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FOREWORD

Kerala has been a fore runner in many of the development indicators, developing models which
others can emulate. Despite being a service sector oriented economy, agricultural sector of the state
was showing a positive growth rate during the recent past. The role of science based policy intervention
in attaining the growth is evident, as the cropped area has not been increasing. The research focus
by Kerala Agricultural University in developing technologies that aim at productivity, sustainability
and social acceptance has played a significant role in maintaining and promoting the agriculture
sector in the state. Continuing the efforts, Kerala Agricultural University is proud to present the major
research findings during the year 2017-18, from various projects implemented by us. We reaffirm our
commitment towards the agricultural development of the state especially in rebuilding a new Kerala.
The devotion and commitment of Kerala Agricultural University fraternity towards the achievements
are to be remembered and acknowledged in this juncture. | may take this opportunity to congratulate
all those who have contributed to this endeavor.

Dr.R. Chandra Babu
Vice-Chancellor



PREFACE

Agriculture in Kerala is distinctly different from the rest of India, in many ways. Predominance of non-
food-plantation sector, multi cropping systems, homestead farming and abundance of biodiversity
are a few among these specific features. The proportion of farming households in the state is reported
to be the lowest among the states in India. The socio economic and demographic setup have resulted
in further diversity in farming objectives and practices. The farming practices range from micro
level terrace and backyard systems to large scale commercial plantations. The objectives in this
sector have undergone drastic changes with focus on quality rather than volume of production. So
also, a shift from domestic to export and direct consumption to processing and value addition is also
being witnessed. Simultaneously the demand for green technologies arise from the public, owing to
higher literacy and awareness. The research system in Kerala Agricultural University is tuned to address
these challenges. There are research results that offer solutions to many of the problems at field
level.

The research projects in Kerala Agricultural University is mainly funded by the public sector which
include Indian Council of Agricultural Research, Indian Council for Forestry Research and Education,
Directorate of Biotechnology, Department of Science and Technology, Kerala State Council for Science
Technology and Environment. Prominent among them are the All India Co-ordinated Research Projects
(AICRP’s), which are mainly funded by Indian Council of Agricultural Research (ICAR). These together
enjoyed funding support to the tune of Rs. 25.23 crores. Support from State government constituted
35.31 per cent of research grants. The total amount obtained for implementing research projects was
to the tune of Rs. 39 crores in 2017-18.

The projects are implemented by the scientists working in the seven colleges and 26 research stations
of the university. These scientists are also discharging extension and teaching duties. Apart from this,
the results from post graduate and Ph.D academic programmes are also there.

The research management in the university is done by the Directorate of Research, where the Director
of Research is supported by Associate Directors of Research, one each for the five zones and four in
the Head Quarters. There are three faculties,Agriculture, Forestry and Agricultural Engineering, where
the research implementation is vested with the Research Coordinator,who is a senior Professor. There
are twenty four subject specific Project Co-ordination Groups,19 in agriculture, 2 in Forestryand 3 in
Agricultural Engineering. The Project Co-ordinators monitor the research project implementation.

It is worth mentioning that our scientists have published quality research articles is reputed journals.

With great pride, | may also mention that Kerala Agricultural University has released 23 varieties in
different crops during this period (17-18). We could also make 65 technologies ready for transfer to
potential entrepreneurs.

In this background, it is worth pointing out the fact that the achievements of the university are on
account of the united work of all sections of farm workers, supportive ministerial and the scientific
community. The role of the Research Associates and other temporary employees are also equally
acknowledged. We also thank all the funding agencies and other organizations, who supported us for
effectively discharging the responsibilities.



The post flood scenario of the State demands a paradigm shift in the research policy of university for
rebuilding the agricultural sector of the state. KAU has initiated efforts to strengthen the research
programmes for addressing the same, which is the need of the hour. The support of one and all in this
regard, is solicited.

Dr.P.Indira Devi
Director of Research



The Newly Released Crop Varieties from
Kerala Agricultural University



The Newly Released Crop Varieties, KAU
(vide 27 State Seed Sub Committee held on 12/12/2017)

Kerala Agricultural University has released 23 improved varieties in rice, vegetables, tuber crops, spices and medicinal
plants, at the 27t State Seed Sub Committee held at Thiruvananthapuram on 12/12/2017. The formal release of these
varieties was done by Sri. Pinarayi Vijayan, Hon’ble Chief Minister,Kerala on 26/05/2018 at KAU,Head Quarters, Vellanikkara.
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ONGOING EXPERIMENTS 2017-2018

1. Genetic conservation of rice germplasm, collection, maintenance, cataloguing and evaluation
Dr.Faseela.KV
Asst.Professor
faseela.kv@kau.in

New entries were included in germplasm collection which comprised of farmer varieties, varieties released from other
institutes and recent breeding lines. Characterization of 443 accessions including 93 short duration, 226 medium and
long duration, 124 traditional rice varieties under the germplasm collection in Pattambi were completed under this
project. The pure seeds multiplied were stored under Medium Term Storage facility developed at RARS, Pattambi under
this project.

Molecular characterization of germplasm is progressing using SSR markers. Molecular characterization of 58 varieties
and released from Pattambi was completed using markers RM 19,RM 25,RM 44,RM 55,RM 72,RM 152,RM 201,RM 202,
RM 205,RM 212, RM 219,RM 225,RM 228,RM 259,RM 263,RM 334,RM 336,RM 431,RM 433,RM 518 AND RM 3586.

Forty six traditional rice varieties were characterized using 14 SSR markers. Chennellu, Kalluruli, Karanellu, Kalladiaryan,
Thondi Navara, Anjali, N-22 were characterized using ten drought specific molecular markers. Traditional varieties-
Ponkuruka, Chenkayama, Pallippuram pokkali, Cheriya oorpandi, Karuthakuruka, Chettivirippu, Gandhakasala, Pandichampan,
Kuttithekkan, Veluthavattan, Mundakan, Vellari, Velutharikayama, Thekkan chitteni and high yielding varieties were also
characterized for ten molecular markers specific for salinity. Molecular characterization of the germplasm collection is
progressing. The result generated from molecular study will be highly useful in breeding for varieties with biotic and
abiotic stress tolerance. Selections from land races Veluthitaryan and Kalluruli were tested for yield performance along
with check varieties during 2017-18.

2.Breeding highyyielding, tall, photo sensitive varieties with good strawyield specifically suited for the mundakan season
of Kerala.
Dr.Faseela.KV
Asst.Professor

faseela.kv@kau.in

During 2017-18,Cul 5(0614-1-6-21 IET 26080) was tested under Advance variety trial -1-late in AICRIP. Quality characters
of Cul 5 were found to be excellent on assessment at IIRR, Hyderabad. Cul 6(0614-7-8-24 KAU Supriya), Cul 14(0615-01-
25-17 KAU Akshaya) and Cul 19(0615-01-28-34-1) were tested under Initial varietal trial as IET 27244,26951 and 26941
respectively.

3. Collection, maintenance and evaluation of rice germplasm.
Dr.Leenakumari, S.
Professor
leenakumary.s@kau.in

The Objective was to collect,maintain and evaluate the available germplasm of rice, both rationing and exotic for utilization
in the breeding programme.During 2017-18 14 entriesselected from the AICRIP (International Network for Genetic Evaluation
of Rice) were added to the 710 entriesalready maintained during the period, total of 724 entries.

4. Evolution of semi tall or dwarf types of tall Indica rice varieties.
Dr.Faseela.KV
Asst.Professor

faseela.kv@kau.in

Thirteen mutant lines of PTB 18 and 21 were subjected to selection in M6 generation during. Preliminary Yield trials were
conducted with three uniform mutant lines (170 Gy Gamma ray mutant of PTB 18) selected from previous generation
along with PTB 18 and PTB 21. All three lines were found to be promising and exhibited 100 to 114% improvement in
yield over the parents. These entries will be forwarded to advanced trials. During 2017-18, sixteen mutant lines of PTB 18
and 21 were subjected to selection in M7 generation. Preliminary Yield trials of six uniform mutant lines identified during
2016-17 (170 Gy Gamma ray mutant of PTB 18,21 and 220 Gy mutant of PTB 18) and Comparative yield trials of 3 mutant




lines (170 Gy mutants of PTB 18) were conducted with PTB 18,PTB 21, Jyothi, Uma, Swetha, Aathira and Karuna. Promising
entries will be forwarded to advanced trials. Uniform lines with promising characters identified will be tested in yield
trials during 2018-19. The varieties evaluated for drought tolerance and biotic stress tolerance screening. Culture M5
(2011miutant46-1-1-1), 170 Gy mutant of PTB 18, was tested at Initial Varietal trial-irrigated medium at AICRIP National
Multilocation Testing during Kharif 2017 as IET 26856 and was found to have moderate resistance to neck blast.

5. Breeding lodging resistant rice varieties for dry sowing conditions during virippu season
Dr. Abida.P.S
Professor

abida.ps@kau.in

F, plants were raised in ear to row method and Observations were made on characters such as Days to flowering, Plant
height (cm), No. of tillers, No. of panicles and Panicle length (cm). According to the above characteristics the homozygous
superior plants were selected and seed were harvested to further forward to the F6 generation.

6. Initial Variety Trials
Dr.Leenakumari, S.
Professor
leenakumary.s@kau.in

This experiment is conducted at RRS, Moncompu as part of the All India Co- Ordinated Rice Improvement Project where
in the comparative performance of superior rice cultures of different duration developed at different rice research centres
throughout the country are evaluated for their yield and suitability for our situation. Initial Variety Trial is the first stage of
evaluation of the cultures. Three sets of cultures belonging to VeryEarly, Early and Mid Early groups are evaluated for their
performance every year. The seed material for the trial is received from DRR, Hyderabad. The results of experiments
conducted during 2014-15 from the three trials are furnished below.

6.1. Initial Variety Trial - Early (IVT-E-TP) Transplanted
Dr.Leenakumari, S.
Professor
leenakumary.s@kau.in

The trial was laid out in RBD with 63 entries and 2 replications. Observations were recorded on various characters like
plant height, days to 50% flowering, plot yield, disease/pest attack etc.The highest grain yield was recorded by IET
N0.26762(CU1748) (7097.22 Kg/ha) followed by entry no IET No.26777 (CR3993-4-9-6-3-1) (6597.22 kg/ha) and local
check Prathyasa yield 5125kg/ha.

6.2 Initial Variety Trial-Biofortification (IVT-Biofort)
Dr.Leenakumari, S.
Professor
leenakumary.s@kau.in

Observations were recorded on various characters like days to 50% flowering, plant height, plot yield, disease/pest attack
etc. Among the entries, IET No. 27167 (NVSR-335) recorded the highest grain yield of 10800 kg/ha followed by IET No:
27163 (CR 2830-PLS-118) (10775 kg/ha) and the local check Uma yield 9175 kg/ha. During the season the pest / disease
incidence was low.

6.3 Initial Variety Trial -Early
Dr.Leenakumari, S.
Professor
leenakumary.s@kau.in

During Kharif 2017, the trial was laid out in RBD with 64 entries and 2 replications. Observations were recorded on
various characters like plant height, days to 50% flowering, grain yield, disease/pest attack etc. The highest grain yield
was recorded by Entry No.3608 (7097 kg/ha) followed by Entry No.3629 (6597 kg/ha) which was superior to the grain yield
of the local check Prathyasa (5125 kg/ha).
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6.4. Initial Variety Trial - IME
Dr.Leenakumari, S.
Professor
leenakumary.s@kau.in

The trial was laid out in RBD with 64 entries under report and 2 replications. Observation recorded on various characters
like plant height, days to 50% flowering, plot yield, disease/pest attack etc. Observations were recorded on various
characters like days to 50% flowering, plant height, plot yield, disease/pest attack etc. Among the entries, IET No.26877
(IR73930-31-3-1-2 CR 3728-2-2) recorded the highest grain yield of 11111.11 kg/ha followed by IETNo: 26879(CB-
14502) with a per hectare yield of 10543.06 kg/ha. During the season the pest / disease incidence was low.

7. Advanced Variety Trials
Dr.Leenakumari, S.
Professor
leenakumary.s@kau.in

The entries in Initial Variety Trials which give more than 5% yield increase than the check varieties will be tested in
Advanced Variety Trials 1 and 2. At Rice Research Station, Moncompu, different duration groups viz., Early and Mid-Early
are tested for their regional suitability.

7.1. Advanced Variety Trial -1
Dr.Leenakumari, S.
Professor
leenakumary.s@kau.in

The trial was laid out in RBD with 11 entries under report and 3 replications. Observation recorded on various characters
like plant height, days to 50% flowering, plot yield, disease/pest attack etc.Observations were recorded on various characters
like days to 50% flowering, plant height, plot yield, disease/pest attack etc. Among the entries, [ET No. 25746 (KPH-471)
recorded the highest grain yield of 9972.22 kg/ha followed by IETNO: 24934 (NK-5251 Plus Hybrid) with a per hectare
yield of 8996.30 kg/ha. During the season the pest / disease incidence was low.

7.2. Advanced Variety Trial- 2- Irrigated Mid Early
Dr.Leenakumari, S.
Professor
leenakumary.s@kau.in

Observations were recorded on various characters like plant height, days to 50% flowering, plot yield, disease/pest attack
etc. Mean data of the best entries is furnished below. The highest grain yield was recorded by US 312 (HC) with an yield of
9638.89 Kg/ha followed by IET No. 24951-(VNR-218)(Hybrid) with a per hectare yield of 8861.11 Kg. The local check Uma
recorded an yield of 6750 Kg/ha.

7.3. Advanced Variety Trial-1 Biofortification (AVT -1 Biofort)
Dr.Leenakumari, S.
Professor
leenakumary.s@kau.in

The trial laid out with 17 entries including local check with 3 replication. Observations were recorded on various characters
like plant height, days to 50% flowering, plot yield, disease/pest attack etc. The highest grain yield was recorded by IET
NO: Kalanamak (Micro nutrient check) with a yield of 10176.67 Kg/ha.

7.4. Advanced Variety Trial-2 Biofortification (AVT -2 Biofort)
Dr.Leenakumari, S.
Professor
leenakumary.s@kau.in

The trial was laid out in RBD with 16 entries under report and 3 replications. Observation recorded on various characters
like plant height, days to 50% flowering, plot yield, disease/pest attack etc. The highest grain yield was recorded by IET
NO: 25461 (R-RHZ-MI-30) with a yield of 10986.67 Kg/ha.




8. Initial Variety Trials

8.1. Initial Variety Trial (IVT -E - TP)
Dr. Faseela K.V.
Asst.Professor

faseela.kv@kau.in

During 2017-18, 62 entries were tested, of which the entry IET 26755 with 8279.1kg/ha was found to be superior with
respect to yield.

8.2. Initial Variety Trial - Biofort (IVT- Biofort) PTB
Dr. Faseela K.V.
Asst.Professor

faseela.kv@kau.in

During 2017-18, 34 entries were tested, of which the entry IET 27159 with 5070.2 kg/ha wasfound to be superior with
respect to yield.

8.3. Initial Variety Trial Irrigated Mid Early
Dr. Faseela K.V.
Asst.Professor

faseela.kv@kau.in

During 2017-18, 59 entries were tested, of which the entry IET 26884 with 7707.2 kg/ha was found to be superior with
respect to yield.

8.4. Initial Variety Trial Irrigated Medium
Dr.Faseela.KV
Asst.Professor

faseela.kv@kau.in

During 2017-18, 63 entries were tested, of which the entry IET 26836 with 9198.49 kg/ha was found to be superior with
respect to yield.

8.5. Initial Variety Trial Aromatic Short Grain
Dr.Faseela.KV
Asst.Professor
faseela.kv@kau.in

During 2017-18, 22 entries were tested, of which the entry Ketekijoha (QC) with 8086.83 kg/ha was found to be superior
with respect to yield.

8.6. Initial Variety Trial New plant Type
Dr. Faseela.KV
Asst.Professor

faseela.kv@kau.in

During 2017-18, 36 entries were tested, of which the entry IET 27260 with 6551.48 kg/ha was found to be superior with
respect to yield.

9.Advanced Variety Trials
9.1.Advanced Variety Trial-1 Biofortification (AVT -1 Biofort) PTB
Dr.Faseela.KV
Asst.Professor
faseela.kv@kau.in

During 2017-18, 15 entries were tested, of which the entry IET 26378 with 4404.27 kg/ha was found to be superior with
respect to yield.
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9.4. Advanced Variety Trial-2 Biofortification (AVT -2 Biofort) PTB
Dr.Faseela.KV
Asst.Professor

faseela.kv@kau.in

During 2017-18, 15 entries were tested, of which the entry IET 25461 with 3195.25 kg/ha was found to be superior with
respect to yield.

9.5. Advanced Varietal Trial-1 Irrigated Mid Early
Dr.Faseela.KV
Asst.Professor

faseela.kv@kau.in

Out of the 11 entries tested during 2017-18,MTU 1010 (ZC) with 6155.1 kg/ha was found superior to all other entries with
respect to yield.

9.6. Advanced Varietal Trial-1 Irrigated Medium
Dr.Faseela.KV
Asst.Professor
faseela.kv@kau.in

Out of the 20 entries tested during 2017-18, IET 25229 with 9293.4 kg/ha was found superior to all other entries with
respect to yield

9.7.Advanced Varietal Trial-1 New Plant Type
Dr.Faseela.KV
Asst.Professor
faseela.kv@kau.in

During 2017-18, 14 entries were tested, of which the entry Jaya (NC) with 5941.8 kg/ha was found to be superior with
respect to yield.

9.8. Advanced Varietal Trial-1 Aromatic Short Grain
Dr.Faseela.KV
Asst.Professor

faseela.kv@kau.in

Out of the 9 entries tested during 2017-18, IET 26205 with 6236.4 kg/ha was found superior to all other entries with
respect to yield

9.9. Advanced Varietal Trial-1 Near Isogenic Lines - Blast & BLB
Dr.Faseela.KV
Asst.Professor

faseela.kv@kau.in

During 2017-18, 35 entries were tested, of which the entry Akshayadhan (RP) with 7221.4 kg/ha was found to be superior
with respect to yield.

9.10. Advanced Varietal Trial-2 Irrigated Mid Early
Dr.Faseela.KV
Asst.Professor

faseela.kv@kau.in

Out of the 12 entries tested during 2016-17, IET 25341 with 6185.52 kg/ha was found superior to all other entries with
respect to yield.
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9.11. Advanced Varietal Trial-2 Irrigated Medium
Dr.Faseela.KV
Asst.Professor

faseela.kv@kau.in

During 2017-18, 12 entries were tested, of which the entry Swetha (LC) with 4530.3 kg/hawas found to be superior with
respect to yield.

9.12. Advanced Varietal Trial-2 Near Isogenic Lines - Blast
Dr.Faseela.KV
Asst.Professor

faseela.kv@kau.in

Out of the 12 entries tested during 2016-17, Samba Mahsuri (RP) with 4570 kg/ha was found superior to all other entries
with respect to yield.

9.13. Advanced Varietal Trial-2 Special Samba Mahsuri Trial
Dr.Faseela.KV
Asst.Professor
faseela.kv@kau.in

During 2017-18, 3 entries were tested, of which the entry IET 26241 with 3175.11 kg/ha was found to be superior with
respect to yield.

10. Evolving multiple disease and pest resistant rice var. for second crop of Kuttanad
Dr.Leenakumari, S.
Professor
leenakumary.s@kau.in

During 2017-18 cultures KAUM 236-1-2-1-1-1and KAUM238-1-1-1-1-1 were the best performers with respect to grain
yield. These cultures have given grain yield comparable with the check variety Uma. All the cultures showed resistant
reaction to sheath blight while the check variety was moderately resistant to sheath blight.

11. Evolving high yielding multiple resistant rice varieties through gene pyramiding
Dr.Faseela.KV
Asst.Professor
faseela.kv@kau.in

During 2017-18, promising entries from the crosses Swetha x Kuruka, Pranava x Chettadi, Pranava x Vellari, NPT cultures
derived from Interspecific crosses of [IRR, Selection from Jaya variety and mutant lines of PTB 18 and 21 were screened
for pests like stem borer and leaf folder.Among the tested 10 cultures exhibited resistance to stem borer and 16 cultures
exhibited resistance to leaf folder. Six cultures (Cul 1,2, 3,16, 18, JS-3) exhibited resistance to Stem borer and Leaf folder
on field screening. The entries were tested in yield trials during Rabi 2017-18.

Under National MLT it was found that Cul 5 has moderate resistance to neck blast and glume discoloration, Cul 14
possess Resistance to Neck blast and Cul 19 has moderate resistance to leaf blast, neck blast and sheath rot.

12. Breeding for drought tolerant rice varieties suitable for upland ecosystem
Dr.Faseela.KV
Asst.Professor
faseela.kv@kau.in

During 2017-2018, forty three eliteentries were evaluated under rain-fed upland condition, among the entries. |ET
26612 |ET 26614, IET IET 26616, IET 26626 IET,26628, IET 26633, IET 26634 IET 26637 IET 26641 recorded the highest
yield and performed better and compared to the local check, Vaishak, these promising entries are suitable for rainfed
condition
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13. Physiological and biochemical basis of heat tolerance in rice.

Ninety two rice genotypes from ricegermplasm,AICRIP and NICRA entries were selected based on high temperature stress
tolerance. The identified tolerant genotypes is being evaluated biochemically and further evaluation under field condition
in summer 2018-2019. The promising entries will be selected as donors for breeding programmes.

14. Evaluation of fungicides against brown spot

Dr.Raji. P
Assoc. Professor
raji.p@kau.in

Eight combination fungicides were evaluated during the year 2017-18,against brown spot.Azoxystrobin 11% + tebuconazole
18.3% SC (1.5 ml/l) and Azoxystrobin 18.2 %+ difenoconazole 11.4 % SC (1 ml/l) were effective for the management of
brown spot.

15 Breeding for high yielding rice varieties with resistance / tolerance to adverse soil conditions
Dr.Leenakumari.S.
Professor
leenakumary.s@kau.in

During 2017-18 KAUM 164-1, KAUM 174-3 and KAUM 168-1 were found to be promising with respect to grain yield.
These cultures were on par with the check variety Uma in grain yield. Hybridisation programme - 4 cultures are in
comparative yield trial stage.

16. Conservation and Utilisation of Rice Biodiversity in Kuttanad
Dr.Leenakumari, S.
Professor
leenakumary.s@kau.in

Morphological characterisation based on Rice Descriptor of one hundred and fifty accessions has been completed and
these accessions were evaluated under various stresses to identify varieties showing resistance/ tolerance reaction.
Molecular characterisation of 40 varieties has been completed at RRS, Vytilla.

Morphological characterization

Artificial screening for diseases was done in the plant pathology division. Out of the 50 varieties, 1 variety ie, Thondi
showed resistance to BLB (score-0), 28 vars. resistant to sheath blight (score-3), and most of the varieties were resistant
with O score for sheath rot, brown spot and glume discoloration. Many rice varieties supposed to be extinct have been
collected and are being described which will enable their use in further breeding programmes

17. Network project on Seeds and Planting materials production
Dr.Reena Mathew
Professor

reena.mathew@kau.in

Breeder and foundation seeds of the MO varieties were produced during 2017-18. A total quantity of 1275.3 kg Breeder
seeds, 253 kg Foundation seeds and 4483 kg truthfully labelled seeds were produced and distributed to various agencies,
Deptl. Farms, farmers etc.

18. Breeding of short duration rice varieties for virippu season and photosensitive, semi tall high yielding varieties for
mundakan season in Onattukara

Dr.G. Suja

Professor

suja.g@kau.in

Quality analysis of culture-23, culture -28 and culture -35 is progressing. The result obtained from grain quality analysis
of certain physical parameters is given below:

11
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SLNo Charecters Culture 23 Culture 28 Culture 35
1 Hulling % 70.2 73.92 76.54
2 Milling % 68.5 70.12 72.32
3 Head rice % 60.8 63.2 65.6
4 Kernal colour Red Red Red

5 Abdominal white Present Present Present
6 Length of milled grain 4.08 5.02 5.02
7 Width of milled grain 2.76 3.02 3.0

8 L/B ratio 1.48 1.66 1.67
9 Length of cooked grain 5.04 6.02 6.0
10 Width of cooked grain 3.74 4.8 4.8
11 L/B ratio 1.35 1.25 1.25
12 Water uptake ratio 1.20 1.27 1.25
13 Cooking time 20 min 22 min 25 min
14 Gelatinisation temperature High High High
15 Gel constitency Soft Medium hard Soft
16 Amylose content 19.5% 21.5% 22%

b. Mundakan: Pooled mean analysis of comparative yield trial revealed 2 cultures as high yielding viz. Culture- 4 and
culture - 30. These cultures were recommended for farm trial, which will be carried out during mundakan of 2018.

19. Breeding for high yielding rice with resistance to major pests of rice in Kuttanad
Dr.Leenakumari, S.
Professor
leenakumary.s@kau.in

The objective is to develop highyielding rice varieties with resistance to pest like thrips, caseworm, leaffolder, stem borer
etc. witch are attaining the states of major pests. During Kharif 2017, CYT was repeated with four cultures viz., KAUM
230-2-1-1, KAUM 230-1-2-1, KAUM 231-5-2-1 and KAUM 230-1-1-1 along with 4 checks. During puncha crop 2017-
18cultures KAUM 231-5-2-1and KAUM 230-1-2-1 were the best performers with respect to grain yield. These cultures
out yielded the check variety Uma in grain yield (2973.46 kg/ha.). During Puncha 2017 also cul. KAUM 231-5-2-1 ranked
first in yield

20. Breeding for high yielding rice varieties with submergence tolerance
Dr.Leenakumari, S.
Professor
leenakumary.s@kau.in

During puncha crop 2017-18, CYT was repeated with 2 selected cultures. KAUM 179-1 and KAUM 180-2 were found to
be on par with each other and the check variety Uma and high incidence of stem borer attack occurred. KAU M 179-1 and
KAU M 180-2 have showed low score value compared to the check varieties

21. Testing the adaptability and stability of high yielding varieties of rice in Onattukara
Dr. G.Suja
Professor
suja.g@kau.in

MDU-5,Athira and Aiswarya will be recommended for inclusion in the POP.High yielding varieties identified for mundakan
season are Aruna and ADT 16.

22. Genetic improvement of the medicinal rice ( Oryza sativa. L) varieties of Kerala
Dr.Leenakumari, S.
Professor
leenakumary.s@kau.in

During puncha 2017 Njavara 13-3-1 and Njavara 7-1-2-1 were found to the highest yielders with a per ha. yield of
5032.19 kg and 2744.318 kg.respectively. 12 mutant cultures which attained uniformity were advanced to Initial Evaluation
Trial.
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23. Genetic Improvement of rice to meet the location specific varietal needs of Kuttanad
Dr.Leenakumari, S.
Professor
leenakumary.s@kau.in

The combination fungicide Tricyclazole 18 % + Mancozeb 62 % WP (Merger) was found superior for sheath blight disease
and grain discolouration control and other fungicides were on par.

24. Monitoring soil quality and crop productivity under emerging rice production systems (Kharif and Rabi) RIC/08-00-
01-2004/MON(3)/AICRIP(2)

Dr.Reena Mathew

Professor

reena.mathew@kau.in

The trial was started in 2015 and targeted to continue for five years. In Kharif 2016, there was no significant difference in
yield. But in Puncha, 2016 transplanted rice recorded significantly superior yield. Straw yield also recorded the same
trend. In case of nutrient management practices, maximum yields were obtained with 75% RDF +25% organics and 100
% RDF+ 50 % through organics in the first and second season respectively. The lowest yielding treatment was 100 %
organics. Conjunctive use of organics and inorganics was found to increase yield without deteriorating soil quality. The
results of the study indicated that the use of organic matter addition was necessary to sustain soil quality in soil test
based nutrient management also.

25. Gall Midge Biotype monitoring trial (GMBT)
Dr.Shanas S
Asst.Professor

shanas.sudheer@kau.in

Gall midge biotype monitoring trial was constituted with a set of gene differentials categorized into groups with known
genes (Gm1 to Gm11, No genes). The results of evaluation indicated that, Gm1 and Gm8 genes hold promise against
Biotype 5 populations. The differentials KAVYA and W1263 with Gm 1 genes as well as the differentials AGANNI, INRC
15888 and INRC 3021 with Gm 8 genes exhibited no damage against gall midge Biotype 5.

Evaluation of the gene differentials in field tests against biotype 5 of gall midge identified Aganni (Gm8), INRC 15888
(Gm8), INRC 3021 (GmS8), KAVYA (Gm1), W1263 (Gm1) as promising in the tests. The results suggest that Gm8 and Gm1
hold promise against gall midge Biotype 5.

26. Gall midge screening (GMS)
Dr.Shanas S
Asst.Professor

shanas.sudheer@kau.in

The objective of this trial is to evaluate the breeding lines specifically bred for gall midge resistance. Gall midge trial was
constituted with 60 entries (54 breeding lines and six checks). Evaluation of the entries revealed that, the test line
WGL1196 was found promising (<10% DP).

27. Insecticides Evaluation Trial
Dr. Karthikeyan K
Professor

karthikeyan.k@kau.in

Combination insecticide, Spinoterum + Methofenoxyfenozide @ 400 ml/ha and chlorantraniliprole @150ml/ha were
found effective to stem borer. Spinoterum + methofenoxyfenozide @ 400 ml/ha, chlorantraniliprole @150 ml/ha and
acephate 95%SG@526g/ha were found effective to leaffolder.
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28. National Screening Nursery
Dr. Karthikeyan K
Professor

karthikeyan.k@kau.in

Among 137 hybrids screened, IET 26488 showed nil damage and W 1263 showed low incidence of silver shoots caused
by gallmidge.lET26520, 26530, 26546, 2654, Swamadhan showed low damage of whorlmaggot while hybrids IET 26545,
26553, WGL 14, Abhaya, PTB 33 and W1263 showed low damage of leaffolder.

During the period 292 hybrids were screened, between them W1263 and Kavya showing consistent resistance to gallmidge
besides that hybrids IET 25708,25759,25773 and 26488 found resistance to gallmidge.Entries Pantchan-19/NDR-8002,
IET26520,26530, 26546, 2654, Swamadhan found resistance to whorlmaggot. Hybrids IET 25731,25752 ,25766,26545,
26553, WGL 14, Abhaya, PTB 33 and W1263 were found resistance to leaffolder.

29. National Screening Nursery
Dr.Shanas S
Asst.Professor

shanas.sudheer@kau.in

1314 cultures (354 NSN-1,743 NSN-2, 127 NHSN, 90 DSN cultures) were screened against Sheath blight and Bacterial
leaf blight incidence. 204 cultures showed their multiple resistance during Kharif 2017 and 160 cultures during Rabi
2017-18.

30. Gall Midge Special Screening Trial
Dr.Shanas S
Asst.Professor

shanas.sudheer@kau.in

This trial constituted with 85 donors (including gene pyramided lines along with check varieties) was carried out to
identify new sources of resistance to gall midge biotype5. Evaluation of the entries for GMB5 revealed that, 16 entries
recorded nil damage.

31. Gall midge biotype screening trial
Dr. Karthikeyan K
Professor

karthikeyan.k@kau.in

Among 85 tested entries tested, all entries showed higher incidence of silver shoots except W1263 which recorded
lowest silver shoot damage of 16.13 %.135 entries were screened during the period. Two entries)GL 13595 and JGL 3828
and W1263 showed resistance to gallmidge biotype 5.The studies on resistance genes in rice entries a change in virulence
pattern of gall midge biotype 5.s0, studies were will be undertaken to confirm the existence of biotype 5.

32. Pesticides compatibility trial
Dr. Karthikeyan K
Professor

karthikeyan.k@kau.in

During the period, two insecticides and two fungicides were tested alone as well as in combination for control of major
insect pests as well as sheathblight disease. The results showed that gallmidge incidence was low in DPX-RAB 55
(0.48ml/Lit.) treated plots while stem borer incidence was low in combination treatments viz,, DPX-RAB 55 + hexaconazole
and DPX-RAB 55 + tricylazole treated plots. Leaf folder incidence was low in Spinoterum + methoxyfenozide (0.75ml/lit)
as well as in combination with hexaconazole and tricylazole treated plots. Sheath blight incidence was low in fungicides
treated plots as well as in combination with Spinoterum + methofenoxyfenozide and DPX-RAB 55 treated plots. During
the period, systemic insecticide treated alone had complete reduction of gallmidge while stem borer was low in DPX-
RAB 55 + hexaconazole and DPX-RAB 55 + tricylazole treated plots. Leaf folder incidence was low in Spinoterum +
methoxyfenozide (0.75ml/lit) as well as in combination with hexaconazole and tricylazole treated plots. Sheath blight
incidence was low in fungicides treated plots as well as in combination with Spinoterum + methofenoxyfenozide and
DPX-RAB 55 treated plots.
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33. Populationdynamics ofinsectpestsassessed throughLightTrap

Dr.Shanas S
Asst.Professor

shanas.sudheer@kau.in

Assessment of insect populations throughout the year using light traps was done. The data revealed that stem borers and
plant hoppers are the most widespread pest in terms of numbers. Maximum number of insect species (including pests and
natural enemies) were recorded. SBs, GM, LF, GLH, BPH, WBPH, ZZLH, black bug, coccinellids, mirid bug, and rove beetle
were recorded. GLH was found more active up to 18 SW with highest count of 341 during the first SW.BPH also showed
similar trend and was most abundant (912) in 12 SW. Black bug catches were highest (332) in 51 SW.Among the natural
enemies, rove beetles were found in considerable numbers and maximum catches (591) were recorded in 50 SW, at the
end of season.

34. Monitoring of Pests and their Natural Enemies (MPNE)
Dr.Shanas S
Asst.Professor

shanas.sudheer@kau.in

Stem borer species composition: Three stem borer species were observed viz., YSB, PSB and WSB. YSB was the dominant
species, PSB was observed as a second species and WSB was observed to the extent of 4.39%. Egg parasitoids of stem
borer: Three egg parasitoids of stem borer were observed with Trichogramma japonicum being dominant while Tetrastichus
schoenobii and Telenomus species were also observed. The egg parsitisation observed was 12.23%. Gall midge: Data on
gall midge during rabi revealed that, 130 galls were observed from hundred hills of which 72.70 % were parasitized. The
only parasitoid observed was Platygaster oryzae.

35. Ecological Engineering of Plant hopper management (EEPM)
Dr.Karthikeyan K
Professor

karthikeyan.k@kau.in

This trial has the objective of habitat management through cultural and non-pesticidal methods along with floral diversity
to increase natural biological control and augment egg predators of hoppers for managing planthoppers by enhancing
natural enemy fitness. Data were recorded on hoppers and their natural enemies and analyses were done using the
independent ‘t’test.

During kharif 2017, the combination of interventions such as organic manuring and growing of flowering plants on bunds
increased the natural enemy populations like mirids and spiders. The bund planting of marigold was taken up in EE plots.
The pooled analysis revealed that number of hoppers was very low and did not differ significantly in EE and FP plots.
However, green mirids (3.95/10 hills) and spiders (3.95/10 hills) were significantly higher in ecological engineering plots.
Drynid parasitisation of hoppers did not differ significantly between the two treatments.

36. Screening for sheath blight resistance
Dr.Raji. P
Assoc. Professor

raji.p@kau.in

In 2017-18, in National Screening Nursery 1 (NSN1), 354 entries were screened. Out of which 4 entries were moderately
resistant to sheath blight with score 3. The National Screening Nursery 2 (NSN-II) consisted of 743 entries of which 3
entries showed moderate resistance reaction (score3). In NHSN and DSN no entries were resistant.

37. Screening for leaf blast resistance
Dr.Raji. P
Assoc. Professor

raji.p@kau.in

In the year 2017-18, 354 entries in National Screening Nursery 1 (NSN1), 743 entries in National Screening Nursery 2
(NSN-2),127 entries in National Hybrid Screening Nursery (NHSN) and 90 entries in Donor Screening Nursery (DSN) were
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evaluated. Out of these, 10 entries in NSN 1, 28 entries in NSN2 and 14 entries in DSN were resistant to leaf blast with
scorel.

38. Disease Observation Nursery
Dr. Surendran M
Assoc.Professor

surendran.m@kau.in

The fortnight trial was conducted with the cultivars Shreyas (MO 22, Prathyasa (MO 21) and Uma (MO 16) at three
different dates at twenty days interval to identify the time and intensity of the disease occurrence. Sheath blight disease
was moderately high in the normal sown crop (2" week of June) of Prathyasa variety (42.22 %) and low in late sown crop
of Uma variety (9.63%) during Kharif 2017. The BLB incidence was moderately high in early sown crop (May 4™ week) of
Prathyasa variety (24.08 %) and low in late sown crop (June 4™ week) of Uma variety (5.74 %). During Rabi 2017-18, high
incidence of sheath blight was observed in the late sown crop (3™week of December) of Prathyasa variety (56.05 %) and
low in normal sown crop of Uma variety (26.67%).

39. Production Oriented Survey
Dr. Surendran M
Assoc. Professor

surendran.m@kau.in

Production oriented survey was conducted at Alappuzha (3500 acre) and Kottayam(1750 acre) districts duringKharif
2017 from booting stage to maturity stage of the rice crop. The survey covered four taluks in Alappuzha District, viz.,
Ambalapuzha, Kuttanad, and Haripad, while in Kottayam district two taluks namely Kottayam and Vaikom could be
surveyed.

The predominant cropping sequences were rice-fallow, rice-rice and fallow-rice. The predominant varieties in those
districts were Uma and Jyothi. The weed population was moderate. Weeds like Cyperus difformis, Cyperus iria, Echinochloa
crusgalli, Sacolepis interrupta were the major weeds observed during the visit. Echinochloa spp was the major weed found
in both Alappuzha and Kottayan districts along with wild rice infestation. Moderate incidence of the biotic constraints
like sheath blight, bacterial leaf blight, leaf folder, case worm, rice bug and rats were observed. Lack of sufficient labourers
and high labour cost were the main problems faced by the farmers.

40. Screening for bacterial leaf blight resistance. ( PATTAMBI)
Dr.Raji. P
Assoc. Professor

raji.p@kau.in

During the year 2017-18, none of the entries in National Screening Nursery 1 (NSN1), National Screening Nursery 2 (NSN-
2),National Hybrid Screening Nursery (NHSN) and Donor Screening Nursery (DSN) showed resistance reaction to bacterial
leaf blight.

41.Field monitoring of virulences in Xanthamonas oryzae pv.Oryzae( PATTAMBI)
Dr.Raji.P
Assoc. Professor

raji.p@kau.in

Kharif 2017:Virulence analysis of bacterial blight pathogen of rice Xanthomonas oryzae pv. oryzae was carried out during
Kharif 2017 with 31 isogenic lines (IRBB background) possessing different bacterial blight resistance genes either singly
or on various combinations of four genes viz.Xa 4,Xa 5,Xal3 and Xa21 in the background of rice cultivar IR 24. 30showed
their resistance against BLB pathogen. Most of the genes and gene combinations listed offered satisfactory resistance
reaction to the native isolates of Bacterial Blight pathogen during Kharif season. During Rabi 2017-18, 14 entries showed
resistant reaction to BLB pathogen.
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42.Field monitoring of virulence in Pyricularia grisea( PATTAMBI)
Dr.Raji. P
Assoc. Professor

raji.p@kau.in

In the year 2017-18,Tetep (Sorel), RIL-10 (score2.0), Raminad-STR-3(score 2.3) and C101 LAC (score 2.5) were resistant to
local isolate of blast pathogen.

43. Field Monitoring virulence in Xanthomonas oryzae.pv.oryzae ( MON)
Dr.Surendran M
Assoc.Professor

surendran.m@kau.in

Virulence analysis of bacterial blight pathogen of rice Xanthomonasoryzaepv.oryzae was carried out during Kharif2016.
Virulence analysis of bacterial blight pathogen of rice Xanthomonasoryzaepv.oryzaewas carried out during2017-18. 31
isogenic lines (IRBB background) possessing different bacterial blight resistance genes either singly or on various
combinations of four genes viz. Xa 4,Xa 5, Xal3 and Xa21 in the background of rice cultivar IR 24. 14 entries showed
resistant reaction to BLB.All resistant gene combination isogenic lines showed their resistant nature to the native bacterial
blight pathogen.

44. Integratedmanagement of emerging disease in rice
Dr. Surendran M
Assoc.Professor

surendran.m@kau.in

During Kharif 2017, Sheath blight and BLB disease was low in Uma variety (18.19% and 15.78%) with FYM + PGPR1 +
Pseudomonas (seed+ soil+ foliar+ Neemcake+ Neem based chemical (V,M,) and high in Jyothi variety 23.69% with no
management practices(V,M,).

During Rabi 2017-18, Sheath blight disease was low in Uma variety (21.53%) in the FYM + PGPR1 + Pseudomonas
(seed+soil+foliar) + Neemcake + Neem based chemical treated plot (V,M,) when compared to Jyothi and Prathyasa. BLB
was moderate and which was low in Uma variety (9.02%) with NPK as per POP + Bleaching powder/Kocide/streptocycline
(V,M,) and high in Jyothi variety with no management practices (V,M).

45. Development of formulation of endophytic Bacteria for the management of soil borne diseases of rice with special
emphasis on Sheath blight and Bacterial blight.
Dr.Surendran M
Assoc.Professor

surendran.m@kau.in

In Kharif 2017 the field trial was conducted at the station for evaluating the efficient endophytic Bacillus sp viz.,B15,B17,
B33 with standard Pseudomonas(P1) and check fungicides (Hexaconazole for sheath blight and Streptocycline for BLB).
In Rabi 0217-18three Bacillus spp. isolated from Kozhichal (B 15), Vellisrackal (B17), Padachal (B 33) were found effective
against sheath blight pathogen and BLB pathogen under in vitro condition. These bacterial cultures were sent to National
Bureau of Agricultural Important Microorganisms, ICAR, Uttar Pradesh for accession number.

Test for volatile compound production of Bacillus cultures namely B 15, B 17 and B 33 were carried out under invitro
condition. B 15 produce high quantity of volatile compounds against sheath blight pathogen followed by B 17 and B 33.
Pot culture techniques were laid out for testing the biometric characteristic of the effective strains of B 15,B17,B 33 and
the shelf life studies of the above strains are under progress. Seed and soil application of the formulations were carried
out in the station field. Pot culture experiments were laid out in net house with the promising five isolates viz., Pf 7,Pf 82,
Pf 87,B10, and B 42 along with standard culture (P1) for evaluating PGPR studies. Observations on plant characters are
being recorded.
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46. Evaluation of rice genotypes for terminal heat tolerance
Dr. Abida.P.S
Professor

abida.ps@kau.in

During 2017-2018, thirty four entries were evaluated for high temperature stress from seedling stage to maturity. The
crop was exposed to elevated temperature 5 to 6 °c above ambient condition in polyhouse. Under elevated temperature
the yield was reduced more than 60% in most of the genotypes. 1ET 26768, IET 26778,175-2K, IET 26763,IET 26776, S-
458,IET 26772 produced relatively higher yield under heat stress condition. Spikelet fertility under ambient condition
ranged from 70% to 92% but under high temperature it ranged from 13 to 90%. The variability in tolerance to high
temperature of few genotypes is due to cellular level tolerance imparted by the production of heat shock proteins acting
as molecular chaperons.

47. Physiological characterization of rice genotypes for multiple abiotic stress resistance (PTB)
Dr. Abida.P.S
Professor

abida.ps@kau.in

Nineteen entries were subjected to multiple abiotic stresses (drought-1 and 2% mannitol; salinity-100ppm NaCl; and
anaerobic germination), under hydroponics. The imposition of different abiotic stresses shows detrimental effect on
germination and seedling growth. The genotypes 175-2K,IET 24053, IET 24934 were superior under 1% mannitol water
stressand IET 26132,IET 26110, IET 26089, IET 26089,IET 26074 were superior under 2% manitol water stress. Similarly
under salt stress and anaerobic stress 175-2K showed higher seedling vigour. Across all the stresses IET 24934, [ET
24053, 175-2K showed superior performance among all the varieties tested.

48. Advanced rice breeding cum seed production centre 2014-15 (Pilicode)
Dr.Vanaja.T
Assoc.Professor

vanaja.t@kau.in

Under a GoK plan project of rice named ‘Advanced rice breeding centre’ which was completed in 2016 -17, 5 traditional
rice genotypes were collected from North Kerala districts. This programme of collection and conservation is continuing.
This year six more genotypes were collected. Field conservation of the entire collection was done e both at institute and
farmers’ field.

49. Evolution of high yielding rice varieties suitable for Pokkali tract of Northern Kerala through farmer’s participatory
breeding approach (KAU plan project) (Pilicode)

Dr.Vanaja T

Assoc.Professor

vanaja.t@kau.in

During the year of 2017-18, five released varieties ‘Ezhome -1,'Ezhome- 2’'Ezhome -3, ‘Ezhome -4, and ‘Jaiava’and five
pre-release cultures namely JO 583,JK 59,JK 14,JK 71 and MK 115 from North Kerala through breeder seed production
programme were maintained, 2805 kg of seed of five released varieties namely ‘Ezhome -1, ‘Ezhome- 2, ‘Ezhome -3,
‘Ezhome -4’ and ‘Jaiava’ were producedand Multi location / farm trial of saline tolerant culture JO 583in Pokkalitract of
Ernakulam district and MLT in Pokkali soil was conducted both in research station of KAU and also in farmers’field were
done. F, generations of Salinity pyramiding cross combinationsnamely Ezhome -1 x FL 478, Pokkali x Orkayama, Kuthiru
x Orkayama were raisedin non-saline wetland during 2017 Kharif to advance filial generation to F,.TheF, generation of
selected breeding lines for saline Kaipad as well as for non-saline wetland were raised under organic management
during Rabi 2017-18 to advance generation to F, as well as for selection of breeding lines for rabi crop.

50. Development of weather based forewarning system for Blast disease and Leaf folder pest of rice and formulation of
Crop-Weather advisories to the rice farmers of Kuttanad region.
Dr.Surendran M
Assoc.Professor

surendran.m@kau.in

The leaf folder and blast incidence was very high under high seed rate of 150 kg/ha and high nitrogen level of 120 kg/
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ha in both alternatively and flooded condition. Study on host pathogen and environmental interaction are in progress.

51.Long term evaluation of weed management
Dr. llangovanRamasamy
Professor
ilangovan.r@kau.in

The treatment of pre emergence chemical application followed by post emergence herbicide application showed the
better yield equal to that of mechanical methods of weed control. No much yield responses noticed in different weed
control treatments tested in POP and modified SRI methods of rice cultivation.

52.Yield maximization of rice through different sources of nutrient (Spl. Collaborative trial Geolife)
Dr. llangovan Ramasamy
Professor
ilangovan.r@kau.in

Responses to 100 per cent RDF + Tabsil (effervescent tablet with silicate) @ 2.5 kg / ha applied at 25 DAT was
recorded the highest grain yield of 4.49 t/ha.

53. Analysis of long term meteorological data (temp and rainfall) for identifying the reasons for yield reduction
Dr. llangovanRamasamy
Professor
ilangovan.r@kau.in

Agronomy Division of RARS, Pattambi, taken the initiative steps to start this program and taken as lead center to collect
the data from ten other rice centers in India. Datum was grouped and analyzed critically and observed the changes in
temperature and rainfall and its influence on the rice yield. Results inferred that the climate parameters changed a lot in
each rice zone particularly in minimum temperature raise was very visible. This program is continuing again with more
centers and able to address the whole issue of climate change and its impacts on rice productivity in totality so as to cope
with it through adaptation and mitigation.

54. Frontline Demonstrations (FLD) on Rice Farm Mechanization
Dr. llangovanRamasamy
Professor
ilangovan.r@kau.in

Total of 50 acres of rice plots were selected at Pudunagaram, Nallepilly, Kodumbu, Mannarkkad, Mannurr and Kottayi
panchayat’s for conducting this program. Yield advantages are observed in all the panchayats when compared to the
normal practice manual planting. Farm mechanization in rice farming recorded the yield advantage of 625 to 1550 kg
extra yield over manual planting. Besides farm mechanization in rice is also imparting cost reduction, timely planting and
attracting the farmer’s to continue rice farming.

55. Evolution of high yielding rice hybrids suitable or Kerala.
Dr.Faseela.KV
Asst.Professor

faseela.kv@kau.in

The evaluation of KRH4 was continued in Rabi 2017-18 with popular high yielding check varieties. Hybrids with high
yield and acceptable cooking quality identified from the study will be recommended for the state. Hybrid seed production
package for Kerala is to be finalized utilizing the parental lines of superior hybrids identified from the study. CMS A lines,
IR 58025A, IR 68897 Aand IR 79156 A, were collected from IIRR and crossing programme has been initiated with varieties
Thavalakkannan, Thekkancheera, Kattamodan, Thekkan chitteni,kayama,Annapoorna,Jyothi, Swarnaprabha, Mattatriveni,
Aathira, Harsha, Samyuktha, Vaishak and Jaya during 2017-18. Progeny evaluation will be continued.
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56. State Seed Testing Laboratory
Dr.Faseela.KV
Asst.Professor

faseela.kv@kau.in

Quality of 203 seed samples were analysed in the State Seed Testing Laboratory Pattambi during 2017-18, in various
crops like Rice (168), Vegetables (18) and pulses (17).
57. Development and evaluation of non conventional nutrient management technologies in rice (COE)

ADR RARS Pattambi

adrptb@kau.in

Seedling root dip was tested using combinations of 19-19-19 and Sampoorna KAU multi mix. Based on the shoot length,
root length and dry weight of the seedlings, the treatments such as seedling root dip for 10 minutes in 0.5% 19-19-19
and 1% Sampoorna KAU multimix, 3% 19-19-19 and 0.1% Sampoorna KAU multimix and for 20 minutes in 1% 19-19-19
and 0.5% SampoornaKAU multimix were selected for experiments in field.

58. Planting geometry modification in rice to exploit border effect-COE in rice
ADR RARS Pattambi

adrptb@kau.in

Farm trials were conducted with paired row planting with 35-15X10 cm and 20X15 cm spacing in five locations and on
an average 17 per cent yieldincrease were obtained in farmers field. It is recommended for multi location trial.

59. Evaluation of Radiation and Nitrogen use efficient promising rice genotype
Dr. Abida.P.S
Professor

abida.ps@kau.in

During 2017-2018, trial was conducted with three nitrogen treatments (0, 100 and 50%RDNN) and recommended P & K
fertilizer as basal dose. Among the tested varieties Varadhan X MTU1010/2 showed minimum reduction in grain yield/
m2 with low nitrogen among the tested varieties, highest grain yield (g/m?) was observed in BPT 5204, VaradanX
BPT5204/6 (0% RDN) and Varadan X BPT 5204/6,Varadan X MTU 1010/2 (50% RDN)and Sampada , Varadan x BPT 5204/
6(100% RDN) among the high yielding varieties under three N levels,Varadan x BPT 5204/6 performed well under all the
three N levels .

60. Development CMS lines for hybrid rice through marker assisted back crossing from identified maintainers and
evaluation of promising hybrids

Dr. Jayalekshmi, V.G.

Professor

jayalekshmy.vg@kau.in

The main objectives were Development of CMS lines from the identified maintainers through Marker Assisted Back
Crossing andEvaluation of the identified Superior hybrids

In this study maintainers were grown during May and June 2017 and the crossing programme was undertaken during
August and September, 2017. Four Maintainersviz.,Jyothi, Kanchana, Aruna and Bharathi, were used as paternal recipient
parent, and CMS line CRMS31A was used as maternal CMS-donor parent in first cross. In 2017, with the first cross
between these lines, CMS of CRMS31A parent was transferred to F, generation. To conduct this crossing between CMS
line and maintainers staggered sowing was done. Maintainers were sown in three replications, 10 days before the sowing
date of CMS line, at the sowing date of CMS line and 10 days after the sowing date of CMS line.

Maintainers used in this experiment were obtained from RRS Moncompuand RARS pattambi and CMS line i.e.CRMS31A

was obtained from CRRI, Cuttack. At the end of the crossing season four hybrid seeds (F,’) were produced. Seeds from
individual plants were harvested separately.Evaluation of F '  for pollen sterility was done during February 2018 and
spikelet sterility during March 2018. Some F, seeds were kept reserved for growing F, generation in next season to
conduct backcross (BC,F,). The plants of F1's showing highest sterility percentage were sown during April, 2018 to
conduct backcross.
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Seeds of all the varieties used in this study were grown on a raised bed. Then twenty-one days old seedlings were
transplanted in the main field with the spacing between and within rows maintained at 15 X 10 cm with single seedling
per hilL.The fertilizer recommendations of 70 kg N, 35 kg P,0, and 35 kg K,0 ha™ was followed for short duration varieties,
90 kg N, 45 kg P,0, and 45 kg K,0 ha* for medium duration varieties according to POP published by KAU. The standard
agronomic cultivation practices were adopted. Plant protection measures were applied as and when required to crop to
maintain the plant population and health of crop.

Among four hybrids (CRMS31A x Jyothi, CRMS31A x Kanchana, CRMS31A x Aruna and CRMS31A x Bharathi) CRMS31A x
Jyothi F, shown highest percentage of pollen sterility and spikelet sterility as compared to other crosses.

Pollen fertility test of F1 generation was performed via color staining by Acetocarmine. Using a light microscope, staining
of pollen grains was evaluated. Ten microscopic fields were counted for each treatment and pollen sterility is expressed
in percentage. Round well filled and deeply stained pollen gains were considered as fertile and unstained or poorly
stained and shriveled pollen grains were counted as sterile.

Three panicles each from all plants were bagged at the time of anthesis with butter paper bag for selfing. At maturity,
seed set was assessed by taking the actual count of seeds obtained to the total number of spikelets percent and expressed
in percentage. Obtained to the total number of spikelets percent and expressed in percentage.
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Fig. 1: CRMS 31A x Jyothi hybrid pollen grains stained with acetocarmine

Fig. 2: CRMS 31A x Aruna hybrid pollen grains stained with acetocarmine

Out of 30 CRMS31A x jyothi hybrid plants, only 2 plants showed 99% male sterility. Out of 27 CRMS31A x Kanchana hybrid
plants, 4 plants showed 80% male sterility. But in case of CRMS31A x Bharathi and CRMS31A x Aruna hybrid plants
percent of male sterility transformed was very less (77% and 50% respectively). F, seeds (of the potential maintainer)
giving 99% spikelet sterility is sown to obtain BC F, seeds.A week before sowing F, seeds and Jyothi seeds, Jyothi paternal
seeds was sown to overlap maximum anthesis. These F seedlings are in field condition which will start flowering by 1*
week of June 2018. By backcrossing these sterile F, plantswith the maintainer, BC,F, seeds will be obtained by the mid of
July month.
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Molecular work:

Due to successful application of molecular markers in selection programs for specific traits, in this study we used single
locus SSR markers with codominant inheritance that is best suitable for recovery of RPG content in early generations.
Leaf sampling for DNA extraction was performed at tiller stage. Genomic DNA from the young plant leaves of each parent
was extracted using cetyltrimethyl ammonium bromide (CTAB) method to select 24 polymorphic SSR primers specific to
maintainer. Out of these 38 SSR markers, 4 polymorphic SSR markers were selected for background selection.Controlling
the quality and quantity of DNA was done by electrophoresis in 1% agarose gel.

Table 1: Purity of genomic DNA of Parental material

Parent DNA purity
Jyothi 1.6
Aruna 1.5
Kanchana 1.38
Bharathi 1.7
CRMS31A 1.58

RM 595,RM592,RM1 and RM228 were found polymorphic.
Remaining 20 polymorphic SSR primers will be selected

Table 2: list of SSR primers screened to select polymorphic SSR markers for background selection:

Sr.no. Primer name Annealing Temp.
1 RM206 55
2 RM224 57
3 RM551 56
4 RM545 55
5 RM567 56
6 RM444 55
7 RM547 57
8 RM333 59
9 RM335 59
10 RM228 60
11 RM171 59.3
12 RM6100 56
13 RM6344 56
14 RM258 57.8
15 RM595 57
16 RM592 57
17 RM210 57
18 RM3233 61
19 RM204 62
20 RM3873 62
21 RM244 59
22 RM443 58.2
23 RM7003 59.3
24 RM1 60
25 RM187 59
26 RM311 51.3
27 RM527 54
28 RM585 61.3
29 RM315 61.5
30 RM591 61.3
31 RM440 58.4
32 RM216 58.4
33 RM151 60
34 RM260 56
35 RM287 57
36 RM229 55
37 RM21 57
38 RM204 58
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EXPERIMENT II
EVALUATION OF CMS BASED RICE HYBRIDS DEVELOPED FROM KERALA RICE VARIETIES IDENTIFIED AS RESTORERS

The experiment was conducted at two sites, College of Agriculture, Vellayani, Thiruvananthapuram and IFSRS (Integrated
Farming System Research Station), Karamana, Thiruvananthapuram.

Hybrid seed production

The identified parents (CMS lines and Restorers) were grown during May and June 2017 and the crossing programme was
undertaken during August and September, 2017 (Virippu, 2017) and evaluation of F;s along with parents and two standard
checks was done during Mundakan 2017-18.

Two CMS lines (CRMS31A and CRMS32A) and the restorers (Remya, Jayathy, Swarnaprabha, Kanakom and Neeraja) were
sown in May-June 2017. The restorers were sown in three staggered dates, 10 days before the sowing date of CMS lines,
at the sowing date of CMS lines and 10 days after the sowing date of CMS lines. Synchronized flowering dates of the CMS
and restorer line were recorded. CRMS31A was crossed with Remya,Jayathy, Swarnaprabha, Kanakom and Neeraja. CRMS32A
was crossed with Annapoorna, Aiswarya, Mattatriveni and Kanakom. A total of nine hybrid seeds were produced. The six
specific crosses that had given sufficient amount of viable seeds for evaluation in the next season was taken for hybrid
evaluation.

Evaluation of six hybrids

The experiment was laid out in a Randomized Block Design with three replications during mundakan, 2017 at Integrated
Farming System Research Centre, Karamana The experimental material consisting of thirteen treatments ie, six F s viz.,
CRMS31A x Jayathy CRMS31A x Kanakom CRMS31A x Remya CRMS32A x Annapoorna CRMS32A x Kanakom CRMS32A x
Mattatriveni, five restorers viz., Annaopporna, Jayathy, Kanakom, Mattatriveni, Remya and two standard checks (Uma and
Kanchana) were sown on 5 October 2017. Then twenty-five days old seedlings were transplanted in the main field at 20
x 15 cm spacing with single seedling per hill having plot size 2 x 2 m in three replications.

Farm yard manure @ 5 t ha ' was added to all the plots uniformly. The fertilizer recommendation of 70 kg N, 35 kg P,0,
and 35 kg K,0 ha*was followed for short duration varieties, 90 kg N, 45 kg P,0, and 45 kg K,0 ha™ for medium duration
varieties according to POP KAU and 150 kg N, 75 kg PO, and 75 kg K, 0 ha™ were followed for all the hybrids (Mohan,S.,
2010).All standard agronomic recommended practices, irrigation and plant protection measures were adopted for raising
healthy crop.

Five sample plants were randomly selected from each plot excluding the border plants and the following data were
recorded: Plant height,number of productive tillers, days to flowering, panicle length, pollen fertility,number of spikelets
panicleE?, days to maturity, number of filled grains panicleE?, length - breadth ratio of grain, 1000 grain weight, grain
yield (g) plantEtyield plotE?, cooking quality (optimum cooking time, volume expansion ) grain quality (kernel length,
kernel breadth, Kernel length by breadth ratio, kernel colour), head rice recovery in milling ,chemical characterization
(amylose content. gelatinization temperature). The estimation of Standard heterosis and heterobeltiosis were done..

Five among the six hybrids were brown rice. All the hybrids were medium in size. Among that three hybrids (CRMS31A x
Jayathy, CRMS31A x Kanakom, CRMS32A x Kanakom) were found to be showing heterobeltiosis (Superiority over the
better parent) and three hybrids (CRMS31A x Jayathy, CRMS31A x Remya, CRMS32A x Kanakom) were found to be showing
standard heterosis over the standard check variety Uma for yield. Two viz., CRMS32A x Annapoorna and CRMS32A x
Mattatriveni were found to be showing standard heterosis for early flowering over the check variety for earliness Kanchana.

Hybrid H5 (CRMS 32A x Kanakam) is found to be promising with 23% yield advantage over the commercially accepted
variety Uma. This hybrid should be evaluated over locations and seasons to confirm its superiority. The grain quality of
this hybrid is also satisfactory with red medium bold grains.

61. Breeding high yielding rice varieties suitable for pokkali area by hybridization between Pokkali varieties and other
high yielding varieties.

Dr.K.S.Shylaraj

Professor

shylaraj.ks@kau.in

Selected superior F5 plants were raised and evaluated in the F6 generation.F1 of the new cross of VTL 4 and Pusa 44 was
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raised in pots to evaluate the performance and F2 seeds were collected. Crossing block for new crosses with VTL 1 and
VTL 2 with Pusa 44 were started.

62. Induced mutagenesis of pokkali rice land races
Dr.K.S.Shylaraj
Professor

shylaraj.ks@kau.in

The mutant cultures differed significantlyin CYT and the culture M 27.1 recorded the maximum yield of 6250 kg/ha
followed by cultures M 51.5 (6067 kg/ha),M 48.4 (5233 kg/ha) and M 27.2 (5142 kg/ha). Culture 27.1 and cul 51.5 showed
significantly high yield than the check and they were evaluated in farm trial.

63. Collection, maintenance and utilization of saline resistant rice varieties
DrVeena Vighneswaran
Asst. Professor

veena.v@kau.in

69 accessions were raised in the field during Kharif 2017.Data on morphological characters, yield and yield attributes
were recorded. True to type panicles were collected.

64. Response of pre-release Moncompu cultures to varying nutrient ratios
Dr.Nimmy Jose
Asst.Professor
nimmy.jose@kau.in

The fertilizer recommendation of the variety Shreyas (MO-22) can be fixed at 90:45:45 NPK kg/ha applied as V5, %4, %
requirement of NPK at seedling, active tillering and panicle initiation stage of the crop. The yield of the variety was
statistically on par at 90:45:45 and 100:45:45 NPK kg/ha. The variety exhibits lodging tendency at higher levels of
nitrogen applied at panicle initiation stage of the crop.

65. Crop management approaches for sustainable rice farming in Kari soils
Dr. Reena Mathew
Professor

reena.mathew@kau.in

Twenty fivesoil samples were collected from different locations of Kari lands in Kuttanad and analysed for 13 soil
fertility parameters Extensive soil acidification, excess levels of phosphorus and wide spread deficiencies of calcium,
magnesium and boron were the major limitations to crop production in these soils. Amelioration of soil acidity and
external inputs of secondary and micronutrients along with the major nutrients are essential for enhancing crop productivity
in these soils.

66. Evaluation of the efficacy of the herbicide molecule Penoxsulam 1.02 % (w/w)+ Cyhalofop butyl 5.1% (w/w) OD for
weed control in direct seeded rice

Dr.Nimmy Jose

Asst.Professor

nimmy.jose@kau.in

The herbicide molecule Penoxsulam 1.02 % (w/w)+ Cyhalofop butyl 5.1% (w/w) OD was tested for broad spectrum
management of weeds in DSR with special emphasis to the rice fields of Kuttanad. The new test molecule was found to
be effective for broad spectrum control of weeds in direct sown rice @ 120 g ai/ha applied at 3-4 leaf stage of the weeds.
The chemical was found to be less effective for the control of Ludwigia sp.

67. Testing of insecticide “Avana” - (EID Parry Ltd.)
Dr.Shanas. S
Asst. Professor

shanas.sudheer@kau.in

The insecticide Avana’ of EID Parry (India) Ltd was tested for its bioefficacy in controlling the Stem borer and leaf folder
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pests of paddy for one season.In the experiment, Avana 15 kg/ha was found to be the best treatment against Stem borer
and Carthap hydrochloride 4%G@750gm/ha gave the best control of Leaf folder.

68.Alkaline Tolerant Variety Trial (SATVT) and International Rice Saline Alkaline Tolerance Observational Nursery (National
Saline Alkaline Screening Nursery (NSASN) Saline IRSATON)( RIC-03-03-20-94/VTL (9) KAU

Dr.K.S.Shylaraj

Professor

shylaraj.ks@kau.in

During Kharif 2017, 43 new entries were received for evaluation under INGER IRSSTN for coastal salinity. These entries
were evaluated in an RBD with two replications. The material consists of 29 test entries developed by IRRI and 10 check
varieties from IRRI, India, and Sri Lanka.The check varieties were compared with the test entries for their adaptability to
our condition. These test entries were also compared with our local check variety VTL 6. The check entries along with
promising ones were included in our germplasm collection for further utilization in the breeding programme.

CSTVT Kharif 2017

Fifteen entries of the AVT (CSTVT, 2017) were evaluated and only one entry, 5102 outyielded the check VTL 6 and that too
was on par with the local check. None of the varieties showed significant yield advantage over local check.

In IVT (CSTVT, 2017), among 38 entries tested, the four entries (Nos. 5201, 5204, 5208 and 5220) were outyielded the
check VTL 6. The two entries which showe significant yield advantage were selected for further evaluation.

69. Hybridization programme-improvement of pokkali rice
Dr.K.S.Shylaraj
Professor

shylaraj.ks@kau.in

The selected F5 progeny lines were raised in the field during kharif 2017. Homozygosity were observed. Homozygous
lines were harvested together for yield evaluation.

70. Climate resilient rice production technology for Kuttanadu- Sub project —Screening of rice grmplasm for biotic and
biotic stress

Dr. Leena Kumari S

Professor

leenakumary.s@kau.in

The objective of the experiment is developing new rice varieties combining high yield and resistance to biotic and abiotic
stresses in the changed climate scenario. Five promising cultures selected from the lines developed under the Kuttanad
package project are further evaluated during the period along with 4 check varieties.

During Kharif 2017, CYT was conducted with five cultures viz, KAUM 242-4-2-1-1-1 KAUM 261-1-3-1-1-1 ,KAUM 255 1-
2-1-1-1,KAUM 250-1-1-1-1-1 and KAUM 259-5-3-1-1-1. Among the 5 cultures the highest grain yield was recorded by
KAUM 242-2-1-1-1-1 (7007 kg/ha).

During Rabi 2017-18,amongthe 5 cultures the highest grain yield was recorded by KAUM 250-1-1-1-1-1 (3103.49 kg/ha).

71. Breeding for high yielding rice varieties having short duration, seed dormancy and resistance to biotic and abiotic
stress suitable for Kuttanad

Dr. Leena Kumari. S

Professor

leenakumary.s@kau.in

During Kharif 2017, CYT was conducted with seven cultures viz., KAUM 184-1-2-1-1-1, KAUM 184-1-4-2-2-1,KAUM 185-
2-1-1-1-1, KAUM 188-1-2-1-3-1, KAUM 192-1-1-1-2-1, KAUM 194-31-1-1-1 and KAUM 200-2-2-3-2-1 along with 4
checks.Among the 7 cultures the highest grain yield was recorded by KAUM 185-2-1-1-1-1 (9179kg/ha).

During puncha crop 2017-18, 7 cultures selected for comparative yield trial. The cultures KAUM 185-2-1-1-1-1and KAUM
200-2-2-3-2-1 were the best performers with respect to grain yield. These cultures out yielded the check variety Uma in
grain yield (3212 kg/ha.). During Puncha 2017 also cul. KAUM185-2-1-1-1-1 ranked first in yield.
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72. Development of technology for enhancing the productivity of organic rice
Dr. llangovanRamasamy
Professor
ilangovan.r@kau.in

Organic rice production trials of Soil Science and Agronomy divisions of 1IRR were tried in both Kharif and Rabi seasons.
Results were shown that the comparable yields of 3.75 t/ha in organic inputs applied plots. Cost of organic inputs
particularly FYM and its availability was realised in this trial. Moreover the yield reduction of 9.5 per cent with respect to
100 per cent inorganic N on organic inputs applied plots.

73.Virulence analysis of Xanthomonas oryzae pv oryzae
Dr.Raji.P
Assoc. Professor

raji.p@kau.in

During the year 2016-17, virulence analysis of bacterial blight pathogen of rice Xanthomonas oryzae pv. oryzae has been
carried out with 31 near isogenic lines (IRBB background) with different bacterial blight resistance genes and their
combinations. None of the gene combinations tested offered satisfactory resistance reaction to the native isolate of
bacterial blight pathogen. However three NILs, IRBB-59, IRBB-60 and IRBB 66 showed moderate resistance to bacterial
blight with Score3.

In 2017-18 also NILs, IRBB-60, IRBB-63 and IRBB-66 showed moderate resistance to bacterial blight with score3.
PG Projects

Concluded Projects
1. Bioefficacy and soil health impact of flucetosulfuron in wet seeded rice(Oryza sativa L.)
Dr.Elizabeth K Zyriac
Professor

elizabeth.syriac@kau.in

The PG project entitled ‘Bioefficacy and soil health impact of flucetosulfuron in wet seeded rice (Oryza sativa L.)’ was
carried out at College of Agriculture, Vellayani, and Thiruvananthapuram during the first and second crop seasons of
2016-17. The study was aimed at assessing the bioefficacy of flucetosulfuron in wet seeded rice; identification of
indicator plant for flucetosulfuron and the herbicide residue assessment in post-harvest soil through bioassay using the
selected indicator plant.The study also envisaged to analyse the impact of flucetosulfuron on soil health by determining
the microbial count, earthworm population and enzyme status. Experiment was also conducted to assess the effect of
flucetosulfuron on weed seed bank as well as to study the in vitro sensitivity of biofertilizer organisms and biocontrol
agents to flucetosulfuron. The investigation was conducted as six parts viz., screening of suitable indicator plant for the
residue studies of flucetosulfuron, field experiment for evaluating the bioefficacy of flucetosulfuron in wet seeded rice,
assessment of herbicide residue in post-harvest soil through bioassay using the selected indicator plant, assay of weed
seed bank, assessment of soil health impact of flucetosulfuron and determination of in vitro sensitivity of biofertilizer
organisms and bio control agents to flucetosulfuron.

PART I: SCREENING OF INDICATOR PLANTS FOR FLUCETOSULFURON

As first part of the experiment, identification of the most suitable indicator plant for the determination of flucetosulfuron
residue in soil,was carried out as a laboratory experiment, with eight different concentrations (0.01, 0.05,0.1,0.5, 1, 10,
50 and 100 mg L™ of flucetosulfuron and a control. Among the indicator plants tested viz., barnyard millet, cucumber,
sunflower and maize, sunflower was identified as the most suitable indicator plant. Among the different parameters
tested, shoot length of sunflower was selected as the most sensitive parameter to identify flucetosulfuron residue in soil,
since it recorded the highest multiple correlation coefficient (R? = 0.9462). The logarithmic linear regression equation, Y=
4.309788 - 0.64968 In (X), R*= 0.946 was developed for shoot length of sunflower.

PART II: FIELD EXPERIMENT- BIOEFFICACY OF FLUCETOSULFURON IN WET SEEDED RICE

In the present study, the major weed flora identified in the experiment field included grasses, viz.,Isachnemiliacea,
Echinochloa colona, Echinochloa crusgalli, Echinochloa stagnina, broadleaved weeds viz.,Limnocharis flava, Commelinadiffusa,
Monochoria vaginalis, Ludwigia perennis, Marseliaquadrifolia, Linderniarotundifoliaand sedges viz., Schoenoplectus juncoides,
Cyperusiria, and Cyperushaspan. The field was more diverse with broadleaved weeds compared to sedges and grasses
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whereas it was more quantified, by means of dry weight, with sedges than grasses and broadleaved weeds. The problematic
weed found in the experimental area in the present study was Schoenoplectus juncoides, a sedge species.

Quantitative assessment of weed vegetation analysis parameters revealed that the time of application of flucetosulfuron
is critical in reducing the weed infestation. Application of flucetosulfuron at 10-12 and 18-20 DAS as well as hand
weeding treatments were found to be significantly superior in reducing the absolute density of grasses, broadleaved
weeds and sedges, at the time of observations viz., 30,45 and 60 DAS, compared to its application at 2-3 DAS, irrespective
of the various doses tested. Similar trend was observed in the case of total weed density also, indicating that flucetosulfuron
applied at 2-3 DAS was less effective, may be because it could not reduce the later emerged weed flushes. The highest
total weed density was recorded by weedy check during both the crop seasons .

Analysis of weed dry weight, another imperative parameter to assess the weed infestation, revealed that, at the critical
stages of crop weed competition viz,, 30,45 and 60 DAS, application of flucetosulfuron at 10-12 and 18-20 DAS and hand
weeding twice registered significantly lower dry weight of grasses, broadleaved weeds and sedges compared to its
application at 2-3 DAS, during the | and Il crop seasons, indicating the importance of time of application of flucetosulfuron
in controlling weeds. The results revealed that application of flucetosulfuron @ 2-3 DAS could control weeds only for
around 15 DAS, whereas the effect of other times of application viz., 10-12 and 18-20 DAS lasts for more than 40 days.
Hand weeding twice (at 20 and 40 DAS) also recorded high efficacy in reducing total weed dry weight at 30, 45 and 60
DAS. The weedy check reported the highest total weed dry weight at 15, 30,45 and 60 DAS during | (5.34,42.36,415.65
and 569.34 g mZrespectively) and Il crop (5.97,32.85 301.37,584.28 g m?respectively) seasons, compared to other weed
management treatments.

The absolute frequency of weeds viz., grasses, broadleaved weeds and sedges was lower when flucetosulfuron was applied
at 10-12 and 18-20 DAS irrespective of the various doses tested (20, 25 and 30 g ha*), compared to its application at 2-
3 DAS, implying the importance of time of application of flucetosulfuron in reducing the weed occurrence. Total absolute
frequency of weeds varied significantly at all the stages of observation during both the seasons. At 30,45 and 60 DAS,
during both the seasons, the highest absolute frequency of weeds was registered by weedy check. However, application
of bispyribac sodium @ 25 g ha at 15 DAS was found to be on par with it, many a time, implying that these treatments
were least effective in controlling the emergence of weeds.

Critical analysis of the relative frequency of grasses, broadleaved weeds and sedges, revealed that, sedges are having
higher relative frequency than grasses and broadleaved weeds during both the seasons, indicating that the infestation
intensity of sedge species is more in the experimental field, compared to grasses and broadleaved weeds.

Bispyribac sodium was less effective in managing the sedges especially Schoenoplectus juncoides,which was the dominant
and problematic weed in the experimental area, resulting in comparatively higher weed density and dry weight in these
plots. Weedy check recorded significantly higher weed density and weed dry weight, compared to all other weed control
treatments indicating the need for timely weed management.

During the critical periods of crop-weed competition viz., 30,45 and 60 DAS, higher weed control efficiency was registered
in the plots where flucetosulfuron was applied at 10-12 and 18-20 DAS, irrespective of the doses tested. Hand weeding
twice also recorded significantly higher weed control efficiency at critical stages. Application of flucetosulfuron at 2-3
DAS as well as application of bispyribac sodium at 15 DAS resulted in significantly lower weed control efficiency.

Weed management practices significantly influenced the crop growth especially, crop dry matter production. During both
the seasons, application of flucetosulfuron at 10-12 DAS and 18-20 DAS as well as hand weeding twice recorded relatively
higher dry matter production at all the crop growth stages. Lower dry matter production was recorded when flucetosulfuron
was applied at 2-3 DAS irrespective of various doses tested. The lowest crop dry matter production was recorded in weedy
check.

The yield attributes viz.,, productive tillers m?, spikelets panicle™ and sterility per cent varied significantly due to the weed
management practices adopted. Time of application of flucetosulfuron was the determining factor than various doses
tested. Application of flucetosulfuron at 10-12 and 18-20 DAS and hand weeding twice resulted in significantly higher
yield attributes in comparison with its application at 2-3 DAS. Weedy check registered the lowest values for all the yield
attributing characters.

Significantly higher grain yield was obtained with flucetosulfuron applied at 10-12 and 18-20 DAS as well as with hand
weeding twice during both the crop seasons. For the best weed management treatment (flucetosulfuron @ 25 g ha'
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applied at 10-12 DAS) during the | crop season, percentage yield increase over weedy check was 52.33, whereas that for
the best treatment (flucetosulfuron @ 20 g ha™* at 10-12 DAS) during the Il crop season was 55.61. Pooled analysis of
the data indicated that the highest grain yield of 8.33 t ha* was recorded by flucetosulfuron @ 25 g ha'at 10-12 DAS
and was found to be on par with hand weeding twice,and flucetosulfuron @ 20 g and 30 g ha*at 10-12 DAS. Application
bispyribac sodium @ 25 g ha* at 15 DAS recorded significantly lower grain yield because of its poor efficacy in controlling
the sedges present in the experimental area. Weedy check recorded significantly lower grain yield during both the
season compared to all other treatments. The results of the field experiment conform the suitability of using of
flucetosulfuron as an early post emergence or post emergence herbicide in wet direct seeded rice for realising higher
grainyield.

Higher harvest indices were recorded by the application of flucetosulfuron at 10-12 DAS and 18-20 DAS during both the
crop seasons, compared to its application at 2-3 DAS. Application of flucetosulfuron @ 25 g ha'at 10-12 DAS recorded
the highest harvest index (0.50) during the | crop season whereas during the Il crop season, application of flucetosulfuron
@ 20 g ha'at 10-12 DAS recorded the highest harvest index (0.51). Lower weed index i.e., percentage yield reduction
due to weeds, was recorded by the application of flucetosulfuron at 10-12 DAS and 18-20 DAS as well as hand weeding
twice during both the crop seasons. The yield loss due to weeds was maximum in weedy check as evident from the
highest weed index (52.33 and 55.61 during the | and Il crop seasons respectively) recorded in this treatment compared
to the lower weed indices ranging from 8.21 t0 9.52 and 4.22 to 4.29 per cent during the | and |l crop seasons respectively
in the most effective treatments viz., flucetosulfuron @ 20, 25 and 30 g ha*applied at 10-12 DAS.

Economic analysis was also carried out and pooled analysis of the data indicated that flucetosulfuron @ 25 g ha! at 10-
12 DAS recorded the highest net returns (1,79,820 0 ha™) which was on par with flucetosulfuron @ 20 and 30 g ha'
at 10-12 DAS and flucetosulfuron @ 20 g ha™ applied at 18-20 DAS. Similar results were obtained for B:C ratio also.
Highest B:Cratio of 2.53 was reported by flucetosulfuron @ 25 g ha™ at 10-12 DAS. Even though weed control efficiency
as well as grain yield of hand weeding twice treatments was comparable to flucetosulfuron @ 20, 25 and 30 g ha! at
10-12 DAS, net income and B:Cratio were comparatively low for this treatment due to the huge expenditure incurred for
manual weeding. The weedy check registered the lowest net income and B:Cratio implying the essentiality of herbicidal
weed management in direct seeded rice for realising economic returns. Based on the yield and economics, application of
flucetosulfuron @ 20, 25 and 30 g ha at 10-12 DAS is the best treatment among the various weed management
practices tested.

PART I11: ASSESSMENT OF HERBICIDE RESIDUE IN SOIL THROUGH BIOASSAY USING SELECTED INDICATOR PLANT:

As the third part of the study, after each field experiment, bioassay was conducted, using the selected indicator plant,
sunflower, to find out whether there is any residual effect of flucetosulfuron in the paddy soil. The results revealed that
there was no significant difference among the weed management practices on the different growth parameters viz,
shoot and root length and shoot fresh and dry weight of sunflower, during both the crop seasons,indicating that, the
herbicide flucetosulfuron @ 20, 25 and 30 g ha* at 2-3,10-12 and 18-20 DAS, applied to wet seeded paddy soil do not
result in perceivable residue build up in soil. Hence, application of flucetosulfuron even at its tested higher dose will not
cause any harmful effects on the succeeding crop and is environmentally safe.

PART IV: WEED SEED BANK ASSAY

Weed seed bank assay was carried out as the fourth part of the study and the seed bank assay conducted before and after
each field experiment revealed that weed management practices significantly influenced the soil weed seed bank.
Before the experiment, emergence of weeds from the soil seed bank was non-significant during both the crop seasons.
However, after each field experiment, number of weeds emerging from the field varied significantly due to the weed
management practices adopted. The lowest count of grasses, broadleaved weeds, sedges and total weeds was recorded
from plots where flucetosulfuron was applied at 10-12 and 18-20 DAS irrespective of the doses of application. The data
on weed emergence after both the crop season revealed that weedy check recorded the highest emergence of all the
categories of weeds (grasses, sedges and broadleaved weeds) and total weed emergence, indicating the necessity for
timely weed control through herbicides for depleting the weed seed bank in the soil.

PART V: ASSESSMENT OF SOIL HEALTH IMPACT OF FLUCETOSULFURON

The fifth part of the study was assessment of soil health impact of flucetosulfuron in terms of earthworm count, spider
count, microbial population,enzyme (dehydrogenase, urease and acid phosphatase) dynamics and organic carbon status
of soil. Herbicide application did not cause any significant alterations in the earthworm count before and after the crop.
Even though a slight reduction in the average count of earthworm could be seen compared to the same before starting
the crop in the field, no alarming reduction due to herbicide application could be found in the study. The effect of weed
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management treatments on spider count was also found to be non significant.

Six days after herbicide application, the microbial population (bacteria, fungi and actinomycetes) in the herbicidal plots
was found to be increasing compared to the corresponding pre-treatment values and population in the non-herbicidal
plots, indicating the safety of the tested doses of flucetosulfuron for soil microbial population.

An increasing trend in the enzyme activity could be seen from just before herbicide application (JBHA) to 30 days after
herbicide application (DAHA) in both the crop seasons.Just before herbicide application, there was no significant variation
among the treatments, during both the crop seasons. At both the time of sampling viz,, 15 as well as at 30 DAHA,
dehydrogenase enzyme activity was found to be significantly higher compared to the pre-treatment values. Application
of flucetosulfuron at 10-12 and 18-20 DAS recorded relatively higher dehydrogenase enzyme activity compared to its
application at 2-3 DAS, just because of the difference in crop growth stages during the time of sampling. Hand weeding
also recorded significantly higher dehydrogenase enzyme activity and weedy check recorded the lowest enzyme activity.

Acid phosphatase enzyme activity, at 15 and 30 DAHA, was found to be non-significant. In general, the soil exhibited
lesser acid phosphatase enzyme activity irrespective of the treatments. This might be due to the less phosphorus stress
experienced in the high P soil.

Herbicide application could increase the urease enzyme activity irrespective of dose and time of applications tested. Just
before herbicide application, the enzyme activity was found to be non significant during both the crop seasons. At 15 and
30 DAHA significantly higher urease enzyme activity was recorded in the herbicide applied plots compared to the non
herbicidal plots. Compared to pre-treatment values, urease enzyme activity increased at 15 and 30 DAHA.

The soil organic carbon (OC) content was found to be increasing from JBHA to 15 and 30 DAHA during both the crop
seasons, that too in the herbicidal plots compared to the non herbicidal plots. Correlation analysis of soil OC and
dehydrogenase enzyme revealed significant positive correlations between the variables assayed.

Acritical analysis of the impact of the herbicide, flucetosulfuron at all the tested doses (20,25 and 30 g ha*) and times of
application (10-12 and 18-20 DAS) on soil health indicators viz., soil microbial count, enzyme status, earthworm and
spider count and organic matter content of soil confirmed the environmental safety of flucetosulfuron.

IN VITRO SENSITIVITY OF BENEFICIAL ORGANISMS TO FLUCETOSULFURON

In vitro sensitivity of the biofertilizer organisms viz., Azospirillum lipoferum, Azotobactorchroococcum, Bacillus megaterium
and Frateuria aurantia revealed that none of the organisms produced any inhibition zone due to the presence of filter
paper disc impregnated with different doses of flucetosulfuron (30-90 uL L) implying the safety of the herbicide even at
double the recommended dose and confirming the possibility of combined application of flucetosulfuron and these
biofertilizers.

Results of the in vitro study of Trichoderma viridae revealed that the tested concentrations (30-90 pL L?) of flucetosulfuron
did not significantly affect the radial growth of Trichoderma viridae. At all the concentrations of flucetosulfuron, Trichoderma
viridae showed a colony diameter of 9mm uniformly with zero per cent inhibition (Plate 5). Similarly, in vitro sensitivity of
Pseudomonas fluorescens revealed that there was no zone of inhibition at different concentrations (30-90 pL L?) of
flucetosulfuron tested and the growth of Pseudomonas fluorescens was found to be positive also. The results revealed that
flucetosulfuron is compatible with the bio control agents, indicating the possibility of using these bio control agents
along with flucetosulfuron in integrated pest and disease management programmes.

From the study, it can be concluded that, application of flucetosulfuron @ 20, 25 and 30 g ha* at 10-12 DAS was very
effective for controlling weeds and recorded higher yield and monetary benefits in wet direct seeded rice. Flucetosulfuron
applied at 10-12 and 18-20 DAS was very effective in depleting the soil seed bank and the bioassay studies revealed that
flucetosulfuron did not leave any toxic residues in the soil. The study results also indicated that, application of
flucetosulfuron @ 20, 25 and 30 g ha* applied at 2-3, 10-12 and 18-20 DAS has no adverse effect on soil health, as
evidenced by the count of earthworm, spider and microorganisms as well as soil enzyme activity and was found compatible
with the biofertilizer organisms (Azospirillum lipoferum,Azotobactorchroococcum, Bacillus megaterium and Frateuria aurantia)
and bio control agents (Trichoderma viridae andPseudomonas fluorescens).

2. Effect of soil amelioration and supplementary foliar nutrition on rice yield in kuttanad
A study on “Effect of soil amelioration and supplementary foliar nutrition on rice yield in Kuttanad’ was carried out at
College of Agriculture, Vellayani to evaluate the effect of soil amelioration with rice husk ash in abating iron toxicity and
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supplementary foliar application of a customized nutrient formulation in increasing rice yield in the low lands of
Kuttanad.The overall fertility status of this region indicated that the soil was acidic with high level of P, medium level of
available N and K and wide spread deficiencies of Ca, Mg, Cu,Zn and B.

A customized nutrient formulation with a composition of K (8.9%),Mg (3.2%),Ca(3.7%),Zn (2.1%),Mn (0.23%),B (3.5%) and
Cu (0.96%)was developedbased on the available nutrient status of the region and crop requirement. This formulation
was used for supplementary foliar nutrition @ 5 kg ha* as foliar application of 0.5% solution in two splits at maximum
tillering and panicle initiation stage.The field experiment was conducted at Rice Research Station, Moncompu (July to
November 2017) with nine treatments and the treatments were T, (Recommended dose of fertilizer and lime (RDF)),T,
(Soil test based RDF and lime (based on pH)),T, (Soil test based RDF + Rice husk ash(RHA) @ lime inT,),T, (Soil test based
RDF + RHA @ % lime in T,),T, (T, + foliar spray of 0.5% solution of customized formulation at tillering and panicle
initiation stage(FS) ),T, (T, + FS),T, (T, + FS),T, (T, + FS).And T (50% Soil test based RDF + RHA @ lime in T, + FS)replicated
thrice in RBD using rice variety Uma.

Growth and yield of rice increased significantly due to soil amelioration and supplementary foliar nutrition. During the
maximum tillering stage, the highest plant height (55.32 cm) was recorded in the treatment T, and was on par with all
other treatments except treatment T, The treatments did not show a significant influence on number of tillers at maximum
tillering and panicle initiation stages Treatment T, recorded the highest number of productive tillers (12.36), which was
on par with treatments T, T,,and T,

The treatment T, recorded the highest value for all the yield attributes and yield such as panicles per m?(549.62),
thousand grain weight (26.6 g), number of filled grains per panicle (136.5), grain yield (6.60t ha) and straw yield (8.34 t
ha*). The highest number of panicles per m’recorded for the treatment T was found to be on par with treatments T, and
T, while for the thousand grain weight treatment T, was on par with treatment T,, T, and T, For grain yield treatment
T,was found to be on par with all other treatments except treatment T,and T.

The results of scoring of iron toxicity using standard evaluation system for rice (IRRI,1996) at maximum tillering stage
and panicle initiation stage revealed that during maximum tillering stage, there was no visual symptom on the plants,
but during panicle initiation stage, the symptoms were expressed in treatments T, and T, and T, recorded the highest
score(3).

Soil analysis done at the time of harvest showed that the pH increased from the initial value of 4.35 to the highest value
of 5.5 which was recorded for the treatment T,and was on par with treatments T,,T,,T,T, and T, whilethe treatments did
not have a significant influence on the EC. The treatment T, recorded the h|ghest organlc carbon content (3.06 %).In the
case of primary nutrients, for both available N and PtreatmentT recordedthe highest value (385.76 kg ha* and25.22 kg
ha) and for available K (218.4 kg ha) it was recorded by treatment T,. For exchangeable Ca and Mg the highest value
was recorded for treatment T, (157.33mg kg™*) and T, (29.86mg kg) respectively which was superior to all other treatments.
In the case of available S,the treatment T, recorded the highest value (21.17mg kg™).The results showed that the treatment
T,recorded the lowest available Fe (322.53mg kg™ ) and Mn (3.27 mg kg ") content during the harvest stage. For available
Zn, Cu, B and Si, the treatment T, recorded the highest value (3.01, 2.73, 0.504and 36.83mg kg™ respectively) and was
superior to all the treatments except for Zn where the treatments did not have a significant influence.

The results of the plant analysis revealed that the treatment T, recorded the lowest leaf iron content during the maximum
tillering and panicle initiation stage (125 and 141 mg kg?).In the case of primary nutrients , for N and K content in
grain(1.30 and 0.666 mg kg™)and straw (0.77 and 2.32 mqg kg™ ) the treatment T, recorded the highest value and the
treatment T, recorded the highest P content in grain (0.196 mg kg™) and straw(0.146 mg kg™). In the case of secondary
nutrients, the treatment T, recorded the highest grain and straw content for Ca (0.28 and0.54 mg kg ), Mg (0.087 and
0.146 mg kg "), S (0.151 and0.173 mq kg™) and also for the beneficial element Si (0.81and3.98 mg kg™). Treatment T,
recorded the highest micronutrient content in grain and straw for Mn,(42.9 and 157.7 mg kg!), Cu (6.0 and14.2 mg kg'*
),Zn (29.3and 58.4 mg kg') and B (12.1 and16.4 mg kg ) but recorded the lowest value for Fe content in grain and straw
(55 and 154.3 mg kg*) which indicated the influence of rice husk ash in reducing the iron uptake in plant. The treatment
T,recorded the highest value for uptake of all the nutrients expect for Fe uptake in the plant.

The study revealed that the treatment T, recorded the lowest percentage of incidence of leaf roller (4.37) and there was
no incidence of major diseases during the crop period. Treatment T7 recorded the highest net income (Rs. 87679/-) and
BCratio (1.82).
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From the investigation it can be concluded that ,treatment T, (Soil test based RDF + Rice husk ash @ lime (based on pH)
+ foliar spray of 0.5% solution of customized formulation at tillering and panicle initiation stage) was the best treatment
in which the yield increased by 21 % compared to RDF and B:C ratio increased from 1.44 to 1.82 . Effect of rice husk ash
in ameliorating soil acidity was found to be on par with application of lime based on pH. Use of rice husk ash as soil
ameliorant along with soil test based RDF and supplementary foliar nutrition improved rice yield in Kuttanad and reduced
the nutritional constraints due to iron toxicity

3. Pyramiding Bacterial Leaf Blight Resistance Genes Into Popular Rice Varieties Of Kerala Through Marker Assisted
Selection

Bacterial blight (BB) caused by Xanthomonas oryzae pv.oryzae(Xoo) is a devastating disease of rice in Asia and Africa . Major
rice growing areas of Kerala are highly prone to this disease which results in damage upto 35per cent.Exploitation of host
plant resistance is the only practical strategy for managing the disease in an ecofriendly manner. Till date, more than 40
resistance genes for BLB have been identified from diverse sources and pyramiding of these resistance genes will impart
durable resistance. So, the present study entitled “Pyramiding Bacterial Leaf Blight resistance genes into popular rice
varieties of Kerala through marker assisted selection” was undertaken at the College of Agriculture Vellayani
Thiruvananthapuram, to pyramid the genes for resistance to bacterial blight (xal3, Xa21, Xa33, Xa38) into the popular
rice varieties, Prathyasa and Aiswarya through foreground selection for the genes using molecular markers, to obtain lines
with the two/three resistance genes combination in the background of above cultivars.

DNA markers closely linked to the BB resistance genes, such as pTA248 (Xa2lgene), xal3 pro (xal3gene), RMWR7.1
(Xa33gene) and Os04g53050-1(Xa38 gene) were used for validation of the marker polymorphism in the donors of the
genes for resistance to BB viz. Improved Samba Mahsuri with xal3 and Xa21,Improved Samba Mahsuri with Xa33,and PR-
114 with Xa38 and susceptible recipient parents Aiswarya and Prathyasa .This validation confirmed the absence of the
genes in the recurrent parents chosen for the study. These polymorphic markers were also used for foreground selection
in F, plants and backcross generations.

Initial hybridization was performed between two recipient parents and three donor parents to transfer the genes for
resistance. Foreground selection was carried out in 193 F, plants from these six crosses using molecular markers specific
to the genes. F, plants (163) with heterozygous loci for trait specific marker were backcrossed with respective recurrent
parent and obtained 776 BC,F, plants in six cross combinations. These plants were screened with four trait specific
foreground markers and 279 plants were identified with genes of interest. From among these forty two plants in the 2
crosses Aiswarya x ISM (xal3 and Xa21) and Prathyasa x ISM (xal3 and Xa21) had both genes (xal3 and Xa2l) in
heterozygous condition. +2 test was done with the genotypic data of BC F, plants with single gene viz.Xa33 and Xa38.
Segregation ratios in BC,F, population from the crosses viz. Prathyasa x ISM (Xa33), Aiswarya x PR-114(Xa38) and Prathyasa
x PR-114(Xa38) did not show significant deviation from the expected 1:1 ratio. But BC,F, plants with Xa33 gene of the
crossAiswarya x ISM showed significant deviation from 1:1 segregation ratio. This suggests the presence of segregation
distortion in these segregants.

For the background selection four varieties were genotyped with 270 microsatellite loci and 180 discrete, unambiguous
amplicons specific for the four varieties were identified. The background selection was carried out on altogether 279
plants from six BC,F, populations using 143 loci polymorphic in the parents. The BC,F, plants with highest percentage of
recurrent parent genome recovery in the six populations were selected based on the background markers. These plants
were used for intermating programme to pyramid the genes.

The disease screening of donors, Improved Samba Mahsuri(xal3 and XaZ21), Improved Samba Mahsuri (Xa33),and PR-114
(Xa38) against local isolate of Xanthomonas oryzae pv.oryzae conducted at RRS, Moncompu showed resistant disease
reaction in the donors ISM (xal3 and Xa21) and ISM (Xa33).PR-114(Xa38) exhibited moderate susceptible disease reaction
and so this donor was excluded from further breeding programme.

BC,F, plants having xal3 and Xa21 genes were used as female parent and BC,F, plants with Xa33 used as male parent in
intermating programme for pyramiding. Foreground selection was performed in the intermated plants using trait specific
markers.Among Aiswarya derived BC,F, intermated plants, seven plants showed three resistance gene combination (Xa21+
xal3 +Xa33) and forty four plants showed two resistance gene combinations. Among the forty four plants with two
resistance gene combination, seventeen had xal3+Xa33,18 had Xa21 + xal3 and 9 had Xa21 + Xa33. In Prathyasa derived
BC,F, intermated plants 12 plants had XaZ21+xal3 gene combinations and nine had xal3 + Xa33 resistance gene combination.
Based on the four quantitative traits (plant height, number of productive tillers, grain L/B ratio and days to maturity)
Euclidean coefficient of dissimilarity was assessed in comparison with the respective recurrent parents, in plants pyramided
with resistance genes. In Aiswarya derived pyramided plants coefficient of dissimilarity with Aiswarya for the four

31



32

quantitative traits varied from 2.24to 27.25.Coefficient of dissimilarity with Prathyasa in the Prathyasa derived pyramided
lines based on the four quantitative traits ranged from 3.00to 17.47. The morphological traits of the two / three gene
pyramided BC,F, genotypes were found to be either superior or on par with the recurrent parents Aiswarya and Prathyasa.
Majority of pyramided lines showed red kernel colour of the recurrent parents.

This research lead to development of plants pyramided with two /three genes for resistance to BB in the background of
Aiswarya and plants with two resistance genes in the background of Prathyasa. These pyramided lines can be used for
further breeding programme to develop Essentially Derived Varieties (EDVs) to tackle the Bacterial Leaf Blight (BB)
disease.

4. Genotyping of Rf (Restoring fertility) loci of rice varieties of Kerala using molecular markers”

Hybrid rice technology aims to increase the yield potential of rice beyond the level of high yielding varieties by exploiting
the phenomenon of hybrid vigour or heterosis. It is the only technology available now to break the yield plateau attained
in rice. Commercial production of hybrid rice can be achieved through three line system of hybrid rice development.
Identification of restorers and maintainers for the system is the initial step in hybrid rice breeding. So the present study
entitled “Genotyping of Rf (Restoring fertility) loci of rice varieties of Kerala using molecular markers” was undertaken as
an initial step for the development of hybrid rice for Kerala with the objectives to locate restorers and maintainers from
Kerala rice varieties using molecular markers, validation of the restoration of fertility in cross with WA Cytoplasmic Male
Sterile (CMS) lines, study of inheritance pattern of restorer gene and to locate heterotic combiners from the possible
restorers and maintainers.

In the present study twenty one rice varieties were screened with 13 SSR markers linked to different Rf genes i.e Rf3,Rf4,
Rf5,Rf6 and Rf7.Three varieties had only one Rf gene, seven varieties had two Rf gene, four varieties had three Rf gene.
Rice varieties Remya, Manupriya and Swarnaprabha had four Rf genes and PTB-9 had all the Rf genes.For identification
of maintainers and restorers from among the 21 rice varieties under study, these lines were crossed with 4 CMS lines
(IR58025A, UPRI95-17A, CRMS31A and CRMS32A). Pollen and spikelet fertility of the hybrids recorded thatRemya,
Swarnaprabha, Manupriya,Varsha and Aiswarya were restorers for CMS line IR58025A, Remya, Jayathi,Annapoorna, Neeraja,
Aiswarya and Pavizham were restorers for UPRI95-17A. Remya, Jayathi, Swarnaprabha, Kanakom and Neearaja were
restorers for CRMS31A and Remya,Jayathi, Swarnaprabha,Annapoorna, Kanakom, Mattatriveni and Pavizham were restorers
for CRMS32A.Rice variety Remya alone was found to be the restorer for all four CMS lines. Rice varieties Jyothi, Kanchana
and Aruna were identified as maintainers for IR58025A. Only one variety Kanchana identified as maintainer for UPRI95-
17A. Bharathy, Jyothi, Kanchana and Aruna were identified as maintainers for CMS line CRMS31A, while Kanchana and
Bharathy were identified as maintainers for CRMS32A. Kanchana alone was found to be the maintainer for all four CMS
lines. In field validation Remya which had 4 Rf genes (Rf3, Rf4, Rf5 and Rf6) was found to be a restorer for all the lines
with WA Cytoplasm studied. All the restorers identified through field validation had either Rf3 or Rf4 gene which were
reported as the major genes for fertility restoration.

Study of inheritance pattern of restorer gene was analysed in F, generation of the crosses between CMS lines and the
restorers. It was found thatin UPRI95-17A x Remya, UPRI95-17A x Jayathi, UPRI95-17A x Annapoorna, UPRI95-17A x
Aiswarya and UPRI95-17A x Pavizham the restoration of fertility is governed by 2 dominant gene. Co-segregation of the
molecular marker linked to Rfloci and the trait of restoration of fertility in the segregating population was analysed
through Bulk Segregant Analysis (BSA) and found co-segregation of marker RM1 with Rf3 gene and marker RM171 with
Rf4 gene. This shows that the marker loci and fertility restoration genesRf3 and Rf4 are tightly linked.

The selected twenty one rice varieties were grown in completely randomized block design with 2 replications in pots for
assessing the genetic parameters and observations were taken on 12 metric traits. The study revealed high heritability
coupled with high genetic advance as per cent of mean for Pollen fertility, number of spikelets/panicle, number of filled
grains/panicle, LB ratio, number of grains/panicle and grain yield/plant. Hence these traits are predominantly under the
control of additive gene action and hence these characters can be improved by selection. Grain yield per plant recorded
a significant positive correlation with total no of tillers, number of productive tillers per plant, panicle length, number
spikelets/panicle, number of filled grains/panicle, number of filled grains per panicle. Divergence analysis grouped the
rice varieties into eight clusters. Cluster Il consisting of Mattatriveni and cluster VI consisting of Jayathi, Swarnaprabha,
Kanakom and Aiswarya was the farthest.

The hybrid developed from 23 crosses between identified restorers and 4 CMS lines were evaluated for heterosis and
identified promising hybrids were UPRI95-17A x Aiswarya, UPRI95-17A x Neeraja, UPRI95-17A x Remya and CRMS31A x
Kanakom based on high mean grain yield per plant and high standard heterosis over standard check Uma.
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In order to assess heterosis in different combination of the identified maintainers and restorers an L x T analysis was done
with maintainers as the lines and restorers as the testers.Perusal of findings indicated that line Jyothi is a good general
combiner as it recorded a high over all GCA status. The hybrid Aruna x Varsha was the best specific combiner followed by,
Jyothi x Pavizham and Kanchana x Mattatriveni. Three crosses viz; Aruna x Varsha, Jyothi x Pavizham and Bharathy x
Annapoorna registered high significant heterosis for grain yield per plant over mid parent, better parent and standard
check Uma.

The present study could identify restorers and maintainers for 4 CMS lines from the Kerala rice varieties and also heterotic
combination of restorers and maintainers. By reconstituting the identified maintainer with sterile cytoplasm of the CMS
lines heterotic hybrids with grain qualities specific to Kerala can be developed. The superior hybrids obtained from
identified restorers and CMS lines can be directly used for commercial release after yield trial.

5. Development of Near Isogenic Lines of rice variety ‘Uma’ for blast resistance genes through molecular marker assisted
backcross breeding” CoA Vellayani,

Blast disease, caused by Magnaportheoryzaeis one of the most devastating disease in rice and a great threat to food
security worldwide.During kharif season, the disease is prevalent throughout the rice growing areas in India including the
southern states of Kerala, Tamil Nadu, Karnataka and Andhra Pradesh.Approximately 100 major blast resistancegenes
have been reported in rice and hence exploitation of host plant resistance through gene pyramiding can be employed
effectively for the management of blast.Developing Near Isogenic Lines (NILs) ie.,lines carrying each of the major resistance
genes in the background of susceptible recurrent parent is a major step in the pyramiding work to be carried out for
developing multi race resistant varieties.So, present study entitled”Development of Near Isogenic Lines of rice variety
‘Uma’for blast resistance genes through molecular marker assisted backcross breeding”was undertaken at the College of
Agriculture, Vellayani Thiruvananthapuram, todevelop Near Isogenic lines (NILs) of rice variety Uma for blast resistance
genes (Pi1, Pi-2 and Pi-kh) using identified donors through marker assisted back cross breeding.

DNA markers closely linked to the blast resistance genesviz.,RM527 (PiZ2gene), RM 224 (Pi 1gene) andRM 206 (Pikhgene)
were used for validating marker polymorphism in the identified traditional donors of blast resistance genesviz.PTB 21
(Thekkan) with Pi2,PTB 7(Parambuvattan) with Pi1 and Pikh andsusceptible recipientparent Uma (MO16).This validation
confirmed the absence of genes in recurrent parent, Uma chosen for the study. Thesepolymorphic gene specific markers
were also usedfor foreground selection in F, plants and backcross generations.

Hybridisation was carried out between recipient parent Uma and the two donor parentsviz., PTB 21 and PTB 7to transfer
genes for resistance.F, plantswith heterozygous loci for blast resistance genes specific markers were identified through
foreground selection and backcrossed with recurrent parent Umato obtain the BC,F, generation. The BC,F, plants were
screened with foreground markers and those plants containing the respective resistance genes wereidentified. Among
the plants screened for a particular cross, 12 were found to contain PiZ gene, 17 had Pil gene and 21 plants contained
Pikh gene.+2 test was donewith the genotypicdata ofBC,F,plants with single genesviz.Pi1, Pi2 and Pikh.Segregation ratio
in BC,F, population from the crossUma x PTB7 (Pi) showedsignificant deviation from the expected 1:1 ratio.This suggeststhe
presence of segregation distortion in thesesegregants.

For the background selection,three parental lines were genotyped with 30microsatellite loci and the ones polymorphic
for Uma and the donors were identified. 12 markers were found to produce discrete amplicons for Uma and PTB 21 while
17 were polymorphic for Uma and PTB7.Five of the polymorphic markers were used for background selection in BC,F, plants
with resistance genes of the three crosses. TheBC, F, plants with highest percentage of recurrent parent genome recovery
in the three populations were identified. Highest recovery percentage of 70 could be obtained in backcross population of
all the three crosses.

Morphological data for 7 seven quantitative and one qualitative character (kernelcolour) was recorded for the BC,F,
plants with the resistant genes.Euclidean coefficient of dissimilarity was assessedin comparison with the recurrent parent
Uma.All the BC,F, plants with resistance genes were usedto raise the BC,F, generation.

The BC,F populations of the three crosses was subjected to foreground selection and plants with resistance genes were
identified.+2 analysis of genotypic data revealed significant deviationfrom the expected 1:1 ratio in the BC,F, population
of crosses Uma x PTB21 (Pi2) and Uma x PTB7 (Pi1) suggesting segregation distortion. Background selection was carried
out in BC,F, plantswith resistance gens using12 polymorphic markers in cross Uma x PTB 21(Pi2) and 17 markers in plants
identified in the BC,F, of Uma x PTB7 (Pi1 and Pikh).

Morphological data on seven quantitative traits and one qualitative traitwas recorded in the BC,F, plants with resistance
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genes.Based on the seven quantitative traits (plant height,number of tillersnumber of productive tillers, panicle length,grain
L/B ratio, thousand grain weight and days to maturity) Euclidean coefficient of dissimilarity was assessedin comparison
with the recurrent parent,Uma.Based on the Euclidean distance and percentage recovery of the recurrent parent genome,
five plants were identified from each of the three crosses as potential Near Isogenic Lines (NILs) for the three blast
resistance genes PiZ, Pi1 and Pikh. The genotype A-5-1 with a recurrent parent genome recovery of 95.83% and Euclidean
distance of 5.22 with Uma was identified as the most potential NIL of Uma for the gene Pi2. Similarly B-27-1(Euclidean
distance - 4.72, % genome recovery - 97.06) and C-17-3 (Euclidean distance - 4.72, % genome recovery-94.12) were
identified as potential NILs for Pi1 and Pikh genes.Selfed seeds (BC,F,) were collected from the identified potential NiLs.
This research could identifyNILs of Uma for three blast resistance genes viz.,Pi1, PiZ and Pikhwith more than 94% recurrent
parent genome recovery with two backcrossing through marker assisted selection. This confirms the utility of marker
assisted backcross breeding in recurrent parent genome recovery. The NILs can be used in intermating programmes to
develop pyramided lines of Uma with all the three blast resistance genes (Pi1, PiZ and Pikh) to ensure durable and
broadspectrum resistance to the blast pathogen.
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Concluded Project

Cardamom
1. Subproject 5: CAR/CP/6.Pest and Disease Management Trial
Dr.Dhanya M.K
Assistant Professor

dhanya.mk@kau.in
dhanya mk2000@yahoo.co.in

a) CAR/CP/ Nematode pest management in cardamom using bio-control agents and organic supplements

The result of the pooled analysis showed that application of Pochoniachlamydosporia @ 50g/clump at monthly intervals
registered least aerial symptom (5.150%) with maximum reduction (87.64%) over untreated check followed by the sole
application of P.lilacinus,neem cake + Paecilomyceslilacinus and cartap hydrochloride (least leaf narrowing symptoms viz.,
7.13%, 7.64% and 8.06%respectively). The root infection and the number of knots in 5g root sample revealed that, the
least root knots were found with the sole applications of P.chlamydosporia, P.lilacinusand combined applications of neem
cake + P, lilacinusand they were on par with each other

Cashew
1. Evaluation of biointensive technologies in the management of tea mosquito bug, HelopeltisantoniiSignoret in cashew.
Dr.Satheesan.N.V.
Associate Professor

satheesan.nv@kau.in

The project mainly focused to evaluate the prospects of indigenous plant extracts and botanical oils for tea mosquito bug
management in cashew and to compare yield performance and pest status in bio intensive and conventional methods.
Among the aqueous extracts and botanical oil emulsions tested against tea mosquito bug Helopeltisantonii on cashew
under laboratory conditions, pongamia oil at 5% concentration showed both insecticidal and antifeedant property.
Acoruscalamus rhizome powder showed antifeedant property at 5 % concentration and exhibited both antifeedant and
insecticidal property at 10 % concentration. In the second year field experiments were laid out with promising botanicals-
pongamia oil (5%), Acoruscalamus at 5% and 10%, POP and control. Three rounds of spray conducted at monthly intervals.
Statistical analysis of the data revealed that Acoruscalamus at 10 per cent concentration found superior to all other
treatments and was on par with POP recommendation. Though there was no significant difference in nut yield, POP
recommendation recorded highest nut yield followed by Acoruscalamus (10%). There is no significant difference in case
natural enemies like red ants, black ants and spiders. In Acoruscalamustreated trees red ant population was on par with
control. Similar trend was also recorded in both spider and black ant population.

Ongoing projects

Pepper
1. Germplasm collection, characterization, evaluation and conservation
Dr. Ajith.P.M.
Associate Professor
ajith.pm@kau.in

At present 313 cultivated types, 54 wild types and 3 exotic types of black pepper are being maintained at PRS, Panniyur.
The survey work was carried out and 5 new genotypes were collected during the year. During the year 2017, the genotypes
PRS 64, PRS 136 and PRS 154 were the top yielders. PRS 64 ranked first with 4.95 kg green berry yield and 1250 spikes/
vine. Spike length was maximum for PRS 155 (15.2 cm). The number of developed berries/spike was more for PRS 137
(68.0). The 100 berry weight was high for PRS 154 (12.4 g). The dry recovery % was more for PRS 136 (37 %).

2. Inter varietal hybridization to evolve high yielding varieties.
Dr. Ajith.P.M.
Associate Professor

ajith.pm@kau.in

The hybrids PRS 160, PRS 161 and PRS 165 were found to be promising with mean green berry yield of 5.90 kg/vine, 6.32
kg/vine and 4.93 kg/vine respectively. Number of spikes/vine was higher for PRS 161 (895). Spike length was maximum
for PRS 161 (18.1 cm). 100 berry weight was higher for PRS 161 (19.0).
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3. Hybridization to evolve varieties tolerant to biotic and abiotic stresses.
Dr. Ajith.P.M.
Associate Professor

ajith.pm@kau.in

The seedlings of PRS 4 x PRS 8 and P 1 x PRS 78 were planted. Seedlings of P 1 x PRS 48 were lost due to Phytophthora
infection. Seedlings of P1 x PRS 64 were obtained. The crosses P1 x PRS 4 and P1 x PRS 48 were carried out during the
year.

4. Coordinated Varietal Trial (CVT) 2006 Series VI
Dr. Ajith.PM.
Associate Professor

ajith.pm@kau.in

The trial was started during 2007.During 2017,HB 20052 recorded the highest green berryyield of 4.57 kg/vine followed
by Acc.no.53 (4.38 kg/ vine). The highest plant height was recorded for Panniyur 1 (4.90 m).

5.CVT 2015 on Farmer varieties of Black pepper Series VIl
Dr. Ajith.P.M.
Associate Professor

ajith.pm@kau.in

The trial was started during 2015. During 2017, all the vines except Kampukkal and Zion mundi are in the vegetative
stage and there was no significant difference between the treatments for morphological characters. Kampukkal recorded
amean dry berryyield of 112 g and mean spike length of 8.56 cm.Zion mundi recorded a mean dry berryyield of 25 g and
mean spike length of 8.62 cm.

6.CVT 2015 on Black pepper Series VIii

Dr. Ajith.P.M.
Associate Professor
ajith.pom@kau.in
The trial was started during 2015.The plants are in the vegetative stage.
7. Black pepper based mixed cropping system for sustainable productivity and food security
Dr.Heera G.

Assoc.Professor
heera.g@kau.in

During 2017-18 good yield was obtained from the intercrops in black pepper garden except arrow root and tapioca.
Among the intercrops T,- elephant foot yam recorded maximum yield of 8.53 kg followed by T, -greater yam (7.25 kg )
from an inter space of 4m x 2 m spacing between black pepper. Colocasia (T,) yielded 3.18 kg and arrowroot (T,) - 1.87
kg (Table 4). It is difficult to maintain the intercrops tapioca and arrow root due to wild boar attack

8. Biological Management of slow wilt in black pepper
Dr.Heera G.
Assoc.Professor
heera.g@kau.in

During 2017-18 all the treatments were significantly superior in reducing the yellowing due to slow decline in black
pepper except soil drenching with COC and cartap hydrochloride. Application of Trichoderma viride + neem cake @ 2kg/
vine (T1) recorded a maximum yield of 3.109 kg/vine, maximum no of spikes and minimum disease intensity of 5.63%.All
the biocontrol agents were effective in managing the disease though the yield was not superior to control. The treatment
T6 had a negative effect on the yield and management of the disease.
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9.Development of technologies including alternative for banned pesticides for the management of pests and diseases of
major crops in Kerala.

Dr.Rini C.R.

Assistant Professor

rini.cr@kau.in

Among the different treatments tested against marginal gall thrips in black pepper,Quinalphos was found to the best
treatment with minimum number of damaged leaves. This was followed by Lecanicilliumlecani which was on par with
dimethoate.

10. Subproject 2 - Coordinated Varietal Trial 2006 - Series VI
Dr. Ajith.P.M.
Associate Professor

ajith.pm@kau.in

Among the characters studied, highest fresh (1.5 kg/vine) weight of berries per vine was registered for Panniyur-1 which
is on par with Karimunda (1.4 kg/vine) followed by HB 20052(1.2 kg/vine). For dry weight of berries Panniyur-1 recorded
the highest value (0.494 kg/vine) followed byKarimunda (0.457 kg/vine). The yield attributing characters had significant
difference between the accessions. Maximum spike length was recorded from ACC 53(13.71 cm) followed by HB 20052
(14.5 cm). ACC-1090 and Panniyur-1 were statistically on par with each other with respect to spike length. 100 berry
weight was maximum for Panniyur-1(15.6 g) but the number of berries per spike was more in HB 20052(46.4) which is on
par with Karimunda (45.7).

11. Strengthening research on Black pepper at Dept. of Plantation Crops & Spices, College of Horticulture, Vellanikkara
DrV.S.Sujatha
Professor

sujatha.vs@kau.in

Three new collections added to germplasm. 105 accessions of Piper nigrumfield planted and labeled. Layout prepared.Nine
released varieties of black pepperfield planted and labeled.

Cardamom
1 Subproject 3 -CAR/CI/3-Coordinated Varietal Trial
Dr.M.Murugan
Professor

murugan.m@kau.in ; muthupeyan@gmail.com

a) CAR/CI/3.7. CVT of drought tolerance in Cardamom - Series VII
The experiment was started during 2017 and plants are in their early vegetative stage.

2.Evaluation of promising small cardamom (ElettariacardamomumMaton) cultivars/varieties for organic cultivation in the
high ranges of Idukki district

Dr.M.Murugan

Professor

murugan.m@kau.in ; muthupeyan@gmail.com

There is significant difference among varieties with respect to yield and biotic stress characters. Maximum fresh weight
(1618.70 g plant™) of capsules was recorded by PV1 which is on par with PV2 (1528.7 g plant™) but the maximum dry
weight was observed in PV2(363.8 g plant?). The lowest wet and dry yield was registered in GG and was significantly
inferior to all others.The incidence of thrips, shoot borer and azhukal was more in GG whereas Azhukal incidence was less
in PV2.

3. Subproject4: CAR/Cl/4- Varietal Evaluation Trial (VET)
Dr.M.Murugan
Professor

murugan.m@kau.in ; muthupeyan@gmail.com

a) CAR/C1/4.3 Initial Evaluation Trial 2012

39



40

There was significant difference among accessions with respect to their vegetative characters except plant height.
Maximum number of tillers was produced by BEP 2 (39.3) which is followed by PV 2 (35.0). Maximum leaf length (65
cm) and leaf width (12.2 cm) was observed in PV 2 which is on par with HY 6, PPK 2 and HY 9. Number of panicle was
more in GG (29.7) but the length of panicle was maximum in PV2 (41.8 cm).

b). Subproject4: CAR/Cl/4- Varietal Evaluation Trial (VET)

c) CAR/Cl/4.4.CVT Multi Location Evaluation of thrips tolerant cardamom lines

The experiment was started 2017 and plants are in early vegetative stage.

4. Subproject6: CAR/CP/6.9 Evaluation of new insecticides for thrips control
Dr.Dhanya M.K
Assistant Professor

dhanya.mk@kau.in
dhanya_mk2000@yahoo.co.in

The pooled data for the observation on thrips infestation after seven sprays revealed that, fipronil5 SC @ 0.005%
applied plants showed highest per cent reduction of infestation (88.26%), whereas Imidacloprid 17.8 SL @ 0.0089%
stood next (78.74%) in its effectiveness. Spinosad 45 SC @ 0.0135% and quinalphos 25 EC @ 0.05% were also found
effective in reducing the infestations (75.29% and 70.31% respectively) and were on par with each other.

Nutmeg
1. AICRP- Project mode centre on nutmeg
Dr.N. Miniraj
Professor
n.miniraj@kau.in

Trial has been laid out with four farmer varieties, one local check and one national check. The genotype included are
Punnathanamlathi

Kochukudylathi

Kadukkamakkanlathi

Improved nutmeg variety from Mr. Tom C.Antony

Local check - (KAU-Pullan)

National check-1ISR-Viswashree

ok eE

2. Annual plan project “Strengthening Research on Nutmeg”
Dr.N.Miniraj
Professor
n.miniraj@kau.in

In the first aspect of the study,collection and characterisation of elite clones of nutmeg; five superior nutmeg varieties
have been released for cultivation in Kerala. A very good germplasm with 40 elite/unique clones of nutmeg has been
established and maintained in the Model nursery on Spices. The germplasm has started bearing. Evaluation of the
germplasm has to be initiated. Molecular charcterisation of the elite clones is another pending work.

In the second aspect of the project on value addition of nutmeg rind,process standardisation was done for making
diversified products from nutmeg rind.An enterprise for value added products from nutmeg rind is feasible in Kerala.The
complete technology is now ready for transfer to the stake holders.

In the last part of the project on management of aflatoxins in the nut and mace,decoction treatment with anona seed
extract has emerged as the best treatment in field samples and in stored samples citrus leaves was the best treatment.
However the dose, time, duration etc.of the promising treatments need to be standardised by further studies.
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Cocoa
1. Germplasm collection and maintenance of cocoa
Dr.B.Suma
Professor

suma.b@kau.in

During the year 2015-16,41 accessions were introduced from University of Reading, UK as bud wood. They were budded
to hybrid seedlings and are field planted.

2. Cocoa breeding
Dr.B.Suma
Professor

suma.b@kau.in

a. Heterosis breeding

a.1 Breeding for Vascular streak dieback disease resistance
15 VSD tolerant self plants were field planted

a.2. Breeding for Phytophthora pod rot resistance

¢ Assessment of general combining ability (GCA) of self-incompatiblePhytophthora resistant hybrids
For assessing the GCA, hybrids were crossed and there was no pod set.

¢ Genetic stock development for Phytophthora resistance
Germplasm GVI G included germplasm introduced from University of Reading UK which was reported to be resistance
to Phytophthora in other part of the world. Thirty accessions of cocoa which are in the steady bearing stage serve as
the material for the study.

¢ Qualitative characters of selected accessions for floral character
All the accessions were analyzed for qualitative and quantitative characters.

¢ Quantitative characters of selected accessions for floral character
Genotypes, CRU (1.47 cm), EET 397 (1.46 cm) and DOM 25 (1.42 cm) were having large flowers; where as NA 149 (0.89
cm) is with smallest flower.

¢ Catalogue of biochemical characters
Highest fat content is in NA 149 (59.33%). CRU12 (19.92 %) and ICS 41 (20.11 %) have good phenol content. Sodium
content was above 2 % in all accessions. Potassium most of the accessions showed in a range of 6 percent but
accession MATINA 1/7 recorded a high value(8.13 %) and PNG 250 recorded a low value (4.89%).

¢ Screening for Phytophthora resistance
All the accessions were lab screened for Phytophthora resistance and classified as highly tolerant, moderately tolerant
and susceptible based on the scoring chart.

b. Inbreeding
¢ Selfing of inbreds to advance the inbred generation
Eleven different Selfing techniques were attempted to advance inbred generation.

3. Development of black pod resistant varieties of cocoa
Dr.B.Suma
Professor

suma.b@kau.in

Confirmation of black pod resistance by pod inoculation method

The hybrids bred under the programme breeding for Phytophthoraresistance were field established and evaluated in the
field by screening for the disease during peak season. It resulted in identification of thirty hybrids in the field which
showed no symptom. It is very much necessary to confirm the resistance by artificial inoculation to prove that the disease
is due to the genetic makeup and not due to environmental influence. For this pod inoculation method was carried out.

Pod inoculation method

Pods at full maturity but before ripening were collected, surface sterilized with distilled water and 70 per cent alcohol,
inoculated under high humid condition with fresh culture of Phytophthorawithout pricking. Phytophthoraculture disc of
seven days old were used and above which wet cotton was placed. Observations were taken after ten days of inoculation
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and percentage of infection calculated using the formula (Length x breadth of lesion / length x breadth of pod) x 100.
Genotype SIV 1.26 x TISSA (3.8),SIV 1.26 x PII 12.11 (17.5) and GVI 216 x GVI 294 (34.6) showed 100 percent infection in
non pricked condition. Hence these genotypes cannot be recommended for further evaluation. SIV 1.26 x TISSA (4.6)
showed 55.87 percentage infection in non pricked condition.

4. Strengthening Cocoa Research Centre, Kerala Agricultural University
Dr. B.Suma
Professor

suma.b@kau.in

Eleven VSD resistant hybrids were selected for clonal garden. Standardization of primary processing to reduce free
fatty acids. Different methods of fermentation like basket and sack were carried out. Bean recovery was highest in
heap method. Lipase activity was maximum in sack method and lowest in heap.

5. ATMA-Strengthening of research on value addition of cocoa, Kerala Agricultural University
Dr. B.Suma
Professor

suma.b@kau.in

Four novel products were developed i.e., cocoa nutrimix, cocoa spread, cocoa choco balls and cocoa dark chocolate.

6. Maximizing production through conventional breeding and molecular approaches -Screening for drought tolerant
cocoa

Dr.MinimolJ.S

Assoc.Professor

minimol.js@kau.in

Screening of newly released cocoa hybrids (CCRP 11,12,13,14 and 15) to estimate its capacity to with stand drought by
gravimetric method. Physiological and biochemical parameters will be estimated. Detailed work is to be continued.

7.Annual Plan 16-17 Station wise funding- Standardization of in vitro techniques in cocoa
Dr. B.Suma
Professor

suma.b@kau.in

Budded plants of CCRP 1, CCRP 2, CCRP 3, CCRP 4, CCRP 5, CCRP 6, CCRP 7, CCRP 8, CCRP 9, CCRP 10, CCRP 11, CCRP 12,
CCRP13,CCRP 14 and CCRP 15 are maintained in polyhouse. Different media compositions like MS,MS + NAA, MS+NAA+CW
10%, woody Plant Media and %2 MS media were tried. Explants used were Stem (Internodes). Culture initiated small
sprouting in ¥2 MS media. More detailed works to be continued.

Cashew
1. Intercropping in Cashew
Dr.A.Sobhana
Professor

sobhana.a@kau.in

Objective of the experiment was to identify suitable medicinal plants that can be grown as inter crops in the initial years
of cashew. The economic analysis of inter cropping in cashew with different medicinal plants revealed that
Clitoriaternateawas economical followed by Ayapanatriplinervis, with BC ratio 1.31 and 1.16(Tablel) respectively. In all
other medicinal plants the BC ratio was less than one which indicates that they are not economical.

2. Organic Management of Cashew
Dr.A.Sobhana
Professor

sobhana.a@kau.in

Seven different organic manure treatments in combination with biofertilizers were compared with recommended doses
of fertilizer, to explore the possibility of increasing nut yield and quality and to find out economic feasibility over
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conventional farming. The tree height did not vary significantly among treatments. However maximum tree height was
observed in T 7 (5.89m).The trunk girth was maximum in T1 (74.17 cm) followed by T8 (72.08 cm). Mean canopy diameter
was maximum in T6 (7.10 m). Mean canopy surface area and ground coverage by canopy (%) were highest inT2 (74.76m?
and 86.40% respectively).

The treatments did not vary significantly for yield characters except annual nut yield. Highest annual nut yield was
recorded in T2 (6.27kg/ha) followed by T8 (6.26kg/ha). The maximum cumulative yield was recorded in T3 (16.57kg),
followed by T7 (16.13kg).However, highest B: C ratio (4.42) was observed in T8 with recommended dose of fertilizers.

3. New breeding approach with reduced breeding cycle
Dr.A.Sobhana
Professor

sobhana.a@kau.in

To develop improved varieties of cashew within a short period of time, five hybrids/varieties (H-505, C2-6, H-12/05, H-
2917,VRI-(CW) Hl) were planted with a spacing of 3x2 m @ 5 plants/variety during 2017.

4. Ultra high density planting in cashew
Dr.A.Sobhana
Professor

sobhana.a@kau.in

In order to identify the optimum spacing under ultra high density planting of cashew and suitable variety for UHDP for
better performance and yield, the experiment was laid out in split plot design, with main plot as spacing (2.5 x 2.5,3 x 3,
3.5x3.5,8 x8m) and sub plot as variety (Vridhachalam-3,NRCC Selection -2, Poornima), in three replications. The planting
was done in 2017and the trial is in progress.

5. Chemical Control of pest complex in cashew -Evaluation of insecticides for control of TMB and other insect pests
Dr. Satheesan.N.V.
Associate Professor

satheesan.nv@kau.in

Tea mosquito bug intensity was very low during the season.The spray was imposed only once during the flowering period.
At seventh day after second spray, the damage on shoot was practically nil in all the treatments as evidenced from the
score value .However, all the treatments were significantly superior to control. At 15% day of second spray, same trend was
observed with the exception that thiamethoxam @ 0.1 g/l was also on par with control. On panicle, at seventh day after
second spray, all the treatments except carbosulfan were significantly superior to control. At 15 day, the damage score
was nil in both Beauverabassiana@5g/l (ICAR-IIHR formulation), carbosulfan and KAU POP. The damage score in the
remaining treatments were comparatively less and they were superior to control.

Analysis of data showed a decline of black ant population in all the trees that received insecticide
treatments.Controlharboured significantly high red ant population during second spray. Spider activity was observed in
all the trees which received insecticide spays as well as in unsprayed there was no significant difference among treatments.

6. Control of cashew stem and root borer Curative control trial
Dr. Satheesan.N.V.
Associate Professor

satheesan.nv@kau.in

Among the insecticides tested for post extraction prophylaxis, swabbing neem oil soap suspension @ 50 ml/L resulted in
recovery of 90% of treated trees followed with chlorpyriphos with 85% of trees recovered. Fipronil swabbing resulted in
recovery of 75% of treated trees and same was the case with imidachloprid. Grub removal only resulted in recovery of 40%
of trees.

No definite pattern of influence of physical parameters has been observed with respect to per cent recovery. However,
only 64 per cent of treated of trees have been recovered after post extraction prophylaxis among trees with more than 75
per cent bark circumference damage compared to 87% recovery with bark circumference damage less than 25 per cent.
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7. Influence of biotic and abiotic factors on the incidence of pest complex of cashew
Dr. Satheesan.N.V.
Associate Professor
satheesan.nv@kau.in
The correlation analysis between tea mosquito bug damage and second previous week weather factors revealed that
morning and evening relative humidity had a significant negative correlation with the damage by tea mosquito bug,
whereas significant positive correlation was not established with any of the weather parameters.

Monitoring of pests and natural enemies of cashew throughout the season from April 2016 to March 2017 showed
sporadic nature of tea mosquito bug in the months of April and May of 2016 and January-February months of 2017. An
overview of incidence of leaf miner during 2016-17 seasons showed the occurrence of infestation only during the months
of September-October coinciding with flushing stage of the crop with a maximum of 9.5 per cent infestation in September
month. In the case of apple and nut borer, the infestation was negligible and was to the tune of less than one per cent.
With regard to other natural enemies, though the presence of spiders was observed throughout the year, high population
was recorded during the month of May 2016 and from July to September 2017. Black ant population was high during
March month.

8. Screening of germplasm to locate tolerant / resistant types to major pests of the region
Dr. Satheesan.N.V.
Associate Professor

satheesan.nv@kau.in

The objective of this project was to identify germplasm accessions tolerant / resistant to the major pests of the region.
The insect pest infestation on fourteen accessions maintained in the germplasm collection. Tea mosquito bug infestation
was very low ranged from 0.001 in ARL-1 to 0.099 in Ummannur. The other insect pests were not observed during the
period. Leaf miner infestation was absent in all accessions. Thrips infestation was absent during this year. During last
year, thrips infestation was absent in K-2, K-3, Kottukkal and ARL-2. Apple and nut borer incidence was negligible in all
accessions during the reporting year.

Coconut
1. State Plan (17-18) Hybrid Seedling & Dwarf coconut seed production
Seednut and seedling production in progress
Dr.Sujatha.R,
ADR, Coconut Mission

sujatha.r@kau.in

Strengthening of existing coconut hybrid seed nut production programme in farmers field and distribution of quality
seedlings. Identification of promising dwarf palms in farmers field for dwarf seednut production and distribution.
Maintenance and further development of centenary memorial dwarf plantation and collaboration with Nileswaram
Municipality for “Dwarf palm Village” Programme.

2. Developing D x T hybrids using promising second generation inbred and molecularcharacterization of the third
generation inbreds of WCT coconut (Cocosnuciferal..)
Dr.Sujatha.R,
ADR, Coconut Mission

sujatha.r@kau.in

Two promising and healthy palms from the [1IS2 family of inbreds from WCT planted in 1961 at RARS, Pilicode were
selected as the pollen parent based on reports from earlier study (Chethana, 2016). Two palms from this family were
selected viz., Palm No, 313 and 225, and pollen was collected to pollinate two separate inflorescence of a superior palm
of MYD at College of Agriculture, Padannakkad. Though 25-35 flowers were pollinated, the seed set was very low which
may be due to the in breeding depression in the male parent. Hybrid seednuts (5nos) collected were sown in the nursery.
Simultaneously, 15 S3 seedlings from the I11S2 family which were already planted in replicated trial during 2014 in the
field at RARS Pilicode were characterized and compared with other tall and dwarf genotypes using RAPD. Genomic DNA
was extracted from the inbreds (S3 generation - 111S3 family) along with WCT,MYD, CGD and COD and amplified using ten
selected decamer primers based on earlier studies. The data is being subjected to diversity analysis for finding the extent
of similarity/difference of these 3 generation inbreds from parental tall variety WCT and dwarf palms.
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Tamarind
1. Germplasm Evaluation of Tamarind
Drlalaja. S. Menon
Asst. Professor

jalaja.menon@kau.in

Garlic
1. Participatory Evaluation of Garlic genotypes in Devikulam Block
DrJalaja S Menon
Professor

jalaja.menon@kau.in

Yield and yield contributing characters of five eco types of garlic were evaluated in the Kanthaloorpanchayath of Devikulam
block, Idukki

The ecotypes Yamuna safed 3, Ooty1, Mettupalayam, Singapore and Malapoondu were high yielders during the season
May - September 2017. The highest yield was obtained for Ooty 1 and Malapoondu. The potential of production of big
bulbs are seen in, Malapoondu and Mettupalayam as seen by the highest bulb weight data.

The oil contents are rich in Singapore, Yamuna safed and Ooty 1 ecotypes. Quantity of trisulfide is high in all analysed
varieties except in Ooty 1. The quantity of OctaSulpher is more in Malapoondu. Singapore is the one with low fibre
content of 1.45 %. and is also having highesttotal sugars and better self life and suitable foe stalking.Theself life is
maximum in Malapoondu with field tolerance to Thrips,an important test in garlic field .

PG Projects
Concluded projects

Ginger
1. Standardisation of agro techniques for transplanted ginger (zingiberofficinalerosc.)

1. Plant height

The plant height was significantly higher for the mulch treatment, M, (30 t ha ") throughout the observed crop growth
periods. The plant height increased from 37.48 cm to 44.84 cm from 4 to 8" month of observation in plots treated with
30 t/ha of mulch and it was the least in plots treated with 7.5 t/ha( M,) which varied from 28.84 to 35.76cm during the
corresponding period .The fertilizer treatment T, (150:100:100 kg ha ™) resulted in highest plant height on all periods of
observation and a plant height of 43.33 cm was recorded at 8" month in T,.Interaction between mulch and fertilizer ,was
significant throughout the periods of observation and highest level of mulch and double the recommended dose of
fertilizer recorded the highest plant height on all periods .The comparison of C, as well as C, with the treatments also
indicated significant difference in the plant height in all periods of growth. A significant difference was noticed between
the control C, as well as C,.The present study clearly indicates the difference in plant height between the different levels
of fertilizers and mulches compared to the recommended package of practice of KAU..

2. No of leaves per plant

Significantly higher number of leaves were produced due to higher level of mulch of 30 t ha! (230.78 in 8®"month)
Fertilizer treatment, T, (150:100:100 kg/ha) recorded highest number of leaves at 8" month (210.24) and least number of
leaves in (75:50:50 kg ha%). In interaction combination of mulches @ 30 t ha "*and fertilizer dose of 150:100:100 kg/ha
(m,t,) recorded highest number of leaves in all periods. The comparison of C, as well as C, with the treatments also
indicated significant difference in the number of leaves on all periods of growth. A significant difference was noticed
between the control C, as well as C,

3. Number of tillers/plant

Organic Mulches increased the number of tillers and highest tiller was obtained in 4" to 8" month M, of 30 t ha™
followed by plastic mulch. The number of tillers at 8" month was 14.88 for M, and 14 for M, .An increase in tiller was
observed in treatment T, (150:100:100 kg ha™) at all periods of observation Higher number of tillers at 8" months were
observed from mulches @30 t ha and fertilizer dose of 150:100:100 kg ha™ ( m,t,) which was onpar with m.t, hile in
the 6" months m.t, m,t, m,t, was on par with m,t, (and on 8" months m.t, was onpar with m.t,.A significant difference
was observed between the treatments and the control on all periods of growth. The comparison of C, and C,also has
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shown a significant difference between them.This means that the treatments were in adequate quantity and was essential
for good tiller production.This shows that a higher dose of fertilizer recommendation than the normal recommendation
of package of practice of KAU along with 30 t ha™ of mulch was superior in increasing the number of tillers.

4. Shoot weight

M, (30 t ha™) recorded the highest shoot weight on all periods of observation and an increase in shoot weight was
observed from 24.54g to 45.05g from 4™ month to 8™ month of observation. In sub plot T, treatment of double the dose
of fertilizer recorded highest shoot weight on all periods of observation and a shoot weight of 43.80g was obtained in
the 8"month . Among the interaction mulching @ 30 t ha™ and fertilizer dose of 150:10:100 kg ha™* (m,t,) recorded
highest shoot weight on all periods of observation. In 4" month m.t, and m.,t, were on par and in the 6™ and 8" months
m,t, recorded highest shoot weight. Treatment effects varied significantly from both control C, as well as C, Asignificant
difference was noticed between the control C, as well as C,

5. Root length

The plots treated with 30 t ha* of organic mulch (M,) recorded highest root length ( 32.24 cm) on 8™ month as well as
on all periods of growth and least root length was observed in plots mulched with 7.5 t ha™ of organic mulch i.e M,
.Among sub plot treatments, highest root length was recorded by T, on all periods of observation while in 8" month
T,(32.23cm) was on par with T, ( 32.12 cm) .In interaction highest root length was observed the observation periods in
treatment m, t, which is the combination of mulches @ 30 t ha*anddouble the recommended dose of fertilizer as per
package of practices recommendation of Kerala Agriculture University. The root length of m.t, at 8™ month was 33.38cm
while that for C, was only 29.78cm.

6. Root weight

Main plot treatment of different levels of organic mulches and plastic mulch was significantly influenced the root weight
of ginger on all periods of observation and M, recorded highest root weight of 1.17 g on 8™ month. Fertilizer treatment
T, of double the dose of recommended dose as per KAU POP was highest on all periods of observation and was on par
with T, (100:75:75 kg ha™, foliar application of 0.5% of 19:19:19) on 4™ and 6"months.Among the interaction mulching
@ 30t ha' and fertilizer dose of 150:100:100 kg ha* resulted in higher root weight on all periods of observation and
recorded 1.32g in 8" month while in 6™ month m.t, was on par with m,t, . Asignificant difference was observed between
the treatments and the control on all periods of growth. The comparison of C, and C, also showed a significant difference
between them.

7. Root volume

Main plot treatment of 30 t ha resulted in higher root volume on all periods of observation andrecorded 114.20
cmplanttduring the 8"monthsofobservation.In sub plot treatment of double the recommended dose of fertilizer resulted
in high root volume on all periods of observation and recorded 112.49 cm? plant *in the 8" month and least root
volume was observed in fertilizer dose of 75:50:50 kg ha* (110.18 cm?® plant * in 8" month)

Among the combination,mulching @ 30t ha* and fertilizer dose of 150:100:100 kg ha*recorded highest root volume on
all periods while in 6" month m,t, was on par with m.t,,while at 8"month m.t, was on par with m,t, with root volume
of 115.45 cm’ plant * Treatment effects varied significantly with both control C, as well as C, Asignificant difference was
noticed between the control C, as well as C,.

8. Root shoot ratio

Significant difference was noticed among the treatments of mulch in 4" and 6""month, fertilizer treatments in 6" month
and their interaction was significant throughout the periods of observation. No significant difference root shoot ratio in
8"month was noted in the main plot treatments and Treatment of mulching @ 30t ha! recorded highest root shoot ratio
in 4" and 6™ months.

The root shoot ratio of sub plot treatments was insignificant in 4" and 8™ month and in 6" month, T,(150:100:100 kg ha*
') recorded highest root shoot ratio of 0.029 and was on par with T,.Root: shoot ratio was inconsistent over different
periods of growth

Treatment combination was significant throughout the periods of observation and combination of mulching @ 30 t ha-
! and fertilizer dose of 150:100:100 kg ha resulted in higher root shoot ratio and in 6™ month it was on par with
m,t,m;t, and m,t, while in 8" month it was on par with m.t,m.t,mt mt,mt, m.t m.t m.t, Treatments varied
significantly with both the controls. A significant variation was observed within the controls C, and C,
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9.Fresh yield

The main plot treatment using mulch M1 @ 30 t ha'recordedhighest fresh yield on all periods of observation and
resulted in 18093.53 kg ha™ in 8"month. This was followed by plots treated with plastic mulch (M, ) which recorded
17567.25 kg/ha .Treatment T, recorded highest fresh yield on all periods and obtained 17855.03 kg ha™ at harvest followed
by T, (17455.58 kg/ha) T, and T, recorded 17230.35 kg/ha |& 16746.15 kg/ha respectively. Among interaction,
combination of mulches @ 30 t ha® and double the recommended dose of fertilizer as per KAU package of practices
(m.t,) obtained highest yield on all periods of observation and recorded 18644.40 kg ha'in 8™ month followed by
m,t,(18135.30 kg ha™) which was on par with m,t,, m.t, and m,t,.A significant difference was observed between the
treatments and the control on all periods of growth. The comparison of C, and C,also shown a significant difference
between them.

10.Dryyield

The treatment M, mulching with @ 30 t ha"recordedhighest dry yield on all periods of observation and recorded 3828.15
kg ha during harvest. The dry ginger yield in plastic mulch treatment was 3564.38t/ha. The higher dry ginger yield m.t,
might be due to the higher nutrient (NPK) uptake as well as better soil conditions provided by highest quantity of mulch
(30 t ha').In subplot, treatments showed significant difference throughout the periods of observation and treatment T,
recorded highest dry yield on all periods and obtained 3911.10 kg ha™* at harvest. The dry ginger yield of T, was 3587.78
kg ha™ while that for T, and T, were 3406.73 and 3319.73 kg ha"'respectively.Interaction effects were significant throughout
the periods of observation and among interaction combination of mulches @ 30 t ha* and double the recommended
dose of fertilizer as per KAU package of practice (m,t,) obtained highest dry yield on all periods of observation and
recorded 4316.10 kg ha™ at harvest followed by m,t, (3881.80 kg ha™*) which was on par withm.t, (3842.10 kg ha™ ). The
treatment combinations except m,t,, m,t, m,t, m.t,, m.t,and m,t, were significantly superior to conventional raising of
ginger following recommended package of practices of KAU. Asignificant difference was observed between the treatments
and the control on all periods of growth. The comparison of C, and C, showed a significant difference between them.

11.Harvest index

Plants that received M, (30 t ha ) in main plot resulted in maximum harvest index at all growth periods. A harvest index
of 0.414 was recorded and least harvest index was recorded with mulching @ 7.5t ha ** (M,). Sub plot treatment,
T,(150:100:100 kg ha **) recorded highest harvest index of 0.170,0.210 and 0.423 at 4™, 6™ and 8" month respectively.The
interaction between main plot and sub plot, was significant throughout the periods of observation and combination of
mulches @ 30 t ha * and fertilizer dose of 150:100:100 kg /ha (m,t,) resulted in maximum harvest index of 0.435 at 8
months. Thus the efficiency of translocation of assimilates to economic part was found to be increasing with increasing
fertilizer levels and mulches.

Asignificant difference in harvest index in all periods of growth was recorded between treatment and control. The control
C, as well as C, varied significantly from treatments in all periods.

12.Dryrecovery

Higher dry recovery of ginger was retained by main plot treatment M, (30 t ha™) in all periods of observation andrecorded
21.14% obtained harvest. In sub plot treatment of fertilizers T, (150:100:100 kg/ha) recorded highest dry recovery of
21.89% at harvest. However according to Joseph (1992) dry recovery was not influenced by fertilizer levels.Interaction
effect showed highest dry recovery was recorded from the combination of mulches @ 30 t ha ~*and fertilizer dose of
150:100:100 kg/ha (m,t,) in all periods of observation and at harvest a dry recovery of 23.15% was recorded. This was
followed by the treatment m,t, (21.91) which was on par with m.t,(21.49). The dry recovery recorded by the treatment
varied significantly from the control on all periods of growth. The comparison of C, as well as C, with the treatments also
indicated significant difference in the dry recovery at all periods of growth. A significant difference was noticed between
the control C, as well as C,.

13. Rhizome thickness

Assignificant variation in rhizome thickness was observed among the main plot treatments.The main plot treatment of M,
recorded highest rhizome thickness and noted 1.69 cm followed by M, (1.62 cm) on at harvest. In sub plot treatment T,
recorded highest rhizome thickness on all periods of observation and recorded 1.67cm at harvest and was significant by
different from other treatments throughout the periods of observation. In interaction treatment m.t, which is the
combination of mulches @ 30 t ha*anddouble the recommended dose of fertilizer as per package of practices of KAU
resulted in highest rhizome thickness throughout the observation periods and at harvestthe rhizome thickness was
1.79cm and was on par with m;t,. The treatments were significantly different from both the controls and there was
significant difference between the control as well.
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14. Rhizome spread

Main plot treatment of application of different mulches was significantly influenced the rhizome spread of ginger on all
periods of observation and M, recorded highest rhizome spread of 13.31cm at harvest. The sub plot treatment, T,showed
highest rhizome spread on all periods of observation and recorded 13.08cm at harvest. Among the interaction mulching
@ 30tha™and fertilizer dose of 150:100:100 kg ha* resulted in higher rhizome spread on all periods of observation and
recorded 14.30cm which was on par with m,t,. A significant difference was observed between the treatments and the
control on all periods of growth. The comparison of C, and C, also showed a significant difference in rhizome spread.

15. Starch

Main plot treatment of mulching significantly influenced the starch content in all periods of observation and produced
highest starch content in main plot treatment M, (30 t ha ) in all periods of growth and recorded 37.63% at harvest and
was on par with M, (34.34 %) .In sub plot, treatment T, was significantly higher in all periods of observation and recorded
37.72% at harvest. Interaction showed significant effect on starch content during the periods of observation and treatment
combination m.t, (mulches @30 t ha™* and fertilizer dose of 150:100:100 kg ha™) noted highest starch content in all
periods of observation. A significant difference was observed between the treatments and the control on all periods of
growth. The comparison of C, and C, also showed a significant difference in starch content between them.

16.Fibre

A significant variation in fibre content was observed among the main plot treatments. The main plot treatment,M,
resulted in higher fibre content on all periods of observation and a fibre content of 4.25% was recorded at harvest while
in 4" month main plot treatment M,was on par with M, and M, In subplot T, treatment resulted in high fibre content on
all periods of observation andresulted in 4.08% of fibreat harvest and in 4" month treatment T, was on par with T, and
T,.Among the combination mulching @ 30 t ha™* and fertilizer dose of 150:100:100 kg ha™, m1t2recorded highest fibre
content on all periods and recorded 4.41% at harvest Treatment effects varied significantly with both control C, as well
as C, Asignificant difference was noticed between the control C, as well as C,.

17.0il

Significant differences in oil content was observed throughout the crop growth periods. Plants that received M, (30 t ha
1) in main plot resulted in maximum oil content at all growth periods. At harvest an oil content of 2.76% wasrecorded.
Sub plot treatment, T, (150:100:100 kg ha ) recorded highest oil content on all periods of observation.At 8 months an oil
content of 2.43% was recorded which was on par with T,. The interaction between main plot and sub plot, was significant
throughout the periods of observation and combination of mulches @ 30t ha * and fertilizer dose of 150:100:100 kg /
ha (m,t,) resulted in maximum oil content of 2.92% atharvest. A significant difference in oil content in all periods of
growth was recorded between treatment and control. The control C, as well as C, varied significantly from treatments in
all periods of observation. The oil content recorded between control also varied significantly.

18. Non Volatile Ether Extract

Main plot treatment of mulching significantly influencedtheNVEEon all periods of observation M, recorded highest NVEE
of 8.72% at harvest which was on par with M, in all periods of observation and sub plot treatment T, was highest NVEEon
all periods of observation and recorded 8.71% at harvest.Among the interaction mulching @ 30 t hatand fertilizer dose
of 150:100:100 kg ha! resulted in higher NVEEon all periods of observation and recorded 9.08%. A significant difference
was observed between the treatments and the control on all periods of growth. The comparison of C, and C, also showed
a significant difference between them.

19.Dry matter production

Main plot treatments significantly affected the dry matter production of ginger throughout the periods of observation.The
main plot treatment M, with mulches @ 30 t ha'recordedhighest dry matter production on all periods and obtained
76.95 g plant? in 8™"month. In subplot treatments dry matter production were significant throughout the periods of
observation and treatment T, recorded highest dry matterproduction on all periods and obtained 75.67g plant™* on 8"
month. Interaction effects were significant throughout the periods and among interaction combination of mulches @
30 t ha and double the recommended dose of fertilizer as per package of practices of KAU obtained highest dry matter
production on all periods of observation and recorded 83.70 g plant? at 8"month. A significant difference was observed
between the treatments and the control on all periods of growth. The comparison of C, and C, also showed a significant
difference between them.

20. Net assimilation rate
Significant differences in net assimilation rate was observed throughout the crop growth periods. Plants that received M,
(30 t ha %) in main plotresulted in maximum net assimilation rate at all growth periods. During the crop growth period
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from 6 to 8 month net assimilation rate of 0.290 g m? day* was recorded. Sub plot treatment T, (150:100:100 kg ha )
recorded highest net assimilation rate on all periods of observation.At 6 to 8 months a net assimilation rate of 0.266g m’
2day! was recorded. In the interaction between main plot and sub plot, significant variation was observed throughout the
periods of observation and treatments m,t,, m.t,,;mt, were on par for 4to 6 month. The highest net assimilation rate of
0.365 g m? day * was noticed during the period of 6" to 8" month. The control C, as well as C, varied significantly from
treatments in all periods. The net assimilation rate recorded between control also varied significantly.

21.Crop growth rate

Main plot treatment of mulching was significant only in period of 6™ to 8" month and produced highest crop growth rate
in main plot treatment M, and M, (0.029 g/m’/day) .In sub plot, treatment were significant only in 4™ to 6™ months of
observation and highest was recorded by treatment T, and T, which was on par with T, Interaction was significant during
the periods of 4™ to 6™ months of observation and treatment combination m.t, (mulches @30 t ha™ and fertilizer dose of
150:100:100 kg ha™) noted highest crop growth rate on 4" to 6™ months of observation which was on par with
m,t,,m,t,mt,m.t,m.t,m_t m,t A significant difference was observed between the treatments and the control on all
periods of growth. The comparison of C, and C, also showed a significant difference between them in 4™ to 6"months.

22. Leaf area index

Main plot treatment, sub plot treatment and interaction had significant influence in the leaf area index at all periods of
growth. Among the main plot treatment M, (30 t ha") retained significantly higher leaf area index in all periods of
growthand recorded 8.64 at 8™month. In sub plot treatment T, (150:100:100 kg/ha) recorded highest leaf area index
0f8.11 in 8""month.Interaction effect resulted in significant difference in all periods of growth and highest leaf area index
was recorded from the combination of mulches @ 30 t ha *and fertilizer dose of 150:100:100 kg/ha (m,t,) in all periods
of observation and in 8" month leaf area index of 9.20 was recorded. Leaf area index of treatments varied significantly
from the control on all periods of growth. The comparison of C, as well as C, with the treatments also indicated significant
difference in the number of leaves in all periods of growth.A significant difference was noticed in leaf area index between
the control C;and C,.

23.Relative growth rate

Relative growth rate recorded showed significant difference between main plotsin 6™to 8" month and Treatment M, and
M, recorded highest relative growth rate in 6to 8 months (0.072 g/g/day). In sub plot, treatments were insignificant for
relative growth rate in 4 to 6 monthsand T, recorded highest relative growth rate on 6 to 8 month. Treatment combination
was significant throughout the periods of observation and combination of mulching @ 30 t ha* and fertilizer dose of
150:100:100kg ha resulted in higher relative growth rate in 4 to 6 months. The relative growth rate during 6™ to 8%
months for m,t, recorded highest and was on par with m;t, and m,t,. Treatments varied significantly with both the
controls. A significant variation was observed within the controls C, and C, as well.

24 Leaf area duration

Leaf area duration differed significantly among all periods of observation. M, (30 t ha™) recorded highest leaf area
duration on all periods.The leaf area duration of 263.39 days were obtained for M, for the period of 6™to 8™ month .In sub
plot,T, treatment recorded highest leaf area duration on all periods of observation and was significantly different from
other treatment. Among the interaction mulching @ 30 t ha* and fertilizer dose of 150:10:100 kg ha™ (m,t,) recorded
highest leaf area duration on all periods of observation. Treatment effects varied significantly with both control C, as well
as C, Asignificant difference was noticed between the control C, as well as C,.

25.Bulking rate

The bulking rate recorded significant variation among main plot treatments on 6™ to 8" month of observation Highest
bulking ratewas recorded due to main plot treatment M, (30 t ha *) during this period (0.237 g/plant/day)In sub plot,
treatment T, was significantly higher in all periods of observation while in 4™ to 6™ month T, was on par with T..
Interaction was significant during the periods of observation and treatment combination m,t, ( mulches @30 t ha™ and
fertilizer dose of 150:100:100 kg ha™) noted highest bulking rate in 4™ to 6" months and was on par with m,t, m.t, and
m,t, Asignificant difference was observed between the treatments and the control on all periods of growth.The comparison
of C, and C, also showed a significant difference between them.

26.Chlorophyll content

Significant differences in chlorophyll content among main plot treatments was observed throughout the crop growth
periods. Plants that received M, (30 t ha **) in main plot resulted in maximum chlorophyll content in all growth periods. At
8 months chlorophyll content 0f1.33 mg g™ was recorded from M,. Sub plot treatment T, (150:100:100 kg ha ) recorded
highest chlorophyll content on 4™ and 6"months observation. Whilein 8 months chlorophyll content of1.24mg g*was
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recorded for T, and T,. The interaction between main plot and sub plot, was significant throughout the periods of
observation and combination of mulches @ 30 t ha * and fertilizer dose of 150:100:100 kg /ha (m,t,) resulted in
maximum chlorophyll content while in 4" month interactions m,t,was on par with m.t,m.t,m.t m,t and m,t,and in
8™ month interaction m,t resulted higher chlorophyll content of 1.39 mg g™ .A significant difference in chlorophyll
content in all periods of growth was recorded between treatment and control. The control C, as well as C, varied
significantly from treatments in all periods. Chlorophyll content recorded between controls C, and C, also varied

significantly.

25.Weed count

Weed count differed significantly between all periods of observation and highest weed count was recorded from M, (7.5
tha™) on all periods .Weed count 0f43.31 was obtained in the 120" day of observation .In sub plot, T, treatment recorded
highest weed count on all periods of observation and was significantly different from other treatmentsand weed count
0f33.19 was obtained in the 120"day. Among the interaction mulching @ 7.5 t ha* and fertilizer dose of 150:10:100 kg
ha™ (m,t,) recorded highest weed count on all periods of observation .Treatment effects varied significantly with both
control C, as well as C, Asignificant difference was noticed between the controlC,and C2.

25. Dry weight of weed per unit area

Asignificant variation in dry weight of weed per unit area was observed among the main plot treatment.The main plot
treatment of M, resulted in highest dry weight of weed of 161.01g/m’was recorded in 120" day. In subplot T, treatment
resulted in highest dry weight of weed all periods of observation and was on par with T, in 45" and120™ day. Among the
combination mulching @ 7.5 t ha™* and fertilizer dose of 150:100:100 kg ha™( m,t,)recorded highest dry weight of weed
on all periods. While in 45" m,t, was on par with m.t, and in 120" day m,t,,m.t,m.t, was on par with m.t,. Treatment
effects varied significantly from both control C, as well as C, A significant difference was noticed between the control
C,and C, as well.

26.Agronomic efficiency

Main plot treatments significantly influenced agronomic efficiency of Nitrogen, Phosphorus and Potassium in all periods
of growth in ginger. Highest agronomic efficiency of Nitrogen, Phosphorus and Potassium was recorded in main plot
treatment M, (30 t ha ) in all periods of growth. The agronomic efficiency of N,P and K recorded in main plot treatment
was 20.18,28.34 and 28.34 kg kg™. In sub plot, treatment T, showed significanthigher agronomic efficiency of Nitrogen,
Phosphorus and Potassium in all periods of observation. The treatment, T, resulted in agronomic efficiency of 18.58,
32.13 and 32.13 kg kg*for N, P and K respectively of ginger. Interaction effect on agronomic efficiency of Nitrogen,
Phosphorus and Potassium was significant during the periods of observation and treatment combination m,t, (mulches
@30 t ha! and fertilizer dose of 150:100:100 kg ha*) noted highestagronomic efficiency for Nitrogen, Phosphorus and
Potassium in all periods of observation A significant difference in agronomic efficiency of N,P and K was observed
between the treatments and the control, C,on all periods of growth.

27.Partial factor productivity

Significant differences in partial factor productivity of nitrogen, phosphorus and potassium was observed among main
plot treatments. Plants that received M, (30 t ha ") as mainplot resulted in maximum partial factor productivity of
nitrogen, phosphorus and potassium. The partial factor productivity of N, P.and K recorded from main plot treatment M,
was 36.75,51.94 kg kg'* respectively. Sub plot treatment T, (75:50:50 kg ha ) recorded highest partial factor productivity
of nitrogen, phosphorus and potassium of 44.26,66.39 and 66.39 respectively. In the interaction between main plot and
sub plot, significant variation in partial factor productivity of N, P and K was noticed and treatments m.t, resulted in
maximum partial factor productivity of nitrogen, phosphorus and potassium of 48.54,72.81 and 72.81 kg kg* respectively.
A significant difference in partial factor productivity of N,PK was recorded between treatment and control. The partial
factor productivity of N,P and K for control C, was 46.30,69.46 and 69.46 kg kg™ respectively.

28. Physiological efficiency

Physiological efficiency of nitrogen, phosphorus and potassium recorded shown significant variation among main plot
treatments and M, (30 t ha) recorded highest physiological efficiency of nitrogen, phosphorus and potassium of 45.37,
708.83 and 36.58 kg kg*. While in physiological efficiency of nitrogen and potassium M, was on par with M,.In sub plot,
T, treatment recorded highest physiological efficiency of nitrogen, phosphorus and potassium however physiological
efficiency of nitrogen in treatment T, was on par with T,. Among the interaction mulching @ 30t ha™* and fertilizer dose
of 150:100:100 kg ha™* (m,t,) recorded highest physiological efficiency of nitrogen, phosphorus and potassium and while
in physiological efficiency of nitrogen and potassium m,t, was on par with m.t,, m t,,m,t, However with physiological
efficiency of phosphorus of the treatment combination m,t, was on par with m,t,.
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29.S0il chemical analysis

Soils of the experimental plots before the experiment were in medium range of nitrogen and remains in medium range
even after the experiment. Phosphorus range of soils in the experimental plots were in medium range and after the
experiment, there was increase in phosphorus content of the soil. Potassium content of the soils were in low range and
after the experiment only a slight increase in soil potassium content was noticed.The nitrogen content of experimental
plot before the experiment ranged from 357.06 to 400.4 kg ha™. The soil phosphorus content of the experimental site
ranged from 16.32 to 21.88 kg ha™. The potassium content of the experimental site from before and after the experiment
ranged from 105.86 to 120.35kg ha™.

30. Nutrient analysis of fym, organic mulch
The NPK content of organic mulch used was 0.5 %,0.4% and 0.42 % respectively. The FYM applied contained 0.5% N,0.4%
Pand 0.64%K.

31. Plantnpk uptake

The plant NPK uptake differed significantly and main plot treatment M, (30 t ha) recorded highest uptake of nitrogen,
phosphorus and potassium on all periods.In sub plot, T, treatment recorded highest uptake of nitrogen, phosphorus and
potassium and was significantly different from other treatments . Among the interaction mulching @ 30 t ha' and
fertilizer dose of 150:100:100 kg ha™ (m,t,) recorded highest uptake of nitrogen, phosphorus and potassium .Treatment
effects varied significantly with both control C, as well as C, A significant difference was noticed between the control
C,andC, as well .

32.Nutrient balance sheet for NPK

The nutrient balance sheet analysed revealed a higher uptake for m,t, followed by m.t, however the net loss of nitrogen
was comparatively higher for all the combinations of m while in the all fertilizer plots treated with plastic mulch a
reduction in the net loss of nitrogen was observed .The nutrient balance sheet prepared for phosphorus revealed that net
loss was less for treatments with plastic mulches. The net loss of P was minimum for absolute control. The combination
of plastic mulch with fertilizer dose of 75:50:50 kg ha * recorded least net loss of P (-110.03kg ha) .The nutrient balance
sheet prepared for potassium revealed that net loss was less for combination of plastic mulch.The K added ranged from
230 kg ha-1 to 406 kg ha-1.The plant uptake of K ranged from 62.25 in absolute control to 88.33kg ha-1 in combination
of mulches @30 t haand fertilizer dose of 150:100:100 kg ha™.

33.Pest and disease incidence
There was no pest incidence in the field however leaf spot was noticed in few plants one month after transplanting which
could be controlled by a single dose of mancozeb @ 0.3 per cent.

34 Benefit cost analysis

The treatment of 30 t ha of mulches applied in two split doses with a fertiliser dose of 150: 100: 100 kg of NPK per
hectare along with 30 t ha! of FYM generated a higher net profit compared to all other treatment. The cost of cultivation
was more for all the combinations where plastic mulch was used.

Clove
1. Survey, characterization and evaluation of clove (Syzigiumaromaticum (L) Merr. & Perry) accessions

1. Survey

Survey was carried out in the major clove growing regions of Trivandrum, Kollam and Pathanamthitta districts of Kerala
and Kanyakumari district of Tamil Nadu for characterisation of clove accessions and to identify superior high yielding type
during the period from 2016-2018.

Twenty accessions from seven clove growing plantations were identified and named as BRC-1, BRC-2, BRC-3, BRC-4, MRC-
5,MRC-6, MRC-7, MRC-8,AMC-9,AM(C-10,AMC-11,AMC-12, AMC-13,MM(C-14, MM(-15, BLC-16,BLC-17,BLC-18,MGC-19 and
ANC-20.Passport data of selected clove accessions were collected. Twenty selected clove accessions were observed for
their qualitative and quantitative characters and yield for two years viz.,2016-17 and 2017-18.S0il N, P, K, organic carbon
and soil pH were recorded in the selected clove accessions and nutrients were applied based on the soil test data as per
the package of practices of Kerala Agricultural University.

2. Characterisation and evaluation of selected clove accessions
Twenty selected clove accessions were observed for qualitative characters which included tree, leaf, bud, flower, fruit and
seed characters. Considerable variation was present among the accessions for 15 out of 21 qualitative characters observed.
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Characters like leaf arrangement, position of flower, colour of peduncle, mature fruit colour, ripe fruit colour and seed
colour were non variable characters among the accessions and were not included for further analysis.

In the tree characters evaluated, elliptical canopy shapes were observed in 40% of the accessions followed by cylindrical
(20%), conical (20%) and pyramidical shapes (20%). Semi-erect branching pattern was common (55%) followed by irregular
(35%) and erect (10%). The colour of young leaf among the selected and evaluated accessions were red pinklight green
tinge in 85 %, followed by yellow greenlight green tinge (10 %) and purple redlight green tinge in 5 % while that of
mature leaf was dark green (65%) and the rest were green (35%). The predominant leaf lLamina shape was lanceolate with
acuminate leaf apex (85%) followed by narrowly elliptical leaf lamina with acute leaf apex (15%).

Bud forming season of the selected accessions was classified as early, mid and late season of which mid-season was the
predominant. Majority of the accessions were having combination of 1,2,3 flower buds per cluster (85%) while the rest
had combination of 1,2,3,4,5 flower buds per cluster. Medium sized buds were reported from 70% of the accessions
followed by large (20%) and small (10%). The predominant hypanthium colour was light red pink (95%) while only one
accession, AMC-9 exhibited dark purple red.

Flower consisted of petals of light green with pinkish tinge colour and sepal of yellow green with light green stigma in
all the accessions except one accession which had green brown petals with dark purple red sepal colour and yellow
green stigma. The shape of the fruit and seed obtained was oblong in 85% and elliptic in 15 %.

2.1 Bivariate analysis of major qualitative characters

Bivariate analysis of major qualitative characters revealed that when canopy shapes were elliptical majority of the plants
were having semi-erect branching pattern (54.54%). Similarly, when colour of young leaves were red pink majority of the
accessions were having light green petal (89.47%) and when colour of young leaves were red pink majority of the
accessions were having yellow green sepal (89.47%). Colour of young leaves when it was red pink majority of the accessions
were having yellow light green stigma (89.47%). The medium sized bud (64.29 %) were associated with dark green leaf.
However, seed shape was evenly distributed with respect to the fruit shape.

Association of characters like canopy shape with bud clustering habit, bud size, fruit shape and seed shape; branching
pattern with bud clustering habit, bud size, fruit shape and seed shape; colour of young leaf with bud clustering habit,
bud size, fruit shape and seed shape; colour of mature leaf with fruit shape, seed shape, petal colour, sepal colour and
colour of stigma; leaf apex shape with bud clustering habit, fruit shape and seed shape; leaf lamina shape with bud
clustering habit, fruit shape and seed shape were found to be non significant.

According to Unweighted Pair Group Method with Arithmetic Mean hierarchial techniques twenty accessions were grouped
into 13 clusters based on qualitative traits at 80 % similarity (Fig. 1). Cluster Il and VIII had 3 acccessions while cluster
LIVVVILIX X, X! and XIII had only single accessions. Among the thirteen clusters, Cluster | included BRC-1, Cluster I
included BRC-2, MMC(C-15 and BRC-4, Cluster IIl contained MM(C-14 and BLC-18, Cluster IV with MRC-7, Cluster V contained
AMC-12, Cluster VI with MRC-5 and MRC-6, Cluster VII included BLC-16, Cluster VIII contained MRC-8, AMC-10 and BLC-17,
Cluster IX contained MGC-19, Cluster X with ANC-20, Cluster XI contained BRC-3, Cluster XII included AMC-11 and AMC-
13 and Cluster XIII with AMC-9.

2.2 Clustering based on qualitative characters
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Fig. 1. UPGMA dendrogram of qualitative characteristics of clove accessions
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3. Quantitative characterization

Quantitative characterisation carried out included tree, leaf, bud,flower, fruit and seed characters. The plant height measured
between the twenty selected clove accessions ranged from 5.15 m to 15.25 m and the girth at 45 cm height ranged from
44.10 cm to 138.10 cm. The N-S canopy spread was the highest for MRC-7 while the E-W canopy spread was the highest
for AMC-11. The number of branches among accessions ranged from 26 to 55. Minimum leaf length in the selected
accession measured was 9.66 cm while maximum was 13.93 cm in MRC-5 and the leaf breadth of selected accessions
varied from 3.55 cm to 4.72 cm. Leaf area thus calculated varied from 23.07 cm in ANC-20 to 42.93 cm in AMC-11.

The number of inflorescence /m? among the accessions varied between 155.5 to 36.25 and the number of flower buds /
inflorescence from 6.05 in ANC-20 to 18.21 in MRC-6. The single bud weight (fresh) and single bud weight (dry) was the
highest for BRC-3.The single bud weight dry ranged from 66.5 to 128.5g.The mature bud length varied from 14.94 mm to
19.06mm while the mature bud diameter ranged from 4.9mm to 6.41mm. The period taken from bud initiation varied
from 103.8 to 118.4 days among the accessions. The pooled mean of bud yield per tree fresh varied from 2.7 to 40.25 kg.
BRC-1, MRC-5, MRC-6, MRC-8, AMC-10 and MMC-15 were good yielders yielding more than 30 kg/tree as revealed from
pooled mean. The length of flower ranged from 16.36 mm to 21.84mm and the breadth ranged from 9.85mm to
14.82mm.The number of sepal and petal was constant while the length of sepal ranged from 2.49mm to 3. 15mm.The
fruit weight ranged from 1.2 g in ANC-20 to 3.53g in BRC-3.The ratio of fruit to seed varied between 2.41 to 3.64.The seed
length varied from 13.2 to 19.31mm and seed breadth from 6.11 to 9.19mm in the selected accessions. The seed weight
was the highest for BRC-3 (1.18g).The time taken for harvest of fruits from flowering ranged from 86.8 to 97.6 days. The
bud oil in the selected accessions varied from 12.53 to 19.6 % while the stem oil ranged from 3.6 to 6.7 %. The bud
oleoresin showed a range from 16.9 to 24.3 % and the stem oleoresin from 7.1 to 12.2%. The eugenol content between
accessions ranged between 54.29 and 70.77%.GC MS analysis of the bud oils of the improved clove accessions like BRC-
1, BRC-3, MRC-5 and MRC-6 exhibited 25 constituents. The major constituents of the bud oil were p-eugenol, eugenyl
acetate, 3 -caryophyllene, B -cubebene, 4-Quinolinol and a-humulene.

3.1 Clustering based on quantitative characters

The Principal Component Analysis of quantitative characters resulted in the first two principal component explaining
88.8% variation (Table 1.)

Table 1. Component loadings for the first two Principal Components

Variables Principal Component 1 Principal Component 2
Plant height 0.013 0.03
Girth at 45 cm height 0.335 -0.044
Canopy spread (N-S) 0.01 0.007
Canopy spread (E-W) 0.012 0.01
Number of branches 0.099 -0.05
Leaf length 0.015 0.014
Leaf breadth 0.003 0.003
Leaf area 0.054 0.034
Number of inflorescence/m? 0.172 -0.959
Number of flower buds/inflorescence 0.021 -0.021
Length of flower 0.027 0.012
Breadth of flower 0.021 -0.007
Length of petal 0.005 0.001
Length of sepal 0.002 -0.002
Single bud weight (fresh) 0.87 0.174
Single bud weight (dry) 0.262 0.163
Mature bud length 0.02 0.002
Mature bud diameter 0.007 0.001
Period from bud initiation to bud harvest -0.01 -0.065
Bud yield per tree (fresh) 0.114 -0.101
Bud yield per tree (dry) 0.038 -0.04
Fruit weight (fresh) 0.009 0.004
Ratio of fruit to seed 0 0.003
Seed length 0.024 0.007
Seed breadth 0.011 0.005
Seed weight 0.003 0.001
Time taken for harvest of fruit from flowering -0.013 -0.014
Bud oil 0.012 0.004
Bud oleoresin 0.008 0.003
Clove stem oil -0.001 -0.01
Clove stem oleoresin 0.002 -0.009
Eugenol content of bud -0.04 0.003

Ascore plot generated based on the first two Principal Components using Minitab version 18 identified fourteen clusters
(Fig. 1). The linkage analyzed based on the biplot of Principal Component scores revealed a strong positive association
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between all quantitative characters measured except, girth at 45 cm height, number of branches, number of inflorescence/
mZ,single bud weight fresh, single bud weight dry and fresh bud yield per tree (Fig. 2) Minimum Data Set for identifying
a promising clove accession were generated.ldentification of an ideotype using existing data revealed that accessions
BRC-1, MR(C-5, and MRC-6 had better ideotype.

Chilli

1. Screening of spice chilli (CapsicumannuumL.)

Thirty two genotypes of chilli collected from different sources and the three released varieties (Ujwala,Anugraha,Vellayani
Athulya) of KAU formed the material for the study. Analysis of variation (ANOVA) revealed significant differences among
the thirty five genotypes for plant and fruit characters (quantitative &qualitative). Among the genotypes, CA22,CA 27,CA
28 and CA 29 were found taller (>100 cm) and CA 31 was found to be the shortest with a plant height of <50 cm. CA 27
had highest leaf length and CA6 recorded the highest leaf breadth .Genotypes like CA 25 and CA 21 were early in
flowering (less than 35 days) and fruiting (less than 40 days) , whereas CC 1,CC 2 and CC 3 were late in flowering (more
than 70 days) and fruiting (more than 75 days) .Distinct variation was observed for fruit characters vizfruit length (3.9 cm
-12.3) ,fruit width (0.16 cm- 2.32 cm),fruit weight (2.31 g-13.31 g), number of fruits per plant (11.9 -45.4) ,dry yield per
plant (5.6 g-47.53 g), number of fruits per plant (11.9-45.4),dry yield per plant (5.6 g-47.53g) etc. Three genotypes (CA 23,
CA 29 and CA32) performed better with individual fruit weight of more than 10 g. Number of fruits per plant is an
important economic character and more than forty fruits per plant were observed in CA7,CA22,CA 19 and CA 25.In the
present investigation ,fresh yield from plant ranged from 39.72 g (CA 26) to 318.6 g (CA 32 ) and dry yield per plant
ranged from 5.6 g (CA 14) to 47.53 g(CA 13 ). Among the genotypes ,CA 26 recorded maximum driage (39.51 %) and
minimum driage was recorded in CA 14 (7.14 %) .High driage (more than 30 %) was obtained in CA 26, CA 10,CA 12 and
CA 31.Considerable variability was observed with respect to qualitative characters like leaf colour (light green to dark
green),mature fruit colour(light green to dark green),ripe fruit colour (light red to dark red),fruit shape (elongated and
tapering to conical),fruit surface (smooth to wrinkled) and seed colour light yellow to dark yellow) where as no variability
was observed for corolla colour.Bacterial wilt was the major disease observed in field and considerable variability was
recorded for the disease incidence ranging from 0 % to 85 %. Most of the released varieties were wilt prone except KAU
varieties while most of the local genotypes were tolerant to bacterial wilt as seen in CA22,CA23,CC1,CC2 and CC3.The
highest wilt incidence (85 %) was observed in CA 15 followed by CA 14 (70 %). Biochemical analysis revealed that CA 25
(0.95 %) and CA 16 (0.91 %) are highly pungent among Capsicum annnuum types where as among Capsicum chinensetypes,
the highest capsaicin content was recorded for CC2 (1.09 %) .CA 16 ,CA1,CC2 and CC 3 had high oleoresin recovery (more
than 25 %) where as CA 31 ,CA 30 ,CA 8 and CA 32 recorded high colour value(more than 100 ASTA units)

Correlation and clustering analysis was done between fruit and yield contributing characters .Correlation analysis indicated
that fruit weight was significantly and positively contributed to fruit length and width, placenta length and weight,
pericarp weight and thickness and dry yield . It is revealed that fruit weight and number of fruits per plant are the
important yield contributing parameters.
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Based on the cluster analysis, all the thirty five genotype under the study were grouped in to eight clusters with significant
variation among the clusters and within clusters for different character studied. Cluster 2, cluster 4 and cluster 8 were
distinct from other clusters.

Based on the study, few genotypes were found promising as spice chilli (CA 13,CA 16, CA 22, CA 25, CA 27 and CA 28),
vegetable chilli (CA3,CA7,CA8,CA9,CA10,CA11,CA12,and CA 23) and for industrial purpose (CA 16,CA 25, CC
1,CC2a

Coconut
1.“Characterisation of coconut palms (Cocosnucifera L.) showing general yellowing”

The study on “Characterisation of coconut palms (Cocosnucifera L) showing general yellowing”was undertaken in selected
coconut palms of Thiruvallampanchayat of Thiruvananthapuram district from March 2016 to March 2017. The objective
was to evaluate the field characteristics and nutritional status of soil and coconut palms showing general yellowing and
to formulate a management strategy.

Coconut palms of variety WCT showing general yellowing which advance from lower to upper whorls of leaves were
identified from farmer’s field of Thiruvallampanchayat. Fifteen palms showing uniform pattern of general yellowing were
selected from five fields of Thiruvallam, Pachalloor, Punkulam, Koliyoor and five healthy palms from same fields were
selected as control. Field, soil, plant and management characterization were carried out in the selected palms to identify
the pre disposing factors leading to general yellowing.

Observations on morphological and yield characteristics of selected coconut palms were recorded for one year at 60 days
interval. Soil and plant samples were collected and analysed for macro and micronutrients. Based on soil test results the
quantity of deficient macro nutrients were calculated and applied as per package of practices recommendation of Kerala
Agricultural University. The soil and plant sample was again analysed six months after the application of fertilisers.

The information on field, soil, plant characteristics and management aspects were collected from the selected fields. The
field characteristics had shown 100 percentage drainage in the selected fields and 80% of the fields showed an elevation
of 10-50 meter above mean sea level and 20% of the fields fall in an elevation of 50-100 meter above mean sea level.
Data generated on soil characterization of selected coconut fields revealed that the soil type of the all fields selected was
red loam and 80% of the coconut palms showing general yellowing had medium organic matter which ranged from 0.86
t0 1.29% and 20 % of the coconut palms showing general yellowing had high organic matter content with more than 1.29
per cent. All the healthy palms are under high organic matter content. The age of selected healthy palms and coconut
palms showing general yellowing was grouped and 20% of the coconut palms showing general yellowing ranged between
20 to 25 and 80% of the healthy palms also came under this age group. 27% of the coconut palms showing general
yellowingbelonged to 26-30 age group and 53% of the coconut palms showing general yellowing came under 31-35 age
group and 20% of the healthy palms in 26-30 age group.

The data collected on the management characteristics of the selected coconut palms showed that 80% of the coconut
palms showing general yellowing were noticed without the application fertilizer and 20% of the coconut palms showing
general yellowing were given with the fertilizer application. 60% of the palms were not provided with organic matter and
40% of palms were given organic matter. 40% of fields had irrigation facility while 60% of the fields did not have any
irrigation facilities. 53% of coconut palms showing general yellowing had disease incidence and 73% had pest incidence.
47% of coconut palms showing yellowing were without disease incidence and 27% of palms were without pest incidence.
80% of the healthy coconut palms did not show any pest and disease incidence.

Physiological characters of selected palms before the application of nutrients showed significant variation in chlorophyll
content, membrane integrity, relative water content. However after the application of nutrients significant increase in
chlorophyll content, membrane integrity and relative water content was noticed in coconut palms showing general
yellowing.There was no significant variation in auxin content between the palms showing general yellowing and healthy
palms. Observations on morphological and yield characteristics of selected coconut palms were recorded for one year at
60 days interval. The morphological and yield parameters of selected palms indicated significant variation in number of
leaves showing yellowing, number of bunches, number of female flowers per bunch of unfertilised open inflorescence,
number of nuts set per bunch,weight of nut, weight of copra and oil content in coconut palms showing general yellowing
compared to healthy palms.
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Available primary nutrients in soils of coconut showing general yellowing and healthy palms before the application of
nutrients were analysed and is shown in the Table 1. Soil analysis revealed a significant variation in soil available
nitrogen content of coconut palms showing general yellowing and healthy palms. Soil available nitrogen content before
the application of nutrients in palms showing general yellowing was 206.47 kg ha™ and for healthy palms the available
nitrogen revealed was about 289.39 kg ha™. There was no significant difference between soil phosphorus content of
coconut palms showing general yellowing and healthy palms. Soil phosphorus content of coconut showing general
yellowing was about 11.88 kg ha™ and in the case healthy palms was about 17.79 kg ha™ Before the application of
nutrients soil potassium content of coconut showing general yellowing was 108.80 kg ha”, but in the case of healthy
palms soil potassium content was about 175.04 kg ha™. There was an significant difference between soil potassium
content in healthy palms compared to coconut palms showing general yellowing. The coconut palm which had shown
general yellowing fall in the low status while for healthy palms the soil nitrogen status was of medium.The available
phosphorus content of both the category fall under the medium range (10-24 kg ha”). The available soil potassium
content of the palm showing general yellowing fall under the low status while that for healthy palms the available soil
potassium contents fall under the medium category.

Table 1. Available primary nutrients in soils of coconut showing general yellowing and healthy palms before the application
of fertilizers.

Treatments N(Kg/ha) P(Kg/ha) K(Kg/ha)
Coconut showing general yellowing (Y_, ) 206.47 11.88 108.80
Healthy palms (H , ) 289.39 17.79 175.04
t stat 3.264" 0.854 2.184"

Soil nutrient status before and after the experiment was assessed and analysed. Before the application of nutrients soil
nitrogen content of coconut palms showing general yellowing was found to be 206.47Kg/ha.

Result revealed that the soil application of major nutrients of N, P and K significantly increased the soil status of these
nutrients and is given in the Table 2. After the nutrients application soil nitrogen status increased to 285.82 Kg/ha and it
was significantly higher from the soil nitrogen status of before application of nutrients. Significant variation in soil
phosphorus content was noticed in the coconut palms showing general yellowing before and after the application of
nutrients. Soil phosphorus status of fifteen palms showing general yellowing before the application of treatments was
found to be 11.88 Kg/ha. Phosphorus was not deficient under these situation. After nutrient application soil phosphorus
content showed an significant increase to about 23.24 Kg/ha. Soil potassium of coconut palms showing general yellowing
before the application of nutrients differed significantly from the soil potassium content after the application of
nutrients. Soil potassium of palms showing general yellowing before the application of nutrient was 108.80 Kg/ha and
after the treatment application soil potassium status improved to 221.46 Kg/ha.

Table 2. Available primary nutrients in soils of coconut showing general yellowing before and after the application of
fertilizers.

Treatments N(Kg/ha) P (Kg/ha) K (Kg/ha)
Before 206.47 11.88 108.80
After (6 month after the application of fertilizers) 285.82 23.24 221.46

t stat 2.060" 3.034* 7.638"

P value 0.02924 0.00445 0.0000012

Available secondary nutrients in soils of coconut palms showing general yellowing and healthy palms before the application
of nutrients were analysed and is given in the Table 3.Soil calcium content of coconut palms showing general yellowing
analysed (96 mg kg-*) were significantly different from healthy palms (154 mg/Kg). Soil magnesium content of coconut
palms showing general yellowing (70.40 mg kg-*) showed significant variation when compared to the healthy palms
(129.60 mg kg-1)Soil sulphurwasanalysed for selected fifteen palms showing general yellowing before the application of
nutrients was 5.98 mg kg-*. It was significantly different from healthy palms which recorded 11.76mg Kg-*.

Table 3. Available secondary nutrients in soils of coconut showing general yellowing and healthy palms before the
application of fertilizers

Treatments Ca (ppm) Mg (ppm) S (ppm)
Coconut showing general yellowing Y, ) 96.00 70.40 5.98
Healthy palms (H ) 154.00 129.60 11.76
t stat 2.836" 3.209" 2.246"
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Available secondary nutrients in soils of coconut palms showing general yellowing before and after the application of
nutrients were analysed and is shown in the Table 4. A significant increase in calcium content of soils of coconut palms
showing general yellowingafter the application of nutrients was noticed.

Table 4. Available secondary nutrients in soils of coconut showing general yellowing before and after the application of
fertilizers

Treatments Ca(mg/kg) Mg(mg/kg) S(mg/kg)
Before 96 70.40 5.98
After (6 month after the application of fertilizers 162.67 198.13 6.60
t stat 6.580" 6.075* 0.569
P value 0.00000611 .0000143 0.26735

Before the application of treatments soil calcium content of fifteen palms showing general yellowing was found to be 96
mg kg-. If calcium content was less than 300 mg kg-%, the soil become calcium deficient. After the application of
nutrients calcium contents increased to about 162.66 mg kg-*. Soil magnesium content before and after the application
of nutrients differed significantly in coconut palms showing general yellowing. Soil magnesium was analysed for selected
fifteen palms showing general yellowing was 70.40 mg kg-of soil. After the application of nutrients soil magnesium
content increased to about 198.13 mg kg-*. Soil sulphurcontentbefore and after the application of nutrients differed
significantly in coconut palms showing general yellowing. Soil sulphurcontentbefore the application of nutrients was
5.98 mg kg-'While after the application of nutrients soil sulphur content increased to about 6.60 mg kg-*.

Available micro nutrients in soils of coconut palms showing general yellowing and healthy palms before the applicationof
nutrients were analysed. Results revealed that there was no significant variation in iron content between coconut palms
showing general yellowing (34.49 mg/Kg) and healthy palms (44.96 mg/Kg) and was above the critical level of iron
content in the soil. A significant variation was noticed in soil available manganese content between coconut palms
showing general yellowing (4.03 mg/Kg) and healthy palms (was 6.81 mg/Kg). Also in in soil available boron content
between coconut palms showing general yellowing (0.54 mg/Kg) and healthy palms (0.68 mg/Kg). There was no significant
variation in soil available zinc content between coconut palms showing general yellowing (8.18 mg/Kg) and healthy
palms (8.95 mg/Kg). No significant variation observed in soil available copper content between coconut palms showing
general yellowing (0.32 mg/Kg) and healthy palms (0.30 mg/Kg). There was no significant variation in soil available
chlorine content between coconut palms showing general yellowing (488.60 mg/Kg) and healthy palms (468.60 mg/Kg).
Soiliron content in coconut palms showing general yellowing before (34.49 mg/Kg) and after the application of nutrients
(37.75 mg/Kg) was analysed and no significant difference was noticed. There was no significant variation was noticed soil
manganese content of selected fifteen palms showing general yellowing before (4.03 mg/Kg) and after the application of
fertilisers (4.04 mg/Kg). No significant difference was noticed in soil zinc content of coconut palms showing general
yellowing before (8.18 mg/Kg) and after the application of nutrients (8.02 mg/Kg). There was no significant difference in
soil copper content of coconut palms showing general yellowing before (0.32 mg/Kg) and after the application of nutrients
(0.29 mg/Kg). Assignificant difference was noticed in boron content of coconut palms showing general yellowing before
(0.54 mg/Kg) and after the application of nutrients (0.52 mg/Kg). There was no significant difference in soil chlorine
content of coconut palms showing general yellowing before (488.6 mg/Kg) and after the application of nutrients was
noticed (0454.4 mg/Kg).

A significant difference was noticed in the soil organic carbon content of coconut palm showing general yellowing
(0.94%) and healthy palms (1.31%).Soil chemical analysis 6 month after the application of fertilizers (1.98%) showed an
significant difference in organic carbon content of coconut palms showing general yellowing compared to before the
application of nutrients (0.939%). There was no significant difference in soil pH of selected coconut fields. Before the
application of lime and fertilisers soil pH of coconut palms showing general yellowing was 4.71 and that of healthy palms
was 5.03.The soils were in acidic range of pH.Significant difference in soil pH was noticed to the coconut palm showing
general yellowing before and after the application of fertilisers. Six month after the application of fertilizers soil pH
increased from acidic to near neutral condition. Soil pH of coconut palms showing general yellowing before the application
of fertilizers was 4.7. Six month after the application of fertilizers soil pH of coconut palms showing general yellowing
increased to 6.5.

Physical properties of soils of coconut showing general yellowing and healthy palms were observed. Among the physical
properties of soils, water holding capacity showed a significant difference in coconut showing general yellowing (22.78%)
and healthy palms (30.02%).

57



58

Leaf nutrient analysis was done in selected coconut palms before the application of fertilisers and represented in Table
5. There was significant difference between total nitrogen content in coconut palms showing general yellowing and
healthy palms. Total nitrogen content in index leaves of coconut palms showing general yellowing was 1.50% and
healthy palm was 2.76%. There was no significant difference in total phosphorus content of index leaves of coconut
palms showing general yellowing and healthy palms. Total phosphorus content in index leaves of coconut palms showing
general yellowing before the application of nutrients was 0.190% and the healthy palms was 0.194%. A significant
variation was noticed in total potassium content of coconut palms showing general yellowing and healthy palms. Total
potassium content in index leaves of coconut palms showing general yellowing was 1.00% and healthy palms was
1.59%.

Table 5. Primary nutrients in leaves of coconut showing general yellowing and healthy palms before the application of
fertilizers

Major nutrients N(%) P(%) K(%)
Coconut showing general yellowing (Y_, ) 1.50 0.190 1.00
Healthy palms (H_, ) 2.76 0.194 1.59
t stat 12.895* 0.563 4.653"

Primary nutrients in leaves of coconut showing general yellowing before and after the application of fertilizers is given
in Table 6.

Table 6. Primary nutrients in leaves of coconut showing general yellowing before and after the application of fertilizers

Treatments N(%) P(%) K(%)
Before 1.50 0.190 1.00
After (6 month after the application of fertilizers 1.54 0.21 1.30

t stat 2.656" 3.303" 2.696"
P value 0.00940 0.00262 0.000156

The total nitrogen content showed a significant difference before and after the application of fertilisers in coconut palms
showing general yellowing. The results showed that before the application of fertilisers total nitrogen content in index
leaves was 1.50%. Leaf nutrient analysis six month after the application of fertilisers showed a significant variation in
nitrogen content of index leaf tissue of coconut palms showing general yellowing and the nitrogen content after the
application increased to 1.54%.The total phosphorus content in index leaves of coconut palms showing general yellowing
differed significantly before and after the application of fertilisers. Total phosphorus content in index leaves of coconut
palms showing general yellowing before the application of fertilisers was 0.190% and after the application of fertilisers
phosphorus content in index leaves was 0.21%. There was a significant variation in total potassium content in index
leaves of coconut palms showing general yellowing before and after the application of fertilisers. The results revealed
that total potassium content in index leaves of coconut palms showing general yellowing before and after the application
of fertilisers was 1.0% and 1.3% respectively.

Secondary nutrients were analysed in index leaves of selected coconut palms before the application of fertilizers. The
results revealed that there was an significant variation in total calcium content in index leaves of coconut palms showing
general yellowing and healthy palms before the application of fertilizers. Total calcium in index leaves of coconut palms
showing general yellowing was 0.110% and healthy palms was 0.206%. Total magnesium content in index leaves of
coconut palms showing general yellowing (0.180%) showed a significant variation compared to the healthy palms
(0.320%).A significant variation was noticed in total sulphur in index leaves of coconut palms showing general yellowing
and healthy palms. Before the application of fertilizers total sulphur of coconut palms showing general yellowing was
0.183% and for healthy palms was0.23%.

Micronutrients in index leaves of selected coconut palms before the application of fertilizers were analysed. The results
revealed that there was no significant variation in total iron content in index leaves of coconut palms showing general
yellowing and healthy palms before the application of fertilizers. Total iron in index leaves of coconut palms showing
general yellowing was 53.52% and healthy palms was 55.78%. There was no significant variation was noticed in total
manganese content in index leaves of coconut palms showing general yellowing and healthy palms before the application
of fertilizers total manganese content of coconut palms showing general yellowing was 68.91% and healthy palms was
73.82 %.There was no significant difference was noticed in total zinc content in index leaves of coconut palms showing
general yellowing and healthy palms before the application of fertilizers. The zinc content in index leaves of coconut
palms showing general yellowing was 26.44% and healthy palms 28.37%.The results revealed that there was no significant
variation in total copper content in index leaves of coconut palms showing general yellowing and healthy palms before
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the application of fertilizers. Total copper in index leaves of coconut palms showing general yellowing was 223.5% and
healthy palms was 259.8%. Significant variation was noticed in total boron content in index leaves of coconut palms
showing general yellowing and healthy palms before the application of fertilizers. Total boron content in coconut palms
showing general yellowing was 12.17 % and healthy palms was 15.43%.

Soil analysis carried out for estimating the nematode population in the fields of selected coconut palms.Nematode
extraction was done in soils of selected coconut fields by cobbs sieving and decanting methods. There was no significant
difference in nematode population in soils of coconut palms showing general yellowing and healthy palms before the
application of fertilizers. Two nematodes were identified after the analysisRotylenchulasreniformisandHelicotylenchus.The
population of Helicotylenchuswas 604 in coconut palms showing general yellowing and 528 in healthy palms.The population
of Rotylenchulasreniformiswas 402.73 under coconut palms showing general yellowing and less (352) in healthy palms.

Major pest and disease incidence observed in selected coconut fields were coconut eriophyid mite, coreid bug, rhinoceros
beetle and leaf rot.
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Name of Project Coordination Group - (03)
Vegetables

Compiled by:
Dr. S. Nirmala Devi, Protect Coordinator
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Projects under ADVANCED CENTRE FOR TROPICAL VEGETABLE RESEARCH
Dr.P.Indira,
Professor &Head,

1. Breeding for high yield/quality/resistance to major biotic and abiotic stresses

a. Breeding for resistance to fruit fly ( Bacterocera spp.) in oriental picklingmelon
Screening of 62 genotypes revealeed that OP 047, 0P 045,0P 051and OP 022 were high yielding and OP 014,0P 012,
OP 056 and OP 034 are resistant to melon fruitfly.Two species of fruitflies viz.B. cucurbitae and B. tau were identified
b. Development of tropical parental lines for developing F , hybrids in selected cucurbits and solanaceous crops

F, population from promising 12, F, gynoecious hybrids of cucumber were generated for identifying tropical gynoecious
lines. F, population from the cross EC709119 x IC 538186 was observed as the most promising one. This population
took only minimum days to form female flower and took minimum number of nodes to form female flower with
highest number of female flowers and minimum male flowers. The 12 F, population evaluated for gynoecious trait
were classified into monoecious and gynoecious character and tested for goodness of fit based on chi square test
with monohybrid ratio of 3:1 being monoecy dominant over gynoecy. Out of 12 populations, 10 were found to express
significant value and fit in 3:1 ratio for dominant monoecious trait. EC 709119 x IC 538186 produced maximum
number of true gynoecious plants whereas seven F, populations failed to produce even one true gynoecious plant.
Gynoecy was found to be governed by single recessive gene which was already reported in cucumber. Experiment is in
progress and stable lines can be identified after advancing promising generation to F5-F6 level.

I. Development of molecular markers for complementing conventional breeding for selected traits in tropical vegetable
crops.

CUCUMBER

Twenty four SSR primers were used for amplification of cucumber genomic DNA.Among them, one primer gave satisfactory
result. The banding pattern of SSR primer EC12 using 9 cucumber genotypes are shown in Table 1. The SSR primers
produced different numbers of DNA fragments, depending upon their simple sequence repeat motifs. Primer EC 12 (fig.1)
produced polymorphic bands with size varied from 150-250 bp. A maximum of 100% polymorphism was obtained with
this SSR primer. SSRs are co-dominant markers; hence residual heterozygosity can be detected. This primer produced one
extra band which is specific for gynoecious line, in both homozygous and heterozygous conditions. This specific fragment
was inherited to next three generations too.

TOMATO

A total of ten primer combinations were used for amplification of tomato genomic DNA. Among them one primer gave
satisfactory results which were used for further analysis of all tomato genotypes. SCARs (Sequence Characterized Amplified
Regions) have a high reproducibility and are locus-specific. Primer Ualty 3b (fig.1) produced total five bands, of which two
bands were polymorphic. The bands ranging in size from 100-900 bp were obtained. A maximum of 100% polymorphism
was obtained with this SCAR primer. Due to the co-dominant nature, SCAR marker can provide a valid tool for the accurate
assessment of genotype linked to bacterial wilt. In this study comparison of highly resistant and susceptible tomato
genotypes was performed. Primer Ualty 3b has resulted presence of two extra bands. Extra bands that were possibly
associated with bacterial wilt resistance, the fragments, sized about 650-900 bp. Both the two fragments were amplified
only in the resistant genotypes. In this study molecular marker linked to bacterial wilt resistance in tomato were successfully
identified.

IV. Identification of varieties/ hybrids and standardization of agro techniques for rain shelter/ hi-tech vegetable production

1. Cabbage

Four F, hybrids viz. NS183, NS 43, NS 35 and Disha were evaluated initially inside rain shelterAmong them, NS 43 was
found ideal for protected cultivation during off-season. Another experiment was laid out to standardize the time of
planting for off season cabbage production inside rain shelter. Cabbage hybrid NS43 was planted on six planting dates
(May 15%, May 30 ™ June 15, June 30", July 15, July 30%). May15% planting was found ideal for off-season cultivation of
cabbage inside rain shelter, which recorded maximum value for head characters like net head weight (818.75g), head
length (13.55cm), head breadth (15.73cm), harvest index (60.79) and also yield/ plot (11.78kg). But when compared to on-
season,the net head weight and yield of cabbage were less during off-season. The two reasons attributed to this are loose
head formation and incidence of internal tip burn which is a calcium related physiological disorder. Hence another
experiment was laid out to evaluate more cabbage genotypes for head compactness and internal tip burn resistance
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under rain shelter. Seven cabbage hybrids (NS43, Green challenger, Super Ball 50, F,Border 777, Green Voyager,Mahy 118
and Saint) were evaluated with three different calcium foliar treatments (0%, 0.5%, 1.5%). Among the hybrids Green
Voyager produced very compact heads, high head weight (1005.83g), yield/plot (6.40kg) and high benefit -cost ratio
(1.52).It was also resistant to internal tip burn and can be recommended for off-season cultivation under rain shelter in
the central plains of Kerala.

2. Cherry tomato
Evaluation of ten genotypes inside rainshelter showed that SLc-9(426g/pl.) and was on par with SLc-2.).Comaparative
study in open field and rainshelter also showed yield was highest inside rain shelter.All the genotypes were susceptible
to bacterial wilt

V. Maintenance of germplasm of tropical vegetables

Sixteen genotypes of dolichos bean were evaluated during October -January 2018. Among them yield per plot was
maximum for the variety Grace (5.200kg) followed by DL-226 .Maximum pod length was recorded in DL-222 (followed by
Hima. Pod girth was rmaximum for DL-223 followed by DL-50

Among eleven types of winged bean evaluated during October-January 2018 yield per plot was maximum for the
genotype, Vellayani followed by PT-50-1-1.Maximum pod length was recorded in PT-50-1 followed by PT-35-1.Maximum
girth was recorded in Revathy & PT-35-1 followed by Vellayani.Pod weight was maximum for PT-47-2 followed by PT-35-
1.

Twenty four genotypes of chilli were evaluated during May-December 2017. Among these Ujwala, Anugraha, Vellayani
Athulya, Vellayani Samrudhi and white Kanthari were wilt resistant. Vellayani Samrudhi recorded maximum yield/plant
(1355g) followed by CA 784 (1275g).

Among the 14 brinjal genotypes evaluated maximum yield /plant was recorded in Green Long (2.44kg) followed by SM
398 (2.3kg). But Green Long was highly susceptible to bacterial wilt. SM 391 recorded maximum fruit weight (190g).

Twenty four accessions of snakegourd were evaluated. TA 65 recorded maximum yield/pit followed by TA 1042 .TA 60-1
recorded maximum fruit length and Covai had small fruits .

Twenty four accessions of Amaranthus were evaluated. Acc.No0.94 recorded maximum vyield /plot(1.29kg) followed by
Acc.No.18 (1.25kg) . Accessions 208,10,75,48 and 56 were late flowering genotypes.

Il .Projects under State Network Project- DEVELOPMENT OF HYBRID VEGETABLES AND HIGH TECH PRODUCTION
TECHNOLOGIES

1. Development of high yielding bhindi hybrids resistant to yellow vein mosaic disease
Dr.Beena Thomas
Asst.Professor,

The seeds of bhindi collections viz. Thirumala local,Mallappalli local, Kattakkada local,Holavanalli local and Punjab
Phalguni were crossed among themselves and the hybrids will be evaluated in summer season

2.Development high yielding F1 hybrids in tomato
Dr.l Sreelatha Kumari
Professor and Head, CoA

Based on yield and resistance to bacterial wilt LE3,LE12,LE13,LE16,LE19, LE20 ,Manulakshmi, Akshaya, Vellayani Vijai
and Anagha were selected for production of hybrids.

III.LESTABLISHMENT OF HIGH TECH SEED TESTING LABORATORY FACILITY
Dr.T.Pradeepkumar
Professor (Hort.)

1. Large scale testing of seeds from other centers of KAU and prescribing quality limits for various classes of seed.
Seed Quality test of various crops were conducted in the High Tech Seed Testing Lab from February 2015 by the supply
of seeds from two different crop production centers such as Central Nursery,Vellanikkara and Instructional Farm, Mannuthy.
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During 2017-18 seeds from three different crop production centers such as Central Nursery, Vellanikkara, Instructional
Farm, Mannuthy and Department of Vegetable Science, Vellanikkara were tested.

Results

At present the quality of total twenty eight varieties of fifteen different crops were analysed. The common eleven crops
received from three different centres were taken for comparison. Germination percentage, vigour index | and vigour index
Il of the seed lots supplied from different centers are given in table 1. Seed quality parameters of common varieties
produced from different centers are given in table 2. Among the different centers Department of Vegetable Science
submitted maximum seed samples for testing. Comparison of the seed quality produced from different centers revealed
varying quality of seed lots.

In the case of bitter gourd variety Preethi from three different centres, seeds from instructional farm,vellanikkara exhibited
highest germination percentage (90) and vigour index | (2520) and vigour index I (12). The same trend was observed in
the case of ash gourd variety KAU local. By comparing brinjal varity ‘Haritha, chilli variety ‘Ujjwala’, OP melon variety
‘Mudicode local, cowpea variety Anaswara, pumpkin variety Ambili’, bhindi variety Arka Anamika’ and tomato variety
‘Anagha’, seed produced from Central Nursery, exhibited highest germination percentage with more vigour indexes. In the
case of amaranthus variety ‘CO-1’, seeds from Department of Vegetable Science showed highest seed quality parameters.

2. Molecular characterization of vegetable varieties released by KAU

DNAisolation, quantification, PCR amplification and SSR assay was standardised for Okra and Brinjal. DNA finger printing
profiles were generated for Okra variteis (Aruna, Salkeerthy, Susthira, Anjitha, Manjima, Gourishapattanam Local (P1),
P4(NBPGR/TCR-874), AE400, AE401, AE416, Kashi Pragati(VRO6), Arka Anamika, Arka Abhay, Pusa Savani, Kashi Kranthi,
VarshaUpahar and A.moschatus) and Brinjal varieties (Haritha, Soorya, Swetha, Neelima, SM 116, Ponni, SM 67, Arka kusumkar,
Solanum gilo, Solanum indicum, Solanum incanum, Solanum nigrum, Solanum torvum, Soorya (Variant))

Finger printing of Okra

In okra among 17 varieties unique bands were observed for AE 416, VRO 6, Pusa Sawani, A. Moschatus and Arka Abhay.
Maximum number of unique bands was seen for VRO 6.None among the Kerala Agricultural University varieties produced
a unique band.NTSYS analysis was also conducted for Abelmoschus esculentus genotypes based on SSR markers. Among
the KAU varieties, Salkeerthy, Susthira and Varun formed a separate cluster when compared to Manjima and Anjitha.

Finger printing Brinjal

In Brinjal 14 varieties were analyzed and unique band was observed only in Solanum torvum, Solanum nigrum, Solanum
indicum, Haritha and Ponni. Most of the wild species involved in the finger printing profile generated unique banding
pattern with SSR primers.Among the varieties released by Kerala Agricultural University only Haritha and Ponni produced
unique band. Detailed NTSYS analysis was also conducted for Solanum melanogena genotypes based on SSR markers.
Improved varieties formed a separate cluster when compared to wild species.
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Concluded projects

Banana
1. Standardization of organic nutrient schedule in banana (BRS Kannara)
Dr.Manju,P.R.
Assistant Professor

manju.pr@kau.in

Performance of Nendran banana to organic nutrient schedule was studied for five seasons. The
pooled data for five years are presented below.
Treatments
T1-FYM 10kg + Neem cake 1.25kg + Vermicompost 5kg + wood ash 1.75kg,
T2 -FYM 10kg + Neem cake 1.25kg + Vermicompost 5kg + wood ash 3.75kg,
T3 -FYM 15kg + Neem cake 1.875kg + Vermicompost 7.5kg + wood ash 625g,
T4 - FYM 15kg + Neem cake 1.875kg + Vermicompost 7.5kg + wood ash 2.625kg,
T5 - NO+KO
T6 - triple green manuring with dhaincha / cowpea,
T7-AM (25g) + Azospirillum (50g) + PSB (50g) + T. harzianum (50g)
T8-T1+T6
T9-T1+T7
TI0-T1+T6+T7
T11 - Fertilizer control (300:100:300 g N:P,0,:K,O/plant)

Table : 1. Vegetative characters of banana cv. Nendran

Treatment Plant height(cm) Stem girth (cm) Suckers/ plant Phyllochron (days) LAl Days to bunching (days)
Tl 275.69%¢ 44.80% 5.722 7.95¢ 2.11¢ 234,920«
T2 267.343c 43.78¢ 5.34® 8.06° 2.02« 237.89b
T3 262.61%0¢ 42.26% 5.27%® 9.00%¢ 1.71¢ 238.26
T4 263.43%¢ 41.93¢ 4.86° 8.31¢ 1.80% 242.47°
T5 211.50¢ 34.08" 2.79¢ 10.792 1.22° 279.432
T6 240.24 38.30° 4.05¢ 9.19b¢ 1.59¢ 266.74°
T7 240.620 37.16° 3.68¢ 9.76® 1.61¢ 267.90°
T8 283.58%® 44.99% 5.472%® 8.44¢ 2.20° 229.20«
T9 284.93%* 44.73%® 5.56% 8.08¢ 2.43% 224.92¢
T10 233.79% 45.08% 5.55%® 8.44¢ 2.21k¢ 234,830«
T11 29543 45.782 5.50% 8.28¢ 2.51a 234.64°«
SEmz* 10.89 0.42 0.19 0.31 0.06 9.66
LSD at 5% 46.18 1.75 0.81 1.30 0.27 419
V% 13.90 3.26 13.02 11.66 10.79 13.10

Table : 2. Bunch weight and yield of banana cv. Nendran

Treatment Bunch weight(kg) Yield(t/ha) Days to harvest  Hands / bunch Fingers / bunch B : Cratio
T1 7.00¢ 17.50¢ 319.81° 4.86 45.53¢c 1.35
T2 7.45¢ 18.62¢ 322.68° 4.90 46.20 1.45
T3 7.11¢ 17.77¢ 322.25° 4.73¢ 45.57¢ 1.32
T4 7.14¢ 17.86¢ 325.18° 4,91 44.82¢ 1.24
T5 4.42¢ 11.05¢ 357.682 4.05¢ 31.90¢ 091
T6 5.20¢ 13.01¢ 347.69° 4.62« 39.75¢ 1.08
T7 4,78 11.94¢ 349.96° 4.34¢ 38.08¢ 0.98
T8 8.81° 22.04° 316.43° 5.13® 48.09% 1.71
T9 9.24% 23.12% 313.94° 5.16* 49.477 1.73
T10 9.60? 23.99 320.12° 5.30° 50.66° 1.78
T11 9.542 23.86° 317.54° 5.382 50.862 2.59
SEmz* 0.12 0.31 3.28 0.09 0.66 -
LSD at 5% 0.52 1.30 13.89 0.38 2.82 -

V% 5.59 5.59 3.31 6.10 4.94 -




Table : 3. Fruit characters of banana cv.Nendran
Treatment Finger weight (g)  Finger length (cm)  Finger girth (cm) Shelf life (days) TSS (°Brix) Pulp: peel ratio

T, 155.03° 20.34¢¢ 11.54¢% 7.30cde 27.63b« 2.95
T, 155.75° 20.07¢ 11,770 8.13® 27.05¢ 3.17
T, 149.74° 20.06¢ 11.51¢% 6.97¢% 28.22% 3.00
T, 156.93° 20.46% 11.69« 7.28cde 27.04¢ 3.2%
T, 122.992¢ 16.90¢ 9.69 7.710< 26.67¢ 2.77
T, 132.86¢ 18.27¢ 10.44¢f 8.27%® 28.13%¢ 2.96
T, 123.81¢ 17.22¢ 9.96 7.3]cde 28.27%® 2.92
T, 187.282 21.94® 12.78%¢ 7.87%0¢ 28.43% 3.29
T, 187.822 22.05® 12.93® 8.532 28.92° 3.16
T 188.892 21.870%® 12.96° 8.22® 28.9%° 3.37
T, 187.61° 22.552 13.42? 6.60¢ 27.11« 3.07
SEmz* 3.59 0.40 0.28 0.19 0.25 0.06
LSD at 5% 15.21 1.71 1.17 0.81 1.06 NS
V% 748 6.62 7.84 8.31 2.99 6.46
Table 6. Soil microflora at harvest
Treatment Total Bacteria Total Fungi Total Actinomycetes TotalTrichoderma Total P solubilizers Azospirillum AMF(spore count/
(10°cfu/g)  (10%cfu/g) (10%*cfu/qg) (10%cfu/q) (MPN/q) (10*cfu/q) (100g soil)

T1 38 15 40 - - - -
T2 25 8 65 - - - -
T3 41 11 35 - - - -
T4 32 3 62 - - - -
T5 39 15 14 - - - -
T6 38 12 48 - - - -
T7 30 16 56 1 <3.0 0 25
T8 22 8 60 - - - -
T9 50 10 52 1 >1100 1 40
T10 28 6 25 2 >1100 2 42
T11 15 8 32 0 - 0 0
Initial soil Microflora 20 16 20 0 - 0 30

Pest and disease incidence
Table 5.Eumusae leaf spot incidence (at shooting)
Eumusaeleaf spot Incidence

Treatments Infection Index
T1 21.30
T2 23.81
T3 23.36
T4 22.03
T5 22.48
T6 21.18
T7 22.11
T8 21.88
T9 19.56
T10 21.59
T11 22.64
SEm= 0.54
LSD at 5% NS

V% 11.57
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Table 7. Soil nutrient status (at Harvest)

Parameters Initial T1 T2 T3 T4 T5 T6 17 T8 T9 T10 T11
pH 6.1 6.3 69 65 6.8 5.9 52 638 6.3 74 6.8 6.4
EC (dS/m) 0.2 0.1 04 02 0.3 0.1 01 0.2 0.2 0.3 0.2 0.2
0C (%) 0.9 1.2 13 1.2 1.6 0.8 13 11 13 1.2 0.7 1.2
Available P (kg/ha) 79.5 160.2  166.9 150.7 1177 536 1156 703 2388 876 1004 1293

Available K (kg/ha) 5320 7840  296.8 436.8 3752 509.6 459.2 4424 5264 5824 4704  980.0
Available Ca (mg/kg) 7690 3060 1164.84173 1289.5 379.3 7675 4460 451.0 12353 6435 4595
Available Mg (mg/kg) 81.8 27.0 139.0 20.8 238 813 198 393 1028 423 1068  140.5

Available S (mg/kg) 71 6.0 79 71 5.5 5.2 123 6.5 5.5 8.4 6.0 11.0
Micronutrients

Copper (mg/kg) 1.74 212 194 238 1.37 204 134 156 236 1.98 1.98 1.51
Iron (mg/kg) 33.8 58.6 559 49.6 334 258 46,6 398 474 48.5 34.7 58.8
Zinc (mg/kg) 9.2 3.8 98 9.8 8.8 5.5 50 96 8.1 9.3 8.5 5.4

Manganese (mg/kg) 102.9 141.6 133.2 80.7 90.5 389 1218 86.6 1055 87.6 76.3 162.0
Boron (mg/kg) 0.4 0.3 04 03 04 0.2 06 0.2 0.3 0.2 0.5 0.6

Table 8. Leaf Nutrient status (at shooting)

Treatment N (%) P(%) K(®%) Ca(%) Mg(%) Cu(ppm) Fe(ppm) Zn(ppm) Mn(ppm) B (ppm) S (%)
T1 2.09 017 113 245 022 1340 480.60 19.40 860.00 23.59 1.42
T2 1.51 013 134 1.02 022 1450 402.30 16.10 175.00 24.62 0.98
T3 242 017 127 122 022 1580 465.30 18.40 620.00 19.49 1.06
T4 1.23 012 120 134 024 1250 565.80 18.10 385.00 22.56 1.07
T5 2.04 018 139 135 0.20  9.80 494.60 19.60 515.00 25.64 1.02
T6 2.00 012 110 1.28 020 17.80 482.40 19.80 1185.0 25.64 0.91
T7 1.74 012 113 1.37 037 1410 506.10 24.20 770.00 27.69 1.00
T8 1.75 010 088 144 017 1510 480.50 19.40 470.00 21.54 1.17
T9 2.11 014 117 135 025 1390 464.40 20.60 655.00 21.54 0.95
T10 2.60 012 117 125 030 1480 453.10 16.60 575.00 37.95 1.03
T11 2.84 023 141 098 017 1730 477.10 17.90 270.00 34.87 1.01

In Nendran, the treatments involving application of FYM 10 kg + Neem cake 1.25 kg + vermicompost 5 kg + wood ash 1.75
kg + biofertilizers (AMF 25g/pt + Azospirillum 50g/pt + PSB 50g/pt + T. harzianum 50g/pt) (T9), along with triple green
manuring with daincha/cowpea (T10) had a comparable yield with inorganic control treatment (T11). These treatments
were also on par with inorganic control with respect to plant height, stem girth, LAl, hands and fingers per bunch.
Treatments T9 and T10 had better soil physico-chemical properties and soil microflora than control. No significant
difference was observed among treatments for quality characters (TSS and shelf life) and sigatoka leaf spot incidence. It
could be concluded that combination of FYM 10 kg + Neem cake 1.25 kg + vermicompost 5 kg + wood ash 1.75 kg +
biofertilizers (AMF 25g/pt + Azospirillum 50g/pt + PSB 50g/pt + T. harzianum 50g/pt) along with triple green manuring
had a comparable bunch weight and yield with that of inorganic control. The same treatment (T10) has been consistently
performing over five seasons.

2.Yield loss assessment due to BBrMV infection in Banana (BRS Kannara)
DrVimi Louis,
Professor

vimi.louis@kau.in

Impact of BBrMV infection in six banana varieties viz.,Mysoore poovan, Chenkadali, Yangambi KM5,Rasthali and Grandnaine
was studied. Of these varieties, Rasthali recorded the maximum reduction in bunch weight (64.8%). Due to BBrMV
infection, height, girth and fruit weight was decreased where as peduncle length and TSS was increased in most of the
varieties (Table 1, 2 and Fig.1).
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Tablel. Impact of BBrMV infection on vegetative and yield parameters of banana varieties Mysore Poovan, Chenkadali
and Yangambi Km 5

SUNo  Parameters Mysore Poovan Chenkadali Yangambi Km 5
H D % change H D  %change H D % change

1 Height (cm) 301.9 291.7 -34 360 355 -1.3 320 260 -18.8
2 Girth (cm) 55.1 54.4 -1.3 72.2 66.5 -7.9 66 43 -34.8
3 Length of peduncle(cm) 35.7 460 +28.9 57.7 61.6 +6.8 30 32 +6.7
4 Bunch weight (kg) 22.8 8.8 -62.3 13.5 6.0 -55.6 125 45 -64.0
5 Number of hands 18 11.9 -34.1 6.2 4.7 -24.4 9 8 -11.1
6 Number of fingers 180 68.4 -62.0 68.4 59.5 -13.1 1340 147 +9.7
7 Green fruit weight (g) 65.3 60.8 -6.9 152 18 -88.2 78 14 -82.1
8 Ripe fruit weight (g) 55.3 53.2 -39 140 18 -87.1 140 71 -77.0
9 Pulp weight (g) 44.6 432 -3.1 110 14.7 -86.7 66 113  -828
10 T.S.S. (°Brix) 22.6 23.4 +3.5 25 26 +4.0 245 223 -9

Table2 Impact of BBrMV infection on vegetative and yield parameters of banana varieties Njalipoovan, Rasthali and
Grand Naine

SUNo Parameters Njalipoovan Rasthali Grand Naine

H D % change H D  %change H D % change
1 Height (cm) 265.4 225.0 -15.2 - -
2 Girth (cm) 50.5 43.6 -13.6 - -
3 Length of peduncle(cm) 30.1 37.3 +24.0 32.6 29.8 -8.5 -
4 Bunch weight (kg) 9.2 43 -54.3 11.8 4.2 -64.8 263 210 -20.2
5 Number of hands 8.5 8.8 +3.4 8.6 6.8 20.6 11.7 100 -142
6 Number of fingers 113.5 116.8 +2.8 1180 836 -29.2 168 1463 -12.9
7 Green fruit weight (g) 38.7 33.1 -14.5 87.2 59 -47.8 168 1600 -4.8
8 Ripe fruit weight (g) 32.1 293 -8.8 69.4 45.4 -34.6 1506 146.1  -3.0
9 Pulp weight (g) 26.4 22.9 -13.4 58.0 41.4 -28.6 101.7 937 -7.9
10 T.S.S. (°Brix) 28.9 28.0 -3.0 21.9 25.3 +15.6 20.2 223  +153
H: Healthy D: Diseased
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Figl.Reduction in bunch weight due to BBrMV infection in different varieties of banana

3. Management of post harvest disease (BRS Kannara)
Dr.Vimi Louis
Professor

vimi.louis@kau.in

Pre and post application of Carbendazim (0.2%) was effective for enhancing shelf life and managing post harvest diseases.
Among the biocontrol agents Trichoderma viride was more effective than Pseudomonas fluorescens for enhancing shelf
life and managing post harvest diseases.
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Effect of treatments on shelf life and post harvest diseases of Banana var. Grand Naine

Treatment Green Life (d)  Yellow life (d) Shelf life (d) Disease Score Anthracnose  Disease Score Crown rot
T, 3.80 8.20 12.00 1.54 1.32
T, 3.00 14.00 17.00 0.32 0.24
T, 3.60 15.40 19.00 0.30 0.24
T, 3.30 12.90 16.20 0.28 0.50
T, 5.00 9.00 13.60 248 1.70
T 5.00 3.00 8.00 1.02 0.76
T, 5.60 10.40 16.00 0.44 1.04
T, 7.00 7.20 14.20 0.84 1.74
D 0.56 1.02 0.93 0.19 0.23
v 9.54 7.93 5.00 17.02 19.15

T,- Pre harvest spray with carbendazim (0.1 %)T, -Post harvest dip with carbendazim (0.1 %)-T,-T, + T,T,- Pre harvest
spray with Trichoderma viride (3%)T - Post harvest spray with T.viride (3%)T - Pre harvest spray with Pseudomonas fluorescens
(3%)T,- Post harvest spray with P. fluorescens (3%)T,- Control

4. Management of nematodes in ratoon and high-density planting systems (BRS Kannara)
Dr. Gavas Ragesh
Assistant Professor

gavas.ragesh@kau.in

Data on the efficacy of various management options against the banana nematodes in high-density planting systems is
presented in the table:

T Cartap Hydrochloride @ 20 g/clump soil application followed by half dose after 3™ month

AM @ 200g/clump soil application followed by half dose after 3™ month

Pseudomonas fluorescens @ 80 g/clump soil application followed by half dose after 3 month

Growing sunhemp around the basin and incorporating before flowering

Growing Coriander as around the basin

Growing Tagetus around the basin

Neem cake @ 250 g/clump followed by 250g after 3 month

Untreated control

N ot AW N e

— A~~~

8
Treatments

Table- 1. Effect of various treatments on vegetative characters in the management of nematodes in high-density planting
systems

Treatments  Plant height (cm) Plant height (cm) Plant girth (cm) Plant girth (cm) Leaves/ plant
(vegetative stage) (at harvest) (vegetative stage) (at harvest) (at harvest)

T, 213.67 e« 239.33 53.33a 57.332 11.00

T, 210.67 « 233.33 43.00 « 48.33 11.67

T, 216.33 @b 232.67 45.00 b 51.67 « 12.00

T, 216.00 @b« 232.00 45.67 51.00 ¢ 11.00

T, 218.00 *® 226.67 46.00 51.00 ¢ 11.00

T, 212.33 b 234.33 49.33 54.66 ® 12.33

T, 219.00° 235.67 47.67° 54.00 ® 12.33

T, 210.33 ¢ 234.67 41.00¢ 48.00f 11.33

CV (%) 1.54 3.49 5.36 3.29 15.54

S.EM 1.16 0.023 4.68 0.60 0.64

L.S.D 5.77 N.S 4.35 2.99 NS

Among the vegetative characters (Table 1), only plant height at vegetative stage and plant girths at the vegetative and
harvesting stages were significantly affected by the treatments. At vegetative stage, the tallest plants were recorded in T7
(Neem cake @ 250 g/clump followed by 250g after 3 month) and the shortest in untreated control (T8).

Similarly plant girth at vegetative and harvesting stage was maximum in T1 (Cartap Hydrochloride @ 20 g/clump soil
application followed by half dose after 3 month), T6 (Growing Tagetus around the basin) and T7 (Neem cake @ 250 g/
clump followed by 250g after 3™ month), minimum in untreated control ( T8).
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Table-2. Effect of various treatments on nematode infestation in the management of nematodes in high-density planting

systems
Treatments  Soil nematode population (250cc of soil)
Meloidogyne Meloidogyne Meloidogyne Pratylenchus Pratylenchus Pratylenchus
initial soil population ~ (vegetative stage)  (at harvest)  initial soil population  (vegetative stage)  at harvest

T, 193.33 88.00°¢ 30.67 ¢ 150.67 43.679 39.33¢
T, 192.00 169.67° 5333 146.67 72.33 ¢ 64.33 ¢
T, 177.33 158.67 55.00 b« 137.00 53.67f 48.00¢
T, 178.33 158.33 ¢ 68.00° 131.33 110.33 ¢ 112.00°
T, 185.00 169.33° 63.00 b 140.00 139.33° 67.33¢
T, 185.33 109.67 ¢ 50.33 139.67 72.67° 64.67 ¢
T, 185.67 94.67 ¢ 41.00 ¢ 141.00 60.33 ¢ 69.67 ¢
T, 175.00 246.33 @ 24533 @ 138.00 153.00 @ 154.00 °
CV (%) 5.09 3.78 10.65 10.97 3.16 4.56
S.EM 3.31 2.00 2.85 5.45 0.98 1.25
LS.D NS 9.89 14.14 NS 487 6.18

The treatments significantly reduced the population of nematodes (Meloidogyne incognita, Pratylenchus sp.) in soil at the
vegetative stage and harvesting stage of the crop growth. Application of chemical pesticide (cartap hydrochloride @ 20
g/clump soil application followed by half dose after 3 month) exhibited the best result in reducing the nematode
population (54.48 and 71.01 per cent reduction of Meloidogyne incognita and Pratylenchus thornei at vegetative stage;
84.13 and 73.90 per cent reduction of Meloidogyne incognita and Pratylenchus thornei at harvest, respectively over
control). Among the bioagents, application of neem cake @ 250 g/clump followed by 250g after 3 month (T7) and
growing Tagetus around the basin (T6) showed the best result in reducing the population of soil nematodes over control

(T8).

5. Biorationals for the management of nematodes of banana (BRS Kannara)
Dr. Gavas Ragesh
Assistant Professor

gavas.ragesh@kau.in

Data presented in the Table-1 revealed that among the vegetative and yield characters, plant height was significantly
higher in T 2 (Pseudomonas fluorescens @ 25g/m? and T4 (Bacillus subtilis @ 25g/m) at flowering with least in control
(T7). Plant girth in all the treatments were significantly higher than in the control plants, but were on par with each.
Number of leaves per plants were significantly higher in T6 (cartap hydrochloride @ 10g/m ), closely followed by T2 and
T3. Lowest number of leaves was recorded in T7 (8.58) untreated plants. Similarly bunch weights showed significant
differences with highest values recorded in Té- cartap hydrochloride @ 10g/m (9.62 kg) and T3- Paecilomyceslilacinus
@25g/m (9.48 kg) with least weight in T7-untreated control (6.71 kg).

Table 1. Effect of Biorationals on the yield and yield attributing characters cv. Nendran

Treatment Plant height ~ Stem girth Leaves/  Hands/ No.of  Bunch
at flowering  at flowering plantat  bunch fingers/ weight
5 (cm) (cm) flowering Bunch (kg)
T Trichoderma viride @ 25g/m , 295.00 = 41432 10.58 ¢ 5.61 52.58 775
T* Pseudomonas fluorescens @ 25g/m 314.2 40.962 11,33 5.64 51.58 8.46
T*Paecilomyces lilacinus @259/m 300.83 42.66° 11,33 5.50 53.42 9.48
T? Bacillus subtilis @ 25g/m 5 311.252 41.682 10.42¢ 5.67 52.08 8.25
T* EPN Heterorhabiditis bactgeriophora @ 1 x 10 1Js/ml 307.08* 42.37° 10.983 ®e 5.36 52.75 9.08
T° cartap hydrochloride @ 10g/m 308.00% 40091° 11.752 5.42 51.83 9.62
T® Untreated control 283.33¢ 36.32° 8.58¢ 5.58 52.33 6.71
v 2.58% 4.29% 3.45% 3.29% 1.54%  2.71%
SEm+ 2.96 0.66 0.14 0.07 0.31 0.09
CDat5% 13.92 3.13 0.66 NS NS 0.41
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Table 2. Effect of Biorationals on the nematode populations of banana cv. Nendran

Treatment Nematode population Root necrosis (%)
250 cc soil 10 g roots Vegetative Shooting
Vegetative Shooting Vegetative Shooting  stage stage
X stage stage stage stage
T Trichodermaviride @ 25g/m ) 135.00 165.333 24.00 38.67 1733 21.00
T* Pseudomonas fluorescens @ 25g/m 141.00 168.00 31.33 38.67 18.00  21.67
TPaecilomyceslilacinus @25g/m 105.67 108.667 21.67 24.33 16.00 1467
T? Bacillus subtilis @ 25g/m 5 165.67 135.33 49.33 44.33 2700  34.00
T* EPN Heterorhabiditisbacteriophora @ 1 x 10 1)s/ml 128.67 132.00 23.33 24.67 16.67  20.67
T° cartap hydrochloride @ 10g/m 98.67 102.67 16.33 19.67 12.00 12.33
T® Untreated control 300.33 315.33 59.00 66.67 5733  67.00
v 4.80% 3.27% 12.73%  8.97% 12.29% 9.43%
SEm+ 2.78 1.99 1.55 1.43 1.09 0.97
CDat 5 % 13.12 9.37 7.28 5.86 5.13 459

The treatment cartap hydrochloride@ 10g/m? (T6) effectively reduced the nematode population in both soil and root
when observed in vegetative and shooting stages of the banana cv.Nendran. It could bring 67.15 % and 67.44 % reduction
of soil population in vegetative and shooting stages. Similarly 72.32 % and 70.50% reduction of root population in
vegetative and shooting stages was also observed. This was followed by Paecilomyces lilacinus@25g/m?*with 64.82% and
65.54% reduction of soil population in vegetative and shooting stages respectively,and 63.28% and 63.50 % reduction of
root population in vegetative and shooting stages respectively). With regard to root necrosis, the lowest root necrosis
was recorded in T6-cartap hydrochloride @ 10g/m? (79.06 % and 81.59% at vegetative and shooting stages respectively)
followed by T3- Paecilomyces lilacinus@25g/m?(72.09 % and 78.12 % at vegetative and shooting stages respectively ).

6.Biological control of banana stem weevil, Odoiporus longicollis Oliv. (BRS Kannara)
Dr. Gavas Ragesh
Assistant Professor

gavas.ragesh@kau.in

Bunch weight was significantly influenced by the treatments. Highest bunch weight of 8.4 kg, 7.7 kg and 7.6 kg were
recorded in T6 (Insecticide check - chlorpyriphos @ 0.1%),T3 (EPN formulation of Heterorhabditis sp.spray at 5%, 6" and
7™ month after planting) and T4 (Stem trap swabbed with Beauveria bassiana @ 20g/trap at 5%, 6" and 7" month after
planting) respectively. The lowest bunch weight of 5.81 kg was recorded in control.

The least number of holes was recorded in treated check (T6: Insecticide check —chlorpyriphos application) followed by
T3 (Entomopathogenic nematode formulation of Heterorhabditis sp. spray at 5™, 6 and 7" month after planting) and T4
(Stem trap swabbed with Beauveria bassiana @ 20g/trap at 5%, 6" and 7" month after planting). Similarly when number
of weevils, grubs and pupae were considered, significant reduction of infestation was observed in comparison to the
control plants.

T5 (Stem trap swabbed with Heterorhabditis sp. @ 1x10° lJs/ml at 5%, 6" and 7"month after planting) and T6 (Treated
check) significantly reduced the number of weevils whereas, T3 (Entomopathogenic nematode formulation of
Heterorhabditis sp. sray at 5™, 6" and 7" month after planting ) and T6 was most effective against grubs. The treatments
had significant influence on pupae, with T4 (Stem trap swabbed with Beauveria bassiana @ 20g/trap at 5", 6" and 7t
month after planting) and treated check Té being the most effective.

T3 (Entomopathogenic nematode formulation of Heterorhabditis sp. spray at 5™, 6™ and 7" month after planting) and T4
(Stem trap swabbed with Beauveria bassiana @ 20g/trap at 5™, 6" and 7" month after planting) were proved to be on par
with treated check (T6) in its efficacy in reducing the various stages of the pseudostem borer of banana and its management.
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Ongoing Projects

BANANA

1. Collection, characterization, conservation, evaluation and utilization of germplasm (BRS Kannara)

Dr. P.B. Pushpalatha
Professor

pushpalatha.pb@kau.in

During the period two primary collections from Wayanad district, Kerala were made and its characterization is being
done. Thirteen secondary collections were made from NRCB, Trichy. Meanwhile, ten secondary collections made during
2015-16 are established in the field and being characterized.

No. of primary collections
made during 2017-18

No. of secondary
collections made

Total number of collections
available under conservation

Two

Total 13(NRCB,Trichy)

Total 235
AA-32

AAA-29

AAAA-1
ABBB-11

BRS Hybrids- 6
Exotic hybrids-15

AAB- 73
AB - 14
BB- 7
ABB- 45

(Genome of 2 primary collections to be ascertained)

Particulars of characterization

Characterized Attikol (BB), SimiliRadjah, Dole TjauLagada ‘ Attikol (BB) is resistant to Eumusae leaf spot (PDI - 9.7) ‘

Particulars of conservation

Numbers newly conserved
during reporting period

Numbers conserved till

Details conserved

end of reporting period

Total 15 (2 primary and

13 secondary collections during
2016-17)AA-1ABBB- 11BB-1

Total collection available under

Field Gene Bank

conservation 235AA-32 ,AAA- 29,
AAAA-1ABBB - 11, BRS Hybrids- 6
Exotic hybrids-15AAB - 73,AB - 14

BB- 7ABB- 45

Particulars of Evaluation

Numbers evaluated
during reporting period

Total numbers evaluated
till end of reporting period

Significant finding
from evaluation

Fougamu  ABB

Cachaco ABB

Pelipita ABB

Torres Strait Island ABB
Pisanglajee AA
PisangMulik AA
PisangKeling AAA
Chinese Cavendish AAA
Figue PommeGeante AAB

Present status based on morphological
characterization- 213AA- 28, AAA- 27
AAAA- 1BRS Hybrids- 6Exotic hybrids- 15
AAB - 71,AB -14BB - 6, ABB - 45

Fougamu (ABB) and Cachaco (ABB)
were suited as cooking cultivars.
Pisanglajee (AA) was resistant,
while Fougamu (ABB), Pisang Keling
(AAA), Pisang Mulik (AA) were
moderately resistant to Eumusae
leaf spot.Torres Strait Island (ABB),
Pelipita (ABB), Figue Pomme
Geante (AAB) and Chinese

SimiliRadjah Cavendish (AAA) were susceptible
Dole to eumusae leaf spot.
TjauLagada
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Particulars of utilization

Accessions suitable for pseudostem sweetened juice: Palayankodan (AAB), Nendran (AAB), Popoulu (AAB), Grand Naine
(AAA), Kadali (AA), Kunnan (AB).

Accessions suitable for pseudostem and rhizome pickle : Palayankodan (AAB), Popoulu (AAB), KluaiNamwaKhom (ABB),
Poovan (Rasthali, AAB).

Male flower of Yangambi km5 (AAA) and SH-3640 are ideal for pickling and as vegetable.
Accessions suitable for fibre extraction : Palayankodan (AAB), Nendran (AAB), Grand Naine (AAA), Kunnan (AB).

Accessions suitable for preparing banana flour : Popoulu (AAB), Nendran (AAB), Kunnan (AB),KudapanillaKunnan (AAB),
Rasthali (AAB).

Popoulu (AAB), Nendran (AAB) and Kunnan (AB) flour ideal for making cakes and cookies.
Popoulu (AAB) fruits ideal for making flavored chips.
For Breeding/hybridization work : Matti, Cultivar Rose, Pisang Lilin

Particulars of deposition
Accessions deposited to NAGS during the period - 7 at NRCB, Trichy

Reaction of new accessions towards banana pseudostem weevil

Moderately susceptible Susceptible Moderately Resistant
Kasaska (AA) Pisang Madu (AA) Leite (AAA)

Uzhakan (AAB)

Akpakpak (AAB)

Classification of germplasm accessions to Eumusae leaf spot disease based on four years of screening
Resistant

AA: Calcatta 4, H4, Pisang lilin, Sannachenkadali, Tongat,

AAB : Kalibow

ABB: PeyKunnan, Udayam

Hybrid: FHIA-18 [AAAB], FHIA-3 [ABBB], SH 3640 [AAAB], TMB 3 X 15108-6, TM-5295-1 [AAAB]
Moderately Resistant

AA : BRS |, BRS Il, Paka, Pisanglaribuaya, PisangMadu

AB : Agniswar, Kalyan Bale, Kunnan, NattuPoovan, Njalipoovan, Poomkalli, Rasakadali
Rasagalli, ValiyaKunnan

AAB : ManjeriNendran, PisangKeling, PisangNangka, Popoulu, Vannan

ABB : Fougamu, VellaPalayankodan

AAA : Manoranjitham, PisangMulik

Hybrid : FHIA-23 (AAAA), FHIA-3436 -9 (AAAA), FHIA-01 [AAAB], FHIA 17 [AAA]

Nendran Hybrid

Susceptible

AA : Sikuzani, Matti, Namrai, Calcutta 4, H4, PisangLilin, Sannachenkadali, Nanipoovan

Pacha Bale

AAB : Figue PommeGeante, Krishna Vazha, Ladies Finger, Navral, PisangRadjah, Velipadathi, Chakkarakeli, Mysore Ethan,
PisangCeylan

ABB : Blue Java, Pelipita

AAA : Chinese Cavendish, High Gate, Lacatan, Monsmarie, Pachakappa, Robusta

Highly Susceptible

AA : Anaikompan, Erachivazha, Leite

AAA : Grand Naine, Gros Michel, SapumalAnamalu, Wather
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2. Evaluation of new introductions of banana (MLT - 2) - Selection Popoulu vs. Manjeri Nendran and Nendran (BRS
Kannara)

Dr.Manju PR

Assistant Professor

manju.pr@kau.in

Bunch weight was significantly higher in Popoulu (15.91 kg/ plant), followed by Manjeri Nendran (13.35 kg/ plant) and
Nendran (10.69 kg/ plant). This can be attributed to higher hands per bunch (6.78) and finger weight (217.72 g) in
Popoulu than Manjeri Nendran (5.66 and 184.19g respectively) and Nendran (5.65 and 174.35 g respectively). Finger
girth (17.70 cm) and pulp weight (156.61 g) was also significantly higher in Popoulu than the local checks. TSS and Shelf
life after ripening was on par among the three varieties. Popoulu also had the maximum B:C ratio of 2.65. Days to
bunching in Popoulu (241.25 days) was on par with Nendran (235.14 days) but early than Manjeri Nendran (280.98 days)
by almost 40 days. Earliness in bunching has resulted in early harvest as well. Popolu came to harvest 58 days early than
Manjeri Nendran. Days to harvest (bunching to harvest) was significantly shorter in Popoulu. While Manjeri Nendran and
Nendran recorded 89.55 and 85.84 days respectively from bunching to harvest, Popoulu took only 64.40 days for the
same. Pseudostem girth in Popoulu was significantly higher than Manjeri Nendran and Nendran. It is much more rigid
than the local Nendran checks and hence propping, which is a high investment cultural practice followed in Nendran
could be avoided for growing Popoulu.

NRCB Selection 10 vs. Karpooravalli

NRCB Selection 10 registered a significantly higher bunch weight (17.82 kg/ plant) than local check Karpooravalli (14.10
kg/plant) giving an additional yield of 26%. Finger weight (119.06q), finger girth (13.28 cm) as well as pulp weight
(81.75g) was also higher in NRCB Selection 10 than local check (84.22g, 11.38 cm and 55.50g respectively). Days to
bunching was early in NRCB Selection 10 by 32 days than local check. Similarly, earliness in harvest by 27 days was
observed in NRCB Selection 10 compared to Karpooravalli. NRCB Selection 10 had a plant height of 249.57 cm which is
shorter by 115 ¢cm than local check Karpooravalli (364.63 cm). Hence this variety could be recommended for wind prone
areas. Leaves per plant (13.78) and leaf area in NRCB Sel. 10 (17.31 m?) is significantly higher than Karpooravalli (12.01
and 14.09 m? respectively). TSS and Shelf life after ripening is on par among the two varieties.

3. Assessment of phenology, productivity and incidence of insect pests and diseases in banana grown under varying
climatic conditions (BRS Kannara)

DrManju PR

Assistant Professor

manju.pr@kau.in

Year 2017-18 received a normal rainfall, but concentrating towards the fag end of the South-West monsoon. A normal
crop growth in terms of bunching and duration was observed. Increase in intensity of diseases was noticed for Eumusae
leaf spot, Fusarium wilt, rhizome rot and viral diseases like Banana Bract Mosaic and Infectious chlorosis compared to
2016-17. Among the insect pests attacking banana, the incidence of banana skipper butterfly decreased, while that of
pseudostem weevil, lace wing bug, slug caterpillars (Miresadecendens),aphids and mites increased during the year. Increase
in incidence of rhizome rot and Fusarium wilt observed can be attributed to the higher intensity of rainfall received this
year during the fag end of the bunch maturing phase (August-September 2017).

4. Enhancing input use efficiency in banana (BRS Kannara)
DrManju PR
Assistant Professor

manju.pr@kau.in

The treatment (T2) drip irrigation + fertigation + micronutrient foliar spray (Banana Shakti 2% ) + SOP bunch spray (2%)
recorded the maximum bunch weight (26.85 kg/plant) and yield (80.55 t/ha), with a B:C ratio of 3.08 . The same
treatment also had the maximum fingers/ bunch (151.99), finger weight (163.95g) and finger girth (13.23cm).This
gives an additional vyield of 38.4 % as well as additional net profit worth Rs. 2.65 lakhs/ha respectively from T2
compared to control (19.4 kg bunch weight/plant and yield 58.2 t/ha).

Drip irrigation + Fertigation + Micronutrient foliar spray (2%) + SOP bunch spray (2%) + Polyethylene mulching (T1) was
the earliest in bunching (183.48 days), days to harvest (86.14 days) and crop duration (269.39 days), which was on par
with T2. The earliness in the best treatment was by 29 days compared to control which had a crop duration of 298.84
days. With respect to fruit quality characters, drip irrigation + fertigation + micronutrient foliar spray (Banana Shakti 2%)
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+ SOP bunch spray (2%) (T2) had significantly higher TSS (22.53 °B) and shelf life (6.38 days) compared to control. The
treatments T1 and T3 were on par with T2 for TSS and shelf life.

The treatment (T2) drip irrigation + fertigation + micronutrient foliar spray (Banana Shakti 2%) + SOP bunch spray (2%)
was found to be the best treatment with respect to bunch weight, yield and B:Cratio.

5. Assessment of post-harvest loss in banana (BRS Kannara)
Dr. P. B. Pushpalatha
Professor

pushpalatha.pb@kau.in

Post-harvest loss at farm level, during transportation, wholesale market, retail market, storage/ripening was assessed
drawing a fixed quantity of produce at random. The stage of the crop at harvest was 90% maturity of the crop.

At farmer’s field:

Due to pseudostem weevil attack, the peduncle breaks close to the bunch before complete maturation. This leads to poor
bunch weight and quality, fetching lower price and rejections in the market.

Bunch covering not strictly followed. Bird damage is very common.

Improper nutrient management leading to fruit splitting.

The last immature/ under developed hands, bird attacked and split fruits are rejected at farmer’s field.

Harvested in mature green stage.

Improper handling of bunches - Harvested fruits are placed on ground. Carried manually and assembled at farm road for
lifting. This creates bruises and injuries on fruits.

Cleaning, grading and sorting not followed.

Dehanding is not followed and handled as bunches as a whole only.

Delay in sale by one day at low harvest create bunch weight loss by 1 kg.

Transportation from farmer’s field to market

Transported mostly to local whole sale and retail markets, VFPCK auction centres.

Transported mostly in goods auto, trucks loaded manually by dumping. One layer banana leaves placed at bottom and
sides of the vehicle to minimize damage. Bunches are stacked usually in 4-5 layers.

Fruits get detached easily from the bunches during transport. In whole sale and retail markets, loose fruits which are
sound and good are sold separately at a lower price. They are also sought after for chips making.

Manually transported by hanging the bunches on both side of the polls and carrying in shoulders at the centre of polls.

Whole sale market

Loading and unloading by dumping causing bruises and injuries.

Bird attacked, split fruits, last under developed hands and damaged ones during transport are rejected.

Means of transport from whole sale to retail are usually goods auto or lorry. Banana leaves are used to line the bottom
and sides of the vehicle to minimize damage. Bunches are stacked in layers.

Retail market

Bunches arrive from whole sale markets as well as from local farmers.

Split fruits, damaged and bird attacked fruits are rejected.

Transportation from whole sale markets done in goods auto. Banana bunches are transported along with vegetables and
other commodities purchased from whole sale market. Hence use of cushioning material for transportation is not much
practiced

Loading and unloading by dumping.
Fruits with blemishes remain unsold. Over ripening and decay are also reasons for unsold fruits.

Storage and ripening

Use of Ripening chambers for cold storage and controlled ripening of banana is very limitted. Owing to the high power
consumption, these ripening chambers are not being used for storage of banana under controlled atmosphere. They are
currently used for ripening only. All banana varieties are stacked separately within the same chamber as whole bunches
and ripened using ethylene. Since bulk of banana is being marketed in the state as whole bunches, dehanding and
ripening in baskets is not done.
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Smoking chambers are used commonly for storage and ripening in retail and large whole sale markets on a limited scale.
Smoking done by burning paddy straw or coconut husk kept in pot or using agarbathi. Exposure to smoke done for 24hrs
for ripening (color breaking) the next day. Rats cause damage to both green and ripe fruits inside smoking chamber,
which are rejected after ripening. ALl banana varieties are stacked as whole bunches in smoking chamber and ripened.

Post harvest loss in Nendran banana from farmer’s field — whole sale - retail markets comes to an average of 19.61 % in
Thrissur district and 25.37 % in Palakkad, including the stage of storage and ripening.

6. Survey on emerging insect pests of banana (BRS Kannara)
Dr. Gavas Ragesh
Assistant Professor

gavas.ragesh@kau.in

Fixed plot survey

In the reporting period, incidence of pseudostem borer and rhizome weevil (major pests) along with leaf eating caterpillars’
viz., Spodoptera litura and Pericallia ricini were regularly present in the fixed plots. Sucking pests viz.,, mirid bugs, lacewing
bugs, whiteflies etc. were seen sporadically with higher number in rainy season. The gregarious infestation of defoliators
(Pericallia ricini and Spodoptera litura) started from pre-monsoon and progressed through post monsoon period. Their
maximum infestation was recorded during the months of June,July and August, which received maximum rainfall. Infestation
by pseudo stem borer (PSB) was observed intermittently and their number rose with the age of the plants (ascertained
from stem traps). Incidence of Banana skipper butterfly (Erionota torus) was observed from pre-monsoon through post
monsoon during 2017. Peak leaf roll formation was seen in the months of June to August coinciding with monsoon in
Kerala, later subsiding during dry periods.

Roving surveys
Nineteen different insect pests were observed infesting banana in Kerala during the survey period. During the survey,
location specific difference in pest attack and intensity in attack was observed.

Major pests of banana viz,, pseudostem and rhizome weevils were observed to infest banana in all the surveyed areas
with severe incidences recorded from Thrissur, Malappuram, Ernakulam and Kozhikode districts in cv. Nendran.

Slug caterpillar (Miresa decendens) infestations were observed at Thrissur, Wayanad, ldukki, Alappuzha and Kottayam
districts on cv. Nendran and Njalipoovan. Severe attacks were seen in Nendran plots in Kottayam district, sometimes
causing 10-20% yield decline. Intermittent rain and sunny days with night temperatures of less than 24° Cis favouring
their incidences. As reported in previous year, cv. Popoulu recorded very high susceptibility to fruit fly attack, when
bunches started ripening in Thrissur, Palakkad and Kollam districts. Heavy incidences of hairy caterpillars (Pericallia
ricini) were seen in surveyed areas especially from Thrissur, Ernakulam and Kozhikode districts, leading to defoliation.
Similarly incidences of Skipper butterfly infestation were seen in parts of Idukki, Wayanadu, Kannur and Kasargod districts
with more infestation in Nendran varieties.

Infestation of mealy bug (Ferrisia virgata) and white flies (Dialeurodicus disperses) were seen in Idukki, Wayanad, Kannur,
Kozhikode and Kasargod districts. Infestations of root mealy bug (Geococcus sp.) were observed only at Malappuram and
Kannur districts in cv. Nendran. During the rainy months of June and July, 2017 high population build up of banana spittle
bugs (Phymatostetha deschampis) was recorded sporadically from most of the surveyed areas especially Malappuram,
Pathanamthitta, Idukki, Ernakulam and Thrissur districts with high incidences in July- September, 2017. Severe incidences
of root mealy bug, Dysmicoccus sp. were recorded at plots of Wayanad, Thrissur and Ernakulam districts.

There were heavy infestations of Banana Leaf Thrips (Helionothrips kadaliphilus) and Lace wing bugs (Stephanitis typicus),
with clear feeding damage symptoms associated with these pests in the surveyed areas of Malappuram, Thrissur, Palakkad,
Alappuzha, Kozhikode districts. There were scattered incidences of Rugose Spiralling Whitefly along with some mirid
bugs in banana intercropped with coconut.

Red spider mite infestation was observed from Thrissur, Palakkad, Malappuram, Idukki and Kozhikode districts. The intensity
of the attack was high during the reporting period compared to previous year. Stethorus sp.,a mite predatory black beetle
was collected and recorded from Thrissur district.
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7. Integrated management of banana pseudostem weevil (Odoiporus longicollis) (BRS Kannara)
Dr. Gavas Ragesh
Assistant Professor

gavas.ragesh@kau.in

Among the treatments, T1 (Swabbing chlorpyriphos 0.05% (2.5ml/litre) at 5%, 61" and 7" months after planting) and T2
(Pseudostem trapping with EPF, Beauveria bassiana (1x 107 spores/ml) 15 g/trap at 5%, 6" and 7" months after planting),
recorded the highest bunch weight of 8.928 kg and 8.863 kg respectively, which were significantly higher than control.

There was significant variation with respect to number of holes/ plant, number of weevils and grubs per plant and
number of life stages of the pest (weevils, grubs and pupae). Highest significant increase in number of holes/plant was
observed in T5-control (17.47), where as the least number was recorded in T1 (5.93)-Swabbing chlorpyriphos 0.05%. The
second least formation of symptoms of PSB infestation was recorded in T2-Pseudostem trapping with EPF, Beauveria
bassiana (9.07).

Number of weevils and pupae per plant was least in T1 (Swabbing chlorpyriphos 0.05%) and T2 (pseudostem trapping
with EPF, Beauveria bassiana), which were on par. Swabbing chlorpyriphos 0.05% (T1) was found to be the best management
for reducing the number of grub stages in the plants.

When number of various live stages of pseudostem weevil/plant was taken (weevils, grubs and pupae altogether), the
best treatment was T1 (Swabbing chlorpyriphos 0.05%), which was on par with T2. Maximum infestation (7.46) was in
Control (T5).

The above results proved that T1- Swabbing chlorpyriphos 0.05% and T2-Pseudostem trapping with EPF, Beauveria bassiana
are the suitable management options for the control of pseudostem weevil infestations.

8. Survey of plant parasitic nematodes associated with banana (BRS Kannara)
Dr. Gavas Ragesh
Assistant Professor

gavas.ragesh@kau.in

Survey of nematode pests of banana was conducted across the state of Kerala for Radopholus similis, Pratylenchus sp.,
Helicotylenchus multicinctus, Meloidogyne sp.and Heterodera oryzicola.Major banana nematodes viz., Meloidogyne incognita,
Radopholus similis, Helicotylenchus multicinctus, Pratylenchus penetrans, Heterodera oxyzicola were recorded at
Thiruvananthapuram, Pathanamthitta, Kollam, Palakkad, Thrissur, Ernakulam, Wayanad, Idukki, Alappuzha and Kottayam
districts.

Severe incidences of Meloidogyne spp. was observed in banana monoculture or in banana plants intercropped with
tubers and vegetables in the surveyed areas of Thiruvananthapuram, Kollam,Alappuzha, Wayanad, Idukki, Thrissur, Ernakulam,
Kottayam, Kozhikode, Malappuram and Palakkad districts. M. incognita was predominant in Dhanuvechapuram, Kattakada
and Vellayani (Thiruvananthapuram district) where as M. javanica was predominant in Balagram, Pampadumpara and
Thovalappady (Idukki district). New record of M. arenaria from banana in Chazhoor and Thalikkulam of Thrissur district
was made in this survey. The incidences of Radopholus similis was mostly low to negligent as compared to previous years.
But they were seen more at Wayanad and Idukki districts closely followed by Thrissur and Kottayam districts as isolated
cases. Banana spiral nematode, Helicotylenchu smulticinctus was more at Palakkad district. The incidence of Pratylenchus
coffea was more at Thrissur, Malappuram, Kozhikode, Ernakulam (Central and North Kerala, Idukki, Kottayam and Wayanad
districts (hilly tracts) and also in Alappuzha, a costal district. A scattered incidence of banana cyst nematode (Heterodera
oryzicola) was recorded from the soil samples collected from Kollam district. A combined infestation of Meloidogyne sp.
and Radopholus similis was observed in Aryankavu area (Kollam district) where multilayer cropping of Arecanut, black
pepper and banana was followed. Radopholus similis was observed to heavily infest banana roots along with Pratylenchus
sp.in Thrissur District.

9. Management of banana skipper butterfly-Erionota torus (BRS Kannara)
Dr. Gavas Ragesh
Assistant Professor

gavas.ragesh@kau.in

To study the effect of different treatments on controlling banana skipper butterfly, (Erionota torus) formation of the leaf
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rolls were recorded as the indicator of damage symptoms. The data recorded 30 days after first round of treatment
application showed that there was no significant effect of the treatments on the formation of leaf rolls.

10. Evaluation of bio control agents for the management of banana nematodes (BRS Kannara)
Dr. Gavas Ragesh
Assistant Professor

gavas.ragesh@kau.in

Maximum plant height of 300.42 cm was recorded in T5 (cartap hydrochloride @ 10g/plant at the time of planting and
3 MAP) closely followed by T4 (Paecilomyceslilacinus + Pseudomonas fluorescenseach@ 12. 5g/ plant at the time of
planting and 3 MAP) and T1 (Paecilomyces lilacinus @25g/plant at the time of planting and 3 MAP ) with 297.19 cm.
Lowest height was recorded in T6 (control). Maximum plant girth at harvesting stages were recorded in T5 (cartap
hydrochloride @ 10g/plant at the time of planting and 3 MAP) and T1 (Paecilomyce slilacinus @25g/plant at the time of
planting and 3 MAP) whereas the least plant girths were recorded in untreated control (T6).

When yield was considered, highest bunch weight was recorded in T5 (9.13 kg) and T4 (8.22 kg) with least bunch weight
of 5.97 kg in T6 (control).

11. Biological management of nematodes in tissue culture banana (BRS Kannara)
Dr. Gavas Ragesh
Assistant Professor

gavas.ragesh@kau.in

The treatments significantly reduced the population of nematodes (Meloidogyne incognita, Pratylenchus sp.) in soil at the
harvesting stage of the crop in comparison to initial nematode population taken at the time of planting. Application of
chemical pesticide (T5- cartap hydrochloride @ 10g/plant at the time of planting and 3 MAP) exhibited the best result
in reducing the nematode population (74.87 and 61.30 per cent reduction of Meloidogyne incognita and Pratylenchusthornei
at harvest, respectively over control).

Among the biocontrol agents, application of Paecilomyces lilacinus + Pseudomonas fluorescens each @ 12.5g/ plant at the
time of planting and 3 MAP (T4) and EPN Heterorhabiditis sp. @ 1 x 109 lJs/ml at the time of planting and 3 MAP (T3)
showed the best result in reducing the population of soil nematodes over control (T,). There were 66.02 and 52.09 and
56.97 and 49.74 per cent reduction of Meloidogyne incognita and Pratylenchus thornei respectively at harvest in comparison
to initial nematode population in T4 and T3.

12. Diagnosis of banana viruses in germplasm and planting materials used in experiments (BRS Kannara)
Dr.Vimi Louis
Professor

vimi.louis@kau.in

Out of 220 germplasm accessions, five accessions were infected with BBTV, six accessions were infected with BBrMV and
one accession Mottapoovan was infected with BSV. CMV infection was not recorded from any accessions. In TC planting
materials of major cultivated varieties, infection of BBTV and BBrMV varied between 0 t033.3% and that of CMV varied
between 0 t07.6%.

Virus indexing of TC planting materials for BBTV, BBrMV and CMV were carried out for popular banana varieties and the
per cent infection was recorded. The maximum infection of BBTV and BBrMV was recorded in Kluwai Namwakhom
(33.30 %) and CMV in Njalipoovan (7.60%).

13. Integrated management of Fusarium wilt disease of banana (BRS Kannara)
DrVimi Louis
Professor

vimi.louis@kau.in

Treatments:

T1 : Disease free suckers from disease free fields +application of Neem cake @250g /plant.
T2 :T1 +dipping in Carbendazim (0.2%) for 45min.

T3 :T1 + dipping in carbendazim (0.2%) for 30min followed by Carbendazim
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drenching 0.2% solution 2™ 4% and 6™ month after planting )and carbendazim

injection @ 3ml of 2% solution (3',5%and 7" month after planting)

T4 :T1+Soil application of Trichoderma viride +Pseudomonas fluorescence@ 50g/ sucker three times(0,2 and 4 months
after planting)

T5: POP Recommendation

T6 :ControlMaximum plant height was observed in T4 (253.5cm) and this was on par with T3 and T2. Maximum plant
girth was observed in T4 (28.6cm) and this was on par with T3. The disease index external was significantly low in T3
(43.3) and this was on par with T2. The disease index internal was also significantly low in T3 (32) and this was followed
by T2 (40.9).All treatments except T1 was on par in bunch yield and the maximum bunch yield was observed In T2 (9.1kg)

14. Management of sigatoka or prevalent leaf spot disease with oil based formulations (BRS Kannara)
DrVimi Louis
Professor

vimi.louis@kau.in

Disease index (PDI) was on par for all treatments except control at 6 MAP and at flowering. The treatment application
significantly reduced the disease index /severity by 58.79 to 68.88% over control. Significant difference was also noticed
inyoungest leaf spotted (YLS) at 6 MAP and at flowering.At 6 MAP,the highest value of YLS was recorded for T5 (mineral
oil) (8.60) which was on par with T3 (Chemicals + Mineral oil) and T2 (Propiconazole (0.05%) + Mineral 0il(1%)) 3 sprays
@25days interval. At flowering, YLS of all treatment were on par except control. There was no significant influence for
the treatments with respect to vegetative and yield characters except number of fingers and bunch weigh. Maximum
number of fingers was recorded in T2 (62.80) which was on par with T3 and T5. Significant difference was recorded in
bunch weight of treatments and control. All the treatments are equally effective in disease management.

15. Survey of fungal, bacterial and viral diseases of banana (BRS Kannara)
DrVimi Louis
Professor

vimi.louis@kau.in

No new diseases were recorded during the period under the report. The incidence of Emmusae leaf spot, Fusarium wilt,
Rhizome rot and viral diseases expect BBTV was more in the current year compared to last year. This may be due to
favourable weather condition (well distributed rainfall, high temperature) varietal susceptibility and ratoon cropping and
intensive cultivation.The major diseases of banana observed in the survey were Emmusae leaf spot Fusarium wilt, Rhizome
rot, Banana bract mosaic and Bunchy top and Infectious chlorosis .

16. Screening of germplasm (BRS Kannara)
DrVimi Louis
Professor

vimi.louis@kau.in

Emmusae Leaf Spot

Of the 140 accessions screened against Emmusae leaf spot, 28 accessions were resistant with PDI zero to ten. 55 accessions
were moderately resistant with PDI 10.1-20.0,42 accessions were susceptible with PDI 21.0-30.0 and 15 accessions were
highly susceptible with PDI more than 30.

Fusarium wilt
Of the 140 germplasm accessions ,natural incidence of Fusarium Wilt was observed in 7 accessions viz., Senna chenkadali,
Highgate, Nanipoovan, Rasthali,Poomgali, Kluai Namwakhom and Agniswar.

BBTV
Of the 140 germplasm accessions incidence of BBTV was observed in 3 (Anaikompan(AA) , Namrai(AA) and Karim
Kadali(AAB)).

Rhizome rot
Of the 140 germplasm accessions, incidence of Rhizome rot was observed only in 1 accession (Klauai Namwakhom).
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Mango
1. Collection, conservation and evaluation of pickling mangoes (RARS, Pattambi)
Dr. M.L. Jyothi
Professor

jyothi.ml@kau.in

77 accessions of local collections are maintained. 25 accessions produced fruits during this season Quantitative and
quality characters of fruits were recorded. Tender mango and cut mango pickles were prepared. Skin content of ripe fruits
varied from 13.39% to 30.4%; pulp content from 41.9% to 71.0%; stone content from 9.39% to 27.47% and juice content
of fruit pulp from 22.2% to 76.1%

Pineapple
1. Breeding for yield and quality of pineapple
Dr.P.PJoy,
Professor
joy.pp@kau.in

Fourteen accessions were selected and replanted. Accession 932 recorded the highest fruit weight (3.4kg) followed by
3795 (2.4kg), 4243 (1.98kg) and 800 (1.93kg).

2. Organic versus inorganic nutrient management of pineapple varieties for safe and sustainable production
Dr.P.PJoy,
Professor

joy.pp@kau.in

Second year results showed that Amritha and Mauritius varieties recorded more or less similar for various phenological
events such as flowering, fruit formation and maturity. Maximum yield was obtained for Muaritius receiving integrated
treatment (23.93t/ha). ALl the quality parameters were significantly influenced by the varieties. Mauritius had relatively
better fruit colour and taste while MD2 had the best aroma. Mauritus was the overall acceptable pineapple variety

Jack fruit
1. Collection, characterisation, conservation, evaluation and utilization of jackfruit germplasm (BRS Kannara)
Dr. P.B. Pushpalatha
Professor

pushpalatha.pb@kau.in

The survey was conducted at Thrissur, Wayanad, Palakkad (Western Ghats) and Kottayam districts to identify jackfruit
types with early bearing characters, extended cropping period, high yield with more number of attractive flakes. The flake
characters considered were their weight and colour. The suitability for product preparation was also studied.

Among the 15 accessions identified from different parts of Kerala, seven (KJ - 1/17,KJ - 2/17,KJ - 3/17,KJ - 10/18,KJ -
12/18,KJ - 13/18 and KJ - 15/18) were early bearing types.. Kl - 2/17 and KJ - 3/17 are red fleshed types with good
colour and are found ideal for table purpose and product preparation (jam, jelly, bar, halwa etc.).KJ - 1/17 and KJ - 12/
18 possess extended cropping period with very good yield. These types are ideal for cooking purpose and preparation of
chips.

A jack fruit type KJ - 10/18 from Wayanad (Poothady panchayath) recorded maximum fruit weight (32.4 kg) among the
collections made during 2018.This was due to more flakes per fruit (983) and more flake weight (7.9 g). Weight of flake
without seed (6.2g) was also high in this accession. Maximum fruit length, width, vertical length and central core length
was recorded for KJ - 9/17.

The quality analysis of the 10 accessions has shown that accession KJ - 1/17,KJ - 2/17 and KJ - 3/17,KJ - 6/17 and KJ
- 9/17 possessed reducing sugar more than 3 per cent.Accession 9/17 possessed highest reducing sugar. Total sugar was
also high in these accessions which were more than 9.5 per cent. Highest TSS was recorded by KJ - 9/17 followed by KIJ
- 10/17. Chips recovery was high for the accessions KJ - 6/17 and KJ - 9/17. These two types scored maximum value for
cooking characters. Based on the evaluation of different types accessions KJ - 1/17,KJ - 2/17,KJ - 3/17,K) - 6/17 and KIJ
- 9/17 were selected for conservation.
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2. Varietal trial on jackfruit (BRS Kannara)
Dr. P. B. Pushpalatha
Professor

pushpalatha.pb@kau.in

Four new varieties were added : Kokkan Prolific, Swarna, G-lla, G-65a

Muttom Varikka and Pechiparai-1 are vigorous growing than other varieties. Number of fruits were high in MuttomVarikka,
followed by Pechiparai-1. Vegetative growth was significantly superior in Pechiparai-1 and MuttomVarikka. Fruits per tree
during 2017 was maximum for Muttomvarikka (58), followed by Pechiparai 1 (42). Flowering and fruiting is earlier in
Pechiparai-1 and MuttomVarikka. Stem bleeding was a problem observed in some of the trees for which control measures
were taken. Maximum fruit weight was recorded for Velipara (9.68Kg) and Pechipara (8.26Kg). Fruit weight was very less
for Gumless Jack (5.60 Kg). Maximum vyield tree was for MuttomVarikka (454.72 kg) followed by Pechipara (386.40 kg).
Accordingly the per hectare yield was also high for these verities.

MLT Il
The maximum height recorded was for G-11a (394.61cm). Girth of stem was maximum for Sindoor (18.72 ¢cm) which was
on par with G-11a. Variety Sindoor also had maximum plant spread ( 157.25 EW and 158.12 NS respectively).

3. Survey and incidence of disease in jackfruit (BRS, Kannara)
DrVimi Louis
Professor

vimi.louis@kau.in

Leaf spot caused by Colletotrichum gloeosporioide was the pre dominant disease of Jack in Kerala. Fruit rot cused by
Rhizopus sp and Botridiplodia sp are responsible for yield loss in Jack.

4. Survey for new and emerging insect pests of jackfruit (BRS Kannara)
Dr. Gavas Ragesh
Assistant Professor

gavas.ragesh@kau.in

Roving survey
Surveys were done at Thriruvananthapuram, Kollam, Pathanamthitta, Thrissur, Ernakulam, Idukki, Wayanadu, Palakkad,
Alappuzha, Kottayam, Kasargod and Kannur districts of Kerala.

Acalolepta nivosa White, 1858 (Coleoptera: Cerambycidae) was recorded as a new pest of Jackfruit. Artocarpus
heterophyllus and Artocarpus altilis were recorded as preferred hosts of Epepeote suncinatus, along with studies on its life
cycle in the hosts.

Lepidopteran and Coleopteran defoliators/stem borers were observed sporadically with severe incidences in jackfruit
growing locations. Severe incidence of leaf eating cerambycid beetles (Olenecamptus bilobus) was observed during the
monsoon period. They feed alone or in groups of 3-4 beetles and severely defoliate the jack plants across the surveyed
locations.

Glenea multiguttata, a cerambycid beetle was observed to cause damage to Jack leaves by severing the veins leading to
drying of leaves and young shoots. This beetle was reported from Thriruvananthapuram, Pathanamthitta, Thrissur, Ernakulam,
Idukki, Wayanadu, Palakkad, Kottayam and Alappuzha districts. Incidence of Oberea artocarpiwas recorded from Central
zone (Thrissur and Palakkad districts) mainly from trees less than 5 years old. Jack fruit aphid (Greenidia artocarpii) and
spittle bug (Clovia lineaticollis), which are mild but regular pests appear whenever new shoots are formed and causes
crinkling of leaves in young shoots. Defoliation by Katydids and leaf caterpillar was of regular occurrence. Infestation by
the tingid bug was wide spread but of mild nature.

Bud weevil (Ochyromera artocarpi) heavily feed on young and tender jack fruits. Rodents like 3 banded common squirrel,
Malabar giant squirrel,and birds have a special preference for ripening fruits. The combined attacks of these pests cause
appreciable yield loss.

Fixed plot surveys
Gregarious infestation of Leaf beetle (Olenocamptus bilobus) coincides with the profuse flushing especially during the
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monsoon period. This was closely followed by infestation of Leaf caterpillar (Margaronia bivitralis). Isolated incidences of
Breadfruit mealy bug (/cerya aegyptica) and jack aphid (Greenidia artocarpii) were also recorded. Incidence of defoliators
like Oberea artocarpi, Epepeotes uncinatus were recorded from October, 2016- September, 2017, with a break in peak
summer. Attack of stem borer, Batocera rufomaculatawas noticed on trees during monsoon and post monsoon period
(July-September). Attacks of long horned grasshoppers (katydids) were high. Gregarious chrysomelid beetles of orange
colour were found severely attacking the leaves during the months of June and July, 2017. Acalolepta nivosa White, 1858
(Coleoptera: Cerambycidae) was recorded as a new pest of Jackfruit. Similarly Artocarpus heterophyllus and Artocarpus
altilis were recorded as preferred hosts of Epepeotes uncinatus. Epepeotes uncinatus is emerging as a noticeable pest jack
fruit in the fixed plot survey, whereas the Long horned beetle complex consisting of Olenocamptus bilobus, Oberea
artocarpi, Epepeotes uncinatus, Glenea multiguttata and stem borer, Batocera rufomaculataare causing appreciable loss to
jackfruit both as defoliators in the adult stage and trunk borers in the grub stages.

Concluded PG Projects

1. Characterization of Kuttiattoor mango (Mangifera indica L.) cultivar of Kannur district, Kerala

The investigation on ‘Characterization of Kuttiattoor mango (Mangifera indica L.) cultivar of Kannur district, Kerala’ was
undertaken to characterize Kuttiattoor mango cultivar grown in Kuttiattoor Panchayath and the nearby Grama Panchayaths
viz., Kolachhery, Mayyil, Koodali, Munderi and Malappattam and to characterize the similar mango cultivar of the area.
Preliminary survey revealed that Kunjimangalam mango cultivar found in Kunjimangalam Grama Panchayath was a
similar cultivar to the Kuttiattoor cultivar.

Kuttiattoor cultivar was noted to have an attractive semi-circular crown shape. Generally, all the trees were tall and
found to have spreading type of tree growth habit. Tree height ranged from 13.50 m to 16.10 m with an overall mean of
14.82 m. Trunk circumference ranged from 129.00 cm to 164.20 cm with an overall mean of 144.22 cm. The crown
diameter ranged from 10.90 m to 15.90 with an overall mean of 13.12 m.The tree characters did not vary significantly in
trees across the Panchayaths.

Kuttiattoor cultivar showed medium intensity of anthocyanin colouration in young leaves. Colour of young leaves were
light green with brownish tinge. Mature leaves were dark green in colour without leaf blade twisting. Leaf base was
obtuse and leaf tip was acuminate. The petiole attitude in relation to shoot was perpendicular. Leaf characters except
petiole length did not show significant variation in tree from Panchayath to Panchayath including Kunjimangalam.

Broad elliptic shape in cross section, green colour of skin,medium colour contrast between lenticels and skin, absence of
roughness of surface, medium depth of stalk cavity, rounded outward shape of dorsal shoulder, rounded upward type of
ventral shoulder, absence of neck, absence of bulging on ventral shoulder, absence of sinus and absence of bulging of
proximal stylar scar where the typical qualitative mature fruit characters. The qualitative characters did not vary across
the Panchayaths including Kunjimangalam. Fruit length ranged from 8.78 cm to 9.18 ¢cm and the fruit width ranged from
8.11 cm to 8.30 cm. Ratio obtained by dividing the fruit length by fruit width ranged from 1.07 to 1.10 with an overall
mean of 1.08. The size of lenticels ranged from 134.78 im to 137.28 im with an overall mean of 136.20 im. Diameter of
stalk attachment recorded an overall mean of 4.46 mm. Density of lenticels and diameter of stalk attachment of fruits
varied slightly across the Panchayaths.

The other fruit quantitative characters did not vary significantly across the Panchayaths. Yellow-orange colour of skin,
medium orange colour of flesh, absence of skin speckling were the characters shown by ripe fruits. The characters viz.
adherence of skin to flesh, firmness of flesh, juiciness, texture of flesh,amount of fibre attached to stone and amount of
fibre attached to skin were recorded as ‘medium’in fruits from all Panchayaths including Kunjimangalam. The thickness
of skin ranged from 1.02 mm to 1.09 mm with an overall mean of 1.06 mm.

Relief of stone surface was ridged and the seed shape was reniform. The cultivar was highly polyembryonic. 89.66 per
cent of the nuts exhibited polyembryony whereas 10.34 per cent exhibited monoembryony.

Biochemical characterization revealed that TSS ranged from 12.62° Brix to 15.4° Brix with an overall mean of 14.45°Brix.
TSS was very similar to that obtained for Muvandan in earlier studies. Titrable acidity ranged from 0.14 percent to 0.21
per cent with an overall mean of 0.18 per cent and carotenoids ranged from 4.48 mg/100g to 7.66 mg/100g with an
overall mean of 6.47 mg/100g. Ascorbic acid ranged from 37.65 mg/to 50.98 mg/100g and the crude fibre ranged from
2.56 per cent to 5.05 per cent. TSS and crude fibre showed slight variation in mangoes across the Panchayaths.
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Cluster analysis grouped 55 trees into two clusters. It was observed that trees from same Panchayath were distributed to
both the clusters. Majority of trees from Kunjimangalam were distributed in Cluster I, which had most of the trees of
Kuttiattoor, indicating that, the trees identified from Kunjimangalam had close similarity to the trees from Kuttiattoor and
nearby Panchayaths.

2. Precision farming in banana (Musa AAB Nendran) for productivity enhancement

The project was conducted with the objective of assessing the influence of land management practices and lime application
on growth and yield of banana, to standardize the fertigation schedule for yield improvement, to work out the economics
and to study the nutrient dynamics under soil and fertigation systems of nutrient application
The project was conducted as two different experiments.

a. Soil management and fertigation studies in banana

b. Nutrient dynamic studies in banana
Precision management practice improved growth attributes (LAl and total dry matter production) and yield attributes like
number of fingers in D hand and number of fingers per bunch. Quality attributes like TSS and total sugars were also
improved by the treatment. Basal application of lime significantly improved the second year yield and pooled yield. It also
resulted in higher LAl Fertigation of 60%RD of N and K significantly improved yield. Pooled yield was higher with
fertigation of 100% and 140%RD of N and K (28.68t/ha and 27.63t /ha respectively)

All treatment combinations resulted in improved growth and yield over control. Precision land management and basal
application of lime with fertigation of 60,100 or 140% RD of N and K recorded higher yield. Fertigation treatments and
adhoc recommendation resulted in yield improvement by 30.83% and 21.61% respectively.

Application of entire quantity of lime as basal enhanced water use efficiency. Drip irrigation enhanced water use efficiency
and water productivity over basin irrigation. Compared to soil application of 100% RD of N and K, fertigation with the
same nutrient level resulted in higher nutrient use efficiency and agronomic efficiency.

Precision land management with basal application of lime and fertigation with 60% RD of N and K recorded higher B:C
ratio (3.75).

An increasing trend n NO3 =N content in soil was observed from initial stage to harvest stage of the crop.An increasing
trend in OCand p contents was also observed in the soil. In general build up of Ca and Mg in the soil was noticed after two
years.

The results of the study revealed that precision land management practice (deep ploughing to a depth of 50 cm, raised
beds to a height of 30cm, taking pits and planting) along with basal application of FYM, P (based on soil status) and lime
(based on soil pH) and fertigation of 60% RD of N and K is the best management practice to increase the yield and
profitability in banana. Fertigation can be given at weekly intervals starting from first month of planting. Soil nutrient
dynamics was found to be influenced by rainfall pattern , growth stage of crop and nutrient interactions. Fertigation
improved nutrient availability over soil application.

3. Performance evaluation of ecotypes of banana (Musa AAB Plantain subgroup)

The study revealed that considerable variability existed between different ecotypes of banana. The ecotypes varied
significantly with respect to all the clonal characters studied, except the number of ridges. Ecotype Mettupalayam
Nendran had high yield but it had long duration. It was followed by Myndoli and Big Ebanga. Perumatti Nendran had the
shortest crop duration, followed by Kaliethan. Zanzibar and Big Ebanga were superior in terms of finger characteristics.
Based on organoleptic parameters, Changalikodan was found to be the best followed by Big Ebanga. Characters like
number of fingers and bunch weight with high heritability coupled with high genetic gain can be used for selection. The
genotypes having high yield like Mettupalayam Nendran,Myndoli etc can be used in further crop improvement programmes
to develop high yielding nendran varieties.

Strawberry

4. Evaluation of promising strawberry (Fragaria x ananassa Duch.) varieties for Wayanad

Performance of five strawberry varieties viz., Crystal, Winter Dawn, Sweet Charlie, Sabrina and Eliyana were evaluated
under open and polyhouse conditions at Regional Agricultural Research Station, Ambalavayal, Wayanad. Maximum plant
height (32.31 cm), number of leaves (26.20) and plant spread (31.41 cm) were recorded in variety Winter Dawn followed
by Sweet Charlie under both growing systems. Number of flowers (16.24) and number of clusters per plant (10.13) was
significantly higher in variety Winter Dawn followed by Sweet Charlie. Minimum days to first flowering were observed in
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the variety Crystal (45.21). Maximum number of fruits (12.04), yield (139.51 g) and earlier harvest of the fruits (63.40
days) were observed in variety Winter Dawn under both growing systems. Biochemical characters viz., highest TSS (11.54
% B), lowest acidity (0.65 %), TSS/acidity ratio (11.3) and total sugars (6.70 %) and overall sensory score were highest in the
variety Sweet Charlie followed by Winter Dawn. However, the variety Winter Dawn had better appearance and flavour.
Among five varieties evaluated under two growing systems viz., open condition and polyhouse, Winter Dawn and Sweet
Charlie were found to be better in yield and quality. Therefore, these varieties can be recommended for commercial
cultivation in agroclimatic conditions of Wayanad, Kerala.

5. Nutrient management in Strawberry (Fragaria x ananassa Duch.)

Performance of strawberry variety Winter Dawn was evaluated at Regional Agricultural Research Station, Ambalavayal
under nine treatments and a control in the open field viz., FYM 10 t ha-1 + NPK 50:20:50 kg ha-1 (T1); FYM 10 t ha-1 +
NPK 75:30:75 kg ha-1 (T2 ); FYM 10 t ha-1 + NPK 100:40:100 kg ha-1 (T3); FYM 20 t ha-1 + NPK 50:30:100 kg ha-1 (T4);
FYM 20 t ha-1 + NPK 75:40:50 kg ha-1 (T5); FYM 20 t ha-1 + NPK 100:20:75 kg ha-1 (T6); FYM 30 t ha-1 + NPK 50:40:75
kg ha-1 (T7); FYM 30 t ha-1 + NPK 75:20:100 kg ha-1 (T8); FYM 30 t ha-1 + NPK 100:30:50 kg ha-1 (T9) and an absolute
control (T10), without any nutrient application. Among the different nutrient combinations evaluated, T7 (FYM 30 t ha-1
+ NPK 50:40:75 kg ha-1) with a BC ratio of 3.06 can be recommended for further optimization and refinement.

Ongoing PG Projects

Ph.D. Projects

College of Horticulture, Vellanikkara

1. Evaluation of hybrids and clonal variants in pineapple (Ananas comosus L.)

2. Production technology and crop improvement of passion fruit (Pssiflora edulis Sims.)

3. Response of banana Musa (AAB) ‘Nendran’to nutrient sources

4. Production dynamics of strawberry (Fragaria x ananassa Duch.) in Kerala

College of Agriculture, Vellayani

1. Fertigation studies in papaya

2. Evaluation of propagation techniques and root stock studies of mango (Mangifera indica)

3. Ecophysiology and screening for climate change resilience in mango (Mangifera indica) genotypes

M.Sc. projects

College of Horticulture, Vellanikkara

1. Morpho-physiological characterization of avocado (Persea americana Mill.)

2. Effect of crop regulation on yield and quality of mango (Mangifera indica L.) under high density planting system in
Kerala

3. Nutrient management for pineapple (Ananas comosus L.) cv. Amritha

4. Standardization of growth promoters for mangosteen (Garcinia mangostana L.)

College of Agriculture, Padannakkad

1. Evaluation of promising accessions of papaya for cultivation in northern zone of Kerala

2. Standardisation of patch budding in jack frit (Artocarpus heterophyllus Lam)

3.In vitro nitrogen sources and acclimatisation studies in TC banana cv. Nendran

College of Agriculture, Vellayani

1. Nutrient standardization in Banana( Musa AAB. Popoulu)

2. Effect of pre harvest treatment on fruit drop and fruit quality of Rambutan( Nephelium lappaceum L.)
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Concluded Projects

1. Evaluation of stable and high yielding black gram cultures

In this plan project conducted at CoH, Vellanikkara, the cultures, 4.6.1,4.5.1,4.5.6,4.5.8 and 4.5.18 were evaluated along
with Syama and TNAU 1. Flowering duration of the cultures were between 43 to 58 days while the varieties flowered in
40 to 53 days. Plant height of the cultures ranged between 60 to 139 cm while the check varieties were having height
ranging from 45 to 59 cm. Yield per plot(20 m?) ranged between 0.844 kg to 4.44 kg in cultures while the yield of check
varieties ranged between 0.78 kg to 1.02 kg/plot.

2. Farm development to strengthen research and production of planting materials in cereals, tuber and fodder crops
The project was intended to strengthen farm infrastructure for the production of planting materials in the department of
Agronomy, especially cereal crops, tuber crops and fodder crops. Under this programme, construction of a threshing floor
was done and wild boar proof fencing (70.5 m) was undertaken.

3. Impact of Magnesium and Boron on nutrient uptake, quality and yield of Hybrid Napier.

Application of 80kg MgSO, along with RDF (200:50:50kg NPK and 25t/ha of FYM) to bajra napier hybrid is recommended
for higher fodder yield and better quality fodder. The technology resulted in production of upto 2100 q green fodder with
higher crude protein content and net returns of upto Rs. 94,000, B:C ratio of 2.35.

4. Studies on the effect of additives on silage quality of different grasses

Both BN hybrid and guinea grass were found to be equally suitable and remunerative for silage preparation. Addition of
tapioca flour@1% on the fresh weight basis is recommended for quality organic silage preparation from cultivated
perennial grasses.

5. Initial Varietal Trial in fodder Rice bean
Among seven varieties, IVTRB-3 and IVTRB-6 recorded highest green fodder yield (167g/ha).

6.Advanced Varietal Trial in fodder Rice bean
Among five varieties, AVTRB-1 recorded highest green fodder yield of 117 g/ha.

7. Initial Varietal Trial in fodder Cowpea

Among 11 varieties, IVTC-6 and IVTC-10 recorded highest green fodder yield of 347 g/ha.
8.Advanced Varietal Trial-1 in fodder cowpea

Among six varieties, AVTC-3 recorded highest green fodder yield of 300 g/ha.

9. Advanced Varietal Trial-2 in fodder cowpea
Among eight varieties, AVTC-2 and AVT(-4 recorded highest green fodder yield of 150 g/ha.

10. Advanced Varietal Trial-2 (seed) in fodder cowpea
Among eight varieties, AVTC-2 recorded highest seed yield of 105 kg/ha.

11. Initial Varietal Trial in fodder Oats
Among eleven varieties, IVTO-SC-5 recorded highest green fodder yield of 244 g/ha.

12. Advanced Varietal Trial in fodder Oats
Among ten varieties, AVTO-SC-8 recorded highest green fodder yield of 381 g/ha.

Ongoing Projects

Pulses and Oil seeds

1. AINP on Arid Legumes (2017-18) - RARS, PATTAMBI

Breeding Trials:

a) Summer cow pea 2017

Fourteen entries of cow pea were sown on 7.03.2017 in RBD design with three replications with the spacing of 45x10cm.
The result showed that the cow pea entry CP-7 (GC 1203) recorded the maximum yield of 2774 kg/ha.

b) IVT on Cowpea 2017-18

Fourteen entries of cow pea were sown on 11.01.2018 in RBD design with three replications with the spacing of 45x10cm.
The result showed that the cow pea entry CP-9 recorded the maximum yield of 1019 kg/ha.
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¢) Summer cow pea 2018
Seventeen entries of cow pea were sown during summer 2018 in RBD design with three replications with the spacing of
45 X 10cm. The result showed that the cow pea entry CST-7 recorded the maximum yield of 792 kg/ha.

d) IVT on Horse gram 2017-18
Ten entries were sown on 11.01.2018 in RBD design with three replications with the spacing of 45x10cm. The result
showed that the entry HG-3 recorded the maximum yield of 1264 kg/ha.

e) Summer green gram 2017 & 2018

Four varieties of green gram were sown on 24.01.2018 in RBD design with five replications with the spacing of 30 x
15cm. The result showed that the variety LGG 460 recorded the maximum yield of 1571.71 kg/ha. The mean yield data
over 2017 and 2018 also showed that the variety LGG 460 recorded maximum yield of 2074.76 kg/ha.

f) Summer black gram 2016, 2017 & 2018

Six varieties were sown on 24.01.2018 in RBD design with four replications with the spacing of 30 x 15cm. The result
showed that the variety Vamban 6 recorded the maximum yield of 1116 kg/ha. The mean yield data over 2016,2017 and
2018 showed that the Vamban 6 recorded maximum yield of 1283.04 kg/ha.

g) Breeding programme in cow pea carried out during 2017
Thirty one successful crosses were obtained in the cow pea breeding programme during the year 2017 and the F1
generation seeds were harvested for raising the F2 generation. The details of the successful crosses are given below:

PL-4 X Kanakamony Kanakamony X PL-1 Kanakamony X RC101 KBC 8 XKBC9
RC101 X KBC7 DCS47-1 X PL-4 PL-1 X DC-15 PL-3 X Kanakamony
PL-4 X RC 101 PL-4 X KBC7 GC-3XRC 101 PL-1 X PL-5

DC-15 X RC101 PL-3XKBC9 Krishnamony X Kanakamony KBC 8 X PL-4

PL-2 X Kanakamony Kanakamony X PL-4 DCS 47-1 XRC 101 PL-1 X Kanakamony
PL-4 X PL-3 PL-2 X PL-4 DC-15 X Kanakamony PL-4 X KBC9

KBC9 X PL-4 PL-4 X PL-1 PL-1 X PL-3 RC101 X PL-1
Kanakamony X PL-3 RC101XKanakamony PL-2 XRC101

h) Farm trials on cow pea entries PGCP-23, KBC-4 and PTBCP-4

Farm trial on cow pea promising new entries viz.,PGCP-23,KBC-4 and PTBCP-4 were laid out in RBD with five replications
along with the local check Kanakamony at different locations of Palakkad, Thrissur and Malappuram districts. The trials
at various locations were harvested and the results showed that PGCP-23,KBC-4 and PTBCP-4 recorded more yield than
the local check Kanakamony.

i) Farm trial proposal on new cow pea entries KBC-7, KBC-8 and KBC-9

Pooled data over three seasons (2014-IVT, 2015- AVT-1 and 2016-AVT-2) showed that the new cowpea entries viz., KBC-
9, KBC-8 and KBC-7 recorded yield of 1361, 1343 and 1230 kg/ha respectively whereas the local check Kanakamony
(PTB-1) recorded 808 kg/ha. KBC-9, KBC-8 and KBC-7 are having the yield advantage of 68.35,66.17 and 52.15 per cent
respectively over the local check Kanakamony (PTB-1).

Plant Protection Trials:

a. Farm trial on Management of seed mycoflora of cowpea

Farm trial on management of seed mycoflora of cowpea with the treatments viz.,Carbendazim 12% + Mancozeb 63% WP
@ 2g/kg of seed (T1),Carbendazim @ 2g/kg of seed (T2), Mancozeb @ 3g/kg of seed(T3) and control (T4) were laid out
in RBD with five replications at different locations of Palakkad, Thrissur and Malappuram districts. The trials at various
locations were harvested and the results showed that seed treatment with Carbendazim 12% + Mancozeb 63% WP @ 2g/
kg of seed (T1) recorded good germination and reduction in dry root rot incidence and significantly more yield over the
other treatments.

b. Farm trial on Efficacy of different Rhizobium cultures on Cowpea

Farm trial on efficacy of different Rhizobium cultures on cowpea with the Rhizobium cultures viz.,RCW 33 b @ 10 g/kg of
seed (T1),RCW 33 ¢ @ 10 g/kg of seed(T2), KAU released culture (check) @ 10 g/kg of seed (T3) and control (T4) were laid
out in RBD with five replications at different locations of Palakkad, Thrissur and Malappuram districts. The trials at
various locations were harvested and the results showed that seed treatment with RCW 33 b @ 10 g/kg of seed (T1) and
RCW 33 ¢ @ 10 g/kg of seed(T2) recoded more yield over the other treatments.
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c. Farm trial on Management of cowpea aphid

Farm trial on management of cowpea aphid with the treatments viz., Dinotefuran @ 0.4g/litre (T1), Ethiprole + Imidacloprid
@ 0.3g/litre (T2), Azadirachtin 1000 ppm @ 2.5ml/litre (T3) and control (T4) were laid out in RBD with five replications
at different locations of Palakkad, Thrissur and Malappuram districts. The trials at various locations were harvested and
the results showed that Dinotefuran @ 0.4g/litre (T1), Ethiprole + Imidacloprid @ 0.3g/litre (T2) and Azadirachtin 1000
ppm @ 2.5ml/litre could manage the aphid effectively.

Evaluation of native Rhizobium cultures on cow pea

Eight native Rhizobium cultures were evaluated along with the Rhizobium culture released from COA Vellayani as checkin
RBD with three replications during rabi 2017 - The result showed that the Rhizobium culture from COA Vellayani (RH2)
recorded the maximum yield of 493.95 kg/ha.

a. Evaluation IVT cow pea entries for diseases
Eighteen cow pea entries evaluated for diseases in the CRD with three replications during kharif 2017 showed that three
entries viz., CP-1, CP-3 and CP-4 were free from anthracnose disease where as CP-9 recorded resistant reaction.

b. Evaluation of IVT horse gram entries for diseases

Thirteen horse gram entries evaluated for diseases in the CRD with three replications during kharif 2017 showed that the
entry, HG-14 showed resistant reaction to YMV where as HG-1, HG-8 and HG-11 showed moderately resistant reaction to
YMV.

¢. Evaluation IVT cow pea entries for pests

Eighteen cow pea entries were evaluated for pests in the CRD with three replications during kharif 2017 showed that
three entries viz.,CP-13,CP-15 and CP-16 recorded nil incidence of aphid and it was followed by CP-9 with the incidence
of five numbers of aphid/leaf.

d. Evaluation of IVT horse gram entries for pests

Thirteen horse gram entries evaluated for pests in the CRD with three replications during Kharif 2017 showed that the
entries viz.,HG-1, HG-2, HG-5, HG-10, HG-13 and HG-14 recorded minor incidence of leaf folder and the rest showed nil
incidence.

e. Evaluation of IVT guar entries for pests and diseases
Fourteen entries of guar evaluated for pests and diseases in the CRD with three replications during kharif 2017 showed
that all the entries were free from pests and diseases.

f. Evaluation of moth bean entries for pests and diseases
Nine entries of moth bean evaluated for pests and diseases in the CRD with three replications during kharif 2017 showed
that all the entries were free from pests and diseases.

g. Survey of pests and diseases of cow pea
Survey conducted in frontline demonstration fields of PGCP-23 during rabi 2017-18 (promising cow pea entry) in Palakkad,
Malappuram and Thrissur districts showed that there was no incidence of pests and diseases.

2. Genetic improvement of local sesame variety “Ayali”(Sesamum indicum) suite to the drought conditions of Onattukara

Result of comparative yield trials with ASS-7,ASS-10 and ASS-11revealed the superiority of ASS-11 interms of yield. The
same was presented in the ZREAC meeting of problem areas conducted at RARS, Kumarakom and the same was approved
and ASS-11 was recommended for farm trial. Seeds of ASS-11 was distributed to five farmers in Muthukulam and
Bharanikkavu panchayats. The crop is raised in the field along with the check varieties Thilak and local variety and the
culture is performing well.

3. Evolution of high yielding variety of cowpea (Vigna unguiculata) with synchronized maturity suited to the summer
rice fallows of Onattukara

Breeder seed production of two released varieties sreya and hridya was undertaken.

Germplasm consisting of 11 accessions were raised in the field during summer season for characterisation and evaluation.
Evaluation and selection of the segregants will be carried out during the Rabi season of 2018.
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4. Intensive production through Agase based cropping system under protective irrigation

5. Studies on carbon sequestration in perennial grass based cropping system.

6. Studies on performance of Top feeds under varied planting geometry with and without inter crop
7.VTBN-2015 Varietal Trial in Bajra Napier Hybrid (Perennial)

8.VTD-2016-Varietal Trial in Desmanthes (Perennial)

PG Projects

Concluded Projects

1. Magnesium nutrition in hybrid napier

The study was conducted at the College of Agriculture, Vellayani, Thiruvananthapuram during the period from May 2016
to April 2017 to assess the influence of magnesium on the growth, yield and quality of hybrid napier. The growing
conditions and magnesium application significantly influenced the number of tillers, total green fodder yield and total
dry fodder yield. In general, tiller number, green fodder yield and dry fodder yield were significantly higher in open
condition compared to coconut garden in all the harvests and the percentage increase in total green fodder yield and
total dry fodder yield in open with respect to coconut garden was 44.16 per cent and 47.42 per cent respectively.
Application of MgSO, @ 80 kg ha™* produced the highest number of tillers, total green fodder yield and total dry fodder
yield and the increase in green fodder yield and dry fodder yield was 13.18 per cent 18.74 per cent over control treatment.
Among the interactions, s, m, (open condition with 80 kg MgSO,ha™) produced the highest tiller number (Table 2), total
green fodder yield (257.95 t ha) (Table 4) and dry fodder yield ( 75.29 t ha!) . Under coconut garden, application of 100
kg MgSO, ha" registered the highest tiller number, total green fodder yield ( 152.27 t ha™) and dry fodder yield (43.07 t
ha).

Growing co

nditions and magnesium application significantly influenced the quality parameters viz. crude protein content and crude
fibre content. The quality attributes of fodder grown in coconut garden were more than that under open; high crude
protein content (9.82 %) and lower crude fibre content (36.83%) was observed in coconut garden (Fig 3).

The crude protein content of hybrid napier increased with increase in level of magnesium. The treatment M, (100 kg
MgSO, ha™) recorded the highest crude protein content (9.33 %) and it was on par with M, (120 kg MgSO, ha™) and M,
(80 kg MgSO, ha™).

The crude fibre content of hybrid napier reduced with increase in level of magnesium and the lowest crude fibre content
(35.46%) was obtained in M, (120 kg MgSO, ha™*) which was on par with M, (100 kg MgSO, ha™) and M, (80 kg MgSO,
ha™.

From the results of the study, it can be concluded that higher yield of hybrid napier is obtained in the open condition with
a Mg dose of 80 kg MgSO, ha™ in addition to the POP recommendations of KAU (25 t ha* FYM and 200:50:50 kg ha™* NPK).
In coconut garden, the productivity can be enhanced by applying 100 kg MgSO, ha™ along with the POP recommendations
of KAU.

2. Induced mutagenesis for delayed flowering and high tillering in guinea grass

(Panicum maximum Jacq.)

Experiment was conducted to develop high yielding guinea grass types with delayed flowering and high tillering through
induced mutagenesis.

Two non flowering types PGG 208 (60 Gy) and MS-4600 (60Gy) were identified which had delayed flowering, more plant
height, no of tillers/hill, green fodder yield and dry fodder yield.

3.Tillage and water saving techniques for black gram in rice fallows

The study was conducted during the year 2016-2017 at Agricultural Research Station, Mannuthy. The experiment was
aimed to study the effect of reduced tillage practices on growth, yield, uptake of nutrients as well as the economics of
production of black gram in rice fallows and to test the feasibility of mulch cum drip irrigation practices under conservation
tillage in rice fallows. The results revealed that the mulched plots under conventional tillage had the tallest plants. The
conventional tillage with mulching also recorded higher number of branches at different growth phases of black gram
and it was on par with the treatment of reduced tillage with mulching. Drip irrigation at 80% EP recorded the highest
plant height and number of branches per plant at all stages of growth. The leaf area index of the treatment conventional
tillage with mulching was significantly superior to all other tillage treatments. Drip irrigation at 40% EP showed the
largest LAl and the life saving irrigation showed the lowest. The conventional tillage with mulching achieved maximum
biomass and dry matter production and lowest from reduced tillage without mulching. Tillage or mulching failed to
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produce significant effect on early flowering. Maximum number of pods per plant and seeds per pod were produced by
the plants in the mulched plots with conventional tillage. Significantly longer pods were observed in plots of reduced
tillage with mulching which was on par with conventional tillage with mulching. Plots with drip irrigation at 80% EP
recorded maximum number of pods per plant, seeds per pod and pod length. Mulched plots with conventional tillage had
the highest yield followed by mulched plots with reduced tillage. Among the drip irrigation levels, highest yield was
recorded from plots with drip irrigation at 80% EP. The maximum soil moisture content was recorded under reduced
tillage without mulching at 5,10 and 15 cm depth during the growth phase of the crop The soil moisture content at 15,30
and 60 DAS recorded maximum from the treatment drip irrigation at 80% EP and at 45 DAS it was from life saving
irrigation.Among the tillage treatments highest water use efficiency was exhibited by conventional tillage with mulching
and from drip irrigation levels highest water use efficiency was exhibited by drip irrigation at 80% EP. Reduced tillage
without mulching recorded highest water holding capacity. While lowest bulk density was observed in the treatment of
conventional tillage without mulch. The available nitrogen, phosphorus, potassium and organic carbon contents of soil
was highest from reduced tillage without mulching. The uptake of nitrogen, phosphorus and potassium were comparable
from the mulched plots under conventional tillage and reduced tillage. Among the drip irrigation levels, drip irrigation at
80% EP recorded the highest uptake of N, P and K. Though the cost of production was lowest for reduced tillage without
mulching, it resulted in significantly lower yields and hence a lower B:Cratio. Conventional tillage with mulching and drip
irrigation at 80% EP had the highest net returns resulting in higher B:C ratio.

Conventional tillage with mulching and drip irrigation at 80% EP was found to be better option in terms of yield and net
returns in black gram for cultivation in summer rice fallows. The effect of reduced tillage can be considered on a long
term perspective in the context of soil health and moisture conservation.

4. Evaluation of cowpea[Vigna unguiculata (L.) Walp.] genotypes for yield and resistance to pulse beetle [Callosobruchus
spp.]

In no choice confinement test under experiment-|, seeds of all the thirty genotypes of cowpea with three replications
were used to evaluate the resistance of these genotypes to pulse beetle. Even though none of the genotypes were
completely resistant to pulse beetle attack, there were significant differences among the genotypes in terms of oviposition,
percentage seed damage and percentage seed weight loss. The genotype T, (Kayamkulam local-1) had the least egg load
while, more eggs were laid on seeds of T, (Sreya) and T, (Ambalappuzha local). The lowest percentage seed damage and
percentage seed weight loss were observed for the genotype T, (Dhavengarae local) whereas, the highest percentage
seed damage and the highest percentage seed weight loss were recorded for T , (Hridya) and T,, (Bijapur local) respectively.

In the experiment-11,seed morphological and biochemical factors associated with resistance to pulse beetle were studied
in five relatively resistant genotypes viz,, T, (Kulashekarapuram local), T, (Dhavengarae Local), T, (Nenmara local), T,,
(Alathur Local) and T, (Clappana local) and five relatively susceptible ones viz, T , (Belagum local), T,, (Hridya), T,
(Kanakamani), T,, (Bijapur local) and T, (Sreya) which were identified through experiment-I. It was found that the total
phenol content was having significant negative correlation with percentage seed weight loss. However, seed coat texture,
seed coat colour and protein content in the seeds were found to have no influence on resistance to pulse beetle. The
percentage seed weight loss and percentage seed damage were found to be increased with increase in moisture content
of the seed, while germination percentage was found to be decreased with increase percentage seed weight loss and

percentage seed damage.

An index score was worked out to find out the genotypes with good yield and relative resistance to pulse beetle. It was
observed that the genotype T, (Dhavengarae local) had the highest index score followed by T,, (Alathur local), T , (Clappana
local), T, (Kulashekarapuram local) and T, (Nenmara local).

The present study revealed that the genotype T, (Dhavengarae local) was found to be a good yielder with relative
resistance to pulse beetle followed by the genotype T,, (Alathur local). Hence these genotypes can be recommended for
future resistance breeding programmes.

5.Pedigree breeding in early segregating generations of cowpea (Vigna unguiculata (L.) walp)

Experiment 1:

The experimental material consisted of three parents (Anaswara, PKB 3 and PKB 4) and F, population of cross H 10
(Anaswara x PKB 3) and cross H 11 (Anaswara x PKB 4). Two hundred seeds of each F, population,along with their parents
were sown in the experimental field. The segregating generations showed high mean performance over parents for all
the characters studied, except for number of branches per plant and protein content, irrespective of crosses and generations.
In general, the segregating populations showed high variance for almost all characters studied. This shows high level of
variability in the segregating generation. Comparing, the F,and F, generation, the variability was high in F, generation
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and gradually, decreased in F, generation. Based on the genetic parameter estimation, a selection criteria had framed to
select best lines to forward to F,. By this, eight lines from H 10 family and fifteen lines from H 11 family were selected
and forwarded to F, generation.

Experiment Il:
The experimental material consisted of F, population along with its three parents (Anaswara, PKB 3 and PKB 4).

Selection of lines to be advanced to next generation
1. Pedigree selection from segregating F, generation
Based on the genetic parameters estimated, a selection criteria was framed as follows
No. of pods per plant : > 45
Grainyield/plant :>145g
Protein content 1> 28 per cent
Totally, 8 lines from H 10 family and 15 lines from H 11 family were selected and forwarded to F, generation

2. Pedigree selection from segregating F, generation

After evaluation of F, progenies, a selection criteria was framed based on their genetic performance as follows
Grain yield/ plant : > 160 g
Protein content  :> 25 per cent

Ongoing Projects

Genetic analysis of yield and quality in fodder cowpea (Vigna unguiculata L. Walp)

Intercropping fodder legumes in palisade grass (Brachiaria brizantha (Hochst) Ex.A. Rich) Stapf.)
Standardisation of spacing and nutrient levels for fodder rice bean ( Vigna umbellate (Thunb.)

Nutrient optimization for grain cowpea in high phosphorus soils

Genotype x Environment interaction in Hedge Lucerne (Desmanthes virgatus (L) Wild.) for yield and quality
Performance of green gram (Vigna radiata (L.) Wilczek) cultivars under different tillage methods

Effect of hydrogel and mulching on maize in sandy soil

NownaswNp
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Concluded Projects
1. Additional support for landscaping
Dr.Geetha CK.,
Professor

geetha.ck@kau.in
ckgeetha2011@gmail.com

Maintained the lawn in the College of Horticulture and in front of the Headquarters by weeding, mowing, rolling, watering,
application of fertilizers and plant protection chemicals.The ornamental trees/ shrubs/ palms adjacent to building, entrance,
main junction, road sides were maintained by regular pruning, weeding etc. Areas along the central circle near to the
Administrative Block and college of Horticulture were maintained.Procured high value ornamental plants for use as
indoor plants.Landscaped the Central circle of the main campus with perennial shrubs and maintained
it.Interiorplantscaping were done in the blocks of College of Horticulture.Hedge and edge plants along the road were
pruned regularly.Extended the irrigation facilities.Maintained avenue trees by pruning.The lower branches of avenue
trees are to be regularly pruned to permit traffic. The over grown branches are also to be pruned to avoid hazard.Purchased
consumables like pots, media, PPchemicals, organic and inorganic fertilizers and other aids for the maintenance of plants
in the landscape.

2. Network project on seed and nursery programme-Planting material production
Dr. Sudhadevi PK
Professor

sudhadevi.pk@kau.in
p.k.sudhadevi@gmail.com

The funds were released in December 2016. This was utilized for the purchase of mother plants and consumables for
implementing large scale multiplication of high value ornamental plants by in vivomethods.Purchased mother plants of
high value ornamentals and foliage plants.Ornamental plants were purchased for large scale multiplication and also for
landscaping the premises.Mother plants of perennial and annual flowers were purchased and started multiplication of
the same.New varieties of fruit plants like pulasan (Nepheliummutabile),rambutan (Nepheliumlappaceum), sweetlime (Citrus
limetta),sweet ambazham(Spondiasmombin),hybrid chamba(Syzigiumjambos), durian(Duriozibethinus) and star
fruit(Averrhoacarambola) purchased during 2013-14 were established and started flowering and fruiting. Purchased
consumables like pots, media, PPchemicals, organic and inorganicfertilizers and other aids for the maintenance and
propagation of plants.Maintained and extended the available irrigation facilities.

3. Network project on seed and nursery programme- Planting material production
Dr. Sudhadevi PK
Professor

sudhadevi.pk@kau.in

During the period plants of Mosambi layers and Malasianthaichampa (in small poly bags and grow bags).Budding of
rambutan was not successful.Purchased consumables like pots, media, PPchemicals, organic and inorganic fertilizers and
other aids for the maintenance and propagation of plants. Maintained and extended the available irrigation facilities.

4. Strengthening production of quality planting materials and bio inputs in KAU
Dr. Sreelatha. U
Professor

sreelatha.u@kau.in

Introduced about 20 new types in ornamentals. Drip & fertigation facility in 800 sq. m area for seed production in
seasonal flowers. Produced planting material 2000 No.s and 1 Kg flower seeds.

5. Introduction, evaluation and large Scale Production of exotic cut flowers and foliage
Dr.Geetha CK.,
Professor
geetha.ck@kau.in
ckgeetha2011@gmail.com

Fifty fiveVanda varieties\hybrids grown in hanging baskets(basket vandas)were evaluated for commercial purposes and
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landscape use.V.Pathum Gold ,V.Lumpini Red x V.Taweewan and V.AnekNeostylisLou Sneary,RhynchoridesBangkok
Sunset,VascoBlue Bay Blue,VascoBlue Bay White,VascoBlue Bay Pink,AscdaSirichaiFragrance,VascostylisCrownfox Red
Gem,AscdaPeggy Foo x Rhyn. coelestisBlue,Ascda. Udomchai, AeridesquinqueVulneraRhy.Coelestis were were identified as
suitable for cut flowers. Among the evaluated types, V.Pachara Delight Pink and V.PrapawanandRhynchorides Bangkok
Sunset, Neostylis Lou Sneary, Vasco Blue Bay Blue and Vasco Blue Bay Pink are excellent pot plants.V.Pathum Gold,V.Lumpini
Red x V.Taweewan,V.Pachara Delight Pink,V.Apec Blue, V.Prapawan,V.UrbchitrxV.Bitz's Heartthrob and V. Thailand Beauty
were identified as suitable for cut flower production and as pot plants.Fragrance scoring was also done based on intensity
and diffusiveness,newness and beautifulness of fragrance. Fragrance was observed in 24 vandaceous orchids and fragrance
were categorized based on different notes such as floral, fruity, spicy, green, sweet and miscellaneous.Neostylis Lou
SnearyandVasco Blue Bay White can be recommended for fragrant garden and moon garden.

Developed the protocol for post-harvest handling of Heliconias.Forty one species/varieties of ornamental gingers belonging
to six different genera,namely, Alpinia, Costus, Etlingera, Zingiber, Curcuma and Tapeinochilos, were evaluated during the
period.Among the evaluated species, Etlingerasp, Costus sp.and Zingiber sp.are tall growing and found suitable as accent
plants for background planting, foundation planting, screening for privacy, corner planting and border planting.
Costuscurvibracteatus and C. osaehaving different colouredfoliage, can be planted in attractive combinations. Curcuma sp.
and Costus sp. were suitable for border planting. Inflorescences of Etlingera sp., Zingibersp., Alpiniapurpurata and Curcuma
sp.were ideal for use as cut flowers in bouquets and flower arrangements. None of the ornamental gingers was suitable
for use as loose flowers. Performance of foliage plant species,viz, Cordyline, Aglonema, and Philodendronfor use as cut
foliage was done.Twenty seven Philodendron varieties \ species were evaluated based on qualitative and quantitative
characters to assess the suitability for commercial exploitation. Their suitability for outdoor and indoor landscaping and
also for use as cut foliage was evaluated.Thirty two species\ varieties of Aglaonemawere evaluated for commercial
exploitation ie for use as cut foliage\ indoor or outdoor landscaping.All most all were attractive. Three types of Aglaonema
species\ varieties could be noticed based on petiole colour pink,green and white. Based on the qualitative and quantitative
characters, the suitability of Aglaonemavarieties / hybrids in floriculture\ landscaping were also evaluated.Twenty four
species/varieties of Cordyline/Dracaena were evaluated for their use as cut foliage/fillers. Almost all were attractive and
their visual scoring and vase studies were also done. Almost all of the species/varieties were having attractive multi
coloured leaves. The visual scoring revealed the superiority of Dracaenafragrans ‘Massangeana’among them, followed by
Cordylineterminalis ‘Rainbow’, Cordylineterminalis ‘Carnival, and Cordylineterminalis ‘Surprise’. Maximum vase life was for
Dracaenafragrans ‘Massangeana;, followed by Pleomelereflexa and Cordylineterminalis ‘Calcutta’ and Dracaenasanderiana.
All of them are very attractive and could be very well used as fillers in flower arrangements and bouquets.Maintained the
post quarantine shed and the existing demonstration units and other green houses in the project for keeping the exotic
plants.Exotic varieties of high value ornamentals like orchids (Vanda, Fragrant vandaceous orchids, Kagwara, Mokara,
Aranda, Renanthera, Oncidium, Phalaenopsis,) and Gerbera were evaluated.The vegetative and floral characters of the
trigeneric orchids viz.,Kagwara and Mokara, bigeneric orchidsvizAranda, monopodial orchids (Renanthera, Phalaenopsis)
and Oncidium were evaluated. Nine Gerbera varieties viz, Salvadore, Goliyath, Dana Ellen, Submarine, Jaffana, Balance,
Rosalin, Silvester and Intense are evaluated during the period in different containers (mud potand grow bags)and potting
media (sand,soil and cowdung(1:1:1 Jand cocopeat). The vegetative characters and floral characters of the varieties as
influenced by containers and media. On compairing growth and yield character performance of gerbera varieties grown
in cocopeat in mud pots was better as compared to ordinary potting mixture.Trainings were conducted to unemployed
youth and farmers on production technology of new ornamentals, production technology on loose flowers and production
technology of dry flowers

6. AICRP on Floriculture(EAP)
Dr.PK.Sudhadevi (upto 31% December,2017)
Professor
sudhadevi.pk@kau.in

p.k.sudhadevi@gmail.com
Dr.Sreelatha U (from 01/01/2018 continuing)

Professor

sreelatha.u@kau.in

6.1 Collection and evaluation of under - exploited ornamentals

Fifteen varieties of heliconiaviz; Heliconiastricta -Bucky, Heliconiabihai - Emerald Forest,Heliconiabihai -
Kamehameha,Heliconiabihai - Island Yellow, Heliconiapsittacorum — Halloween,Heliconiapsittacorum -Sassy
pink,Heliconiabihai X HeliconiaCaribaea - Hot Rio Nights,HeliconiabihaixHeliconiacaribaea- Yamakawa-
Chocolate,Heliconiarostrata, Heliconiachartacea - Sexy Pink, Heliconialongissima -Red wings, Heliconiaorthotrica - Oriole
Orange, Heliconiaorthotrica - Orange Marmalade,Heliconiaorthotricha - Macas pink, Heliconia imbricata x latispatha -José
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Abalowere evaluated for growth, flowering and post harvest characters as well as landscape and commercial uses.Variety
Red Wingswas superior in terms ofvegetativecharacterslikeplant height, spread,leaf length and breadth.Petiole length
was more in varieties Red Wings, Halloween, Island Yellow and less in varieties Sassy Pink and MaccasPink.Number of
suckers per clump was maximum in variety Oriole Orange. Flower behaviour was different (seasonal / free flowering)
among the varietiesJuly -November was observed to be the main flowering season in all the varieties.ree flowering was
observed in varieties Orange Marmalade, Bucky, Red Wings and Island Yellow.Pendent type of inflorescence was observed
in varieties Heliconiarostrata, Red Wings and Sexy Pink. Inflorescence was erect in all other varieties. Among erect type
spike length was maximum in varieties, Hot rio nights and Halloween(43.42 cm and 43.12 cm respectively) and minimum
in variety Sassy Pink(13.67 cm). Maximum length of flower stalk was observed in variety Sassy Pink (53.67).Among pendent
type, highest spike length and length of flower stalk were observed in variety Red Wings (71.97 cm and 38 cm).Maximum
number of bracts were observed in variety Red Wings (16) .With regard to postharvest characters,fresh weight of the
inflorescence was maximum in variety Halloween (137 gm).Vase life was maximum(9 days) in varieties Emarald Forest,
Jose Abalo, Kamehameha, Halloween, Island Yellow and Oriole Orange. Based on their performance identified heliconias
for various purposes.Flowers of varietiesEmarald Forest,Kamehameha, Halloween and Island Yellow can be recommended
as cut flower for export. Varieties Bucky, Oriole Orange,Orange Marmalade, Sassy Pink, Hot rio nights and Yamakawa
Chocolate have flowers suitable as cut flower for local markets.In landscapes, varietiesOriole Orange, Orange Marmalade
and Bucky can be recommended as pot plants, for corner planting etc.and Halloween, Red wings, Hot rio nights, Kamehameha
and Emarald Forest for screening purpose in gardens.

6.2. Collection and evaluation of fillers

The objective of the study was to evaluate the performance of fillers and to identify those that can be recommended for
commercial cultivation in the region. Eleven species of ferns belonging to different genera viz; Adiantumtenerum,
Aspleniumnidus, Aspleniumlongissimum, Aspleniumscolopendrium, Diaplaziumacrostichoides, Nephrolepisbiserrata ‘Furcans,
Nephrolepisexaltata ‘Chidisii’Nephrolepisexaltata Botoniensis Compacta, Nephrolepiscordifolia, Nephrolepisbiserrata -
Miniataand Pterisensiformis were evaluated for based on their growth pattern and other attributes for various landscape
and commercial uses during 2016-17Vegetative characters likeplant height and spread was more in Aspleniumnidus and
maximum number of leaves were observed in Adiantumtenerum.Based on growth pattern they were classified into tall,
medium and dwarf .All species evaluated were found to be suitable as pot plants.Nephrolepisbiserrata-
Miniata,Nephrolepisbiserrata ‘Furcans’, Nephrolepiscordifolia, Aspleniumnidusand Diaplaziumacrostichoidescan be
recommended as indoor plants.Nephrolepisbiserrata-Miniata, Nephrolepisbiserrata ‘Furcans’ and Nephrolepiscordifoliacan
be used as border plants in landscapes.NephrolepisexaltataBotoniensisCompacta, Aspleniumlongissimum, Pterisensiformiswere
observed to be attractive in hanging baskets.Nephrolepisbiserrata-Miniata,Nephrolepisexaltata ‘Chidisii’,
NephrolepisexaltataBotoniensisCompacta and Diaplaziumacrostichoidesare suitable for bouquet and making in flower
arrangements

6.3. Effect of organic supplements on growth and flowering of Orchids

The objective of the experiment was to study the influence of different organic manures on growth, flowering and post
harvest characters of orchid. Experiment was laid out and treatments were applied. The experiment consisted of seven
different treatment combinations of organic manures with three replications in CRD. Dendrobium variety Burana Jade was
used for the study. There was no significant effect for any of the treatments with respect to vegetative as well as floral
characters.

6.4. Effect of biofertilizers on growth and flowering of Orchids

The study aimed to evaluate the effect of bio fertilizers on growth and flowering of orchids. The experiment consisted of
nine different treatments with three replications in CRD. Dendrobium variety Ms. Singapore was used for the study. No
significantvariation in vegetative parameters could be observed among the treatments. However, a treatment combination
of Vermicompost 500 g+ Azospirillum 2g/pot + AMF 2g/pot (T ) was found to be the best for increasing spike length and
number of flowers in the spike .

6.5. Effect of micronutrients on growth and flowering of Orchids

The experiment was aimed to study the effect of different micronutrients on growth and flowering of orchids. The experiment
consisted of thirteen different treatments of micronutrients in various concentrations Dendrobium variety Ms. Singapore
was used for the study.There was no significant variation in vegetative as well as floral characters during the period of
observation. However fortnightly application of Zn @0.05ppm along with weekly spray of NPK @ 30:10:10 was observed
effective for improving quality of spikes when compared to other treatments.

6.6. Efficacy of media incorporated with Pusa hydrogel on growth and production of quality foliage plants
The experiment intended to assess the efficacy of Pusa hydrogel incorporated in potting media on the quality and
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performance of Philodendron xanady, a foliage plant suitable for both as cut foliage and indoors. Physico chemical characters
of the media were observed before planting. Four different levels of Pusa hydrogel (10, 20, 30 and 40 g/pot containing 5
Kg media) were applied. Irrigation was given at four and seven days intervals for each level of pusa hydrogel. Plant
characters were observed at monthly intervals. From the analysis of vegetative characters, it could be observed that
media incorporated with 30 g Pusa Hydrogel per 5 Kg potting media with four days irrigation interval was found to
maintain compactgrowth in Philodendronxanadu.

6.7. Standardization of glycerinization for increasing shelf life of cut foliages

The experiment aimed to standardize optimum concentration of glycerine solution for increasing shelf life of cut foliage
leaves. Leaves of Cordylineterminaliswas subjected to uptake method with 10%, 20 % and 40 % glycerine solution. Overall
acceptance in terms of texture, brittleness, shape, colour retention and glossiness were significantly high in 40 % glycerine
solution with a score of 15.90 out of 20.

6.8. Effect of holding solutions on keeping quality of orchid stems

The objective of this experiment was to standardize a suitable holding solution for orchids. The experiment consisted of
five different treatments viz., Control - Distilled water (T,), Sucrose (4%) + 8HQS (100ppm) + Citric acid (150ppm) (T,),
Glucose (4%) + 8HQS (100ppm) + Citric acid (150 ppm) (T,), Lime juice (30ml) +Sugar (10g) + NaOCL (0.2% per litre) (T,),
Coconut water (50%) + Sucrose (4%) + NaOCL (0.2%)(T,). The flower spikes of Dendrobiumvariety Sonia with uniform
length and floret number at all bud open stage were harvested and placed immediately in water and then pre-cooled at
12°Cfor 6hrs.The vase life was evaluated in the above mentioned solutions.The treatment T, which consisted of Sucrose
(4%) + 8HQS (100 ppm) + Citric acid (150ppm) was found to be superior in terms of vase life.

Ongoing Projects
1. Standardization of production package for selectedseasonal flowers in Kerala
Dr. Sreelatha. U
Professor
sreelatha.u@kau.in
Objectives of the study are to evaluate African marigold (Varieties/ F1 hybrids/local collections) for cultivation in Kerala,
to select suitable genotypes in African marigold and other Tagetes sp.against bacterial wilt. Precision farming techniques
in African marigold. Twenty five genotypes of Tageteserecta and 2 other Tagetes sp.viz. T.minuta, T. patula are planted in the
bacterial sick plot for evaluation

2.Developing a conservation strategy for Indigenous herbs in the hillocks of Kerala by domestication and exploiting their
potential ornamental & medicinal value

Dr. Sreelatha. U

Professor

sreelatha.u@kau.in

Objectives of the study are survey of lateritic hillock flora in Thrissurdistrict, evaluation of ornamental value of selected

floraand collection of potential ornamentals,refinementin domestication package for Exacumbicolor,nitiation of crop

improvement in Exacum bicolor. Seeds of 14 genotypes sown for evaluation.Started surveysin various parts of Kerala and
collectied of native ornamentals were starte.

PG Projects

Concluded
1. Evaluation of African Marigold (Tageteserectal.) hybrids/varieties for yield and resistance to bacterial wilt

e All genotypes showed considerable variation with respect to yield and resistance to bacterial wilt. The genotype P-
4 was found to be promising with high yield, large sized flowers and moderate susceptibility to bacterial wilt.

e The genotype M-1 was 100 per cent resistant to bacterial wilt while the genotype Sakura 031 was found to be 100
per cent susceptible. The genotype M-1 can be used as rootstock for grafting susceptible genotypes. Grafting the
susceptible genotypes on resistant rootstock found to be an effective tool to combat the bacterial wilt.

e  Grafting significantly increased the yield in susceptible genotypes without affecting the flower quality attributes.

2. efinement of nutrient management practices in Dendrobium orchids

Dendrobium variety Yellow Splash was used for the study

e Bioinoculants + benzyl adenine (along with POP recommendation) gave best results in both vegetative and floral
parameters
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Dominance in vegetative characters observed in Azospirillum inoculated plants and AMF followed PGPR Mix - 1 in
combination with 100 - 150 ppm BA

Floral characters - best results from AMF inoculated plants followed by Azospirillum and PGPR Mix -1 inoculation
along with BA (100 - 150 ppm)

POP + AMF + 150 ppm BA was found to be the best

Evaluation of fragrant vandaceous orchids for ornamental traits
VascostylisCrownfox Red Gem recorded maximum plant height, spread, intermodal length and leaf length.V.PranermPrai
x V. tessellata showed maximum shoot girth, leaf area, leaf number and root length.
Among floral characters, Number of spikes produced was maximum (11.50) in Neostylis Lou Sneary and was significantly
superior to all other varieties and was followed by AscdaSirichai Fragrance (6.43) and VascostylisCrownfox Red Gem
(4.54).
AeridesquinqueVulneraRhy. Coelestisrecorded the maximum spike lenth (33.17 cm) and was significantly superior to
all other varieties except VascostylisCrownfox Red Gem (32.73 cm).
AeridesquinqueVulneraRhy. Coelestisrecorded the maximum (22.23 cm) rachis length followed by Ascda. Udomchai
(20.43cm),Vascostylis Crownfox Red Gem (19.80cm) and Vasco Blue Bay Blue (19.33cm).
Maximum number of florets was noticed in Vasco Blue Bay Pink (44.33) followed by Vasco Blue Bay White (40.33) and
Vasco Blue Bay Blue (39.67).Minimum number of florets was recorded in V.PranermPrai x V. tessellata(4.83).
Maximum flower size (83.23 cm?) was recorded in VRothschildiana followed by Ascda.Suksamran Sunlight Yellow
(78.27 cm?) and  V.PranermPrai x V. tessellata(72.00 cm?).Fragrance was observed in all varieties except V.Rothschildiana.
While considering the blooming periods more number of varieties were flowered during the months of May to July
whereas flower production was minimum during February to March.
Plant quality rated on the basis of fullness, growth and visual appearance, flower colour and pigmentation, spike
longevity, shape and arrangement of foliage during the growth period. Vasco Blue Bay Pink had highest mean total
score (44.8), followed by VascostylisCrownfox Red Gem (44.7), Vasco Blue Bay Blue (44.6) and RhynchoridesBangkok
Sunset (44.5).
NeostylisLou Sneary,RhynchoridesBangkokSunset,VascoBlue Bay Blue,VascoBlue Bay White,VascoBlue Bay
Pink,AscdaSirichai Fragrance,VascostylisCrownfox Red Gem,AscdaPeggy Foo x Rhyn. CoelestisBlue,Ascda. Udomchai,
AeridesquinqueVulneraRhy. Coelestis were found to be suitable for cut flower purpose and these can be recommended
for cut flower purpose.
Neostylis Lou SnearyandVasco Blue Bay White can be recommended for fragrant garden and moon garden.
Rhynchorides Bangkok Sunset, Neostylis Lou Sneary, Vasco Blue Bay Blue and Vasco Blue Bay Pink are excellent pot
plants.
While taken the overall qualitative and quantitative attributes, VascostylisCrownfox Red Gem, Vasco Blue Bay Blue,
Rhynchorides Bangkok Sunset, V. Mimi Palmer, V.JVB X Ascocenda Yip Sum Wah and Vasco Blue Bay Pink were excellent
for both cut flower as well as pot plants.
Fragrance was observed in all varieties except V.Rothschildiana. Fragrance were categorized based on different notes
such as floral, fruity, spicy, green, sweet and miscellaneous.

Evaluation of selected underutilized flowers of Kerala for commercial exploitation
All species evaluated were found not suitable for use as cut flower.
Four ornamental species viz. Antigonon leptopus, Barleria obtusa, Calicopteris floribunda, Cassia fistula and
Clerodendrumpaniculatumwere evaluated for suitability as dry flower using five drying methods like shade drying,
embedded drying, microwave oven drying, hot air oven drying and press drying.Among the species evaluated Cassia
fistula (embedded drying-12.84) scored high cumulative score followed by Antigonon leptopus (Microwave oven
drying-11.64), Barleria obtusa (Press drying - 10.28) and Calicopteris floribunda (Press drying - 10.22).
Clerodendrumpaniculatum was not found suitable for dry flower.
Three fragrant ornamental flower species viz. Gardenia jasminoides, Plumeria spp. and Quisqualis indicawere evaluated
for recovery of concrete which is an indication of essential oil content in flower crops. The experiment was laid out
in CRD with five replications. Solvent extraction method using food grade hexane was used for extraction.Among
the species evaluated maximum recovery of concrete was observed in Gardenia jasminoideswhich was significantly
superior over others.
Four ornamental flower species viz.Caesalpiniapulcherrima, Cassia fistula, Clerodendrumpaniculatum and Delonixregia
were evaluated for extraction of pigments. The experiment was laid out in CRD with eight treatments and three
replications. Method of extraction was solvent extraction for two hours using hexane:acetone in 7:3 ratio with 0.5 %
NaOH pretreatment for 48 hours and without pretreatment.Solvent extraction with pre treatment yielded more
pigments than solvent extraction without pre treatment.Clerodendrumpaniculatum yielded maximum pigment yield
under both methods. Lowest pigment yield was observed in Caesalpiniapulcherrima . |dentification of carotenoids

103



104

and anthocyanins was done using spectrophotometer.Highest carotenoid yield was observed in Cassia fistula (70.04mg/
100 g) and highest anthocyanin yield was in Clerodendronpaniculatum (574.76mg/100g).

e Components of different floral oils & pigments were identified by GCG-MS analysis and Spectrophotometry.12
compounds were identified in Gardenia jasminoides,11 compounds identified in Plumeriaspp and 6 compounds
identified in Quisqualisindica.

5. Induction of genetic variability in phalaenopsis orchids through hybridization and embryo culture

Among the morphological characters studied Phalaenopsis parents varied significantly with respect to total number of
leaves, leaf area, and shoot height. Statistical analysis showed that varieties varied significantly for floral characters i.e
number of days from first flower opening to last flower opening, days for wilting of the first flower, days for wilting of the
last flower, flower size, spike length. Flower size was observed to be biggest in Winter Spot and smallest in Elegant
Yellow. Flowers of six selected varieties bloomed between the month of March to November. All varieties bloomed once
in a year except Winter Spot which came to flowering twice in a year. Dendrogram generated based on phenotypic
characters grouped the selected varieties into different clusters between similarity coefficient of 0.10 to 1.00. At 20 per
cent similarity coefficient bifurcation occurred which showed that all the varieties were distinctly variable from each
other and shared only 20 per cent similarity. Anthesis time of the flowers ranged from 5:00 am to 2:00 pm among the
varieties. Elegant Yellow opened earliest of all (5:00 am -8:00 am) whereas Violet was observed to open from 11:00 am
- 2:00 pm. Maximum number of days for stigma receptivity was observed in Winter Spot (3-12 days) and Violet had
minimum (1-5 days). Palynology results of parents revealed that there were no significant difference between varieties
for pollen fertility percentage, length of pollen tube and pollen production per pollinium.Whereas significant difference
was observed in pollen germination percentage and pollen diameter. Pollen germination percentage was maximum (100
%) in Elegant Yellow and minimum in Elegant Purple (47.2%). Pollen diameter was maximum in Winter Spot (107.68 1)
and minimum in Pink (84.58 i). Out of 13 ISSR primers screened, seven primers gave maximum number of clear and
reproducible bands. 100 per cent polymorphism was obtained by UBC 841. Dendrogram generated based on molecular
data clustering had similarity coefficient between 0.56-0.78. Three different clusters were observed in which Elegant
Purple and Pink were most closely (78 %) related to each other. Inter varietal crosses made in all possible cross combinations
between the selected varieties resulted in pod set of six crosses. They were Winter Spot X Elegant Purple, Winter Spot X
Pink, Elegant Purple X Pink, Pink X Winter Spot, Pink X Elegant Purple and Violet X Elegant Purple. Pod set percentage
ranged between 0 - 66.6 per cent among the varieties. Embryo culture was done with seeds from successful crosses in
MS and Knudson-C basal media with and without growth regulators. Seeds from the crosses Winter Spot X Pink, Elegant
Purple X Pink and Pink X Elegant Purple germinated maximum (50 %) in half MS medium supplemented with 1 mg [-1 BA,
0.1 mg I-1 NAA and 0.5 per cent activated charcoal and in Knudson-C (40 %) basal medium supplemented with BA 3 mg
[-1 and NAA 0.3 mg |-1.Germinated seeds developed into protocorms in the crosses between Pink x Elegant Purple and
Elegant Purple = Pink. Protocorms when sub cultured to half MS basal medium supplemented with 1 mg -1 each of BA
and NAA exhibited leaf differentiation from the cross Pink x Elegant Purple. Therefore, plantlets emerging from these
crosses have to be further grown for assessing the genetic and phenotypic variability generated.

6. Genetic improvement through induced mutation in dahlia (Dahlia variabilisDesf.)

The per cent sprouting and survival at 15 days (%) decreased with increase in dose of gamma rays which was exhibited
by all the three varieties in the same fashion. A gradual decrease in plant height was recorded with increase in dose of
gamma rays which was evident in data recorded at 30, 60, 90 and 120 days after planting. The range in plant spread
among the treatments showed that there was a significant reduction in plant spread at higher doses of gamma rays as
compared to lower doses. A gradual decrease in number of branches was recorded with gradual increase in dose of
gamma rays..As dose of gamma radiation increased the length and width of leaf decreased. Internodal length, thickness
of internode and thickness at node were found superior in control plants than the plants treated with gamma rays in all
the three varieties studied. Days to flowering however, was earlier at 5 Gy (63.89 days) as compared to control (64.94
days). As dose of radiation increased the days to flowering also increased. Number of flowers plant-1 and size of flower
(cm) were inversely proportional to mutagen dose. The number of flowers got significantly reduced with increasing rate
of gamma irradiation. Significant reduction in floret number at higher doses of gamma rays was noticed. The longevity of
flower was reduced and there was disharmony of ray floret opening at higher doses. The delay in flowering resulted in a
reduced longevity period both in intact and cut flower condition. In M1V1 generation Amb - white and Amb - purple
produced mutants for flower colour at 5 Gy and 10 Gy dose of radiation. Flower colour mutant obtained from Amb-white
variety at 5 Gy was WM1 which showed a change in colour from wood colour in control flower to yellow colour in the
central disc region . In WM2 mutant in Amb-white, the central disc was enclosed by a whorl of ray florets presenting an
unopened spherical appearance of ray florets in the centre. Towards the pheriphery, the ray florets were broad and
arranged in a haphazard manner. The mutant from Amb-purple PM1 showed white tips with purple base, whereas control
flower was single solid purple colour. Length of tuber was found to be the highest in plants treated with 5 Gy dose as
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compared to untreated plants.As doses were increased the tuber length showed a diminishing trend. Fresh weight, length
and breadth of tubers were inversely proportional to mutagen dose. Three mutants showing prominent flower character
mutations were isolated from M1V1 generation. They include WM1 showing flower colour and form variation isolated
from Amb-white, WM2 showing form variation isolated from the same parent and PM1 showing colour variation isolated
from Amb-purple. They were carried forward to M1V2 generation for stability screening. Both WM1 and WM2 showed a
tendency to revert back to the original flower form and colour, denoting that they were not stable. PM1, the colour mutant
isolated from Amb-purple, showed stable performance in M1V2 generation.Although prominent plant architecture mutations
were not observed, significant size reduction at higher doses was prevalent in all the three varieties in M1V1 and M1V2
generations.

7. Effect of growth retardants on growth and yield of African marigold (Tageteserecta L.)

The study entitled “Effect of growth retardants on growth and yield of African marigold (Tageteserecta L.)”was conducted
at College of Agriculture, Padannakkad during 2015-2017 with the objective to assess the response of marigold in terms
of growth, yield and carotenoid content as influenced by foliar application of growth retardants Alar and Cycocel. The
experiment was laid out in split plot design during two seasons viz., monsoon and pre-monsoon. The data was subjected
to statistical analysis to find out the effect of growth retardants on different parameters. The experimental material
comprised of PusaNarangiGainda and Maxima Yellow F1 varieties of African marigold and their response to growth
retardants was evaluated with treatments viz., C1 : Alar 500 ppm, C2 : Alar 1000 ppm, C3 : Alar 1500 ppm, C4 : Cycocel
1000 ppm, C5 : Cycocel 1500 ppm, C6 : Cycocel 2000 ppm and C7 : Water spray (control). The analysis of data regarding
different plant characters revealed that the varieties and growth retardants resulted in significant differences with vegetative,
floral and yield characters and pigment contents in flowers. Growth retardants significantly influenced plant height, plant
spread, number of branches, internodal length, and stem girth, number of flowers, flower yield and carotenoid content.
There was no significant difference noticed on days to first flowering, days to 50 % flowering, flower length, pedicel
length, flower diameter and flower weight. The effects of growth retardants on leaf area, SCMR, total biomass, crop
duration, flowering duration and post-harvest longevity varied with seasons. On comparing the two varieties during two
seasons, Maxima Yellow F1 performed better for most of the growth and floral characters and recorded highest flower
yield in monsoon season. From economic point of view, Maxima Yellow F1 can be recommended during monsoon season
in Kerala to meet the high demand of flowers during Onam. Among the growth retardants, Cycocel 1000 ppm can be
recommended for better growth, higher yield and carotenoid content in PusaNarangiGainda and Maxima Yellow F1 varieties
of African marigold during monsoon season and pre-monsoon seasons.

Ongoing projects

1. Evaluation of rose varieties for commercial cultivation under the warm humid tropics of Kerala

2. Standardization of grafting techniques in African marigold (Tageteserecta L) for combating bacterial wilt.
3. Nutrient management in gerbera (Gerbera jamesonii Bolus.) grown under naturally ventilated polyhouse.
4. Vegetative propogationin African Marigold(Tageteserecta) hybrid.
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Concluded Projects

1. Propagation techniques and ex situ conservation of Coscinium fenestratum (Gaertn.) Colebr. - an endangered
medicinal plant
Dr.Suma.B.
Professor

suma.b@kau.in

1. Collection and ex situ conservation of lines/land races from Western Ghats region of Kerala

Surveys were conducted at Western Ghats region of Kerala and for this appropriate site supporting viable populations of
the species were located, and the location monitored in order to collect seeds and other reproductive plant parts at the
optimum stage of maturity in suitable season. None of the identified plants flowered during this period. Plants collected
from the forest were established in the nursery. It is a slow growing plant and will take minimum of one year for transplanting
to the field. Representative sample from each location were planted in the field as an ex vitro conservatory for the
species.

2. Studies on morphology and floral biology of the domesticated plant

Studies on flowering behavior, seed structure, dormancy, germination, seed viability of the domesticated plants were
undertaken and observations were completed for two seasons. Study on plant growth characters of the liana revealed the
colour of young and mature shoot as brown with spiral phyllotaxy with the shoots being yellow internally. branchlets
were brown and tomentose at the young stage, later becoming glabrous with disciform petiole-scars. The quantitative
characters of stem of the male and female plants showed no significant difference. Anatomical studies revealed that the
epidermis is single layered with certain ridges at regular intervals and covered with uniseriate multicellular hairs and
cortex consists of rectangular and polyhedral, thin walled, collenchymatous cells consisting of very prominent bands of
hard stone cells with crystals inside. The number of vascular bundles was found to vary in the male stem (21) and female
stem (22).Just above each vascular bundle, arches of 15-18 layered sclerenchymatous cells with lysigenous cavities were
seen opposite to the phloem in definite patches. In between the arches, 2-4 layers of chlorenchymatous tissue were
present.The 1-2 layered interfascicular cambium originated in between the bundles, in line with the fascicular cambium,
resulting in a ring of 2-6 layered cambium.

Leaf in both the male and female plants had tomentose petiole with pulvinus. The ovate leaf lamina was seen as dark
green on the glabrous adaxial surface and light green on the minutely tomentose abaxial surface and lamina had acuminate
tip and slightly cordate base with a reticulate-multicosate divergent type venation. The length of leaf petiole and lamina
were found to be significantly different in the male plant (10.28 cm and 21.13 cm, respectively) and female plant (12.02
cm and 17.95 cm, respectively). The lamina breadth and life-span of leaf showed no significant difference. Anatomical
studies of leaf revealed epidermis as single layered with lower region possessing large number of multicellular and
uniseriate trichomes. It was seen that mesophyll consists of 1-2 layered, thick walled, highly chlorophyllous palisade
tissue and 2-4 layered, thin walled and spongy tissue with abundant intercellular spaces. Vascular bundle was seen
encircled by a wavy ring of 2-10 layers of sclerenchymatous tissue and collenchyma and parenchyma cells present.

The type of inflorescence in Coscinium fenestratum was found to be a compound raceme, with the globose heads borne on
long peduncle developing on old leafless stems in the axils of fallen leaves as cauliflorous clusters. The flower heads on
the long peduncles were seen arising in an acropetal fashion. The peduncle colour was noticed as brown in female and
light yellow brown in male inflorescence and softly hairy in texture.

The female inflorescence (11.13 cm) was observed to be longer than the male inflorescence (7.15 cm) showing a significant
difference. The number of flower heads in a male inflorescence was recorded as 8.2 and 7.9 in a female inflorescence
which showed no significant difference. The number of florets in a flower head was observed as eleven on an average.
The diameter of the male floret was measured as 0.22 ¢cm and that of a female floret was 0.32 cm showing significant
difference. It was recorded that the life-span of male flower head was 33 days and that of female flower head was 34.5
days and differed significantly. The duration of opening of flower head in male inflorescence was noted as 7.1 days
whereas in female flower head, as 8.7 days differing significantly. The number of days required by the male flower head
to reach 50% flowering recorded, was two days lesser (3.7 days) than the female flower head (5.7 days) and had significant
difference.

The zygomorphic male floret was observed as globose, sessile and whitish yellow in colour. The tepals were seen as
densely hairy on the outer surface and glabrous on the inner surface. The tepals in the innermost and middle whorls
appeared slightly fused whereas those in the outermost whorl were noticed as free. It was found that the anthers were
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small, oval in shape and adnate. The male floret was found to be having nine tepals in three whorls with varying sizes in
each whorl. In the male floret, three out of the six stamens were found connate to the middle and the others remain free.
The outer anthers were observed as single celled and the inner ones two-celled. The length of anther-lobe was measured
as 0.42 mm while that of filament was measured as 0.74 mm.The floral formula of male floret was thus derived as % B&
P 3+(3)+(3)A3+2’>G zero®

The female floret was noticed similar to the male floret in shape and colour with the tepals having dense hairs on the
outside and glabrous surface on the inside. It was noticed that the floret lacked a distinct style, and the branched stigma
being attached directly to the densely hairy superior ovary. The type of placentation was observed as axile, with the
ovules attached to the trilocular ovary.

It was observed that the female floret consists of nine tepals in three whorls surrounding the pistil differing in length
and breadth in each whorl. The floral formula of female floret was thus derived as % @&P ., A G ..

Studies on reproductive biology revealed that the flowering season of male plant was noticed from late August to late
February with the peak anthesis between 7.00 a.m.-8.00 a.m.Anther dehiscence was found to occur for a period of 20 and
a half hours. The flowering season of female plant was observed from early October to mid-March with the peak anthesis
between 7.00 a.m.- 11.00 a.m. The stigma was seen receptive for a period of 26-28 hours. Coscinium fenestratum is
anemophilous with a pollen fertility of 57.45%.The pollen diameter and exine thickness were measured as 68.95 um and
5.56 um respectively.

The tomentellous fruit was found to be a one-seeded drupe, globular in shape and dark brown in colour. The fruit weight,
length and breadth were recorded as 8.53 g, 2.36 cm, and 2.36 cm respectively. With a high fruit set of 93.00%, the per
cent of fruits carried to maturity was noted as 27.33% only. It was observed that the number of days taken for fruit
maturity from the day of flower opening was 150 days.

Kidney shaped seed of greenish brown colour was seen surrounded by the dark brown pulp inside the fruit. The seed
weight, length and breadth were noted as 1.7 g, 1.52 cm,and 1.14 cm respectively. The germination percentage of fresh
seeds with a moisture content of 21.13% was recorded as 50%. Developmental study of carpels and fruits revealed that
the condyle (distinctive feature corresponding to the placentary region) identified was of Menispermum type.Additionally,
endocarp ornamentation observed in this study is a common feature in many Menispermaceae species. The bright yellow
coloured embryo was located on a region nearby the hilum. Seeds displayed good viability during tetrazolium test.

3. Standardisation of différent conventionnel propagation techniques and micro propagation technique

1. Conventional propagation techniques

A. Cuttings: Vegetative propagation of Coscinium fenestratum through cuttings was commonly not effective. Mature
hardwood stem cuttings of brownish black colour and about 25cm were used for vegetative propagation. Three different
treatments were tried with IBA 100ppm, cow dung and cow urine for root induction. In each treatment, cuttings were
dipped for 15 minutes and then planted in polybags filled with different potting media. Among the treatments, cuttings
planted in Sand + Cior pith + cow dung + soil(1:1:1:1) after cowdung dip showed root induction and was found during
September- October

B. Air layering: Vegetative propagation of Coscinium fenestratum through air layering was found to be successful. One
year old brown coloured axillary branches of 1cm thickness were selected for air layering. The bark of inter nodal region
was removed and tied with potting media. Root initiation depends on the prevailing climate condition. Usually it takes
about 7-9 months .Favorable season for air layering was noted during the period of December to January.

C. Seed propagation: In seed propagation, mature fruits of 7 month age were collected and then seeds were obtained
after removing the fruit pulp and then thoroughly washed. Later these were dried and then manually scarified. These
scarified seeds were later tried with different seed treatments for better germination. Among these treatments GA,
4000ppm proved to be the best with maximum germination percentage.

2. Micro propagation technique

A. In vitro seed propogation. : Media composition and seed sterilization technique were standardized for the in vitro
germination of seeds. Media composed of sterile sand found to be the best medium compared to MS basal media
recorded a germination percentage of 20%.
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B. Organogenesis: Different media composition and explants were tried. Cultures without contamination were obtained.
It is a slow growing and low response species under natural condition. The same will be shown under in vitro condition
also. Among the different media tried for culture establishment, full MS media supplemented with growth regulators
kinetin 0.2 ppm and 0.4 ppm proved to be the best with maximum (60%) culture establishment. The period for culture
establishment and shoot induction was found to be minimum in these media and also showed a high percentage of leaf
emergences.

2. Extraction and purification of antioxidant principles from selected medicinal plants
Dr.Ancy Joseph
Professor
ancy.joseph@kau.in

Phytoconstituents are extracted from the root of Artanemasesamoidesby sequential solvent extraction with hexane,
chloroform, and methanol and sequential methanolic extractives were subjected to column chromatography using Silica
gel 100-200 mesh using appropriate solvent system. Similar column fractions were pooled and subjected to preparative
HPLC .Four new compounds were newly isolated and characterized by UV spectra, HRMS,LCMS/MS,ID,2DHNMR & C
NMR & in comparison with the literature

A. sesamoides
leaves and Roots

Soxhlet extraction

Sequential Hexane, Chloroform and Metanol
Leaf methanol extract Root methanol extract
l Si gel Column chromatography l Si gel Column chromatography

| | | | |
B e ) . e

| PHPLC lPH PLC

01040500 Y 741 | 12 | 14 | r16 | F21

As highlighted within the arc, four compounds from pooled column fraction FO ie, FO1, FO4, FO5, FO6, were isolated and
characterized

In addition to seven compounds namely, Acteoside, Isoacteoside, Artanemoside, Leucoseptoside A, Martynoside,
PlantainosideandLuteolin-7-O-rutinoside isolated and identified from anti-inflammatory,antioxidant fraction of methanolic
extracts earlier, additional four compounds namely, Oraposide/ Crenatoside/ Orobanchoside, 3"-0-Acetylmartynoside,
2"-0-Acetylmartynoside and Clerodenoside A were isolated from pooled column fractions FO, by preparative HPLC by
developing appropriate solvent system for chromatographic separation. The isolated peaks were subjected to NMR and
MS analysis for its structure elucidation and based on the | D, 2 D *H NMR (400 MHz) and **C NMR (100 MHz) spectral data

and HRMS, LC MS/ MS and in comparison with literature, the compounds were identified.
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3. Evaluation of antioxidants activity, cytotoxicity and phenol composition of selected anti-inflammatory plants
Dr.Ancy Joseph
Professor
ancy.joseph@kau.in

Screening against plant pathogenic fungi

Sequential methanolic extracts at 500 ppm were screened against Phytophtoracapsici, Fusariumoxysporum and
Rhizoctoniasolani by poison food method in PDA medium. Methanolic extractives of 26 plants were tested of which a few
such as Manjakoova, Erikku mango leaf, thippali fruit showed significant broad spectrum activity against all the three
fungi tested

In vitro screening against human pathogens

Sequential methanolic extracts from selected plants were screened in vitro against four human pathogens viz. Pseudomonas
aeruginosa, Staphylococcus aureus, Klebsiella pneumonia and Escherichia coli by poison food method in appropriate medium
and extracts with broad-spectrum activity against all the four tested micro-organisms were identified. The 29 plants
were screened against human pathogens and eight of them showed broad spectrum activity against all the four bacterial
pathogens tested

In vitro screening against mosquito

In vitro screening of different crude powders and extracts of medicinal plants against mosquito larvae, pupae and adults
of Aedes was carried out. Out of 24 crude powders, five powders showed 100 % mortality of larvae at 24 hours at 0.2%
concentration. Different solvent extracts of promising raw drugs were tested against both larvae and pupae in different
adsorbents and carriers. Formulations and dosages for sachet application were attempted. A few of them showed good
activity when introduced in sachet into contained water. Selected extracts are being progressed for field application

4. Collection, maintenance and evaluation of germplasm of medicinal and aromatic plants
Dr. Gracy Mathew
Professor

gracy.mathew@kau.in

e The existing valuable collection of aromatic germplasm and medicinal plant species maintained in micro plots, pots
and fields were maintained by replanting/ proper cultural operations.

e The vast area under medicinal tree collection was conserved properly by undergrowth clearing, need-based pruning
and training, manuring and plant protection measures.

e The programme on enrichment of the collection by adding newer species of rare and endangered plants was continued.

e This served as a demonstration for a large number of visitors including students, researchers, farmers and general
public. Seeds and planting materials as well as crude drugs were made available from this source.

e Generated information on propagation methods of a number of medicinal and aromatic plants.

Observations on seed

Name of Plant Days to germination germn %  Viability (months) Dormancy Thousand seed weight
Amukkuram 5-8 90-95 10-12 nil 1.8-204g
Arayal 15-24 50-55 12 nil 0.9-1.0g
Chappangam 5-6 70-80 10-12 nil 520-550g
Cheruvazhuthina 7-14 70-75 10-12 2-3 2.5-3.0g
Chuvannamandharam 5-6 90-100 6 nil 170.0-190.0g
Gnapathinarakam 7-8 90-100 3 nil 95.0-100.0g
Idampirivalampiri 3-5 90-100 12 nil 3.0-2.5¢g
Lemongrass 3-10 25-30 4 8 weeks 0.4-0.5
Kaanjiram 30 90-95 12 6 weeks 1.5-1.8g
Kattuchunda 10 40-45 8 2 months 12.0-12.5¢
Kattupadavalam 7-10 50 - 60 9 months nil 95.0-100.0g
Kudakappala 7-8 75-80 12 nil 30.0-32.0g
Kurupparuthi 5-8 80-90 7-8 nil 40.0-45.0g
Manithakkali 8-11 60-65 18 nil 0.3-0.4g
Manjamandharam 5-8 65 -70 12 nil 60.0-70.0g
Neermaruth 20 85-90 7 nil 2.5-3.0g
Neermulli 15-20 90 - 95 7 nil 0.6-1.0g
Neervalam 7-8 60-70 6 nil 140.0-145.0g
Putharichunda 5-10 60 - 65 6 nil 2.5-2.7g
Thanni 30-40 90 - 100 12 nil 4.5-5.0 kg
Thathiri 10-20 60 - 75 6 Nil 0.3-0.4 mg
Valliuzhinja 8-15 50-60 16 nil 34.0-35.0g
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Seed treatment techniques were standardised for the following plants.

Thathiri : Overnight soaking in water, 2 stage transplanting

Sandal :Acid scarification with concentrated sulphuric acid for 30 minutes

Neermaruthu: Dipping the seeds in water for 96 hours and the soaked seeds are kept in heaps covered with moist gunny
cloth in shade, till germination

Karinjotta  :Removal of outer coat

Lemongrasss, Kiriyath, Vathamvaratti, Palakappayyani: No treatment, direct sowing in germination medium

Protocol for seedling production in Thathiri

e Germinate seeds in Sterilized coir pith compost medium

e Uproot 1 week old seedlings and plant in protrays filled with Sterilized coirpith compost

e Keep the trays under sunlight in rain shelter

e Spray vermiwash 5% or 19:19:19 NPK 0.2% weekly

e Transplant to poly bags containing soil and coir pith compost in 4:1 ratio at 6-8 leaf stage at 1 month age
e 2-3months old, 15-20 cm tall, polybagged seedlings ready for field planting

The data gathered is being published as a ‘Manual on propagation of medicinal and aromatic plants’ (vol 1).

5. Evaluation of vetiver (Vetiveria zizanioides) accessions for superior genotypes
Dr. Gracy Mathew
Professor

gracy.mathew@kau.in

I. Evaluation of vetiver accessions in the station farm

a. Non flowering and vigorously growing types - suitable in soil conservation

Accession - 7 is identified as a non-flowering type of vetiver specifically suited for hedge planting in soil conservation
systems.

In the 39% Zonal Research and Extension Advisory Committee meeting of Central zone held at RARS, Pattambi on 28-07-
2017, the accession was recommended for POP workshop and it was proposed that demonstration of the type can be
undertaken in KAU stations. Accordingly, the accession was given for multilocational testing at ARS, Chalakudy, ARS,
Mannuthy and AICRP (M&AP).

It is reported that Acc. 7 is non flowering and has better tillering and vegetative growth compared to ODV -3 at all the
locations.

b. Types with high root and oil yield
The selected accessions viz. ODV 7,24, 27 and 33 were compared with ODV -3.

Observations at 12 months after planting

Accession No. Plant height (cm) Tillers per hill Root yield per plant (g) Oilyield %
oDv7 145 148.6 125 1.10
0DV 3 124 90.6 197 0.69
oDV 24 120 133.2 133 0.30
oDV 27 128 75.2 259 1.15
0DV 33 154 59.2 288 1.04

Observations at 12" month showed that ODV-27 and ODV-33 produces higher root yield as compared to ODV-3. Percentage
of oil was higher in ODV-7,0DV-27 and ODV-33. Experiment is continued.

2. Demonstration trial of selected accessions in the coastal sandy tracts of Kerala (Chavakkad & Ponnani Taluks) for
identifying superior types suited to the situation

Selected accessions viz.Acc.7,24,27 and 33 were planted in large area plots in the field of Sri Haneefa, Mannalamkunnu
in comparison with the local type. Local type was infested with mealy bugs and hoppers in the early stages, whereas
accessions from Odakkali were pest free. Out of the accessions tested,Ac 33 is best in terms of farmer acceptance. Though
yield is lower than local type, root is very long and fine with good aroma.Hence it is preferred for making handicraft items
and hence fetches premium price. Acc.33 is planted in larger area during December 2017 to confirm its adaptability and
superiority.
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Acc.No No. of tillers hill 7MAP Length of root Root yield kg/ha

3 11.7 80 18500
7 177 85 9358
24 10.0 76 33858
27 233 89 32751
33 177 110 24333
Local 8.3 75 40555

Performance of vetiver accessions in farmers’ fields (2017-18)
6.AICRP on Medicinal plants
Dr. M.T.Kanakamany
Professor

kanakamany.mt@kau.in
1. PGR management (PGR collection, evaluation, registration and others)
Centre maintains a herbal garden with 400 numbers of medicinal plants including rare and endangered plants endemic
to Western Ghats.

Germplasm maintained in the centre - 7 species as below

SLNo Common Name Scientific Name No: of Accessions IC numbers

1. Long pepper Piper longum 25 1C612534-612558

2. Chitrak Plumbago rosea 25 IC 566499 - 566523

3. Asoka Saraca asoca 42 IC 566454 - 566498

4, Brahmi Bacopa monnieri 29 IC 566427 - 266455

5. Neelamari Indigofera tinctoria 21 IC0613875-0613895
6. Kattupadavalam  Trichosanthes cucumerina 19 N/06-141 -

7. Orila Desmodium gangetium 25 1C255388

2. Crop improvement (entries for mlt, varieties released and others)

1. Variety released

Plumbago rosea accession TCRPR 521,with high root yield and moderate plumbagin content recommended for variety
release in the name SWATHI by the Kerala State Variety Evaluation Committee in this year.

SWATHI
Plant height :95.09 cm

No. of branches/ plant : 19

Root length: 61.09 cm

Root girth: 3.94 cm

No. of roots/ plant: 33

Root weight (fresh)/plant :165.80g
Root weight (dry)/plant:72.20g
Plumbagin content : 0.51%

MULTI LOCATIONAL TRIALS

A) Evaluation of promising lines of Lal Chitrak (Plumbago rosea ) in MLT

Plant propagules of two high yielding lines of Plumbago rosea identified - TCRPR 516 and TCRPR 521 along with two
local checks are under evaluation in MLT by the participating centers viz; TNAU and VR Gudam

B). MLT Evaluation of promising lines from other centres

1.Kalmegh (Andrographis paniculata)

MLT evaluation of promising lines of Kalmegh (Andrographis paniculata) for high yield and quality was done with 39
entries (AK 1 to AK 39) obtained from DMAPR. Observations on yield parameters like plant height, plant spread, days to
reproductive phase, days to 50% flowering, number of primary branches/plant, leaf length, leaf width, leaf/ stem ratio,
leafyield, length of the spike and biomass yield were taken. Entries AK 18 (6408 Kg/ha) and AK 9 (6264 kg/ha) performed
well with respect to biomass yield under our conditions. Data sheet and dried plant samples were sent to DMAPR for
chemical analysis as per the directions.
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2. Long pepper (Piper longum)

Evaluation of promising lines of long pepper was done with three accessions (ALP 01,ALP 02and ALP 03). The observations
on morphological and yield parameters like leaf length, leaf breadth, length/breadth, leaf tip, leaf margin, leaf base, leaf
colour, internodal length, catkin number, catkin length, catkin breadth, catkin colour and piperine content recorded and
data sheet submitted to DMAPR.

3. Bach (Acorus calamus)

Evaluation of promising accessions of bach (Acorus calamus) was done with five entries (AC01 to ACO05) in 4 replications
in a randomized block design. The data recorded on yield attributes like plant height, number of leaves/plant, rhizome
weight (g/plant), rhizome length (cm) and rhizome diameter.

Other crop improvement programmes

1.Characterisation and evaluation of Desmodium gangeticum germplasm : Twenty five accessions of Desmodium gangeticum
were evaluated for morphological and yield parameters.Variations noticed in morphological as well as yield
attributes.Biometric observations include plant height, shoot weight, root length, root thickness, number of roots and root
weight. Majority of the accessions are medium tallLAmong the twenty five accessions tested TCR DG 9, TCR DG 12, TCR DG
14 and TCR DG 24 recorded superior root yield. Experiment is continuing.

2.Development of DUS descriptors for Lal chitrak (Plumbago rosea): Twenty five accessions of Plumbago rosea maintained
at the centre were evaluated for morphological and biometric characters. Variations noticed on biometric and morphological
characters. Experiment is continuing for flower and root characters

3.Development of DUS descriptors for Neelamari (Indigofera tinctoria) : The experiment to develop DUS descriptor for the
21 available accessions of Indigofera tinctoria in the centre was started during 2015-16.0bservations were recorded on
general growth characters, leaf characters, inflorescence and flower characters, pod and seed characters, yield and quality
characters. Variations noticed in plant height, canopy spread, number of branches, leaflet shape, leaflet base, leaflet
colour, leaflet size, indican content, herbage yield, length of inflorescence, number of flowers/ inflorescence, flower
colour, number of pods/ panicle and pod shape.

Based on these characters the accessions were grouped.

Grouping of accessions for important characters

Character Expression Accessions

Plant height Tall (>60 cm) TCRIT 4
Medium (40cm-60 cm) TCRIT 1, TCRIT 3, TCRIT 6, TCRIT 7, TCRIT 8, TCRIT 9, TCRIT 10, TCRIT 11, TCRIT 12, TCRIT 13, TCRIT 14, TCRIT 15,

TCRIT16, TCRIT17, TCRIT 18, TCRIT 19, TCRIT 20, TCRIT 21

Short (<40cm) TCRIT 2, TCRIT 5

Canopy spread ~ Widely spread (>70 cm) TCRIT 7, TCRIT 12, TCRIT 15, TCRIT 18
Medium (50cm-70cm)  TCRIT 3, TCRIT 4, TCRIT 6, TCRIT 8, TCRIT 9, TCRIT 10, TCRIT 11, TCRIT 13, TCRIT 14, TCRIT 16, TCRIT 17, TCRIT 19,

TCRIT 20
Low (<50cm) TCRIT 1, TCRIT 2, TCRITS, TCRIT 21
Number of Large (>10) TCRIT 7, TCRIT 12, TCRIT 15, TCRIT 18
branches Medium (8-10) TCRIT 1, TCRIT 4, TCRIT 6, TCRIT 8, TCRIT 9, TCRIT 10, TCRIT 11, TCRIT 13, TCRIT 14, TCRIT 16, TCRIT 17, TCRIT 19
Small (<8) TCRIT 2, TCRIT 3, TCRIT 5, TCRIT 20, TCRIT 21
Leaflet shape Oval TCRIT 3, TCRIT 7, TCRIT 10, TCRIT 14, TCRIT 20
Oblong TCRIT 2, TCRIT 6, TCRIT 8, TCRIT 11, TCRIT 13, TCRIT 15, TCRIT 16, TCRIT 18
Ovate TCRIT 1, TCRIT 4, TCRIT 5, TCRIT 9, TCRIT 12, TCRIT 17, TCRIT 19, TCRIT 21
Leaflet base Rounded TCRIT 3, TCRIT 4, TCRIT 5, TCRIT 8, TCRIT 9, TCRIT 10, TCRIT 11, TCRIT 13, TCRIT 14, TCRIT16, TCRIT 17, TCRIT 18,
TCRIT 19, TCRIT 20
Acute TCRIT 1, TCRIT 2, TCRIT 6, TCRIT 7, TCRIT 12, TCRIT15, TCRIT 21
Leaflet colour Green TCRIT 2, TCRIT 3, TCRIT 13, TCRIT 17, TCRIT19, TCRIT 20, TCRIT 21
Dark green TCRIT 4, TCRIT 5, TCRIT 7, TCRIT 9, TCRIT 10, TCRIT 12, TCRIT 18
Bluish green TCRIT 1, TCRIT 6, TCRIT 8, TCRIT 11, TCRIT 14, TCRIT 15, TCRIT 16
Leaf size (LxB)  Big (>40cm?) TCRIT 4, TCRIT 6, TCRIT 7, TCRIT 8

Medium (30-40 cm?)  TCRIT 1, TCRIT 2, TCRIT 3, TCRIT 9, TCRIT 10, TCRIT 13, TCRIT 14, TCRIT 15, TCRIT 16, TCRIT 17, TCRIT 18, TCRIT 19,
TCRIT 20, TCRIT 21

Small (<30cm?) TCRIT 5, TCRIT 11, TCRIT 12
Indican content  Low (<0.5%) TCRIT 12, TCRIT 13, TCRIT 20

Medium (0.5-0.9%) TCRIT 1,TCRIT 3, TCRIT 4,TCRIT 5, TCRIT 19, TCRIT21

High (>0.9 %) TCRIT 2, TCRIT 6, TCRIT 7, TCRIT 8, TCRIT 9, TCRIT 10, TCRIT 11, TCRIT 14, TCRIT 15, TCRIT 16, TCRIT 17, TCRIT 18
Herbage yield Low (<60) TCRIT 3, TCRIT 18

Medium (60- 100g/pt) TCRITL, TCRITS, TCRIT6, TCRITZ, TCRITS, TCRIT9, TCRIT10, TCRIT11, TCRIT12, TCRIT13, TCRIT16, TCRIT 17, TCRIT 19,
TCRIT 20, TCRIT 21
High (>100) TCRIT 2, TCRIT 4, TCRIT 14, TCRIT 15
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Character Expression Accessions

Length of Long (>10cm) TCRIT 5, TCRIT 6, TCRIT 20
inflorescence Medium (5-10cm) TCRIT1, TCRIT2, TCRIT3, TCRIT4, TCRITY, TCRIT10, TCRIT 11, TCRIT12, TCRIT13, TCRIT17, TCRIT18, TCRIT 19,
TCRIT 21
Short (<5cm) TCRIT7, TCRIT8, TCRIT14, TCRIT15, TCRIT 16
No. of flowers/  Large (>20) TCRIT7, TCRIT8, TCRITY, TCRIT10, TCRIT11, TCRIT 13, TCRIT 21
inflorescence Medium (15-20) TCRIT 3, TCRIT 5, TCRIT12, TCRIT 15, TCRIT 18, TCRIT 19, TCRIT 20,
Small (<15) TCRIT1, TCRIT2, TCRIT4, TCRIT6, TCRIT14, TCRIT16,TCRIT 17
Flower colour Light pink TCRIT 1, TCRIT 4, TCRIT 10, TCRIT 13
Pink TCRIT 2, TCRIT 3, TCRIT 5, TCRIT 6, TCRIT 7, TCRIT 8, TCRIT9, TCRIT11, TCRIT12, TCRIT14, TCRIT15, TCRIT16,
TCRIT17, TCRIT18, TCRIT 19, TCRIT 20, TCRIT 21
Pod shape Cylindrical TCRIT 1, TCRIT3, TCRIT 4, TCRIT 5 TCRIT 7, TCRIT 8, TCRITY, TCRIT 10, TCRIT11, TCRIT 13, TCRIT15, TCRIT16,
TCRIT 19
Falcate TCRIT 6, TCRIT12, TCRIT17,TCRIT18
Curved TCRIT 2, TCRIT14

4. Reproductive biology and pollination studies of bitter snake gourd (Trichosanthes cucumerina)

Trichosanthes cucumerina is a highly cross pollinated monoecious vine, entomophilous and honey bees as pollinating
agents. Pollination studies were conducted during rainy, summer and winter seasons.Artificial pollination was done by
hand. On each plant half the number of pistillate flowers available were artificially pollinated by hand. Half retained as
such for natural pollination. Fruits harvested separately in artificial and natural pollination.Artificial pollination yielded
25.9, 27.6 and 17.1 percent more number of fruits than natural pollination during rainy, summer and winter season
respectively.

5. Development of minimum seed certification standards
Minimum clone certification standards of three important medicinal plants (Saraca asoca, Piper longum and Plumbago
rosea) of Kerala developed

Specifications Saraca asoca Piper longum Plumbago rosea
Propagules Air layers 2,3 noded semi hardwood 2,3 noded semi hardwood
stem cuttings stem cuttings
Land Requirements Free from volunteer plants, Avoid ill drained soils
- | Provide 30% shade | _Provide 25% shade
Mother Plant  Should be healthy, true to type and free from pests and diseases

« Should be certified for the specific varietal characters by the Certifying Agency

« Two/four inspections shall be made for morphological characters, health, genetic purity and pests and diseases
Important diseases Die back Leaf spot, Leaf blight, Nematodes , Leaf blight,Damping off

Mealy bug, Virus

Foundation clone - Field standards

Isolation ¢ Fields of other varieties (5m)
¢ Fields of the same variety not conforming to varietal purity requirement for certification (5m)
Spacing 0.75mx 1.50 m \ 05mx0.5m | 05mx05m
Rotation Should be rotated to other plots every three years
Specific Requirement « Off-types maximum (0.1%) « Off-types (0.1- 0.2) « Off-types maximum (0.1%)
¢ Infested with die back (None) | ¢ Symptoms of lea spot & ¢ Symptoms of leaf blight and
leaf blight (0.1-  0.5) die back  (None)
¢ Plants infested with nematodes,
mealy bug and virus (None)
Size and age of the Age of the crop Age of the crop : Age of the crop :
planting stakes from 6 to 9 months 7-12 months 12to 15 months
which cuttings / layers
are taken
Certified clone standards  Diameter of layer : 1.0-1.5 c¢cm | e Diameter of the stem :0.3-0.5 cm  Diameter of the stem : 0.3-0.5 cm
at 10 cm above ground level e Length of the stem : 6-10 cm ¢ Length of the stem : 20 - 30 cm
* Height of the layers:30-50cm | ¢ No.of nodes :2-3 * No. of nodes :2-3

3. Crop Production

POP recommendations
Technology recommended for PoP : Shade requirement for Indigofera tinctoria (25 per cent shade to open condition ideal
for better yield and quality)

1.Integrated nutrient management for higher yield and quality of Indigofera tinctoria

From the results of three years of experiment, application of FYM 5 t/ha + NPK @ 45:60:45kg/ha can be recommended
for better herbage yield, indican yield and B:Cratio.Manurial management with FYM 10 t/ha + NPK @ 45:60:45kg/ha was
the next best alternative for better B:C ratio. Compared to plots with integrated nutrient management, the yield recorded
from the plants which received inorganic fertilizers alone or farmyard manure alone was very low.
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2. Effect of method of crop establishment and shade level on yield and quality of Desmodium gangeticum (Orila)

The root yield per plant and per hectare were highest when the crop was transplanted under 75 per cent shaded
condition.Growing plants under 50 per cent shaded condition by transplanting was the next best alternative for higher
root yield.

3. Standardization of organic production technology for kalmegh

Combination of farm yard manure with biofertilsers and jivamrut gave higher yield 4173 and 4387 kg/ha during first and
second year of study. Among integrated nutrient managed plots combination of NPK at 80:40:20 kg/ha along with
biofertilisers and jivamrut gave higher herbage yields. Total alkaloid content was higher in treatment combinations with
farm yard manure followed by combinations with castor cake during both the years, while application of vermi compost
resulted in lower total alkaloid.

4. Standardization of organic farming practices for acorus

The plants which received FYM @ 15 t/ha gave the highest rhizome yield of 1428 kg/ha during first year and 1573 kg/ha
during second year. It was on par with vermi compost @ 7.5 t/ha. The plants which received fertilizer NPK @ 45:12.5:12.5
kg/ha recorded the highest rhizome yield of 1772 kg/ha during first year and 1944 kg/ha during second year.

5. Studies the performance analysis of medicinal plants under banana plantation

Medicinal plants, neel and bala performed well under banana intercropping system without any negative effect on yield
of either main or intercrop

4. Phyto Chemistry

1. Experiment title: Comparative quality evaluation of different Tinospora species found in Kerala

Results: Three different Tinospora species are commonly found in Kerala namely Tinospora cordifolia, Tinospora malabarica
and Tinospora crispa. Theye were collected and grown in oue experimental field. The external appearance and morphology
of T.cordifolia and T.malabarica are almost alike but the stem and leaves of T.malabarica are bigger in size. Scanty tubercle
protuberances are more in the papery bark of T.malabarica compared to T. cordifolia.In the very young stage, morphological
differentiation is difficult. In the case of T. crispa the stem bark is crowded with large blunt protuberances even in very
young stages of the plant, hence morphological identification is very easy in T.crispa. T. cordifolia is found in wide distribution
while T. crispa and T. malabarica are wild and found in limited areas. T. cordifolia is preferred by ayurvedic practitioners of
Kerala.

The comparative study of three different species showed marked variation in antioxidant activity (AOA), berberine content
(active ingredient) and fibre content also. T. crispa showed very high AOA and phenol content followed by T. cordifolia.
Berberine was found more in T. malabarica compared to T. cordifolia. Berberine was not detected in T. crispa. GCMSD
analysis also showed variation in the chemical profile of three different species. HPTLC and TLC profiles of these three
species reflected variations in chemical composition. Heavy metal analysis of the samples were carried out using ICP-
AES method. All three species were free of heavy metals arsenic, cobalt, molybdenum and cadmium whereas the iron,
lead, nickel and chromium were found in traces but more in T. malabarica followed by T. crispa. GCMSD analysis showed
variation in the chemical profile of three different species.

Total antioxidant activity, phenol and crude fibre content in three species of Tinospora

Total antioxidant Total phenol Crude fibre Berberine

activity (mg AA /g) content (mg TA/g) content (%) content (%)
T. cordifolia 7.86 45 .20 24 0.19
T.malabarica 5.78 35.33 22 0.22
T. crispa 12.78 59.71 20 Not detected
Heavy metal content in three species of Tinospora (ppm)

As Cd Co Pb Ni Cr Fe

T. cordifolia ND ND ND 0.008 0.014 0.010 1.666
T.malabarica ND ND ND 0.015 0.025 0.013 5.724
T. crispa ND ND ND 0.008 0.020 0.010 2.500

2. Experiment title: Quality assessment of traded crude drug Tinospora from different markets of Kerala

Results: Market samples of Tinospora raw herbal drug (30 numbers) were collected from various markets of Kerala. Genuine
samples of three different Tinospora species were also collected from the campus and identified and used for the study as
reference standards. Stem samples were used for analysis. A reference TLC fingerprint was developed with genuine
samples of three different species of Tinospora (chloroform, methanol in Silica gel 60F,, UV-L). The TLC fingerprints of
market samples developed in the same way were compared with the reference fingerprints to assess the genuineness of
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the market samples. The result revealed that out of thirty samples analysed so far, 28 samples were found to be that of
true type i.e. T. cordifolia and the rest two were of T.malabarica. No samples proved to be T. crispa. This shows that though
T. cordifolia is preferred by ayurvedic practitioners of Kerala, if not available, T.malabarica is used instead as an alternate
drug.

PG - Concluded Projects

1. Developmental morphology of tuberisation and phytochemical profiling in milk yam (/pomoea digitata L.)
1. Assessment of optimum maturity and quality evaluation of milk yam.

2. Nutrient analysis and protocol development for nutritional supplements.

The major findings are summarized as follows

The right stage of harvesting milk yam tubers for ensuring optimum product was assessed through comprehensive
analysis of tuber formation and maturity based phytochemical profiling. Pharmacological characteristics of the tubers
were envisaged in the study. Nutrient composition of the tubers were analysed and standardised a protocol for the
development of a dietary supplement.

Assessment of optimum maturity and quality evaluation of milk yam

Optimum maturity and the right stage of harvesting milk yam tubers were finalized by studying the developmental
morphology viz., vine morphology, root morphology, tuber morphology and macroscopic features of milk yam tubers all
throughout its growth stages from three to twenty four months after planting at monthly intervals. Storage roots started
producing from third MAP and tubers started to develop by about fifth MAP. ALl biometric characters studied except
number of leaves increased with maturity (Figure 1.). Number of leaves decreased during vegetative growth and decreased
during reproductive and senescence stages.
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Figure 1. Development morphology of aerial parts of milk yam (Ipomoea digitata L.) plants

Morphological features recorded during 24 MAP were vine length (956.67 cm), root length (34.67 cm), root girth (2.97
cm), number of storage roots (3.00), number of tubers (2.33), length of tuber (35.38 cm), girth of tuber (25.13 cm) and
weight of tuber (2028.33 g) respectively. Milk yam tubers were having pale brown outer surface during initial stages of
growth (five to ten MAP) and it turned brownish afterwards whereas it had got white inner portion and a characteristic
agreeable odour during the entire stage of tuber growth. The tubers were slightly pungent except during 10-12 MAP and
20-23 MAP when the tubers were slightly sweet. Milky white latex was present when the tubers were cut during
vegetative growth period (five to eleven MAP, 15-20 MAP and 24 MAP) and only slightly present during the reproductive
stages (12-14 MAP and 21-23 MAP). Developmental morphology of the plants revealed that the plants as well as the
tubers are in a continuous state of growth and hence exhibited no dormancy. Number of storage roots (3.00) and
economically beneficial tuber number (2.33) got stabilized from 20 and 21 MAP respectively. Moreover, pungency of
tubers and latex content got reduced by 20 and 21 MAP respectively but during 24 MAP both the characteristics adversely
increased. A laconic conclusion derived through developmental morphology analysis is that milk yam tubers could be
harvested ideally between 21-23 MAP.

Milk yam tubers are said to be root modification owing to its radially arranged vascular bundles (pentarch during initial
stages (one MAP) that turned polyarch on maturity) and exarch xylem. Tuber initiation occurred in milk yam during two
MAP with the development of cambium initials in between xylem and phloem elements. As tuber enlarged these
cambium initials joined together with cells proliferated from pericycle to form a complete cambium cylinder (during 12
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MAP) and was assumed to be the first and oldest growth ring (Plate 1.).

Plate 1. Microscopic view of primary cambium ring
The cambium cylinder on due course turned meristematic to produce secondary xylem and parenchyma cells centripetally
and sieve elements, companion cells and parenchyma cells centrifugally. Secondary phloem parenchyma or secondary
cambium (anomalous cambium) started to appear as bands or circles around secondary xylem scattered throughout the
tuber circumference (Plate 2).

Plate 2. Microscopic view of anomalous cambiums

Secondary cambium joined with parenchyma cells and cells developed form pericycle to form second annular ring (during
19 MAP). Third annular ring was observed in tubers obtained during 36 MAP. Each annular ring was made of four to five
layers of radially disposed older and spirally thickened vascular elements, latex vessels etc. pulled out by the starch filled
parenchyma cells in both the directions. It is seen that starch deposition started from three MAP and as tuber matured
starch deposition increased. Thus it is clear that tuber development in milk yam happened through anomalous cambium
activity, development of supernumerary cambiums coupled with starch deposition in parenchyma cells. Milk yam tuber of
more than 19 months maturity reported to possess all the characteristic anatomical features of a mature tuber viz., first
and second annular ring,anomalous cambium bands, superficial periderm, spirally thickened older xylem vessels, tyloses
attached to older xylem vessels, calcium oxalate crystals, obliterated latex vessels near to old annular ring. By 23 MAP
fiber development started and was found to be higher during 24 MAP. Hence, 19-22 MAP could be considered as ideally
mature for harvesting.

Proximate composition including physical standards, extractive values in different solvents and phytochemical screening
were done at tri-monthly intervals from third to twenty four MAP. Moisture content decreased with maturity. Higher
moisture content was recorded during initial stages of plant growth (three MAP,95.43 per cent) and all along the vegetative
growth phases counteract with less moisture content for the tubers harvested during senescence stages (12 MAP, 61.60
per cent and 21 MAP, 57.80 per cent). Total ash and water soluble ash content of milk yam tubers found to increase in all
the growth stages except during the period when the plants resumed its vegetative growth (15 MAP, 3.08 and 1.99 per
cent respectively; 24 MAP, 3.69 and 2.17 per cent respectively) (Figure 2.). Acid insoluble ash increased all along the
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tuber development stages and reached maximum (0.62 per cent) during 24 MAP which was on par with 21 MAP (0.60 per
cent) both satisfied the standards put forward by AYUSH (2006).

Crude fiber content in milk yam tubers shoot up during 12 MAP (3.95 per cent), 15 MAP (5.85 per cent) and 24 MAP (7.30
per cent) coincided with crop regrowth whereas, any phenomenal increase in crude fiber content was noticed during the
vegetative growth period. Crude fiber content of tubers having 18 months or more maturity [18 MAP, 6.16 per cent; 21
MAP, 6.19 per cent and 24 MAP, 7.30 per cent] could be considered as a good competitor of other edible tubers for fiber
content. Starch content and pH value recorded an inverse relationship (Figure 3.). pH value of milk yam tubers were
acidic at all stages of tuber growth.

Ash values (%)

T1{3MAP) T2 (6MAP) T3 (9MAP) r4 L Té 7 s
(IZ2MAP)  (ISMAP)  (I8MAP)Y  (2IMAP)  (24MAF)

Months After Planting (MAP)

~——Total ash (%) =& Water soluble ash (%) Acid insoluble ash (%)

Figure 2.Change in ash value of milk yam tubers during different maturity stages of milk yam (/pomoea digitata L.) tubers

Starch content found to increase during different stages of tuber growth except vegetative regrowth stages during 15
MAP (27.27 per cent) and 24 MAP (34.10 per cent) as a consequence pH value was vice versa. Starch content recorded
from nine MAP onwards could met the standards put forward by AYUSH (2006). Highest starch content was recorded
during 21 MAP (39.17 per cent) and its pH value was 5.29. Optimum physical standards viz., minimum moisture (57.80
per cent), high total ash and water soluble ash (4.74 and 3.22 per cent respectively), high acid insoluble ash (0.60 per
cent), optimally less crude fiber content (6.19 per cent), high starch (39.17 per cent) and pH value (5.29) were recorded to
be optimum for tubers harvested at 21 MAP.

Extractive values of milk yam tubers during different stages of its growth analysed at tri-monthly intervals in different
solvents viz., petroleum ether, chloroform, acetone, ethanol, methanol and water revealed that extractive value in polar
solvents were higher compared to non-polar solvents. Maximum extractive value was recorded by water extracts (17.62
per cent) and the minimum was recorded by petroleum ether extracts (0.86 per cent). Extractive value was highest
during 21 MAP (6.47 per cent) and the least was recorded during six MAP (5.60 per cent)
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Figure 3.Change in starch content and pH value of milk yam (/pomoea digitata L.) tubers during different maturity stages

Water soluble extractive of three month old tubers recorded the highest yield (23.04 per cent) and least was recorded by
petroleum ether extracts of 12 MAP (0.66 per cent).Higher alcohol (ethanol+methanol) soluble extractive, 20.87 per cent
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and lower water soluble extractive,12.53 per cent recorded during 21 MAP (satisfy the standards of AYUSH, 2006) indicated
the presence of more polar constituents like phenols, alkaloids, sterols etc.and less water soluble sugars. Hence, 21 MAP
can be transiently considered as optimally mature.

Qualitative and quantitative estimation of phyto-constituents at trimonthly intervals revealed the presence of primary
metabolites viz., carbohydrates, protein, fats and oils secondary metabolites viz.,alkaloids, glycosides, flavonoids, saponins,
phytosterols and resins. Primary metabolite concentration varied on maturity. Higher carbohydrate concentration was
recorded during 12, 18, 21 and 24 MAP, protein was higher during 3 MAP and fats and oils were higher during 15 MAP.
Highest carbohydrate content was observed during 21 MAP (68.25 g 100 g™?), protein content during three MAP (28.08 g
100 g™, fats and oil content during 15 MAP (4.09 g 100 g™?). Carbohydrate and protein content found increasing on
maturity except during 15 and 24 MAP as it were possibly used up for respiration during regrowth whereas fats and oil
contents followed opposite pattern of accumulation during maturity. Optimum concentration of primary metabolites viz.,
higher carbohydrate (68.25 g 100 g™), reasonably good protein content (6.63 g 100 g™*) and optimally low fats and oil
content (0.81 g 100 g™*) were recorded during 21 MAP.

Secondary metabolites observed at varied concentration in milk yam tubers during different stages of its growth and
development. Alkaloids, glycosides and saponins were higher at highly immature stage three MAP (1.45 mg AE g%, 2.60
ug g tand 7.14 mg DE g™?). Alkaloids and glycosides decreased during the following vegetative and reproductive growth
phases (six to twelve MAP) and shoot up with vegetative regrowth whereas saponin concentration decreased from six to
nine MAP and raised during the reproductive growth phase (12 MAP, 7.14 mg DE g™%). Alkaloids followed the increment up
to 18 MAP (1.35 mg AE g™%) and reduced during the rest of the growth stages (21 MAP,0.83 mg AE g™*and 24 MAP,0.53 mg
AE g™%). Glycosides and saponins again rolled back during 18 (1.53 pg g7 and 15 (6.03 mg DE g!) MAP onwards
respectively and recorded a further increment during 24 (1.73 ug g™*) and 21 (9.50 mg DE g™) MAP respectively. Alkaloid
concentration reported from 15-21 MAP were appreciably higher than the reported values. Cardiac glycoside content of
milk yam tubers at all stages of maturity were within the safe limits and hence, older tubers harvested during 21 and 24
MAP could be considered as optimally mature. For higher saponin yields it was equally good to harvest at 21 or 24 MAP.
Flavonoids found to increase from three to six (0.43-0.57 mg QE g™*) MAP and decreased up to 18 MAP (0.52-0.32 mg QE
g™?) followed by a hike during 21 MAP (0.54 mg QE g!) and 24 MAP (0.58 mg QE g™%). Hence, optimally mature tubers
having high flavonoid concentration could be obtained during 21 (0.54 mg QE g™) and 24 (0.58 mg QE g™*) MAP. Phytosterols
found increasing all along the growth stages and reached maximum value during 24 MAP (1.45 mg g™). Higher phytosterols
concentration might had favoured higher fiber production hence, optimum phytosterol yield was supposed to be obtained
during 21 MAP (1.18 mg g™?%). Resin concentration was higher in milk yam tubers during vegetative growth phase (three
to nine MAP and 15-18 MAP) and was lower during the reproductive and senescence stages (12 and 21 MAP). Optimum
quantity of phytochemicals particularly, higher alkaloids, saponins and flavonoids (0.83 mg AE g%, 9.50 mg DE g~*and
0.54 mg QE g~*respectively), moderate glycosides and phytosterols (1.40 ug g"*and 1.18 mg g~* respectively) and low
resins were recorded by tubers harvested during 21 MAP and hence, tentatively selected as optimally mature.

Morphological, anatomical and phytochemical investigations of milk yam tubers during its growth stages at regular
intervals revealed that milk yam tubers were optimally mature at 21 MAP. Milk yam tubers of 21 MAP were having more
than two (2.33) number of tubers; length, 29.50 cm; breadth, 21.90 cm; fresh tuber yield plant™, 983.33 g and dry tuber
yield plant™, 414.97 g.

Optimally mature milk yam tubers (21 MAP) was compared with immature (six MAP) and over mature (36 MAP) tubers for
the quantity of bio-active compound Umbelliferone using HPLC (Table 1.) and HPTLC (Table 2.) analytical tools. HPLC and
HPTLC techniques revealed the presence of Umbelliferone in all the tuber samples and it was quantified to be higher in
over mature tubers (0.44 and 0.42 ug g™ 'respectively), followed by optimally mature (0.31 and 0.22 ug g™ respectively)
and immature tubers (0.20 and <0.11 g g™'respectively).

Table 1. HPLC quantification of Umbelliferone in milk yam (Ilpomoea digitata L.) tubers of different maturity stages

Milk yam tuber sample Retention time(minutes) Area(mV.s) Area(per cent) Amount(ig g™
Standard 1.88 1565828 100.00 -
Immature tuber 1.83 630183 72.29 0.20
Optimally mature tuber 1.84 972683 87.48 0.31

Over mature tuber 1.84 1363514 93.19 0.44
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Table 2. HPTLC quantification of Umbelliferone in milk yam (lpomoea digitata L.) tubers of different maturity stages

Milk yam tuber sample Retention time(minutes) Area (AU) Area(per cent) Amount(ig g™
Standard 0.48 - - -

Immature tuber 0.47 7770.70 100.00 <0.11
Optimally mature tuber 0.47 10319.60 100.00 0.22

Over mature tuber 0.48 12436.30 100.00 0.42

GC-MS profiling of the bio-active compounds present in optimally mature (21 MAP) milk yam tubers revealed the presence
of sixteen compounds including five hydrocarbons, three fatty alcohols, three fatty acid esters, two fatty acids, one
phenol, one aldehyde and an amide (Figure 4.). The hydrocarbons identified were, 1-Hexadecene; 1-Nonadecene;
Cyclotetracosane; 10-Heneicosene (c,t) and 2,6,10,14,18,22-Tetracosahexaene, 2,6,10,15,19,23-hexamethyl-, (all-E)- or
Squalene. 9-Octadecen-1-ol, (Z)- or Oleyl alcohol; 1-Eicosanol and 1-Octadecanol or Sipol S or Stearyl alcohol were the
fatty alcohols. 9-Octadecenoic acid (Z)- methyl ester; 1, 2-Benzenedicarboxylic acid, mono (2-ethylhexyl) ester and cis-
4,7,10,13,16,19-Docosahexaenoic acid, trimethylsilyl ester were the fatty acid esters. Octanoic acid or Caprylic acid and
Decanoic acid or Sebasic acid were the two fatty acids identified. 2-tert-Butyl-4-isopropyl-5-methylphenol; E-15-
Heptadecenal and Octanamide were the identified phenol, aldehyde and amide compounds respectively. Among these
phytochemicals, 2-tert-Butyl-4-isopropyl-5-methylphenol was abundantly present (8.03 percent). E-15-Heptadecenal
and 1-Nonadecene were also found in higher amounts (4.94 and 4.31 percent respectively), all other compounds followed
it and 9-Octadecen-1-ol, (Z)- or Oleyl alcohol identified as scarce (0.39 percent).

Pharmacological properties viz., in vitro antioxidant activity (DPPH radical scavenging activity, nitric oxide radical
scavenging activity and reducing power) and in vitro anti-diabetic activity of immature (six MAP), optimally mature (21
MAP) and over mature tubers (36 MAP) of milk yam significantly varied among themselves. DPPH radical scavenging
activity and nitric oxide radical scavenging activity of optimally mature milk yam tubers recorded least IC, values,
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Figure 4. A typical Gas Chromatogram of methanolic crude extract of mature milk yam tubers

1040.00 pg ml™* and 355.00 ug ml™* respectively. Reducing power of optimally mature milk yam tubers observed as
absorbance at 400 ug ml™* concentration was 0.118 nm. Dominant in vitro anti-diabetic activity measured as alpha
amylase inhibition activity of milk yam tubers were recorded by aqueous extracts, 89.40 per cent and over mature tubers,
88.70 per cent. Ethanolic extract of optimally mature tubers recorded superior in vitro anti-diabetic activity (99.20 per
cent). Cost incurred for cultivating milk yam cuttings in a single polybag under organic management for a period of

twenty four months was calculated as ¥ 158.20/-.
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Figure 5. Alpha amalyase inhibition activity of milk yam (Ipomoea digitata L.) tuber extracts
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Nutrient analysis and protocol development for nutritional supplements

Physical, nutritional and sensory quality parameters of milk yam tuber powder prepared by adopting several pre-treatments
viz.,peeling and non-peeling the tubers and washing the tuber shreds (three times, two times, single time and no washing)
and drying it by sun drying or oven drying at 60 °C, 70 °C and 80 °C varied significantly among themselves. Milk yam
powder prepared using peeled tuber shreds washed for three times recorded moderate yield (21.23 per cent), high moisture
(7.19 per cent), drying time (14.13 hours) and crude fiber (7.08 g 100 g?) content. Carbohydrate, vitamin A and vitamin C
content were maximum for non-peeled and non-washed tuber shreds, 60.47 g 100 g*,8.58 g 100 g *,476.67 ug 100 g*
and 5.18 mg 100 g*respectively. High protein content was recorded by peeled tuber shreds washed for two times (9.50
g 100 g1). Minerals viz., calcium, iron and sodium content in milk yam tuber powder were not affected by the pre-
treatments applied. Maximum ash content was recorded by non-peeled tubers washed for single time, 5.26 g 100 g *. Hot
air drying at 60 °C recorded least moisture content (6.15 per cent), moderate drying time (11.29 hours), moderate yield
(21.18 per cent), high carbohydrate, protein, vitamin A and vitamin C(57.07 g 100g*,11.63g 100 g $,588.33 ug 100 g *and
7.2%3 mg 100 g* respectively). Peeling of tubers resulted significantly less carbohydrate (50.98 g 100 g!) and vitamin A
(436.98 pg 100 g?) than the non-peeled ones. Crude fiber, ash and mineral content didn’t affect by drying methods
adopted. Milk yam tuber powder prepared using peeled and three times washed tuber shreds, dewatered by keeping in
bamboo basket and dried in hot air oven at 60 °C (TD,) recorded least moisture content (4.60 per cent), moderate yield
(23.27 per cent), moderate time period for drying (12.33 hours), moderate carbohydrate (50.82 g 100 g'%), high protein
(4.04 g 100 g%, high vitamin Aand vitamin C (613.33 ug 100 g *and 7.43 mg 100 g* respectively). Fats and oil, crude fiber,
ash, calcium, iron and sodium content of T D, were 1.33 ¢ 100 g*,7.139 100 g*,3.56 g 100 g*, 136 mg 100 g *,4.95 mg
100 g*and 25.33 mg 100 g* respectively. Milk yam tuber powder prepared by adopting the treatment combination T,D,
recorded superior overall visual quality (288.55) too (Plate 3.A. & B).

Nutrient composition of T,D, (100 g) was higher than that of the fresh milk yam tubers (100 g) whereas anti-nutrient
components viz., tannins, phytic acid, oxalates and trypsin inhibitor were less than the fresh ones. Fresh milk yam tubers
(100 g) when processed to milk yam tuber powder using the standardized protocol yielded only 24.30 g. Hence, on drying
the fresh tubers

T8D4

A_Milk yam tuber powder scored excellent OVQ B, Milk yam tuber powder scored bad OVQ

Plate 3. Milk yam tuber powder scored (a) excellent OVQ and (b) bad OVQ
(100 g) energy, carbohydrate, protein, fats and oil, crude fiber, ash, calcium, sodium, iron, vitamin A and vitamin C got
reduced by 62.41 per cent, 34.60 per cent,47.11 per cent, 64.00 per cent, 49.43 per cent, 33.46 per cent, 58.04 per cent,
78.53 per cent, 48.02 per cent, 31.40 per cent and 38.10 per cent respectively (Figure 6). By adopting the standardized
protocol, fresh milk yam tubers (100 g) when made into dried powder (24.30 g), anti-nutrients viz., tannins, phytic acid,
oxalates and trypsin inhibitor got reduced by 69.84 per cent,81.02 per cent,94.69 per cent and 86.83 per cent respectively.

Vitamin A
Calcium
Ash

Fat
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Nutritional Parameters
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Figure 6. Percentage retention of nutrients in milk yam (Ipomoea digitata L.) tuber powder
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Out of the twenty two standard amino acids, eighteen amino acids were estimated from one gram milk yam tuber protein
and it included nine essential amino acids (150.62 mg), three non-essential amino acids (75.80 mg) and six conditional
amino acids (85.21 mg). Valine (32.96 mg), leucine (28.90 mg), phenyl alanine (20.90 mg), threonine (19.29 mg), isoleucine
(17.68 mag), lysine (16.08 maq), histidine (8.04 mg), methionine (5.63 mg) and tryptophan 1.10 mg) were the essential
amino acids. Milk yam tuber powder could meet 57.18 per cent and 51.62 per cent RDA of total essential amino acid
uptake for adults (>18 years) and children (one to two years) respectively. It could contribute 40.23 per cent RDA of
sulphur containing amino acids (Meth+Cys) uptake of adults. Milk yam tuber powder could satisfy 35.73 per cent and
30.92 per cent RDA of lycine as well as 18.33 per cent and 14.86 per cent RDA of tryptophan, the two essential amino
2

acids which are limiting in cereals.
100 - - = - - - - -
&0 = 75 -'::\ 3
20 I i :

Isoleucine Yaline Lysine Threonine  Tryptophan  Histidine

100
0o
0
il
0o
00
00

548

03

3

% RDA requirement

486

Leucine
BFAC  ®Adult requirement Children requirement

Figure 7. Percentage RDA of essential amino acids contributed by milk yam (Ipomoea digitata L.) tuber powder

Nutritive value of composite flour made out of milk yam, ragi, ground nut and green gram in various proportions viz., T,
(50:20:10:10),T, (45:25:10: 10), T, (40: 30: 10: 20), T, (30: 30: 10: 30) and T, (35: 25: 10: 30) recorded maximum amino
acid score for tryptophan. Lysine was found limiting (chemical score) in all the samples except T, and T,. Net Dietary
Protein Calories per cent was higher for T, than the other composite flours. Porridge made using T, was supported with
high sensory quality attributes viz., colour (45.20), odour (45.50), consistency (43.35), mouth feel (45.40), taste (45.35) and
over all acceptability (45.20) too (Plate 4).
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g PRI |

A —T4 (30: 30: 10: 30) B -T1(50: 20: 10: 10)
Plate 4. Porridge scored superior (A) and inferior (B) sensory quality attributes

Nutritional profile of the composite flour (30 milk yam: 30 ragi: 10 ground nut: 30 green gram) could sufficiently meet
RDA of an adult man (>51 years). Higher protein (15.45 %+ 0.13 g 100 g%),fat (3.27+0.36 g 100 g %), calcium (186.63 = 2.22
mg 100 g?),iron (12.21 £0.61 mg 100 g%, less carbohydrate (58.78 + 1.00 g 100 g*) and sodium content (28.27 £ 0.06
mg 100 g'!) along with similar energy value (333.84 £ 1.49 kcal) than the commercial product Quaker Oats Plus indicated
the superiority of milk yam dietary supplement (MYDS). Crude fiber, ash, vitamin A, vitamin Cand moisture content of the
developed dietary supplement were, 4.27 £ 0.40 g 100 g%, 5.54+0.29 g 100 g*,333.27£2.98 ug 100 g%, 2.35 £ 0.13 mg
100 g* and 10.10 = 0.35 per cent respectively (Figure 8).
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Figure 8. Nutrient composition of one serving size (40 g) of milk yam (/pomoea digitata L.) dietary supplement versus
commercial product
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Milk yam dietary supplement (MYDS) packaged in different packaging materials viz., LDPE covers, PP covers, aluminium
foil covers and PET containers and stored under ambient and refrigerated storage conditions recorded significant difference
in physical, chemical, microbial and sensory quality parameters. Packaging material used, storage conditions adopted as
well as their interactions significantly influenced moisture content, peroxide value, fungal population and bacterial
population of MYDS during three MAS. During three MAS, MYDS packaged in aluminium foil covers recorded least
moisture content (12.20 per cent), peroxide value (9.48 meq.0, kg™), fungi (3.92 x 10° cfu g™*) and bacterial population
(10.67 x 107 cfu g'*). Among the storage condition used during three MAS, MYDS stored under refrigeration recorded least
moisture content (11.90 per cent), peroxide value (9.11 meq.0, kg), fungi (2.33 x 10° cfu g™*) and bacterial population
(10.67 x 107 cfu g'!). MYDS packaged in aluminium foil covers and stored under refrigeration recorded least moisture
content (10.93 per cent), peroxide value (7.73 meq.0, kg*), fungi (0.67 x 10° cfu g*) and bacterial population (1.00 x 10
cfu g!) moreover, it scored highest overall visual quality (65.00) (Plate 5).

(A) Aluminium foil packaging (B) PET packaging
and refrigerated storage and ambient storage
Plate 5. Milk yam dietary supplement scored superior (A) and inferior (B) sensory quality three months after storage

Cost of production of one kilogram milk yam dietary supplement using the composite flour of milk yam: ragi: ground nut:

green gram (30: 30: 10: 30) was calculated as 192.50/-

15.Technology or academic findings generated:

a. Milk yam tubers of optimum quality (morphology, anatomy, proximate characteristics) can be obtained when harvest
at 21 MAP.

b. Phytochemical profile using methanolic crude extract of optimally mature milk yam tubers revealed 16 bio-active
compounds.

c. Optimally mature tubers (21 MAP) have superior pharmacological characteristics (anti-oxidant and anti-diabetic activity).

d. Milkyam tuber powder can be prepared using peeled tuber shreds, washed three times and dried in hot air oven at 60
oC.

e. Milkyam dietary supplement with superior nutritional value and sensory quality can be prepared by adding milk yam
powder with ragi, ground nut and green gram in the ratio 30: 30: 10: 30

f. MYDS packaged using aluminium foil covers and stored under refrigeration had better shelf stability up to three
months.

2. Evaluation and characterisation of promising hybrids of long pepper (Piper longum Linn.)
This project was carried out by Sruthy K under the guidance of Dr.Sujatha.V.S, at the Department of Plantation Crops
and Spices, College of Horticulture.

The study entitled ‘Evaluation and characterisation of promising hybrids of long pepper (Piper longum L.) was done with
the objective of evaluating four promising hybrids in pots under different shade levels, evaluation of their performance in
field condition and characterisation of hybrids along with the parents using molecular markers. The experiments on
evaluation of the hybrids were laid out at Department of Plantation Crops and Spices, College of Horticulture, Vellanikkara
and characterisation was conducted at the Department of Plant Biotechnology, College of Agriculture, Padannakkad. The
findings of the investigation are summerised below.

Variations were observed in vegetative and reproductive characters of Piper longum genotypes grown in pots under
different shade levels. Spike orientation was erect in all the accessions studied.

Significant variation was observed among hybrids at different shade levels for vegetative characters like plant height,
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number of primary branches per plant and time taken for production of first lateral. Variation was also observed in yield
attributes like number of spikes per plant and fresh and dry weight of spikes per plant.

Flowering and fruiting were higher at zero per cent and 25 per cent shade compared to 50 per cent shade level. At zero
per cent shade, PL 9,PL 63 and PL 140 were on par with respect to number of spikes per plant and fresh spike yield (g) per
plant. For dry spike yield, PL9 (7.37 g) and PL 63 (8.14 g) were on par.

At 25 per cent shade, significant difference was observed among hybrids in number of spikes per plant. PL 140 and PL 63
were on par with respect to number of spikes per plant. Maximum fresh yield of spikes was for PL 140 (12.06 g) followed
by PL9 (5.79 g). For dry spike yield, PL 9 (0.95 g),PL 63 (1.05 g) and PL 140 (2.01 g) were on par. However, at 50 per cent
shade, yield was maximum in PL9 (1.10 g dry spike yield). Yield was higher at lower shade level (zero per cent) compared
to higher (25 per cent and 50 per cent).

At zero per cent shade, PL 9 showed maximum oleoresin (15.2 per cent) and piperine (3.47 per cent). Essential oil was
uniform (0.8 per cent) in all genotypes except PL 140 (0.83 per cent). At 25 per cent shade Pl 140 had maximum essential
oil (0.86 per cent) and oleoresin (9.23 per cent).

Significant variations were observed among field planted P.longum genotypes in number of primary branches, internodal
length of orthotropic as well as plagiotropic shoots and leaf area. Maximum vine length was observed in female parent
(221.75 cm). Viswam produced maximum number of primary branches per plant (31.67). Hybrids PL 9 and PL 63 produced
maximum number of laterals per plant (45) compared to all other genotypes studied. Characters like pedicel length,
spike length, spike girth and yield in terms of number of spikes per plant, fresh weight per plant and dry spike yield per
plant also differed significantly. Hybrid PL 9 produced maximum yield (44.87 g fresh spike per plant) followed by PL 63
(30.57 g fresh spike per plant). Hybrids PL 9 and PL 63 were statistically on par with respect to number of spikes per plant
and dry spike yield. Number of laterals and number of spikes per lateral branch had highly significant correlation with
yield. Correlation analysis revealed that number of primary branches per plant and spike length also had significant
influence on yield.

Among the four promising hybrids evaluated, PL 9 followed by Pl 63 were found to be more promising as they were
significantly higher yielders compared to other hybrids, female parent and Viswam.

In field, high variability with respect to quality characters such as oleoresin and piperine content was observed. Essential
oil content was uniform (0.8 per cent) in all accessions except PL 140 (0.83 per cent). Maximum oleoresin and piperine
content were recorded in PL 9. Pest like papaya mealy bug and diseases like leaf spot and fusarium wilt were observed
in field. However, the attack was not severe.

Characterisation of the four selected accessions of Piper longum along with parents and Viswam was done using RAPD
markers.Among thirty decamer primer screened, ten primers showed difference all other hybrids whereas it was found to
be closer to the parents than others.

3. Evaluation of Neikumbalam (Benincasa hispida Thunb.) collections for yield and quality

Ash gourd [Benincasa hispida (Thunb.) Cogn.] is a member of the family Cucurbitaceae which is mainly grown for its fruits.
Vaidyakumbalam or neikumbalam is a specific ecotype of ashgourd in Kerala with hard pulp, long keeping quality and size
slightly larger than a cricket ball. It is the principal ingredient used in the preparation of the Ayurvedic medicine “Kooshmanda
rasayanam” and “poosanilehyam”, a similar preparation made by the Siddha medicine physicians. The availability of this
special type of ash gourd is scarce at present. And, not much is known about the morphology and biochemistry of
neikumbalam. The present study has been undertaken in this context.

Sixteen types of neikumbalam (medicinal ash gourd) were collected from different locations in Southern, Central and
Northern Kerala. These were evaluated along with a vegetable ash gourd variety ‘Indu’ used as check, for various
morphological, yield, fruit, seed and biochemical characters.

Morphological characters were recorded at four growth stages, viz. pre-flowering, flowering, fruiting and harvest. Medicinal
ash gourd accessions were less vigorous in growth, producing lower number of branches and leaves and smaller leaves
when compared to the vegetable ash gourd variety ‘Indu’ Among the neikumbalam types, highest vine length was recorded
in BH 11 at all the four growth stages (172.85 cm, 212.55 c¢m, 245.84 cm and 289.46 cm respectively). The leaf area
among the accessions ranged from 67.16 cm?to 158.8 cm?
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With respect to flowering, a few of the neikumbalam accessions recorded early opening of both male and female flowers.
The accessions BH 13,BH 14,BH 15 and BH 16 were early in female flower opening and also produced female flowers at
lower nodes than other accessions. The first female flower was produced at a lower node (4.75) in the accession BH 13.
Also, all neikumbalam accessions had a sex ratio lesser than the check variety ‘Indu’ (9.37). The lowest sex ratio was
recorded in BH 2 (3.5).

With respect to yield characters, the medicinal ash gourd accession BH 7 produced highest number of fruits per plant than
other accessions and the check variety ‘Indu’. However, due to low single fruit weight (1250 g in BH 7), the yield per plant
was less in medicinal ash gourd than ‘Indu’ in which the individual fruit weight was significantly high (2380 g). There was
variation in the number of days taken for fruit maturity and crop duration among the medicinal ash gourd accessions. The
crop duration ranged from 102.66 days to 153 days.

Variability was observed in all the qualitative fruit characters studied. Oblong, spherical and conical shaped fruits were
observed. The check variety ‘Indu’ also produced oblong fruits. The intensity of hairiness and waxiness varied among the
accessions and they were categorized as low, medium and high. There was variation in rind colour also among the
accessions, viz. dark green, bright green, yellowish green and light green. The keeping quality of fruits ranged from 6
weeks to 11 weeks under ambient conditions.

Fruit size exhibited variation among the accessions. The fruits of medicinal ash gourd were significantly smaller in size
and lesser in weight (349 to 1250 g) than vegetable ash gourd fruits. Rind thickness was significantly lower in the
medicinal ash gourd accessions than the check variety ‘Indu’ The neikumbalam fruits also recorded significantly less flesh
thickness and major part of the fruit volume was occupied by seeds.

Seeds of neikumbalam were small compared to Indu, the check. However, most of the neikumbalam accessions recorded
more number of seeds per fruit (739 seeds in BH 7) than ‘Indu’ (523 seeds). Weight of seed coat, seed kernel and hundred
seed weight were significantly less in neikumbalam accessions. Seeds of all accessions and the check variety ‘Indu’ recorded
more than 96 % viability after two months.

Fully mature fruits were screened for various phytochemicals after which they were subjected to biochemical estimation.
Most of the biochemical characters showed variation among the accessions.Acidity in fruits of neikumbalam was significantly
higher than the vegetable ash gourd. Protein content and total sugar content in the neikumbalam accessions were
significantly lower than that in the check variety ‘Indu’ But, the neikumbalam collections recorded high amount of free
amino acids which is an indication of the rejuvenating property of the fruits. Total phenol content and tannin content
showed significant variation among the accessions. But a definite pattern could not be drawn between the neikumbalam
accessions and the check ‘Indu’ The ethanolic extract of neikumbalam fruits exhibited significantly high antioxidant
activity (1.315 to 2.595) than the check variety ‘Indu’ (1.109) as indicated by the IC 50 value.

Results of the present study indicate that this unique type of ash gourd is morphologically different from the vegetable
type ash gourd in growth pattern, flowering nature, fruiting and yield characters. Neikumbalam which is considered as a
medhya (rejuvenating) drug contained higher amount of free amino acids and had high antioxidant activity. This might be
one of the factors responsible for its reported medicinal properties.

4. Influence of storage environment and packing materials on seed germination and viability of Desmodium gangeticum
(L.) dc. and Indigofera tinctoria (L.)

All the seed quality parameters were significantly influenced by the individual treatments of moisture levels, packing
materials and storage environments and by the combined interaction of these three factors except seedling fresh weight,
seedling dry weight and 1000 seed weight at some weeks after storage.

Seeds of 8% moisture content recorded higher germination percentage for both crops, higher seedling root length and
shoot length for Indigofera tinctoria. Among the packing materials, polythene bag stored seeds of Desmodium gangeticum
showed higher thousand seed weight, germination and seedling shoot length at the same time cloth bag stored Indigofera
tinctoria seeds recorded higher thousand seed weight,germination and seedling root length. Seeds stored under refrigerated
condition showed higher thousand seed weight, germination percentage, seedling root length and seedling shoot length
for both crops.

Significant positive and negative relationships were observed due to the influence of weather parameters (maximum
temperature, minimum temperature and relative humidity) on seed quality. Maximum temperature and relative humidity
showed a positive relationship with majority of the seed quality parameters except seedling fresh weight of Indigofera
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tinctoria and seed moisture content of Desmodium gangeticum. Most of the seed quality parameters (thousand seed
weight, seed moisture content, germination percentage, seedling shoot length and seedling fresh weight) were negatively
influenced by minimum temperature.

Results of the investigation implies that, to enhance the germination of seeds over a period of 12 weeks of storage it is
better to dry the seeds to 8% moisture content and pack in polythene bags for Desmodium gangeticum seeds, cloth bags
for Indigofera tinctoria seeds and store under refrigerated environment.
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Concluded Projects

Biotechnology
1. Metabolome analysis in ginger and product development using gingerol
Dr.Shylaja.M.R
Professor

shylaja.mr@kau.in

The project on PPP mode was officially launched at KAU on 18 August 2014 with participation of KAU- Arjuna Natural
Extracts Ltd., Alwaye (ANEL) and DBT-BIRAC, New Delhi. The major activities in the project were gingerol product
development using already identified high gingerol yielding somaclones, stability studies for retention of gingerol in the
product, analysis and separation of 6 - gingerol from other gingerols, detailed animal toxicity studies of the extract and
screening somaclones for gingerol content.

Kerala Agricultural University, Thrissur in association with Arjuna Natural Extracts Ltd., Aluva with DBT-BIRAC funding
has developed a stable gingerol product with 8 per cent total gingerol from already identified high gingerol yielding
somaclones of KAU with stability of gingerol for a period of one year. Provisional Indian patent number received for the
stable gingerol product developed from the high gingerol yielding variety Karthika. Acute and subchronic toxicity studies
of the developed product in animal models showed that there were no adverse effects for the product. 6-gingerol could
be separated from total gingerols using slica gel column with a mixture of dichloromethane and hexane. 6-gingerol was
found stable in nitrogen atmosphere at low temperature. Screening new set of somacloens (210 Nos.regenerated through
indirect organogenesis/ embryogenesis and in vitro mutagenesis) for gingerol content for three years could locate ten
clones of Maran and twelve clones of Rio de Janeiro with high gingerol recovery of >15g/kg ginger powder. When yield
and quality parameters were taken into consideration, nine clones with high gingerol recovery of >15g/kg could be
located . Two somaclones were the highest yielders recording >22 percent total gingerol. Four somaclones of the new set
(CPBMB161,162,163,164) could be advanced up to plant batch trials and recorded the same recovery of gingerol as that
of variety Karthika in plant batch. Evaluation of aroma constituents in selected high gingerol yielding clones could locate
three clones (CPBMB 176,166 and 182) with high aroma constituents. Kerala Agricultural University, Thrissur in association
with Arjuna Natural Extracts Ltd., Aluva with DBT-BIRAC funding has developed a stable gingerol nutraceutical product
with 8 per cent total gingerol from already identified high gingerol yielding somaclones of KAU with stability of gingerol
for a period of one year. Provisional Indian patent number received for the stable gingerol product developed from the
high gingerol yielding variety Karthika.

2. Molecular characterisation of spike branching trait in black pepper (Piper nigrum L.)
Dr.Swapna Alex
Assoc.Professor

The objectives were to identify and functionally characterize the genes conferring spike branching trait in black pepper.
Morphological, biochemical,hormonal and molecular analyses of spike branching trait and to hybridise ‘Pepper Thekken’
with Panniyur variety for transfer of spike branching trait. In this study Three nucleotide sequences related to Floral
architecture isolated from branching type black pepper’ were isolated and the sequences were deposited in GenBank
(Accession Numbers: KX518738-KX518740). Identification of Integrase Core Domain within the homologous sequence
of ra 3 gene in black pepper type ‘Thekken’, suggests a possible role of retroviral integration in differential expression.
Study reveals possible role of pin1 gene through auxin regulation in spike branching.

3. Molecular marker aided selection for novel traits in Komadan coconut palms
DrJayalekshmi
Professor

The objectives of the study were identification of a molecular marker for detection of Komadan cemiharacters in Komadan
mother palms, evaluation of the segregating progenies from the crosses with Komadan as a parent for analyzing the
segregation of Komadan traits, molecular analysis of the segregating population to confirm the marker, along with the
long-term objective to evaluate the hybrids with Komadan as a parent . 135 hybrid seedlings developed from the crosess
with Komadan as one of the parent in four combinations (Komadan X WCT, WCT X Komadan, Komadan X CGD, Komadan
selfing) were planted for long term evaluation. RAPD analysis of the hybrids from the four cross combinations was done
with five identified polymorphic pimers OPC20, OPP3, OPP2, OPP5, OPA5 and OPD3 . SSR analysis of the parents and
hybrids with 4 SSR primers(CNZ1, CAC10, CnCirH4 and CnCirG11) with specific marker for komadanwas done. SCAR
marker specific to Komadan was developed from the polymorphic RAPD marker OPC20 and was used for screening the
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hybrids. The hybrids showed polymorphism for the molecular markers studied. Marker analysis showed segregation of
Komadan specific markers in the hybrids. The seedlings from Komadan selfing did not show any genetic variation in the
molecular analysis suggesting homozygous nature due to predominant selfing of Komadan palms. Screening of the
hybrids with the Komadan specific SCAR marker showed that 50 per cent of the hybrids showed the presence of marker
specific for Komadan.

Ongoing Projects

Biotechnology
1. Centre of Excellence in Biotechnology and Secondary Agriculture at CPBMB
Dr.Shylaja.M.R
Professor

shylaja.mr@kau.in

Research on centre of excellence and secondary agriculture focused on development of regeneration protocols in recalcitrant
species like coconut and nutmeg, gender identification in nutmeg through molecular marker analysis, In silico screening
and molecular docking of compounds from nutmeg, pepper, pineapple against major diseases. For coconut embryo
culture, better response was observed in Y3 medium supplemented with different levels of auxins and cytokinins. Bulging
of embryos and germination started in few cultures. Out of 848 embryos inoculated, 172 embryos showed bulging. Trials
on somatic embryogenesis using plumular region is in progress. Of the 42 media combinations tried for multiple shoot
induction in nutmeg, multiple shoots could be observed in two cultures @ 2 shoots/culture in SH medium supplemented
with BA, NAA and Casein Hydrolysate. RAPD primer OPBD 20 gave polymorphic band in female plants. Further validation
of the primer and development of scar marker are in progress. Identified eight phyto compounds (Malabaricone B,
Butylformate, Vanillin, Cymenol, Pellitorine, Coumaperine, Undecanone and Methyl octanate) from the crops studied against
diabetes which passed ADMET analysis and eight phyto compounds (Vanillin, Theobromine, Malabaricone B, Cymenol,
Undecanone, Coumaperine, Pellitorine, and Methyl cinnamate) against cancer which passed ADMET analysis. Docking
studies of compounds of pineapple, nutmeg and black pepper against receptor proteins for arthritis and cardiovascular
diseases are in progress.

2. Commercial micropropagation of high demand high value crops as per National Certification System for Tissue Culture
Plants (NCSTCP)

Dr.Shylaja.M.R

Professor

shylaja.mr@kau.in

The project aimed at developing a well designed commercial micropropagation unit at CPBMB as per NCSTCP, advanced
facility for virus indexing at CoA, Vellayani, well designed micropropagation facilities at four satellite centres (BRS Kannara,
RRS Vyttilla, RARS Pattambi and CoA Padanakkad), operational capacity building of the units in a revolving fund mode at
later stages, need based development of micropropagation protocols on new high demand crops and refinement of
already developed protocols for commercial application, capacity building of entrepreneurs on commercial plant tissue
culture, virus indexing and clonal fidelity testing. Establishing demonstration plots of tissue culture derived plants at
lead and satellite centres are also aimed in the project.

During the period, project was in operation at eight network centres. The production of TC plants was continued at
different centres in RF mode. The allotted fund @ Rs. 0.5 to 1.25 lakhs/centre was utilized for purchase of research
materials/meeting labour wages. During 2017-18, 3.7 lakhs TC plants were produced in various centres generating an
income of Rs.72.00 lakhs.

PG Projects

Concluded Projects

1.Validation of apomixis and transcriptome analysis for detection of the genes related to apomixis in black pepper (Piper
nigrum L.)

The objectives of the study were to validate apomixis in black pepper varieties Panniyur-1 and Panniyur-2 through
controlled pollination studies and to identify differentially expressed genes associated with apomixis through transcriptome
analysis.

Studies were conducted on bush pepper plants of the selected varieties viz., Panniyur-1 and Panniyur-2 and floral biology
was studied. In Panniyur-1 and Panniyur-2 the active female and male phase was separated by 10 and 8 days, respectively.
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Attempts were made to confirm apomixes by allowing berry development in controlled condition by bagging of spike
initials. Berry development occurred under bagged condition. Upper six berries were considered as apomictic and lower
six berries were considered as pollinated. /n vitro embryo culture resulted in embryo germination and multiple shoot
induction in SH medium with hormones. Ex vitro germination of seedlings were carried out. Histological examination
results revealed that in case of pollinated berries, the sexual fertilization occurs and embryo develops inside the embryo
sac in the micropylar end. So, it can be concluded that facultative apomixes exists in black pepper varieties P1 and P2
and the embryo developed parthenogenetically. The molecular characterization of apomictic and non-apomictic seedlings
was done through Inter Simple Sequence Repeats (ISSR) and Simple Sequence Repeats (SSR) assay. In ISSR and SSR
assay certain primers showed polymorphism among mother plant, apomictic and pollinated progenies. RNA mediated
transcriptome analysis of the apomictic and pollinated berries was done for identification of genes. The sequence analysis
showed homology to NADH dehydrogenase subunit J, acetyl-CoA-benzylalcohol, acetyltransferase and purine permease
4.

2. Metabolite profiling and gene expression analysis for gingerol production in selected somaclones of ginger (Zingiber
officinale Rosc.)

The investigation aims to completely profile the metabolites in selected ginger somaclones using high throughput
analytical platforms and to analyse the gene expression with respect to gingerol production in selected somaclones.
Metabolite profiling of selected somaclones was completed and gene expression analysis for gingerol production is in
progress. Clone to clone variation was observed in the number and quantity of aroma components and pungency principles
profiled using GC-MS and HPLC respectively. Aroma and pungency principle accumulation was observed at the rhizome
formation stage of five months after planting. Total volatile oil components separated from fresh and dry ginger rhizomes
were 148 and 104 respectively. Good quality total RNA was isolated from ginger sprouts exhibiting a ration (A, /A, ) of
greater than 1.8 with a concentration of 1.58ug/ul. Highest Chalcone synthase gene expression was observed in somaclone
B3 (54%). Modified protocol adopted for RNA isolated could yield better quantity (2.55 to 2.93) and quality of total RNA
(1.92 to 2.05) from ginger rhizomes fresh and frozen at -80°C. Modified protocol adopted for RNA isolation from leaves
could yield better quantity (1.09 to 1.21) and quality of total RNA (2.13) from young ginger leaves. Twenty four rhizome
ESTs and nineteen leaf ESTs were developed. Functional annotation using Blast2GO annotation tool revealed no
differentially expressed genes for gingerol production in rhizome ESTs. Eleven differentially expressed proteins were
found in rhizome ESTs viz. for signaling response (Protein kinase domain), protein trafficking (ADP-ribosylation factor),
photosynthesis (Photosystem 1 PsaA/PsaB),ATP formation (ATP synthase subunit beta) and transposon mediated mutations
(Retrotransposon and integrase protein). One differentially expressed gene for gingerol production was found in leaf
ESTs viz. 3-ketoacyl CoA thiolase (ACAA1). Eighteen other differentially expressed proteins were found in leaf ESTs viz. for
transportation of plant secondary metabolites and their intermediates (Glutathione S-transferase), mobilization of sucrose
into metabolic pathways (Sucrose synthase 3-like protein), lipid biosynthesis (Glycerol-3-phosphate acyltransferase 3),
transportation of cellular material to microtubules (Kinesin-like-protein) and biogenesis of metabolic pathways in Calvin
cycle (Phosphoribulokinase protein).

3.QTL mapping for yield traits in vegetable cowpea

The objective was to map the SSR markers and to identify the quantitative trait loci for yield components in the genome
of vegetable cowpea.A modified DNA isolation protocol was designed based on the standard CTAB DNA isolation method.
One hundred SSR primer pairs were initially screened among the two parents to check for their ability to generate
polymorphism. Out of which, 30 clearly polymorphic SSR markers were selected and used for genotyping the 94 samples
in mapping population and the band patterns were scored.A linkage map spanning 908 cM with two linkage groups was
constructed. Linkage group 1 had eight linked SSR markers and Linkage group 2 had five linked markers. This linkage
map was further used for QTL analysis. QTL map was developed using ICIMapping software using both single marker
analysis and additive linkage analysis strategies. Data from SMA was used to confirm the results of additive linkage
mapping. Two significant QTLs, each having two bracket markers and an anchor marker for traits days taken for flowering
and plant weight was identified. Two suggestive QTLs with two bracket markers each for traits branch number and root
length was also identified. Three SSR markers, CLM0177,CLM0083 and CLM0244 were declared anchor markers for traits
days taken for flowering, individual pod weight and total dry pod yield and plant weight respectively. Two significant
QTLs for the traits “days taken for flowering” and “plant weight” were identified. Two suggestive QTLs for “branch number”
and ‘root length” were also identified. Anchor markers for the traits “days taken for flowering”, “individual pod weight’,
and “total dry pod weight” were also identified.

4. Characterization of PR proteins in selected calli clones of black pepper in relation to Phytophthora foot rot disease

The objective was to characterize PR proteins in selected calliclones of black pepper in relation to Phytophthora foot rot
disease. Detached leaf symptom bioassay at 24, 48 and 72 hours after inoculation revealed that, CKCC 27 showed the
least lesion diameter depicting tolerance reaction. 3-1,3-glucanase assay showed that, KLCC 89 recorded the earliest (at
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24 hours after inoculation) and highest specific activity of B-1,3-glucanase among the 11 calliclones and susceptible
variety Panniyur-1.In KLCC 89, at 24 hours after inoculation, the 16.5 kDa protein band corresponding to B-1,3-glucanase
was found over expressed as compared to other calliclones and Panniyur-1. Proteome analysis by two-dimensional gel
electrophoresis revealed that, tolerant KLCC 89 expressed 167 spots differentially as compared to Panniyur-1 at 24 hours
after inoculation, of which four spots were selected for MALDI-TOF analysis (Spot 1, Spot 2, Spot3 and Spot 4). MALDI-TOF
analysis followed by MASCOT search revealed three hit peptides for Spot 1, six hit peptides for Spot 2, five hit peptides for
Spot 3 and one hit peptide for Spot 4. In silico analysis of the 15 protein hits using BLAST2GO tool identified eight
sequences of Nicotiana tabacum, four sequences of Oryza sativa japonica group, three sequences of Nicotiana sylvestris and
one sequence each belonged to Nicotiana benthamiana and Piper nigrum.The enhanced expression of plastocyanin protein,
TRAF-like family proteins, RUBISCO dependent glycolate and glyoxylate metabolism, light dependent ROS production
during photorespiration, F-box proteins, synthesis of antimicrobial metabolites and retrotransposition activity were observed
in the tolerant calliclone KLCC 89 as defense related responses. Plastocyanin is involved in regulation of photosynthesis
to meet the requirements of nutrient competition by the P. capsici whereas the TRAF-like family proteins is involved in
regulation of programmed cell death. The increment in RUBISCO, regulates the glycolate and glyoxylate metabolism for
H,0, production. F-box proteins are involved in regulation of jasmonate regulated defense-related pathways.

5. DNA barcoding of spider mites (Prostigmata: Tetranychidae) on major crop plants of Kerala

The objective of the study was to generate DNA barcode for different species of spider mites on major crops of Kerala and
to find out the genetic variability among them. The spider mites associated with ten different crops were collected from
eleven different locations from mainly four districts of Kerala namely, Thrissur, Palakkad, Ernakulam and malappuram.
Sixteen accessions were maintained as isolines and species identification was done using both morphological and molecular
methods (/TS2 and COI loci). Three different species of spider mites were morphologically identified viz., Tetranychus
truncatus, T.okinawanus and T. udaipurensis were found associated with ten different crops from eleven different locations.
The study recorded new host records for all the three species. Pumpkin, banana, tapioca were new host records for T.
truncatus; papaya, cowpea, ashgourd and brinjal were new host records for T. okinawanus and banana, okra and tapioca
were new host records for T.udaipurensis. The size of amplicons obtained for /TS2 and CO/ loci were in the range 600-700
bp and 800- 900 bp, respectively, which were in the expected range and were suitable for barcoding and the results of
BLASTn analysis of both COl and ITS2 were in consensus with the morphological identification. The barcode gap analysis
of COl and ITS2 sequences confirmed the existence of bardcode gaps at both the loci to differentiate T. truncatus from T.
udaipurensis as well as T. okinawanus. The pairwise distance analysis of the sequences revealed that the intraspecific
nucleotide divergence was less than one. The distance between T. truncatus and T. udaipurensis was 0.140 - 0.142, while
between T truncatus and T. okinawanus was 0.113,while distance summary analysis of sequences revealed that the divergence
(%) within species for ITS2 and COI loci were in the range of 0.00-0.31 and 0.96 -2.88 respectively. Phylogeny analysis of
COl'and ITS2 sequences revealed that the same species within a monophyletic group formed a single clade and points out
point out that T. truncatus is closely related to T. udaipurensis as well as T. okinawanus. The study brought to light the
predominance of T.truncatus and T.okinawanus from the crops sampled for spider mite. Tetranychus okinawanus which was
first reported from Adenium in Kerala,was seen to have expanded its host range and was reported from four new hosts
indicating its potential to widen its host range and is also suggestive that this alien species may turn invasive. Present
study validates and confirms the earlier reports that both /7S2 as well as CO/ as reliable tools to differentiate closely
related species of spider mites.

6. Molecular characterization of Erwinia species causing rhizome rot in banana

Objective was to characterize Pectobacterium carotovorum, the pathogen causing rhizome rot in banana in terms of
phenotypic, biochemical, molecular characters and variability. The variability of the isolates were evaluated by cultural,
morphological, biochemical, physiological and molecular methods. The rhizome rot infected samples were collected from
banana fields of 14 different locations in the districts Thrissur, Palakkad, Ernakulam, Kollam and Trivandrum of Kerala and
also from four different locations in the districts Kanyakumari, Madhurai and Tuticorinof Tamilnadu. Isolation of pathogen
from the samples by the standard tissue maceration method yielded 18 isolates. The bacterial colonies were small, cream
to yellowish in colour, slightly raised and mucoid with a diameter in the range of 2.3 to 2.5mm and pathogenicity of 18
isolates were proved. Morphological characterization of the bacterium was carried out by staining viz., Gram staining,
capsule staining, flagellar staining and the bacterium was gram negative, non capsular with peritrichous flagella.

Biochemical characterization was carried out by various test viz, solubility in KOH, potato and carrot soft rot test, pectate
degradation, growth in NaCl containing medium, pectate degradation and catalase test. Physiological characterization
was done by growing the bacterium at different temperature and pH.The maximum growth was recorded at 27°C followed
by 29°C after 48h of incubation. The bacterial growth was very low at 37°C. The maximum growth was recorded at pH 7.0
followed by pH 7.5 after 48h of incubation. The most favorable pH for the growth of Erwinia/ Pectobacterium spp. was
observed as 7.0.Differences were observed in OD value of isolates under varying temperature and pH. Based on the results
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of cultural, morphological, biochemical and physiological characterization dendrogram was constructed and the 18
bacterial isolates were grouped into six groups.

Total genomic DNA isolated was subjected to PCR analysis using universal 16S rRNA primers produced amplicons of
1.5Kb size. Sequencing of the amplicons of representative isolates of six groups were carried out and the sequences
obtained are used for homology analysis, phylogenetic analysis and phylogenetic tree construction. ALl the six groups of
bacterial isolates were belonged to Erwinia carotovora/Pectobacterium carotovorum but variation was observed at subspecies
level of the six groups, two subspecies viz., Pectobacterium carotovorumssp. carotovorum and Pectobacterium
carotovorumssp.brasiliensewere observed. Barcode gap of Pectobacterium carotovorum ssp.carotovorum and Pectobacterium
carotovorum ssp. brasiliense was also assessed by aligning the six sequences using ‘Clustal W’ software. The phylogenetic
tree was constructed and two subspecies of Erwinia carotovora / Pectobacterium carotovorum were discriminated in the
phylogenetic tree.

7. Genome walking for putative phytic acid (InsP6) unigene in black pepper (Piper nigrum L.)

Objective was to sequence the flanking regions of unigenePnc135 coding for Phytic acid (InsP,) by primer walking and
validation of the gene and detection and quantification of InsP, and its derivatives [inositol pyrophosphates (PPx-InsPs)],
if any, in black pepper. Three sets of primers (PNC F5/PNCR5, PNC F6/PNC R6, PNC F7/PNC R7) were designed based on
the multiple sequence alignment of putative unigene (Pnc135) showing similarity to ipkI gene obtained in a previous
study, with the selected sequences of 28 different crops. Among the six PCR products sequenced, F6R5 obtained by
primer set PNCF6/PNCRS5 gave an amplicon of 394 bp.This PCR product (F6R5) showing similarity to ipk1 gene was used
for performing genome walking for the flanking regions using the protocol by Reddy et al. (2008). The forward and
reverse locus specific primers and the corresponding nested primers were designed based on the sequence of F6R5.
From the nested PCR amplification, four PCR products A3F1,A2F1,A4R1 and A4R2 were sequenced and genome walking
towards 3’ flanking region of F6R5 using the primer NLSP F1 gave aPCR product of 933 bp size (A3F1) showing similarity
to ipk1.The total length of the assembled sequences of F6R5 and A3F1 was 1072 bp (PN-ipk1). The assembled sequence
(PN-ipk1) was analysed for the coding region (Open Reading Frame) and was found to be having 522 bp coding for 173
amino acids. The nucleotide sequence as well as the amino acid sequence was used for the phylogenetic analysis using
ipk1 sequences of other crops showing similarity in BLAST search. The analysis showed that PN-ipk1 was evolutionarily
closer to sequences of plants like Phaelenopsisequistris, Musa acuminata, and Phoenix dactylifera. Polyacrylamide gel
electrophoresis (PAGE) analysis was carried out to detect the presence of InsP, in panniyur-1 leaf sample. The leaf extract
as well as phytate standards were loaded onto gels and the corresponding band intensities of each concentration of
phytate standard and samples were recorded using the software GelQuant.NET. Quantity of phytate in the sample was
estimated to be 620 nmoles/g fresh weight in the leaf tissues. The study has given the confirmation of the presence of
ipk1 gene in black pepper and was able to decipher a total sequence length of 1072 bp by genome walking towards the
3’end of the 394 bpamplicon obtained from var. Panniyurl. Identification of the sequence towards the 5end to get the
full length gene will help to understand the role played by the gene in biot