By Angela D. Kent and Eric W. Triplett. Annual Review of 

Microbiology. Vol 56, Pages 211-236 (2002) 

• Microbial interactions and biocontrol in the rhizosphere. By John M. Whipps. 

Journal of Experimental Botany, Vol 52, Pages 487–511 (2001) 

• The importance of the microbiome of the plant holobiont. By Philippe 

Vandenkoornhuyse, Achim Quaiser, Marie Duhamel, Amandine Le Van, 

Alexis Dufresne. New Phytologist. Vol. 206, Pages 1196-1206 (2015) 

Block 3: 

● Abiotic and biotic stress combinations. By Nobuhiro Suzuki, Rosa M. Rivero, 

Vladimir Shulaev, Eduardo Blumwald and Ron Mittler. New Phytologist. 

Vol. 203, Pages 32-4. (2014) 

● The interaction of plant biotic and abiotic stresses: from genes to the field. By 

Nicky 

J. Atkinson and Peter E. Urwin. Journal of Experimental Botany, Vol 63, 

Pages 3523– 3543. (2012) 

General Source Information 

● Cooperative Adaptations and Evolution in Plant-Microbe Systems by Tatiana 

Matveeva, Nikolai Provorov, Jari P.T. Valkonen , Frontiers Media SA 

● Endophytes: Crop Productivity and Protection, Editors: Maheshwari, Dinesh 

K., Annapurna, K. (Eds.), 2017, ISBN 978-3-319-66544-3; Springer 

● Signaling in the Phytomicrobiome by Donald L. Smith, Valérie Gravel, 

Étienne Yergeau Frontiers Media SA 

● Advances in Endophytic Research, 2014, Editors: Verma, Vijay C., Gange, 

Alan (Eds.), ISBN 978-81-322-1575-2; Springer 

● Microbial Root Endophytes, Editors: Schulz, Barbara J.E., Boyle, Christine 

J.C., Sieber, Thomas N. (Eds.) , 2004, ISBN 978-3-540-33526-9; Springer 

● Plant-Microbe Interaction: An Approach to Sustainable Agriculture Editors: 

Choudhary, Devendra K., Varma, Ajit, Tuteja, Narendra (Eds.), 2016, ISBN 

978-981- 10-2854-0; Springer 

● Insect-Plant Interactions, 1986, Editors: Miller, James R., Miller, Thomas A. 

(Eds.) 

● Molecular Aspects of Insect-Plant Associations, Authors: Ahmed, S., 

Brattsten, L.B. ISBN 978-1-4613-1865-1 (Springer). 

● The Biology of Plant-Insect Interactions: A Compendium for the Plant 

Biotechnologist 1st Edition, byChandrakanth Emani, 2018, ISBN 

9781498709736 - CAT# K25008, CRC Press. 
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● Emerging Tools for Emerging Symbioses—Using Genomics Applications to 

Studying Endophytes by Mysore V. Tejesvi, Anna Maria Pirttilä, A. Carolin 

Frank Frontiers Media SA 

● Advances in Plant-Hemipteran Interactions, by Jyoti Shah, Linda Walling 

Frontiers Media SA 

● Jeng-sheng Huang, 2009, Plant Pathogenesis and Resistance (Biochemistry 

and Physiology of Plant-Microbe Interactions), Kluwer Academic Publishers. 

● Peter R Day, 1973, Genetics of Host Parasite Interaction,W.HFreeeman and 

Company. 

● P. D Sharma, 2006, Plant Pathology, Narosa Publishing House Pvt. Ltd. 

● A.Mahadevan, 1979, Physiology of Host-Pathogen Interaction, Today and 

Tomorrow Printers and Publishers. 

● Edward A. Stainhaus, 1963, Insect Pathology, Academic Press, New York and 

London. 

● Follett, P. A. (2017), Insect‐plant interactions: host selection, herbivory, and 
plant resistance – an introduction. EntomolExpAppl, 162: 1-3. 

doi:10.1111/eea.12524. 

● Ryan, R. P., Kieran G., Ashley, F., David, J. R., and David, N. D., 2007, 

Bacterial endophytes: recent developments and applications. FEMS 

Microbiol. Lett.,278: 1–9. 

● Bringel, F. and Couée, I., 2015, Pivotal roles of phyllosphere microorganisms 

at the interface between plant functioning and atmospheric trace gas 

dynamics. Front. Microbiol.6:486. doi: 10.3389/fmicb.2015.00486. 

● Lugtenberg, B. (Ed.). 2015, Principles of plant-microbe interactions. doi: 

https://doi.org/10.1007/978-3-319-08575-3. 

● Velmourougane, K., Saxena, G., Prasanna, R., 2017, Plant-microbe 

interactions in the rhizosphere: mechanisms and their ecological benefits. In: 

Singh D., Singh H., Prabha R. (eds) Plant-Microbe Interactions in Agro- 

Ecological Perspectives. Springer, Singapore. 

doi:https://doi.org/10.1007/978-981-10-6593-4_7. 

● Schikora, A. (Ed.). 2018, Plant-microbe interactions in the rhizosphere. 

Caister academic press. doi: https://doi.org/10.21775/9781912530007. 

 

Course Code: PP 610 Credit: 2+0 

Title: WEED BIOLOGY AND PHYSIOLOGY OF HERBICIDE 

ACTION 

 

WHY THIS COURSE? 

Weeds pose a serious threat to Crop production leading to a yield loss ranging from 

30% to sometimes total failure. Weed management is a significant input on part of the 

producers. Chemical weed management through herbicides have been the most effective 

among various methods. Various herbicides with different modes of actions are used to 

control weeds. Prolonged chemical control has led to adverse environmental 
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consequences and development of herbicide resistance. There is a need to understand the 

biology of weeds as well as herbicide actions at physiological and molecular levels for 

resistance management as well as development of more effective and less harmful 

chemicals for weed management. The aim of this course will be to apprise the students 

about these aspects of chemical weed control. 

AIM OF THIS COURSE 

The course is designed to provide both basic and applied knowledge on the weeds. 

It will help to understand the fundamental physiology, biochemistry, and molecular 

biology of herbicides and their effects on plants; To study the physiological and 

molecular mechanisms of herbicide resistance. This course will provide knowledge on 

biology of weeds, classification and mode of action of herbicides, herbicide resistance 

and its management and environment friendly weed management strategies. 

The course is organized as follows: 

 

No. Blocks Units 

1. Weed Biology 5. Weed Biology and its Importance in Weed 

Management 

6. Life Cycle and Population Dynamics of Weeds 

7. Crop Weed Competition 

2. Physiology of 

Herbicide 

Action 

1. Introduction to Herbicides 

2. Mechanism of Action of Herbicides 

3.Herbicide Resistance and its Management 

 
LEARNING OUTCOMES 

After successful completion of this course, the students are expected to be able to: 

- Understand the importance of weed biology in weed management 

- Understand the mechanism of herbicide action 

- Understand the problem of herbicide resistance development 

- Appreciate and suggest sustainable weed management strategies 

BLOCK 1: WEED BIOLOGY 

Unit 1: Weed Biology and its Importance in Weed Management 

Introduction to weeds, Classification of weeds, Yield losses caused by weeds, 

Environmental impacts of invasive weed species, Aspects of Weed biology, 

Germination, Dormancy and growth behaviour of weed species, Effect of 

environmental factors on weeds, Adaptation of weeds to different ecologies 

Unit 2: Life Cycle and Population Dynamics of Weeds 

Growth duration and reproductive potential of weed species, Population dynamics, 

Weed Shift due to weed management, weed Seed Bank, 

Unit 3: Crop Weed Competition 

Understanding the nature of crop-weed competition, critical stages of crop weed 
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competition, growth stages of weeds for improved control by herbicides 

BLOCK 2: PHYSIOLOGY OF HERBICIDE ACTION 

Unit1: Introduction to Herbicides 

Introduction, Chemistry and classification of herbicides by mechanism of action, 

HRAC Classification, Site of Actions, Application techniques, doses, active 

ingredients, formulations, Absorption and translocation of soil and foliar applied 

herbicides, Methods to increase the efficiency of soil and foliar applied herbicide – 

role of membranes, adjuvants, surfactants, synergists, 

Unit 2 :Mechanism of Action of Herbicides 

Physiological and biochemical effects of herbicides: Effects on membrane structure 

and functions, cell division and cell development, Effects on chloroplast, 

photosynthesis, respiration, protein synthesis, synthesis of lipids, Molecular 

mechanism of action, Molecular mechanisms of herbicide resistance in relation to 

chloroplast gene expression, 

Unit 3. Herbicide Resistance and its Management 

Herbicide resistance-Definition, history, magnitude; Mechanisms of resistance: 

Target site and non-target site, cross and multiple resistances, Role of management 

practices on resitance development, Resistance management: Strategies; HR crops, 

Super weeds, 

TEACHING METHODS / ACTIVITIES 

● Lectures 

● Assignment (Reading/Writing) 

● Text Books / reference books and materials 

● Student presentations 

RESOURCES 

● Inderjit (Ed). 2004. Weed Biology and Management. Springer Netherlands 

● Monaco, TJ, Weller SC, Ashton FM. 2002. Weed Science : Principles and 

practices. John Wiley and Sons Inc., New York 

● De Prado R, Jorrin J, and Garcia-Torres L. 1997. Weed and Crop resistance to 

Herbicides. Kluwer academic Publishers, The Netherlands. 

● Heap   I. (2018.).   The international Survey   of Herbicide Resistant 

Weeds. www.weedscience.com 

● Herbicide Handbook of the Weed Science Society of America, 9th Edition. 

2008. http://wssa.net. 

● Devine, M.D., S.O. Duke, and C. Fedtke. 1993. Physiology of Herbicide 

Action. Prentice-Hall, Inc. Englewood, NJ. 441 pp 

● Zimdahl, R L .2007. Fundamentals of Weed Science (Third Edition). Academic 

Press- Elsevier, USA. 

http://www.weedscience.com/
http://wssa.net/
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BIOTECHNOLOGY 
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Course Title with Credit Load for M.Sc. in Molecular Biology and Biotechnology 
 

Course Code Course Title Credit Hours 

 
 

MBB 501 

Major: 20 credits 

(12 credits of core + 8 credits of optional) 

Principles of Biotechnology 

 
 

3+0 

MBB 502 Fundamentals of Molecular Biology* 3+0 

MBB 503 Molecular Cell Biology* 3+0 

MBB 504 Techniques in Molecular Biology I* 0+3 

MBB 505 Omics and Systems Biology* 2+1 

MBB 506 Plant Genetic Engineering 3+0 

MBB 507 Techniques in Molecular Biology II 0+3 

MBB 508 Introduction to Bioinformatics 2+1 

MBB 509 Plant Tissue culture 2+1 

MBB 510 Microbial and Industrial Biotechnology 2+1 

MBB 511 Molecular Plant Breeding 2+1 

MBB 512 IPR, Bio-safety and Bioethics 2+0 

MBB 513 Immunology and Molecular Diagnostics 3+0 

MBB 514 Nano Biotechnology 2+1 

MBB 515 Environmental Biotechnology 3+0 

MBB 516 Bio-entrepreneurship# 1+0 

MBB 517 Stress Biology and Genomics# 2+0 

MBB 518 Gene Regulation# 2+0 

 
Minor (8 credits) – from the following disciplines Biochemistry 
Genetics and Plant Breeding 
Microbiology 
Plant Physiology 
Plant Pathology 
Entomology 
Bioinformatics 
Plant Genetic Resources 

Any other related discipline 

 

Course Code Course Title (L+P) 

Basic Supporting (6 credits) from the following disciplines 
Biochemistry 

Microbiology 

Genetics and Plant Breeding 
Statistics 
Bioinformatics 
Computer Applications 

 
Common courses 5 

MBB591 Master’s Seminar 0+1 

MBB599 Master’s Research 0+30 

 Total 70 

*Core Courses; # New Courses 
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I. Course Title : Principles of Biotechnology 

II. Course Code : MBB 501 

III. Credit Hours : 3+0 

IV. Aim of the course 

● To understand the basics of Molecular biology, plant and microbial 

Biotechnology 
● Importance and applications in agriculture, case studies and success 

stories 

● Public education, perception, IPR and related issues 

V. Theory 

Unit I (12 Lectures) 

History, scope and importance of Biotechnology; Specializations in Agricultural 

Biotechnology: Genomics, Genetic engineering, Tissue Culture, Bio-fuel, Microbial 

Biotechnology, Food Biotechnology etc. Basics of Biotechnology, Primary metabolic 

pathways, Enzymes and their activities. 

Unit II (16 Lectures) 

Structure of DNA, RNA and protein, their physical and chemical properties. 

DNA function: Expression, exchange of genetic material, mutation. DNA modifying 

enzymes and vectors; Methods of recombinant DNA technology; Nucleic acid 

hybridization; DNA/RNA libraries; Applications of gene cloning in basic and applied 

research, Plant transformation: Gene transfer methods and applications of GM crops. 

Unit III (8 Lectures) 

Molecular analysis of nucleic acids -PCR and its application in agriculture and 

industry, Introduction to Molecular markers: RFLP, RAPD, SSR, SNP etc, and their 

applications; DNA sequencing, different methods; Plant cell and tissue culture 

techniques and their applications. Introduction to genomics, transcriptomics, ionomics, 

metabolomics and proteomics. Plant cell and tissue culture techniques and their 

applications. 

Unit IV (12 Lectures) 

Introduction to emerging topics: Genome editing, gene silencing, Plant microbial 

interactions, Success stories in Biotechnology, Careers and employment in 

biotechnology. Public perception of biotechnology; Bio-safety and bioethics issues; 

Intellectual property rights in biotechnology. 

Suggested Reading 

● Watson JD, Baker TA, Bell SP, Gann A, Levine M and Losick R. 2014. Molecular 

Biology of the Gene, 7th edition, Cold Spring Harbor Laboratory Press, New York 

● Brown T A. 2010. Gene Cloning and DNA analysis an Introduction 6th edition, 

Wiley Blackwell 

● Primrose SB and Twyman R. 2006. Principles of gene Manipulation 7th edition, 

Wiley Blackwell 

● Singh BD. 2012. Biotechnology: Expanding Horizons 4th edition, Kalyani 

publisher, New Delhi, India 

I. Course Title : Fundamentals of Molecular Biology 

II. Course Code : MBB 502 

III. Credit Hours : 3+0 
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IV. Aim of the course 

• To understand the basics of DNA, RNA, structure, types and chromatin 

assembly. 

• To get insights into the Central Dogma, basic cellular processes, role 

of mutation and recombination. 

• To understand different levels of gene regulation and the pathways 

involved. 

V. Theory 

● Unit I (8 Lectures) 

Historical developments of molecular biology, Nucleic acids as genetic material, 

Chemistry and Nomenclature of nucleic acids; Structure of DNA: primary 

structure; secondary structure, Forms of DNA: A, B, Z and their function; 

Structure and Types of RNA Genome organization in prokaryotes and 

eukaryotes; DNA Topology; DNA re-association kinetics, Types of repeat 

sequences. 

● Unit II (10 Lectures) 

Central dogma of Molecular Biology; DNA replication- Classical experiments, 

Models of DNA replication; DNA replication, Origin and Steps in DNA 

replication - initiation, elongation and termination; Enzymes and accessory 

proteins and their mechanisms; Eukaryotic DNA replication in brief. Types of 

DNA damages and mutations; DNA repair mechanisms, Recombination: 

Homologous and non-homologous, Genetic consequences. 

● Unit III (8 Lectures) 

Prokaryotic transcription, initiation, elongation and termination, promoters, 

Structure and function of eukaryotic RNAs and ribosomal proteins. Eukaryotic 

transcription – RNA polymerase I, II and III, Elongation and Termination, 

Eukaryotic promoters and enhancers, Transcription factors, Post transcriptional 

processing, Splicing: Catalytic RNAs, RNA stability and transport, RNA editing. 

● Unit IV (10 Lectures) 

Genetic code and its characteristics, Universal and modified genetic code and its 

characteristics, Wobble hypothesis; Translational machinery; Ribosomes in 

prokaryotes and Eukaryotes. Initiation complex formation, Cap dependent and 

Cap independent initiation in eukaryotes, Elongation: translocation, 

transpeptidation and termination of translation; Co- and Post-translational 

modifications of proteins; Translational control; Protein stability -Protein 

turnover and degradation. 

● Unit V (12 Lectures) 

Gene regulation in prokaryotes, Constitutive and Inducible expression, small 

molecule regulators; Operon concept: lac and trp operons, attenuation, 

antitermination, stringent control. Gene regulation in eukaryotes– regulatory 

RNA and RNA interference mechanisms, Silencers, insulators, enhancers, 

mechanism of silencing and activation; Families of DNA binding transcription 

factors: Helix -turn- helix, helix-loop-helix etc. Epigenetic regulations 

Suggested Reading 

● Nelson DL and Cox M.M. 2017. Lehinger’s Principles of Biochemistry, 7th 

edition, W H Freeman Publication New York. 
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● Krebs, J.E., Goldstein, E.S., Kilpatrick, S.T. 2017. Lewin’s Genes XII 12th 

edition, Jones & Bartlett Learning publisher, Inc. 

● Watson, J.D., Baker, T.A., Bell, S.P., Gann, A., Levine, M and Losick R. 2014. 

Molecular Biology of the Gene, 7th edition, Cold Spring Harbor Laboratory 

Press, New York. 

● Alberts, B. 2017. Molecular Biology of the Cell 5th edition, WW Norton & Co, 

Inc. 

● Allison, L.A. 2011. Fundamentals of Molecular Biology. 2nd Edition, John Wiley 

and Sons. 

I. Course Title : Molecular Cell Biology 

II. Course Code : MBB 503 

III. Credit Hours : 3+0 

IV. Aim of the course 

• To understand the basics structure and function of plant and animal cell 

• To get insights into the basic cellular processes, transport, signalling, cell 

movement, cell division and general regulation mechanisms. 

V. Theory 

● Unit I (8 Lectures) 

Origin of life, History of cell biology, Evolution of the cell: endo-symbiotic 

theory, tree of life, General structure and differences between prokaryotic and 

eukaryotic cell; Similarities and distinction between plant and animal cells; 

different kinds of cells in plant and animal tissues. 

● Unit II (8 Lectures) 

Cell wall, cell membrane, structure and composition of bio-membranes, Structure 

and function of major organelles: Endoplasmic reticulum Ribosomes, Golgi 

apparatus, Mitochondria, Chloroplasts, Lysosomes, Peroxisomes, Micro- bodies, 

Vacuoles, Nucleus, Cyto-skeletal elements. 

● Unit III (12 Lectures) 

Membrane transport; Diffusion, osmosis, ion channels, active transport, 

mechanism of protein sorting and regulation of intracellular transport, 

transmembrane and vesicular transport - endocytosis and exocytosis; General 

principles of cell communication: hormones and their receptors, signaling 

through G-protein coupled receptors, enzyme-linked receptors; signal 

transduction mechanisms and regulation, Cell junctions, Cell adhesion, Cell 

movement; Extracellular matrix. 

● Unit IV (10 Lectures) 

Chromatin structure, Cell division and regulation of cell cycle; Mechanisms of 

cell division, Molecular events at M phase, mitosis and cytokinesis, Ribosomes 

in relation to cell growth and division, Extracellular and intracellular Control of 

Cell Division; abnormal cell division: cancer- hallmarks of cancer and role of 

oncogenes and tumor suppressor genes in cancer development - Programmed cell 

death (Apoptosis). 

● Unit V (10 Lectures) 

Morphogenetic movements and the shaping of the body plan, Cell diversification, 

cell memory, cell determination, and the concept of positional values; 

Differentiated cells and the maintenance of tissues and organ 
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development; Stem cells: types and applications; Basics of Animal development 

in model organisms (C. elegans; Drosophila); Plant development. 

Suggested Reading 

● Alberts, B. 2017. Molecular Biology of the Cell 5th edition, WW Norton & Co, 

Inc. 

● Lodish, H., Berk, A., Kaiser, C.A., Krieger, M., Bretscher, A., Ploegh, H., Amon, 

A., Martin, K.C., 2016. Molecular Cell Biology 8th Edition. W.H. Freeman & 

Co. New York. 

● Alberts, B., Bray, D., Lewis, J., Raff, M., Roberts, K., Hopkin, K., Johnson, A., 

Walter, P., 2013 Essential of Cell Biology, WW Norton & Co, Inc. 

● Cooper, G.M. and Hausman, R.E. 2013. The cell: A Molecular Approach 6th 

edition, Sinauer Associates, Inc. 

I. Course Title : Techniques in Molecular Biology I 

II. Course Code : MBB 504 

III. Credit Hours : 0+3 

IV. Aim of the course 

● To get a basic overview of molecular biology techniques, good lab 

practices and recombinant DNA technology 

● To get a hands on training in chromatography, protein analysis, 

nucleic acid analysis, bacterial and phage genetics 

Practicals 

● Good lab practices, preparation of buffers and reagents. 

● Principle of centrifugation and spectrophotometry. 

● Growth of bacterial culture and preparation of growth curve, Isolation of 

Genomic DNA from bacteria. 

● Isolation of plasmid DNA from bacteria. 

● Growth of lambda phage and isolation of phage DNA. 

● Isolation and restriction of plant DNA (e.g. Rice / Moong / Mango / Merigold). 

● Quantification of DNA by (a) Agarose Gel electrophoresis and (b) 

Spectrophotometry 

● PCR using isolated DNA. 

● PAGEGel electrophoresis. 

● Restriction digestion of plasmid and phage DNA, ligation, Recombinant DNA 

construction. 

● Transformation of E. coli and selection of transformants 

● Chromatographic techniques 

a. TLC 

b. Gel Filtration Chromatography, 

c. Ion exchange Chromatography, 

d. Affinity Chromatography 

o Dot blot analysis, Southern hybridization, Northern hybridization. 

o Western blotting and ELISA. 

o Radiation safety and non-radio isotopic procedure. 
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Suggested Reading 

● Sambrook, J., and Russell, R.W. 2001. Molecular Cloning: A Laboratory Manual 

3rd Edition, Cold spring harbor laboratory press, New York. 

● Wilson, K., and Walker, J., 2018. Principles and Techniques of Biochemistry and 

Molecular Biology 8th edition, Cambridge University Press. 

● Ausubel FM, Brent R, Kingston RE, Moore DD, Seidman JG, Smith JA and 

Struhl K. 2002. Short Protocols in Molecular Biology 5th edition, Current 

Protocols publication. 

I. Course Title : Omics and Systems Biology 

II. Course Code : MBB 505 

III. Credit Hours : 2+1 

IV. Aim of the course 

● To get a basic overview of genomics, proteomics, ionomics and metabolomics 

● To get a primary information on the application of omics science across the 

industry 

V. Theory 

● Unit I (8 Lectures) 

Different methods of genome sequencing, principles of various sequencing 

chemistries, physical and genetic maps, Comparative and evolutionary genomics, 

Organelle genomics, applications in phylogenetics, case studies of completed 

genomes, preliminary genome data analysis, basics of ionomics analysis, 

different methods 

● Unit II (6 Lectures) 

Protein-basics: primary-, secondary- and tertiary structure, Basics of X-ray 

crystallography and NMR, Principal and Applications of mass spectrometry, 

Proteomics: Gel based and gel free, Basics of software used in proteomics, 

MASCOT, PD-Quest, etc., Study of protein interactions, Prokaryotic and yeast- 

based expression system and purification 

● Unit III (6 Lectures) 

Metabolomics and its applications, Use of 1D/2D NMR and MS in metabolome 

analysis, Multivariate analysis and identification of metabolite as biomarkers, 

Study of ionome using inductively coupled plasma – mass spectroscopy (ICP- 

MS), X-Ray Fluorescence (XRF), Neutron activation analysis (NAA), Data 

integration using genome, transcriptome, proteome, metabolome and ionome 

with phenome. 

● Unit IV (6 Lectures) 

Introductory systems Biology - The biochemical models, genetic models and 

systems model, Molecules to Pathway, Equilibrium binding and cooperatively – 

Michaelis- Menten Kinetics, Biological oscillators, Genetic oscillators, Quorum 

Sensing, Cell-cell communication, Drosophila Development, Pathways to 

Network, Gene regulation at a single cell level, transcription network, 

REGULATORY CIRCUITS, Negative and positive auto-regulation, Alternative 

Stable States, Bimodal Switches, Network building and analysis 

Practical (12) 

● Isolation of HMW DNA and a brief overview of sequencing, Primary information 

on genome data analysis. 
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● BSA Standard curve preparation, Extraction of protein and estimation methods. 

● Quantification of proteins from different plant tissues using spectrophotometry. 

● 2-D Gel Electrophoresis, 2-D Image analysis. 

● Experiments on protein-protein interaction (Yeast 2-hybrid, Split Ubiquitin 

system). 

● Demonstration on MALDI-TOF. 

● Demonstration of ICP-MS, AAS, Nitrogen estimation using various methods. 

Suggested Reading 

● Primrose, S.B. and Twyman, R. 2006. Principles of Gene Manipulation 7th 

edition, Wiley Blackwell 

● Wilson, K., and Walker, J. 2018. Principles and Techniques of Biochemistry 

and Molecular Biology 8th Edition, Cambridge University Press. 

I. Course Title : Plant Genetic Engineering 

II. Course Code : MBB 506 

III. Credit Hours : 3+0 

IV. Aim of the course 

● To get a basic overview of molecular cloning, vectors and genomic library 

construction. 

● To get anoverview of PCR and its applications, sequencing, gene knockouts, 

transgenics etc. 

V. Theory 

● Unit I (10 Lectures) 

Historical background, Restriction Enzymes; DNA Modifying enzymes, ligase, 

T4 DNA polymerase, Polynucleotide kinase etc, Cohesive and blunt end ligation; 

Labeling of DNA: Nick translation, Random priming, Radioactive and non-

radioactive probes, Hybridization techniques: Northern, Southern and Colony 

hybridization, Fluorescence in situ hybridization; Chromatin 

Immunoprecipitation; DNA-Protein Interactions: Electromobility shift assay. 

● Unit II (14 Lectures) 

Plasmids; Bacteriophages; M13, Phagemids; Lambda vectors; Insertion and 

Replacement vectors; Cosmids; Artificial chromosome vectors (YACs; BACs); 

Animal Virus derived vectors-SV-40; Expression vectors; pMal, pET-based 

vectors; Protein purification; His-tag; GST-tag; MBP-tag, etc.; Baculovirus 

vectors system, Plant-based vectors, Ti and Ri plasmids as vectors, Yeast vectors, 

Shuttle vectors. Transformation; Construction of libraries; Isolation of mRNA 

and total RNA; cDNA and genomic libraries; cDNA and genomic cloning, 

Jumping and hopping libraries, Protein-protein interactive cloning and Yeast two-

hybrid system; Phage display; Principles in maximizing gene expression; Codon 

optimization for heterologous expression. Introduction of DNA into mammalian 

cells; Transfection techniques 
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● Unit III (12 Lectures) 

Principles of PCR, Primer design, DNA polymerases, Types of PCR – multiplex, 

nested, reverse transcriptase, real time PCR, touchdown PCR, hot start PCR, 

colony PCR, cloning of PCR products; T- vectors; Applications of PCR in gene 

recombination, Site-specific mutagenesis, in molecular diagnostics; Viral and 

bacterial detection; Mutation detection: SSCP, DGGE, RFLP, Oligo Ligation 

Assay. 

● Unit IV (12 Lectures) 

Genetic transformation of plants: DNA delivery – Agrobacterium mediated 

method. Direct DNA delivery – chemical mediated electroporation and particle 

bombardment. Vectors and transgene design - Promoters and Marker genes. 

Chloroplast transformation. Development of marker-free plants. Analysis of 

transgenic plants – molecular and Biochemical assays, genetic analysis - 

Identification of gene integration site - Advance methods – cis genesis, 

intragenesis and targeted genome modification – ZFN, TALENS and CRISPR. 

Application of transgenic technology. 

Suggested Reading 

● Brown, T.A. 2010. Gene Cloning and DNA Analysis an Introduction. 6th 

edition, Wiley Blackwel. 

● Primrose, S.B. and Twyman, R. 2006. Principles of Gene Manipulation 7th 

edition, Wiley Blackwell. 

● Sambrook, J., and Russell, R.W. 2001. Molecular cloning: A laboratory manual 

3rd Edition, Cold spring harbor laboratory press, New York. 

● Wilson, K., and Walker, J. 2018. Principles and Techniques of Biochemistry 

and Molecular Biology 8th Edition, Cambridge University Press. 

I. Course Title : Techniques in Molecular Biology II 

II. Course Code : MBB 507 

III. Credit Hours : 0+3 

IV. Aim of the course 

● To get a basic overview of molecular biology techniques, good lab practices 

and molecular markers. 

● To get a hands on training in RNAi, microarrays, yeast2 hybrid and 

immunological techniques. 

V. Practicals 

● Construction of gene libraries (cDNA and Genomics). 

● Synthesis and cloning of cDNA. 

● Real time PCR and interpretation of data. 

● Molecular markers 

i. RAPD. 

ii. SSR. 

iii. AFLP / ISSR and their analysis. 

● Case study of SSR markers - construction of linkage map. 
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● QTL analysis using genotypic data based on SSR. 

● SNP identification and analysis. 

● Microarray studies and use of relevant software. 

● Proteomics 

i. 2D gels, 

ii. Mass spectrometry 

● RNAi - designing of construct, phenotyping of the plant. 

● Yeast 1 and 2-hybrid interaction. 

● Generation and screening of mutants. 

● Transposon mediated mutagenesis. 

● Immunology and molecular diagnostics: Ouchterlony double diffusion, 

● Immunoprecipitation, Radiation Immunodiffusion, Immunoelectrophoretic, 

Rocket 

● Immunoelectrophoretic, Counter Current Immunoelectrophoretic, ELISA, Latex 

● Agglutination, Immunohistochemistry. 

Suggested Reading 

● Wilson, K., and Walker, J. 2018. Principles and Techniques of Biochemistry and 

Molecular Biology 8th Edition, Cambridge University Press 

● Bonifacino, J. S., Dasso, M., Harford, J. B., Liipincott-Schwartz, J., and Yamada, 

K. M. 2004. short protocols in Cell Biology. John Wiley & Sons, New Jersey 

● Hawes, C., and Satiat-Jeunemaitre, B. 2001. Plant Cell Biology: Practical 

Approach. Oxford University Press, Oxford 

● Sawhney, S.K., Singh, R. 2014. Introductory Practical Biochemistry, Alpha 

science international limited 

I. Course Title : Introduction to Bioinformatics 

II. Course Code : MBB 508 

III. Credit Hours : 2+1 

IV. Aim of the course 

● To get a basic overview of computational techniques related to DNA, RNA and 

protein analysis. 

● To get a hands on training in software’s and programs used to analyse, assemble 

or annotate genomes, phylogenetics, proteomics etc. 

V. Theory 

● Unit I (8 Lectures) 

Bioinformatics basics, scope and importance of bioinformatics; Biological 

databases for DNA and Protein sequences -PIR, SWISSPROT, GenBank, DDBJ, 

secondary database, structural databases –PDB, SCOP and CATH, Specialized 

genomic resources, Microarray database. 

● Unit II (10 Lectures) 

Bioinformatics Tools Facilitate the Genome-Wide Identification of Protein- 

Coding Genes, Sequence analysis, Sequence submission and retrieval system- 

SEQUIN, BANKit, SAKURA, Webin, Sequence alignment, pair wise alignment 

techniques, multiple sequence alignment; Tools for Sequence 
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alignment- BLAST and its variants; Phylogenetic analysis- CLUSTAL X, 

CLUSTAL W, Phylip, Tcoffee 

● Unit III (10 Lectures) 

Sequencing of protein; Protein secondary structure prediction- Chousfasman, 

GOR Method, Protein 3DStructure Prediction: Evaluation of models- Structure 

validation and refinement - Ramachandran plot, Force field calculations, SAVES. 

Protein function prediction- sequence and domain based, Primer designing- 

principles and methods.Drug discovery, Structure Based Drug Design- Rationale 

for computer-aided drug designing, basic principles, docking, QSAR. 

Practical (12 Lectures) 

● Usage of NCBI resources 

● Retrieval of sequence/structure from databases and submission 

● Different Databases, BLAST exercises. 

● Assembly of DNA and RNA Seq data 

● Annotation of assembled sequences,Phylogenetics and alignment 

● Visualization of structures, Docking of ligand receptors 

● Protein structure analysis and modeling 

Suggested Reading 

● Attwood, T.K., and Parry-Smith, D. J. 2004. Introduction to Bioinformatics, 

Pearson Education (Singapore) Pvt. Ltd. 

● David Edwards (Ed.) 2007. Plant Bioinformatics: Methods and Protocols. 

Humana Press, New Jersey, USA. Biotechnology and Bioinformatics: Molecular 

Biology and Biotechnology 

● Mount, D.W. 2004. Bioinformatics: Sequence and Genome Analysis. 2nd 

Revised edition Cold Spring Harbor Laboratory Press, U.S. 

● Pevsner J. 2009. Bioinformatics and Functional Genomics, 2nd edition, Wiley- 

Blackwell. 

I. Course Title : Plant Tissue Culture 

II. Course Code : MBB 509 

III. Credit Hours : 2+1 

IV. Aim of the course 

● To provide insight into principles of plant cell culture and genetic 

transformation. 

● To get a hands on training in basic plant tissue culture techniques, 

callusing, micropropagation and analysis. 

V. Theory 

● Unit I (12 Lectures) 

History of plant tissue culture, principle of Totipotency; Tissue culture media; 

Plant hormones and morphogenesis; Direct and indirect organogenesis; Direct 

and indirect somatic embryogenesis; Applications of plant tissue culture; 

National certification and Quality management of TC plants; Genetic Fidelity 

testing and Virus indexing methods – PCR, ELISA 
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● Unit II (12 Lectures) 

Micropropagation of field and ornamental crops; Virus elimination by meristem 

culture, meristem tip culture and micrografting; Androgenesis and gynogenesis 

- production of androgenic and gynogenic haploids - diploidization; Protoplast 

culture - isolation and purification; Protoplast culture; Protoplast fusion; Somatic 

hybridization - Production of Somatic hybrids and Cybrids; Wide hybridization - 

embryo culture and embryo rescue techniques; Ovule, ovary culture and 

endosperm culture. 

● Unit III (12 Lectures) 

Large-scale cell suspension culture - Production of alkaloids and other secondary 

metabolites- techniques to enhance secondary metabolite production, Somaclonal 

and gametoclonal variations – causes and applications; Callus culture and in vitro 

screening for stress tolerance; Artificial seeds, In vitro germplasm storage and 

cryo-preservation. Commercial Tissue Culture: Case studies and success stories, 

Market assessment; project planning and preparation, economics, government 

policies 

Practical (12) 

● Preparation of stocks - macronutrients, micronutrients, vitamins and hormones, 

filter sterilization of hormones and antibiotics. Preparation of Murashige and 

Skoog medium. 

● Micro-propagation of plants by nodal and shoot tip culture. 

● Embryo culture to overcome incompatibility, Anther culture for haploid 

production. 

● Callus induction in tobacco leaf discs, regeneration of shoots, root induction, 

role of hormones in morphogenesis. 

● Acclimatization of tissue culture plants and establishment in greenhouse. 

● Virus indexing in tissue culture plants. (Using PCR and ELISA). 

● Plan of a commercial tissue culture unit. 

Suggested Reading 

● Razdan, M.K. 2003. Introduction to plant tissue culture, 2nd edition, Oxford 

publications group 

● Butenko, R.G. 2000. Plant Cell Culture University Press of Pacific 

● Herman, E.B. 2008. Media and Techniques for Growth, Regeneration and 

Storage, Agritech Publications, New York, USA. 

● Bhojwani, S.S and Dantu P. 2013. Plant Tissue Culture – An Introductory Text. 

Springer Publications. 

● Gamborg, O.L and G.C. Philips (eds.). 2013. Plant Cell, Tissue and Organ 

culture-Lab Manual. Springer Science & Business media. 

I. Course Title : Microbial and Industrial Biotechnology 

II. Course Code : MBB 510 

III. Credit Hours : 2+1 

IV. Aim of the course 

● To familiarize about the various microbialprocesses/systems/activities, which 

have been used for the development of industrially important products/processes. 
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V. Theory 

● Unit (8 Lectures) 

Introduction, scope and historical developments; Isolation, screening and genetic 

improvement (involving classical approaches) of industrially important 

organisms. 

● Unit II (8 Lectures) 

Primary metabolites, production of industrial ethanol as a case study; Secondary 

metabolites, bacterial antibiotics and non-ribosomal peptide antibiotics as case 

study; Recombinant DNA technologies for microbial processes; Strategies for 

development of industrial microbial strains with scale up production capacities; 

Metabolic pathway engineering of microbes for production of novel product for 

industry. 

● Unit III (8 Lectures) 

Microbial enzymes, role in various industrial processes, production of fine 

chemicals for pharmaceutical industries; Bio-transformations, Bio- 

augmentation with production of vitamin C as a case study; Bioreactors, their 

design and types; Immobilized enzymes-based bioreactors; Microencapsulation 

technologies for immobilization of microbial enzymes. 

● Unit IV (8 Lectures) 

Environmental Biotechnology, biotreatment for pollution control, treatment of 

industrial and other wastes, biomass production involving single cell protein; 

Bioremediation of soil; Production of eco-friendly agricultural chemicals, bio- 

pesticides, bio-herbicides, bio-fertilizers, bio-fuels, etc. 

Practical 

● Isolation of industrially important microorganisms, their maintenance and 

improvement. 

● Lab scale production of industrial compounds such as alcohol, beer, citric acid, 

lactic acid and their recovery. 

● Study of bio-reactors and their operations. 

● Production of bio-fertilizers. 

● Experiments on microbial fermentation process  of antibiotics, bio-pigments, 

dairy products, harvesting purification and recovery of end products. 

● Immobilization of cells and enzymes, studies on its kinetic behavior, growth 

analysis and Biomass estimation. 

● Determination of mass transfer coefficient. 

Suggested Reading 

● Waites, M.J., Morgan, N.L., Rockey, J.S., Higton, G. 2001. Industrial 

Microbiology: An Introduction, Wiley-Blackwell. 

● Slater, A., Scott, N.W., & Fowler, M.R. 2003. The Genetic Manipulation of 

Plants. Plant Biotechnology Oxford, England: Oxford University Press. 

● Kun, L.Y. (Ed.). 2003. Microbial biotechnology: principles and applications. 

World Scientific Publishing Company. 

I. Course Title: Molecular Plant Breeding 

II. Course Code : MBB 511 

III. Credit Hours : 2+1 

IV. Aim of the course 
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● To familiarize the students about the use of molecular biology tools 

in plant breeding. 

● To provide a hands on training in data analysis, diversity analysis 

and mapping of genes and QTLs. 

V. Theory 

● Unit I (8 Lectures) 

Inheritance of qualitative and quantitative traits. Heritability – its estimation, 

Population structure of self- and cross-pollinated species, Factors affecting 

selection efficiency. Development of different kinds of segregating populations 

– F2, F3, BC1F1, BC1F2, BC4F2, RIL (Recombinant Inbred Lines), AIL 

(Advanced Intercrossed Lines), DH (Di-haploid population), NIL (Near Isogenic 

lines), NAM (Nested Association Mapping), MAGIC (Multi-parent Advanced 

Generation Intercross population). 

● Unit II (8 Lectures) 

Causes of sequence variation and its types, Types of molecular markers and 

development of sequence based molecular markers – RFLP, AFLP, SCARs, 

CAPS, SSRs, STMS, SNPs InDel and DARTseq; Inheritance of markers, 

Linkage analysis using test cross, F2, F3, BC1F1, RIL. Construction of genetic 

map, Mapping genes for qualitative traits; Genotyping by sequencing and high- 

density chip arrays. 

● Unit III (8 Lectures) 

QTL mapping using structured populations; Association mapping using 

unstructured populations; Genome Wide Association Studies (GWAS), Principle 

of Association mapping– GWAS-SNP genotyping methods, DART array 

sequencing, Illumina’s Golden Gate Technology, Genotyping by sequencing 

methods- Fluidigm; GBS, Illumina Hi seq- Nanopore sequencing, Principles and 

methods of Genomic Selection, Fine mapping of genes/QTL; Development of 

gene based markers; Allele mining by TILLING and Eco- TILLING. 

● Unit IV (8 Lectures) 

Tagging and mapping of genes. Bulk segregant and co-segregation analysis, 

Marker-assisted selection (MAS); Linked, unlinked, recombinant, flanking, peak 

markers. Foreground and background selection; MAS for gene introgression and 

pyramiding: MAS for specific traits with examples. Haplotype concept and 

Haplotype-based breeding; Genetic variability and DNA fingerprinting. 

Molecular markers in Plant variety protection, IPR issues, hybrid purity testing, 

clonal fidelity testing and transgenic testing. 

Practical 

● Construction of linkage map. 

● QTL analysis using the QTL cartographer and other software. 

● SNP data analysis using TASEEL. 

● Detection of haplotype block using SNP data - pLinksoftware. 

● Genotyping by sequencing methods –Illumina genotyping platform. 

● Marker assisted breeding – MABB case studies quality traits in rice/maize. 

● Genome Assisted Breeding in model crops, Genomic Selection models using 

the morphological and SNP data 
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Suggested Reading 

● Acquaah, G. 2007. Principles of Plant Genetics and Breeding, Blackwell 

Publishing Ltd. USA. 

● Weising, K., Nybom, H., Wolff, K., and Kahl, G. 2005. DNA Fingerprinting in 

Plants: Principles, Methods and Applications, 2nd ed. Taylor and Francis Group, 

Boca Raton, FL. 

● Halford, N. 2006. Plant Biotechnology-Current and future applications of 

genetically modified crops, John Wiley and Sons, England. 

● Singh, B. D. and Singh, A. K. 2015. Marker-Assisted Plant Breeding: Principles 

and Practices Springer (India) Pvt. Ltd. 

● Boopathi, NM. 2013. Genetic Mapping and Marker Assisted Selection: Basics, 

Practice and Benefits. Springer India. p293. 

I. Course Title : IPR, Bio-safety & Bioethics 

II. Course Code : MBB 512 

III. Credit Hours : 2+0 

IV. Aim of the course 

• To familiarize the students about ethical and biosafety issues in plant 

biotechnology. 

V. Theory 

● Unit I (10 Lectures) 

IPR: historical background in India; trade secret; patent, trademark, design& 

licensing; procedure for patent application in India; Patent Cooperation Treaty 

(PCT); Examples of patents in biotechnology-Case studies in India and abroad; 

copyright and PVP; Implications of IPR on the commercialization of 

biotechnology products, ecological implications; Trade agreements- The WTO 

and other international agreements, and Cross border movement of germplasms. 

● Unit II (8 Lectures) 

Biosafety and bio-hazards; General principles for the laboratory and 

environmental-safety; Biosafety and risk assessment issues; handling and 

disposal of biohazards; Approved regulatory laboratory practice and principles, 

The Cartagena Protocol on biosafety; Biosafety regulations in India; national 

Biosafety Policy and Law; Regulations and Guidelines related to Biosafety in 

other countries 

● Unit III (8 Lectures) 

Potential concerns of transgenic plants – Environmental safety and food and feed 

safety. Principles of safety assessment of Transgenic plants – sequential steps in 

risk assessment. Concepts of familiarity and substantial equivalence. Risk - 

Environmental risk assessment – invasiveness, weediness, gene flow, horizontal 

gene transfer, impact on non-target organisms; food and feed safety assessment – 

toxicity and allergenicity. Monitoring strategies and methods for detecting 

transgenics. 

● Unit IV (6 Lectures) 

Field trials – Biosafety research trials – standard operating procedures, labeling 

of GM food and crop,Bio-ethics- Mankind and religion, social, spiritual & 

environmental ethics; Ethics in Biotechnology, labeling of GM food and crop; 

Biopiracy 

Suggested Reading 
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● Goel, D. and Parashar, S. 2013. IPR, biosafety, and bioethics. 

● Joshi, R. 2006. Biosafety and Bioethics. 

● Nambisan, P. 2017. An Introduction to Ethical, Safety and Intellectual Property 

Rights Issues in Biotechnology. 
 

I. Course Title : Immunology and Molecular Diagnostics 

II. Course Code : MBB 513 

III. Credit Hours : 3+0 

IV. Theory  

● Unit I (6 Lectures)  

Immunity and its classification; Components of innate and acquired immunity; 

Lymphatic system; Hematopoiesis; Organs and cells of the immune system- 

primary, secondary and tertiary lymphoid organs Descriptions of Antigens - 

immunogens, hapten and adjuvants. 

● Unit II (12 Lectures) 

Immunoglobulins-basic structure, classes & subclasses of immunoglobulins, 

antigenic determinants; Multigene organization of immunoglobulin genes; B- cell 

receptor; Immunoglobulin superfamily; Principles of cell signaling; Basis of self 

and nonself discrimination; Kinetics of immune response, memory; B cell 

maturation, activation and differentiation; Generation of antibody diversity; T-

cell maturation, activation and differentiation and T-cell receptors; Functional T 

Cell Subsets; Cell-mediated immune responses, ADCC; Cluster of 

Differentiations (CDs), Cytokines properties, receptors and therapeutic uses. 

● Unit III (8 Lectures) 

Phagocytosis; Complement and Inflammatory responses; Major 

Histocompatibility Complex - MHC genes, MHC and immune responsiveness 

and disease susceptibility, HLA typing; Antigen processing and presentation- 

endogenous antigens, exogenous antigens, non-peptide bacterial antigens and 

super-antigens; Cell-cell co-operation, Hapten-carrier system 

● Unit IV (10 Lectures) 

Precipitation, agglutination and complement-mediated immune reactions; 

Advanced immunological techniques – RIA, ELISA, Western blotting, ELISPOT 

assay, immunofluorescence, flow cytometry and immunoelectron microscopy; 

Surface plasmon resonance, Biosenor assays for assessing ligand – receptor 

interaction, CMI techniques- lymphoproliferation assay, Mixed lymphocyte 

reaction, Cell Cytotoxicity assays, Apoptosis, Transgenic mice, Gene knock outs 

● Unit V (12 Lectures) 

Active and passive immunization; Live, killed, attenuated, sub unit vaccines; 

Vaccine technology- Role and properties of adjuvants, recombinant DNA and 

protein based vaccines, plant-based vaccines, Antibody genes and antibody 

engineering- chimeric and hybrid monoclonal antibodies, Immunity to Infection, 

Bacteria, viral, fungal and parasitic infections, Hypersensitivity – Type I-IV; 

Autoimmunity; Types of autoimmune diseases, MHC and TCR in autoimmunity; 

Transplantation, Immunological basis of graft rejection, immunosuppressive 

therapy; Tumor immunology – Tumor antigens. 

Suggested Reading 

● Owen J.A., Punt, J., & Stranford, S. A. 2013. Kuby immunology (p. 692). New 
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York: WH Freeman. 

● Kenneth, M., and Weaver, C. 2017. Janeways Immunobiology, 9th Edition, 

New York, USA: Garland Science, Taylor & Francis publisher. 

● William, P. 2013. Fundamental of Immunology, 7th edition, Lippencott, 

William and Wilkins publisher. 

I. Course Title : Nano Biotechnology 

II. Course Code : MBB 514 

III. Credit Hours : 2+1 

IV. Aim of the course 

● Understanding the molecular techniques involved in structure and functions 

of nano-biomolecules in cells such as DNA, RNA and proteins. 

V. Theory 

● Unit I (8 Lectures) 

Introduction to Nanotechnology - Nanomaterials - Self-assembly to artificial 

assembly for creation of useful nanostructures – Bottoms up and Top down 

approach (Nano rods, nano cages, nanotubes, quantum dots, nanowires, metal/ 

polymer-based nanostructures) – Preparation and Characterization of 

nanoparticles (particle size analyzer, microscopy, viz. electron microscopy, 

atomic force microscopy, etc). 

● Unit (8 Lectures) 

Cell structure – Bio macromolecules: Types, Structure, Dynamics and interaction 

with water – Cellular nano machines – cellular transducers, membrane channels, 

membrane transporters, Membrane motors – Creation of bio-nanostructures 

(Nano liposomes, Nano micelles, Nanomotors, etc). 

● Unit III (8 Lectures) 

Chemical, physical and biological properties of biomaterials and bio response: 

biomineralization, biosynthesis, and properties of natural materials (proteins, 

DNA, and polysaccharides), structure-property relationships in polymeric 

materials (synthetic polymers and structural proteins); Aerosol properties, 

application and dynamics; Statistical Mechanics in Biological Systems, 

● Unit (8 Lectures) 

Nanoparticular carrier systems; Micro- and Nano-fluidics; Drug and gene 

delivery system; Microfabrication, Biosensors, Chip technologies, Nano- 

imaging, Metabolic engineering and Gene therapy. 

Practical 

● Isolation of enzymes and nucleic acids involved in biosynthesis of 

nanomaterials 

● Synthesis of Gold/silver Nanoparticles by biogenic methods, Synthesis of 

micelles and inverse micelles 

● Synthesis of Carbon Nano-materials by Chemical Vapor Deposition and 

Sputtering technique 

● Preparation of thiolate silver nanoparticles, Purification and measurement of 

carbon 

● nano materials 

● Zinc selenide quantum dot preparation, Synthesis of Iron Oxide Nanoparticle 

● Thin film preparation by spin coating technique, Synthesis of Nickel metal 
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nanoparticle by urea decomposition method 

● Synthesis of Zinc Oxide nanoparticle 

Suggested Reading 

● Nalwa, H.S. 2005. Handbook of Nanostructured Biomaterials and Their 

Applications in Nanobiotechnology. American Scientific Publications. 

● Niemeyer C.M. and Mirkin C.A. (Eds) 2005. Nanobiotechnology: Concepts 

Applications and Perspectives, Wiley Inter-science publications. 

● Cao, G., and Wang, Y. 2004. Nanostructures and Nanomaterials: Synthesis, 

Properties and Applications, Imperial College Press. 

I. Course Title : Environmental Biotechnology 

II. Course Code : MBB 515 

III. Credit Hours : 3+0 

IV. Aim of the course 

● To apprise the students about the role of biotechnology in environment 

management for sustainable eco-system and human welfare. 

V. Theory 

● Unit I (8 Lectures) 

● Basic concepts and environmental issues; types of environmental pollution; 

problems arising from high-input agriculture; methodology of environmental 

management; air and water pollution and its control; waste water treatment - 

physical, chemical and biological processes; need for water and natural resource 

management. 

● Unit II (8 Lectures) 

Microbiology and use of micro-organisms in waste treatment; biodegradation; 

degradation of Xenobiotic, surfactants; bioremediation of soil & water 

contaminated with oils, pesticides and toxic chemicals, detergents etc; aerobic 

processes (activated sludge, oxidation ditches, trickling filter, rotating drums, 

etc); anaerobic processes: digestion, filtration, etc. 

● Unit III (8 Lectures) 

Renewable and non-Renewable resources of energy; energy from solid waste; 

conventional fuels and their environmental impact; biogas; microbial hydrogen 

production; conversion of sugar to alcohol; gasohol; biodegradation of lignin and 

cellulose; biopesticides; biofertilizers; composting; vermiculture etc. 

● Unit IV (8 Lectures) 

Treatment schemes of domestic waste and industrial effluents; food, feed and 

energy from solid waste; bioleaching; enrichment of ores by microorganisms; 

global environmental problems: ozone depletion, UV-B, greenhouse effects, and 

acid rain; biodiversity and its conservation; biotechnological approaches for the 

management environmental problems. 

Suggested Reading 

● Evans, G. M. and Furlong, J. C. 2010. Environmental Biotechnology: Theory 

and Application. 2nd edition, Wiley-Blackwell. 

● Jordening HJ and Winter J. 2006. Environmental Biotechnology: Concepts and 

Applications. Wiley-VCH Verlag. 

I. Course Title : Bio-entrepreneurship 

II. Course Code : MBB 516 
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III. Credit Hours : 1+0 

IV. Aim of the course 

The objective of this course is to teach students about fundamentals of 

entrepreneurship, launching a venture or a start up in biotechnology-based theme. 

V. Theory 

● Unit I (4 Lectures) 

Scope in biotechnology; types of bio-industries – bio-pharma, bio-agri, bio- 

services and bio-industrial; Importance of entrepreneurship; introduction to 

bioentrepreneurship – biotechnology on a global scale; –skills for successful 

entrepreneur–creativity, leadership, managerial, team building, decision making; 

opportunities for bio-entrepreneurship- entrepreneurship development programs 

of public and private agencies (MSME, DBT, BIRAC, Startup & Make in India) 

● Unit II (4 Lectures) 

Business plan preparation; business feasibility analysis by SWOT, socio- 

economic costs benefit analysis; funds/ support from various agencies; statutory 

and legal requirements for starting a company/ venture. 

● Unit III (4 Lectures) 

Entry and exit strategy; identifying needs of customers; Market linkages, 

branding issues; developing distribution channels - franchising; policies, 

promotion, advertising; branding and market linkages for ‘virtual startup 

company’. Pricing strategy. 

● Unit IV (4 Lectures) 

Knowledge centers e.g., in universities, innovation centres, research institutions 

(public & private) and business incubators; R&D for technology development 

and upgradation; assessment of technology development; managing technology 

transfer; 

Suggested Reading 

● Adams, D.J. and Sparrow, J.C. 2008. Enterprise for Life Scientists: Developing 

Innovation and Entrepreneurship in the Biosciences. Bloxham: Scion. 

● Shimasaki, C.D. 2014. Biotechnology Entrepreneurship: Starting, Managing, 

and Leading Biotech Companies. Amsterdam: Elsevier. Academic Press is an 

imprint of Elsevier. 

● Onetti, A., and Zucchella, A. 2014. Business Modeling for Life Science and 

Biotech Companies: Creating Value and Competitive Advantage with the 

Milestone Bridge. Routledge. 

● Jordan, J. F. 2014. Innovation, Commercialization, and Start-Ups in Life 

Sciences. London: CRC Press. 

● Desai, V. 2009. The Dynamics of Entrepreneurial Development and 

Management. New Delhi: Himalaya Pub. House. 

I. Course Title : Stress Biology and Genomics 

II. Course Code : MBB 517 

III. Credit Hours : 2+0 

IV. Aim of the course 

To provide advanced knowledge on genomics with reference to abiotic stress 
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tolerance and biotic stress resistance in plants tolerance. 

V. Theory 

● Unit I (10 Lectures) 

Different kinds of stresses (biotic and abiotic) and adaptation strategies: Plant cell 

as a sensor of environmental changes; role of cell membranes in signal 

perception; Ways of signal transduction in cells and whole plants as a response 

to external factors. Abiotic stresses affecting plant productivity – Drought, 

salinity, water logging, temperature stresses, light stress and nutrient stress; 

Drought stress – Effects on plant growth and development; Components of 

drought resistance; Physiological, biochemical and molecular basis of tolerance 

mechanisms; Biotic stress (insect and pathogen) resistance mechanism. 

● Unit II (12 Lectures) 

Strategies to manipulate drought tolerance – Osmotic adjustment and 

Osmoprotectants - synthesis of proline, glycine betaine, poly amines and sugars; 

ROS and antioxidants; hormonal metabolism - ABA signaling; signaling 

components – transcription factors. Water logging stress – effects on plant growth 

and metabolism; adaptation to water logging, tolerance mechanisms - hormones 

and flooding tolerance. Strategies for improving submergence tolerance. Salinity 

stress - effects on physiology and metabolism of plants, SOS pathways and ion 

homeostasis,Strategies to improve salinity tolerance in plants. Water logging 

stress - effects on plant growth and metabolism; tolerance mechanisms. 

Physiological and biochemical changes – High & Low temperature tolerance 

mechanisms - molecular basis of thermo tolerance. Morphological and 

physiological changes in plants due to high and low light stresses - photo 

oxidation -plastid development. Characters of heliophytes and sciophytes – solar 

tracking – sieve effect and light channeling. Heavy metal stress – Al and Cd stress 

- effects on plant growth and development, biotech Strategies to overcome heavy 

metal stress Nutrient stress effects on plant growth and development. Genetic 

manipulation strategies to overcome the stress effects. 

● Unit III (10 Lectures) 

Genomics; transcriptomes, small RNAs and epigenomes; functional genomics; 

transfer of tolerance/resistant genes to model plants and validation of gene 

function. Different techniques for the functional validation of genes. Signalling 

pathway related to defense gene expression, R proteins, RNAi approach and 

genes from pathogens and other sources, coat protein genes, detoxification genes, 

transgenic and disease management. Bt proteins, resistance management 

strategies in transgenic crops, ecological impact of field release of transgenic 

crops. Bioinformatics approaches to determine gene function and network in 

model plants under stress. 

Suggested Reading 

● Buchanan, B.B., Gruissem, W. and Jones R. 2015. Biochemistry and Molecular 

Biology of Plants, 2nd edition, Wiley and Blackwell Publications. 

● Sarwat, M., Ahmad, A., Abdin, M.Z. 2013. Stress Signaling in Plants: 

Genomics and Proteomics Perspective, Volume 1, Springer. 

● Heribert Hirt. 2010. Plant Stress Biology: From Genomics to Systems Biology, 

John Wiley. 

● Pandey, G.K. 2015. Elucidation of Abiotic Stress Signaling in Plants, Stringer. 
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I. Course Title : Gene Regulation 

II. Course Code : MBB 518 

III. Credit Hours : 2+0 

IV. Aim of the course 

To understand the basics of gene regulation including a wide range of 

mechanisms that are used by organisms to increase or decrease the production 

of specific gene products in terms of time, space, conditions or their 

combinations. 

V. Theory 

● Unit I (8 Lectures) 

Transcriptional regulation – Regulatory proteins, Activators and Repressors, 

Binding of RNA polymerase, Allosteric regulation, DNA looping, Cooperative 

binding, Antitermination, Combinatorial control – Regulation of lac, trp and ara 

Operons. Gene regulation in Lambda phage – lytic or lysogenic establishment. 

● Unit II (10 Lectures) 

Regulatory sequences – Promoters, Enhancers, Silencers, Insulators, Locus 

Control Region. Activator proteins and their binding sites, DNA binding domain 

– Homeodomain, Zinc containing proteins, Leucine Zipper Motif, Helix-Loop-

Helix, HMG proteins. Recruitment of RNA polymerase to promoter region, 

Nucleosomes and their modifiers. Signal integration. Signal transduction and 

transcriptional regulation. Gene Silencing. Epigenetic gene regulation. 

● Unit III (10 Lectures) 

o Regulation by RNA in prokaryotes and eukaryotes, RNA as defense agents. 
Riboswitches. 

o Gene Silencing by RNA - siRNA & miRNA – synthesis and function. 
Noncoding RNAs their impact, categories and role in gene regulation, 
chromatin 

o assembly etc. 

● Unit IV (4 Lectures) 

Negative auto-regulation, Positive auto-regulation, Bistable and Bimodal switch, 

Oscillating pattern of gene expression. 

Suggested Reading 

● Nelson, D. L. and Cox, M. M. 2017. Lehinger’s Principles of Biochemistry, 7th 

edition, W H Freeman Publication New York 

● Krebs, J. E., Goldstein, E. S., Kilpatrick, S. T. 2017. Lewin’s Genes XII 12th 

edition, Jones & Bartlett Learning publisher, Inc 

● Watson, J. D., Baker, T. A., Bell, S. P., Gann, A., Levine,M., & Lonick, R. 2014. 

Molecular Biology of the Gene, 7th Edition, Cold Spring Harbor Laboratory 

Press, New York. 

● Gardner, E. J., Simmons MJ and Snustad, D.P. 2006. Principles of Genetics 

(2006) eighth Edition. Wiley. 
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Course Title with Credit Load for Ph.D. in Molecular Biology and Biotechnology 
 
 

Course 

Code 
Course Title 

Credit 

Hours 

 

MBB 601 
Major: 12 credits (6 credits of core + 6 credits of 

optional) 

Plant Molecular Biology* 

 

3+0 

MBB 602 Plant Genome Engineering* 3+0 

MBB 603 Plant Omics and Molecular Breeding 3+0 

MBB 604 Commercial Plant Tissue Culture 2+0 

MBB 605 Plant Microbe interaction# 2+0 

MBB 606 RNA Biology# 1+0 

MBB 607 Plant Hormones and Signaling# 2+0 

MBB 608 Computational and Statistical tools in 
Biotechnology 
# Any other appropriate 500 series courses 

2+1 

 Minor (6 credits) from any of the following 

disciplines 

Biochemistry 

Genetics and Plant Breeding 
Microbiology 
Plant Physiology 
Plant Pathology 
Entomology 
Bioinformatics 
Plant Genetic Resources 
Any other related discipline 

 

 Supporting (5 credits) from the following disciplines 

Biochemistry 

Genetics and Plant Breeding 
Microbiology 
Bioinformatics 
Computer Applications 
Statistics 

 

MBB 691 Doctoral Seminar I 0+1 

MBB 692 Doctoral Seminar II 0+1 

MBB 699 Doctoral Research 0+75 

 Total 100 



847  

I. Course Title : Plant Molecular Biology 

II. Course Code : MBB 601 

III. Credit Hours : 3+0 

IV. Aim of the course 

● To d case studies and success stories in agriculture and industry 

V. Theory 

● Unit I (10 Lectures) 

Model Systems in Plant Biology (Arabidopsis, Rice, etc.) Forward and Reverse 

Genetic Approaches. Organization expression and interaction of nuclear, 

Mitochondrial and Chloroplast Genomes. Cytoplasmic male sterility. 

● Unit II (12 Lectures) 

Transcriptional and Post-transcriptional Regulation of Gene Expression, 

Isolation of promoters and other regulatory elements, RNA interference, 

Transcriptional Gene Silencing, Transcript and Protein Analysis. 

● Unit III (12 Lectures) 

Plant Developmental Processes, ABC Model of Floral Development, Role of 

hormones (Ethylene, Cytokinin, Auxin and ABA, SA and JA) in plant 

development. Regulation of Flowering, Plant photoreceptors and light signal 

transduction, vernalization, Circadian Rhythms. 

● Unit IV (14 Lectures) 

Abiotic Stress Responses: Salt, Cold, Heat and Drought. Biotic Stress Responses. 

Molecular Biology of Plant-pathogen Interactions, Molecular Biology of 

Rhizobium and Agrobacterium- Plant interaction. Role of programmed Cell 

Death in Development and Defense. 

Suggested Reading 

● Buchanan, B.B., Gruissem, W. and Jones R. 2015. Biochemistry and Molecular 

Biology of Plants, 2nd edition, Wiley and Blackwell Publications. 

● Slater, A., Scott, N.W., and Fowler, M.R. 2003. The Genetic Manipulation of 

Plants. Plant Biotechnology Oxford, England: Oxford University Press. 

● Walker, J.M., Rapley, R. 2008. Plant Biotechnology and Genetics: Principles, 

Techniques and Applications. 

I. Course Title : Plant Genome Engineering 

II. Course Code : MBB 602 

III. Credit Hours : 3+0 

IV. Aim of the course 

● To discuss the specialized topics and advances in field of genetic engineering 

and application of molecular tools in breeding of specific crops. 

V. Theory 

● Unit I (14 Lectures) 

Conventional versus non-conventional methods for crop improvement; Present 

status and recent developments on the available molecular marker, 

transformation and genomic tools for crop improvement. Genetic engineering for 

resistance against abiotic (drought, salinity, flooding, temperature, etc) and biotic 

(insect pests, fungal, viral and bacterial diseases, weeds, etc) stresses; Genetic 

Engineering for increasing crop productivity by manipulation of 
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photosynthesis, nitrogen fixation and nutrient uptake efficiency; Genetic 

engineering for quality improvement (protein, essential amino acids, vitamins, 

mineral nutrients, etc.); edible vaccines, etc. 

● Unit II (12 Lectures) 

Recent developments in plant transformation strategies; Role of antisense and 

RNAi-based gene silencing in crop improvement; Regulated and tissue-specific 

expression of transgenes for crop improvement; 

● Unit III (12 Lectures) 

Gene stacking; Pathway engineering; Marker-free transgenic development 

strategies; Genome editing: principles and methods, Development of genome- 

edited plants; High throughput phenotyping of transgenic plants. 

● Unit IV (10 Lectures) 

Field studies with transgenic crops; Environmental issues associated with 

transgenic crops; Food and feed safety issues associated with transgenic crops; 

Risk assessment of transgenic food crops. 

Suggested Reading 

● Christou P and Klee H. 2004. Handbook of Plant Biotechnology. John Wiley & 

Sons. 

● Stewart Jr, C.N. 2016. Plant Biotechnology and Genetics: Principles, 

Techniques, and Applications. John Wiley & Sons. 

● Kirakosyan A and Kaufman PB. 2009. Recent Advances in Plant Biotechnology 

p. 409. Dordrecht: Springer. 

I. Course Code : MBB 603 

II. Course Title : Plant Omics and Molecular Breeding 

III. Credit Hours : 3+0 

IV. Aim of the course 

● To discuss the specialized topics and advances in field of genomics and 

genomics assisted molecular breeding. 

V. Theory 

● Unit I (12 Lectures) 

Complex traits and genetic architecture, Mapping genes and QTLs, statistical 

concepts in QTL mapping, high-throughput genotyping using automated 

platforms, genetic and physical mapping of genomes, study of population 

structure and kinship, association genetic analysis of QTL, case studies on QTL 

mapping using different approaches, map-based of cloning genes and QTLs – 

case studies. 

● Unit II (12 Lectures) 

Marker Assisted Breeding (MAB): Principles and methods, marker assisted 

foreground and background selection, marker assisted recurrent selection, whole 

genome selection, case studies in MAS, requirement for successful marker 

assisted breeding, cost of MAB. 

● Unit III (12 Lectures) 

Concepts and methods of next generation sequencing (NGS), assembly and 

annotation of NGS data, genome resequencing, DNA sequence comparison, 

annotation and gene prediction. Genome-wide insertion mutagenesis and its use 

in functional genomics, transcriptome profiling using microarrays and deep 
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sequencing, study of methylome and its significance, proteome analysis using 

mass spectrometry, crystallography and NMR, analysis of proteome data, study 

of protein- protein interactions. 

● Unit IV (12 Lectures) 

Study of the metabolome, use of 1D/2D NMR and MS in metabolome analysis, 

multivariate analysis and identification of metabolite as biomarkers, study of 

ionome using inductively coupled plasma – mass spectroscopy (ICP-MS), 

correlating the data from genome, transcriptome, proteome, metabolome and 

ionome with phenome. 

Suggested Reading 

● Speicher, D.W. (Ed.). 2004. Proteome analysis: interpreting the genome. 

Elsevier. 

● Tomita, M. and Nishioka, T. (Eds.). 2006. Metabolomics: the frontier of systems 

biology. Springer Science and Business Media 

● Horst, L. and Wenzel, G. (Eds.). 2007. Molecular marker systems in plant 

breeding and crop improvement (Vol. 55). Springer Science and Business 

Media. 

● Stewart C.N. 2008. Plant Biotechnology and Genetics: Principles, Techniques 

and Applications. 

● Singh, B.D. and Singh, A.K. 2015. Marker-Assisted Plant Breeding: Principles 

and Practices. Springer (India) Pvt. Ltd. 

I. Course Title : Commercial Plant Tissue Culture 

II. Course Code : MBB 604 

III. Credit Hours : 2+0 

IV. Aim of the course 

● To provide awareness into development of commercial scale plant tissue 

culture units. 

● To provide an insight into the commercial applications of plant tissue 

culture in agriculture, medicine and industry. 

● To educate about biosafety, regulatory as well as entrepreneurship 

opportunities. 

V. Theory 

● Unit I (8 Lectures) 

Micro-propagation of commercially important plant species; plant multiplication, 

hardening, and transplantation; genetic fidelity; scaling up and cost reduction; 

bioreactors; synthetic seeds; management and marketing. 

● Unit II (8 Lectures) 

Production of useful compounds via, biotransformation and secondary metabolite 

production: suspension cultures, immobilization, examples of chemicals being 

produced for use in pharmacy, medicine and industry. 

● Unit III (9 Lectures) 

Value-addition by transformation; development, production and release of 

transgenic plants; patent, bio-safety, regulatory, environmental and ethical issues; 

management and commercialization. 
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● Unit IV (7 Lectures) 

Project planning and preparation, economics (entrepreneurship, cost profit ratio), 

government policies (incubators, different facilitation projects, loan 

opportunities). Some case studies on success stories on commercial applications 

of plant tissue culture. Visits to some tissue culture based commercial 

units/industries. 

Suggested Reading 

● Honda, H., Liu, C., Kobayashi, T. 2001. Large-Scale Plant 

Micropropagation. In: Zhong J.J. et al. (eds) Plant Cells. Advances in 

Biochemical Engineering/ Biotechnology, vol 72. Springer, Berlin, 

Heidelberg. 

● Bhojwani SS and Razdan MK. 1986. Plant tissue culture: theory and 

practice (Vol. 5). Elsevier. 

I. Course Title     : Plant Microbe Interaction 

II. Course Code     : MBB 605 

III. Credit Hours    : 2+0 

IV. Aim of the course 

● To discuss the specialized topics and advances in field of plantmicrobe 

interaction for understanding their potential in enhancing crop growth and 

development. 

V. Theory 

● Unit I (8 Lectures) 

Microbial communities in the soil and atmosphere, Community dynamics and 

population interactions with particular reference to plant–microbe and microbe - 

microbe interactions leading to symbiotic, associative, endophytic and 

pathogenic interactions, effects of microorganisms on plants, effects of plants 

on microorganisms. Recognition processes and signal exchange, Molecular 

aspects of Plant Growth Promoting Rhizobacteria (PGPR), Symbiotic 

diazotrophs: Rhizobia and association with legumes. Mycorrhizal associations: 

Ectomycorrhizae, Endomycorrhizae with particular emphasis to AM fungi, 

Ectendomycorrhizae. Biocontrol agents and their action, endophytes associations 

● Unit II (8 Lectures) 

Enzymes, toxins, pili, siderophores, secretion systems of microbes and plants 

determining soil health, nutrient availability and uptake defense responses in 

plants: pamp-triggered immunity, effector-triggered susceptibility, qualitative 

resistance, r genes, structure and function, effector-triggered immunity, regulation 

of plant cell death, plant hormones in immunity, Plant parasite interactions and 

its molecular basis and impact on plant functions including photosynthesis, 

respiration, nitrogen metabolism and translocation 

● Unit III (8 Lectures) 

Quorum sensing in bacteria, understanding microbiome, phytobiomes, dynamics, 

Applied and ecological aspects of symbioses and pathogen defense, techniques 

to study plant microbe interaction including microbe tagging, metagenomics and 

use of organismal databases to identify genes involved in interactions. Industrial 

application of agriculturally important microbes. 
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● Unit III (8 Lectures) 

Resistance mechanisms against attack by plant pathogens, gene-for-gene 

interactions; induced resistance; non-host resistance. Systemic Acquired 

Resistance (SAR) and Induced Systemic Resistance (ISR), Plant and microbial 

gene expression and signal exchange, specific regulators for different interactions 

including transgenic plants. Recognition mechanism and signal transduction 

during plant – pathogen interaction 

Suggested Reading 

● Rangaswamy, G. Bhagyaraj. 1993. Agricultural Microbiology, Prentice 

Hall India. 

● Stacey, G., and Keen, N.T. (Eds.). 1996. Plant-microbe interactions. 

Springer Science & Business Media. 

● Dickinson M. 2005. Molecular Plant Pathology. Bios Scientific Press, 

Taylor and Francis group. 

● Kosuge T and Nester EW. 1989. Plant-Microbe Interactions: Molecular 

and Genetic Perspectives.Vols I-IV. McGraw Hill. 

● González MBR and Gonzalez-López J. (Eds.). 2013. Beneficial plant- 

microbial interactions: ecology and applications. CRC press. 

I. Course Title : RNA Biology 

II. Course Code : MBB 606 

III. Credit Hours : 1+0 

IV. Aim of the course 

● To discuss the specialized topics and advances in the field of Plant RNAs, 

their structure and role in cellular regulation and scope for crop improvement. 

V. Theory 

● Unit I (4 Lectures) 

RNA structure, functional evolution: RNA structure, types of RNA and function; 

Genome evolution- RNA as genetic material to regulatory molecule, Non-Coding 

RNAs, structure, function and regulation 

● Unit II (4 Lectures) 

RNA synthesis, processing and regulation: transcription and its regulation in 

prokaryotes and eukaryotes; RNA splicing and editing; Translation and its 

regulation in prokaryotes and eukaryotes 

● Unit III (4 Lectures) 

Genome regulation: Prokaryotic- attenuation, ribozymes, aptamers, riboswitches, 

CRISPER-Cas; eukaryotic-Exon skipping, nonsense-mediated decay, RNAi, 

Long non-coding RNA. 

● Unit IV (4 Lectures) 

Epigenetic regulation. RNA-based gene silencing technologies and their 

applications for crop improvement 

Suggested Reading 

● Elliott, D., and Ladomery, M. 2017. Molecular biology of RNA. Oxford 

University Press. 

● Rao, M.R.S. (Ed.) 2017. Long Non-Coding RNA Biology, Springer, 

● Donald, C.R., Hannon, G., Ares, M. and Nilsen, T.W. 2011. RNA: A Laboratory 
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Manual, CSHL Press. 

● Maas, S. (Ed.). 2013. RNA Editing: Current Research and Future Trends. 

Horizon Scientific 

● Press. 

I. Course Title : Plant Hormones and Signaling 

II. Course Code : MBB 607 

III. Credit Hours : 2+0 

IV. Aim of the course 

● To provide in-depth knowledge of plant hormone and their role in plant 

growth and development. 

V. Theory 

● Unit I (12 Lectures) 

Hormone Biosynthesis, Metabolism and its Regulation: Auxin biosynthesis 

and metabolism, Gibberellin biosynthesis and Inactivation, Cytokinin 

biosynthesis and metabolism, Ethylene biosynthesis, Abscisic acid biosynthesis 

and metabolism, Brassinosteroid biosynthesis and metabolism. Salicylic acid and 

jasmonate biosynthesis and metabolism. 

● Unit II (12 Lectures) 

Functioning of hormones in plant growth and development: Transport of 

Auxins, Induction of vascular tissues by Auxin, Hormones and the regulation of 

water balance, seed development and germination, Hormonal control of day 

length and senescence. 

● Unit III (12 Lectures) 

Action of Hormones: Hormones in defense against insects and disease; Role of 

jasmonates, salicylic acids and peptide hormones for defense, growth, 

development and reproduction; Methods of plant hormone analysis. NPR 1 

dependent Salicylic acid signaling, PAMP and effector triggered immunity, 

systemic acquired resistance and SA signaling. 

● Unit IV (12 Lectures) 

Hormone Signal Transduction: Auxin metabolism, transport and signal 

transduction, Cytokinin types, synthesis, metabolism, transport and signal 

transduction, Gibberellin biosynthesis, transport, signal transduction in stem 

elongation & Leaf Growth, Ethylene metabolism, perception and signaling in 

seedling growth and development, Ethylene signal transduction in fruits and 

flowers, Abscisic acid metabolism, transport and signal transduction in nuclear 

gene expression and stomatal responses. Brassinosteroid biosynthesis, catabolism 

and signal transduction. Strigalactone biosynthesis, transport and signaling in 

plant parasitism and symbiosis. Methods of Plant Hormone Analysis: 

Quantitative analysis of plant hormones based on LC/MS. 

Suggested Reading 

● Davies Jr. F. et al. 2017. Hart Mann and KRster’s. Plant Propagation: 

Principles and Practices. Pearson. 

I. Course Title : Computational and Statistical tools in Biotechnology 

II. Course Code : MBB 608 

III. Credit Hours : 2+1 

IV. Aim of the course 
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● To provide information on basic principles of computational biology 

and statistical tools used for data analysis 

V. Theory 

● Unit I (8 Lectures) 

Basic molecular biology; introduction to the basic principles of structure/function 

analysis of biological molecules; genome analysis; different types and 

classification of genome databases (e.g. HTGS, DNA, Protein, EST, STS, SNPs, 

Unigenes, etc.) 

● Unit II (8 Lectures) 

Statistical Techniques: MANOVA, Cluster analysis, Discriminant analysis, 

Principal component analysis, Principal coordinate analysis, Multidimensional 

scaling; Multiple regression analysis; Likelihood approach in estimation and 

testing; Resampling techniques – Bootstrapping and Jack- knifing; Markov 

Models. Hidden Markov Models, Bayesian estimation and Gibbs sampling 

● Unit III (8 Lectures) 

DNA sequence retrieval system, various DNA and protein sequence file formats, 

Basic concepts of similarity searching and sequence alignments, pair wise and 

multiple sequence alignments, DNA sequence analysis, different gene prediction 

models and gene annotation tools 

● Unit IV (8 Lectures) 

Protein sequence analysis and structure prediction, comparative genome analysis, 

phylogenetic analysis, gene expression analysis tools, programming languages 

and their applications in bioinformatics 

Practical (16) 

• Different Types of Databases and Database Search and Retrieval 

• DNA and Protein Sequence Analysis 

• Similarity Searching and Multiple Alignments 

• Gene Annotation 

• Phylogenetic Analysis 

• Sequence Analysis 

• Protein Structure Prediction 

• Analysis of Microarray Data 

• Programming Languages in Bioinformatics. 

Suggested Reading 

● Xiong J. 2012. Essential Bioinformatics, Cambridge University Press. 

● Andreas, D.B., and Ouellette B.F.F., (Eds) 2004. Bioinformatics: A Practical 

Guide to the Analysis of Genes and Proteins 3rd Edition, Wiley Interscience. 

● Mount D. 2004. Bioinformatics: Sequence and Genome Analysis, 2nd Edition. 

By, CSHL Press. 

● Augen J. 2004. Bioinformatics in the Post-Genomic Era: Genome, 

Transcriptome, Proteome, and Information-Based Medicine. 

● Galperin M.Y. and Koonin E.V. (Eds) 2003. Frontiers in Computational 

Genomics. 
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Course Title with Credit Load for M.Sc. in Agricultural Extension Education 

 

Course Code Course Title Credit 

Hours 

EXT-501* Extension Landscape 2(2+0) 

EXT-502* Applied Behavioural Science 3(2+1) 

EXT-503* Organisational Behaviour and Development 3(2+1) 

EXT-504* Research Methodology in Extension 3(2+1) 

EXT-505* Capacity Development 3(2+1) 

EXT-506* ICTs for Agricultural Extension and Advisory 

Services 

3(2+1) 

EXT-507* Evaluation and Impact Assessment 3(2+1) 

EXT-591 Master’s Seminar 0+1 

EXT-599 Master’s Research 0+30 

 Total 70 

Minor Courses 08 

 
EXT-508 Managing Extension Organisations 3(2+1) 

EXT-509 Enabling Innovation 2(1+1) 

EXT-510 Gender Mainstreaming 3(2+1) 

 

 

 

 

 
I. Course Title : Extension Landscape 

II. Course Code : EXT 501 

III. Credit Hours : 2+0 

IV. Why this course? 

Extension and Advisory Services (EAS) need to support farmers to  deal with 

several new challenges they face currently. To effectively support farmers, 

EAS should perform several new functions and it should have capacities to 

perform these functions. EAS have evolved considerably especially during 

the last 3 decades. Several new approaches have emerged and many new 

funding and delivery models emerged in response to reforms (economic 

policies and new governance structure) implemented in several countries. 

Apart from these, new insights from communication and innovation studies 

have also started to influence the practice of extension. There is a lot of 

interest globally in strengthening pluralistic EAS and enhancing its 

contribution towards development of an effective Agricultural Innovation 

System (AIS). Keeping these in view, there is a need to orient students of 

extension on how extension is shaped globally and the policy level challenges 

it faces so that the extension students fit well to the global 
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demand for competent extension professionals who can appreciate and 

understand this changing context. 

V. Aim of the course 

The aim of this course is to introduce the new challenges before extension and 

how extension is evolving globally. It presents the new capacities that are needed 

by EAS providers to provide a much wider support to farmers and it orient 

students to the new insights from communication and innovation studies that are 

influencing the practice of extension globally. The course also help students to 

appreciate the process and the impact of extension reforms implemented in many 

countries, the new approaches that are evolving globally in different regions 

and the policy challenges in managing a pluralistic extension system. 

The course is organized as follows: 
 

No    Blocks    Units 
 

1. Globally, What is new in Extension? 

2. Challenges Before Extension and Advisory Services 

3. New Functions and New Capacities 

4. Pluralism in EAS 

2. Insights from Communication & 1.   Paradigm Shift from Linear 

to Systems Innovation Studies & New Approach 

Extension Approaches 2. Evolving Extension Approaches 

3 Extension Reforms And Policy 1. Changes In Governance, 

Funding and Challenges Delivery of EAS 

2. Challenges In Managing 

Pluralistic EAS 

 
VI. Learning outcome 

After successful completion of this course, the students are expected to be 

able to: 

– Appreciate the changing global extension landscape 

– Broaden their understanding on the role of EAS in agricultural 

innovation system 

– Critically evaluate the reforms in extension and the evolving 

approaches in extension 

– Analyse the policy level challenges in extension funding and delivery 

Block 1: Globally, What Is New In Extension? 

Unit 1: Challenges before Extension and Advisory Services (EAS) 

Extension and Advisory  Services  (EAS)-  Meaning  (embracing pluralism 

and new functions) New challenges before farmers and extension 

professionals: Natural Resource Management-Supporting farmers to 

manage the declining/deteriorating water and soil for farming; Gender 

Mainstreaming- How extension can enhance access to new knowledge 

among women farmers; Nutrition- Role of extension in 
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supporting communities with growing nutritious crop and eating healthy 

food; Linking farmers to markets- Value chain extension including 

organizing farmers, strengthen value chain and supporting farmers to 

respond to new standards and regulations in agri-food systems; Adaptation 

to climate changes-How extension can contribute to up- scaling Climate 

Smart Agriculture; Supporting family farms- strengthening the capacities 

of family farms; Migration-Advising farmers to better respond to 

opportunities that emerge from increasing mobility and also supporting 

migrants in enhancing their knowledge and skills; Attracting and Retaining 

Youth in Agriculture including promotion of agripreneurship and  agri-

tourism;   Urban and peri-urban farming- How to support and address 

issues associated with urban and peri-urban agriculture; Farmer distress, 

suicides- Supporting farmers in tacklingfarm distress. 

Unit 2: New Functions and New Capacities 

Beyond transfer of technology: Performing new functions to deal with new 

challenges; Organising producers into groups-dealing with problems that 

need collective decision making such as Natural Resource Management 

(NRM) and access to markets; Mediating conflicts and building consensus 

to strengthen collective decision making; Facilitating access to credit, 

inputs and services-including development of service providers; 

Influencing policies to promote new knowledge at a scale networking 

and partnership development including convening multi-stakeholder 

platforms/ innovation platforms. 

New capacities needed by extension and advisory services at different 

levels –at the individual (lower, middle management and senior 

management levels), organizational and enabling environment levels; – 

Core competencies at the individual level; Varied mechanisms for capacity 

development (beyond training). 

Unit 3:   Pluralism in EAS 

Pluralism in Extension Delivery: Role of private sector (input firms, agri- 

business companies, consultant firms and individual consultants)- Trends 

in the development of private extension and  advisory services in India and 

other countries; challenges faced by private  extension  providers; Role of 

Non-Governmental Organizations (National/international)/ Civil Society 

Organizations (CSOs) in providing extension- EXperiences from India and 

other countries;  Producer  Organizations-  Role  in strengthening  demand  

and  supply  of  extension  services;   their strength and weaknesses-

eXperiences from different sectors; Role of Media and ICT advisory 

service providers; global eXperiences with use of media and ICTs in 

advisory servicesprovision. 

Block 2: Insights From Innovation Studies and New Extension Approaches 

Unit 1: Paradigm Shift from Linear to Systems Approach 

Diffusion of Innovations paradigm- strengths and limitations; multiple sources 

of innovation-farmer innovation, institutional innovation; farmer 



858  

participation in technology generation and promotion; strength and limitations; 

Agricultural Knowledge and Information Systems (AKIS); strength and 

limitations; Agricultural Innovation Systems (AIS); Redefining Innovation- 

Role of Extension and Advisory Services in AIS-From information delivery to 

intermediation across multiple nodes; Role of brokering; Innovation Platforms, 

Innovation Management; Strength and weaknesses of AIS. Rethinking 

Communication in the Innovation Process – Network building, support social 

learning, dealing with dynamics of power and conflict. 

Unit 2: Evolving Extension Approaches 

Evolution and features of extension approaches: Transfer of technology 

approach; educational approach, farmer  participatory  extension approach, 

demand-driven extension, market led extension (value chain extension), 

extension for climate smart agriculture, gender sensitive extension, 

extension for entrepreneurship extension systems in different regions: 

Asia-Pacific, Europe, Latin America, Australia, North America 

Networking for Strengthening EAS: GFRAS (Global Forum for Rural 

Advisory Services) and its regional networks. 

Block 3: Extension Reforms and Policy Challenges Unit 

1: Changes in Governance, Funding and Delivery 

Reduction in public funding: public withdrawal from extension provision 

(partial/ full); Examples/Cases; Privatization: Public funding and private 

delivery; cost sharing and cost recovery; Examples/Cases; Decentralisation of 

extension services; Examples/ Cases;   Lessons   from   extension reforms   

in   different   countries;   Extension   and   Sustainable Development Goals 

(SDGs). 

Unit 2: Challenges in Managing Pluralistic Extension Systems 

Pluralism: Managing pluralism and co-ordination of pluralistic extension 

provision; Public private partnerships in extension (including the role of local 

governments/panchayats and producer organisations); EXamples, challenges in 

co-ordination; 

Achieving convergence in extension planning and delivery, Financing 

Extension: Mobilising resources for extension: public investments, donor 

support (grants/loans); Monitoring and Evaluation of   Extension: Generating    

appropriate    data    for assessment and evaluation of pluralistic extension; 

Strengthening extension policy interface; Generating evidence on impact 

ofcommunication. 

VII. Teaching methods/activities 

– Lecture 

– Assignment (Reading/Writing) 

– Book review by students 

– Student presentation 

– Group work 

VIII. Suggested Reading 

 Adolph B. 2011. Rural Advisory Services World wide: A Synthesis of Actors 

and Issues. GFRAS: Lindau, Switzerland. https://www.g- 
fras.org/en/knowledge/gfras-publications.html? download=6: rural- 

http://www.g-fras.org/en/knowledge/gfras-publications.html
http://www.g-fras.org/en/knowledge/gfras-publications.html
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advisory-services-worldwide&start=40 

 Ashok G, Sharma P, Anisha S and Prerna T. 2018. Agriculture Extension 

System in India Review of Current Status, Trends and the Way Forward. 

Indian Council for Research on International Economic Relations 

(ICRIER). http://icrier.org/pdf/Agriculture-Extension- System-in-India- 

2018.pdf 

 Barber J, Mangnus E and Bitzer V. 2016. Harnessing ICT for agricultural 

extension. KIT Working Paper 2016: 4. https://213ou636sh0ptphd141fqei1- 

wpengine.netdna-ssl.com/sed/wp-content/uploads/sites/2/2016/11/KIT_WP 

2016-4_Harnessing-ICT-for-agricultural-extension.pdf 

 Bentley J, Chowdhury A and David S. 2015. Videos for Agricultural 

Extension. Note 6. GFRAS Good Practice Notes for Extension and 

Advisory Services. GFRAS: Lindau, Switzerland. https://www.g- 

fras.org/en/good-practice-notes/6-video-for-agricultural-eXtension.html 

#SNote1 

 Bingen RJ and Simpson BM. 2015. Farmer Organizations and Modernizing 

Extension and Advisory Services. MEAS Discussion Paper. 

http://meas.illinois.edu/wp-content/uploads/ 2015/04/Bingen-Simpson- 

2014-FarmerOrganizations-MEAS-Discussion-Paper.pdf 

 Bitzer V, Wennink B and de Steenhuijsen PB. 2016. The governance of 

agricultural extension systems. KIT Working Paper 2016: 

1.http://213ou636sh0ptphd141fqei1.wpengine.netdna- 

cdn.com/sed/wpcontent/uploads/sites/2/2016/03/WPS_1-2016-web.pdf 

 Bitzer V, Wongtschowski M, Hani M and Blum M. 2016. New directions 

for inclusive Pluralistic Service Systems. In New Directions for Inclusive 

Pluralistic Service Systems Rome (Italy). FAO. http://www.fao.org/3/a- 

i6104e.pdf. 

 Burton ES & Kristin D. 2014. Status of Agricultural Extension and 

Rural Advisory Services Worldwide. GFRAS: Lindau, Switzerland. 

http://www.g-fras.org/en/knowledge/gfras- 

publications.html?download=391: status-of-agricultural-extension-and- 

rural-advisory- services-worldwide 

 Christoplos I. 2010. Mobilizing the potential of rural and agricultural 
extension. Food and Agriculture Organization of the United Nations. Rome. 

http://www.fao.org/docrep/012/ i1444e/i1444e.pdf 

 Colverson KE. 2015. Integrating Gender into Rural Advisory Services. 

Note 4. GFRAS Good Practice Notes for Extension and Advisory 

Services. GFRAS: Lindau, Switzerland. https://www.g-fras.org/en/good- 

practice-notes/integrating-gender-into-rural-advisory- 

services.html#SNote1 

 David S. 2018. Migration and rural advisory services. GFRAS Issues Paper 

2. Global Forum for Rural Advisory Services. https://www.g- 

fras.org/en/knowledge/gfras-publications/category/ 97-gfras-issues- 

papers.html?download=856: migration-and-rural-advisory-services 

 Davis K and Heemskerk W. 2012. Coordination and Collective Action for 
Agricultural Innovation Overview Module 1 Investment in Extension and 

Advisory Services as Part of Agricultural Innovation Systems. In 

http://icrier.org/pdf/Agriculture-Extension-
http://www.g-fras.org/en/good-practice-notes/6-video-for-agricultural-extension.html
http://www.g-fras.org/en/good-practice-notes/6-video-for-agricultural-extension.html
http://www.g-fras.org/en/good-practice-notes/6-video-for-agricultural-extension.html
http://meas.illinois.edu/wp-content/uploads/
http://213ou636sh0ptphd141fqei1.wpengine.netdna-/
http://www.fao.org/3/a-i6104e.pdf
http://www.fao.org/3/a-i6104e.pdf
http://www.g-fras.org/en/knowledge/gfras-
http://www.fao.org/docrep/012/
http://www.g-fras.org/en/good-practice-notes/integrating-gender-into-rural-advisory-
http://www.g-fras.org/en/good-practice-notes/integrating-gender-into-rural-advisory-
http://www.g-fras.org/en/knowledge/gfras-publications/category/
http://www.g-fras.org/en/knowledge/gfras-publications/category/
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Agricultural Innovation Systems: An Investment Sourcebook. Agricultural 

and Rural Development. World Bank. © World Bank. 

 http://siteresources.worldbank.org/INTARD/Resources/335807- 

1330620492317/ 9780821386842ch3.pdf 

 FAO. 2016. New directions for inclusive Pluralistic Service Systems. Report 

of FAO EXpert Consultation. Food and Agriculture Organization of the 

United Nations and Royal Tropical Institute, Rome. 

http://www.fao.org/3/ai6103e.pdf 

 FAO.2017. Climate-Smart Agriculture Sourcebook. Available at: 
http://www.fao.org/3/a- i3325e.pdf 

 Faure G, Pautrizel L, de Romémont A, Toillier A, Odru M and Havard M. 

2015. Management Advice for Family Farms to Strengthen 

Entrepreneurial Skills. Note 8. GFRAS Good Practice Notes for Extension 

and Advisory Services. GFRAS: Lindau, Switzerland. https://www.g- 

fras.org/en/good-practice-notes/management-advice-for-family-farms-to- 

strengthen- entrepreneurial-skills.html#SNote8 

 Francis J, Mytelka L, Van Huis A and Röling N (eds.). 2016. Innovation 

Systems: TowardsEffective Strategies in support of Smallholder Farmers. 

Technical Centre for Agricultural and Rural Cooperation (CTA) and 

Wageningen University and Research (WUR)/ Convergence of Sciences 

Strengthening Innovation Systems (CoS-SIS), Wageningen. https:/ 

 /publications.cta.int/media/publications/downloads/1829_PDF.pdf 

 GFRAS. 2012. Building Knowledge Systems in Agriculture Five Key 

Areas for Mobilising the Potential of Extension and Advisory Services. 

Global Forum for Rural Advisory Services. http://www. 

fao.org/uploads/media/1_gfras_positionpaper_final2_websmallpdf% 

20com%20(1).pdf 

 GFRAS. 2015. Producer organisations in rural advisory services: 

Evidence and experiences. Position Paper. Lindau: Global Forum for Rural 

Advisory Services. http://www.g-fras.org/ en/593-producer- organisations-

in-rural-advisory-servicesevidence-and-eXperiences.html 

 GFRAS. 2016. Five Key Areas for Mobilising the Potential of Rural 

Advisory Services. GFRAS Brief 1. Global Forum for Rural Advisory 

Services. https://www.g-fras.org/en/knowledge/ gfras- 

publications.html?download=4: five-key-areas-for-mobilising-the- 

potential-of-rural- advisory-services. 

 GFRAS.2016. The New Extensionist Learning Kit. http://g- 

fras.org/en/knowledge/new- extensionist-learningkit-nelk.html#module-1- 

introduction-to-the-new-extensionist 

 GRFAS. 2014. Policy Compendium. http://www.g-fras.org/en/policy- 

compendium.html 

 Gwyn EJ and Garforth C. nd. The history, development, and future of 

agricultural extension. 

 FAO. Rome. http://www.fao.org/docrep/W5830E/w5830e03.htm 

 Jennings JR, Packham RG and Woodside D. 2011. Shaping change: natural 
resource management, agriculture and the role of extension. 

http://siteresources.worldbank.org/INTARD/Resources/335807-1330620492317/
http://siteresources.worldbank.org/INTARD/Resources/335807-1330620492317/
http://www.fao.org/3/ai6103e.pdf
http://www.fao.org/3/a-
http://www.fao.org/uploads/media/1_gfras_positionpaper_final2_websmallpdf%25
http://www.fao.org/uploads/media/1_gfras_positionpaper_final2_websmallpdf%25
http://www.g-fras.org/
http://www.g-fras.org/en/knowledge/
http://g-fras.org/en/knowledge/new-
http://g-fras.org/en/knowledge/new-
http://www.g-fras.org/en/policy-compendium.html
http://www.g-fras.org/en/policy-compendium.html
http://www.fao.org/docrep/W5830E/w5830e03.htm
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Australasia Pacific Extension Network. http://www.apen.org.au/shaping- 

change 

 Leeuwis C with A W van den Ban. 2004. Communication for rural 

innovation: Rethinking agricultural extension. John Wiley & Sons. 

 Magdalena Blum and Sanne Chipeta. 2016. Innovative Financing 

Mechanisms for Demand- driven Agricultural Advisory Services. Gfras 

good practice note for extension and advisory services 21. Global Forum for 

Rural Advisory Services. https://www.g-fras.org/en/good- practice- 

notes/20-innovative-financing-mechanisms.html#SNote8 

 Manfre C, Rubin D and Nordehn C. 2017. Assessing How Agricultural 

Technologies   can   Change Gender Dynamics and Food Security 

Outcomes. A three part toolkit. Integrating Gender and Nutrition 

within Agricultural Extension Services (INGENAES).  http:// 

www.culturalpractice.com/wp-content/uploads/Introduction-to-the- 

Toolkit-Final-10_17.pdf 

 Mittal N, Sulaiman RV and Prasad RM. 2016. Assessing capacity needs of 

Extension and Advisory Services: A Guide for Facilitators. Agricultural 

Extension in South Asia (AESA). http:// 

crispindia.org/wpcontent/uploads/2015/09/Facilitators-Guide-Final- 

LR.pdf 

 Posthumus H and Wongtschowski M. 2014. Innovation Platforms. Note 1. 

GFRAS good practice note for extension and advisory services. GFRAS: 

Lindau, Switzerland. https://www.g- fras.org/en/good-practice- 

notes/innovation-platforms.html#SNote1 

 Rajalahti R, Janssen W and Pehu E. 2008. Agricultural innovation 

systems: From diagnostics toward operational practices. Agriculture & 

Rural Development Department, World Bank. 

https://agrilinks.org/sites/default/files/resource/files/ARDDiscussionPaper 

38.pdf 

 Rao S. 2015. Using Radio in Agricultural Extension. Note 18. GFRAS Good 

Practice Notes for Extension and Advisory Services. GFRAS: Lindau, 
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in-agricultural-extension.html#SNote8 
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Navigating ICTs for Extension and Advisory Services. Note 11. GFRAS 

http://www.apen.org.au/shaping-change
http://www.apen.org.au/shaping-change
http://www.g-fras.org/en/good-
http://www.culturalpractice.com/wp-content/uploads/Introduction-to-the-Toolkit-Final-10_17.pdf
http://www.culturalpractice.com/wp-content/uploads/Introduction-to-the-Toolkit-Final-10_17.pdf
http://www.g-fras.org/
http://www.g-fras.org/en/good-practice-notes/mextension.html#SNote17
http://www.g-fras.org/en/good-practice-notes/mextension.html#SNote17
http://www.g-fras.org/
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• AESA- Agricultural Extension in South Asia 

http://www.aesanetwork.org/ 
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• GFRAS- Global Forum for Rural Advisory Services http://www.g- 
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• INGENEAS- Integrating Gender and Nutrition within Agricultural 

Extension Services https://ingenaes.illinois.edu/ 
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• KIT- Royal Tropical Institute (KIT)-Sustainable Economic 

Development https://www.kit.nl/sed/ 

http://www.g-fras.org/
http://www.g-fras.org/en/157-thenew-extensionist
http://www.g-fras.org/en/157-thenew-extensionist
http://siteresources.worldbank.org/INTARD/Resources/Stren_combined_web.pdf
http://siteresources.worldbank.org/INTARD/Resources/Stren_combined_web.pdf
http://www.fao.org/docrep/
http://www.g-fras.org/en/good-practice-notes/27-professionalisation.html#SNote27
http://www.g-fras.org/en/good-practice-notes/27-professionalisation.html#SNote27
http://www.aesanetwork.org/
http://www.fao.org/
http://www.g-fras.org/en/
http://www.g-fras.org/en/
http://www.ifpri.org/topic/
http://www.kit.nl/
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• WUR- Wageningen University  and Research Research 

(Knowledge, Technology and Innovation Group  (KTI)) 

https://www.wur.nl/en/Research-Results/Chair-groups/Social- 

Sciences/ KnowledgeTechnology-and-Innovation-Group.htm 

 
I. Course Title : Applied Behavioural Science 

II. Course Code : EXT 502 

III. Credit Hours : 2+1 

IV. Why this course? 

The behavioural change of the stakeholders is the key objective in extension 

profession, which is reflected through their enhanced capacity, attitude change, 

modification of perceptions and beliefs, improved understanding of a system, 

adoption of improved technologies, empowerment and resilience to adverse 

phenomenon and improved decision- making. Irrespective of their role and 

profession, all the key stakeholders in agriculture like farmers, extension agents, 

scientists/ academicians, development managers and policy makers are human 

beings, whose behaviour is the product of internal psychological processes 

influenced by external environment. Since human behaviour is a psychological 

phenomenon, expressed through interaction of internal psychological processes, 

social systems and external environment, there is an essential need to understand 

how these psychological processes guide the behavioural change. These 

psychological processes may be expressed at individual, group, community and 

organisational level involving human learning, choices, judgement and decisions 

about an extension intervention. 

V. Aim of the course 

This course aims to build capacities of students to understand the fundamental 

psychological processes which guide human behaviour at individual, group and 

community levels in specific conteXts, to develop sound extension strategies. 

The course is organized as follows: 
 

No Blocks Units 
 

1 Foundations of Behaviour Change 1. Foundations of Human 

Behaviour 

2 Cognitive Processes and Learning 1.CognitiveProcesses 
affecting Human Behaviour 

2. Information Processing 

3. Learning 

4. Judgement, Choice and 

Decision-making 

3 Human Behaviour in the Society 1. Attitudes and 

Influence 

2. Social Judgement, 

Social Identity and Inter- 

Group Relations 
 

http://www.wur.nl/en/Research-Results/Chair-groups/Social-Sciences/
http://www.wur.nl/en/Research-Results/Chair-groups/Social-Sciences/
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VI. Theory 

Block 1: Foundations of Behaviour Change 

Unit 1: Foundations of Human Behaviour 

Human behaviour – Meaning, importance and factors influencing human 

behaviour; Biological bases of human behaviour – Nervous system, brain, 

endocrine system and genes; Individual variations – intelligence, ability and 

creativity– foundations and theories, personality and temperament - foundations, 

approaches, theories of personality, measuring personality (traits, locus of 

control, self-efficacy; Personal, social and moral development – meaning, 

concepts – self-concept, self-esteem and self-worth and theories. Motivation – 

foundations, approaches, theories, managing human needs and motivations; 

perceiving others – impression, attitude, opinions; Emotions - foundations, types 

and functions, measuring emotional intelligence. 

Block 2: Cognitive Processes and Learning 

Unit 1: Cognitive Processes Affecting Human Behaviour 

Sensory organs and their role cognition; Cognitive processes – Attention, 

perception, remembering and forgetting, knowledge and expertise – foundations 

and theories; Principles and processes of perception; Consciousness – meaning, 

types, sleep and dreams; Learning and Memory – Memory - meaning, types and 

mechanisms of storage and retrieval of memories in the Human brain; Complex 

cognitive processes - Concept formation, Thinking, Problem solving and transfer 

– foundations, theories and approaches. 

Unit 2: Information Processing 

Information processing – meaning, principles; Models of information processing 

- Waugh and Norman model of primary and secondary memory; Atkinson 

andShiffrin’s stage model of memory; other models including blooms taxonomy 

and Sternberg’s Information Processing Approach; Attention and perception – 

meaning, types, theories and models; Consciousness. 

Unit 3: Learning 

Learning – foundations, approaches and theories; Cognitive approaches of 

learning – meaning, principles theories and models; Memory – foundations, 

types; Behavioural approaches of learning – foundations and theories - classical 

conditioning, operant conditioning, applied behaviour analysis; Strategies for 

behavioural changes, behavioural change with effective positive reinforcement, 

teaching new behaviour - Social cognitive and constructivist approaches to 

learning – foundations and theories – social cognitive theory, Self- regulated 

learning; learning styles – meaning, types and applications in learning. 

Unit 4: Judgement, Choice and Decision-making 

Human judgement – meaning, nature, randomness of situations, theories and 

models; Choice – meaning, criteria for evaluating options; theories and models 

of human choice; Choice architecture; Decision-making – Meaning, problem 

analysis;steps and techniques of decision-making under different contexts. 

Block 3: Human Behaviour in the Society 
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Unit 1: Attitudes and Influence 

Attitudes - meaning, assumptions, types, theories and models of attitude 

formation; methods of changing attitudes, Relating to others - liking, attraction, 

helping behaviour, prejudice, discrimination and aggression; Liking/ affect – 

meaning, types and theories; Attraction – meaning, types and theories; Persuasion 

– meaning, theories and techniques; Social influence and groups – conformity, 

compliance and obedience. 

Unit 2: Social Judgement, Social Identity and Inter-Group Relations 

Social judgement – meaning, frame of reference, stereotyping; The judgement 

of attitude models; Attribution – meaning, theories; Rational decision making; 

Social identify – meaning, types; assessment; Groups – meaning, types, group 

processes; sustainability of groups; Inter group processes and theories social 

learning. 

VII. Practicals 

 Understanding perception – Attentional Blink and Repetition 

Blindness Exercises

 Understanding attention - Testing selective attention capacity and 

skills and processing speed ability through Stroop test

 Hands-on experience in the techniques for assessing creative thinking – 

divergent and convergent thinking

 Lab exercises in applying Maslow’s need hierarchy to assess 

motivation

 Learning - Classical conditioning and operant conditioning

 Assessing learning styles through Barsch and Kolb inventories

 Practical experience in building self-esteem

 Assessment of emotional intelligence

 Exercises in problem solving

 Exercises in visual perception

 Measuring self-concept using psychometric tools

 Experiment on factors influencing information processing

 Assessment of attitudes

 Hands on experience in methods of persuasion

 Field experience in assessing social judgement

 Simulation exercises to understand decision-making under different 

situations

 Exercises in rational decision-making.

 Practical exercise on behavioural change

Teaching methods/activities 

 Lecture cum discussion

 Class exercises

 Group presentation
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Learning outcome 

The students should: 

• Understand the biological and cognitive processes determining human 

behaviour 

• Understand the process of learning under different context 

• Develop competencies in influencing the human decision process in various 

contexts 

• Design effective strategies to influence attitude and behaviour 

Suggested Reading 

 Eiser J, Richard. 2011. Social Psychology: Attitudes, Cognition and Social 

Behaviour. Cambridge: Cambridge University Press.(First Edition, 1986)) 

 Eysenck MW and Keane M T. 2010. Cognitive psychology: A student‘s 

handbook. SiXth Edition, Hove: Psychology Press. 

 Feldman RS. 2008. Essentials of understanding psychology (7th ed.). Boston: 

McGraw-Hill. Gilovich T, Keltner D, and Nisbett RE. 2011. Social psychology. 

New York: W.W. Norton & Co. Moreno R. 2010. Educational Psychology. 

Hoboken, NJ: John Wiley & Sons Inc. 

 Nevid JS. 2012. Essentials of psychology: Concepts and applications Belmont, 

CA: Wadsworth, Cengage Learning. 

 Rachlin H. 1989. Judgment, decision, and choice: A cognitive/behavioral 

synthesis. New York: W.H. Freeman. 

 
I. Course Title : Organisational Behavior and Development 

II. Course Code : EXT 503 

III. Credit Hours      : 2+1 

IV. Why this course? 

In changing and competitive world, the survival of any organization is 

dependent on its ability to adjust to the new challenges, adapt its structure and 

develop the competencies needed among its staff. This course is designed to 

understand the theory and practice relating to the processes of organizational 

behavior, development and change. It attempts to bring about change in the 

different levels of the organization (the individual, group and organization) 

using a wide variety of interventions. 

V. Aim of the course 

• To understand the theory and practice relating to the processes of 

organizational behavior, development and change. 

• To develop insight and competence in diagnostic and intervention processes 

and skills for initiating and facilitating change in organizations. 

• To gain necessary self-insight, skills in facilitation, organizational 

development (OD) skills, group process and techniques, to become an 

effective change agents and OD consultants. 
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• To understand the behavior of individuals and small groups in organization 

with special focus on beliefs, attitudes and values, human inference - 

attribution, self- concept, motivation, active listening, interpersonal 

communication, conflicts management. 

The course is organized as follows: 
 

No Blocks Units 
 

1. Organisational Behaviour 1. Basics of Organisation 

2. Basics of Organisational 
Behaviour 

3. Individual Behaviour in 

Organizations 

4. Group Behaviour in 

Organizations 

5. Productive Behaviour and 

Occupational Stress 

6. Organisational Systems 

2. Organisational Development 1. Overview of Organisational 

Development 

 

 

 

 

 
 

VI. Theory 

Block 1: Organizational Behavior 

Unit 1: Basics of Organization 

2. Managing the Organisational 

Development Process 

3. Organisational Development 
Interventions 

4. Organisational Development 

Practitioner or Consultant 

Introduction to organizations-concept and characteristics of organizations; 

Typology of organizations; Theories of organizations: nature of organizational 

theory, Classical theories, Modern management theories, System Theory - 

criticisms and lessons learnt/ analysis. 

Unit 2: Basics of Organizational Behaviour 

Concepts of Organisational Behaviour, Scope, Importance, Models of OB. 

Unit 3: Individual Behaviour in Organizations 

Introduction, Self-awareness, Perception and Attribution, Learning, Systems 

approach to studying organization needs and motives – attitude, values and ethical 

behavior, Personality, Motivation-Concept & Theories, Managing motivation in 

organizations. 

Unit 4: Group Behaviour in Organization 

Foundations of group, group behaviour and group dynamics, Group development 

and cohesiveness, Group performance and decision making, Intergroup    

relations;   Teams    in    Organizations-Team    building experiential exercises, 

Interpersonal communication and group; Leadership: Meaning, types, Theories 

and Perspectives on effective leadership, Power and 
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Influence, managing conflict and negotiation skills, Job/stress management, 

decision-making, problem-solving techniques. 

Unit 5: Productive Behaviour and Occupational Stress 

Productive behaviour - Meaning, dimension; Job analysis and Job 

performance – meaning, dimensions, determinants and measurement; Job 

satisfaction and organizational commitment - meaning, dimensions and 

measures roles and role clarity; Occupational stress – meaning, sources, 

theories and models, effects, coping mechanism, effects and management; 

Occupational stress in farming, farmer groups/ organizations, research and 

extension organizations. 

Unit 6: Organizational System 

Organizations Structure- Need and types, line & staff,  functional, committee, 

project structure organizations,  centralization  & decentralization, different 

stages of growth and designing the organizational structure; Organizational 

Design- Parameters of organizational design, organization and 

environment, organizational strategy, organization and technology, power 

and conflicts in Organizations, Organizational Decision- Making; 

Organizational Culture vs climate; organizational c hange; organizational 

learning and t ransformation. 

Block 2: Organisational Development 

Unit 1: Overview of Organizational Development 

Concept of OD, Importance and Characteristics, Objectives of OD, History 

and Evolution of OD, Implications of OD Values. 

Unit 2: Managing the Organizational Development Process 

Basic Component of OD Program-Diagnosis-contracting and diagnosing the 

problem, diagnostic models, open systems, individual level group level and 

organizational level diagnosis; Action-collection and analysis for diagnostic 

information, feeding back the diagnosed information and interventions; 

Program management- entering OD relationship, contracting, diagnosis, 

feedback, planned change, intervention, evaluation. 

Unit 3: Organizational Development Interventions 

Meaning, Importance, Characteristics of organization development 

interventions, Classification of OD interventions-interpersonal interventions, 

Team interventions,Structural interventions, Comprehensive interventions. 

Unit 4: Organizational Development Practitioner or Consultant 

Who is OD consultant? Types of OD consultants and their advantages, 

qualifications, Comparison of traditional consultants Vs. OD consultants, 

Organizational development process by the practitioners skills  and activities. 

VII. Practicals 

• Case analysis of organization in terms of process – attitudes and values, 

motivation, leadership. 

• Simulation exercises on problem-solving – study of organizational climate 

in different organizations. 
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• Study  of  organizational  structure  of  development  departments, study 

of departmentalization, span of control, delegation of authority, 

decision-making patterns. 

• Study of individual and group behaviour at work in an organization. 

• Conflicts and their management in an organization. 

• Comparative study of functional and non-functional organizations 

and drawing factors for organizational effectiveness. 

• Exercises on OD interventions (Interpersonal, Team, Structural, 

Comprehensive)with its procedure to conduct in an organization 

• Skills required for an OD 

VIII. Teaching methods/activities 

– Lecture cum discussion 

– Cases 

– Class exercises 

– Group presentation 

IX. Learning outcome 

This course will equip the students to become  potential  change agents 

and OD practitioners. They should be able to learn how to improve 

individual, group/team and organizational performance through the 

use of OD techniques or interventions. 

X. Suggested Reading 

 Bhattacharyya DK. 2011. Organizational Change and Development, OXford 

University Press. Hellriegel D, Sloccum JW and Woodman. 2001. 

Organizational Behaviour. Cincinnati, Ohio: South-Western College Pub.

 Luthans F. 2002. Organizational Behaviour. Tata McGraw-Hill, New York

 Newstrom JW and Davis K. 2002. Organizational Behaviour: Human 

behaviour at Work. Tata- McGraw Hill, New Delhi.

 Peter MS. 1998. The Fifth Discipline: The Art and Practice of Learning 

Organization. Random House, London.

 Pradip NK. 1992. Organizational Designs for Excellence. Tata McGraw 

Hill, New Delhi. Shukla, Madhukar. 1996. Understanding Organizations. 

Prentice Hall of India, New Delhi. Stephens PR and Timothy AJ. 2006. 

Organizational Behaviour, 12th Edition. Prentice Hall Pub.

 Thomas GC and Christopher GW. 2013. Organizational development and 

change, 10th edition, South-Western college publishing.

 Wendell LF and Cecil HB. 1999. Organizational Development: Behavioural 

science interventions for organization improvement, Pearson. 368 pp.

 
I. Course Title : Research Methodology in Extension 

II. Course Code : EXT 504 

III. Credit Hours        : 2+1 
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IV. Why this course? 

Growth of any discipline is directly proportional to the creation of knowledge 

inthat discipline. Extension research is the backbone of extension discipline. 

Extension research is a unique social science inquiry where research ideas are 

gathered from the field problems and put through a systematic cycle of 

objective investigations that result in significant solutions. Apart from 

developing theories and models that advance scientific knowledge, extension 

research should also provide new insights for improving extension policy and 

practice. As extension is a field oriented discipline seeking to improve the 

welfare of its stakeholders, the extension professionals require critical 

competencies in conducting empirical research for developing 

soundextension models, methods and tools. 

V. Aim of the course 

This course aimed to create a workforce which has sound fundamental 

knowledge and critical competencies in planning, conducting and applying 

behavioural researchfor developing quality extension models, methods 

and tools. 

The course is organized as follows: 
 

No.   Blocks Units 
 

1. Introduction to behavioural 1. Nature of Behavioural Research 

research 2. Role of Behavioural Research in 

Extension 

2. Steps in behavioural research 1. Formulating a Research Problem 

process 2. Reviewing the Literature 

3. Identifying Variables and 

Hypotheses 

4. Formulating Research Designs, 
Methods and Tools 

5. Selecting Sample 

6. Collecting Data 

7. Analysing and Interpreting the 

Data 

8. Reporting and Evaluating 

Research 

VI. Theory 

Block 1: Introduction to Behavioural Research 

Unit 1: 

Nature of Behavioural Research 

Methods of knowing; Science and scientific method; Behavioural research – 

Concept, aim, goals and objectives; Characteristics and paradigms of 

research;  Types  of  behavioural  research  based  on  applications, objectives  

and  inquiry;   Types   of knowledge   generated   through research – historical, 

aXiological, theoretical and conceptual knowledge, prior research studies, 

reviews and academic debate; Role of behavioural 
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research in extension; Careers in behavioural research. 

Unit 2: Role of Behavioural Research in Extension 

Careers in behavioural research, skills needed to design and conduct research, 

writing research proposals 

Block 2: Steps in Behavioural Research Process 

Unit 1: The Behavioural Research Process 

Basic steps in behavioural research – Formulating a research problem; 

Reviewing the literature; Identifying the variables and hypotheses; 

Formulating research designs, methods and tools; Selecting sample; 

Collecting data; Analyzing and Iiterpreting the Data; Reporting and 

evaluating research; Skills needed to design and conduct research; Writing 

research proposals. 

Unit 2: Formulating a Research Problem 

The research problem and research topic - definitions; Importance of 

formulating a research problem; Sources of research problems; 

Characteristics of a good research problem; Research problems in 

quantitative and qualitative research; Steps in formulating a research 

problem; Strategies for writing research problem statement; Research purpose 

statement; Research questions – Types, Criteria for selecting research 

questions, techniques for narrowing a problem into a research question; 

Objectives - meaning, types and criteria for  judging  the objectives. 

Unit 3: Reviewing the Literature 

Review-meaning and importance; Types of literature review – context, 

historical, integrative, methodological, self-study and theoretical; Literature 

review for quantitative and qualitative studies; Steps in conducting literature 

review – identify key terms, locate literature, critical evaluation and selection; 

organising literature 

Unit 4: Identifying Variables and Hypotheses 

Developing theoretical, conceptual, empirical frameworks; Approaches for 

identifying concepts, constructs and variables; Role of theory in behavioural 

research; Steps in identifying variables – domain, concepts, constructs, 

dimensions; Indicators; variables, definitions, premises, propositions and 

hypotheses; Techniques of identifying concepts, constructs and variables - Types 

of concepts; Types of variables–causal relationship, the study design; and the 

unit of measurement; Types of definitions-Types of propositions and hypotheses. 

Characteristics of good hypotheses; Measurement – Meaning, levels of 

measurement – nominal, ordinal, interval and ratio; Criteria for choosing 

measurement levels for variables. 

Unit 5 : Formulating Research Designs, Methods and Tools 

Research designs – Definition, purpose and functions; Research design as 

variance control - MAXMINCON Principle; Criteria for selecting a suitable 

research design; Classification of research designs: Quantitative designs - 

experimental,   descriptive, comparative,   correlational,    survey,    ex-post facto 

and secondary data analysis; Qualitative designs - ethnographic, grounded 

theory, phenomenological and Narrative research; Mixed method designs – 

Action research design; Translational research; Elements of research design - 

Research strategies, Extent of researcher interference, study setting, 
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unit of analysis and t ime horizon. Sources of errors while specifying research 

designs. Internal and external validity; Choosing right research design; 

Triangulation - Importance in behavioural research, Types of triangulation; 

Research methods: Designing research instruments – questionnaires, interview 

schedules; tests – knowledge tests, behaviour performance tests; scales scales 

and indexes, checklists, focus groups; Steps in developing and using research 

methods and tools; Participatory rural appraisal. 

Unit 6 : Selecting Sample 

Sampling - population, element, sample, sampling unit and subject; Sampling 

strategies for quantitative and qualitative research; Principles of sampling; 

Factors affecting the inferences drawn from a sample; Types of sampling, 

Methods of drawing a random sample, Sampling with or without replacement, 

Types of sampling - Probability Sampling - Simple random sampling, Cluster 

sampling, Systematic sampling, Stratified random sampling and Unequal 

probability Sampling; Non- probability sampling - Reliance of available 

subjects, Purposive or  judgmental  sampling, accidental sampling, expert 

sampling, Snowball sampling, and Quota sampling; Sample size requirements 

for quantitative and qualitative studies; Methods for estimating sample size; 

Generalisation – Importance, Types of generalisations. 

Unit 7 : Collecting Data 

The process of collecting data – selection, training, supervision, and 

evaluation of field investigators; Online data collection; Errors and biases 

during data collection; Testing goodness of measures through item analysis 

- Reliability and validity; Types of validity – Content validity: Face and 

content validity, Criterion-related validity: concurrent and predictive validity, 

Construct validity: convergent, and discriminant validity, factorial validity, 

and nomological validity; Types of reliability - Test-Retest, Parallel forms, 

Inter-item consistency reliability, Split-half reliability; Factors affecting the 

validity and reliability of research instruments, Strategies for enhancing 

validity and reliability of measures; Validity and reliability in qualitative 

research. 

Unit 8 : Analyzing and Interpreting the Data 

Data coding, exploration and editing; Methods of data processing in quantitative 

and qualitative studies; Quantitative data analysis - parametric and non-

parametric statistical analyses; Parametric analysis – Descriptive and inferential 

statistics, Hypothesis testing - Type I and Type II errors. Concepts in hypothesis 

testing - Effect Size, á, â, and Power, P Value; Multivariate data analysis – 

regression, factor analysis, cluster analysis, logistic regression and structural 

equation modelling. Guidelines for choosing appropriate statistical analysis; 

Statistical packages for data analysis; Methods of interpreting data and drawing 

inferences - The Ladder of Inference; Methods of communicating and displaying 

analysed data. 

Unit 9: Reporting and Evaluating Research 

Writing reports and research publications; Evaluation methodology; Research 

ethics and Plagiarism. 

VII. Practicals 

• Selecting a research problem and writing problem statement 
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• Narrowing down research problem to purpose, research questions and 

objectives 

• Choosing, evaluating and reviewing research literature 

• Selection of variables through construct conceptualisation and 

defining variables 

• Choosing research design based on research problem 

• Choosing right sampling method and estimating sample size 

• Developing research methods and tools – questionnaires, interview 

schedule, check lists and focus group guides 

• Writing a research proposal 

• Field data collection using research methods and tools 

• Testing reliability and validity of research instruments 

• Hands on experience in using SPSS for coding, data exploration, editing, 

analysisand interpretation formulation of secondary tables based on 

objectives of research 

• Writing report, writing of thesis and research articles 

• Presentation of reports 

 
VIII. Teaching methods/activities 

– Lecture cum discussion 

– Class exercises 

– Assignment (Reading/Writing) 

– Student’s book/Publication review 

– Student presentation 

– Group work 

– Research report 

IX. Learning outcome 

– Understand the concepts, paradigms, approaches and strategies of 

behavioural research 

– Enable to choose research design, methods and tools suitable for the 

research problem 

– Design research instruments skilfully and conduct research in an 

objective andunbiased way 

– Analyse the data through appropriate analytical methods and tools 

and derive meaningful interpretations 

X. Suggested Reading 

 Babbie E. 2008. The basics of social research. 4th ed. Belmont, CA, 

USA; Thompson Wordsworth. Creswell JW. 2009. Research design: 

Qualitative, quantitative, and mixed methods approaches. Third edition. 

Thousand Oaks: Sage Publications. 

 Creswell JW. 2012. Educational research: Planning, conducting, and 

evaluating quantitative and qualitative research. Fourth edition. Boston, 

MA: Pearson. 

 Kerlinger FN and Lee HB. 2000. Foundations of Behavioral Research. 
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Orlando, FL: Harcourt College Publishers. 

 Kumar R. 2014. Research Methodology: A Step- by- Step Guide for 

Beginners. Fourth. Edition. Thousand Oaks, California: Sage Publications. 

 Malhotra NK. 2010. Marketing research: An applied orientation. Sixth 

Edition. Upper Saddle River, NJ: Prentice Hall. 

 NeumanWL. 2006. Social Research Methods: Qualitative and 

Quantitative Approaches. Toronto: Pearson. 

 Sekaran U and Bougie R. 2013. Research Methods for Business A Skill- 
th 

Building Approach. 6  Edition, Wiley, New York. 

 Sendhil R, Kumar A, Singh S, Verma A, Venkatesh K and Gupta V. 

2017. Data Analysis Tools and Approaches (DATA) in Agricultural 

Sciences. e-Compendium of Training-cum- Workshop organised at the 

ICAR-IIWBR during March 22-24, 2017. pp 1-126. 

 Sivakumar PS, Sontakki BS, Sulaiman RV, Saravanan R and Mittal N. 

(eds). 2017. Good Practices in Agricultural extension Research. Manual on 

Good Practices in Extension Research and Evaluation. Agricultural 

Extension in South Asia. Centre for Research on Innovation and Science 

and Policy (CRISP), Hyderabad. India. 

 Sivakumar PS and Sulaiman RV. 2015. Extension Research in India- 

Current Status and Future Strategies. AESA Working Paper 2. 

Agricultural  Extension in South Asia.http:// 

www.aesanetwork.org/aesa-working-paper-2-on-extension-research-in- 

india-current- status-and-future-strategies-p-sethurman-sivakumar-and- 

rasheed-sulaiman-v-december- 2015/ 

 
I. Course Title : Capacity Development 

II. Course Code : EXT 505 

III. Credit Hours : 2+1 

IV. Why this course? 

Competent and skilful extension professionals are not naturally born. 

Their capacities need to be improved primarily at three different levels: 

1. Pre-service capacity development – Under graduation and post- 

graduation studies 

2. Induction capacity development – Just before job entry 

3. In-service capacity development – During job 

If undergone appropriately, pre-service studies help extension 

professionals to mainly acquire knowledge related to development. 

However, they are not fully ready for development work with required 

attitude and skills needed by an organisation. Properly planned and 

organized induction / in-service capacity building programmes help them 

to use development concepts, apply methods, exhibit attitude and skills 

http://www.aesanetwork.org/aesa-working-paper-2-on-extension-research-in-india-current-
http://www.aesanetwork.org/aesa-working-paper-2-on-extension-research-in-india-current-
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required for development work at different levels. In  short,  the essence 

of  this course is to make you understand these notions and help you to 

think up, manage, put into practice and evaluate capacity development 

programmes. 

V. Aim of the course 

• To understand the concepts of training, capacity building, capacity 

development and human resource development in the context of roles 

and responsibilities of extension professionals 

• To discuss capacity development- approaches, strategies, needs assessment 

and methods / tolls 

• To help you devise, organize, implement and evaluate capacity 

developmentprogrammes 

The course is organized as follows: 

 

No    Blocks Units 

 

1. Introduction to Capacity 1. Capacity Development - An Overview 

Development 2. Capacity Development – Approaches 

and Strategies 

3. Planning and Organization of 

Capacity Development 

Programmes 

2. Capacity Development Needs 1. Capacity Development Needs 

Assessment - Assessment An Overview 

2. Capacity Development Needs 

Assessment Methods 

3. Capacity Development Institutions 1. Capacity Development 

Institutions 

and Management 2. Capacity Development Project 

Formulation 

4. Capacity Development Process 1. Capacity Development Methods 

and Toolsand HRD 2. Evaluation 

3. Impact Assessment 

4. Human Resource Development 
 

 
VI. Theory 

Block 1: Introduction to Capacity Development 

Unit 1: Capacity Development–An Overview 

Training, capacity building, capacity development and HRD-Meaning and 

differences; Need and principles of capacity development; Types and levels 

of capacities - Institutional capacities (include the rules, regulations and 

practices that set the overarching contextual environment), Organisational 

capacities (how various actors come together to perform given tasks), 
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Individual capacities (technical, functional and leadership skills). Types of 

capacity building - Based on structure (structured, semi-structured & 

unstructured),  Based  on  context  (orientation,  induction  and refresher), and 

other categories (online, webinar, distance etc.). Components of capacity 

development; Capacity development cycle. 

Unit 2: Capacity Development- Approaches and Strategies 

Capacity Development Dilemma- Theory versus Practice, Trainee versus 

Task, Structured versus Unstructured, Generic and Specific; Approaches in 

Capacity Development -Informative approach, Participatory approach, 

Experimental approach/ Experiential, Performance based  approach; Capacity 

Development  Strategies  - Academic  strategy, Laboratory strategy, Activity 

strategy, Action strategy, Personal development strategy, Organizational 

development strategy. 

Unit 3: Planning and Organization of Capacity Development Programmes 

Steps in Designing and Planning of Capacity Development- Step 1. Select the 

participants, Step 2. Determine the participants’ needs, Step  3. Formulate 

goal and objectives, Step 4. Outline the content, Step 5. Develop instructional 

activities, Step 6. Prepare the design, Step 7.  Prepare evaluation form, Step 

8. Determine follow-up  activities;  Organising capacity development 

programme; Operational arrangements at different stages- Before the 

programme, During the programme, Middle of the programme, At the end of 

the programme, After the programme, Follow up; Stakeholders’ 

responsibilities. 

Block 2: Capacity Development Needs Assessment 

Unit 1: Planning and Organization of Capacity Development Programmes 

Concept of Need Assessment; Approaches in Need Analysis- Performance 

Analysis,Task Analysis, Competency Study; Needs Survey. 

Unit 2: Capacity Development Needs Assessment Methods 

Data Collection Methods in Identifying Needs - Rational Methods 

(Observation, Informal talks, Complaints, Comparison, Analysis of report, 

Opinion poll, Buzz session, Analysis of the new programme), Empirical 

Methods (Job analysis, Performance evaluation, Checklist or Questionnaire 

Method, Tests, Critical Incident Technique, Card Sort Method, Focus Group 

Discussion, Interview, SWOT Analysis); Information and Skills required in 

Need Analysis; Identification of Needs through Task Analysis - Task 

identification, Task Analysis, Gap Analysis. 

Block 3: Capacity Development Institutions and Management 

Unit 1: Capacity Development Institutions 

Capacity Developer (Trainer): Meaning and concept; Types of Capacity 

Developers (regular, ad-hoc, part time, guest and consultants); Roles of 

Capacity Developer (explainer, clarifier, supporter, confronter, role model, 

linker, motivator, translator/ interpreter, change agent); Good Capacity 

Developer – Qualities, skills and roles Qualities, Skills (Intrapersonal & 
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Inter personal), Roles (Manager, Strategist, Task Analyst, Media Specialist, 

Instructional Writer, Marketer, Facilitator, Instructor, Counsellor, Transfer 

Agent, Evaluator); Capacity Development Centres and Locations; 

Organisation’s Role in Capacity Development. 

Unit 2: Capacity Development Project Formulation 

Project Proposal: Concept and Meaning; Steps in Project Formulation- 

Review of past proposals, Consulting experts, consultants, and previous 

organizers, Review past project evaluation reports, Interact with the 

prospective beneficiaries; Format for Writing Project Proposal (LFA). 

Block 4: Capacity Development Process and HRD 

Unit 1: Capacity Development Methods and Tools 

Capacity Development Methods –Lecture, Discussion, Syndicate, Seminars, 

Conference, Symposium, Role Play, Case study, Programmed Instruction, T - 

group/ Laboratory methods; Factors Determining Selection of Methods - 

Capacity development objectives, subject matter, categories of participants, and 

the available resources like time, location, budget; Capacity Development Aids. 

Unit 2: Evaluation 

Capacity Development Programme Evaluation - Meaning & Importance; Purpose 

of Evaluation; Principles of Evaluation; Types of Evaluation – Formative, 

Summative, Kirkpatrick’s four levels of evaluation; Process of Evaluation- 

Evaluation at the beginning, Evaluation during the programme, Evaluation at the 

end; Use of evaluation findings; Statistical Tools for evaluation. 

Unit 3: Impact Assessment 

Impact Assessment- Meaning, Need, Features, Benefits,  Concepts; Indicators 

for Impact Assessment - Direct indicators, Indirect or proxy indicators, 

Quantitative indicators, Qualitative indicators, Result chain / hierarchy of 

indicators; Methods of Impact  Evaluation-  Learning retention of participants 

(KOSA), Impact on the job performance, Impact on organizational 

effectiveness, Impact on stakeholder’s competency. 

Unit 4: Human Resource Development 

HRD: Meaning, Importance and Benefits; Types of HRD Systems & Sub- 

systems Career system (Manpower planning, Recruitment, Career planning, 

Succession planning, Retention), Work system (Role  analysis,  Role efficacy, 

Performance plan, Performance feedback and guidance, Performance appraisal, 

Promotion, Job rotation, Reward), Development system (Induction, Training, 

Job enrichment, Self-learning mechanisms, Potential appraisal, Succession 

development, Counselling, Mentor system), Self-renewal system (Survey, 

Action research, Organisational development interventions), Culture system 

(Vision, mission and goals, Values, Communication, Get together and 

celebrations, Task force, Small groups); Components of HRD System - 

Performance Appraisal, Potential Appraisal, Task System, Development 

System, Socialisation System, Governance; Functions of HRD-

Organisational Development, Career Development, Capacity 
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Development. 

VII. Practicals 

• Capacity development needs assessment exercises 

• Capacity development project formulation e xercises 

• Planning organizing and conducting an extension capacity development 

programme 

• Designing a programme 

• Writing learning objectives 

• Developing objectives into curriculum 

• Training plan 

• Organizing capacity development workshop 

• Evaluation with pre- and post-training tests 

• Training methods – Practicing each method mentioned in contents as 

group exercises 

 
VIII. Teaching methods/activities 

– Lecture 

– Assignment (Reading/Writing) 

– Student’s book/Publication review 

– Student presentation 

– Group work 

– Case analysis 

– Guest lectures 

– Review of training manuals and training evaluation studies 

– Short attachments to a nearby training institute. 

IX. Learning outcome 

After successful completion of this course, the students are expected to be 

able to: 

– Differentiate between training, capacity building, capacity 

development and human resource development 

– Explain different levels of capacities, needs assessment 

approaches & methods,capacity development methods and tools 

– Formulate, implement and evaluate need based capacity development 

programmes 

X. Suggested Reading 

 ADB. 2009. Training Needs Assessment and Strategic Training Plan. 

 Bentaya GM, and Hoffmann V (Eds). 2011. Rural Extension Volume 3 

-Training Concepts and Tools. Margraf Publishers GmbH, Scientific 

books, KanalstraBe 21; D-97990, Weikersheim, 191 pp. 

 DFID .2003. Promoting Institutional and Organisational Development. A 
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Source Book of Tools and Techniques, Department for International 

Development, United Kingdom 

 DoPT.2014. Civil Services Competency Dictionary: Strengthening Human 

Resource Management of Civil Service. Department of Personnel and 

Training, Government of India 

 FAO .2010. FAO Capacity Assessment Approach and Supporting Tools - 

Discussion Draft, Food and Agriculture Organisation of the United Nations 

 FAO .2012. Capacity Development: Learning Module 2. FAO 

Approaches to Capacity Development inProgramming. Processes and 

Tools, Food and Agriculture Organisation of the United Nations 

 FAO .2012. Corporate Strategy on Capacity Development. 

 FAO .2013. Capacity Development: Learning Module 4. Organization 

Analysis and Development Food and Agriculture Organisation of the 

United Nations 

 GFRAS. 2012. The New Extensionist: Roles, Strategies, and Capacities to 

Strengthen Extension andAdvisory Services, Global Forum for Advisory 

Services 

 GFRAS. 2015. The New Extensionist: Core Competencies for 

Individuals, GFRAS Brief 3. Horton D. 2002. Planning, Implementing, and 

Evaluating Capacity Development. ISNAR Briefing Paper 50. 

 ICAR 2015. Training Policy 2015, Indian Council of Agricultural 

Research. 

 IISD 2015. Appreciative Inquiry and Community Development. 

International Institute for SustainableDevelopment. 

 LENCD 2011. How to assess existing capacity and define capacity needs, 

Learning Network onCapacity Development. 

 Maguire. 2012. Module 2: Agricultural Education and Training to Support 

Agricultural Innovation Systems.Overview. Agricultural Innovation Systems: 
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I. Course Title : ICTs for Agricultural Extension and Advisory 

Services 

II. Course Code : EXT 506 

III. Credit Hours : 2+1 

IV. Why this course? 

Information and Communication Technologies (ICTs) are continuously evolving. 

More ICT applications having better relevance to extension and advisory services 

(EAS) are currently available considering the human and other resource 

constrainsfaced by EAS, ICTs can supplement and complement EAS extension 

efforts in a cost-effective way. Extension professionals should have sound 

knowledge of ICTs and comprehensive understanding on its various applications 

for effectively deploying these in EAS provision. This course will provide 

knowledge and hands-on-experience on ICT applications relevant for EAS. 

V. Aim of the course 

• To discuss different ICT initiatives, knowledge management 

process and application aspects 

• To orient students on advances in smart/ disruptive technologies and 

data analytics 

• Hands on experience in navigating ICTs 

The course is organized as follows: 
 

No Blocks Units 

 

1. Introduction to Information and 1. ICTs- Concepts and Status 

Communication Technologies (ICTS) 2. ICTs in Knowledge Management 

 
2. Application of ICTs in  1. ICT Applications 

Extension and advisory 2. ICT Expert Systems 

services 3. ICT Networks 

3. Knowledge management and 1. Policies in Knowledge Management 

Standards 2. Web Standards 

3. Social Media Applications to 

engage audience 

4. Smart and disruptive Technologies 1. Smart Technologies 

and advanced analytics for 2. Human Computer Interactions 

agricultural extension 
 

http://www.tapipedia.org/
http://www.fao.org/capacity-development/en/
http://www.g-fras.org/en/
http://www.aesanetwork.org/
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VI. Theory 

Block 1: Introduction to Information and Communication Technologies 

(ICTs) and E-extension 

Unit 1: ICTs- Concepts and Status 

ICTs- meaning, concepts, basics of ICTs, global and national status, types and 

functions of ICTs, innovations, meaning of e-Governance, e-learning, 

mLearning, advantages and limitations of ICTs. 

Unit 2: ICTs in Knowledge Management 

Knowledge management-meaning, approaches and tools. Role of ICTs in 

AgriculturalKnowledge Management. 

Unit 3: e-Extension Initiatives in Agriculture and Allied sectors 

e-Extension, overview on global and national e-extension initiatives, Inventory 

of e-Extension initiatives in agriculture and allied sectors from central and state 

governments, ICAR, SAUs, private sector and NGO initiatives in India. 

Block 2: Application of ICTs in Extension and Advisory Services Unit 

1: ICT Applications 

Knowledge centres (tele centres), digital kiosks, websites and web portals, 

community radio, farmers call centres, mobile phone based advisory services and 

mobile applications (mExtension, mLearning), self-learning CDs on package of 

practices, social media, digital videos, market intelligence and information 

systems- ICT enabled Supply-Chains and Value-Chains/ e- Marketing (e-NAM, 

Agmarknet, etc.). 

Unit 2: ICT Expert Systems 

Expert System/ Decision Support System/ Management Information Systems, 

Farm Health Management & Intelligence System for Plant Health, Animal 

Health, Soil Health, Fishery, Water, Weather, etc. 

Unit 3: ICT Networks 

Global and regional knowledge networks, international information 

management systems, e-Learning platforms (MOOCS, Course CCRA, 

EduEx,  etc),  e-Governance  systems;   digital    networks    among extension 

personnel, Farmer Producers Organisations (FPOs)/ SHGs/ Farmers Groups. 

Block 3: Knowledge Management and Standards 

Unit 1: Policies in Knowledge Management 

Global policy/ Standards on e-Governance, National policy on e-governance, 

Open Data / Open Gov Standards and Open Source etc; Language Technology 

Applications; National e-Agriculture policy/ Strategies/ guidelines. 

Unit 2: Web Standards 

Web standards, creating and writing for web portals, development of mobile 

applications, developing digital videos- story board- video recording- video 

editing,types of blogs and writing guidelines. 

Unit 3: Social Media Applications to Engage Audience 
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Video conference, live streaming and webinars, types and functions  of social 

media applications, guidelines for preparing social media content, engaging 

audience and data-analytics. 

Block 4: Smart and Disruptive Technologies and Advanced Analytics for 

Agricultural Extension 

Unit 1: Smart Technologies 

Open technology computing facilities, System for data analytics/ mining/ 

modelling/ Development of Agricultural simulations; Remote Sensing, GIS, 

GPS, Information Utility (AIU); disruptive technologies- Analysis; Internet 

of Things (IoTs), Drones, Artificial intelligence (AI), block chain technology, 

social media and Big Data analytics for extension. 

Unit 2: Human Computer Interactions 

Human Centered Learning/Ergonomics/ Human Computer Interactions- 

Meaning; Theories of multimedia learning - Sweller’s cognitive load theory, 

Mayer’s cognitive theory of multimedia learning, Schnotz’s integrative model 

of text and picture comprehension, van Merriënboer’s four- component 

instructional design model for multimedia learning; Basic Principles of 

Multimedia Learning - Split-attention, Modality, Redundancy, Coherence, 

Signaling, segmenting, pre-training, personalisation, voice embodiment; 

Advanced principles - Guided discovery, worked examples, Self-explanation, 

drawing, feedback, multiple representation, Learner control, animation, 

collaboration, prior knowledge, and working memory. Designing ICT gadgets 

based on human interaction principles - Interactive design-Meaning, 

importance; Approaches of interactive design - user-centered design, activity- 

centered design, systems design, and genius design; Methods of  interactive  

design  -  Usability testing methods. 

VII. Practicals 

• Content and client engagement analysis 

• Designing extension content for ICTs 

• Creating and designing web portals, blogs, social media pages 

• Developing digital videos 

• Live streaming extension programmes and organising webinars 

• Working with farmers call centres 

• Engaging with professional digital networks 

• Writing for digital media 

• Generating innovative ideas for application of ICT in Agricultural Extension 

and Advisory Services 

VIII. Teaching methods/activities 

– Lecture 

– Guest lectures 

– Assignment (Reading/Writing/ developing mApps/ media 

management/Socialmedia initiatives) 
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– Student’s book/Publication review 

– Student presentation 

– Group work 

– Student’s interview of ICT practitioners/ champions 

– Documenting good practices and case studies 

– Review of ICT policy documents and guidelines/ standards 

– Short internship with ICT projects 

 
IX. Learning outcome 

After successful completion of this course, the students are expected to be 

able to: 

– Appreciate the importance of the ICTs in EAS 

– Understand the ICT application aspects 

– Critically evaluate ICT initiatives and smart/disruptive technologies 

– To execute extension functions by applying ICTs and 

– Engage stakeholders in knowledge management process 
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I. Course Title : Evaluation and Impact Assessment 

II. Course Code : EXT 507 

III. Credit Hours : 2+1 

IV. Why this course? 

Many organizations now look for experts to evaluate development 

projects and developmental interventions. It is now required that 

impact be assessed whenever any development programme is 

implemented. Thus, the extension professionals need to have good 

understanding of the theory and practice of programme evaluationand 

impact assessment. This course, thus, has been designed to help 

students develop as extension professionals who can plan and conduct 

systematic assessments of the results and impacts of extension 

programmes. 

V. Aim of the course 

• To orient students on the importance of evaluation and impact 

assessment 

• To develop capacities for evaluation and impact assessment 

• Discuss ways of conducting evaluations and impact assessment 

The course is organized as follows: 
 

No    Blocks Units 

 

1. Programme Evaluation 1. Introduction to Evaluation 

2. Evaluation Theories 

2. Evaluation Process 1. How to Conduct Evaluation 

2. Evaluating the Evaluation 

3. Programme Management 1. SWOT Analysis and Bar Charts 

Techniques 2. Networks 

4. Programme Evaluation Tools 1. Bennett’s Hierarchy of Evaluation 

http://meas.illinois.edu/wpcontent/uploads/2015/04/Vignare-K-2013-ICT-and-Extension-
https://openknowledge.worldbank.org/handle/10986/27526
http://www.fao.org/research-and-extension/en/
http://www.cta.int/en/channel/digitalisation-sid05951b8c7-e611-4f34-9ae6-8c0fc0c822bc
http://www.cta.int/en/channel/digitalisation-sid05951b8c7-e611-4f34-9ae6-8c0fc0c822bc
http://www.g-fras.org/en/
http://www.g-fras.org/en/
http://www.aesanetwork.org/
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2. Logic Framework Approach 

5. Impact Assessment 1. Introduction to Impact Assessment 

2. Impact Assessment Indicators 

3. Approaches to Impact 
Assessment 

4. Environment Impact 

Assessment 
 

VI. Theory 

Block 1: Programme Evaluation 

Unit 1: Introduction to Evaluation 

Concept of Evaluation: Meaning and concept in different contexts; Why 

Evaluation is Done and When? Programme planning, analyse programme 

effectiveness, decision making, accountability, impact assessment, policy 

advocacy; Objectives, types, criteria and approaches of programme 

evaluation, evaluation principles; the context of program evaluation in 

agricultural extension; Role and credibility of evaluator: Role as educator, 

facilitator, consultant, interpreter, mediator and change agent. Competency 

and credibility of evaluator. 

Unit 2: Evaluation Theories 

Evaluation theory vs. practice – synergistic role between practice and theory 

in evaluation; Evaluation theories - Three broad categories of theories that 

evaluators use in their works - programme theory, social science theory, and 

evaluation theory (other theories/ approaches - Utilization-Focused 

Evaluation & Utilization-Focused Evaluation (U-FE) Checklist, Values 

Engaged Evaluation, Empowerment Evaluation, Theory-Driven Evaluation). 

Integration between theory and practice of evaluation: 

–evaluation forums, workshops, conferences and apprenticeship/ internship. 

Block 2: Evaluation Process 

Unit 1: How to Conduct Evaluation 

Ten Steps in programme evaluation: (1) Identify and describe programme you 

want to evaluate (2) Identify the phase of the programme(design, start- up, on- 

going, wrap-up, follow-up) and type of evaluation study needed (needs 

assessment, baseline, formative, summative, follow-up) (3) Assess the feasibility 

of implementing an evaluation (4) Identify and consult key stakeholders (5) 

Identify approaches to data collection (quantitative, qualitative, mixed) (6) 

Select data collection techniques (survey interviews and questionnaires with 

different types) (7) Identify population and select sample (sampling for 

evaluation, sample size, errors, sampling techniques (8) Collect, analyse and 

interpret data (qualitative and quantitative   evaluation data analysis) (9) 

Communicate findings (reporting plan, evaluation report types, reporting results, 

reporting tips, reporting negative findings (10) Apply and use findings 

(programme continuation/ discontinuation, improve on- going programme, plan 

future programmes and inform programme 
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stakeholders). 

Unit 2: Evaluating the Evaluation 

Evaluating the Evaluation - 10 s teps as above with focus on conceptual 

clarity, representation of programme components and stakeholders, 

sensitivity, representativeness of needs, sample and data, technical 

adequacy, methods used for data collection and analysis, costs, 

recommendations and reports. 

Block 3: Programme Management Techniques 

Unit 1: SWOT Analysis and Bar Charts 

SWOT Analysis – Concept, origin and evolution; SWOT as a Programme 

Management Tool; Conducting SWOT Analysis - Common Questions in 

SWOT Analysis; Advantages and Disadvantages of SWOT; Bar Charts 

(Gantt Charts and Milestone Charts) - Characteristics, advantages and 

limitations. 

Unit 2: Networks 

Networks – Introduction, origin and widely used networks Programme 

Evaluation and Review Technique (PERT) and Critical Path Method (CPM), 

differences between PERT and CPM, advantages and disadvantages. 

Networks Terminology – Activity, Dummy activity, Event (predecessor 

event, successor event, burst event,  merge event, critical event), Earliest Start 

Time (EST), Latest Start Time (LST), Critical Path, Critical Activity, 

Optimistic time (To), Pessimistic time (Po), Most likely time (TM), Expected 

time (TE), Float or Slack, Event Slack, Lead time, Lag time, Fast tracking, 

Crashing critical path, Acclivity Table, Danglers, Normal Time. Rules for 

Preparation of Networks  and  Steps  in  Network  Preparation  with example. 

Block 4: Programme Evaluation Tools Unit 

1: Bennett’s Hierarchy of Evaluation 

Introduction to Bennett’s hierarchy – Background and description; Relation 

between programme objectives & outcomes at 7 levels of Bennett’s hierarchy 

– Inputs, activities, participation, reactions, KASA changes, practice and 

behaviour changes, end  results.  Advantages  and Disadvantages of 

Bennett’s hierarchy 

Unit 2: Logic Framework Approach (LFA) 

Introduction to LFA – Background and description; Variations of LFA - Goal 

Oriented Project Planning (GOPP) or Objectives Oriented Project Planning 

(OOPP); LFA Four-by-Four Grid – Rows from bottom to top (Activities, Outputs, 

Purpose and Goal & Columns representing types of information about the events 

(Narrative description, Objectively Verifiable Indicators (OVIs) of these events 

taking place, Means of Verification (MoV) where information will be available 

on the OVIs, and Assumptions). Advantages and Disadvantages of LFA. 



890  

Block 5: Impact Assessment 

Unit 1: Introduction to Impact Assessment 

Concept of Impact Assessment: Meaning, concept and purpose in different 

contexts; Impact Assessment Framework: Meaning of inputs, outputs, 

outcomes, impacts and their relation with monitoring,  evaluation  and impact 

assessment. 

Unit 2: Impact Assessment Indicators 

Indicators for impact assessment – meaning and concept; Selecting impact 

indicators; Types of impact indicators for technology and extension advisory 

services - social and behavioral indicators, socio-cultural indicators, technology 

level indicators, environmental impact assessment indicators and institutional 

impact assessment indicators. 

Unit 3: Approaches for Impact Assessment 

Impact assessment approaches – Quantitative, qualitative, participatory and 

mixed methods with their advantages and disadvantages; Quantitative Impact 

Assessment Types – Based on Time of Assessment (Ex-ante and ex-post), Based 

on Research Design (Experimental, Quasi experimental, Non- experimental). 

Econometric ImpactAssessment: - (Partial Budgeting Technique, Net Present 

Value, Benefit Cost Ratio, Internal Rate of Return, Adoption Quotient, etc). 

Qualitative and Participatory Impact Assessment Methods. 

Unit 4: Environment Impact Assessment (EIA) 

Concept of EIA – Introduction, What it is? Who does it? Why it is conducted? 

How it is done?; Benefits and important aspects of EIA-risk assessment, 

environmental management and post product monitoring. Environmental 

Components of EIA – air, noise, water, biological, land; Composition of the 

expert committees and steps in EIA process - screening, scoping, collection of 

baseline data, impact prediction, mitigation measures and EIA report, public 

hearing, decision making, monitoring and implementation of environmental 

management plan, assessment of alternatives, delineation of mitigation measures 

and EIA report; Salient Features of 2006 Amendment to EIA Notification - 

Environmental Clearance/Rejection, participants of EIA; Shortcomings of EIA 

and How to improve EIA process? 

VII. Practicals 

• Search the literature using web / printed resources and identify evaluation 

indicators for the following: 

– Utilization-Focused Evaluation 

– Values Engaged Evaluation 

– Empowerment Evaluation 

– Theory-Driven Evaluation 

• Visit the Directorate of Extension in your university and enquire about 

extension programmes being implemented / coordinated by the Directorate. 

Develop an evaluation proposal of any one programme using 

„Ten Steps in Programme Evaluation’ discussed in the theory class. 
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• Review any comprehensive programme evaluation report from 

published sources. Evaluate the report and write your observations 

following the „Evaluating the Evaluation’ approach. 

• Identify at least four agriculture development programmes and their 

objectives being implemented in your state. Write two attributes each on 

Strengths, Weaknesses, Opportunities and Threats related to the 

identified programme objectives in the SWOT grid. 

• Identify an on-going development programme and make-out 6 activities 

from the programme. 

• Draw a Gantt chart for 12 months programme activities. 

• Write a report on evaluation hierarchy levels and indicators as per Bennett’s 

hierarchy of evaluation for any development programme or project. 

• Develop LFA four-by-four grid for any development programme or 

project with activities, outputs, purpose and goal and objectively 

verifiable indicators, means of verification & assumptions. 

• Visit a nearby KVKs / ATIC. Select any agriculture technology with 

package of practices and extension advisory services promoted by KVK / 

ATIC. Identify impact assessment indicators for social and behavioral 

indicators, socio-cultural indicators, technology level indicators, 

environmental impact assessment indicators and institutional impact 

assessment indicators. 

• Refer any Environment Impact Assessment report and analyse steps in 

EIA. Writeyour observations. 

• Socio-economic and environmental impact assessment of any 

development programme/project using appropriate tools. 

VIII. Teaching methods/activities 

– Lecture 

– Assignment (Reading/Writing) 

– Student’s book/Publication review 

– Student presentation 

– Group work 

– Guest lectures 

IX. Learning outcome 

After successful completion of this course, the students are expected to be able 

to: Develop competencies in the areas of evaluation planning, indicator 

development, conducting evaluation and impact assessment and writing reports. 

X. Suggested Reading 

 Adrienne M, Gundel S, Apenteng E and Pound B. 2011. Review of 

Literature on Evaluation Methods Relevant to Extension. Lindau, 

Switzerland: Global Forum for Rural Advisory Services, Lindau, 

Switzerland 
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 Bagnol B. 2014. Conducting participatory monitoring and evaluation. 

Pages 81-85 in FAO, Decision tools for family poultry development. FAO 

Animal Production and Health Guidelines, No. 1 6. Rome, Italy: FAO. 

 Bennett CF. 1979. Analyzing impacts of extension programs. Washington, 

D.C., USA: U.S. Department of Agriculture. 

 Boyle R and Le Maire D. 1999. Building effective evaluation capacity: 

lessons from practice. New Brunswick, NJ: Transaction Publishers. 

 Bradford RW, Duncan, P.J. and Tarcy, B. 1999. Simplified Strategic 

Planning: A No-nonsense Guide for Busy People Who Want Results Fast. 

New York: Chandler House. 

 Braverman MT and Engle M. 2009. Theory and rigor in Extension program 

evaluation planning. Journal of Extension 47(3). 

www.joe.org/joe/2009june/a1.php 

 Chen H. 2012. Theory-driven evaluation: Conceptual framework, 

application and advancement. In: Strobl R., Lobermeier O., Heitmeyer W. 

(eds) Evaluation von Programmen und Projekten für eine demokratische 

Kultur. Springer VS, Wiesbaden 

 Chen, H.T. 2011. Practical program evaluation: Theory-Driven Evaluation 

and the Integrated Evaluation Perspective. Thousand Oaks, CA: Sage. 

 Dale R. 2004. Evaluating Development Programmes and Projects, New 

Delhi, India: Sage Publications. 

 Duncan Haughey 2017. SWOT Analysis. 

https://www.projectsmart.co.uk/swot-analysis.php. Fetterman, D.M. 

2012. Empowerment Evaluation: Learning to think like an evaluator. In 

M.C. Alkin (Ed.), Evaluation Roots (2nd edition) (pp. 304-322). 

 GFRAS. 2012. Guide to evaluating rural extension. Lindau, 

Switzerland: Global Forum for Rural Advisory Services (GFRAS). 

 Greene, J.C., Boyce, A., and Ahn, J. (2011). A values-engaged educative 

approach for evaluating education programs: A guidebook for practice. 

Champaign, IL: University of Illinois at Urbana-Champaign. 

 http://comm.eval.org/communities/community-home/librarydocuments/ 

viewdocument? DocumentKey=f3c734c0-8166-4ba4-9808-a07e05294583 

 Greene J. 1988. Stakeholder participant and utilization in program 

evaluation. Evaluation Review, 12: 91–116. 

 Hall A, Sulaiman VR, Clark N and Yoganand B. 2003. From measuring 

impact to learning institutional lessons: An innovation systems 

perspective on improving the management of international agricultural 

research. Agricultural Systems, 78(2): 213–241. 

 Karthikeyan, C., Vijayaraghavan, K. and Lavanya, P. 2007. Formative 

evaluation of Kisan Call Centres. Tamil Nadu. Indian Journal of 

Extension Education, 43(1 &2): 20-25 (For LFA Example). 

 Murray P.  2000. Evaluating participatory extension programs: 

http://www.joe.org/joe/2009june/a1.php
http://www.projectsmart.co.uk/swot-analysis.php
http://comm.eval.org/communities/community-home/librarydocuments/
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challenges and problems. Australian Journal of Experimental 

Agriculture, Vol. 40 No. 4 pp. 519–526. 

 Narayan D.1993. Participatory Evaluation: Tools for Managing Change 

in Water and Sanitation. (Technical Paper 207). Washington, D.C.: The 
World Bank. 

 Neuchatel Group. 2000. Guide for Monitoring, Evaluation and Joint 

Analyses of Pluralistic Extension Support. Lindau, Switzerland: Neuchâtel 

Group. 

 www.g-fras.org/fileadmin/UserFiles/Documents/Frames-and- 

guidelines/M_E/Guide-for- Monitoring-Evaluation-and-Joint-Analysis.pdf 

 Njuki J, Mapila M, Kaaria S and Magombo T. 2008. Using community 

indicators for evaluating research and development programmes: 

Experiences from Malawi. Development in Practice 18(4): 633–642. 

 OECD. 1998. Review of the DAC Principles for Evaluation of Development 

Assistance. Paris: DAC Working Party on Aid Evaluation. 

 www.oecd.org/dataoecd/63/50/2065863.pdf (accessed 6 June 2011) 

 Patton, M.Q. 2013. Utilization-Focused Evaluation (U-FE) Checklist. 

Western Michigan University Checklists. 

 Rosanne Lim .2012. Why You Should Do a SWOT Analysis for Project 

Management. 

 Rossi PH and Freeman HE. 1985. Evaluation: a systematic approach 

(third edition). Beverly Hills, CA Sage Publications, Inc. 

 Sanders J. 1994. The program evaluation standards, 2nd edition. Joint 

committee on standards for educational evaluation. Thousand Oak, CA: 

Sage Publications, Inc. 

 Sasidhar, P.V.K. and Suvedi, M. 2015. Integrated contract broiler farming: 

An evaluation case study in India. Urbana, IL: USAID-MEAS. 

www.meas.illinois.edu (For Bennett’s Hierarchy Example). 

 Shadish, W. R. Jr., Cook, T. D., and Leviton, L. C. 1991. Chapter 2: Good 

theory for social program evaluation. Foundations of Program Evaluation: 

Theories of Practice (pp. 36-67). Newbury Park, CA: Sage. Srinath, L.S. 

1975. PERT and CPM Principles and Applications, East- West Press, New 

Delhi. Suvedi M, Heinze K and Ruonavaara D. 1999. How to Conduct 

Evaluation of Extension Programs. ANRECS Center for Evaluative 

Studies, Dept of ANR Education and Communication 

 Systems, Michigan State University Extension, East Lansing, MI, USA 

https://msu.edu/~suvedi/Resources/Documents/4_1_Evaulation%20manua 

l%202000.pdf Suvedi M. 2011. Evaluation of agricultural extension and 

advisory services — A MEAS training module. Urbana Champaign, IL: 

Modernizing Extension and Advisory Services Project. http://www.meas-

extension.org/meas- offers/training/evaluatingextensionprograms 

 Suvedi, M. and Kaplowitz, M.D. 2016. Process skills and competency 

http://www.g-fras.org/fileadmin/UserFiles/Documents/Frames-and-guidelines/M_E/Guide-for-
http://www.g-fras.org/fileadmin/UserFiles/Documents/Frames-and-guidelines/M_E/Guide-for-
http://www.oecd.org/dataoecd/63/50/2065863.pdf
http://www.meas.illinois.edu/
http://www.meas-extension.org/meas-offers/training/evaluatingextensionprograms
http://www.meas-extension.org/meas-offers/training/evaluatingextensionprograms
http://www.meas-extension.org/meas-offers/training/evaluatingextensionprograms
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tools – what every extension worker should know  – Core Competency 

Handbook. Urbana, IL: USAID-MEAS. 

 Suvedi, M and Morford S. 2003. Conducting Program and Project 

Evaluations: A Primer for Natural Resource Program Managers in British 

Columbia. Forrex-Forest Research Extension Partnership, Kamloops, 

B.C. Forrex Series 6. 

 USAID .2011. Evaluation policy. Washington, D.C., USA: Bureau for 

Policy and Planning. Venkateswarlu, K and Raman, K.V.  1993. Project 

Management Techniques for R&D in Agriculture. Sterling Publishers 

Pvt.Ltd., New Delhi. 

 Wholey JS, Harty HP and Newcomer KE. 1994. Handbook of practical 

program evaluation. San Francisco, USA: Jossey-Bass Publishers. 

 
Websites 

Better Evaluation– www.betterevaluation.org 

TAP– Tropical Agriculture Platform: Monitoring and Evaluation - 

www.tapipedia.org GFRAS– Global Forum for Rural Advisory Services 

http://www.g-fras.org/en/ 

AESA– Agricultural Extension in South Asia http://www.aesanetwork.org/ 

USAID– United States Agency for International Development: Evaluation 

https://www.usaid.gov/evaluation 

https://education.illinois.edu/faculty/jennifer-greene 

 
I. Course Title : Managing Extension Organizations 

II. Course Code : EXT 508 

III. Credit Hours : 2+1 

IV. Why this course? 

Organizations need to follow management principles, objectives and 

organizational processes. The extension organizations including management 

of agricultural extension services need to be managed for effectiveness and 

efficiency. This calls  for  key  business  management skills to be learnt by 

the students so that they can run extension organizations, and extension and 

advisory services efficiently using the principles, practices, knowledge and 

skills required for effective management. 

V. Aim of the course 

• To orient students on the importance of knowledge and skills on various 

management functions, as applicable to  extension organizations 

• Discuss ways of running extension services as managers of agri- 

ventures 

• To develop capacities for becoming effective managers of agri- 

ventures. 

http://www.betterevaluation.org/
http://www.tapipedia.org/
http://www.g-fras.org/en/
http://www.aesanetwork.org/
https://www.usaid.gov/evaluation
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The course is organized as follows: 
 

No Blocks Units 
 

1. Basics of Management 1. Management- An Over view 

2. Management in different types 1.  Extension Management in public, private 

of Extension organizations sector and other sectors 

2. Concepts in Management 

3 Motivation and Organizational 1. Motivation and Communication 
Communication 2. Supervision and Control 

 

VI. Theory 

Block 1: Basics of Management Unit 

1: Management- An Over view 

Management and importance; Extension and theories of management. 

Management, administration and supervision - meaning, definition and 

scope; Approaches to management, Principles, functions and levels of 

management; Qualities and skills of a manager; Interpersonal relationsin the 

organization; Reporting and budgeting 

Block 2: Management in different types of Extension Organizations 

Unit 1: Extension Management in public, private sector and other sectors 

Extension management (POSDCORB) in public sector, Department of 

Agriculture, Agricultural Technology Management Agency (ATMA), Krishi 

Vigyan Kendra (KVK), SAUs, ICAR Institutes, Private sector, Cooperatives, 

NGOs, FPOs etc. Organisational Structure, Relations between different units- 

Challenges in management Decision making – Concept, Types of decisions, 

Styles and techniques of decision making, Steps in DM Process, Guidelines 

for making effective decisions; Human Resource Management: Manpower 

planning, Recruitment, Selection, Placement and Orientation, Training and 

Development; Dealing with fund and staff shortages in different extension 

organizations (KVK, ATMA etc.); Leadership  – Concept, Characteristics, 

Functions, Approaches to leadership, Leadership styles; Authority and 

responsibility, Delegation and decentralization, line and staff relations; 

Challenges of co-ordination in extension organizations; Managing 

interdepartmental coordination and convergence between KVK, ATMA and 

line departments; Coordinating pluralism in extension services; Challenges in 

managing public-privatepartnerships (PPPs) at different levels in agricultural 

development in general and extension in particular; Performance appraisal – 

Meaning, Concept, Methods. 

Block 3: Motivation and Organizational Communication 

Unit 1: Motivation and Communication 

Managing work motivation – Concept, Motivation and Performance, 

Approaches to motivation, team building; Organizational Communication – 
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Concept, Process, Types, Networks, Barriers to Communication; Mentoring, 

Time management, Team work and team-building strategies; Modernization of 

information handling. 

Unit 2: Supervision and Control 

Supervision – Meaning, Responsibilities, Qualities and functions of 

supervision, Essentials of effective supervision; Managerial Control – Nature, 

Process, Types, Techniques of Control, Observation, PERT and CPM, 

Management Information Systems (MIS): Concept, tools and techniques, 

MIS in extension organizations; Six Sigma, QCC, TQM, MBO. 

VII. Practicals 

• Simulated e xercises on techniques of decision making 

• Study the structure and function of agro-enterprises, Designing 

organizationalstructure/ organograms. 

• Group activity on leadership development skills 

• Simulated exercises to understand management processes 

• Field visit to extension organizations (ATARI, KVKs,  NGOs), 

FPOs, dairycooperatives to understand the functions of management 

• Practical exercises on PERT & CPM 

• Group Exercises on development of short term and long term plans for 

agro- enterprises 

• Developing model agriculture-based projects including feasibility 

study, financialplanning and cost-benefit analysis 

VIII. Teaching methods/activities 

– Lecture 

– Assignment (Reading/Writing) 

– Student’s book/Publication review 

– Student presentation 

– Group work 

– Student’s interview of officers engaged in EAS 

– Short attachments 

IX. Learning outcome 

After successful completion of this course, the students are expected to be 

able to: 

– Turn good managers of extension and advisory services including agri-

ventures,FPOs, cooperatives etc. 

– understand the key business skills needed for managing agribusinesses 

and managing the value chains 

– Critically evaluate the management functions to make extension 

systems efficient by applying management principles and good practices 

of effective management 

– Engage in management of extension organizations 
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X. Suggested Reading 

 Bitzer V. 2016. Incentives for enhanced performance of agricultural 

extension systems, KIT Working Paper 2016-6, Royal Tropical Institute, 

Amsterdam https://www.kit.nl/wp-content/ uploads/ 2018/08/ Incentives- 

for-enhanced-performance-of-agricultural-extension- systems.pdf 

 Bitzer V, Wennik, B and de Steenhuijsen, B. 2016. The governance of 

agricultural extension systems, KIT Working Paper 2016-1Royal Tropical 

Institute, Amsterdam https://www.kit.nl/ wp-content/ 

uploads/2018/08/The-governance-of-agricultural-extension-systems.pdf 

 Chand S. 2017. Modern Management Theory: Quantitative, System and 

Contingency Approaches to Management. 

http://www.yourarticlelibrary.com/management/modern-management- 

theory-quantitative-system-and-contingency-approaches-to- 

management/25621 

 Daniel RG, James AFS, Freeman RE.2003. Management (6th Edition). 

Pearson India. Fahimifard S.M. and Kehkha A.A. 2009. Application of 

Project Scheduling in Agriculture (Case Study: Grape Garden 

Stabilization) American-Eurasian J. Agric. & Environ. Sci., 5 (3): 313- 321, 

2009. https://www.idosi.org/aejaes/jaes5(3)/3.pdf 

 Gabathuler E, Bachmann F, Klay A. 2011. Reshaping Rural Extension 

Learning for Sustainability: An integrated and learning based advisory 

approach for rural extension with small scale farmers-Chapter 4. Margraf 

Publishesrs, Kanalstr. 

 GFRAS 2017. Module 3: Agricultural Extension Programme Management, 
The New Extensionist Learning Kit, Global Forum for Rural Advisory 
Services (GFRAS) 

 http://www.g-fras.org/fr/component/phocadownload/category/70-new- 
extensionist-learning-kit- nelk.html?download=564: nelk-module-3- 

agricultural-extension-programme-management- textbook 

o Gupta CB. 2001. Management Theory and Practice. Sultan Chand &Sons. 

New Delhi Hoffmann V, Gerster BM, Christnick A, Lemma M. 2009. Rural 
Extension Volume 1- Chapter Margraf Publishesrs, Kanalstr. 

 HRM 2013. Current Trends in Human Resource Management 

https://corehr.wordpress.com/ 2013/08/21/current-trends-in-human- 

resource-management/ 

 Koontz H and WeihrichH. 2015. Essentials of Management: An 

International, Innovation and Leadership perspective. McGraw Hill 

Education (India) Private Ltd. 

 MANAGE. 2008. Project Management in Agricultural Extension, AEM- 

203, Post Graduate Diploma in Agricultural Extension Management 

(PGDAEM), National Institute of Agricultural Extension Management, 

Hyderabad http://www.manage.gov.in/pgdaem/ studymaterial/aem203.pdf 

 Mind Tools. 2005. Core Leadership Theories: Learning the Foundations of 
Leadership Why are some leaders successful, while others fail? 

https://www.mindtools.com/pages/article/ leadership-theories.htm 

 Qamar, KM.   2005.   Modernizing   National   Agricultural   Extension 

http://www.kit.nl/wp-content/
http://www.kit.nl/
http://www.yourarticlelibrary.com/management/modern-management-
http://www.idosi.org/aejaes/jaes5(3)/3.pdf
http://www.g-fras.org/fr/component/phocadownload/category/70-new-extensionist-learning-kit-
http://www.g-fras.org/fr/component/phocadownload/category/70-new-extensionist-learning-kit-
http://www.manage.gov.in/pgdaem/
http://www.mindtools.com/pages/article/
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Systems: A Practical Guide for Policy-Makers of Developing Countries. 

Food and Agriculture Organization of the United Nations 

http://www.fao.org/uploads/media/modernizing%20national.pdf 

 Swanson BE, Bentz RP, Sofranko AJ. 1997. Improving Agricultural 

Extension. A Reference Manual. Food and Agriculture Organization of the 
United Nations, Rome 

 Van den Ban AW and Hawkins HS. 1998. Agricultural extension- 

Chapter 10, BSL, CBSPublishers and Distributors. 

 

I. Course Title : Enabling Innovation 

II. Course code : EXT 509 

III. Credit Hours : 1+1 

IV. Why this course? 

An effective process of agricultural innovation is a pre-condition for 

meeting the global challenge of feeding the growing  world population 

and reducing poverty. Ideas about innovation  have evolved 

considerably over the past 4 decades. A frequently used term in the 

discussions around innovation in agriculture is „Agricultural 

Innovation Systems’ (AIS). The AIS is increasingly recognized as a 

useful framework to diagnose innovation capacity, design investment 

and organise scaling up interventions. Extension and Advisory 

Services (EAS) are integral to AIS. Extension professionals should 

have sound knowledge on how to scale up new knowledge and thereby 

enabling innovation and impact and their roles in strengthening AIS. 

This course aims to provide these perspectives. 

V. Aim of the course 

The aim of this course is to introduce the new perspectives related to 

“innovation” and help learners to apply the AIS  framework especially 

in dealing with scaling up knowledge. It discusses the different ways 

to explore AIS including the roles of different actors and the enabling 

environment (including institutions and policies) in enabling 

innovation. The course also aims to broaden the understanding 

ofstudents in scaling up knowledge and orient students to varied tools 

and approachesto scaling up 

The course is organized as follows: 

 

No    Blocks Units 

 

1 Agricultural Innovation 1. Agricultural Innovation Systems: 
Systems  Concepts and Elements 

2. Enabling Innovation 

2 Scaling Up Knowledge 1. Scaling Up: Tools, Approaches 

for Innovation  and Pathways 

VI. Theory 

http://www.fao.org/uploads/media/modernizing%20national.pdf
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Block 1: Agricultural Innovation Systems 

Unit 1: Agricultural Innovation Systems: Concepts and Elements 

Origins of the innovation systems concept-Innovation vs Invention; Agricultural 

Innovation System (AIS) -ToT, FSR, AKIS and AIS compared, Key insights 

from AIS: How Innovation takes place; Role of different actors in AIS; 

Importance of interaction and knowledge flows among different actors, Role 

of Communication in Innovation Process; Role of Extension in AIS, Different 

views to analyze AIS: structural view, functional view, process view and 

capacity view. 

Unit 2: Enabling Innovation 

Role of enabling environment: Policies and institutions in enabling innovation; 

Role of Government-Innovation Policy: Achieving coordination and policy 

coherence; 

Innovation Platforms; Role of Innovation Brokers, Methodologies for AIS 

Diagnosis: Typologies of existing methodologies-strengths and limitations; 

Assessing Extension and Advisory Services within AIS; Capacity Development 

in AIS: Strengthening capacities to innovate. 

Block 2: Scaling Up Knowledge for Innovation 

Unit 1: Scaling Up: Tools, Approaches and Pathways 

Scaling Up: Definitions; Changing views on scaling up: Approaches to 

Scaling Up: Push, pull, plant, probe: Scaling up pathways: Drivers and spaces 

for scaling up; Framework and Tools for Scaling up: Planning and 

implementing a scaling up pathways; Scalability assessment tools; Role of 

policies in scaling up: Influencing policies for scaling up; Innovation 

Management for scaling up knowledge and implications for Extension and 

Advisory Services. 

VII. Practical 

• Identify one crop/commodity sector and use AIS framework to diagnose 

actors and their roles, patterns of interaction, institutions determining 

interaction and the enabling policy environment and develop a AIS 

Diagnosis Report (Review and Key informant interviews) 

• Undertake a case study on a successful case of scaling up knowledge 

and identify factors that contributed to its success 

• Identify one specific knowledge (a technology, an approach) that has been 

recently introduced and develop an up-scaling strategy 

VIII. Teaching methods/activities 

– Lecture 

– Assignment (Reading/Writing) 

– Student’s book/Publication review 

– Student presentation 

– Group work 

IX. Learning outcome 

After successful completion of this course, the students are expected to be 
able to: 

– Appreciate and apply AIS framework in different contexts 

– Enhance their knowledge and skills related to enabling innovation 
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– Diagnose AIS and design interventions for improvement and 

– Design scaling up strategies to achieve innovation and impact 

X. Suggested Reading 

 Alex K. 2012. Facilitating Agricultural Innovation Systems: a critical 

realist approach. Studies in Agricultural Economics. 114: 64-70. 
http://dx.doi.org/10.7896/j.1210 

 Binswanger HP and Aiyar SS. 2003. Scaling Up Community Driven 

Development Theoretical Underpinnings and Program Design 

Implications. Mimeo. Washington, D.C.: World Bank. 

https://openknowledge.worldbank.org/bitstream/handle/10986/18310/multi0pa 

ge.pdf? sequence=1&isAllowed=y 

 Binswanger-Mkhize HP, de Regt JP, and Spector S. 2009. Scaling Up Local 

and Community Driven Development: A Real World Guide to Its Theory 

and Practice. February, World Bank. 

http://siteresources.worldbank.org/EXTSOCIALDEVELOPMENT/Resour 

ces/2443621237844546330/59492181237844567860/Scaling_Up_LCDD 

_Book_ rfillesize.pdf 

 Cees L and Noelle A. 2011. Rethinking Communication in Innovation 

Processes: Creating Space for Change in Complex Systems. The Journal of 

Agricultural Education and Extension, 17: 1, 21-36, DOI: 

10.1080/1389224X.2011.536344 

 Chuluunbaatar D and LeGrand S. 2015. Enabling the Capacity to 

Innovate with a system-wide assessment process. Occasional papers on 

Innovation in Family Farming. Food and Agriculture Organization of 

the United Nations. http://www.fao.org/3/a-i5097e.pdf 

 Cooley, L and Kohl R. 2005. Scaling Up-From Vision to Large-scale 

Change, A Management Framework for Practitioners. Washington, DC: 

Management Systems International. 

http://www.msiworldwide.com/files/scalingup-framework.pdf 

 Cooley L and Ved R. 2012. Scaling Up-From Vision to Large-Scale 
Change: A Management Framework for Practitioners. Management 
Systems International. ingUp_3rdEdition.pdf 

 Grovermann C, Gaiji S, Nichterlein K, Moussa AS, Dias S, Sonnino A 

and Chuluunbaatar D. 2017. Chapter 2. The Potential of a Global 

Diagnostic Tool for Agricultural Innovation Systems. Global Innovation 

Index 2017. Food and Agriculture Organization of the United Nations. 

http://www.wipo.int/edocs/pubdocs/en/wipo_pub_gii_2017-chapter2.pdf 

 Davis K and Heemskerk W. 2012. Coordination and Collective Action for 

Agricultural Innovation Overview Module 1 Investment in Extension and 

Advisory Services as Part of Agricultural Innovation Systems. In 

Agricultural Innovation Systems: An Investment Sourcebook. Agricultural 

and Rural Development. World Bank. © World Bank. 

http://siteresources.worldbank.org/INTARD/Resources/335807- 

1330620492317/ 9780821386842ch3.pdf 

http://dx.doi.org/10.7896/j.1210
http://siteresources.worldbank.org/EXTSOCIALDEVELOPMENT/Resources/244362-
http://siteresources.worldbank.org/EXTSOCIALDEVELOPMENT/Resources/244362-
http://www.fao.org/3/a-i5097e.pdf
http://www.msiworldwide.com/files/scalingup-framework.pdf
http://www.wipo.int/edocs/pubdocs/en/wipo_pub_gii_2017-chapter2.pdf
http://siteresources.worldbank.org/INTARD/Resources/335807-1330620492317/
http://siteresources.worldbank.org/INTARD/Resources/335807-1330620492317/
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 Davis K and Sulaiman RV. 2016. Extension Methods and Tools. 

Module 2 NELK. GFRAS. https://www.g- 

fras.org/en/component/phocadownload/category/70-new-extensionist- 

learning-kit-nelk.html?download=560:nelk-module-2-extension-methods- 

and-tools- textbook 

 Francis J, Mytelka L, van Huis A and Röling N (eds.). 2016. Innovation 

Systems: Towards Effective Strategies in support of Smallholder Farmers. 

Technical Centre for Agricultural and Rural Cooperation (CTA) and 

Wageningen University and Research (WUR)/ Convergence of Sciences 

Strengthening Innovation Systems (CoS-SIS), Wageningen. 

https://publications.cta.int/media/publications/downloads/1829_PDF.pdf 

 Glidemacher PR and Wongtschowski M. 2015. Catalysing innovation: 

from theory to action.KIT Working Papers. Royal Tropical Institute. 

https://www.kit.nl/sed/wp 

content/uploads/sites/2/2015/06/WPS1_2015_online.pdf 

 Hall A, Sulaiman RV, Beshah T, Madzudzo E. and R Puskur. 2009. 

Agricultural innovationsystem capacity development: Tools, principles or 

policies? Capacity.org (37): 16-17 http://www.capacity. 

org/en/journal/practice_reports/tools_principles_or_policies 

 Hartmann, A., Johannes F. Linn 2008. Scaling Up: A framework and 

lessons for development effectiveness from literature and practice. 

Working Papers 5. The Brookings Institution. 

https://www.brookings.edu/wp- 

content/uploads/2016/06/10_scaling_up_aid_linn.pdf 

 Heather C. 2008. Scale-up and replication for social and environmental 
enterprises. International Institute for Sustainable Development. 

https://www.iisd.org/pdf/2008/seed_scale_enterprises.pdf 

 IFAD 2011. Section XXI: Guidelines for Scaling Up. Updated 

Guidelines and Source Book for Preparation and Implementation of a 

Results-Based Country Strategic Opportunities Programme (RB- 

COSOP). Volume 1: Guidelines, International Fund for Agricultural 

Development. 

 ILRI. 2014. Innovation Platform practice briefs. International Livestock 
Research Institute. https://clippings.ilri.org/2014/02/03/ipbrief1/ 

 Laurens K and Peter G. 2012. The role of innovation brokers in agricultural 

innovation systems. 211-230. 10.1787/9789264167445-19- en.

http://siteresources.worldbank.org/INTARD/Resources/335807- 

1330620492317/9780821 386842_ch3.pdf 

 Laurens K, Mierlo V, Barbara and Leeuwis, C.2012. Evolution of systems 

approaches to agricultural innovation: Concepts, analysis and 

interventions. Farming Systems Research into the 21st Century: The New 

Dynamic. 457-483. 10.1007/978-94-007-4503-2_20. 

 Laurens K, Aarts N and Leeuwis C. 2010. Adaptive management in 

agricultural innovation systems: The interactions between innovation 

networks and their environment. Agricultural Systems 103: 390–400. 
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I. Course Title : Gender Mainstreaming 

II. Course Code : EXT 510 

III. Credit Hours : 2+1 

IV. Why this course? 

Gender as a concept has gained well deserved attention globally. 

Development planners and policy makers have realized that gender 

implications need to be considered while planning and implementing 

programmes and projects for their desired impacts. Conversely, the impacts 

of programmes on men and women also vary due to their different socially 

ascribed roles and responsibilities. Extension professionals need to 
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understand the concept of gender and its implications on agricultural and rural 

development and their skills need to be built for critically identifying and 

analysing gender implications. This course is designed to meet these 

requirements. 

V. Aim of the course 

• To orient students on the importance of “Gender mainstreaming” as well 

as the other concepts related to gender. The students will be able to 

understand the gender roles and responsibilities and how in the present 

times, the roles may be shifting 

• To discuss ways and various techniques for conducting gender analysis 

theoretically and practically as well as the prerequisites for gender analysis 

• To develop capacities for identifying and addressing gender 

implications in all development programmes related to agriculture and 

allied sectors, climate change adaptation and livelihood security, as well 

as addressing gender issues through application of extension methods 

including PRA and PLA 

The course is organized as follows: 
 

 
No Blocks Units 

 

1. Why Gender Matters 1. Historical Perspective of Gender 

2. Agrarian Importance of Gender 

2. Gender Related Concepts, 1. Gender Related Concepts and Divides 

Analysis, Gender and 2. Gender Analysis 

Technology 3. Gender and Technology 

3. Gender Mainstreaming and 1. Gender Mainstreaming 

Women Empowerment 2. Women Empowerment 

3. Global Best Practices, Policies 

and Frameworks 

4. Entrepreneurship Development 

for Women 
 

 

VI. Theory 

Block 1: Why Gender Matters? 

Unit 1: Historical Perspective of Gender 

Historical perspective of gender: Feminism and emergence of gender as a 

concept,Scope of gender studies in agriculture and rural development. 

Unit 2: Agrarian Importance of Gender 

Agrarian Importance of Gender: Understanding the importance of gender in 

national and global agriculture-Key gender issues and challenges in 

agriculture - Gender and value chain- Global actions to address gender- 
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needs and strategies to address gender and women empowerment. 

Block 2: Gender Related Concepts, Analysis, Gender and Technology 

Unit 1: Gender Related Concepts and Divides 

Gender related concepts and divides: Understanding of the concepts of 

gender, gender equality and equity, gender balance, gender  blindness, gender 

relations, gender neutrality, gender bias and discrimination, gender rights, 

gender roles and responsibilities. Gender budgeting, Gender divides and their 

implications such as gender digital divide, gender access to resources and 

inputs divide, gender mobility divide, gender wage divide, Gender needs: 

practical and strategic. 

Unit 2: Gender Analysis 

Gender analysis: Importance, usage, prerequisites, techniques of gender 

analysis- Tools for gender analysis. 

Unit 3: Gender and Technology 

Gender and technology: How gender and technology impact each other, 

Gender neutral technology, Gender sensitive technology, Gender supportive 

assistance in technology adoption-Gender in agricultural research and 

extension. 

Block 3: Gender Mainstreaming and Women Empowerment 

Unit 1: Gender Mainstreaming 

Gender mainstreaming: Importance of gender mainstreaming in agriculture, 

Extension strategies to address gender issues such as gender and health, 

nutrition, gender in agricultural value chains, gender and climate change 

adaptation, gender and globalization& liberalization for mainstreaming 

gender concerns into the national programmes and policies. 

Unit 2: Women Empowerment 

Women Empowerment: Importance of women empowerment, Current national 

women empowerment and gender indices. Women empowerment approaches 

(technological, organizational, political, financial, social, legal and 

psychological), Case studies based on experiences and learning from various 

development and rural development programmes. Sensitization on transgender 

empowerment. 

Unit 3: Global Best Practices, Policies and Frameworks 

Global Best Practices, Policies and Frameworks: Global best practices, 

women empowerment and gender mainstreaming models and frameworks for 

addressing gender concerns in agriculture, approaches of various 

organizations: gender mainstreaming and special women focused 

programmes in agriculture and rural development. Gendered planning. 

Unit 4: Entrepreneurship Development for Women 

Entrepreneurship development for women: Women entrepreneurship 

development in agriculture and agro processing: current status, women led 

enterprises, supporting organizations and schemes, Govt. policies, 

entrepreneurship development programme and process for women in 

agriculture. 
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VII. Practicals 

• Visit to a village for understanding rural gender roles and responsibilities 

as groups,followed by class presentation by groups 

• Exercises for capturing shifts in gender roles and responsibilities 

• Conducting gender analysis in a village using gender analysis 

techniques 

• Visit to agencies supporting women empowerment followed by report 

presentation. Each student to visit a different organization such as State 

Rural Livelihood Mission, Women Development Corporation, Department 

of Agriculture, Important NGOs working for women empowerment 

• Exercises for identification and prioritization of issues affecting/needs for 

women empowerment 

• Interaction with a successful women entrepreneurs/ SHG 

VIII. Teaching methods/activities 

– Lecture 

– Assignment (Reading/Writing) 

– Student’s book/Publication review 

– Student presentation 

– Group work 

– Student’s interview of key policy makers 

– Case Analysis 

– Guest lectures 

– Review of policy documents 

– Short attachments 

IX. Learning outcome 

After successful completion of this course, the students are expected to be 

able to: 

– Appreciate the importance of addressing agrarian gender concerns in the 

contextof sustainable livelihoods and national development 

– Understand the various concepts related to gender and the application of 

these concepts for women empowerment and gender mainstreaming 

– Critically evaluate the various agricultural development, rural development 

programmes, schemes, policies and strategies for women empowerment 

within the context of achieving gender equity 

– How to engage in gender analysis and collect and analyse sex- 

disaggregated data for developing strategies for women empowerment 

and gender mainstreaming 

X. Suggested Reading 

 AGRIPROFOCUS 2014. Gender in value chains Practical toolkit to 

integrate a gender perspective in agricultural value chain development 

https://agriprofocus.com/upload/ToolkitENGender_in_Value_ChainsJan2 
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No. 11-05 (March 2011) 

http://www.fao.org/docrep/013/am310e/am310e00.pdf 

 GFRAS. 2013. Gender equality in Rural Advisory Services, Towards a 
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 http://www.g-fras.org/en/component/phocadownload/category/17- 
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 http://www.g-fras.org/en/component/phocadownload/category/17- 
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 http://www.g-fras.org/en/component/phocadownload/category/70-new- 
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 https://www.giz.de/fachexpertise/downloads/giz2012-en-gender-and- 
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Websites 

AESA- Agricultural Extension in South Asia– 

http://www.aesanetwork.org/ 

GFRAS- Global Forum for Rural Advisory Services– 

http://www.g-fras.org/en/ 

INGENAES- Integrating Gender and Nutrition within 

Agricultural Extension Services– 

https://www.agrilinks.org/activities/ingenaes-integrating- 

gender-and-nutrition-within- agricultural-extension- 

services 

RRW- Reaching Rural Women– http://www.reachingruralwomen.org/ 

UN WOMEN– http://www.unwomen.org/en 

Course Title with Credit Load for Ph.D. in Agricultural Extension Education 
 

Course Code Title of Course Credit 

Hours 

EXT-601* Policy Engagement and Extension 2+1  

EXT-602*        Methodologies for Social and Behavioural Research 2+1 

EXT-603* Technology Commercialization and Incubation 2+1 

EXT-604* Educational Technology and Instructional Design 2+1 

Minor Courses 06    

EXT-605 Risk Management and Climate Change Adaptation  2+1 
EXT-606 Livelihood Development  1+1 

http://www.aesanetwork.org/
http://www.g-fras.org/en/
https://www.agrilinks.org/activities/ingenaes-integrating-gender-and-nutrition-within-
https://www.agrilinks.org/activities/ingenaes-integrating-gender-and-nutrition-within-
http://www.reachingruralwomen.org/
http://www.unwomen.org/en
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EXT-607 Facilitation for People centric Development 2+1 
 

Supporting Courses 05 

 

EXT-608 Multivariate Statistical Methods for Extension 

Research 
2+1 

Seminars 2 

 

EXT-691 Doctoral Seminar-I 0+1 

EXT-692 Doctoral Seminar-II 0+1 

EXT-699 Doctoral Research 0+75 

 Total 100 
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I. Course Title : Policy Engagement and Extension 

II. Course Code : EXT 601 

III. Credit Hours : 2+1 

IV. Why this course? 

Extension’s performance in any country to a large extent is dependent on the wider 

policy and institutional context prevailing at the national level. At the organizational 

level,   extension   should   have   capacities   to   influence   policies   that   affect 

their performance.    To    effectively    influence    policies,    extension    professionals 

need  to generate not only sound evidence of its impact, but also capacities to engage 

with policy relevant actors especially at various levels. While few countries have 

developed specific extension policies, there has been very limited success in 

translating these policies into programmes and operational guidelines. Lack of policy 

relevant research to generate evidence  on  extension’s  impact;  poor documentation 

of  successful initiatives, and lack of training on engaging with policy relevant  actors  

have  all contributed  to  this.  Extension  professionals, often encounter situations 

where existing policy constraints development interventions or where new policies 

could better support development. This course is aimed at developing these 

capacities to successfully engage with policy actors and bringing about desirable 

policy changes to strengthen extension. 

V. Aim of the course 

• To orient students on the importance of policies in shaping extension’s 

performance 

• To discuss ways of generating policy relevant evidence to influence 

policies 

• To develop capacities to engage with policy actors and the policy 

development process 

The course is organized as follows: 

No Blocks Units 

 

1. Why policies matter? 1. Understanding Policy 

2. Policy Advocacy and Tools 

3. Policy Analysis 

4. Policy Development Process 

2. Using evidence to influence 1. Influencing Policy Change 

Policy Change 2. Global Experience with Extension Policy 
 

VI. Theory 

Block 1: Why Policies Matter? 

Unit 1: Understanding Policy 

Why policies are important for extension? Role in providing structure, ensure 

funding and framework for providing functions-examples; Policy: definitions 

and types: Is policy a product or a process or both? Policies and institutions-How 

these influence defining organisational roles and performance 
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in extension organizations- Role of policies in upscaling knowledge-Role of 

extension in influencing policies to enable innovation. 

Unit 2: Policy Advocacy and Tools 

Definition of advocacy, Approaches to policy advocacy-Advising, Media 

campaigning, Lobbying, Activism, Information Education Communication 

(IEC) and Behavior Change Communication (BCC); Advocacy for Rural 

Advisory Services (RAS); Policy advocacy strategy. 

Unit 3: Policy Analysis 

Explain the meaning and use of policy analysis in decision- making; Describe 

different types of policy analysis- empirical, evaluative or normative policy 

analysis, retrospective/ prospective policy analysis, 

redictive/prescriptive/descriptive policy analysis; How to do policy analysis? - 

understand the process of policy analysis, highlight the different methods and 

techniques used in policy analysis, doing ethical policy analysis; Tools for policy 

impact- research tools, context assessment tools, communication tools, policy 

influence tools. 

Unit 4: Policy Development Process 

Policy development process: Who drives policy change?: National Governments, 

Donors, Civil Society-varied experiences: Understanding the environment and 

key actors in policy space- problem identification-policy adoption, 

implementation and evaluation; stakeholder mapping, identifying opportunities 

and barriers, mobilising financial resources; Dealing with policy incoherence: 

identifying contradictions and challenges in policy implementation 

Block 2: Using Evidence to Influence Policy Change 

Unit 1: Influencing Policy Change 

Generating evidence: Role of policy  research;  analyzing  the  usefulness and 

appropriateness of the evidence; Using evidence in policy advocacy; 

Understanding your audience: analyzing channels of influence; creating 

alliances; identifying policy champions; Defining goals and objectives; 

Developing advocacy messages: Policy papers, Policy briefs, good practice 

notes, etc.: Good practices in influencing policies, Organising policy 

dialogues: Policy engagement strategy-Engaging with policy makers: GO and 

NGO experiences; Policy working groups; advisory panels; use of 

committees: Use of media including ICTs and social media for influencing 

policies. Decentralized planning. 

Unit 2: Global Experience with Extension Policy 

Extension policy in different countries: Explicit extension policy Vs extension 

as part of agriculture policy, Challenges in policy implementation: lack of 

capacities, financial resources, ownership, lack of stakeholder consultations: 

Strengthening capacities in extension to influence policies: Global Forum for 

Rural Advisory Services (GFRAS)’s efforts in strengthening extension policy 

advocacy: policy compendium, training modules, training for strengthening 

capacities to influencepolicies. 
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VII. Practicals 

• Analysis of country/state level agricultural/extension policy to understand 

the policyintentions from strengthening EAS 

• Analysis of extension policy of other countries: policy intentions, processes 

adopted in development of the policy and mechanisms of policy 

implementation 

• Interview key policy actors in EAS arena at the state/national level (eg: 

Director of Agriculture, Director of Extension in SAU, 

Chairman/Managing Director of Commodity Board. Member 

Agriculture, State Planning Board) to explore policy level  challenges 

in EAS 

• Identify what evidence policy makers look for from extension research? Is 

the evidence available? If so what form? (Reports, Briefs etc), If not, 

develop a plan 

• Explore how different stakeholders influence policies (eg: policy 

advocacy of prominent NGOs, private sector and public sector) -What 

mechanisms and tools they use 

• Identify policy level bottlenecks that constrain effective EAS delivery at 

the district level- Eg: Issues around linkages between KVK and ATMA; 

inter-departmental collaboration; public private partnerships; joint 

action etc. 

VIII. Teaching methods/activities 

– Lecture 

– Assignment (Reading/Writing) 

– Student’s book/Publication review 

– Student presentation 

– Group work 

– Student’s interview of key policy makers 

– Case analysis 

– Guest lectures 

– Review of policy documents 

– Short attachments 

IX. Learning outcome 

After successful completion of this course, the students are expected to be 

able to: 

– Appreciate the role of policies in shaping performance of extension 

– Understand how to generate and communicate policy relevant evidence 

– Critically evaluate extension policies in different countries 

– How to engage in policy advocacy. 

X. Suggested Reading 

 AEPF. 2015. Report on the Policy Forum by Ghana Directorate of 

Agricultural Extension Services, Ministry of Food and Agriculture; 

Modernizing Extension and Advisory Services and Agriculture Policy 

Support Project, Ghana. 
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 http://www.g-fras.org/en/knowledge/documents/category/18- 

policy.html?download=490: report-on-the-ghana-agricultural-extension- 

policy-forum-2015 

 Amosa, MDU. 2018. Policy Analysis and Engagement Toolkit. A guide for 

Pacific Non-government Organizations in the Fisheries Sector.WWF. 

http://d2ouvy59p0dg6k.cloudfront.net/downloads/policy_analysis_toolkit_ 

quality.pdf 

 Anonymous.N.d. Policy analysis. http://www.egyankosh.ac. 
in/bitstream/123456789/25760/1/Unit-19.pdf 

 Anonymous. N.D. Policy analysis. https://web.csulb.edu/~ 

msaintg/ppa670/670steps.htm 

 Bardach E. A Practical Guide for Policy Analysis The Eightfold Path to 
More Effective Problem Solving Fourth Edition. Sage Publications. CQ 

Press. http://dlib.scu.ac.ir/bitstream/Ebook/32773/2/9781608718429.pdf 

 Cairney P. 2015. Chapter 2: Policymaking in the UK: What is Policy and 
How is it Made?. Policy and Policymaking in the UK. 

 https://paulcairney.files.wordpress.com/2013/08/chapter-2-20-8-13- 
cairney-policy- policymaking-uk.pdf 

 CRISP, MANAGE and ICAR-ATARI.2016. Training cum workshop on 

Strengthening Extension Policy Interface at MANAGE on 9-11th Nov, 
2016 in collaboration with the CRISP & ICAR- ATARI, Bangalore. 

 http://crispindia.org/index.php/events/ 

 DAC. 2000. POLICY FRAME WORK FOR AGRICULTURAL 

EXTENSION. Department of 

 Agriculture and Cooperation, Ministry of Agriculture, Government of 

India 

https://sameti.org/Policy%20Framework%20for%20Agricultural%20Exte 

nsion.pdf 

 DAFF.n.d. National Policy on Extension and Advisory Services for 

Agriculture, Forestry and Fisheries. Department of Agriculture, Forestry 

and Fisheries, Republic of South Africa. 

https://www.daff.gov.za/doaDev/topMenu/National%20Policy.pdf 

 Douglas JA.1984. Why policy analysis and ethics are incompatible. Journal
of Policy Analysis and Management. 

https://doi.org/10.1002/pam.4050030407 

 Dube L, Nii A Addy, Blouin C and Drager N. 2014. From policy coherence 

to 21st century convergence: A whole-of-society paradigm of human and 

economic development. Annals of the New York Academy of Sciences. 

1331: 201–215. 

 https://nyaspubs.onlinelibrary. wiley.com/doi/epdf/10.1111/nyas.12511 

 FAO. 2013. FAO Policy on Gender Equality. Attaining Food Security Goals 

in Agriculture and Rural Development. Food and Agriculture Organization

of the United Nations, Rome. 

http://www.fao.org/docrep/017/i3205e/i3205e.pdf. 

 FAO. 2018. Policy Guidance Series. Strengthening Sector Policies for 

Better Food Security and Nutrition Results. Food and Agriculture 

http://www.g-fras.org/en/knowledge/documents/category/18-policy.html?download=490
http://www.g-fras.org/en/knowledge/documents/category/18-policy.html?download=490
http://d2ouvy59p0dg6k.cloudfront.net/downloads/policy_analysis_toolkit_quality.pdf
http://d2ouvy59p0dg6k.cloudfront.net/downloads/policy_analysis_toolkit_quality.pdf
http://www.egyankosh.ac/
http://dlib.scu.ac.ir/bitstream/Ebook/32773/2/9781608718429.pdf
http://crispindia.org/index.php/events/
http://www.daff.gov.za/doaDev/topMenu/National%20Policy.pdf
http://www.fao.org/docrep/017/i3205e/i3205e.pdf
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Organization of the United Nations, Rome. 

http://www.fao.org/publications/policy-guidance-series/en/ 

 FOS. 2006. Tracking the Impact of Policy Strategies in Conservation Work. 

Foundations of Success. Prepared for The Nature Conservancy’s Global 
Conservation Approach Team. 

 https://www.cbd.int/doc/pa/tools/Tracking%20the%20Impact%20of%20P 
olicy%20 Strategies% 20in%20Conservation%20Work%20.pdf 

 GFRAS. 2018. RAS Policy Compendium. Global Forum for Rural Advisory 

Services, Switzerland. http://compendium.g-fras.org/ 

 GoI. 2011. Report of the Working Group on Agricultural Extension for 

Agriculture and Allied Sectors for the Twelfth Five Year Plan (2012-17), 

Section V-Recommendations IV,73-74. 

http://planningcommission.gov.in/aboutus/committee/wrkgrp12/agri/wg_ 

agriextn.pdf 

 GoK. 2012. National Agricultural Sector Extension Policy (NASEP), 

Government of Kenya https://www.kenyamarkets.org/wp- 

content/uploads/2016/06/National-Agricultural-Sector- Extension- 

2012.pdf 

 Howlett, M. 2005. What is a policy instrument? Tools, mixes, and 
implementation styles. Designing Government: From Instruments to 

Governance. 31-50. 

https://www.researchgate.net/publication/285756495_What_is_a_policy_i 

nstrument_Tools_ mixes_and_implementation_styles 

 IFAD. 2017. Country-level policy engagement in IFAD Guide book. 

International Fund for Agricultural Development. 

https://www.ifad.org/documents/38714170/39144386/CLPE_book_17041 

2_W.pdf/a203813d- 8918-43ac-a94c-ad700bcca036 

 IFAD. 2017. How to incorporate policy engagement into a Country 
Strategic Opportunities Programme (COSOP)-Country-level policy 
engagement toolkit. International Fund for Agricultural Development. 

 https://www.ifad.org/documents/38714170/39144386/CLPE_HTDN_COS 
OP_web.pdf/ 1037e846-dcd3-4c7d-9764-edc08eb4950b 

 John Y, Shaxson L, Jones H, Hearn S, Datta and Cassidy C. 2014. Rapid 

Outcome Mapping Approach. A guide to policy engagement and influence. 

Overseas Development Institute. 

https://www.odi.org/sites/odi.org.uk/files/odi-assets/publications-opinion- 

files/9011.pdf 

 Klaus von Grebmer. 2014. Converting Policy Research into Policy 

Decisions: The Role of Communication and the Media. IFPRI. 

 March SP, Pannell DJ. 2000. Agricultural Extension Policy in Australia: the 

good, the bad and the misguided. The Australian Journal of Agricultural 
and Resource Economics. 44: 4, 605-627. 

http://ageconsearch.umn.edu/bitstream/117854/2/1467-8489.00126.pdf. 

 Michael Mintrom. n.d. Public Policy: Why ethics matters. Doing ethical 

policy analysis. http://press- 

files.anu.edu.au/downloads/press/p80991/html/ch03.xhtml?referer=375& 

page=6 

http://www.fao.org/publications/policy-guidance-series/en/
http://www.cbd.int/doc/pa/tools/Tracking%20the%20Impact%20of%20Policy
http://www.cbd.int/doc/pa/tools/Tracking%20the%20Impact%20of%20Policy
http://compendium.g-fras.org/
http://planningcommission.gov.in/aboutus/committee/wrkgrp12/agri/wg_
http://www.kenyamarkets.org/wp-content/uploads/2016/06/National-Agricultural-Sector-
http://www.kenyamarkets.org/wp-content/uploads/2016/06/National-Agricultural-Sector-
http://www.researchgate.net/publication/285756495_What_is_a_policy_instrument_Tools_
http://www.researchgate.net/publication/285756495_What_is_a_policy_instrument_Tools_
http://www.ifad.org/documents/38714170/39144386/CLPE_book_170412_W.pdf/a203813d-
http://www.ifad.org/documents/38714170/39144386/CLPE_book_170412_W.pdf/a203813d-
http://www.ifad.org/documents/38714170/39144386/CLPE_HTDN_COSOP_web.pdf/
http://www.ifad.org/documents/38714170/39144386/CLPE_HTDN_COSOP_web.pdf/
http://www.odi.org/sites/odi.org.uk/files/odi-assets/publications-opinion-files/9011.pdf
http://www.odi.org/sites/odi.org.uk/files/odi-assets/publications-opinion-files/9011.pdf
http://ageconsearch.umn.edu/bitstream/117854/2/1467-8489.00126.pdf
http://press-files.anu.edu.au/downloads/press/p80991/html/ch03.xhtml?referer=375
http://press-files.anu.edu.au/downloads/press/p80991/html/ch03.xhtml?referer=375
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 MoA&FW.2017. Report of the Committee on Doubling Farmers‘ Income: 

Empowering the Farmers through Extension and Knowledge 

Dissemination, Volume XI, Ministry of Agriculture & Farmers Welfare, 

New Delhi. 

http://agricoop.gov.in/sites/default/files/DFI%20Volume%2011.pdf 

 MoAFF. 2015. Agricultural Extension Policy in Cambodia. Ministry of 
Agriculture, Forestry, and Fisheries. 

 http://extwprlegs1.fao.org/docs/pdf/cam152453.pdf 

 MoAF. 2008. Policy Framework for Agricultural Extension in Timor Leste, 

Agricultural Rehabilitation Project III, Ministry of Agriculture and 

Fisheries, Dili, Timor Leste. 

 https://g-fras.org/en/2015-05-28-15-50-27/australia- 

20.html?download=329: policy- framework-for-agricultural-extension-in- 
timor-leste 

 MoAA&HF. 2016. National Agricultural Extension Policy of Uganda, 
Ministry of Agriculture, Animal Industry and Fisheries, The Republic of 
Uganda. 

 https://nutrition.opm.go.ug/wp-content/uploads/2017/06/National- 

Agriculture-Extension- Policy.pdf 

 Mwamakamba S. 2016.  Policy Advocacy for Rural Advisory Services. 

Module 15. New Extensionist Learning Kit. Global Forum for Rural 
Advisory Services. 

 http://www.g-fras.org/en/component/phocadownload/category/70-new- 

extensionist-learning- kit-nelk.html?download=664: module-15-policy- 
advocacy-for-rural-advisory-services- manual5 

 NAEP. 2012. National Agricultural Extension Policy. Government of the 

People’s Republic of Bangladesh. Ministry of Agriculture. 

https://dae.portal.gov.bd/sites/default/files/files/dae.portal.gov.bd/page/dd 

7d2be1_aeef_452f_9774_8c23462ab73a/National%20Agricultural%20Ext 

ension%20Policy_%28NAEP%29.pdf 

 Nicholas J Sitko, Babu S, and Hoffman B. 2017. Practitioner‘s Guidebook 

and Toolkit for Agricultural Policy Reform: The P.M.C.A. Approach to 

Strategic Policy Engagement. Research Paper 49. Feed the Future 

Innovation Lab for Food Security Policy. 

https://www.ifpri.org/cdmref/p15738coll2/id/131127/filename/131338.pdf 

 ODI. 2004. Bridging Research and Policy in International Development- 

An analytical and practical framework. Briefing Paper. Overseas 

Development Institute. https://www.odi.org/sites/odi.org.uk/files/odi- 

assets/publications-opinion-files/198.pdf 

 Paul A S. 1987. Knowledge, Policy-Oriented Learning, and Policy 

Change: An Advocacy Coalition Framework. Science Communication8: 

649. DOI: 10.1177/0164025987008004005 

https://dokumen.tips/download/?url=540f2870a41d106fd6b4f488025fcae1 

a3d2b6e30f47 

a1fd4b24faa014d1faffa8761297009947bbedc0238800f8002c059c70b2b18 

22c907 

3b4228fc10d1c70EclGpe0XdPZz3Xvyo6vyP75kIJsIt/ulHaimMrK38Q9T 

http://agricoop.gov.in/sites/default/files/DFI%20Volume%2011.pdf
http://extwprlegs1.fao.org/docs/pdf/cam152453.pdf
http://www.g-fras.org/en/component/phocadownload/category/70-new-extensionist-learning-
http://www.g-fras.org/en/component/phocadownload/category/70-new-extensionist-learning-
http://www.ifpri.org/cdmref/p15738coll2/id/131127/filename/131338.pdf
http://www.odi.org/sites/odi.org.uk/files/odi-assets/publications-opinion-files/198.pdf
http://www.odi.org/sites/odi.org.uk/files/odi-assets/publications-opinion-files/198.pdf
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GEL0at8BX9Dj 

dER/8RDlh/DJpiqGHeJfRq+6GbXfimIiyR27rnjntLue4IInS63ip3IBqRfUl 

emI+oBl1SIJ 

 Picciotto. R. 2004. Policy Coherence and Development Evaluation 

Concepts, Issues and Possible Approaches. OECD. 
http://www.oecd.org/pcd/31659358.pdf 

 Richard KC.2014. Policy Analysis for Social Workers. Sage Publication. 
http://dx.doi.org/10.4135/9781544303550 

 Sharma R.2002. Reforms in Agricultural Extension: New Policy 

Framework. Economic and Political Weekly. Vol. 37, No. 30 pp. 3124- 

3131. https://www.epw.in/journal/2002/30/review-agriculture-review- 

issues-specials/reforms-agriculturalextension.html 

 Sprechmann. S and Pelton. E 2001. Advocacy Tools and Guidelines 

Promoting Policy Change. Cooperative for Assistance and Relief 

Everywhere, USA. https://onthinktanks.org/wp- 

content/uploads/2016/01/CARE_Advocacy_Guidelines.pdf Start D and 

IngieHovland. 2004. Tools for Policy Impact: A Handbook for Researchers. 

Overseas Development Institute. 

 https://www.odi.org/sites/odi.org.uk/files/odi-assets/publications-opinion- 

files/194.pdf Sulaiman RV and Hall A. 2005. Extension Policy at the 

National Level in Asia. Plant Production Science Vol 8, 308-319. 

https://www.tandfonline.com/doi/pdf/10.1626/pps.8.308 

 Sulaiman RV. 2014. How to Develop and Implement Extension Policies? 

Lessons from Four Australasian Countries. Global Forum for Rural 

Advisory Services, Switzerland http://compendium.g- 

fras.org/component/phocadownload/category/27-checklists-stepwise- 

approaches.html?download=263:  how-to-develop-and-implement- 

extension-policies-lessons- from-four-australasian-countries 

 The Policy Project. 1999. Networking for Policy Change An Advocacy 

Training Manual. The Futures Group International, Research Triangle 

Institute (RTI) and The Centre for Development and Population Activities 

(CEDPA). http://www.policyproject.com/pubs/AdvocacyManual.pdf 

 

I. Course Title : Methodologies for Social and Behavioural 

Research 

II. Course Code : EXT 602 

III. Credit Hours : 2+1 

IV. Why this course? 

In general, social and behavioural science research plays a crucial role in the 

professional development in a subject domain, through  advancing knowledge 

and developing working modalities and standards. Precisely, the empirical 

research helps to develop robust and outcome focused working strategies, 

processes and models to enable the professionals to maximise their efficiency. 

This course on advanced social science  research caters to the need to 

equipping the scholars with essential skills in conducting high quality 

research which helps them to design working strategies, processes and 

models for professional development. 

http://www.oecd.org/pcd/31659358.pdf
http://dx.doi.org/10.4135/9781544303550
https://www.epw.in/journal/2002/30/review-agriculture-review-issues-specials/reforms-agriculturalextension.html
https://www.epw.in/journal/2002/30/review-agriculture-review-issues-specials/reforms-agriculturalextension.html
https://onthinktanks.org/wp-
http://www.odi.org/sites/odi.org.uk/files/odi-assets/publications-opinion-files/194.pdf
http://www.odi.org/sites/odi.org.uk/files/odi-assets/publications-opinion-files/194.pdf
http://www.tandfonline.com/doi/pdf/10.1626/pps.8.308
http://compendium.g-fras.org/component/phocadownload/category/27-checklists-stepwise-
http://compendium.g-fras.org/component/phocadownload/category/27-checklists-stepwise-
http://www.policyproject.com/pubs/AdvocacyManual.pdf
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V. Aim of the course 

This course aims to equip the doctoral students to conduct outcome-oriented 

social and behavioural science research and  to  develop  sound  field focused 

extension strategies and models with adequate replicability, while advancing 

knowledge on processes governing success of those strategies. The focus of 

the course is on equipping the scholars with advanced capacities in 

conducting systematic, objectiveand outcome oriented research by applying 

state-of-art methods and tools at every stage of research from planning to 

publishing. 

The course is organized as follows: 
 

No Blocks Units 
 

1. Advanced methods for 1. Measurement Properties of 

improving quality of  Research Instruments 

research data 2. Threats to Data Quality 

2. Scales, indexes and tests 1. Scales, Indexes and Tests-1 

2. Scales, Indexes and Tests-2 

3. Emerging research approaches1. Qualitative Research Methods 

and designs 2. Emerging Approaches 

4. Utilising research outputs 1. Publishing Research 

2. Ethics in Extension Research 
 

 
VI. Theory 

Block 1: Advanced Methods for Improving Quality of Research Data Unit 

1: Measurement Properties of Research Instruments 

Measurement properties – Dimensionality, reliability and validity; 

Dimensionality unidimensionality and multidimensionality, Methods of 

assessing dimensionality, Formative and reflective constructs; Validity - 

Importance, Internal validity - face validity; content validity, Substantive 

Validity, Structural Validity; External validity - Convergent and Discriminant 

Validity, known-group validity, Criterion-Related Validity, Consequential 

Validity, nomological validity; Methods of assessing various forms of 

validities – Judges rating, Lawshe’s Content Validity Ratio, Item- objective 

congruence index; latent variable method; Reliability - Internal consistency 

reliability - Split-Half, Cronbach alpha; Temporal Stability reliability - test-

retest method; Interrater Consistency and Consensus – inter rater reliability 

and interrater agreement; Alternative Forms  or  parallel forms reliability – 

Reliability of difference - Factors Affecting the Validity and Reliability of 

Test Scores; Generalizability Theory 

Unit 2: Threats to Data Quality 

Errors and biases; Errors – Meaning and sources; Types - Sampling error, 

Non- sampling or measurement error and Processing error – Meaning, causes; 

Effects of errors and biases on data quality; Bias in behavioural 
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research – Meaning, causes, Types – Respondent and researcher biases; 

Methods of reducing errors and biases in surveys, questionnaires, personal 

interviews, focus groups and online methods 

Block 2: Scales, Indexes and Tests 

Unit 1: Scales, Indexes and Tests-1 

Approaches to measurement and scale development - Classical test theory. 

Formative or index models, The C–OAR–SE approach and Item Response 

Theory; Item analysis in Classical test theory – item difficulty and item 

discrimination; Scoring  performance in scales and tests – meaning, types and 

methods; Scale development strategies – deductive and empirical; Stimulus-

centred scales – method of equally appearing intervals, paired comparison, 

Person scaling – Q methodology; Subject- centre scales – The Likert scale 

and Semantic Differential. 

Unit 2: Scales, Indexes and Tests-2 

Steps in constructing a multi-dimensional scale using confirmatory factor 

analysis,; Response scales - Guttman’s scalogram analysis and The Rasch 

method; Indexes–Meaning, types, importance; Similarities and differences 

with scales, Methods of constructing indexes; Common indexes used in 

extension. Measurement invariance–Meaning, types, methods of assessing 

measurement invariance. Tests – meaning, types, importance; steps in 

conducting various tests – knowledge test 

Block 3: Emerging Research Approaches and Designs 

Unit 1: Qualitative Research Methods 

Qualitative methods – Meaning; Types – Ethnography, Grounded theory, 

Phenomenology, Ecological psychology, Discourse Analysis; Observational 

research; Case study research – Sampling and sample size; Data collection 

methods - In- depth interviews, Focus groups, Direct observation, Record review; 

Content analysis; Unobtrusive Measures; Projective and semi-projective 

techniques; Selecting right qualitative method – Strengths and limitations of 

qualitative research; Analysis and interpretation of qualitative research data; 

Research synthesis – meaning, importance, methods; Systematic reviews and 

meta analysis – meaning, steps, andapplications; Policy research 

Unit 2: Emerging Approaches 

Mixed methods research – meaning, purpose, types and applications; 

Participatory research – Meaning, importance, types, methods and tools and 

applications; Action research – Meaning, importance, Principles, Types, Steps in 

conducting action research, application in behavioural sciences. Social Network 

Analysis – Meaning, importance, types, steps in social network analysis, 

applications; Advanced methods of measuring perception and beliefs. Fuzzy 

logic; Multi criteria decision making, analytical hierarchy approach. 

Block 4: Utilising Research Outputs 

Unit 1: Publishing Research 

Scholarly communication process; Research reports – Meaning, types, contents; 

Presentations – Meaning, types, principles of good presentation - Tell ‘Em” 
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and KISS ‘Em” principles; Research publications – meaning, importance, types; 

Guidelines for preparing research papers - Peer review process, citation styles; 

Open access publishing; Publishing in social media. Software in academic 

writing. 

Unit 2: Ethics in Extension Research 

Ethics in conducting behavioural research; Human subject research – 

Meaning, history, and ethical guidelines; Ethical aspects of collecting and 

using Indigenous knowledge and farmers technologies; Ethical practices in 

publishing; Plagiarism – meaning, sources, Identifying and correcting 

plagiarism in a research paper using anti-plagiarism software 

VII. Practicals 

• Practice in developing research instruments 

• Methods of assessing measurement properties of research instruments 

-dimensionality, reliability and validity 

• Hands-on exercises in minimising errors and biases 

• Hands-on experience in constructing tests, scale and indexes 

• Practice in summated scale development using confirmatory factor 

analysis 

• Hands on experience in assessing measurement invariance 

• Practicing and collecting data using participatory tools and techniques, 

analyzingand interpreting qualitative data 

• Hands-on experience in writing systematic review using meta-analysis 

• Field practice in conducting action research 

• Practical experience in writing research paper 

• Hands on exercises using software for qualitative data analysis 

• Practice in detecting and correcting plagiarism using software 

 
VIII. Teaching methods/activities 

– Lecture 

– Assignment (Reading/Writing) 

– Student presentation 

– Group work 

– Guest lectures 

– Research r eport (Writing) 

IX. Learning outcome 

– The scholars should develop critical skills in conducting systematic 

and objective research by using robust methods while minimising biases 

and errors 

– The students should intelligently choose and apply advanced methods 

and tools at every stage of research and execute them in a objective way 

by managing the actors and processes effectively 

– The students should develop expertise in designing tests, scales and 
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indexes along with other tools to measure the socio-psychological 

processes at individual, group and community levels 

X. Suggested Reading 

 Berg B. 2009. Qualitative Research. Methods for the Social Sciences. 

Boston: Allyn& Bacon. 

 Creswell JW .2007. Qualitative inquiry and research design: Choosing 

among five approaches (2nd ed.). Thousand Oaks, CA: SAGE Pub. 

 Edwards AL. 1957. Techniques of attitude scale construction. East 

Norwalk, CT, US: Appleton- Century-Crofts. 

 Furr, RM. 2011. Scale construction and psychometrics for  social and 

personality psychology. Los Angeles: SAGE Pub. 

 Malhotra, NK. 2010. Marketing research: An applied orientation. Sixth 

Edition. Upper Saddle River, NJ: Prentice Hall Pub. 

 Netemeyer RG, Bearden WO and Sharma S. 2003. Scaling procedures: 

issues and applications.Thousand Oaks: SAGE Publications. 

 Nunnally, JC, and Bernstein IH. 1994. Psychometric theory (3rd ed.). 

New York, NY: McGraw- Hill 

 Rao, C.R. and Sinharay S. 2007. Handbook of Statistics, Vol. 26: 

Psychometrics, The Netherlands; Elsevier Science B.V. 

 Raykov T and Marcoulides GA. 2010. Introduction to Psychometric 

Theory. New York, NY:Taylor & Francis 

 Scott J and Carrington PJ. 2011. The SAGE handbook of social 

network analysis. London: SAGE. 

 Sekaran U and Bougie R. 2013. Research Methods for Business A Skill- 
th 

Building Approach. 6  Edition, Wiley, New York. 

 Sivakumar PS, Sontakki BS, Sulaiman RV, Saravanan R and Mittal N. 

(eds). 2017. Good Practices in Agricultural extension Research. Manual on 

Good Practices in Extension Research and Evaluation. Agricultural 

Extension in South Asia. Centre for research on innovation and science and 

policy (CRISP), Hyderabad. India. http://www.aesanetwork.org/ wp- 

content/uploads/2018/07/6.pdf 

 

I. Course Title : Technology Commercialisation and Incubation 

II. Course Code : EXT 603 

III. Credit Hours : 2+1 

IV. Why this course? 

The technology commercialisation and incubation is an emerging  area which 

links technology development, transfer and commercialisation processes 

with entrepreneurship development. Technology commercialisation aims to 

realize the value of agricultural technologies developed at the research 

establishments, by maximising their utility to stakeholders. With the 

increasing awareness of protecting and 

http://www.aesanetwork.org/
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commercialising the Intellectual Property Resources (IPR) in the  free market 

economy, there is a need to understand the organic relationship between 

protection and commercialisation IPR, and entrepreneurship development. 

V. Aim of the course 

This course is aimed to develop a critical understanding among extension 

students about how the technology commercialisation process is linked to IPR 

management and entrepreneurship development. 

The course is organized as follows: 

 

 
No Blocks Units 

 

1. Technology commercialisation and 1. Basics of Technology 

the modern context  Commercialisation 

2. Nature of Agricultural 

Technology 

3. Basics of Technology transfer 

and commercialization 

2. Intellectual Property Resources (IPR) 1. Overview of Intellectual Property 
Management Resources 

2. Systems for protecting IP 

3. Management of IPR 

4. Protection and Management of 

Biological Resources 

5. Protection, Management and 

Commercialisation of Grass root 

and Farmers Innovations, 

Traditional and Indigenous 

Knowledge 

6. Geographical Indications 

(GI) and Appellation of Origin 

7. Genetically Modified 

Organisms (GMO),Agriculture 

and Biosafety 

3. Technology commercialisation 1. Technology Assessment and 

Refinement 

2. Technology Valuation 

3. Technology Commercialisation 

Strategies 

4. Scaling up of Technologies 

5. Technology Licensing 

6. Technology Takers and 
Entrepreneurship 

7. Policy Support for Technology 

Commercialisation and 
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Entrepreneurship Development 

4. Technology Incubation 1. Basics of Technology Incubation 

2. Technology Incubation in India 

5. Technology promotion and 1. Technology Promotion 

essential skills for technology 2. Dealing with Entrepreneurs, 

Agripreneurs commercialisation 
and Other Stakeholders 

6. Emerging approaches in technology 1. Technology Scouting 

commercialisation and incubation 

 

 
Block 1: Technology Commercialisation and the Modern Context 

Unit 1: Basics of technology commercialisation 

Technology - Definition, functions, process of technological advancement – 

invention, discovery, innovation and technology; types of innovation - Basic 

research, breakthrough innovation, disruptive innovation and sustaining 

Iinnovation; Technology transfer and commercialisation 

Unit 2: Nature of Agricultural Technology 

Agricultural technology – meaning, types; technology generation system; 

technology life cycle 

Unit 3: Basics of Technology transfer and commercialisation 

Technology transfer Vs Commercialisation; Technology commercialisation 

process– elements, models, systems and processes; Technology transfer model 

– research, disclosure, development and commercialisation 

Block 2: Intellectual Property Resources (IPR) Management 

Unit 1: Overview of Intellectual Property Resources 

Introduction to IPR; Overview & Importance; Genesis; IPR in India and IPR 

abroad; Patents, copyrights, trademarks & trade secrets, geographical 

indication, industrial design; Emergence of IPR Regimes and Governance 

Frameworks - Trade-Related Aspects of Intellectual Property Rights 

(TRIPS), Convention on Biological Diversity (CBD), Cartagena Protocol, 

International Union for Protection of New Plant Varieties (UPOV), and 

BIMSTEC. 

Unit 2: Systems for Protecting IP 

IPR protection laws and systems – National IPR Policy; and IPR laws; 

procedures for filing IP protection; Systems of IP protection and management 

in agricultural universities and research institutions  and  also by stakeholders. 

Unit 3: Management of IPR 

Mechanisms of IPR Management – Institutional arrangement, IP 

Management processes – invention disclosure; IP portfolio management; 

Infringement management. 

Unit 4: Protection and Management of Biological Resources 

Introduction; National Biodiversity Act (2002); Protection of Plant Varieties and 

Farmers Rights Act (2001); Guidelines for registration and transfer of biological 

resources; Farmers rights; Mechanisms of documenting/ collecting, protecting 

and commercialising farmers varieties and other biological 



925  

resources; National Biodiversity Authority, PPVFRA and other agencies 

involved in management of biological resources in India; Access to Genetic 

Resources and Sharing of Benefits. 

Unit 5: Protection, Management and Commercialisation of Grassrootand 

Farmers Innovations, Traditional and Indigenous Knowledge 

Traditional and Indigenous Knowledge, Grassroot and Farmers Innovations – 

Meaning, forms and importance; Systems of documentation, registration, 

protection and commercialisation. Documentation of traditional indigenous 

knowledge - Traditional Knowledge Digital Library (TKDL), Community 

Biodiversity Registers (CBRs), People’s Biodiversity Registers (PBRs), Plant 

Biodiversity Register, andHoneybee Network. 

Unit 6: Geographical Indications (GI) and Appellation of Origin 

Geographical indications and appellation of origin – meaning, origin; 

Geographical Indications of Goods (Registration and Protection) Act (1999); 

Documentation, registration and commercialisation of GI protected materials 
and processes. 

Unit 7: Genetically Modified Organisms (GMO), Agriculture and Biosafety 

The Global Concerns on Use of Genetically Modified Organisms in Food and 

Agriculture; The Cartagena Protocol on Bio-safety; Regulation of GMO in India 

- Recombinant DNA Advisory Committee (RDAC), Institutional Bio- safety 

Committee (IBSC), Review Committee on Genetic Manipulation (RCGM), 

Genetic Engineering Approval Committee (GEAC), State Bio- safety 

Coordination   Committee   (SBCC) and District Level Committee (DLC). Laws 

and Acts for regulation of GMO - Guidelines for Research in Transgenic Plants, 

1998; Seed Policy, 2002; Plant Quarantine Order, 2003; Regulation for Import of 

GM Products Under Foreign Trade Policy, 2006; National Environment Policy, 

2006 

Block 3: Technology Commercialisation 

Unit 1: Technology Assessment and Refinement 

Meaning; Importance; Approaches and methods of assessment and 

refinement of various technologies – stakeholder oriented approaches 

including participatory technology assessment and refinement; assessment 

and refinement of traditional and indigenous knowledge and grassroot 

innovations. 

Unit 2: Technology Valuation 

Returns to investment; IP Valuation-Oxford context, IP Valuation methods - Cost 

approach; Income approach - Discounted Cash Flow, Risk-Adjusted Net Present 

Value, Net Present Value with Monte Carlo Simulation and Real Options Theory; 

Market approach - Industry Standards Method, Rating/Ranking Method, Rules 

of Thumb Approach and Auction Method; Hybrid approaches- Technological 

Capability; Royalty rate method. 

Unit 3: Technology Commercialisation Strategies 

Meaning- approaches for technology commercialisation – technology scaling up, 

technology licensing, handholding, agripreneur development, technology 

business incubation. 
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Unit 4: Scaling up of Technologies 

Meaning, types and stages of technology scaling up; mechanisms. 

Unit 5: Technology Licensing 

Meaning and types - Procedures of licensing, preparing licensing documents; 

Management of technology licensing process. 

Unit 6: Technology Takers and Entrepreneurship 

Meaning; types of technology takers; Technology Taking as a Strategy; Types 

of entrepreneurship – agripreneurs, startups, small businesses, Producer 

Organizations, Self Help Groups, Clusters and other forms of 

entrepreneurship. 

Unit 7: Policy support for Technology Commercialisation and 

Entrepreneurship Development 

Policy support for entrepreneurship development in India - National Policy 

on Skill Development and Entrepreneurship and other polices; Government 

of India Support for Innovation and Entrepreneurship – Startup India, Make 

in India, Digital India, Atal Innovation Mission and  others; Entrepreneurship 

policy and schemes at different states of India; Organisations promoting 

entrepreneurship in India 

Block 4: Technology Incubation 

Unit 1: Basics of Technology Incubation 

Meaning, functions and types; stakeholder oriented incubation process – 

Livelihood incubation, village incubators 

Unit 2: Technology Incubation in India 

System of technology incubation- incubation process; its effectiveness; 

Managing profit oriented and non-profit incubators; Schemes for promoting 

incubators in India 

Block 5: Technology Promotion And Essential Skills For Technology 

Commercialisation 

Unit 1: Technology Promotion 

Technology promotion – meaning, types, business meetings, scientist-industry/ 

entrepreneur meets, technology conclave, business plan competition, farmers 

fairs, technology shows 

Unit 2: Dealing with Entrepreneurs, Agripreneurs and Other Stakeholders 

Business communication; b usiness e tiquette; business networking 

Block 6: Emerging Approaches in Technology Commercialisation and 

Incubation 

Unit 1: Technology Scouting 

Technology scouting and innovations in technology incubation 

VI. Practicals 

• Understanding the technology commercialisation process – Visit to 

Technology Commercialisation Unit of ICAR Institute/ Agricultural 

University 

• Understanding the IPR protection practices – Visit to Patent Attorney 

office 
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• Hands-on experience in drafting IPR application – Patent/Copyright/ 

Trademark 

• Understanding protection of biological resources including plant 

varieties – Visit to PPVFRA Branch office/ ICAR Institute or 

Agricultural University involved in plant variety protection 

• Documenting traditional and indigenous knowledge – Field experience in 

usingvarious protocols of using traditional and indigenous knowledge 

• Protecting unique local goods through Geographical Indications – 

Hands on experiences in documenting and registering geographical 

indications 

• Technology assessment/ validation of traditional and indigenous knowledge 

– QUIK and other methods 

• Hands on experience in technology valuation 

• Hands on experience in technology licensing process including drafting 

agreements 

• Understanding the Technology Business Incubation – Visit to Agri 

Business Incubator or Technology Business incubator 

• Hands on experience in planning and organising technology promotion 

events 

• Hands on experience in various techniques in business communication 

and business etiquette 

VII. Teaching methods/activities 

– Lecture cum discussion 

– Cases 

– Class exercises 

– Assignment (Reading/Writing) 

– Student’s book/Publication review 

– Group presentation 

VIII. Learning outcome 

At the end of the course the students are expected to develop competencies 

in: 

– Enabling stakeholders to protect and manage their IPR 

– Managing IPR to maximise their value realisation through 

commercialisation, and 

– Providing mentoring and handholding support to agripreneurs, 

rural entrepreneurs, start-ups, Farmer Organisations and other forms 

of entrepreneursthrough incubation 

IX. Suggested Reading 

 Bandopadhyay D. 2018. Securing Our Natural Wealth: A Policy Agenda 

for Sustainable Development in India and for Its Neighbouring 

Countries. Singapore; Springer. 

 Ghosh, S. and Joshi, A. 2017. Handbook for Non-Profit Incubator 
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Managers. New Delhi: Deutsche Gesellschaftfür Internationale. 

 Gupta AK. 2016. Grassroots Innovation: Minds on the margin are not 

marginal minds. Gurgaon: Penguin Books. 

 ICAR.2018. ICAR Guidelines for Intellectual Property Management and 

Technology Transfer/ Commercialization (Revised in 2018). Indian 

Council of Agricultural Research, New Delhi. 

 Pandey N and Dharni K. 2014. Intellectual Property Rights. Delhi. PHI 

Learning Pvt. Ltd. Sharma G and Kumar H. 2018. Intellectual property 

rights and informal sector innovations: Exploring grassroots 

innovations in India. The Journal of World Intellectual Property. 1- 

17. DOI: https://doi.org/10.1111/jwip.12097. 

 Stevens AJ. 2016. Intellectual property valuation manual for academic 

institutions (Report No. CDIP/17/INF/4). Geneva: Committee on 

Development and Intellectual Property (CDIP). 

 WIPO and ITC. 2010. Exchanging Value – Negotiating Technology 

Licenses, A Training Manual. World Intellectual Property Organization 

(WIPO). 

 

I. Course Title : Educational Technology and Instructional Design 

II. Course Code : EXT 604 

III. Credit Hours : 2+1 

IV. Why this course? 

Technology, digital media and mobile access have drastically changed how 

people learn. And the field of education is rapidly becoming a dynamic 

opportunity for interactive instruction. Today’s curriculum developers and 

instruction designers, especially in the extension and RAS ecosystem, need to 

equip themselves with the continuous developments in both theory and 

practice of instructional design so as to create satisfying learning experiences. 

Similarly, knowledge and skilful use of social media and disruptive 

technologies like internet of things (IOT), augmented reality, artificial 

intelligence, etc. makes this course essential for professionals who are 

expected to act as harbingers of change. 

V. Aim of the course 

The aim is to develop knowledgeable, responsive and effective teachers 

committed to  educating  diverse  group  of  learners  in  a  dynamic extension 

landscape. This course will help  the learners  to appreciate the role of 

technology in learning and how it can be  integrated  into instructional design 

to create engaging learning experience in  both classroom and online learning 

environment. The course also aims to prepare the students as competent 

professionals employable in the extension and RAS providers both as 

specialised researchers as well as designers. 

The course is organized as follows: 
 

No Blocks Units 
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1. Educational Technology 1. The Landscape of Educational 

Technology  and Instructional Design 

2. Theories of learning 

3. Technology Enabled Learning 

2 Instructional Design 1. Theories of Instruction 

2. Creating Instruction 

3. Instructional Strategies 

4. Evaluating Instruction 

5. Trends in Instructional Design 

 

 
VI. Theory 

Block 1: Educational Technology 

Unit 1: The Landscape of Educational Technology and Instructional Design 

Understanding various terms - educational technology, instructional design, 

instructional systems design, curriculum design, pedagogy, andragogy; brief 

overview of the origin and evolution of ET and ID as theory and practice; 

what is the relevance of ET and ID relevant  in  extension  and  rural advisory 

services? Extensional professionals as instructional designers and architects 

of the learning experience 

Unit 2: Theories of Learning 

What is learning? Critical overview of Behaviorism, Cognitivism, 

Constructivism and Complex learning theories; instructional designers and 

learning theories; types of learning or learning  domains-  Bloom’s taxonomy 

of the cognitive domain, Krathwohl and Bloom’s affective domain and 

Simpson’s psychomotor domain. 

 
Unit 3: Technology Enable Learning 

What is the role of technology in education? Digital media, new tools and 

technology; Open and distance Learning (ODL); Online Education - Synchronous 

and Asynchronous learning models; eLearning, Massive Open Online Courses - 

SWAYAM, Open Education Resources (OERs), Course CERA, EduEx, CoL, 

RLOs; digital education and its applications in higher agricultural education; 

Smart classrooms and Campuses, Web-based remote laboratory (WBRL); 

Integrating media and digital tools into ID; types and implications of disruptive 

technologies for higher education and extension; Augmented learning; Adaptive 

learning; meaning, features and good practices in using open source Learning 

Management Systems (Moodle); Quality assurance and certification in e-

learning. 

Block 2: Instructional Design 

Unit 1: Theories and Models of Instruction Howard Gardner’s Theory of 

Multiple Intelligences, David Kolb’s Learning Cycle, Albert Bandura’s 
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Social Learning Theory, Rand Spiro’s Cognitive Flexibility Theory and its 

Application in eLearning, Wlodkowski’s Motivational Framework for 

Culturally Responsive Adult Learning; ADDIE Model, Dick and Carey 

Model, SAM Model, Bloom’s Taxonomy; integrating the theories of 

instruction into the practice of ID in extension and RAS ecosystem. 

Unit 2: Creating Instruction 

Overview of planning, designing and implementing the curricula and learning 

experiences; Needs analysis - meaning, approaches and steps; Task and 

content analysis - meaning, approaches, steps and techniques (topic analysis, 

procedural analysis, and the critical incident method); Learner analysis – 

meaning, importance and approaches, relevance of Maslow’s Hierarchy of 

needs and learning styles, captive audience vs. willing volunteers, universal 

vs. user-centered design, learner analysis Procedures; Writing learning 

objectives: meaning of learning goal and learning objectives; ABCDs of well-

stated objectives; Setting goals, translating goals into objectives; 

Contextualising ADDIE process within the extension learningenvironment 

Unit 3: Instructional Strategies 

Organizing content and learning activities - scope and sequence of instruction; 

Posner’s levels of organizing (Macro, Micro, Vertical, and Horizontal) and 

structures of organizing (content vs. media) instruction, Gagne’s events of 

instruction, Edgar Dale’s Cone of Experience; Methods of Delivery- classroom 

teaching, programmed instruction, synchronous and asynchronous modes of 

distance education; Changing role of a teacher in classroom and teaching 

competencies 

Unit 4: Evaluating Instruction 

Meaning of assessment, measurement and evaluation; Developing learner 

evaluations and their reliability & validity; Assessment techniques for measuring 

change in knowledge, skill and attitude of learners - Objective Test Items, 

Constructed-Response Tests, Direct Testing, Performance Ratings, Observations 

and Anecdotal Records, Rubrics, Portfolios, Surveys and Questionnaires, Self- 

Reporting Inventories, Interviews; Conducting learner evaluation pre-, during 

and post-instruction; Formative and summative evaluation- meaning, approaches 

and steps; Evaluating learner achievement and the instructional design process; 

Evaluating the success of instruction; Performance appraisal of teachers 

Unit 5: Trends in Instructional Design 

Alternatives to ADDIE model - Rapid prototyping and constructivist ID, 

reflections on instructional design as science and as an art; Relating ID 

models  and  process in  extension  learning  environment;  Political economy 

of higher education in developed and developing countries; University 

assessment and rating methods, returns from agricultural higher education; 

Research in education and instructional design. 
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VII. Practicals 

• Exercises on preparation of the analysis report that includes the 

task/content analysis and learner analysis and the design plan includes 

learning objectives and corresponding instructional strategies and 

assessment items 

• Prepare course outline and lesson plan with an appreciation for diverse 

learning styles based on temperament, gender, and cultural/ethnic 

differences and delivera lecture for UG/PG students 

• Assessing learning styles through Barsch and Kolb inventories 

• Development and testing of survey instruments for evaluating learning 

outcomes/ competencies of students 

• Development and testing of survey instruments for performance appraisal 

/ competency assessment of teachers. 

• Design an online e-learning module on a topic of interest as a capstone 

project - integrate and apply the knowledge and skills gained from the 

course for creating an effective learning experience for a target audience 

• Designing and developing a theme based knowledge portals 

• Exercises on designing an online course using open source LMS like moodle 

orEdX 

• Select and evaluate or design for social media 

• Prepare a short research paper on recent theories and models of 

instructional design 

• Interview an instructional designer of your choice and prepare a 

synthesis report about what job roles he/she perform, what  ID processes 

does he or she use, challenges faced 

• Develop a prototype for one of the lessons in your design plan using 

PowerPoint or a website builder such as Weebly to create the screens 

integrating multimedia content and various functionalities 

• Field visit to a virtual learning / augmented learning labs, e-learning labs, 

distance learning centres, etc. 

• Hands-on practice with video-editing software, web conferencing and video 

conferencing solutions 

VIII. Teaching methods/activities 

– Lectures & videos 

– Individual and group assignments 

– Group discussion and debating 

– Enactive learning exercises 

– Case studies / Case analysis 

– Storyboarding 

– Guest lectures 

– Field visits 

– Capstone project 
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– Prototype development 

IX. Learning outcome 

After successful completion of this course, the students are expected to be able 

to: 

– Develop a critical understanding of concepts of learning and education 

within thecontext of agricultural development 

– Relate and apply learning theories and models to the development, 

design and evaluation of courses utilizing educational technology and 

instructional design 

– Hone their skills to take up research  work  in  analysing  and evaluating 

different learning systems, teaching-learning environments, 

competencies and learning outcomes 

– Find placement opportunities in the industry for job profiles such as e- 

learning specialist, training officer, curriculum developer, instructional 

designer, education consultant, etc. 

X. Suggested Reading 

 Agarwal JC. 2007. Essentials of Educational Technology Innovations in 

Teaching – Learning. 2nd Ed. Vikas Publ. House. 

 Allen M. 2013. Leaving ADDIE for SAM: An Agile Model for Developing 

the Best Learning Experiences. https://www.alleninteractions.com/about 

 Anglin GJ (Ed.), 1995. Instructional technology: Past, present, and future. 

Englewood, CO: Libraries Unlimited. 

 Anonymous. 2000. Contents Pages of the Journal Educational Technology 

from January, 2OO0 to December, 2O15 Volume 40- Volume 55 

 http://publicationshare.com/pdfs/ET-Contents-Pages-2000-2015.PDF 

Bandura A. 1977. Social learning theory. Englewood’s Cliffs, NJ: 

Prentice-Hall 

 Bandura A. 2001. Social cognitive theory: An agentic perspective. 

Annual Review of Psychology, 52, 1–26 

 Britain S. 2004. A Review of Learning Design: Concept, Specifications and 

Tools. A report for the JISC E-learning Pedagogy Programme, May 2004. 

 Brown AH and Timothy DG. 2016. The essentials of instructional design: 

connecting fundamental principles with process and practice, Third 

edition, Routledge https://ikhsanaira.files.wordpress.com/2016/05/the- 

essential-of-instructional-design.pdf 

 Challa J and Reddy NM. 2008. Education Technology for Agricultural 

Sciences, NAARM, Rajendra Nagar, Hyderabad, Telangana, India. 

 David HJ. 2003. Learning to Solve Problems: An Instructional Design 

Guide. 

 Duffy TM and Cunningham DJ. 1996. Constructivism: Implications for 

http://www.alleninteractions.com/about
http://publicationshare.com/pdfs/ET-Contents-Pages-2000-2015.PDF
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the design and delivery of instruction. In Jonassen D (Ed.), Handbook of 

Research for Educational Communications and Technology (pp. 170- 

198). New York: Simon & Schuster Macmillan Edward T. 2013. Power 

Point Is Evil. https://www.wired.com/2003/09/ppt2/ 

 Ellen R. 2004. Instructional Design and Curriculum Development: 

Deconstructing the Difference, Educational Technology, Vol. 44, No. 2 

(March-April 2004), pp. 3-12. https://www.jstor.org/stable/44428883 

 Gardner H. 2008. Multiple intelligences: New horizons in theory and 

practice. New York, NY: Basic Books. 

 Gayle VDS, Karen LR, Patrick RL. 2018. Web-Based Learning: 

Design, Implementation and Evaluation, 2nd Edition Hsu YC, Hung 

JL, and Ching YH. 2013. Trends of educational technology research: 

More than a decade of international research in six SSCI-indexed 

refereed journals. Educational Technology Research and 

Development, 61(4), 685-705. 

 https://www.academia.edu/1141731/Aesthetic_principles_for_instruction 

al_design? auto=download 

 James ML. 2006. Small Teaching: Everyday Lessons from the Science of 

Learning 

 Kolb D. 2014. Experiential learning: Experience as the source of learning 

and development (2nd ed.). Upper Saddle River, NJ: Prentice Hall 

 Koper R. 2006. Current Research in Learning Design, Educational 

Technology & Society, 9 (1), 13–22. 

 Kozma RB. 1994. Will media influence learning? Reframing the debate. 

Educational TechnologyResearch & Development, 42(2), 7-19. 

 Merrill MD, Drake L, Lacy M J and Pratt J. 1996. Reclaiming 

instructional design (PDF). 

 Educational Technology. 36 (5): 5–7. Archived (PDF) from the original 

on 2012-04-26. 

 Parrish PE. 2007. Aesthetic principles for instructional design, 

Education Technology Research 

 Parrish PE. 2005. Embracing the aesthetics of instructional design. 

Educational Technology, 45(2), 16–25. 

 Reiser RA, Mackal M, and Sachs SG . 2005. Textbooks used in graduate 

programs in instructional design and technology: Changes over the past 

twelve years. Educational Technology, 45(5), 53-61. 

 Reiser RA. 2001. A History of Instructional Design and Technology: 

Part I: A History of Instructional Media. Educational Technology 

Research and Development, 49 (1), 53-64. 

 Reiser RA. 2001. A History of Instructional Design and Technology: 

Part II: A History of Instructional Design. Educational Technology 

http://www.wired.com/2003/09/ppt2/
http://www.jstor.org/stable/44428883
http://www.academia.edu/1141731/Aesthetic_principles_for_instructional_design
http://www.academia.edu/1141731/Aesthetic_principles_for_instructional_design
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Research and Development, 49 (2), 57-67. 

 Spector JM, Merrill MD, Elen J and Bishop MJ. (Eds.), 2014. Handbook 

of research on educational communications and technology (4th ed.). New 

York: Springer. 

 Spector JM. 2015. Foundations of educational technology: Integrative 

approaches and interdisciplinary perspectives. Routledge. 

 Spiro R. 2018. Cognitive Flexibility Theory & the Post-Gutenberg Mind: 

Rand  Spiro’s Home Page, 

https://postgutenberg.typepad.com/newgutenbergrevolution/?utm_campai 

gn=elearning industry.com&utm_source=%2Fcognitive-flexibility- 

theory&utm_medium=link 

 Tennyson R, Dijkstra S, Schott F and Norbert S. 1997. Instructional 

Design: International Perspectives. Theory, Research, And Models. Vol. 

1. Mahwah, NJ: Lawrence Erlbaum Associates, Inc. p. 42. ISBN 

0805814000. 

 The Encyclopedia of Educational Technology. What is Educational 

Technology? 

 http://www.etc.edu.cn/eet/eet/articles/edtech/index.htm 

 Wlodkowski, Raymond J. 2008. Enhancing adult motivation to learn: a 

comprehensive guide for teaching all adults, 3rd ed., The Jossey-Bass 

higher and adult education series 

 http://ekladata.com/iJLoOLufKEurVuG5mA2Ke1rJ5dQ/- 

Raymond_J._Wlodkowski- 

 _Enhancing_adult_ motivation-Bokos-Z1-.pdf 

 
 Websites 

 e-Learning Industry– https://elearningindustry.com/ 

 Instructional Design Central– 

https://www.instructionaldesigncentral.com/ Instructional Design– 

http://www.instructionaldesign.org/theories/ International Society for 

Educational Technology– https://www.isfet.org/courses/ Educational 

Technology– https://educationaltechnology.net/ 

 AESA-Agricultural Extension in South Asia– 
http://www.aesanetwork.org/ GFRAS-Global Forum for Rural Advisory 

Services– http://www.g-fras.org/en/ 

 

I. Course Title        : Risk Management and Climate Change Adaptation 

II. Course Code        : EXT 605 

III. Credit Hours       : 2+1 

IV. Why this course? 

Present agriculture and allied sectors India face tremendous challenges on 

multiple fronts. Agrarian distress and the climate change impacts together 

pose grave dangers to food, nutritional and ecological security. As 

http://www.etc.edu.cn/eet/eet/articles/edtech/index.htm
http://ekladata.com/iJLoOLufKEurVuG5mA2Ke1rJ5dQ/-Raymond_J._Wlodkowski-
http://ekladata.com/iJLoOLufKEurVuG5mA2Ke1rJ5dQ/-Raymond_J._Wlodkowski-
http://www.instructionaldesigncentral.com/
http://www.instructionaldesign.org/theories/
http://www.isfet.org/courses/
http://www.aesanetwork.org/
http://www.g-fras.org/en/
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change agents, extensional professionals in particular and agricultural 

graduates in general need to quip themselves with knowledge and skill sets 

required to navigate the climate change scenario so as to help reduce  risk and 

vulnerability. Hence, this customised course. 

V. Aim of the course 

The course is designed to provide both basic and applied knowledge on the 

subjects of risks management and climate change adaptation with reference 

to Indian agriculture. This course will approach the subjects from a 

multidisciplinary perspective - technical, socio-economic,  political, financial, 

and regulatory. It aims to equip students to identify, evaluate and evolve ways 

to address (mitigate and manage) risks and climate change. 

 

The course is organized as follows: 

No Blocks Units 

 

1. Risk Management in Agriculture 1. Understanding Risk and Distress 

2. Managing Risk and Distress in 

Agriculture 

3. Extension Professionals and Risk 

management 

2. Adapting to Climate Change 1.  Introduction to Climate Change 

Science 

2. Introduction to Climate Change 

Adaptationand Mitigation 

3. Climate Smart Agriculture and 

4. ExtensionAdvisory Services 
 

VI. Theory 

Block 1: Risk Management in Agriculture 

Unit 1: Understanding Risk and Distress 

Introduction to risk, risk management, uncertainty, sensitivity and distress, 

general risk theory, risk analysis methods, risk perception and decision 

making, indicators of risk and distress in agriculture –  identification, selection 

and assessment, understanding the agrarian distress in Indian agriculture, 

sources of distress in Indian farming -changing farm size, land use, cropping 

patterns, pricing policy, markets and terms of trade, Typology of crisis in 

agriculture; Droughts, floods and Indian agriculture, distress and farmer 

suicides - causes and socio-economic consequences. 

Unit 2: Managing Risk and Distress 

Ways to reducing/managing risk and distress in Indian agriculture; crop and life 

insurance; Developing support systems; Planning, implementation and evaluation 

of risk/distress management programs; Institutional frameworks for risk and 

disaster management - NDMA & SDMAs; Developing District Agriculture 

Contingency Plans; Risk management by diversification; Good 
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practices and lessons from other countries; Responses of government, non- 

government and extension system to agrarian crisis; National Farmers Policy. 

Unit 3: Extension Professionals and Risk Management 

Understanding social-psychological and behavioural dimensions of farmers 

under risk/distress; Risk perception and communication; Helping farmers manage 

farm level risks - mobilising resources, linking with markets, strengthening 

capacities; Working with village level risk management committees; Operational 

skills for preparing contingency and disaster management plans; Institutional and 

extensioninnovations in managing risk and distress; Policy and technological 

preferences for dealing with drought and flood. 

Block 2: Adapting to Climate Change 

Unit 1: Introduction to Climate Change Science 

Basic concepts of and terms in climate change science; impacts of climate 

change; anthropogenic drivers of climate change, climate change and Indian 

agriculture; climate adaptation vs. disaster risk reduction; anticipated costs of 

adaptation; climate change and poor; overview of UNFCCC framework and 

institutions, Kyoto Protocol and beyond; India’s National Action Plan on Climate 

Change and National Mission on Strategic Knowledge on Climate Change; 

National Coastal Mission, Institutional arrangements for managing climate 

change agenda. 

Unit 2: Introduction to Climate Change Adaptation and Mitigation 

Introduction to climate change adaptation, Conducting a vulnerability 

assessment (CVI and SEVI frameworks), Identifying and selecting adaptation 

options; Global, national and state level initiatives and plans to support 

climate change adaptation, private sector and civil society initiatives and 

activities; Mainstreaming climate change adaptation into development 

planning, f inancing climate adaptation and budgetary allocations for 

programmes, gender and climate change adaptation, agricultural development 

programmes and strategies  towards  climate  change adaptation and 

mitigation, community based and ecosystem  based adaptation strategies, 

preparing evidence based intervention plans for vulnerability reduction at 

micro and macro-levels. 

Unit3: Climate Smart Agriculture (CSA) and Extension &Advisory Services 

Climate smart agriculture; Developing climate smart and climate resilient 

villages; Stakeholders and determinants involved in climate smart 

agriculture; Climate smart agriculture and EAS; Innovative extension 

approaches used in CSA; Climate information services, farmers perceptions 

about climate change; Farm and household level manifestations and 

adaptation  strategies;  Barriers  and  limits  to  adaptation;  Farmers feedback  

on  performance  of  extension  methods;   Skills, competencies and tools 

required for extension professionals at different levels and development 

departments in up scaling CSA. CRA, documentation of 
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indigenous adaptation strategies of farmers. 

VII. Practicals 

• Hands-on practice in using risk assessment/analysis tools 

• Case studies on risk / distress assessment in agriculture -Indian and 

global 

• Lessons / experiences from NICRA Project in agriculture and allied 

sectors 

• Developing criteria, indicators and indices for assessment of risk, 

vulnerabilityand resilience 

• Hands on practice on use of vulnerability and risk assessment tools and 

techniques 

• Case studies on success stories of climate change adaptation and 

community basedinitiatives 

• Developing district and village level intervention plans for climate 

change adaptation 

• Field visits to State Disaster Management Authority 

• Case studies on climate smart agriculture / villages from India and 

world 

• Case studies on impact assessment of crop insurance programs, 

disastermanagement programs 

• Capstone project on documenting ITKs and local practices related to 

reducing risk / climate resilience agriculture 

VIII. Teaching methods/activities 

– Lecture 

– Assignment (Reading/Writing) 

– Student’s book/Publication review 

– Student presentation 

– Group work 

– Student’s interview of key policy makers 

– Case analysis and case studies guest lectures 

– Review of policy documents 

IX. Learning outcome 

After successful completion of this course, the students are expected to be 

able to: 

– Appreciate the scientific foundation of risk management and climate 

change science and relate the key learning to the job of an extension 

professional 

– Utilise methods and tools for risk and climate related vulnerability 

assessmentsand adaptation strategies in the context of Indian agriculture 

/ farming scenario 

– Utilise material in scientific publications relevant for risk management 
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and climate change adaptation and critically reflect on their benefits and 

limitations for decision making 

X. Suggested Reading 
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I. Course Title : Livelihood Development 

II. Course Code : EXT 606 

III. Credit Hours : 1+1 

IV. Why this course? 

One of the aims of extension work is to enhance  and  expand  the sustainable 

livelihood opportunities for individuals in a society. For this a thorough 

understanding of the different aspects of livelihood and  its interface with 

nature becomes imperative. Resource poor farmers and the socially and 

politically weaker sections of the  society  currently  face several   challenges   

in   expanding   their livelihoods. Keeping these in view, the course has been 

designed to provide a theoretical framework for understanding of the basic 

concepts, definitions and approaches related to 

„livelihood’, „vulnerability’ „institutional processes’, and „development and 

policies’ pertaining to livelihood development in India. 

V. Aim of the course 

• To develop an understanding on the concept of livelihood and its 

various forms 

• To acquaint the students regarding the various alternative approaches 

that hasbeen adopted to support livelihoods 

• To familiarize the students to some of the methods, tools and 

techniques they canutilize to design livelihood interventions 

• To expose the students to the context, especially the economic models 

and policyenvironment that guides the livelihood choices 

• To equip students to work in multidisciplinary teams and engage at 

multiple levels on livelihood issues 

The course is organized as follows: 
 

 
No Blocks Units 

 

http://csa-india.org/
http://www.g-fras.org/en/
http://www.g-fras.org/en/
http://www.aesanetwork.org/
http://www.nicra-icar.in/nicrarevised/
http://www.crida.in/
http://www.uncclearn.org/
http://www.dst.gov.in/climate-change-programme
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1. Understanding of Livelihood 1.  Concept of Livelihoods 

2. Livelihood Challenges 

2. Livelihood Analysis 1. Livelihood Frameworks 

2. Designing Livelihood 

Intervention and Promotion 

3. Livelihood Augmentation 1. Pathways for LA 

 

VI. Theory 

Block 1: Understanding of Livelihood 

Unit 1: Concept of Livelihoods 

Basic concepts of livelihood and development, Types of development- Immanent/ 

inherent and interventionist/ intentional; Why promote livelihood; Livelihood 

intervention: definition, types-spatial, segmental, sector –sub- sector; Systemic 

view of Livelihoods, Understanding rural livelihoods-farm, non-Farm, and off 

farm; Linkages with farm and off-farm livelihoods; Economic models 

Unit 2: Livelihood Challenges 

Livelihood Challenge- Political economy  of Livelihoods, Issues  of access to 

farm and non-farm livelihoods; Livelihoods from a Gender Perspective- 

Feminization of agriculture/ poverty, women  in  the  unorganized  sector, the 

issue of unpaid and informal work; Livelihood Coping Mechanism- Climate 

Change and Livelihoods; Livelihoods and Disasters. 

Block 2: Livelihood Analysis 

Unit 1: Livelihood Frameworks 

Sustainable Livelihoods Approaches (SLAs)-Definition and  origins  of SLA; 

Assets or capitals and capabilities in SLA and its linkage to the other capitals: 

Physical, Social, Economic, Human, Natural; Vulnerability Assessment- 

Shocks, trends, seasonality; Policies, institutional context and processes; 

Conceptual Frameworks- DFID, CARE, UNDP, OXFAM, BASIX livelihood 

triad, Nine square Mandala or Rural Livelihood System’s Framework, etc.; 

Past, Present and possibilities for the future of the SLA, critiques of the 

approach 

Unit 2: Designing Livelihood Intervention and Promotion 

Designing a suitable livelihood intervention-Observing and understanding the 

local economy; Selecting livelihood activities suitable for the poor in the area; 

Deciding on the interventions. Livelihood promotion approaches- Poverty 

and livelihood: Approaches and programs in India; Livelihood and a rights 

based approach- MGNREGA and its critique; Livelihood and a social capital 

based approach: NRLM 

Block 3: Livelihood Augmentation (LA) 

Unit 1: Pathways for LA 

Basic concepts; Pathways: a) Entrepreneurial strategies for LA; b) NRM 

based intervention; c) Market based interventions including value-chain 
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analysis; d) ICT based interventions; e) Livelihood and allied agriculture 

(dairy, poultry, Goatery, etc.) based livelihood; f) Forest based l ivelihoods 

vis a vis livelihood protection and promotion: Contribution of NTFP in 

supporting rural livelihoods 

Note: Block „A’ and „B’ is theoretical; Block „C’ should be covered in the form 

practical’s supported by few classroom discussion through cases 

VII. Practicals 

• Village stays to understand the livelihood pattern of villagers and how the 

other socio-economic factors affect the livelihood of people 

• Visit to institutes/ universities adopted and/or nearby villages to 

experience the life and natural resources in rural communities- 

understanding of village culture, evolution, social structure, livelihood 

pattern, trends, governance arrangements, and the natural context 

(landscape layout, land use, vegetation types etc) 

• Application of participatory rural appraisal skills for understanding 

village context; Engagement of working with rural communities and 

their grass-root institutions, understanding dynamics of working in a 

group 

• Visit to different agri-business models as mentioned in the Block 

„C’. Group assignments may be given to document the field 

experience in the form of case study of an enterprise/ entrepreneur/ 

members and other related stakeholders 

• Development of composite livelihood index 

• Biodiversity mainstreaming for livelihood augmentation 

 
VIII. Teaching methods/activities 

– Interactive lectures – by sharing in advance a reading material 

– Analysis of case studies 

– Audio-visual of successful/ failure models of agribusiness firms 

– Guest session by field practitioners, if possible 

– Group presentations by the students 

– Field visit and field based individual or group assignments 

IX. Learning outcome 

This course will equip students with perspectives, knowledge and skills to 

develop a comprehensive understanding of the livelihood concepts, various 

forms, approaches, tools and techniques to analyze existing livelihood pattern 

and strategies the sustainable livelihood intervention in the rural areas. 

X. Suggested Reading 

 Anonymous. 2010. State of India‘s Livelihood Report. Edited by Sankar 

Datta and Vipin Sharma. Sage Publications, New Delhi. 

 Carney D, Drinkwater M, Rusinow T, Neefjes K, Wanmali S and 
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Singh N. 1999. Livelihoods approaches compared: A brief comparison 

of the livelihoods approaches of the UK Department for International 

Development (DFID), CARE, Oxfam and the United Nations 

Development Programme (UNDP). 

 Desai RM and Joshi S. 2014. Can Producer Associations Improve Rural 

Livelihoods? Evidence from Farmer Centres in India, The Journal of 

Development Studies, 50 (1): 64-80. 

 Ellis F. 2012. Rural Livelihoods and Diversity in Developing Countries, 

Oxford. 

 Mahajan V, Datta S and Thakur G. 2009. A Resource Book for 

Livelihood Promotion, The Livelihood School, BASIX, Hyderabad. 

 Morse S and McNamara N. 2009. Sustainable Livelihood Approach: A 

critique of theory andpractice, Springer Science. (Chapter 2) 

 Pastakia A and Oza S. 2011. Livelihood Augmentation in Rainfed Areas: 

A Strategy Handbook for the Practitioner, Development Support Centre, 

Ahmedabad. 

 Scoones Ian. 1998. Sustainable Rural Livelihoods: A Framework for 

Analysis, IDS Working Paper 72. 

 Scoones Ian. 2009. Livelihoods perspectives and rural development. 

Journal of Peasant Studies, 36 (1). 

 

I. Course Title : Facilitation for People Centric Development 

II. Course Code : EXT 607 

III. Credit Hours : 2+1 

IV. Why this course? 

The prime aim of the agricultural extension professionals is to influence 

development change among the stakeholders with whom they work. In the 

Agricultural Innovation Systems (AIS) context, this change will happen when 

good relationships, networks and partnerships are formed. A new extension 

approach that aims at participatory and group learning as well as networking, 

where the extensionist acts as a facilitator is needed. It is important to 

inculcate the good facilitation skills by the extension professional to increase 

the effectiveness and impact among the agricultural extension and advisory 

services stakeholders. 

V. Aim of the course 

• To orient students on the importance facilitation 

• To inspires students to understand facilitation tools  to  influence change 

at the individual, group and organisational levels 

• To develop capacities in multi-stakeholder engagement, facilitation and 

networking 

 

The course is organized as follows: 

No    Blocks Units 
 



947  

1. Introduction to Facilitation 1. Facilitation for Development 

for Development  in the AIS 

2. Principles, Attributes and Skills for 

Facilitation for Development 

2. Facilitating change in 1. Realise Potential- Self- Discovery 

individuals, groups and 2. Group Dynamics and Working 

organizations  Together 

3. Organizational Change Process 

3. Facilitating operational level 1. Multi-Stakeholder Interactions 

multi-stakeholder engagements 2. Innovation and Policy Engagement 

Platforms 

4. Brokering strategic partnerships, 1. Linkages, Partnerships, Alliances 

networking and facilitation and Networking 

2. Facilitating Capacity Development 

 

VI. Theory 

Block 1: Introduction to Facilitation for Development 

Unit 1: Facilitation for development in the AIS 

Facilitation for development in the AIS; Understanding facilitation for 

development; Importance of facilitation as a core function of extension within 

the Agricultural Innovation Systems (AIS) 

Unit 2: Principles, Attributes and Skills for Facilitation for Development 

Basic principles of facilitation for development; Desired attributes of 

facilitator  for  development-  Cognitive  attributes,  Emotional  attributes 

(Emotional  intelligence),  Social,  behavioural  and  attitudinal  attributes; 

Technical skills of a facilitator for development- Design processes, 

Facilitation techniques and tools, the art of questioning  and  probing, Process 

observation and documentation, Visualisation. 

Block 2: Facilitating Change in Individuals, Groups and Organisations 

Unit 1: Realise Potential- Self-Discovery 

Self-discovery to realise our potentials, Tools for self-discovery, formulating 

a personal vision, Taking responsibility for your own development. 

Unit 2: Group Dynamics and Working Together 

Understanding the dynamics of human interaction, Group dynamics and 

power relations, Managing relationships, Shared vision and  collective action, 

Tools for team building. 

Unit 3: Organizational Change Process 

Organizational change process, Organizational learning to adapt to changing 

environments, Enhancing performance of organizations, Leadership 

development, Tools for organizational change. 

Block 3: Facilitating Operational Level Multi-stakeholder Engagements 

Unit 1: Multi-Stakeholder Interactions 

Defining  stakeholders,  Development   of   collective   and  shared  goals, 
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Building trust and accountability, Tools for stakeholder identification and 

visioning. 

Unit 2: Innovation and Policy engagement Platforms 

Visualising innovation platforms (IPs), Why are IPs important?, Different 

models of IPs for multi-stakeholder engagement, policy engagement 

platforms, Generating issues and evidence for policy action, Advocacy for 

responsive policy processes. 

Block 4: Brokering Strategic Partnerships, Networking And Facilitation 

Unit 1: Linkages, Partnerships, Alliances and Networking 

Brokering linkages and strategic partnerships, Identification of critical links, 

Knowledge brokering, Creating linkages with markets, Learning alliances 

and networking, Coordination of pluralistic service provision within the AIS, 

The conceptof action learning and reflective practitioners, Networking. 

Unit 2: Facilitating Capacity Development 

Facilitating Capacity Development-Facilitate participation and learning in 

development programs and projects. Virtual platforms- skills for 

strengthening dialogue, collaboration, shared commitment amongst diverse 

actors and stakeholders. 

VII. Practicals 

• Practicing facilitation techniques, 

• Self discovery Exercises, 

• Working together and interaction (task based), 

• Arrangement for multi-stakeholder interactions, 

• Understanding organisational change process tools and techniques, 

• Case analysis on organisational change process, 

• Participating with innovation platforms, 

• Policy engagement platforms, 

• Stakeholder analysis mapping, 

• Exercises on networking skills, 

• Facilitating capacity building programmes 

• Facilitating virtual platforms 

• Filed visit to multi-stakeholder partnership projects 

VIII. Teaching methods/activities 

– Lecture 

– Assignment (Reading/Writing) 

– Student’s Book/Facilitation Manual/Publication Review 

– Student presentation 

– Group work 

– Student’s interview with facilitators 

– Case analysis 

– Guest lectures 

– Review of facilitation methodologies 

– Short internships 

IX. Learning outcome 

After successful completion of this course, the students are expected to be 
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able to: 

– Appreciate the importance of facilitation skills and tools 

– Understand facilitation and networking techniques 

– Critically evaluate strategic partnerships and linkages 

– How to manage group dynamics and engage multi-stakeholders and 

virtualplatforms 

X. Suggested Reading 

 Anonymous. Seeds for Change. Facilitation Tools for Meetings and 

Workshops. Available https://seedsforchange.org.uk/tools.pdf 

 Clarke S, Blackman R and Carter I. 2004. Facilitation skills workbook 

-Training material for people facilitating  small  group  discussions and 

activities using PILLARS Guides. Tearfund, England. 

 https://www.tearfund.org/~/media/files/tilz/fac_skills_english/facilitation e.pdf 

Davis S. 2014. Using the Socratic Method as a Learning Facilitator. 

 https://facilitatoru.com/training/using-the-socratic-method-as-a-learning- 

facilitator/ Hanson L. and Hanson C. 2001. Transforming participatory 

facilitation: Reflections from practice. 

http://pubs.iied.org/pdfs/G01950.pdf 

 Jost C, Alvarez S and Schuetz T. 2014. CCAFS Theory of Change 

Facilitation Guide. CGIAR Research Program on Climate Change, 

Agriculture and Food Security. 

https://cgspace.cgiar.org/bitstream/handle/10568/41674/CCAFS%20TOC 

%20facilitation% 202014% 20FINAL.pdf 

 Kennon N., Howden P. and Hartley M. 2002. Who really matters? A 

stakeholder analysis tool. Extension Farming Systems Journal: 5 (2). 

 https://www.csu.edu.au/ data/assets/pdf_file/0018/109602/EFS_Journal_vol 

_5_no_2_02_ Kennon_et_al.pdf 

 Koutsouris A. 2012. Exploring the emerging facilitation and brokerage 

roles for agricultural extension education. AUA Working Paper Series 

No. 2012-4. Agricultural University of Athens. Department of 

Agricultural Economics & Rural Development. 

http://aoatools.aua.gr/RePEc/aua/wpaper/files/2012-4_koutsouris.pdf 

 Krick T, Forstater M, Monaghan P, Sillanpaa M. 2005.  The Stakeholder 

Engagement Manual: Volume 2, the Practitioner‘s Handbook on 

Stakeholder Engagement. Accountability, United Nations Environment 

Programme, Stakeholder Research Associates Canada Inc. 

 Linden J. 2015. Innovation in Layer Housing: From Drawing Board to 

Reality. http://www.thepoultrysite.com/articles/3494/innovation-in-layer- 

housing-from-drawing- board-to-reality/ 

 Lindy norris. How to Develop Your Personal Vision Statement: A Step-by- 

Step Guide to Charting Your Future with Purpose and Passion. 

http://www.tearfund.org/~/media/files/tilz/fac_skills_english/facilitation
http://www.tearfund.org/~/media/files/tilz/fac_skills_english/facilitation
http://pubs.iied.org/pdfs/G01950.pdf
http://www.csu.edu.au/__data/assets/pdf_file/0018/109602/EFS_Journal_vol_5_no_2_02_
http://www.csu.edu.au/__data/assets/pdf_file/0018/109602/EFS_Journal_vol_5_no_2_02_
http://aoatools.aua.gr/RePEc/aua/wpaper/files/2012-4_koutsouris.pdf
http://www.thepoultrysite.com/articles/3494/innovation-in-layer-housing-from-drawing-
http://www.thepoultrysite.com/articles/3494/innovation-in-layer-housing-from-drawing-
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http://static1.squarespace.com/static/5765deb1be659449f97fcbf5/t/5770b3095 

79fb31316 4a7a37/1467003657818/LINDYNORRIS.COM+- 

+How+to+Develop+a+Personal+Vision+ Statement.pdf 

 Lundy, M, Gottret, M.V. and Ashby, J. 2005. Learning alliances: An 

approach for buildingmulti- stakeholder innovation systems. 

 http://documents.worldbank.org/curated/en/564521467995077219/pdf/103509 

-BRI- PUBLIC-ADD-series-ILAC-brief.pdf 

 Makini FW, Kamau GM, Makelo MN, Adekunle W, Mburathi GK, 

Misiko M, Pali M, and Dixon J.2015. Operational Field Guide for 

Developing and Managing Local Agricultural Innovation Platforms. 

Australian Centre for International Agricultural Research. 

https://www.aciar.gov.au/file/103711/download?token=EPYmwxnE 

 Mind Tools. 2005. The Role of a Facilitator-Guiding an Event through to 

a Successful Conclusion. 

https://www.mindtools.com/pages/article/RoleofAFacilitator.htm 

 Mittal N, Sulaiman RV and Prasad RM. 2016. Assessing Capacity Needs 

of Extension and Advisory Services A Guide for Facilitators. Agricultural 

Extension in South Asia. http://www.aesanetwork.org/assessing-capacity- 

needs-of-extension-and-advisory-services- a-guide-for-facilitators/ 

 Mulema, A.A. 2012. Organisation of innovation platforms for Agricultural 

Research and Development in the Great Lakes Region of Africa. Graduate 

Theses and Dissertations. Paper 12631. 

 https://lib.dr.iastate.edu/cgi/viewcontent.cgi?article=3638& context=etd 

 Nederlof S, Wongtschowski M and Van der Lee (eds.) 2011. Putting 

Heads Together- Agricultural Innovation Platform in Practice. KIT 

Publishers. 

 NgwenyaH, and Kibwika P, 2016. NELK Module 7 Introduction to 

Facilitation for Development, New Extensionist Learning Kit (NELK), 

Global Forum for Rural Advisory Services (GFRAS). http://www.g- 

fras.org/en/knowledge/new-extensionist-learning-kit-nelk.html#module-7- 

introduction-for-facilitation-for-development 

 Otim RL. 2013. Facilitation Skills Training Manual: A facilitator‘s 

handbook. United States Agency for International Development (USAID). 

https://publiclab.org/system/images/photos/ 

000/020/662/original/FACILITATION_SKILLS_TRAINING_Manual.pd 

f 

 Partridge, K., Charles, J., Wheeler, D., Zohar, A., 2005. The Stakeholder 

Engagement Manual: Volume 1. The Guide to Practitioners‘ Perspectives 

on Stakeholder Engagement. Stakeholder Research Associates Canada Inc., 

355 Division Street Cobourg Ontario Canada K9A 3R5. 

 Pye-Smith, C. 2012. Agricultural extension: A Time for Change. Linking 

knowledge to policy and action for food and livelihoods. 

https://cgspace.cgiar.org/handle/10568/75389 

http://static1.squarespace.com/static/5765deb1be659449f97fcbf5/t/5770b309579fb31316
http://static1.squarespace.com/static/5765deb1be659449f97fcbf5/t/5770b309579fb31316
http://documents.worldbank.org/curated/en/564521467995077219/pdf/103509-BRI-
http://documents.worldbank.org/curated/en/564521467995077219/pdf/103509-BRI-
http://www.aciar.gov.au/file/103711/download?token=EPYmwxnE
http://www.mindtools.com/pages/article/RoleofAFacilitator.htm
http://www.aesanetwork.org/assessing-capacity-needs-of-extension-and-advisory-services-
http://www.aesanetwork.org/assessing-capacity-needs-of-extension-and-advisory-services-
http://www.g-fras.org/en/knowledge/new-extensionist-learning-kit-nelk.html#module-7-
http://www.g-fras.org/en/knowledge/new-extensionist-learning-kit-nelk.html#module-7-
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 Steinlin M, Jenkins CW. Knowledge Sharing for Change- Designing and 

Facilitating Learning Process with a Transformational Impact. Ingenious 

Peoples Knowledge. 

http://www.fsnnetwork.org/sites/default/files/ipk_trainingmanual_midres. 

pdf 

 Tallia, A.F., Holly J. Lanham, H.J., McDaniel, R.R. Jr., and Benjamin 

F. Crabtree, B.F. 2013. 7 Characteristics of Successful Work 

Relationships. https://www.aafp.org/fpm/2006/0100/p47.pdf 

 Van Rooyen A., Swaans, K., Cullen, B., Lema, Z. and Mundy, P. 

2013. Facilitating Innovation Platforms in: Innovations platforms 

practice brief 10. https://assets.publishing. 

service.gov.uk/media/57a08a28ed915d3cfd000602/Brief10.pdf 

 Villet, V V. 2015. Motivation Theory by David McClelland. 

https://www.mindtools.com/pages/article/human-motivation-theory.htm 

Websites 

• MSU–Michigan State University Extension Facilitation– 

https://www.canr.msu.edu/facilitation 

• TAPipedia– Tropical Agriculture Platform– https://www.tapipedia.org/ 

• CGSpace- A Repository of Agricultural Research Outputs by 

CGIAR– https://cgspace.cgiar.org/handle/10568/33667 

• UMaine– The University of Maine– 

https://extension.umaine.edu/community/strengthening-your-facilitation- 

skills/ 

• GFRAS– Global Forum for Rural Advisory Services– http://www.g- 

fras.org/en/ 

 

I. Course Title : Multivariate Statistical Methods For Extension 

Research 

II. Course Code : EXT-608 

III. Credit Hours   : 2+1 

IV. Why this course? 

With increasing complexity in agricultural systems, research problems in 

extension are becoming multi-dimensional and often influenced by the composite 

of biological, social and economical factors. Such complex problems require 

advanced analytical methods and tools derived from statistical and other decision 

sciences. 

V. Aim of the course 

This course aims to equip the students with critical skills in choosing 

appropriate analytical tools and interpreting the results for solving 

multidimensional extension research problems. 

http://www.fsnnetwork.org/sites/default/files/ipk_trainingmanual_midres.pdf
http://www.fsnnetwork.org/sites/default/files/ipk_trainingmanual_midres.pdf
http://www.aafp.org/fpm/2006/0100/p47.pdf
https://www.mindtools.com/pages/article/human-motivation-theory.htm
http://www.canr.msu.edu/facilitation/
http://www.tapipedia.org/
http://www.g-fras.org/en/
http://www.g-fras.org/en/
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The course is organized as follows: 

No. Blocks  Units 

1. Overview of Multivariate 
Statistical Methods 

1. Basics of Multivariate Statistical 
Methods (MVSM) 

  2. Classification and Types of MVSM 
  3. Selecting Appropriate MVSM 

  4. A Structured Approach for Building 
Multivariate Statistical Models 

  5. Basic Econometric Methods-1 
  6. Basic Econometric Methods-2 

2. Data preparation and cleaning 1. Missing Data Analysis and Outlier 
Management 

  2. Testing Assumptions of MVSM and 
Data Transformation 

3. Methods for assessing human 
choice/ preferences and 

decision-making 

1. Assessing Human Preference 

Structures Using Conjoint Analysis 

  2. Assessment of Adoption of 

Agricultural Technologies Using 

Limited Dependent Variable 
Models 

  3. Multidimensional Scaling 
  4. Multi-criteria Decision-making 

4. Methods of assessing 
association and causality 

1. Multiple Correlations and Multiple 
Regressions 

  2. Discriminant Analysis 

5. Methods of Grouping Objects/ 

Variables Based On Latent 
Variables 

1. Principal Component Analysis 

(PCA) and Common Factor 
Analysis 

  2. Structural Equation Modelling 
(SEM) – Two Units 

  3. Cluster Analysis 

6. Emerging MV Statistical 
            Methods  

1. Emerging MV Statistical Methods 

VI. Learning outcome 

At the end of this course, the students will be able – To choose appropriate 

multivariate statistical methods based on research problem/ situation – To 

design, implement and interpret in a skilful way using SPSS. 

VII. Theory 

Block 1: Overview of Multivariate Statistical Methods 

Unit 1: Basics of Multivariate Statistical Methods (MVSM) 

What is multivariate data analysis; Basic concepts in MV – variate, 

measurement error; Power analysis and effect size; SPSS software. 

Unit 2: Classification and Types of MVSM 

Independence and dependence techniques; Factor analysis – principal 

component, exploratory  factor  analysis;  Multiple   correlation   and multiple 

regression; Discriminant analysis; Logistic regression; Cluster 
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analysis; Conjoint analysis; Multi dimensional Scaling/ Perceptual mapping; 

Correspondence analysis; Structural equation model. 

Unit 3: Selecting Appropriate MVSM 

Selection based on purpose - Dimension reduction, identifying latent variables, 

strength of relationship among multiple dependent/ independent variables, 

identifying choice and estimating their utility; etc and type of variables – metric 

and non-metric. 

Unit 4: A Structured Approach for Building Multivariate Statistical Models 

Steps in planning and conducing MVSM. 

Unit 5: Basic Econometric Methods-1 

Nature of regression analysis; Two variable and multivariable regression 

models;Linear and non-linear regression models; Estimation methods. 

Unit 6: Basic Econometric Methods-2 

Simultaneous-equation models; Panel data models; Forecasting - Time series 

andother models. 

Block 2: Data Preparation and Cleaning 

Unit 1: Missing Data Analysis and Outlier Management 

Missing data - Meaning, types, methods of missing data processing, 

advantages and limitations, Outliers- Meaning, types, methods for 

identifying and managing outliers. 

Unit 2: Testing Assumptions of MVSM and Data Transformation 

Testing assumption of parametric analyses – normality, linearity, 

multicollinearity; Data transformation methods. 

Block 3: Methods for Assessing Human Choice/ Preferences and Decision- 

making 

Unit 1: Assessing Human Preference Structures Using Conjoint 

Analysis 

Meaning- Importance, guidelines for selecting variables, steps in designing a 

conjoint experiment extension. 

Unit 2: Assessment of Adoption of Agricultural Technologies Using 

Limited Dependent Variable Models 

Meaning, importance, types – logit, probit and tobit and their variations; 

steps inanalysis and interpretation of results, applications in extension. 

Unit 3: Multidimensional Scaling 

Meaning, importance and types, steps and applications in extension. 

Unit 4: Multi-criteria decision-making 

Meaning, importance, methods – analytical hierarchy process, Applications 

in extension. 

Block 4: Methods of Assessing Association and Causality 

Unit 1: Multiple Correlations and Multiple Regressions 

Meaning, importance, types, methods of estimation, analysis and 



954  

interpretation of results, applications in extension. 

Unit 2: Discriminant Analysis 

Meaning, types, steps in conducting discriminant analysis, Applications in 

extension. 

Block 5: Methods Of Grouping Objects/ Variables Based On Latent 

Variables 

Unit 1: Principal Component Analysis (PCA) and Common Factor Analysis 

Meaning, importance, types of factor analysis, difference between types, steps 

in conducting PCA/ Common Factor Analysis, applications in extension. 

Unit 2: Structural Equation Modelling (SEM) – Two units 

Meaning, importance, types – confirmatory factor analysis and structural 

model;steps in conducting SEM, a pplications in extension. 

Unit 3: Cluster Analysis 

Meaning, importance, types – Steps; Applications in extension. 

Block 6: Emerging MV Statistical Methods 

Unit 1: Emerging MV Statistical Methods 

Canonical correlation, partial least square (PLS). 

 
VIII. Practicals 

• Hands on experience of following methods using SPSS/ AMOS 

software 

• Selecting appropriate MVSM 

• Missing data analysis and outlier management 

• Testing assumptions of MVSM and data transformation 

• Assessing human preference structures using conjoint analysis 

• Assessment of adoption of agricultural technologies using limited 

dependent variable models – logit, probit and tobit. 

• Multidimensional scaling 

• Multiple correlation and multiple regression 

• Discriminant analysis 

• Principal Component Analysis (PCA) and Common Factor Analysis 

• Structural Equation Modeling (SEM) 

• Cluster analysis 

IX. Teaching methods/activities 

– Lecture 

– Assignment (Reading/Writing) 

– Student presentation 

– Group work 
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– Guest lectures 

X. Suggested Reading 

 Agresti, A. 2002. Categorical data analysis. Second edition. New York, 

NY: John Wiley & Sons. Belsley, D. A. 1991. Conditioning diagnostics: 

Collinearity and weak data in regression. New York, NY: Wiley. 

 Bollen, K.A. 1989. Structural equations with latent variables. New York: 

John Wiley and Sons. Burnham, K. P. and Anderson, D. R. 2002. Model 

selection and multimodel inference. New York, NY: Springer. 

 Byrne BM. 2010. Structural equation modeling with AMOS: Basic 

concepts, applications, and programming. New York: Routledge. 

 Chambers, J.,  Cleveland,  W.,  Kleiner,  B.,  and  Tukey,  P.  1983. 

Graphical methods for data analysis. Wadsworth. 

 Field A. 2013. Discovering statistics using IBM SPSS Statistics, 4th 

edition. Sage, London. Greene, W. 2000. Econometric Analysis Fourth 

edition. New York, NY: Wiley. 

 Hair JJF, Black WC, Babin BJ and Anderson RE. 2010. Multivariate Data 

Analysis: A Global Perspective. 7th Edition, Pearson. 

 Hosmer, D. W. and Lemeshow, S. 2000. Applied logistic regression. 

Second edition. New York, NY: John Wiley & Sons 

 Kelloway, K. E. 1998. Using LISREL for structural equation modeling: 

A researcher‘s guide. Thousand Oaks: Sage 

 Long, J. S. 1997. Regression models of categorical and limited dependent 

variables. Thousand Oaks, CA: Sage 

 Ray, S. 2016. A comprehensive guide to data exploration. 

https://www.analyticsvidhya.com/ blog/2016/01/guide-data-exploration/ 

 Sivakumar SP, Sontakki BS, Sulaiman RV, Saravanan R, Mittal R. 

2017. Manual on Good Practices in Extension Research & Evaluation. 

Agricultural Extension in South Asia. http:/ 

 /www.aesanetwork.org/manual-on-good-practices-in-extension-research- 

and-evaluation/ Stokes, M. E., Davis, C. S., and Koch, G. G. 2000. 

Categorical data analysis using the SAS system. Cary, NC: SAS 

Institute Inc 

http://www.analyticsvidhya.com/
http://www.aesanetwork.org/manual-on-good-practices-in-extension-research-and-evaluation/
http://www.aesanetwork.org/manual-on-good-practices-in-extension-research-and-evaluation/
http://www.aesanetwork.org/manual-on-good-practices-in-extension-research-and-evaluation/


956  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

AGRICULTURAL ECONOMICS 



957  

 

Course Title with Credit load M.Sc. (Ag) in Agricultural Economics 

 
Major Courses: 20 credits 

Course Code Course Title Credit Hours 

AEC-501* Micro Economic Theory and Applications 3 (3+0) 

AEC-502* Agricultural Production Economics 2 (1+1) 

AEC-503* Agricultural Marketing and Price Analysis 3 (2+1) 

AEC-504* Macro Economics and Policy 2 (2+0) 

AEC-505* Econometrics 3 (2+1) 

AEC- 506 Agricultural Development and Policy Analysis 2 (2+0) 

AEC-507* Agricultural Finance and Project Management 3 (2+1) 

AEC-508* Linear Programming 2 (1+1) 

AEC-509* Research Methodology for Social Sciences 2 (1+1) 

AEC-510 Indian Economy: History and Contemporary Issues 2 (2+0) 

AEC-511 International Economics 3 (2+1) 

AEC-516      A p p l i e d S c i e n c e s / Mathematics for Agricultural     

     Economics 
3+0 

AEC 591 Master’s Seminar  0+1 

AEC 599 Masters Research 0+30 

 
 

*courses to be taken compulsorily 

Minor Courses: 08 credits 

a. It is suggested the student may choose at least two out of three courses listed 

above as part of minor courses as these are related to policy advocacy and aim 

to build larger understanding of the subject. 

b. Further, it is suggested that the student may also opt to choose the remaining 

Courses from any other discipline including the disciplines of Agrl. 

EXtensions/ ABM and are related to the research problem selected by the 

student. 

c. The final choice of the minor courses should be mandatorily approved by 

theStudent Advisory committee/ HOD. 

 

Course Code Course Title Credit Hours  

 

 

 

Institutional Economics 1(1+0)  

AEC-513 Natural Resource and Environmental Economics 2 (1+1)  

AEC-514 Commodity Future Trading Credits 2 (2+0)  

AEC-515 Development Economics 2 (2+0)  

Common Courses: 05 credits 



958  

Course Contents 

M.Sc. (Ag) in Agricultural Economics 

Restructured and Revised Syllabi of Post-graduate 

Programmes 

I. Course Title : Micro Economic Theory and Applications 

II. Course Code : AEC-501 

III. Credit Hours : 3+0 

IV. Why this course? 

Markets form an integral part of the economy. They are governed by 

demand and supply mechanism with profit making its ultimate goal. 

Thus, it is imperative to eXpose the students towards how the markets 

function, their types and how the buyers and sellers behave. That will 

help them make correct decision when it comes to price setting and 

choice of product. 

V. Aim of the course 

The course envisages the concepts and principles embodying micro- 

economics. The economic problems, functioning of price mechanism, 

theory of household behaviour and consumer’s demand function. Theory 

of firm, supply determinants, determination of price under different 

market structures and factor pricing (micro economic components). 

VI. Organisation of the course 

The course is organised as follows: 
 

No Block Unit 
 

1. Introduction to micro-economics 1. Basic Concepts: A review 

2. Insight of consumer, production 1. Consumer Choice and cost involved 

2. Production and Cost 

3. Overview of market 1. Market Forms 

2. Factor Markets 

VII. Theory 

Block 1: Introduction to micro- economics 

Unit 1: Basic Concepts: A review 

Scarcity and Choice;   Production possibility frontier, Positive and 

normative economics; concepts of opportunity cost, Demand and Supply: 

determinants of individual demand/supply; demand/ supply schedule and 

demand/ supply curve; market versus individual demand/ supply; shifts in 

the demand/ supply curve 

Block 2- Insight of consumer, production and cost involved 

Unit 1: Consumer Choice 

Cardinal Utility Approach – Ordinal Utility Approach -Budget sets and 

Preferences under different situations – Hicks and Slutsky income and 

substitution effects – 
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Applications of Indifference curve approach – Revealed Preference Hypothesis – 

Consumer surplus – Derivation of Demand curve – Elasticity of demand – Demand 

and supply together; how prices allocate resources; controls on prices – price 

floorand price ceiling – applications in agriculture. 

Unit 2: Production and Cost 

Production functions: single variable - average and marginal  product, variable 

proportions, stages of production. Two variables  -  isoquants, returns to scale 

andto a factor; factor prices; Technical progress; cost minimization and output 

maximization;  Elasticity  of  substitution. EXpansion path and the cost 

function 

Concept of economic cost; Short run and long run cost curves; increasing and 

decreasing cost industries; envelope curve; L-shaped cost curves; economies 

of scale; revenue and eXpenditure, elasticity and marginal revenue; Firm 

equilibrium and profit. 

Block 3: Overview of market 

Unit 1: Market Forms 

Behaviour of profit maXimizing   firms   and   the   production   process- Perfect 

competition: Equilibrium of the market. Long run industry supply, applications: 

effects of taXes and subsidies;   Monopoly:   Equilibrium; supply; multiplant 

firm; monopoly power; deadweight loss; price discrimination; Monopolistic 

Competition: Product differentiation; equilibrium of the firm in the industry-with 

entry of new firms and with price competition. Comparison with pure competition. 

Duoploy: Cournot model and reaction curves; Stackelberg‘s model, Bertrand 

model; Oligopoly. 

Unit 2: Factor Markets 

Labour and land markets - basic concepts (derived demand, productivity 

of an input, marginal productivity of labour, marginal revenue product); 

demand for labour; input demand curves; shifts in input demand curves; 

competitive labour markets; Economic rent and quasi rent. 

VIII. Teaching Methods/ Activities 

• Lectures 

• Case studies 

• Assignments (Group/individual) 
• Group Discussions on practises done by firms. 
• Power point presentations by students. 

• EXploring the agricultural market and identification of industries and their 

type. 

IX. Learning outcome 

After completion of the course the student will be able to: 

• Get acquainted with the basic concepts of market functions. 

• Build up vision towards how consumers makes choices and 

market reaches theequilibrium. 

• Develop decision making skill for firms about product selections and 

scale ofproduction to ensure maXimum profit. 

• Understand about different types of markets eXisting in the real 

world, their principles and whereabouts. 
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X. Suggested Reading 

• Koutsoyiannis A. Modern Micro Economics. Macmillan Press Ltd 

• Richard A. Bilas, Micro Economic Theory. 

• Leftwich Richard H. The Price System and Resources Allocation 
• Allen CL. A Frame Work of Price Theory. 

I. Course Title      : Agricultural Production Economics 

II. Course Code     : AEC-502 

III. Credit Hours        : 1+1 

IV. Why this course? 

Production in agriculture is the outcome of the  input factors  involved. In this 

competitive and uncertain market, it is important that  the farmers take the 

right decision about the combination of inputs that will result in higher 

income. Thus, as an economist it is a pre-requisite that the students understand 

the interaction between output and input. And  work  out  the most effective 

production plan. 

V. Aim of the course 

To eXpose the students to develop the concept, significance and uses of 

production economics. To understand the relationships between factors and 

output. To learn how to decide the  combination of inputs to be used as per the 

resources available. Ensure that the production  process  works efficiently. 

VI. Organization of the course 

The course is organised as follows- 
 

 
No    Block Unit 

1. Introduction to Production 1. Concepts of production economics 

Economics 

2. Factors and costs 1. Factors and theory of production 

2. Concepts of costs 

3. Assessment 1. Dynamics of assessment 
 

VII. Theory 

Block 1: Introduction to Production Economics 

Unit 1: Concepts of production economics 

Nature, scope and significance of agricultural production economics- 

Agricultural Production processes, character and dimensions-spatial, temporal 

- Centrality of production functions, assumptions of production functions, 

commonly used forms - Properties, limitations, specification, estimation and 

interpretation of commonly used production functions. 

Block 2: Factors and costs 

Unit 1: Factors and theory of production 

Factors of production, classification, interdependence,   and   factor substitution 
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-Determination of optimal levels of production and factor application - Optimal 

factor combination and least cost combination of production - Theory of product 

choice; selection of optimal product combination. 

Unit 2: Concepts of cost 

Cost functions and cost curves, components, and cost minimization -Duality 

theory – cost and production functions and its applications -Derivation of firm’s 

input demand and output supply functions -Economies and diseconomies of scale. 

Block 3: Assessment 

Unit 1: Dynamics of economic assessment 

Technology in agricultural production, nature and effects and measurement - 

Measuring efficiency in agricultural production; technical, allocative and 

economic efficiencies - Yield gap analysis-concepts-types and measurement - 

Nature and sources of risk, modeling and coping strategies. 

VIII. Practical 

• Different forms of production functions 

• Specification, estimation and interpretation of production functions 

• Returns to scale, factor shares, elasticity of production 

• Physical optima-economic optima 

• Least cost combination 

• Optimal product choice 

• Cost function estimation, interpretation 

• Estimation of yield gap 

• Incorporation of technology in production functions 

• Measuring returns to scale-risk analysis. 

IX. Teaching Methods/ Activities 

• Lectures 

• Assignments (Group/individual) 

• Group Discussions on working out 

• Power point presentations by students 

• EXploring the agricultural market and identification of industries and their 

type. 

X. Learning outcome 

After the successful completion of the course the student will be able to— 

Understand how the factors and output interact with each other. - Work out 

whether the production system is working efficiently and point out the loop 

holes.- Apply the knowledge of costs and profits to work out the demand and 

supply functions. This will result into more efficient decision making. 

XI. Suggested Reading 

• EO Heady. Economics of Agricultural Production and resources use. 

• John P Doll and Frank Orazem. Production Economics: Theory with 

application 

• Heady EO  &  Dillon  JL.  1961.  Agricultural  Production  functions. 

Kalyani Publishers, Ludhiana, India. 667 p. 

• Baumol WG. 1973. Economic theory and operations analysis. Practice 

Hall of India Private Limited, New Dehli.626 p. 
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• Gardner BL & Rausser GC. 2001. Handbook of Agricultural Economics 

Vol. I Agricultural Production. Elsevier. 

 
I. Course Title : Agricultural Marketing and Price Analysis 

II. Course Code : AEC 503 

III. Credit Hours : 2+1 

IV. Why this course? 

The ultimate aim of production process is to sell the produce in the market 

and generate income. Markets serves as platform   where   this   eXchange 

takes place. 

Agriculture markets are different from other markets due to the nature of the 

commodity. Thus, it is important to develop a strong foundation of agricultural 

marketing, its components and issues. The student needs  to know about the 

multi- pronged ways of marketing the produce, agencies involved. In this 

modern era, it is important to  understand  how  technology is transforming 

this sector. 

V. Aim of the course 

The course is designed to acquaint the students about the basics of dynamics 

of agricultural marketing. The content includes supply, demand and marketing 

of farm production, marketing functions and channels, marketing costs, 

margins and efficiency, agricultural prices, New  marketing formats like e-

marketing, e-NAMfuture trading, supply chain management, market 

intelligence etc. 

VI. Organization of the course 

The course is organised as follows: 
 

 
No    Block Unit 

1. Introduction to Agricultural 1. Introduction to agricultural marketing 

Marketing 

2. Agricultural markets 1. Aspects of agricultural marketing 

2. Future marketing and government 

3. Advances in agricultural 1. Use of information technology 

marketing 2. Dynamics of price 
 

VII. Theory 

Block 1: Introduction to Agricultural Marketing 

Unit 1: Introduction to agricultural marketing 

New Concepts in Agricultural Marketing - Characteristic of Agricultural 

product and Production – Problems in  Agricultural  Marketing  from Demand 

and Supplyand Institutions sides. Market intermediaries and their role - Need 

for regulation in the present conteXt - Marketable & Marketed surplus 

estimation. Marketing Efficiency - Structure Conduct and Performance 

analysis - Vertical and Horizontal  integration  -  Integration over space, time 

and form-Vertical co-ordination. 
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Block 2: Agricultural Markets 

Unit 1: Aspects of agricultural marketing 

Different Forms of marketing: Co-operatives Marketing – APMC Regulated 

Marketing - Direct marketing, Farmer Producer Companies, e-NAM and 

marketing under e-NAM, e-marketing Contract farming and Retailing, Organized 

retailing - Supply Chain Management - State trading, Warehousing and other 

Government agencies -Performance and Strategies -Market infrastructure needs, 

performance and Government role - Value Chain Finance. 

Unit 2: Future marketing and government 

Introduction to Commodities markets and future trading - Basics of commodity 

futures - Operation Mechanism of Commodity markets – Price discovery - 

Hedging and Basis - Fundamental analysis - Technical Analysis – Role of 

Government/SEBIin promoting commodity trading and regulatory measures. 

Block 3: Advances in Agricultural Marketing 

Unit 1: Use of Information Technology 

Role of Information Technology and Market Intelligence in marketing of 
agricultural commodities, -electronic auctions (e-bay), e-Chaupals, 

Agmarknet and Domestic and EXport market Intelligence Cell (DEMIC). 

Unit 2: Dynamics of price 

Price forecasting – time series analysis – time series models – spectral 

analysis. Price policy and economic development – non-price instruments. 

VIII. Practical 

• Supply and demand elasticities in relation to problems in agricultural 

marketing. 

• Price spread and marketing efficiency analysis. 

• Marketing structure analysis through concentration ratios. 

• Performance analysis of Regulated market and marketing societies. 

Analysis on contract farming and supply chain management of different 

agricultural commodities, milk and poultry products. 

• Supply Chain Analysis - quantitative estimation of supply chain efficiency. 

• Market Intelligence – Characters, Accessibility, and  Availability Price 

forecasting. 

• Online searches for market information sources and interpretation of 

market intelligence reports – commodity outlook. 

• Technical Analysis for important agricultural commodities. 

• Fundamental Analysis for important agricultural commodities. 

• Presentation of the survey results and wrap-up discussion. 

IX. Teaching Methods/ Activities 

• Lectures. 

• Case studies. 

• Assignments (Group/individual). 

• Group Discussions on price volatility and control measures prevailing. 

• Power point presentations by students on government schemes. 

• Visit to eNAM mandies, Warehouses, etc. 
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X. Learning outcome 

After the completion of this course the student will be able to– 

• Understand the whereabouts of agricultural marketing. 

• The different forms of marketing eXisting in this sector. 

• Gain eXpertise in market intelligence and price forecasting. 

XI. Suggested Reading 

• Acharya SS & Agarawal NL. 2004. Agricultural Marketing in India. 
OXford and IBH Publishing company Pvt. Ltd. New Delhi. 

• Acharya SS & Agarawal NL. 1994. Agricultural Prices-Analysis and Policy. 

OXford and IBH Publishing company Pvt. Ltd. New Delhi. 

• Richard H Kohls and Joseph N. Uhl: Marketing of Agricultural products by 

Collier MacMillan International. 

 
I. Course Title : Macro Economics and Policy 

II. Course Code : AEC-504 

III. Credit Hours       : 2+0 

IV. Why this course? 

The economy of the nation is governed by certain rules, regulation and 

principles. The students has to gain knowledge of the mechanism through 

which the large economies  are  controlled  and  ensure  that  welfare prevails. 

They are entitled to know the transactions between different markets and 

policies framed to keep value of money under control. 

V. Aim of the course 

The course envisages the concepts and principles of macroeconomics from 

classicalto Keynesian theories. The other component deals with the monetary 

system- money, credit and banking system, value of money and economic 

activities, national income accounting and approaches to estimate national income 

theory of income and employment determination and inflation. 

VI. Organization of the course 

The course is organised as follows: 
 

 
No    Block Unit 

1. Conceptualising Macro economics 1. Introduction: Measurement 

and Concepts 

2. Theories of macroeconomics 1. Classical Macroeconomics 

2. Income and spending: Keynesian 
Framework 

3 Money, Consumption and Inflation 1. Money, Interest and Income 

2. Theories of Aggregate 

Consumption and Investment 
3. Inflation and Unemployment 

VII. Theory 

Block 1: Conceptualising Macro Economics 

Unit 1: Introduction: Measurement and Concepts 
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Basic concepts and scope of Macro-economics, National Income Accounting: 

Methods of measurement of key macro-economic aggregates, relationship of 

national income and other aggregates (with numerical eXercises), real and nominal 

income 

Block 2: Theories of macroeconomicsUnit 1: Classical Macroeconomics 

Say’s Law, Quantity Theory of Money, aggregate labour supply and 
demand of labour, Classical theory of determining output, wages and 

prices. 

Unit 2. Income And Spending: Keynesian Framework 

Simple Keynesian model of income determination; Keynesian Multiplier- 

aggregate spending, taXation, transfer payments, foreign spending, balanced 

budget; budget surplus (with numerical eXercises). 

Block 3- Money, Consumption and Inflation Unit 1: Money, Interest and 

Income 

Goods market equilibrium-IS curve; Demand for Money, the Liquidity 

Preference Theory – Liquidity Trap; asset market equilibrium- LM curve; 

simultaneous equilibrium in goods and asset market- effect of fiscal and 

monetary policy 

Unit 2: Theories of Aggregarte Consumption and Investment 

Absolute Income Hypothesis, Relative Income Hypothesis, Fisher‘s Inter- 

temporal Choice Model, Life-Cycle and Permanent Income Hypotheses; Profits 

and Accelerator Theory. 

Unit 3: Inflation and Unemployment 

Inflation: Nature, Effects and control; Types of inflation – demand pull, cost 

push- stagflation, core inflation, hyperinflation; Phillips curve. 

VIII. Teaching Methods/ Activities 

• Lectures. 

• Case studies. 

• Assignments (Group/individual). 

• Group Discussions on inflation. 

IX. Learning outcome 

After the completion of the course the student will be able to-Understand the 

concepts of national income, theories build up to understand macroeconomics. 

Understand better about the policies and government steps taken to control the 

economic transaction of the nation. Workout how the investment acts as a 

catalyst in national development. 

X. Suggested Reading 

• Stonier & Hegue. A Text Book of Economic Theory 

• Samuelson PA. 1948. Foundation of Economic Analysis. Harvard 

University Press 

• MC Vaish Allid. 1983. Macro–Economics Theory 

• Gardner Ackley. 1961. Macro–Economics Theory: Macmillan, New York. 

• TF Dernburg & DM Mcdougali-Macro Economics 

• G. Sirkin – Introduction to Macro–Economics Theory 

• RL Heibroker-Understanding Macro–Economics 

• JK Mehta –Macro Economics 

• Michael R Edgemand – Macro-Economics: Theory & Policy 
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• David’ W Pearce –The dictionary of modern Economics 

 
I. Course Title       : Econometrics 

II. Course Code : AEC 505 

III. Credit Hours        : 2+1 

IV. Why this course? 

Development of analytical skills is imperative to make students proficient in 

conducting quality research work. The knowledge of variables, their models, 

and problems encountered when dealing with variables will build up a 

compatibilitywith the analytical aspects. 

V. Aim of the course 

The course provides knowledge of the econometric methods like time series 

analysis, linear regression models and their application in economic analysis. The 

course provides an insight into the econometric problems in analyzing time series 

and cross section data. 

 

The course is organised as follows: 
 

 
No   Block Unit 

1. Introduction to econometrics 1. Introduction 

2. Classical Regression 1. Classical Linear Regression 

2. Breaking down of Classical assumptions 

3.  Qualitative Variables 1. Qualitative variables and simultaneous 

equation models 
 

VII. Theory 

Block 1: Introduction to EconometricsUnit 1: Introduction 

Relationship between economic theory, mathematical economics, models and 

econometrics, methodology of econometrics-regression analysis. 

Block 2: Classical Regression 

Unit 1: Classical Linear Regression 

Basic two variable regression – assumptions estimation and interpretation 

approaches to estimation – OLS and their properties – eXtensions to multi- variable 

models-multiple regression estimation and interpretation. 

Unit 2: Breaking down of Classical assumptions 

Violation of assumptions – identification, consequences and remedies for 

Multicollinearity, heteroscedasticity, autocorrelation – data problems and 

remedial approaches – model misspecification. 

Block 3: Qualitative Variables 

Unit 1: Qualitative variables and simultaneous equation models 

Use of dummy variables- Introduction to simultaneous equations- identification 

problem 

VIII. Practical 

• Single equation two variable model specification and estimation 
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• Hypothesis testing transformations of functional forms and OLS 

application 

• Estimation of multiple regression model 

• Testing and correcting specification errors 

• Testing and managing Multicollinearity 

• Estimation of regressions with dummy variables 

IX. Teaching Methods/ Activities 

• Lectures. 

• Assignments (Group/individual). 

X. Learning outcome 

After the completion of the course,  the  student  will  be  able  to- Understand 

thevariables and the properties of regression models. Identify the problems in 

variablesand remove them before conducting the analysis and avoid biased 

results. 

• Dorfman R. 1996. Linear Programming and Economic Analysis. McGraw 

Hill. 

• Greene WH. 2002. Econometric Analysis. Pearson Education. 

• Johnston J and Dinardo J. 2000. Econometric Methods. Mc Graw-Hill. 

• Koutseyianis, A. 1997. Theory of Econometrics. Barner & Noble. 

• Maddala GS. 2002. Econometrics. Mc Graw-Hill. 

• Pinndyck RS and Rubinfeld DL. 1990. Econometric Models and 

Econometric Forecasts. McGraw Hill. 

 

I. Course Title : Agricultural Development and Policy Analysis 

II. Course Code : AEC-506 

III. Credit Hours       : 2+0 

IV. Why this course? 

The ultimate aim of the economies is to attain a satisfactory level of 

development. Development ensures that there is not only increase in income 

but also the distribution is such that lesser inequalities eXist. The students need 

to know what is development and its related concepts. All the policies framed 

are with one sole objective of increasing the welfare. Thus, once concept of 

development is build up, students can better understand policies and their 

genesis. 

V. Aim of the course 

Concept of economic development and policy, theories of development, 

performance of Indian agriculture. The process and implementation of policies 

over a period oftime. 

VI. Organization of the course 

The course is organised as follows: 
 

 
No    Block Unit 

1. Basic concepts 1. Introduction 

2. Theoretical Concepts 1. Theories of Agricultural 
Development 
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3. Performance and policies 1. Performance of Indian Agriculture 

2. Agricultural Policy: Process and 

Implementation 

VII. Theory 

Block 1: Introduction 

Unit 1: Introduction 

Role of agriculture in economic/ rural development – Evolution of thinking on 

agriculture and development; Agricultural development – meaning, stages and 

determinants – Population and food supply – need for sound agricultural policies 

Block 2: Theoretical Concepts 

Unit 1: Theories of Agricultural Development 

Resource eXploitation model- Conservation model- Location (Urban impact) 

model- Diffusion model- High pay-off input model-Induced Innovation Model- 

Agricultural R&D and Linkages 

 

Block 3: Performance and policies 

Unit 1: Performance of Indian Agriculture 

Agrarian structure and land relations; trends in performance  and productivity; 

agrarian structure and technology; credit, commerce and technology; capital 

formation; subsidies; pricing and procurement; Post Green Revolution 

agriculture; Production and productivity crisis in agriculture; Regional 

differences; Food Security, PDS system and Malnutrition. 

Unit 2: Agricultural Policy: Process and Implementation 

Instruments of Agricultural Policy; Process of agricultural policy formulation, 

implementation, Monitoring and Evaluation in India; Global 

eXperiences in 

participatory approach to Agricultural policy process; critical review of various 

elements of Indian agricultural policy-resource policies – credit policies – input 

and product marketing policies – price policies; WTO – Agreement on 

Agriculture; Planning models. Planning for utilization of resources and Indian 

Five  Year Plans. 

VIII. Teaching Methods/ Activities 

• Lectures. 

• Assignments (Group/individual). 

• Group Discussions on evolution of Indian Agriculture and Development 

indices. 

• Power point presentation by students on policies and their relevance. 

IX. Learning outcome 

After the completion of the course the student will be able to-Understand the 

concept of development and its preference over growth. Visualize how the 

agriculturesector is performing in this aspect. Understand the motive behind 
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the policies and their implementation. 

X. Suggested Reading 

• Albert O. Hirschman 1958. Strategy of Economic Development. New Man 

Yale University 

• Simon Kuznets 1965. Economic Growth and Structures. OXford New Delhi. 

• Das Gupta AK. 1965. Planning and Economic Growth. George Allen and 

Unwin London 

• Robert E. Baldwin 1966. Economic Development and Growth. John Willey, 

New York 

 

I. Course Title : Agricultural Finance and Project Management 

II. Course Code : AEC 507 

III. Credit Hours        : 2+1 

IV. Why this course? 

Money is the fuel of driving all the economic activities. India is a land of 

small and marginal farmers. The financial conditions of the farmers is not so 

strong that they can finance themselves. They require credit to meet the 

requirements of inputs. Thus, the student should know the sources, principles 

involved and types of credit available. The institutions  involved  and  on what 

grounds the finance is given to the farmer.  What  are  the  risks involved and 

how to overcome them. 

V. Aim of the course 

This course is designed with an objective to deliver knowledge of the 

principles, procedures, problems and policies relating to financing agricultural 

firms. In addition to this the students are also given knowledge about the 

research developments in the subject. The approach is analytic. 

 

The course is organised as follows: 
 

 
No   Block Unit 

1 Introduction to Agricultural Finance  1. Basic Concepts: A review 

2. Credit and financial analysis 1.  Credit and its aspects 

2. Financial analysis 

3 Project and risk management 1. Project Overview 

2. Risk and its Management 
 

VII. Theory 

Block 1: Introduction to Agricultural Finance Unit 1: Basic concepts: A 

Review 

Role and Importance of Agricultural Finance. Financial Institutions and credit 

flow to rural/priority sector. Agricultural lending – Direct and Indirect Financing 

- Financing through Co-operatives, NABARD and Commercial Banks and 

RRBs. District Credit Plan and lending to agriculture/priority sector. Micro-

Financingand Role of MFI’s - NGO’s, and SHG’s. 
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Block 2: Credit and Financial Analysis 

Unit 1: Credit and its aspects 

Lending to farmers – The concept of 3 C’s, 7 P’s and 3 R’s of credit. 

Estimation of Technical feasibility, Economic viability and  repaying capacity 

of borrowers and appraisal of credit proposals. Understanding lenders and 

developing better working relationship and supervisory credit system. Credit 

inclusions – credit widening and credit deepening. 

Unit 2: Financial analysis 

Financial Decisions – Investment, Financing, Liquidity and Solvency. Preparation 

of financial statements - Balance Sheet, Cash Flow Statement and Profit and Loss 

Account. Ratio Analysis and Assessing the performance of farm/ firm. 

Block 3- Project and Risk Management 

Unit 1: Project Overview 

Project Approach in financing agriculture. Financial, economic and 

environmental appraisal of investment projects. Identification, preparation, 

appraisal, financing and implementation of projects. Project Appraisal techniques 

– Undiscounted measures. Time value of money – Use of discounted measures 

- B-C ratio, NPV and IRR. Agreements, supervision, monitoring and evaluation 

phases in appraisingagricultural investment projects. Net work Techniques – 

PERT and CPM. 

Unit 2: Risk and its Management 

Risks in financing agriculture. Risk management strategies and coping 

mechanism. Crop Insurance programmes – review of different  crop insurance 

schemes - yield loss and weather based insurance and their applications. 

VIII. Practical 

• Development of Rural Institutional Lending; 

• Branch eXpansion, demand and supply of institutional agricultural credit and 

Over dues and Loan waiving; 

• An overview, Rural Lending Programmes of Commercial Banks, Lead 

Bank Scheme; 

• Preparation of District Credit Plan, Rural Lending Programmes of Co- 

operativeLending Institutions; 

• Preparation of financial statements using farm/firm level data, Farm credit 

appraisal techniques and farm financial analysis through financial 

statements; 

• Performance of Micro Financing Institutions; 

• NGO’s and Self-Help Groups, Identification and formulation of investment 

projects; 

• Project appraisal techniques – Undiscounted Measures and their 

limitations; 

• Project appraisal techniques – Discounted Measures; 

• Network techniques – PERT and CPM for project management; 

• Case Study Analysis of an Agricultural project; 

• Financial Risk and risk management strategies – crop insurance schemes; 
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• Financial instruments and methods – E banking, Kisan Cards and core 

banking. 

IX. Teaching Methods/ Activities 

• Lectures 

• Case studies 

• Assignments (Group/individual) 

• Group Discussions on inflation 

X. Learning outcome 

After the completion of the course the student will be able to- 

Understand the key issues of finance in Agriculture. Learn the 

techniques of assessing the worth of a project. 

XI. Suggested Reading 

• E Die Sollem H and Heady EO. (Ed.). Capital and Credit Needs in 

Changing Agriculture, Bauman. 

• Hopkins A Barry, Peter Jo and Baker CB. Financial Management in 

Agriculture. 

• Murray WG and Nelson AG. 1960. Agricultural Finance. Iowa State 

University 

• Chanona C. 1969. Agricultural Finance in India: Role of Commercial Banks. 

Marketing and Economics Research Bureau, New Delhi. 

• Gittinger JP. 1972. Economic analysis of agricultural projects, John 

Hopkins Univ. Press, Baltimore. 

• Little IMD and JA Mirrless. 1974, Project appraisal and planning for 

developing countries, 

OXford and IBH publishing Co. New Delhi. 

• Arnold CH. 1972. Project Evaluation, collected papers, Macmillan. 

 

I. Course Title       : Linear Programming 

II. Course Code      : AEC-508 

III. Credit Hours    : 1+1 

IV. Theory 

Unit I 

Decision Making- Concepts of decision making, introduction to quantitative tools, 

introduction to linear programming, uses of LP in different fields, graphic 

solutionto problems, formulation of problems. 

Unit II 

Simplex Method: Concept of simplex method-Solving profit maximization and 

cost minimizations problems. Formulation of farms and non farm problems as 

linear programming models and solutions. 

Unit III 

Extension of Linear Programming models: Variable resource and price 

programming, transportation problems, recursive programming, dynamic 

programming. 

Unit IV 

Game Theory- Concepts of game theory, two person constant sum, zero sum 

game, saddle point, solution to mixed strategies, the rectangular game as Linear 
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Programming. 

V. Practical 

• Graphical and algebraic formulation of linear programming models. 

• Solving of maXimization and minimization problems by simpleX method. 

• Formulation of the simpleX matrices for typical farm situations. 

 

I. Course Title : Research Methodology for Social Sciences 

II. Course Code : AEC 509 

III. Credit Hours        : 1+1 

IV. Why this course 

Planning of research is very crucial to conduct a successful research. There is 

need to give an insight to the student about how to conduct a research, right 

from data collection to analysis and finally writing the references. 

V. Aim of the course 

The course deals with scientific methods of research, the initiation of an 

inquiry, formulation of research problems and hypotheses, the role of induction 

and deduction in research, collection  and  analysis  of  date  and interpretation 

of results 

VI. Organization of the course 

The course is organized as follows: 
 

 
No    Block Unit 

1. Introduction to research methodology 1. Concepts of research 

methodology 

2. Building up hypothesis and 1. Hypothesis: Framing and Testing 

sample selection 2. Sampling 

3 Data collection and analysis 1. Data collection 

2. Data Analysis 

 

VII. Theory 

Block 1: Concepts of research m ethodology 

Unit 1: Concepts of research methodology 

Importance and scope of research in agricultural economics. Types of 

research –Fundamental vs. Applied. Concept of researchable problem – 

research prioritization – selection of research problem. Approach to research 

– research process. 

Block 2- Building up hypothesis and sample 

selectionUnit 1: Hypothesis: Framing and 

Testing 

Hypothesis – meaning – characteristics – types of hypothesis – review of 

literature setting of Course Objective and hypotheses – testing of 

hypothesis. 
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Unit 2: Sampling 

Sampling theory and sampling design – sampling error - methods of 

sampling – probability and non-probability sampling methods - criteria to 

choose. Project proposals – contents and scope – different types of projects 

to meet different needs trade-off between scope and cost of the study. 

Research design and techniques Types of research design. 

Block 3- Data Collection and Analysis 

Unit 1: Data Collection 

Data collection – assessment of data needs – sources of data collection – 

discussion of different situations. Mailed questionnaire and interview 

schedule – structured, unstructured, open ended and closed-ended questions. 

Scaling Techniques. Preparation of schedule – problems in measurement of 

variables in agriculture. Interviewing techniques and field problems - methods 

of conducting survey – Reconnaissance survey and Pre testing. 

Unit 2: Data Analysis 

Data coding, tabulation, cleaning. –Multivariate analysis –factor analysis’ 

PCA’ cluster analysis. Universal procedures for preparation of bibliography 

– writing of research articles. 

VIII. Practical 

• EXercises in problem identification. 

• Project proposals – contents and scope. 

• Formulation of Objective and hypotheses. 

• Assessment of data needs – sources of data – methods of collection of data. 

• Methods of sampling – criteria to choose – discussion on sampling under 
differentsituations. 

• Scaling Techniques – measurement of scales. 

• Preparation of interview schedule. 

• Field testing. Method of conducting survey. 

• EXercise on coding, editing, tabulation and validation of data. 

• Preparing for data entry into computer. 

• Hypothesis testing – Parametric and Non-Parametric Tests. 

• EXercises on format for Thesis/ Report writing. 

• Presentation of the results. 

IX. Teaching Methods/ Activities 

• Lectures. 

• Case studies. 

• Assignments (Group/individual). 

• Group Discussions 

 

After the successful completion of this course, student will be able to- 

Understand fundamentals of research. How to carefully plan out the research 

work and conduct it. 

XI. Suggested Reading 

• Baker CB. Research Methodology in Agricultural Economics 

• Cohen MR and Nagel R. An Introduction to Logic and Scientific Method 

• Devey J Logic. The Theory of Enquiry 
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• Dhondhyal SP. Social Science Research and Thesis Writing 

• Ezekiel M. Correlation Analysis 

• Heady EO. Linear Programming Methods 

• Willson ER. An Introduction to Scientific Research 

• Kumar A. 2008. Research Methodology: A Survey. Alts, New Delhi, 

 
I. Course Title       : Indian Economy: History and Contemporary Issues 

Course Code : AEC-510 

. Credit Hours : 2+0   

                      Why this course? 

India is a developing economy. The evolution of the Indian economy 
will enlighten the student with how an economy develops. Students will 

understand how the policies and measures taken shape up the economy 

of the country. 

V. Aim of the course 

To introduce the students to the economic history over a period of time. It 

also highlights the contemporary issues of Indian economy. 

VI. Organization of the course 

The course is organised as follows: 
 

 

No    Block Unit 

1. History of Indian Economy 1. India from Independence to 

Liberalization 

2. India since 1980’s (Liberalization and 

Beyond): Overview 

3. Macro Trends Since 1990 

2. Contemporary Issues 1. Contemporary Issues 
 
 

VII. Theory 

Block 1- History of Indian Economy 

Unit 1: India from Independence to Liberalization 

An overview of the economic developments during the period 1947-1980; 

Objectives and strategies of planned economic development and the role of the 

State; Sectoral growth performance; savings and investment; Demographic trends 

and issues; education; health and malnutrition; Trends and policies in poverty; 

inequality andunemployment.Policy Changes since 1980s. The 1990 Crisis. 

Causes and Effects of liberalization. Regional differences: infrastructure, 

primary, secondary and tertiary sector. 

Unit 3: Macro Trends Since 1990 

Growth; Savings and Investment, Employment; productivity; 

diversification; Agro-based industries; competition policy; foreign 

investment, Regional differences. 
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Block 2- Contemporary Issues 

Unit 1: Contemporary Issues 

Monetary and Financial trends- areas of government spending in India, 

Capital eXpenditure, revenue eXpenditure, plan eXpenditure, non plan 

eXpenditure, Deficits(fiscal, primary, revenue), impact of fiscal deficit on 

economy, Capital receipts, 

revenue receipts, taX and non taX revenue, direct  and  indirect  taXes, need 

to 

rationalize taX structure. Goods and Services TaX  (GST). Union Budget, Zero 

base budgeting, Gender budgeting, Fiscal devolution and centre state financial 

relations in India, WPI, CPI implicit deflators. Foreign Trade policy. 

VIII. Teaching Methods/ Activities 

• Lectures 

• Power point presentation by students on monetary and fiscal policy in 

past andpresent. 

• Assignments (Group/individual). 

• Group Discussions on TaX and its reforms. 

IX. Learning outcome 

After the completion of the course the student will be able to-Visualize how 

the Indian economy has evolved. Get acquainted with the basic steps involved 

in the working of the national economy. 

X. Suggested Reading 

• Dutt and Sundaram. Indian Economy 

 
I. Course Title : International Economics 

II. Course Code : AEC 511 

III. Credit Hours        : 2+1 

IV. Why this course? 

The era of Globalisation, liberalization and privatization has unified the whole 

world. There is trade across national boundaries and one economy has effect 

on the  other. Getting familiar with national economy is not sufficient to 

understand the mechanism of trade and economic aspects. Thus, this course is 

designed to teach student about the trade as international level. 

V. Aim of the course 

The major objective of this course is to give an insight of the interactions 

between national economies. What are the theories governing the  trade across 

national boundaries. The methods involved to regulate the international trade and 

institutions involved. 
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The course is organised as follows: 
 

 
No   Block Unit 

 

1. Introduction 1. Concepts of International Economics 

2. Models, Rate and terms of 

trade 

1. Barriers to trade 

  2. Models of trade 
  3. Rates and Terms of trade 

3 Institutions 1. Trades Institutions 

 

VII. Theory 

Block 1- Introduction 

Unit 1: Concepts of International Economics 

Scope and Significance of International Economics – The role of trade- 

General Equilibrium in a Closed Economy (Autarky Equilibrium) – 

Equilibrium in a Simple Open Economy - Possibility of World  Trade  - Trade 

gains and Trade Equilibrium. 

Block 2- Models, Rate and Terms of Trade 

Unit 1: Barriers to trade 

Tariff, Producer Subsidy, EXport Subsidy, Import Quota and  EXport 

Voluntary 

Restraints- The Case of Small Country and Large Country Case. 

Unit 2: Models of trade 

Ricardian Model of Trade- Specific Factors Model- Heckscher - Ohlin Model - 

Trade Creation and Trade Diversion – Offer Curve - EXport Supply Elasticity and 

Import Demand Elasticity – Comparative Advantage and Absolute Advantage. 

Unit 3: Rates and Terms of trade 

Official EXchange Rate and Shadow EXchange Rate - Walra’s Law and 

Terms of Trade – Trade Blocks. 

Block 3- Institutions 

Unit 1: Trades Institutions 

IMF, World Bank, IDA, IFC, ADB – International Trade agreements – 

UruguayRound – GATT – WTO. 

VIII. Practical 

• Producer’s Surplus, Consumer’s Surplus, National Welfare under 

Autarky andFree Trade Equilibrium with small and large country 

assumption. 

• Estimation of Trade Gains 

• Estimation of competitive and comparative measures like NPC, EPC, 
ERP andDRC 

• Estimation of Offer Curve Elasticity 

• Estimation of Effect of Tariff, EXport Subsidy, Producer Subsidy, Import 
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Quotaand EXport Voluntary Restraints on National Welfare 

• Estimation of Ricardian Model 

• Estimation of Effect of Trade under Specific Factor Model 

• Estimation of trade Equilibrium under Heckscher -Ohlin model 

 
IX. Teaching Methods/ Activities 

• Lectures. 

• Case studies. 

• Assignments (Group/individual). 

• Power point presentation on International Trade in current scenario. 

X. Learning outcome 

After successful completion of the course the student will be able to – 

Understand how trade take place between nations. Be able to work out 

strategies to maintain a favourable trade balance. Understand how the 

institutions play role in regulating the cross  country  trade  and  deal  with the 

issues. 

XI. Suggested Reading 

• Kindelberger and Joshi PK. 2016. International Economics AITBS Delhi- 

110051 

• Brouwer F. International Trade and Food Security. LEI - Wageningen UR, The 

Netherlands. 

 

I. Course Title : Institutional Economics 

II. Course Code : AEC 512 

III. Credit Hours       : 1+0 

IV. Why this course? 

Institutions are involved in framing of economic development. The human 

behavior is governed by the institutions working in their environment. Thus, the 

student need to understand the institutions and their working. 

V. Aim of the course 

To develop critical and informed understanding about institutions, their role 

in the working of economy. EXposure of issues, policies & regulations  and its 

applicationin agricultural system 

VI. Organization of the course 

The course is organised as follows– 

 

No Block Unit 

1 Introduction 1. Basics of Institutional Economics 

2. Approaches 1. Institutional changes & Resource 

allocation 

  2. Group and collective Approach 

3. Law Protection and 

Institutions 
1. Property rights 

                                                                      2.  Agrarian Institutions  
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VII. Theory 

Block 1: Introduction 

Unit 1: Basics of Institutional Economics 

Old and New Institutional Economics – Institutional Economics vs Neo- 

classical Economics. Definition of institutions – Distinction between 

institutions and organizations – Institutional evolution. 

Block 2: Approaches 

Unit 1: Institutional changes & Resource allocation 

Institutional change and economic performance - national and international 

economic institutions. Transaction cost economics – Transaction costs and the 

allocation of resources. Transaction costs and efficiency. Asymmetric 

information - Moral hazardand Principal-Agent problem. 

Unit 2: Group and collective Approach 

Free rider problem – path dependency – Interlinked transactions. Collective action 

and the elimination of free-rider problem - The logic of collective action and 

its role in reducing free rider problem – theory of Groups. Rent seeking – interest 

groupsand policy formulation. 

Block 3: Law Protection and Institutions 

Unit 1: Property rights 

Economic analysis of property rights- property rights regimes – private property 

– State Property - Common property Resources (CPRs) – public goods and 

club goods. 

Unit 2: Agrarian Institutions 

Special features of institutional arrangements in agriculture – Transaction costs 

in agriculture - Case Studies - Theories of agrarian institutions - tenancy 

institutions. 

VIII. Teaching Methods/ Activities 

• Lectures. 

• Case studies. 

• Assignments (Group/individual). 

• Group Discussions on Property rights 

IX. Learning outcome 

After successful completion of this course the student will be able to- 

Understand institutions and their roles in economic development. Know about 

the policies and their issues in an institutions. 

X. Suggested Reading 

• Pearce DW –The dictionary of modern Economics 

 

I. Course Title : Natural Resource and Environmental Economics 

II. Course Code : AEC 513 

III. Credit Hours : 1+1 

IV. Why this course? 

Sustainable development is the need of the hour. The economic 

activities affect not only the society but also the environment. Every 
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activity has its social cost. The students, hence will be  taught  about the 

economic aspect of environment. 

V. Aim of the course 

To understand about economics of environment and social costs incurred 

due to economic development. Work out methods to maintain environment 

quality and reducesocial costs 

 

The course is organised as follows: 
 

 
No   Block Unit 

1. Introduction to natural resource 1.Basic 

2. Insight of the subject 1. Theories and economics of natural 
resources 

2. Functioning of Market 

3. Sustainability aspects 

3 Dealing with Issues and 

Environmental Issuessustainability 

Regulations 

 
VII. Theory 

Block 1- Introduction to natural resource and environmental economics Unit 

1: Basic Foundation 

Concepts, Classification and Problems of Natural Resource Economics – 

Economy Environment interaction – The Material Balance principle, Entropy law-

Resources Scarcity - Limits to Growth - Measuring and mitigating natural 

resource scarcity 

– Malthusian and Recardian scarcity – scarcity indices - Resource Scarcity 

and Technical Change. 

Block 2- Insights of the subject 

Unit 1: Theories and economics of natural resources 

Theory of optimal eXtraction renewable resources –economic models of oil 

eXtraction- efficiency - time path of prices and eXtraction - Hotelling’s rule, 

Solow-Harwick’s Rule. Theory of optimal extraction exhaustible resources – 

economic models of forestry and fishery. 

Unit 2: Functioning of Market Efficiency and markets – market failures - 

externalities – types - property rights – transaction costs – Coase’s theorem and 

its critique - public goods - common property and open access resource 

management - Collective action. 

Block 3- Dealing with the issues and sustainability 

Unit 1: Environmental Issues 

Environmental perspectives - biocentrism, sustainability, anthropocentrism - 

Environmental problems and quality of environment - Sources and types of 

pollution -air, water, solid waste, land degradation – environmental and economic 

impacts - Economics of pollution control - efficient reduction in environmental 

pollution. 
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Unit 2: Regulations 

Environmental regulation – economic instruments - pollution charges – Pigovian 

taX - tradable permits – indirect instruments – environmental legislations in India. 

Unit 3: Sustainability aspects 

Concept of sustainable development – Economic Perspective – Indicators of 

sustainability Relation between development and environment stress- 

Environmental Kuznet’s curve Environmental Accounting – resource 

accounting methods - International Environmental Issues – climate change 

– likely impacts – mitigationefforts and international treaties. 

VIII. Practical 

• EXhaustible resource management – optimum rate of oil eXtraction. 

• Renewable resource management – optimum harvest of Forestry/fishery. 

• EXercise on pollution abatement-I. 

• EXercise on pollution abatement-II. 

• Concepts in valuing the environment. 

• TaXonomy of valuation techniques. 

• Productivity change method – substitute cost method – Hedonic 

price method –Travel cost method – Contingent valuation methods. 

• Discount rate in natural resource management. 

• Environment impact assessment 

• Visit to Pollution Control Board. 

IX. Teaching Methods/ Activities 

• Lectures. 

• Case studies. 

• Assignments (Group/individual) 

X. Learning outcome 

After successful completion of this course, the student will be able to-Work out 

the plan for eXtraction / use of natural resource in most economical way. 

Understandthe environment and its pollution. Learn how markets are affected 

if environment is not taken into consideration. Gain proficiency in rules and 

regulation governingeconomic aspect of environment. 

XI. Suggested Reading 

• Pearce DW and Turner RK. Economics of Natural Resource and 
Environment 

• Kwak J. Economism: Bad Economics and the Rise of Inequality 

• Tietenberg T and Lewis L. Environmental and Natural Resource Economics 

• Schwarz PM. Energy Economics 

 
I. Course Title : Commodity Future Trading Credits 

II. Course Code : AEC 514 

III. Credit Hours       : 2+0 

IV. Why this course? 

Risk is involved in marketing. Price fluctuation is a very common 

phenomenon in agriculture marketing. In such situation selling  of commodity 

in future market serves as a resort to insulate from this 
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uncertainty. Thus, knowledge of futures market is helpful in ... 

V. Aim of the course 

To disseminate the knowledge about risk mitigating measures especially 

future trading. The future trading in agricultural commodities is increasing day 

by day therefore the role of SEBI,  functioning  of  commodity eXchanges are 

discussed. 

The course is organised as follows: 
 

 
No   Block Unit 

1. Introduction to commodity market 1. Concepts of commodity 

future trading 

2. Techniques and risks in commodity  1. Technical aspects 

market 2. Risk and its Management 

3. Commodity eXchange and market 1. Commodity EXchange–A reviewanalysis 

2. Analysis of commodity market 

Theory 

Block 1- Introduction to commodity market Unit 1: Concepts of 

commodity future trading 

History and Evolution of commodity markets – Terms and concepts: spot, 

forward and futures Markets – factors influencing spot and future markets. 

Speculatory mechanism in commodity futures. 

Block 2- Techniques and Risks in Commodity Market 

Unit 1: Technical aspects 

Transaction and settlement – delivery mechanism - role of different agents - 

tradingstrategies -potential impact of interest rate, Foreign EXchange, FDI in 

Commodity Markets. 

Unit 2: Risk and its Management 

Risk in commodity trading, importance and need for risk management 

measures 

- managing market price risk: hedging, speculation, arbitrage, swaps  - pricing 

and their features. 

Block 3- Commodity exchange and market analysis 

Unit 1: Commodity Exchange – A review 

Important global and Indian commodity eXchanges - contracts traded – 

special 

features -Regulation of Indian commodity eXchanges - FMC and its role. 

Unit 2: Analysis of commodity market 

Fundamental Vs Technical analysis – construction and interpretation of charts 

and chart patterns for analyzing the market trend – Market indicators – back 

testing. Introduction to technical analysis software – analyzing trading pattern 

of different commodity groups. 
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VII. Teaching Methods/ Activities 

• Lectures. 

• Case studies. 

• Assignments (Group/individual). 

• Group Discussions. 

• Power point presentations by students. 

VIII. Learning outcome 

After successful completion of this course, the student will be able to- 

The basicconcepts of commodity markets. The national and international 

commodity markets. 

IX. Suggested Reading 

• Kaufman PJ. The Concise Handbook of Futures Markets: Jhon Wiley & 

Sons 

• Purcell WD. Agricultural Futures and Options: Principles and Strategies: 

MacMillan Publications 

• Wasendorf RR & McCaffery All About Commodities from the Inside Out. 

McGraw Hill 

 

I. Course Title       : Development Economics 

II. Course Code      : AEC-515 

III. Credit Hours       : 2+0 

IV. Why this course? 

Development is more important than growth. The development of a nation ensures 

that condition of welfare prevails. The students has to understand different 

measures of development. How to measure them and relevant theories. 

V. Aim of the course 

To develop concept of growth and development. Methods and theories of 

measuring development. Study of different developed economies will give 

eXposure towards measures to create economic upliftment. 

VI. Learning outcome 

After successful completion of this course, the student will be able to-Measure the 

development using different methods. Understand the theories of development 

and relate it to real world. 

VII. Organization of the course 

The course is organised as follows: 
 

No       Block Unit 
 

1. Introduction to Development 1. Conceptions of Development 

Economics 

2. Theories and comparison 1. Theories of Economic growth and 

development 

2. Comparative Economic Development 
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VIII. Theory 

Block 1- Introduction to Development Economics Unit 1: Conceptions of 

Development 

Development Economics – Scope and Importance - Economic development and 

economic growth - divergence in concept and approach - Indicators and 

Measurement of Economic Development –GNP as a measure of economic growth 

– New Measures of Welfare – NEW and MEW – PQLI – HDI – Green GNP - 

Criteria for under development – Obstacles to economic development – Economic 

and Non-Economicfactors of economic growth- Development issues, poverty, 

inequality, unemployment and environmental degradation. 

Block 2- Theories and comparison 

Unit 1: Theories of Economic growth and development 

Classical theories- Adam smith - Ricardo- Malthus, Marx’s theory of economic 

development; Schumpeter’s theory, Approaches to development- low income 

equilibrium trap - critical minimum effort- The Strategy of economic 

development- Balanced vs. Unbalanced growth, choice of technique, investment 

criteria, big push theory, Rostow’s stages of Economic Growth, unlimited supply 

of labour; social and technological dualisms; roles of capital accumulation, human 

capital and technological change in economic development, Models of economic 

growth Harrod- Domar, Kaldor, Mahalanobis, Lewis, FeiRanis, Input- Output, 

multisectoral models. 

Unit 2: Comparative Economic Development 

Countries selected for case studies -USA, Japan, China and India; Overview 

of economic development is selected countries; agrarian surplus and the role 

of the peasantry in economic development; industrial revolution; division of 

labour, organisation of work and industrial production, the role of the State in 

developmentaltransition 

IX. Teaching Methods/ Activities 

• Lectures. 

• Case studies. 

• Assignments (Group/individual). 

• Group Discussions on inflation 

X. Suggested Reading 

• Blaug M. 1986. Economic History and the History of Economic Thought 

• Chenery HB and TN Srinivasan. Handbook of Development Economics 

• Baldwin RE. Economic Development and Growth. John Willey, New York 

 

I. Course Title : A p p l i e d S c i e n c e s / Mathematics for Agricultural 

                                                                         Economics 

II. Course Code : AEC-516 

III. Credit Hours : 3+0 

IV. Why this course? 

Knowledge of calculus is basic requirement for carrying out simple 

calculations. 
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V. Aim of the course 

To solve various mathematical problems in economic research. Calculations 

are integral part of research analysis therefore it has wide application in 

economic studies. 

VI. Organization of the course 

The course is organised as follows: 
 

No    Block Unit 
 

1. Introduction 1.  Preliminaries 

2. Variables and functions 1. Variables and functions 

2. Differentiation of functions 

3. Overview of linear algebra 1. Linear Algebra 

2. Optimization of functions 

3. Integration of functions 

 
Block 1- Introduction 

Unit 1: Preliminaries 

Logic and proof techniques; sets and set operations; relations; functions and 

theirproperties; number systems 

Block 2- Variables and functions 

Unit 1: Variables and functions 

Specific functions is economic theory. Elementary analytical geometry- 

gradient and equation of straight line. Standard equations and simple 

properties of circle, parabola and rectangular hyperbola. 

Unit 2: Differentiation of functions 

Limit and continuity. Differentiation, theorems of differentiation, 

differentiation of logarithmic and eXponential functions, function of a 

function, derivative of higher order, partial derivatives. Application of 

derivatives to determine average and marginal  values  in  economic analysis; 

determination of elasticities; points of infleXion; linear homogenous 

production functions; derivation of average and marginal curves. 

Block 3- Overview of Linear Algebra 

Unit 1: Linear Algebra 

Determinants, evaluation and properties of determinants, Vectors and vector 

spaces, Matrices, notations and operations, laws of  matriX algebra; transpose 

and inverse of matriX;  Solution  of  linear  and  quadratic equations involving 

one variable, simultaneous equations, application of determinants and 

matrices in solution ofequation for economic analysis. 

Unit 2: Optimization of functions 

Optimization- unconstrained, maXima and   minima,   constrained optimization, 

Lagrange multiplier and their economic applications for optimization problems 

of cost, production, demand and supply. 
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Unit 3: Integration of functions 

Integration as a reverse process of differentiation, methods of integration, 

reductionformulae, definite integral, use of integration to determine relation 

between averageand marginal value. Capitalization over time, estimation of 

returns from capital goods over time. Pareto distribution. 

VII. Teaching Methods/ Activities 

• Lectures. 

• Case studies. 

• Assignments (Group/individual). 

• Power point presentations 

VIII. Learning outcome 

After successful completion of this course, the student will be able to- 

DevelopeXpertise in calculus operations. 
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Course Title with Credit Load Ph.D. in Agricultural Economics 

Major Courses: 12 credits 

Course Code Course Title Credit Hours 

AEC-601 Advanced Micro Economic Analysis 2 (1+1) 

AEC-602 Advanced Macro Economics 2 (2+0) 

AEC-603 Advanced Econometrics 3 (2+1) 

AEC-604 Advanced Production Economics 3 (2+1) 

AEC-610 Research and Publication Ethics 2(2+0) 

Minor Courses: 06 credits 

a. It is suggested the student may choose at least one out of three courses listed 

below as part of minor courses as these are related to policy advocacy and 

bring in global perspectives with an aim to build a larger understanding of the 

subject to the student. 

b. Further, it is suggested that the student may choose the remaining Courses 

from any other discipline including the disciplines of Agril. Economics/ ABM 

and are relatedto the research problem selected by the student. 

c. The final choice of the minor courses should be mandatorily approved by the 

Student Advisory committee/ HoD. 

 

AEC-606 Advanced Agricultural Marketing and Price 
Analysis 

3 (2+1) 

AEC-607 Quantitative Development Policy Analysis 2 (1+1) 

AEC-608 Natural Resource Management 2 (1+1) 

AEC-609 Environmental Economics 3(2+1) 

 

Minor courses may be taken from above list or subjects closely related 
to a student’s major subject 

Supporting Courses: 05 credits 
 

 
AEC-605 Operations Research 3 (2+1) 

One course of 600 series of 2 credits from Statistics or computer discipline 

may betaken depending upon availability. 

• Some of these courses are available in the form of e-courses/ MOOCs. 

The studentsmay be allowed to register these courses/ similar courses on 

these aspects, if available online on SWAYAM or any other platform. 

• If a student has already completed any of these courses during UG, 

he/ she may be permitted to register for other related courses with the 

prior approval of the HoD/ BoS. 

• It is also suggested that the student may choose the Supporting Courses 

other than the listed courses, provided the opted courses are related to 

the research problem selected by the student and be mandatorily 

approved by the Student Advisory committee/HoD”. 
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AEC-691 Doctoral Seminar –I 1(0+1) 
AEC-692 Doctoral Seminar –II 1(0+1) 

 AEC-699 Doctoral Research 0+75 

 Total 100 
 

There will be two Doctoral Seminar and a research scholar has to 

published one review paper as output of these seminar. At Ph.D. level, 

Research Plan Proposal (RPP)be delivered by the end of SEM II 

 

Course Contents 

Ph.D. in Agricultural Economics 

 

I. Course Title      : Advanced Micro Economic Analysis 

II. Course Code     : AEC-601 

III. Credit Hours        : 1+1 

IV. Why this course? 

This course is required to upscale the knowledge of students about micro 

economics. So that they can get a deeper and better understanding of the 

subject. 

V. Aim of the course 

To gain fundamental understanding of consumer behavior, producer’s 

strategy, market structure through which transactions take place and human 

and firms interact. Develop foundation of scarce resource allocation for 

optimum results. 

VI. Organization of the course 

The course is organised as follows– 
 

 
No Block Unit 

1. Consumer Theory 1. Consumer Theory 

2. Market and General quilibrium1.  Market 

2. General Equilibrium 

3. Market failure and welfare 1.  Market Failure 

2. Welfare Economics 

 

VII. Theory 

Block 1- Consumer Theory 

Unit 1: Consumer Theory 

Theory of consumer behavior – Duality in consumer theory - eXpenditure function 

and indirect utility function - Measurement of Income Effect and Substitution 

Effect. Measurement of Changes in Consumers’ Welfare – Consumer’s Surplus, 

Compensating Variation and Equivalent Variation - Dynamic versions of demand 

functions – Integrability of demand functions. Demand Models – Linear 

EXpenditure System, Almost Ideal Demand System. Applications of consumer 

theory – Household model and time allocation – 
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Labour supply decisions by households. 

Block 2- Market and General Equilibrium 

Unit 1: Market 

Perfect competition – Monopoly, monopolistic competition and oligopoly. 

Oligopoly models – collusive and non-collusive models of oligopoly - Cournot 

model, Chamberlin model, Stackleberg solution. 

Unit 2: General Equilibrium 

General equilibrium theory – Conceptual overview - General equilibrium 

conditions with Production and Consumption. EXistence, Uniqueness and 

Stability of general competitive equilibrium. Walrasian general equilibrium – 

Mathematical derivation of conditions for general equilibrium. 

Block 3- Market Failure and Welfare 

Unit 1: Market failure 

Market failure - Incomplete markets - Asymmetric information – Principal- Agent 

problem, adverse selection and moral hazard. EXternalities – Network 

eXternalities, Public goods – Optimal provision of public goods. 

Unit 2: Welfare Economics 

Welfare Economics - Concepts, problems, approaches and limitations of Welfare 

Economics, Pareto conditions of maXimum welfare – Criteria for social welfare 

- Social Welfare functions, Social versus Private costs and benefits. 

VIII. Practical 

• Problems in consumer utility maXimization 

• Estimation of income and substitution effects; 

• Estimation and comparison of Consumer’s surplus, equivalent variation and 

compensating variation. 

• Estimation of demand models – Derivation and estimation of labour supply 

equations from household models comparative static analysis in 

consumption. 

• Advanced problem solving in price determination under perfect 

competition,monopoly, oligopoly and monopolistic competition. 

• Game theory models. 

• Problems solving in General Equilibrium Theory and Welfare Economics. 

• Problems in public goods provision. 

IX. Teaching Methods/ Activities 

• Lectures 

• Case studies 

• Assignments (Group/individual) 

• Group Discussions 

X. Learning outcome 

After successful completion of the course, the student will be able to- 

Understand the different market competition. Work out strategies for attaining 

equilibrium in the market. 

XI. Suggested Reading 
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• Henderson JM and Quandt RE. Microeconomic Theory: A Mathematical 

Approach Tata McGraw Hill Publishing Co Ltd 

• Koutsoyiannis A. Modern Micro Economics. Macmillan Press Ltd 
• Ferguson and Gould. Micro Economic Theory. Richard D Erwin Inc USA 

 

 

 

I. Course Title       : Advanced Macro Economics 

II. Course Code      : AEC-602 

III. Credit Hours     : 2+0 

IV. Why this course? 

A deeper understanding of the conceptual and structural framework 

is imperative to develop vision of a student about how the knowledge 

of various macroeconomic 

V. Aim of the course 

To understand the functioning of national economy, its history and models. 

The policies governing the modern economic system and concerned 

institutions. 

VI. Organization of the course 

The course is organised as follows– 
 

 
No   Block Unit 

1. Introduction 1. Overview 

2. Economic Models 1. Open Economy Models 

2. Dynamic Macroeconomic Models 

3. Business cycle and pollicies 1. Business Cycles 

2. Macroeconomic Polices 
 

 
VII. Theory 

Block 1- Introduction 

Unit 1: Overview 

Conceptual framework - Classical, Keynesian, Neo-Classical, and Neo- 

Keynesian macroeconomics; Review of Keynes-Classical Synthesis; 

Aggregate Demand and Supply in the closed economy with fiXed and variable 

price level- determination of wage, prices, output and employment 

Block 2- Economic Models 

Unit 1: Open Economy Models 

EXchange rate determination; purchasing power parity; asset market approach; 

Short-run open economy models; Mundell-Fleming model- eXchange rate 

regime: perfect capital mobility under fiXed and fleXible eXchange rate; 

effectiveness of fiscal policy and monetary policy; Dornbusch’s overshooting 

model; monetary approach to balance of payments; 
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international financial markets 

Unit 2: Dynamic Macroeconomic Models 

Introduction to dynamic macroeconomic Models; Dynamic aggregate demand 

andsupply – short and long term equilibrium- rational eXpectations approach 

Block 3: Business Cycle and Policies 

Unit 1: Business Cycles 

Business cycle and its alternative equilibrium model, Stability analysis 

Economics of Great Events-Depression, Hyperinflation and Deficits; 

Advances in Business Cycle Theory; Real Business Cycles & Neo- Keynesian 

Economics 

Unit 2: Macroeconomic Polices 

Monetary policy - Design of Monetary Policy; Inflation Targeting, Fiscal 

Policy - Government Budget Constraint: The Arithmetic of Deficits and Debt, 

Current versus Future TaXes, the Evolution of Debt-to-GDP Ratio; Public 

Borrowing-Internal and eXternal aid, Deficit financing, Development 

Financing; BOP & Adjustment Policies - Foreign EXchange Policy - 

International macro-economic policies, IMF, IBRD, UNCTAD. 

• Lectures. 

• Case studies. 

• Assignments (Group/individual). 

• Group Discussions 

IX. Learning outcome 

After successful completion of this course the student will  be  able  to- Figure 

out how policies are framed to safe guard the national economy. Understand 

the rationale behind the working of different economy. 

X. Suggested Reading 

• Heibroker RL. Understanding Macro Economics. 

• Mehta JK. Macro Economics. 

• Edgemand MR. Macro-Economics: Theory & Policy. 

• David’ W Pearce. The dictionary of modern Economics. 

• Allen RGD. 1968. Macro–Economic Theory: A Mathematical Treatment. 

London: Macmillan. 

• Stanlake GF. Macro–Economics: An Introduction. Longman, London. 

• Mithai DM. 1981. Macro–Economics: Analysis and Policy. OXford and 

IBH, New Delhi. 

• Hicks JR Critical Essays in Monetary Theory. 

• Nawiyn WT. Theory of Money. 

I. Course Title       : Advanced Econometrics 

II. Course Code      : AEC-603 

III. Credit Hours        : 2+1 

IV. Why this course? 

The heart of any research is carrying out the analysis with the most appropriate 

model. The results obtained are crucial for  the  researchers. Thus, this course 

actsas the centre point of building up analytical framework of research. The 

students need to learn building up of models that will be 
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used to test the hypothesis framed. Use different analysis  depending  upon the 

requirement and type of data. 

V. Aim of the course 

The course aims at providing the knowledge and command over analysis of data 

collected to get the desired result. Train the student in use of econometric models. 

 
VI. Organization of the course 

The course is organised as follows: 
 

 
No    Block Unit 

1. Concepts 1. Review 

2. Least squares and dummy variables  1. Concept of Least Squares 

2. Dummy Variable 

3. Econometric models 1. Models and their eXtensions 

2. . Simultaneous equation modles 
 

 
VII. Theory 

Block 1: Concepts 

Unit 1: Review 

Review of classical regression model – review of hypothesis testing – 

restrictions 

Block 2: Least Squares and Dummy Variables 

Unit 1: Concept of least squares 

Ordinary least squares – weighted least squares - generalized least 
squares – 

method of principal components – instrumental variables method - 

maXimum 

likelihood method - errors in variables, non-linearity and specification tests – 
nonspherical error terms. 

Unit 2: Dummy Variable 

Dummy variables - Qualitative and truncated dependent variables - 

limiteddependent variables –LPM, probit and logit models, their 

multinomial eXtensions. 

Block 3: Econometric Models 

Unit 1: Models and their extensions 

Autoregressive distributed lag models – panel data fiXed and random effects 

modelsand their eXtensions. 

Unit 2: Simultaneous equation models 

Simultaneous equation methods –identification – estimation by indirect least 

squares2SLS, PIML, SURE, 3SLS 
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VIII. Practical 

Estimation of multiple regression model - GLS estimation methods - testing 

misspecification errors – Testing and Managing multicollinearity, 

heteroscedasticityand autocorrelation - estimation of LPM, Logit and Probit 

models - comparing two regressions - Chow test - estimation of distributed lag 

models – panel data random and fiXed effects models - Indirect least squares 

2SLS, SURE, 3SLS, estimation of simultaneous equation models. 

 
IX. Teaching Methods/ Activities 

• Lectures. 

• Case studies. 

• Assignments (Group/ individual). 

• Group Discussions 

X. Learning outcome 

After successful completion of the course, the student will be able to– 

• Analyse the data collected for testing the framed hypothesis. 

• Get eXpertise in analytical framework. 

XI. Suggested Reading 

• Greene WH. 2002. Econometric Analysis. Pearson Education. 

• Johnston J and Dinardo J. 2000. Econometric Methods. Mc Graw-Hill. 
• Koutseyianis A. 1997. Theory of Econometrics. Barner & Noble. 

 

I. Course Title : Advanced Production Economics 

II. Course Code : AEC-604 

III. Credit Hours : 2+1 

IV. Why this course? 

There is requirement of getting acquainted with decision making process 

in case of factors and products. The researcher needs to understand about 

working on production process and work out suitable suggestions to 

improve it. 

V. Aim of the course 

The course deals with the concept of advanced production economics. The 

eXposition would be mathematically oriented. The course would also cover 

the analysis of production functions, its interpretation, decision making with 

multiple input use, factor sharing and decision making under risk and 

uncertainty.. 

VI. Organization of the course 

The course is organised as follows: 
 

 
No Block Unit 

1. Consumer Theory 1. Production Process 

2. Market and General quilibrium1. Production Functions and 
characteristics 

3. Market failure and welfare 1. Decision Making in Production 
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2. Technology, Efficiency and Risk 

Management 

3. Programming 

VII. Theory 

Block 1: Production process Unit 1: Production Process 

Agricultural Production process – Relationship between farm planning and 

production economics-scope of agricultural production and planning-methods/ 

procedures in agro-economic research and planning. 

Block 2: Production Function 

Unit 1: Production Functions and characteristics 

Production functions, components, assumptions, properties and their economic 

interpretation - Concepts of homogeneity, homotheticity,, APP, MPP, elasticities 

ofsubstitution and their economic relevance – Production relations – optimality- 

Commonly used functional forms, nature, properties, limitations, estimation and 

interpretation - linear, Spillman - Cobb Douglas, quadratic, multiplicative (power) 

functional forms - Translog, and transcendental functional forms - CES, 

production functional forms-Conceptual and empirical issues in specification, 

estimation and application of production functions- Analytical approaches to 

economic optimum - Economic optimum – determination of economic optimum 

with constant and varying input and output prices - Economic optimum with 

production function analysis - input use behaviour. 

Block 3: Dynamics of production process 

Unit 1: Decision Making in Production 

Decision making with multiple inputs and outputs – MRT and product 

relationship- cost of production and adjustment in output prices-single input and 

multiple product decisions- Multi input, and multi product production decisions 

- Decision making with no risk -Cost of wrong decisions - Cost curves – Principles 

and importance of duality theory - Correspondence of production, cost, and profit 

functions - Principles and derivation of demand and supply functions 

Unit 2. Technology Efficiency and risk Management 

Technology, input use and factor shares -effect of technology on input use- 

decomposition analysis-factor shares-estimation methods- Economic efficiency 

in agricultural production – technical, allocative and economic efficiency – 

measurement -Yield gaps analysis – concepts and measurement - Risk and 

uncertainty in agriculture – incorporation of risk and uncertainty in decision 

making – risk and uncertainty and input use level-risk programming. 

Unit 3: Programming 

Simulation and programming techniques in agricultural production-Multiple 

Objective Programming (MOP) – Goal programming, Weighted sum and 

Compromise programming – applications. 

VIII. Practical 

Estimation of different forms of production functions- Optimal input and 



994  

product choice from estimated functions-Derivation of demand and supply 

functions and estimation-Estimation of cost function and interpretations- Optimal 

product and input choice under multi input and output system- Estimation of factor 

shares from empirical functions estimated-Estimating production functions 

incorporating technology changes: Decomposition analysis and incorporation of 

technology- Estimation of efficiency measures – Stochastic, probabilistic and 

deterministic frontier production functions-Risk programming – MOTAD-

Quadratic programming- Simulation models for agricultural production decisions-

Goal programming – Weighted, leXicographic and fuzzy goal programming-

Compromise programming. 

IX. Teaching Methods/ Activities 

• Lectures. 

• Case studies. 

• Assignments (Group/individual). 

• Group Discussions 

X. Learning outcome 

After successful complétion of the course, the student will be able to-Get 

familiar with different production function and use them in practise  and come 

out with useful decision. Work out the efficiency of the production process 

and use models for finding the optimum solution. 

XI. Suggested Reading 

• Baumol WG. 1973. Economic theory and operations analysis. Practice Hall 

of India Private Limited, New Dehli. 626 p. 

• Gardner BL and Rausser GC. 2001. Handbook of Agricultural Economics 

Vol. I Agricultural Production. Elsevier. 

• Heady EO. 1952. Economics of Agricultural Production and resources use. 

Practice Hall of India. 

• Heady EO and Dillon JL. 1961. Agricultural Production  functions. Kalyani 

Publishers, Ludhiana, India. 667 p. 

I. Course Title       : Operations Research 

II. Course Code      : AEC-605 

III. Credit Hours      : 2+1 

IV. Why this course? 

In sphere of management it is important, to take correct  decision  of assigning 

tasks and roles to individuals. The business is full of uncertainity and in this 

situation the manager has to take decision. It becomes imperative to gain 

knowledge of models used for finding this solution of performing well. 

V. Aim of the course 

To gain elementary knowledge of solving problems and decision making for 

managing farming and organisation in resource constraint in order to achieve 

the objective. 

VI. Organization of the course 

The course is organised as follows– 
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No    Block Unit 

1 Concepts 1. Concepts 

2 Inventory and models 1. Inventory- A Review 

2. Models 

3 Decision making 1. Decision making 

2. Game theory 
 

VII. Theory 

Block 1: Concepts 

Unit 1: Concepts 

Elementary concepts and objectives of Operations Research, Review of 

Linear programming - Assumptions & Methods, Non-linear programming 

problem - Quadratic programming, Multi Objective Programming (MOP) 

Block 2: Inventory and Models 

Unit 1: Inventory- A Review 

Inventory control models, costs involved in Inventory management, 

types of inventory, Economic order quantity model, Waiting line 

models: Waiting line problem, Characteristics of a  waiting  line system, 

Single channel model, 

Unit 2: Modles 

Markov Chains, Sequencing, Replacement models, Transportation and 

Assignment problems. 

Block 3: Decision Making 

Unit 1: Decision Making 

Decision making under risk and uncertainties, decision problem, maXimaX 

criterion, maXimin criterion, minimaX regret   criterion,   Laplace   criterion, Pay 

off tables, Decision trees, EXpected value of perfect information. 

Unit 2: Game Theory 

Game Theory – Two-person Zero sum game, Simulation, Network 
Analysis- PERT& CPM. 

VIII. Practical 

• Linear and Non-linear programming problem, 

• Quadratic programming, Multi-Objective Programming- Goal 

Programming, 

• LeXicographic, Weighted Sum, Determining economic order quantity, 

reorder levels of EOQ model. 

• Waiting line problem, Problems on Markov Chains, Sequencing and 

Replacementmodels. 

• Formulating and solving transportation type problems, Assignment 

problems as a special type of transportation problem. 

• Solving deterministic and probabilistic queuing models Structuring 

and solving decision trees for optimal decisions Game theory, 
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Simulation, Developing network (PERT/CPM) diagrams and 

determining the critical path. 

IX. Teaching Methods/ Activities 

• Lectures. 

• Case studies. 

• Assignments (Group/individual). 

• Group Discussions 

X. Learning outcome 

After successful completion of this course, the student will be able to- 

Gain eXpertise in formulating problems of management into 

mathematical formand work out the optimum solutions. 

Apply the knowledge of different models in better decision making 
and controllingof the firm. 

XI. Suggested Reading 

• Taha HA. Operations Research: An Introduction. 

• Veerabhadrappa H. An Introduction to Operations Research. 

• Gupta PK and Hira DS. Operations Research. 

• Sharma R. Operations Research. 

• Sharma JK. Operation Research. 

• Greene WH. 2002. Econometric Analysis. Pearson Education. 

• Johnston J and Dinardo J. 2000. Econometric Methods. Mc Graw-Hill. 

• Koutseyianis A. 1997. Theory of Econometrics. Barner & Noble. 

 

I. Course Title : Advanced Agricultural Marketing And Price Analysis 

II. Course Code : AEC-606 

III. Credit Hours        : 2+1 

IV. Why this course? 

Efficient markets, connectivity in markets, facilities of transport and storage 

ensure that there is growth in marketing of the produce as well as the industries 

basedon those produce. The decision of selling the produce at the right time, 

and at a higher price is crucial to ensure remunerative returns to the farmer. 

Thus, this course is required to enhance the knowledge  to students in 

agricultural marketsand price analysis. 

V. Aim of the course 

To impact adequate knowledge and analytical skills in the field of agricultural 

marketing and enhance eXpertise in improving the performance of the 

marketing institutions and the players in marketing of agricultural 

commodities. Learning outcome: After successful  completion  of  this course, 

the student will be able to- Gain the knowledge of marketing and agricultural 

prices. Work out the interaction between different markets and analyse their 

working. Gain eXpertise in forecasting of price and build up market 

intelligence. 
 

The course is organised as follows: 
 

 
No   Block Unit 
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1. Concepts 1. Agricultural Marketing- Insights 

2. Marketing Institutions and Dynamics 1. Institutions and their 
functions 

2. Market Dynamics 

3. Techniques 1. Commodity marketing 

2. Models for Analysis 
 

 

 

VII. Theory 

Block 1: Concepts 

Unit 1: Agricultural Marketing- 

Insights Importance of market analysis in the agricultural system - types of 

marketing-advantages and disadvantages - quantitative estimation -the 

distinguishing characteristics and role of agricultural prices -data sources for 

agricultural products and prices - softwares used in market analysis. 

Block 2: Marketing Institutions and Dynamics 

Unit 1: Institutions and their functions 

Role of various formal institutions in agricultural marketing - and functions - 

measuring their efficiency - public - private partnership - institutional 

arrangements.Successful case studies. 

Unit 2: Market Dynamics 

Multi market estimation, supply response models. Market integration and 

price transmission - supply / value chain management. GAP  analysis. Current 

trends in information in the changing agrifood system. 

Block 3: Techniques 

Unit 1: Commodity Marketing 

Agricultural commodity marketing -spot and futures- marketing of 

derivatives- speculation, hedging, swap, arbitrage etc. commodity eXchanges 

- price discovery and risk management in commodity markets-Regulatory 

mechanism of futures trading. 

Unit 2: Models for Analysis 

Lag operators and difference equations; stationary and stochastic processes; 

Unit roots and cointegration; conditional heteroscedasticity: ARCH and 

GARCH models 

-forecast evaluation; methods of forecasting. price indices and econometric 

estimation and simulation. 

VIII. Practical 

• Estimation of demand/ supply forecasting, 

• Supply chain/ value chain analysis for different commodities 

• Commodity models- multi market estimation- time series analysis 

• Market integration studies- price discovery price volatility estimation 

• Commodity price forecasting using econometric softwares. 

• Lectures. 



998  

• Case studies. 

• Assignments (Group/individual). 

• Group Discussions 

X. Suggested Reading 

• Acharya SS and Agarawal NL. 1994. Agricultural Prices-Analysis and 
Policy. OXford and IBH Publishing company Pvt. Ltd, New Delhi. 

• Acharya SS and Agarawal NL. 2004. Agricultural Marketing in India. 

OXford and IBH Publishing company Pvt. Ltd, New Delhi. 

• Kohls RH and Joseph N. Uhl: Marketing of Agricultural products by Collier 

MacMillan International. 

• Rhodes VJ. 1978. The Agricultural Marketing System. Grid Pub. Ohio. 

 
I. Course Title : Quantitative Development Policy Analysis 

II. Course Code : AEC-607 

III. Credit Hours     : 1+1 

IV. Why this course? 

Policy reforms are inevitable. They are  continuously required to deal with the 

loop holes of previous policy and control the present situation in a better 

manner. Reforms take place in both microeconomic and macroeconomic 

polies. The analysis of these policies help us to develop a framework for 

designing and implementingthe policies. 

V. Aim of the course 

To develop eXpertise in understanding the rationale behind development of 

policies. Conceptualization of equilibrium and working out the economic 

implications of development policy. Learning outcome: After the completion of 

the course, the student will be able to-Conceptualize policy framework. Get 

acquainted with analysisng the policy and work out corrective solutions. 

VI. Organization of the course 

The course is organised as follows 
 

 
No    Block Unit 

1. Concepts 1. Policy Framework 

2. Demand-supply and household1. Demand- Supply 

Analysis behaviour 2. Household Behaviour and 

models 

3. Approaches to review policy and 1. Multi-Pronged 

approach to policy review welfare 2. General equilibrium 

and programming 
 

Theory 

Block 1: Concepts 

Unit 1: Policy Framework 

olicy framework – goals, value, beliefs and welfare maXimization. 

Market – Policy and State – State vs. Market – Failure of Policy – 
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Failure of Markets - Rationalefor Government Intervention. Role of 

Quantitative Policy Analysis. 

Block 2: Demand-supply and household 

behaviour Unit 1: Demand- Supply Analysis 

Demand analysis for policymaking – Alternative approaches  to demand 

analysis – Policy implications. Supply response – Alternative 

approaches to measurement of supply response  –  Nerlovian  models of 

supply response – Policy implications. 

 
Unit 2: Household Behaviour and models 

Household behaviour and policy analysis – Household models. 

Block 3: Approaches to review policy and welfare 

Unit 1: Multi-Pronged approach to policy review 

Partial equilibrium analysis – Concept of reference prices – Price 

distortions – indicators and impact. Transaction costs – Implications for 

efficiency and productivity 
– Institutional solutions - Multi market approach to policy analysis. 

Unit 2: General equilibrium and programming 

Social Accounting Matrices and multipliers -– Computable General 

Equilibrium models to assess economy wide impact of policy changes. 

fuzzy goal programming- Compromise programming. 

VII. Practical 

• Review of criteria for policy evaluation 

• Estimation of price elasticities 

• Review of estimation of complete demand systems 

• Estimation of Nerlovian supply Response model 

• Review of Household models 

• Specification and estimation of household models 

• Partial equilibrium analysis 

• Input–output table 

• Social Accounting MatriX 

• Construction of a SAM 

• Computation of Multipliers 

• Multi Market Analysis 

• Review of Computable General Equilibrium Models. 

VIII. Teaching Methods/ Activities 

• Lectures. 

• Case studies. 

• Assignments (Group/individual). 

• Group Discussions 

 

I. Course Title : Natural Resource Management 

II. Course Code : AEC-608 

III. Credit Hours : 1+1 
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IV. Why this course? 

The environment envisages the whole living creatures’ within it. There are 

resources we obtain from the nature and at the same time spoil the 

environment by eXploitingthe resources. Thus, it is necessary for the student 

to develop environment friendly plans to utilize the scarce resources. 

Concept building on natural resources. Gaining eXpertise in economic aspect 

of natural resources and maintain a balance between economic gains and 

environment conservation. Learning outcome-After the completion of the 

course, the student will be able to-Understand the natural resources and 

methodolies to develop plans for their optimal use. Work out the economics 

of forest, fisheries and ground water. Be able  to deal with the  legal matters 

of the natural resourses. 

VI. Organization of the course 

The course is organised as follows: 

 

NoBlockUnit 
 

1. Concepts 1. Concepts 

2. Models and Management 1. Models for economic view of natural 

resources 

2. Management of water resources 

3. Regulations and planning 1. Property Rights 

2. Dynamics of resource economics 

 

 

VII. Theory 

Block 1: Concepts 

Unit 1: Concepts 

Natural resources - definition - characteristics and classification. Stock dynamics 

of renewable and non-renewable resources. Equation of motion for renewable and 

non-renewable resources. Fundamental equation of renewable resources. 

Block 2: Models and Management 

Unit 1: Models for economic view of natural resources 

Growth curves of fishery and forest resources. The role of time preference in 

natural resource use. Simple two-period model of optimal use of renewable and 

non-renewable resources. Advanced models of optimal resource use – Static Vs. 

dynamic efficiency in natural resource use Applications of dynamic programming 

and optimal control. 

Unit 2: Management of water resources 

Economics of groundwater use - optimal eXtraction of groundwater. 

Analytical and numerical solutions for optimal inter-temporal allocation of 

natural resources. Optimal harvesting of single rotation and multiple rotation 
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forests. Optimal management of fishery. 

Block 3: Regulations and planning 

Unit 1: Property Rights 

Property rights in natural resources and their implication for conservation and 
management of natural resources. Management of common property natural 

resources – Institutional arrangements for conservation and management of 

common pool fishery, groundwater and forestry resource. 

Unit 2: Dynamics of resource economics 

Resource scarcity – Natural resource degradation – Poverty and resource 

degradation 

– Natural resource accounting - Pricing and valuation of natural resources – 

Naturalresources policy. Practical Derivation of the fundamental equation of 

renewable resources-Estimation of growth curves and stock dynamics for 

fishery and forestry resources. Simple two period problem of optimal resource 

use – Numerical solution for simple two-period model of dynamic efficiency 

in natural resource eXtraction. Multi-period dynamic efficiency – Using EXcel 

Solver in solving dynamic natural resource  harvesting problems. Using 

analytical solution procedures for solving natural resource management 

problems – Optimal control. 

VIII. Teaching Methods/ Activities 

• Lectures. 

• Case studies. 

• Assignments (Group/individual). 

• Group Discussions 

IX. Suggested Reading 

• Hackett SC. 2001. Environmental and Natural Resource Economics: 

Theory, Policy and the Sustainable Society. M.E. Sharpe, Armonk, NY. 

• Hartwick JM and Olewiler ND. 1998. The Economics of Natural Resource 

Use. 2nd Ed. Addison-Wesley Educational Publ. 

• Kerr JM, Marothia DK, Katar Singh, Ramasamy C and Bentley WR. 

1997. Natural Resource Economics: Theory and Applications in India. 

OXford & IBH. 

• Pearce DW and Turner K. 1990. Economics of Natural Resources and the 

Environment. John Hopkins Univ. Press. 

• Prato T. 1998. Natural Resource and Environmental Economics. Iowa 

State Univ. Press. 

• Sengupta R. 2000. Ecology and Economy, an Indian Perspective. OXford 

Univ. Press. 

• Tietenberg T. 2003. Environment and Natural Resource Economics. 6th Ed. 

Addison Wesley. 

 
I. Course Title : Environmental Economics 

II. Course Code : AEC-609 

III. Credit Hours : 2+1 

IV. Why this course? 

Economics not only deals with transaction   taking place   between   human 
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beings within and across national boundaries. Each economic activity has a price 

to pay to the environment. The activity causes loss to the environment in various 

ways. Thus, as a student of economics it is necessary to work out the costs 

and returnsin terms of losses to environment while carrying out these 

development/production activities. 

V. Aim of the course 

To understand the economic outcomes of environmental degradation. Make 

students proficient in decision making regarding environment protection, 

resource use, and conservation policy. 

 
VI. Organization of the course 

The course is organised as follows: 
 

 
No Block Unit 

1. Overview 1. Overview of Environmental 

Economics 

2. Assessment and Development 1. Economic 

assessment Dynamics 2. Developmental 

Aspects 

3. Regulations and Issues 1. Accounting, Policies and Regulations 

2. Environmental Issues 
 

VII. Theory 

Block 1: Overview 

Unit 1: Overview of Environmental Economics 

Environmental pollution as a consequence of   market   failure   -    Causes and 

consequences of market failure - EXternalities - Public goods and eXternalities -

Economics of pollution – Private vs. Social cost of environmental pollution – 

Property rights, environment and development – Theory of environmental policy. 

Block 2: Assessment and Development Dynamics 

Unit 1: Economic assessment 

Environmental cost benefit analysis - Environmental impact assessment 

techniques Non-market valuation of environmental resources (WTP / WTA) - 

Environment, market and social welfare. 

Unit 2: Developmental aspects 

Economic growth and environmental cost - Growth oriented economic 

policies and their environmental impacts - Population and environmental 

quality - poverty and environmental degradation – Sustainable development 

– Indicators of sustainable development – Issues  in  sustainable development. 
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Block 3: Regulations and Issues 

Unit 1: Accounting, Policies and Regulation 

Environment, ecology and environmental accounting - Environmental 

pollution with respect to water and air - Land and forest resources related 

environmental pollution - Coastal eXternalities - Urbanization and 

environment - Basic approaches to environmental policy (TaX, subsidy, 

pollution permits, etc.) Green taXes - Political economy of environmental 

regulation and management. 

 
Unit 2: Environmental Issues 

Transboundary environmental problems - Economics of global warming, 

climate change and emission trading - Environment, international trade and 

development. 

 
VIII. Practical 

• Contemporary global environmental global environmental issues, 

movement,policies, programmes, laws and other regulatory mechanisms 

• Criteria for evaluating the environment related projects and review 

ofEnvironmental Impact Assessment (EIA) techniques 

• Recreation demand models of environmental valuation 

• Contingent valuation techniques 

• Environmental Resource Accounting Techniques 

• Discussion on the techniques dealing with air pollution and review of case 

studieson air pollution and its impacts - forest environment and wild life 

conservation 

• Green GDP and Green house insurance 

• Practical considerations and comparison of instruments of environmental 

policy 

• Non-point source pollution control methodologies 

• Environment in macroeconomic modeling 

• Meta-analysis, economic valuation and environmental economics 

• Multi-criteria methods for quantitative, qualitative and fuzzy evaluation 

problemsrelated to environment 

• Input output analysis, technology and the environment 

• Computable general equilibrium models for environmental economics and 

policyanalysis. 

IX. Teaching Methods/ Activities 

• Lectures. 

• Case studies. 

• Assignments (Group/individual). 

• Group Discussions 
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X. Learning outcome 

After the successful completion of the course, the student will 

be able to- Understand the concept of pollution and 

eXternalities caused by economic activity. Work out the 

economics of productions activities in terms of losses to 

environment. Learn about accounting of environmental costs 

and other issues related. 

XI. Suggested Reading 

• Hackett SC. 2001. Environmental and Natural Resource 

Economics: Theory, Policy and the Sustainable Society. 

ME. Sharpe, Armonk, NY. 

• Hartwick JM and Olewiler ND. 1998. The Economics 

of Natural Resource Use. 2nd Ed. Addison-Wesley 

Educational Publ. 

• Kerr JM, Marothia DK, Katar Singh, Ramasamy C and Bentley WR. 

1997. 

Natural Resource 

Economics: Theory and Applications in India. OXford & IBH. 

• Pearce DW and Turner K. 1990. Economics of 

Natural Resources and the Environment. 

John Hopkins Univ. Press. 

• Prato T. 1998. Natural Resource and Environmental 

Economics. Iowa State University Press. 

• Sengupta R. 2000. Ecology and Economy, an Indian 

Perspective. OXford University Press. 

• Tietenberg T. 2003. Environment and Natural Resource 

Economics. 6th Ed. Addison Wesley. 

 

I. Course title : Research and Publication Ethics 

II. Course code : AEC 610 

III. Credit hours : 2 + 0 

IV. Aim of the 

course 

: To sensitize the students on the different aspects of 

research, and ethics related to publication. 

 

Theory 

Unit I 

Introduction to philosophy: definition, nature and scope, concept, branches 

Unit II 

Ethics: definition, moral philosophy, nature of moral judgements and reactions 

Unit III 

Scientific conduct: Ethics with respect to science and research, intellectual honesty and 
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research integrity, Scientific misconducts- falsifications, fabrications and plagiarism 

(FFP): Redundant publications: duplicate and overlapping publications, salami slicing; 

selective reporting and misrepresentation of data 

Unit IV 

Publication ethics: Definition, introduction and importance. Best practices/standard 

setting initiatives and guidelines: COPE, WAME, etc., conflicts of interest. Publication 

misconduct: definition, concept, problems that lead to unethical behaviour and vice versa, 

type, violation of publication ethics, authorship and contributorship, Identification of 

publication misconduct, complaints and appeals, predatory publishers and journals 

Unit V 

Open access publishing: open access publication and initiatives: SHERPA, RoMEO 

online resource to check publisher copy right and self archiving policies; software tool 

to identify predatory publications developed by SPPU, Journal finder/journal suggestions 

tools viz., JANE, Elsevier Journal Finder, Springer Journal Suggester, etc. 

Unit VI 

Publication misconduct: Group discussions- subject specific ethical issues, FFP, 

authorship, conflicts of interest, complaints and appeals examples and fraud from India 
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and abroad. Software tools: Use of plagiarism software like Turnitin, Urkund and other open source software 

tools 

Unit VII 

Database and Research metrics: Indexing data base, citation database, web of science, scopus, etc. Impact 

factor of journal as per journal citation report, SNIP, SJR, IPP, Cite Score; Metrics: h-index, g-index, i10-

index altmetrics. 

Teaching methods / activities 

Classroom teaching with AV aids, group discussion, assignments. 

    Learning outcomeDevelopment of skill for research management and quality 

publication. 

Suggested Reading 

 Beall, J. 2012. Predatory publishers are corrupting open access. Nature

489(7415): 179-179. Available : https://doi.org/10.1038/489179a 

 Bird, A. 2006. Philosophy of Science. Routledge, London, 328p.

 Chaddah, P. 2018. Ethics in Competitive Research: Do Not Get Scooped; Do Not Get Plagiarized. 

ISBN: 978-9387480865, 128p.

 INSA [Indian National Science Academy]. 2019. Ethics in Science Education, Research and 

Governance.ISBN:978-81-939482-1-7. Available: https: // www. insaindia. res. in/ pdf / 

Ethics_Book.pdf.

 Mac Intyre, A. 1967. A Short History of Ethics. Macmillan Pub. Co., New York, 280p.

 NASEM [National Academy of Sciences, National Academy of Engineering and Institute of 
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Course Title with Credit Load for M.Sc. in Community Science – Food & 

Nutrition 

 
Course 

Code 

Course Title Credit Hours 

 Major Courses (20 Credits)  

FN 501* Macro and Micro Nutrients in Human Nutrition 3(3+0) 

FN 502* Public Health and Nutrition 3(2+1) 

FN 503* Techniques in Food Analysis 3(1+2) 

FN 504* Diet Therapy 3(2+1) 

FN 505 Nutrition and Physical Fitness 3(2+1) 

FN 506 Developments in Nutrition and Immunity 2(2+0) 

FN 507 Clinical Nutrition 3(2+1) 

FN 508 Nutrition Counselling 2(0+2) 

FN 509 Food Safety and Standards 3(2+1) 

FN 510 Nutritional Challenges in Life Cycle 3(3+0) 

FN 511 Food Science 3(2+1) 

FN 512 Food Processing Technology 3(2+1) 

FN 513 Human Physiology 3(3+0) 

FN 514 Institutional Food Service Management 2(1+1) 
 Minor Courses (08 Credits)  

FN 515 Food Science and Technology 3(2+1) 

FN 516 Food Biochemistry 3(2+1) 

FN 517 Nutritional Biochemistry 3(2+1) 

FN 518 Food Microbiology 3(2+1) 
 Supporting Courses (06 Credits)  

 Common Courses (05 Credits)  

FN 591   Master’s Seminar 1(0+1) 

FN 599  Master’s  Research 0+30 
 T O T A L 70 
*Core Courses/Compulsory Courses 
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Course Code : FN 501 

Course Title : Macro and Micro Nutrients in Human Nutrition 

Credit Hours : 3(3+0) 

 
Rationale 

Proper nutrition is the crux of human health along with safe water, sanitation, 

immunization, etc. Adequate knowledge about this core course on macro and 

micronutrients in totality will enable the students to handle the nutrition situations of a 

population and how to imply the knowledge for sustainable handling to induce better 

health and productivity. Therefore, the necessity lies in this core course. 

Aim of the course 

• To provide in-depth understanding related to macro and micro nutrients 

• To impart knowledge about specific requirements of these nutrients as per age, 

sex, physiological condition, functions, metabolism sources, deficiency 

parameters for meaningful handling of normal and problem stricken situations. 

Theory 

Unit I: Carbohydrates 

Body composition; Functions, sources, requirements, digestion and absorption 

of carbohydrates. Composition, classification and functions of dietary fibre; Role 

of dietary fibre, resistant starch and fructo-oligosaccharides in various 

physiological disorders; Glycemic response to carbohydrates. 

Unit II: Proteins 

Classification, functions, sources, digestion and absorption of proteins; Synthesis 

of non-essential amino acids in the body; Urea cycle; Protein quality; 

Relationship between energy and protein requirements; Regulation of food 

intake; Nutrient adaptation to low intake of energy and protein. 

Unit III: Fats 

Classification, functions, sources, digestion, absorption and deficiency disorders 

of lipids and essential fatty acids; Role of omega-3 and omega 6 fatty acids in 

physiological disorders. 

Unit IV: Vitamins, minerals and water 

Functions, absorption, requirement, sources, deficiency and toxicity of fat- 

soluble vitamins - A, D, E and K and water-soluble vitamins- thiamine, 

riboflavin, niacin, pyridoxine, folate, B12, ascorbic acid, pantothenic acid, biotin 

and amygdalin; Functions, absorption, requirement, sources, deficiency and 

toxicity of macro minerals – calcium and phosphorus and micro minerals – iron, 

zinc, sodium, copper, cobalt, selenium and chromium; Water and electrolyte 

balance, functions and distribution of water in body, Electrolyte composition of 

body fluids and electrolyte balance. 

Teaching Methods/ Activities 

• Lectures 

• Assignment (Reading/Writing) 

• Group discussion 

• Student presentation 

Learning Outcome 

Completion of this course will help the students to: 
• Acquire advanced knowledge in macro and micronutrients 

• Understand specific nutrient related situations in population 

• Apply the techniques as per the demand of the human nutritional profile. 
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• Utilize the learning techniques in population education/publication 

Suggested Reading 
nd 

• Bamji MS, Rao NP and Reddy V. 2003. Textbook of Human Nutrition. 2 

Edition, Oxford and IBH Publishing Co. Pvt. Ltd. New Delhi. 

• Berdanier CD and Zempleni J. 2009. Advanced Nutrition: Macronutrients, 
Micronutrients and Metabolism. CRC Press, New York. 

• Eastwood MA. 1997. Principles of Human Nutrition. London; Chapman & 

Hall. 

• FAO. 2004. Human Energy Requirements - Report of a Joint FAO/WHO/UNU 

Expert Consultation. Technical Report Series 1. Food and Agriculture 

Organization, Geneva. 

• FAO. 2007. Protein and Amino Acid Requirements - Report of a Joint 

FAO/WHO/UNU Expert Consultation. Technical Report Series 1. Food and 

Agriculture Organization, Rome. 
th 

• Groff JL and Gropper S. 2012. Advanced Nutrition and Human Metabolism. 7 

Edition, Yolanda Cossio, New York. 
• Ross AC, Caballero B, Cousins RJ, Tucker KL and Ziegler TR. 2012. Modern 

th 
Nutrition in Health and Disease. 11 Edition, LWW, Philadelphia. 

• Summathi S. 2017. Food Chemistry and Nutrition. BS Publication, Hyderabad. 
th 

• Whitney EN and Rolfels CR. 2019. Understanding Nutrition. 15 Ed., West 

Publishing Company, USA. 

• Wildman REC and Medeiros DM. 2000.  Advanced Human Nutrition. CRC 

Press, Boca Raton, Florida. 
• Stipanuk MH   and   Caudill   MA.   2013.   Biochemical,   Physiological   and 

rd 
Molecular Aspects of Human Nutrition. 3 

• https://www.nutritionintl.org 

• https://www.who.int 

Edition, Elsevier Pub. 

• https://www.hsph.harvard.edu/nutritionsource 

• http://www.nin.res.in 

Weekly Lecture Schedule  

Duration 
(week) 

Topic 

1 Body composition. Functions, sources, requirements, digestion 
and absorption of carbohydrates 

2 Composition, classification and functions of dietary fibre 

3 Role of dietary fibre, resistant starch and fructo- 

oligosaccharides in various physiological disorders. Glycemic 

response to carbohydrates 

4 Classification, functions, sources, digestion and absorption of 
proteins 

5 Synthesis of non-essential amino acids in the body. Urea cycle 

6 Protein quality 

7 Classification, functions, sources, digestion, absorption and 
deficiency disorders of lipids and essential fatty acids 

8 Role of omega-3 fatty acids in physiological disorders 
9 Relationship between energy and protein requirements. 

http://www.nutritionintl.org/
http://www.who.int/
http://www.hsph.harvard.edu/nutritionsource
http://www.nin.res.in/
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 Regulation of food intake. Nutrient adaptation to low intake of 
energy and protein 

10 Functions, absorption, requirement, sources, deficiency and 
toxicity of fat-soluble vitamins - A, D, E and K 

11 Functions, absorption, requirement, sources, deficiency and 
toxicity of water- soluble vitamins- thiamine, riboflavin, niacin 

12 Functions, absorption, requirement, sources, deficiency and 
toxicity of water- soluble vitamins- pyridoxine, folate, B12 

13 Functions, absorption, requirement, sources, deficiency and 

toxicity of water- soluble vitamins- ascorbic acid, pantothenic 
acid and biotin 

14 Functions, absorption, requirement, sources, deficiency and 
toxicity of macro minerals – calcium and phosphorus 

15 Functions, absorption, requirement, sources, deficiency and 

toxicity of micro minerals – iron, zinc, sodium, copper, cobalt, 
selenium and chromium 

16 Water and electrolyte balance, functions and distribution of 

water in body, Electrolyte composition of body fluids and 
                           electrolyte balance  

 

Course Code : FN 502 

Course Title : Public Health and Nutrition 

Credit Hours : 3(2+1) 

 
Rationale 

This core course on public health nutrition will enable the students with the knowledge 

in assessment of prevailing nutritional situations of a community across age- sex- 

physiological conditions. Furthermore, opportunities in analysing Public Health 

consequences in in-situ conditions will empower the students in planning, executing 

and evaluating the health and nutrition related development schemes of GOs, NGOs 

and allied bodies to suggest remedial pathways. 

Aim of the course 

• To provide both theory and practical exposure to the students on the subject of 

Public Health Nutrition 

• To make them skilled in management of adequate nutritional statures of the 

population conducive to National Development. 

Theory 

Unit I: Nutritional status assessment 

Assessment of nutritional status at individual, household and institutional level: 

direct and indirect methods; Ecological, socio-cultural, economic and 

demographic correlations of malnutrition. 

Unit II: Nutritional deficiencies and life style disorders 

Prevalence, aetiology, biochemical and metabolic changes in protein energy 

malnutrition, vitamin A deficiency, iron deficiency anaemia, iodine deficiency 

disorders, diabetes mellitus, cancer, hypertension and other life style disorders. 

Unit III: Present scenario of nutritional problems 

Major nutritional problems of the state, nation and world; Nutrition intervention-

definition, importance, methods of nutrition intervention, monitoring and 

evaluation; E-surveillance. 
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Unit IV: Nutritional programmes and polices 

National nutritional programmes and policies and nutritional surveillance; 

National programmes and policies regarding food production and distribution. 

Practicals 

1-3. Techniques of assessment of nutritional status 

4-5. Use of Screening Tools 

6-7. Visit to the ongoing public health nutrition programme and report writing. 
8-9. Study of existing diet and nutrition practices 

10-12. Planning and conducting survey 

13-14. Analysing data and writing report 

15-16. Development, implementation and evaluation of community nutrition 

and health programmes 

Teaching Methods/ Activities 

• Lectures 

• Assignment (Writing/Reading) 

• Students‘ presentation 

• Group activities 

• On field case identification and analysis 

• Project planning and report writing 

Learning Outcome 

Completion of this course will enable the students to take responsibilities as: 
• Nutrition educator 

• Health educator 

• Extension worker for situational analysis of prevailing public health nutritional 

problems for cultural adaptation strategies. 

• Planner and executor of developmental schemes 

• Applied researcher 

Suggested Reading 

• Bamji MS, Kamala K and Brhmam GNV. 2017. Textbook of Human Nutrition. 
th 

4 Edition, Oxford & IBH. 

• Endres JB. 1990. Community Nutrition Challenges and Opportunities. Pearson 

Education 

Inc. London. 
• Frank GC. 2008. Nutrition: Applying Epidemiology to Contemporary Practice . 

nd 
2 Edition, Jonts and Bartlett Publishers, Sadbury, MA. 

• Gopaldas T and Seshadari S. 1987. Nutrition Monitoring and Assessment. 

Oxford University Press. 

• Jeannette BE. 1990. Community Nutrition: Challenges and Opportunities. 1st 

Edition, Merrill. 

• Jelliffe DB. 1966. The Assessment of the Nutritional Status of the Community. 

WHO, Geneva. 

• Longwah T, Ananthan R, Bhaskarachary K and Venkalah K. 2017. Indian Food 

Composition Tables. National Institute of Nutrition, Hyderabad. 

• Marie AB and David HH. 2012. Community Nutrition in Action: An 

Entrepreneurial Approach, Cengage Learning Inc. USA. 

• McLaren DS. 1977. Nutrition in the Community. John Wiley & Sons. 

• Park JE and Park K. 2007. Park’s Text Book of Preventive and Social Medicine. 
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th 
19 Edition, Banarsidas Bhanot Publishers, Jabalpur. 

• Park JE and Park K. 2017. Park’s Textbook of Preventive and Social Medicine. 
Banarsidas Bhanot Publ. 

st 
• Prabha B. 2017. Community Nutrition in India. 1 

Agra. 

Edition, Star Publications, 
 

nd 

• Rosalind S Gibson. 2005. Principles of Nutritional Assessment. 2 

Oxford University Press Inc. 

Edition, 

• Salil S and Rita SR. 2007. Textbook of Community Nutrition. ICAR publication, 
New Delhi. 

• Shukla PK. 1982. Nutritional Problems of India. Prentice Hall of India. 
rd 

• Suryatapa Das. 2018. Textbook of Community Nutrition. 3 

Publishers. 

• https://www.india.gov.in/ agriculture 

• https://mhrd.gov.in/mid-day-meal 

• https://www.harvestplus.org 

• https://www.icmr.nic.in/ 

Weekly Lecture Schedule 

Edn., Academic 

 

Duration 
(week) 

Topic 

1 Assessment of nutritional status at individual, household and 
institutional level: direct and indirect methods 

2 Ecological, socio-cultural, economic and demographic 
correlations of malnutrition 

3 Prevalence, etiology, biochemical and metabolic changes in 

Vitamin A deficiency 

4 Prevalence, etiology, biochemical and metabolic changes in 
Protein Energy Malnutrition 

5 Prevalence, etiology, biochemical and metabolic changes in 
Iron Deficiency Anaemia 

6 Prevalence, etiology, biochemical and metabolic changes in 
Iodine Deficiency Disorders 

7 Prevalence, etiology, biochemical and metabolic changes in 
Diabetes Mellitus 

8 Prevalence, etiology, biochemical and metabolic changes in 
Hypertension 

9 Prevalence, etiology, biochemical and metabolic changes in 
Cancer and other life style disorders 

10 Major nutritional problems of the state, nation and world 

11 Nutrition intervention-   definition,   importance,   methods   of 
nutritional intervention, monitoring and evaluation 

12 Methods of nutritional intervention, monitoring and evaluation 

13 E-surveillance 

14 National nutritional programmes and policies and nutritional 
surveillance 

15 National programmes and policies regarding food production 

16 National programmes and policies regarding food distribution 

http://www.india.gov.in/
http://www.harvestplus.org/
http://www.icmr.nic.in/
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Course Code : FN 503 

Course Title : Techniques in Food Analysis 

Credit Hours : 3 (1+2) 

 
Rationale 

Food analysis is the discipline that deals with the development, application and 

study of analytical procedures for characterizing the properties of foods and their 

constituents. It provides analytical data on the quality of a food or product. 

Aim of the course 

• To provide the students an opportunity to develop precision with the principles, 

techniques and application of different methods analysis for varied food and 

products. 

• To equip the students with knowledge to ascertain quality of the tested food/ 

products. 

Theory 

Unit I: Sampling techniques 

Preparation of various standard solutions; Sample and sampling techniques; 

Introduction to standard analytical methods of FSSAI. 

Unit II: Analytical techniques 

Principle, techniques and applications of colorimeter, spectrophotometer and 

atomic absorption spectrophotometer, gel filtration and ultra-centrifugation. 

Unit III: Photometric methods and electrophoresis 

Principle, techniques and applications of fluorimetry, flame photometry and 

electrophoresis. 

Unit IV: Chromatography 

Principle, techniques and applications of paper, thin layer, gas liquid and high- 

pressure liquid chromatography, introduction to animal assay. 

Practicals 

1-2. Principles and operation of laboratory equipmen 

3-6. Determination of moisture content and titratable acidity 

7-8. Determination of ash- dry and wet ash 

9-10. Determination of reducing sugars and total sugars 

11-14. Analysis of protein- Kjeldhal method 

15-16. Analysis of amino acids- HPLC 

17-20. Analysis of fat - Soxhlet method, Cold extraction method 

21-22. Determination of peroxide value and iodine value 

23-24. Analysis of crude fibre. Analysis of minerals- sodium and potassium 

25-26. Analysis of iron, copper, zinc and lead. Absorption spectrophotometry 

27-28. Analysis of phosphorus- Colorimeter method 

29-30. Analysis of vitamin C 

31-32. Estimation of carotene. Experiments on gel electrophoresis 

Teaching Methods/ Activities 

• Lectures 

• Assignment (Writing/Reading) 

• Group activities 

• Hands on training 

Learning Outcome 

Successful completion of this course will enable the students to: 
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• Utilize the methods and tools to cater the needs of food analysis 

• Guide the process of quality control 

• Act as trained food analyst 

Suggested Reading 

• AOAC. 1995. Association of Official Analytical Chemists. Washington, DC. 

Gruenwedels DW and Whitakor JR. 1984. FoodAnalysis: Principles and 

Techniques. Vols. I-VIII. Marcel Dekker. 
th 

• AOAC International. 2016. AOAC Official Methods of Analysis. 20 

Association of Official Analytical Chemists. Washington DC. 

Edition, 

• Dennis D Miller. 1998. Food Chemistry: A Laboratory Manual. John Wiley and 

Sons Indianapolis. 

• Joslyn MA. 1970. Methods in Food Analysis: Physical, Chemical and 

Instrumental Methods of Analysis. Academic Press. 

• Kalia M. 2002. Food Analysis and Quality Control. Kalyani Publishers, New 

Delhi. 
th 

• Neilsen SS. 2010. Food Analysis. 4 Ed., ISBN 978-1-4419-1478-1 Springer 

Science+ Business Media, LLC, USA. 
st 

• Neilsen SS. 2002. Introduction to Chemical Analysis of Foods. 1 

Offset Printers, Delhi. 

 

Ed., J S 

• Raghuramulu N, Mahavan and Kalyanasundaram SK. 2003. A Manual of 
nd 

Laboratory Techniques. 2 Edition, NIN Press, Hyderabad. 
nd 

• Sadasivam A and Manickam A. 2004. Biochemical Methods. 2 

Age International Publishers, New Delhi. 

Edition, New 

• Sawhney SK and Singh R. 2000. Introductory Practical Biochemistry. Narosa 
Publishing House, New Delhi. 

• Veerakumar L. 2006. Bio-instrumentation. MIP Publishers. Chennai. 

• Pomeranz Y and Molean CE. 1977. Food Analysis Theory and Practice. AVI 

Publ. 

• Wood R, Foster L, Damand A and Key P. 2004. Analytical Methods for Food 

Additives. CRC Press, London. 

• https://www.fssai.gov.in 

• http://www.fda.gov/food/default.htm 

Weekly Lecture Schedule 

Duration 
(week) 

Topic 

1 Preparation of various standard solutions 

2 Sample and sampling techniques 

3 Sample and sampling techniques 

4 Introduction to standard analytical methods of FSSAI 

5 Principle, techniques and applications of colorimeter 

6 Principle, techniques and applications of spectrophotometer 

7 Principle, techniques and applications of atomic absorption 
spectrophotometer 

8 Principle, techniques and applications of gel filtration 

http://www.fssai.gov.in/
http://www.fda.gov/food/default.htm
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9 Principle, techniques and applications of ultra-centrifugation 
10 Principle, techniques and applications of fluorimetry 



1017  

11 Principle, techniques and applications of flame photometry 

12 Principle, techniques and applications of electrophoresis 

13 Principle, techniques and applications of paper and thin layer 
chromatography 

14 Principle, techniques and applications of gas liquid 
chromatography 

15 Principle, techniques and applications of high-pressure liquid 
chromatography 

16 Introduction to animal assay 

ourse Code: FN 504 

Course Title : Diet Therapy 

Credit Hours : 3 (2+1) 

 

Rationale 

Dietetics is a science and art that deals with the optimum nutrition during normal 

life cycles and its adaptations during ailments. In any situation of life, optimum nutrition 

can ensure health, endurance, cognition and productivity. As educators/ advisors, the 

professionals need to equip themselves with the knowledge and skills of managing foods 

particularly during illness as people‘s mental condition remains at low ebb in ailment. 

Aim of the course 

• To provide both theory and practical knowledge on disease management through 

appropriate approaches with the most recent scientific input from researchers 

• To approach the subject from a multidisciplinary perspective - technical, psycho- 

social-economic of client, drug diet interaction, etc, enabling the students to 

become effective member Health Care Team (HCT) in Medical Nutrition 

Therapy (MNT). 

Theory 

Unit I: Significance of diet therapy 

Importance and scope of diet therapy; Role of dietician in a health care team in 

hospital and community. 

Unit II: Dietary management of nutritional disorders 

Newer concepts in dietary management of various nutritional disorders and 
disease conditions; fevers and infections. 

Unit III: Dietary management of diseases 

Dietary management during burns, allergy, gastrointestinal disorders, liver 

diseases, cardiovascular diseases, hypertension, renal disorders, obesity, diabetes, 

cancer and HIV; Nutrition in critical care. 

Unit IV: Nutrigenomics and nutraceuticals 

Nutrigenomics. Nutraceuticals. Health foods and supplements; Health foods and 

supplements; Dietary recommendations for blood donors; Nutrients and drug 

interaction. 

Practicals 

1. Formulation of food exchanges 

2. Therapeutic modifications of diet in terms of nutrients, consistency and 
composition 

3. Planning and preparation of diet for diabetes 

4-5. Planning and preparation of diet for cardiovascular diseases 
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6-7. Planning and preparation of diet for kidney disorders 

8. Planning and preparation of diet for obesity 

9. Planning and preparation of diet for cancer patients 

10. Planning and preparation of diet for burns patients -first, second and third- 

degree burns 

11-12. Planning and preparation of diet for gastrointestinal disorders 

13. Planning of diet for critical care patients 

14. Visits to hospital to see preparation of tube feeding diets 

15-16. Presentation of case studies 

Teaching Methods/ Activities 

• Lectures 

• Assignment (Writing/Reading) 

• Students‘ presentation 

• Group activities 

• Case studies 

• Hands on training 

Learning Outcome 

After completion of this course, the students are expected to: 
• Appreciate the scientific foundation of disease management through diet 

• Utilize the techniques and tools for assessing the vulnerability of a disease 

situation towards rejection/ acceptance of the diet suggestion 

• Confident responsible member of Healthcare team (HCT) as decision maker 

Suggested Reading 

• Cataldo CB, De Brayae LK and Whitney EN. 2012. Nutrition and Diet 
th 

Therapy. 6 Edn.,Wadsworth/Thomson Learning Inc. 

• Kathleen ML and JL Raymond. 2016. Krause’s Food and the Nutrition Care 

Process. 14th Edition, Saunders, Philadelphia. 

• Mazur EE and Litch NA. 2018. Lutz’s Nutrition and Diet Therapy. 7th Edition, 
F.A. Davis Company, Philadelphia. 

th 
• McIntosh SN. 2016. Williams’ Basic Nutrition and Diet Therapy. 15 

Mosby, Maryland. 

Edition, 

• Schlenker E and Gilbert JA. 2014. Williams’ Essentials of Nutrition and Diet 
th 

Therapy. 11 edition, e- book. 
th 

• Srilakshmi B. 2019. Dietetics. 8 Edition, New Age Internatioanal Publisher. 
st 

• Skipper A. 2008. Advanced Medical Nutrition Therapy Practice. 1 Edition, 

Jones & Bartlett Learning, Burlington, Massachusetts. 
• Ross AC, Caballero B, Cousins RJ, Tucker KL and Ziegler TR. 2012. Modern 

th 
Nutrition in Health and Disease. 11 Edition, LWW, Philadelphia. 

• Whitney E, DeBruyne LK, Pinna K and Rolfes SR. 2011. Nutrition for Health 

and Health Care. 4th Edition. 

• https://www.nutritionintl.org 

• https://www.hsph.harvard.edu/nutritionsource 

• https://www.nutrition.org.uk 

• http://www.nutritioncare.org 

http://www.nutritionintl.org/
http://www.hsph.harvard.edu/nutritionsource
http://www.nutrition.org.uk/
http://www.nutritioncare.org/
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Weekly Lecture Schedule  

Duration 
(week) 

Topic 

1 New concepts in dietary management of various disorders and 
diseases, protocols for dietary management 

2 Importance and scope of diet therapy. Role of dietician in a 
health care team in hospital and community 

3 Newer concepts in dietary management of fevers and infections 

4 Dietary management during burns and allergies 

5 Dietary management during gastrointestinal disorders 

6 Dietary management during liver diseases 

7 Dietary management during obesity 

8 Dietary management during hypertension and cardiovascular 
diseases 

9 Dietary management during diabetes 

10 Dietary management during renal disorders 

11 Dietary management cancer and HIV 

12 Nutrition in critical care 

13 Nutrigenomics and nutraceuticals 

14 Health foods and supplements 

15 Dietary recommendations for blood donors 

16 Nutrients and drug interaction 

 

Course Code : FN 505 

Course Title : Nutrition and Physical Fitness 

Credit Hours : 3 (2+1) 

 
Rationale 

Physical fitness is a state of health and well-being and more particularly, the capacity to 

perform satisfactorily in occupations, daily chores and sports. It is generally achieved 

through proper nutrition, physical exercise and rest. Physical fitness is considered as a 

measure of body‘s ability to function efficiently and effectively in work and leisure 

activities, to be healthy and to resist diseases and to meet emergency situations. 

Aim of the course 

• To provide both theory and practical exposure to understand the concept of 
physical fitness 

• To incorporate recent techniques of body composition and energy metabolism 

to ascertain the nutritional stature 

• To equip the students with the knowledge and capacity to identify, evaluate and 

evolve ways in addressing various aspects of physical fitness. 

Theory 

Unit I: Physical fitness and body composition 

Overview of nutritional management vis-à-vis body composition and physical 

fitness; Techniques to assess physical fitness; Body composition in different 

physiological conditions and factors affecting it; Methods of measuring body 

composition. 

Unit II: Energy balance 

Energy metabolism; Factors influencing energy metabolism and physical fitness; 

Techniques to measure energy expenditure and energy intake. 
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Unit III: Sports nutrition 

Requirement of nutrients for specific sports events; Exercise physiology and 

biochemistry; Nutrition support before, during and after sports event; Water and 

electrolyte requirement during exercise and their role in performance; Ergogenic 

aids; Definition, types and dosage; Doping: Definition, types and consequences; 

Muscle physiology for performance and fitness; Biomechanics; Physiological 

testing for fitness and performance; Strength, flexibility, anaerobic power and 

cardio respiratory fitness. 

Unit IV: Nutrition and ageing 

Role of nutraceuticals in fitness; Ageing theories; Physiology, mechanism and 

role of nutrients in arresting ageing process. 

 
Practicals 

1-4. Planning diets for general fitness 

5-12. Planning and preparation of diets for different sports categories 

13-14. Planning nutritional requirements for sports injuries 

15. Visit to a sports academy 
16. Visit to established fitness centres 

Teaching Methods/ Activities 

• Lectures 

• Assignment (Writing/Reading) 

• Student presentation 

• Group activities 

• Case studies 

• Hands on training 

Learning Outcome 

On completion of this course, the students will be able to handle responsibilities as: 
• Physical fitness educator/ Adviser 

• Utilize methods and techniques for vulnerability assessment as per need of the 
situation 

• Experts in Healthcare Team and fitness centres 

Suggested Reading 
nd 

• Benardot D. 2005. Advanced Sports Nutrition. 2 

Publishers, Champaign, IL. 

Edition, Human Kinetics 

• Baumgartner R. 2006. Body Composition in Healthy Aging. Annals of the New 

York Academy of Sciences. 

• FAO. 2004. Human Energy Requirements. -Report of a Joint FAO/WHO/UNU 

Expert Consultation. Technical Report Series 1. Food and Agriculture 

Organization, Geneva. 

• Geetanjali B and Subhadra M. 2018. Nutritional Guidelines for Sportspersons. 

Jaypee Health Books Publishers. 

• Geissler C and Powers H. 2009. Fundamentals of Human Nutrition. Churchill 

Livingstone, London. 

• Ross AC, Caballero B, Cousins RJ, Tucker KL and Ziegler TR. 2012. Modern 

Nutrition in Health and Disease. Eleventh Edition, LWW, Philadelphia. 

• Srilakshmi B, Suganthi V and Kalaivani C Ashok. 2017. Exercise Physiology 
Fitness and Sports Nutrition. New Age International Publishers. 

• https://www.who.int 

http://www.who.int/
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• https://www.hsph.harvard.edu/nutritionsource 

• http://www.nutritioncare.org 

Weekly Lecture Schedule  

Duration 
(week) 

Topic 

1 Concept   of   physical fitness, recent   techniques   of   body 
composition and energy metabolism 

2 Overview of nutritional management vis-à-vis body 
composition and physical fitness 

3 Methods of measuring body composition 

4 Body composition in different physiological conditions and 
factors affecting it 

5 Techniques to assess physical fitness 

6 Energy metabolism. Factors influencing energy metabolism and 
physical fitness 

7 Techniques to measure energy expenditure and energy intake 

8 Requirement of nutrients for specific sports events 

9 Exercise physiology and biochemistry 

10 Nutrition support before, during and after sports event 

11 Water and electrolyte requirement during exercise and their role 
in performance 

12 Ergogenic aids: Definition, types and dosage 

13 Doping: Definition, types and consequences. Muscle 
physiology for performance and fitness 

14 Biomechanics. Physiologic testing for fitness and performance 

15 Strength, flexibility, anaerobic power and cardio respiratory 
fitness Role of nutraceuticals in fitness 

16 Ageing theories Physiology, mechanism and role of nutrients in 
                           arresting ageing process  

 
Course Code : FN 506 

Course Title : Developments in Nutrition and Immunity 

Credit Hours : 2 (2+0) 

 
Rationale 

Immunity is the capability of multi-cellular organism to resist harmful microorganisms 

from entering it. Good nutrition is essential to build a strong immune system which offers 

protection from seasonal illness (flu, cold) and other health problems (arthritis, allergies, 

abnormal cell development, etc.) Students with a good knowledge about role of nutrition 

in boosting a strong immune system in population will be able to reduce risk factors 

arising of malnutrition and infection. 

Aim of the course 

• To impart knowledge about role of various macro and micronutrients along with 

prebiotics, probiotics and phytochemicals in improving immune systems in the 

population 

• To induce understanding about nutrition and immunity in disease management in 

age- sex groups across all physiological stages. 

Theory 

Unit I: Immunity and macronutrients 

http://www.hsph.harvard.edu/nutritionsource
http://www.nutritioncare.org/
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Immunity: definition and history; Classification of immunity and immunological 

responses; Role of nutrients in immune functions- Carbohydrates, fat and protein; 

Effect of arginine, glutamine, sulphur amino acids and omega-3 fatty acids on 

immune system. 

Unit II: Immunity and micronutrients 

Effect of deficiency and excess of vitamins and minerals on immune cell 

functions; Effect of malnutrition on immunity; Infections and undernutrition – 

causes and consequences and role of immunization. 

Unit III: Nutrition during infections 

Age related immune depression; Role of nutraceuticals and functional foods in 

immune system; Nutrition, HIV/AIDS and Tuberculosis. 

Unit IV: Immunity and chronic diseases 

Nutritional immunity and chronic diseases; Probiotics, prebiotics, 
phytochemicals and immunity; Food allergy. 

Teaching Methods/ Activities 

• Lectures 

• Assignment (Written/Reading) 

• Students‘ presentations 

• Group discussion 

Learning Outcome 

Completion of the course will enable the students to: 
• Understand underlying causes of poor immune system 

• Appreciate the scientific foundation for better management of risks associated 

with poor nutrition and immunity 

• Act as confident members in healthcare teams 

• Utilize information for publication/ education 

Suggested Reading 

• Calder P and Yaqoob P. 2013. Diet, Immunity and Inflammation. Woodhead 
Publishing Ltd. Cambridge. 

• Gershwin ME, German JB and Keen CL. 2000. Nutrition and Immunology – 

Principles and Practice. Humana Press Inc. New York. 

• Gershwin ME, Nestel P and Keen CL. 2004. Handbook of Nutrition and 

Immunity. Humana Press Inc. New York. 

• Ivan M Roitt and Peter J Deves. 2004. Essential Immunology. Blackwell 

Science Ltd 

• Pammi M, Vallejo JG and Abrams SA. 2016. Nutrition-Infection Interactions 

and Impacts on Human Health. CRC Press, Boca Raton, Florida. 

• Philip C Calder and Anil D Kulkarni. 2017. Nutrition, Immunity, and Infection. 

CRC press, London 

• Shetty PS. 2010. Nutrition, Immunity and Infection. CABI Publishers, 

Oxfordshire, UK. 

• https://www.nutritionintl.org 

• https://nutrition.org 

• https://www.icmr.nic.in 

Weekly Lecture Schedule 
 

Duration 
(week) 

Topic 

1 Role of nutrients in maintaining and improving the immunity of 

http://www.nutritionintl.org/
http://www.icmr.nic.in/
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 individuals 

2 Immunity: definition, history and classification of immunity 
and immunological responses 

3 Role of nutrients in immune functions- Carbohydrates, fats and 

proteins 

4 Effect of arginine, glutamine, sulphur amino acids and omega-3 
fatty acids on immune system 

5 Effect of deficiency and excess of vitamins and minerals on 
immune cell functions 

6 Effect of malnutrition on immunity 

7 Infections and undernutrition 

8 Causes and consequences and role of immunization 

9 Age related immune depression 

10 Role of nutraceuticals and functional foods in immune system 

11 Nutrition in HIV/AIDS 

12 Nutrition in Tuberculosis 

13 Nutrition, immunity and chronic diseases 

14 Probiotics, prebiotics and immunity 

15 Phytochemicals and immunity 

16 Food allergy 
 

Course Code : FN 507 

Course Title : Clinical Nutrition 

Credit Hours : 3 (2+1) 

 
Rationale 

Clinical nutrition is nutrition of patients in Health care and refers to the 

management of patients. It incorporates primarily the scientific fields of nutrition and 

dietetics. Knowledge of striking a positive energy balance in patients along with 

providing sufficient amount of other nutrients such as proteins, vitamins, minerals is 

the basis of patient‘s Health Care Management. 

Aim of the course 

• To provide both theoretical and applied knowledge on the subject of clinical 

nutrition for better management of diseases 

• To approach various areas of nutrition from a multidisciplinary perspective - 
biochemical, physiological, pathological and regulatory 

• To equip the students to identify the inter-relationship, etiology and 

management techniques to a specific disease situation including in patients 

―medical nutrition therapy‖ understanding to induce situational improvement of 

health. 

Theory 

Unit I: Macronutrients 

Methods for estimating requirements and recommended allowances of energy, 

protein, minerals and vitamins for different age groups and physiological state; 

Growth studies; Depletion and repletion studies; Nutrient balance studies; Use 

of isotopically labelled nutrients: Nutrient turnover; Obligatory losses of 

nutrients; National and international recommendations on Nutrient 

Requirements; Recommendations for Indian by the Indian Council of Medical 

Research; FAO/ WHO expert committee recommendations; Nutrient 
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interrelationship; therapeutic measures of protein energy malnutrition; 

Adaptation and chronic energy deficiency; Regulatory processes in chronic 

energy deficiency; Protein and amino acid turnover; Regulation of amino acid 

metabolism; Disposal of dietary amino acids and roles of specific organs. 

Unit II: Micronutrients 

Interrelationship, etiology and preventive measures of vitamin and mineral 

deficiencies toxicities; Adverse effects of Vitamins and minerals; Upper tolerable 

levels; Principles and interpretation of clinical laboratory methods with particular 

emphasis on their interpretation relative to nutritional status and disease; 

interaction between nutrients, infections and drugs; Functional tests of 

malnutrition; Nutritional assessment tools in clinical decision making. 

Unit III: Nutritional support during disease 

Nutritional support, enteral tube feeding, parenteral nutrition, drugs and enteral 

feeding; Special considerations with nutritional support; Nutrition in surgery 

and trauma; The stress response to trauma on metabolism; Nutrition support in 

critically ill patient; Guidelines for use of formula feeds and calculation. 

Unit IV: Therapeutic nutrition 

Nutrition in GI Diseases; Celiac disease, inflammatory bowel disease, 

Assessment of liver function - nutritional management in liver disease, acute and 

chronic pancreatitis, severity scores, nutritional aspects of disease affecting the 

skeleton, diagnostic imaging, biochemical assessment; Acute and chronic renal 

failure, nephrotic syndrome, transplantation; Diet and hypertension, stroke, 

peripheral vascular disease, and chronic heart failure; Wasting syndrome in 

cancer; Impact of radiation and chemotherapies; Nutritional support on clinical 

outcomes. 

Practicals 

1-4. Visit to critical care wards in hospitals for familiarizing with enteral and 

parenteral feeding methods. 

5. Handling and deciphering the medical case sheets. 

6-9. Planning enteral feeding, critical care nutritional requirements for different 

clinical conditions 

10-11. Calculating energy, protein, fat and micronutrients after nutritional 

assessment. 

12-13. Presenting case studies of medical cases 

14-15. Survey of various enteral feed formulations for different clinical 
conditions 

16. Report writing 

Teaching Methods/Activities 

• Lectures 

• Assignment (writing/reading) 

• Students‘ presentation 

• Group activities 

• Case studies in medical setup. 

• Hands on training 

Learning Outcome 

After successful completion of this course, the students will be able to 

• Appreciate scientific understanding of the clinical situation of a patient and 

suggesting complementary nutrition therapy for its management 

• Utilize methods and tools related to nutrition assessment and advocacy 
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strategies along with Health Care Team 

• Utilize knowledge for scientific Publication 

• ―Care Education‖ for target groups 

• Utilize the knowledge to act as technical expert in R&D projects 

Suggested Reading 

• Connie WB and Christine SR. 2016. Handbook of Clinical Nutrition and 

Ageing. Humana Press. 

• FAO. 2004. Human Energy Requirements - Report of a Joint FAO/WHO/UNU 

Expert Consultation. Technical Report Series 1. Food and Agriculture 

Organization, Geneva. 

• Gibney MJ, Macdonald IA and Roche HM. 2011. Nutrition and Metabolism. 

Wiley-Blackwell Publishing Company, Boston. 

• Gibney MJ, Elia M, Ljungqvist O and Dowsett J. 2013. Clinical Nutrition. 

Wiley-Blackwell Publishing Company, Boston. 

• Heimburger DC and Ard JD (2006) Hand Book of Clinical Nutrition. Mosby 

Pub. 
nd 

• Joshi YK. 2009. Basics of Clinical Nutrition. 2 

Medical Publishers Private Limited, New Delhi. 

Edition, Jaypee Brothers 

• Macdonald IA and Michael J Gibney MJ. 2011. Nutrition and Metabolism. 

Wiley-Blackwell Publishing Company, Boston. 
• Narasinga Rao BS and Sivakumar B. 2010. Nutrient Requirements and 

nd 
Recommended Dietary Allowances. 2 Edition, National Institute of Nutrition, 

Hyderabad. 

• Marian M and Susan R. 2009. Clinical/Nutrition for Oncology Patients. Jones 

and Bartlett Pub. 

• Scott AS and George LB. 1997. Nutrition Support-Theory and Therapeutics. 

Chapman and Hall Series, International Thomson Publications. 

• Sharon RR , Kathryn P and Whitney E. 2017. Understanding Normal and 

Clinical Nutrition. Cengage Learning. 

• Width M and Reinhard T. 2017. The Essential Pocket Guide for Clinical 

Nutrition. LWW Pub. 

• Wayne EB. 2005. Clinical Nutrition Case Studies. Cengage Learning. 

• Vishwanath S. 2017. Introduction to Clinical Nutrition. CRC Press. 

• http://www.nutritioncare.org 

• https://nutrition.org 

• http://www.nutritionlink.org/ 

Weekly Lecture Schedule  

Duration 
(week) 

Topic 

1 Methods for estimating requirements and recommended 

allowances of energy, protein, minerals and vitamins for 
different age groups and physiological state 

2 Growth studies. Depletion and repletion studies. Nutrient 
balance studies 

3 Use of isotopically labelled nutrients: Nutrient turnover. 

Obligatory losses of nutrients 

4 National and international recommendations on nutrient 
requirements. Recommendations for Indian by the Indian 

http://www.nutritioncare.org/
http://www.nutritionlink.org/
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 Council of Medical Research. FAO/ WHO expert committee 
recommendations 

5 Nutrient interrelationship; therapeutic measures of protein 

energy malnutrition. Adaptation and chronic energy deficiency. 
Regulatory processes in chronic energy deficiency 

6 Protein and amino acid turnover. Regulation of amino acid 

metabolism. Disposal of dietary amino acids and roles of 
specific organs 

7 Interrelationship, etiology and preventive measures of vitamin 

and mineral deficiencies toxicities. Adverse effects of vitamins 
and minerals. Upper tolerable levels 

8 Principles and interpretation of clinical laboratory methods with 

particular emphasis on their interpretation relative to nutritional 

status and disease; interaction between nutrients, infections and 
drugs 

9 Functional tests of malnutrition. Nutritional assessment tools in 
clinical decision making 

10 Nutritional Support, Enteral tube feeding, Parenteral nutrition, 
drugs and enteral feeding 

11 Special considerations with nutritional support, Nutrition in 

surgery and trauma. The stress response to trauma on 
metabolism 

12 Nutrition support in critically ill patient. Guidelines for use of 
Formula feeds and calculation 

13 Nutrition in GI Diseases, celiac disease and inflammatory 

bowel disease. Assessment of liver function-nutritional 

management in liver disease, acute  and chronic pancreatitis, 

Severity scores 

14 Nutritional aspects of disease affecting the skeleton. Diagnostic 

imaging, biochemical assessment. The Kidney- Acute, chronic 
renal failure, Nephrotic syndrome, transplantation 

15 Diet and hypertension, stroke, peripheral vascular disease and 
chronic heart failure 

16 Wasting syndrome in cancer. Impact of radiation and 
                           chemotherapies. Nutritional support on clinical outcomes  

 

Course Code : FN 508 

Course Title : Nutrition Counselling 

Credit Hours : 2 (0+2) 

 
Rationale 

Nutrition counselling is an ongoing process in which nutrition professional works 

with an individual to assess his/her usual dietary intake to support growth, development 

and maintenance conducive to good health in normal and ailing conditions. As 

counsellor, it requires high skill in communication, subject knowledge and understanding 

the client‘s socio-eco- cultural background to offer curative/ preventive nutritional 

advice. 

Aim of the course 

• To provide ample hands on training to develop skills in communication, 

application of subject knowledge and understanding client‘s need and offer 
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curative/ preventing dietary plan in medical or non-medical set-ups 

• Tol approach the counselling techniques from and multidimensional perspective 

i.e. personal, medical, socio-eco cultural good habits and causative factors that 

contribute to the development of situations affecting normal health of population 

• To create effective nutrition counsellors for addressing health and nutritional 

challenges of population. 

Practicals 

1-2. Development of resources and dietary guidelines for counselling 

3-4.  Procedures of nutritional counselling in clinical practice 

5-12.  Preparing nutritional and dietary care plans for individuals and groups 

13-16. Records required for follow up study, group discussion and motivation 

as tools to 

bring attitudinal changes in food selection and preparation 

17-18. Exercises on writing scientific facts in simple manner for the people 

19-22. Diet campaigns, exhibitions, demonstrations and workshops 

23-28. Setting up counselling unit. Counselling in outpatient wards in local 

hospitals 

29-30. Simulation techniques for counselling in selected settings 

31-32. Use of dietary apps for counselling and assessing food intake 

Teaching Methods/ Assignments 

• Hands on training 

• Group activities 

• Project planning and report writing 

• Case studies 

Learning Outcome 

After successful completion of this practical course, students will be able to: 
• Act as confident nutrition counsellor in given setup 

• Utilize methods and techniques to correct nutrition related health problems and 
suggest adaptive strategies in the context of social milieu 

• Utilize the scientific knowledge for benefit of the community through 

population education/ publication 

• Act as resource person in handling R&D projects 

Suggested Reading 

• Aronson V. 1989. The Dietetic Technician-Effective Nutrition Counselling. 

John Wiley and Sons Florida. 

• Betsy H and Judith BA. 2014. Nutrition Counselling and Education Skills for 
th 

Dietetics Professional. 6 Edition, LWW, Philadelphia. 

• Devito JA. 2015. Human Communication: The Basic Course. Pearson, New 

York. 

• Gable J. 2016. Counselling Skills for Dietitians. John Wiley and Sons Florida. 

• Kathleen DB, Doreen Land Carol AS. 2001. Basic Nutrition Counselling Skill 

Development. Brooks Cole Pub. 

• Kathleen DB, Doreen L and Carol AS. 2014. Nutrition Counselling and 

Education Skill Development. CENGAGE Learning Custom Pub, USA. 
• King K and Klawitter B. 2007. Nutrition Therapy. Advanced Counselling Skills. 

rd 
3 Edition, LWW, Philadelphia. 
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th 
• Mahan LK and Escott S. 2016. Krause’s Food & Nutrition Therapy. 14 

Edition, Saunders, Philadelphia. 

• Midwinter R and Dickson J. 2015. Embedding Counselling and Communication 

Skills - A Relational Skills Model. Routledge. 
• Snetselaar L. 2009. Nutrition Counselling Skills for the Nutrition Care Process. 

th 
4 Edition Jones Bartlett Publishers, Sudbury, Massachusetts. 

• https://nutrition.org 

• http://www.nutritionlink.org 

• http://www.fao.org/docrep/X2550E/X2550e04.htm 

 

Course Code : FN 509 

Course Title : Food Safety and Standards 

Credit Hours : 3 (2+1) 

 
Rationale 

Food safety involves the prevention of the adverse effects of chemical substances 

of food on human beings and means to overcome toxic effect through appropriate 

processing techniques. It is important to derive maximum benefits of consumed food as 

far as practicable toxin free. 

Aim of the course 

• To provide both theoretical and practical exposure to the students on the subject 

of food safety including types of toxin and methods of removal of these in terms 

of human health 

• To approach the related topics ranging from types, causative factors, signs and 

symptoms of food toxicity, removal and potential containments 

• To induce sufficient knowledge regarding national and international food safety 

standards. 

Theory 

Unit I: Xenobiotics 

Toxicologically relevant principles of the cell and molecular biology; Dynamics 

and kinetics of xenobiotics; Environmental pollutants entering the food chain. 

Unit II: Food poisoning 

Introduction and significance of food toxicology; Food poisoning – types, 

causative factors, signs and symptoms and preventive measures; Naturally 

occurring food toxins, their harmful effects and methods of removal. 

Unit III: Microbial and chemical toxins 

Microbial toxins and food intoxication – source of contamination, effects on 

health, preventive measures and methods of inactivation and destruction; 

Chemical toxins – pesticides, insecticides, metallic and others and their residual 

effects, preventive measures and methods of removal. 

Unit IV: Food safety laws and standards 

Food packaging material – Potential contaminants from food packaging material; 

Food safety laws and standards: FSSAI, FPO, ISI, Agmark, Codex Alimentarius, 

ISO mark for vegetarian and non-vegetarian foods, eco-friendly products and 

others in operation. 

Practicals 

1-2. Basic chemical diagnostics of poisonings based on the samples from 

http://www.nutritionlink.org/
http://www.fao.org/docrep/X2550E/X2550e04.htm
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dead 

animal‘s organs and feed 

3-7. Methods of identification and quantification of poisons isolation from 

biological materials 

8-9. Principles of sampling and sending biological materials for toxicological 

analysis 

10. Basis of intravital laboratory diagnostics of acute and chronic 

poisonings 

11. Evaluation of toxic effects concerning the degree and the time of 

exposure to a xenobiotic 

12-13. The determination of cholinesterase activity in the whole blood, in blood 

plasma and in red blood cells after the exposure to organophosphate and 

carbaminate insecticides 

14. Evaluation of the effect of an antidote 
15. Identification of nitrite and nitrate in water and in vegetables 

16. Evaluation of nitrite and nitrate effect on haemoglobin. 

Teaching Methods/ Activities 

• Lectures 

• Assignment (Writing/Reading) 

• Group activities 

• On field case identification and analysis 

• Hands on training 

Learning Outcome 

Successful completion of this course will enable the students to: 

• Be an expert on the subject relating key learnings as food safety officer/ 

extension worker/ food inspector 

• Utilize learning in scientific Publications/ population education 

Suggested Reading 

• Concon JM. 2000. Food Toxicology- Principles and Concepts - Part A and B. 

Marcel-Dekker Inc. New York. 

• Helferich W and Winter CK. 2001. Food Toxicology. CRC Press, Boca Raton, 

Florida. 

• Pussa T. 2013. Principles of Food Toxicology. CRC Press, Boca Raton, Florida. 

• Timbrell J. 2001. Introduction to Toxicology. 3rd Edition, Informa, London. 

• Vought JB and Henderson MK. 2000. Principles of Sampling and Sending 

Biological Materials for Toxicological Analysis - Unit II Biomarkers Practical 

Aspects. IARC publication, WHO, Geneva. 

• https://www.fssai.gov.in 

• http://www.fda.gov/food/default.htm 

Weekly Lecture Schedule  

Duration 
(week) 

Topic 

1 Toxicologically relevant principles of the cell and molecular 
biology 

2 Dynamics and kinetics of xenobiotics 

3 Environmental pollutants entering the food chain 

4 Introduction and significance of food toxicology 

5 Food poisoning – types and causative factors 
6 Food poisoning- signs and symptoms and preventive measures 

http://www.fssai.gov.in/
http://www.fda.gov/food/default.htm
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7 Naturally occurring food toxins, their harmful effects 

8 Naturally occurring food toxins- methods of removal 

9 Microbial toxins and food intoxication – source of 
contamination and effects on health 

10 Microbial toxins and food  intoxication- preventive  measures 
and methods of inactivation and destruction 

11 Chemical toxins – pesticides, insecticides, metallic and others 
and their residual effects 

12 Chemical toxins – Preventive measures and methods of removal 

13 Food packaging material- Potential contaminants from food 
packaging material 

14 Food laws and standards: FPO and ISI 

15 Agmark, Codex Alimentarius and ISO 

16 Mark for vegetarian and non-vegetarian foods, eco-friendly 
                           products and others in operation  

 

Course Code : FN 510 

Course Title : Nutritional Challenges in Life Cycle 

Credit Hours : 3 (3+0) 

 
Rationale 

Nutrition is crucial for the fulfilment of human rights especially those of the most 

vulnerable groups i.e. infants, children less than 5 years of age, girls and women who 

constitute the foundation of human development and national prosperity. Knowing the 

nutritional challenges during various stages of life cycle can reduce susceptibility to 

infection, morbidity, disability and mortality, thereby, enhancing cumulative lifelong 

learning capacities and adult productivity. 

Aim of the course 

• To give an exposure to the students with an in-depth basic knowledge regarding 

nutritional challenges of vulnerable groups during various stages of life cycle 

• To approach the areas from various angles like nutritional needs of fetus, mothers 

(expectant and lactating), adolescents, adults and geriatrics in terms of cognitive 

learning abilities and to remain healthy and productive 

• To equip students to identify, evaluate and evolve management techniques to 

address nutritional challenge. 

Theory 

Unit I: Importance of maternal nutrition 

Nutritional needs during first 1000 days; Influence of maternal nutritional status 

on outcome of pregnancy: birth weight of infant and lactation performance. 

Unit II: Human milk 

Psycho-physiology of lactation; Milk synthesis and secretion; Maternal needs 

during lactation; Composition of colostrum and mature human milk; Milk of 

mothers of preterm babies; Milk of animal and formula feeds; Non-nutritional 

factors of human milk - immunological factors, enzymes and hormones; Human 

milk banking. 

Unit III: Nutrition during childhood, adolescence and adulthood 

Nutritional needs of the children and adolescents; Common childhood ailments 

and dietary considerations; Growth spurt and nutrition; Adolescent fads 

influencing nutrition, food preferences and nutritional problems; Nutritional 
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requirements in adulthood; Malnutrition, mental development, learning abilities 

and behavior. 

Unit IV: Geriatric nutrition 

Overview of ageing process; Nutritional variables related to the ageing process; 

Physiology of aging; Biological markers of aging; Sociology of aging; Nutritional 

requirements and deficiencies in elderly; Medications and psychiatric problems 

in elderly; Immunopathological diseases and aging; Parkinson and Alzheimer 

syndrome; Care of the elderly; Care-givers and community services. 

Teaching Methods/ Activities 

• Lectures 

• Assignment (Writing/Reading) 

• Student presentation 

• Group activities 

Learning Outcome 

Successful completion of this course will enable the students to 

• Appreciate the scientific understanding of mitigating nutritional challenges and 

relating key learning as professional expert in the area 

• Utilize methods and hand tools for vulnerability assessment and designing 

adaptation strategies 

• Utilize knowledge in scientific publication/ population education 

• Be an expert in community health and R&D projects 

Suggested Reading 
nd 

• Bales CW, Ritchie CS. 2013. Handbook of Clinical Nutrition and Aging. 2 

Edition, Springer Science & Business Media, Humana Press Inc. New York. 
• Cataldo CB, De Brayae LK and Whitney EN. 2012. Nutrition and Diet 

th 
Therapy. 6 Edn., Wadsworth/Thomson Learning Inc. 

• Chernoff R. 2003. Geriatric Nutrition: The Health Professional’s Handbook. 
nd 

2 Edition, Jones & Bartlett Learning, Burlington, Massachusetts. 
th 

• Kleinman RE. 2008. Paediatric Nutrition Handbook. 6 Edition, American 

Academy of Paediatrics Committee on Nutrition. 

• Sachdev HPS and Choudhury P. 2004. Nutrition in Children - Developing 

Country Concerns. B I Publications. 
• Schlenker E and Gilbert JA. 2014. Williams‘ Essentials of Nutrition and Diet 

th 
Therapy. 11 Edition, e- book. 

th 
• Sharbaugh C and Brown JE. 2013. Nutrition Through the Life Cycle. 5 

Edition, Wadsworth Co Inc. Belmont, CA. 
th 

• Srilakshmi B. 2019. Dietetics. 8 Edition, New Age Internatioanal Publisher. 

• Whitney E, DeBruyne LK, Pinna K and Rolfes SR. 2011. Nutrition for Health 
and Health Care. 4th Edition. 

• World Health Organization. 2005. WHO Library Cataloguing-in-Publication 

Data. Nutrition in Adolescence –Issues and Challenges for the Health Sector. 

WHO, Geneva. 

• https://www.who.int 

• http://www.nutritionlink.org 

http://www.who.int/
http://www.nutritionlink.org/
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• https://www.icmr.nic.in 

Weekly Schedule  

Duration 
(week) 

Topic 

1 Nutritional needs of the foetus during different stages of fetal 
cell growth 

2 Maternal nutritional needs 

3 Influence of maternal nutritional status on outcome of 

pregnancy: birth weight of infant and lactation performance 

4 Psycho-physiology of lactation. Milk synthesis and secretion 

5 Maternal needs during lactation 

6 Composition of colostrum and mature human milk. Milk of 
mothers of preterm babies. Milk of animal and formula feeds 

7 Non-nutritional factors of human milk -immunological factors, 
enzymes and hormones 

8 Human milk banking 

9 Nutritional needs of the children and adolescents 

10 Common childhood ailments and dietary considerations 

11 Growth spurt   and   nutrition.   Adolescent   fads   influencing 
nutrition, food preferences and nutritional problems 

12 Nutritional requirements in adulthood. Malnutrition, mental 
development, learning abilities and behaviour 

13 Overview of ageing process. Nutritional variables related to the 

ageing process. Physiology of aging. Biological markers of 
aging. Sociology of aging 

14 Nutritional requirements and deficiencies in elderly. 
Medications and psychiatric problems in elderly 

15 Immuno-pathological diseases and aging. Parkinson and 
Alzheimer syndrome 

16 Care of the elderly. Care-givers and community services 

 

Course Code : FN 511 

Course Title : Food Science 

Credit Hours : 3 (2+1) 

 
Rationale 

Food is an integral part of everyone‘s life. This course will empower the students 

to understand the science factors of food, effects of different processing methods on its 

nutritional qualities and how to conserve nutrients to the best benefits of the consumers. 

Aim of the course 

• To expose the students in understanding the changes in foods during various 

processing methods in laboratory setups 

• To equip the students in understanding the desirable and undesirable effects of 

food treatments and identify the best ones for the benefit of consumers as food or 

trade. 

Theory 

Unit I: Evaluation of food 

Colloidal chemistry as related to foods; Evaluation of food by subjective and 

http://www.icmr.nic.in/
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objective methods. 

Unit II: Characteristics of sugars and starches 

Carbohydrates in foods sources; Characteristics of sugar; Starches - types, 

sources, uses and chemical characteristics; Factors effecting viscosity of starch 

paste; Characteristics of cellulose and pectin; Gums in foods; Effect of cooking 

and processing techniques on carbohydrates; Batters and dough- types, 

properties. 

Unit III: Processing of cereals, legumes and animal foods 

Preparation of gluten structure; Dough changes in baking; Protein in foods: Plant 

and animal protein; Chemical and physical properties related to protein foods; 

Effect of cooking and processing techniques on animal foods – meat, fish, 

poultry, eggs, milk and milk products; Effect of cooking and processing of plant 

foods – cereals, millets, legumes, nuts and oilseeds; 

Unit IV: Processing of fruits and vegetables 

Classification and importance of fruits and vegetables; Composition of fruits and 

vegetables. Effect of cooking and other processing methods on the nutritive value    

of fruits and vegetables; Food pigments; Browning reactions in fruits and 

vegetables; Classification and importance of beverages; Definition, classification, 

uses and legal aspects of food additives; Classification, nature and uses of 

leavening agents. 

Practicals 

1. Microscopic structure of different starch granules 
2. Evaluation of food by subjective and objective methods 

3-4. Changes in colour, texture and flavour of foods due to processing 

5. Product preparation using leavening agents 

6. Physicochemical evaluation of grains like length, breadth, L/B ratio, 
bulk density, cooking properties, 1000 grains weight 

7. functional properties of grains - gelatinization, water absorption 

capacity, oil retention capacity and water retention capacity 

8-9. Sugar cookery 

10. Smoking temperature of fats and oils 

11. Factors effecting absorption of fats 

12. Deep fat fried food preparation 

13. Changes in cookery- meat, fish, poultry 

14. Coagulation of egg, poached egg, omelette, custard, cake 

15. Emulsion - mayonnaise preparation 

16. Soaking, germination and fermentation of pulses 

Teaching Methods/ Activities 

• Lectures 

• Assignment (Writing/Reading) 

• Students‘ presentation 

• Group activities 

• Hand on experience 

Learning Outcome 

After completion of this course, the students are expected to: 

• Appreciate the scientific foundation of food and its application to the benefits of 

human health 

• Perform as Food Analyst 

• Become Food Entrepreneurs 
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• Act as Health/ Nutrition advisor 

Suggested Reading 

• Belle Lowe. 2019. Experimental Cookery from the Chemical and Physical 

Standpoint. Facsimile Pub. 
th 

• Potter NN and Hotchkiss JH. 2007. Food Science. 5 
Delhi. 

Edition, CBS, New 

rd 
• Roday S. 2018. Food Science and Nutrition. 3 

Press, UK. 

Edition, Oxford University 
 

rd 

• Sharma A. 2005. Textbook of Food Science and Technology. 3 

New Delhi. 

Edition, CBS, 

• Stone H. 2004. Sensory Evaluation Practices (Food Science and Technology). 
rd 

3 Edition, Academic Press, Cambridge. 

• Subbalakshmi G and Udipi SA. 2006. Food Processing and Preservation. New 

Age 

International, New Delhi. 

• Sofia Jan. 2013. Elements of Food Science. New India Publishing Agency,New 
Delhi ISBN: 979-93-81450-24-6. 

th 
• Vaclavik VA and Christian EW. 2014. Essentials of Food Science. 4 

Springer- 

Verlag, New York. 

• https://www.ift.org 

• https://www.foodsciencematters 

• https://www.ifst.org 

Edition, 

Weekly Lecture Schedule  

Duration 
(week) 

Topic 

1 Colloidal chemistry as related to foods 

2 Evaluation of food by subjective and objective methods 

3 Carbohydrates in foods sources 

4 Characteristics of sugar 

5 Starches-types, sources, uses and chemical characteristics 

6 Factors effecting viscosity of starch paste 

7 Characteristics of cellulose and pectin. Gums in foods 

8 Effect of cooking and processing techniques on carbohydrates. 
Batters and dough- types, properties 

9 Preparation of gluten structure. Dough changes in baking 

10 Protein in foods: Plant and animal protein. Chemical and 
physical properties related to protein foods 

11 Effect of cooking and processing techniques in Animal foods – 
meat, fish, poultry, eggs, milk and milk products 

12 Effect of cooking and processing of plant foods – cereals, 
legumes, nuts and oilseeds 

13 Classification and importance of fruits and vegetables. 
Composition of fruits and vegetables 

http://www.ift.org/
http://www.ifst.org/
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14 Effect of cooking and other processing methods on the nutritive 
value of fruits and vegetables. Food pigments. Browning 
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 reactions in fruits and vegetables 

15 Classification and importance of beverages. Definition, 
classification, uses and legal aspects of food additive 

16 Classification, nature and uses of leavening agents 
 

Course Code : FN 512 

Course Title : Food Processing Technology 

Credit Hours : 3(2+1) 

 
Rationale 

Almost all foods consumed need processing from field to plate. While some processing 

is applicable to day- to- day life to consume safe and healthy foods, most of the perishable 

foods require special techniques to conserve nutrients alongside increasing shelf life. 

Knowledge of the subject is an integral part for food entrepreneurs. 

Aim of the course 

• To give exposure of the subject, with the newer techniques in food processing 

procedures ranging from preliminary steps to the packaging aspects of different 

foodstuff for safe consumption and business 

• To equip students to identify and application of processing methods suitable to 

meet the purpose of the consumer. 

Theory 

Unit I: Food processing techniques 

Principles underlying food processing operations including thermal, radiation, 

refrigeration freezing and dehydration; Effect of processing on physiochemical 

characteristics; Principles underlying pressure modified processing (high 

hydrostatic pressure, hyperbaric processing, vacuum cooling, hypobaric storage). 

Unit II: Processing technologies for plant foods 

Processing technology for preservation and production of variety food products 

during storage, handling and processing of cereals/millets and legumes, oilseeds, 

fruits and vegetables; Food preservation by Hurdle technology and canning 

technology. 

Unit III: Processing technologies for animal foods 

Processing technology for milk and milk products, egg, meat, poultry and fish, 

convenience foods and processed foods; Technologies underlying mutual 

supplementation, enrichment and fortification, fermentation, malting and 

germination; Food additives commonly used in food industries for colour, flavour 

and as preservatives; Nanomaterials as food additives. 

Unit IV: Quality control in food processing 

Quality control in food industry - raw materials and finished products; Waste 

management and sanitation in food industries; Packaging - self-cooling self- 

heating packaging, micro packaging, antimicrobial packaging and water-soluble 

packaging. 

Practicals 

1. Effect of blanching on enzymatic activity and volume occupation 
2. Effect of refrigeration and freezing on quality of fruits and vegetables 

3. Dehydration of fruits and vegetables 

4. Canning of fruits and vegetables 
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5-6. Preparation of fruit candy, squash, nectar, malt beverages and quality 

evaluation with respect to FPO 

8. Clarification of juice using various methods (chemical, enzyme and fining 

agents) 

8-9. Malting of green gram, moth bean- enzymatic activity determination 

10. Preparation of Paneer and curd and its quality evaluation 

11. Quality evaluation of egg and fish 

12. Effect of chemical preservation on storage quality of food (bread, cake). 

13. Storage of nuts and oil seeds under vacuum packaging 

14. Packaging of fruits and vegetables for transportation distance market using 

corrugated fibre boxes 

15. Transportation of fresh fruits and vegetables using cushioning system and fibre 

board 

16. Visit to food processing unit 

Teaching Methods/ Activities 

• Lectures 

• Assignment (Writing/Reading) 

• Group activities 

• Hands on training 

Learning Outcome 

This course will help students to 
• Utilize the scientific knowledge to become food processing entrepreneur 

• Utilize the acquired knowledge for being an expert in any Processing Unit 

• Assist in ascertaining quality control of a consumed food in any given situation 

Suggested Reading 

• Brennan JG. 2006. Food Processing Handbook. Wiley-VCH 

• Clark S, Jung S and Lamsal B. 2014. Food Processing - Principles and 
nd 

Applications. 2 Edition, Wiley-Blackwell Publishing Company, Boston. 

• Fellows PJ. 2000. Food Processing Technology. Woodhead Publishing Ltd. 
th 

• Fellows PJ. 2017. Food Processing Technology, Principles and Practice. 4 

Edition, Woodhead Publishing Ltd. Cambridge. 

• Hartel R W and Heldman D. 2012. Principles of Food Processing. Aspen 

Publishers Inc. New York. 

• Owens G. 2001. Cereals Processing Technology. Woodhead Publishing Ltd. 

• Sivshankar B. 2002. Food Processing and Preservation. Prentice-Hall of India 

Pvt. Ltd. Delhi. 

• Subbalakshmi. 2001. Food Processing and Preservation. New Age 

International Publishers, New Delhi. 

• Vaclavik V. 2018. Dimensions of Food. CRC Press. 

• https://www.ift.org 

• https://www.foodsciencematters 

• https://www.ifst.org 

Weekly Lecture Schedule 
 

Duration 
(week) 

Topic 

1 Principle underlying food   processing operations   including 
thermal, radiation, refrigeration, freezing and dehydration 

2 Effect of processing on physiochemical characteristics 

http://www.ift.org/
http://www.ifst.org/
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3 Principles underlying pressure modified processing (high 

hydrostatic pressure, hyperbaric processing, vacuum cooling, 

hypobaric storage) 

4 Processing technology for preservation and production of 

variety food products during storage, handling and processing 
of cereals, legumes and oilseeds 

5 Processing technology for preservation and production of fruits 
and vegetables 

6 Food preservation by Hurdle technology 

7 Food preservation by canning technology 

8 Processing technology for milk and milk products, egg, meat, 
poultry and fish 

9 Processing technology for convenience foods and processed 
foods 

10 Technologies underlying in mutual supplementation, 
enrichment and fortification 

11 Technologies underlying fermentation, malting and germination 

12 Food additives commonly used in food industries for colour, 
flavour and as preservatives 

13 Nanomaterials as food additives 

14 Quality control in food industry - raw materials and finished 
products 

15 Waste management and sanitation in food industries 

16 Packaging -  self-cooling self-heating  packaging, micro 

packaging,  antimicrobial packaging and water-soluble 
                           packaging  

 

 

Course Code : FN 513 

Course Title : Human Physiology 

Credit Hours : 3 (3+0) 

 
Rationale 

Physiology is the scientific study of the function and mechanism which work within a 

living system. Human Physiology seeks to understand the mechanisms that work to keep 

the human body alive and functioning through scientific enquiry to keep humans healthy 

and productive. Changes in Physiology in human can impact vital body functions. 

Aim of the course 

• To give theoretical concepts to complex physiological systems of the human body 

through scientific enquiry into the nature of mechanical, physical and 

biochemical function of humans, their organs and cells of which they are 

composed 

• To approach the subject area from variegated angles to equip the students with 

the knowledge of importance of normal and altered picture of biological markers 

and suggest remedies. 

Theory 

Unit I: Circulatory system 

Overview of anatomy and functions of human body; Reticuloendothelial 
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system- functions, classification; Lymphatic system- functions, circulation; 

Circulatory system- blood and composition blood cells, development and 

function of blood cells, blood clotting, blood grouping and haemoglobin, Heart 

- anatomy, cardiac cycle, blood pressure and factors affecting blood pressure. 

Unit II: Respiratory system 

Respiratory system- anatomy, physiology and mechanism of respiration, 

regulation of respiration; Digestive system- anatomy of gastrointestinal tract 

and accessory organs, digestion and absorption of food, regulation of appetite. 

Unit III: Excretory system 

Excretory system- anatomy and functions of kidney, formation, composition and 

excretion of urine; Endocrine glands, mode of action of hormones. 

Unit IV: Reproductive system 

Reproductive system- structure and functions of male and female reproductive 

organs; Anatomy and functions of nervous and musculoskeletal system. 

Teaching Methods/ Activities 

• Lectures 

• Assignment (Writing/Reading) 

• Students‘ presentation 

• Group activities 

Learning Outcome 

This course will help students to: 

• Apply knowledge in understanding interrelationship between physiology and 

nutrition. 

• Enable to act as a reliable team member in Healthcare team in medical and non- 

medical setups. 

• Apply the acquired techniques for population education 

 
Suggested Reading 

• Chaterjee CC. 2012. Human Physiology Vol. I and Vol. II. CBS Publications. 
• David F, Stacia BM and Charles LS. 1993. Human Physiology- Foundations 

nd 
and Frontiers. 2 Edn., Mosby Pub. 

• Donnersberger AB and Scott AL. 2005. Laboratory Textbook of Anatomy and 
th 

Physiology. 8 

Massachusetts. 

Edition, Jones and Bartlett Learning, Burlington, 
 

rd 

• Jain AK. 2009. Human Physiology for BD. 3 Edition, Avichal Publishing 

Company, New Delhi. 
th 

• Hall JE. 2016. Gayton and Hall Text Book of Medical Physiology. 13 

Elsevier India. 

Edition, 

th 
• Marieb EN. 2004. Human Anatomy and Physiology 6 

Education, Inc. London. 

Edition. Pearson 

• Waugh A and Grant A. 2014. Ross and Wilson Anatomy and Physiology in 
th 

Health and Illness. 6 Edition, Elsevier Ltd. Churchill Livinstone, London. 

• http://novella.mhhe.com/sites/0073525707/information_center_view0/custom_p 

ublishing_ primis.html 

• https://jsums.instructure.com/courses/2144344/pages/welcome-to-holes-human- 

http://novella.mhhe.com/sites/0073525707/information_center_view0/custom_publishing_
http://novella.mhhe.com/sites/0073525707/information_center_view0/custom_publishing_
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anatomy- and-physiology-11-slash-e 

Weekly Lecture Schedule  

Duration 
(week) 

Topic 

1 Overview of anatomy and functions of human body 

2 Reticuloendothelial system- functions, classification 

3 Lymphatic system- functions, circulation 

4 Circulatory System-   blood   and   composition   blood   cells, 
development and function of blood cells 

5 Blood clotting, blood grouping and haemoglobin 

6 Heart – anatomy and cardiac cycle 

7 Blood pressure and factors affecting it 

8 Respiratory system- anatomy and physiology 

9 Mechanism of respiration and its regulation 

10 Digestive system- anatomy of gastrointestinal tract and 
accessory organs 

11 Digestion and absorption of food, regulation of appetite 

12 Excretory system- anatomy and functions of kidney 

13 Formation, composition and excretion of urine 

14 Endocrine glands, mode of action of hormones 

15 Reproductive system- structure and functions of male and 
female reproductive organs 

16 Anatomy and functions of nervous and musculoskeletal system 

 

Course Code : FN 514 

Course Title : Institutional Food Service Management 

Credit Hours : 2 (1+1) 

 
Rationale 

Institutional food Service Management denotes the entities that provides meals at 

educational institutes, hospitals, care homes, hotels, public and private cafeteria, etc. 

Students equipped with updated knowledge in this area will help them to act as an expert 

to suggest quality food to the customer as per their needs. 

Aim of the course 

• To equip the students with the multi-dimensional knowledge associated with 

institutional food service in a given setup 

• To enable them in planning, execution and control of the management of 

institutes with ease and profit. 

Theory 

Unit I: Food service management 

Types of food services - organization and management. Tools of management; 

FSSAI and CODEX guidelines. 

Unit II: Record keeping 

Personnel management; Books, records and record keeping; Cost control in food 

services; Menu planning; HACCP. 

Unit III: Quantity food production 

Meal services management; Types of services; Quantity food production; 

Principles involved in development of recipes in large scale cooking; 

Standardization of recipes; Utilization of left-over foods. 
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Unit IV: Planning of food service unit 

Types of kitchens; Planning of layout and equipment for food services; Sanitation 

and hygiene in handling foods; Personnel hygiene and its importance; 

Organisation of spaces. 

Practicals 

1-2. Standardization of basic recipes: planning and preparation 
3. Modification in basic recipes 

4. Use of left-over foods 

5-6. Visit to different types of food service institutions and study the 

organization, physical plan and layout, food service equipment, 

sanitation and hygiene. 

7-10. Practical experience in organization and management of a college 

cafeteria/ hotels 

11-12. Setting of canteens with formal and informal table setting 

13. Scale production of standardised recipes 

14-15. Menu planning for snack bars, canteens, residential hostels and hospitals 

16. Cost analysis 

Teaching Methods/ Activities 

• Lectures 

• Assignment (Writing/Reading) 

• Students‘ presentation 

• Group activities 

• Hands on training 

Learning Outcome 

This course will help students to: 
• Act as front office managers 

• Skilled in centralized/ decentralized service providers in medical/ care homes 

• Skilled chef and service providers 

 
Suggested Reading 

• Arora RS. 2012. Banquet and Catering Management. Abhijeet Publications. 
• Beckley JH, Herzog LJ and Foley MM. 2017. Accelerating New Food Product 

nd 
Design and Development. 2 Edition, John Wiley and Sons Inc. Hoboken, 

New Jersey. 
• Carpenter RP, Lyon DH and Hasdell TA. 2002. Guidelines for Sensory Analysis 

nd 
in Food Product Development and Quality Control. 2 Edition, Aspen 

Publishers Inc. New York. 

• Earle M and Earle RL. 2008. Case Studies in Food Product Development. 
Woodhead Publishing Limited and CRC Press, New York. 

• Harish Bhat. 2008. Hotel Management. Crescent Publishing Corporation. 

• Moskowitz HR, Straus T and Saguy S. 2009. An Integrated Approach to New 

Food Product Development. CRC Press, Boca Raton, Florida. 

• Mudit Bhajwani. 2007. Food Service Management: Principles and Practice. 

Rajat publications, New Delhi. 
• Nancy LS. 2007. Catering Management. John Wiley & Sons. 

th 
• Puckett RP. 2012. Food Service Manual for Health Care Institutions. 4 

Edition, John Wiley and Sons Inc. Hoboken, New Jersey. 
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rd 
• Sethi M. 2018. Catering Management- An Integral Approach. 3 Edition, New 

Age International, New Delhi. 

• https://www.ferrerofoodservice.com 

• https://www.foodservicedirector.com 

• Vaclavik V (2018) Dimensions of Food. CRC Press. 

 
 

Course Title with Credit Load for Ph.D in Community Science – Food & 

Nutrition 

 

Course 
Code 

Course Title Credit Hours 

 Major Courses (12 Credits)  

FN 601* Macronutrient Metabolism 3(3+0) 

FN 602* Micronutrient Metabolism 2(2+0) 

FN 603* Nutrition and Agricultural Interface 3(3+0) 

FN 604 Global Nutritional Problems 2(2+0) 

FN 605 Nutrition in Calamities 2(2+0) 

FN 606 Maternal and Child Nutrition 2(2+0) 

FN 607 Hormones and Enzymes 2(2+0) 

FN 608 Energy Metabolism 2(2+0) 

FN 609 Application of Biotechnology in Food Science 
and Nutrition 

3(3+0) 

FN 610 Recent Trends in Food Science and Technology 3(3+0) 
 Minor Courses (06 Credits)  

FN 515 Food Science and Technology 3(2+1) 

FN 516 Food Biochemistry 3(2+1) 

FN 517 Nutritional Biochemistry 3(2+1) 

FN 518 Food Microbiology 3(2+1) 
 Supporting Courses (05 Credits)  

FN 691 Doctoral Seminar I (Major Field) 1(0+1) 

FN 692 Doctoral Seminar II (Minor Field) 1(0+1) 

FN 699 Doctoral Research 0+75 
 T O T A L 100 
*Core Courses/Compulsory Courses 

http://www.ferrerofoodservice.com/
http://www.foodservicedirector.com/
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Course Code : FN 601 

Course Title : Macronutrient Metabolism 

Credit Hours : 3(3+0) 

 
Rationale 

Food intake is sporadic: for most people it occurs in three major boluses each day. 

Energy expenditure, however, is continuous, with variations during the day that bears no 

resemblance to the energy intake pattern. Macronutrients are the three sources of energy 

which are variably stored and assimilated from food each day. A basic understanding of 

this fact will help the students to address the need of efficient energy metabolism in 

people to maintain energy balance for health. Furthermore, it will help to guide people 

how to lessen the food related disease burden like obesity, Type 2 diabetes, heart disease, 

etc. 

Aim of the course 

• To give a strong theoretical base to the students with reference to metabolism of 

macronutrients 

• To approach the related areas from a multidimensional perspective—digestion, 

absorption, assimilation and metabolism in relation to normal health maintenance 

and preventing disease onsets 

• To equip the students to identify, stratify and manage the risks associated with 

energy metabolism. 

Theory 

Unit I: Macronutrients 

Digestion, absorption and metabolism of carbohydrates, proteins and lipids; 

Inborn errors of metabolism; Degenerative diseases - diabetes, obesity, 

atherosclerosis, hyperlipidaemia and hypertension; Glucose homeostasis 

determined by insulin/ glycogen ratio; low carbohydrates diet and its metabolic 

consequences. 

Unit II: Dietary fibre 

Glycaemic Index and load; Dietary fibre and its impact in various physiological 

disorders; Hypoglycaemic action of foods. 

Unit III: Proteins 

Classification of protein, new discoveries in protein and their functions (protein 

in immune system, biological buffers and carriers); Evaluation of protein quality- 

in vitro and in vivo methods, animal and human bioassays; Amino acid pool, 

protein turnover in man with special reference to body size, age and various 

nutrition and pathological conditions; Novel food sources of protein; Role of 

hormones in protein metabolism; Effect of dietary protein on cardiovascular 

disease and cholesterol metabolism; Adaptation of body to low intake of energy 

and protein. 

Unit IV: Lipids 

Hypolipidemic action of MUFA, PUFA and oxidation products of cholesterol; 

Effect of saturated fatty acids and trans fatty acids in lipid metabolism, role of 

reversal diet in cardiovascular disorders; Causes, prevention and treatment of 

hyperlipidaemia. 

Teaching Methods/Activities 

• Lectures 

• Assignment (Writing/Reading) 

• Student presentation 
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• Online Group Discussion 

Learning Outcome 

After successful completion of this course, the students will be able to 
• Appreciate the scientific knowledge in the process of energy metabolism 

• Utilize the methods and tools for the management of hypo/hyper metabolic 

stages 

• Utilize knowledge for scientific deliberations 

• Act as Clinical Nutritionist in medical set-ups 

• Expert Member of Health Care Team (HCT) 

• Researcher in related R&D Projects 

Suggested Reading 

• Akoh CC and Min DB. 2002. Food Lipids - Chemistry, Nutrition and 

Biotechnology. Marcel Dekker Inc. New York. 

• Dickens F. 1981. Carbohydrate Metabolism and its Disorders Vol. III. 

Academic Press, Cambridge. 

• FAO WHO/UNU ý(2004ý) Human Energy Requirements: Report of a Joint 

FAO/WHO/UNU Expert Consultation. Geneva: World Health Organization. 

FAO Food and Nutrition Technical Report Series 1. 

• FAO WHO/UNU. ý2007. Protein and Amino Acid Requirements in Human 

Nutrition: Report of a Joint FAO/WHO/UNU Expert Consultation, Geneva. 

Word Health Organization. Technical Report Series 935. 

http://www.who.int/iris/handle/10665/43411. 

• Nelson D L and Cox MM. 2017. Lehninger Principles of Biochemistry. 7th 

Edition. WH Freeman, New York. 

• Stipanuk MH and Caudill MA. 2013. Biochemical, Physiological and 
rd 

Molecular Aspects of Human Nutrition. 3 

• https://www.who.int 

• http://www.fao.org/home/en 

• https://www.nutrition.org.uk 

Edition. Elsevier Pub. 

Weekly Lecture Schedule  

Duration 
(week) 

Topic 

1 Carbohydrates -digestion, absorption and metabolism. Proteins - 

digestion, absorption and metabolism. Lipids- digestion, 
absorption and metabolism 

2 Inborn errors of metabolism. Diabetes 

3 Obesity 

4 Atherosclerosis 

5 Hyperlipidaemia 

6 Hypertension 

7 Glucose homeostasis determined by insulin/glycogen ratio. Low 
carbohydrates diet and its metabolic consequences 

8 Glycaemic Index and load. Dietary fiber and its impact in 
various physiological disorders 

9 Hypoglycemic action of foods. Classification of protein 

10 New discoveries in protein and their functions in immune 
system, biological buffers and carriers 

11 Evaluation of protein quality- in vitro and in vivo methods, 
animal and human bioassays 

http://www.who.int/iris/handle/10665/43411
http://www.who.int/
http://www.fao.org/home/en
http://www.nutrition.org.uk/
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12 Protein turnover in man with special reference to body 

size, age and various nutrition and pathological conditions. 
Novel food sources of protein 

13 Role of hormones in protein metabolism. Effect of dietary 

protein on cardiovascular disease and cholesterol metabolism. 
Adaptation of body to low intake of energy and protein 

14 Hypolipidemic action of MUFA, PUFA and oxidation products 
of cholesterol 

15 Effect of Saturated fatty acids and trans fatty acids in lipid 
metabolism. Role of reversal diet in cardiovascular disorders 

16 Causes, Prevention and treatment of hyperlipidemia 
 

Course Code : FN 602 

Course Title : Micronutrient Metabolism 

Credit Hours : 2(2+0) 

 
Rationale 

Micronutrients are required by human and other organisms all over life in small 

quantities to coordinate a wide range of physiological functions. While vitamins are 

chiefly necessary for energy production, immune functions, blood clotting, etc. the 

minerals play important role in growth, bone health, fluid balance, etc. An advanced 

understanding of the metabolism aspects of these nutrients will enable the students to 

guide the population in encouraging proficient metabolic stages in humans to address the 

public health nutritional problems. 

Aim of the course 

• To give a strong theoretical understanding of the essentiality of micronutrient 

sufficiency to aid metabolic processes in relation to health and disease onset 

• To enhance the knowledge of recent advances in micronutrient nutrition that will 

help the students to plan and execute policies in micronutrient malnutrition in 

population. 

Theory 

Unit I: Vitamins 

History, chemistry, distribution and functions of vitamins; Absorption, 

transportation, metabolism of vitamins; Nutritional requirements of vitamins; 

Deficiency manifestations of water soluble vitamins; Deficiency manifestations 

of fat soluble vitamins; Causes of vitamin deficiencies in India; Hypervitaminosis 

of water-soluble vitamins; Hypervitaminosis of fat-soluble vitamins; Vitamin 

fortification and supplementation; Methods of assay of vitamins; Interaction with 

other nutrients, antagonists and analogues of vitamins; Assessment of vitamin 

status of population. 

Unit II: Minerals 

Causes of macro and micro mineral deficiencies in India; Chronology, chemistry 

and distribution of minerals; Functions, absorption, transport and metabolism of 

minerals; Deficiency manifestations of minerals; Nutritional requirements of 

minerals; Methods of assay of minerals; Interactions of minerals with other 

nutrients, antagonists and analogues of minerals; Assessment of mineral status 

of population; Mineral fortification and supplementation; Metaloenzymes. 

Antioxidants and their relationship with 



1046  

aging, cancer and various non-communicable diseases. 

Unit III: Heavy metal toxicity 

Harmful effects of major mineral pollutants on health - mutagenicity, 

carcinogenicity and heavy metal toxicity; Heavy metal toxicity; 

Unit IV: Trace elements 

Trace minerals - their chronology, chemistry, distribution. Functions of trace 

minerals. Absorption and metabolism of trace minerals. Requirements of trace 

minerals. Deficiency manifestation and interaction of trace minerals. Use of 

mineral isotopes/ tracers in nutritional studies. 

Teaching Methods/Activities 

• Lectures 
• Assignment (Writing/Reading) 

• Students‘ presentation 

• Online Group Discussion 

Learning Outcome 

After successful completion of this course, the students will be able to 

• Appreciate the scientific knowledge in the process of various physiological 

functions of human body 

• Utilize the methods and tools for the management of hypo/hyper metabolic 

stage 

• Utilize knowledge for scientific deliberations 

• Act as Clinical Nutritionist in medical setups 

• Expert Member of Health Care Team (HCT) 

• Researcher in related R&D Projects 

Suggested Reading 

• FAO/WHO. 2004. Vitamins and Minerals in Human Nutrition. A report of joint 
nd 

FAO/WHO Expert Consultation. 2 Edition, World Health Organization and 

Food and Agriculture Organization of the United Nations. 

• Garland CF, Garland FC, Gorham ED, Lipkin M, Newmark H, Mohr SB and 

Holick MF. 2006. The Role of Vitamin D in Cancer Prevention. American 

Journal of Public Health. 96(2), 252–261. 
th 

• Groff JL and Gropper S. 2012. Advanced Nutrition and Human Metabolism. 7 

Edition, Yolanda Cossio, New York. 

• Guardia M and Garrigues S. 2015. Hand Book of Mineral Elements in Foods. 

John Wiley & Sons Inc. Hoboken, New Jersey. 

• Rizvi S, Raza, ST, Ahmed F, Ahmad A, Abbas S and Mahdi F. 2014. The Role of 

Vitamin E in Human Health and Some Diseases. Sultan Qaboos University 

Medical Journal, 14(2), 157–165. 

• Schwalfenberg GK. 2017. Vitamins K1 and K2: the emerging group of vitamins 

required for human health. Journal of Nutrition and Metabolism. 

https://doi.org/10.1155/2017/6254836. 

• https://www.who.int 

• https://nutrition.org 

• https://www.gainhealth.org 

Weekly Lecture Schedule  

Duration 
(week) 

Topic 

1 History, chemistry, distribution and functions of vitamins 

http://www.who.int/
http://www.gainhealth.org/
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2 Absorption, transport, metabolism of vitamins 

3 Nutritional requirements of vitamins 

4 Deficiency and manifestations of water soluble and fat soluble 
vitamins 

5 Causes of vitamin deficiencies in India. Hypervitaminosis of 
water-soluble and fat-soluble vitamins 

6 Vitamin fortification and supplementation 

7 Methods of assay of vitamins. Interaction with other nutrients, 
antagonists and analogues of vitamins. Assessments of vitamin 

status of population 

8 Causes of macro and micro mineral deficiencies in India. 
Chronology, chemistry and distribution of minerals 

9 Deficiency manifestations of minerals. Nutritional requirements 
of minerals 

10 Methods of assay of minerals. Interactions of minerals with 
other nutrients, antagonists and analogues of minerals 

11 Assessment of mineral status of population. Mineral 
fortification and supplementation 

12 Metaloenzymes. Harmful effects of major mineral pollutants on 
health – mutagencity, carcinogenicity. Heavy metal toxicity 

13 Heavy metal toxicity 

14 Antioxidants and their relationship with ageing and 

cancer. Antioxidants and their relationship with various 

non – communicable diseases. 

Trace minerals - their chronology, chemistry, distribution and 

functions. Absorption and metabolism of trace minerals 

15 Functions and Requirements of trace minerals. Absorption and 
metabolism of trace minerals 

16 Deficiency manifestation and interaction of trace minerals. Use 
                          of mineral isotopes/ tracers in nutritional studies  

 

Course Code : FN 603 

Course Title : Nutrition and Agricultural Interface 

Credit Hours : 3(3+0) 

 
Rationale 

There is a clear potential for the agriculture sector to play a critical role in 

enhancing food and nutrition security and health of population. Agriculture and nutrition 

are closely linked. Producing foods that are acceptable, accessible and affordable can 

make population healthy and productive, thus making a virtuous cycle. If this cycle 

becomes vicious, the turn-over will become negative. This course will enable the students 

to keep tract with agriculture scenario of a place and connect with the health status to 

identify, evaluate and find ways to establish positive interfaces. 

Aim of the course 

• To give a clear understanding of interlinking agricultural production and 

nutritional status of the population 

• To assist the students to identify and evaluate the agriculture in terms of 

nutrition nexus and its effective management. 

Theory 
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Unit I: Food production and consumption 

Food situation in India and in the world; Food production and consumption 

trends; Food balance sheets; Role of nutrition in agricultural planning and 

national development. 

Unit II: Food distribution 

Linkages between agricultural practices and food production, distribution 

and nutritional status; Factors affecting food distribution at macro and 

micro level; Per capita food availability and consumption; Food and 

Nutrition security at national and household level; Role of agriculture in 

enhancing food security; Food crop failure and malnutrition. 

Unit III: Farming systems 

Poverty and vicious cycle of low food production; Effect of food 

production and economic policies on food availability; Impact of physical 

resources, farming systems, cropping system, inputs and manipulation, 

agricultural marketing system, post- harvest processing of foods on food 

and nutrition situation; Implementation of nutrition policy. 

Unit IV: Agricultural programmes 

Sustainable food systems, nutritional impact of agricultural programmes, 

food price control and consumer subsidy; Contribution of National and 

International organization in agricultural development. 

Teaching Methods/Activities 

• Lectures 

• Assignment (Writing/Reading) 

• Students‘ presentation 

• Online Group Discussion 

Learning Outcome 

After successful completion of this course, the students will be able to 
• Understand linkage between agriculture and nutrition 

• Apply the knowledge in planning and implementation of agriculture and 

nutrition related policies 

• Act as expert in developmental programmed of GOs and NGOs 

Suggested Reading 

• FAO. 2017. The State of Food and Agriculture - Leveraging Food 

Systems for Inclusive Rural Transformation. Food and Agriculture 

Organization, Rome. 

• FAO. 2017. The State of Food Security and Nutrition in the World. Food and 

Agriculture Organization, Rome. 

• GOI. 2016. Agricultural Statistics at a Glance. Ministry of Agriculture & 

Farmers Welfare Department of Agriculture, Cooperation and Farmers 

Welfare Directorate of Economics and Statistics, Government of India. 

• GOI. 2017. Agriculture - Statistical Year Book India. Ministry of Statistics and 

Programme Implementation, Government of India. 

• GOI. 2011. Census of India. Government of India. 

• GOI. 2018. A Reference Manualby Publication Division. Ministry of 
Information about Broadcasting, Govt. of India. 

• https://www.who.int 

• http://www.fao.org/home/en 

• https://www.india.gov.in/ agriculture 

• https://mhrd.gov.in/mid-day-meal 

http://www.who.int/
http://www.fao.org/home/en
http://www.india.gov.in/
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Weekly Lecture Schedule  

Duration 
(week) 

Topic 

1 Food situation in India and in the world 

2 Food production and consumption trends. Food balance sheets 

3 Role of nutrition in agricultural planning and national 
development 

4 Linkages between agricultural practices and food production, 
distribution and nutritional status 

5 Factors affecting food distribution at macro and micro level. Per 
capita food availability and consumption 

6 Per capita food availability and consumption 

7 Food and Nutrition security at national and household level 

8 Role of agriculture in enhancing food security. Food crop 
failure and malnutrition 

9 Poverty and vicious cycle of low food production. Effect of 
food production and economic policies on food availability 

10 Impact of physical resources, farming systems, cropping system 
and inputs and manipulation on food and nutrition situation 

11 Impact of agricultural marketing system, post-harvest 
processing of foods on food and nutrition situation 

12 Nutrition policy implementation 

13 Sustainable food systems 

14 Nutritional impact of agricultural programmes 

15 Food price control and consumer subsidy 

16 Contribution of National and International organization for 
                           agricultural development  

 
Course Code : FN 604 

Course Title : Global Nutritional Problems 

Credit Hours : 2(2+0) 

 
Rationale 

Global Nutrition Report of 2018 by WHO states that malnutrition is still 

rampant affecting most of world‘s population at some point in their life cycle from 

infancy to old age. No country is untouched. Malnutrition is a universal issue 

holding back development with unacceptable human consequences. Yet the 

opportunity to end malnutrition has never been better. Malnutrition is responsible 

for more ill-health than any other cause. It deems necessary for the students to 

equip thems with the knowledge of the nutrition related global problems and 

prepare thems with skills to address the challenges effectively. 

Aim of the course 

• To make the students knowledgeable about the world scenario of 

prevailing malnutrition in variegated forms and measures being adopted 

at international/ national levels 

• To give opportunity to the students to identify, analyse and suggest coping 

strategies at global, national, regional and community levels. 
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Theory 

Unit I: Food consumption 

Food consumption pattern of underdeveloped, developing and developed 

countries. 

Unit II: Nutritional deficiency diseases 

An overview of world nutrition situation and assessment of problems of 

developing and developed countries in light of prevalence, aetiology, 

indicators and preventive measures. 

Unit III: Health programmes 

Nutrition and health programmes to alleviate malnutrition, role of national 

and international organizations. 

Unit IV: Health care polices 

Impact of health care polices and delivery systems; Micronutrients, food 

fortification and supplementation. 

Teaching Methods/Activities 

• Lectures 

• Assignment (Writing/Reading) 

• Students‘ presentation 

• Group work/ group discussion 

Learning Outcome 

A successful scholar with this knowledge will be able to 

• Appreciate the scientific foundation of risk management associated with 

malnutrition and relate the key learning to the job of a professional 

• Utilize methods and tools to assess the nutritional scenario and plan out 

suitable interventions 

Suggested Reading 

• Babu SC, Gajanan SN and Hallam JA. 2017. Nutrition Economics- 

Principles and Policy Applications. Science Direct. Elsevier. 

• FAO. 2017. Regional Overview of Food Security and Nutrition in Asia and the 

Pacific. Food and Agriculture Organization, Rome. 

• Park JE and Park K. 2007. Text Book of Preventive and Social Medicine. 

Barnasi Das Bhanot Publishers, Jabalpur. 
• Semba RD and Bloem MW. 2008. Nutrition and Health in Developing 

nd 
Countries. 2 Edition. Humana Press Inc. New York. 

• Temple NJ and Steyn N. 2016. Community Nutrition for Developing 

Countries. AU Press, Athabasca University, Canada and UNISA Press, 

University of South Africa. 

• https://www.who.int 
• http://www.fao.org/home/en 

• https://www.harvestplus.org 

• https://www.hsph.harvard.edu/nutritionsource 

http://www.who.int/
http://www.fao.org/home/en
http://www.harvestplus.org/
http://www.hsph.harvard.edu/nutritionsource
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Weekly Lecture Schedule  

Duration 
(week) 

Topic 

1 An overview of world nutrition situation 

2 Overview of global nutritional problems 

3 Global nutrition intervention programmes 

4 Food consumption pattern of underdeveloped countries 

5 Food consumption pattern of developing countries 

6 Food consumption pattern of developed countries 

7 Prevalence and etiology of nutritional problems of developing 
countries 

8 Indicators of nutritional problems of developing countries 

9 Preventive measures of nutritional problems of developing 
countries 

10 Prevalence and etiology of nutritional problems of developed 
countries 

11 Indicators and preventive measures of nutritional problems of 
developed countries 

12 Nutrition and health programmes to alleviate malnutrition 

13 Role of national organizations in combating nutritional 
problems 

14 Role of international organizations in combating nutritional 
problems 

15 Impact of health care polices and delivery systems 

16 Micronutrients food fortification and supplementation 

 

Course Code :  FN 605 

Course Title : Nutrition in Calamities 

Credit Hours : 2(2+0) 

 
Rationale 

Calamities, natural, viz., flood, earthquake, draught) or man-made, viz., riots, war, wrong 

policies always affect nutritional status of population which may be short- termed or 

long-termed depending upon the severity of the disaster. A knowledge    on the topic will 

enable the students to act favourably for the favours of the victims to lessen the miseries 

in terms of health and nutrition. 

Aim of the course 

• To give theoretical base to the scholars in the management of food and nutritional 

security during a disaster. This course will cover areas of food and water supply, 

precautions against food shortage, adequate feeding especially of vulnerable 

groups, control of communicable diseases, health and hygiene, etc. during a 

calamity 

• To equip the students with the knowledge of providing effective support systems 

according to the need of calamity. 

Theory 

Unit I: Calamities and undernutrition 

Starvation in emergencies arising out of drought, floods, earth quakes, locust, 

war, wrong policies and poverty and climatic changes, conflict and global 

economic volatility, historical perspectives. 
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Unit II: Food needs during emergencies 

Effect of inanition, short, medium and long- term emergencies on food and 

nutrient intake, precautions against food shortage; Population groups most 

vulnerable to under nutrition; Food needs at national level during normal 

emergencies. 

Unit III: Nutritional deficiency diseases 

Major nutritional deficiency diseases in emergencies, mobilization of local 

resources, general fund distribution, mass and supplementary feeding, therapeutic 

feeding, social funds; Nutritional Indices and reference standards; Preventing and 

handling donations in emergencies. 

Unit IV: Hygiene and sanitation 

Control of communicable diseases, public health and hygiene problems during 

emergencies. 

Teaching Methods/Activities 

• Lectures 

• Assignment (Writing/Reading) 

• Students‘ presentation 

• Online Group Discussion 

Learning Outcome 

After successful completion of the course, the students will be able to: 
• Assist in preparedness and disaster risk management 

• Assist in taking care of vulnerable population 

• Assist in nutrition risk assessment as extension professional 

Suggested Reading 
nd 

• FAO. 2018. Climate Change Challenge Badge. 2 

Agriculture Organization of United Nations, Rome. 

edition. Food and 

• Gibney MJ. 2004. Public Health Nutrition. Blackwell Science, Oxford. 
th 

• Park K. 2007. Text book of preventive and Social Medicine 19 

Banarsidas Bhanot Publishers, Jabalpur, India. 

 
Edition. 

• Spark A. 2007. Nutrition in Public Health: Principles, Policies and Practice. 

CRC Press, 

New York. 

• WHO. 2000. The Management of Nutrition in Major Emergencies. World 
Health Organization, Geneva. 

• https://www.who.int 

• http://www.fao.org/home/en 

• https://ndma.gov.in 

http://www.who.int/
http://www.fao.org/home/en
https://ndma.gov.in/
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Weekly Lecture Schedule  

Duration 
(week) 

Topic 

1 Latest advances in management of food and nutrition in 
emergent situation 

2 Starvation in emergencies- historical perspectives 

3 Starvation in emergencies arising out of war, wrong policies, 

poverty and climatic changes 

4 Starvation in emergencies arising out of conflict and global 
economic volatility 

5 Starvation in emergencies arising out of drought, floods, 
earthquakes and locust 

6 Population groups most vulnerable to under nutrition 

7 Food needs at national level during normal emergencies 

8 Effect of inanition, short, medium and long- term emergencies 
on food and nutrients intake 

9 Effect of inanition, short, medium and long- term emergencies 
on food and nutrients intake 

10 Major nutritional deficiency diseases in emergencies 

11 Mobilization of local resources, general fund distribution, social 
funds 

12 Mass and supplementary feeding programmes during 
emergencies 

13 Therapeutic feeding programmes during emergencies 

14 Nutritional Indices and reference standards 

15 Communicable diseases and their control during emergencies 

16 Public health and hygiene problems during emergencies 

 

Course Code : FN 606 

Course Title : Maternal and Child Nutrition 

Credit Hours : 2(2+0) 

 
Rationale 

Inadequate maternal and child nutrition is the underlying cause of considerable 

deaths in the third world countries. The one who survives does not grow to its full 

potential, remains unproductive and a burden to the society. As professionals, the 

students need to develop skills to provide support to this most vulnerable mother- child 

duo conducive to development of quality human resource. 

Aim of the course 

• To impart in-depth knowledge about why this vulnerable group needs special 

attention in terms of nutrition and other health care areas. This course will 

emphasize topics like nutritional challenges, physiological changes, IYCF 

guidelines, feeding of children with special needs, interventions, etc. 

• To make students knowledgeable to identify risks and stratify coping strategies. 

Theory 

Unit I: Nutrition and reproduction 

Nutrition challenges, physiological changes, teenage pregnancy and gestational 

diabetes, nutrient needs, factors affecting nutrition of the women and children. 
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Unit II: Nutritional deficiencies 

Needs and problems of lactating women, fetal malnutrition and low birth weight, 

nutrition and parasites, children with special needs, Protein energy malnutrition, 

vitamin A, iron, vitamin D, calcium and other common deficiencies, significance 

of stem cell and cord blood. 

Unit III: Feeding practices 

Formula feeding and supplements, lactation and breast feeding in the community, 

HIV and breast feeding; drug abuse and breast feeding. Human milk banks, IYCF 

guidelines, WHO breast feeding recommendations 

Unit IV: Overnutrition and undernutrition 

International programs regarding child and maternal health initiative to prevent 

overnutrition and undernutrition. 

Teaching Methods/Activities 

• Lectures 

• Assignment (Writing/Reading) 

• Students‘ presentation 

• Group Work/ Group Discussion 

Learning Outcome 

Successful completion of this course will enable the students to: 

• Appreciate the scientific knowledge and relate them to actual work situation to 

evade long term health crisis of the concerned 

• Utilize the methods and tools to assess nutritional demands and suggest coping 

strategies 

• Utilize the knowledge for scientific publication/ population education. 

• Act as scientist in related R&D projects 

Suggested Reading 
th 

• Brown JE. 2016. Nutrition through the Life Cycle. 6 

Learning, Boston. 

Edition. Cengage 

• Ehiri J. 2009. Maternal and Child Health - Global Challenges, Programs and 

Policies. Springer Nature, Switzerland. 

• Gluckman P, Hanson M, Seng CY and Bardsley A. 2015. Nutrition and 

Lifestyle for Pregnancy and Breastfeeding. Oxford University Press, UK. 

• Morgan JB and Dickeson JWT. 2003. Nutrition in Early Life. John Wiley and 

Sons Ltd. Chichester. 

• https://www.unicef.org 

• https://www.india.gov.in/ agriculture 

• https://mhrd.gov.in/mid-day-meal 

Weekly Lecture Schedule  

Duration 
(week) 

Topic 

1 Nutrition and reproduction 

2 Nutrition challenges, physiological changes 

3 Teenage pregnancy and gestational diabetes 

4 Nutrient needs, factors affecting nutrition of the women and 
children 

5 Needs and problems of lactating women 

6 Foetal malnutrition and low birth weight 
7 Nutrition and parasites 

http://www.unicef.org/
http://www.india.gov.in/
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8 Children with special needs 

9 Protein energy malnutrition, vitamin A, iron, vitamin D, 
calcium and other common 

10 Significance of stem cell and cord blood 

11 Formula feeding and supplements 

12 Lactation and breast feeding in the community 

13 HIV and breast feeding; drug abuse and breast feeding 

14 Human milk banks, IYCF guidelines 

15 WHO breast feeding recommendations 

16 International programs regarding child and maternal health 
                           initiative to prevent over weight human nutrition  

 

Course Code : FN 607 

Course Title : Hormones and Enzymes 

Credit Hours : 2(2+0) 

 
Rationale 

Hormones are chemical messengers providing signals to the cells for performing 

various functions while enzymes as catalysts enhance the rate of reaction in the body. 

There are few chances of occurring disease due to enzyme dysfunction however, 

hormonal dysfunction may give rise to lifelong diseases. Both are important biochemical 

materials for all living beings. Knowledge on the topic will help the students in 

ascertaining an effective diet counselling to address health problems linked with 

hormones and enzymes. 

Aim of the course 

• To learn in detail about the role of hormones and enzymes in human physiology 

and relate this information to the context of normal health and diseased state 

like diabetes, hypertension, renal and gastro intestinal disorders, etc. and 

suggesting relevant dietary managements 

• To equip the students with relevant knowledge of effective dietary management 
of a given disease condition due to hormonal and enzymatic imbalance. 

Theory 

Unit I: Hormones 

History, chemistry, endocrine and exocrine secretion of hormones, organs of 

secretion, metabolism, mechanism of action, regulation and sites of action, 

biological effects and interaction. 

Unit II: Enzymes 

Enzyme pathways in normal functions of the heart, pancreas, gastrointestinal and 

hepatic functions and kidneys. 

Unit III: Metabolic disorders 

Altered hormone and enzymatic pathways in obesity, reproductive functions, 

renal disorders, gastrointestinal disorders. 

Unit IV: Degenerative diseases 

Altered hormone and enzymatic pathways in hypertension, cardiovascular 
diseases, diabetes and cancer. 

Teaching Methods/Activities 

• Lectures 

• Assignment (Writing/Reading) 

• Students‘ presentation 
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• Online group work/ group discussion 

Learning Outcome 

After successful completion of this course, a scholar will be able to: 

• Utilize the scientific foundation to act as an expert of Health Care Team in 

medical set-ups 

• Act as Clinical Nutritionists 

• Act as expert in related R&D projects 

Suggested Reading 
th 

• Berg JM. 2007. Biochemistry. 6 

York. 

Edition. W. H. Freeman and Company, New 
 

rd 

• Henry HL and Norman AW. 2014. Hormones. 3 

Cambridge. 

Edition. Academic Press, 

• Kleine B and Rossmanith WG. 2016. Hormones and the Endocrine System. 
Springer Nature, Switzerland. 

nd 
• Palmer T and Bonner PL. 2007. Enzymes. 2 

Cambridge. 

Edition. Woodhead Publishing, 
 

th 

• Nelson DL and Cox MM. 2017. Lehninger Principles of Biochemistry. 7 

Edition. W.H. Freeman Company, New York. 

• https://www.nutrition.org.uk 

• http://www.nutritioncare.org 

• https://nutrition.org 

Weekly Lecture Schedule  

Duration 
(week) 

Topic 

1 Histor and chemistry of hormones 

2 Endocrine and exocrine secretion of hormones, organs of 
secretion 

3 Metabolism, mechanism of action, regulation and sites of action 

of hormones 

4 Biological effects and interaction of hormones 

5 Enzyme pathways in normal functions of the heart and pancreas 

6 Enzyme pathways in normal functions of the gastrointestinal 
and hepatic functions 

7 Enzyme pathways in normal functions of the kidneys 

8 Altered hormone and enzymatic pathways in diseases- 
hypertension 

9 Altered hormone and enzymatic pathways in cardiovascular 
diseases 

10 Altered hormone and enzymatic pathways in diabetes 

11 Altered hormone and enzymatic pathways in obesity 

12 Altered hormone and enzymatic pathways in metabolic 
disorders 

13 Altered hormone and enzymatic pathways in reproductive 
functions 

14 Altered hormone and enzymatic pathways in renal disorders 

http://www.nutrition.org.uk/
http://www.nutritioncare.org/
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15 Altered hormone and enzymatic pathways in gastrointestinal 
diseases 
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16 Altered hormone and enzymatic pathways in cancer 
 

Course Code : FN 608 

Course Title : Energy Metabolism 

Credit Hours : 2(2+0) 

Rationale 

Energy metabolism is complex process of deriving energy from the nutrients. Imbalance 

in energy metabolism may be devastating for human health. It is important to understand 

bioenergetics to overcome the issued related to these imbalances. The understanding of 

the role of energy metabolism in regulation of hunger to manage body weight and other 

non-communicable disease by the students will help them to manage obesity related 

diseases. 

Aim of the course 

• To impart in depth knowledge to the students with new developments in the 

area of energy metabolism and its relation to human health 

• To learn the concept of bioenergetics, thermogenesis, metabolic regulation and 

hunger for its application in preventing adiposity. 

Theory 

Unit I: Bioenergetics 

Scope and application of bioenergetics for human nutrition; Energy stores in man; 

Components of energy; Basal metabolism, energy cost of various activities; 

Factors affecting energy expenditure. 

Unit II: Energy expenditure 

Direct and indirect methods of assessing energy expenditure; Factors affecting 

energy requirements; Assessment of energy requirements. 

Unit III: Regulation of metabolism 

Thermogenesis, metabolic regulation; Weight control and obesity-role of adipose 

tissues; Effect of hormones on energy metabolism. 

Unit IV: Hunger 

Mechanism of hunger; Psychological and physiological factors associated with 

adiposity. 

Teaching Methods/Activities 

• Lectures 

• Assignment (Writing/Reading) 

• Students‘ presentation 

• Online Group Discussion 

Learning Outcome 

Successful completion of this course will enable the students to: 
• Apply the knowledge of bioenergetics in weight management 

• Use methods and tools of measuring energy expenditure 

• Correlate eating behaviours of people for planning appropriate meals/diets to 

prevent adiposity 

Suggested Reading 

• Donohoue PA. 2010. Energy Metabolism and Obesity. Humana Press Inc. New 

York. 
• Driskell JA and Wolinsky I. 2007. Sports Nutrition: Energy Metabolism and 

nd 
Exercise. 2 Edition. CRC Press, New York. 
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• Korbonits M. 2008. Obesity and Metabolism. Karger Publishers, London. 

• Rathore AK. 2015. Bioenergetics, Physiology and Biostatistics. Discovery 

Publishing House, New Delhi. 

• Scott B. 2008. A Primer for the Exercise and Nutrition Sciences: 

Thermodynamics,Bioenergetics, Metabolism. Humana Press Inc. New York. 

• http://www.nutritionlink.org 

• https://www.icmr.nic.in 

• http://www.nin.res.in 

Weekly Lecture Schedule  

Duration 
(week) 

Topic 

1 Scope and application of bioenergetics for human nutrition 

2 Energy stores in man. Components of energy 

3 Basal metabolism 

4 Energy cost of various activities 

5 Factors affecting energy expenditure 

6 Direct methods of assessing energy expenditure 

7 Indirect methods of assessing energy expenditure 

8 Factors affecting energy requirements 

9 Assessment of energy requirements 

10 Thermogenesic 

11 Metabolic regulation 

12 Weight control 

13 Role of adipose tissues in obesity 

14 Effect of hormones on energy metabolism 

15 Mechanism of hunger 

16 Psychological and physiological factors associated with 
                           adiposity  

 
Course Code : FN 609 

Course Title : Application of Biotechnology in Food Science and 

Nutrition 

Credit Hours : 3 (3+0) 

 
Rationale 

The role of food biotechnology is important in product development. Knowledge 

of biotechnology will help to develop foods with enhanced taste, shelf life, nutrition and 

quality. Novel food products with desirable characteristics that are safe, nutritious and 

suitable in different physiological conditions can be developed by the application of 

biotechnology. Biotechnology can be an important area of application to manage hunger 

from population. 

Aim of the course 

• To understand the role of food biotechnology in quality food production for mass 

feeding 

• To equip the students with knowledge of application of biotechnology in the 

process of food product development. 

Theory 

Unit I: Food science and biotechnology 

History, processes and products of biotechnology, application of biotechnology 

http://www.nutritionlink.org/
http://www.icmr.nic.in/
http://www.nin.res.in/
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in production of nutritious foods. 

Unit II: Product development 

Role of biotechnology in enzymology and product development, fermentation 

process, fruit juice extraction, genetic improvement of food grade 

microorganisms. 

Unit III: Nutraceuticals 

Nutritional significance of food products developed by biotechnological 

techniques. 

Unit IV: Constraints in food biotechnology 

Scientific, technological and resource constraints in biotechnology; important 

factors affecting development in biotechnology. 

Teaching Methods/Activities 

• Lectures 

• Assignment (Writing/Reading) 

• Students‘ presentation 

• Online Group Discussion 

Learning Outcome 

Successful completion of this course will enable the students to: 
• Utilize the knowledge in modifying foods for therapeutic purpose 

• Serve as investigative dietitian in developing novel food products in food 

industry 

 
Suggested Reading 

• Nestle M. 2003. Safe Food: Bacteria, Biotechnology and Bioterrorism. 

University of California Press Ltd., London. 

• Panesar PS and Marwaha. 2014. Biotechnology in Agriculture and Food 

Processing: Opportunities and Challenges. CRC Press, Boca Raton, Florida. 
• Shetty K, Paliyath G, Pometto A and Levin RE. 2011. Food 

nd 
Biotechnology. 2 Edition, CRC Press, New York. 

• Ravishankar Rai V. 2015. Advances in Food Biotechnology. Wiley-Blackwell 

Publishing Company, Boston. 

• https://www.bio.org 

 
Weekly Lecture Schedule  

Duration 
(week) 

Topic 

1 History of biotechnology 

2 Processes and products of biotechnology 

4 Application of biotechnology in production of nutritious foods 

6 Role of biotechnology in enzymology 

7 Product development 

8 Fermentation process 

9 Fruit juice extraction 

10 Genetic improvement of food grade microorganisms 

12 Nutritional significance of food products developed by 
biotechnological techniques 

14 Resource constraints on biotechnology 
15 Technological constraints on biotechnology 

http://www.bio.org/
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16 Important factors affecting development in biotechnology 
 

Course Code : FN 610 

Course Title : Recent Trends in Food Science and Technology 

Credit Hours : 3(3+0) 

 
Rationale 

Environment and food can influence individual‘s health due to interaction 

between genes and food components that can cast positive or negative impact on human 

health. Nutrigenomics relates human genome with response of body to the food. In depth 

study of recent advances in the field of food analysis and food fortification is imperative 

to reduce double burden of malnutrition. With the use of application of food science and 

technology, the novel foods can be formulated which are safe, wholesome and nutritious. 

Aim of the course 

• To acquaint the students with latest advances in food science and technology to 

meet nutritional challenges 

• To understand the integration of genomic science with nutrition 

• To understand the physical, chemical and biological makeup of food and ways 

of food processing and packaging. 

Theory 

Unit I: Macro and micronutrients 

Recent advances in the field of carbohydrates, lipids, proteins, vitamins and 

minerals in relation to food science; Nutrigenomics, incorporating genetics into 

dietary guidance. 

Unit II: Food analysis 

Recent advances in the field of food analysis and food fortification. 

Unit III: Advanced techniques 

Membrane technology: micro-filtration, ultra-filtration, nano-filtration, reverse 

osmosis and their applications in food industry; Supercritical fluid extraction- 

concept and extraction methods; Microwave and radio frequency processing- 

mechanism and application in food processing; Hurdle technology- concept and 

its applications. 

Unit IV: Foods of future 

Food processing and product development; regulating; food processing and 

preservation through Total Quality Management (TQM) and Hazard Analysis and 

Critical Control Points (HACCP); Genetically Modified Foods (GM) foods and 

their health implications, functional foods and organic foods. 

Teaching Methods/Activities 

• Lectures 

• Assignment (Writing/Reading) 

• Students‘ presentation 

• Online Group Discussion 

Learning Outcome 

Successful completion of this course will enable the students to: 
• Understand the recent advances in technologies used in food industry 

• Gain in knowledge of genetically modified, safe and nutritious food products to 

maintain and improve human health 
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• Serve as novel therapeutic food designer in pharmaceutical/nutraceutical 

companies 

Suggested Reading 

• Clark S, Jung S and Lamsal B. 2014. Food Processing - Principles and 
nd 

Applications. 2 Edition, Wiley-Blackwell Publishing Company, Boston. 

• deMan JM, Finley JW, Hurst WJ and Lee CY. 2018. Principles of Food 
th 

Chemistry. 4 Edition, Springer International Publishing, New York. 

• Fellows PJ. 2017. Food Processing Technology. 4
th 

Edition, Woodhead 

Publishing Ltd. Cambridge. 

• Hartel RW and Heldman D. 2012. Principles of Food Processing. Aspen 

Publishers Inc. New York. 

• Ward JD and Ward LT. 2012. Principles of Food Science. Goodheart-Willcox 

Publisher, Illinois. 

• https://www.gainhealth.org 

• https://foodprocessingindia.co.in 

• http://agronfoodprocessing.com 

Weekly Lecture Schedule  

Duration 
(week) 

Topic 

1 Recent advances in the field of carbohydrates, lipids and 
proteins in relation to human nutrition 

2 Recent advances in the field of vitamins and minerals in 
relation to human nutrition 

3 Nutrigenomics 

4 Incorporating genetics into dietary guidance 

5 Recent advances in the field of food analysis 

6 Recent advances in the field of food fortification 

7 Membrane technology: micro-filtration, ultra-filtration 

8 Reverse osmosis and their applications in food industry 

9 Supercritical fluid extraction- concept and extraction methods 

10 Microwave and radio frequency processing- mechanism and 
application in food processing 

11 Hurdle technology- concept and its applications 

12 Foods of future; special nutrients 

13 Food processing and product development 

14 Regulating food processing and preservation through Total 
Quality Management (TQM) 

15 Hazard Analysis and Critical Control Points (HACCP) 

16 Genetically Modified Foods (GM) foods and their health 
                           implications, functional foods and organic foods  

http://www.gainhealth.org/
http://agronfoodprocessing.com/
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MINOR COURSES 

 

Course Code :FN 515 

Course Title : Food Science and Technology 

Credit Hours : 3(2+1) 

 

Rationale 

The aim of this course is to enable the students to acquire the scientific, technical 

and professional skills for a career in the food industry/food research and teaching 

institutions through an understanding of food science and technology. 

Aim of the course 

To acquaint the students with latest advances in Food Science and Technology 

upon which more advanced and specialized knowledge can be built. 

Theory 

Unit I: Food for us 

Food: Classification of foods, Health foods, Natural foods, Organic food, 

Functional food, Nutraceuticals, Nutrigenomics, Specialty Foods, Fast Foods, 

space foods, food fortification, restoration and enrichment, anti-nutritional 

factors, GM food and its safety concern. Food processing and preservation 

through Total Quality Management (TQM) and Hazard Analysis and Critical 

Control Point (HACCP) 

Unit II: Sensory evaluation of foods 

Introduction - Subjective evaluation, sensory evaluation: definition, and 

applications and sensory attributes of food: Appearance, texture and flavor; 

difference between objective and subjective evaluation. Sensory measurements- 

Kinds of sensory tests- difference:- triangle, duo-trio tests, paired comparison 

tests, descriptive tests:- texture profile, flavor, profile, affective tests:- preference 

test, ranking test, hedonic tests. Factors affecting sensory measurements:- 

psychological – expectation error, mutual suggestion effect, distraction error etc; 

physiological : adaptation, mixture interactions- enhancement, synergy,& 

suppression, health and environmental factors. 

Unit III: Emerging trends in minimal processing of foods 

High Hydrostatic Pressure Technology, Oscillating Magnetic Field, High 

intensity pulsed electric field, Pulse Light Technology, Ultraviolet light 

technology, Ultra sound technology, Applications of ozone in fruit processing, 

Electrolysed water treatment, edible coatings, multilayer coatings, osmotic 

membrane coatings, Enzyme maceration 

Unit IV: Potential Food Preservation Methods Irradiation Preservation in Foods: 

Food irradiation process, dose and dosimetry, scope of irradiation, special 

advantages of irradiation, effect of food irradiation on micro organisms and 

food components and application of irradiation in foods of plant origin and 

animal origin. Preserving food with Electricity (Ohmic heating): Definition, 

heat generation, effect of ohmic heating on foods and food components, 

applications in food industry. Microwave heating: Principles, Unit of 

microwave, advantages and disadvantages of microwave, applications of 

microwave in food industry. Combined Methods for Food Preservation: 

Introduction, Principles of Combined preservation methods (Hurdle effect, 

hurdle technology, total quality, potential hurdles), application of hurdle 

technology. 



1064  

Practicals 

● Product development and shelf life studies of nutritionally fortified foods 
● Learning different sensory evaluation techniques in food 

● Visit to food industries to see and understand latest technologies in food 

industry 

Teaching Methods/Activities 

● Lectures 
● Assignment (writing/reading) 

● Students‘ presentation 

● Group activities 

● Hands on training 

Learning outcome 

The student will be able to understand the recent technological advances in food 

industry and able to apply different aspects in their career. 

Suggested Reading 

● Frederick, J.F, 2000, Encyclopedia of Food Science and Technology. Second 

edition vol 1-4, a widely inter science publication. 

● Goldberg, I., 1999 Functional foods, Designer foods, pharma foods and 

nutraceuticals. An aspen publication, gaithers burg, Maryland. 

● Roday, S., 2008, Food science and nutrition. Third edition, Oxford University 

Press, New Delhi. 

● Khader, V, 2001, Text book of Food science and Technology. Published by 

India Council of Agricultural Research, New Delhi 110012. 

● Manay, N.S,2004, Shadaksharaswamy, M., Foods- Facts and Principles, New 

Age International Publishers, New Delhi. 

● Srilakshmi, B, 2003, Food Science (3rd edition), New Age International (P) 

Limited Publishers, New Delhi. 

● Reddy Y.S, 2006, Newer concept and applications for food industry. Gene tech 

Books, New Delhi 110002. 

● Harry T Lawless, Hildegarde Heymann (2010) Sensory evaluation of Food: 

Principles and Practices, Second Edition, Springer, New York. 

● Sarah Kemp, Tracey Hollywood, Joanne Hort (2011) Sensory evaluation: A 

Practical Hand- book, Wiley-Blackwell, New York. 

● Nielsen, S.S, 2004 Introduction to the chemical analysis of foods. Jones and 

Bartlett Publishers, Boston, London. 

Weekly Lecture Schedule  

Duration 
(week) 

Topic 

1 Classification of foods, Health foods, Natural foods, Organic 
food, Functional food, Nutraceuticals 

2 Nutrigenomics, specialty foods, fast foods, space foods 

3 Food fortification, restoration and enrichment, anti-nutritional 

factors present in foods 

4 GM food and its safety concern 

5 Food processing and preservation through Total Quality 

Management (TQM) and Hazard Analysis and Critical Control 
Point (HACCP) 

6 Introduction - Subjective evaluation, sensory evaluation: 
definition, and applications and sensory attributes of food: 

Appearance, texture and flavor; difference between objective 
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 and subjective evaluation 

7 Sensory measurements- Kinds of sensory tests- difference:- 

triangle, duo-trio tests, paired comparison tests, descriptive 

tests:- texture profile, flavor, profile, affective tests:- preference 
test, ranking test, hedonic tests 

8 Factors affecting sensory measurements - psychological – 
expectation error, mutual suggestion effect, distraction error etc. 

9 Physiological: adaptation, mixture interactions-enhancement, 
synergy & suppression, health and environmental factors 

10 Emerging trends in minimal processing of foods - 

High Hydrostatic Pressure Technology, Oscillating Magnetic 

Field, High intensity pulsed electric field 

11 Pulse Light Technology, Ultraviolet light technology, Ultra 
sound technology 

12 Applications of ozone in fruit processing, Electrolyzed water 

treatment, edible coatings, multilayer coatings, osmotic 
membrane coatings, Enzyme maceration 

13 Potential Food Preservation Methods 

Irradiation Preservation in Foods: Food irradiation process, dose 

and dosimetry, scope of irradiation, special advantages of 

irradiation, effect of food irradiation on micro organisms and 

food components and application of irradiation in foods of plant 

origin and animal origin 

14 Preserving food with Electricity (Ohmic heating): Definition, 
heat generation, effect of ohmic heating on foods and food 

components, applications in food industry 

15 Microwave heating: Principles, Unit of microwave, advantages 

and disadvantages of microwave, applications of microwave in 
food industry 

16 Combined Methods for Food Preservation: Introduction, 

Principles of Combined preservation methods (Hurdle effect, 

hurdle technology, total quality, potential hurdles), application 
                           of hurdle technology  

 

Course Code :FN 516 

Course Title : Food Biochemistry 

Credit Hours : 3(2+1) 

 

Rationale 

Food safety, security and quality assurance have today become subject of national 

importance. Food safety, security and quality assurance have today become subject 

of national importance. Food Biochemistry attempts to emphasize the importance of 

biochemistry in the rapidly developing field of food science, and to provide a deeper 

understanding of those chemical changes occurring in foods. 

Aim of the course 

● To understand the chemistry of foods - composition of food, role of each 

component and their interaction. 

● To understand the functional aspects of food components and to study their role 

in food processing in biochemical process. 
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● To understand the chemistry of food components and their interactions. 

Theory 

Unit-I Introduction 
● Definition, Composition of food ,Development of food chemistry and its in role 

food processing. 

● Water: Importance of water in foods. Structure of water & ice. Concept of 

bound & free water and their implications. Properties of water, weak acids & 

weak bass, pH & buffers. 

● Carbohydrates: Nomenclature and classification, structure, physical and 

chemical properties of carbohydrates – monosaccharide, disaccharides and 

polysaccharides (cellulose, starch, fructans, galactans, hemi-cellulose, pectic 

substances) and their functions; dietary fiber, changes in carbohydrates during 

processing. 

Unit II: Proteins: 

● Nomenclature, classification, structure, chemistry and properties of amino 

acids, peptides, proteins. essential and non- essential amino acids. Changes 

during processing. 

Unit III Lipids: 

● Structure, classification, physical and chemical properties of fatty acids and 

glycerides, Auto-oxidation, photo oxidation and flavor reversion, Changes in 

fats & oils during processing. Vitamins & Minerals: Types, chemistry and 

functions, source and deficiency diseases. Changes during processing. 

Unit IV Enzymes: 

● Nomenclature, mechanism of enzyme action, factors affecting enzyme action, 

enzymes important in foods. Pigments: Structure and properties of chlorophyll, 

anthocyanins, tannin, myoglobin and carotenoids, chemical changes during 

processing. 

 

Related experiences 

Visit to a lab to observe the various techniques in food biochemistry 

Practicals 

● Preparation of primary and secondary solutions. 

● Estimation of moisture content. 

● Determination of gelatinization temperature range (GTR) of different starches 

and effect of additives on GTR. 

● Determination of refractive index and specific gravity of fats and oils. 

● Determination of smoke point and percent fat absorption for different fat and 

oils. 

● Determination of percent free fatty acids. 

● Estimation of saponification value. 

● Estimation of reducing and non-reducing sugars using potassium ferricyanide 

method. 

Teaching Methods/ Activities 

a. Lectures 
b. Assignment (Writing/Reading) 

c. Students‘ presentation 

d. Group activities 

e. On field case studies 
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Learning Outcome 

I. Understand the fundamental biochemical principles, structure/function of bio- 

molecules, metabolic pathways and the regulation of biochemical processes. 

II. Understand the the mechanism of enzyme action and identify factors affecting 

their action. 

III. Understand and be able to control the major chemical and biochemical 

(enzymatic) reactions that influence food quality with emphasis on food industry 

applications. 

IV. Understand how the properties of different food components and interactions 

among these components modulate the specific quality attributes of food systems. 

Suggested Reading 

● Biology for Chemist by Agrawal & Agrawal. 
● Biochemistry by Albert L Lehninger. 

● Biochemistry by U Satyanarayana &U Chakrapani. 

● Fundamentals of Biochemistry by J L Jain, Sunjay Jain & Nitin Jain. 

● Food Chemistry by Meyer. 

● Food Chemistry by Belitz. 

● Food Chemistry by Lee. 

● Principles of Biochemistry by Lehnniger. 

Weekly Lecture Schedule  

Duration 
(week) 

Topic 

1-2 Introduction to Food Chemistry Definition, Composition of 

food, Development of food chemistry and its in role food 

processing. 

Water -Definition of water in food, Structure of water and ice, 

Types of water, Sorption phenomenon, Properties of water, weak 

acids & weak bass, pH & buffers. Water activity and packaging, 

Water activity and shelf-life 

3-5 Carbohydrates- Nomenclature and Classification (mono, 

oligo and poly saccharides) Structure of important 

polysaccharides( starch, glycogen, cellulose, pectin, 

hemicellulose, gums). , physical and chemical properties of 

carbohydrates – monosaccharide, disaccharides and 

polysaccharides (cellulose, starch, fructans, galactans, hemi- 

cellulose, pectic substances) and their functions; dietary fiber, 

changes in carbohydrates during processing. 

Chemical reactions of carbohydrates –oxidation, reduction, with 

acid & alkaki, Modified celluloses and starches. 

6-8 Proteins 
Nomenclature, Protein classification and structure. Nature of 

food proteins (plant and animal proteins) 

Properties of proteins (electrophoresis, sedimentation, 

amphoterism and 

denaturation,) chemistry and properties of  amino acids, 

peptides, proteins. essential and non changes during processing. 

Functional properties of proteins eg. organoleptic, solubility, 

viscosity, binding gelation /  texturization, emulsification, 
foaming. 
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9-11 Lipids 

Structure, Classification of lipids 

Physical properties-melting point, softening point, specific 

gravity, refractive index, smoke, flash and fire point, turbidity 

point. 

Chemical properties-reichert meissel value, polenske value, 

iodine value, peroxide value, saponification value. 

Effect of frying on fats. 

Changes in fats and oils- rancidity, lipolysis, flavor reversion. 

Auto-oxidation, photo oxidation and flavor reversion, 

Changes in fats & oils during processing. 

Auto-oxidation and its prevention. 

Technology of edible fats and oils- Refining, Hydrogenation 

and Interesterification, Fat Mimetics. 

12-13 Vitamins 

Structure, Types, chemistry and functions, Importance and 

Stability. Water soluble vitamins. 
Fat soluble vitamins. Changes during processing 

14-15 Minerals 

Structure, Types, chemistry and functions, 

Major and minor minerals. Metal uptake in 

canned foods. 

Toxic metals. 
Changes during processing. 

16 Enzymes 

Introduction, classification 

Nomenclature, mechanism of enzyme action, factors 

affecting enzyme action, enzymes important in foods. 

General characteristics. 

Pigments: Structure and properties of chlorophyll, 

anthocyanins, tannin, myoglobin and carotenoid. Enzymes 

in food processing. Industrial Uses of Enzymes. Immobilized 

enzymes. 
                          Chemical changes during processing.  

 

Course Code :FN 517 

Course Title : Nutritional Biochemistry 

Credit Hours : 3(2+1) 

 

Rationale 

The impact of nutrition on both physical and mental health has become important 

and the emerging studies are finding more strong connections between diet, gut health 

and the microbiome, and various diseases. Research into these connections is being 

undertaken by the field of nutritional biochemistry which investigates the mechanisms 

which underly these interactions between diet and disease. Adequate knowledge about 

this minor course on nutritional biochemistry in totality will enable the students to handle 

the nutrition situations of a population and how to imply the knowledge for sustainable 

handling to induce better health and productivity. Therefore, 
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the necessity lies in this minor course. 

Aim of the course 

To enable the students to 
● Obtain depth in the study of Biochemistry of major nutrients and metabolic 

pathways. 

● Understand the application of Biochemistry in the field of Foods and Nutrition. 

● To discuss the metabolite pathways of major nutrients in the body 

● To familiarise the techniques used in biochemistry. 

Theory 

UNIT I- Biological Membranes and Acid-Base Homeostasis 

Biological Membranes - Introduction to membrane structures, Composition of 

membrane structures, Transport process across cell membranes. Acid-Base 

Homeostasis - Introduction, Acid, Base & pH, Acid base balance and its 

regulation in human body. 

UNIT II Carbohydrate metabolism 

Introduction - Cellular metabolism of carbohydrates, Glycogen metabolism, 

Regulation of carbohydrate metabolism at substrate level, enzyme level, 

hormonal level and organ level. Introduction to intermediary metabolism - Starve-

feed cycle- Caloric homeostasis & futile cycles- Tricarboxylic acid cycle-

Biological Oxidation- Electron transport chain- Oxidative phosphorylation. 

UNIT III Proteins, Aminoacids and Nucleic acids metabolism 

Metabolism of amino acids, Biosynthesis of protein, amino acids, non-protein 

amino acids (urea cycle, transamination, one-carbon metabolism), Creatine and 

creatinine, Plasma proteins – Nature, properties and functions, Biologically active 

peptides, polypeptides and transport proteins. Synthesis and Breakdown of 

Haemoglobin, Bile Pigments. Biochemical aspects of purine and pyrimidines. 

Biosynthesis and breakdown of purine and pyrimidine. Role of purine & 

pyrimidine nucleotides in metabolism. Composition, functions and classification 

Isolation, structure and properties of DNA and RNA (M-RNA, T- RNA and R-

RNA). 

UNIT IV Lipids and Enzyme metabolism 

Cellular uptake & metabolism of lipids (beta-oxidation, synthesis and breakdown 

of unsaturated fatty acids, cholesterol, phospholipids & triacylglycerol), 

Lipoprotein metabolism, VLDL and LDL (‗Forward‘ Cholesterol transport) 

VLDL and LDL (Endogenous TAG transport), HDL (‗Reverse‘ Cholesterol 

transport), Regulation of lipid metabolism. Introduction to enzymes & its 

synthesis – Kinetics, Enzyme specificity-Regulation of enzyme activity- 

Enzymes in clinical diagnosis- Metabolism of xenobiotics, free radicals, ROS & 

oxidative damage. 

Related experiences 

Visit to a lab to observe the various techniques in biochemistry. 

Practicals 

● 1-3 Qualitative estimation a. Sugars and aminoacids. 
● 4 Operation of equipments. 

● 5-9 Analysis of Urine for a. Creatinine b. Urea c. Vitamin C, d. Calcium. 

● 10-13 Blood parameters – serum protein, blood urea. 

● 14-16 Estimation of RNA & DNA. 

Teaching Methods/ Activities 

● Lectures. 
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● Assignment (Writing/Reading). 

● Students‘ presentation. 

● Group activities. 

● On field case studies. 

Learning Outcome 

Completion of the course will enable the students to: 

● Understand underlying causes of diseases. 

● Appreciate the scientific foundation for better management of risks factors. 

● Act as confident members in healthcare teams. 

● Utilize information for publication/ education. 

Suggested Reading 

● Harold. A. Harper, Review of Physiological Chemistry, 16th Ed. The Kothari 

book Depot, Bombay. 

● Albert, L. Lehninger, Biochemistry 2Nd Ed. The Johns Hopkins University 

school of Medicine, 1975. 

● White, A., Andler, P. and Smith, E.L. Principle of Biochemistry, 5 th ed. Mc 

Graw Hill, KogakuSHA.LTD.1975. 

● Henry, R, Mahler and Eugene H. Cordes, Basic Biological Chemistry, 2 nd ed., 

Harper International Ed., Harper and Row Publications, New York,1968. 

● West, E.S. Todd, W.R. Mason, H.S and Van Burggen, J.T. Text Book of 

Biochemistry, IV Ed . Mac million Co., New York,1968. 

● Nikola, Experimental Methods, Biophysical Methods, John Wiley &amp; Sons, 

Inc. 

● Sepal, Biochemical calculation, Holland Publishing CO,1970. 

● Viewing Instrumental methods, chemical analysis, Mc Graw Hill Co. 

● Zweig and Whitaker, Paper chromatography and Electrophoresis, Arnold Pvt 

ltd,1975 

● Harold Varley, Practical Clinical Biochemistry, Arnold Pvt LTD,1975. 

● Paul, D. Soyer, The Enzyme ,3 rd Ed, Academic Press. 

● Murray, R.K., Graner, D.K., Mayes, P.A. and Rodwell, V.W. (2000): 25Th Ed. 

Harpers. 

● Biochemistry Macmillan Worth Publishers. 

Weekly Lecture Schedule  

Duration 
(week) 

Topic 

1 Introduction to membrane structures & Composition of 
membrane structures 

2 Transport process across cell membranes 

3 Introduction- Acid, Base & pH, Acid base balance and its 

regulation in human body 

4 Cellular metabolism of carbohydrates- Glycogen metabolism, 
Regulation of carbohydrate metabolism 

5-6 Intermediary metabolism -Starve-feed cycle- Caloric 

homeostasis & futile cycles- TCA -Biological Oxidation- 
Electron transport chain- Oxidative phosphorylation 

7-8 Metabolism of amino acids, Biosynthesis of protein, amino 

acids, non-protein amino acids (urea cycle, transamination, one- 
carbon metabolism) 

9-10 Creatine and creatinine, Plasma proteins – Nature, properties 
and functions, Biologically active peptides, polypeptides and 
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 transport proteins. Synthesis and Breakdown of Haemoglobin, 
Bile Pigments 

11-12 Biochemical aspects of purine and pyrimidines. Biosynthesis and 

breakdown of purine and pyrimidine. Composition, functions 

and classification Isolation, structure and properties of 
DNA and RNA 

13-14 Cellular uptake & metabolism of lipids, Regulation of lipid 
metabolism 

15-16 Introduction to enzymes & its synthesis - Kinetics, Enzyme 

specificity- 

Regulation of enzyme activity- Enzymes in clinical diagnosis- 

Enzyme detoxification in the body-Metabolism of xenobiotics, 
                           free radicals, ROS & oxidative damage  

 

Course Code :FN 518 

Course Title : Food Microbiology 

Credit Hours : 3(2+1) 

 

Rationale 

There is need to know about the microbiological aspects involved in different 

settings of food industry and also an understanding of safety standards to be followed in 

a food industry 

Aim of the course 

● Identify microorganisms associated with food. 

● Describe different type  of microbes present and their beneficial as well as 

deleterious effect on food. 

● Understand food borne pathogens, food spoilage and toxins produced by them 

and its health effect. 

● Assess the importance of microbes in food industry for baking, fermentation 

and various traditional foods 

Theory 

Unit I: History and scope of food microbiology. 

Types of micro-organisms associated with food- mold, yeast, and bacteria, 

Microbial growth pattern, physical and chemical factors influencing destruction 

of microorganisms. Growth curve, bacterial group based on morphology- gram 

positive, gram negative, motile, non-motile, sporulating and non sporulating. 

Microorganisms in natural food products and their control. 

Unit II: Microbial intoxication and infections: 

Sources of infection of food by pathogenic organisms, symptoms and method of 

control. Sources of contamination of food, mycotoxins, toxin production and 

physiological action, . 

Unit III: Microbiology of different foods 

a) Cereal and cereal products 

b) Sugar and sugar products. 

c) Vegetables and fruits 

d) Meat and meat products 

e) Fish, egg and poultry, 

f) Milk and milk products 

g) Canned foods. 
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Novel microbial Food Products for Human Consumption History of Single Cell 

Protein (SCP); Microbial SCP production by bacteria, algae and mycoprotein 

from fungi for use as food and feed; SCP production process by using different 

substrates; properties and nutritional values; Industrially used SCP (Quoron, 

Pruteen); Advantage and disadvantages of SCP. Mushroom cultivation, 

harvesting and post harvesting; important edible mushroom sp. 

Unit IV: Fermentation: 

Importance of microorganisms in food industry and food preparations (milk 

industry, meat, fish, baking). Food fermentation -Traditional fermented foods of 

India and other Asian countries; Probiotics and prebiotics: effect on gut 

microflora. Fermented foods based on milk, meat and vegetables; Fermented and 

alcoholic beverages. Hazard analysis criteria control points (HACCP) system for 

food safety, HACCP principles, Application of HACCP principles 

Practical 

● Microbiological apparatus 

● 2-4 Culture media, Techniques of culturing 

● Staining techniques 

● 6-7 Identification of fungi and yeast 

● 8-9 Bacterial testing 

● 10-11 Microbiological testing of water 

● 12-14 Analysis of food samples 

● 15-16 Sampling and analysis of microbial load on food contact surfaces 

Teaching Methods/Activities 

● Lectures 

● Assignment(writing/reading) 

● Students‘ presentation 

● Group activities 

● Hands on training 

Learning outcome 

After completion of course, 
● The student will be able to apply microbiological aspects involved in different 

settings of food industry 

● The student can participate in formulating, implementing and evaluating Food 

safety measures in institutions 

Learning Outcome 

On completion of the course the student will be able to- 

● Understand important pathogens and spoilage microorganisms in foods and 
methods of inactivating/preventing their action 

● Learn the newer applications of microbes in Food processing 

Suggested Reading 

● Banwart G J., 1987, Basic Food Microbiology, CBS Publishers and Distributors 

● Frazier WC, Westoff DC. 1998, Food Microbiology, 4thEdition, Tata Mc Graw 

Hill Publishing Co. Ltd 

● Prescott L M, Harley J P, Klein D A., 2008. Microbiology 6th Ed., WMC 

Brown Publishers 

● Pelczar MJ, Chan ECS, Krieg N. 1993. Microbiology 5th Ed., Tata McGraw 

Hill Publishing Co. Ltd 

● Garbutt John, 1997. Essentials of Food Microbiology, Arnold London 

● James M. Jay, 2000. Modern Food Microbiology 6th edition AN ASPEN 
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PUBLICATION® Aspen Publishers, Inc. 

Weekly lecture Schedule 

Duration 
(week) 

Topic 

1 History and scope of food microbiology. Types of micro- 
organisms associated with food- mold, yeast, and bacteria 

2 Microbial growth pattern, physical and chemical factors 
influencing destruction of microorganisms. Growth curve 

3 bacterial group based on morphology- gram positive, gram 

negative, motile, non-motile, sporulating and non sporulating 

4 Microorganisms in natural food products and their control 

5 Novelmicrobial Food Products for Human Consumption -Single 
Cell protein 

6 Mushroom cultivation –cultivation, harvesting, importantsp 

7 Sources of infection of food by pathogenic bacteria, symptoms 
and method of control 

8 Sources of infection of food by pathogenic virus and yeast, 
symptoms and method of control 

9 Sources of contamination of food, mycotoxins, toxin production 
and physiological action 

10 Microbiology of Cereal and cereal products, Sugar and sugar 
products, Vegetables and fruits 

11 Microbiology of Meat and meat products, Fish, egg and poultry, 
Milk and milk products& Canned foods 

12 Fermentation: Importance of microorganisms in food industry 
and food preparations (milk industry, meat, fish, baking) 

13 Food fermentation -Traditional fermented foods of India and 
other Asian countries 

14 Probiotics and prebiotics: effect on gut microflora. Fermented 
foods based on milk, meat and vegetables 

15 Fermented and alcoholic beverages 

16 Hazard analysis criteria control points (HACCP) system for 
food safety, HACCP principles, Application of HACCP 

                           principles  
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Course Title with Credit Load for M.Sc. in Agricultural Statistics 
 

 

 
 

Course Code Course Title Credit Hours 

*STAT 552 Probability Theory 2+0 

*STAT 553 Statistical Methods 2+1 

*STAT 562 Statistical Inference 2+1 

*STAT 563 Design of EXperiments 2+1 

*STAT 564 Sampling Techniques 2+1 

*STAT 565 Statistical Genetics 2+1 

*STAT 571 Multivariate Analysis 2+1 

*STAT 572 Regression Analysis 1+1 

*STAT 573 Statistical Computing 1+1 

STAT 591 Master’s Seminar 0+1 

STAT 599 Master’s  Research 0+30 

STAT 551 Mathematics-I 3+0 

STAT 554 Actuarial Statistics 2+0 

STAT 555 Bioinformatics 2+0 

STAT 556 Econometrics 2+0 

STAT 561 Mathematics-II 2+0 

STAT 566 Statistical Quality Control 2+0 

STAT 567 Optimization Techniques 1+1 

STAT 574 Time Series Analysis 1+1 

STAT 575 Demography 2+0 

STAT 576 Statistical Methods for Life Sciences 2+0 

STAT 577 Statistical Ecology 2+0 

STAT 578 Computers-Fundamentals and 
Programming 

2+1 

STAT 579 Computer Organization and Architecture 2+0 

STAT 580 Introduction to Networking and Internet 

Applications 
 

1+1 

STAT 581 Information Technology in Agriculture 2+0 

Supporting Courses 

STAT 501 Mathematics for Applied Sciences 2+0  

STAT 502 Statistical Methods for Applied Sciences 3+1  

STAT 511 Experimental Designs 2+1  

STAT 512 Basic Sampling Techniques 2+1  

STAT 521 Applied Regression Analysis 2+1  

STAT 522 Data Analysis Using Statistical Packages 2+1  

STAT 523 Applied Genetic Statistics 2+1  

STAT 524 Applied Multivariate Analysis 1+1  

*Core Courses    
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3. Remedial/ supporting courses in Mathematics and Statistics for Agrl. Graduates 

admitted to M.Sc. 
 STAT 537 CALCULUS 2+0 

 STAT 538 ANALYTICAL GEOMETRY 2+0 

 STAT 539 MODERN ALGEBRA 1+0 

 STAT 540 MATRIX ALGEBRA 2+0 

 STAT 541 TRIGONOMETRY 1+0 

 STAT 542 PROBABILITY THEORY 2+0 

 STAT 543 MATHEMATICS 2+0 

 STAT 544 BASIC STATISTICS 2+0 

4. Supporting /Remedial courses for Non Agricultural graduates admitted for M.Sc. 

Title diff SOILS 519 INTODUCTION TO SOIL SCIENCE 2+1 

Already 

in Page 

no.3 

AGRON 501 MODERN CONCEPTS IN CROP PRODUCTION 3+0 

No 

discrptive 

details 

AGECON 519 GENERAL ECONOMICS 2+0 

 Title 

diff 

EXT 501 DEVELOPMENT PERSPECTIVE OF EXTENSION 
EDUCATIOM 

1+1 

 No 

discrptive 

details 

PFMA 501 PRODUCTION OF PLANTATION CROPS 1+1 

Title diff VSC 502 PRODUCTION TECHNOLOGY OF WARM SEASON 
VEGETABLE CROPS 

2+1 

Title diff FSC 505 PROPAGATION AND NURSERY MANAGEMENT FOR 
FRUIT CROPS 

2+1 

No 

discrptive 

details 

ENT 525 INTRODUCTORY AND ECONOMIC ENTOMOLOGY 1+1 

Title diff AGM 506 CROP WEATHER MODELS 1+2 

Title diff FN 515 FOOD AND NUTRITION 2+0 

 GP 520 GENETICS 2+0 

No 

discrptive 

details 

VS 501 FUNDAMENTALS OF LIVESTOCK AND POULTRY 
PRODUCTION 

2+1 

No 

discrptive 

details 

VS 502 DAIRY CATTLE PRODUCTION 2+0 

No 

discrptive 

details 

VS503 ANIMAL BREEDING 2+0 
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I. Course Title       : Mathematics for Applied Sciences 

II. Course Code      : STAT 501 

III. Credit Hours      : 2+0 

IV. Aim of the course 

This course is meant for students who do not have sufficient background of 

Mathematics. The students would be exposed to elementary mathematics that would 

prepare them to study their main courses that involve knowledge of Mathematics. The 

students would get an eXposure to Linear Algebra, differentiation, integration and 

differential equations etc. 

V. Theory 

Unit I 

Set theory-set operations, finite and infinite sets, operations of set, function. 

Unit II 

Vectors and vector spaces, Matrices notations and operations, laws of matriX 

algebra; transpose and inverse of matriX, Eigen values and Eigen vectors. 

Determinants - evaluation and properties of determinants, Solutions of Linear 

Equations. 

Unit III 

Variables and functions, limits and continuity of specific functions. 

Differentiation: theorems of differentiation, differentiation of logarithmic, 

trigonometric, eXponential and inverse functions, Differentiation of function of 

a function, derivatives of higher order, partial derivatives. Application of 

derivatives, determination of points of infleXion, maXima and minima. 

Unit IV 

Integration, methods of integration, reduction formulae, definite and indefinite 
integral, Applications of integration in Agriculture, Differential Equations. 

VI. Suggested Reading 
rd 

• Hohn FE. 2013. Elementary Matrix Algebra, 3 Ed., Kindle Edition 

• Harville D.A. 1997. Matrix Algebra from a Statistician’s Perspective. 

Springer. 

• Hohn F.E. 1973. Elementary Matrix Algebra. Macmillan. 

• Searle S.R. 1982. Matrix Algebra Useful for Statistics. John Wiley. 

Stewart J. 2007. Calculus. Thompson. 
th 

• Thomas G.B. Jr. and Finney R.L. 1996. Calculus. 9 Ed. Pearson Edu. 

 

 

I. Course Title       : Statistical Methods for Applied Sciences 

II. Course Code      : STAT 502 

III. Credit Hours      : 3+1 

IV. Aim of the couse 

This course is meant for students who do not have sufficient background of 

Statistical Methods. The students would be exposed to concepts of statistical 

methods and statistical inference that would help them in understanding the 

importance of statistics. It would also help them in understanding the concepts 

involved in data presentation, analysis and interpretation. The students would get 
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an eXposure to presentation of data, probability distributions, parameter 
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estimation, tests of significance, regression analytical techniques. 

IV. Theory 

Unit I 

BoX-plot, Descriptive statistics, EXploratory data analysis, Theory of 

probability, Random variable and mathematical eXpectation. 

Unit II 

Discrete and continuous probability distributions, Binomial, Poisson, Negative 

Binomial, Normal distribution and their applications. Concept of sampling 

distribution: chi-square, t and F distributions. Tests of significance based on 

Normal, chi-square, t and F distributions. 

Unit III 

Introduction to theory of estimation and confidence-intervals, Simple and 

multiple correlation coefficient, partial correlation, rank correlation, Simple and 

multiple linear regression model, test of significance of correlation coefficient 

and regression coefficients, Coefficient of determination, Fitting of quadratic 

models. 

Unit IV 

Non-parametric tests – sign, WilcoXon, Mann-Whitney U-test, Run test for the 

randomness of a sequence. Median test. 

Unit V 

Introduction to ANOVA: One way and Two Way, Introduction to Sampling 
Techniques, Kruskal Wallis test and Friedman’s non parametric test. 

V. Practical 

• Exploratory data analysis, fitting of distributions ~ Binomial, Poisson, 
Negative Binomial, Normal. 

• Large sample tests, testing of hypothesis based on exact sampling 

distributions ~ chi square, t and F. 

• Confidence interval estimation and Correlation and regression analysis, 

fitting of Linear and Quadratic Model. 

• Non-parametric tests. ANOVA: One way, Two Way. 

• Kruskal Wallis test and Friedman’s non parametric test. 

VI. Suggested Reading 

• Goon A.M, Gupta M.K and Dasgupta B. 1977. An Outline of Statistical 
Theory. Vol. I. The World Press. 

• Goon A.M, Gupta M.K. and Dasgupta B. 1983. Fundamentals of 
Statistics. Vol. I. The World Press. 

• Hoel P.G. 1971. Introduction to Mathematical Statistics. John Wiley. 

• Hogg R.V and Craig T.T. 1978. Introduction to Mathematical Statistics. 

Macmillan. 

• Morrison D.F. 1976. Multivariate Statistical Methods. McGraw Hill. 

• Hogg RV, McKean JW, Craig AT. 2012. Introduction to Mathematical 

Statistics 7th Edition. 

• Siegel S, Johan N & Casellan Jr. 1956. Non-parametric Tests for 

Behavior Sciences. John Wiley. 
• Anderson TW. 2009. An Introduction to Multivariate Statistical Analysis, 

rd 
3 Ed . John Wiley 
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• http://freestatistics.altervista.org/en/learning.php. 

• http://www.statsoft.com/teXtbook/stathome.html. 

 
I. Course Title      : Experimental Designs 

II. Course Code     : STAT 511 

III. Credit Hours    : 2+1 

IV. Aim of the course 

This course is meant for students of agricultural and animal sciences other than 

Agricultural Statistics. Designing an experiment is an integrated component of 

research in almost all sciences. The students would be eXposed to concepts of 

Design of EXperiments so as to enable them to understand the concepts involved 

in planning, designing their eXperiments and analysis of eXperimental data. 

V. Theory 

Unit I 

Need for designing of eXperiments, characteristics of a good design. Basic 

principles of designs- randomization, replication and local control. 

Unit II 

Uniformity trials, size and shape of plots and blocks, Analysis of variance, 

Completely randomized design, randomized block design and Latin square 

design. 

Unit III 

Factorial experiments, (symmetrical as well as asymmetrical), orthogonality and 

partitioning of degrees of freedom. Concept of confounding. 

Unit IV 

Split plot and strip plot designs, analysis of covariance and missing plot 

techniques in randomized block and Latin square designs; Transformations, 

Balanced Incomplete Block Design, resolvable designs and their applications, 

Lattice design, alpha design - concepts, randomization procedure, analysis and 

interpretation of results. Response surfaces. Combined analysis. Augmented 

designs and its analysis. 

VI. Practical 

• Uniformity trial data analysis, formation of plots and blocks, Fairfield 

Smith Law, Analysis of data obtained from CRD, RBD, LSD, Analysis of 

factorial eXperiments, 

• Analysis with missing data, 

• Split plot and strip plot designs. 

• combined analysis and analysis of Augmented Designs. 

VII. Suggested Reading 
nd 

• Cochran WG and CoX GM. 1957. Experimental Designs. 2 

Wiley. 

Ed. John 

• Dean AM and Voss D. 1999. Design and Analysis of Experiments. 

Springer. 
th 

• Montgomery DC. 2012. Design and Analysis of Experiments, 8 Ed. 

http://freestatistics.altervista.org/en/learning.php
http://www.statsoft.com/textbook/stathome.html
http://www.statsoft.com/textbook/stathome.html
http://www.statsoft.com/textbook/stathome.html
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John Wiley. 

• Federer WT. 1985. Experimental Designs. MacMillan. 

• Fisher RA. 1953. Design and Analysis of Experiments. Oliver & Boyd. 

• Nigam AK and Gupta VK. 1979. Handbook on Analysis of Agricultural 

Experiments. IASRI Publ. 

• Pearce SC. 1983. The Agricultural Field Experiment: A Statistical 

Examination of Theory 

• and Practice. John Wiley. www.drs.icar.gov.in. 

 

I. Course Title : Basic Sampling Techniques 

II. Course Code : STAT 512 

III. Credit Hours : 2+1 

IV. Aim of the course 

This course is meant for students of agricultural and animal sciences other than 

Statistics. The students would be exposed to elementary sampling techniques. It 

would help them in understanding the concepts involved in planning and 

designing their surveys, presentation of survey data analysis of survey data and 

presentation of results. This course would be especially important to the students 

of social sciences. 

V. Theory 

Unit I 

Concept of sampling, sample survey vs complete enumeration, planning of 

sample survey, sampling from a finite population. 

Unit II 

Simple random sampling with and without replacement, sampling for proportion, 
determination of sample size, inverse sampling, Stratified sampling. 

Unit III 

Cluster sampling, Multi-stage sampling, systematic sampling; Introduction to 

PPS sampling, 

Unit IV 

Use of auxiliary information at estimation, Ratio product and regression 

estimators. Double Sampling, sampling and non-sampling errors. Non- 

probability sampling. 

VI. Practical 

• Random sampling ~ use of random number tables, concepts of 

unbiasedness, variance, etc.; 

• Simple random sampling, determination of sample size, inverse 

sampling, stratified sampling, cluster sampling and systematic sampling; 

• Estimation using ratio and regression estimators; 

• Estimation using multistage design, double sampling. 

VII. Suggested Reading 

• Cochran WG. 1977. Sampling Techniques. John Wiley. 
nd 

• Murthy MN. 1977. Sampling Theory and Methods. 2 

Publ. Soc., Calcutta. 

Ed. Statistical 

• Singh D, Singh P and Kumar P. 1982. Handbook on Sampling Methods. 

IASRI Publ. 

http://www.drs.icar.gov.in/
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• Sukhatme PV, Sukhatme BV, Sukhatme S and Asok C. 1984. 

Sampling Theory of Surveys with Applications. Iowa State University Press and 

Indian Society of Agricultural Statistics, New Delhi. 
rd 

• Cochran WG. 2007. Sampling Techniques, 3 Edition. John Wiley & 

Sons Publication 
 

I. Course Title : Applied Regression Analysis 

II. Course Code : STAT 521 

III. Credit Hours : 2+1 

IV. Aim of the course 

This course is meant for students of all disciplines including agricultural and 

animal sciences. The students would be exposed to the concepts of correlation 

and regression. Emphasis will be laid on diagnostic measures such as 

autocorrelation, multi collinearity and heteroscedasticity. This course would 

prepare students to handle their data for analysis and interpretation. 

V. Theory 

Unit I 

Introduction to correlation analysis and its measures, Correlation from grouped 

data, correlation, Rank correlation, Testing of population correlation coefficients; 

Multiple and partial correlation coefficients and their testing. 

Unit II 

Problem of correlated errors; Auto correlation; Heteroscedastic models, Durbin 

Watson Statistics; Removal of auto correlation by transformation; Analysis of 

collinear data; Detection and correction of multi collinearity, Regression 

analysis; Method of least squares for curve fitting; Testing of regression 

coefficients; Multiple and partial regressions. 

Unit III 

Diagnostic of multiple regression equation; Concept of weighted least squares; 

regression equation on grouped data; Various methods of selecting the best 

regression equation. 

Unit IV 

Concept of nonlinear regression and fitting of quadratic, eXponential and power 

curves; Economic and optimal dose, Orthogonal polynomial. 

VI. Practical 

• Correlation coefficient, various types of correlation coefficients, partial 

and multiple, testing of hypotheses; 

• Multiple linear regression analysis, partial regression coefficients, testing 

of hypotheses, residuals and their applications in outlier detection; 

• Handling of correlated errors, multi collinearity; 

• Fitting of quadratic, eXponential and power curves, fitting oforthogonal 

polynomials. 

VII. Suggested Reading 

• Kleinbaum DG, Kupper LL, Nizam A. 2007. Applied Regression Analysis 
th 

and Other Multivariable Methods (DuXbury Applied) 4 Ed. 
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rd 
• Draper NR and Smith H. 1998. Applied Regression Analysis. 3 Ed. John 

Wiley. 

• Ezekiel M. 1963. Methods of Correlation and Regression Analysis. John 

Wiley. 

• Koutsoyiannis A. 1978. Theory of Econometrics. MacMillan. 
• Kutner MH, Nachtsheim CJ and Neter J. 2004. Applied Linear Regression 

th 
Models. 4 Ed. With Student CD. McGraw Hill. 

 

I. Course Title : Data Analysis Using Statistical Packages 

II. Course Code : STAT 522 

III. Credit Hours : 2+1 

IV. Aim of the course 

This course is meant for exposing the students in the usage of various statistical 

packages for analysis of data. It would provide the students a hands on experience 

in the analysis of their research data. This course is useful to all disciplines. 

V. Theory 

Unit I 

Introduction to various statistical packages: EXcel, R, SAS, SPSS. Data 
Preparation; Descriptive statistics; Graphical representation of data, EXploratory 

data analysis. 

Unit II 

Test for normality; Testing of hypothesis using chi-square, t and F statistics and 

Z-test. 

Unit III 

Data preparation for ANOVA and ANCOVA, Factorial EXperiments, contrast 

analysis, multiple comparisons, Analyzing crossed and nested classified designs. 

Unit IV 

Analysis of mixed models; Estimation of variance components; Correlation and 

regression analysis, Probit, Logit and Tobit Models. 

Unit V 

Discriminant function; Factor analysis; Principal component analysis; Analysis 

of time series data, Fitting of non-linear models; Neural networks. 

VI. Practical 

• Use of software packages for summarization and tabulation of data, 

obtaining descriptive statistics, graphical representation of data; 

• Testing the hypothesis for one sample t-test, two sample t-test, paired t- test, 

test for large samples - Chi-squares test, F test, one-way analysis of 

variance; 

• Designs for Factorial EXperiments, fiXed effect models, random effect 

models, miXed effect models, estimation of variance components; 

• Linear regression, Multiple regression, Regression plots; 

• Discriminant analysis - fitting of discriminant functions, identification of 
important variables; 
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• Factor analysis. Principal component analysis - obtaining principal 

component. 

VII. Suggested Reading 

• Anderson C.W. and Loynes R.M. 1987. The Teaching of Practical 

Statistics. John Wiley. 

• Atkinson A.C. 1985. Plots Transformations and Regression. OXford 

University Press. 

• Chambers J.M., Cleveland W.S., Kleiner B and Tukey P.A. 1983. 
Graphical Methods for Data Analysis. Wadsworth, Belmount, California. 

rd 
• Chatfield C. 1983. Statistics for Technology. 3 Ed. Chapman & Hall. 

Chatfield C. 1995.Problem Solving: A Statistician’s Guide. Chapman & 

Hall. 

• Cleveland W.S. 1985. The Elements of Graphing Data. Wadsworth, 

Belmont, California. 
• Ehrenberg ASC. 1982. A Primer in Data Reduction. John Wiley. 

nd 
• Erickson B.H. and Nosanchuk T.A. 1992. Understanding Data. 2 

Open University Press, Milton Keynes. 

Ed. 

• Snell E.J. and Simpson HR. 1991. Applied Statistics: A Handbook of 

GENSTAT Analyses.Chapman and Hall. 
nd 

• Sprent P. 1993. Applied Non-parametric Statistical Methods. 2 

Chapman & Hall. 

Ed. 

• Tufte ER. 1983. The Visual Display of Quantitative Information. Graphics 

Press, Cheshire, Conn. 

• Velleman PF and Hoaglin DC. 1981. Application, Basics and Computing 
of Exploratory Data Analysis. DuXbury Press. 

• Weisberg S. 1985. Applied Linear Regression. John Wiley. 
• Wetherill GB. 1982. Elementary Statistical Methods. Chapman & Hall. 

nd 
• Cleveland WS. 1994. The Elements of Graphing Data, 2 

& Hall 

• http://freestatistics.altervista.org/en/learning.php. 
http://freestatistics.altervista.org/en/stat.php. 

http://www.cas.lancs.ac.uk/glossary_v1.1/main.html. 

http://www.stat.sc.edu/~grego/courses/stat706/. 

• www.drs.icar.gov.in. 

I. Course Title : Applied Genetic Statistics 

II. Course Code : STAT 523 

III. Credit Hours : 2+1 

IV. Aim of the course 

Ed., Chapman 

This course is proposed by considering the requirement of students of Plant 

Breeding and Genetics, Biotechnology and Horticulture who are interested to 

study the application of Statistics to Genetics and Molecular applications. 

V. Theory 

UNIT I 

Mendelian ratios and their testing, Linkage, detection and estimation, 

http://freestatistics.altervista.org/en/learning.php
http://freestatistics.altervista.org/en/stat.php
http://www.cas.lancs.ac.uk/glossary_v1.1/main.html
http://www.stat.sc.edu/~grego/courses/stat706/
http://www.drs.icar.gov.in/
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Equilibrium population and Hardy Weinberg law. Inbreeding, Inbreeding 

coefficient and Coefficient of Parentage, Inbreeding under regular systems of 
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mating, Estimation and testing of Heterosis. 

UNIT II 

Average effect of a gene, Breeding value, Estimation of Genetic components of 

variation, Heritability and Repeatability, Estimation of Phenotypic, Genotypic 

and Environmental correlations. Selection, Individual and pedigree selection. 

UNIT III 

Designs for plant breeding trials- Compact family block designs, square and 

rectangular lattice designs. Multivariate analysis of variance, Cluster analysis, 

Similarity algorithms and Clustering methods for qualitative and quantitative 

data, Principal component analysis, Principal co-ordinate analysis, 

UNIT IV 

Multiple correlations, Regression and Path analysis, Discriminant analysis, 

Selection indices, Generation mean analysis 

UNIT V 

Analysis of Genotype X environment interactions, Measurement of stability 

and adaptability-Linear and nonlinear approaches. Combining ability, Analysis 

of designs for Diallel, Partial diallel and line x tester crosses. 

VI. Practical 

• Mendelian ratios and their testing 
• Finding linkage in coupling and repulsion phase. 

• Detection of linkage (χ 2 test)- Recombination fraction. 

• Estimation of linkage, different methods, Gene and Genotypic frequency, 

Random mating population, Hardy Weinberg law 

• Resemblance between individuals, Inbreeding, inbreeding coefficient and 

coefficient of parentage. 

• Inbreeding under regular systems of mating. Heterosis- Breeding value, 

Estimation of Genetic components of variation. 

• Heritability and repeatability, Estimation of Phenotypic, genotypic and 

Environmental correlations 

• Analysis of data with different type of crosses 

• Partitioning of sum of squares into components- Compact family block 

designs, Lattice designs – construction and analysis , Similarity and 

divergence measures. 

• Clustering methods for qualitative and quantitative data- Dendrogram, 

Metroglyphs, D2 

• Principal component analysis and Principal co-ordinate analysis, 

Discriminant functions and selection indices. 

• Generation mean analysis. 

• Path analysis, Stability analysis- Linear and nonlinear methods. Combining 

ability and Diallel analysis 

• Line X tester analysis 

ⅥI. Suggested reading: 

• Cochran W.G. and Cox, D. R. (1957). Experimental Designs, John Wiley 
• Dabholkar, A.R. (1992) Elements of Biometrical Genetics. Concept Publishing 

Company, New Delhi 

• Das, M.N. and Giri, N.C. (1991) Design and Analysis of Experiments Wiley 

Eastern, New Delhi 

• Falconer, D.S. (1985). Introduction to Quantitative Genetics, English Language 

Book Society, Longman 
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• Jain, J.P. (1991). Statistical Techniques in Quantitative Genetics, Hindusthan 

Publishing Company, New Delhi 

• Kempthorne, O. (1957). An introduction to Genetic Statistics, The Iowa State 

University Press, London 

• Kempthorne, O. (1976). Design and analysis of Experiments, John Wiley 

• Krzanowski, W.J. (1988). ‘Principles of Multivariate analysis – A user’s 

Perspective’ Clarendon Press-Oxford Statistical Science Series. 

• Li, C.C. (1982). Population Genetics. The University of Chicago Press 

• Mather, K. and Jinks J.L. (1977). Introduction to Biometrical Genetics, 

Chapman and Hall 

• Montgomery, D.C. (2005) Design and Analysis of Experiments, John Wiley. 

• Nageswara Rao, G. (2007) Statistics for Agricultural Sciences, B.S. 

Publications, 

• Narain, P. (1990). Statistical Genetics, Wiley Eastern, New Delhi Hyderabad 

• Percus, J.K. (2001). Mathematics of Genome analysis, Cambridge University 

Press 

• Singh, R.K. and Chaudhary, B.D. 1985. Biometrical methods in quantitative 

Genetic analysis Kalyani Publishers, Ludhiana 

• Stansfield W.D. (1991). Theory and problems of Genetics, Scahum’s Outline 

Series. 

I. Course Title : Applied Multivariate Analysis 

II. Course Code : STAT 524 

III. Credit Hours     : 1+1 

IV. Aim of the course 

This course is proposed by considering the application of several multivariate 

methods to research problems in the extension studies, plant breeding and in 

almost all the field of studies. Moreover, this course aims to have better 

understanding of various multivariate methods and the identification the situation 

wherein each one is applied. 

Ⅴ. Theory 

Unit I 

Introduction to multivariate data, meaning of multivariate mean vector, variance-

covariance matrix, and correlation matrix. Inferences about multivariate mean 

vector, variance-covariance matrix. Multivariate analysis of variance 

(MANOVA) and its applications to various research problems. 

Unit II 

Measurement scale, types of variables- quantitative, qualitative, categorical, and 

binary variables and handling with multivariate data. The concept of 

standardisation of variables, various standardisation methods, and construction 

of index based on multidimensional data, Outlier detection of multivariate data 

using Box-plot and multiple regression analysis-linear and non-linear regression 

models and its interpretation. 

Unit III 

Principal component analysis – estimation of principal components using 

software’s, principal component scores, score plots bi-plots and 3D plots of 

principal component scores etc using SPSS. Factor analysis- factor loadings, 

communality, loading plots, Interpretation of factor analysis using factor 

loadings, communality and loading plots. Application of PCA and factor 
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analysis in social science, plant science, etc. Classification based on linear 

discriminated function and grouping of objects using Cluster analysis- 

hierarchical and Non-hierarchical Cluster analysis- Similarity/dissimilarity 

measures for quantitative, qualitative, binary and mixed type of data, and 

dendrograms. 

Unit IV 

Simple, partial and multiple correlations, Canonical correlation analysis - 

Meaning of canonical variate, canonical correlation and its test of significance, 

structure coefficients, Redundancy coefficient - application and interpretation of 

results using structure coefficients, canonical loadings and cross loadings and the 

meaning of redundancy. 

Ⅵ.    Practical: 

• Testing of hypothesis on mean vectors of multivariate normal population, 

multivariate analysis of variance and covariance 

• Multiple regression analysis – linear and non- linear analysis, Principal 

component analysis and Factor analysis, Cluster analysis – Hierarchical and 

non- hierarchical, Problems on Simple, partial and multiple correlation 

coefficients, Canonical Correlation and its test of significance 

• Analysis of sample data may be performed using any of the statistical 

Software’s including SPSS, SAS, or R 

ⅥI.   Suggested readings: 

• Testing of hypothesis on mean vectors of multivariate normal population, 

multivariate analysis of variance and covariance 

• Anderson T W .1984. An Introduction to Multivariate Statistical Analysis. 

2nd Ed. John Wiley 

• Giri N C. 1977. Multivariate Statistical Inference. Academic press 

• Johnson R A & Wilchern D W.1988. Applied Multivariate Statistical 

Analysis. Prentice Hall. 

• Rencher A C. 2002. Methods of Multivariate Analysis .2nd Ed. John Wiley 

• Srivastava MS & Khatri CG. 1979. An Intoduction to Multivariate 

Statistics. North Holland. 

 

I. Course Title      : Mathematics-I 

II. Course Code     : STAT 551 

III. Credit Hours    : 3+0 

IV. Aim of the course 

This course lays the foundation of all other courses of Agricultural Statistics 

discipline by preparing them to understand the importance of mathematical 

methods in research. The students would be eXposed to the basic mathematical 

tools of real analysis, calculus, differential equations and numerical analysis. 

This would prepare them to study their main courses that involve knowledge of 

Mathematics. 

V. Theory 

Unit I 

Calculus: Limit and continuity, differentiation of functions, successive 

differentiation, partial differentiation, mean value theorems, Taylor and 

Maclaurin’s series. Application of derivatives, L’hospital’s rule. 

Unit II 
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Real Analysis: Convergence and divergence of infinite series, use of comparison 

tests -D’Alembert’s Ratio - test, Cauchy’s nth root test, Raabe’s test, Kummer’s 

test, Gauss test. Absolute and conditional convergence. Riemann integration, 

concept of Lebesgue integration, power series, Fourier, Laplace and Laplace -

Steiltjes’ transformation, multiple integrals. Integration of rational, irrational and 

trigonometric functions. Application of integration. 

Unit III 

Differential equation: Differential equations of first order, linear differential 
equations of higher order with constant coefficient. 

Unit IV 

Numerical Analysis: Simple interpolation, Divided differences, Numerical 

differentiation and integration. 

VI. Suggested Reading 

• Bartle RG. 1976. Elements of Real Analysis. John Wiley. Chatterjee SK. 

1970. Mathematical Analysis. OXford & IBH. 

• Gibson GA. 1954. Advanced Calculus. Macmillan. 

• Henrice P. 1964. Elements of Numerical Analysis. John Wiley. 
• Hildebrand FB. 1956. Introduction to Numerical Analysis. Tata McGraw 

Hill. 

• Priestley HA. 1985. Complex Analysis. Clarenton Press. 

• Rudin W. 1985. Principles of Mathematical Analysis. McGraw Hill. Sauer 

T. 2006. Numerical Analysis With CD-Rom. Addison Wesley. Scarborough 

JB. 1976. Numerical Mathematical Analysis. OXford & IBH. Stewart J. 

2007. Calculus. Thompson. 
th 

• Thomas GB Jr. and Finney RL. 1996. Calculus. 9 Ed. Pearson Edu. 

 

I. Course Title : Probability Theory 

II. Course Code : STAT 552 

III. Credit Hours : 2+0 

IV. Aim of the course 

This is a fundamental course in Statistics. This course lays the foundation of 

probability theory, random variable, probability distribution, mathematical 

eXpectation, etc. which forms the basis of basic statistics. The students are also 

eXposed to law of large numbers and central limit theorem. The students also get 

introduced to stochastic processes. 

 

V. Theory 

Unit I 

Basic concepts of probability. Elements of measure theory: class of sets, field, 

sigma field, minimal sigma field, Borel sigma field in R, measure- probability 

measure. AXiomatic approach to probability. Properties of probability based on 

aXiomatic definition. Addition and multiplication theorems. Conditional 

probability and independence of events. Bayes theorem. 

 
Unit II 
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Random variables: definition of random variable, discrete and continuous, 

functions of random variables. Probability mass function and Probability density 

function, Distribution function and its properties. Notion of bivariate random 

variables, bivariate distribution function and its properties. Joint, marginal and 

conditional distributions. Independence of random variables. Transformation of 

random variables (two-dimensional case only). Mathematical expectation: 

Mathematical expectation of functions of a random variable. Raw and central 

moments and their relation, covariance, skewness and kurtosis. Addition and 

multiplication theorems of expectation. Definition of moment generating 

function, cumulating generating function, probability generating function and 

statements of their properties. 

Unit III 

Conditional eXpectation and conditional variance. Characteristic function and 

its properties. Inversion and uniqueness theorems. Chebyshev, Markov, 

Cauchy- Schwartz, Sequence of random variables and modes of convergence 

(convergence in distribution in probability, almost surely, and quadratic mean) 

and their interrelations. 

Unit IV 

Laws of large numbers: WLLN, Bernoulli and Kintchin’s WLLN. Kolmogorov 

inequality, Kolmogorov„s SLLNs.Central Limit theorems: Demoviere- Laplace 

CLT, Lindberg – Levy CLT and simple applications. 

VI. Suggested Reading
 

• Ash RB. 2000. Probability and Measure Theory. 2nd Ed. Academic 

                  Press. Billingsley P. 1986. Probability and Measure. 2nd Ed. John Wiley 

• Capinski M and Zastawniah. 2001. Probability Through Problems. 

Springer. Dudewicz EJ & Mishra SN. 1988. Modern Mathematical 

Statistics. John Wiley. 

• Feller W. 1972. An Introduction to Probability Theory and its Applications. 

Vols. I., II. John Wile

        Loeve M. 1978. Probability Theory. 4th Ed. Springer 

• Marek C, Tomasz JZ. 2003. Probability Through Problems (Problem 

Books in Mathematics) Corrected Ed. 

• Marek F. 1963. Probability Theory and Mathematical Statistics. John 

Wiley. 

• Rohatgi VK & Saleh AK Md. E. 2005. An Introduction to Probability and 

Statistics. 2nd Ed. John Wiley 

I. Course Title : Statistical Methods 

II. Course Code : STAT 553 

III. Credit Hours : 2+1 

IV. Aim of the course 

This course lays the foundation of probability distributions and sampling 

distributions and their application which forms the basis of Statistical Inference. 

Together with probability theory, this course is fundamental to the discipline of 

Statistics. The students are also exposed to correlation and regression, and order 
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statistics and their distributions. Categorical data analysis is also covered in this 

course. 

V. Theory 

Unit I 

Descriptive statistics: probability distributions: Discrete probability distributions 

~ Bernoulli, Binomial, Poisson, Negative-binomial, Geometric and Hyper 

Geometric, uniform, multinomial ~ Properties of these distributions and real life 

eXamples. Continuous probability distributions ~ rectangular, exponential, 

Cauchy, normal, gamma, beta of two kinds, Weibull, lognormal, logistic, Pareto. 

Properties of these distributions. Probability distributions of functions of random 

variables. 

Unit II 

Concepts   of   compound,   truncated    and    mixture    distributions (definitions 

and eXamples). Sampling distributions of sample mean and sample variance 

from Normal population, central and non–central chi-Square, t and F 

distributions, their properties and inter relationships. 

Unit III 

Concepts of random vectors, moments and their distributions. Bivariate 

distributions - marginal and conditional distributions, Distribution of quadratic 

forms and Cochran theorem. 

Unit IV 

Correlation, Rank Correlation, correlation ratio and intra-class correlation, 

Regression analysis- linear and multiple regression, partial and multiple 

correlation, categorical data analysis and association between variables. 

Unit V 

Order statistics, distribution of r-th order statistics, joint distribution of several 

order statistics and their functions, marginal distributions of order statistics. 

VI. Practical 

• Fitting of discrete distributions and test for goodness of fit; 

• Fitting of continuous distributions and test for goodness of fit; Fitting of 

truncated distribution; 

• Computation of simple, multiple and partial correlation coefficient, 

correlation ratio and intra-class correlation; 

• Regression coefficients and regression equations; 

• Fitting of Pearsonian curves; 

• Analysis of association between attributes, categorical data and log-linear 

models. 

VII. Suggested Reading 

• Agresti, A. 2012. Categorical Data Analysis 3rd Ed. John Wiley. 

• Arnold BC, Balakrishnan N and Nagaraja HN. 1992. A First Course in 

Order Statistics. JohnWiley. 
rd 

• David HA and Nagaraja HN. 2003. Order Statistics. 3 Ed. John Wiley. 

• Dudewicz EJ and Mishra SN. 1988. Modern Mathematical Statistics. John 

Wiley. 

• Huber PJ. 1981. Robust Statistics. John Wiley. 

• Johnson NL, Kotz S and Balakrishnan N. 2000. Continuous Univariate 
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Distributions. JohnWiley. 

• Johnson NL, Kotz S and Balakrishnan N. 2000. Discrete Univariate 

Distributions. JohnWiley. 

• Marek F.1963. Probability Theory and Mathematical Statistics. John 

Wiley. 

• Rao CR. 1965. Linear Statistical Inference and its Applications. John 

Wiley. 
• Rohatgi VK and Saleh AK Md. E. 2005. An Introduction to Probability 

nd 
and Statistics. 2 Ed. John Wiley. 

• Gupta. S.P 2008. Statistical Methods. Sultan Chand & sons Educational 

Publisher 

I. Course Title : Actuarial Statistics 

II. Course Code : STAT 554 

III. Credit Hours : 2+0 

IV. Aim of the course 

This course is meant to expose to the students to the statistical techniques such 

as probability models, life tables, insurance and annuities. The students would 

also be exposed top practical applications of these techniques in computation of 

premiums that include expenses, general expenses, types of expenses and per 

policy expenses. 

V. Theory 

Unit I 

Insurance and utility theory, models for individual claims and their sums, 

survival function, curtate future lifetime, force of mortality. 

Unit II 

Life table and its relation with survival   function, examples, assumptions for 

fractional ages, some analytical laws of mortality, select and ultimate tables. 

Unit III 

Multiple life functions, joint life and last survivor status, insurance and annuity 

benefits through multiple life functions evaluation for special mortality laws. 

Multiple decrement models, deterministic and random survivorship groups, 

associated single decrement tables, central rates of multiple decrement, net single 

premiums and their numerical evaluations. 

Unit IV 

Distribution of aggregate claims, compound Poisson distribution and its 

applications. 

Unit V 

Principles of compound interest: Nominal and effective rates of interest and 

discount, force of interest and discount, compound interest, accumulation factor, 

continuous compounding. 

Unit VI 

Insurance payable at the moment of death and at the end of the year of death- 

level benefit insurance, endowment insurance, deferred insurance and varying 

benefit insurance, recursions, commutation functions. 
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Unit VII 

Life annuities: Single payment, continuous life annuities, discrete life annuities, 

life annuities with monthly payments, commutation functions, varying annuities, 

recursions, complete annuities-immediate and apportionable annuities-due. 

Unit VIII 

Net premiums: Continuous and discrete premiums, true monthly payment 

premiums, apportionable premiums, commutation functions, accumulation type 

benefits. Payment premiums, apportionable premiums, commutation functions, 

accumulation type benefits. Net premium reserves: Continuous and discrete net 

premium reserve, reserves on a semi-continuous basis, reserves based on true 

monthly premiums, reserves on an apportionable or discounted continuous basis, 

reserves at fractional durations, allocations of loss to policy years, recursive 

formulas and differential equations for reserves, commutation functions. 

Unit IX 

Some practical considerations: Premiums that include expenses-general expenses 

types of eXpenses, per policy eXpenses. Claim amount distributions, 

approXimating the individual model, stop-loss insurance. 

VI. Suggested Reading 

• Atkinson ME and Dickson DCM. 2000. An Introduction to Actuarial 

Studies. Elgar Publ. 

• Bedford T and Cooke R. 2001. Probabilistic Risk Analysis. Cambridge. 

• Booth PM, Chadburn RG, Cooper DR, Haberman, S and James DE.1999. 

Modern Actuarial Theory and Practice. Chapman & Hall. 

• Borowiak Dale S. 2003. Financial and Actuarial Statistics: An 

Introduction. Marcel Dekker. 
• Bowers NL, Gerber HU, Hickman JC, Jones DA and Nesbitt CJ.1997. 

nd 
Actuarial Mathematics. 2 Ed. Society of Actuaries, Ithaca, Illinois. 

• Dale SB, Arnold FS. 2013. Financial and Actuarial Statistics: An 
nd 

Introduction, 2 Ed. (Statistics: A Series of TeXtbooks and Monogrphs) 

• Daykin CD, Pentikainen T and Pesonen M. 1994. Practical Risk Theory 

for Actuaries. Chapman & Hall. 

• Klugman SA, Panjer HH, Willmotand GE and Venter GG. 1998. Loss 

Models: From data to Decisions. John Wiley. 

• Medina PK and Merino S. 2003. Mathematical Finance and Probability: 

A Discrete Introduction. Basel, Birkhauser. 
• Melnikov, A. 2011. Risk Analysis in Finance and Insurance (Chapman & 

nd 
Hall/Crc Financial Mathematics Series) 2 Ed. 

• Neill A. 1977. Life Contingencies. Butterworth-Heinemann. 

• Rolski T, Schmidli H, Schmidt V and Teugels J. 1998. Stochastic 

Processes for Insurance and Finance. John Wiley. 

• Rotar VI. 2006. Actuarial Models. The Mathematics of Insurance. 

Chapman& Hall/CRC. 

• Spurgeon ET. 1972. Life Contingencies. Cambridge Univ. Press. 
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I. Course Title : Bioinformatics 

II. Course Code : STAT 555 

III. Credit Hours : 2+0 

IV. Aim of the course 

Bioinformatics is a new emerging area. It is an integration of Statistics, Computer 

applications and Biology. The trained manpower in the area of Bioinformatics is 

required for meeting the new challenges in teaching and research in the discipline 

of Agricultural Sciences. This course is meant to train the students on concepts 

of basic biology, statistical techniques and computational techniques for 

understanding bioinformatics principals. 

V. Theory 

Unit I 

Basic Biology: Cell, genes, gene structures, gene eXpression and regulation, 

Molecular tools, nucleotides, nucleic acids, markers, proteins and enzymes, 

bioenergetics, single nucleotide polymorphism, expressed sequence tag. 

Structural and functional genomics: Organization and structure of genomes, 

genome mapping, assembling of physical maps, strategies and techniques for 

genome sequencing and analysis. 

Unit II 

Computing techniques: OS and Programming Languages – Linux, perl, bioperl, 

python, biopythn, cgi, MySQL, phpMyAdmin; Coding for browsing biological 

databases on web, parsing & annotation of genomic sequences; Database 

designing; Computer networks – Internet, World wide web, Web browsers– 

EMBnet, NCBI; Databases on public domain pertaining to Nucleic acid 

sequences, protein sequences, SNPs, etc.; Searching sequence databases, 

Structural databases. 

Unit III 

Statistical Techniques: MANOVA, Cluster analysis, Discriminant analysis, 

Principal component analysis, Principal coordinate analysis, Multidimensional 

scaling; Multiple regression analysis; Likelihood approach in estimation and 

testing; Resampling techniques – Bootstrapping and Jack-knifing; Hidden 

Markov Models; Bayesian estimation and Gibbs sampling; 

Unit IV 

Tools for Bioinformatics: DNA Sequence Analysis – Features of DNA sequence 

analysis, Approaches to EST analysis; Pairwise alignment techniques: 

Comparing two sequences, PAM and BLOSUM, Global alignment (The 

Needleman and Wunsch algorithm), Local Alignment (The Smith-Waterman 

algorithm), Dynamic programming, Pairwise database searching; Sequence 

analysis– BLAST and other related tools, Multiple alignment and database 

search using motif models, ClustalW, Phylogeny; Databases on SNPs; EM 

algorithm and other methods to discover common motifs in bio sequences; Gene 

prediction based on Neural Networks, Genetic algorithms, Computational 

analysis of protein sequence, structure and function; Design and Analysis of 

microarray/ RNA seqexperiments. 



1095  

VI. Suggested Reading 
• Baldi P. and Brunak S. 2001. Bioinformatics: The Machine Learning 

nd 
Approach. 2 Ed. (Adaptive Computation and Machine Learning). MIT 

Press. 

• BaXevanis A.D. and Francis B.F. (Eds.). 2004. Bioinformatics: A 
Practical Guide to the Analysis of Genes and Proteins. John Wiley. 

• Bergeron B.P. 2002. Bioinformatics Computing. Prentice Hall. 

• Duda R.O, Hart P.E and Stork D.G. 1999. Pattern Classification. John 

Wiley. 

• Ewens W.J and Grant G.R. 2001. Statistical Methods in Bioinformatics: An 

Introduction (Statistics for Biology and Health). Springer. 

• Graham B. Zweig, J. Buffett, WE. 2006.The Intelligent Investor: The 

Definitive Book on Value Investing. A Book of Practical Counsel, Revised 

Edition 

• Hunt S and Livesy F. (Eds.). 2000. Functional Genomics: A Practical 

Approach (The Practical Approach Series, 235). OXford Univ. Press. 

• Jones N.C. and Pevzner P.A. 2004. An Introduction to Bioinformatics 

Algorithims. MIT Press. 

• Koski T and Koskinen T. 2001. Hidden Markov Models for 

Bioinformatics. Kluwer. 

• Krane D.E. and Raymer M.L. 2002. Fundamental Concepts of Bio- 

informatics. Benjamin / Cummings. 

• Krawetz S.A and Womble D.D. 2003. Introduction to Bioinformatics: A 

Theoretical and Practical Approach. Humana Press. 

• Lesk A.M. 2002. Introduction to Bio-informatics. OXford Univ. Press. 
• Percus J.K. 2001. Mathematics of Genome Analysis. Cambridge Univ. 

Press. 

• Sorensen D and Gianola D. 2002. Likelihood, Bayesian and MCMC 

Methods in Genetics.Springer. 

• Tisdall J.D. 2001. Mastering Perl for Bioinformatics. O’Reilly & 

Associates. 

• Wang J.T.L., Zaki M.J., Toivonen H.T.T. and Shasha D. 2004. Data 

Mining in Bioinformatics. Springer. 

• Wu C.H. and McLarty J.W. 2000. Neural Networks and Genome 

Informatics. Elsevier. 

• Wunschiers R. 2004. Computational Biology Unix/Linux, Data 

Processing and Programming. Springer. 

 

I. Course Title : Econometrics 

II. Course Code : STAT 556 

III. Credit Hours : 2+0 

IV. Aim of the course 

This course is meant for training the students in econometric methods and their 

applications in agriculture. This course would enable the students in 

understanding the economic phenomena through statistical tools and economics 

principles. 
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V. Theory 

Unit I 

Representation of Economic phenomenon, relationship among economic 

variables, linear and non-linear economic models, single equation general linear 

regression model, basic assumptions, Ordinary least squares method of 

estimation for simple and multiple regression models; summary statistics 

correlation matrix, co-efficient of multiple determination, standard errors of 

estimated parameters, tests of significance and confidence interval estimation. 

BLUE properties of Least Squares estimates. Chow test, test of improvement of 

fit through additional regressors. Maximum likelihood estimation. 

Unit II 

Heteroscedasticity, Auto-correlation, Durbin Watson test, Multi-collinearity. 

Stochastic regressors, Errors in variables, Use of instrumental variables in 

regression analysis. Dummy Variables. Distributed Lag models: Koyck’s 

Geometric Lag scheme, Adaptive Expectation and Partial Adjustment Mode, 

Rational Expectation Models and test for rationality. 

Unit III 

Simultaneous equation model: Basic rationale, Consequences of simultaneous 

relations, Identification problem, Conditions of Identification, Indirect Least 

Squares, Two-stage least squares, K-class estimators, Limited Information and 

Full Information maximum Likelihood Methods, three stage least squares, 

Generalized least squares, Recursive models, SURE Models. Mixed Estimation 

Methods, use of instrumental variables, pooling of cross-section and time series 

data, Principal Component Methods. 

Unit IV 

Problem and Construction of index  numbers and their tests; fixed and chain based 

index numbers; Construction of cost of living index number. 

Unit V 

Demand analysis – Demand and Supply Curves; Determination of demand curves 

from market data. Engel’s Law and the Engel’s Curves, Income distribution and 

method of its estimation, Pareto’s Curve, Income inequality measures. 

VI. Suggested Reading 

• CroXton F.E. and Cowden D.J. 1979. Applied General Statistics. Prentice 
Hall of India. 

• James H.S. and Mark W.W. 2017. Introduction to Econometrics, 3rd Ed. 

John Wiley 

• Johnston J. 1984. Econometric Methods. McGraw Hill. 
• Judge G.C., Hill R.C., Griffiths W.E., Lutkepohl H and Lee T.C. 1988. 

nd 
Introduction to the Theory and Practice of Econometrics. 2 Ed. John 

Wiley. 
nd 

• Kmenta J. 1986. Elements of Econometrics. 2 

Michigan Press. 

Ed. University of 

• Koop G. 2007. Introduction to Econometrics. John Wiley. 
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rd 
• Maddala G.S. 2001. Introduction to Econometrics. 3 Ed. John Wiley. 

• Pindyck R.S. and Rubinfeld D.L. 1998. Econometric Models and 
th 

Economic Forecasts. 4 Ed. McGraw Hill. 
rd 

• Verbeek M. 2008. A Guide to Modern Econometrics. 3 Ed. John Wiley. 
 

I. Course Title : Mathematics-II 

II. Course Code : STAT 561 

III. Credit Hours : 2+0 

IV. Aim of the course 

This is another course that supports all other courses in Agricultural Statistics. 

The students would be eXposed to the advances in Linear Algebra and Matrix 

theory. This would prepare them to study their main courses that involve 

knowledge of Linear Algebra and Matrix Algebra. 

V. Theory 

Unit I 

Linear Algebra: Group, ring, field and vector spaces, Sub-spaces, basis, Gram 

Schmidt’s orthogonalization, Galois field - Fermat’s theorem and primitive 

elements. Linear transformations. Graph theory: Concepts and applications. 

Unit II 

MatriX Algebra: Basic terminology, linear independence and dependence of 

vectors. Row and column spaces, Echelon form. Determinants, Trace of matrices 

rank and inverse of matrices. Special matrices – idempotent, symmetric, 

orthogonal. Eigen values and eigen vectors, Spectral decomposition of matrices. 

Unit III 

Unitary, Similar, Hadamard, Circulant, Helmert’s matrices. Kronecker and 

Hadamard product of matrices, Kronecker sum of matrices. Sub-matrices and 

partitioned matrices, Permutation matrices, full rank factorization, Grammian 

root of a symmetric matrix. Solution of linear equations, Equations having 

many solutions. 

Unit IV 

Generalized inverses, Moore-Penrose inverse, Applications of g-inverse. 

Inverse and Generalized inverse of partitioned matrices, Differentiation and 

integration of vectors and matrices, Quadratic forms. 

 
VI. Suggested Reading 

• Aschbacher M. 2000. Finite Group Theory. Cambridge University Press. 

• Deo N. 1984. Graph Theory with Application to Engineering and 

Computer Science. Prentice Hall of India. 

• Gentle JE. 2007. Matrix Algebra: Theory, Computations and Applications 

in Statistics.Springer. 

• Graybill FE.1961. Introduction to Matrices with Applications in Statistics. 

Wadsworth Publ. 

• Hadley G. 1969. Linear Algebra. Addison Wesley. 
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• Harville DA. 1997. Matrix Algebra from a Statistician’s Perspective. 

Springer. 
nd 

• Rao CR. 1965. Linear Statistical Inference and its Applications. 2 

John Wiley. 

Ed. 

• Robinson DJS. 1991. A Course in Linear Algebra with Applications. 

World Scientific. 
nd 

• Searle SR. 2006. Matrix Algebra Useful for Statistics John Wiley, 2 

Ed. 

• Seber GAF. 2008. A Matrix Handbook for Statisticians. John Wiley. 
 

I. Course Title : Statistical Inference 

II. Course Code : STAT 562 

III. Credit Hours   : 2+1 

IV. Aim of the course 

This course lays the foundation of Statistical Inference. The students would be 

taught the problems related to point and confidence interval estimation and 

testing of hypothesis. They would also be given the concepts of nonparametric 

and sequential test procedures and elements of decision theory. 

V. Theory 

Unit I 

Concepts of point estimation: unbiasedness, consistency, efficiency and 

sufficiency. Statement of Neyman’s Factorization theorem with applications. 

MVUE, Rao- Blackwell theorem, completeness, Lehmann- Scheffe theorem. 

Fisher information, Cramer-Rao lower bound and its applications. 

Unit II 

Moments, minimum chi-square, least square and maXimum likelihood methods 

of estimation and their properties. Bayesian estimation. Interval estimation- 

Confidence level, shortest length CI.CI for the parameter of Normal distribution, 

Bayesian distribution, Exponential, Binomial and Poisson. 

Unit III 

Fundamentals of hypothesis testing-statistical hypothesis, statistical test, critical 

region, types of errors, test function, randomized and non- randomized tests, level 

of significance, power function, most powerful tests: Neyman-Pearson 

fundamental lemma, MLR families and UMP tests for one parameter exponential 

families. Concepts of consistency, unbiasedness and invariance of tests. 

Likelihood Ratio tests, asymptotic properties of LR tests with applications 

(including homogeneity of means and variances). Relation between confidence 

interval estimation and testing of hypothesis. 

Unit IV 

Sequential Probability ratio test, Properties of SPRT. Termination property of 

SPRT, SPRT for Binomial, Poisson, Normal and Exponential distributions, 

admissible and optimal decision functions, estimation and testing viewed as 

decision problems, conjugate families, Bayes and Minimax decision functions 

with applications to estimation with quadratic loss. 
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Unit V 

Non-parametric tests: Sign test, WilcoXon   signed   rank   test,   Runs   test for 

randomness, Kolmogorov – Smirnov test for goodness of fit, Median test and 

Wilcoxon-Mann-Whitney U-test. Chi-square test for goodness of fit and test for 

independence of attributes. Spearman’s rank correlation and Kendall’s Tau tests 

for independence. Kruskal Wallis Test and Friedman’s non- parametric tests 

VI. Practical 

• Methods of estimation – Maximum Likelihood, Minimum 2 and 
Moments; 

• Confidence Interval Estimation; 

• MP and UMP tests; 

• Large Sample tests; 

• Non-parametric tests, Sequential Probability Ratio Test; 

• Kruskal Wallis Test and Friedman’s non-parametric tests 

VII. Suggested Reading 

• BoX G.E.P. and Tiao G.C. 1992. Bayesian Inference in Statistical 

Analysis. John Wiley. 

• Casela G and Berger R.L. 2001. Statistical Inference. DuXbury Thompson 

Learning. 

• Christensen R. 1990. Log Linear Models. Springer. 

• Conover W.J. 1980. Practical Nonparametric Statistics. John Wiley. 

• Dudewicz EJ and Mishra SN. 1988. Modern Mathematical Statistics. John 

Wiley. 
nd 

• Gibbons J.D. 1985. Non Parametric Statistical Inference. 2 

Dekker. 

Ed. Marcel 

• Kiefer J.C. 1987. Introduction to Statistical Inference. Springer. 

• Lehmann EL. 1986. Testing Statistical Hypotheses. John Wiley. 

• Lehmann EL. 1986. Theory of Point Estimation. John Wiley. 

• Randles R.H and Wolfe D.S. 1979. Introduction to the Theory of 

Nonparametric Statistics. John Wiley. 

• Rao C.R. 2009. Linear Statistical Inference and Its Applications, 3 

John Wiley. 

rd 
Ed. 

• Rohatgi V.K. and Saleh A.K. Md. E. 2005. An Introduction to Probability 
nd 

and Statistics. 2 Ed. John Wiley. 

• Rohtagi V.K. 1984. Statistical Inference. John Wiley 

• Sidney S and Castellan N.J. Jr. 1988. Non Parametric Statistical Methods 

for Behavioral Sciences. McGraw Hill. 

• Wald A. 2004. Sequential Analysis. Dover Publ. 

• Michael J.Panik. 2012. Statistical Inference. A John Wiley & Sons, INC, 

publication 
• 

I. Course Title : Design of Experiments 

II. Course Code : STAT 563 

III. Credit Hours : 2+1 

IV. Aim of the course 
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Design of Experiments provides the statistical tools to get maximum information 

from least amount of resources. This course is meant to eXpose the students to 

the basic principles of design of experiments. The students would also be 

provided with mathematical background of various basic designs involving one-

way and two-way elimination of heterogeneity and their characterization 

properties. This course would also prepare the students in deriving the 

experimental data. 

V. Theory 

Unit I 

Elements of linear estimation, Gauss Markoff Theorem, relationship between 

BLUEs and linear zero-functions. Aitken’s transformation, test of hypothesis, 

Analysis of Variance, Partitioning of degrees of freedom. 

Unit II 

Orthogonality, contrasts, mutually orthogonal contrasts, analysis of covariance; 

Basic principles of design of experiments, uniformity trials, size and shape of 

plots and blocks, Randomization procedure. 

Unit III 

Basic designs - completely randomized design, randomized complete block 

design and Latin square design; Construction of orthogonal Latin squares, 

mutually orthogonal Latin squares (MOLS), Youden square designs, Graeco 

Latin squares. 

Unit IV 

Balanced Incomplete Block (BIB) designs – general properties and analysis 

without and with recovery of intra block information, construction of BIB 

designs. Partially balanced incomplete block designs with two associate classes 

- properties, analysis and construction, Lattice designs, alpha designs, cyclic 

designs, augmented designs. 

Unit V 

Factorial experiments, confounding in symmetrical factorial eXperiments 

n n 
(2 and 3 

series), partial and total confounding, asymmetrical factorials. 

Unit VI 

Cross-over designs. Missing plot technique; Split plot and Strip plot design; 
Groups of experiments. Sampling in field experiments. 

VI. Practical 

• Determination of size and shape of plots and blocks from uniformity trials 

data; 

• Analysis of data generated from completely randomized design, 

randomized complete block design; 

• Latin square design, Youden square design; Analysis of data generated 

from a  BIB design, lattice design, PBIB designs; 
n n 

• 2 , 3 factorial eXperiments without and with confounding; 

• Split and strip plot designs, repeated measurement design; 

• Missing plot techniques, 

• Analysis of covariance; 

• Analysis of Groups of experiments, 
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• Analysis of clinical trial experiments. 

 
VII. Suggested Reading 

• Chakrabarti M.C. 1962. Mathematics of Design and Analysis of 

Experiments. Asia Publ.House. 
nd 

• Cochran W.G. and CoX D.R. 1957. Experimental Designs. 2 

Wiley. 

Ed. John 

• Dean A.M. and Voss D. 1999. Design and Analysis of Experiments. 

Springer. 

• Dey A and Mukerjee R. 1999. Fractional Factorial Plans. John Wiley. 

• Dey A 1986. Theory of Block Designs. Wiley Eastern. Hall M Jr. 1986. 

Combinatorial Theory. John Wiley. 

• John J.A. and Quenouille M.H. 1977. Experiments: Design and Analysis. 

Charles & Griffin. 

• Kempthorne, O. 1976. Design and Analysis of EXperiments. John Wiley. 

Khuri AI & Cornell JA. 1996. Response Surface Designs and Analysis. 
nd 

2 Ed. Marcel Dekker. 

• Kshirsagar A.M. 1983. A Course in Linear Models. Marcel Dekker. 

• Montgomery D.C. 2013. Design and Analysis of Experiments. John Wiley 

& Sons 

• Raghavarao D. 1971. Construction and Combinatorial Problems in 

Design of Experiments. John Wiley. 

• Searle S.R. 2006. Linear Models. John Wiley. 

• Street A.P. and Street D.J. 1987. Combinatorics of Experimental Designs. 

OXford Science Publ. 

• Design Resources Server. Indian Agricultural Statistics Research Institute 

(ICAR), New Delhi- 110 012, India. Hyperlink “http: 

//www.iasri.res.in/design” www.drs.icar.gov.in. 

 

I. Course Title       : Sampling Techniques 

II. Course Code      : STAT 564 

III. Credit Hours      : 2+1 

IV. Aim of the course 

This course is meant to expose the students to the techniques of drawing 

representative samples from various populations and then preparing them on the 

mathematical formulations of estimating the population parameters based on 

the sample data. The students would also be exXposed to the real life applications 

of sampling techniques and estimation of parameters. 

V. Theory 

Unit I 

Sample survey vs complete enumeration, probability sampling, sample space, 

sampling design, sampling strategy; Determination of sample size; Confidence- 

interval; Simple random sampling, Estimation of population proportion, 

Stratified random sampling, Proportional allocation and optimal allocation, 

Inverse sampling. 

http://www.iasri.res.in/design
http://www.iasri.res.in/design
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Unit II 

Ratio, Product and regression methods of estimation, Cluster sampling, 

Systematic sampling, Multistage sampling with equal probability, Separate and 

combined ratio estimator, Double sampling, Successive sampling –two 

occasions. Unbiased ratio type estimators 

Unit III 

Non-sampling errors – sources and classification, Non-response in surveys, 

Randomized response techniques, Response errors/ Measurement error – 

interpenetrating sub-sampling. 

Unit IV 

PPS Sampling with and without replacement, Cumulative method and Lahiri’s 

method of selection, Horvitz-Thompson estimator, Ordered and unordered 

estimators, Sampling strategies due to Midzuno-Sen and Rao-Hartley-Cochran. 

Inclusion probability proportional to size sampling. 

VI. Practical 

• Determination of sample size and selection of sample; 

• Simple random sampling, Inverse sampling, Stratified random sampling, 

Cluster sampling, systematic sampling; 

• Ratio and regression methods of estimation; 

• Double sampling, multi-stage sampling, Imputation methods; 

• Randomized response techniques; 

• Sampling with varying probabilities. 

VII. Suggested Reading 

• Cassel C.M., Sarndal C.E. and Wretman J.H. 1977. Foundations of 

Inference in Survey Sampling. John Wiley. 
• Chaudhari A and Stenger H. 2005. Survey Sampling Theory and Methods. 

nd 
2 Ed. Chapman & Hall. 

• Chaudhari A and Voss J.W.E. 1988. Unified Theory and Strategies of 

Survey Sampling. North Holland. 

• Cochran W.G. 1977. Sampling Techniques. John Wiley. 

• Hedayat A.S. and Sinha B.K. 1991. Design and Inference in Finite 
Population Sampling. John Wiley. 

• Kish L. 1965. Survey Sampling. John Wiley. 

• Mukhopadhyay, P. 2008.Theory and Methods of Survey Sampling, John 

Wiley & Sons 
nd 

• Murthy M.N. 1977. Sampling Theory and Methods. 2 

Publ. Society, Calcutta. 

Ed. Statistical 

• Sukhatme P.V., Sukhatme B.V., Sukhatme S and Asok C. 1984. Sampling 

Theory of Surveys with Applications. Iowa State University Press and 

Indian Society of Agricultural Statistics, New Delhi. 

• Thompson SK. 2000. Sampling. John Wiley. 

• Kochran WG. 2007. Sampling Techniques. A John Wiley & Sons 

Publication 

 

I. Course Title : Statistical Genetics 

II. Course Code : STAT 565 
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III. Credit Hours : 2+1 

IV. Aim of the course 

This course is meant to prepare the students in applications of statistics in 

quantitative genetics and breeding. The students would be exposed to the 

physical basis of inheritance, detection and estimation of linkage, estimation of 

genetic parameters and development of selection indices. 

V. Theory 

Unit I 

Physical basis of inheritance. Analysis of segregation, detection and estimation 

of linkage for qualitative characters. Amount of information about linkage, 

combined estimation, disturbed segregation. 

Unit II 

Gene and genotypic frequencies, Random mating and Hardy -Weinberg law, 

Application and extension of the equilibrium law, Fisher's fundamental theorem 

of natural selection. Disequilibrium due to linkage for two pairs of genes, sex-

linked genes, Theory of path coefficients. 

Unit III 

Concepts of inbreeding, Regular system of inbreeding. Forces affecting gene 

frequency - selection, mutation and migration, equilibrium between forces in 

large populations, Random genetic drift, Effect of finite population size. 

Unit IV 

Polygenic system for quantitative characters, concepts of breeding value and 

dominance deviation. Genetic variance and its partitioning, Effect of inbreeding 

on quantitative characters, Multiple allelism in continuous variation, Sex-linked 

genes, Maternal effects - estimation of their contribution, Stability models. 

Unit V 

Correlations between relatives, Heritability, Repeatability and Genetic 

correlation. Response due to selection, Selection index and its applications in 

plants and animals’ improvement programmes, Correlated response to selection. 

Unit VI 

Restricted selection index. Variance component approach and linear regression 

approach for the analysis of GE interactions. Measurement of stability and 

adaptability for genotypes. Line X tester Analysis- Concepts of general and 

specific combining ability. Diallel and partial diallel crosses - construction and 

analysis. 

 
VI. Practical 

• Test for the single factor segregation ratios, homogeneity of the families 

with regard to single factor segregation; 

• Detection and estimation of linkage parameter by different procedures; 

• Estimation of genotypic and gene frequency from a given data. 

• Hardy-Weinberg law; 

• Estimation of changes in gene frequency due to systematic forces, 

inbreeding coefficient, genetic components of variation, heritability and 

repeatability coefficient, genetic correlation coefficient; 
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• Examination of effect of linkage, epistasis and inbreeding on mean and 

variance of metric traits; 

• Mating designs; 

• Construction of selection index including phenotypic index, restricted 

selection index. Correlated response to selection. 

• Problem based on various stability models and Line X tester Analysis 

VII. Suggested Reading 

• Agarwal BL and Agarwal SP. 2007. Statistical Analysis of Quantitative 

Genetics. New Age International Publisher. 

• Bailey NTJ. 1961. The Mathematical Theory of Genetic 

Linkage.Clarendon Press. 

• Balding DJ, Bishop M and Cannings C. 2001. Hand Book of Statistical 

Genetics. John Wiley. 

• Crow JF and Kimura M. 1970. An Introduction of Population Genetics 

Theory. Harper and Row. 

• Dahlberg G. 1948. Mathematical Methods for Population Genetics. Inter 

Science Publ. 

• East EM and Jones DF. 1919. Inbreeding and Outbreeding. 

• Lippincott JB & Co. Ewens WJ. 1979. Mathematics of Population 

Genetics. Springer. 

• Falconer DS. 1985. Introduction to Quantitative Genetics. ELBL. 

• Fisher RA. 1949. The Theory of Inbreeding. Oliver & Boyd. 

• Fisher RA. 1950. Statistical Methods for Research Workers. Oliver& 

Boyd. 

• Fisher RA. 1958. The Genetical Theory of Natural Selection. Dover Publ. 

• Kempthorne O. 1957. An Introduction to Genetic Statistics. The Iowa 

State Univ. Press. 

• Lerner IM. 1950. Population Genetics and Animal 

Improvement.Cambridge Univ. Press. 

• Lerner IM. 1954. Genetic Homeostasis. Oliver & Boyd. 

• Lerner IM. 1958. The Genetic Theory of Selection. John Wiley. 

• Li CC. 1982. Population Genetics. The University of Chicago Press. 

• K & Jinks JL. 1977. Introduction to Biometrical Genetics.Chapman & 

Hall. 

• Mather K and Jinks JL. 1982. Biometrical Genetics. Chapman & Hall. 

• Mather K. 1949. Biometrical Genetics. Methuen. 

• Mather K. 1951. The Measurement of Linkage in Heredity. 

• Methuen. N. P. 1990. Statistical Genetics. Wiley Eastern. 

 
I. Course Title : Statistical Quality Control 

II. Course Code : STAT 566 

III. Credit Hours   : 2+0 

IV. Aim of the course 

This course is meant for eXposing the students to the concepts of Statistical 

Quality Control and their applications in agribusiness and agro- processing 

industries. This course would enable the students to have an idea about the 

statistical techniques used in quality control. Students who do not have sufficient 

background of Statistical Methods. 
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V. Theory 

Unit I 

Introduction to Statistical Quality Control; Control Charts for Variables – Mean, 

Standard deviation and Range charts; Statistical basis; Rational subgroups. 

Unit II 

Control charts for attributes- „np’, „p’ and „c’ charts. 

Unit III 

Fundamental concepts of acceptance, sampling plans, single, double and 
sequential sampling plans for attributes inspection. 

Unit IV 

Sampling inspection tables for selection of single and double sampling plans. 

VI. Suggested Reading 

• Cowden D.J. 1957. Statistical Methods in Quality Control. Prentice Hall 
of India. 

• Dodge H.F. and Romig H.G. 1959. Sampling Inspection Tables. John 

Wiley. 

• Duncan A.J. 1986. Quality Control and Industrial Statistics. 5th Ed. Irwin 

Book Co. 
th 

• Grant E.L. and Leavenworth R.S. 1996. Statistical Quality Control. 7 

Ed. McGraw Hill. 
th 

• Montgomery D.C. 2008. Introduction to Statistical Quality Control. 6 

Ed. John Wiley. 

• Wetherhil G.B. 1977. Sampling Inspection and Quality Control. Halsted 
Press. 

 

I. Course Title      : Optimization Techniques 

II. Course Code     : STAT 567 

III. Credit Hours    : 1+1 

IV. Aim of the course 

This course is meant for eXposing the students to the mathematical details of 

the technique’s optimization techniques. They will be taught numerical methods 

of optimization, linear programming techniques, nonlinear programming and 

multiple objective programming. Students will also be eXposed to practical 

applications of these techniques. 

V. Theory 

Unit I 

Classification of optimization problems, Classical optimization techniques: 

single variable optimization, multivariable optimization techniques with no 

constraints, multivariable optimization techniques with equality constraints, 

multivariable optimization techniques with inequality constraints. 

Unit II 

Linear programming: simplex method, duality, sensitivity analysis, Karmarkar’s 
method, transportation problem. 
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Unit III 

Nonlinear programming Unconstrained optimization techniques: direct search 

methods such as random search, grid search, Hooke and Jeeves’ method, Powel’s 

method. Descent methods such as gradient method, steepest descent method, 

conjugate gradient method, Newton’s method, Marquardt method. 

Unit IV 

Quadratic programming, integer linear programming, integer nonlinear 

programming, geometric programming, dynamic programming, stochastic 

programming, multi objective optimization, optimal control theory, genetic 

algorithms, simulated annealing, neural network based optimization, 

VI. Practical 

• Problems based on classical optimization techniques, optimization 

techniques with constraints, minimization problems using numerical 

methods. 

• Linear programming (LP) problems through graphical method, simpleX 

method, simpleX two-phase method, primal and dual method. 

• Sensitivity analysis for LP problem, LP problem using Karmarkar’s 

method. 

• Problems based on Quadratic programming, integer programming, dynamic 

programming, stochastic programming. 

• Problems based on Pontryagin’s maXimum principle. 

• Problems based on multi objective optimization. 

VII. Suggested Reading 

• Antunes C.H., Alves, M.J., Climaco J. 2016. Multi objective Linear and 

Integer Programming (EURO Advanced Tutorials on Operational 

Research) 

• Nocedal, J. and Wright, S.J. 1999. Numerical Optimization. Springer. 

• Rao, S.S. 2007. Engineering Optimization: Theory and Practice. New Age 

International Publishers. 

• Rustagi, J.S. 1994. Optimization Techniques in Statistics. Academic Press. 

• Taha, H.A. 2007. Operations Research: Introduction with CD. Pearson 

Education. 

• Xu, H, Teo, K.L. Zhang Y. 2016. Optimization and Control Techniques 

and Applications (Springer Proceedings in Mathematics & Statistics) 

• Zeleny, M. 1974. Linear Multi objective Programming. Springer. 

 

I. Course Title      : Multivariate Analysis 

II. Course Code     : STAT 571 

III. Credit Hours    : 2+1 

IV. Aim of the course 

This course lays the foundation of Multivariate data analysis. Most of the data 

sets in agricultural sciences are multivariate in nature.   The exposure provided 

to multivariate data structure, multinomial and multivariate normal distribution, 

estimation and testing of parameters, various data reduction methods would help 

the students in having a better understanding of agricultural research data, its 

presentation and analysis. 
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V. Theory 

Unit I 

Concept of random vector, its eXpectation and Variance-Covariance matriX. 

Marginal and joint distributions. Conditional distributions and Independence of 

random vectors. Multinomial distribution. Multivariate Normal distribution, 

marginal and conditional distributions. Sample mean vector and its distribution. 

Maximum likelihood estimates of mean vector and dispersion matrix tests of 

hypothesis about mean vector. 

Unit II 
2 

Wishart distribution and its simple properties. Hotelling’s T and Mahalanobis 
2 2 

D statistics. Null distribution of Hotelling’s T . Rao’s U statistics and its 

distribution. Wilks’  criterion and its properties. Concepts of discriminant 

analysis, computation of linear discriminant function, classification between k 
2 

(2) multivariate normal populations based on LDF and Mahalanobis D . 

Unit III 

Principal Component Analysis, factor analysis. Canonical variables and 

canonical correlations. Cluster analysis: similarities and dissimilarities of 

qualitative and quantitative characteristics, Hierarchical clustering. Single, 

Complete and Average linkage methods. K-means cluster analysis. 

Unit IV 

Path analysis and computation of path coefficients, introduction to 

multidimensional scaling, some theoretical results, similarities, metric and non- 

metric scaling methods. 

VI. Practical 

• MaXimum likelihood estimates of mean-vector and dispersion matrix; 

• Testing of hypothesis on mean vectors of multivariate normal populations; 

• Cluster analysis, Discriminant function, Canonical correlation, Principal 

component analysis, Factor analysis; 

• Multivariate analysis of variance and covariance, multidimensional scaling. 

VIII. Suggested Reading 

• Abdelmonem A, Virginia AC and Susanne M. 2004. Computer Aided 
Multivariate Analysis. Chapman & Hall/CRC. 

• Anderson TW. 1984. An Introduction to Multivariate Statistical Analysis. 
nd 

2 Ed. John Wiley. 

• Arnold SF. 1981. The Theory of Linear Models and Multivariate Analysis. 

John Wiley. 

• Giri NC. 1977. Multivariate Statistical Inference. Academic Press. Johnson 

RA and Wichern DW. 1988. Applied Multivariate Statistical Analysis. 

Prentice Hall. 

• Kshirsagar AM. 1972. Multivariate Analysis. Marcel Dekker. 

• Muirhead RJ. 1982. Aspects of Multivariate Statistical Theory. John Wiley. 

Muirhead, RJ. (2005) Aspects of Multivariate Statistical Theory. 
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nd 
2 Ed. John Wiley. 

nd 
• Rao CR. 1973. Linear Statistical Inference and its Applications. 2 Ed. 

John Wiley. 
rd 

• Rencher AC. 2012. Methods of Multivariate Analysis. 3 

Wiley. 

Ed. John 

• Srivastava MS and Khatri CG. 1979. An Introduction to Multivariate 

Statistics. North Holland. 

 

I. Course Title      : Regression Analysis 

II. Course Code     : STAT 572 

III. Credit Hours    : 1+1 

IV. Aim of the course 

This course is meant to prepare the students in linear and non-linear regression 

methods useful for statistical data analysis. They would also be provided a 

mathematical foundation behind these techniques and their applications in 

agricultural data. 

V. Theory 

Unit I 

Simple and Multiple linear regressions: Least squares fit, Properties and 

examples. Polynomial regression: Use of orthogonal polynomials. 

Unit II 

Assumptions of regression; diagnostics and transformations; residual analysis ~ 

Studentized residuals, applications of residuals in detecting outliers, 

identification of influential observations. Lack of fit, Pure error. Test of 

normality, test of linearity, Testing homoscedasticity and normality of errors, 

Durbin-Watson test. Test of goodness of fit for the model evaluation and 

validation. Concept of multi-collinearity. 

Unit III 

Weighted least squares method: Properties, and examples.   BoX-Cox   family of 

transformations. Use of dummy variables, Over fitting and under fitting of model, 

Selection of variables: Forward selection, Backward elimination. Stepwise and 

Stagewise regressions. 

Unit IV 

Introduction to non-linear models as semi log and double logarithmic models, 

binary logistic and multinomial logistic models, nonlinear estimation: Least 

squares for nonlinear models. 

VI. Practical 

• Multiple regression fitting with three and four independent variables; 

• Estimation of residuals, their applications in outlier detection, distribution 

of residuals; 

• Test of homoscedasticity, and normality, Box-Cox transformation; 

• Restricted estimation of parameters in the model, hypothesis testing, Step 
wise regression analysis; 

• Least median of squares norm, Orthogonal polynomial fitting. 
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• Non-linear models including binary logistic and multinomial logistic 

models. 

VII. Suggested Reading 

• Barnett V and Lewis T. 1984. Outliers in Statistical Data. John Wiley. 

• Belsley DA, Kuh E and Welsch RE. 2004. Regression Diagnostics- 

Identifying Influential Data and Sources of Collinearity. John Wiley. 

• Chatterjee S and Hadi AS. 2013. Regression Analysis by Example. A John 

Wiley & sons Publication. 
rd 

• Draper NR and Smith H. 1998. Applied Regression Analysis. 3 

Wiley. 

Ed. John 
 

nd 

• McCullagh P and Nelder JA. 1999. Generalized Linear Models. 2 

Chapman & Hall. 

Ed. 

• Montgomery DC, Peck EA and Vining GG. 2003. Introduction to Linear 
rd 

Regression Analysis. 3 Ed. John Wiley. 
nd 

• Rao CR. 1973. Linear Statistical Inference and its Applications. 2 Ed. 

John Wiley. 

I. Course Title      : Statistical Computing 

II. Course Code     : STAT 573 

III. Credit Hours    : 1+1 

IV. Aim of the course 

This course is meant for exposing the students in the concepts of computational 

techniques. Various statistical packages would be used for teaching the concepts 

of computational techniques. 

V. Theory 

Unit I 

Introduction to statistical packages and computing: data types and structures, Use 

of Software packages like, SAS, SPSS or “R: The R Project for Statistical 

Computing”. Data analysis principles and practice, Summarization and tabulation 

of data, EXploratory data analysis; Graphical representation of data. Statistical 

Distributions: Fitting and testing the goodness of fit of discrete and continuous 

probability distributions; 

Unit II 

ANOVA, regression and categorical data methods; model formulation, fitting, 

diagnostics and validation; Matrix computations in linear models. Analysis of 

discrete data. Multiple comparisons, Contrast analysis. 

Unit III 

Numerical linear algebra, numerical optimization, graphical techniques, 
numerical approXimations, Time Series Analysis. 

Unit IV 

Analysis   of   mixed   models; Estimation   of   variance    components, Analysis 

of Covariance, Fitting of non-linear model, Discriminant function; Principal 

component analysis. techniques in the analysis of survival data and longitudinal 

studies, Approaches to handling missing data, and meta-analysis 
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VI. Practical 

• Data management, Graphical representation of data, Descriptive statistics; 

• General linear models ~ fitting and analysis of residuals, outlier detection; 

• Fitting and testing the goodness of fit of probability distributions; 

• Testing the hypothesis for one sample t-test, two sample t-test, paired t- test, 

test for large samples - Chi-squares test, F test, One-way analysis of 

variance, contrast and its testing, pairwise comparisons; 

• MiXed effect models, estimation of variance components; 

• Categorical data analysis, dissimilarity measures, similarity measures; 

• Analysis of discrete data, analysis of binary data; 

• Numerical algorithms; 

• Spatial modeling, cohort studies; 

• Clinical trials, analysis of survival data; 

• Handling missing data. Analysis of time series data - fitting of ARIMA 

models. 

VII. Suggested Reading 

• Agresti A. 2013. Categorical Data Analysis. 3rd Ed. John Wiley. 
• Everitt BS and Dunn G. 1991. Advanced Multivariate Data Analysis. 2nd 

Ed. Arnold. 

• Geisser S. 1993. Predictive Inference: An Introduction. Chapman & Hall. 

• Gelman A & Hill J. 2006. Data Analysis Using Regression and 
Multilevel/Hierarchical Models. Cambridge Univ. Press. 

• Gentle JE, Härdle W and Mori Y. 2012. Handbook of Computational 

Statistics – Concepts and Methods. 2nd Ed. Springer. 

• Han J and Kamber M. 2000. Data Mining: Concepts and Techniques. 

Morgan. 

• Hastie T, Tibshirani R and Friedman R. 2001. The Elements of Statistical 

Learning: Data Mining, Inference and Prediction. Springer. 

• Kennedy WJ & Gentle JE. 1980. Statistical Computing. Marcel Dekker. 
• Miller RG Jr. 1986. Beyond ANOVA, Basics of Applied Statistics. John 

Wiley. 

• Rajaraman V. 1993. Computer Oriented Numerical Methods. Prentice- 

Hall. 

• Ross S. 2000. Introduction to Probability Models. Academic Press. 

• Ryan BF and Joiner BL. 1994. MINITAB Handbook. 3rd Ed. DuXbury 

Press. 

• Simonoff JS. 1996. Smoothing Methods in Statistics. Springer. 

• Singh, AK. 2016. Practical R-Book by Examples for Agricultural 

Statistics. Deptt. Of Ag. Statistics, IGKV. Raipur 

• Snell EJ. 1987. Applied Statistics: A Handbook of BMDP Analyses. 

Chapman & Hall. 

• Thisted RA. 1988. Elements of Statistical Computing. Chapman & Hall. 

• Venables WN and Ripley BD. 1999. Modern Applied Statistics With S- 

Plus. 3rd Ed. Springer. 

• http: //www.r-project.org/ 

• http: //www.stat.sc.edu/~grego/courses/stat706/. 

• Design Resources Server: www.drs.icar.gov.in. 

http://www.r-project.org/
http://www.stat.sc.edu/~grego/courses/stat706/
http://www.drs.icar.gov.in/
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I. Course Title : Time Series Analysis 

II. Course Code : STAT 574 

III. Credit Hours : 1+1 

IV. Aim of the course 

This course is meant to teach the students the concepts involved in time series 

data. They would also be exposed to components of time series, stationary 

models and forecasting/ projecting the future scenarios based on time series data. 

It would also help them in understanding the concepts involved in time series 

data presentation, analysis and interpretation. 

V. Theory 

Unit I 

Components of a time-series. Autocorrelation and Partial autocorrelation 
functions, Correlogram and periodogram analysis. 

Unit II 

Linear stationary models: Autoregressive, moving average and MiXed processes. 

Linear non-stationary models: Autoregressive integrated moving average 

processes. 

Unit III 

Forecasting: Minimum mean square forecasts and their properties, calculating 

and updating forecasts. ARIMA models, Autoregressive Conditional 

Heteroscedastic (ARCH) and Generalized Auto Regressive Conditional 

Heteroscedastic (GARCH)models 

Unit IV 

Model identification: Objectives, Techniques, and Initial estimates. Model 

estimation: Likelihood function, Sum of squares function, Least squares 

estimates. Seasonal models. Intervention analysis models and Outlier detection. 

VI. Practical 

Time series analysis, autocorrelations, correlogram and periodogram; Linear 

stationary model; Linear non-stationary model; Model identification and model 

estimation; Intervention analysis and outlier detection. 

VII. Suggested Reading 

• BoX GEP, Jenkins GM and Reinsel GC. 2007. Time Series Analysis: 
rd 

Forecasting and Control. 3 Ed. Pearson Edu. 

• Brockwell PJ   and   Davis   RA.   2002.   Introduction   to   Time   Series   and 
nd 

Forecasting. 2 Ed. Springer. 

• Chatterjee S, Hadi A and Price B.1999. Regression Analysis by EXamples.John 

Wiley. 
rd 

• Draper NR and Smith H. 1998. Applied Regression Analysis. 3 

Wiley. 

Ed. John 

• Jenkins, GM, Reinsel, GC, Greta M. L, George E.P.B. 2015. Time Series 

Analysis: Forecasting and Control, Wiley Series in Probability and Statistics 

• Johnston J. 1984. Econometric Methods. McGraw Hill. 

• Judge GG, Hill RC, Griffiths WE, Lutkepohl H and Lee TC. 1988. Introduction 
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nd 
to the Theory and Practice of Econometrics. 2 Ed. John Wiley. 

• Montgomery DC and Johnson LA. 1976. Forecasting and Time Series Analysis. 

McGraw Hill. 

• Montgomery DC, Jennings CA and Kulahci M. 2015. Introduction to Time 

Series Analysis and Forecasting, Wiley Series in Probability and Statistics 
• Shumway RH and Stoffer DS. 2006. Time Series Analysis and its Applications: 

nd 
With R Examples. 2 Ed. Springer. 

 

I. Course Title      : Demography 

II. Course Code     : STAT 575 

III. Credit Hours    : 2+0 

IV. Aim of the course 

This course is meant for training the students in measures of demographic 

indices, estimation procedures of demographic parameters. Students would also 

be eXposed to population projection techniques and principle involved in 

bioassays. 

V. Theory 

Unit I 

Introduction to vital statistics, crude and standard mortality and morbidity rates, 
Estimation of mortality, Measures of fertility and mortality, period and cohort 

measures. 

Unit II 

Life tables and their applications, methods of construction of abridged life tables, 

Increment-Decrement Life Tables. 

Unit III 

Stationary and stable populations, Migration and immigration. Application of 

stable population theory to estimate vital rates, migration and its estimation. 

Demographic relations in Nonstable populations. Measurement of population 

growth, Lotka’s model (deterministic) and intrinsic rate of growth, Measures of 

mortality and morbidity Period. 

Unit IV 

Principle of biological assays, parallel line and slope ratio assays, choice of doses 

and efficiency in assays quantal responses, probit and logit transformations, 

epidemiological models. 

VI. Suggested Reading 

• CoX DR. 1957. Demography. Cambridge Univ. Press. 

• Charles Griffin. Fleiss JL. 1981. Statistical Methods for Rates and 

Proportions. John Wiley. 

• Finney DJ. 1981. Statistical Methods in Biological Assays. 

• Grow A, Bavel JV. 2016. Agent-Based Modelling in Population Studies: 

Concepts, Methods, and Applications (The Springer Series on 

Demographic Methods and Population Analysis) 

• Lawless JF. 1982. Statistical Models and Methods for Lifetime Data. John 

Wiley. 

VII.  

• MacMahon B and Pugh TF. 1970. Epidemiology- Principles and 
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Methods.Little Brown, Boston. 

• Mann NR, Schafer RE and Singpurwalla ND. 1974. Methods for 

Statistical Analysis of Reliability and Life Data. John Wiley. 

• Newell C. 1988. Methods and Models in Demography. Guilford Publ. 

• Preston S, Heuveline P and Guillot M. 2001. Demography: Measuring 

and Modeling Population Processes. Blackwell Publ. 

• Rowland DT. 2004. Demographic Methods and Concepts. OXford Press. 
• Siegel   JS   and   Swanson   DA.   2004. The Methods   and   Material 

nd 
ofDemography. 2 Ed. Elsevier. 

• Woolson FR. 1987. Statistical Methods for the Analysis of Biomedical 

Data. JohnWiley. 

• Yakovlev AY, Klebanov L and Gaile D. 2013. Statistical Methods for 

Microarray Data Analysis: Methods and Protocols (Methods in Molecular 

Biology) 

I. Course Title      : Statistical Methods for Life Sciences 

II. Course Code     : STAT 576 

III. Credit Hours    : 2+0 

IV. Aim of the course 

This course focuses on statistical methods for discrete data collected in public 

health, clinical and biological studies including survival analysis. This would 

enable the students to understand the principles of different statistical techniques 

useful in public health and clinical studies conducted. 

V. Theory 

Unit I 

Proportions and counts, contingency tables, logistic regression models, Poisson 

regression and log-linear models, models for polytomous data and generalized 

linear models. 

Unit II 

Computing techniques, numerical methods, simulation and general 

implementation of biostatistical analysis techniques with emphasis on data 

applications. Analysis of survival time data using parametric and non- parametric 

models, hypothesis testing, and methods for analyzing censored (partially 

observed) data with covariates. Topics include marginal estimation of a survival 

function, estimation of a generalized multivariate linear regression model 

(allowing missing covariates and/or outcomes). 

Unit III 

Proportional Hazard model: Methods of estimation, estimation of survival 

functions, time-dependent covariates, estimation of a multiplicative intensity 

model (such as CoX proportional hazards model) and estimation of causal 

parameters assuming marginal structural models. 

Unit IV 

General theory for developing locally efficient estimators of the parameters of 

interest in censored data models. Rank tests with censored data. Computing 

techniques, numerical methods, simulation and general implementation of bio- 
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statistical analysis techniques with emphasis on data applications. 

Unit V 

Newton, scoring, and EM algorithms for   maximization;   smoothing methods; 

bootstrapping; trees and neural networks; clustering; isotonic regression; Markov 

chain Monte Carlomethods. 

VI. Suggested Reading 

• Biswas S. 2007. Applied Stochastic Processes. A Biostatistical and 
Population Oriented Approach. Wiley Eastern Ltd. 

• Collett D. 2003. Modeling Survival Data in Medical Research. Chapman 

& Hall. 

• CoX D.R. and Oakes D. 1984. Analysis of Survival Data. Chapman & 

Hall. 

• Hosmer DW Jr. and Lemeshow S. 1999. Applied Survival Analysis: 

Regression Modeling or Time to Event. John Wiley. 

• Klein J.P. and Moeschberger M.L. 2003. Survival Analysis: Techniques 

for Censored and Truncated Data. Springer. 

• Kleinbaum D.G. and Klein M 2005. Survival Analysis. A Self Learning 

Text. Springer. 

• Kleinbaum D.G. and Klein M. 2005. Logistic Regression. 2nd Ed. 

Springer. 

• Lee ET. 1992. Statistical Methods for Survival Data Analysis. 

• John Wiley and Miller RG. 1981. Survival Analysis. John Wiley. 

• Therneau T.M. and Grambsch P.M. 2000. Modeling Survival Data: 

Extending the Cox Model.Springer. 

 
I. Course Title      : Statistical Ecology 

II. Course Code     : STAT 577 

III. Credit hours     : 2+0 

 
IV. Aim of the course 

This course is meant for exposing the students to the importance and use of 

statistical methods in collections of ecological data, species -abundance relations, 

community classification and community interpretation. 

Ⅴ. Theory 

Unit I 

Ecological data, Ecological sampling; Spatial pattern analysis: Distribution 
methods, Quadrant-variance methods, Distance methods. 

Unit II 

Species-abundance relations: Distribution models, Diversity indices; Species 

affinity: Niche-overlap indices, interspecific association, interspecific 

covariation. 

Unit III 

Community classification: Resemblance functions, Association analysis, Cluster 

analysis; Community Ordination: Polar Ordination, Principal Component 

Analysis, Correspondence analysis, Nonlinear ordination. 

Unit IV 
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Community interpretation: Classification Interpretation and Ordination 

Interpretation. 

Ⅵ. Suggested Reading 

● Gotelli N.J. and Ellison A.M. 2004. A Primer of Ecological Statistics 
● Pielou E.C. 1970. An introduction to Mathematical Ecology. John Wiley. 

● Reynolds J.F. and Ludwig J.A. 1988. Statistical Ecology: A Primer on 

Methods and Computing. John Wiley. 

● Young L.J., Young J.H. and Young J. 1998. Statistical Ecology: A 

Population Perspective. Kluwer. 

 

 
 

SUPPORTING COURSES IN COMPUTER APPLICATIONS 

 
Course Code Course Title Credit Hours 

 

STAT 578 Computers-Fundamentals and Programming 2+1 

STAT 579 Computer Organization and Architecture 2+0 

STAT 580 Introduction to Networking and Internet 

Applications 

 

1+1 

STAT 581 Information Technology in Agriculture 2+0 
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I. Course Title : Computer Fundamentals and Programming 

II. Course Code : STAT 578 

III. Credit Hours : 2+1 

IV. Aim of the course 

This is a course on Computer Fundamentals and Programming that aims at 

eXposing the students to understand how computer works, analytical skills to 

solve problems using computers. and to write computer programs using C. 

V.  Theory 

Unit I 

Functional units of computer, I/O devices, primary and secondary memories. 

Number systems: decimal, octal, binary and heXadecimal; Representation of 

integers, fixed and floating point numbers, Operator precedence, character 

representation; ASCII, Unicode. 

Unit II 

Programming Fundamentals with C - Algorithm, techniques of problem solving, 

flowcharting, stepwise refinement; Constants and variables; Data types: integer, 

character, real, data types; Arithmetic eXpressions, assignment statements, 

logical eXpressions. Control flow 

Unit III 

Arrays and structures. Pointers, dynamic memory allocations 

Unit IV 

Program Structures – functions, subroutines 

Unit V 

I/O operations, Program correctness; Debugging and testing of programs. 

VI. Pratical 

• Conversion of different number types; 

• Creation of flow chart, conversion of algorithm/flowchart to program; 

• Mathematical operators, operator precedence; 

• Sequence, control and iteration; 

• Arrays and string processing; 

• MatriX operations, Sorting, Pointers and File processing – Reading and 

writing teXt files. 

VII. Suggested Reading 

• Balaguruswamy E. 2019. Programming with ANSI C. Tata McGraw Hill. 

• Gottfried B. 2017. Programming with C, Schaum Outline Series. Tata 

McGraw Hill. 

• Kanetkar Y. 1999. Let Us C. BPB Publ. 

• Malvino A.P. and Brown J.A. 2017. Digital Computer Electronics. Tata 

McGrawHill. 

• Mano M.M. 1999. Digital Logic and Computer Design. Prentice Hall of 

India. 

I. Course Title : Computer Organization and Architecture 

II. Course Code : STAT 579 

III. Credit Hours : 2+0 
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IV. Aim of the course 

This is a course on Computer Organization and Architecture that aims at 

eXposing the students to understand basic knowledge of how computer works. 

V. Theory 

Unit I 

Number systems; Boolean algebra - minimization of Boolean function using 

KarnaughMap. 

Unit II 

Logic Gates, Combinational circuits – multipleXer, de-multipleXer, encoder, 

decoder; Sequential circuits: Flip-flops, Half and Full adder, Shift register, 

Counters. 

Unit III 

Organization of CPU, Control Unit- Instruction and EXecution cycle in CPU, 

Register Organization, The Instruction Cycle, Instruction Pipelining. 

Unit IV 

Memory organization - Internal memory: Semiconductor Main Memory (RAM, 
ROM, EPROM), Cache Memory, Advanced DRAM Organization; External 
Memory - Magnetic Disks, RAID, Optical Memory, Magnetic Tape.Unit V 

Basic structure of computer hardware and system software - Addressing methods 

and machine programme sequencing; Input-output organizations - accessing I/O 

devices - direct memory access (DMA) – interrupts. 

Unit VI 

Introduction to microprocessors – CISC and RISC Architecture, Study of 

functional units of microprocessors. 

VI. Suggested Reading 

• Gear C.W. 1974. Computer Organization and Programming. McGraw 

Hill. 

• Hayes J.P. 1988. Computer Architecture and Organisation. McGraw Hill. 
• Malvino A.P and Brown J.A. 1999. Digital Computer Electronics. Tata 

McGraw Hill. 

• Mano M.M. 1999. Digital Logic and Computer Design. Prentice Hall of 

India. 

• Mano M.M. 2007. Computer System Architecture. Prentice Hall of India. 

• Stallings W. 2016. Computer Organization and Architecture: Designing 

for Performance. Pearson Edu. 

 

I. Course Title : Introduction to Networking and Internet Applications 

II. Course Code : STAT 580 

III. Credit Hours : 1+1 

IV. Aim of the course 

This is a course on Introduction to Networking and Internet Applications 
applications development. 

V. Theory 

Unit I 

Networking fundamentals, types of networking, network topology; Introduction 
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to File Transfer Protocol (FTP), Telnet, Simple Mail Transfer Protocol (SMTP), 

Internet Protocol v4 & v6. Network infrastructure and Security-switches, routers, 

firewall, intranet, internet, Virtual Private Network 

Unit II 

World Wide Web (www), working with Internet; Web pages, web sites, web 

servers; Web Applications. 

Unit III 

Hyper Text Markup Language (HTML), DHTML, web-based application 

development. Static websites, dynamic websites. Client-Side processing – 

scripting languages, Jquery. Server-Side processing ASP.NET/JSP 

VI. Practical 

• Network and mail configuration; 

• Using Network Services; 

• Browsing of Internet; 

• Creation of web pages; 

• Creation of websites using HTML and scripting languages. 

VII. Suggested Reading 

• CoX V, Wermers L and Reding E.E. 2006. HTML Illustrated Complete. 
rd 

3 Ed. Course Technology. 

• Niederst J. 2001. Web Design in a Nutshell. O’Reilly Media. 

• Tanenbaum A.S. 2003. Computer Networks. Prentice Hall of India. 

 
 

I. Course Title : Information Technology in Agriculture 

II. Course Code : STAT 581 

III. Credit Hours   : 2+0 

IV. Aim of the course 

This is a course on Introduction to Networking and Internet Applications that 

aims at eXposing the students to understand analogy of computer, basic 

knowledge of MS Office. Also, to understand Internet and WWW, use of IT 

application and different IT tools in Agriculture 

V. Theory 

Unit I 

Introduction to Computers, Anatomy of computer, Operating Systems, definition 

and types, Applications of MS Office for document creation & Editing, Data 

presentation, interpretation and graph creation, statistical analysis, mathematical 

eXpressions, 

Unit II 

Database, concepts and types, uses of DBMS in Agriculture, World Wide Web 

(WWW): Concepts and components, Introduction to computer programming 

languages, concepts and standard input/output operations. e-Agriculture, 

concepts and applications, 

Unit III 

Use of ICT in Agriculture, Computer Models for understanding plant processes. 
IT application for computation of water and nutrient requirement of crops, 
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Computer- controlled devices (automated systems) for Agri-input management, Smartphone 

Apps in Agriculture for farm advises, market price, postharvest management etc., 

Unit IV 

Geospatial technology for generating valuable agri-information. Decision support systems, 

concepts, components and applications in Agriculture, Agriculture EXpert System, Soil 

Information Systems etc. for supporting Farm decisions, Preparation of contingent crop-

planning using IT tools. 

swSuggested Reading 

• Vanitha G. 2011. Agro-informatics 

• http://www.agrimoon.com 

• http://www.agriinfo.in 

• http://www.eagri.org 

• http://www.agriglance.com 

• http://agritech.tnau.ac.in 

 

 

Remedial/ supporting courses in Mathematics and Statistics for Agrl. 

Graduates admitted to M.Sc.(Agricultural Statistics). 

 

1.   STAT 537 CALCULUS 2+0 

Differentiation-successive differentiation-maxima and Minima points of 

inflexion- curvature-Taylor’s theorem-Maclaurin’s theorem-mean value theorem-

Rolle’s theorem-Integration – standard forms – integration by substitution and by parts- 

Differential equations – standard forms variable separable – homogeneous, linear, 

Bernoulli’s and Clairaut’s forms, linear equations with constant coefficients. Integrating 

factors and exact equations. 

 

2. STAT 538 ANALYTICAL GEOMETRY  2+0 

Rectangular co-ordinates, distance between two points, area of triangle, equations to a 

straight line, angle between two lines, standard equations of ellipse, parabola and 

hyperbola, their tangents, normals, polar of a point. Chords with given mid point. 

Pairs of tangents from a given point, conjugate lines and diameters. 

 

3. STAT 539 MODERN ALGEBRA 1+0 

Sequence spaces, linear dependence, linear mappings, bilinear mappings, linear 

transforms, binary operations, one-to-one correspondence and isomorphism, group and 

sub groups, permutation groups, even and odd permutations, complexes and cosets, 

normal subgroups, homomorphism, rings, sub rings, ideals, zero divisors-fields. 

 

4. STAT 540 MATRIX ALGEBRA 2+0 

Definition of matrices, matrices associated with a given matrix – transpose, conjugate 

and conjugate transpose, different types of matrices, sub-matrices, determinant of a 

square matrix, minor of a matrix, scalar multiple of matrix, sum, difference and product 

of matrices, associative and distributive laws of matrices, adjoint of a square matrix 

inverse of square matrix, rank of a matrix, solution of linear, homogeneous equations 

by matrices, characteristic matrix and characteristic equation of a matrix, Cayley- 

Hamilton theorem, Eigen values and Eigen vectors, orthogonal matrices, quadratic 

forms – Canontical forms, index of a quadratic from, definite, semi-definite and 

indefinite real quadratic forms, Gram matrices. 

 

http://www.agrimoon.com/
http://www.agrimoon.com/
http://www.agrimoon.com/
http://www.agriinfo.in/
http://www.eagri.org/
http://www.agriglance.com/
http://agritech.tnau.ac.in/
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5. STAT 541 TRIGONOMETRY                                                                   1+0 

Measurement of angles-sexagesimal and contesimal system-Radian-Length of arc- 

circular co-ordinates-unit circle-Trigonometric ratios of an acute angle-Circular functions 

of a real number ‘t’ Trigonometric functions of angles of any magnitude- Polar co-

ordinates, periodicity and graph of trigonometric functions addition and product 

formulae-Geometrical proof of Cos (A-B) etc. Multiple and sub multiple angles-

Geometrical derivation of Sin 180 and Cos 360-Inverse trigonometric functions-Principal 

values of inverse functions-Trigonometric equations-equations involving inverse 

trigonometric function-graphical solution of equations- Properties of triangles-incircles 

and excircles-Solution of triangles- Heights and distances. 

 

6. STAT 542 PROBABILITY THEORY     2+0 

Definition of probability – events – addition and multiplication theorems – conditional 

probability–distribution of a single random variable, continuous and discontinuous 

distributions-Joint distributions, marginal and conditional distributions. Mathematical 

expectation, moments, cumulants, moment generating functions, Binomial poison and 

Normal distribution and their fittings-Statistical models for observational data – free hand 

fitting methods of least squares, linear model, correlation and regression, quadratic 

model, multiple regression model, partial and multiple correlation. 

 

7. STAT 543  MATHEMATICS                                       2+0 

Limits of a function, Derivative of sum, product and function of a function, application of 

differentiation in Economics-Partial differentiation, constrained optimization, 

optimization with single variable input-Successive differentiation, Maxima and minima 

of more than one independent variable- Integration–integration by parts, definite integrals, 

double and multiple integrals-Differential equation, solution of linear homogeneous 

equations, solution of second order equations – its application- Algorithms, errors and 

approximations, simple methods of interpolation – Newton’s, Stirling’s, Bessel’s, 

Legrange’s and Gauss’ methods-Graphs and solutions of equations, method of false 

position, Newton-Raphson method, numerical integration – Trapezoidal, Simpson’s one-

third and three-eighth rules- Matrices and determinants, rank of a matrix, inverse of a 

square matrix, orthogonal matrices, Cayley-Hamilton theorem-Eigen values and Eigen 

vectors. 

 

8. STAT 544      BASIC STATISTICS 2+0 

Definition of Statistics, Classification and tabulation of data, frequency distribution, 

Diagrammatic and graphic representation of data. Measures of central tendency, 

Measures of dispersion, Skewness and Kurtosis. Elementary ideas on probability, 

Probability distributions- Binomial, Poisson, Normal distributions. Associated 

measurements, Scatter diagram, Correlation and linear regression .Rank correlation 

coefficient and coefficient of concordance. Elementary ideas in sampling, advantages 

of sampling. Sampling and non-sampling errors. Simple Random Sampling-with and 

without replacement. Estimation of parameters. Cluster sampling, Systematic sampling, 

Stratified sampling, multistage stratified random sampling and its applications. 

*Suggested Readings 

Frank Ayres (1984). Schaum’s outline Series. Theory and Problems of Matrices, 

Mcgraw HillRao, C.R (1965)., Linear Statistical Inference and its applications. Second 

edition. Wiley Eastern Ltd.Damodar N Gujarathi.(1995). Basic econometrics, Mcgraw – 

Hill, New DelhiFinney, D.J.(1964). Statistical Methods In Biological Assays. 2nd 

edition. Griffin London 
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Das, M.N and Giri, V.V (2003)., Design and Analysis of Experiments.,New Age 

International(p) Ltd. 

Narain, P.(1990).Statistical Genetics. Wiley Eastern Ltd., New Delhi. Chatfield, C & 

Collins A.J. Introduction to Multivariate Analysis
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    COMMON  COURSES
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PGS 501 LIBRARY AND INFORMATION SERVICES (0+1) 

Objective 

To equip the library users with skills to trace information from libraries 

efficiently, to apprise them of information and knowledge resources, to carry out 

literature survey, to formulate information search strategies, and to use modern tools 

(Internet, OPAC, search engines, etc.) of information search. 

Practical 

Introduction to library and its services; Role of libraries in education, research 

and technology transfer; Classification systems and organization of library; Sources of 

information- Primary Sources, Secondary Sources and Tertiary Sources; Intricacies 

of abstracting and indexing services (Science Citation Index, Biological Abstracts, 

Chemical Abstracts, CABI Abstracts, etc.); Tracing information from reference sources; 

Literature survey; Citation techniques/ Preparation of bibliography; Useof CD-ROM 

Databases, Online Public Access Catalogue and other computerized library services; Use 

of Internet including search engines and its resources; e- resources access methods. 

PGS 502 TECHNICAL WRITING AND COMMUNICATIONS SKILLS (0+1) 

Objective 

To equip the students/ scholars with skills to write dissertations, research 

papers, etc. To equip the students/ scholars with skills to communicate and articulate 

in English (verbal as well as writing). 

Practical (Technical Writing) 

• Various forms of scientific writings- theses, technical papers, reviews, 

manuals, etc.; 

• Various parts of thesis and research communications (title page, authorship 

contents page, preface, introduction, review of literature, material and methods, 

experimental results and discussion); 
• Writing of abstracts, summaries, précis, citations, etc.; 
• Commonly used abbreviations in the theses and research communications; 

• Illustrations, photographs and drawings with suitable captions; pagination, 

numbering of tables and illustrations; 
• Writing of numbers and dates in scientific write-ups; 
• Editing and proof-reading; 

• Writing of a review article; 

• Communication Skills - Grammar (Tenses, parts of speech, clauses, punctuation 

marks); 

• Error analysis (Common errors), Concord, Collocation, Phonetic symbols 

andtranscription; 

• Accentual pattern: Weak forms in connected speech; 

• Participation in group discussion; 

• Facing an interview; 

• Presentation of scientific papers. 

Suggested Readings 

1. Barnes and Noble. Robert C. (Ed.). 2005. Spoken English: Flourish Your 

Language. 

2. Chicago Manual of Style. 14th Ed. 1996. Prentice Hall of India. 
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3. Collins’ Cobuild English Dictionary. 1995. 

4. Harper Collins. Gordon HM and Walter JA. 1970. Technical Writing. 3rd 

Ed. 

5. Holt, Rinehart and Winston. Hornby AS. 2000. Comp. Oxford Advanced 

Learner’sDictionary of Current English. 6th Ed. OXford University Press. 
6. James HS. 1994. Handbook for Technical Writing. NTC Business Books. 
7. Joseph G. 2000. MLA Handbook for Writers of Research Papers. 5th Ed. 

AffiliatedEast-West Press. 
8. Mohan K. 2005. Speaking English Effectively. MacMillan India. 
9. Richard WS. 1969. Technical Writing. 

10. Sethi J and Dhamija PV. 2004. Course in Phonetics and Spoken English. 2nd 

Ed.Prentice Hall of India. 

11. Wren PC and Martin H. 2006. High School English Grammar and 

Composition. S. Chand & Co. 

 

PGS 503 INTELLECTUAL PROPERTY  RIGHTS AND ITS 

MANAGEMENT IN AGRICULTURE(1+0) 

Objective 

The main objective of this course is to equip students and stakeholders with 

knowledge of Intellectual Property Rights (IPR) related protection systems, their 

significance and use of IPR as a tool for wealth and value creation in a knowledge- 

based economy. 

Theory 

Historical perspectives and need for the introduction of Intellectual Property 

Right regime; TRIPs and various provisions in TRIPS Agreement; Intellectual Property 

and Intellectual Property Rights (IPR), benefits of securing IPRs; Indian Legislations for 

the protection of various types of Intellectual Properties; Fundamentals of patents, 

copyrights, geographical indications, designs and layout, trade secrets and traditional 

knowledge, trademarks, protection of plant varieties and farmers’ rights and biodiversity 

protection; Protectable subject matters, protection in biotechnology, protection of other 

biological materials, ownership and period of protection; National Biodiversity 

protection initiatives; Convention on Biological Diversity; International Treaty on Plant 

Genetic Resources for Food and Agriculture; Licensing of technologies, Material transfer 

agreements, Research collaboration Agreement, License Agreement. 

Suggested Readings 

1. Erbisch FH and Maredia K.1998. Intellectual Property Rights in Agricultural 

Biotechnology. CABI. 

2. Ganguli P. 2001. Intellectual Property Rights: Unleashing Knowledge 

Economy.McGraw-Hill. 

3. Intellectual Property Rights: Key to New Wealth Generation. 2001. NRDC 

andAesthetic Technologies. 
4. Ministry of Agriculture, Government of India. 2004. State of Indian Farmer. 

Vol. V. Technology Generation and IPR Issues. Academic Foundation. 
5. Rothschild M and Scott N. (Ed.). 2003. Intellectual Property Rights in 

AnimalBreeding and Genetics. CABI. 

6. Saha R. (Ed.). 2006. Intellectual   Property Rights in NAM and Other 
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Developing Countries: A Compendium on Law and Policies. Daya Publ. 

House. 

The Indian Acts - Patents Act, 1970 and amendments; Design Act, 2000; 

Trademarks Act, 1999; The Copyright Act, 1957 and amendments; Layout 

Design Act, 2000; PPV and FR Act 2001, and Rules 2003; The Biological 

Diversity Act, 2002. 

 

PGS 504 BASIC CONCEPTS IN LABORATORY TECHNIQUES (0+1) 

Objective 

To acquaint the students about the basics of commonly used techniques in 

laboratory. 

Practical 

• Safety measures while in Lab; 

• Handling of chemical substances; 

• Use of burettes, pipettes, measuring cylinders, flasks, separatory funnel, 

condensers, micropipettes and vaccupets; 

• Washing, drying and sterilization of glassware; 

• Drying of solvents/ chemicals; 

• Weighing and preparation of solutions of different strengths and their dilution; 

• Handling techniques of solutions; 

• Preparation of different agro-chemical doses in field and pot applications; 

• Preparation of solutions of acids; 

• Neutralisation of acid and bases; 

• Preparation of buffers of different strengths and pH values; 

• Use and handling of microscope, laminar flow, vacuum pumps, viscometer, 

thermometer, magnetic stirrer, micro-ovens, incubators, sandbath, waterbath, 

oilbath; 

• Electric wiring and earthing; 

• Preparation of media and methods of sterilization; 

• Seed viability testing, testing of pollen viability; 

• Tissue culture of crop plants; 

• Description of flowering plants in botanical terms in relation to taxonomy. 

Suggested Readings 

1. Furr AK. 2000. CRC Hand Book of Laboratory Safety. CRC Press. mmon 

Academic Regulations for PG and Ph.D. Programmes. Restructured and 

Revised Syllabi of Post-graduate Programmes Vol. 1 

2. Gabb MH and Latchem WE. 1968. A Handbook of Laboratory Solutions. 

Chemical Publ. Co. 

PGS 505 - Agricultural Research, Research Ethics and Rural Development 

Programmes (1+0) (Agronomy, Agricultural Extension, Agricultural Economics) 

Objective 

To enlighten the students about the organization and functioning of agricultural 

research systems at national and international levels, research ethics, and rural 

development programmes and policies of Government. 
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Theory 

UNIT I 

 

 
History of agriculture in brief; Global agricultural research system: need, scope, 

opportunities; Role in promoting food security, reducing poverty and protecting 

the environment; National Agricultural Research Systems (NARS) and Regional 

Agricultural Research Institutions; Consultative Group on International 

Agricultural Research (CGIAR): International Agricultural Research Centres 

(IARC), partnership with NARS, role as a partner in the global agricultural 

research system, strengthening capacities at national and regional levels; 

International fellowships for scientific mobility. International organizations for 

rural development and research. 

UNIT II 

Research ethics: research integrity, research safety in laboratories, welfare of 

animals used in research, computer ethics, standards and problems in research 

ethics. Research involving human participants; data management and protection; 

intellectual property; plagiarism; authorship – conflict of interest; peer review 

and publication ethics; collaborative research and data management and 

integrity. 

UNIT III 

Concept and connotations of rural development, rural development policies 

and strategies. Rural development programmes: Community Development 

Programme, Intensive Agricultural District Programme, Special group – Area 

Specific Programme, Integrated Rural Development Programme (IRDP) 

Panchayati Raj Institutions, Co-operatives, Voluntary Agencies/ Non- 

Governmental Organisations. Critical evaluation of rural development policies 

and programmes. Constraints in implementation of rural policies and 

programmes. Role of NABARD, commercial banks and co-operatives in rural 

development; National and International programmes for rural development. 

Suggested Reading 

 Bhalla, G. S. and Singh, G. 2001. Indian Agriculture - Four Decades of 

Development. Sage Pub. 

 Pimple, K. D. 2000. Letter Commenting on the “Proposed PHS Policy on 

Instruction in the Responsible Conduct of Research (RCR).” Available: http: // 
php.indiana.edu / ~pimple/rcrpolicy.pdf 

 Pimple, K. D. 2002. Six domains of research ethics: a heuristic framework for the 
responsible conduct of research. Sci. Eng. Ethics 8:191-205. 

 Punia, M. S. Manual on International Research and Research Ethics. CCS 

Haryana Agricultural University, Hisar. 

 Rao, B. S. V. 2007. Rural Development Strategies and Role of Institutions - 

Issues, Innovations and Initiatives. Mittal Pub. 

 Singh, K. 1998. Rural Development - Principles, Policies and Management. Sage 

Pub. 

http://php.indiana.edu/~pimple/rcrpolicy.pdf
http://php.indiana.edu/~pimple/rcrpolicy.pdf

