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PREFACE

Agricultural production must increase by 60% by 2050 with dwindling cultivable land and resources
under the vagaries of global climate change, while enhancing farmers’ income and environmental
sustainability. To address these challenges, IARI has made focused research and developed several
technologies for crop production & protection in the background of improved natural resource management
strategies to mitigate/adapt to the changing climate challenges. While addressing the core issue of “more crop
per drop” and degraded soil - water resources, the institute took lead in developing several fresh/waste water
management and resource reuse/ recycling protocols, standardized anumber of micro- irrigation & protected
cultivation technologies and water conserving bio- engineering measures, besides commercializing hydrogel
formulations and developing precision farming & decision support systems for effective forewarning and
contingent planning of extreme weather conditions, degraded soil water resources, pests and crop conditions
during growing seasons. To manage degraded soils and improve fertilizer use efficiency, IARI has also
developed an improved Pusa STFR meter for suggesting crop and soil based fertilizer recommendations and
supporting Soil Health Card Scheme of the government. Besides this, the institute laid special focus on
developing several new farm machinery, resource conservation technologies, climate smart and GHG
emission mitigation strategies, and beneficial microbes for sustainable natural resource and crop management.

All these efforts integrated with genomic- aided precision breeding programs resulted in accelerated
development of anumber of varieties & hybrids with improved yield, quality and adaptability in the field and
horticultural crops. The visionary research programme on speciality breeding for conservation agriculture
(CA) resulted in the release of abread wheat variety HDCSW 18, specifically suitable to CA, which is expected
to enhance the wheat yield and environmental benefits to the larger areas of CA in the country. A Fe - and Zn-
micronutrient rich bread wheat variety HS 562 and a semi-dwarf durum wheat variety HD 4728 were also
released for different regions of the country. A short duration Basmati rice variety Pusa Basmati 1609, with
inbuilt blast resistance, was released to minimize resource use and enhance yield in the Basmati growing
regions. A dual purpose pearl millet variety Pusa Composite 701 and an extra-large seeded Kabuli chickpea
variety Pusa 3022 and soybean variety, Pusa 12 (DS12-13) were also released. In mustard, a double zero (erucic
acid <2% and glucosinolates <30ppm) variety Pusa Double Zero Mustard 31 with an average seed yield of
2.38 t/ha was released for the first time. Twelve varieties/hybrids of vegetables viz., bitter gourd (Pusa Rasdar
and Pusa Purvi), summer squash (Pusa Pasand), Cherry tomato (Pusa Cherry Tomato 1), early cauliflower
(Pusa Kartiki), snowball cauliflower (Pusa Snowball Hybrid 1), B-carotene rich cauliflower (Pusa Kesari VitA 1),
muskmelon (Pusa Sarda and Pusa Mudhurima) long melon (Pusa Utkarsh), round melon (Pusa Raunak) and
parthenocarpic cucumber (Pusa Seedless Cucumber 6) were also developed. In fruit crops, two mango
hybrids (H 1-5 and H 12-5), three grapes hybrids (R,P,, ER-R P, and ER-R,P,,) with special quality were
developed. In ornamental crops, two varieties in gladiolus (Pusa Srijana and Pusa Unnati) and a marigold
variety (Pusa Bahar) were released for commercial cultivation. Two promising varieties of Chrysanthemum
(Chrysanthemum Little Orange and Chrysanthemum Pink) were also developed. The Institute has also made
commendable progress in development of several molecular diagnostic protocols for early diagnosis and
management of many fungal and viral diseases.

The so developed natural resource management and crop production/protection technologies were
widely disseminated vide a National Agricultural Fair “Krishi Unnati Mela-2016" organized during March 19-
21,2016, that was inaugurated by Hon’ble Prime Minister of India, Shri Narendra Modi. About 500 public and
private exhibitors from across the country participated and over 1 lakh visitors gained benefit from the Fair.
For speedy dissemination of technologies from lab to land, IARI also adopted several villages under Mera
Gaon Mera Gaurav programme. In addition, the Institute met the needs of the farmers through Agricultural
Technology Information Centre (ATIC), Kisan Call Centre (1800-180-1551) and mKrishi.




The institute is also mandated to impart quality agricultural education in the country. The 54"

Convocation of the Post Graduate School of Institute was held on February 5, 2016 with the Hon’ble President
of India, Shri Pranab Mukherjee as the chief guest. Many scientists and students received prestigious awards
and recognitions, and brought laurels to the Institute. The Institute’s achievements during this year are
expected to contribute significantly to improve environmental sustainability, profitability and livelihood
food security of the Nation.

I express my appreciation to the entire annual report editorial and publishing team for bringing out this

Rhau

June 29, 2016 (Ravinder Kaur)
New Delhi Director (Acting)

reportin time.
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TARI : 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 conductbasic 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

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 20 national centres functioning under the all
India coordinated research projects. It has a sanctioned
staff strength of 3016 comprising scientific, technical,
administrative and supporting personnel. The revised
budget estimates of the Institute constituted a total
amount of ¥40093.65 lakh (Plan & Non-Plan) for the year
2015-16.
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EXECUTIVE SUMMARY

The Indian Agricultural Research Institute
(IARI)
technologies to develop several crop varieties

employed cutting-edge science and
with improved yield, quality and adaptability,
resource management technologies, and pest and
disease management methods, farm machineries,
protected cultivation methods and food processing
techniques for enhancing the input use efficiency,
farm profit and environmental sustainability. One
of the most significant and most visible achievement
of the institute was the adoption of IARI wheat and
rice in over 80% of the area in Punjab, Haryana,
Uttarakhand, and Western Uttar Pradesh in about
9 million hectares during the 2015-16 seasons. This
spoke of the faith the farmers of the region reposed
in Pusa technologies. In addition to the regular
extension activities on empowering farmers with
new agricultural technologies, the Institute has
implemented Mera Gaon Mera Gaurav programme
on a large scale. The National Agricultural Fair
“Krishi Unnati Mela — 2016” was inaugurated by
Hon’ble Prime Minister of India, Shri Narendra
Modi on March 19, 2016. Hon’ble President of India,
Shri Pranab Mukherjee graced the 54" Convocation
of the Institute as the Chief Guest. The salient
achievements of IARI in research, extension and
education during 2015-16 are summarized below:

The School of Crop Improvement has developed
improved varieties of wheat, rice, pearl millet,
chickpea, mustard and soybean with higher yield,
better nutritional quality and resistance to biotic and
abiotic stresses during the year. Wheat variety HD
2967 ruled with an estimated 10.5 million hectares
area making large inroads into eastern plains of
Uttar Pradesh, Bihar to become the no.1 variety of

the country. A novel breeding programme initiated
few years back with a vision to breed varieties that
are specifically adapted to conservation agriculture
(CA) yielded success with the release of a bread
wheat variety HDCSW 18 specifically suitable to
CA for first time in the world. HDCSW 18, with an
average grain yield of 6.28t/ha, was released by State
Variety Release Committee (SVRC) for irrigated
early sown conditions of National Capital Region
(NCR) of Delhi. Wheat variety HD 3117 was also
released by SVRC for irrigated late sown conditions
of NCR of Delhi with an average grain yield of 4.7t/
ha. It is also resistant to both brown and yellow
rusts and tolerant to Karnal bunt. A high yielding
wheat variety HS 562 with good chapatti and bread
making qualities, and rich in Fe (38.4ppm) and zinc
(34.5ppm) was identified for release under timely
sown rainfed and irrigated conditions of Northern
Hills Zone. A semi-dwarf durum wheat variety HD
4728 with an average yield of 5.42 t/ha and genetic
potential of about 6.5 t/ha was identified for release
under timely sown irrigated conditions in Central
Zone.

Maintaining its leadership role in Basmati rice
varieties, the Institute has released Pusa Basmati
1609, a MAS derived blast resistant Basmati rice
variety with Piz5 and Pi54 genes for blast resistance,
and with seed to seed maturity of only 120 days
and average yield of 4.6 t/ha for commercial
cultivation in the Basmati growing regions of the
Uttar Pradesh, NCR of Delhi, Uttarakhand and
Punjab. This variety has resistance to neck blast, and
moderate resistance to leaf blast. A large field trial
experimentation confirmed double productivity
of the Pusa dwarf version of tall rice variety Kala
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Namak. Towards hybrid wheat development, about
270 new hybrid combinations were made using
five superior CMS lines and >70 restores. Double
haploid production in wheat via crossing of F, wheat
plants with Imperata cylindrica followed by embryo
rescue and colchicine treatment was standardized,
and DH plants were developed. Marker assisted
recurrent selection (MARS) for combining QTLs for
drought and heat tolerance led to the development
of several superior genotypes in wheat. Marker
aided introgression of known QTLs for drought
and heat tolerance into elite cultivars viz., HD 2967,
DBW 17, HD 2733 and GW 322 was initiated. QTL
mapping for grain nutritional quality in wheat led
to the mapping of 11 QTLs for grain micronutrient
content including five QTLs viz.,, QGZn.iari-2A,
QGZn.iari-4A, QGZn.ari-5A, QGZn.iari-7A and
QGZn.iari-7B for grain Zn concentration with 3.2-
14.4% phenotypic contribution. To effectively solve
a major emerging problem of bakanae resistance,
a rapid protocol for screening bakanae resistance
in rice has been developed and a major QTL,
gBK1.2 with phenotypic variation of 24.07 % and
two minor QTLs, namely, gBK1.1and gBK1.3 on
chromosome 1 were mapped. Maize research made
considerable progress in molecular characterization
of endosperm modifier loci in QPM inbreds
and development of mapping populations for
endosperm modifiers. In pearl millet, phenotypic
and molecular characterization of large number of
germplasm lines led to the identification of lines
with desirable starch content and high grain Fe and
Zn content. In mustard, molecular markers linked
were used for introgression of low glucosinolate
and white rust resistance traits. For development
of double low mustard genotypes, two backcross
populations were generated i.e.,, PM30/PDZ1//
PM30 and PM24/ PDZ1//PM24. These populations
are being analyzed for low glucosinolate trait linked
markers. In pulses, basic research was focused
on genetic structure and diversity analysis of

-

chickpea, pigeonpea and lentil. In vegetable crops,
black rot resistance genes were introgressed from
alien Brassicas to cauliflower, and several markers
linked to important diseases of vegetables were
identified. A dual purpose pearl millet variety Pusa
Composite 701 was identified for release in ‘A zone’
comprising regions of Rajasthan, Gujarat, Haryana,
Punjab, Uttar Pradesh, Madhya Pradesh and
Delhi. It produced an average grain yield of 2.3t/
ha with high degree of resistance to downy mildew
and blast diseases. An extra-large seeded Kabuli
chickpea variety Pusa 3022 with an average yield of
1.8t/ha was released for cultivation in the states of
Punjab, Haryana, western Uttar Pradesh, northern
Rajasthan, Jammu & Kashmir, Delhi, Himachal
Pradesh and Uttarakhand. In mustard, the first
double zero (erucic acid <2% and glucosinolates
<B0ppm) variety Pusa Double Zero Mustard 31
with an average seed yield of 2.38 t/ha was released
for timely sown irrigated conditions of NCR of
Delhi and adjoining areas in the states of Haryana,
Rajasthan and UP. This yellow seeded variety has
40.56% seed oil content and matures in 144 days.
In soybean, Pusa 12 (DS12-13) with mean yield of
2.29t/ha was released for cultivation in North Plains
Zone. It is resistant to yellow mosaic virus, soybean
mosaic virus (YMV), Rhizoctonia aerial blight and
bacterial pustule.

The School of Horticulture has made significant
achievements in developing several varieties and
hybrids with high yield and nutritive quality
in important vegetable, fruit and ornamental
crops. In vegetables, two varieties of bitter gourd
(Pusa Rasdar and Pusa Purvi), one variety each
in summer squash (Pusa Pasand), Cherry tomato
(Pusa Cherry Tomato 1), and early cauliflower (Pusa
Kartiki), and a snowball cauliflower hybrid Pusa
Snowball Hybrid 1 were released by Delhi State
Sub Committee on Crop Standards, Notification
and Release of Varieties for Horticultural Crops.
In addition, ICAR-IARI Variety Identification
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Committee identified six varieties in different
vegetables, viz., Pusa Kesari VitA-1 (B-carotene
rich) of cauliflower, Pusa Sarda and Pusa
Mudhirma in musk melon, Pusa Utkarsh in
long melon, Pusa Raunak in round melon and
Pusa Seedless Cucumber 6, a parthenocarpic
variety of cucumber. In snowball cauliflower
hybrids, KTH-42-5 (62.27 t/ha), KTH-111(57.72
t/ha) and KTH-127(57.63 t/ha) were found to be
promising for yield and quality traits. Promising
lines with high B-carotene content ranging from
10 to 15 ppm were identified in early and mid-
early genetic backgrounds. Two cabbage hybrids
KTCBH 705 (56.58 t/ha) and KTCBH-905 (50.07 t/
ha) which outperformed the check Pusa Cabbage
Hybrid 1 (41.54 t/ha) under Delhi condition were
developed.

The gynoecious line PVGy-201 in bitter gourd
was commercialized through ZTM& BPD Unit of the
Institute. New bitter gourd hybrids Pusa Rasdar x
Sel2, PDM x 559 (PH-3) and PVGy201 x S-59 (DBGH
159) were found promising and produced fruit yield
of 27.4 t/ha, 24.50 and 26.10 t/ha, respectively, and
one hybrid DBGH 542 performed best both in field
and protected conditions. The gynoecious hybrids
of cucumber DGCH 18 and DGCH 15 yielded 29.4,
and 27.0 t/ha which were 31.8 and 21.1 per cent
higher, respectively, than the check Pant Sankar
Khira 1 (22.3. t/ha). The brinjal hybrids DBHL-211
(long purple, 53.1 t/ha), round fruited hybrid trial
DBHR 91 (65.4 t/ha, purple round), DBHR-112 (59.1
t/ha, purple round), DBHR 190 (61.4 t/ha, purple
round) were found superior over check Pusa Hybrid
6 (48.5 t/ha). One selection of tomato, Sel 60 with
large and round fruits (around 100g), was found
suitable for growing under low cost polyhouse
conditions. Three advanced breeding lines of okra
DOV 66, DOV 92 and DOV 8 with resistance to
YVMV disease and a yield potential of 18.0, 17.7
and 17.6 t/ha, respectively, were identified.

-

In fruit crops, concerted efforts were made to
develop new varieties, hybrids and root stocks.
Promising mango hybrids H 1-5 for highest pulp
content (74.13%) and H 12-5 for red pigmentation on
the fruits were developed. In grape, three hybrids,
ER-R P, ER-RP

1 19 27 36
from 20-24°Brix and early maturity, were developed.

namely, R P1,, with TSS ranging
In papaya, P 9-5, a gynodioecious genotype was
identified which showed the earliest flowering (76
days after planting) and fruit ripening (125 days
after fruit set) with orange-yellow flesh of fruit,
semi dwarf stature and medium size fruits. The
molecular marker (SCAR C09/20) could validate
hermaphrodite plants of gynodioecious genotypes
and SCAR W11 marker
hermaphrodite plants. Under rootstock breeding

could differentiate

in mango, the highest yield efficiency was found in
PusaSuryaon Kurakkanrootstock, Mallika on Olour
rootstock and Dashehari on Kurakkan rootstock.
In citrus rootstocks, lemon cv. Kagzi Kalan was
found the best on Karna khatta rootstock with the
highest fruit weight (50.73 g), while juice recovery
was maximum (50.63%) on RLC-4 rootstock. The
intrinsic water use efficiency of kinnow was higher
on Troyer citrange, Rangpur lime and rough lemon
rootstocks.

In ornamental crops, two varieties of gladiolus
Pusa Srijana and Pusa Unnati suitable for cut
flowers, bouquet preparation, garden display and
floral arrangement were developed. Two promising
selections of Chrysanthemum were identified. In
marigold, Pusa Bahar was identified by IARI variety
identification committee for release. It produces
50-60 flowers per plant with compact, flattened,
attractive and large size (8-9 cm) yellow coloured
flowers.

The
contribution to the identification, improvement

Institute also made commendable

and characterization of several genetic stocks
possessing unique economically important traits
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in different crops, microbes and insects. In wheat,
a large number of lines were screened for various
biotic and abiotic stresses including physiological
trait based phenotyping for drought and high
temperature tolerance. In rice, genotypes such as
Athadapunnu, C101A51, Chandana, IR 58025B,
Panchami, PAU 201, Pusa 1342 and Varun Dhan
were found to be highly resistant to bakanae
disease caused by Fusarium fujikuroi. A total of 225
rice germplasm accessions were analyzed for iron
and zinc concentration in brown rice and polished
rice through energy dispersive X-ray fluorescence
spectroscopy. Eighty five O. rufipogon accessions
were assessed for the presence of the restorer/
maintainer allele based on candidate gene based
markers for two gene governing fertility restoration
in wide abortive (WA) cytoplasm, namely, Rf3 and
Rf4.In maize, inbreds tolerant to Turcicum leaf
blight (TLB) and Maydis leaf blight (MLB) were
identified. Sweet corn inbreds with sh2sh2/sulsul
genetic constitution has been developed. Similarly,
waxy inbreds with wxIwx1 genetic constitution
have also been developed. A new set of inbreds
were screened for their response to drought and
waterlogging at different critical growth stages
under drought and waterlogged stress conditions.
Promising germplasm/genotype/inbreds  with
crtRB1, IcyE (for provitamin A), opaque2, opaquel6
(for QPM), VTE4 (for vitamin E), sh2, sul, sh2/sul
(for sweet corn), wx1 (for waxy), Ipal, Ipa2 (for
low phytate) and CMS-system (for male sterility)
have been maintained. In pearl millet, 1091 diverse
germplasm lines including cytoplasmic male
sterile lines, maintainers and restorers are being
maintained.

In chickpea, two advanced generation breeding
lines, BG 12-119 and BG 14-14 and two varieties
KAK 2 (Kabuli) and K 850 (Desi) were found to
be tolerant to dry root rot caused by Rhizoctonia
bataticola. One hundred and seventy seven
land races of chickpea obtained from ICARDA

-

representing fifty seven countries of the West
Asia and North Africa (WANA) regions were
extensively screened for yield and Fusarium wilt.
ILC 0 from Latvia has shown resistance to foc 4 and
foc 5 races of wilt. In pigeon pea 300 germplasm
lines received from ICRISAT were evaluated for
disease resistance. Male sterile lines of medium
duration (along with their maintainers), restorers
and 18 wild species were also procured. Vigna
umbellata was identified as a genetic resource for Al
to develop Al tolerant genotypes in V. mungo and V.
radiata. In Brassica, 762 germplasm lines belonging
to 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., Camellina spp. and related wild species have
been maintained by selfing and used in crossing
programmes. Seventeen new accessions of Brassica
for earliness, dwarf plant type, long siliqua and
high siliquae density were added. In soybean, one
hundred and thirty three genotypes were screened
and three genotypes, namely, DS 12-5, SL 958 and
SL 900 were identified as moderately resistant to
CPMMV. Fifty nine accessions of onion and related
wild species were collected from different parts of
India (Leh, Ladakh and Jammu & Kashmir) and
Central Asian countries (Uzbekistan, Kazakhstan,
Krygyztan and Tajikistan). At IARI Regional
Station, Katrain, 130 germplasm of cabbage received
from NBPGR have been characterized. In mango,
polyembryonic germplasm viz., Indonesia, Latra,
Chandrakaran, Moovandam, Peach and Mylepelian
were introduced and grafted on rootstock. New
turf grasses viz., St. Augustine variegated, Zoysia
grass (Z. japonica, Z. materella), Crow foot grass and
Bermuda grass (variant TNAU) were collected and

added to the germplasm.
Under biosystematics and identification
services, 3952 fungal cultures representing

Mastigomycotina, Zygomycotina, Ascomycotina
and Deuteromycotina were maintained with an
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addition of 98 fungal disease specimens and 48
different fungal cultures at Indian type culture
collection (ITCC). In insects, larvae of seven white
grub(Coleopteraninsect)speciesviz., Holotrichiafissa,
Lepidiota stigma, Lepidiota albistigma, Phyllognathus
dionysius, Anomala polita, Anomala ruficapilla and
Anomala varivestis were characterized through 126
line drawings and 126 photographs. In hemiptera,
two new species of Hishimonus were isolated from
Himachal Pradesh and Uttarakhand, India. A new
Lepidopteron insect species Oeonistis altica from
Arunachal Pradesh was reported. In nematodes, a
strain of Heterorhabditis was isolated from extreme
cold desert condition of Leh Ladakh, Jammu and
Kashmir, India and named as L22. Digitization of
128 specimens of nematodes belonging to 93 type
species has been completed using programmable
motorized axioimager microscope.

The School of Natural Resource Management
(NRM) of IARI
of national importance with a major focus to
develop scale neutral, low-cost, climate resilient

addressed pertinent issues

and practically feasible farm technologies.
Standardization and validation of efficient input
management technologies, resource conservation
technologies, irrigation and moisture management,
biofertilizer and residue recycling technology,
precision agriculture, soil health and soil quality
management practices, food quality and post-
harvest management, farm machinery, energy
management and budgeting, remote sensing and
resource inventorization, genotype x environment
compatibility aswellasvalueadditioninterventions,
have been the leading research priorities of NRM
School. The effective management of rhizospheric
diversity, crop husbandry, farm mechanization
and post-harvest management of field crops,
vegetables, fruits, flowers and agri-horticultural
based productions systems got special attention in
the research curriculum. Development of new farm
machinery, resource conservation technologies,

-

climate smart and GHGs emission mitigation
practices, food biofortification, beneficial microbes/
consortia/biofilms, precision farming and monitoring
techniques, etc. by the School of NRM have given
new dimensions and strength to the research and
technology development of IARI on crop and resource
management.

A study to diversify the rice-wheat cropping
system carried out for six consecutive years with
cotton-wheat (C-W), pigeon pea-wheat (P-W) and
maize-wheat (M-W) with suitable conservation
agriculture (CA) practices, namely, zero-till (ZT)
permanent narrow bed (70 cm), ZT broad bed
(140 cm) and ZT flat bed with both seasons crop
residue revealed that C-W system was superior.
Comparison of different tillage methods and crop
residue incorporation showed that zero tillage +
5 t/ha maize residue retention + 75% N + 25% N
based on Green Seeker resulted in saving of N to
the extent of 19 kg/ha as compared to conventional
tillage in wheat. Comparative analysis of Zn
and sulphur coated urea with prilled urea in
three Basmati cultivars viz. Pusa Basmati 1121,
Pusa Basmati 1 and Pusa Basmati 6 showed that
significant yield improvement can be achieved
using zinc coated urea. Carbon input and carbon
sequestration efficiency in inceptisol under rice-
wheat cropping system indicated that thirty two
years of continuous application of FYM, straw and
green manure that supplemented 50% of fertilizer
N, significantly increased soil carbon and aggregate
stability and aggregate protected carbon.

Development, standardization and commercia-
lization of new farm machinery, food processing
protocols and Dbeneficial microbes/consortia/
biofilms brought laurels to the Institute. The Pusa
Soil Test Fertilizer Recommendation (STFR) Meter
was improved with the incorporation of two more
nutrient analysis protocols for iron and manganese.

Nowitcananalyze twelveimportantsoil parameters
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viz., pH, EC, OC, available nutrients (P, K, S, Zn,
B, Fe and Mn), and gypsum and lime requirement.
Standardization of irrigation technologies both
under field and protected conditions as well as
waste water treatment and reclamation technology
further encompassed the relevance of NRM
research. Software for irrigation scheduling in
wheat, maize, soybean and mustard using single
and dual crop coefficients estimated from weighing
type field lysimeters were developed which will be
useful for achieving more crop per drop. Agricultural
equipments/machineries, namely, tractor operated
bund packer, raised bed seed-cum-fertilizer plot
drill, gladiolus planter, precision paddy planter
for direct-seeding, planter for system of wheat
intensification (SWI), solar powered refrigerated
storage system and evaporatively cooled storage
structure for fruits and vegetables were developed
and demonstrated. Several biofertilizers based
on BGA, microbial inoculants for enhancing
phosphorus nutrition, products for enhancing
microbe-mediated nutrient cycling under non-
flooded and flooded
conditions in rice-wheat cropping system, microbes

(aerobic) (anaerobic)

for alleviation of water deficit stress in crops were

developed.
Standardization and validation of food
processing  protocols and value addition

interventions led to the development of vacuum
packaging for enhancing shelf-life of pomegranate
arils, shrink wrapping of minimally processed
baby-corn, pasteurization treatments on the quality
of ready-to-serve watermelon juice, extrusion
processing variables on finger millet and pearl millet
flours, bittergourd chips, concentric encapsulation
of B-carotene and anthocyanin in o-fatty acids and
other products.

The School of crop protection undertook
studies on diversity analysis, diagnostics and
integrated management of nationally important

-

pests and pathogens. Genetic diversity analysis was
accomplished for wheat rust races, Fusarium spp.,
Tilletia indica, Alternaria brassicae, Colletotrichum
and Penicillium spp. New phytoplasma diseases
were identified on wheat, ornamental crotons
(16Sr I group), Rosa species (16Sr I & II groups)
and Celosiaargentea species (16Sr II-D subgroup).
Moleculardiagnostic protocolshavebeen developed
for fungal (Puccinia striiformis tritici, Tilletia indica,
Fusarium fujikuroi and Magnaporthe oryzae), bacterial
(Ralstonia solanacearum, Bacillus spp.) and viral
pathogens (Potato virus X and begomoviruses
species, namely, ToOLCNDV, ToLCBV, ToLCPalV,
ToLCGV and ToLCJoV infecting tomato) which
will help in early diagnosis for better management
of these diseases. LAMP based diagnosis protocol
has been developed for Puccinia striiformis tritici
and Ralstonia solanacearum. The plant endophytic
Pseudomonas putida BP25 and Bacillus megaterium
BP17werefoundtoreleasebroad spectrummicrobial
volatile organic compounds (MVOCs) mainly
pyraxenes which were effective against pathogens
and nematodes. Metabolome analysis of Trichoderma
species revealed presence of isoharzianic acid (iso-
HA), Harziandione (92%), fungitoxic Thazin-1-one
(0.7%), 1,5-dihydro-1- 4-methoxyphenyl (0.88%),
Phenol, 2,4-Di-tert-butylphenol (42.68%), Phthalic
acid (6.07%), etc., with fungistatic activity. Talc
based bioformulations of Pseudomonas fluorescens
(DTPF-3) and Bacillus amyloliquefaciens (DSBA-11)
were found effective in controlling tomato wilt.
Consortia of rhizobacteria, S2BC-1 and TEPE-
Sungal and Trichoderma harzianum-S17TH with
Chaetomium globosum-CG-A was found effective for
the management of Fusarium wilt of tomato.

Transcriptome  analysis revealed genes
associated with Lr24 - mediated resistance in wheat.
Cross infectivity of Bipolaris species on wheat
and rice was confirmed. Effect of temperature on
toxicity of Btcry toxin against Earias vitella showed

that extreme temperature enhanced the toxicity of
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BGII and cry2Ab2. Double stranded RNA construct
for silencing osmoregulatory gene in green peach
aphid, Myzus persicae was demonstrated by using
High-quality
sequence data of H. indica 1Js was generated.

feeding assays. transcriptome
Management of nematodes based on gene silencing
approaches were developed and validated. RNAi
technology has been successfully utilized for
management of Meloidogyne incognita infesting
brinjal, as transgenic brinjal expressing fIp18, flp14,
mspl, mspl8, msp20 and msp40 are in various stages
of development. Bacterial strains for management
of nematode infestation have been identified.
Entomopathogenic nematodes like Heterorhabditis
indica infecting Galleria mellonella were found to be
effective for biocontrol of white grubs.

has
agrochemicals design and discovery. Various
based with  better
absorption developed.

Significant progress been made in

hydrogel formulations
water capacity were

Decontamination =~ methods  for  removing
pesticides from water and soil were standardized.
Degradation of bifenthrin by microbes sourced
from contaminated soil, remediation of pesticide
contaminated water using nZVI-clay composites
and degradation of atrazine and its metabolites
using enrichment culture were standardized.
Efficient

developed for management of weeds in maize,

weed management strategies were

wheat, gladiolus, lentil and onion crops.

The focused basic and strategic research of the
Institute led to the identification and validation
of donors, QTLs and genes for biotic and abiotic
stress tolerance and nutritional quality in different
field and horticultural crops, and development of
state-of-art non-destructive phenotyping methods,
GIS and remote sensing methods for crop and
resource characterization and management. A
low-cost tube based rhizotron for non-destructive
root phenotyping was developed. Hyperspectral

-

reflectancebased spectralindices, partialleastsquare
regression (PLSR) and support vector machine
(SVM) methods were developed for assessment of
relative water content for drought phenotyping,
nitrogen stress monitoring and weed discrimination
in different crops. To understand and regulate root
system architecture (RSA) which plays key role
in nutrient and water acquisition, microarray and
real-time RT-PCR expression analysis were carried
out, and five root tissue-specific and osmotic stress
inducible genes viz.,, MYB TF, bZIP TF, FBOX132,
PP2C and USP were cloned from drought tolerant
rice cv. Nagina 22. Rice transgenic overexpressing
the stress hormone abscisic acid (ABA) receptor
6 (ABAR6) with enhanced drought tolerance was
further analysed to understand the mechanisms that
contribute to stress tolerance. Detailed physiological
and scanning electron microscopy analysis of the
transgenic rice plants overexpressing ABAR6 gene
showed that the transgenic rice plants used about
30% less water due to the efficient ABA-mediated
stomatal regulation. By using de novo transcriptome
sequencing, heat shock transcription factor HsfA2d
and rubisco activase (RCA) were cloned and
characterized from wheat. Immunoblot analysis
showed that the RCA antibody is highly specific,
and the RCA levels were high in thermotolerant
wheat cv. Raj 3765 under heat stress as compared
to thermosensitive HD 2329. Analysis of the role
of oxygen-sensing genes in waterlogging stress
tolerance in waterlogging tolerant and susceptible
inbreds of maize revealed that ethylene responsive
ERF VII genes are important regulators of
waterlogging tolerance in maize.

Towards improving nutritional quality of
soybean, significant progress has been made to
characterize genes involved in the metabolism
of nutritionally important compounds such as
a-tocopherol and isoflavones, and the antinutrient
factor phytic acid. Gene involved in synthesis of
a-tocopherol viz., tocopherol methyl transferases
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(y-TMT1, y-TMT2 and y-TMT3) and ABC1 like kinase
which controls recycling of a-tocopherol were
cloned and sequenced from soybean. The isoflavone
synthesis pathway gene isoflavone synthase (IFS1),
flavanone 3-hydroxylase and chalcone reductase
were cloned and plant transformation gene constructs
using seed-specific conglycinin promoter from
soybean were developed. Agrobacterium-mediated
half seed transformation method was standardized
and the soybean transformation efficiency was
improved to >10%. Gene silencing constructs were
developed to silence inositol phosphate kinase genes
GmIPK1 and GmIPK2 using seed specific vicilin/
conglycinin promoters for reducing seed phytate
content in soybean.

The multi-stage wheat yield forecasting using
statistical models and InfoCrop model revealed
that the InfoCrop model performs better than
weather based statistical models for forecasting
yield at different growth stages of the crop. A web
based Decision Support system (DSS) using crop
simulation model InfoCrop wheat was developed
to identify best sowing date of a specific wheat
cultivar. A web enabled Decision Support System
(DSS) for near real time crop growth monitoring
at district level based on multi-temporal satellite
remote sensing data was also developed. Real time
monitoring of residue burning using satellite data
available from recently established IARI Satellite
Ground station could detect burning event and
intensity with high level of accuracy, and district-
wise total paddy residue burring was estimated for
Punjab and Haryana.

The School of Social Sciences and Technology
Transfer studies on policy reforms and development
of agricultural markets, analyzed the variation
in progress of agricultural marketing reforms in
different states. In Tamil Nadu, the APMC act has
been already implemented, while Bihar, Kerala and
Manipur have not adopted APMC act. Evaluation

e
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of e-mandis in Karnataka to draw lessons from it
and to incorporate it in to the National Agricultural
Marketing (NAM) initiative of the Govt. of India.
Performance of wheat varieties evaluated using
primary survey data for the year 2014-15 revealed
considerable yield gap between farmers’ fields
and demonstration plots. Nearly 90 percent of the
farmers adopted HD 2967 variety in Punjab and
reported a mean yield of 5.5 t/ha. Four structural
breaks have been identified in the agricultural
GDP for the period. The fishery sector registered
the highest growth during phase II. Within
the agriculture sector for food grains, the first
structural break was identified in 1965 and the
second structural break was identified in 2002.
For the pulses, the structural break was found in
the year 2000. For the oilseed crops, the years 1988
and 1999 were identified as structural break points
which indicated the impact of Technology Mission
on Oilseeds (TMO) and impact of liberalization.

The IARI Post Office Linkage Extension Model
was designed and validated for effective outreach
mechanism for frontline extension system. The
model expanded in partnership with the Krishi
Vigyan Kendras (KVKs) in sixty districts of 14
states covering more than 175 branch post offices.
Vulnerability analysis of communities in coastal
areas of Sunderbans revealed a high degree of
livelihood vulnerability (Livelihood Vulnerability
Index <0.163) not only due to high exposure to
natural calamities, but also due to poor status
of financial assets and physical assets among
the communities. Community based action and
social learning strategy was deployed to promote
technologies for climate change adaptation in
experimental village Sanghel of Mewat district and
Mumtajpur village of Gurgaon district in Haryana.
Studies on maximising farm profitability through
entrepreneurship development and farmer led
innovations (FLI) revealed two types of forward
linkages in FLIs. Besides, three types of marketing
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channels were identified and it was found that
processors received higher share in consumer price
than producer in almost all agricultural enterprises.
A nutria-smart village model was conceptualized
and data were collected from project villages
through a structured interview schedule to know
the dietary habits. Individual Diet Diversity Score
(IDDS) for all the respondents revealed that IDDS
of male respondents was 8.0, female 7.6, boys 7.9
and girls 7.6, respectively.

Mera Gaon Mera Gaurav, a sensitization
workshop, chaired by Dr. T. Mohapatra, Director,
ICAR-IARI, was held at B. P. Pal Auditorium on 6%
November, 2015. About 300 scientists of IARI and
IASRIwere briefed about the goal of the programme
and detailed methodology of implementing the
programme. The programme was launched on
a large scale by adopting more than 500 villages.
Eleven varieties of wheat, spinach, pea, lentil and
mustard were assessed during Rabi 2015-16 through
158 trials in farmers’ fields covering an area of 56.10
ha. During Kharif 2015, 467 assessment trials were
conducted on paddy, maize, sorghum, pearl millet,
pigeon pea, cowpea, mungbean, bottle gourd, okra
and musk melon covering anareaof 186.18 ha. Under
technology integration and transfer to strengthen
farming system in partnership mode during Rabi
2014-15 a total number of 541 demonstrations were
conducted covering an area of 127 ha across 15
locations for 21 varieties of wheat, mustard, lentil,
pea, gram, palak, carrot, tomato and marigold in
collaboration with ICAR institutes and SAUs.
During Kharif 2015, a total of 284 demonstrations
of paddy, mungbean, pigeon pea, palak and maize
covering an area of 73.70 ha were also conducted.
In collaboration with Voluntary Organizations, 627
demonstrations were conducted on 17 varieties
of paddy, pigeon pea, moong, maize, bottle guard,
okra, cowpea, and muskmelon covering an area of
170.93 ha at 22 locations.

S
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During Rabi 2014-15, 58 and 25 tonnes of seed of
wheat cv. HD 3086 and HD 2967, respectively, were
produced under participatory seed production at
YFAP, Rakhra. At PRDF Gorakhpur, seed of wheat
cv. HD 3059 (15t), HD 3043 (10.84t), HD 2733 (5.6 t)
and HD 2967 (26.3 t), mustard cv. Pusa Vijay (11.8 t) and
pea cv. Pusa Pragati (0.05t) was produced. Special
extension programmes and capacity building
activities were implemented for rural women to
empower them

Agricultural Technology Information Centre
(ATIC) is effectively providing products, services,
technologies and information services to the
different stakeholders through a ‘Single Window
Delivery System’. In ATIC, farm advice facility
was provided to farmers through Pusa Helpline
(011-25841670, 25846233, 25841039 and 25803600),
Pusa Agricom 1800-11- 8989, exhibitions, farm
literatures and letters. A second level of Kisan Call
Centre (1800-180-1551) has also been established at
ATIC to address the problems/queries of farmers
of Delhi state. As a novel initiative, drip irrigation
system for fruit orchard and nutri-gardens were
demonstrated in crop cafeteria for the benefit of the
visitors. High density fruit trees orchard planted
with lemon (Kagzi Kalan), Mango (Amrapali),
Guava (Lucknow 49, Allahabad Safeda and Lalit), 