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PREFACE

The Indian Agricultural Research Institute (IARI) continues its leadership role in basic, strategic and applied
agricultural research, education and extension in India. For sustainable food, nutritional and livelihood security,
agricultural exports and farm profit, the Institute has developed new crop varieties/hybrids with improved yield,
quality and climate resilience. In food crops, three wheat varieties, one rice variety and two maize hybrids were
released for commercial cultivation during this year. Wheat variety HD 3226 with inbuilt resistance to all three rusts,
Karnal bunt, powdery mildew, flag smut and foot rot diseases with an average yield of 5.75 t/ha was released for
commercial cultivation under irrigated timely sown conditions of North Western Plains Zone (NWPZ). It also has
high nutritional quality with grain protein content of 13 %. Two bread wheat varieties viz., HD 3237 with an average
yield of 4.84 t/ha, and HI 1620 with an average yield of 4.91 t/ha were released for commercial cultivation under
restricted irrigation conditions in NWPZ. Pusa Samba 1850, a MAS-derived near isogenic line of a popular slender
grain rice variety, BPT 5204 (Samba Mahsuri), possessing Pi54, Pil and Pita genes for blast resistance was released for
the states of Chhattisgarh and Odisha. Sweet corn hybrid, Pusa Super Sweet Corn 1 which matures in 78 days and
yields 9.3 and 16.2 t/ha of cobs and green fodder, respectively, was released for Northern Hills Zone (NHZ), North
Western Plains Zone (NWPZ), North Eastern Plains Zone (NEPZ) and Peninsular Zone (PZ). Pusa Jawahar Hybrid
Maize 1 (PJHM 1) was released for cultivation in Madhya Pradesh.

Eleven varieties/hybrids of different vegetable crops viz., onion (Pusa Sona), garden pea (Pusa Prabal), brinjal
(Pusa Safed Baingan 1 & Pusa Hara Baingan 1), long melon (Pusa Utkarsh), round melon (Pusa Raunak), musk
melon (Pusa Madhurima), Sarda melon (Pusa Sarda), Chenopodium (Pusa Green), cucumber (Pusa Parthenocarpic
Cucumber 6) and okra (Pusa Bhindi 5) and two F, hybrids in bitter gourd (Pusa Hybrid 4) and sponge gourd (Pusa
Shrestha) have been notified by the Central Sub-Committee on Crop Standards, Notification and Release of Varieties
for Horticultural Crops in 2019. In addition, cabbage F, hybrid Central Cabbage Pusa Hybrid 81 and a Kale variety,
Central Kale Pusa 64 were also released. In grape, the Delhi State Variety Release Committee notified grape hybrid,
Pusa Aditi (Banqui Abyad x Perlette) for Delhi State and NCR region.

The Institute has developed crop and resource management technologies for different farming systems. A
horticulture crop-based integrated farming system with a net income of Rs.2.4 lakhs per acre per year has been
developed. GreenSeeker and Nutrient Expert® (NE) as decision support systems for precision nitrogen application
was developed which saves up to 26 kg nitrogen/ha and thus reducing the cost of cultivation and adverse
environmental impact. Conservation agriculture (CA)-based ICM module was developed in pigeon pea with 1.92 t/
ha yield and profitability of Rs.82,776/ha. CA based cotton-wheat system was developed which gave 44.1% higher
system productivity than conventional tillage with a saving of 25-30% N and emerged as a superior alternative
to rice-wheat system. Nitrogen - nanoclay polymer composites (NCPC) was developed and found most efficient
in enhancing yield of maize. Rock-phosphate and waste mica treated with phosphate and potash solubulizing
bacteria were found as alternate sources of P and K. In farm machineries, gladiolus corm harvester, low cost storage
structure for rural areas, spinach-cum-coriander offset rotary cutter were developed. Bio-prospecting rhizospheric
and endophytic cyanobacterial diversity led to identification of 25 strains belonging to Plectonema sp., Phormidium sp.,
Nostoc sp. and Anabena sp. Inoculation with osmotolerant bacteria (Bacillus casamancenis MKS6 and Bacillus sp. MR
D17) were found to boost drought tolerance of mustard crop.

Novel methods for diagnostics and integrated pest management were developed. A rapid loop mediated
isothermal amplification based protocol was developed for detection of Karnal bunt pathogen in wheat and bakane
pathogen of rice. Synthetic compounds active against Sclerotium rolfsii, Alternaria solani and root knot nematode (M.
incognita) were identified. A nano emulsion with significant antifungal activity effective against both R. solani and S.
rolfsii was identified. In addition, five potent antifungal halogen substituted benzylidene aryl amines were identified
and synthesized for their formulation development. In nematodes, RNAi silencing was used to discover the roles
of ama-1 and mad-2 genes of M. incognita on infection, development and reproduction of the nematode in tomato.
Tomato leaf curl New Delhi virus-derived AC4 protein was found to suppress host RNA silencing mechanism and
auxin biosynthesis.

The CRISPR-Cas9 genome editing technology was standardized for different crops to enhance stress tolerance
and nutritional quality. In rice, CRISPR-Cas9 genome editing was employed to develop mutants of DST (DROUGHT
AND SALT TOLERANCE) gene for improving salt and drought tolerance. To reduce the seed phytate content,
CRISPR-Cas9 genome editing was used to mutate GmIPK1 gene. TO lines showed about 6-9-fold reduction in phytate
content. Overexpressing abscisic acid receptor OsPYL10 and Isopentenyltransferase 9 (IPT9) genes were found to confer
drought and salt stress tolerance to transgenic rice.




Phenomics was used to identify germplasm and breeding lines with high water use efficiency (WUE) and
drought tolerance in the major food crops. Genotypes which use significantly less water than that of Nagina 22 in
rice and RILs of wheat superior to C 306 in WUE were identified. Elevated CO, (EC) mediated decrease in nitrate
uptake and assimilation was found to be a cause for reduction in grain quality under EC conditions. Genome-Wide
Association Studies (GWAS) and linkage-mapping analyses were used to identify QTLs for stress tolerance and
yield in different field and horticultural crops. Marker-assisted breeding approach was used to pyramid genes
for all three types of rust resistance in wheat. Marker-assisted backcross breeding was employed to transfer an
herbicide tolerance mutant allele of ALS gene from Robin, an Imazethapyr tolerant EMS-induced mutant of Nagina
22, into two elite Basmati rice varieties viz., Pusa Basmati 1121 and Pusa Basmati 1509. Genome wide association
study (GWAS) was employed in rice to map significant QTLs for Fe and Zn for enhancing the endosperm mineral
micronutrient density as rice is widely consumed after polishing. In pearl millet, QTLs for grain Fe and Zn content
were mapped using 210 RILs (PPMI 683 x PPMI 627). In vegetable crops, doubled haploid production has been
standardized in cauliflower, cucumber and onion. QTLs for disease resistance and MAS led to identification of new
QTLs and introgression of known QTLs for different quality traits and disease resistance in vegetable crops.

Remote Sensing and GIS approaches have been used to develop methods for crop and resources management.
Drone remote sensing method for field phenotyping was developed with multispectral sensor for monitoring nitrogen
and drought stress in wheat. In a collaborative study with ISRO and NASA, ground based spectroradiometer and
air borne AVIRIS -NG instrument were used to map eight horticultural crops in Sabour, Bhagalpur region of Bihar.
Crop residue burning is a major problem in Punjab and Haryana. The Institute has developed method for real-time
monitoring of crop residue burning by using thermal image acquired from seven satellites at the IARI satellite
ground station.

The School of Social Sciences and Technology Transfer worked in the major areas of Farmer Producer
Organization (FPO), Aadhar enabled Fertilizer Distribution System (AeFDS), tariff hike on crude and refined palm
oil, tank irrigation system, bioenergy potential of crop residues, Farmer Led Innovations (FLIs), Nutritional Security
and Innovative extension models. Under IARI-Post office Linkage Extension Model, seeds of IARI varieties were
disseminated to the farmers of different states. Under Mera Gaon Mera Gaurav, the flagship programme of Govt. of
India, scientists established linkage with more than 600 villages for technology dissemination.

Pusa Krishi Vigyan Mela 2019 with a major theme of “Krishi Vikas: Innovative Technologies” was organized by
the institute during March 5-7, 2019. The mela was inaugurated by Dr. Trilochan Mohapatra, Secretary (DARE) &
DG (ICAR) and then Hon’ble Union Minister of Agriculture and Farmers Welfare, Shri Radha Mohan Singh, also
graced the mela. Over one lakh visitors and 170 public and private exhibitors from across the country participated
and gained from the mela. The Agricultural Technology Information Centre (ATIC) continues to provide products,
advisory services, technologies and information to the farmers and other stakeholders through a single window
delivery system. The Institute has conducted 1471 demonstrations during this year.

The Institute remained top destination of higher education in agriculture. The 57" Convocation of the Post
Graduate School of the IARI was held on February 8, 2019. During this Convocation, 239 candidates (123 M.Sc.,
22 M.Tech. and 94 Ph.D.), including 08 international students, were awarded degrees. IARI played key role in
establishing Advanced Centre for Agricultural Research and Education (ACARE) at Yezin Agricultural University,
Myanmar which was dedicated to people of Myanmar on December12, 2018 by the Hon’ble President of India, Shri
Ram Nath Kovind.

I congratulate the staff and students of IARI who contributed to the advancement of basic and strategic research,
development of technologies, and received prestigious awards/recognitions and brought laurels to the Institute. The
Institute’s achievements during this year will have significant impact on enhancing farm productivity and income.

Iappreciate Dr. Ashok K. Singh, Joint Director (Research) and the multidisciplinary editorial team for compiling
and bringing out this report in time.

July 10, 2019 (A.K. Singh)
New Delhi-110012 Director
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IARI : An Introduction

Originally established in 1905 at Pusa (Bihar) with
the financial assistance of an American Philanthropist,
Mr. Henry Phipps, the Indian Agricultural Research
Institute (IARI) started functioning from New Delhi
since 1936 when it was shifted to its present site after
a major earthquake damaged the Institute’s building
at Pusa (Bihar). The Institute’s popular name ‘Pusa
Institute’” traces its origin to the establishment of the
Institute at Pusa.

The Indian Agricultural Research Institute is the
country’s premier national Institute for agricultural
research, education and extension. It has the status of
a ‘Deemed-to-be-University’ under the UGC Act of
1956, and awards M.Sc./ M.Tech. and Ph.D. degrees in
various agricultural disciplines.

The growth of India’s agriculture during the
past more than 100 years, is closely linked with the
researches done and technologies generated by the
Institute. The Green Revolution stemmed from the
fields of IARI. Development of high yielding varieties
of all major crops which occupy vast areas throughout
the country, generation and standardization of their
production techniques, integrated pest management
and integrated soil-water-nutrient management
have been the hallmarks of the Institute’s research.
The Institute has researched and developed a large
number of agrochemicals which have been patented
and licensed and are being widely used in the country.
Over the years, IARI has excelled as a centre of higher
education and training in agricultural sciences at
national and international levels.

The mandates of the Institute are as follows:

* To conduct basic and strategic research with a
view to understanding the processes, in all their
complexity, and to undertake need based research,
that lead to crop improvement and sustained
agricultural productivity in harmony with the
environment

* To serve as a centre for academic excellence in
the area of post-graduate and human resources
development in agricultural sciences

e To provide national leadership in agricultural
research, extension, and technology assessment
and transfer by developing new concepts and
approaches and serving as a national referral point
for quality and standards

* To develop information systems, add value to
information, share the information nationally and
internationally, and serve as a national agricultural
library and database

The present campus of the Institute is a self-
contained sylvan complex spread over an area of about
500 hectares. It is located about 8 km west of New Delhi
Railway Station, about 7 km west of Krishi Bhavan,
which houses the Indian Council of Agricultural
Research (ICAR), and about 16 km east of Indira
Gandhi International Airport at Palam. The location
stands at 28.08° N and 77.12°E, the height above mean
sea level being 228.61m. The climate is sub-temperate
and semi-arid. The mean maximum daily temperature
during the hot weather (May-October) ranges from
32.2 °C to 40 °C and the mean minimum temperature
from 12.2 °C to 27.5 °C. June to September are rainy
months during which about 500 mm of rainfall is
received. Winter sets in from mid-November and is
delightful. The mean maximum temperature during
winter (November-March) ranges from 20.1 °C to 29.1
°C and the mean minimum temperature from 5.6 °C
to 12.7 °C. During winter, a small amount of rainfall
(about 63 mm) is received.

The Institute has 19 divisions, 2 multi-disciplinary
centres situated in Delhi, 8 regional stations, 2
off-season nurseries, one krishi vigyan kendra at
Shikohpur, 3 all India coordinated research projects
with headquarters at IARI, and 21 national centres
functioning under the all India coordinated research
projects. It has a sanctioned staff strength of 2636
comprising scientific, technical, administrative and
supporting personnel. The revised budget estimates of
the Institute constituted a total amount of Rs. 60635.42
lakh (Unified Budget) for the year 2018-19.
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EXECUTIVE SUMMARY

The Indian Agricultural Research Institute (IARI)
maintained the status of premier Institute of the Nation
in agricultural research, education and extension. Crop
improvement programs of the Institute have developed
varieties/hybrids of field and horticultural crops with
improved yield, quality and adaptability. The basic and
strategic research program employed the frontier areas
of science for deciphering the mechanisms of nutrient
use efficiency and abiotic and biotic stress tolerance
mechanisms, and yield. The Institute has developed
crop and resource management technologies, and pest
and disease management methods, farm machineries,
protected cultivation methods and food processing
techniques for enhancing the input use, climate
resilience, farm profit and environmental sustainability.
Extension and training programs focused on enabling
farmer and empowering rural women. The salient
achievements of IARI in research, extension and
education during 2018-19 are summarized here.

By using cutting-edge technologies of genomics,
the crop improvement programs developed crop
varieties with improved yield, nutritional quality, and
resistance to biotic and abiotic stress tolerance with
adaptability to different agro-ecological conditions.
Wheat variety HD 3226 with an average yield of 5.75
t/ha and potential yield of 7.96 t/ha was released for
commercial cultivation under irrigated timely sown
conditions in North Western Plains Zone (NWPZ). It
is highly resistant to all three rusts (yellow, brown and
black), Karnal bunt, powdery mildew, flag smut and
foot rot disease. It has high grain protein content (13 %),
high wet (30.85 %) and dry gluten (10.10 %) contents
and perfect Glu-1 Score (10). The variety is also suitable
for early seeding under zero till condition. Two bread
wheat varieties viz., HD 3237 with an average yield of
4.84 t/ha, and HI 1620 with an average yield of 4.91 t/
ha were released for commercial cultivation under
restricted irrigation conditions in NWPZ. Pusa Samba
1850, a MAS-derived near isogenic line of a popular

medium slender grain rice variety, BPT 5204 (Samba
Mabhsuri), possessing three genes for blast resistance
(Pi54, Pil and Pita) was released for the states of
Chhattisgarh and Odisha. It produces an average
yield of 4.77 t/ha in 140-145 days duration. Sweet corn
hybrid, Pusa Super Sweet Corn 1 with an average brix
value of 15.9% was released for Northern Hills Zone
(NHZ), North Western Plains Zone (NWPZ), North
Eastern Plains Zone (NEPZ) and Peninsular Zone (PZ).
It matures in 78 days and yields 9.3 and 16.2 t/ha of
cobs and green fodder, respectively. A maize hybrid,
Pusa Jawahar Hybrid Maize 1 (PJHM 1) was released
for cultivation in Madhya Pradesh. This hybrid has
average grain yield of 6.5 t/ha with a potential yield
of 10.2 t/ha. Besides, a large number of promising
genotypes in several crops are under various stages of
evaluation in All India Coordinated trials.

The institute has an active programme for
collection, maintenance, evaluation and utilization of
plant genetic resources in different crops. In wheat
about 276 accessions of 38 wild and related species
belonging to the genera Triticum, Aegilops, Secale and
Agropyron were maintained. In addition, more than
600 alien introgression lines derived from crosses with
species like T. militinae, T. timopheevi, T. turgidum, T.
monococcum, T. spelta, Ae. variabilis, Ae. umbellulata, Ae.
speltoides, Ae. markgrafii, Ae. geniculata and Secale cereale
were maintained and evaluated for various biotic
stresses. Durum wheat line, HI 8774 with multiple
disease resistance was registered at ICAR-NBPGR, New
Delhi as a genetic stock. In rice, a set of 120 different
accessions of wild rice collections of O. rufipogon, O.
nivara, O. longistaminata, etc. were evaluated for different
traits and utilized in wide crossing for introgression
of useful traits. A set of 500 rice genotypes, including
mega varieties, short grain aromatic rice and NPTs
were evaluated for yield component traits during
Kharif 2018. In pearl millet, 326 germplasm lines have
been maintained and evaluated for traits such as early
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flowering, tillering, different spike types, grain color,
iron and zinc content, heat and drought tolerance.
The global chickpea germplasm representing more
than 30 countries constituted as Chickpea Global Core
germplasm was obtained from Gene Bank, ICRISAT,
Patencheru and Telangana. About 1950 core germplasm
lines and 8 controls were evaluated for root nodulation.
In Brassica, a total of 512 germplasm lines including B.
juncea, B. carinata, B. napus, B. rapa, B. oleracea B. nigra,
B. tournifortii, B. caudatus, R. caudatus, R. sativa, S. alba,
Eruca sativa, Crambe spp., Lapidium spp and Crambe spp.
were maintained by selfing and utilized in breeding
programme. These also included 30 quality accessions
with low erucic acid and/or glucosinolates.

The School of Horticulture developed several
varieties/hybrids of vegetable, flower and fruit crops. In
vegetables, 11 varieties, viz., onion cv. Pusa Sona (Sel.
153-1), garden pea cv. Pusa Prabal (GP 473), brinjal cvs.
Pusa Safed Baingan 1 (Sel.195) & Pusa Hara Baingan 1
(G 190), long melon cv. Pusa Utkarsh (DLM 27), round
melon cv. Pusa Raunak (DRM 26), musk melon cv. Pusa
Madhurima (DM 159-1), Sarda melon cv. Pusa Sarda
(DHM 163), Chenopodium cv. Pusa Green (Bathua
Sel. 2), cucumber cv. Pusa Parthenocarpic Cucumber
6 (DPaC 6) and okra cv. Pusa Bhindi 5 (DOV 66) and
two F, hybrids, viz., bitter gourd cv. Pusa Hybrid 4
(DBGH 12), sponge gourd cv. Pusa Shrestha (DSGH 9)
have been notified by the Central Sub-Committee on
Crop Standards, Notification and Release of Varieties
for Horticultural Crops in 2019. Two varieties, viz., a
cabbage F, hybrid Central Cabbage Pusa Hybrid 81
(KTCBH 81) and a Kale variety Central Kale Pusa 64
(KTK 64) were released. Four varieties, viz., cacumber
cv. Pusa Long Green (DC 83), brinjal cv. DBL 175,
cowpea cv. CP 55 and dolichos bean cv. DB 10 were
identified by ICAR-AICRP (VC).

In early group cauliflower, most promising
(>24.0 t/ha) hybrids ,namely, DCEH 312367, DCEH
310471, DCEH 7571, DECH 7523 and DCEH 31523
were identified. A purple cauliflower (PC 1) was
derived through recurrent selection from exotic cv.
Sicilian Purple, besides, Pusa Purple Broccoli was
also isolated. Introgression of Trachystoma ballii and
Diplotaxis catholica male sterile cytoplasm, (3-carotene
rich ‘Or’ and anthocyanin rich ‘Pr’ genes into the
nuclear background of cauliflower was attempted.

v
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In bitter gourd, inter-specific hybridization between
Mormordica charantia variety Pusa Aushadhi (female)
and M. balsamina (male), resulted in one F, plant, which
was selfed and backcrossed with Pusa Aushadhi and
M. balsmina. Inheritance studies for fruit tubercle (Tb),
discontinuous ridges (Cr) and green colour of fruit
(WW) were found to be governed by single dominant
gene, whereas seed coat colour was governed by semi-
dominant gene, while gynoecy by single recessive
gene (gyl). In cucumber, DC 22 and DC 43 were
identified promising with respect to fruit size and
quality. Gynoecy based hybrids DGCH 31 and DGCH
40 yielded higher (25.9 and 26.2 t/ha, respectively). In
luffa, lines DSG 7 (DSGVRL 13) and DSG 5 (DSGVRL 4)
were found to be most promising for Tomato Leaf Curl
New Delhi Virus (TLCNDV) resistance. In pumpkin,
DPU 14, DPU 41, DPU 45 and DPU 58 were found as
promising lines. Three promising F, hybrids were DPU
41 x DPU 45 (av. fruit wt. 2.4 kg), Narendra Agrim x
DPU 63 (av. fruit wt. 2.6 kg) and DPU 46 x DPU 45
(av. fruit wt. 1.75 kg). In summer squash, DS 17 and
in muskmelon DM 154 were most promising lines for
open field cultivation. In bottle gourd, EC 800998 was
most tolerant against Cercospora leaf spot.

In brinjal, DBHR 2019 (dark purple round, 69.32
t/ha), was the most promising compared to check
Navina (50.63 t/ha), and Pusa Hybrid 6 (41.87 t/ha). In
tomato, 12 promising F s were sent to ICAR-IIVR and
three to ICAR-ITHR for TOLCV resistance station trial.
Two hybrids, promising for ToLCD resistance and yield
were included in AICRP (VC) trials. In chilli, inter-
specific crosses between C. annuum, C. frutescens and
C. chinense were attempted and eight heat tolerance
selections were identified, which fruited during May to
July. In garden pea, genotypes GP 916, GP* 473, GP 912-
II, VP 438-2, and Bonneville were found promising for
pod set at high temperature. Pisum fuloum, P. elatius,
and P. sativum var. elatius were identified to be tolerant
to Fusarium wilt. In okra, DOH 2, DOH 3 and DOH 4
were found superior in pod yields and quality along
with resistance to YVMV and ELCV. In carrot, IPC 13
red, IPC 98 and IPC Ht-1 were advanced to AVT-II of
AICRP (VC) trial. In onion, AKON 82, SWSL, AKON
79, JRO 4 and AKON 69 less than 10% bolting were
identified as inbred lines for bolting tolerance. For
Kharif season, three best lines KP-M1 (25.66 t/ha), KP 36
(24.77 t/ha) and KP 41(24.24 t/ha) were most promising.



In mango, hybrid H 11-2 (281.8 g) was the most
promising. Hybrid NH 7-2 had bright yellow-apricot
peal with bright orange pulp and high TSS (22.37°Brix).
Polymorphism studies using 245 Novel Hyper
Variable SSRs in mango for Amrapali and Sensation
identified 109 polymorphic HMSSRs. In citrus, cross
Mosambi x tangerine recorded the highest fruit set
(10.87%), while in acid fruited type it was in Konkan
Seedless x Pusa Udit (52.23%). In rootstock breeding,
29 citrus rootstock hybrids were screened as resistant
to Phytophthora nicotianae. In sweet orange, clones MS
3, MS 7, MS 9 and MS 21, in acid lime ALC 103, ALC
90, ALC 5 and ALC 4 and in lemon LS 1 were found
promising. In Kinnow mandarin, the heaviest fruit
(258.0 g) was recorded in the mutant M 15-2, with
high juice recovery (64.93%) and TSS (12.2°Brix). In
pummelo, application for registration of 5 clones were
submitted with NBPGR, New Delhi.

In grape, the Delhi State Variety Release Committee
notified grape hybrid Pusa Aditi (Banqui Abyad x
Perlette) for Delhi State and NCR region. Genotype,
Flame Seedless performed better in terms of yield and
quality traits. Three promising hybrids, namely, ER-
R,P,, (Higher TSS > 23"Brix), R, P, (early maturing, bold
berry, seeded, loose bunch, golden-yellow berry) and
Hy. 16/2A-R P, (early maturing, bold berry, seeded,
loose bunch, colored) were extra-early in maturity. In
guava breeding, two hybrids, Trichy x Punjab Pink-
having the red peel and pulp and G 1-15(Hisar Safeda
x Lalit - white pulped with red peel) were identified. In
papaya, Vascocellea cauliflora and V. cundianamarcensis
were found tolerant to papaya ring spot virus (PRSV).
Amongst Carica papaya genotypes, Pune Sel. 3 and Pune
Sel. 1had maximum viral tolerance. Prunus persica Japan
was found as most compatible dwarfing rootstock for
most of the temperate fruits. Prunus japonica rootstock
induced bigger sized fruit in Japanese plum cultivars.

In rose, phylogenetic relationships were studied in
28 speciesof genus Rosabased onnuclear and chloroplast
markers. A total of 101 novel nucleotide sequences of
genus Rosa (ITS-16, matK-17, rbcL-23, trnH-psbA-21
& ycf-1b-24) were submitted to Genbank database of
NCBI, USA. RS 1-2018, an open-pollinated seedling
of cv. Jantar Mantar and RM 1-2018 - a natural bud
sport of cv. Folklore were isolated. Eight pre-breeding
powdery mildew resistant lines were developed for

initiating resistance breeding. In chrysanthemum, Pusa
Aditya and Basanti were identified as salinity tolerant
genotypes. In marigold, an efficient protocol was
developed for in vitro mass multiplication of doubled
haploid line of African marigold (Tagetes erecta L.) var.
Local Orange. In gladiolus, three hybrids, namely,
Melody Open Seedling, Chandni x Snow Princess and
P-16-1 x Eurovision showed earliness in flowering,
while Hybrid Salmon Queen Open Seedling, Yellow
Stone x Melody and Bindiya x Creamy Green had
recorded maximum plant height and stalk length. In
turf grass, turf species crow foot grass, St. Augustine
and Zoysia performed well in shady conditions (shade
level 75%). In Lilium, interspecific hybrids, namely,
(KILH 13 x Navona) x Brunello, KILH 13 x Topeka and
KILH 13 were found promising.

The Crop and Natural Resource Management
research at the Institute has developed technologies
for enhancing agricultural productivity and farmers’
income. A horticulture crop-based integrated farming
system, targeted towards marginal farmers was
developed that gave net income of 2.4 lakh/year by
integrating polyhouse crops cultures, mushroom
cultivation, and horticulture enterprises. Use of
GreenSeeker (GS) and Nutrient Expert® (NE) as
decision support systems for precision nitrogen
application reduced the N requirements by 26 kg/
ha and resulted in higher maize yield over state
recommendation. The system productivity (12.5 t/ha)
under maize-wheat system was highest when nutrient
management was made through NE and GS. Soybean
planted with conventional tillage (CT)-furrow irrigated
raised beds system and irrigated at 25% depletion of
available soil moisture resulted in significantly higher
yield over CT-flat and irrigated at 50 or 75% DASM.
Application of 30 kg N/ha by calcium cyanamide in
combination with additional 30 kg N/ha alone as NCU
or DAP or in combination with both, saved N by 25
to 50% without affecting grain yield in wheat. A CA-
based ICM module [ZT-PRB + CRR @ 3 t ha' + 100%
recommended dose of fertilizers (RDF) + (glyphosate-
PP fb pendimethalin-PE fb imazethapyr-POE + 1 HW-
mulch) + 2 irrigations + need based IDM/IPM] led to
significantly higher pigeon pea seed yield (1.92 t/
ha) and profitability (Rs.82,776 /ha). Overall, this CA
based ICM modules showed an edge over CT based
ICM modules on growth, LAI, PAR interception, root
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biomass, yield, net returns and B:C ratio. Conservation
agriculture emerged as a promising option for
mitigation and adaptation of climate change through
effectively tackling problems related to water, nutrient,
weeds, energy and GHGs emissions. The triple ZT rice-
wheat-mungbean system gave 13% higher wheat yield
and 40% higher system productivity, with a saving of
60 kg N/ha than conventional system. CA based cotton-
wheat system gave 44.1% higher system productivity
than CT with a saving of 25-30% N and emerged as a
superior alternative to rice-wheat system. A diversified
baby corn — palak - okra cropping system resulted in
highest system productivity in terms of okra pod
equivalent yield (OPEY) (24.2 t/ha), net returns (Rs.
238300/ha) and B:C ratio (1.85).

Soil management studied showed that long term
application of 50% fertilizer N by FYM or green manure
along with 50% NPK in rice/maize-wheat cropping
system could enhance the stability of soil organic
carbon (SOC). The effect of long-term fertilization
on humic acid highlighted that 150% NPK and 100%
NPK+FYM showed the least degree of acidity, and in
turn, lowered the degree of humification. Based on E4/
E6 ratio, it was found that these systems might have
the potential for effective nutrient supply to crop. The
total PLFA concentrations (nmol/g soil) in surface soil
of PBB+R plots were 79.9 and 82.3% higher compared
to that of CT plots in pigeon pea-wheat and maize-
wheat systems, respectively. Soil quality indices (S5QI)
worked out to assess the relative order of performance
CA management practices revealed that the relative
order of SQI were : (mungbean residue + zero-till direct
seeded rice - rice residue+ zero-till mustard —zero-till
mungbean) > (zero-till direct seeded rice-zero-till
mustard—zero-till mungbean)> (zero-till direct seeded
rice - zero-till mustard) > (transplanted rice - zero-till
mustard) > TPR-CTM (transplanted rice-conventional
tillage mustard). Nitrogen applied through nanoclay
polymer composites (NCPC) was most efficient in
enhancing yield of maize. There was an indication
that 25-50% of applied P could be curtailed using
polymer-based phosphatic fertilizer loaded NCBPC.
The application of rock-phosphate (RP) and waste
mica treated with PSB and KSB could increase yield
and uptake of P and K by wheat.

Establishment of low-cost wastewater treatment
facility in Mathura, UP emerged as a ground-
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breaking step towards water management. The treated
wastewater had low bacterial load (1.6x10° MPN/100m1)
with 82% reduction in BOD and 100% reduction in
turbidity. The IFSHED Decision Support System was
developed for irrigation and fertigation scheduling
in vegetable crops based on climate parameters, soil
properties and crop requirement to reduce water
wastage and ensure maximum efficiency. For the
benefits of small and marginal farmers, a naturally
ventilated polyhouse was designed with different
types of cladding materials. Polyhouse with C4 type of
cladding material showed maximum yield in winter,
while polyhouse with cladding material C1 showed
maximum yield in summer crop, thus establishing
two materials for efficient use in different seasons and
temperatures.

A harvester for gladiolus corms was developed,
which registered less losses (3.6% conveyor loss)
and higher digging and separation efficiency (98.5%
and 92.7%, respectively). For accurate monitoring of
ecological parameters for low cost storage structure in
rural areas, a data logger was designed. By providing
real time data, this device would be highly useful in
reducing grain losses due to storage and reduce man
power. A novel spinach-cum-coriander offset rotary
cutter, powered by battery was developed for the use
of small farmers. The cutter gave an impressive output
of 172 m*/h at 0.8 km/h and bundled up the harvest at
the rate of 80-82 m?*/h. A solar powered evaporatively
cooled storage structure was designed and developed
for storage of 500 kg fresh fruits and vegetables to
increase their shelf life. Cooling pads of CELdek
showed highest efficiency of 78.7% and maintained
5-10 degree lower internal temperature than ambient
conditions. This helped to increase the shelf life of
fruits and vegetables by 1-5 days.

Pre-harvest fruit bagging of litchi, preparation
of osmo-vac dehydrated guava slices, formulation of
black carrot lactic drink were all carried out to enhance
nutritional value of foods and increase storage time.
The use of citrus peel phenolics as a nano-emulsion
revealed that more potent anti-oxidants were released
this way, when compared to non-encapsulated ones
and showed good retardation of mustard oil rancidity.
This would have great implications to prolong shelf



life of oils and decrease the use of synthetic rancidity
controllers. Micronutrient-rich low fat gluten free
buckwheat biscuits were formulated, replacing up to
40% fat with Psyllium husk and mucilage from okra
and basil seeds. With a high fibre content of 10%,
buckwheat biscuits emerged as a low calorie nutrition
alternative.

Bio-prospecting rhizospheric and endophytic
cyanobacterial diversity led to identification of twenty
five strains belonging to Plectonema sp., Phormidium
sp., Nostoc sp. and Amnabena sp. Inoculation with
osmotolerant bacteria (Bacillus casamancenis MKS6 and
Bacillus sp. MR D17) helped sustain the plant growth
under drought stress in mustard. Bacterial inoculation
with Azospirillum improved shoot and root biomass
and number of crown roots in pearl millet with a
grain yield increase by 2-27% in inoculated treatments.
Fungal inoculants, namely, Coprinopsis cinerea LA2 and
Cyathus stercoreus ITCC emerged as suitable options for
in situ paddy straw management. On farm evaluation
of microbial inoculants in different crops revealed
that BGA, Rhizobium, Azotobacter, Azospirillum, PSB,
AM fungi and Azolla could substantially improve soil
and crop conditions and curtail the need for synthetic
fertilizers.

Quantification of GHGs emissions in different rice-
based systems indicated that the rice - fallow system
in Sunderbans resulted in highest GWP (4619 kg
CO, eq ha') in rice, while the rice —wheat system in
Varanasi resulted in lowest GWP (888 kg CO, eq ha
1) in rice. In order to reduce reactive nitrogen losses
in rice, different treatments were evaluated, and the
lowest ammonia emission was recorded in integrated
organic and inorganic treatment. The impact of crop
diversification and irrigation methods on GHGs
emissions was studied and drip irrigation was found to
reduce both methane and N, O emissions by 2.62 kg ha™
and 0.49 kg ha, respectively. Studies on plant growth
promoting Rhizobacteria (PGPR) and elevated carbon
dioxide under elevated tropospheric ozone in black
gram showed increased seed yield by 22.8% under
the elevated CO, and PGPR-treated seeds. Microbial
bio-sorbent (Brevibacillus laterosporus) was assessed
for bioremediation of heavy metals contaminated
wastewater, which showed 84% lead removal and

emerged as an efficient eco friendly procedure with
low cleanup costs.

In crop protection, studies on diagnostics,
diversity analysis, identification of resistant sources
and integrated management of important pests and
pathogens of national importance were undertaken.
A rapid diagnostic loop mediated isothermal
amplification based protocol was developed for
detection of wheat Karnal bunt pathogen, Tilletia
indica and bakane disease of rice caused by Fusarium
fujikuroi. Whole genome sequencing and host-
pathogen interaction of Bipolaris sorokiniana and pearl
millet infecting blast fungus of Magnaporthe isolates
was accomplished. Phytoplasma associated with flat
stem disease of Manilkara zapota caused by Canditatus
Phytoplasma  asteris and  Candidatus Phytoplasma
aurantifolia associated with flower virescence disease
of Anacardium occidentale have been characterized
from West Tripura. Multiplex RT-PCR assays were
developed for simultaneous detection of different
viruses in different crops. CRISPR-Cas9 based genome
editing approach has been applied for the precise
degradation of Chilli leaf curl virus genome. Out of
five Rhizoctonia solani isolates belonging to different
anastomosis groups (AG) evaluated for the sheath
blight disease of rice AGl, AG2, AG3, AG4 could
produce infection cushions after 24 hrs of inoculation in
rice variety Pusa Basmati 1. A carrier based bio control
consortium was developed to induce Fusarium wilt
resistance in tomato. Treatment with B. subtilis DTBS-5
formulation significantly reduced bacterial leaf blight
disease severity in rice and powdery mildew in wheat
as compared to other treatments. Resistant sources
have been identified in different crops for important
diseases by evaluating under artificially inoculated
conditions.

Resistant sources to different insect-pests were
identified in various crops and efficacy of different
chemicals / biopesticides was tested against various
pests in different crops. Monitoring of adult population
of chickpea pod borer revealed that the activity of
Heliothis armigera was highest during 8% to 16" SMW
during the crop season. Spatial distribution of mixed
population of the aphids and predatory coccinellid
beetles was analyzed using variance-mean ratio and
regression models. Fitness consequences of delayed
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mating on reproductive performance of Chilo partellus
have been investigated. Studies on virus vector
dyanamics showed significant differences in the rate
of transmission between B. tabaci genetic groups, Asia
I and Asia II-1. High incidence of pink boll worm in
central and south cotton growing zone of India in
concurrence with high LC, values to CrylAc, Cry2Ab
and BGII (CrylA+Cry2Ab) in most of the cotton
growing regions of Central and South India vis a vis
susceptible population provided the evidence of
field evolved resistance in the pink bollworm to BGII
cotton.

Silencing effects of the two genes, ama-1 and
mad-2 of M. incognita, on infection, development and
reproduction of the nematode in tomato using in
vitro RNAi approach was studied. A fast protocol
was developed for Agrobacterium mediated in-planta
transformation for tuberose, Polianthes tuberosa.
Evidence for the functional role of a sterol regulatory
element binding protein (Mi-SBP-1) in development,
reproduction and parasitism of an obligate root
parasite of plants, M. incognita was studied first time.
Four chemosensory genes, namely, Mi-odr-1, Mi-
odr-3, Mi-tax-2 and Mi-tax-4 were cloned, sequenced,
analyzed and functionally characterized from M.
incognita, which provides crucial advances towards
understanding of plant-nematode interactions in
rhizosphere. A model was developed indicating Mi-
tax-2 and Mi-tax-4 function downstream of Mi-odr-1
and Mi-odr-3 in chemotaxis pathway of M. incognita.
The recombinant protein characterized from P.
luminescens strain H3 exhibited comparatively greater
insect toxicity than strain H1 in terms of LD, and LT,
values. Isolates IARI-EPN RP 03 of Steinernema sp. and
IARI-EPN RP 06 of Heterorhabditis sp. were found to be
highly virulent against insect pests.

Chemo and bioprospecting for agrochemicals
through design, discovery and development of novel
processes was undertaken. Synthesized compounds
active against Sclerotium rolfsii, Alternaria solani and
root knot nematode (M. incognita) were identified.
Molecular docking and simulation studies of these
compounds showed higher binding affinity towards
L-glutamine: d-fructose-6-phosphate amidotransferase
[GIeN-6-P] (PDB:2POC). Concomitant data generation,
fine-tuning of composition and field performance
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evaluation of EPN biogel formulations has been
accomplished. Evaluation of neem and citronella
nano emulsions for antifungal activity revealed one
nano emulsion which was found to be most effective
against both R. solani (ED,; 13.69 mg L") and S. rolfsii
(ED,, 14.71 mg L"). Based on the in vitro antifungal
evaluation studies, five potent antifungal halogen
substituted benzylidene aryl amines were identified
and synthesized for their formulation development.
The method for extraction of aflatoxin from ground
nut, almond, pistachios, walnut and cashew nut
was optimized using buffered QUEChERS method.
HPLC-PDA method for determination of trace level of
residues of cyantraniliprole and its two metabolites in
soil, water and vegetable were optimized. QuUEChERS
based multi residue method coupled LC-MS/MS was
developed for the trace level analysis of 50 pesticides
in coconut (oilseed).

The basic and strategic research at IARI was
focused on phenomics, CRISPR-Cas9 genome editing
and transgenics in crops, mapping QTLs for biotic and
abiotic stress tolerance, climate change, development
of remote sensing and GIS techniques for assessment
and management of crops and natural resources.
CRISPR-Cas9 genome editing platform was established
in rice and mutants of DST (DROUGHT AND SALT
TOLERANCE) gene were developed and confirmed
by DNA sequencing. Phenotypic analysis showed
that the dst mutation significantly increased leaf width
and decreased stomatal number. To reduce the seed
phytate content, CRISPR-Cas9 genome editing was
used to mutate GmIPK1 gene, which codes for the
terminal step of phytate biosynthesis. Phytate analysis
of TO stable soybean knock out mutants showed about
6-9-fold reduction in phytate content. Towards gene
functional validation abscisic acid receptor OsPYL10
was overexpressed in rice, and found that PYL10 gene
confers cold and drought tolerance to rice. Similarly,
overexpression of Isopentenyltransferase 9 (IPT9) gene
conferred both drought and salt stress tolerance to
transgenic rice. Towards unraveling the mechanism of
virus resistance in tomato, Tomato leaf curl New Delhi
virus-derived AC4 protein was studied and results
revealed that AC4 protein suppresses RNA silencing
activity ofhostplant, and thusaltered DN A methylation.
Mutational analysis of AC4 showed that Asn-50 in the
SKNT-51 motif, in the C-terminal region, is a critical
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determinant of its RNA silencing suppressor activity.
AC4 showed interaction with genes involved in plant
hormones jasmonic acid and auxin biosynthesis. AC4
was also found to downregulate Auxin biosynthesis,
and thus affect the plant growth.

Genetic improvement in water use efficiency and
drought tolerance of rice and wheat is critical for
sustaining food security in climate change scenario.
Phenomics of transpiration in 150 rice germplasm
lines revealed that about 15-30% of water is used
by rice genotypes in night. Genotypes which use
significantly less water than that of Nagina 22 were
identified. In wheat, phenomics of 184 RILs of HD2967
(high yielding) x C306 (drought tolerant) led to the
identification of RILs superior to C306. Phenotyping
revealed that physiological traits such as stem reserve
mobilization, epicuticular wax, phloem immobile
mineral nutrients and carotenoids play important role
in wheat under heat stress, and donors for these traits
were identified. Nitrogen use efficiency (NUE) of cereal
crops is around 33% only, resulting in huge economic
loss and environmental degradation. Phenotyping of
300 rice genotypes for N deficiency tolerance lead to
the identification of IR-83929 and N-L-42 were showing
high NUE and will be suitable for improved NUE under
aerobic rice cultivation. Phenotyping for dual nutrient
deficiency (nitrogen and phosphorus) tolerance led to
the identification of HD 2781 is genetically efficient
wheat genotype. Elevated CO, (EC) decreased nitrate
uptake and assimilation through NO and thus reduced
the protein content. Identification of mechanisms
and genotypes that maintains nitrate uptake and
assimilation is critical to sustain grain quality under
EC conditions.

Genetic analysis and QTL mapping resulted
in identification of QTLs for stress tolerance and
yield in different field and horticultural crops. In
wheat, backcross-derived mapping population of
C306/*2HD2733 were used to detect 63 QTLs for
drought and heat tolerance. Marker-assisted breeding
approach was used to pyramid genes for all three types
of rust resistance in wheat. Marker-assisted backcross
breeding was employed to transfer the mutant allele
of herbicide tolerance gene (ALS) from a donor parent,
HTM-N22 (Imazethapyr tolerant EMS induced mutant
of Nagina 22) into two elite Basmati rice varieties

& B

£ £

N y
NN\ m/‘,

viz., Pusa Basmati 1121 and Pusa Basmati 1509.
Three promising lines with herbicide tolerance were
developed. In mustard, molecular mechanisms of heat
tolerance was analyzed and found that HSF3, HSF3B,
HSP20 and DWF-4 may play important roles. Genetics
of blast resistance in pearl millet and MAS for white
rust resistance in mustard are in progress.

Nutritional quality improvement and development
of varieties with processing quality are in progress in
different crops. A Rancidity Matrix of Pearl Millet was
developed based on Acid value, Peroxide value and
the activity of enzymes involved in lipid oxidation,
and genotypes with low, medium and high rancid
types were identified for improving pearl millet.
In wheat, efforts are being made to develop wheat
varieties with reduced celiac immunogenicity using
a MAS programme from crosses between nullisomic
and ditelosomic lines for chromosome 1A and 6A
with durum wheat variety HI 8663. In wheat a MABB
approach was initiated with genes PinaD1, PinbD]1,
Glu-Al, Glu-B1, Glu-D1, Glu-3A, Glu-3B and Glu-3D
in important wheat varieties for improving desired
quality parameter for biscuit making. To reduce anti
nutrient, phytate, in maize two dominant gene based
markers for LPA locus were developed and validated
across seven F, populations. This marker will be useful
to develop hybrids with low phytate content. Genome
wide association study (GWAS) was employed in rice
to map significant QTLs for Fe and Zn for enhancing
the endosperm mineral micronutrient density as rice
is widely consumed after polishing. In pearl millet,
QTLs for grain Fe and Zn content were mapped using
210 RILs (PPMI 683 x PPMI 627) phenotyped for three
years at Jodhpur. Four major QTLs for Fe, three major
QTLs for Zn were mapped. Two QTLs for iron and
zinc were co-mapped on linkage group 2 and 3. These
QTLs will be useful to improve grain micronutrients.
In vegetable crops, doubled haploid production has
been standardized in cauliflower, cucumber and
onion. QTLs for disease resistance and MAS led to
identification of new QTLs and introgression of known
QTLs for different quality traits and disease resistance
in vegetable crops.

Remote Sensing and GIS approaches have been
used to develop methods for crop and resources
management. Canopy spectral reflectance measured
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using hyperspectral sensor in maize-wheat system was
used to compute spectral reflectance indices (SRI) using
HyperAgri software. Spectral index NDREI showed
highest correlation with grain yield (r=0.853) and hence
NDREI at booting stage can be used successfully for
prediction of grain and biomass yields of wheat.

Drone remote sensing has been standardized
for field phenotyping of wheat crop and mapping of
horticultural crops. A study conducted with drone
fitted with multispectral sensor to assess the genotypic
variation to water and nitrogen stress response in wheat
crop during rabi season 2017-18 showed that spectral
indices maps of nitrogen, temperature and plant water
status is useful to assess response of wheat genotypes
to drought and N stress. In a collaborative study with
ISRO and NASA, ground based spectroradiometer and
air borne AVIRIS — NG instrument were used to map
eight horticultural crops in Sabour, Bhagalpur region
of Bihar, India. The results showed that hyperspectral
remote sensing based spectral separability analysis
could distinguish different fruit crops.

Crop residue burning is a major problem in Punjab
and Haryana. The Institute acquired thermal image
from seven satellites at the [ARI satellite ground station
and used for the detection of fires for both day and night
passes. Daily bulletin of fire events of paddy straw
burning were prepared and their locations were put
on CREAMS Geoportal (http://creams.iari.res.in) for
visualization as maps. High resolution satellite image
analysis was carried out for 20 major paddy growing
districts of Punjab and 10 major paddy growing
districts of Haryana, depending on availability of cloud
free data and districts with significant paddy area with
burning as monitored by satellites during the season.
The threshold cutoffs for differences in NBR (deINBR)
and NDVI was used for estimating rice burnt area.

The School of Social Sciences and Technology
Transfer worked in the major areas of Farmer Producer
Organization (FPO), Aadhar enabled Fertilizer
Distribution System (AeFDS), tariff hike on crude and
refined palm oil, tank irrigation system, bioenergy
potential of crop residue, Farmer Led Innovations
(FLIs), Nutritional Security and Innovative extension
models.The assessment of the performance of the
FPO results suggest that the revenue from pigeon
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pea has been increased by 18 per cent after grading
and marketing of pigeon pea through FPOs for the
Rabi 2017. The results of an ex-post assessment of
the AeFDS revealed that the share of farmers in the
budgetary subsidies increased from 63.27 per cent in
the triennium average ending (TE) 1995-96 to 85.55 per
cent in TE 2005-06, and then decreased to 64.91 per cent
in TE 2015-16. Both the farmers and retailers felt better
after AeFDS as they did not feel shortage of urea in crop
season. A study on total dry crop residue production
and its bioenergy potential in India estimated that
overall bioenergy potential based on all crop residues
was 1892 PJ in 2015-16 which is equivalent to the 6.7
per cent of the total primary energy consumption or 34
per cent of total electricity consumption of India.

Farmer Led Innovations (FLIs) were either
reconfiguration of existing resources giving
incremental adjustments or innovations generated
to solve an immediate problem. Eight cases of FLIs
were documented. Relevancy, relative advantage,
sustainable source of funding, observability of
the results and complexity were ranked as the
top determinants of the scalability of farmer led
innovations. Lack of separate price policy, exclusive
extension personnel for promotion, etc. were found to
be major constraints. An institutional mechanism for
up scaling and out scaling farmer led innovations was
devised in collaboration with various ATARIs of ICAR.

In order to bring “agriculture and nutrition
together”, A2N (Agriculture to Nutrition) model is
being tested through nutria-smart villages for Nutri
Farming System (NFS). To study the food consumption
pattern of India using the 68th round survey of National
Sample Survey Office (NSSO) on household consumer
expenditure for the period of 2011-12 showed that
in urban area consumption for all food items were
higher than that of rural areas, except cereals. The
regression results revealed that income and per capita
consumption of food items were directly related, that
is as income of the households increases quantity also
increases.

Under IARI-Post office Linkage Extension Model,
seeds of IARI varieties were disseminated. Socio-
economic impact of this model revealed that the
information source preference has been changed



from input dealer to KVK and post master for crop
planning. To promote climate change adaptation in
villages of Gurugram and Mewat districts of Haryana,
Bareilly district of U.P. and Gaya district of Bihar,
demonstrations of zero-tillage (43) and raised bed (5)
in wheat and direct seeded rice (31) were conducted
through community initiatives. Cotton has been
adopted as contingency crop in adopted villages
Mumtajpur and Lokra of Pataudi block of Gurugram
district and Sanghel village of Mewat district of
Haryana. Different climate resilient technologies like
short duration rice variety (Pusa 1612), flood resistant
rice variety (Swarna-SUB1A), intercropping of jute
and moong, etc. were promoted in adopted villages of
Darjeeling and Jalpaiguri districts.

The institute is implementing Mera Gaon Mera
Gaurav, the flagship programme of Govt. of India, along
with IJASRI and NBPGR in 120 clusters comprising 600
villages, which were visited by 480 scientists regularly.
The objective of the program is to provide farmers
with required information, knowledge and advisories
on regular basis by adopting villages. Demonstrations
on wheat, mustard, paddy and other field and
horticultural crops were conducted.

During Rabi 2017-18, a total number of 447
demonstrations were conducted covering an area of
106.71 ha across 10locations for wheat, onion, lentil, pea
and spinach, mustard, carrot, bottle guard, cauliflower,
amaranths, onion, marigold, pumpkin and pea. During
Kharif 2018, a total of 704 demonstrations on paddy,
pigeon pea, moong, palak, bottle guard, chilli, sponge
guard, cauliflower, cowpea, bitter gourd, brinjal and
marigold covering an area of 186.4 ha were conducted
at ICAR Institutes / SAUs. Agricultural Technology
Information Centers (ATIC) is effectively providing
products, technologies, services and information to
the different stakeholders through a ‘Single Window
Delivery System’. In ATIC, farm advisory services are
also given through Pusa Helpline, Pusa Agricom,
exhibitions, farm literatures and letters. The Institute’s
Krishi Vigyan Kendra at Shikohpur, Gurugram,
conducted four OFTs, organized around 83 training
programmes and 295 agricultural extension activities
covering various themes and 320demonstrations
covering 153 ha area in various crops for the speedy
dissemination of technologies. Around 74 rural
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youth and women were trained under ARYA project.
Weather based Agromet advisory with value added
medium range weather forecast information (for the
next 5 days), crop management, advance warning to
farmers on rainfall variation, weather variables, pest/
disease problems, etc. were prepared in Hindi and
English on every Tuesday and Friday and given to
farmers through different media and uploaded on
the Institute website (www.iari.res.in), IMD website
(www.imdagrimet.gov.in) and farmer portal (http://
farmer.gov.in). This helped the farmers to decide on
crop management, application of nutrients, irrigation
scheduling, sowing, harvesting, etc.

The Pusa Krishi Vigyan Mela 2019 with a major
theme of “Krishi Vikas: Innovative Technologies” was
organized at the institute during March 5-7, 2019. The
mela was inaugurated by Dr. Trilochan Mohapatra,
Secretary (DARE) & DG (ICAR). He felicitated 31
awardees including farmers and scientists with ICAR
awards. The mela was also graced with the presence
of then Hon’ble Union Minister of Agriculture and
Farmers Welfare, Shri Radha Mohan Singh on the
second day. He visited 1 acre IFS model and other
live demonstrations exhibited on the Mela ground
and interacted with farmers and scientists. Shri Sanjay
Agarwal, Secretary, DAC&FW, awarded 32 innovative
farmersand 5 fellow farmers during Innovative Farmers
Meet. Different ICAR institutes, SAUs, development
agencies, leading companies from public and private
sector and Voluntary Organizations participated and
displayed their technologies and products. Over one
lakh visitors and 170 public and private exhibitors
from across the country participated and gained from
the mela.

The Post Graduate School of IARI continues to
providenational and internationalleadership in Human
Resource Development by awarding Post Graduate
degrees in 26 disciplines. So far, 4148 M.Sc., 69 M.Tech.
and 4885 Ph.D. students have been awarded degrees
including 399 international students. The Institute has
received accreditation from the National Assessment
and Accreditation Council of UGC (3.51/4.00, A+;
2016-2021) as well as National Agricultural Education
Accreditation Board of ICAR (2015-2020).

The 57%" Convocation of the Post Graduate School
of the IARI was held on February 8§, 2019. Hon'ble



@ ST,

W,

e

Union Minister of Agriculture and Farmers Welfare,
Shri Radha Mohan Singh was the Chief Guest. Dr. T.
Mohapatra, Secretary, DARE & Director-General, ICAR
presided over the function. During this Convocation,
239 candidates (123 M.Sc., 22 M.Tech. and 94 Ph.D.)
were awarded degrees, including 08 (05 M.Sc./M.Tech.
and 03 Ph.D.) international students. One student
each in M.Sc. (Mr. Bishwaranjan Behera, Discipline of
Agronomy) and Ph.D. (Ms. Jyoti Nishad, Discipline
of Post Harvest Technology) were awarded the Best
Student of the Year Awards. Five students each in M.Sc.
and Ph.D. received IARI Merit Medals. Dr. A.R. Rao,
Professor of Bioinformatics received the Best Teacher
Award-2018 for his achievements in academics.

The excellence of IARI is recognized internationally.
IARIis playing key role in establishing Afghan National
University of Agricultural Sciences and Technology
(ANASTU), Kandahar, Afghanistan and Advanced
Centre for Agricultural Research and Education
(ACARE) at Yezin Agricultural University, Myanmar
in collaboration with Ministry of External Affairs
(MEA), Government of India. Hon’ble President of
India, Shri Ram Nath Kovind dedicated Advanced
Centre for Agricultural Research and Education
(ACARE) to the people of Myanmar on December12,
2018. The Institute has been awarded with ICAR-
NAHEP CAAST project on “Genomics assisted crop
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improvement and management”. Under this project,
skills of students in the frontier areas of genomics are
enhanced through research and training.

The Institute out several quality
publications in the form of scientific peer reviewed

research papers in high impact journals, symposia

brought

papers, books/chapters in books, popular articles,
technical bulletins, regular and ad-hoc publications, both
in English and Hindi, to disseminate the information
on the Institute’s mandated activities. During the
year under report, six patents have been granted, one
PPV&FR application filed and six trademarks have
been registered. The Institute is making consistent
progress in the use of Official Language (Raj Bhasha) in
agricultural research, education, extension as well as
in administration. Several national and international
short-term training courses and refresher courses were
conducted in specialized areas for the scientists of
NAREES. In addition, some special training courses,
and other capacity building programmes were also
organized for the benefit of professionals, farmers and
extension workers. New linkages and collaborations
with several national and international institutions
were initiated. Many scientists, students and faculty of
the Institute received several prestigious awards and
recognitions, and brought laurels to the Institute.



1.CROP IMPROVEMENT

The crop improvement programme of the institute is primarily aimed at enhancing the productivity and

nutritional quality of various field crops. Modern tools of molecular breeding are increasingly used to complement

the conventional methods of crop improvement. Improved varieties with higher yield, better nutritional quality

and tolerance to biotic and abiotic stresses suited to different agro-ecological conditions have been developed

during the reporting period. Besides, a large number of promising genotypes in several crops are under various

stages of evaluation in All India Coordinated trials. The crop improvement programme was complemented by

quality seed production and progress in other relevant areas of seed science.

1.1 CEREALS
1.1.1 Wheat
1.1.1.1 Varieties released

HD 3226 (Pusa Yashasvi). A high yielding
variety with an average yield of 5.75 t/ha and
potential yield of 7.96 t/ha was released for
commercial cultivation under irrigated timely
sown conditions in North Western Plains Zone
(NWPZ). 1t is highly resistant to all three rusts
(yellow, brown and black), Karnal bunt, powdery
mildew, flag smut and foot rot disease. Its grains
possess high protein content (13 %), high wet
(30.85 %) and dry gluten content (10.10 %) and
perfect Glu-1 Score (10). This variety is, thus
suitable for both bread and chapatti making. The
variety is suitable for early seeding under zero till
condition.

A high yielding wheat var. HD 3226
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HD 3237. A high yielding variety with an average
yield of 4.84 t/ha, was released for commercial
cultivation under restricted irrigation conditions in
NWPZ. It showed resistance to yellow and brown
rust both under natural and artificial epiphytotic
conditions and moderate resistance against leaf blight,
powdery mildew, Karnal bunt and flag smut. HD3237
is most amenable to zero and one irrigation as it has
shown minimum reduction in yield in zero irrigation.
It has the best HMW sub-units’ combination for bread
making with Glu-1 score of 8/10 and has the higher
value of bread loaf volume, protein content and grain
appearance.

Field view of wheat var. HD 3237

HI 1620. A bread wheat variety with an
average yield of 4.91 t/ha and potential yield of
6.18 t/ha was released for commercial cultivation
under restricted irrigation conditions in NWPZ. It



also showed significantly high yield gain at one
irrigation (28.8%) and two irrigations (40.7%) over
no irrigation conditions. HI 1620 showed high
levels of field resistance to stripe and leaf rusts and
good level of resistance to leaf blight, Karnal bunt,
Fusarium head blight, loose smut and flag smut. It
also showed good levels of adult plant resistance
to prevalent and virulent stripe rust pathotypes
465119 and 110S119; and leaf rust pathotypes 77-5
and 77-9. HI 1620 has excellent chapatti quality
(7.52) with high sedimentation value (52 ml)
along with good biscuit quality (6.82). It has high
protein content (11.9%) and perfect Glu-1 score
(10/10) and presence of 5+10 subunit of Glu-D1

A bread wheat var. HI 1620 at harvest stage

1.1.1.2 Entries under AICRP trials

A total of 65 genotypes were evaluated in all
India coordinated testing under various production
conditions in all the wheat zones of the country. It
includes six genotypes under Advanced Varietal Trials-
IT (AVT-II), 17 under AVT-I and 42 new entries under
various national initial varietal trials (NIVTs). Besides,
five nominations were also made to biofortification
nursery.

Details of wheat entries in coordinated testing

AVT-II | HI 1628, HD 3249 , HD 3271, HI 1621, HI
8805 and HI 8802
AVT -1 HD 3277, HD 3293, HI 8811 HI 8812, HD

3343, HD 3345, HI 1633, HI 1634, HI 8807,
HI 8808, HD 3343, HI 1633, HI 8807, HS
562, HS 673, HS 674 and HD 3298
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NIVT HD 3318, HD 339, HD 3320, HD 3321,
HD 3322, HD 3323, HD 3324, HD 3325,
HD 3326, HD 3327, HD 3328, HI 1636, HI
1637, HI 1638, HI 1639, HI 1640, HW 1904,
HD 3329, HD 3330, HD 3331, HD 3332,
HD 3333, HD 3334, HI 8818, HI 8819, HI
8820, HI 8821, HI 8822, HD 3335, HD 3336,
HD 3337, HD 3338, HD 3339, HI 1643, HI
1644, HI 1645, HI 8823, HI 8824, HD 3340,
HS 667, HS 668 and HS 669

QBP 18-7, QBP 18-8, OBP 18-9, OBP 18-10
and QBP 18-11

Bioforti-
fication
Nursery

1.1.1.3 Marker-assisted transfer of genes for rust
resistance in wheat

Leaf rust resistance gene LrTrk from durum wheat
cultivar Trinakryia and stripe rust resistance gene Yr5
from hexaploid wheat Spelta album were targeted for
transfer in three popular wheat varieties, HD 2967,
HD 2733 and HD 2932. Near Isogenic Lines (NILs)
carrying individual rust resistance genes LrTrk and
Yr5 were produced. NILs were also inter-crossed to
combine LrTrk and Y75 in the genetic background of
the three wheat varieties. Apart from the seedling rust
resistance genes, Adult Plant Resistance (APR) genes
for leaf rust resistance, Lr34, Lr46, Lr67 and Lr68 are
being transferred in wheat varieties HD 2733 and
HD 3059. NILs carrying individual APR gene in the
background of HD 2733 and HD 3059 were identified
in BC,F, generation. Crosses were made to combine
different APR genes together. In HD 2733, NILs with
Lr34+Lr46 and Lr34+Lr68 were identified in NILF,
stage. Crosses were made to combine three APR genes
in the common genetic background. Combinations
of seedling and APR genes are expected to provide
durable rust resistance in wheat.

1.1.2 Barley

Elite barley lines advanced under AICRP. Five
barley entries viz., BHS 472, BHS 474, BHS 475,
BHS 476 and BHS 477 were nominated for testing in
coordinated trials of barley under timely sown rainfed
conditions of Northern Hills Zone.



£ T,

‘ |

1.1.3 Rice
1.1.3.1 Variety Released

Pusa Samba 1850. Pusa Samba 1850 is a MAS-
derived near isogenic line of a popular medium
slender grain rice variety BPT 5204 (Samba Mahsuri),
possessing three genes for blast resistance (Pi54, Pil
and Pita). It produces an average yield of 4.77 t/ha with
a seed to seed maturity of 140-145 days. It has been
released for the states of Chhattisgarh and Odisha.

A
I

Field view of the crop (left); and paddy, milled rice and cooked
grains of Pusa Samba 1850

1.1.3.2 Entries under AICRP trials

A total of 23 genotypes were nominated in different
stages of testing in the AICRP trials during Kharif 2018.
These include two entries (Pusal692-10-20-1-1-1 and
Pusa 1847-12-62- 190-39-7-15) in AVT-BT, one entry
(Pusa 5173-9-1-1-1-1) in AVT-IM, two entries (Pusa
1823-12-62 and Pusa 1823-12-82) in AVT1-NILs-Drt,
two entries (Pusa 1853-12-288 and Pusa 1853-12-192
) in AVT1-NIL- Blight+Blast, three entries (Pusal301-
95-12-5-2-4-2, Pusa 1882-12-102-6 and a Basmati hybrid
Pusa RH 55) in IVT-BT, two entries (Pusa 5268-2-11-1-
112-40 and Pusa 2060-29-18) in IVT-ETP, two entries
(Pusa 5173-7-4-1-1 and Pusa 5251-3-4-1-2-1) in IVT-
IME, three entries (Pusa 1824-12-84-17-4-3 , Pusa 1824-
12-84-17-4-8 and Pusa 1836-12-5) in IVT-IM, one entry
(Pusa 5183-2-3-2-1) in IVT-L, two entries (Pusa 1827-
12-14 and Pusa 1827-12-55) in IVT-Aerobic and three
hybrids including two entries (Pusa RH 56 and Pusa
RH 57) in IHRT-E and 1 entry (Pusa RH 58) in IHRT-M
were tested in the AICRIP trials during Kharif 2018.
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1.1.3.3 Marker-assisted development of BB and
blast resistant near isogenic lines (BB=Blast-
NILs) in the genetic background of elite Basmati
rice varieties PB 1121, PB 1509 and Pusa Basmati 6

Marker-assisted breeding was adopted to develop
near-isogenic lines pyramided with two genes each for
bacterial blight (xa13, Xa21) and blast resistance (Pi2,
Pi54) in the genetic background of popular Basmati
rice varieties, Pusa Basmati 1121, Pusa Basmati 1509
and Pusa Basmati 6. The improved BB+Blast NILs
were evaluated in replicated trials at three locations
viz., Delhi, Karnal and Rakhra during Kharif 2018.
Based on agronomic performance, grain and cooking
quality, two promising BB=Blast resistant NILs have
been identified in the genetic background of each of
the popular Basmati rice varieties.

1.1.3.4 Development of low phosphorus tolerant
Pusa 44 near isogenic lines

Marker-assisted backcross breeding was adopted
to incorporate the QTLs governing phosphorus
starvation tolerance Pupl in the genetic background
of Pusa 44. Pupl is a QTL that contains OsPSTOLI, a
serine threonine protein kinase gene, responsible for
improved root system under P-deficient conditions.
Two promising lines along with the recurrent parent
Pusa 44 were tested at IARI-CORC at Rakhra in Patiala
during Kharif 2018.

1.1.3.5 Marker assisted identification of restorer
lines from indica-japonica derivatives and their
potential in hybrid rice improvement

In the initial screening, out of 310 tropical japonica
derived lines (TPJ), 94 lines (30.3%) were identified as
restorers and were found possessing either of the Rf
gene(s) or in combination. Among these, 36 lines (11.6
%) carried Rf3, 45 lines (14.5%) carried Rf4, and 13 lines
(4.2%) carried both the genes, Rf3 and Rf4. Remaining
69.7% did not possess either of the Rf gene(s) and
were recognized as non-restorers. Based on the NPT
characteristics of the lines, particularly grain number
per panicle and number of panicles per plant, 52
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restorers were excluded from this study and a subset
of 42 lines was used for further validation of the Rfloci
using the remaining candidate gene-based/ functional
markers.

BRI Locus DRFM-RO-5

DRRM-RY3-10

BME-5F31-5

AR50

Representative gel picture showing allelic profile of Rf3 and Rf4
gene based markers in selected TPJ derived lines

1.1.4 Maize
1.1.4.1 Hybrids released

Pusa Super Sweet Corn 1. It is a shrunken2-based
sweet corn hybrid with an average brix value of 15.9%.
It has been released for Northern Hills Zone (NHZ),
North Western Plains Zone (NWPZ), North Eastern
Plains Zone (NEPZ) and Peninsular Zone (PZ). Its
average green cob yield is 13.0 t/ha. The average
dehusked cob yield is 9.3 t/ha with a potential of 10.2
t/ha. It provides 16.2 t/ha of green fodder as well. It
matures in average of 78 days.

Ear characteristics of Pusa Super Sweet Corn 1

Pusa Jawahar Hybrid Maize 1 (PJHM 1). It has
been released in collaboration with Jawaharlal Nehru
Krishi Vishwa Vidhyalay, Jabalpur for cultivation in
Madhya Pradesh. This hybrid has an average grain
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yield of 6.5 t/ha with potential yield of 10.2 t/ha. It has
dark green foliage, slightly upright leaves, semi-dent
and orange color seed. It has enough field tolerance
to flowering stalk rot and Rajasthan downey mildew.
Because of its stay green nature, PJHM 1 can also be
treated as dual propose hybrid. Green foliage of the
plant can be utilized as fodder after harvesting cobs.

Ear characteristics of PJHM 1

1.1.4.2 Entries under AICRP trials

Biofortified hybrids (APH 27, APQH 5 and APQH
7 in AVT-I; APQH 1, APQH 8 and APH 1 in AVT-L;
APH 2 in NIVT) were evaluated in AICRP trials.
Among specialty corn, hybrids of sweet corn (ASKH 1
in AVT-II), pop corn (APCH 2 and APCH 3), baby corn
(AH 7043 and AH 5021 in AVT-II, AH 7204 and AH
7188 in NIVT) were also evaluated. Field corn entries
in early maturity group (AH 8106 and AH 8127 in
NIVT), medium maturity group (AH 7067R, AH 8181-
2, AH 4158 and AH 4271 in NIVT; AH 1606 in AVT-I)
and under rainfed condition (ADH 8106 in NIVT) were
tested in different zones Three entries (AFH 6, AH-
8070 and AH 8071R in NIVT) were also evaluated in
fodder trial.

1.1.4.3
inbreds

Development of vitamin-E enriched

QPM and provitamin-A version of four elite
hybrids viz., HOPM 1, HQPM 4, HQPM 5 and HQPM
7 were targeted for marker-assisted introgression of
VTE4 allele. The a-tocopherol in the improved lines
(HKI 161-PV-VT, HKI 163-PV-VT, HKI 193-PV-VT and
HKI 193-2-PV-VT) was significantly higher (14.23-16.62
ppm) than the original lines (5.89-9.82 ppm).
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1.1.4.4 Development of new provitamin-A rich
maize hybrids

Seventy five crtRB1-based new crosses were
evaluated at three locations viz., Delhi, Karnal
and Dharwad. The inbreds were developed by
selection of crtRBI allele using marker-assisted
selection. Eight hybrids (MGU-ProA-1 to 8) with
>10.0 t/ha of grain yield were selected. These new
hybrids were significantly superior to available
proA check hybrids and possessed >8.0 ppm of
proA after three months of storage under normal
conditions. The proA level in normal hybrids after
three months of storage is <2.00 ppm.

MGU-ProA-1 MGU-Prof-2
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Grain and ear characteristics of newly developed proA rich maize
hybrids

1.1.4.5 Development of Ipal and Ipa2 based low
phytate inbreds

Three elite QPM inbreds viz., HKI 323Q, HKI
1105Q, HKI 1128Q); and four elite QPM + provitamin-A
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inbreds, HKI 161-PV, HKI 163-PV, HKI 193-1-PV and
HKI 193-2-PV which are the parents of nine hybrids
(HM 4, HM 8, HM 9, HM 10, HM 11, HQPM 1, HQPM 4,
HQPM 5 and HQPM 7) were targeted for introgression
of Ipal-1 and Ipa2-1 alleles separately. Promising 55
BC,F, progenies with homozygosity for Ipal-1 or Ipa2-1
were selected for grain quality analyses. Across genetic
backgrounds, Ipal-1/lpal-1 (1.74 mg/g) and Ipa2-1/lpa2-
1 (1.82 mg/g) possessed significantly lower average
phytic acid compared to wild types (LPA1/LPAI:
2.65 mg/g; LPA2/LPA2: 2.59 mg/g). The promising
inbreds have been used to develop low phytic acid
hybrids, which possess great potential to enhance the
bioavailability of iron and zinc in humans.

1.1.4.6 White maize with higher protein quality
using opaque2 and opaquel6

White maize is a preferred option as human
food. Parental lines of white grained hybrids viz.,
HM 5 (HKI1344 x HK1348-6-2) and HM 12 (HKI1344
HKI1378) targeted for
introgression of both opagque2 and opaquel6. Promising

marker-assisted

X

were

BC,F, progenies homozygous for 02 and 016 were
selected. These possess >90% recurrent parent genome
and high degree of similarity for plant, grain and ear
These
newly derived inbreds have been used to generate
QPM hybrids.

characteristics with their original versions.

1.1.4.7 Development of biofortified sweet corn
hybrids

ASKH 1 (SWT016 x SWT017) and ASKH 2 (SWT016
x SWTO018), promising sweet corn hybrids developed
at IARI, New Delhi were targeted for enrichment of
lysine, tryptophan and provitamin-A by introgressing
opaque2 and crtRB1 alleles in different combinations.
Progenies homozygous for shrunken2, opaque2 and
crtRB1 were developed in SWTO016, SWT017 and
SWTO018 genetic backgrounds. The improved hybrids
possessed provitamin-A, lysine and tryptophan as
high as 25.41 ppm, 0.47% and 0.14%, respectively,
as compared to the highest values achieved among
original hybrids (provitamin-A: 3.68 ppm, lysine:
0.29% and tryptophan: 0.06%).
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Ear and grain characteristics of multinutrient rich sweet corn
hybrid (ASKH 1)

1.1.4.8 Development of sticky maize

Sticky maize due to its high amylopectin is a
popular choice in North-Eastern states. Recessive
waxyl (wx1) allele enhances amylopectin to 95-100%,
in contrast to 70-75% amylopectin in normal maize.
Recessive wx1 has been targeted for introgression in
seven elite inbreds (HKI 323, HKI 1105, HKI 1128, HKI
161, HKI 163, HKI 193-1 and HKI 193-2) that are the
parents of nine popular hybrids. BC,F, generations
were genotyped and segregants homozygous for
wx1 with high recovery of background genome and
phenotypic similarity were selected.

HKIF23-wxl HKI323-wxl HKI1105-wnl  HKIL105-wxl
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Ear and grain characteristics of MAS-derived waxy inbreds with
white and yellow grains

1.1.4.9 Development of male sterile baby corn

Male sterile baby corn does not require manual
detasseling which is a laborious and time consuming
operation leading to increase in cost of cultivation.
Donor with cytoplasmic male sterility has been crossed
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with 15 elite inbreds. HM 4 is a popular baby corn
hybrid, but possesses male fertility. CMS-based male
sterile version of HM 4 evaluated in Kharif 2018, was
found to have no anthers, thus no pollen was produced.

\ Male sterile-HM4

Tassel characteristics of male sterile and fertile version of HM 4
(baby corn hybrid)

1.1.4.10 Development of new inbreds for grain
purpose

Four pools (pool 21, pool 22, pool 25 and pool
26) received from CIMMYT, Mexico were specific
to heterotic group of medium to late maturity. Trait
specific line derivation is in progress by following
selfing of desired individuals in each pool. The inbreds
are in 54 stage.

1.1.4.11 Development of new inbred lines for
disease resistance

One hundred inbreds were evaluated for yield,
Turcicum Leaf Blight (TLB) and Maydis Leaf Blight
(MLB). The inbreds, PDM 96, DIM 303, CDM 1318,
CDM 1350, CDM 1304 were promising with grain
yield of >3.0 t/ha and TLB and MLB score of <2.5 under
natural epiphytotics.

1.1.4.12 Generation of new experimental single
cross hybrids

A total 350 new single cross hybrids (130 late and
220 early to medium maturity) were evaluated under
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different agro-climatic conditions (Delhi, Punjab
and Karnataka) along with national checks. In each
maturity groups, top 10 hybrids were selected based
on their per se yield performance. Among the medium
maturing hybrids, AH 4271 and AH 4158 ranked top
and produced >9.0 t/ha grain yield. Of these two,
hybrid AH 4271 was promoted to AVT-I under AICRP
testing system.

Besides, a set of 300 single cross hybrids was
also evaluated for yield superiority and biotic stress
resistance. H 8622, H 7670, H 7241 in early group, H
7852, H 7956, H 8575 in medium category and H 8461,
H 8464, H 7726, H 7777 in late category were promising
with more than 15% standard heterosis over best
checks. These hybrids were also moderately resistant
to TLB and MLB. The hybrids, AH 7080, AH 7078, AH
8181, AH 8183 and AH 8315 are promising with a TLB
score of < 2.0.

1.1.4.13 Variation in seed size and weight for
enhancing grain yield

Asetof280tropical maize germplasm wasevaluated
for seed size and seed weight. Al 243 was identified as
genotype with low test weight (8g/100 seed) and BM
1441 was identified as genotype with high test weight
(34 g /100 seed). No significant association with seed
size and kernel row number suggested that they can be
targeted simultaneously for the improvement of yield.

4%.00

LL-TEIS

0,00 - - - 4'_; -
& * =

%00 4

2000 &
e

-
L]
&

1%.00

100- test weight (g)

Q0o -

-

Ao

Qoo ¥ v '
150

Y 50 300

Mo, ofinbreds

Variation in test weight among maize germplasm

&

\ Q /
A\ 1/
N Y

19

% :

1.2 MILLET
1.2.1 Pearl Millet
1.2.1.1 Entries under AICRP trials

Three hybrids, Pusa 1801 (MH 2417), Pusa 1802
(MH 2418) and Pusa 1803 (MH 2419) were tested at 15
locations in Initial Hybrid Trial-M in Zone-A. Pusa 1801
gave an average yield of 3197 kg/ha followed by Pusa
1802 (3061 kg/ha) and Pusa 1803 (2833 kg/ha) and out
yielded the Check, MPMH17 (2809 kg/ha) by a margin
of 13.81%, 8.97% and 0.85 %, respectively. These are
superior in dry fodder yield also. Out of 37 hybrids,
Pusa 1803 was at rank one with respect to dry fodder
yield. All the three hybrids have shown resistance to all
the five major diseases of pearl millet.

Pusa 1801

1.2.1.2 Hybrid development and evaluation

Four hundred thirty seven new hybrids were
developed involving high yielding, downy mildew
resistant, blast resistant and high iron and zinc enriched
parents belonging to early and medium maturity
group. Twenty seven hybrids belonging to medium and
early maturity group were evaluated in Intermediate
Station Trial and one hybrid (ICMA 04111 x 17681) was
found promising. Thirty two hybrids were evaluated
belonging to medium and early maturity group in
Initial Station Trial and four hybrids (ICMA 91777 x
ICMR 13333; ICMA 11222 x R-62; ICMA 91777 x R-42
and ICMA 91777 x R-89) were found promising.

Twenty eight hybrids including three checks were
tested in Intermediate Station Trial involving iron and



zinc enriched parental lines. Two hybrid combinations
(ICMA 08666 x HFelT-15/27; ICMA 08666 x ] 2574;
ICMA 03999 x FCB-96 and 6ICMA 08666 x R-67)
were found promising. Fifteen hybrids developed by
crossing of iron enriched parents were tested in Initial
Station Trial and two hybrid combination (ICMA
98222 x FZ-15 and ICMA 11222 x FZ-12) were found
promising.

1.2.1.3 Performance of IARI lines in various trials

Elite Inbred Joint Biofortification Trial. Four
biofortified restorer lines viz., PPMI 1089, PPMI 1239,
PPMI 1243 and PPMI 1249 were nominated in Elite
Inbred Joint Biofortification Trial conducted during
Kharif 2018. This trial was conducted at four locations
Dhule, Mandor, Jodhpur and Hisar. With respect to
iron and zinc, PPMI 1249 (Fe: 88 ppm; Zn: 53 ppm)
surpassed the check Dhanshakti (Fe: 82 ppm; Zn: 46

ppm).

CRP Biofortification Parental line trials. Two
entries, PPMI 952 and PPMI 958 were nominated in
CRP Biofortification Parental Line trials conducted at
five locations viz.,, Mandor, Jaipur, Hisar, Jamnagar
and Dhule during Kharif 2018. Both the entries, PPMI
952 (Fe: 103 ppm; Zn: 53 ppm) and PPMI 958 (Fe: 111
ppm; Zn: 60ppm) surpassed both the checks ICMB
98222 (Fe: 75 ppm; Zn: 47ppm) and Dhanshakti (Fe: 93
ppm; Zn: 57 ppm).

Heat stress tolerance trial. The experiment was
conducted at Mandor and Jaipur for identification
of heat stress tolerance in pearl millet genotypes at
seedling stage. The genotypes, PPMI 1263 and PPMI
1239 performed better having high shoot length,
seedling dry weight and SVI at Jaipur and PPMI 1263
performed better at Mandor.

Pearl Millet Blast Virulence Nursery (PMBVN).
Three entries, namely, PPMI 1213, PPMI 1249 and
PPMI 1262 were nominated in PMBVN. These entries
were evaluated at 11 locations (Anand, Aurangabad,
Dhule, Jaipur, Gwalior, Hisar, Mysore, New Delhi,
Jamnagar, Mandor and Patancheru) and PPMI 1249
was found highly resistant (2.6).
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1.3 GRAIN LEGUMES
1.3.1 Chickpea
1.3.1.1 Entries under AICRP trials

BG 3062, a promising Fusarium wilt resistant desi
chickpea genotype suitable for machine harvesting
has been promoted to AVT-2 (central zone). Two desi
entries, BG 3088 and BG 3091 were promoted to AVT-
1 in different zones. Eight desi entries (BG 4000, BG
4001, BG 4002, BG 4003, BG 4004, BG 4006, BG 4007,
BGD1536) and two large seeded Kabuli types (BG
4008 and BG 4009) were entered in five different [IVTs
during 2018-19.

1.3.1.2 Introgression lines for drought conditions

BG 3097 (in background of Pusa 362) and BGM
10216 (in the background of Pusa 372) with 11.5% and
8% yield advantage, respectively, over their respective
recurrent parents under drought conditions were
promoted to final year of testing in AVT-2 (DTIL) trial in
AICRP. Two introgression lines for drought tolerance
and two for wilt resistance were entered into AVT-1.

1.3.1.3 Promising genotypes evaluated in multi-
location trials in Karnataka

Two chickpea entries (BGD 133 and BGD 138)
were evaluated under multi-location trials for two
years (2016-17 and 2017-18). Both the entries recorded
significantly higher grain yield in zones-3 and 8 of
Karnataka. In zone-3, BGD 133 recorded average grain
yield of 1836 kg/ha and, in zone-8 it has recorded 1995
kg/ha. These entries will be proposed for on- farm trial
during 2019-20.

1.3.1.4Developmentof erect, talland non-lodging
cultivars suited to mechanical harvesting

F, fro m 5 crosses and F, /F, from 23 crosses were
screened in wilt sick plot during 2017-18 along with
susceptible checks (JG 62 and BGD 1005). More than
650 single plants were selected based on wilt reaction
(<10% mortality) and plant type amenable to mechanical
harvesting. A preliminary yield trial (PYT-MH), station



trial (ST-MH-1, -2 and -3) and advance trial (AT-MH)
were conducted with 654, 84 and 12 erect breeding
lines, respectively. Based on plant type and yield,
entries were promoted to next tier.

Erect plant types at maturity

1.3.2 Pigeonpea
1.3.2.1 Entries under AICRP trials

Pusa 2018-1, Pusa 2018-2 and Pusa 2018-3 (NIVT-
extra early), Pusa 2018-4 and Pusa 2018- 5 (NIVT-
early) were contributed to AICRP trials. Among
hybrids, PAH 3, PAH 4 and PAH 5 were contributed to
IHT-early trial.

1.3.2.2 Development of short duration lines with
improved plant type

Ten semi-erect, compact and indeterminate bold
seeded lines (9 g/100 seeds) with 4 seeds/pod and 2-3
pods/cluster; 4 determinate, semi-dwarf lines with
erect and compact plant type, 4 seeds /pod, bold seeds
(9 g/100 seeds) with 130 days maturity; a determinate,
semi-dwarf line with 7-9 pods/cluster, 4- 5 seeds/pod
with early maturity (126 days); 15 determinate, semi-
dwarf and early maturing (135 days) lines derived from
the cross Pusa Dwarf x ICP 8863 having 3-4 seeds/pod
and 6-8 pods/cluster; and 5 determinate, semi-dwarf
(104 cm) compact erect genotypes with 4 seeds/pod,
3-4 pods/cluster and 129 days to maturity have been
developed.

1.3.2.3 Development of short duration A lines

Using cytoplasmic source from C. scarabaeoides,
4 new short duration A lines viz., Pusa 992 A, Pusa
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2001A, Pusa 2002 A and Pusa Dwarf A have been
developed and are being used to develop CGMS based
pigeonpea hybrids.

1.3.2.4 Development of short duration R lines

Four determinate, dwarf and short duration R lines
from A x R crosses; a determinate,dwarf (Plant height:
77.8 cm) and extra early maturing (110 days) R line
with complete senescence at maturity with 3-5 seeds/
pod, 3-5 pods/cluster; and a determinate compact erect
early maturing (136 days) line with plant height of 121
cm have been developed.

Determinate and early maruring plant type

1.3.3 Mungbean and Lentil

1.3.3.1 Entries under AICRP trials

Lentil. AVTII - L 4729 (Bold seeded Central Zone),
AVTI - Two, IVT - Eight, State trials - Ten (UP, Bihar,
J&K).

Mungbean. AVT 1I- Pusa 0871 (Kharif-Uttar
Pradesh), IVT - Eight, State trials - AVT I - Three.

1.3.3.2 Hybridization

Sixty five crosses were generated in lentil and 52
in mungbean involving donors for earliness, bold seed
size, better nutritional quality and resistance to biotic
and abiotic stresses.

1.3.3.3 Breeding material evaluation

* Three thousand seven hundred and thirty four
single plant selections from different generations



were raised and evaluated in mungbean; and in
lentil three thousand and one hundred forty seven
single plant selections were evaluated.

* Sixty nine elite entries of lentil and 53 of mungbean
were evaluated in unreplicated observation trial.

e LIPBN, LIEN, LIEN-L, LIEN-MH, LIEN-S, LIEN-E,
LIMN, and LIDTN nurseries from ICARDA were
evaluated.

* One hundred and fifty three mungbean genotypes
were studied for traits related to phosphorus use
efficiency (PUE). Variation for root and shoot traits
have been recorded in screening carried out at
normal phosphorus under hydroponic condition
and under low phosphorus. Roots were analysed
using Wizrizho.

* Twelve lentil varieties were grown at five location
to study G x E interactions for grain Fe and
Zn concentration in lentil. Four hundred lentil
germplasm lines were multiplied to study diversity
for grain Fe and Zn concentration.

1.3.3.4 Microgreens

Twenty varieties each of lentil and mungbean were
grown in different densities under Phytotron facility
at Delhi. In mungbean, Pusa Vishal (3.2 kg per m?)
and Pusa Ratna (3.3 kg per m?) were found the best at
2.3 plants per cm? at 7™ day of harvesting. Similarly,
for lentil IPL321 (1.45 kg per m?) and DPL62 (1.56 kg
per m?) were found the best at 2.4 plants per cm? at
10™ day of harvesting. The radical scavenging activity
using DPPH and H,0O,, while antioxidant activities
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using Ferric Reducing Antioxidant Power (FRAP) were
found maximum in lentil genotypes DPL 62, K 75 and
L 4147, respectively, at 10* day of harvesting, whereas
it was maximum in the mungbean genotypes MH 318,
Pusa 9072 and Pusa Ratna, respectively, at 7" day of
harvesting.

1.4 OILSEED CROPS
1.4.1 Mustard
1.4.1.1 Entries in AICRP trials

Total 20 entries were contributed to AICRP-RM
evaluation trials at national/zonal level including four
in different Advance Varietal Trials (NPJ 203 in AVT 1
Timely Sown Irrigated in Zone IV; LES 54 and LES
57 in AVT Q and NPJ 216 in AVT1 Late Sown). Test
entries were contributed for their evaluation in AICRP-
RM Initial Varietal/Hybrid Trials viz., IVT-Early (NPJ
221, NPJ 222); IVT Timely Sown (NPJ 223, NPJ 224);
IVT-Rainfed (NPJ 225, NPJ 226); IHT Early (Pusa MH 5,
Pusa MH 7), IHT Timely Sown (Pusa MH 16, Pusa MH
20), IVT-Late (NPJ 227, NPJ 228); IVT-Quality [PDZ
11 (00), PDZ 12 (00), LES 58, LES 59]. In addition, four
entries viz., NPJ] 217, NPJ 218, NPJ 219 and NPJ 220 were
contributed for testing in National Disease Nursery for
second year.

1.4.1.2 Phenotyping for identification of ‘0’ and
‘00" genotypes

For identifying low erucic acid and double low
genotypes in segregating generations and maintenance
of double/ single low varieties and advance lines, a large
number of single plants and bulks were phenotyped
through biochemical analysis. For low erucic acid, 2453
single plants/bulks were analysed, of which 2306 were
having < 2% erucic acid. Single plants/bulks, 2326 in
number, from double low quality material/progenies
were also analyzed for total glucosinolates content
of which 906 plants/bulks were possessing < 30ppm
glucosinolates.

1.4.1.3 Hybridization and pre-breeding

Two hundred and six fresh crosses were attempted
for improving the yield (seed and oil), yield component



traits, disease resistance and quality.To infuse genetic
variability and improve agronomic traits, other
Brassica species are being utilized. One hundred ninety
one Introgression Lines (BC F, and F, from three way
crosses) derived from B. juncea x B. carinata were
raised under irrigated and rain-fed conditions for their
evaluation. F s and multiple crosses/backcrosses, 53
in number, attempted with eru-rapa derived B. juncea
introgression lines and re-synthesized B. juncea lines
with improved B. juncea genotypes were raised.

1.4.1.4 Breeding material advanced

Breeding material generated for improvement of
various traits was evaluated under different sowing
situations and total 1085 single plants (SPs) and 108
bulks were selected which include timely sown (SPs
576, bulks 20), early sown (SPs 263, bulks 34), late
sown (SPs SPs 188, bulks 44) and quality traits (SPs
58, bulks 8). Total 112 F,s were also evaluated for yield
and other important traits and 103 single plants were
selected and advanced to next generation. In addition,
253 backcrosses (BC-BC,) for disease resistance and
quality were also evaluated and desirable single plants
were selected/backcrossed.

1.4.1.5 Cytoplasm diversification and CMS line
development

To transfer nuclear genome from 23 genetic
backgrounds to different sterility inducing cytoplasms
viz., Moricandia arvensis (mori), Diplotaxis erucoides (eru)
and Diplotaxis berthautii (ber), 64 backcrosses (BC, -
BC,,) were attempted in three pairs each with pollen
tested plants. Many of these fixed CMS lines were
used for hybrid seed production.

Paired crosses attempted with selected backcross progenies for
development of CMS lines
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1.4.1.6 Restorer development and maintenance

Backcrosses (BC,-BC,) were attempted to transfer
the Rf gene, which restores fertility in mori, eru and ber
sterile cytoplasms, to 44 nuclear backgrounds. One
hundred forty five progenies of homozygous dominant
plants carrying restorer gene (RfRf) were evaluated
and selfed for their further utilization.

1.4.1.7 Hybrid evaluation and seed multiplication

Thirty-one hybrids were evaluated in different
hybrid trials viz., station trials (20); multi-location
trials under CRP Hybrid Technology (21) [CRPMLT1
Short Duration - (6); CRPMLT 2 Medium Duration —
(5), CRPMLT 3 Short Duration- (10)]. Open pollinated
seed of 25 hybrids was multiplied in nets by raising A
and R lines alternatively in a row ratio of 8:1.

1.4.1.8 Promising lines/hybrids being evaluated
in station trials

Ninety three advance lines and 29 CGMS based
hybrids were evaluated in seven mustard station trials
(MST) viz.,, MST (Early sown), MST (Timely Sown),
MST (Rainfed), MST Quality, MST (Hybrid) and MST
(Late Sown). Out of the 15 short duration hybrids
evaluated under multilocation CRPHT 1 trial, Pusa
MH 5 has been identified as promising.

Pusa MH 5

1.4.2 Soybean

Entries in AICRP trials. DS 3110 was tested in IVT,
while DS 3108 and DS 3106 were evaluated in AVT-I
and AVT-II, respectively. DS 3106 is highly resistant to
MYMYV and pod blight.



1.5 SEED
TECHNOLOGY

1.5.1 Studies on Seed Quality Traits

SCIENCE AND

1.5.1.1 Seed germination in rice: transcriptome
analysis and hormone assay

Differentially expressed genes (DEGs) obtained
from the rice microarray data of the matured dry seeds
of rice genotypes with the contrasting phenotype for
speed of germination, the candidate orthologues/
homologues of Arabidopsis genes associated with
germination/non-germination were identified and
mapped to the germination co-expression network
of Arabidopsis. From the network, it was deduced
that the seed of early germinating rice genotypes are
well equipped with transcriptional machinery, which
facilitates in early germination compared to the seeds
of intermediate and late germinating genotypes.
Similarly, GA and ABA quantification from the seeds
of early, intermediate and late germinating genotypes
revealed that the seeds of early genotype had higher GA
and lower ABA contents, reinforcing our concept from
the microarray data that the seeds of early germinating
genotypes are better prepared for the germination than
the intermediate and late germinating genotypes.

Germination co-expression network of Arabidopsis and rice
genotypes with contrasting phenotype for speed of germination

Ga and ABA content in the dry seeds of rice genotypes with
contrasting phenotype for speed of germination
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1.5.1.2 Effect of seed storage period on Ascorbate
Pool and viability in RILs of soybean

Ascorbic acid (ASH), dehydro ascorbic acid (DHA),
and their corresponding redox ratios were estimated to
investigate the effect of ageing in soybean RILs. The
ASH/DHA ratio was 1.66, 5.98, 1.03, 1.81, and 7.40 in
G.max, 2-6-2, 4-8-1, 4-32-1 andG. soja, respectively. The
redox ratios are the indicators of efficiency of seed to
combat the oxidative stress aroused due to ageing. The
comparative studies in the parents and RILs revealed
that the Ascorbate-Glutathione system possessed
weaker reduced/oxidized forms in aged seeds of
G.max followed by 4-32-1 and 4-8-1, as indicated by
low ASA/DHA ratios which might lead to decrease
in efficiency of the seed to quench ROS, hence results
in seed deterioration during storage. On the other
hand,G. soja and 2-6-2 showed better reduced/oxidized
forms, maintained even after ageing. A total of 46 RILs
of soybean were tested for viability using Tetrazolium
test. It was found that 25 RILs showed viable seed
while rest were non-viable after one year of storage.

Viability testing using tetrazolium test in soybean RILs

1.5.1.3 Mungbean characterization for tolerance
to pre-harvest sprouting

Studies were taken up to understand the tolerance
to pre-harvest sprouting in mungbean -cultivars.
Initially 106 genotypes of mungbean were characterized
for pod and seed characters and then screened using
standardized pod and seed germination protocols.
The variation in pod characters was higher than the
variation among seed characters. Among the pod
characters, minimum variance (0.002) was observed
in pod wall thickness and maximum variance (481.19)
was observed in pod water absorption. Similarly, in

case of seed characters, minimum variance (0.001) in



seed roundedness and maximum variance (2.66) in
seed area were recorded. Correlation studies among
pod characters revealed significant negative correlation
between presence of hard seeds and pod germination
(-0.77) and pod water absorption (-0.36). All the seed
characters studied showed negative correlation with
hard seededness except the roundness of seeds.
Significant negative correlation was observed between
hard seededness and seed size characters as well as
100- seed weight (-0.37). Considering both pod and
seed characters, six promising cultivars (three tolerant:
TM 96-25, KM 16-80, TM 96-2 and three susceptible:
KM 16-60, Pusa 1331 and KM 12-29) with contrasting
tolerance to pre-harvest sprouting (seed dormancy)
were identified. Further, these six genotypes were
studied for their seed water absorption, and a clear-cut
variation in per cent increase in seed weight was noticed
after 6 h of soaking . However, precise difference in the
actual water content (g water g' dry weight) among
dormant and non-dormant genotypes was observed
only after 26 h of soaking, indicating more time and
water is required for complete saturation of internal
tissues across genotypes.

1.5.1.4 Hardness breaking force: an alternative
method to evaluatehardseedednessin mungbean
(Vigna radiata (L.) Wilczek)

Seed germination test requires seven days to
evaluate hardseededness. Hence, experiment to find
out rapid alternate procedure for large scale evaluation
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and screening of breeding materials for hardseededness
was initiated. Fifty one mungbean genotypes were
grown during Kharif 2017 and 2018 with similar
growing conditions, and number of hardseeds were
recorded after standard seed germination test. The
hardness breaking force (Newton) was applied
using Texture Analyzer machine on 5 seeds each
in 3 replications for each genotype. Based on mean
and standard deviation values, the genotypes were
classified into three groups viz., low (<27 Newton),
medium (28-56 N) and high (>56 N) hardness breaking
force. Seven genotypes during both the years showed
average hardness breaking force of 22.2 N and 22.32
N with mean per cent hard seeds of 7.83% and 8.25%,
respectively. Similarly, 26 genotypes in both the years
required hardness breaking force of 40.72 N and 41.21
N with average per cent hard seeds of 18.1% and
18.7%, respectively. Eight genotypes in both the years
required mean hardness breaking force of 62.9N and
63.75N with average per cent hard seeds of 27.2% and
27.25%, respectively. The hardness breaking force
character was stable over two years in the genotypes.
Thus, this parameter reported for the first time can
be used as an alternate to standard germination test
for screening for hardseededness of large breeding
materials in short period of time.

1.5.1.5 Seed enhancement treatments for
improved storability of conventional and quality
type Indian mustard

With increasing consumer awareness and demand,
quality Indian mustard (B. juncea) i.e. single zero and
double zero varieties have been developed by the IARI.
Studies were undertaken to investigate the seed quality
traits in quality Indian mustard genotypes in response
to various seed treatments in an attempt to enhance
planting value of seed. Six genotypes consisting of
three conventional, two single zero and one double
zero varieties were taken and subjected to three
seed treatments consisting of thiram @2.5g/kg seed,
imidacloprid @ 5g/kg seed and combination of both
along with control and kept under ambient storage
conditions. The results showed significant differences
among the varieties and treatment after 15 months of
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storage. All the genotypes showed high germination
(>95%) in fresh seeds but germination reduced to 75, 83
and 82% in control, thiram+imidacloprid and thiram
treated seeds, respectively, after 12 months of storage.
Though, only in the seeds treated with imidacloprid
85% germination was maintained which is at par with
the Indian Minimum Seed Certification Standards
(IMSCS). However, significantly higher vigour index
I (1136) and II (1.23) over all other treatments was
observed in seeds treated with thiram+imidacloprid,
compared with the control after 15 months of
storage under ambient conditions. These treatments
also resulted in significant reduction of storage
pest particularly in double zero variety. Significant
reduction in seed vigour indices was also observed in
this genotype.

1.5.1.6 Effect of terminal heat stress in parental
lines of wheat hybrids

Stay green duration in wheat is critical trait for
stress breeding. Maximum reduction in stay green
duration was observed in lines viz., CMS 2046 (25.0%)
followed by CMS 2019 (24.4%). Among restorers,
T2003R exhibited highest reduction of 17.2 %. The
mean value of membrane thermo-stability index in
normal sown condition was found significantly high in
CMS, maintainer and restorer lines as 59.96%, 58.96%
and 61.23%, respectively, while the same got reduced
in late sown condition under high temperature stress
i.e. 45.95%, 48.10% and 47.84% for CMS, maintainer
and restorer lines, respectively. Other parameters viz.,
plant height, flag leaf area, tiller number and pollen
viability also reduced under late sown condition
in comparison to normal sown condition. Based on
morpho-physiological and yield component traits
under late sown conditions, CMS 3083 was best
performer for all the characters except tiller number
and 1000-seed weight, whereas, CMS 2041, CMS
2046 and CMS 2019 showed better performance for
tiller number and 1000-seed weight under late sown
condition. Among restorers, R 965 was best performer
for all morpho-physio and yield traits, except days to
50% anthesis, number of tillers, seeds per spike and
1000-seed weight. Restorers R 902 and R 958 performed
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better for 1000-seed weight, tiller number and seeds
per spike.

1.5.1.7 Effect of GA responsive reduced height
genes on seedling vigour traits in wheat
(Triticum aestivumL.)

Wheat varieties with longer coleoptile length and
good seedling vigour, are suitable for conservation
agriculture. Sixty wheat genotypes, including advance
lines, were categorised into three different coleoptile
length groups i.e. short (2.5-4.5 cm), medium (4.6-6.5
cm) and long (6.6-9 cm). These three classes of genotypes
were sown at three different depths of 5cm, 7.5cm and
10cm. In short and medium coleoptile length genotype,
significant reduction in emergence was recorded when
sown at 10 cm depth as compared to emergence from
5 cm and 7.5 cm sowing depths. Coleoptile length was
found directly proportional to seedling shoot length.
Longer coleoptile length genotypes also had higher
embryo size, seed vigour indices, higher root surface
area, root volume and number of forks which provide
these genotypes an early seedling vigour under stress
conditions.

1.5.2 Evaluation of Controlled Pollination
Methods with Reference to Seed Yield and
Quality Parameters in Pigeonpea

Four different types of customized selfing net bags
viz., large nets (5m x 3m x 3m) and net bags (Im x
Im x 1.65m, 86cm x 46cm, 50cm x 28cm,) were used
to evaluate their role in influencing seed yield and
quality parameters in pigeon pea varieties Pusa 991,
Pusa 992, Pusa 2001 and Pusa 2002 during Kharif 2016,
2017 and 2018. The large nets were used for a single
plot of 3m x 3m, covering about 120 plants, whereas
the net bags of Im x 1m x 1.65 m were used to cover the
individual plants. The net bags of size 86 cm x 46 cm
and 50 cm x 28 cm were used to cover the individual
branches on a plant. The plants were covered with nets
after bud initiation, but prior to flowering ensuring no
entry of insects. Uncovered plants/plot were used as
control (open pollination). Twenty plants/branches in
three replications were tagged in each treatment for
recording the data on plant height, days to flowering,
number of branches/plant, number of pods/plant, seed
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yield/plant, 100 - seed weight, seed germination and
vigour indices. Seed yield and quality parameters were
significantly influenced by the size of the net bags.
Based on seed yield, seed setting and seed quality
parameters, it is concluded that large nets (5m x 3m
x 3m) and net bags (Im x 1m x 1.65 m) can be used
for maintenance of pigeonpea varieties on plot and
individual plant basis, respectively.

1.5.3 Seed Health

1.5.3.1 First report of soybean yellow mottle
mosaic virus on soybean (Glycine max) in India

While surveying for the seed borne viruses of
soybean, 38 leaf samples of initial varietal trials
exhibiting symptoms such as mosaic, mottling,
necrosis and puckering were collected from IARI fields
and tested for Cowpea mild mottle virus, Groundnut
bud necrosis virus, Soybean mosaic virus, Soybean
vein mecrosis virus, Soybean yellow mottle mosaic
virus (SYMMYV) and Tobacco streak virus. Three of 38
samples strongly reacted with SYMMV polyclonal
antibodies in DAC-ELISA (A wsnn= 12 to 1.8), showed
the 1065bp amplicon in RT-PCR with coat protein
(F:5'-ATGAATTCATGAATGGA

specific ~ primers

Confirmation of SYMMYV virus particles in electron microscopy

Infected leaf samples showing mottling and puckering symptoms
on soybean
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ACAATGCTCACCGT-3; R: 5-CAAAGCTTAGT
GTGTGGGTTTTAACTGGCGTTGTTA-3') (GenBank
accession no. MG768974). SYMMYV occurrence in
soybean was further confirmed through mechanical
sap inoculation on French bean cv. Pusa Parvati there
by testing with SYMMYV polyclonal antibodies and RT-
PCR with coat protein specific primers.

1.5.3.2 Morpho - molecular characterization of
diversity in Sarocladium oryzae causing sheath
rot in paddy

In morphological characterization Czapek Dox
Agar medium was found better in comparison to
Potato Dextrose Agar medium for growth as well as
sporulation of the pathogen. Maximum growth and
sporulation was observed at 30°C in CDA medium. The
molecular characterization using two marker systems
i.e. Inter Simple Sequence Repeat (ISSR) and Random
Amplified Polymorphic DNA (RAPD) was carried out
which revealed differences in isolates collected from
different geographical locations. Out of 22 ISSR and
24 RAPD primers, 8 ISSR and 7 RAPD primers after
preliminary screening were used against all the thirty
isolates as these primers gave very good reproducible
banding pattern. The association of three more fungal
genera viz., Fusarium verticilloides, Alternaria padwickii
and Curvularia lunata were often seen on blotter

paper which suggests consortia of fungal pathogens
associated with sheath rot of paddy.

Symptoms of sheath rot of paddy
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1.6 SEED PRODUCTION OF FIELD
CROPS

The Seed Production Unit at IARI, New Delhi and
three regional Stations of IARI viz., Karnal, Indore,

Consortium of fungal pathogens

Pusa Bihar were involved in the seed production of
different varieties of field crops which include nucleus,
breeder and truthfully labelled seed. The details are as

follows:

Seed Production (t)

Crop Group | Nucleus Seed Breeder Seed IARI Seed Total Seed
Seed Production Unit IARI, New Delhi

Cereals 5.54 112.58 252.465 370.585
Pulses - 2.92 19.96 22.88
Oilseeds - 3.12 10.63 13.75
Others - 1.20 3.97 5.17
Regional Station, Karnal

Cereals 0.94 130.76 250.75 382.45
Pulses 0.02 2.94 0.66 3.62
Forages 0.03 0.57 0.60
Oilseeds 0.01 0.3 0.83 1.14
Others - - 1.00 1.00
Regional Station, Indore

Cereals | - | 154.3 : 154.3
Regional Station, Pusa (Bihar)

Cereals - 81.25 111.54 192.79
Pulses - 0.075 2.26 2.335
Oilseeds - - 0.74 0.74
TOTAL 6.54 490.015 654.805 1151.36

28




2. HORTICULTURAL SCIENCE

There has been record increase in area and production under horticultural crops since 2013-2014. This trend

indicates healthy sign in country’s march towards nutritional security, besides its role in food, nutritional and

livelihood security. The School of Horticultural Sciences was created in 2013 by reorganizing the School of Crop

Improvement. The focused attention is currently on making technological innovations in the form of genetic

enhancement; and efficient production and resource management strategies. A number of improved varieties/

rootstocks in different horticultural crops having not only yield gains but also having added traits to economize

production cost like biotic and or abiotic stress tolerance, better nutraceautical properties and processing attributes

have been developed. Novel genotypes have been identified in several crops for their release at AICRP, Delhi

State and Institute levels. Technologies for quality planting material and seed production and efficient production

technologies have also been developed. Efforts have been made to integrate conventional strategies along with

molecular technologies in achieving precision in breeding.

2.1 VEGETABLE CROPS

Varieties/F, hybrids notified. Eleven varieties, viz.
onion cv. Pusa Sona (Sel. 153-1), garden pea cv. Pusa
Prabal (GP473), brinjal cvs. Pusa Safed Baingan 1
(Sel.195) & Pusa Hara Baingan 1 (G 190), long melon
cv. Pusa Utkarsh (DLM 27), round melon cv. Pusa
Raunak (DRM 26), musk melon cv. Pusa Madhurima
(DM 159-1), Sarda melon cv. Pusa Sarda (DHM 163),
Chenopodium cv. Pusa Green (Bathua Selection 2),
cucumber cv. Pusa Parthenocarpic Cucumber 6 (DPaC
6) and okra cv. Pusa Bhindi-5 (DOV 66) and two F,
hybrids,viz., bitter gourd cv. Pusa Hybrid 4 (DBGH 12),
sponge gourd cv. Pusa Shrestha (DSGH 9) have been
notified by Central Sub-Committee on Crop Standards,
Notification and Release of Varieties for Horticultural
Crops in 2019.

Varieties released. Two varieties viz., a cabbage F,
hybrid Central Cabbage Pusa Hybrid 81 (KTCBH 81)
and a Kale variety Central Kale Pusa 64 (KTK 64) were
released by Central Sub-Committee on Crop Standard,
Notification and Release of Varieties for Horticultural
Crops.

Cabbage F, hybrid Central Cabbage Pusa Hybrid 81
(KTCBH 81): A cabbage F, hybrid Central Cabbage
Pusa Hybrid 81 (KTCBH 81) has been released and
notified by the Central Sub-Committee on Crop Stan-
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dards, Notification and Release of Varieties for Horti-
cultural Crops for Zone-I. This is the second F, hybrid
of cabbage developed by the ICAR-IARI, Regional
Station, Katrain. This hybrid has dark green, 12-14
non-wrapping waxy leaves, plant height is 22-25 cm,
round and very compact head covered with outer leaf.

It matures in 60-65 days after transplanting, has very
good field staying capacity (20-25 days) after head for-
mation. It has given an average yield of 43.5 t/ha under
multi-location trials.

Cabbage Pusa Hybrid 81

Kale var. Central Kale Pusa 64 (KTK 64): A Kale open-
pollinated variety Central Kale Pusa 64 (KTK 64) has been
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released and notified by the Central Sub-Committee on
Crop Standards, Notification and Release of Varieties
for Horticultural Crops for zone-I. This is the first ever
variety of vegetable kale released in India by the ICAR-
IARI, Regional Station, Katrain. It has highly serrated,
purplish green leaves, 40-50 cm in length and 15-20 cm
in width, plant height is 50-60 cm. Leaves are available
throughout the winter season in multiple harvestings,
which can be consumed as cooked green vegetable like
methi or mixed with other leafy vegetables, preparing
soup and salad. It has higher contents of phenols,
anthocyanins, ascorbic acid, chlorophylls, lycopene
and total carotenoids than other varieties of Brassica
vegetables. It has high tolerance to cold and frost
conditions. Average leaf yield over locations is 35.0 t/ha.

Central Kale Pusa 64

Varieties identified by AICRP (VC). Four varieties,
viz. cucumber cv. Pusa Long Green (DC 83), brinjal cv.
DBL 175, cowpea cv. CP 55 and Dolichos bean cv. DB
10 were identified by AICRP (VC).

Cucumber cv. Pusa Long Green (DC 83): Identified
and recommended by XXXVI Group Meeting of
AICRP (VC) held at RARI, Durgapura during 2018
for Zone IV (Sub-humid Sutlej-Ganga Alluvial Plains,
i.e, Punjab, Delhi, Uttar Pradesh and Bihar). The
fruits of this variety are long (15-18cm), light green in
colour with mild whitish-green stripes and dark green
blotchy spots present near the blossom end, straight,
rudimentary spines, soft skinned with tender and
crispy flesh. The maturity period (days to first fruit

Jw;,

30

harvest) is about 45-50 days. The three years average
yield at eight locations was 206.8 t/ha, which is 32.5%
higher than that of the commercial check, Pant Khira 1
(156 t/ha). It is suitable for cultivation in both spring-
summer and rainy seasons in northern Indian plains.

Pusa Long Green

Brinjal cv. DBL 175: Identified and recommended by
XXXVI Group Meeting of AICRP (VC) held at RARI,
Durgapura during 2018 for Zone - VI (Delhi, Rajasthan,
Haryana and Gujarat) and Zone-VII (Madhya Pradesh
& Maharashtra). It is an early maturing variety suitable
for growing in Kharif season. Plants are non-spiny
having semi-erect branches with purple pigmentation
on stem. Average plant height is 60-65 cm. Flowers are
purple and of medium size. Fruits are long (18-20 cm
length), cylindrical (3.5-4.5 cm diameter), shiny purple
in colour with non spiny green calyx. Fruits are borne
in solitary as well as in clusters. The average fruit

DBL 175



weight is 100-125 g. The variety takes 50-55 days from
transplanting to first harvesting. Average fruit yield is
38.0 t/ha. It has shown field resistance to Fusarium wilt
under Delhi conditions.

Cowpea cv. CP 55: It is a bush type cowpea identified
by XXXVI AICRP Group meeting for its release in
Zone-VI (Delhi, Rajasthan, Haryana and Gujarat). This
is an early maturing variety having medium plant
height. Stem and leaf are green in colour. The pods
are smooth, slender, round, straight and light green in
colour. The pod length ranges from 20-26 cm with pod
diameter 0.6-0.8 cm. The dried seeds are kidney shaped
bi-colour with white hilum. The half of the seed is dark
brown surrounding the hilum and remaining half of
the seed is creamish-white. The average pod yield is
12.0-15.0 t/ha. It is suitable for growing in rainy as
well as spring-summer season. It is highly resistant to
golden mosaic virus.

A cowpea cv. CP 55

Dolichos bean cv. DB 10: It is a pole type Dolichos
bean identified by XXXVI AICRP Group meeting for its
release in Zone-VII (Madhya Pradesh & Maharashtra).
This variety has green stem and leaf colour. The pods
are smooth, flat, light green in colour and bearing in
cluster, slight incurved toward suture. It is early in
maturing with profuse pod bearing habit. The pod
length is 10-12 cm, width 2.2-2.5cm with acute beak
(0.5-1.0 cm) having 4-5 seeds per pod. It has resistance
to common been mosaic virus and Cercospera disease.
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2.1.1 Cole Crops
2.1.1.1 Cauliflower

Development of promising genetic materials. In
total, 98 F, hybrids (72 CMS based, 26 SI based) of early
group cauliflower were evaluated of which promising
(>24.0 t/ha) were DCEH 312367, DCEH 310471,
DCEH 7571, DECH 7523 and DCEH 31523. Out of 47
CMS based F, hybrids of mid-early group the most
promising were DCMEH 993 (39.1 t/ha), DCMEH 1093
(36.4 t/ha), DCMEH 1025 (35.9 t/ha), DCMEH 940 (34.3
t/ha) and DCMEH 2225 (32.2 t/ha). In mid-late maturity
group, DCMLH 8404 (42.2 t/ha), DCMLH 1476 (41.6 t/
ha), DCMLH 8405 (40.8 t/ha) and DCMLH 1544 (39.8 t/
ha) were found to be promising among 30 tested CMS

based F, hybrids for December end to January first
week maturity. While, DCMLH 4012, DCMLH 153,
DCMLH 2466, DCMLH 207 and DCMLH 205 (>36.3

DCMLH 207 - A promising hybrid in

g

mid-late group




t/ha) were promising for second fortnight of January.
Furthermore, six hybrids in early group, namely, DCH
4198, 167, 2398, 9867, 1523 and 988 and five in mid-
maturity group,viz. DCMEH 2325, 1033, 1009, 4976
and 1476 have been advanced to AVT-II trial under
AICRP (VQC).

Insnowball group, 22 F, hybrids received from IARI
Regional Station Katrain were evaluated, of which the
most promising hybrids were CFH 4 (47.2 t/ha), CFH
2 (43.8 t/ha),CFH 3 (34.7 t/ha) and CFH 20 (32.6 t/ha)
that matured in February 2019.A purple cauliflower
genotype PC 1 derived through recurrent selection
from an exotic heterogenous material Sicilian Purple
was observed to be promising having marketable
curd weight of 812.5 g and yield (26.8 t/ha) during
December-January. It produces attractive purple curds
with high anthocyanin content (40.6+2.74 mg/100g FW)
and potential seed yield of 24.0 g/plant.

Purple cauliflower PC 1

Evaluation of CMS and Inbred parental lines-
based hybrids. Eighty F, hybrids along with two check
cultivars were evaluated for yield and its contributing
traits at Baragam Farm of ICAR-IARI Regional Station,
Katrain. The marketable yield of top five hybrids,viz.,
KTCFH 40 (36.17 t/ha), KTCFH 23 (35.91 t/ha), KTCFH
79 (34.93 t/ha), KTCFH 68 (33.51 t/ha) and KTCFH 46
(33.28 t/ha) was found superior over both the check
cultivars with the heterosis range of 8.08-17.46 and
0.54-9.26 per cent over Pusa Snowball Hybrid 1 (30.80
t/ha) and Casper RZ (33.11 t/ha), respectively.
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KTCFH 40 KTCFH 23

Promising CMS and Inbred parental lines-based hybrids of
snowball cauliflower

Evaluation of CMS and DH parental lines-based
hybrids. Newly developed 70 F hybrids (CMS and
DH parental lines based) were evaluated at Baragam
Farm of ICAR-TIARI Regional Station, Katrain. The
marketable yield of top five hybrids,viz., KTCF-DH-H
73 (43.42 t/ha), KTCF-DH-H 52 (43.33 t/ha), KTCF-
DH-H 48 (36.97 t/ha), KTCF-DH-H 66 (35.77 t/ha) and
KTCE-DH-H 3 (35.69 t/ha) was found higher than both
the check cultivars with the heterosis range of 16.16-
40.98 and 8.05-31.14 per cent over Pusa Snowball
Hybrid 1 (30.80 t/ha) and Casper RZ (33.11 t/ha),
respectively.

KTCF-DH-H 73

KTCF-DH-H 52

Promising CMS and DH parental lines-based hybrids of snowball
cauliflower

Evaluation of promising hybrids in multi-location
yield trials. Twenty promising F hybrids developed
and already tested by ICAR-IARI Regional Station,
Katrain were evaluated at three different locations,viz.,
ICAR-IARI Regional Station, Katrain, ICAR-IARI, New
Delhi and Dr YS Parmar UHF, Nauni, Solan. At ICAR-
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IARI Regional Station, Katrain,the marketable yield of
top five hybrids, viz.,, KTCFH 15 (42.08 t/ha), KTCFH 6
(35.91 t/ha), KTCFH 2 (35.37 t/ha), KTCFH 10 (34.97 t/
ha) and KTCFH 7 (33.46 t/ha) was found superior over
both the check cultivars with the heterosis range of
8.66-36.65 and 1.07-27.11% over Pusa Snowball Hybrid
1 (30.80 t/ha) and Casper RZ (33.11 t/ha), respectively.
Based on their performance these hybrids will be

carried forward for multi-locational trials.

>

KTCFH 15 KTCFH 6

Promising hybrids of snowball cauliflower evaluated in multi-
location yield trials

Introgression ballii  and
Diplotaxis catholica male sterile cytoplasm into the

nuclear background. During summer season of 2018,

of Trachystoma

we developed BC, and BC, population populations for
the introgression of Diplotaxis catholica and Trachystoma
ballii

background. This year they will further be advanced

male sterile cytoplasms into cauliflower
to next generation through in vitro embryo rescue and

backcrossing.

Introgression of f-carotene rich ‘Or’ and
anthocyanin rich ‘Pr’ genes into snowball cauliflower.
BC, population of the introgressed 3-carotene (Or gene)
and anthocyanin (Pr gene) rich genes into different
genotypes (Pusa Snowball K 1 and Pusa Snowball K
25) was developed during summer 2018 and evaluated
during winter 2018-19. The desired plants will be
advanced to next generation through marker-assisted

backcross selection.

2.1.1.2 Cabbage

Promising CMS and SI systems based hybrids.
Thirty two CMS and 46 SI system based promising
F, hybrids of white cabbage were evaluated for their
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performance for yield and horticultural traits against
8 check varieties. Among the SI based hybrids, highest
yield was recorded by S5-691 x S-681 (54.0 t/ha) followed
by S-208 x 5-645 (45.2 t/ha), S-208 x 5-83-1 (45.0 t/ha),
S-696 x S-208 (43.4 t/ha) and S-602 x S-208 (42.1 t/ha).
All these hybrids were also found superior than check
cultivar Pusa Cabbage 1 (31.2 t/ha). Out of 32 CMS
based hybrids, highest yield was recorded by 208A x
C-122 (66.7 t/ha) followed by 6A x Sel-5-83-5 (50.8 t/
ha), 5A x Sel-5-83-5 (47.0 t/ha), 5A x Sel-5-122 (44.5 t/ha)
and 836A x Sel-5-83-5 (43.5 t/ha), which were superior
than best check cultivar Central Cabbage Pusa Hybrid
81 (43.1 t/ha).

Promising ‘chill type’ or temperate cabbage
hybrids. Out of 16 F, hybrids of ‘chill type” or temperate
cabbage from IARI Regional Station, Katrain, the five
most promising hybrids were Hyb 9 (46. 5 t/ha), Hyb
15 (45.1 t/ha), Hyb 11 (44.0 t/ha), Hyb 3 (43.8 t/ha) and
Hyb 1 (42.5 t/ha). They also outperformed the check
variety Pusa Cabbage Hybrid 1 (35.4 t/ha).

Evaluation of red cabbage hybrids. A set of 64
experimental hybrids developed by using 7 CMS lines
were evaluated. Highest yield was recorded by RCGA
x ZH (62.0 t/ha) followed by RRMA x ZH (53.8 t/ha),
RJA x ZH (45.4 t/ha), KRA x ZH (44.6 t/ha) and RJA
xRRM (42.9 t/ha). All these hybrids surpassed the
check cultivar Ruby Ball (26.8 t/ha).

Introgression of f-carotene rich ‘Or’ gene
into cabbage and broccoli. BC, population of the
introgressed [3-carotene rich gene (Or) in cabbage (S
831) and broccoli (Pusa Broccoli KTS 1) was developed
during summer 2018 and evaluated in winter 2018-19.
The plants carrying [-carotene rich ‘Or’ gene will be
advanced to next generation through marker-assisted

backcross selection.

Effect of ‘Ogura’ cytoplasm introgression in
cabbage. Thirty hybrids each of 10 CMS lines (A
lines) and their fertile counterparts, i.e. B lines with 3
common testers were compared. The 12-20 CMS-based
hybrid for morphological traits and 7-22 CMS based
hybrids for different quality traits performed better as
compared to their fertile counterpart hybrids. Overall,



five hybrid combinations KTCB-1A x KTCB-24, KTCB-
208A x KTCB-24, KTCB-R7A x KTCB-121, KTCB-208A
x KTCB-52 and KTCB-83-6A x KTCB-52 were found
superior for different morphological traits along with
quality attributes. It was observed that introgression
of ‘Ogura’ cytoplasm has altered the different agro-
morphological and quality traits of cabbage.

Introgression of fertility restorer gene (Rfo) into
Brassica oleracea through inter-specific hybridization.
The F, population of the introgressed fertility restorer
gene (Rfo) into different genotypes of cauliflower
and cabbage was screened with Rfo gene specific SSR
markers. The plants carrying fertility restorer gene
will be advanced to next generation.

2.1.1.3 Heading broccoli

Twenty four breeding lines/varieties were
evaluated of which Pusa Purple Broccoli (19.5 t/ha) and
DC-Brocco 13 (20.8 t/ha) and DC-Brocco 20-16-02 (16.8
t/ha) in green type out performed Pusa KTS 1 (15.6 t/
ha) and Palam Samridhi (14.0 t/ha) during December
end-January mid maturity.

Evaluation of 25 experimental hybrids along with
3 checks revealed the superiority of VCHA x 676711
(16.50 t/ha) followed by Aish A x VCH (13.40 t/ha),
19KTSA x Sel-3 (13.10 t/ha), VCHA x 676710 (12.60 t/
ha), KTSA x 676710 (11.70 t/ha) than best check cultivar
Saki-F, (9.03 t/ha).
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2.1.2 Cucurbitaceous crops
2.1.2.1 Bitter gourd

Inter-specific ~ hybridization. By
Mormordica charantia variety Pusa Aushadhi (female)

crossing

and M. balsamina (male), only one F, plant was
obtained, which was selfed and backcrossed with Pusa
Aushadhi and M. balsmina. The backcross progenies
showed retarded growth and seedling chlorosis and
SSR markers confirmed the introgressed genomic
region of M. balsamina. The F, populations resembled
the female parent for most of the phenotypic traits
except fruit tubercle and ridgeness. The crosses failed
to set the fruit when M. balsamina was used as female
parent.

Backcross progeny with chlorotic leaves

Heterosis studies. Among the 28 hybrids developed
by half-diallel fashion, gynoecious x monoecious
hybrids were most promising for earliness and yield

traits. The highest standard heterosis for yield per plant
was recorded for hybrid 5-2 x PA (68.33%) followed by
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PDMGy-201 x PV (67.22%) and S-2 x PDM (56.67%).
Among the parental lines, gynoecious line PDMGy-201
was a good general combiner for traits like earliness,
sex ratio and flesh thickness; S-2 for fruit length; S-54
for fruit diameter; Pusa Do Maushumi for average fruit
weight and Pusa Ausadhi for number of fruits and total
yield per plant. The three best hybrids based on SCA
for earliness and yields were S-2 x PA, PDMGy-201 x
PV and S-2 x PDM.

Promising hybrids. Two previously developed
high yielding early hybrids, namely, DBGH 11 and
DBGH 26 were included in IET trials of AICRP-VC.
Two hybrids, namely, DBGH 12 and DBGH 542 were
prompted to AVT-I trials under AICRP-VC. Twenty
eight hybrids were evaluated for yield and related
traits and three best performing F, hybrids for yield
identified were S-2 x PA (30.33t/ha), PDMGy-201 x PV
(30.07t/ha) and S-2 x PDM (28.19 t/ha).

Promising genotypes. Forty two genotypes were
evaluated for yield and yield related traits out of which
six genotypes DBGS 06-21, DBGS 60-52, DBGS 52-46,
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Genetic linkage map of fruit tubercle (Tb) (A) and
continuous ridges (crg) (B) in bitter gourd

DBGS 54-58, DBGS 03-23 and DBGS 57-55 were found
promising. The fruits of DBGS 06-21 are dark green, 15-
20cm long, 4.5-5.5 cm diameter with pointed tubercles,
discontinuous ridges, individual fruit weight 85-
90 g and estimated yield 21.6 t/ha under open field
conditions. Two promising selections, namely, DBGS
32-1 and DBGS 57 were found promising under
polyhouse growing conditions and produced fruit
yield of 3.90 and 3.85 t/1000m? with individual fruit
weight of 105 and 126 g, respectively.

Inheritance studies. Bitter gourd is widely grown
in different parts of the world and the consumer
preference too varies from region to region with respect
to fruit colour, size, shape, external quality,etc. In India,
the fruit external qualities such as tubercles (presence/
absence), ridgeness (continuous/discontinuous) and
colour (green/white) regulate the marketability of the
fruits for different regions. Fruit tubercle (Tb), dis-
continuous ridges (Cr) and green colour of fruit (WW)
were governed by single dominant gene, whereas seed
coat colour was governed by semi-dominant gene.
Gynoecious sex expression was governed by single
recessive gene (gy1), whereas more than four genes
controlled inheritance of fruit length.

Molecular markers associated with fruit traits
(ridge and tubercle). The genotype selected based on
molecular markers has added advantages in bitter
gourd crop improvement. The codominant SSR marker
‘McSSR-20’, which was found linked to fruit tubercle
gene (Tb) was located at a distance of 12.5 cM. In the
cross DBGS-2x DBGS-34, a SSR marker ‘JY-004" was
tagged to fruit ridgeness (cr) at a distance of 19.6cM
(LOD= 10.65). Three minor QTLs,viz.,, gFD,qFLand
gFS were identified in the cross DBGS-54 x DBGS-34,
which linked to SSR markers S-32 (qFD and qFL)and
MCcSSR-35 (gFS) with LOD value of 3.38, 3.71 and 3.59,
respectively. The SSR marker MCSSR-20 was validated
on different genotypes and can be utilized in MAS for
fruit tubercle trait in bitter gourd crop improvement
programme.

2.1.2.2 Cucumber

Promising genotypes. Out of 25 selections
evaluated, DC 22 and DC 43 showed consistently good



performance with respect to fruit size and quality traits,
besides yielding 17.3 tand 16.4 t/ha showing an increase
of 23.6 and 15.5%, respectively, over national check
Pant Khira 1(13.6 t/ha). During Kharif season 2018, 138
lines were screened for downy mildew resistance. DC
77 (17.1 t/ha) and DC 70 (16.3 t/ha) showed tolerance
against downy mildew besides having high yield and
other desired horticultural traits as compared to local
check Barsati (14.8 t/ha), Pharai Barsati (14.2 t/ha) and
Panipat Local (15.3 t/ha).

Promising hybrids. Out of 46 F, hybrids evaluated,
the gynoecious based hybrids DGCH 31 and DGCH 40
yielded 25.9 and 26.2 t/ha, respectively, as compared
to national check Pant Sankar Khira (18.9 t/ha), were
advanced to at AVT-II of AICRP (VC) trial. Another
new hybrid DGCH 56 having large size fruit and
desirable horticultural traits and yield (27.3 t/ha) was
advanced to AVT-I of AICRP (VC) trial. Out of 17F,
hybrids evaluated during Kharif 2018, DCH 16 (19.9 t/
ha) and DCH 19 (1.9.3 t/ha) were found promising for
yield and tolerance to downy mildew.

Promising genotypes and hybrids for protected
cultivation. In order to introgress gynoecious
parthenocarpic traits into indigenous varieties having
desirable horticultural traits, crosses were attempted
with the promising lines DC 83, DC 43 and DC 48 as
recurrent parent and Pusa Seedless Cucumber 6 as
non-recurrent parent (male parent). Ten true breeding
gynoecious parthenocarpic lines including promising
DPaC 9 were maintained and eight gynoecious
parthenocarpic F, hybrids were broken by using
silver thiosulphate for induction of male flowers and
simultaneously selfing and individual plant selection
were carried out on the basis of true gynoecious and
parthenocarpic traits. Six gynoecious parthenocarpic
hybrids, which were developed during 2018 were
further evaluated. Line DG 8 was entered in the multi-
location trial for its future release. A natural variant,
DC 48 with stay green trait and extended shelf-life was
maintained and used in the breeding programme for
its introgression into the promising genotypes.

2.1.2.3 Luffa

Promising genotypes. In sponge gourd, a total of 53
germplasm including 3 accessions of wild species Luffa
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echinata, 4 accessions of L. graveolens and 20 accessions
of L. hermaphrodita (Satputia) were evaluated and
maintained. Out of 16 selections evaluated during
spring summer, the lines DSG 43 (14.1 t/ha) and DSG 33
(13.9 t/ha) were found promising with respect to yield
and desired fruit quality traits as compared to national
check Kalyanpur Hari Chikni (11.9 t/ha). Out of 30 F,
hybrids evaluated and two hybrids,viz.,, DSGH 95 (16.5
t/ha) and DSGH 34 (15.9 t/ha) were found to be very
promising as compared to national check Kalyanpur
Hari Chikni (11.9 t/ha). Promising line DSGH 95 was
entered in IET of AICRP (VC) trial.

Evolving genotype with resistance against
ToLCNDV. Eighteen Tomato Leaf Curl New Delhi Virus
resistant lines were evaluated during Kharif season.
The lines, DSG 7 (DSGVRL 13) and DSG 5 (DSGVRL
4) were found to be most promising having high
tolerance to disease with a vulnerability index of 3.3
and 3.9%, respectively.

DSG 7 (IC 0588957) showing highly resistant reaction to Tomato
Leaf Curl New Delhi Virus

CHSG 1 showing highly susceptible reaction to Tomato Leaf Curl
New Delhi Virus



New genotypes. Out of 16 selections, DRG 7
having attractive green long fruit (35-40cm) was
found to be very promising showing an yield of 17.1
t/ha as compared to Pusa Nutan (16.3 t/ha) advanced
to AVT-1 of AICRP (VC) trial. Eight gynoecious lines
isolated from the crosses of Pusa Nutan and Satputia
were evaluated on the basis of colour, shape and size.
DRGGL 8 showing light green attractive colour, long
fruit (20-25 cm) and true gynoecious trait was most
promising and was further maintained. Out of 20 F,
hybrids evaluated, gynoecious F, hybrids DRGH 4
and DGRGH 8 were found promising with an average
yield of 18.8 and 19.2 t/ha, respectively, as compared to
Pusa Nutan (16.5 t/ha). Hybrid DRGH 8 was entered in
IET, while DRGH 4 was advanced to AVT-1 of AICRP
(VC) trial. Out of 30 satputia (Luffa hermaphrodita) lines
evaluated during rainy season, DSat 4 was found to be
very promising with respect to yield (2.5 to 3 kg/plant;
20-25 t/ha) and other desirable traits, was entered in
multi-location trial.

2.1.2.4 Pumpkin

Promising genotypes. Forty five genotypes were
evaluated for yield and yield related traits, out of
which four genotypes DPU 14, DPU 41, DPU 45 and
DPU 58 were found promising. The plants of DPU 14
are medium viny with flattish-round fruits, medium
ribs, orange flesh, average fruit weight of 2.85 kg and
flesh thickness of 3.0 cm. The fruits of DPU 41 and DPU
45 are flattish having average fruit weight of 2.0 and
2.3 kg and flesh thickness of 2 and 2.6 cm, respectively.
The genotypes DPU 41, DPU 43 and Narendra
Upkar showed field resistance against poty virus and
begmovirus.

Three pumpkin genotypes were crossed with
Waltham Butternut and butternut squash hybrids and
vice versa with the objective to select higher carotenoids
content types in the segregating generations thereby
improving flesh quality.

Promising hybrids. Twenty five F| hybrids were
developed and evaluated for yield and related traits in
the spring-summer season. Three promising F, hybrids

37

were DPU 41 x DPU 45 (average fruit weight 2.4 kg,
flesh thickness 2.7 cm), Narendra Agrim x DPU 63 (av.
fruit weight 2.6 kg, flesh thickness 3.1 cm) and DPU 46
x DPU 45 (av. fruit weight 1.75 kg, flesh thickness 2.5

Fruits of promising hybrid DPU 41 x DPU 45

2.1.2.5 Summer squash

Promising genotype. A prolific bearing summer
squash line, DS 17 was isolated from a segregating
population and maintained through single plant
selection. It has segmented leaves, which can be used as
a morphological marker. The fruits are attractive green
in colour with dark green stripes and creamish spots
throughout the fruit surface. The average number of
fruits per plant is 4-5 and average fruit weight is 600-
700g. The plants are bushy and the fruits resemble with
that of pumpkin. It can be successfully grown during
winter season (November-January) under polyhouse,
low tunnel when pumpkins are not available in market.

Summer Squash line DS 17
2.1.2.6 Muskmelon

Promising genotypes. Out of
evaluated, muskmelon genotype DM 154 was most

26 genotypes

promising for open field cultivation at station trial in
summer 2018 with an yield of 22.8 t/ha having green



flesh and TSS 11.9°Brix followed by DM 156 (22.5 t/ha,
TSS 11.6°Brix) and DM 193 (22.0 t/ha, TSS 11.8 °Brix).

Speciality melon (C. melo var. inodorous) genotypes
DHM 39 (5.2 t/1000 m? with orange flesh & TSS 13.8"Brix)
and DHM 162 (5.4 t/1000 m? with green flesh & TSS
13.6°Brix) were found most promising for protected
conditions. The shelf-life of these two genotypes was
15 days, which is better than muskmelon genotypes of
cantalupensis group.

Promising hybrids. Two hybrids from C. melo var.
cantalupensis group DMH 5 (26.0 t/ha, TSS 11.9°Brix)
and DMH 11(23.0 t/ha, TSS 11.4°Brix) were found most
promising and is now under IET hybrid trial of AICRP
(VQ). Speciality melon hybrid DMH 112 was found to
be most promising (5.8 t/1000 m? in evaluation under
net house during off-season cultivation (September to
November).

2.1.2.7 Watermelon

Screening of germplasm for resistance against
Seventy
watermelon germplasm from C. lanatus var. citroid, C.

watermelon bud necrosis virus. two
lanatus var. lanatus and C. colocynthis were evaluated in
open field as well as net house. The C. colocynthis line
DWM 210 was found highly resistant to Watermelon

bud necrosis virus.
2.1.2.8 Bottle gourd

Field screening of germplasm for resistant to
Cercospora leaf spot.
including 101 indigenous and 4 exotic collections from

A total of 122 accessions

National Gene Bank and 17 released varieties of bottle
gourd were screened against Cercospora leaf spot under
natural epiphytotic conditions during rainy season of
2018. The causal organism was isolated and identified
as Cercospora citrullina on the basis of pathology
and morphological characteristics. Symptoms were
observed and each plant was given a leaf spotting score
(Williams, 1977). Based on their reaction, genotypes
were categorized into immune, resistant, moderately
resistant, moderately susceptible, susceptible and
highly susceptible. However, none of the genotypes
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were found to be immune. Fifteen accessions, viz., IC
546185, IC 362403, IC 385814, IC 398534, IC 426990, IC
536594, IC 550741, IC 567545, IC 541223, IC 548580, IC
277094, IC 279634, IC 279731, IC 297489 and one exotic
collection,viz., EC 800998 were having occasional
scattered leaf spots and were classified as resistant.
Nine indigenous collections and one variety Narendra
Madhuri were classified as moderately resistant, 70
genotypes were susceptible, while three were classified
as highly susceptible.

2.1.3 Solanaceous Crops
2.1.3.1 Brinjal

Promising lines. Among the long fruited lines,
DBL 8 (dark purple, 41.23 t/ha), DBGL 225-2-5-17
(green, 36.45 t/ha), and DBWL 22-1-11 (white long, 41.2
t/ha) were found very promising for fruit yield. Among
the round fruited lines, DBR 92 (shiny purple, 43.64 t/
ha), and DBR 22 (purple, 40.36 t/ha) were found very
promising.

Promising hybrids. Twenty six hybrid combinations
were evaluated for yield and combinations, viz.,, DBHR
2019 (dark purple round, 69.32 t/ha), DBHR 9 (shiny
purple long, 56.87 t/ha), DBHR 40 (dark purple round,
60.24 t/ha), and DBHR 1120 (dark purple round, 64.52
t/ha) were found to be superior over the check Navina
(50.63 t/ha), and Pusa Hybrid 6 (41.87 t/ha).

Fusarium wilt resistant genotypes. A total of 19
genotypes were screened under sick plot for Fusarium



wilt resistance and the lines G 181 and G 203 were
found to be resistant.

Wild accessions resistant to root knot nematode.
Eleven wild accessions were evaluated against root
knot nematode (Meloidogyne incognita) after artificial
inoculation with second stage juvenile (J2) in pot
conditions. Out of these wild accessions, two species
(Solanum torvum and S. sisymbrifolium) were found to
be resistant.

Genetics studies of fruit colour. Genetics of fruit
colour was studied using 168 F, plants from a cross
of Pusa Safed Baingan 1 and Pusa Uttam. The fruit
of F, plants was intermediate revealed incomplete
dominance. Out of 168 F, plants, 125 were purple
coloured, 31 green and 12 white, which clearly
segregated into 12:3:1 (P:G:W) ratio suggesting
dominant epistasis with A? value of 0.28 (P=0.80-0.90).

2.1.3.2 Tomato

Promising  hybrids. During spring-summer
(February-May 2018), a total of 40 F s, were evaluated
for yield and quality parameters. Four hybrids, i.e.
H 367 (90.0 t/ha), H 248 (85.0 t/ha), H 259 (72.0 t/ha) and
H 249 (70.0 t/ha) were found promising for high yield.
In summer trial (March-June, 2018), the promising
genotypes for yield per plant were IARI407-2-5-11 (1.5
kg/plant; 27.0 t/ha); IARI 22 (1.25 kg/plant); VTRH 16-4
(2.18 kg/plant) compared to Abinava (F,) check (0.45
kg/plant).

In autumn-winter (August to March 2018-19;
Kharif), a total of 309 Fs were evaluated for their
reaction to ToLCD virus. The hybrid combinations
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include R x R (both parents carrying Ty-3 gene) as
well as R x S combinations (one parent carrying Ty-3
gene). R x S combination hybrids were susceptible to
ToLCD disease. However, all the R x R combination
showed resistance. Multilocation trials were conducted
at ICAR-IIHR, Bengaluru and ICAR-IIVR, Varanasi. A
total of 12 promising F s were sent to ICAR-IIVR and
three to ICAR-IIHR for TOLCYV resistance station trial.
Two hybrids, promising for ToLCD resistance and
yield were included in AICRP (VC) trials.

Promising genotypes and hybrids for protected
cultivation. Twenty eight F, cross combinations were
evaluated under protected conditions. Hybrid DTPH
60 recorded total yield of 1.56 t/ 100 m? 5.2°Brix TSS
and 5.8 mg/100g lycopene with average fruit weight
of 108g. It was found at par to GS 600 in yield and
other traits.The hybrid DTPH 60 when evaluated at
farmer’s field at Chomu, Rajasthan, recorded high
yield,i.e.16 kg fruits/ m?and profit up to Rs. 224/ m?
under polyhouse.

Tomato hybrid DTPH 60 under protected condition

Ten advance cherry tomato lines have been
developed through reverse breeding. Out of 10
selections, 7 had red fruit colour and 3 yellow /orange
fruit colour. These advance lines (F, and F, generations),
showed uniform and stable performance. Under
protected condition, Selection 2 recorded average fruit



yield of 1.0t/100m? with average number of fruits (45/
cluster) and high TSS (10.1°Brix) having red fruit colour
and desired fruit weight (10g).

i i

Cherry tomato selection 2 under protected condition

A total of 20 F s (including nine cherry hybrids),
were evaluated under naturally ventilated polyhouse
during October-November 2018 — March 2019. Hybrid
H 247 was found promising (6.7 t/1000m?), while
tomato hybrid H 214 had high yield (9.0 t/1000m?).

Inter-specific hybridization. For genetic enhance of
Solanum lycopersicum, F s of (15SB x LA1777) with Pusa
Early Dwarf (PED) and Roma were found promising
for fruiting at high temperature. The F s were selfed
and F, seeds obtained for further characterization. The
advanced interspecific lines developed using LA1777
were advanced to F, generation.

2.1.3.3 Chilli

Inter-specific hybridization. Inter-specific crosses
between C. annuum, C. frutescens and C. chinense
were attempted to study their compatibility. Five
C. frutescens genotypes (EC 787094, EC 787097, EC
787101, EC 787149 and EC 787123) and three C. chinense
(EC 787135, EC 787146, EC 787147) were utilized in
hybridization with C. annuum. Successful crosses were
obtained with EC 787135, EC 787146, EC787097 and EC
787123.

Screening for heat tolerance. Single plant selections
from heat tolerant lines have been evaluated along
with national check Kashi Anmol and local check Pusa
Sadabahar. The selections DLS 10-8, DLS 17-10, DLS 20-
11, DLS 152-1, DLS 10-11, DLS 25-11, DLS 161-1 and
DLS 146-5 have been consistently found having high
temperature tolerance in terms of fruit set. The heat
tolerant selections gave fruit set in the months of May
and June when average maximum temperature was
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43°C and minimum temperature of 28°C. The check
varieties in comparison to heat tolerant genotypes
failed to set fruits during May to July. Under first
station trial, DLS 161-1 and DLS 146-5 have out yielded
the national check Kashi Anmol, whereas the heat
tolerant genotypes gave three harvests from the month
of May to July.

Field view of DLS 146-5

2.1.3.4 Sweet pepper

Transfer of fertility restorer gene. In order to
develop fertility restorer lines, one genotype, i.e. KTC
15R carrying fertility restorer gene was crossed with 10
other genotypes. During this year, the F, population of
each cross combination will be backcrossed with their

respective recurrent parent.

Evaluation of hybrids. A total of 108 hybrids were
evaluated for yield and its contributing traits. Among
them, KTCH 15 (26.77 t/ha) followed by KTCH 7



(26.39 t/ha) and KTCH 13 (24.09 t/ha) were found most
promising based on yield, fruit shape, size and colour.

2.1.4 Root and Bulbous Crops
2.1.4.1 Carrot

Promising genotypes. Thirty nine genotypes/
breeding lines in August end sowing were evaluated
for quantitative and quality traits. Root length, root
diameter, root weight and core diameter ranged
from 17.2 cm (DCat 131) to 25.46 cm (DCat 10), 3.48
cm (DCat 10) to 4.57 cm (DCat 35), 90 g (DCat 126) to
180 g (DCat 88) and 6.06 mm (DCat 8) to 19.90 mm
(DCat 16), respectively. Based on the quality for root
shape, surface, external & internal colour and external
appearance, the promising genotypes identified were
DCat 4, DCat 8, DCat 13 and DCat 122.

In normal season, 48 genotypes/ breeding lines
were assessed for quantitative and quality traits.
Based on the quality for root shape, surface, external &
internal colour and external appearance, the promising
genotypes identified were DCat 7, DCat 13, DCat 53,
DCat 76, DCat 98 and DCat 122. Three promising lines,
viz., IPC 13 red, IPC 98 and IPC Ht-1 were advanced to
AVT-II of AICRP (VC) trial.

Promising hybrids. Forty three-way hybrids were
assessed for quantitative and quality traits in August
end sowing. Based on the quality for root shape, surface,
external & internal colour and external appearance, the
hybrid DCatH 74-122 was found promising.

In normal season, 80 CMS based F, hybrids
of tropical-subtropical carrot were assessed for
quantitative and quality traits. Based on the root
shape, surface, external & internal colour and external
appearance, the promising F, hybrids were DCatH
5392, DCatH 700, DCatH 9892, DCatH 983, DCatH
9126, DCatH 734 and DCatH 754 with average root
weight of 150 g, 146.7 g, 160 g, 141.7 g, 146.7 g, 143.3
and 136.7 g, respectively. In temperate group, 13 F,
hybrids from Katrain station were evaluated at Delhi
centre and promising hybrids were Kt-7 x NK, Kt-10 x
KS5-59 and Kt-28 x NK.
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Promising carrot hybrid DCatH 700

In temperate carrot, 98 hybrids developed by using
10 petaloid type of CMS lines were evaluated against
Pusa Nayanjyoti as standard check. Hybrid KT-28A x
KS-50 (24.9 t/ha) followed by KT-8542A x KS-20 (24.0 t/
ha) and KT-8542A x KS-22 (23.6 t/ha) recorded higher
yield than the standard check Pusa Nayanjyoti (20.8 t/
ha).

2.1.4.2 Onion & Garlic

Breeding for higher yield in onion and garlic
during Rabi season. In onion, 58 accessions were
analyzed for yield and other horticultural traits. It
was observed that Pusa White Flat recorded highest
yield (46.0 t/ha) followed by ALR and Pusa Ratnar.
In garlic, 26 accessions were evaluated for yield and
other horticultural traits. Genotype PGS 210 recorded
significantly higher yield (11.0 t/ha) followed by PGS
206 (10.7 t/ha), PGS 204 (10.6 t/ha) and PGS 207 (10.3 t/
ha). Bhima Omkar (4.1 t/ha) recorded the lowest yield.

Breeding for Kharif onion. A total of 300 second
generation inbreds were planted during Kharif season
for assessing their suitability for survival and bulb
production. It was observed that Bhima Dark Red and
Bhima Super performed best in terms of bulbing in
second year too. Hence, could be recommended for
Kharif sowing under north Indian conditions. From
the breeding material, KH 015, KH 045, KH 047, KH
081, KH 084 and KH 353 performed best in terms of
bulbing efficiency. Bulbs of these genotypes were
further planted for flowering to obtain third generation
inbreds.



Breeding for bolting tolerance. Sixty eight onion
accessions were planted in first fortnight of November
to screen for bolting behaviour. Bolting percentage
ranged from 0-100%. Accessions AKON 85 and L 653
exhibited no bolting at all, whereas AKON 82, SWSL,
AKON 79, JRO 4 and AKON 69 recorded less than 10%
bolting. The non-bolting bulbs from these lines were
selected and stored for production of inbred lines for
bolting tolerance.

Breeding for Stemphylium blight resistance. One
hundred onion and allied species accessions were
screened for Stemphylium blight resistance under
field conditions. It was observed that one accession
of leek (Allium ampeloprasum L.) was resistant, seven
accessions of A. fistulosum L. were moderately resistant
and the rest of 92 onion accessions were categorised
into moderately to susceptible category, while ACC
068 was most susceptible.

Evaluation and development of improved
selections. Thirty two onion genotypes were evaluated
during Kharif season, where yield varied from 5.98 to
25.66 t/ha. Twelve genotypes produced more than 20.0
t/ha marketable bulb. The three best lines were KP-M1
(25.66 t/ha), KP 36 (24.77 t/ha) and KP 41(24.24 t/ha). In
KP-M1, there were uniform neck drying and the bulbs
were medium sized (equatorial diameter 42.17 mm)

and the roots were completely dried.
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Allium fistulosum typically produces white stalk.
A. fistulosum with different colour stalk were selected
from a natural cross population with Pusa Riddhi
(A.cepa) and being maintained for further study.

P . N

Three long day local onion collections were evaluated
and segregating materials planted for seed multiplication
for further study.

Screening of onion genotypes against Purple Blotch.
Thirty five onion genotypes and Pusa Soumya (Allium
fistulosum) were screened under challenge inoculation
condition for purple blotch resistance/tolerance. Pusa
Soumya was found resistant. Arka Lalima, KhPB 11,
KhPB 1, Bhima Kiran, KhPB 50, KhPB 10 KhPB 3 and

KhPB 13 were found moderately resistant.

2.1.5 Leguminous Crops
2.1.5.1 Garden pea

New genetic material developed for high yield and
disease resistance. Evaluated 10 new bulks derived



from F-F, generations breeding materials against the 2
checks (Pusa Shree & Arkel), the promising genotypes
having attractive long green curved pods were GP
1501 GP 1502, GP 1503, GP 1504, GP 1701 (pleiofila),
GP 1703, and GP 1705 with average pod yield range of
11-13.5t/ha against the check.

Development of wilt resistant lines. Eighteen
germplasm and 60 F, crosses were evaluated in wilt
sick plot for screening and selection. The genotypes
GP17, GP 55, GP 6, GP 48, GP 473, and the crosses 2011/
PEV-3xGP48, GP17x2011/PEV-2, GP55x2011/PEV-2,
GP901xEC~211, PPxGP6, GP48x GP473-1, GP48x2011/
PEV-3, and GP473xVP233 were found resistant and
retained for further evaluation.

Development of powdery mildew resistant lines.
The genotypes found highly resistant to powdery
mildew were GP 6, GP 473,GP 1001, GP 1101, GP 1102,
GP 1501 GP 1502, GP 1705.

Screening of lines for heat tolerance and disease
resistance. Thirty genotypes were screened for high
temperature tolerance so as to extend the fresh pod
availability beyond mid - March in north Indian plains.
The genotypes GP 916, GP 473, GP 912-11, VP 438-2, and
Bonneville were found promising for pod set at high
temperature during last week of March or early April,
while others dried by third week of March. However,
genotypes GP 916, GP 438-2, GP 55, GP 912-1, GP
912-1I, Bonneville, 2015/PEV-2, 2015/PEV-5, GP 1104,
EC598216, and EC 598646 plants remained green till
15-20" April, but2015/PEV-2,2015/PEV-5 and Bonneville
showed very less fruiting at higher temperature.

Host-pathogen resistance
oxysporum  f.sp.pisi.

including alien species,viz., Pisum fulvum, P. elatius,

against  Fusarium
Total 50 Pisum accessions

P. sativum var. elatius, P. sativum and commercial
susceptible garden pea varieties (Kashi Nandini,
Kashi Uday, MA 7, Pusa Pragati, Arkel and PB 89)
were grown in the artificial wilt sick pots, using four
virulent Fop isolates. Total eight accessions were found
highly resistant against all the four virulent Fop isolates
in which two were of P. fulvum, one of P. elatius, four of
P. sativum var. elatius and one of P. sativum.
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Highly resistant genotypes reported after artificial screening
in sick pot against Fop isolates. (a) Pisum fulvum, (b) Pisum
elatius, (c) P. sativum var. elatius, and (d) P. sativum var. hortense
(susceptible)

2.1.5.2 Other legumes

Two dolichos bean pole types (DB 3 & DB 5) were
promoted for AVT-II and DB 22 in AVT-I and DB 23 to
IET. Genotype DB 15 was most promising when tested
under AICRP for three consecutive years (pod yield
20.7t/ha).

2.1.6 Malvaceous crop
2.1.6.1 Okra

New genetic material developed. Forty parental
lines, 27 advance lines, 54 Fs and 12 back cross
populations (BC, to BC,) and 28 new collections from
NBPGR, were evaluated for yield, quality traits and
biotic stress during Kharif 2018. Advance lines DOV 88,
DOV 77, DOV 33, and DOV 37, were found resistant to
Bhindi yellow vein mosaic virus (YVMV). However, DOV
92 showed multiple resistance to YVMV and ELCV
and tolerance to leaf hopper and mites. These lines
recorded yield ranging from 18 to 20.5 t/ha having
dark green attractive pods. However, among hybrids,
DOH 2, DOH 3 and DOH 4 were found superior in pod
yield and quality along with resistant to YVMV and
ELCV and tolerant to leathopper and recorded 23.5, 22
and 21.5 t/ha pod yield, respectively, with smooth dark
green attractive pods. DOV 77 and DOV 88 were short
fruited type (5-6 cm fruit length), DOV 17 and DOV 18
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were red fruited genotypes having high anthocyanin
content (402 and 473mg/100 g, respectively). To assess
the genetic diversity in okra germplasm including
wild and cultivated species, EST-SSR markers were
tested on 96 genotypes. Out of 186 SSR markers, three
SSR markers, i.e. AVRDC Okra-1, AVRDC Okra-56,
and AVRDC Okra-63 primers were found useful for
diversity analysis in okra.

Fruits and plants of promising okra Hybrid (DOH 2): resistance to
YVMYV and tolerance to leaf hopper and mites

Pre-breeding in okra. Forty four wild okra
accessions representing five species were evaluated.
Six accessions of A. tetraphyllus, three of A. moschatus
and one of A. caillei were found free from YVMYV and
ELCV, while other accessions showed YVMV symptom
after 85 days of sowing. The F, combinations of Pusa
A 4 and A. tetraphyllus were free from YVMV disease
symptom, but very poor seed set was recorded. One
advance cross combination of Pusa A 4 and A. moschatus
recorded normal fruit set with improved fruit quality.
The advance lines, C 3-715, C,50 mizo-12, C,50 mizo-20,
C,50 mizo-19 and C,50 mizo-33 were found 100% free
from YVMV symptoms. Resistant plants from crosses
of cultivated species and A. tetraphyllus and A. caillei

were selected for further advancement of generation.

2.1.7 Lettuce
Promising genotypes. Thirty-six germplasm/
advanced breeding lines were evaluated and

maintained. Out of the 36 lines, 3 lines (leafy type),viz.,
DL 13 (leafy type), DL 11 (leafy type) and EC 687387
(romaine type) showed good performance and
yielded 43.8 t/ha, 41.06 t/ha and 37.69 t/ha showing an
increase of 24.64, 16.85 and 7.26%, respectively, over
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check variety Chinese Yellow (35.14 t/ha). Among the
heading type, selection DL 36 (37.6 t/ha) was found
very promising and showed an increase of 44.55% over
check Great Lakes (26.04 t/ha). Two selections (DL 13
and DL 36) were advanced to IET trial in AICRP (VC).
Over 114 F; lines were phenotyped and advanced to
next generation on the basis of heading and leafy type
and leaf colours (green, purple, green-purple and
purple-green, light purple) during 2018-19.

2.2 FRUIT CROPS
2.2.1 Mango

Hybridization. During March 2019, seven cross
combinations were attempted on 995 panicles having
7,059 flowers employing Amrapali as female parent
and Sensation, Vanraj, Tommy Atkins, PusaArunima,
Bhadauran, Erwin and Hyb. 11-2 as male donor parents.
From March 2018 crosses, 65 hybrid stones were
obtained, 62 stones germinated and 58 hybrid plants
are surviving in nursery. In rootstock breeding, total
254 flowers were crossed with various combinations of
the Olour, Kurrukan, Bappakai, M 13-1, Amrapali and
Peach have been crossed using Olour, Kurukkan and
Amrapali as donor parents.

Evaluation of hybrids and germplasm. Mango
hybrids (80) and germplasm (54) were evaluated for
20 physico-chemical traits. Among mango F, hybrids
from different cross combinations, the maximum fruit
weight was noted in H 11-2 (281.8 g). Fruits of H
12-5, H 11-2, H 8-11 and H 3-2 had red colouration
on shoulder. Hybrid NH 7-2 had bright yellow-
apricot coloured oblong fruits with bright orange
pulp, moderate peel thickness (1.52 mm) and high
total soluble solids (22.37°Brix). Significant variation
was observed for fruit shape, peel colour, pulp colour
and pulp weight in the hybrids. The maximum TSS
(26.4°Brix) was noted in NH 8-5. The F, hybrids have
been phenotyped for organic acids, viz., citric acid,
malic acid, ascorbic acid, succinic acid and sugars,viz.,
sucrose, glucose and fructose. The data showed that
F, population had significant variation for sugar
and organic acid profiles. Hybrid 8-11 showed field
tolerance to floral mango malformation.



Fruit of NH 7-2

Fruits of H 11-2

Evaluation of Exotic genotypes. Among the exotic
mango germplasm, Eldon had the maximum fruit
weight (263.4 g) followed by Tommy Atkins (223.7
g). However, the minimum fruit weight was noted
in Willard (98.55 g). These exotic germplasm had
moderate TSS compared to indigenous germplasm.
Among indigenous genotypes, Vanraj bore the biggest
fruit (360.4 g) followed by Khas ul Khas (309.68 g)
and Totapari (290.80 g). However, the minimum fruit
weight (52.35 g) was observed in Illaichi. Flowering
pattern of some of the mango hybrids and genotypes
were also studied.

Collection and evaluation of superior seedling
types, clones, and mango germplasm. Fruits of
seedling type variants, namely, Sel. 1 Bijnor, C 1,
C 5 C 301, C NB, Angoor, Sel. 2 Khan, Office 2
and Chausa were evaluated for physico-chemical
parameters. The maximum fruit weight (315.1 g) was
observed in Chausa Variant followed by C 301 (228.05
g) and C 1 (219.4 g). The average stone weight in C 301
was only 29.4 g with stone: fruit weight ratio in C 301
(7.76). However, the minimum fruit weight was found
in Angoorlata (42.0 g).
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Fruit of C 301 showing high pulp:stone ratio

Polymophism studies using Novel Hyper Variable
SSRs. A genome wide set of 245 hyper-variable
mango SSR markers were used for identification of
polymorphic SSRs between parents Amrapali and
Sensation. In which 109 HMSSRs were polymorphic,
and 122 were monomorphic. Studies on segregation of
polymorphic HMSSRs among F, mango population is
underway. Isolation, purification and quantification of
DNA from 122 individuals of mapping population and
parents were completed during the period.

Representative HMSSRs profile showing polymorphism between
parental Amrapali and Sensation genotypes

Comparative transcriptome analysis for alternate
bearing trait.
perspective on the molecular mechanisms underlying

To wunderstand a comprehensive

alternate bearing in mango (Mangifera indica L.),
transcriptome wide gene expression profiling was
conducted in both regular and irregular varieties.
data of (Neelam)
irregular (Dashehari) mango varieties revealed a
total of 42,397 genes. Out of that 12,557 genes were
differentially expressed and 25,194 genes were found

Transcriptome regular and

to be significant. Numbers of up and down regulated
genes were 6,453 and 6,104, respectively. Furthermore,
many of the common unigenes, which were involved
in hormonal regulation, metabolic process, oxidative
stress, ion homeostasis, alternate bearing, etc. showed
significant differences between these two varieties.
Pathway analysis showed that the highest numbers of
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differentially expressed genes were related with the
metabolic process (523).

A total of 15 differentially expressed genes from
three important pathways,viz., alternate bearing,
carbohydrate metabolism and hormone analysis along
with control (f-actin gene) were validated using Real
time PCR and results were at par with in silico analysis.
The expression pattern of alternate bearing genes
like LOC103413993,LOC103432486, LOC103434184,
LOC103452666, LOC18790008, rbcL, Rumani GA-20-
oxidase, SAD1, SAD3, SPL, etc. were almost identical to
that of qRT-PCR results except one gene LOC103420644,
which was found to be down regulated in Dashehari.
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Comparison of expression level GA-20-oxidase-like gene using
qRT-PCR. Gene expression is normalized to the $-actin. Expression
study was conducted in regular and irregular eight mango varieties.
The results are means of three biological replicates

2.2.2 Citrus

Hybridization. During March 2019, a total of
318 flowers of different female parents (Hamlin and
Mosambi) were crossed with Pummelo (pink aril),
tangerine and seedless pummelo mutant (PM-3 and
PM-4). Cross Mosambi x tangerine recorded the highest
fruit set (10.87%), while it was lowest in Mosambi x PM-
3. In acid citrus fruits, a total of 338 flowers of female
parents, i.e. lemon (Konakn Seedless, Kagzi Kalan)
and acid lime (Pusa Udit and Pusa Abhinav) were
hybridized with selected male parents. The highest
fruit set was recorded in Konkan Seedless x Pusa Udit
crosses (52.23%). In rootstock improvement, total 580
flowers have been crossed in different combinations.

Development of scion hybrids. During 2018-19,
23 citrus scion hybrids (Pummelo x Sweet orange)
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were evaluated for growth, yield and fruit quality. Of
these, hybrids SCSH 7-10/12, SCSH 17-14/14, SCSH 17-
11/12 and SCSH 17-19/13 yielded fruit > 500 g weight.
Juice recovery was highest in SCSH 11-15/12 (40.03%)
followed by SCSH 19-5/14 (38.55%) and SCSH 19-10/14
(37.94%). Hybrids SCSH 5-10/12, ~ SCSH 11-15/12 and
SCSH 17-17/12 had the peel thickness < 5 mm. Hybrid
SCSH 13-9/13 had seedless fruit.

Evaluation of hybrids against salinity and
phytophthora root rot. Of the 36 citrus rootstocks
hybrids (Pummelo x Sacaton and Pummelo x Troyer
citange) evaluated against NaCl (50 mM) induced
salinity (EC,,6.10 dS/m), 10 hybrids, namely, P x
Sacaton-326, 338, and 351 and P x Troyer -323, 324,
328, 336, 346, 347 and 348 were found tolerant based
on morphological and biochemical traits. Similarly,
29 citrus rootstock hybrids were resistant against P.
nicotianae on the basis of lesion length.

Clonal selection in sweet orange. Performance
of twelve clones of sweet orange cultivar Malta was
assessed against two check varieties,viz., Pusa Sharad
and Pusa Round for growth, yield and fruit quality
traits. Among these twelve clones, fruit weight varied
from 147.31 g in MS 20 to 269.46 g in MS 1 as compared
to Pusa Sharad (234.68 g) and Pusa Round (228.72 g).
Furthermore, significantly highest juice content was
noted in MS 4 (45.77%), followed by MS 7 (44.78%), MS
15 (44.09%) and MS 20 (43.66%), Pusa Round (45.23%)
and Pusa Sharad (43.04%). The highest TSS was found
in MS 21(10.7°Brix) followed by MS 3 (10.33°Brix). The
lowest acidity was found in MS 24 (0.29%) followed
by MS 3 (0.47%) and MS 1 (0.50%). MS 3 clone yielded
the highest (36.33 kg/tree) with highest fruiting density
(0.55 fruits/m® CV) and yield efficiency (0.12 kg/m*CV).
Clones MS 3, MS 7, MS 9 and MS 21 were found most
promising.

Clonal selections in acid lime and lemon. In acid
lime clones, the number of fruits varied from 31 fruits/
tree (second year fruiting) in ALC 6 to 517 fruits/tree in
ALC76.Clones such as ALC4, ALC 64, ALC 70, ALC76
and ALC 82 had fruit weight more than 40 g, being the
highest in ALC 82 (50.08 g) as compared to Pusa Udit
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(38.31 g) and Pusa Abhinav (39.05 g). Furthermore, >
50% juice recovery was recorded in ALC 103, ALC 90,
ALC 5 and ALC 4. Most of the promising clones had
acidity more than 6%. Clones ALC 24, ALC 64, ALC 71,
ALC 76, ALC 89 and ALC 101 have been found better
in terms of yield and fruit quality parameters. Among
different lemon accessions, LS 3 proved most vigorous
(67.21 m® canopy volume). During summer season,
LS 1 excelled over others in respect of highest fruit
weight (75.74g), juice content (52.65%), acidity (6.21%)
and ascorbic acid content (40.77mg/100ml juice),
with lowest seed number (2.20/ fruit). During winter
season, LS 1 also proved best collection due to highest
acid content (4.81%) and ascorbic acid (36.23 mg/100
ml juice). The highest fruit weight was recorded in
LS 5 (146.06g), while LS 6 recorded the highest juice

Bearing in lemon clone LS 3

Mutagenic studies on Kinnow and sweet orange.
Kinnow: The bearing mutants in Kinnow developed
over the years through different doses of gamma (y)
irradiation, ethyl methane sulphonate (EMS) and
colchicine revealed significantly higher plant height
(3.9, 3.6 m) in the mutants M 10-4 & M 15-7, while it
was recorded lowest (1.9 m) in Col-0.02%-1 followed
by Col-0.1%-2 (2.2m). The heaviest fruit (258.0 g) was
recorded in the mutant M 15-2, while it was lowest
(146.31g) in M 30-1 but with high juice recovery
(64.93%) and TSS (12.2°Brix). The number of seeds
(<10) was recorded in the mutants M 15-1 and M 20-1
as compared to the parent type which had more than
30 seeds/fruit. Observations on fruit quality parameters
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developed through chemical mutagen (EMS) exhibited
higher fruit weight in EMS 0.2%-3 (216.24 g) which also
had highest juice recovery (46%) and lower number
of seeds per fruit (<15). Average fruit yield kg/plant
was highest (65.00 kg/tree) in M 20-8. As regards the
colchiploids, fruit weight was recorded highest in Col-
0.02%-1 (222.18 g). The juice recovery was, however,
recorded maximum in Col 0.1%-1 (48.50%), which also
significantly had lower number of seeds/fruit (<12).
Flow cytometery analysis led to the identification of

one putative tetraploid.

Bearing in colchicine induced variant Col 0.1%-1

Sweet orange: Mutants in Mosambi developed after
irradiation with gamma irradiation (15, 20, 25, 30, 35
and 40 Gray) revealed maximum (2.8m) and minimum
(0.90 m) plant height in the mutants SO 15-2 and SO
40-3, respectively. Observations on maiden fruiting
in mutants exhibited heavier fruits in SO 15-6 (262.90
g), while it was lowest in mutant SO 15-1 (129.98g)
but with high TSS (11.0°Brix). The juice recovery was
recorded maximum in SO 10-2 (60.52%), which also
had a lower number of seeds per fruit (<10).

Characterization of pummelo clones. Vegetative
the
existence of variability in the seedling population.

and reproductive characterization indicated
Flowering and fruit set were recorded in all the five
clones. Application for issuing IC numbers for these
clones was submitted with the NBPGR, New Delhi.
Very heavy flowering and fruit set was observed in all

the five seedling pummelo clones.

Ploidy manipulation in Kinnow mandarin and
sweet orange: Characterization of Colchiploids. The
fruits from the colchicine treated 13 Mosambi sweet
orange plants and 18 Kinnow mandarin plants of were
analysed. In Mosambi, heaviest fruits were recorded
in in situ 2-4 plant (212.4 g).In Kinnow, the fruit



parameters were at par amongst the colchicine treated
resultant plants. Biggest fruits were recorded in the
plant Ex-2-15 (219. 1g) and rind thickness (7. 8 mm)
was highest in the fruits of Ex-1-4. Maximum TSS
in Ex-1-4 (10. 0°Brix), indicating the importance of
colchicine treatmentin creating variability. Some plants
exhibited acute dwarfness with reduced internodal
distance, indicating towards hyperploidy. Similarly,
early flowering was recorded in all the treated plants
of Mosambi in comparison. Flowcytometric analysis
of the 14 colchiploids, resulted in identification of two
putative tetraploids.

Fruits and rind thickness in colchiploid of Mosambi sweet orange

2.2.3 Grape

Germplasm and hybrid evaluation. Sixty-five
grape genotypes, including hybrids and varieties from
seedless coloured/white, seeded coloured, seeded
colorless, groups were evaluated as per the Grape
Descriptors. Among the seedless genotypes, Flame
Seedless performed better in terms of yield (14.50 kg/
vine), fruit quality (TSS 19.5°Brix, titratable acidity
0.84%) with early maturity (June first week) and was
found most promising in terms of fruit quality and
yield under north Indian plains on Bower system
of training. Black Muscat performed better among
the seeded varieties in terms of yield (12.20 kg/vine),
berry quality (TSS 18.5°B), loose bunch with minimum

berry cracking on Kniffin system. For juice purpose,
Pusa Navrang and Punjab Purple performed better
in terms of berry quality, yield and early maturity.
Pusa Seedless, Pusa Urvashi and Pusa Aditi were
found better in terms of seedlessness, early maturity,
yield, berry quality and fruitfulness. However, Pusa
Swarnika was found most promising in terms of berry
size (20.5 mm diameter), weight of 100 berries (465.25
g), TSS (21.5°B), loose bunch and early maturity.
Among the newly developed hybrids, three hybrids
consistently performed better in terms of extra-early
maturity (last week of May to first week of June) and
berry quality, viz.,, Hy. ER-R,P,, (Higher TSS > 23%Brix,
large bunch, early maturing, coloured, seedless, heavy
yielder), Hy.16/2A-R P, (early maturing, bold berry,
seeded, loose bunch, golden-yellow berry) and Hy.
16/2A-R P , (early maturing, bold berry, seeded, loose
bunch, coloured).

Hybrid ERR,P,
Potential varieties and hybrids of grape having early maturity with
better fruit quality

Varietal notification. During 2018-19, Delhi State
Variety Release Committee notified grape hybrid



Pusa Aditi for Delhi State and NCR. It is developed
through hybridization between Banqui Abyad and
Perlette. It matures early and takes 80-85 days after full
bloom, having large bunch (440 g), bold berry (2.8 g),
round yellowish-green in colour, firm pulp (6N), good
TSS (19.3°Brix), and high yield (15.5 t/ha on bower
training system). Bunches are free from shot berry
disorder and are uniformly developed. The vine is
moderately vigorous, and is a spur pruned. The hybrid
has good traits for table purpose and juice making. It
is moderately tolerant to anthracnose and powdery
mildew. Recommended for sub-tropical agro-climatic
conditions of North India plains including Delhi, NCR,

Heavy bearing in hybrid Pusa Aditi
2.2.4 Guava

Crop improvement. Hybridization was carried out
using Khasipur collection, Pant Prabhat, Thai guava,
Shweta, Hisar Safeda, Arka Kiran, Arka Reshmi, Black
Guava and Hisar Surkha variant, Punjab Pink, Lalit,
Thai Pink and Allahabad Surkha as parents. A total of
2,872 flowers were crossed and 147 fruits were harvested
and sown in the field. The seeds were raised and a
total of 1,726 numbers of F, population was produced.
Among the mutant population, three genotypes were
found to have fruits with less number of seeds. Plants
were recorded for plant height, flowering, and fruits
characters. The F, populations were screened for
different traits and three very promising types from a
cross combination of (Trichy x Punjab Pink- having the
red peel and pulp), (Hisar Safeda x Lalit- White pulped
with red peel) with average fruit weight of 145.87 to
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238 g, TSS 13.2 to 15.3°Brix, acidity of 0.427%, vitamin C
content of 293.12-345.43 mg/100g were observed.

Hybridization in guava was done as per diallel
mating design by involving five parents: Shweta,
Punjab Pink, Pant Prabhat, Black Guava and Hisar
Surkha. A total of 904 crosses were made, of which 123
fruits were harvested. Harvested combinations were
Punjab Pink x Shweta (56), Punjab Pink x Black guava
(5), Punjab Pink x Hisar Surkha (2), Punjab Pink x Pant
Prabhat (14), Shweta x Punjab Pink (5), Hisar Surkha x
Punjab Pink (1), Hisar Surkha x Pant Prabhat (1), Pant
Prabhat x Punjab Pink (11), Pant Prabhat x Shweta
(4), Pant Prabhat x Black guava (9), Pant Prabhat x
Hisar Surkha (2), Punjab Pink (selfed, 7), Hisar Surkha
(selfed, 1), Black guava (selfed, 2), Pant Prabhat
(selfed, 1), Shweta (selfed, 2). Punjab Pink x Shweta
was highest compatible cross combination resulting
in higher recovery of hybrid fruits (35.67%). Hybrid
fruit retention (excluding the selfed ones) at 15, 30,
and 45 days after crossing was 32.12, 23.39 and 18.96%,
respectively. Fifty nine F, plants were transplanted in
the field for evaluation.

Study of self-and cross-incompatibility was done
for five parents, namely, Shweta, Punjab Pink, Pant
Prabhat, Black Guava and Hisar Surkha. During April-
May, 2018, 50 single buds and 50 multiple buds were
bagged. Under single bud bagging condition, fruit set
was noted in Punjab Pink (7), Hisar Surkha (1), Black
guava (2), Pant Prabhat (1), and Shweta (2); compared
to multiple buds bagging condition, fruit set took place
in Punjab Pink (18), Hisar Surkha (0), Black guava (6),
Pant Prabhat (14), and Shweta (8). More refinement
is required to draw conclusion on self- and cross-

incompatibility in these genotypes.

G 1-15 ( Hisar Safeda x Lalit)



Guava F1 hybrid (Trichy x Punjab Pink)

2.2.5 Papaya

Evaluation of genotypes against papaya ringspot
virus (PRSV). Total 14 papaya genotypes, namely,
P 9-5 P 7-2, P 7-14, P 79, P 9-12, P 7-15, Tripura
Local, Sinta, Pune Selection 1, Pune Selection 3, Pusa
Nanha, Red Lady, including Vascocellea cauliflora and
V.cundianamarcensis were evaluated against Papaya
ringspot virus (PRSV) infection through mechanical sap
inoculation at early stage of seedling. Most of the Carica
genotypes showed moderate level of PRSV infection,
15 days after inoculation (DAI). Based on ELISA test
values recorded at three intervals, it was proved that
none of the Carica genotypes were resistant to PRSV
infection except V. cauliflora and V. cundinamarcensis.
The ELISA test values were significantly higher in the
genotype P 7-14 (0.068) followed by P 9-5 (0.64) and was
lowest in the V. cundianamarcensis (0.008). However,
ELISA test values were static for Pune Sel. 3 and Pune
Sel. 1 after PRSV infection. The genotype V. cauliflora
showed maximum increase in plant height {20 DAI
(12.15%), 40 DAI (10.58%) and 60 DAI (11.31%)}. After
20 DAL the genotype P 7-9 showed the maximum
(84.25%) per cent increase in number of leaves and
minimum in the genotypes V. cauliflora (41.82%) and
V. cundinamarcensis (34.90%). The maximum per cent
increase in petiole length was in Red Lady (5.16%) at 20
DAL while it was minimum in V. cauliflora(2.98%), but
was statistically at par with Tripura Local (3.06%). At
60 DAI, V. cundinamarcensis showed maximum (4.80%)
increase in petiole length followed by Red Lady (4.70%).
No PRSV infection symptoms were recorded on leaf
and petiole of the V. cauliflora and V. cundinamarcensis.
Leaf relative water content was found to be highest in
V. cundinamarcensis (89.42%) at all the stages. Lowest
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membrane injury index (10.66%) in Pune Selection
3, followed by V. cundinamarcensis (11.99%) and the
highestin Red Lady (24.00%) after 20 DAL After 40 DAI,
the maximum chlorophyll content was present in the
wild relative of papaya, V. cauliflora (43.53 SPAD units),
which was statistically similar with V. cundinamarcensis
(40.96 SPAD units) and lowest in P 9-12 (14.66 SPAD
units) at 60 DAL The highest SOD activity (7.46U mg/
TSP/min) was in V. cundinamarcensis (7.46 U mg/TSP/
min) and lowest activity was noticed in Pusa Nanha
(2.52 U mg/TSP/min) after 60 DAL The proline content
was enhanced in seedling leaf post PRSV infection in
all the Carica genotypes. The maximum proline content
was noticed in V. cauliflora (0.256 mg. g FW) at 20 DAI
followed by Pune Sel. 3 (0.174 mg. g FW) and Pune
Sel. 1 (0.170 mg. g™ FW). Similar trend was recorded
even after 40 and 60 DAL The total phenol content
was recorded highest in V. cundinamarcensis (238.99
mg/100g) after 20 DAI followed by Pune Sel. 3 (179.52
mg/100g). Study revealed that the V. cauliflora and V.
Cundinamarcensis are source of resistance against PRSV
and Pune Sel. 3 had a significant level of tolerance
against PRSV infection.

Evaluation of mutants. Five mutant plants,viz.
M 04, M 09, M 22, M 28 and M 33 were selected from
two lower doses,i.e. 0.1 and 0.15 kGy, which were
particularly outstanding in vigour having dwarf
stature and bearing height in M 04 population.
Minimum height at first fruiting (89.54 cm), plant
girth (60.36 mm), nodes to first flowering (34.28),
days to flower initiation (76.28), length of middle
internode (3.8 cm), petiole length (42.30 cm) and plant
spread E-W (130.4 cm) was noted in M 04 plant, while
maximum first fruiting height (138.62 cm), plant girth
(74.15mm), nodes to first flowering (48.86), days to
flower initiation (85.52), length of middle internode
(4.8 cm), length of petiole (55.12 cm) and plant spread
in east-west direction (154.8 cm) was found in control.
Maximum fruiting length (88.40 cm), number of fruits
(52.4), weight of fruit (1.160 kg) and yield of fruit
(54.82 kg/ plant) were recorded in M 04 plant, while
minimum fruiting length (74.20 cm), number of fruits
(33.4), weight of fruit (1.160 kg) and fruit yield (34.6 kg)
were found in control. Maximum fruit length (21.84
cm), fruit width (12.23cm), and pulp thickness (3.00



cm) were observed in M 04 plant followed by M 09
plants, while minimum was in control. Maximum TSS
(9.26°Brix) was also recorded in M 04 plant followed by
M 33 plant (8.92°Brix), while minimum (8.0°Brix) was
in control.

2.2.6 Production Technology of Fruit Crops

Rootstock research and canopy management in
mango. In Pusa Arunima, significantly taller tree (4.67
m) was observed on K 3 rootstock, which was statistical
similar with Olour (4.08 m). Extremely dwarf (2.67 m)
trees of Pusa Arunima were found on K 2 rootstock.
Overall, K 2 proved to be the least vigorous rootstock
for Pusa Arunima and Pusa Surya cultivars, while it
was K 5, which proved its superiority in terms of less
vigour for Amrapali. In case of yield, K 3 appeared to
be most productive for Pusa Arunima (37.55 kg/tree)
and Pusa Surya (14.17 kg/tree), while it was Olour
which yielded the highest for Amrapali (40.66 kg/tree).
Furthermore, trees of Pusa Arunima and Pusa Surya
produced the highest fruiting density/m®> CV on K 2
rootstock, while it was K 5, which yielded the highest
fruiting density in Amrapali. The heaviest fruits in
Pusa Arunima (233.15 g), Pusa Surya (268.28 g) and
Amrapali (152.43 g) were recorded on Olour rootstock.
Pulp TSS was significantly higher in Pusa Arunima
both on K 3 or K 2 rootstocks, while the highest acidity
was recorded on K 5 rootstock.

In vigorous mango varieties, the tallest trees of
Mallika (3.64 m) and Dushehari (3.53 m) were recorded
on Kurakkan and Olour rootstocks, respectively.
After 11 years, growth on Olour rootstock yielded
< 4.0 m canopy diameter in both directions, while
for Dushehari, both K 5 and Kurakkan rootstocks
gave trees with < 3 m canopy diameters. The highest
yield (39.83 and 33.33 kg/tree) were observed on K 5
rootstock, showing parity with Olour rootstocks in
case of Dushehari. Yield efficiency (0.16kg/ m* CV) and
fruiting density (0.68 fruits/m* CV) were found highest
on Olour rootstock for Mallika, while for Dushehari,
it was K 5 rootstock, which yielded highest yield
efficiency (2.58 kg/m?* CV) and fruiting density (0.33
fruits/m® CV), which also resulted in heaviest fruits too.
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Rootstocks evaluation in Kinnow mandarin.
Kinnow mandarin grafted on seven different rootstocks
were evaluated with respect to their growth, fruit yield
and quality. Plant height, and canopy volume were
recorded maximum on Jafti khatti rootstock (4.37m;
42.12m’%) followed by Karna khatta (3.74 m; 31.00m?).
The transverse cross sectional area (TCSA) of the
rootstock was significantly higher (482.04 cm?) on
Carrizo citrange, while it was recorded minimum on
Rangpur lime (220.24 cm?). Among different rootstock-
scion combinations, Kinnow/ Karna khatta (1.15 per cm?
TCSA) and Kinnow/ Rangpur lime (1.00 per cm? TCSA)
had the higher fruiting density, while it was lowest for
Kinnow/Carrizo citrange combination. Amongst the
root-scion combinations, fruit weight (330.83 g) was
recorded maximum on Jattikhatti rootstock followed
by rough lemon (293.48 g) and Karna khatta (275.03g).
The juice recovery percentage was however, recorded
maximum (57.20, 55.37 and 54.21%) in fruits of scion
grown on sour orange, Rangpur lime and Jatti khatti
rootstocks, while minimum juice recovery percentage
was recorded on Carrizo citrange rootstock (28.05%).
The TSS°Brix was recorded maximum in Kinnow
budded on Rangpur lime (13.16) and Jattikhatti
rootstocks (12.83). The number of seeds/fruit on
different rootstocks ranged between 14 in Rangpur
lime to 32 seeds/fruit on rough lemon. The average
Kinnow yield was recorded maximum on Jatti khatti
(134.62 kg) followed by Rough lemon (92.35 kg),
while it was minimum in Kinnow grafted on Carrizo
rootstock (235.83 kg).

Evaluation of different rootstocks on grapefruit.
The tree growth of grapefruit cultivars Marsh Seedless
and Redblush was studied. The trees of Marsh Seedless
proved most vigorous (211.17m®) on sour orange. The
highest fruit yield was recorded in Marsh Seedless
(57.19 kg/tree) and Redblush (61.04 kg /tree) on Troyer
citrange rootstock. The fruits of Marsh Seedless had
the lowest peel thickness (3.24mm) on Billikichli
rootstock. In Redblush cultivar, except rough lemon
and Billikichli, all the rootstocks proved equally
effective to produce the fruits with low peel thickness
(3.28-3.85mm).The different rootstocks exhibited
the significant variations in fruit quality attributes of
both the grapefruit cultivars except juice content. The



highest content of TSS in the fruits of Marsh Seedless
(8.60°Brix) and Redblush (9.13°Brix) were recorded
on RLC-4 and Billikichli rootstocks, respectively.
The highest ascorbic acid content in Marsh Seedless
(47.23mg/100ml juice) was recorded on Billikichli
rootstock followed by Jattikhatti.

Evaluation of newly developed mango hybrids
under INM schedule and drip irrigation. There was
significant effect of INM treatments, mango cultivars
and interaction effect of INM treatments. Maximum
shoot length (194.36 cm) was recorded in treatment
NPK 100% + AMF (250g)+ Azotobacter (250g) followed
by 189.24 cm in treatment NPK 75% + AMF (250g) +
Azotobacter (250g), while minimum (174.32 cm) in
treatment NPK 50%+ AMF (250g). Maximum shoot
diameter (54.66 mm) was recorded in treatment NPK
100% + AMF (250g)+ Azotobacter (250g) followed
by 44.58 mm in treatment NPK 75% + AMF (250g) +
Azotobacter (250g), while minimum (35.24 mm) in
treatment NPK 50%+ AMF (250g). Among cultivars,
maximum plant height (3.30 m) was recorded in Pusa
Arunima with minimum (3.10 m) in Pusa Pratibha.
Maximum number of fruits (16.06) was recorded in
treatment NPK 100% + AMF (250g)+ Azotobacter (250g)
followed by 15.08 in treatment NPK 75% + AMF (250g)
+ Azotobacter (250g). Among varieties maximum fruit
weight (186.89 g) was found in Pusa Arunima followed
by Pusa Shreshth (178.95 g) and minimum (161.11
g) in Pusa Pratibha. Maximum fruit yield (4.215 kg)
was recorded in treatment NPK 100% + AMF (250g)+
Azotobacter (250g) followed by 3.888 kg in treatment
NPK 75% + AMF (250g) + Azotobacter (250g). Among
varieties, maximum yield (4.088 kg/ tree) was found
in Pusa Arunima followed by Pusa Shreshth (3.574 kg/
tree), while it was minimum (3.248 kg) in Pusa Pratibha.

Temperate fruits.The most promising rootstock
selections so far tested at IARI Research Farm, Dhanda,
Shimla have been ornamental peach, Prunus persica
Japan. This rootstock has shown high yield efficiency,
precocity, graft compatibility and smaller in size than
the standard rootstock. Based on the performance of
this rootstock on plant architecture (dwarfing), graft
/ budding compatibility, precocity, productivity, fruit
size, fruit colour and quality, abiotic stress resistance
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(cold), it has been recommended as dwarfing rootstock
for stone fruits for high density orcharding and low
chilling areas.

Performance of Japanese plum varieties Black
Amber, Satsuma, Mariposa, Santa Rosa were evaluated
on Prunus japonica rootstock. The fruit weight varied
from 42.84-58.55g with maximum in Santa Rosa
(58.55g). Fruit TSS varied from 14.8-20.5°Brix with
highest in Santa Rosa (20.5%rix).

Twenty five Russian /temperate type pomegranate
accessions were collected from ICAR-NRCP, Solapur
was established for evaluation after multiplication.
There were fruiting in 6 germplasm,viz. Boskalinisi,
GR Pink, Spin Sakaharin, Shirin Anar, Kayaki Anar,
and AHPGC-3. Fruit weight varied from 157-196g, TSS
varied from 13-17°Brix in different genotypes. These
are expected to grow in higher altitude along with
other temperate fruit crops and evolve as alternate
cropping systems.

Different crab apples (Malus baccata) genotypes
were evaluated as pollinizers for commercial cultivars,
use in breeding programme and as rootstock.
Hybridization in kiwi and apple was undertaken and
seeds were collected, stratified and sown for raising
F, generation. Fifty F, seedlings have been raised for
evaluation.

2.3 ORNAMENTAL CROPS
2.3.1 Rose

Phylogenetic relationships in the Rosa sp. based on
DNA barcode. Phylogenetic relationships were studied
in 28 species of genus Rosa (Rosaceae) based on nuclear
and chloroplast markers.A total of five pairs of primer



sets were selected based on previous studies for DNA
barcoding of Rosa species. Out of five, four primers
were from chloroplastal DNA (matK gene, rbcL gene,
ycf-1b gene and trnH-psbA intergenic spacer) while one
set of primer was from nuclear ribosomal ITS region.
Amplification products sizes of different barcodes
were found to be ~750bp for ITS, ~950 for matK, ~800 bp
for rbcL, ~450bp for trnH-psbA and ~1000bp for ycf-1b.

Amplification products of different markers of Rosa sp. Lane 1-28
represents different Rosa species. Lane M represents 50 bpDNA
ladder

A total of 101 novel nucleotide sequences of
genus Rosa (ITS-16, matK-17, rbcL-23, trnH-psbA-21
and ycf-1b-24) were submitted to Genbank database
of the National Center for Biotechnology Information

(NCBI), USA for the first time and accession numbers
were obtained.

Different species formed six distinctive clusters;
out of that, 3 clusters had only one species. R. dumalis,
R. chinensis ‘Viridiflora” and R. moschata placed into
one cluster, R. slancensis and R. fomentosa grouped in
one cluster, R. multiflora, R. indica major, Rosa sp. and R.
rubrifolia placed into another cluster. R. damascena, R.
rubiginosa and R. banksiae did not group into any cluster
and were placed singly. Hence, 12 rose species were
identified and recommended nucleotide sequences as
tag for these species.

Promising OP seedling/natural mutant (Bud
sport) of Rosa x hybrida L. RS 1-2018 is a open-
pollinated seedling of cv. Jantar Mantar. It produces
white coloured large sized blooms. The plants are
short and narrow bushy. It belongs to floribunda type.
The promising seedling is suitable for garden display
purpose in northern plains. Another genotype RM
1-2018 is a natural mutant (bud sport) of cv. Folklore.
It produces light orange coloured large sized blooms
having white coloured stripes. The plants are medium
in height, bushy Hybrid Tea type. The promising
seedling is suitable for garden display purpose under
northern plains.

Hybridization in Rosa x hybrida L. Crosses were
made among promising rose varieties to develop
new varieties for loose, cut and fragrant flowers and
garden display. The parents utilized in the crossing
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programme were Rose Sherbet, Pusa Mahak, Jantar-
Mantar, Surabhi, Pusa Virangana, Shola, Pink Queen
Elizabeth, Delhi Princess, Golden Shower, Oklahoma,
Jadis, Dr. Benjamin Pal, Pusa Abhishek, Mridula,
Dr Bharat Ram, Culcatta 1Borolina, Paradise, Dr
S.S. Bhatnagar, Grand Gala, A Royal Rose, Doris
Tystermann, Borolina, Happiness, Barbara Bush, Rani
Sahiba, Viomala, Krishna, Pink Knock Out, Tajmahal,
Preyasi, Surekha, Echo and Midas Touch. The cross
combinations exhibited differential hip set abilities.

Screening of promising pre-breeding lines against
powdery mildew. Screening was carried out in pre-
breeding lines such as PBL-R-PM-1-2016, PBL-R-
PM-5-2016, PBL-R-PM-8-2016, PBL-R-PM-11-2016,
PBL-R-PM-12-2016, PBL-R-PM-15-2016, and PBL-
R-PM-17-2016 against caused
by Sphaerotheca pannosa var. rosae. Among these
pre-breeding lines, PBL-R-PM - 8-2016 and PBL-R-
PM-17-2016 were found moderately resistant.

powdery mildew

2.3.2 Chrysanthemum

In vitro screening of chrysanthemum varieties
of
chrysanthemum,viz.,, Pusa Chitraksha, Lalit, Pusa

for salt tolerance. Six promising varieties
Aditya, Basanti, Himanshu and Pusa Sona were
screened under in vitro conditions upon inoculation on
Murashige and Skoog (1962) medium supplemented
with 0, 50, 100 and 150 mM NaCl. With increasing salt
level, there was decline in shoot length, fresh weight,
number of leaves and rooting percentage. Whereas,
much significant difference was not observed in the
number of shoots per plant. Maximum reduction in
plant growth was recorded in the variety Pusa Sona,
while minimum was observed in variety Pusa Aditya.
Increasing salt stress had an adverse effect on rooting
abilities. In medium supplemented with 150mM NaCl,
the maximum rooting was recorded in the varieties
Pusa Aditya and Basanti whereas, least was observed
in Pusa Sona and Himanshu.

2.3.3 Marigold

Standardization of protocol for in vitro mass
multiplication of doubled haploid line of African
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marigold. A reliable and efficient protocol was
developed for in vitro mass multiplication of doubled
haploid line of African marigold (Tagetes erecta L.) var.
Local Orange derived through ovule culture. Among
pre-treatments of leaves, treatment - Bavistin (0.2%) +
Ridomil (0.2%) + 8-HQC (200 mg/1) for 60 min. resulted
in minimum microbial contamination and maximum
survival of explant. Surface sterilization with HgCl,
(0.1%) for 3 min. reduced microbial contamination
and simultaneously increased the explant survival.
Treatment combination MS + BAP (0.5 mg/l) + NAA
(0.25 mg/l) showed the maximum regeneration in
the three types of leaf explant. Leas segments from
basal portion was found most responsive. Treatment
MS +BAP (0.5 mg/l) + NAA (0.25 mg/l) + putrescine
(50.0 mg/l) was found best for morphogenesis
and multiple shoot emergence. For rhizogenesis,
treatment (*2aMS+IBA 0.5 mg/l) was found optimum.
In vitro hardening of plantlets, treatment comprising
of vermiculite, cocopeat and perlite in ratio of 1:1:1
(v/v) in plastic pots, moistened with Y2-strength MS
and subsequently covered with polythene sheets was
found better.

In vitro mass multiplication of doubled haploid line of African
marigold var. Local Orange

Development of protocol for production of doubled
haploids in African marigold. The in vitro gynogenetic
response of three petaloid-type African marigold
genotypes, viz., Arka Bangara 2, BM 1 and BM 2 was

assessed. The best response was observed in Arka



Bangara 2 (52.9%) followed by BM 2 (47.5%). Very poor
response was observed in BM 1 genotype. Among the
different media tested, the best in vitro response was
obtained on B5 (with NLN vitamins) basal medium
supplemented with 250mgl" polyvinylpyrrolidine,
45g]"
2.6gl! gelrite. The germinated shoots were successfully

300mgl'casein hydrolysate, maltose and
maintained on B5 medium supplemented with 250mgl*
polyvinylpyrrolidine, 300mgl’ casein hydrolysate, 40
mgl'adenine sulfate, 2.5 mgl! BAP, 0.1 mgl'GA, and

0.25mgl NAA.

The in vitro gynogenetic response in African marigold, a) Arka
Bangara 2; b) BM 2; ¢) BM 1; d) gyno-genetically induced shoots

2.3.4 Gladiolus

Development of promising gladiolus hybrids.
Twenty nine hybrids including one check White
Prosperity were evaluated for flowering and corm
traits. The performance of gladiolus hybrids indicated
that three hybrids, namely, Melody Open Seedling,
Chandni x Snow Princess and P-16-1 x Eurovision
showed earliness in flowering and took 78.33, 84.00
and 86.00 days, respectively, after planting. While
Pink Parassol Open Seedling, Smokey Lady x Mayur,
Swarnima x Viola and Vidushi Mutant had flowered
late and took 113.66, 112.00, 110.00 and 108.66 days,
respectively. Hybrid Salmon Queen Open Seedling,
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Yellow Stone x Melody and Bindiya x Creamy Green
had recorded maximum plant height 153.66, 149.00,
144.00 cm and spike length 135.66, 132.33 and 133.66
cm, respectively. Maximum number of florets per spike
recorded in hybrid Yellow Stone x Melody (20.66),
Bindiya x Creamy Green (20.33), Salmon Queen Open
Seedling (20.0). Seven hybrids such as Smokey Lady x
Oscar, Bindiya x Creamy Green, Yellow Stone x Melody
and Melody Open Seedling had produced more than
3.00 corms per mother plant, whereas, it was minimum
1.66 in check variety White Prosperity.

2.3.5 Turf Grass

Screening of turf grass varieties or species. Eight
species of turf grass, namely, St. Augustine, Crow
foot grass, Zoysia grass, Bermuda grass, Bahia grass,
Seashore paspalum, Centipede grass, and carpet grass
were evaluated under different shade levels, i.e. 25, 50
and 75% and in open conditions to examine the effect
of reduced irradiance on photosynthetic capacity,
pigment content, quality and growth behaviour. For
most of the grass species leaf elongation was higher
under reduced irradiance compared to open conditions.
Grass coverage decreased under shading gradually in
comparison to open conditions. At highest shade level,
i.e. 75% turf species crow foot grass, St. Augustine and
zoysia performed well. For most of the species greater
reduction in quality parameters like texture, colour,
etc. was found under reduced irradiance.



2.3.6 Licoris

Optimisation of nutrient requirement for size
enlargement of bulblet in Licoris. The experiment was
conducted with Hoagland Solution: ¥, 1/2 and full-
strength for enlargement of size of bulblet to bulb.
Uniform size of bulb let (1.0cm) was planted in 6” size
pot. Application of full strength of Hoagland increased
bulb-let diameter (1.75cm), height (25.5cm), width
(1.50cm), and biomass (6.5g plant! DW).

2.3.7 Easter Lily

Studies on the multiplication through seeds of
Easter lily. The experiment was conducted with plant
growth regulator to hasten the germination of Easter
lily. It was observed that treating seeds with 2000 ppm
thiourea increased germination (96%) and survivality
(65.50%) followed by 1000ppm IBA (germination- 92%,
survivality-45.25%).

An experiment was conducted for optimization of
growing media and nutrition for increasing the size
of bulblet. Application of NPK (400:250:200 ppm) in
coco-peat medium increased the bulblet size (2.75cm)
followed by NPK (300:200:150 ppm) in vermiculite (2.5
cm). In Easter lily, application of NPK 300:300:300 kg/
ha increased spike length (50.25cm) and flower size
(14cm.)

2.3.8 Bulbous plants

To enrich the gene pool of indigenous bulbous
flowering plants, several species were collected,
namely, Allium-1; Begonia-1; Crocosmia-1;Curcuma-1;
Hedichium-2; Zephyranthes-1; Hemarocallis-2; and Tiger
lily-1.

2.3.9 Lilium

Evaluation of interspecific

Seedlings of interspecific crosses made in 2017 were

Lilium hybrids.

evaluated for different parameters. A cross between
(KILH 13 x Navona) x Sapporo took minimum
duration (153.3 days) to flowering followed by a
cross between (KILH 13 x Navona) x Viviana (156.8
days). Inflorescence length of 20.7 cm was recorded
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in (KILH 13 x Navona) x Brunello. Plant height (78.7
cm) and larger sized bulbs (8.25 cm?) were found in a
cross between KILH 13 x Topeka. Similarly, seedlings
of three crosses were also evaluated under polyhouse
conditions. Earliest flowering was observed in a cross
between KILH 13 x Navona (130.5 days). Plant height
(91.5 cm), bud length (14.4 cm) and flower size (12.4
cm) were recorded maximum in KILH 13.

b)

)

Interspecific Lilium hybrids: a) (KILH 13 x Navona) x Brunello, b)
KILH 13 x Topeka, c) Polyhouse performance of KILH 13
Similarly, the seeds of the interspecific crosses
made in 2018 were sown and evaluated for their
germination. A cross between KILH 13 x Novana took
minimum time (24.0 days) for germination followed
by a cross between KILH 13 x Belem (27.0 days).
Maximum seed germination percentage was found in
a cross between KILH 13 x Sapporo (95.0%) followed
by LILH 13 x Lilium speciosum (64%). The results have
offered opportunities for the introduction of novel



traits including re-flowering, multiple sprouting and
winter hardy, in seed propagated Lilium that can
flower from seed within one year.

Evaluation of OT cultivars. Non-vernalized
bulbs of nine OT cultivars of Lilium were collected
and evaluated for flowering traits. Among different
cultivars, Sambuca was earliest (215.0 days), plant
height was maximum in cv. Zambassi (85.0 cm), while
flower size was maximum (20.25 cm) in Ice Dreamer.

Field evaluation of Lilium cultivars

Seed production of horticultural crops

2.3.10 Alstroemeria

Propagation on Alstroemeria. Alstroemeria
cultivars Aladdin and Pluto were propagated every
two month intervals starting from November to March
and planted under open field conditions for evaluation.
The apices of aerial shoot on plants propagated in
January and March showed flower initiation within
2-4 months. In both the cultivars, the main rhizomes
continued to flower stem production up to November.
Shoots of the cultivars propagated in November

remained vegetative until the following spring.

24 SEED PRODUCTION OF
HORTICULTURAL CROPS

The ICAR - IARL New Delhi and its Regional
Stations at Karnal, Katrain, and Pusa (Bihar) produced
nucleus, breeder, and IARI-TFL seeds of different
horticultural crops during the period under report.
In addition to seed production, 20071 saplings of fruit
crops were also produced at ICAR - IARI, New Delhi
and Regional Stations at Karnal, and Pusa (Bihar).

ICAR-IARI/ Regional Stations Seed production (kg)

Nucleus Breeder IARI-TFL Total
ICAR-TARI, New Delhi
Vegetable crops = 1104.00 3962.95 5066.95
Flower crop 96.50 16.70 113.20
Regional Station, Karnal
Vegetable crops 154.74 2747.75 1156.10 4058.59
Regional Station, Katrain
Vegetable crops 85.00 33.00 2195.00 2313.00
Total 239.74 3981.25 7330.75 11,551.74

Propagation of Horticultural crops

ICAR-IARI/ Regional Stations

Number of saplings

ICAR - IARI, New Delhi

1000 (Mango, Grape, Guava, Papaya, Lemon, Mandarin, Acid Lime
& Sweet Orange)

Regional Station, Pusa

11761 (Papaya, Mango &Litchi )

Regional Station, Karnal

7310 (Mango, Guava, Papaya & Lemon)

Total 20071




3. GENETIC RESOURCES AND BIOSYSTEMATICS

Plant genetic resources have a crucial role in crop improvement programmes. The institute has a vibrant

programme for collection, maintenance, evaluation and utilization of germplasm in various field and horticultural

crops. A large number of germplasm lines including some wild species were maintained, evaluated and utilized

in pre-breeding and genetic enhancement in crops. The chapter also includes biosystematics and identification

services related to pathogens, insects and nematodes to explore, conserve and enrich the culture collections.

3.1 CROP GENETIC RESOURCES
3.1.1 Wheat

Maintenance and utilization of wild and related
species of wheat. Around 276 accessions of 38 wild
and related species of wheat belonging to the genera
Triticum, Aegilops, Secaleand Agropyron were maintained
in net house at IARI, New Delhi. In addition, 624 alien
introgression lines derived from wild species like T.
militinae, T. timopheevi, T. turgidum, T. monococcum,
T. spelta, Ae. variabilis, Ae. umbellulata, Ae. speltoides,
Ae. markgrafii, Ae. geniculata and Secale cereal were
maintained. Twenty-two of these alien introgression
lines exhibited high levels of adult plant resistance
(APR) against all the three rusts. These were derived
from T. militinae, T. spelta, T. timopheevi, Ae. geniculata
and Ae. markgrafii. Leaf rust resistance was identified
in 334 introgression lines, yellow rust resistance in
179 introgression lines and stem rust resistance in 121
introgression lines. These introgression lines have
considerable potential as a source of rust resistance
and may enhance the existing gene pool of resistance
to yellow, stem and leaf rusts. One of the Ae. markgrafii
introgression line ER9-3-700 having broad spectrum
resistance against 16 diverse races of Puccinia triticina

"
7

showed resistant reaction of ‘0;” to ;" at seedling stage.
Some of the introgression lines were also tested for
resistance against fungal diseases like Karnal bunt,
Spot blotch and head scab. Thirty one introgression
lines were found to be resistant to Karnal bunt with
0% disease incidence under artificially inoculated

conditions.
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Genetic resource developed and registered with
NBPGR. Durum wheat line, HI 8774 (developed
from a cross HI 8663/HI 8498) with multiple disease
resistance was registered at ICAR-NBPGR, New Delhi
as a genetic stock. It showed high levels of adult-plant
resistance to most prevalent and virulent pathotypes
like 465119 and 78584 of stripe rust in isolated nurseries.
It also showed resistance to powdery mildew and
Karnal bunt disease. HI 8744 can be used as potential
resistance donor to breed new varieties. Wheat
accessions, IC 252459, IC 536365, EC 339604, and EC
574482 were registered at ICAR-NBPGR, New Delhi
for stem, leaf, and stripe rusts resistance genes with
plant germplasm registration numbers INGR18013,
INGR19007, INGR18012 and INGR19008, respectively.

Promising wheat genetic resources for multiple
rust resistance. HS 661, a multiple rust resistant wheat
genotype was developed from a double cross H5295*2/
FLW20//HS295*2/FLW13 through molecular marker-

Yellow rust infestation in HS 295(a), and APR in HS 661 (b)



assisted selection and host pathogen interaction.
HS 661 was validated for presence Lr19/Sr25 using
microsatellite marker Xwmc221 and SCAR based
marker SC5265,,, Presence of stripe rust resistance gene
Yr15 in HS 661 was also validated using microsatellite
marker Xgwmll. The data revealed consistency
between seedling resistance test and molecular marker-
assisted validation for Lr19/5¢25 and Yr15 in HS 661.
HS 661 with rust resistance genes could be a used as

potential donor for rust resistance.

Evaluation of breeding lines for seedling and
adult plant resistance to stripe rust. A set of 138 RILs
from a three way cross, HD 3055/HS 507//HPW 349
was evaluated for stripe rust resistance under natural
condition at rust hot spot Dalang-Maidan. Of these,
26%, 22% and 28 % lines showed resistant, moderately
susceptible reactions,
respectively. The same set was also screened against
virulent pathotype 110S119 at adult plant stage under
artificial inoculated conditions ina poly-tunnel. Twenty
eight genotypes were recorded TR-5MR infection type,
indicating accumulation of rust resistance genes to

resistant and moderately

stripe rust in derivative lines. Among 166 advanced
wheat breeding lines evaluated under CVT-SRT, only
six were found to possess seedling resistance to most
virulent pathotype 1105119 of wheat.

Evaluation of wheat genotypes against stem
and leaf rusts resistance at Indore. A total of 589
genotypes of preliminary disease screening nursery
were evaluated for field resistance to stem and leaf
rusts under artificial inoculations using mixtures of
important pathotypes during Rabi 2017-18. Of these,
201 entries (~34 % of the total) showed resistance
(Coefficient of Infection value up to 10.0) to both stem
and leaf rusts at Indore. Out of 100 bread wheat entries
from Indore, few entries were found to be resistant to
all three rusts. The resistant genotypes are: HAS 2525,
HAS 2528, HAS 2529 and HAS 2558. A total of 124
wheat lines (77.5 %), out of 160 lines under different
CVTs, showed resistance response against stem rust
pathotype 40A when screened at seedling stage.

National off-season nursery. Nearly 18,000
wheat, barley and oats varieties, >2000 mustard lines

and 350 lines of flax were raised under National Off-
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season Nursery at IARI Regional Station, Wellington.
A total of 9,445 wheat lines received from breeders
were evaluated for rust resistance and only 1.2%
lines expressed highly susceptible reaction to brown
rust while ninety percent lines were either immune
or moderately resistant to stem rust under field
conditions at Wellington. Incidence and intensity of
powdery mildew was high in almost all these lines at
early stages of growth.

3.1.2 Rice

Pre-breeding - development and evaluation of
introgression lines. A set of 120 different accessions
of wild rice collections of O. rufipogon, O. nivara, O.
longistaminata, efc. were evaluated and data has been
recorded for different traits. These lines were also
utilized in wide crossing for introgression of useful
traits.
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Representative wild rice accessions evaluated during Kharif 2018

Evaluation of rice germplasm for yield and other
components. A set of 500 rice genotypes, including
mega varieties, short grain aromatic rice, NPTs and
lines collected from different parts of country were
evaluated for yield and other traits such as number of
tillers per plants, plant height, panicle length, days to
50% flowering, days to maturity, number of grains per
panicle, spikelet fertility and 1000-grain weight during
Kharif 2018. Further, these lines were also inoculated,
for screening, by different isolates of Xanthomonas
oryzae pv. oryzae (Xoo), the causal organism of bacterial
blight (BB), and resistant lines have been identified
which will be further characterized for utilization in
breeding programme.



Field evaluation of rice germplasm lines during Kharif 2018

3.1.3 Maize

Maize x teosinte derivatives. Seventeen elite maize
inbreds were crossed with a teosinte accession (Zea
mays ssp. parviglumis) as male parent. A selected set
of F, progenies were evaluated at Delhi during Kharif
2018. Segregants with grain and ear characteristics of
maize were selected. Some of the ears also showed
segregation of white kernels thereby depicting that
teosinte grains (where seeds’ endosperm is not visible
due to covering by stony fruitcase called cupule)
possess white endosperm conditioned by recessive y1
allele. These novel segregants would serve as the rich
genetic resource for maize breeding programme.

Ear and grain characteristics of maize x teosinte derivatives

Identification of biotic stress tolerant genotypes.
A set of 100 newly developed inbreds were screened
against Turcicum leaf blight (TLB), and 25 inbreds
against Maydis leaf blight (MLB), Curvularia leaf spot
(CLS) and shoot borer under artificial epiphytotic
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conditions. PDM 4641, DDM 2207, DDM 2309, DIM
302, PML 4 and CDM 1308 were resistant to TLB, while
MLB resistant lines were PDM 4131, PDM 4341, CDM
1345, CDM 1306, PML 80 and CM 138. Besides, DIM
335, PDM 4131, CDM 1306, PDM 188, CDM 1305 and
PDM 4641 were resistant to CLS. Further, six lines
tolerant to stem borer were also identified. PDM 188,
CDM 1305 and PDM 4641 were resistant to TLB, MLB
and CLS.
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Resistance reaction against CLS in DM 4131

Maize germplasm for breeding programme.
Diversity analysis (based on phenotypic traits) was
performed on a panel comprising 485 accessions (ICs
and ECs). Preponderance of medium to late maturing
accessions was detected in the set. Only a few accessions
were seen to possess white kernels with dent texture.
Germplasm accessions were also evaluated for grain
and biological yields besides grain - filling attributes.
Strong correlations have been detected in grain filing
traits with crop maturity and phenology.

3.1.4 Pearl Millet

Maintenance of germplasm. A total of 326
germplasm lines have been maintained at IARI for
different traits like early flowering, high tillering,
thick spike, bristled spike, long spike, variations in
compactness of the spike, grain color, high iron and
zinc content, heat and drought tolerance.



Maintenance of cytoplasmic male
sterile lines. Seventy CMS lines were maintained
by attempting 2671 paired crosses. Nucleus seed
multiplication of 19 promising CMS lines (411A/411B,
431A/431B, ICMA 843-22/ICMB 843-22, ICMA 841A/B,
ICMA 92777A/B, 576A/B, ICMA 96222/B, ICMA 96666
/B, ICMA 97111/B, ICMA 98444/B, ICMA 99111/B,
ICMA 99444/B, ICMA 01222/B, ICMA 01555/B, ICMA
04111/B, ICMA 04999/B, ICMA 08666/B, ICMA 11222/B,
and ICMA 13222/B) was undertaken.

breeding

Maintenance breeding of restores/inbreds. Four
hundred and seventy nine elite inbred lines were
maintained by selfing. These inbred lines possessed
desirable traits like early maturity, thick spike,
compact spike, disease resistance, good tillering and
overall agronomic superiority, and are to be tested for
combining ability. Some of them are also having high
lysine, tryptophan, Fe and Zn content.

3.1.5 Chickpea

Evaluation of chickpea global core germplasm
for root nodulation. The global chickpea germplasm
collected from major chickpea growing regions
representing more than 30 countries, constituted as
Chickpea Global Core germplasm, was obtained from
Gene Bank, ICRISAT, Patencheru, Telangana. The
experiment consisting of 1950 core germplasm lines
and 8 controls was conducted in augmented design.
The nodule numbers were counted after 30-35 days
after sowing. The nodule number varied from 2.0 to
36.6 in the core germplasm.

3.1.6 Mustard

Germplasm maintained and utilized. A total of
512 germplasm lines including B. juncea, B. carinata,
B. napus, B. rapa, B. oleracea B. nigra, B. tournifortii,
B. caudatus, R. caudatus, R. sativa, S. alba, Eruca sativa,
Crambe spp., Lapidium spp and Crambe spp. were
maintained by selfing and utilized in breeding
programme. These also include 30 quality accessions
with low erucic acid and/or glucosinolates. Exotic
genotypes viz., EC 27, EC 28, EC 30, EC 60, EC 61 and
EC 62 were purified and maintained by raising 216

progenies. Sterility inducing cytoplasm viz., mori, eru,
ber and ogu are being maintained through crossing
respective A and B lines.
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A field view of germplasm lines of Brassica spp.

3.1.7 Soybean

Identification of salinity tolerance at seedling
stage. A random set of 82 diverse soybean genotypes
were screened for salt tolerance (120 mM NaCl) at early
seedling growth stage. The screening method is based
on a glasshouse, aerated hydroponics test in which salt
is added to the nutrient hydroponic solution subjected
to seedlings growth without soil. The results illustrated
significant variations among all the genotypes under
saline condition at 120 mM NaCl level. Data was
recorded on root length, shoot length, symptoms based
on chlorophyll content (SPAD value) and visual salt
tolerance rating (STR) value under effective salinity
level (120 mM NaCl) with respect to their non-stressed
plants. Out of 82 genotypes screened, 74 were found
to be susceptible (STR 4-5). Only two genotypes (Pusa 9712
and A 13) were found to be highly tolerant (STR-1), one

!

Hydroponics set up for screening of salinity tolerance



genotype (PS 1572) showed tolerant reaction (STR-2)
and five genotypes (E 20, JS 20-19, Lee and SL 1180)
were moderately tolerant (STR-3). The sensitive
genotypes showed greater reduction in the measured
parameters under salinity stress.

3.1.8 Vegetable Crops

Cauliflower. Fertile inbred lines (130) were
evaluated in three different maturity groups, viz., early
(59), mid-early (47) and mid-late (24) and maintained
by selfing or sibbing. Eight SI lines of early maturity
group, namely, CC 12, CC 13, CC 14, CC 15, 395aa,
351aa, vv and xx three SI lines (CC 32, CC 35 and ccm-
5) of mid group were maintained by bud-pollination.
Thirteen fixed CMS lines (BC_,,), namely, DC 8441-
5, DC 8498-10, DC 999-23, DC 999-PM, DC 999-41-5,
DC 31 PM, DC 31-41-5, DC 31-23, DC-MD-PM, DC-
MD-41-5, DC 394-41-5, DC 394-PM and DC 175-8 were
maintained. Conversion process of 30 elite inbred lines
using established Ogura sterile cytoplasm and seven
lines with Eru sterile cytoplasm have been advanced to
BC, , and BC, stages, respectively.

Characterization of 48 CMS lines was done using
16 morhpometric traits and 55 DNA markers (36
genomic and 19 mtDNA). An mtDNA marker BnTR4
showed an amplicons of 219 bp only in DC 151PM Eru
CMS line (Source: NRCPB) due to 31 bases deletion at
147-178" base position, while another, marker BnTR1
produced an amplicon of 267 bp only in same CMS
line due to insertion of 30 bases at 150" base position.
Further, advanced 190 RILs (from PHJ/PS x BR-
2/161/207/202) for black rot resistance were screened
by artificial screening with Xcc race 1, 4 and 6 and also
evaluated for horticultural traits and advanced to F
generations.

In snowball group of cauliflower, 25 stable CMS
lines along with their respective maintainers were
planted in the field. These lines are at different stage of
backcrossing (BC,-BC,) for the introgression of Ogura
cytoplasm. The CMS lines were maintained with their
respective male fertile counter-parts during summer
2018. Besides, seven doubled haploid (DH) and 15
other elite inbred lines with good agronomic traits were
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selected for CMS conversion. The ‘Ogura’” CMS system
was introgressed into these lines by crossing them with
different Ogura CMS source lines, viz., OgulA, Ogu2A
and Ogu3A being maintained at the IARI Regional
station, Katrain.

Cabbage. Two inbred lines and two CMS lines of
‘no-chill” cabbage were maintained and one genotype
PA 2 has been entered in IET trail of AICRP (VC).
At IARI Regional Station, Katrain, 80 germplasm of
cabbage including 10 self-incompatible lines and 30
CMS lines along with their respective maintainers
were purified and maintained.

Broccoli. In broccoli, 24 varieties/ breeding lines
were advanced to next generations (S, ./F, ) by bud-
pollination. Two CMS lines were also advanced to BC,
At TARI Regional Station, Katrain, fifteen germplasm
and 6 CMS lines along with their maintainer lines were
purified and maintained.

Wild Brassica. Thirty two different Brassica
accessions collected from Kolasib, Mizoram and 10
wild Brassicaceae species, viz., Alliaria petiolata, Brassica
tournefortii, Brassica critica, Cardamine hirsute, Capsella
bursa-pastoris, Nasturtium officinale, Rorippa islandica,
Sisymbrium officinale, S. irio and S. orientale collected
from Kullu Valley were maintained and evaluated for
insect resistance traits.

Cucumber. Sixty indigenous/ exotic cucumber
species including 40 accessions of Cucumis sativus var.
hardwickii, two accessions each of C. hytivus, C. javanicas,
C. prophetorum, C. trigonos, C. melo var. metuliferus,
three accessions each of C. melo var. agrestis and C. melo
var. leosperma were maintained through selfing under
nethouse. Six genotypes with high (3-carotene were
collected and maintained through selfing. Apart from
1C-420422 and LOM-402 new carotene rich lines (AZMC
1 and KP 1291) collected from Mizoram through ICAR-
NBPGR were found to be very promising with dark
orange flesh colour on ripening. These were crossed
with the released varieties for studying genetics,
creation of mapping population and transfer of the
high p-carotene trait in the desirable backgrounds.



Luffa. Fifty five germplasm/advance breeding and
virus resistant lines were maintained. In ridge gourd,
30 advance breeding lines including Satputia and its
genetic stock were maintained. Six gynoecious lines
showing true gynoecious behaviour were maintained
by using silver thiosulphate (3 mM) twice at 10-day
intervals.

Pumpkin.Forty five germplasm/advanced breeding
lines were evaluated and maintained. Pumpkin DPU
84 having lemon yellow flower colour, which can be
used as a morphological marker is maintained.

Pumpkin DPU 84 having lemon yellow flower colour

Muskmelon and watermelon. One hundred twenty
two germplasm of muskmelon from four horticultural
groups (Cantaloupensis, inodorous, momordica and
conomon) were evaluated for horticultural traits and
resistance against Fusarium wilt and powdery mildew.
Forty two muskmelon germplasm were screened in
polyhouse for resistance against powdery mildew
resistance and genotype EC 751844-3 and oriental
melon were identified as source of resistance. Seventy
two watermelon genotypes from Citrullus lanatus var.
lanatus, var. citroid and C. colocynthis were evaluated

and maintained.

Bottle gourd. At IARI Regional Station, Pune, a total
of 100 accessions, including 02 registered genetic stock
(INGR10064 and INGR99009) and 9 exotic collections
have been augmented during 2017-18 from ICAR-
NBPGR, New Delhi. All the germplasm received from
the Division of Vegetable Science, IARI and NBPGR
(total 283) were characterized and evaluated during
summer and Kharif 2018. Two high yielding genotypes
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IC 415716 (estimated yield 29.0 t/ha), cylindrical fruit
IC 570511 (estimated yield 26.0 t/ha), were identified.
A unique genotype (IC 588084) having segmented leaf

margin with uniform light green long fruit has also
been identified.

Cylindrical fruit Segmented leaf marging with
IC 570511 uniform light green long fruit
1C 588084

Higy yield potential
IC 415716

High yielding and unique genotypes in bottle gourd

Long melon and round melon. Twelve germplasm/
advanced breeding lines each of long melon and round
melon were maintained. Long melon lines DLM 19-2
with segmented leaf and DLM 14-1 & DLM 24-1 having
dark green skin colour were maintained.

Long melon DLM 14-1 with dark green fruit

Tomato. A total of 250 accessions of germplasm,
wild species were multiplied and maintained. Fifteen
tomatoes and eight cherry type lines for polyhouse
cultivation were maintained.

Brinjal. A total of 50 working germplasm were
purified, evaluated and maintained, 166 segregating
progenies were advanced.

Chilli. Seventy six working germplasm lines
were purified, evaluated and maintained. Apart from
this, seeds of three Capsicum species, C. frutescens
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(five genotypes), C. chinense (four genotypes) and C.
baccatum (one genotype) have been multiplied. Forty
nine C. annuum genotypes have been procured from
NBPGR, New Delhi and multiplied and characterized.

Sweet pepper. Fifty germplasm lines of capsicum
were maintained under open field conditions. Besides
this, three CMS lines, viz., KTC 3A, KTC 4A and KTC
5A were also maintained by crossing them with their
respective maintainers under polyhouse conditions.

Carrot. Forty inbred lines were planted for
maintenance, seed multiplication and used in hybrid
breeding. Two CMS lines were found to be uniform
and are being maintained. Six CMS lines were
heterozygous and effort was made to purify them.
In temperate carrot, seventy four germplasm lines
including 34 IC lines and 20 CMS lines along with their
respective maintainers were purified and maintained.

Onion and garlic. Seventeen accessions of Pran
(Allium x cornutum Clementi ex Visiani) were procured
from ICAR-CITH, Srinagar and maintained under New
Delhi conditions. 125 germplasm lines, 320 breeding
lines, 47 second generation inbreds, 252 single bulb
selection material, 150 test cross progenies and 35
onion and 12 garlic varieties were maintained. Twenty
onion germplasm were collected and evaluated for
Kharif season bulb production. Thirty genotypes of
long day onion (red & yellow type) were purified and
maintained at the regional station, Katrain.

Garden pea. One hundred germplasm were
rejuvenated. Fourteen new lines of Pisum species were
introduced and characterized for horticultural traits
and Fusarium wilt resistance.

Okra. One hundred eight cultivated and 57 wild
accessions and genetic stocks of okra were maintained.

Lettuce. Thirty eight germplasm lines were
evaluated & maintained. One hundred sixty five
advanced breeding lines were phenotyped based on

the leaf colour, and evaluated and maintained.

Leafy wvegetables. Six palak, 3 spinach and 5
Chenopodium advance breeding lines maintained.
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3.1.9 Fruit Crops

Mango. Mango germplasm, namely, A.U. Rumani,
Alampur Baneshan, Apple Mango kim-1, Arka Anmol,
Arka Aruna, Badami, Bappakkai, Banganpalli, Chenna-
Rasam, China Suvernrekha, Creeping, Dadamio,
Dofasala, Doodhpenda, Delicious, Goa, Goa Mankurd,
Hathijhula, Isreal hybrid, Kala Hapus, Karela,
Kensigngton, Kent, Keitt, Konkan Ruchi, Konkan
Samrat, Konkan Raja, Lily, Mahmood Bahar, Manjeera,
Maya, Mulgoa, Najuk Pasand, Neelshan, Neelshan
Gujarat, Neelkiran, Neelgoa, Osteen, Pairi, Palmer,
Prabhashankar, Pulihara, S.B. Chousa, Sabre, Sindhu,
Swarna Jahangir, Vashi Badami, Vellaikolumban and
Yakuti were also introduced as scion, and grafting
was done in the month of July 2018. During August,
scion of mango germplasm (14), namely, Rajapuri,
Hur, Kesar Jambo, Nagin, Lily, Sonpari, N-1, Aditya,
Heedi, Angoor, C-301, C-1, Karela, Kg Mango have
been collected and grafted on rootstocks. About 70
germplasm is being maintained in the Field Gene Bank.

Citrus. Maintains 19 clones and 11 varieties of
sweet orange, 75 collections of lime, 9 collections of
lemon, 7 cultivars of grapefruit, 2 cultivars of tangerine,
01 minneola, 2 Poncirus, 29 Citrus species, 7 rough
lemon collections, 2 Rangpur lime collections, 5 citrus
hybrids, 18 pummelo collections, besides 335 rootstock
and scion hybrids.

Grape. Fifteen genotypes of grapes were collected
from PAU, Ludhiana; NBPGR, Bhowali; NBPGR,
Shimla; NRC Grapes. Rooted plants/scion sticks of
three new hybrids (Pusa Trishar, Pusa Aditi and Pusa
Swarnika) and one rootstock, i.e., Vitis parviflora were
supplied to NRCG Pune for multi-location trials. New
collections of Vitis jacquemontii from Himalayan states
(Uttarakhand and Himachal Pradesh) were made. A
total of 118 genotypes of grapes have been conserved
for further improvement and evaluation includes
73 newly developed hybrids, 7 hybrids developed
and released by IARI, 21 varieties (table, juice, raisin
purpose), 6 wine purpose varieties, and 12 rootstocks
(species/ hybrids). The grape genotypes consisted of
coloured, white, seeded, seedless, early maturing, bold
berry and high yielding.



Papaya. Over 32 genotypes and advance lines are
being maintained under polyhouse conditions.

Guava. A total of 64 guava genotypes were
maintained in the field gene bank. Of these, 11 guava
genotypes were evaluated for growth, yield and
quality traits. Genotypes G 7-9 and G A-15 were found
very promising in terms of average fruit weight (180-
275 g), TSS (11.2 to 14.5°Brix), ascorbic acid (197.12 to
232.27 mg/ 100 g) and antioxidant content (14.23 to
16.16 mg/100 g) with high flavoinoid contents.

Temperate fruit crops. Germplasm of temperate fruit
field gene bank of IARI
Regional Station, Shimla are as follows:

crops maintained in the

Fruit crop No. of germplasm
evaluated
Apple 92
Pear 14
Peaches and nectarine 10
Prune and plum 6
Apricot 21
Strawberry 96
Kiwi 7
Walnut 16
Almond 07
Persimmon 03
Cherry 15

3.1.10 Flower Crops

Rose. Nine varieties of rose such as Upper Class-
Red, High & Magic Bicolour, High & Yellow Magic,
High & Peace, High & Sparkling, Lenny, Arka
Swadesh, Arka Savi and Arka Sukanya were procured
from secondary sources to enrich the germplasm.

Temperate flowers. Fifty cultivars and five species
of Lilium, 22 species/varieties of iris, 20 varieties of
dahlia, 9 varieties of Alstroemeria, 100 breeding lines
of gladiolus, 20 lines of ornamental kale, 15 genotype
of Eustoma and other bulbous crops like, torch lily,
wattsonia, canna, Amaryllis, crinum, Freesia, wild
tulip, tithonia, tuberous begonia, cyclamen, zinger
lily, Lycoris, primula, primrose, temperate orchids and
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some wild ornamentals are being maintained and used
in crop improvement programmes.

3.2 MICROBIAL GENETIC RESOURCES

Conservation of microbial diversity. Forty-six
fungal cultures belong to different genera viz., Fusarium,
Bipolaris,  Chaetomium,  Alternaria,  Trichothecium,
Sphaerellopsis, Acremonium and Cladosporium which
were isolated and identified based on morphological
characters and purified from wheat and other
graminaceous hosts in southern hills of India were
subcultured periodically and are being maintained.
Meloidogyne incognita population in microplots is being

maintained at Wellington.

3.3 BIOSYSTEMATICS
IDENTIFICATION SERVICES

3.3.1 Type Culture Collection, Identification
and Maintenance

AND

About 50,400 fungal specimens at Herbarium
Cryptogamae Indiae Orientalis (HCIO); 4,040 fungal
cultures at Indian Type Culture Collection (ITCC) were
maintained under different preservative methods.
The fungal collection was enriched by new addition
of 28 fungal diseased specimens at HCIO and 40
different fungal cultures at ITCC. In all 510 authentic
fungal cultures were supplied on payment to various
scientific and industrial institutions on request. A total
of 360 cultures/ specimens were identified up to species
level representing plant pathogens, post-harvest
pathogens, bio-control agents and industrial use fungi
belong to Hyphomycetes followed by Coelomycetes
and Zygomycetes. HCIO checklist of Cercospora spp.
has documented having 1100 accessions. A total of
30 isolates of Colletotrichum gloeosporioides cryptic
species associated with anthracnose disease were
studied for genetic diversity and population structure.
Twelve ISSR primers were used for studying genetic
variability. Out of the 12 primers, 11 generated a total of
552 alleles with an average of 50.18 polymorphic bands
per primer. A total of 15 yeast isolates were studied
for molecular characterization for the ITS1-5.85-1TS4
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region. Saccharomyces cerevisiae (75%) was found as the
dominant yeast.

3.3.2 Insect Biosystematics

Hemiptera. Survey and collection were carried out
in 15 different locations at IARI, Arunachal Pradesh,
Himachal Pradesh, and Uttarakhand. Collected
specimens were sorted, of which 1470 specimens
belonging to 8 sub-families. Twenty eight species
of Cicadellidae were augmented in the National
Pusa Collection. About 203 specimens of Hemiptera
received from different places were identified.
Approximately, 289 photographs were taken showing
distinguishing characters on male genitalia for Vartini,
Chiasmini, Paralimnini, and Agallini. The genus
Xenovarta Viraktamath is recorded from India for the
first time Xenovarta viraktamathi sp. nov. disagreeing
in having a small ventral process on segment X. It
also appears to differ from other species of Xenovarta
in having the forewing apex rounded rather than
truncate. It resembles Xenovarta acuta Viraktamath
externally but differs from this and other species by
the more rounded apex of the forewing and simple
symmetrical aedeagus with a pair of subapical lateral
processes. A new species of leafhopper Paradorydium
kirkaldyi sp. nov. (from Himachal Pradesh: Kinnaur:
Powri) from India, is described. Detailed photographic
illustration, annotated checklist and modified key to
the species of India were also provided. This species
closely resembled P. khasianum Viraktamath but differs
in male genitalia characters and molecular analysis
using COI gene confirmed the difference and also
the taxonomic positon of this species in the tribe got
established with Histone H3 gene. Two new species
of leafthoppers, Durgades sineprocessus sp. nov. (From
Himachal Pradesh: Kalpa) and Japanagallia dolabra
sp. nov. (From Sikkim: Lachung) were described and
illustrated. The important pests as well as vectors of
rice diseases, small brown plant hopper Laodelphax
striatellus (Fallen) has been newly reported from
National Capital Region, Delhi.

Hymenoptera. A total of 2173 insect specimens were
identified for various correspondents. Two new species
of non-pollinating fig wasp genus Sycoscapter Saunders,
1883, namely, Sycoscapter benghalensis Pramanik &
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Dey, sp. nov. collected from Ficus benghalensis and S.
benjaminae Pramanik & Dey, sp. nov. collected from F.
benjamina were described and illustrated. A diagnostic
key was formulated for distinguishing both sexes of
11 known Sycoscapter species reported from India
including the new species. Furthermore, the affinity
of males and females of Sycoscapter species to closely
related genera of subfamily Sycoryctinae was also
analysed.

Lepidoptera. Extensive survey of 17 localities in
Ladakh, J&K region was carried out for codling moth
and molecular characterization done for the first time
from India (no sequences in NCBI or BOLD from
India). First report of overwintering of codling moth
inside the kernel of apricot. First report of poplar leaf
miner, Phyllonorycter populifoliella(Treitschke, 1833)
(Lepidoptera: Gracillariidae) from Ladakh region of
India.

DNA barcodes were generated for the other five
lepidopteran pests of Ladakh region, viz., Lymantria
obfuscata, Phyllonorycter populifoliella, Pieris brassicae,
Thysanoplusia orichalcea and Yponomeuta rorrelus. To
understand diversity of high altitude moths, 24 species
of high altitude Noctuid moths were collected and
identified from Leh, Kargil and Spithi region.

Identification of efficient pollinators for carrot
seed production. Intensive surveys were conducted to
record the important native pollinators for temperate
carrot seed production. Thirty one species of insects
were found to visit carrot umbel at Katrain, Himachal
Pradesh. Flower visiting fauna represented five insect
orders, viz., Diptera (16 species), Hymenoptera (8
species), Lepidoptera (3 species), Coleoptera (2 species)
and Hemiptera (2 species). Pollination efficiency of
three most common pollinators, viz., Indian honey bee
Apis cerena indica, common house fly Musca domestica
and syrphid Eristalis tenax was compared in small
cages (b m x 5 m). Musca domestica was found to be
most efficient pollinator for carrot seed production
(75% increase in seed yield over control) at population
density of 5 flies/ m% With comparable population
density, pollination by Apis cerena indica and Eristalis
tenax resulted in 60% and 58% increase in seed yield,
respectively. Findings of the study established that



Musca domestica can be used successfully as an efficient
pollinator for hybrid seed production of carrot under
cage condition.

3.3.3 Nematode Biosystematics

Identification of nematode species and diversity
analysis. A new species of pin nematode, Paratylenchus
jasmineae  Sp.
morphologically and molecularly from the rhizosphere

n. was isolated and described
of jasmine. Phylogenetic analysis based on ITS and
D2D3 molecular markers resulted in clear separation

of P. jasmineae sp. n. from other Paratylenchus species.

un g a
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Light photomicrographs of Paratylenchus jasmineae sp. n. Female.
A: Entire body; B-D: Anterior region; E: Lateral field with four
lateral lines; F: Secretary-Excretory pore; G-I: Posterior region; J:
Entire female gonad; K: Vulval region. (Scale bar: 10 um) and Line
drawings of Paratylenchus jasmineae sp. n. Female. A: Anterior
region; B: Posterior region; C: Entire body; D-F: Different postures
of fixed female specimens (not to scale)

Populations of root knot nematode (Meloidogyne
spp.) infecting guava collected from West Bengal
(Kalyani), Gujarat (Anand), Karnataka (Bengaluru),
Tamil Nadu (Coimbatore), Uttarakhand (Pantnagar),
UP (Lucknow) and Haryana (Hisar) were preliminarily
identified based on perennial pattern morphology.
Using species specific SCAR markers further confirmed
that population infecting guava in West Bengal is M.
incognita, while populations infecting guava in Tamil
Nadu, Haryana and Uttarakhand are M. enterolobii.
Morphological and molecular studies on the cyst
population collected from bamboo (Bambusa tulda)
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plants of Assam confirmed occurrence of Heterodera
koreana. This is believed to be first report of H. koreana
from India. Another population was considered to be
close to H. bamboosi, however no males were found in
the soil.

Cyst of Heterodera koreana, a) light microscopic photograph b)
SEM showing hypertrophied vulval lip

Samples collected from Hapur district of western
UP for
Nematode species identified were Pratylenchus sp.,

identification and community analysis.

Tylenchorhynchus  mashhoodi, Hoplolaimus  indicus,
Meloidogyneincognita, Heterodera sp., Helicotylenchus
indicus, Scutellonema sp., Basiria graminicola among
plant feeding nematodes and Aporcelaimellus sp.,
Aporcedorus sp., Labronema vulvapapillatum, Laimydorus
baldus, Mylonchulus sp., Acrobeles sp., Panagrolaimus
sp., Psedudiplogastroides sp. and Eucephalobus sp.
among beneficial nematodes. Analysis of nematode
communities revealed that Pratylenchus sp. was
more frequent, whereas M. incognita was the most
abundant and prominent nematode. A new predatory
nematode population of Mylonchulus sp. (Nematoda:
Mononchida) recovered from the rhizosphere of
tuberose(Polianthes tuberosa) grown in Anwarpur of

Hapur district, UP was also characterized.

Digitization of National Nematode Collection
of India (NNCI). Eighty specimens from 54 type
slides were digitized using programmable motorized
Axioimager microscope. Digitization was done at
63x oil objective at 0.5 um depths and at 40x for large
nematodes. Nine slides of type specimens belonging to
two species were deposited in the NNCI during 2018-
19, bringing the total number of type slide collection
to 2613.



4. CROP AND NATURAL RESOURCE MANAGEMENT FOR
SUSTAINABLE ENVIRONMENT

Several innovations for enhancing the productivity, profitability, and sustainability of crops/cropping
systems were developed by various disciplines of the School of Natural Resource Management. Specialized
integrated farming system approach, precision and bio-inoculants mediated nutrient management strategies were
developed. Various tenets of conservation agriculture showed positive effects on crop yields, soil health, and
farmers’ income. In-depth research carried out on soil quality and mineral concentration, wastewater treatment
and reuse, hydrological responses and drought monitoring through development of specialized indices for
accurate forecasting. Development and standardization of low cost agro-techniques for various vegetable and
horticultural crops/varieties; design of polyhouse with efficient cladding materials formed the major thrust area
for research in protected cultivation technology. Raised bed planter, corms harvester (both for gladiolus), spinach-
cum-coriander rotary cutter, data logger for low-cost cold storage and real-time tractor wheel slip measuring
device were developed and tested with better results. Novel technologies and processes were developed for
enhancing the shelf life and nutritional value of various fruits and vegetables. Microbial techniques were designed
for efficient biomass utilization as fuel and for in-situ degradation of crop residues, along with successful on-farm
evaluation of microbial inoculants in different crops and cropping systems. Comprehensive studies also focused
on the effect of irrigation and crop diversification on greenhouse gas emissions; impact of air pollution on different
crops, and the effect of crop residue burning on soil health.

4.1 AGRONOMY cultivation, and horticulture enterprises. Highest net

return was obtained with polyhouse vegetables and
4.1.1 Specialized Integrated Farming System  flowers cultivation (Rs. 1.21 lakh/year). Mushroom
Approach for Enhancing Income of Marginal  provided a net income of Rs. 0.33 lakh/year. The net
Farm Holders gain from other crops/enterprises was Rs. 0.86 lakh/

A horticulture crop-based specialized integrated yeat.

farming system model for marginal farm holders (04  4.1.2 Precision Nutrient Management in

ha) was developed to ensure balanced family nutrition ~ Maize under Maize-Wheat Cropping System
and livelihood security, generate regular income

and employment along with economic viability. Decision support tools such as Nutrient Expert®
The system gave a net income of Rs. 2.40 lakh/year ~ (NE) and GreenSeeker (GS) were evaluated to enhance
by integrating polyhouse crops cultures, mushroom  the productivity of maize under maize-wheat system.

Cucumber and gerbera cultivation under polyhouse
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Application of nutrients (N, P and K) on the basis of
NE (targeted maize yield, 7 t ha') along with 2 splits
of N at 25 and 42 days after sowing (DAS) based GS
resulted in
Ad-hoc state recommendation. Further, real time N
application at 25 and 42 DAS through GS along with
NE recommendation for 7 t ha’ yield target led to
reduction of 26 kg N ha' over state recommendation
with highest agronomic efficiency. Overall, the
maximum system productivity (12.5 t ha') and system
net gain (Rs. 38318 ha') under maize-wheat system
were obtained under 7 and 5 t ha' targeted maize and
wheat yields, respectively, using NE coupled with GS

significantly higher maize yield over

based N fertilizer application.

413 Performance of Soybean and
Wheat Genotypes under Different Crop
Establishment, Irrigation and Fertility

A study on promising crop genotypes under
soybean-wheat cropping system indicated that the CT-
furrow irrigated raised beds (FIRB) gave significantly
higher soybean seed yield (2.1 tha™) over CT. Irrigating
soybean at 25% depletion of available soil moisture
(DASM) registered higher seed yield (1.93 t ha') than
applying irrigation at 50% and 75% DASM. Plots with
100% recommended dose of fertilizers (RDF) resulted
in higher seed yields (1.9 t ha™) than that of the plots
with 50% RDEF. Soybean cultivar DS 1213 produced
significantly higher seed yield over Pusa 9712 under
ZT with 25% DASM and 100% RDF, while PS 9712
produced significantly higher seed yield with CT-
FIRB, 25% DASM and 100% RDF over others. Wheat
under CT-FIRB produced significantly higher grain
(4.81 t ha) and biological (10.3 t ha) yields. Irrigation
at 25% DASM recorded higher grain (4.98 t ha™) and
biological (10.77 t ha™) yields over 50 and 75% DASM.
Wheat genotype HD 3086 produced significantly
higher grain and biological yields under CT-FIRB with
25% DASM and 100% RDF over HD 2967.

41.4 Calcium Cyanamide for
Nitrogen-Use Efficiency in Wheat

Higher

Application of 30 kg N ha by calcium cyanamide
(CC) in combination with additional 30 kg N ha”
alone as neem coated urea (NCU) or diammonium
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phosphate (DAP) or in combination with both, saved
N by 25 to 50% without affecting grain yield of wheat.
Application of 24 kg N ha™ through DAP + 6 kg N ha!
as NCU + 30 kg N ha through CC enhanced nitrogen-
use efficiency and recorded the highest agronomic
efficiency of N in wheat.

415 Bio-inoculant Mediated Nutrient
Management Enhances Wheat Productivity

Bio-inoculant (BI) cultures comprising of N-fixers
[Rhizobium leguminosarum (pigeonpea), Azotobacter
chroococcum (wheat)], P-solubilizers [Pseudomonas
putida, P. striata, Bacillus subtilis, B. megaterium] and
K-mobilizer [B. mucilagenosus and Frateuria aurantia]
were studied in wheat. A higher grain yield (5.88 t ha™)
was recorded with recommended dose of fertilizer
(RDF) + BI over other treatments. Also, higher grain
yield (5.54 t ha') was obtained with the application of
vermicompost (VC) along with BI followed by FYM
+ BI and leaf compost + BI. The FYM+BI resulted in
significantly higher net returns (Rs. 82,200 ha?) than all
other treatments.

4.1.6 Agri-horti System for Enhancing Farm
Productivity and Profitability under Limited
Irrigation

An agri-horti system has been developed for round
the year cultivation of crops and generation of produce
for regular income and employment. The whole system
is irrigated by drip irrigation system from the pond.
The rain water is harvested and stored in pond for life
saving irrigation. The maximum system productivity
was obtained from phalsa-mungbean-potato agri-
horti system, closely followed by Moringa-mungbean-
potato system. The maximum net system returns was
obtained from Karonda-mungbean-potato system due
to better prevailing market prices. Overall, net returns
of Rs 2.66 lakh ha' with higher profitability/day (Rs
731/day) was obtained in the Karonda—mungbean-
potato system under limited irrigation conditions.

4.1.7 Integrated Crop Management (ICM)
in Pigeon pea for Higher Profitability and
Resource-Use-Efficiency

The influence of nine different ICM modules
[Four conventional tillage (CT) based: ICM -



ICM,; four conservation agriculture (CA) based:
ICM~ICM,; one organic agriculture based: ICM,]
on productivity, PAR interception, resource-use
efficiency and energetics in pigeon pea was evaluated.
Pigeon pea seed yield (1.92 t ha') and profitability (Rs.
82,776 ha') were significantly higher in ICM,, which
was a CA-based ICM module [ZT-PRB + CRR @ 3 t
ha' + 100% recommended dose of fertilizers (RDF) +
(glyphosate-PP fb pendimethalin-PE fb imazethapyr-
POE + 1 HW-mulch) + 2 irrigations + need based IDM/
IPM]. Overall, the CA-based ICM modules showed
an edge over CT based ICM modules with respect to
growth, LAI PAR interception, root biomass, yield, net
returns and B:C ratio. The resource-use-efficiency in
terms of total water-use efficiency (TWUE), economic
water productivity (WP,) and production- (PE) and
monetary-efficiency (ME) followed similar trend as
seed yield with highest TWUE, WP, PE and ME in
ICM,. The energy output was also highest in ICM,
(2,23,664 MJ ha').

4.1.8 Conservation Agriculture (CA)-based
Direct-Seeded Rice-Wheat-Mungbean
System as an Alternative to Conventional
Rice-Wheat System

Long-term CA-based direct-seeded rice (DSR)-
wheat cropping systemisbeing undertaken for 8 years to
replace transplanted puddled rice (TPR) - conventional
till wheat (CTW) system, which has encountered host
of problems related to water, nutrients, labour, fuel/
energy, weed, and GHGs emission. A triple ZT system
with three crops (rice, wheat, mungbean) residue,
which involved ZT-DSR with summer mungbean
(SMB) residue - ZT wheat (ZTW) with rice residue
(RR)- ZT SMB with wheat residue (~MBR+ZT DSR
- RR+ZTW-WR+SMB) gave 13% higher wheat yield
and 40% higher system productivity than TPR-CTW
system, although it had 7% lower rice yield. This triple
ZT system with 3 crops residues led to a saving of
almost 60 kg N ha™ in rice and wheat crops in a year.
This CA-based system could be a superior alternative
to rice-wheat system and an important adaptation and
mitigation strategy to climate change.
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Rice, wheat and system productivity of rice-wheat
cropping system with CA practices

Treatments Rice Wheat | System
yield yield (t | productivity
(tha?) ha™) (rice eq.) (t ha™)

ZT DSR - ZTW 4.22¢ 6.11° 10.80¢

(Double ZT system)

ZT DSR+BM - ZTW | 3.12° 6.16% 9.75

WR+ZT DSR - 3.22¢ 6.28%¢ 9.99f

RR+ZTW

WR+ZTDSR+BM - | 3.20° 6.45%¢ 10.14f

RR+ZTW

ZT DSR-ZTW - 4.45° 6.33¢ 15.17°(3.91)*

ZT SMB (Triple ZT

system)

MBR+ZT DSR - 4.64¢ 6.572 15.76°(4.05)*

RR+ZTW -WR+

SMB

TPR-ZTW 5.23 6.48® 12.20¢

TPR-CTW 4.99° 5.81° 11.24¢

*Rice equivalent yield of mungbean grain yield (t ha™) in parentheses

4.1.9 Cotton-Wheat System as a Promising
Crop Diversification Option for Rice-Wheat
System

All zero tilled (ZT) permanent broad-, narrow-,
and flat-beds with residue were superior to CT
practice in terms of the yields of cotton and wheat,
and system productivity. The ZT permanent broad
bed with residue and 100% N gave significantly higher
yields of cotton and wheat, and increased the system
productivity by 44.1% than conventional till system.
The ZT permanent broad bed with residue and 75%
N was comparable with it, which led to saving of 25%
N. Thus, the CA-based cotton-wheat system could
be a promising alternative to rice-wheat system and
an important adaptation and mitigation strategy to
climate change.

4110 Permanent Bed Planting System
Favours Root Proliferation and Increases
Maize Yield

A long-term field experiment in maize-wheat
cropping system conducted since 2010 included
different CA-based bed planting practices with
residues, such as permanent narrow bed with residue



Maize root growth under CA-based treatments

(PNB+R), permanent broad bed with residue (PBB+R)
and permanent (ZT) flat bed with residue (FB+R)
compared with conventional tillage (CT) practice. The
CA-based practices promoted better root growth and
proliferation compared to CT. Root length, biomass and
volume were significantly higher under the permanent
broad-, flat- and narrow-beds with residue compared
to CT. These CA-based practices significantly improved
yield attributes such as cobs per plant, grains per cob,
and test weight of maize and gave significantly higher
cob yield compared to CT. The CA-based practices
increased maize yields by 7.9-12.7% over CT. Among
these, the permanent broad bed with residue (PBB+R)
was most superior and gave highest grain yield of
maize (7.1 t hal).

4.1.11 Diversified Cropping Systems for
Enhanced Income under Peri-Urban Areas
with Drip Irrigation

A field study comprising of four diversified
intensive cropping systems indicated that baby
corn-palak-okra system resulted in highest system
productivity in terms of okra pod equivalent yield
(24.2 t ha'), net returns (Rs. 2,38,300 ha!) and B:C ratio
(1.85). Water productivity (WP) (249 kg/ ha'-mm) was
also highest with aforesaid cropping systems. Bottle
gourd-green onion-green onion was the second best
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cropping system for increasing system productivity,
net returns, B: C ratio and water productivity.

4.1.12 Biomass Utilization Unit

Biomass Utilization Unit produced nearly 4000
tonnes of good quality composts during 2018-19. The
Unit distributed approximately 2500 t of FYM and
residue mixed compost, 200 t of leaf compost to the
different divisions and units of Institute. About 3000
tonnes of CRFYM and 225 tonnes leaf compost are ready
for distribution in the next season. A net revenue of Rs.
6,57,378/- has been generated during the year through
sale of composts. The approximate value of materials
prepared in the unit is about Rs 1.9 crores during 2018-
19. The unit has provided training on different aspects
of composting to the farmers, students, teachers, small
scale entrepreneurs, NGOs and officials from State
Governments. About 500 people were benefitted by the
exposure visits, demonstrations, training and lectures
conducted by the Biomass Utilization Unit.

4.2 SOIL MANAGEMENT

421 Land Use Systems, Altitudes and
Depths Affect Carbon Stability in Clay-
Humus Complex

Carbon stability of clay-humus complex was
studied in rice—fallow, forest, mandarin and bamboo
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land uses at <500 m amsl, >500-1000 m amsl and >1000
m amsl from Siang districts of Arunachal Pradesh.
Results indicated that stability of clay—humus complex
across the altitude, land use and depth followed an
order (>1000 m amsl) > (<500 m amsl)> (>500-1000
m amsl), forest>mandarin>bamboo>rice-fallow and
0-15>15-30>30-45 cm. Mean <53 um aggregate and
water stable microaggregates were highest at >1000
m amsl. XRD and semi-quantitative analysis showed
illite like mica and chlorite interstratified mica (CIM)
was higher at >1000 m amsl, while kaolinite was
higher at <1000 m amsl. The assessment of stability of
clay-humus complex through sequential extraction
suggests that conversion of forest to rice—fallow across
the altitude and depth would deteriorate clay—humus
stability as well as soil fertility status in Siang basin.

4.2.2 Soil Organic Carbon Stability Indices,
Clay Minerals and Nutrient Release Kinetics
in Four Major Soil Groups of India

The conceptual framework (CF) based soil organic
carbon (SOC) stability indices were developed by
integrating physical, and biochemical
indicators in Mollisol (Pantnagar), Vertisol (Jabalpur),
Inceptisol (Ludhiana), and Alfisol (Ranchi) under rice-
wheat cropping system (except Alfisol under maize-
wheat system). The stability index of SOC varied from
0.21 to 0.88, and 0.10 to 0.51, and 0.21 to 0.63, and 0.08
to 0.52 in Mollisol, Inceptisol, Vertisol, and Alfisol,
respectively. Inceptisol of Ludhiana were mainly
dominated by illite and illite rich minerals (IRM) (69%),
followed by kaolinite and kaolinite-rich minerals
(KRM) (21%), and smectite and smectite-rich minerals

chemical
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(SRM) (10.5%). In Vertisol, soil clays contained SRM
(49%), IRM (35%), along with some KRM (16%). Clays
in Mollisol contained more or less similar amounts
of IRM (40%) and KRM (38%), along with relatively
lower amounts of SRM (21%). In Alfisol, clay particles
contained 44% IRM and 56% KRM, while the amounts
of minerals under SRM category were negligible. The
stability index of SOC was recorded highest with
50%NPK+50%N-FYM, followed by 50%NPK+50%N-
GM in all the soil order. Overall, long-term application
of 50% fertilizer N by FYM or green manure along
with 50% NPK fertilizer in rice-wheat/maize-wheat
cropping system emerged as the best management
practices for enhancing stability (physical, chemical
and biochemical) of SOC.

4.2.3 Long-term Fertilization and Manuring
Affects Quality of Humic Acid

Structural variation of humic acid (HA) was
compared in different nutrient supplying options
under long-term fertilizer experiment (AICRP-LTFE).
Selected treatments for the study consisted of control,
N, NPK, 150% NPK, NPK+FYM. The purified HA from
150% NPK and 100% NPK+FYM treatment was found
to have lower value of acidity showing lower degree
of humification. Higher E4/E6 ratio of HA extracted
from 150% NPK and 100% NPK+FYM treatments also
confirmed the presence of less humified organic matter
in soils under these treatments. Such results indicate
the presence of relatively more labile organic matter
under balanced application of nutrients either through
chemical or integrated nutrient sources. Hence, these
treatments have potential of supplying nutrients
adequately.
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Long-term effect of different nutrient management treatments on E4/E6 ratio of humic acid
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424 Organic Carbon and Nitrogen
Mineralization, Microbial Community
Structure and Soil Quality under

Conservation Agriculture

Effect of conservation agriculture (CA) practices
on mineralization of organic carbon and nitrogen in
two different hydro-thermal regimes was assessed
using a first-order kinetic model. It was observed that
under residue retained plots of CA, the decay rates of
SOC and N were significantly lower compared to that
under conventional tillage (CT). Better aggregation,
improved soil moisture regime and moderation
of temperature led to stabilization of soil organic
matter (SOM) under CA along with lower decay
rates. Under residue retained plots, supply of fresh
crop residues ensured higher rate of SOM formation.
The abundance of bacterial and fungal population
in conventional tillage plots are 1.86 and 1.43 times
less than that of conservation agriculture (CA) based
permanent narrow bed + residues plots. The total
PLFA concentrations (nmoles/g soil) in surface soil of
PBB+R plots were 79.9 and 82.3% higher compared to
that of CT plots in pigeon pea-wheat and maize-wheat
system, respectively. Soil quality indices were worked
out to assess the relative order of performance CA
management practices (carried out for 8 consecutive
years) in affecting soil quality at 0-5 cm and 5-15 cm
soil layer. The relative order SQI was MBR+ZTDSR-
RR+ZTM-ZTMB (mungbean residue + zero-till direct
seeded rice-rice residue+ zero-till mustard-zero-till
mungbean) > ZTDSR-ZTM+ZTMB (zero-till direct
seeded rice-zero-till mustard—zero-till mungbean)>
ZTDSR-ZTM (zero-till direct seeded rice - zero-till
mustard) > TPR-ZTM (transplanted rice - zero-till
mustard) > TPR-CTM (transplanted rice-conventional
tillage mustard).

4.2.5 Metal Buildup in Soil due to Polluted
Water Irrigation and Feasibility of Gladiolus
for Remediation

A case study was carried out with the objectives of
assessing the impact of Hindon river water irrigation
on soil health and risk involved in relation to transfer
of metals to human food chain. Forty five paired soil
and plant samples (mustard, rice, pumpkin, cucumber,
spinach, turmeric, brinjal, marigold, pearl millet,
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mung bean, carrot and pigeon pea) were collected
from river irrigated soils covering Makreda, Rewari,
Nithari, Kinauni, Barnawa, Parsi villages of Western
U.P. Geo-accumulation indices indicated that all the
river water irrigated soils were loaded with elevated
level of metals (Zn, Cu, Ni, Pb, and Cd). Extent of soil
health deterioration due to metal pollution followed
the order: Nithari (0.28) = Barnawa (0.28) >Makreda
(0.30) >Rewari (0.38) >Parsi (0.39) >Kinauni (0.44) as
evident from soil quality index. All the crop plants
grown on river water irrigated soils accumulated much
higher amount of Zn, Cu, Ni, Pb and Cd compared to
plants grown on tubewell-irrigated soils. Taking all
crops together, relative orders of transfer of metals
from soil to plants grown on river water irrigated soils
were Zn > Cu > Ni > Cd > Pb. Consequently, there was
higher uptake of these metals by gladiolus (Gladiolus
grandiflorus L.) grown on waste water irrigated soil
compared to ground water irrigated ones, indicating
the potential of this crop for phytoremediation of
heavy metals from metal contaminated soils.

4.2.6 Storage Conditions of Soil Samples for
Analyzing Microbiological Properties

A laboratory experiment was conducted to
evaluate the effect of duration of storage of soil samples
on soil microbiological and biochemical properties.
The results revealed significant (P<05) reduction in
dehydrogenase activity (DHA) after 60 days of storage
at 4°C irrespective of type of soil, although the degree
of reduction was maximum in Ultisol and minimum
in Inceptisol (West Bengal). Variable reduction in DHA
from days 15 was noticed at 0 and -20 °C in all the soil
types. Similar results were recorded in fluorescein
diacetate, acid and alkaline phosphomonoesters and
phenol oxidase activities as well as microbial biomass
carbon of soil. This study showed that more than 60
days storage of samples before microbiological or
biochemical analysis should be discouraged and
optimum temperature of soil storage is 4°C.

4.2.7 Nutrient-use Efficiency Enhancement
through Novel Fertilizer Application

4.2.7.1 Nitrogen

Nitrogen use efficiency of applied urea ammonium
nitrate (UAN) was evaluated with and without



nanoclay polymer composites (NCPCs) in rice. The
highest N uptake was obtained with 100% N applied
through urea + NCPC due to less loss and higher
nitrogen availability of N throughout crop growth.
Nitrogen (100%) applied through urea was at par with
75% N applied through urea + NCPC with respect
to N uptake, whereas100% N applied through UAN
and 50% N applied through UAN + NCPC were
equally effective. In terms of apparent N recovery,
50% N applied through urea + NCPC, 75% N applied
through urea + NCPC, 100% N applied through urea
+ NCPC and 50% N applied through UAN + NCPC
were statistically at par. For maize, results of field
trial indicated that N applied through NCPC was the
most efficient in enhancing yield of maize over control.
The highest yield (5.49 t ha') and N content (1.63%)
in maize grain were recorded under 100% N applied
through NCPC treatment. Maize yield of 5.41 t ha' was
recorded in conventional urea applied plot, which was
at par with 75% N through NCPC applied plots (5.17
t ha') as well as 75% N applied through PCU (5.14 t
ha™).

4.2.7.2 Phosphorus

In order to enhance the use efficiency of applied
phosphorus (P), super absorbent P loaded nano-clay
polymer composite (NCPC), nano-clay bio polymer
composite and self-polymerizing natural oil coated
DAP (OC-DAP) were prepared and evaluated. Results
indicated that fertilizer products, viz. NCBPC and OC-
DAP were able to maintain higher P compared to DAP
fertilizer, which was also reflected in biomass yield of
wheat. There is an indication that 25-50% of applied
P could be curtailed using polymer based prophetic
fertilizer loaded NCBPC.

4.2.7.3 Zinc

An attempt was made to synthesize, characterize
and evaluate starch based nano clay biopolymer
composites (NCBPCs) in order to enhance the use
efficiency of Zn. Greenhouse study exhibited that soil
application of 1/5% of recommended rate of Zn (0.5 mg
kg') applied through NCBPC was equally effective
in enhancing the yield of wheat as that obtained with
application of 2.5 mg kg™ through conventional source
(ZnS0O,). Application of 2.5 mg Zn/kg and 0.5 mg Zn/kg
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through ZnSO, and nano clay biopolymer composite
(up to 20% substitution with natural polymer) was
equally effective in enhancing the Zn content in wheat
grain.

4.2.8 Interactive Effect of Calcium and Boron
on the Availability of Boron in Acid Soils

Interactive effect of calcium and boron on the
availability of boron in acid soils was studied using
tomato as a test crop. Results indicated that the highest
biomass yield of tomato (21.3 g pot™) was obtained with
combined application of calcium @ 2/3 LR and B @ 1.5
mg kg'. Applied Ca @ 2/3 LR significantly increased
the uptake of N, P, K, Ca, Mg and S, whereas Fe, Mn
and B uptake decreased with applied Ca. While in case
of B application, uptake of all the nutrients increased
over control. Study emphasizes the importance of
mandatory addition of B, while liming the acid soils
for maximizing productivity.

4.2.9 Rock Phosphate and Waste Mica as a
Source of P and K

A field experiment was carried out to evaluate
the efficacy of rock phosphate (RP) and waste mica as
affected by phosphate solubilizing bacteria (PSB) and
potassium solubilizing bacteria (KSB) for supplying
phosphorus and potassium on an Inceptisol. Significant
increase in yield and uptake of P and K by wheat were
obtained due to application of RP and waste mica
treated with PSB and KSB. Available P and K as well as
enzymatic activities like dehydrogenase and acid and
alkaline phosphatase in soil after wheat harvest were
also improved due to application of RP and waste mica
treated with organic acids and PSB and KSB.

4210 Soil Test Crop Response based
Integrated Fertilizer Prescription for Sesame

Soil test crop response correlation studies under
Integrated Plant Nutrient System (STCR-IPNS) were
carried out to develop N, P and K prescription for
targeted yield of sesame (var.TKG 21) on an Inceptisol.
The per cent contribution of nutrients from soil,
fertilizer and farm yard manure (FYM) were 21.41,
53.27 and 7.77 for N, 42.84, 22.95 and 2.47 for P and



12.32, 60.26 and 5.66 for K, respectively. Soil test based
fertilizer prescription equations were developed
which can be used for preparing the ready reckoners
of fertilizer prescription with and without integration
with FYM.

Soil test based fertilizer prescription equations for
targeted yield of sesame

Fertilization programme | Fertilizer prescription

equation

NPK alone FN =13.20 T - 0.40 SN
FP=7.03T- 1.87SP
FK=6.34T- 0.20SK

NPK + FYM FN =13.20 T - 0.40 SN - 0.15

FYM

FP=703T- 1.87SP -0.11
FYM

FK=6.34T- 0.20SK -0.09
FYM

EN, FP and FK - fertilizer N, P and K in kg ha?, respec-
tively; T- target yield in q ha’; SN, SP and SK- Alkaline
KMnO, - N, Olsen’s-P and Neutral Normal Ammonium
Acetate K in kg ha’, respectively; FYM represents dose of
farmyard manure (t ha)

4.3 WATER MANAGEMENT
4.3.1 Wastewater Use in Agriculture

4.3.1.1 Wastewater irrigation on heavy metal
contamination and yield of brinjal

Impacts of wastewater treated through Typha
latifolia (Cattail), Phragmites karka (Reed) and Acorus
calamus (Vachh) planted wetlands were studied on soil
health, yield and quality of brinjal. Use of untreated
municipal wastewater for irrigation produced the
highest crop yield (42 t ha') while the lowest yield
(35.5 t ha) was obtained with groundwater use. The
average fruit yield of brinjal using treated wastewater
was 37.7 t ha'. Compared to treated wastewater
irrigation usage, application of untreated wastewater
led to marginal increase of N, P and K but 1.4, 1.2, 1.3,
1.3, 1.3 and 1.2 times higher concentration of Ni, Pb,
Cu, Zn, Mn and Fe in soil. Above ground biomass of
brinjal indicated Pb contents higher than the safe limits
and hazard quotient (HQ) for Pb was 2.3 folds higher
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compared to groundwater and 1.7 times more than
treated wastewater used for irrigation.

4.3.1.2 Effect of heavy metal spiked wastewater
irrigation with lime and bentonite on baby corn

Wastewater spiked with Pb, Cr, and Ni containing
2 and 5 times of their permissible limits was used for
irrigation along with amendments, lime and bentonite.
The results showed that wastewater irrigated plots
recorded significantly higher yield (35%) compared to
ground water irrigated plots. While lime and bentonite
applied plots recorded yield of 8 t ha™ and 7.5 t ha’,
respectively. The nitrogen and potassium content of
the cobs were not significantly affected by both the
wastewater and amendments, while the phosphorus
content was significantly affected by the amendments.

4.3.1.3 Sequential extraction of Ni and Cr from
electroplating industry effluent with rice biochar
and egg shell

Sequential extractions of Ni and Cr from
electroplating industry effluent having 400 and 680
ppm of Ni and Cr were assessed by adding 2 gram
of rice straw biochar in 250 ml of industrial effluent.
Results showed that, biochar removed 61% Ni and 35%
Cr from the effluent in the first extraction and 12% Ni
and 17% Cr in second extraction. In the subsequent
third to fifth extractions, 3-8% Ni and 3-4% Cr was
removed. Similarly, using eggshell 72% of Ni and
42% of Cr was removed in the first extraction. In the
subsequent second to fifth extractions, only 1-4% Ni
and 1-8% Cr could be removed. Overall, from all the
five extractions, 88% of Ni and 62% of Cr were removed
using rice straw biochar, whereas 83% Ni and 58% Cr
using egg shell.

4.3.1.4 Commissioned eco-friendly wastewater
treatment facility at Farah, Mathura

A (75,000 LPD)
wastewater treatment facility at Farah, Mathura was
established. Average sewage flow of 23,034 LPD with
maximum 64,892 LPD is received by the plant. Results
showed that reduction in salt, BOD, turbidity, nitrate,

community scale low-cost



Treated Water

Out-scaled ICAR-IARI wastewater treatment facility at Pandit Deen Dayal Upadhyay Village, Farah (Mathura)

phosphate and sulphate were 20%, 82%, 100%, 64%,
61% and 32%, respectively. Inlet sewage water had total
bacteria load ranging from 1.4 x 10° to 4.2x10°cfu/100
ml. Lactose utilizing bacteria ranged from 1.37x10° to
8.0x10° MPN/100 ml. Escherichia coli load was 2.6x10*
to 3.6x10°cfu/100ml.165TRNA gene based molecular
identification of predominant bacterial morphotypes
from EMB plates led to identification of six major
groups, viz. Enterobacter cloacae (matching with isolates
from soil, brackish water, as PGPR & as probiotics from
curd), Escherichia coli (matching with isolates from
healthy human being and their faeces), Pseudomonas
aeruginosa (matching with isolates from saline soils &
hydrocarbon degradation consortium) and Citrobacter
sedlakii (matching with isolates from soil, mud and fish
water). In contrast to the inlet sewage waters, the outlet
treated wastewater presumptive MPN test indicated
a bacterial load of just 1.6x10° to 2.0x10° MPN/100ml,
along with non-detectable E.coli counts. Therefore,
treated wastewater was observed to be within safe
limits as regards the total pathogen load.

4.3.2 Irrigation Water Management using
Fresh Water

4.3.21 Nomographs for
application efficiency in maize and wheat

enhancing water

Nomographs for enhancing water application
efficiency with respect to basin size, flow rate,
irrigation water used, water application efficiency,

irrigation water use efficiency and water productivity
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was developed from experiments conducted at IARI,
New Delhi. The water application efficiency in surface
irrigation under different basin sizes and flow rates
ranged from 60 to 75% and 75 to 85% and the water
productivity varied from 11 to 12.3 kg ha'mm™ and 14
to 15.7 kg ha’mm™for maize and wheat, respectively.
The developed nomographs would assist stakeholder
in deciding the basin size and flow rate to arrive
at a given water application efficiency and water
productivity for maize and wheat grown in similar soil
and climate.

4.3.2.2 Decision support IFSHED
for irrigation and fertigation scheduling in

system

vegetable crops

Decision support system (DSS) IFSHED was
developed to generate scenarios of irrigation and
fertigation schedules to optimize the use of water
and fertilizer in vegetable crops. In surface irrigation
methods, irrigation interval is fixed mainly based on
soil moisture holding capacity and the crop growth
stage. Similar criteria was followed in sprinkler
irrigation method but in case of drip and micro-
sprinkler systems, the irrigation interval is normally
based on the ease of operation on alternate days or
week. The DSS IFSHED determines the irrigation and
fertigation schedule based on crop needs governed by
climate, soil properties and the capacity of the irrigation
system using the basic data on these parameters. The
system provides generic values of most parameters
based on a large background database of soil, climate
and fertilizer available in the DSS.



4.3.3 Water Conservation under Rainfed
Conditions

4.3.3.1 Hydrological responses and nutrient flux
in a rainfed agri-horti system under different
water conservation practices

A study with three legumes (viz., soybean,
cowpea, and mungbean) grown under bael trees
with three water conservation practices (WCPs),
(viz., trench, micro-catchment (MC), ring basin
(RB) and no moisture conservation practices
(NMCQ) under tree and no-tree as control) was
conducted to determine throughfall, stemflow
and interception losses. Throughfall, stemflow
and interception losses due to 16 rainfall events
were 339.3 mm (76.3%), 169 mm (3.8%) and
88.5 mm (19.9%), respectively. Throughfall and
stemflow under different WCPs were in the
order of trench> RB > MC > NMC, whereas the
reverse was true for interception loss. The order
of soil moisture availability was trench> MC > RB
> NMC. Soil moisture storage was 333.7, 349.5
and 335 mm in soybean, cowpea and mungbean
plots, respectively, and corresponding deficit
of moisture were 276.3, 15.7 and 56.4 mm. The
combination of bael + cowpea + trench exhibited
the least soil loss (3.14 t ha') followed by bael +
trench + mungbean (3.44 t ha'). Nitrogen content
in throughfall water was about 12 times more
and in stemflow 14 times more as compared to
rainfall. P and K contents were al