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PREFACE

ICAR-Indian Institute of Wheat and Barley Research strives to ensure food and nutrition
security to all, improve the livelihood of farmers and promote sustainability in an
equitable agri-food system. Unlike the past Annual Reports which used to be from April
to March, the present one has been prepared for the calendar year 2019 highlighting
the accomplishments and activities for the aforementioned period to advance the
ICAR-IIWBR vision. In 2019 several significant accomplishments were made in wheat
and barley arena. The year has witnessed a phenomenal output in foodgrains
production in which wheat accounted for about 36 per cent share. The annual wheat
production has been estimated at 103.60 million tonnes from 29.32 million hectare (13.43% of global area)
registering an all-time highest crop productivity of 3533 kgha™. The production of barley on the other hand
stood at 1.66 million tonnes from a declining crop area of 0.58 million hectares with a record national
productivity of 2837 kgha™. The current year Rabi season has been on a full swing with sowing surpassing the
past year acreage. Increased sowing area has been facilitated by the Gol's policy decision on raising the
support price by 6.1and 2.1 per cent, respectively forwheatand barley.

ICAR-IIWBR has been carrying out commendable work on research and outreach activities in achieving the
set production targets of Gol comprising varietal development, regular monitoring of pests & diseases,
issuing timely advisories addressing the demands of diverse stakeholders. For the reporting period (2019),
several feats have been accomplished by ICAR-IIWBR focussing on sustainability dimensions viz., economic,
social and ecological. Of them, 58" All India wheat and barley research workers meet held at Indore, M.P. has
been the pinnacle which led to identification of 15 wheat and 2 barley varieties for different zones and
production conditions in the country. The identification committee spotted two prominent varieties namely
HD 3086 and DBW 187 for outscaling in NEPZ and NWPZ, respectively. This year, the High Yield Potential Trial
(HYPT) at multi-locations has been continued with modified package of practice targeting 10 t ha™. To
strengthen the seed delivery system, ICAR-IIWBR has signed MoA with 172 seed companies in 2019
encouraging Public-Private Partnership. To promote malt barley and create awareness among barley
growers, a consultancy project has been signed with AB InBev.

It's a privilege and honour for ICAR-IIWBR and our collaborators, for being recognised by the Council and
bestowed with the Chaudhary Devi Lal Outstanding AICRP Award during July 2019. Our organisation is fully
committed for wheat and barley improvement in the country and in safeguarding the interests of diverse
clientele. | sincerely acknowledge the support from ICAR, research partners and farmers for achieving the
significant feat of producing over 100 million tonnes of wheat and wish the track record keeps continuing.

JaiKisan, JaiVigyan!

Gl

(GP Singh)
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EXECUTIVE SUMMARY

CROPIMPROVEMENT

The year 2019 has been a landmark in achieving
the record production of 102.19 million tonnes
of wheatand highest productivity of 35.07gha”.

ICAR-IIWBR, Karnal was instrumental in release
and notification of 12 new wheat varieties (8
bread + 4 durum wheat) for commercial
cultivation by farmers in the country. The
extension proposal for cultivation area of two
previously released varieties viz.,, HD 3086 (for
NEPZ) and DBW 187 (for NWPZ) have also been
recommended.

ICAR-IIWBR developed and registered 13 novel
genetic stocks out of total 23 wheat germplasm
recommended for registration by the Plant
Germplasm Registration Committee of the
NBPGR, New Delhi.

The Germplasm Resources Unit (GRU) at ICAR-
IWBR acquired 1882 accessions of wheat
germplasm from national and international
organizations for conservation in 2019.
Additionally, 350 advanced lines were exported
to Bangladesh and Bolivia for screening them
against wheat blast disease. The GRU also
characterized 250 new germplasm accessions
for38 DUS traits.

The institute organised a wheat and barley field
day on 29 March, 2019, 40 participants from
CGIAR institutes, SAUs, ICAR institutes and NGOs
attended the field day and selected germplasm.
The GR unit supplied 1155 germplasm lines
selected by various researchers working in
wheat

The pre-breeding project during 2019 created
novel genetic variability by hybridization of
bread wheat with wild species like Th.
bessarabicum and Ae. Peregrine etc. The project

team identified promising lines having higher
Fe, Zn and protein along with several lines
identified fordrought tolerance.

The project on wheat improvement for high
productive environments of northern India,
developed a high yielding wheat cultivar DBW
222 (Karan Narendra) for irrigated timely sown
conditions of NWPZ. Also, germplasm (RWP
2014-18) with early maturity and higher 1000-
grains weight of 50.0 g was registered as genetic
stock.

The wheat breeding eastern region project
identified a novel germplasm (BH 1146) for
water logging tolerance and spot blotch
resistance.

Wheat Improvement for warmer areas project
developed a new high yielding wheat variety,
DBW 252 (Karan Shriya) for timely sown
restricted irrigation conditions of the NEPZ.

Hybrid wheat project maintained 16 CMS
sources and 60 diversified new CMS lines during
2019 and evaluated experimental hybrids for
their heterotic potential.

Wheat quality breeding project developed an
improved durum wheat variety (DDW 47) having
high pasta quality score (7.9) and high yellow
pigment content(7.57 ppm).

The biotechnology group mapped and
identified 30 novel QTL regions controlling
terminal heat tolerance using Temperature
Controlled Phenotyping Facility (TCPF). Marker
assisted backcross breeding (MABB) was also
carried to introgress drought tolerance QTL
regionsduring 2019.

The germplasm donors for important
photosynthesis parameters were identified
through physiological screening.
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RWP-2017-21 was identified as heat tolerance
germplasm through screening under multi
location heattolerancetrial.

A new initiative in the form of screening wheat
germplasm for radiation use efficiency (RUE) was
undertaken attheinstitute.

The novel CRISPR/Cas9 technique of gene and
genome editing is being used to improve yield
and abiotic stress tolerance traitsin wheat.

During 2019, 3170.5 q seed of 8 wheat varieties
was produced at ICAR-IIWBR and an amount of
approximately ¥2.51 crores of revenue was
generated by distribution of improved quality
seedtovarious stakeholders.

CROPPROTECTION

Wheat crop health was monitored by keeping
vigil on disease and insect pest occurance, new
pathotypes of rusts and timely suggesting the
remedial measure to mange the disease. The first
report of stripe rust was observed from village
Fatehgarh Viran of block Chamkour Sahib of
district Roopnagar, Punjab on 14.1.2019. Over
all, the crop remained healty and negligible
losses were happened due to biotic stresses thus
contributed to the record wheat production.

The surveys were also conducted in West Bengal
along Bangladesh boarder for wheat blast and
found no report of wheat blast occurance in
West Bengal.

A total 1250 entries in IPPSN and 418 entries in
PPSN including checks were screened for major
disease and insect pests on the basis of this the
entries were further promoted in yield trials as
wellasinidentification and release as varieties.

The total 16 entries identified with confirmed
sources of multiple diseases were shared with 27
breeding centers across different agro-climatic
zones of country for their utilization in breeding
for resistance to biotic stresses.

A total of 7321 grain samples collected from
various mandies in different zones and were
analyzed for Karnal bunt (KB). The overall 32.02%
samples were found infected with KB. Among
different states from where samples were taken
Madhya Pradesh, Gujarat, Maharashtra and
Karnataka were found free from Karnal bunt
infection.

To combat the threat of wheat blast and check
entry of blast from Bangladesh, strict quarantine
has been observed and wheat holiday in
Murshidabad and Nadia district as well as No
wheat zone in 5 Km along Bangladesh boarder
wasimplemented.

For identification of wheat blast resistant
sources, a total of 353 Indian wheat varieties and
advance breeding material were screened at
Jessore, Bangladesh and Bolivia through
CIMMYT. Five resistant varieties identified
namely DBW 187, HD 3249 and HD 2967
(irrigated and timely sown) and DBW 252 and HD
3171 (restricted irrigation and timely sown) have
been recommended to be grown in disease
prone areas of West Bengal.

The population structure of loose smut
pathogen of wheat (Ustilago segetum var. tritici)
(UST) originated from four geographical distinct
zones of India was analysed. The phylogeography
and population structure analysis clearly
demonstrated the mechanism of diversity and
variation in UST isolates is due to gene flow and
mutation.

Developed SSR markers to study genetic
diversty within U. hordei causal agent of barley
coverd smut which will be useful in providing
deep insight into the population dynamics of
the pathogen.

Moderate to severe incidence of wheat aphid and
pink stem borer was observed in villages Ladwa,
Yamunanagar, Kunjpura, Subhari, Rasina and
Hajwana.The grubs and adults of coccinellid beetles
wereseenfrequentlyinfieldsinfested with aphids.
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Biological study revealed that life cycle of
C. septempunctata was completed in 51.4 -59.2
days on aphid, Rhopalosiphum maidis.

Population dynamics of wheat aphid complex
shows that the aphid population was observed
in the field from 1% SMW, 2019 to 13" SMW, 2019
(1" week of January, 2019 to 1" week of April,
2019), crossing the economic threshold level
during 7" SMW, 2019 (3 week of February,
2019).

Among the different tested monitoring traps
viz., sticky-traps and tray-traps, the efficiency of
yellow sticky traps was comparatively more than
tray traps.

Treatments with higher doses of nitrogeni.e. 150
& 225 kg/ha had highest number of aphids as
compared to lower doses of nitrogen. Variety
HD 2967 had lowest number of aphids as
compared to susceptible check A-9-30-1.

The integrated pest modules tested against
major pests of wheat viz., foliar aphids, shoot fly,
termites and pink stem borer revealed
comparatively lower pest population in IPM
module treatment as compared to the farmer
practice (FP). However, in FP treatment the
population of natural enemies was little higher
than IPM treatment.

Four different types of grain storage bags viz.,
jute, cloth, HDPE and BOPP bags were tested for
determining their effect on storage pest
infestation as well as on grain quality.
Observations have shown that BOPP Bags have
lowest infestation of storage insect-pests as
comparedto otherbags.

RESOURCE MANAGEMENT

Based on the ten years long term experiment on
rice-wheat system, it was concluded that wheat
productivity was not affected by tillage either in
wheat or in rice. However, tillage in wheat had
some differential effects and marginally higher

wheat productivity was recorded in rotary tillage
comparedto zero and conventional tillage.

A long term tillage experiment in maize-wheat-
green gram system indicated that wheat grain
yield was maximum (73.5 g/ha) when FYM @ 10
t/hawasapplied along with recommended NPK.

Soil temperature studies in wheat seasonat5cm
depth in long term Conservation Agriculture
(CA) trial revealed that the morning temperatures
were slightly higher in CA system where as the
reverse was true in the afternoon.

CA wheat demonstrations conducted using
Turbo Happy Seeder and wheat cultivars
HD 2967 and HD 3086 at two villages (Badarpur
and Taraori) in rice-wheat system revealed that
the mean wheat yield was similar in
conventional tillage (CT) and Conservation
Agriculture (CA) systems.

Improved Rotary Disc Drill (RDD) machine was
tested for seeding in full rice residue and full
sugarcane trash and observed significant
improvement in its efficiency. This machine was
found superior to Turbo Happy Seeder for wheat
sowing in the presence of full loose residues of
sugarcane atfarmers'field.

Studies for identification of suitable wheat
varieties under CA system at two dates of sowing
revealed that the mean wheat yield of early
sown wheat was significantly better than the
timely sowing.The wheat yield was similar under
CA and CT systems. However, the genotypic
differences were significant and among ten
genotypes, PBW 723, BISA 921 and BISA 927
were betteryielder than other genotypes.

To maximise wheat productivity, 15 genotypes
were evaluated using higher level of inorganic
fertilizers along with organics and spray of
growth retardant to control lodging. The
genotypes DBW 187 and DBW 303 yielded 78.8
and 78.2 g/ha, respectively, which was higher
than other genotypes, under 150% RDF + 15t
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FYM/ha + two sprays, as tank mixture of
Chlormequat chloride (Lihocin) 0.2% +
Tebuconazole (Folicur 430 SC) 0.1% of
commercial product dose, at first node and flag
leaf stages.

Integrated nutrient mangement consisting of
application of recommended doses of chemical
fertilizers (NPK 150:60:40) with 15 t/ha FYM was
found to bethe highestyielder.

In organic production of HYVs (WB 2, HD 2967,
HD 3086 and WH 1105) of wheat, the yield
increased with increase in FYM dose from 10 to
30 t/ha in comparison to control but the
productivity remained significantly lower than
to recommended doses of chemical fertilizers
(NPK 150:60:40).

Application of increasing doses of FYM from 10
to 30 t/ha increased the soil organic carbon,
available nitrogen, available phosphorus and
available potassium contents as compared to
recommended NPKand control treatments.

Result on residue management revealed that
rice straw incorporation along with 25%
additional N application increased the wheat
yield and reduced the immobilization of
availableNin soil.

In residue management trial, the results
revealed that green gram cultivation after wheat
produced 10-12 g/ha pulse and its residue
incorporation saved 50% nitrogen to rice crop
and produced maximum rice yield as well as
improved the physico-chemical properties of
thessoil.

Green gram under zero tillage after wheat
without any fertiliser application produced 10-
12 g/ha grains and also saved 25% N in
subsequentrice crop.

Intercropping of pulses with maize produced
higher land equivalent ratio and saved 25%
nitrogen in succeeding wheat crop as compared

to maize-wheat crop sequence.

Maize-potato-wheat and sorghum(fodder)-
potato-wheat crop sequences recorded the
maximum returns as compared to other crop
sequences.

Diverse broadleaf weeds were effectively
controlled by ready-mix combinations of
Halauxifen+ fluroxypyr 200.6 (6.1+194.5) g/ha as
post-emergence application. This ready mix
combination has shown high selectivity in
wheat.

Herbicide combinations pyroxasulfone +
metsulfuron and Pendimethalin + metribuzin as
pre-emergence and tank mixture of clodinafop/
pinoxaden + metribuzin as post emergence
were evaluated and found effective for control of
diverse spectrum of weedsin wheat.

Pyroxasulfone + pendimethalin 125 + 1000 g/ha
and flumioxazine at 100-125 g/ha as pre-
emergence were found effective for control of
grassy and broad leaved weeds in wheat.

In rice-wheat system, double no-till system led
to more problem of Rumex dentatus and
Medicago denticulata.

For management of multiple herbicide resistant
P. minor and A. ludoviciana (against clodinafop,
pinoxaden and sulfosulfuron), alternative
herbicides found effective were pyroxasulfone
and metribuzin.

Pendimethalin and pyroxasulfone were found
effective for control of sulfonyl urea herbicide
resistant Polypogon monspeliensisin wheat.

Integration of no-till seeding along with residue
retention and application of pre-seeding
herbicides (Pendimethalin + metribuzin or
metribuzin or pyroxasulfone + metsulfuron)
were found effective for management of P.
minor.

For control of metsulfuron resistant Rumex
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dentatus and Chenopodium album 2,4-D,
carfentrazone and fluroxypyr were found
effective.

Foliar application of potassium in wheat at 2 per
cent concentration as K,SO, or KCl was found
beneficial underrestricted irrigation conditions.

Nine genotypes (DBW 222, DBW 173, IBWSN106,
IBWSN1278, DBW 110, DBW 166, DBW 187, PYT
69, PYT 80) had water use efficiency of >2.51
kg/m’with desirble level of yield under 80% and
60% of CPE moisture level.

Genotypes HI 1605, NIAW 3170, NIAW 1415 and
NIAW 3624 from central and peninsular zones
were found to be have higher WUE with yield
level of 50 g/ha or more.

Two foliar sprays of potassium at jointing and
flowering stage confirmed its positive effect on
wheat productivity.

Landsat 8 Operational Land Imager (OLI) was
used for assessing land use land cover analysis
and wheat acreage of Haryana. The wheat areas
were estimated by computing pixels under the
classified image using post classification
technique.The total wheat area was observed to
be 2.32 mha; which is almost 52.6% of the total
geographical area of Haryana (4.41 mha).

QUALITY AND BASIC SCIENCES

In bread wheat (T.aestivum), genotypes having
good chapati making quality (score >8.0/10.0)
such as PBW 771, DBW 301 and PBW 824 were
identified.

Bread wheat genotypes namely DBW 221, DBW
222, BRW 3806, NIAW 3170, HI 1621, WH 1254
and DBW 303 expressed good bread quality with
loaf volume >600cc.

For biscuit quality, a soft genotype namely NIAW
3170 was identified with hardness index less
than 35 and having higher cookie spread factor.

High molecular weight glutenin subunits

encoded at Glu A1, Glu B1 and Glu D1 loci were
identifiedinallthe AVT entriesincluding checks.

Durum wheat variety DDW 47 was identified for
high yellow pigment content (7.6 ppm) which is
a highly desirable trait for pasta products. Three
of the entries of durum UAS 466, HI 8627and
DDW 47 showed more than 13% grain protein
content.

One AVT-l year entry, GW 509 (PZ) with very high
iron (44.6ppm) and Zn (46.3ppm) content was
alsoidentified.

Quality Component Screening Nursery of 52
entries from 15 locations was evaluated for grain
appearance, protein content, sedimentation
volume and hectolitre weight.

Microlevel tests developed for gluten strength
and yellow pigment content were utilized for
evaluating large numbers of germplasm lines
(400), segregating generations (500), released
varieties (300), coordinated samples (2000) and
found very useful in saving time and use of
chemicals and reducing environmental
pollution.

Two years evaluation of foliar spray of Fe and Zn
exhibited significant increase in the grain Zn
content and thus validated that agronomic
biofortification can be very effective way of
increasing Feand Zn contentin wheat.

In addition, 100 varieties of wheat were
evaluated for CD (celiac disease) toxic epitopes
which indicated no change CD toxic epitope
contentduringlast60years.

Transcriptome analysis of four Indian wheat
genotypes was done at seedling stage to
understand mechanism of Fe and Zn absorption,
translocation and accumulation. This revealed
differential expression of genes involved in
phytosiderophore synthesis under Fe/Zn
deficiency conditionsin wheat.

High phytase (>2000 FTU/kg) mutant lines
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developed in the background of PBW 502 were
grown during 2018-19 and used for making
crosses with high yielding varieties for
improving bio availability of micro nutrients in
wheatto human beings.

RILs (F7) of a cross between a wheat line
containing Gpc-B1 gene and high yielding
variety HD 2967 were developed for
identification of molecular markers associated
with high grain protein content and Fe & Zn
concentrations.

Glu-D1 double null of NAP HAL is being transferred
into high yielding backgrounds of wheat such as
PBW 373, UP 2425, Raj 3765, DPW 50, HD 2967
using molecular markers and microlevel tests.
Materials with desirable traits are at different
stages of development.

A co-dominant marker developed for Glu-D1
double null in Nap Hal was validated in diverse
set of germplasm lines and in breeding to
transfer Glu-D1 double null into high yielding
backgrounds for improving biscuit making
quality of wheat.

Genomic regions controlling traits related to salt
tolerance were identified by using Interval and
composite interval mapping (using ICI Mapping)
with a threshold of LOD 2.5. 25 QTLs were
detected for 10 different traits on 7 chromosomal
regions (1A, 1B, 2D, 4D, 5D, 6A and 7D) explained
PVEs (2.6-15.1 %), respectively indicating strong
genetic basis for salt tolerance. The information is
useful in improving salt tolerance of wheat by
using marker-assisted selection.

Analysis of NIVT samples showed that thereis no
distinct advantage in coloured wheat as
compared to amber wheat in terms of total
antioxidantactivity and processing quality traits,
itisrecommended not to have separate varieties
for coloured wheat.

SOCIAL SCIENCES

During 2019, 1500 Wheat Frontline
Demonstrations (WFLDs) of one acre each were
conducted through 83 cooperating centres
covering 1503.34 acres area of 1562 farmersin 19
states. Technologies such as improved wheat (T.
aestivum, T. durum and T. dicoccum) varieties
with complete package of practices, rotavator,
zero tillage/happy seeder and bio-fertilizer were
demonstrated at the selected farmers'fields.

The maximum number of WFLDs were
conducted in UP (192) followed by Bihar (142).
The maximum percent yield gain was observed
in Manipur (36.74) followed by Assam (34.28)
and Jharkhand (26.80). The percent yield gain
due to improved varieties over check was
highest in NEPZ (20.21) followed by NHZ (19.00),
PZ(15.28),CZ(12.01) and NWPZ (07.99).

Improved durum varieties viz., HD 4728 and HD
8759 recorded a significantly higher average
yield of 65.00 gha” at Indore centre in CZ whilein
PZ, the variety MACS 3949 recorded an average
yield of 46.50 gha'at Pune. UnderNHZ, at
Bajaura, the improved rainfed variety HS 562
yielded 53.80 gha'which was higher than check
varieties. The same variety gave significantly
higher yield at Malan (41.11 gha”) and Kangra
(40.14 gha™) centres against check varieties HPW
155 and HPW 349, respectively. Under CZ, GW 11
recorded a significantly higher yield at Vijapur
center (52.87 gha") than the check variety UAS
347 yielded 18.12gha"'under rainfed condition
atDharwad centrein PZ.

WFLDs resulted in earning of ¥ 3.07 per rupee of
investment in comparison to the check varieties
(X 2.70). The returns per rupee of investment
from WFLDs ranged from % 6.90 (Haryana) to
1.54 (West Bengal), while it was ¥ 4.06 in NWPZ to
%2.48 in NEPZ. The returns earned under
technologies ranged from ¥7.37 (Happy Seeder)
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to %2.21 (Variety: Late Sown & Restricted
Irrigation). The gross returns per hectare in
WFLDs was highest in Haryana (3100224),
followed by Punjab (¥100161) and Madhya
Pradesh (¥83387). On an average, a new wheat
variety or production technology would earn
¥64592ha". Further WFLDs demonstrated that
new and improved varieties required relatively
less investment (X 789) to produce a quintal of
wheatas compared to the check varieties (3913).

High cost of inputs, small land holding, non-
availability of seed of newly released varieties,
non-availability of labour; higher custom hiring
rate for land levelling, field preparation, sowing,
harvesting and threshing and Phalaris minor
were perceived as major constraints in wheat
productionin the country.

During 2019, 250 Barley Frontline
Demonstrations (BFLDs) of one acre each were
conducted by 21 cooperating centers across six
states namely, HP, UP, Punjab, Haryana,
Rajasthan and MP covering 238.5 acres area
under264 farmers. Improved barley varieties
with complete package of practices (irrigation
management, nutrient management, weed
control, seed treatment etc.) were
demonstrated.

The highest percentage gain in barley yield was
recorded in UP (27.28 ) followed by MP (24.58),
and Punjab (22.67) while the lowest was in
Haryana (5.05).

In NHZ, barley variety HBL 713 yielded highest
(32.17 gha’) at Bajaura centre. In NEPZ, DWRB
137 at Kanpur (52.75 gha'), RD 2907 at
Durgapura (63.72 g ha") in NWPZ and RD 2899 at
Udaipur (42.70 g ha) in CZ were the highest
yielding varieties.

BFLDs gave around 25 per cent profit per hectare
in comparison to the check. Under BFLDs Punjab
registered the highest returns per rupee of
investment (36.49) followed by Uttar Pradesh

(F4.16) and Haryana (%3.23). The profit per
hectare in BFLDs was highest in Uttar Pradesh
(¥73870), followed by Rajasthan (¥70789) and
Punjab (61431). The returns per rupee of
investment were highest in the NEPZ (%4.16),
followed by NWPZ (%3.56) and CZ (32.86). Cost of
production indicated that it was least (3271
quintal™) in Madhya Pradesh (CZ).

Decline in water table, small land holding, low
market price, high cost of inputs, lack of
knowledge among farmers about recent
technologies, high temperature at maturity,
temperature fluctuation during crop growth
and higher custom hiring rates (land levelling,
field preparation, sowing, harvesting and
threshing), Chenopodium album and erratic
power supply were perceived as major
production constraintsin barley.

ICAR-IIWBR conducted 20 wheat FLDs (HD 3086
and DBW 173) with complete package of
practices over 20 acres area at twenty farmers'
fields in the villages namely Amin, Bid Amin,
Amin Dera Rampura, Deeg and Yara in
Kurukshetra district of Haryana.

The ICAR-IIWBR team accompanied by the
experts from the Ministry of Agriculture &
Farmers Welfare and the concerned centres,
monitored the FLDs conducted by Khudwani,
Anantnag, Rajouri, Kathua, Noida, Rewari, IARI,
KVK Ujwa, New Delhi, Indore, Ujjain, Ratlam,
Faizabad, Kanpur, Varanasi, Dharwad, Belagavi,
Wellington, Junagarh, Vijapur, Jaipur, Ajmer,
Tonkand Karauli centres.

Survey was conducted in Bainsi and Sanghi
villages of Rohtak district of Haryana by120
farmers adopting resource conservation
technologies such as ZeroTillage or Turbo happy
seeder for sowing of wheat. A total of 120
farmers comprising 60 beneficiaries and 60 non
beneficiaries were selected for the survey.
Majority of the farmers (32.5%) belonged to age
group 41-50years of age. Eighty percent of them
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were having education upto Matric. Agriculture
was their main occupation (92.5%) and majority
of them were practicing dairying as subsidiary
occupation (52 %). Buffalo was the main source
of milk production among majority of the
farmers. Farmers were also categorized based
land holding pattern it was observed that 65% of
them were falling under in large category with
more than 10 acres of land holding while 42%
were under medium category. On total land
holding basis 64.17% were under large category
and 27.5% were grouped into medium category.
The average area per farmer under zero tillage
was 17.70 acres while the average land holding
per farmer was 18.82 acres among the
beneficiaries of zero tillage technology.

Analysis of survey data (2017-18) from 200
wheat farmers in two districts of Eastern Uttar
Pradesh viz., Allahabad and Ghazipur indicated
that the Yield Gap | was negative in Allahabad,
and the Yield Gap Il was lowest in Ghazipur.
Seeds were used more than the recommended
doses. Fertilizers were used either below or
above the recommended doses. Among all
inputs, expenditure incurred on manure/bio-
fertilizer showed a significant difference. Data
Envelopment Analysis indicated that the
sensitive weather weeks are crop specific and
region specific. For instance, wheat yield levels
are highly sensitive to temperature prevailing
duringweek 11in Ghazipurbut notin Allahabad.
Theimplication of the resultindicates that wheat
crop is sensitive to weather anomalies during
flowering, milking and dough stage in the
selected study regions. In the case of barley, the
identified sensitive crop growth stages are:
tillering, flowering, grain hardening and
ripening.

Under the TSP project, the following eight/seven
centers were included for the year 2019-20,
namely, Lahaul&Spiti (HP), Leh (J&K), Khudwani
(J&K), Jabalpur (MP), Udaipur (Rajasthan),
Bilaspur (Chhattisgarh), Ranchi (Jharkhand) and

Dharwad (Karnataka). Under TSP project, aThree
Days Training on 'Increasing farm income of
Lahaul-Spiti farmers through improved wheat &
vegetable production technologies' was
organised during 19-21 December, 2019 atICAR-
IIWBR, Karnal for 45 farmers (30 men and 15
women) of district Lahaul&Spiti (HP).
Development activities like demonstrations
(193), Trainings (10), farmers fair/field day (6)
were conducted by different centres.

Apart from the above activities, social sciences
unit coordinates the Governments flagship
development programmes like “Mera Gaon
Mera Gaurav” scheme and activities pertaining
to doubling farmer income, creating awareness
on soil health cards etc. During the period
different activities likes training programmes (4),
awareness programmes (8) were organised at
ICAR-IIWBR apart from participation in 10
exhibition/outreach programmes and 5 TV
programmes and 77 coordination visits of
various stakeholders. The farmers were advised
on various aspects related to queries on wheat
and barley cultivation. More than 1200
farmers/entrepreneurs/others stakeholders
were provided replies to their queries via
multiple platforms. Weekly advisories were also
issued to the farmers on weather and cultural
practices during the crop season.

BARLEY IMPROVEMENT

A production of 1.75 MT of barley in an area of 6.1
lakh ha area was achieved with a productivity of
28.8g/ha, the highest recorded sofarin India.

Five barley varieties DWRB160 malt purpose for
NWPZ, RD 2899 for CZ, RD 2907 for salinity
conditions, PL 891 hulless food barley for NWPZ
and HBL 713 rainfed timely sown for HP
conditions were released for commercial
cultivationduring the year.

Two genetic stocks namely DWRB 191 and DWRB
192 were registered with ICAR-NBPGR for their
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uniqueness for higher zinc and iron content,
respectively.

Breeder seed production of 1421 q of 29 barley
varieties was organized against the indent of
827.85 g from MOA, GOI with the help of
coordinated research centers.

On the basis of superiority over the checks in
AVT, the entry DWRB182 was promoted to AVT
Final year while DWRB 204 of food barley was
promoted in AVT-hulless trial and three other
entries namely DWRB196 and DWRB197 of malt
barley were promoted to AVT-MB-TS.

Six exotic germplasm lines from ICARDA
International Nurseries (IBYT-18-9, INBYT-HI-18-
11, 5th GSBYT-18-19, IBON-18-47, IBON-18-60
and IBON-18-100) were found moderately
resistantto leaf blight

Six exotic germplasm lines namely, IBYT-HI-19-
15, IBYT-HI-19-17, IBYT-HI-19-22, IBYT-HI-19-12,
IBYT-HI-19-7 and IBYT-HI-19-16 were found
promising in ICARDA nurseries under multi-
locational evaluation.

Seeds of the 118 selected genotypes were
supplied to the barley breeders working in
different SAUs and ICAR-institutes.

A total of 8193 accessions of barley are being
conserved and maintained in medium term
storage facility in module at ICAR-IIWBR, Karnal.
Atotal of 500 germplasm lines were rejuvenated
during Rabi2018-19

The maximum grain yield was realized in zero till
sowing with rice residue retention which was
significantly higher than other methods of
sowing

BCU 2030 identified as low beta glucan & high
beta glucanase activity genotype from
germplasm accessions evaluated.

Readymix of Halauxifen methyl (10.21g a.i. /ha)
and Florasulam (20g/ha) with surfactant can be

used to control broad leaved weeds in barley.

Application of Pusa Hydrogel and a New
Hydrogel @ 2.5 kg per ha resulted in significantly
higher grain yield as compared to control
conditions. One irrigation water can be saved by
use of the hydrogel.

REGIONAL STATION FLOWERDALE,
SHIMLA

There was no report of any rust epidemic in
wheat growing areas in India. Practically it was
another rust free wheat year. Yellow (stripe) rust
was observed in very low frequency in few areas
of the Northern India. Surprisingly yellow rust
was observed on Lokland Sujata as restricted
foci at Eagle Seed Farm, Brahman Pipliya in
Indore district of Madhya Pradesh.

Brown rust appearance was observed
sporadically in some areas from Maharashtra,
Gujarat and Karnataka. There was no report of
black rust of wheat and barley in farmer's field in
any of the states/area of the country. Practically
rusts remained absent on wheat crop during the
year.

Atotal of 627 samples of three rusts of wheatand
barley were analyzed during the year from
thirteen Indian states, and Nepal. These samples
comprise 201, 292 and 134 samples of yellow,
brown and blackrusts, respectively.

Yellow rust resistance genes Yr5, Yr10,Yr15 and
YrSp; stem rust resistance genes 5r26, 5r27, 5r31,
Sr32, 5r35, Sr39, S5r40, Sr43, SrTt3 and SrTmp; and
leaf rust resistance genes Lr24, Lr25, Lr29, Lr32,
Lr39, Lr42, Lr45 and Lr47 were effective against
the population of Puccinia striiformis f. sp. tritici
(Pst), Puccinia graminis tritici (Pgt) and Puccinia
triticina (Pt) populations, respectively.

Pathotyping of wheat rust samples revealed the
maximum frequency of Pst pathotype 465119
(47.3%) followed by pathotype 1105119 (34.3%).
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Pathotypes 77-9, 77-13 and 77-5 were the most
predominant in Pt and were identified in 51.1,
20.2 and 15.1 % of the samples, respectively.
Pathotype 11 of P. graminis tritici was the most
occurring pathotype and was observed in 50%
of the samples followed by 15-1 and 40A which
were observed in 22.3 and 15.6% samples,
respectively.

Seedling resistance evaluation of more than
3000 wheat and barley lines was conducted
against an array of pathotypes of Pgt, Pt and
Pst, having predominance and different
avirulence/ virulence structures. These lines
include 158 of AVT, 284 of NBDSN & EBDSN,
received from Breeder's and other sources. Four
advancelines (PBW 821, PBW 822, PBW 823 and
PBW 757) possessed resistance to all the
pathotypes of black, brown and yellow rust
pathogens.

Entries NIDW 1158, PBW 752 and PBW 781 were
resistant to yellow rust only. VL3021 possessed
race specific adult plant resistance to both the
pathotypes of Pst (465119 and 1105119) and Pt
(77-9 and 104-2). Four Yrgenes (Yr2, Yr9, YrA, and
Yr18) were inferred in 91 advance wheat lines.
Similarly eleven Lrgenes(Lr1,Lr2a,Lr3,Lr10,Lr13,
Lr18,Lr19,Lr23, Lr24, Lr26 and Lr34) and fourteen
Srgenes (Sr2, Sr5,Sr7b, Sr8a, Sr8b, Sr9b, Sr9e, Sr11,
Sr13, Sr24, Sr25, Sr28,5r30 and Sr37) were
characterized in 75.3% and 79.1% of AVT lines,
respectively.

None of the NBDSN and EBDSN entries showed
resistance to all the tested pathotypes of Pst, Pt
and Pgt. Three lines of NBDSN (BH1024, KB1762,
RD 3008) were resistant to brown and black rusts.
Likewise BHS 474, HBL 845, HBL 863, RD 2786( C),
RD 2991 and RD 3003 possessed resistance to
brown & yellow rusts whereas DWRB182, HBL 812
toblack & yellow rusts of barley.In EBDSN, 37 of the
59 lines were resistant to one or more rusts of
barley. HBL 814 was resistant to black & yellow

rusts whereas RD 2786, RD 2972,RD 2973, RD 2875,
RD 2976 wereresistant to brown & yellow rusts.

National repository of more than 145
pathotypes of different rust pathogens was
maintained in live culture as well as cryo-
preserved. Nucleus/bulk inoculum of
different pathotypes of rust pathogen was
supplied to 45 scientists/centers for
conducting wheat and barley rust research
elsewhereinIndia.

To monitor, the occurrence of disease, wheat
disease monitoring nursery (WDMN/TPN) and
SAARC wheat disease monitoring nursery were
organized and conducted at more than 41
locations in India and 28 locations across the six
SAARC countries, respectively.

REGIONAL STATION DALANG MAIDAN

In the summer nursery 2019 more than 28000
breeding lines received from 42 researchers
/teams have been planted at Dalang Maidan.

More than 550 corrective crosses, back
crosses/three way crosses were made by
researchers of various centres.

The season was favourable for the screening for
yellow rust and powdery mildew. More than
15,000 lines were screened by various centres
and selections were made.

The off-season nursery acts as natural repository
for wheat and barley germplasm and at present
about 9000 wheat accessions and about 2000
barley accessions are being conserved and
maintained under natural cool temperature
conditionsinthe station building.

SEED AND RESEARCH FARM, HISAR

During 2018-19, 761.5 quintals of wheat and
92.7 quintals breeder seeds of barley was
produced.
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OTHERINSTITUTIONAL ACTIVITIES

ICAR-IIWBR Karnal celebrated its 5" Foundation
Day on 9" Feb., 2019. Dr. KV Prabhu, Chairperson,
PPV &FR, New Delhi was the chief guest on this
occasion.

Wheat and Barley Field Day organized on 29"
March, 2019 atICAR-IIWBR, Karnal.

Field day under Wheat and Barley FLDs
programme was organized by ICAR-IIWBR,
Karnal in Village Amin district Kurukshetra on 6™
April, 2019.

The International Yoga Day was celebrated on
21" June, 2019 with full enthusiasm at ICAR-
[IWBR, Karnal. A large number of staff and their
family members participatedin the programme.

XXVI and XXVII IMC meeting was held on 27"
April and 16 September 2019, respectively at
[IWBR, Karnal.

Institute Research Council-l meeting was
organized during 4" July, 2019.

The 58" All India Wheat and Barley Workers Meet
was organized in collaboration with ICAR-IARI
Regional Station, Indore during 24-26 August,
2019.

Farmer-Scientist Workshop and Seed day was
organized on 5" October, 2019 at IIWBR, Karnal
in collaboration with NABARD. More than 9000
farmers participated in this mega event. Dr. AK
Singh, DDG, Horticulture and Crop Science was
the chief guest on this occasion.

RAC meeting was organized during 10-11

October, 2019 at ICAR-IIWBR under the
Chairmanship of Dr. HS Gupta former DG, BISA
and Director ICAR-IARI, New Delhi.

Agricultural Education Day was organized on 3"
December, 2019 atICAR- IIWBR, Karnal.

World Soil Health Day was organized on 5"
December, 2019 atvillage Mehmoodpur, Karnal.

Swachachhata Hi Sewa programme was
organized under Swachchh Bharat Abhiyan
during 11 September to 2™ October, 2019 at the
Institute.

Gandhi Jayanti Utsava was organized during 27"
Septemberto 2™ October 2019 at the institute to
celebrate 150" birth anniversary of Rashtrapita
Mahatma Gandhi.

70" Constitution day was organized at ICAR-
IWBRon 26" November, 2019.

Vigilance Awareness Week was organized from
28" Octoberto 2" November2019.

Dr. T Mohapatra, Secretary DARE and DG, ICAR
visited ICAR-1IWBR on 25" March, 2019.

Honourable Shri Kailash Chaudhary, Minister of
State, Ministry of Agriculture and Farmers
Welfare visited ICAR-IIWBR on 23 December,
2019 and interacted with the staff.

Honourable Sri Sanjay Bhatia MP, Karnal Lok
Sabha and Smt. Renu Bala Gupta, Mayor, Karnal
visited ICAR-IIWBR, on 19" November, 2019. Sh.
Bhatia was the chief guest of training
programme organized for the farmers of Lahaul
Spiti, HP.
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01 CROP IMPROVEMENT

The crop year 2019 has been once again a record
breaking year as far as wheat production of India is
concerned. This year the country has witnessed a
record production of 102.19 million tonnes (4™ AE,
2019) of wheat grains with highest ever
productivity in the country. During the year under
report, the constitution and dispatch of the
advance varietal trials was performed by zonal
coordinating units. The constitution and dispatch
of advance varietal trials for North Eastern Plains
Zone and Peninsular Zone were carried out at
Karnal. All the work related to coding, constitution
and dispatch of national initial varietal trials and
special trials was done at Karnal. A summary of the
work done and significant achievements made

Table 1.1: Wheat varieties released by CVRC during 2019

during the crop season 2018-19 are presented
below.

Release of new wheat varieties for different
zones

Central releases: During the year 2019, the Central
Sub-Committee on Crops Standards, Notification
and Release of Varieties for Agricultural Crops
(CVRCQ) in its 83 meeting recommended the
notification and release of eight bread and four
durum wheat varieties for different production
conditions in various zones (Table 1.1). The Sub-
Committee also recommended the extension of
areas of adoption of HD 3086 and DBW 187 to NEPZ
and NWPZ, respectively

Variety Zone Production condition Grain yield (q ha™)
Average Potential
HI1621 NWPZ/NEPZ Irrigated, very late sown 37.0 (NWPZ) 46.1
28.3 (NEPZ) 40.7
HD3271 NWPZ/NEPZ Irrigated, very late sown 36.6 (NWPZ) 45.5
28.1 (NEPZ) 37.2
DBW222 NWPZ Irrigated, timely sown 61.3 82.1
PBW771 NWPZ Irrigated, late sown 50.3 62.3
HI1628 NWPZ Restricted Irrigation, timely sown 50.4 65.1
DBW252 NEPZ Restricted Irrigation, timely sown 37.0 55.6
HD3249 NEPZ Irrigated, timely sown 48.7 65.7
UAS466 (d) CZ Restricted Irrigation, timely sown 38.8 62.5
DDW47 (d) CZ Restricted Irrigation, timely sown 373 74.1
HI18802 (d) Pz Restricted Irrigation, timely sown 29.1 36.0
HI8805 (d) Pz Restricted Irrigation, timely sown 304 354
GW1346 Pz Restricted Irrigation, timely sown 28.5 40.4

Statereleases:Three wheat varieties were released
by SVRC for different production conditions and
notified by the Central Sub-Committee on Crops

Table 1.2: Wheat varieties released by SVRC during 2019

Standards, Notification and Release of Varieties for
Agricultural Crops (Table 1.2).

Variety State Production condition Grain yield (q ha™)
Average Potential
AAI-W13 up Irrigated, timely sown 34.8 52.1
WH1184 Haryana Irrigated, timely sown 61.3 65.7
HPW368 HP Rain fed, timely sown 26.0 38.7
Irrigated, timely sown 50.9 58.6
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Registration of new genetic stocks: During the
year 2019, twenty genetic stocks of wheat were
registered by the Plant Germplasm Registration
Committee of the NBPGR, New Delhi for different

traits. The genetic resources unit of the IIWBR,
Karnal multiplies the seeds of these registered
genetic stock and supplies to breeder across the
countryas perindents (Table 1.3).

Table 1.3: Genetic stocks of wheat registered during 2018-19

Name Registration number National ID Traits Developed by

1C536365 INGR 19007 1C0536365 Resistant to stem, leaf and stripe rust IARI RS, Wellington

EC574482 INGR 19008 EC574482 Resistant to stem, leaf and stripe rust IARI RS, Wellington

HI8774 INGR 19009 1C0628570 Resistant to stripe rust, Karnal bunt IARIRS, Indore
and powdery mildew

QLD 84 INGR 19010 1C0628572 Soft grain genotype ICAR-IIWBR, Karnal

QLD 11 INGR 19011 1C0628573 High grain protein content ICAR-IIWBR, Karnal

HTW 63 INGR 19032 IC36761A Drought tolerance ICAR-IIWBR, Karnal

BH 1146 INGR 19042 1C0415843 Tolerance to water logging and resistance  ICAR-IIWBR, Karnal
to spot blotch

RWP 2014-18 INGR 19043 1C0630581 Early maturing and high grain weight ICAR-IIWBR, Karnal

DCMS1A&1B INGR 19047
DCMS2A&2B INGR 19048
DCMS4A&4B INGR 19049
DCMS5A&5B  INGR 19050
DCMS6A&6B  INGR 19051

IC 0630582-83
IC 0630584-85
IC 0630586-87
IC 0630588-89
IC 0630590-91

QLD 112 INGR 19052 IC 0632081
QLD 102 INGR 19053 IC 0632082
IIWBR Phy-1  INGR 19054 IC 0632600
1C 427824 INGR 04080 IC 427824
1C 529962 INGR 19044 IC 529962
IC 529684 INGR 19045 IC 529684
1C 290150 INGR 19046 IC 290150

CMS (A) line in PBW 343 background
CMS (A) line in PBW 343 background
CMS (A) line in PBW 343 background
CMS (A) line in PBW 343 background
CMS (A) line in PBW 343 background
Soft grain genotype

High sedimentation value

High phytase level and low phytic acid
High zinc content

Highly resistant to spot blotch

Highly resistant to spot blotch
Resistant to stem, leaf and stripe rusts

ICAR-IIWBR, Karnal
ICAR-IIWBR, Karnal
ICAR-IIWBR, Karnal
ICAR-IIWBR, Karnal
ICAR-IIWBR, Karnal
ICAR-IIWBR, Karnal
ICAR-IIWBR, Karnal
ICAR-IIWBR, Karnal
ICAR-IIWBR, Karnal
ICAR-NBPGR, New Delhi
ICAR-NBPGR, New Delhi
ICAR-NBPGR, New Delhi

pathotypes prevalent in India.

Germplasm exchange, evaluation, characteri-
zation, conservation and documentation

Germplasm exchange: During 2019, global durum
panel consisting 976 accessions from ICARDA; 117
accessions of wild species from IARI-Regional
station, Wellington, 189 wheat germplasm
accessions from ARI Pune and 600 accessions from
JNKVV RS Powarkheda were acquired. Institute also
supplied 2518 accessions to various indenters
within the country. Apart from this, 1155 lines were
supplied to the researchers/breeders. These lines
were selected by them during the wheat and barley
field day organized at ICAR-IIWBR, Karnal on 29
March, 2019. After taking the approval from
DARE/ICAR, 350 advance lines of wheat were
exported to Bangladesh and Bolivia through

NBPGR/CIMMYT for screening against wheat blast.

Germplasm characterization: Two hundred six
bread wheat accessions and two hundred thirty-
seven durum accessions were evaluated and
characterized as per DUS testing guideline for 38
characters during 2019. A wide range of variation
was observed for days to heading (87-125 days);
days to maturity (135-158 days); plant height (69-
166 cm); 1000 grains weight (16-679); spike length
(4.4-14.9 cm); spikelets spike™ (12-26); grains per
spike (15-91); and grain weight spike™ (0.26-4.01g).
The promising accessions identified for individual
and multiple traits are given below:

Plant height: Eight accessions showed dwarfness
and recorded plant height <80cm.These were JU 80
(69.3cm),JU 18 (77.3 cm), EIGN 4-5E10871 (74.7cm),
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E4757 (78 cm), CRESO (78.3cm) and NI88 (79cm).

Spike length: Five accessions (EIGN | (5-6) (13.62 cm),
EIGN I (5-6) 107 (13.9 cm), EIGN I (5-6) 114 (13.1 cm),
HS 375 (13.2 cm) and EIGN | (4-05) 77 (14.9 cm) had
spikelength morethan 13cm.

Spikelets spike: Four accessions namely EC 123547, |
15177, EIGN | (4-5) 85 and EIGN | (4-5) 86 had
number of spikelet per spike equal to 26.

Grain number per spike: Four accessions of bread
wheat namely EIGN | (5-6) 108 (91), EIGN | (5-6) 15
(85),EIGN[(5-6) 111 (84) and EIGN | (4-5) 85 (82) had
more than 80 grains per spike.

Grain weight spike”’ : One bread wheat accession
viz.,, EIGN | (5-6) 32 (4.1g) and four durum wheat
accessions namely NIDW 132 (3.96g), GW 1126
(3.729), JU 170 (3.92g) and D639 (3.54g) had spike
weight morethan 3.5g.

Thousand grain weight: Five accessions namely
RALNIS 1 (67.779), Ratwadi Basmati (62.87g), JU168
(62.669), JU20 (60.81g) and PDSN 689 (57.05g) had
1000 grain weight more than 57g.

Evaluation of monococcum lines: Out of 70
monococcum lines evaluated in NWPZ, only oneline
namely EC 542673 set seed under field conditions.

IC 427824: High Zinc Content genotype: The IC
427884 was evaluated for Zinc content in wheat
biofortification nursery at 21 locations of four zones
and IC 427824 ranked 1% in zinc content and
accumulated a Zn content of 51 mg kg™, 48.5 mg kg’
',66.4 mg kg and 52.2 mg kg in NWPZ, NEPZ, CZ
and PZ respectively. At national level also, IC 427824
(53.5 mg kg") is the only entry that formed the first
non-significant group for higher grain zinc content.

DUS testing in wheat: In crop season 2018-19, a
total of 10 candidate varieties (NABIMG 10, NABIMG
11, NABIMG 12, SRW 303, SRW 404, SRW 252, SRW
231, SRW 111, MAHVEER KISHAN VARDAN, MALAV
2271(durum), were tested under New/VCK category
inthree replications against 25 reference varietiesin

DUS trials for DUS testing. Data of all the test
centres viz, Karnal, Indore and Dharwad was
compiled, analyzed and submitted to PPV&FR
Authority for making decision regarding
registration. In addition, 13 farmer's varieties
(BILASE, SHODA, SURAJMANI, ULOCHANA, SKF CN
5,LAMHRWAN GEHUN (DBR), NARENDRA 09, RITUR,
WHEAT 'PUNJAB SHINGAR', SUPREME 1111,
BANDHAN GEHUA, KAYADHU N 49, KATHIA DESI
GEHUN (DUR)) were grown for recording of agro-
morphological data in two replications against 21
reference varieties. In crop season 2019, 7 candidate
varieties (SRW 111, SW 303, SRW 404, SRW 232, SRW
252, W 2019-1 and MALAV 221) of wheat and 64
farmer's varieties have been grown for DUS testing.

Registration of varieties with the PPV&FRA:
Registration proposal of DBW187 was submitted to
the PPV&FRA, New Delhi for seeking protection
under PPV&FRA-2001 in extant category.

Wheat and barley field day

This year 'Wheat and Barley Field day' was
organized on 29" March, 2019 at IIWBR, Karnal and
40 participants from CGIAR institutes, SAUs, ICAR
institutes and NGOs attended the field day. The
details of wheat trials/nurseries namely ESWYT
(100 entries), SAWYT (100 entries), HTWYT (100
entries), HRWYT (100 entries), WYCYT (64 entries),
IBWSN (300 entries), SAWSN (300entries),
STEMRRSN (168 entries), HRWSN (139 entries),
SATYN (66 entries), KBSN (38 entries), HLBSN (52
entries), MDSN (38 entries), EIGN (108 entries),
NDSN (55 entries), NGSN (80 entries), Australian
core (269 entries), AVT (58 entries) and barley trials
namely IBYT (25 entries), GSBYT (25 entries), IBON
(138 entries) and GSBON (161 entries) were made
open to participants, so that they can carry out in-
situselection as per theirrequirement.

Pre-breeding for wheatimprovement

Pre-breeding is an important tool for diversifying
the gene pool and creating genetic variability in
wheat as there has been a depletion of genetic
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resources. Wild relatives of wheat contain many
useful and economic genes and thus provide a
greater scope for introgressing the alien genes
through wide hybridization. Keeping in view, the
evaluation and hybridization program involving
wild sourcesis underway at [IWBR.

Evaluation of material developed: Twenty cross
combinations alongwith five checks were
evaluated for yellow and brown rusts. Ten crosses
namely PBW 703 /EC 787014 (CS/Th. bessarabicum),
Ae. peregrina /1IC 532653//DBW 14, NIDW15 /
(Chinese spring/Ae speltoides), DBW621-50 /
Paragon, Ae. peregrina /IC 532653// WH 1105, Ae.
ovata 20/WH 1105, Ae. peregrina /1C 532653//HD
2967, MACS-2846/ (Langdon/Th. bessarabicum),
PBW 702 / (Highbury/Ae. mutica), and check (HD
2932) had lesser incidence of yellow rust (10S to
20S) while Brown rust was recorded in nine crosses
only (Table 1.4). These were tested against a mixture

Table 1.4: Important crosses under pre-breeding program

of races received from IIWBR Shimla.

Hybridization with non-conventional
germplasm

About 250 cross-combinations involving non-
conventional and wild sources were attempted to
introgress the desirable genes particularly for biotic
and abiotic stress tolerance, into Indian wheat
varieties. The crosses were meant for biotic and
abiotic stress tolerance. F,s from twenty-one wild
crosses were treated with colchicine for
chromosome doubling. These 21 lines along with 4
checks were evaluated under timely irrigated and
timely sown rainfed conditions for drought
tolerance and disease incidence. Based on
phenological data, these were divided into two
groups; 10 crosses and one check with days to
heading less than 90 days under rainfed conditions
were put into one group and remaining into other

group.

SN Cross details BR YR

1. PBW 703/ EC-787014 (CS/Th. bessarabicum) 10S 20S
P Ae. peregrina /532653//DBW 14 20S
3. DPW -621-50 /EC-787010 (Neodur/Th. bessarabicum) 10S 60S
4. NIDW-15/ (Chinese spring/Ae. speltoides) 10S 20S
5. Ae. kotshyii/IC532653//WH 1105 60S
6. DBW 39/ EC 787009 (Karim/ Th. bessarabicum) 40S
7. DBW 621-50/Paragon) 20S 20S
8. T. sphaerococcum /HD 3118 (72)/ PBW-702 40S 40S
9. Ae. peregrina /IC 532653//DPW 621-50 40S
10. Ae. peregrina /IC 532653// WH 1105 40S 20S
11. Ae. peregrina 226/Halberd / DBW-90 10S 20S
12. PBW-702 / (Highbury/Ae mutica) 20S
13. MACS 2846 / (Langdon/Th. bessarabicum) 10S
14. Ae. peregrina /IC 532653//HD 2967 10S
15. Ae. ovata 20/WH 1105 10S
16. DBW 39/ (Highbury/Ae mutica)/DBW 39 20S 40S
17. PBW343 X EC787008 40S
18. Ae. peregrina 239 /HS 277 / DPW 621-50 40S
19. PBW 698 / EC 787010 (Neodur/Th. bessarabicum) 40S
20. DBW39/ EC 787012 (Azaziah/Th. bessarabicum) 40S
21. HD 2932 10S 10S
22. HD 3226 10S 40S
23. HD 2967 10S 40S
24. DBW 110 10S 60S
25. DBW 93 10MR 40S
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Drought stress tolerance: Based on the
susceptibility index, in the first group two crosses
namely, PBW 703/ EC-787014 (CS/Th.
bessarabicum) and Ae. peregrina /1C 532653//DBW
14 were highly tolerant under rainfed conditions
where asin the second group three crosses namely
Ae. peregrina 226/Halberd /DBW-90, PBW 702 /
(Highbury /Ae. mutica), and MACS-2846/ (Langdon/
Th. bessarabicum) were highly drought tolerant
(Table 1.5).

Developing genotypes for high zinc, iron and
protein content through pre-breeding in wheat:
The selected amphidiploids received from
University of Nottingham, United Kingdom under
DBT-BBSRC project were used in crossing program
to improve Indian varieties for micronutrients. The

agronomic base promising varieties were involved
in crossing program. Out of 150 cross combinations
forty genotypes were selected and evaluated for
two years along with four checks (promising
varieties) for grain weight, zinc, iron and protein
content. zinc and iron estimations were performed
using an Oxford instruments X-Supreme 8000 fitted
with 10 place auto sampler, holding 40 mm
aluminum vials. The genotypes DWR-QW-6, DWR-
QW-8 were found superior to checks for Zn while
genotypes DWR-QW-1, DWR-QW-5, DWR-QW-12,
DWR-QW-25, DWR-QW-29, DWR-QW-39, DWR-
QW-40 for protein content and genotypes DWR-
QW-1, DWR-QW-21, DWR-QW-31, for Iron
content at IIWBR-Hisar farm and IIWBR-Karnal
(Table 1.6).

Table 1.5: Days to heading, grain yield (g m®) and drought susceptibility index (DSI) in wild crosses

Cross details

Days to heading

Grain yield (g/m’)  Drought Susceptibility

TSIR TSRF TSIR TSRF Index (DSI)
Group |
PBW 703/ EC-787014 (CS/Th. bessarabicum) 84.0 725 432.7 4333 0.01
Ae. peregrina /532653//DBW 14 86.5 73.0 625.2 679.3 0.36
DPW -621-50 /EC-787010 (Neodur/Th. bessarabicum) 95.0 87.5 736.1 831.3 0.54
NIDW-15/ (Chinese spring/Ae. speltoides) 926.0 84.0 627.6 739.0 0.74
Ae. kotshyii/IC532653//WH 1105 92.0 82.5 519.7 632.3 0.91
DBW 39/ EC 787009 (Karim/ Th. bessarabicum) 96.0 88.0 642.5 791.1 0.97
DBW 621-50/Paragon) 92.5 85.0 543.8 678.8 1.04
T. sphaerococcum /HD-72 / PBW-702 78.0 65.5 576.0 721.5 1.06
Ae. peregrina /IC 532653//DPW 621-50 89.5 87.0 552.2 779.3 1.72
Ae. peregrina /IC 532653// WH 1105 94.5 88.0 538.3 867.7 2.57
HD 2932 94.0 81.5 672.7 855.8 1.14
Group Il
Ae. peregrina 226/Halberd / DBW-90 100.5 94.0 5448 4539 -0.50
PBW-702 / (Highbury/Ae mutica) 117.0 107.0 383.0 3741 -0.07
MACS 2846 / (Langdon/Th. bessarabicum) 107.0 102.0 514.1 580.9 0.39
Ae. peregrina /IC 532653//HD 2967 98.5 94.5 649.8 831.5 0.85
Ae. ovata 20/WH 1105 101.5 95.5 561.1 724.6 0.88
DBW 39/ (Highbury/Ae mutica)/DBW 39 99.0 93.0 688.9 920.0 1.01
PBW343 X EC787008 103.0 101.5 411.1 553.6 1.05
Ae. peregrina 239 /HS 277 / DPW 621-50 109.0 102.5 504.7 708.5 1.22
PBW 698 / EC 787010 (Neodur/Th. bessarabicum) 100.0 96.0 633.0 908.1 1.31
DBW39 / EC 787012 (Azaziah/Th. bessarabicum) 97.0 92.5 5744 860.9 1.51
HD 3226 102.0 94.5 749.6 966.8 0.88
HD 2967 105.5 99.0 621.3 840.5 1.07
DBW 110 106.5 95.0 434.2 744.3 2.16
DBW 93 100.0 95.5 464.2 824.1 2.34

TS-IR=Timely Sown irrigated; TS-RF= timely sown rainfed
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Table 1.6: Promising genotypes for high zinc, iron, protein and agronomic traits

Pedigree of Genotype Name TKW(g) Zn(PPM) Fe(PPM) Protein (%)
Chi. Spring / Ae. mutica (213004)// HD3086 DWR-QW-1 38.2 26.9 56.7 17.5
Chi. Spring / HD3086 / HD 3086 DWR-QW-2 41.2 21.2 36.2 12.3
Chi. Spring / Th. bessarabicum // WH1105 DWR-QW-3 37.0 322 39.9 124
Azazziah / Th. bessarabicum // HD 3086 DWR-QW-4 35.0 31.6 394 113
Chi. Spring / HD 3086 DWR-QW-5 37.8 27.2 359 14.6
Pavon 76 / Ae. umbelullata / WH1105 DWR-QW-6 37.0 76.8 384 13.1
Chi. Spring / Th. bessarabicum / HD 3086 DWR-QW-7 38.0 28.5 393 13.3
Pavon 76 / Ae. mutica (2130012 /*2 HD3086 / HD 3086 DWR-QW-8 42.8 54.5 39.7 13.2
Highbury/ WH1105 DWR-QW-9 36.2 28.5 35.2 13.9
Highbury/ DBW 88 / DBW 88 DWR-QW-10 38.8 25.8 344 11.5
Chi. Spring /WH1105 DWR-QW-11 37.0 254 30.9 13.7
Pavon 76 //*2 WH1105 DWR-QW-12 35.0 304 41.0 15.8
Karim / Th. bessarabicum / HD 2967 DWR-QW-13 36.0 32.1 39.0 13.0
Chi. Spring / PDW291/GDW1255 DWR-QW-14 39.8 33.8 40.3 13.6
Highbury / Ae. mutica / DBW88 DWR-QW-15 31.8 244 36.4 12.1
Karim / Th. bessarabicum / WH1105/HD2967 DWR-QW-16 38.0 25.0 424 124
Paragon //*2 HD2967 DWR-QW-17 34.5 24.5 339 13.5
Chi. Spring / Th. bessarabicum //*2 HD 2967/HD2967 DWR-QW-18 38.8 25.0 35.0 12.7
Chi. Spring / PDW 291 DWR-QW-19 37.8 28.2 36.3 12.6
Paragon /WH1105 / HD 2967 DWR-QW-20 36.4 27.2 36.3 153
Highbury/ DBW 88 DWR-QW-21 29.2 27.1 553 15.5
Pavon 76 / HD 3086 DWR-QW-22 39.8 30.9 42.5 13.9
WH1184 / Paragon DWR-QW-23 30.6 31.2 38.8 14.3
Chi. Spring / Th. bessarabicum // HD 2967/HD2967 DWR-QW-24 35.0 313 37.0 14.6
Paragon / D. Dry DWR-QW-25 34.0 335 36.1 18.0
Paragon / HD 2967 DWR-QW-26 38.8 26.9 36.4 15.7
Karim / Th. bessarabicum // HI8726 / WH1105 DWR-QW-27 37.8 244 39.1 13.0
Paragon/ Israna DWR-QW-28 354 28.1 39 12.6
Highbury/ DBW 110 DWR-QW-29 39.5 32.7 36.9 16.1
Pavon 76 / GW322 DWR-QW-30 358 26.2 36.1 12.9
Paragon / GW322 DWR-QW-31 36.6 279 60.1 11.8
Compactum / Pavon 76 DWR-QW-32 39.0 33.8 384 14.0
Highbury/ GW322 DWR-QW-33 30.6 30.2 343 12.6
Pavon 76 / Ae. speltoides / WH1184 DWR-QW-34 38.5 314 40.9 15.3
Paragon / GW 322 DWR-QW-35 38.0 32.0 37.6 12.8
Highbury / KRL 1-4 DWR-QW-36 36.2 28.0 32.1 13.3
Chi. Spring //*3 WH1105 DWR-QW-37 389 31.2 39.8 13.7
Paragon / HD 3086 DWR-QW-38 358 26.4 354 13.2
Karim / Th. bessarabicum / HI8726 / WH1105 DWR-QW-39 39.2 29.3 39.7 16.2
T. sphearococcum / Pavon 76 DWR-QW-40 344 39.0 38.5 16.7
MACS 6222 Check 44.0 40.9 45.0 12.1
HI 8498 Check 45.0 40.2 433 12.0
KRL 210 Check 40.0 36.2 42.8 11.8
HD 2967 Check 40.0 359 40.6 11.6

Agronomic traits like days to heading (DTH), days to
maturity (DTM), plant height (PHT), thousand grain
weight (TKW), CHL (Chlorophyll content) and grain

yield plot” (GYPP) were also recorded.

Sharing the segregating material with
cooperating centers: [IWBR pre-breeding program
is engaged in developing specific crosses involving
non-conventional parents. The purpose is to
diversify the material. Ten populations were shared
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with cooperating centers across the country
through segregating stock nursery (SSN). The
parents involved were having tolerance to biotic
stresses, lodging and high yielding wheats. In
addition to it the fixed lines were also shared
through National Genetic Stock Nursery and

Table 1.7: Sharing of material through SSN

Entry Pedigree

SSN-1  T.compactum/HD 2967//WB 2

SSN-2  T. compactum/HI8498//T. polonicum//HI8498
SSN-3  T.compactum/HD 2967//DBW 39

SSN-4  T. compactum/Pavon 76//HD 3086

SSN-5  T. polonicum/HI 8498//RAJ 1255/*3/ HI 8498
SSN-6  WB 2/ Ae. koschyii

SSN-7 T spelta/HD 3086//HRWSN 2076

SSN-8  Triticale/2*WH 1105//C 306/3/ DBW 88
SSN-9  T.dicoccum/HD 2967//T. spelta/3/HD 3086
SSN-10  GW 322/Ventricosa//HD 2967

Biofortification Nursery (Table 1.7).

Genotypes contributed to national coordinated
trials: Out of the material developed in the project,
each year a number of fixed lines are evaluated in
yield trials. This year one genotype DBW 322 has
been promoted to restricted irrigated national trial
NIVT-5A being a high yielder in station trial basis.
This genotype performed better as compared to
checks but due to not being significantly superior
over check, it could not be promoted. The

Table 1.8: Performance of DBW 281 in NIVT 1A

Yield in q ha” and rank

Centre DBW 281 Check

NWPZ 65.5 (6) HD 2967 : 53.5 (30)
NEPZ 52.4 (4) HD 2967 : 47.6 (24)
National 58.7 (5) HD 2967 : 50.6 (30)

performance of genotype DBW 281 in NIVT-1A is
showninTable 1.8.

Characterization of photosynthetic pathway in
different species of wheat

In order to characterize photosynthetic pathway,
gas exchange studies were conducted in three

diverse species (i.e. Triticum aestivum, T. tauschii and
T. bioticum) of wheat. Working protocol was
developed for determination of CO, compensation
point using gas exchange parameters. Mean values
of photosynthesis were plotted against varying CO,
concentrations. Intercept on X axis represent the
CO, compensation point which explain about
which photosynthetic pathway (either C, or C,) is
operating at physiological level. Value of CO,
compensation point ranged from 50 to 100 ppm
which strongly suggested that photosynthetic
pathway operating in all the three species is only C,
andinnocaseitwasC,.

Wheat improvement for high productive
environments of northernIndia

DBW222 (Karan Narendra): a new wheat variety
released for north western India: It was identified
for cultivation under irrigated timely sown
conditions of NWPZ. This variety DBW 222 yielding
61.3 g ha' has shown a significant yield superiority
over HD 2967 (13.1%), WH 1105 (6.4%), HD 3086
(4.02%), DBW 88 (9.4%), DPW 621-50 (7.3%), PBW
550(2.11%) and HD 3226 (0.6%) and has shown the
potential yield of 82.1 g ha™. It was highest yielding
in agronomical trials both under timely and late
sown conditions. It is resistant to foliar diseases
under natural and artificial epiphytotic conditions.
SRT analysis revealed that DBW222 is resistant to
most prevalent brown rust races (11,12-2,12-5,12-
7,12-8,16-1,77,77-2,77-7 77-8, 77-9, 77-10,77A-1,
104-2, 104-3,104-4,107-1,162-1,162A). Presence of
adult plant resistance and slow rusting genes in

;__u .,,.,.'I.AL h-.'-—r'-lr_—




CROP IMPROVEMENT

DBW 222 for brown rusts as indicated by race
specific (77-5, 77-9, 104-2) APR response. DBW 222
has good nutritional quality as indicated by high
Iron content (37.5 ppm). Itis having a good chapati-
making score (7.5), bread loaf volume (648 ml),
bread quality (8.24) and a biscuit spread factor
(8.45cm).

Notification and area extension of Karan
Vandana (DBW 187): DBW 187 (Karan Vandana)
was identified and released for cultivation in
irrigated timely sown conditions of North Eastern
Plain Zone (NEPZ) vide gazette notification S.O.
1498 (E) dated 01.4.2019. Based on high yield and
input responsiveness, under Special-High Yield
Potential Trial DBW 187 was identified for release
under irrigated early sown & timely sown
conditions in NWPZ by varietal ldentification
committee. This variety has been recommended for
an area extension in North Western Plains Zone
(NWPZ) by Central Varietal Release Committee in
the meeting held on 4™ October, 2019. This
genotype has also shown resistance to wheat blast
disease and was significantly superior in yield over
popular check HD 2967 (19.2%), HD 3086 (3.9%)
during 2018-19 under SPL-HYPT trial. It recorded
average yield of 78.6 with potential yield of 96.6
g/ha. DBW 187 is tolerant to terminal heat under
late sown conditions (HSI = 1.04). DBW 187 was
higher yielding than all checks under late sown
conditions in agronomical trials. It is resistant to
foliar diseases under natural and artificial
epiphytotic conditions. SRT analysis revealed that
DBW 187 is resistant to most prevalent pathotypes
of yellow and brown rust. Gene postulation

Table 1.9: Performance of entries in advance varietal trial

indicated that DBW 187 carries Lr26+10+, Sr5+11+,
Yr2+ gene combinations for brown, black and
yellow rusts. DBW 187 has good nutritional quality
as indicated by high Iron (43.1 ppm). It is having a
good chapati-making score (7.7) and good biscuit
spread factor (8.6 cm). The quality of protein is also
very good as indicated by a perfect Glu score of 10
with protein content of 11.6 %.

Performance of entries in Advance Varietal Trial:
DBW 222 was tested in second year of AVT IR-TS-
NWPZ and was identified for release as it showed
significant superior performance over checks. Five
entries were tested in AVT | year (SPL-HYPT):
DBW301, DBW 302, DBW 303, DBW 304, DBW 187.
while DBW 273 was tested in AVT-RI-TS-NWPZ. DBW
303 was promoted to AVT-Il (SPL-HYPT) under
irrigated early sown conditions of NWPZ (Table 1.9).

Performance of entries in National Initial
Varietal Trials: Based on the performance of the
entries in different NIVTs, genotype DBW 291 was
promoted to AVT-l under irrigated late sown
conditions of NWPZ . DBW 296 was promoted to
AVT-l under restricted irrigation timely sown
conditions of NWPZ (Table 1.10)

Contribution to coordinated trials/nurseries

IIWBR station trials: A total of 23 entries were
contributed to different IIWBR station trials of 2019-
20. From station trials of 2018-19, four promising
genotypes namely, DBW 308, DBW 311, DBW 316
and DBW 318, were promoted to various National
Initial Varietal Trials based on evaluation for yield
and disease resistance. Performance of these lines

Entry Promoted to Zonal yield (q ha™) Rank Best Check cb
DBW 222 Identified and released (IR-TS-NWPZ)  64.4 1 HD3086 (62.8) 0.9
DBW 187 SPL-HYPT Released 78.6 2 HD3086 (75.6) 2.2
DBW 303 SPL-HYPT final year 80.4 1 HD3086 (75.6) 2.2

Table 1.10: Performance of entries in national initial varietal trial

Entry Promoted to Yield (q ha”) Rank Best Check CD
DBW 291 AVT-I (IR-LS-NWPZ) 52.0 8 DBW173 (49.2)2.3
DBW 296 AVT-l (RI-TS-NWPZ) 61.9 1 WH1142 (57.3)3.5
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Table 1.11: Four promising entries promoted to NIVTs

Entry Promoted to Avg. IPPSN 2018-19
Yield Stem Rust Leaf rust (south) Leaf rust (south) Stripe rust
(qha”) HS ACI HS ACI HS ACI HS ACI
DBW 308 NIVT 1A 52.2 20S 8.8 10MS 3.5 20S 4.2 20S 122
DBW 311 NIVT 1B 54.2 60S 200 10S 6.8 20S 6.7 20S 6.8
DBW 316 NIVT 3A 45.3 5MS 1.6 0 0.0 TS 0.2 5S 1.5
DBW 318 NIVT 3A 48.6 10MS 3.2 40S* 10.2 TS 0.2 10S 39

in station trials and IPPSN are presented detailed in
Table1.11.

In addition, genotype DBW 187, DBW 301, DBW 302,
DBW 303 and DBW 304 were promoted to special
trial of High Yield Potential Trial (SPL-HYPT) under
early/timely sown irrigated conditions of NWPZ.
DBW 303 ranked firstin the trial and was promoted
tofinal year (Table 1.9). A total of 12 early maturing
genotypes were contributed to SDSN. Genotypes
RWP 2014-19, RWP 2013-20 and RWP 2016-29
performed consistently superior over the checks
in three years of evaluation in SDSN. A total of 25
diverse segregating populations were contributed
to Segregating Stock Nursery (SSN) during 2018-
19. Genotypes RWP 2018-26 (0.92), RWP 2018-27
(0.89), RWP 2018-31 (0.88), RWP 2018-32 (0.87) and
DBW 273 (0.89) were identified in NWPZ &NEPZ. In
MLHT 2, RWP 2017-21 (0.93) was identified for CZ
&PZ.

Creation of variability for different traits
through hybridization: A total of 320 bread wheat
cross combinations were successfully attempted
with the aim of high yield, enhanced plasticity,
resistance to diseases including rust diseases,
drought and heat conditions. 40 backcrosses were
also attempted in the off-season nursery at Dalang
Maidan during 2019.

Evaluation of breeding material: A total of 370F s,
574 F,331F,550F, 220 F, 132 F,populations were
evaluated in field under high disease pressure of
yellow and brown rust. Selections were made on
the basis of disease resistance, agro-morphological
traitsandyield components.

Evaluation of advanced generation bulks in
Preliminary yield trials: During the crop year
2018-19, a total of 40 advance generation bulks
were evaluated in Preliminary Yield Trials (TS), 20
entries in PYT (RI) and 24 entries in PYT (LS) along
with checks under artificial epiphytotic conditions
for yellow and brown rusts. The yellow rust severity
ranged from 0-60S whereas, brown rust severity
ranged from 0-40S. A total 10 lines were found
superior to checks with respect to yield and rust
resistance in IR-TS entries whereas seven and six
lines were found superior to checks in RI-TS and IR-
LS entriesrespectively.

Breeding wheat genotypes for easternregion

Hybridization and generation advancement:
During the year 2019, a total of 101 new cross
combinations involving different targeted donors
were attempted to diversify genetic base, improve
tolerance against biotic/abiotic stresses and
quality traits were advanced at [IWBR, RS Dalang
Maidan during summer 2019. The F, & F,
generation of these crosses have been sown at
[IWBR, Karnal during 2019-20. Segregating
generations viz., F, (55 crosses), F, (18 crosses) and
F. (85 crosses) were sown during main season at
Karnal. Apart from this, F, bulks (9 crosses), F,
bulks (19 crosses) and F, bulks (22 crosses) were
planted during main season, 2018-19. Apart from
this about 1300 single spikes for different filial
generations have been planted.

Contribution to national trials: Genotype DBW
277 and five other genotypes were tested in AVTs
and NIVTs respectively, during 2018-19. Six
genotypes were promoted to different NIVTs
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Table 1.12: Wheat genotypes contributed under different NIVTs during 2019-20

DWR ST-Id Entry Pedigree Trial
LBP 2018-07 DBW 312 HUW234/WH147 NIVT-1B
LBP 2018-13 DBW 335 RAJ3765/BH1146 NIVT-3A
LBP 2018-18 DBW 321 DBW39/DL788-2 NIVT-5A
LBP 2018-17 DBW 323 TILHI/SOKOLL/4/2*ATTILA*2/
PBW65/PIHA/3/ATTILA/ 2*PASTOR NIVT-5A

LBP 2018-20 DBW 321 CHIPAK/83 NIVT-5B
LBP 2018-16 DBW 295 CROC_1AE.SQ(205)//BORL95
/3/PRL/SARA//TSI NIVT-5B

during 2019-20 based on superior performance in
stationtrials.(Table 1.12).

Contribution to national nurseries: Three
genotypes (LBP 2018-23, NEP-RI-18-25, NEP-TS-18-
51) were contributed to the Salinity/Alkalinity
nursery; two genotypes (DT-RIL-1 and DT-RIL-110)
were contributed for DTSN during 2019. Besides, 25
genotypes were contributed to the short duration
screening nursery during 2019.

Contribution to IIWBR station trials and PYTs:
Total 30 entries were contributed to different
station trials conducted under different production
conditions across zones during 2019. Also, 69 lines
were contributed to three preliminary yield trials
during 2019.

Sharing of material in eastern India: During
2019-20, North Eastern Special Trial (NEST) trial
comprising 43 test entries along with five different
checks (DBW 39, DBW 187, DBW 107, HD 2967 and

Raj 3765) was planted at seven different locations
(Sabour, Coochbehar, Kalyani, Shillongani, Ranchi,
Pusa and Faizabad) in NEPZ for sowing in two dates
(timely and late sown) to identify suitable
genotypes which are early (in flowering and
maturity) and superiorinyield.

Assessment for grain yield and agro-
morphological traits in bread wheat: Advanced
breeding lines were evaluated to identify
genotypes with superior agro-morphological traits
along with stripe rust resistance. Appreciable
amount of variation was observed for various agro-
physiological traits and stripe rust incidence (Table
1.13).The traits viz., DTH (-0.42), PH (-0.20) and GNPS
(-0.10) exhibited negative association with grain
yield, whereas GWPS (0.08), NDVI (0.08) and BY
(0.87) exhibited positive association with grain
yield. Therefore, the traits which showed positive
significant association with grain yield could be
used as selection criterion for selecting high

Table 1.13: Selected genotypes for grain yield and agro-morphological traits

Code Genotypes DH PH(cm) GNPS(3 spikes) NDVI GWPS(gm) BY(Kg) GY (Kg plot”) Stripe rust
G1 LBP 18-1 106 120 149.7 0.69 9.1 16.1 4.6 tS
G2 LBP 18-13 88 110 125.0 0.65 8.5 134 5.2 tS
G3 LBP 18-16 104 120 155.3 0.72 11.8 15.2 5.6 0
G4 LBP 18-15 108 117 141.7 0.74 9.5 14.5 54 5S
G5 LBP 18-17 104 114 163.7 0.71 10.6 15.3 54 0
G6 LBP 18-18 104 120 124.7 0.68 9.0 15.4 6.0 0
G7 LBP 18-20 99 112 174.3 0.67 9.4 154 6.0 tS
G8 LBP 18-19 108 109 158.0 0.73 79 14.5 55 tS
G9 LBP 18-25 102 123 166.7 0.69 8.4 13.3 4.2 0
G10 BCW 2 107 118 143.0 0.69 7.8 12.2 53 0
G11 BCW 5 106 121 149.7 0.67 8.9 16.2 49 0
G12 BCW 6 103 110 161.7 0.68 8.0 14.7 5.6 0
G13 BCW9 106 111 168.3 0.70 8.2 13.9 4.8 5S
G14 BH 1146 (C) 79 141 126.0 0.68 8.2 18.4 49 20S
G15 DBW 39 (C) 91 112 164.3 0.59 8.9 243 5.5 40S




ICAR-IIWBR ANNUAL REPORT 2019

yielding genotypes. Out of 38 genotypes, 13
genotypes viz.,, G1, G2, G3, G4, G5, G6, G7, G8, G9,
G10, G11, G12, and G13 were selected which
exhibited less than 5S stripe rust incidence. Further,
05 genotypes viz,, G3, G6, G7, G8, and G12 were
found better than check (DBW 39) for grain yield
and stripe rust incidence. Further, these genotypes
could be evaluated in multi-environments and/or
multi-years' trials for the assessment of stability in
respect of yield performance and stripe rust
resistance.

Identification of water logging tolerant wheat
genotypes using various selection:
Waterlogging condition limits wheat yields in areas
receiving heavy rainfall and poor drained soil
around the world including India. Various
agronomic practices have been proposed and are
practiced to minimize the adverse effects of
waterlogging on crop growth and development. A
set of 65 genotypes including five checks (HD 2967,
HD 2009, KRL 3-4, KRL 99, and Kharchia 65) were
evaluated during Rabi 2018-19 under normal and
waterlogging conditions in an augmented design
to identify stress tolerant genotypes (Table 1.14).

Each genotype was plantedina pot of 1 row of 2.0m
length maintaining a spacing of 23cm between
rows and 10cm between plants within a row.
Promising genotypes (SSD C3-253, SSD (C3-143,
HPBW 2, HD 2888, SSD C3-24, SSD €3-113, and WH
1105) were selected based on high grain yield
along with lower reduction percentage, and stress
susceptibility index under waterlogging condition
as compared to best check (KRL 3-4). However, some
other genotypes viz.,, SSD C3-140, SSD (C3-347,
NW5054, DBW 71, SSD C3-264, PBW 550, PDW 314,
SSD C3-253,HPBW 2, SSD C3-24, SSD €3-113,and WH
1105 were selected only based on stress susceptibility
index, tolerance index and least reduction percentage
in grain yield due to waterlogging, as compared to
best check (KRL 3-4). Therefore, the selected
promising lines could be used as donors to improve
waterlogging tolerance in wheat.

Anticipatory breeding programme for
mitigating threat of wheat blast: An Anticipatory
Wheat Blast Screening Nursery (AWBSN) consisting
of 86 entries was planted at eight locations in
eastern states (Assam, West Bengal, Bihar,
Jharkhand, Meghalaya & Manipur).

Table 1.14: Wheat germplasm evaluated for water logging tolerance

Genotypes Grain yield (g plot™) % Yield reduction Stress susceptibility
Normal Waterlogged Index
SSD C3-253 370 320 13.51 0.26
SSD C3-143 396 294 25.66 0.51
HPBW 2314 283 10.03 0.20
HD 2888 365 265 27.40 0.54
SSD C3-24 300 260 13.19 0.26
SSD C3-113 280 249 11.25 0.22
WH 1105 308 223 27.64 0.55
SSD C3-140 245 213 13.06 0.26
SSD C3-347 245 210 14.29 0.28
NW 5054 241 182 24.32 0.48
DBW 71221 163 26.47 0.52
SSD C3-264 146 129 11.64 0.23
PBW 550 160 126 21.25 0.42
PDW 314 100 93 7.04 0.14
HD 2967 (C) 331 210 36.44 0.72
HD 2009 (C) 278 163 41.52 0.82
7 KRL 99 (C) 303 207 31.85 0.63
8 KRL 3-4 (C) 308 220 27.92 0.55
9 KH 65 (C) 275 167 39.35 0.78
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Evaluation of wheat parental lines for
physiological traits: Data on phenological and
physiological traits was recorded on 66 advanced
breeding lines and cultivars to identify
physiological superior lines for use in crossing. The
pooled results of two consecutive crop seasons
revealed that grain yield had significant correlation
with DM, NDVI, chlorophyll, assimilation rate and
WUE (Table 1.15).

Sixteen lines including 6 cultivars had higher grain
yield and physiological traits (Table 1.16). Of these,
LBP 2017-10, LBP 2017-13, DBW 39, LBP 2017-14,
LBP 2017-17, LBP 2017-4 and LBP 2017-8 were
promising during both years of evaluation.

Wheatimprovement for warmer areas

Release of new variety: New variety DBW 252
(Karan Shriya) has been released by the CVRC for
timely sown restricted irrigation conditions of the
NEPZ. This variety is highly resistant to wheat blast

disease and tolerant to drought stress. DBW 252 has
mean yield of 36.7 g ha" with potential of 55.6 g ha™.
It also showed resistance to leaf rust, Karnal bunt,
leaf blight and powdery mildew. It also has better
quality attributes and end-product making
qualities.

Hybridization and evaluation of breeding
material in different filial generations: A total of
286 new cross combinations were attempted
during the crop season which included diverse

Table 1.15: Pearson correlation coefficients of various traits with grain yield

Trait DH DM GFD NDVI CFL CHL gs A E WUE
Correlation coefficient 0.157 0.253*% 0.016 0.286*  0.087 0.327** 0.124  0.327** 0.116 0.241*
Probability 0.21 0.04 0.90 0.02 0.49 0.01 0.32 0.01 0.36 0.05

* significant at p<0.05; ** significant at p<0.01; DH=Days to heading, DM=Days to maturity, GFD= Grain filling duration, NDVI= Normalized difference vegetation index,
CFL= Chlorophyll fluorescence (Fv/Fm), CHL= Chlorophyll, gs= Stomatal conductance, A= Assimmilation rate, WUE = Water use efficiency

Table 1.16: Grain yield and physiological traits in promising lines

Genotype GY DH DM NDVI CFL CHL gs A WUE RUE
KRL 2106 96.9 88.5 126.5 0.71 0.736 0.046 423.6 214 3.5 19.8
LBP 2017-10 690.0 93.8 1333 0.73 0.770 0.041 298.5 22.7 35 19.8
LBP 2017-13 620.3 93.5 129.8 0.71 0.756 0.048 3777 20.8 3.8 16.6
DBW 39 561.9 95.8 128.3 0.67 0.760 0.046 371.0 20.7 3.0 226
LBP 2017-14 5575 91.0 129.3 0.71 0.761 0.047 5239 26.5 3.2 23.7
RAJ 3765 552.4 93.0 130.8 0.71 0.769 0.040 455.3 19.1 3.0 20.3
LBP 2017-17 5433 97.5 1325 0.64 0.742 0.044 757.8 211 2.0 19.8
DBW 71 510.3 86.5 129.8 0.68 0.765 0.041 472.5 239 34 16.1
LBP 2017-3 504.9 97.3 1333 0.63 0.733 0.048 3723 18.8 33 18.3
WH 1105 492.1 94.8 126.8 0.70 0.748 0.042 454.5 23.2 2.8 18.9
LBP 2017-18 488.9 86.8 128.5 0.65 0.774 0.042 412.4 24.3 35 18.2
LBP 2017-4 486.6 97.8 132.0 0.60 0.750 0.045 394.8 21.0 24 19.6
LBP 2017-2 485.9 84.3 127.3 0.69 0.763 0.047 365.5 24.6 3.9 244
LBP 2017-8 485.0 85.5 128.0 0.68 0.767 0.045 590.2 26.6 34 28.9
DBW 50 483.3 95.0 130.8 0.67 0.764 0.035 505.5 21.7 3.2 18.7
LBP 2017-7 477.5 90.0 125.8 0.69 0.760 0.045 388.1 216 3.0 19.4

GY= Grain yield/plot, DH=Days to heading, DM=Days to maturity, NDVI= Normalized difference vegetation index, CFL= Chlorophyll fluorescence (Fv/Fm), CHL=
Chlorophyll, gs= Stomatal conductance, A= Assimilation rate, WUE = Water use efficiency, RUE= Radiation use efficiency
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Table 1.17: Performance of promising heterotic crosses

Cross Heading (days) Maturity (days)  Grain yield (g plot”) Heterosis over HD 3086 (%)
DWAP1510/DBW221 98 145 1372 49.0
DWAP1108/MP1349 102 147 1362 47.9
MP3382/DBW129 97 142 1336 45.1
DWAP1108/MACS2496 102 145 1336 45.1
DWAP1510/DBW71 95 144 1324 43.8
DWAP1510/DBW107 94 142 1274 383
PBW770/DBW129 97 145 1266 375
DWAP1509/DBW71 95 143 1252 35.9
HI1605/MP3493 98 146 1232 33.8
PBW770/MP3382 99 143 1228 333
DWAP1108/DBW235 103 145 1212 31.6
HI1605/DWAP1510 97 146 1202 30.5
DWAP1512/KRL1-4 95 144 1190 29.2
DWAP1509/CRS40 101 146 1186 28.8
MP3382/RAJ4083 95 142 1156 255
DWAP1511/KRL1-4 96 145 1156 255
DWAP1510/WB2 97 142 1146 24.4
DBW235/MP3382 101 144 1134 23.1
DWAP1511/RAJ4083 96 144 1128 225
DWAP1512/DBW221 96 143 1106 20.1
HD 3086 (C) 96 141 921

genotypes as parents with the objective to
incorporate the desirable traits for warmer areas.
During the period under report, 213 F,s were
evaluated for yield and component traits along
with 10 check varieties namely HD 3086, HD2967,
MACS 6222 and GW 322. Heterosis over best check
HD 3086 was estimated for yield and a wide range
of -71.6 to 49.0% was observed. The promising
combinations showing more than 20% standard
heterosis for yield were identified for more precise
evaluationin nextgenerations.

Evaluation of breeding material in different
generations: Breeding lines developed from
diverse crosses were evaluated during 2018-19.
These lines included advanced lines as well as

segregating material in different filial generations.
Artificial epiphytotic conditions were created to
screen the material for resistance to diseases
especially yellow rust. From these lines, 5647
selections representing 851 cross combinations
were made based on plant type, maturity period,
disease resistance, grain weight, tillering ability and
grain number (Table 1.18). In addition, 78 bulks
were taken for theirevaluationin PYTs.

Evaluation of advanced bulks in PYT: Total 84
advanced bulks were contributed to common PYTs of
the IIWBR (40 for timely sown, 20 for restricted
irrigation and 24 for late sown trials) out of which 22
were promoted to lIWBR station trials (ninein ST-1, two
inST-2,fivein ST-3and sixin ST-4) during 2019-20.

Table 1.18: Evaluation of segregating material in various generations

Generation Line (crosses) Selection (crosses)
F, 256 225

F, 345 2890 (289)

F, 2173 (174) 1240 (124)

Fs 1492 (136) 912(122)

F, 1079 (95) 257(48)

I 504 (68) 123 (43)

Total 5849 (1074) 5647(851)
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Table1.19: Promising entries in PYT during 2018-19

Entry Yield (q ha™) Yr Br
ST-1(Irrigated timely sown for NWPZ/NEPZ)

DWAP 39 83.7 tMR 20S
DWAP 27 82.6 10MS 0
DWAP 33 824 20MR 5MS
DWAP 23 80.8 10MS 0
DWAP 40 78.6 5MR 5MS
DWAP 36 78.5 10MS 5MS
DWAP 29 76.1 tR 10MS
DWAP 38 741 tR 0
DWAP 25 734 tMR 20S
ST-2 (Irrigated timely sown for CZ/PZ)

DWAP 20 79.1 40S 10MS
DWAP 14 76.9 30S 0
ST-3 (Irrigated late sown)

DWAP 21 55.1 tR 0
DWAP 22 54.7 tMR 0
DWAP 3 52.7 20MS 10MS
DWAP 13 49.2 20S 20MS
DWAP 17 48.2 tR 20MS
ST-4 (Timely sown restricted irrigation condition)

DWAP 15 77.5 10MS 20S
DWAP 5 73.7 5MS 40S
DWAP 6 72.1 30MS 20MS
DWAP 3 714 tR 5MS
DWAP 20 69.0 40S 10MS
DWAP14 67.1 20MS 0

Table 1.20: Performance of dwarf bread wheat genotypes for yield and component traits during 2018-19

Genotypes Grain yield Plant Heading Maturity SL (cm) Grains TGW (g) HI (%)
(gha™) height (cm) days days Spike™
WAPD-1508 72.0 68 103 150 14 51.8 43.9 36.2
WAPD -1522 70.7 69 106 148 14 95.0 40.8 34.2
WAPD -1521 67.1 70 106 149 12 74.2 38.1 32.7
WAPD -1519 66.9 69 106 150 13 75.0 38.0 41.0
WAPD -1505 63.5 69 929 148 12 56.2 373 30.7
WAPD -1516 60.7 69 107 151 13 70.0 36.2 384
WAPD -1512 60.1 68 107 152 11 88.2 30.7 42.0
WAPD -1531 60.1 69 104 147 1 71.0 37.0 34.1
WAPD -1507 59.3 68 29 148 15 774 41.9 34.5
WAPD -1510 57.0 68 104 151 13 62.4 39.1 449
WAPD -1511 57.0 69 107 151 12 89.2 358 38.5
WAPD -1515 56.6 69 106 151 12 65.4 38.6 39.6
WAPD -1518 55.2 69 106 151 13 55.0 43.1 415
WAPD -1525 544 68 108 147 12 69.0 43.6 34.6
DM-6 (c) 33.8 61 929 147 12 89.6 25.8 20.6
DM-7 (c) 42.6 66 98 147 11 84.2 27.9 29.0
DBW 93 (c) 54.3 88 98 141 9 61.0 41.0 35.2
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Table 1.21: Performance of DBW 290 in NIVT3A during 2018-19

Entry Yield (q/ha”) Rust Reaction Promotion (2019-20)
NWPZ NEPZ Yellow (ACI) Brown-N(ACI)

DBW 290 54.0 47.4 20S (6.5) 10S (2.5) AVT-IR-LS-NWPZ

DBW 107 (C) 51.1 46.1 10S (3.9) 20MS (3.5)

CD (10%) 23 2.1 = =

Evaluation of dwarf genotypes for yield
components: Thirty-eight dwarf genotypes were
evaluated during 2018-19 for yield and component
traits along with check variety DBW 93 and two
registered genetic stocks namely, DM 6 and DM 7.
The promising entries having higher yield than the
check variety DBW 93 and registered genetic stocks
with plant height of 70 cm or lesser were identified
(Table 1.20) as potential genetic resources for
further evaluation under agronomical
manipulationsforyield and associated traits.

Contribution to NIVTs/AVT: During 2018-19,
twenty-one entries were contributed to [IWBR
station trials out of which six entries were promoted
to NIVTs namely DBW 306, DBW 309 in NIVT 1A,
DBW310in NIVT 1B,DBW 314in NIVT 2, DBW 320in
NIVT 3B and DBW 324 in NIVT 5A. Based on yield
performance and disease reactions, DBW 290 has
been promoted to AVT-l of NWPZ-LS during 2019-
20 crop season.

New sources of heat and drought tolerance: Six
genotypes were contributed in IIWBR station trials

under late sown conditions during 2016-17 in
replicated trials with plot size 6rows of 6.0m length.
Further, these genotypes were evaluated under
NICRA trials under timely sown irrigated, timely
sown rainfed and late sown irrigated conditions at
Akola, Karnal and Powarkheda during 2017-18 and
2018-19 crop seasons. Simultaneously same set
was also evaluated under rain out shelter during
both the crop seasons at Karnal. Data on yield
componentsand phenological traits were recorded
under all the three conditions. Stress susceptibility
indices were calculated considering irrigated
timely sown as control or non-stressed condition,
timely rainfed as drought stress, irrigated late sown
as heat stress and rainfed late as heat and drought
stress together. Based on pooled data of two crop
seasons across three locations under late sown
irrigated conditions, two genotypes namely
DWAP 1608 and DWAP 1607 were identified as
heat tolerant genotype. Similarly, pooled data
under late sown rainfed conditions categorized
DWAP 1608 and DWAP 1612 as drought and heat
tolerantgenotype.

Table 1.22: Pooled susceptibility index of promising entries in multilocation trial during 2017-18 & 2018-19

Genotype Akola (PZ) Powarkheda (CZ) Karnal (NWP2Z) Pooled
Heat susceptibility index (HSI) under late sown irrigated conditions

DWAP 1608 2.74 -1.29 1.01 0.42
DWAP 1607 0.39 -0.09 1.08 0.70
AKW 2862-1(C) 1.72 0.61 0.87 0.74
HTW 11(C) 1.55 0.00 0.97 0.81
HINDI 62(C) -0.71 2.19 0.53 0.86
DHTW 60(C) 0.77 217 0.52 0.90
Drought & heat susceptibility index (DHSI) under late sown rainfed conditions

DWAP 1608 1.00 0.12 0.87 0.77
DWAP 1612 0.84 1.04 1.02 0.99
AKW 3717 (C) 0.70 1.05 0.84 0.85
HINDI 62 (C) 0.59 1.37 0.85 0.94
HTW 11 (C) 0.97 0.60 1.10 0.98
HTW 6 (C) 0.86 1.01 1.07 1.00
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Table 1.23: Sixty diversified new CMS lines maintained at IWBR

A Line

CMS ID Pedigree Male sterility  Days to heading PI. ht Days to heading Pl. ht.
(%) (cm) (cm)
DCMS 8 CMS3A/DBW17 100 103 94 102 93
DCMS 9 CMS5A/DBW17 100 104 95 102 91
DCMS 10 CMS8A/DBW17 100 103 94 102 90
DCMS 11 CMS10A/DBW17 100 104 94 102 93
DCMS 12 CMS12A/DBW17 100 105 92 105 96
DCMS 13 CMS13A/DBW17 100 104 99 105 92
DCMS 14 CMS14A/DBW17 100 99 89 106 92
DCMS 15 CMS15A/DBW17 100 99 95 107 100
DCMS 16 CMS18A/DBW17 100 103 93 102 89
DCMS 17 CMS21A/DBW17 100 103 94 102 94
DCMS 18 CMS22A/DBW17 100 102 94 104 87
DCMS 19 CMS25A/DBW17 100 106 90 107 95
DCMS 20 CMS26A/DBW17 100 105 85 105 89
DCMS 21 CMS30A/DBW17 100 104 929 109 102
DCMS 22 CMS2A/DBW16 100 109 100 110 97
DCMS 23 CMS8A/DBW16 100 108 98 109 97
DCMS 24 CMS10A/DBW16 100 110 99 108 102
DCMS 25 CMS11A/DBW16 100 108 101 108 107
DCMS 26 CMS12A/DBW16 100 107 107 108 103
DCMS 27 CMS15A/DBW16 100 107 105 107 108
DCMS 28 CMS18A/DBW16 100 107 100 108 104
DCMS 31 CMS23A/DBW16 100 108 100 108 104
DCMS 35 CMS5A/DBWS55 100 104 104 103 99
DCMS 36 CMS9A/DBWS55 100 105 97 103 98
DCMS 37 CMS15A/DBWS55 100 104 92 104 99
DCMS 38 CMS24A/DBWS55 100 103 102 104 103
DCMS 39 CMS21A/DBWS55 100 104 102 105 102
DCMS 32 CMST1A/PBW502 100 105 102 105 104
DCMS 33 CMS6A/PBW502 100 107 105 106 107
DCMS 34 CMS21A/PBW502 100 105 102 106 107
DCMS 40 CMS8A/DBW60 100 91 100 91 95
DCMS 41 CMS20A/DBW60 100 89 92 91 99
DCMS 58 CMS21A/DBW60 100 89 100 91 102
DCMS 42 CMS23A/DBW60 100 91 103 91 110
DCMS 44 CMS2A/CBW38 100 104 104 106 108
DCMS 45 CMS10A/CBW38 100 104 103 106 107
DCMS 46 CMS15A/CBW38 100 103 106 106 111
DCMS 47 CMS2A/RAJ3077 100 100 114 929 110
DCMS 48 CMS8A/RAJ3077 100 97 112 98 106
DCMS 50 CMS8A/DBW76 100 929 116 95 115
DCMS 51 CMS21A/DBW76 100 100 124 95 126
DCMS 52 CMS2A/UP2338 100 108 120 111 113
DCMS 53 CMS7A/GW411 100 102 108 107 107
DCMS 54 CMS14A/PBW550 100 108 91 101 95
DCMS 55 CMS14A/RAJ4037 100 103 103 102 109
DCMS 56 CMS28A/PBW175 100 101 120 101 113
DCMS 57 CMS28A/DBW39 100 109 115 109 108
DCMS 59 CMS22A/DBW87 100 107 104 107 98
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DCMS60  CMS24A/DBW87 100 106 106 107 111
DCMS 62 CMS20A/HD2967 100 105 110 108 106
DCMS63  CMS15A/HD1925 100 102 104 101 102
DCMS 65 CMS9A/HI784 100 99 114 100 113
DCMS66 ~ CMS9A/HI977 100 105 111 103 115
DCMS 67 CMS29A/HI977 100 107 112 105 114
DCMS68  CMS26A/K9006 100 105 124 100 120
DCMS69  CMST1A/NW1012 100 106 116 106 112
DCMS70  CMS28A/PBW550 100 102 106 100 104
DCMS 71 CMS29A/PBW550 100 105 89 100 92
DCMS72  CMS2A/RAJ1482 100 108 112 106 11
DCMS 73 CMS10A/RAJ1482 100 107 111 106 108
Hybrid wheat Breeding for quality traits

Maintenance of A, B & R lines: Total 16 CMS sources
and 60 diversified new CMS lines were maintained
through controlled pollination along with
respective maintainer lines. These lines showed
complete male sterility and are ready to use for
hybrid development programme as parental lines.

Diversification of A &R Lines: Total 236 CMS lines
are in different BC generations of diversification in
the agronomic background of 40 Indian cultivars
namely and > 8000 spikes have been pollinated in
this activity during 2018-19.In order to diversify the
restorer sources, the fertility restorer lines were
crossed that resulted in development of 120 new
restorer lines in 27 diverse genetic Indian
backgrounds.

Development and evaluation of experimental
hybrids: A total of 8 new experimental hybrids
were attempted during 2018-19 crop season using
12 CMS lines and 4 restorer lines in 4:2 ratios. The
CMS lines were planted between the restorer lines
and the seeds of experimental hybrids were
harvested from the CMS lines. During this season,
90 experimental hybrids were evaluated at half as
well as full seed rate (50 & 100kg ha") along with
two checks (HD 3086 and HD 2967) having 4 rows of
2.5m length spaced at 20cm. A wide range of
heterosis for grain yield was observed, but only one
hybrid CMS3A/DBW17*Res 37 could out-yield the
best check (HD 3086).

Wheat nutritional as well as end product quality is
very important for many stakeholders in the wheat
value chain: farmers (bold and plump grain), millers
(high test weight and high flour yield), food
manufacturers (processing quality) and consumers
(end-use and nutritional quality). Wheat grain can
be processed into flour, semolina and other
products that form the basic ingredients of many
foods globally like bread, cookies, pastries, pasta,
noodles and couscous. Nutritional quality as
determined by many factors (high grain protein
content, iron, zinc) is very important for optimum
growth and development of human beings.
Presently, we are working on both end product
quality as well as nutritional quality (Biofortification).
Special emphasis was given for target breeding to
develop product (biscuit, bread and chapatti),
specific wheat varieties and nutritionally rich (iron,
zinc and protein) varieties. Also, due emphasis has
given for development of high yielding durum
varieties with high yellow pigment content.

Hybridization programme: During the year 2018-
19, a total of 223 new cross combinations were
made for different quality traits in bread wheat.
Targeted crosses have been attempted to improve
grain protein content (donors: HD3226, QLDA46,
HUWL1733, HUWL1734), high sedimentation value
(donors: QLD112, HD3241 and HD3304), high iron
(donors: BWL7800, BNSR1, HD3310, UP2994) and
zinc (donors: WB02, BWL7805, BWL7800, RAJ4541),
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low grain hardness index (suitable for better biscuit
making) (donors: QLD112, QLD84, QLD49, HS490)
high chapatti score (donor: C306), high bread loaf
volume in bread wheat. Various segregating
material evaluated in quality breeding program has
been presentedinTable1.24.

Table 1.24: Evaluation of segregating material of
bread and durum wheat in different
generations

Generation Bread wheat Durum wheat
progenies (crosses) progenies (crosses)

F, 240 Nil

F, 1326 (210) 210 (48)
F, 464 (186) 190 (42)
F, 257 (76) 158 (33)
F, 224 (59) 137 (27)
F, 155 (48) 115 (25)

Contribution to coordinated trials/nurseries

Bread wheat: A total of 10 entries were contributed
to different ICAR-IIWBR station trial during 2018-19
(4 for timely sown, 3 for late sown and 3 for
restricted irrigated conditions), which were
evaluated at different wheat growing zones. On the
basis of station trial data DBW334 promoted to
NIVT1A, DBW313 to NIVT1B, and DBW17 and
DBW19 to NIVT3A. Thirty-one advanced fixed lines
were tested in common PYTs during 2018-19 (15 for
timely sown, 10 for late sown and 6 for restricted
irrigated conditions). Based on common PYT data
11 entries promoted to different station trials (3 for
ST-1, 1 for ST-2, 5 for ST-3 and 2 for ST-4). Three

mDDW 47 mHI8627 (Check) = UAS 466 (QV)

entries were tested in QCWBN 2018-19 at different
centres and one entry was promoted to further
multilocation testing.

Durum wheat: Based on superior yield and quality
performance of DDW48 and DDW49 in the first year
of advanced varietal trial, both the genotypes have
been promoted to test in the second year of
advanced varietal trial in peninsular zone under
timely sown irrigated conditions. DDW50 & DDW51
were tested in national durum trial NIVT4 and
DDW52 was tested in NIVT5B. A total of 5 entries
were contributed to different ICAR-IIWBR station
trial 2018-19. On the basis of ICAR-IIWBR station
trial data DDW53 and DDW54 were promoted to
test in NIVT4 and DDWS55 in NIVT5B. Based on
common PYT 2018-19 data 6 entries were
promoted to different station trials (4 for ST-2, 2 for
ST-4).

Product development (varieties and genetic
stocks)

Variety: DDW 47 has very high yellow pigment
content of 7.57 ppm as compared to check variety
HI18627 (5.63) thereby showing 34.45 percent
superiority over best check. Itis also the best variety
forall the pasta quality traits as it out-performed the
best check variety HI8627 for all the traits with very
high overall pasta acceptability with 7.9 as
comparedto checkvariety HI8627 with 5.8.

The percent superiority of DDW47 over check
variety HI8627 was 36.20% for pasta quality.

HDDW 47 m HI 8627 (Check) UAS 466 (QV)

I546573 I591599 Issz513 I563562 Iss 55 I I I Iss 5.9

NIVT-5B AVT-ll Mean

Flavour/Aroma Taste Overall
Acceptability

Colour Texture

Fig. 1.3 Yellow pigment content and pasta quality of DDW 47 and checks



ICAR-IIWBR ANNUAL REPORT 2019

DDW47 is the India’s first high yielding durum
wheat genotype having very high yellow pigment
and also pasta quality score. It has agood balance of
grain yield with grain and product quality. Besides
high yield potential and productivity, it has
registered resistance to black and brown rusts
thereby providing desirable resistance in the
centralzone.The genotypeis suitable for best pasta
quality, since the yellow pigment plays a very
important role in the final pasta products. The trait
isvery important both nutritionally and industrially.
The genotype also had high grain iron and
sedimentation value. Since pasta industry has high
demand for high yellow pigment wheat, DDW47
can be an asset for providing remunerative price to
thegrowers.

Genetic stocks: A total of 4 novel genetic stocks
have been registered for various quality
parameters. QLD 11 (INGR19011) for high grain
protein content, QLD 84 (INGR19010) and QLD 112
(INGR19052) for low grain hardness index suitable
for better biscuit making, QLD 102 (INGR19053) for
high sedimentation value. All the 3 individual
quality parameters (softness, protein and
sedimentation value) are developed as 4 novel
genetic stocks with high yielding genetic
backgrounds. These high yielding genetic stocks

with improved quality parameters could be
potential donors for improvement of protein,
softness and sedimentation valuein bread wheat.

Biotechnology and physiological interventions
QTL analysis for terminal heat tolerance

Terminal heat stress is a major cause for reduction
in wheat yield around the world especially in South-
Asia. Global wheat production is estimated to fall
4.1% to 6.4% with 1°C rise in temperature. To
address this issue, a state-of the —art Temperature
Controlled Phenotyping Facility (TCPF) at the ICAR-
IIWBR, Karnal has been in use for screening the
mapping populations as well as trial materials
concerning heat stress tolerance in this unique
phenotyping facility. Based on the screening of a
diverse set of germplasm under normal (field) and
heat stress conditions (TCPF), using a set of more
than 100 genotype, estimation of their
performance onyield and its stability was done.The
GGE biplot analysis of following genotypes showed
stable and high yield across the environments
(Table 1.24). Figure 1.6 depicts performance of
genotypes under different environments (normal
and stressed) in GGE biplot indicating those
genotypes which have comparatively stable
performance under both the environments.

Point worth noting is that out of 7 genotypes found
stable, only three were high yielding and out of
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Table 1.25:Yield of genotypes found comparatively stable under normal as well as heat stress conditions

SN Genotype Mean Yield (q ha™) SD
1 Synthetic 217 11.8 44
2 1C 591288 19.6 12.2
3 1C 322014 20.5 9.2
4 MACS 2496 34.8 9.7
5 HD 2428 35.2 10.1
6 RW 39 42.1 20.7
7 RW 60 45.0 17.8

them two were the recombinant lines developed
using Raj4014 / WH 730. Therefore, the
Recombinant Inbred Lines (RILs) population
developed from RAJ4014 (heat sensitive)/WH 730
(heat tolerant) was utilized to decipher quantitative
trait loci (QTLs) for heat tolerance. Phenotyping
was done under normal (timely sown), late planting
as well as under the TCPF with 5° C above ambient
temperature from flowering to physiological grain
maturity. Genotyping of the mapping population
was done with 35K Axiom® Wheat Breeder’s Array.
Filtering was done as more than 5% missing values,
less than 5% minor allele frequency (MAF) and
individuals with more than 15% missing SNP calls
were removed from the dataset. In total 8656
(24.63%) markers were found polymorphic
between WH 730 and RAJ 4014. In the absence of
authentic chromosomal position assignment, 28
markers were further deleted. Another 33%
markers out of these could not be included for the
want of their marker position. After applying Chi-
Square test and removing redundant SNP Markers,
523 well distributed markers were included in
developing the framework linkage map for QTL
mapping. Chromosome 3B had maximum number
and chromosome 4D had lowest number of SNP
markers.

QTL analysis was done by composite interval
mapping using software WinQTL cartographer
version 2.5. Total 30 QTLs were identified related to
grain yield components out of which 15QTLs
matched with already reported ones.
Chromosomes 3B (8), 3D (5), 6B (7), 6D (3) showed
maximum QTLs. The linkage map of SNP markers

Which Was WhesWhar

BT

Fig. 1.6: GGE biplot to identify better adopted RILs under
heatstress

was generated using software JoinMap version 4.1.
QTL for difference in grain weight under Timely
sown and Late sown/TCPF (TS-TCPF) conditions at
LOD score 3.2 on Chromosome 6B has been
depicted in Fig 1.8. One of the associated SNP
markers, AX-94477019 was found annotating with
the heat stress transcription factor A-9. These SNP
markers are being utilized for developing KASP
markers for marker assisted selection.

Genome wide identification and characterization
of genes involved in fructan metabolism in
wheat (T. aestivum)

Fructan is a short term storage carbohydrate which
plays an important role in abiotic stress tolerance
mechanisms in wheat. Fructan remobilization
under stress conditions depend on the activities of
fructosyltransferase and exohydrolase enzymes.
These genes breakdown to fructans to simpler
sugars forms viz. inulins and levan which saves the
developing grain from starvation. Till now a few
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Fig. 1.7 QTL analysis using (a) linkage map of chromosomes 3B & 6D and (b) QTL map of grain numbers per plant on chromosome 3B

studies have been done to understand the genes
regulating their activities. A genome wide
identification study was conducted to gain insight
into the structural and functional aspects of
candidate genes viz., fructosyltransferase and
exohydrolase enzymes using bioinformatics tools.
In this study a total 81 candidate genes distributed
all over 21 chromosomes of wheat were identified
using recently drafted IWGSC whole genome
sequence based on pre-identified and
characterized genes in seven model organisms viz.
A. thaliana, A. lyrata, M. truncatula, B. oleracea, B.
rapa, H. annus, and H. vulgare. Significant role of
tandem and segmental duplication was identified
in the expansion of these genes. Ratio between
synonymous and non-synonymous substitution
suggested a time-line for duplication events from
recent to as old as 32.5 MYA. Phylogentic analysis
gave an insight into the evolutionary pattern of

these genes from other model organisms.
Numerous cis regulatory elements were identified
in 1.5Kb 5' upstream promoter region of each of the
81 genes indicting response of these genes during
development in biotic as well as in abiotic stress
conditions. Furthermore, an in silico expression
analysis indicated relatively higher expression of
identified genes under water and heat stress
conditions.

The sucrose non-fermentation-related protein
kinase (SnRK) is a kind of Ser/Thr protein kinase,
which plays an important role in regulating carbon
metabolism and energy. In the present study, a total
of 111 TaSnRK family genes were identified in
wheat. Phylogenetic analysis divided these TaSnRK
to three groups (Fig 1.9). The TaSnRK family
members were distributed throughout all the 21
wheat chromosomes. Among 21 chromosomes
studied, chromosomes 1A, 1D, 2A and 2B, each
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Figure 1.8 Phylogenetic relationship of TaSnRK family
genes in bread wheat

encodes a maximum of 8 TaSnRK family members,
while four chromosomes (2D, 3D, 4A and 5A) each
encodes for 7 TaSnRK family members,
chromosomes 1B, 4B and 4D each encodes for 6
TaSnRK family members, two chromosomes 3B and
5D each encodes for 5 TaSnRK family members,
chromosomes 3A and 5B each encodes for 4 TaSnRK
family members, three chromosomes 6B, 6D and
7D each encodes for 3 TaSnRK family members and
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three chromosomes each encodes for 2 TaSnRK
family members. Work on expression pattern
analysis of this family genes are in progress.

Introgression of major QTLs for drought
tolerance: Breeding wheat varieties that may give
high yield under drought environments play a key
role in boosting wheat production in India. At
present, only a few markers linked with genomic
regions significantly affecting wheat yield
performance under drought are available in public
domain. Therefore, to develop drought tolerant
wheat genotypes, a study is conducted for the
introgression of important QTLs contributing to
drought tolerance into drought sensitive high
yielding wheat varieties through marker assisted
backcross breeding (MABB). The two major QTLs,
one on chromosome arm 7AL (Qyld.csdh.7AL) and
other on chromosome 4AL (Qyld.4AL) mapped in
the genotypes SQ1 and Dharwar Dry respectively
were used for the introgression into two high
yielding recipient genotypes (GW366 and DBW39).
In this study, four crosses were attempted using
these genotypes during crop season 2017-18. F,
seeds planted in off-season at wheat summer
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Fig 1.9. Top 10 Genus abundance distribution in drought sensitive and tolerant bread wheat genotypes
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Figure 1.10 P1-SQ1, P2-Dharwad Dry, P3-DBW39, P4-GW366, Molecular profile of BC,F, lines

nursery Dalang Maidan and screened with linked
SSR marker Xwmc273.3in SQ1 (Fig. 1.11) and Xwmc
89 in Dharwar Dry for foreground selection. The
2300 BC,F, seeds were obtained from these 4
targeted crosses. Positive plants were identified and
backcrosses were attempted again to obtain BCF,
seeds. BC,F, seeds were planted in off-season
nursery at Dalang Maidan (2019-20) and screened
for positive plants in homozygous condition using
foreground selection. The BC,F, and BC,F, seeds of
all the four crosses were sown in crop season (2019-
20) at Karnal. The selected plants and their
progenies will be advanced following conventional
methods of breeding and the drought tolerant and
high yielding superior progenies will be identified
following phenotypic evaluation.

RWP-2017-21: A promising wheat genotype for
heat tolerance; RWP-2017-21 was selected at
ICAR-Indian Institute of Wheat and Barley Research
(ICAR-IIWBR) in 15" Heat Tolerance wheat yield
international trial (HTWYT) during 2016-17 crop
season. RWP-2017-21 was one of the highest
yielding entry in the 2016-17 HTWYT trial with

107cm plant height. The entry was found to be
promising and has showed HSI lower than checks,
DBW150 and WH730 which are registered genetic
stocks for heat stress and HD2932 which is a
promising heat tolerant variety for late sown
conditions. Further, the entry was again validated
for the second year also in the MLHT?2 trial in the
same four hot spot locations. The two years data
was pooled and the pooled analysis showed that
RWP-2017-21 was found be highly promising with
lower heat sensitivity index (HSI) (0.93) and also
recorded with lower yield reduction of 18%
compared to checks (Table 1.25). The pooled
analysis of other recorded traits over years in MLHT
has showed that RWP-2017-21 is known to have
higher grain weight/spike (GWS), days to maturity
(DM), biomass (BM g plot"), thousand grain weight
(TGW), Chlorophyll content Index (CCl) at 21DAA
and lower canopy temperature (CT) both at 15 and
21 days after anthesis compared to checks under
late sown condition. Thus, RWP-2017-21 will serve
as a potential source to be utilized in future
breeding programs to develop heat tolerant wheat
varieties.
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Table 1.26: The traits comparison of RWP-2017-21 over other checks in MLHT (data pooled over locations and
years 2017-18 & 2018-19)

Genotypes HSI Yield reduction% GWS(g) DM BM(gplot’) TGW(g) CT(’C) CT(°C) CcCl
15DAA 21DAA 21DAA
RWP-2017-21 0.93 18 2.0 96.6 2615.2 434 26.4 30.0 47.2
DBW 150 (C) 1.01 19.4 1.8 95.7 2157.6 38.3 26.8 30.8 46.9
HD 2932 (C) 0.98 18.8 1.8 95.5 2581.8 40.4 26.8 30.3 46.7
WH 730 (C) 1.25 24 1.9 95.4 2421.0 40.6 27.1 31.7 48.8

Characterization of new source of wheat
genotypes for drought stress tolerance: A set of
10 wheat genotypes were selected as high yielding
from field studies under drought condition
compared to the checks (C306, NI5439). An
attempt was made to characterize these identified
genotypes under controlled condition at seedling
stage, as our earlier reports has showed that
seedling level tolerance has high correlation with
adult level tolerance under field condition. The
experiment was conducted in the climate
controlled green house facility and genotypes were
sown in pots containing 1:1:1 ratio of soil: coco peat:
FYM. After 21 days of seedlings establishment,
drought stress was imposed by withholding
irrigation for 12days. Various physiological and
biochemical parameters such as chlorophyll
content, relative water content (RWC), membrane
permeability, MDA, proline content, Osmotic
potential and catalase enzyme activity were
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measured to assess their levels of tolerance to
drought stress. Further to dissect the molecular
mechanisms underlying in the selected genotypes,
gRT-PCR analysis was carried out with few selected
genes which are involved in drought stress
tolerance. Most of these study traits were found to
be higher in these genotypes compared to checks
with lower electrolyte leakage (%). Hence, they will
be further verified under field to serve as novel
source fordroughttolerance.

Deciphering photosynthetic, leaf anatomical
and sink traits to improve yield in wheat: The
recent genetic gain in wheat is <1% per annum
which is insufficient to meet future food demand
and advances in grain yield by improving harvest
index has plateaued. Hence, there is a need to work
on the other unexplored traits for wheat yield
improvement. One such trait is increasing total
plant biomass through efficient carbon capture by
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Figure 1.11 Osmotic potential of the genotypes tested using vapour pressure osmometer



ICAR-IIWBR ANNUAL REPORT 2019

Table 1.27: Promising genotypes identified for improving photosynthesis

Trait Genotypes identified

High Rubisco carboxylation efficiency

High mesophyll conductance

High internal C0O, Concentration (Cl)

High Photosynthetic rate(A)

High WUE

High nitrate reductase

High water soluble carbohydrates at maturity

DBW16, DBW14, HD3086, NIAW295, HD2932, HD2967, DBW107, WH1126
DBW110, LOK1, HW2004, HI1531, DBW187, HD2967

DBW187, DBW189, PBW750, DBW88, Wb2

HI1531, NIAW295, HD3118, DBW16, HD3086, PBW343, M1043

HD3118, HI1531, COW(W), PBW175, GW322, RAJ 3765, HUW468, NIAW34
MACS6222, GW322, HD2967, NIAW1415

DBW17, DBW39, RAJ4037,GW322

photosynthesis. High photosynthetic rate,
mesophyll conductance, rubisco caboxylation
efficiency and leaf anatomical traits associated with
C, pathway are known to improve the carbon
fixation. Maximum yield expression also requires
dynamic optimization of source: sink and in
improving spike fertility. Currently, all these traits
are very meagerly studied and less exploited in
breeding programme. In the present study, around
75 high yielding wheat genotypes were
characterized for traits associated with improved
source and sink characters. Traits like stomatal
conductance, mesophyll conductance, internal CO,
concentration, photosynthetic rate and expression
analysis of rate limiting enzymes in photosynthesis
were studied. Leaf anatomical traits like bundle
sheath cells size, dimorphic chloroplasts, intervenal
distance and stomatal index for improved
photosynthesis were explored. Sink associated
traits like water soluble carbohydrates, percentage
of spike fertility in different part of wheat spikelets
were studied. Large variations were observed for all
these measured traits among the genotypes tested
and found different genotypes as best for different
traits. Strategic crosses were attempted for
complementing these studied traits. Thus, the
study indicates that still there is a large scope for
improving one or the other photosynthesis and sink
traits in released varieties and also they can be used
as a potential source for a specific trait in breeding
programme. Hence, by complementing these traits
we can increase the grain yield in wheat by
improving current photosynthesis, biomass and

assimilates mobilizationinto spikelets.

CRISPR/Cas9 mediated genome editing for
wheat improvement: The discovery of Clustered
Regularly Interspaced Short Palindromic repeats
CRISPR Associated protein-9 nuclease
(CRISPR/Cas9) gene editing system has
revolutionized research in nearly 20 crop species
and for various traits including yield improvement,
biotic and abiotic stress management. The genome
editing technologies can accelerate wheat
breeding by allowing the introduction of precise
and predictable modifications directly in an elite
background. CRISPR technology is useful both in
precise enhancing the activity of positive-regulator
genes and in eliminating the negative-regulator
genes that affect the trait of interest. However, there
are only few reports available for validation of
CRISPR technique in wheat. ICAR-IIWBR being the
nodal institute for wheat research in India has taken
initiative to establish a CRISPR-based genome
editing facility. The main focus will be to produce
novel wheat genotypes with target traits and use
them in wheat breeding programs. Before initiating
the work, we intensely reviewed the different
components and conditions required for genome
editing and also published the first exclusive review
of genome editing in wheat. Presently, working on
improving yield and abiotic stress tolerance traits
for which, we have developed the wheat specific
Cas9 vectors and designed the sgRNA for TaGIWW/2-
A1, TaMS1 and TamiR398 genes for improving grain
weight, male sterility for hybrid production and
drought tolerance, respectively. The SQRNA's have
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been cloned to Cas9 binary vector, sequenced and
transformed into Agrobacterium EHA105. Their
further transformation into wheat system are under
progress to develop CRISPR/Cas9 knock outs with
improved trait ofinterest.

Evaluation of radiation use efficiency and gas
exchangeinwheat germplasm:Lightinterception
and radiation use efficiency (RUE) are essential
components of crop performance. Usually,
radiation level is low or very low in the months of
December and January due to foggy conditions
especially in North-Western plains of India. If such
conditions prevail forlong time, growth of crops like
wheat may be affected adversely due to insufficient
light interception. Experiment was conducted
using 42 selected entries of wheat under three
diverse conditions (i.e. under drought, timely sown
under irrigated condition, and late sown under
irrigated condition). Physiological observations
(photosynthesis, transpiration, stomatal
conductance, water use efficiency and radiation
use efficiency (RUE) were recorded in all the entries
at heading stage. Huge variation was recorded in
rate of photosynthesis, transpiration, water use
efficiency within entries as well as under different
growing conditions. RUE [Rate of photosynthesis
(nmoles CO, fixed m” leaf area s™) per unit of PAR]
varied from 12.85 to 19.71 under drought
condition, 15.85 to 24.14 under timely sown
irrigated condition, and 11.69 to 21.76 under late
sown irrigated condition. Promising entries with
high RUE were identified as DWAP 1613, HTW 67,
HINDI 62 (under drought condition); SRILT, DWAP
1612, HTW 14 (under timely sown irrigated
condition); and QBP 605, HTW 64, DHTW 60 (under
late sown irrigated condition). These entries can be
further utilized in wheatimprovement programmes
with high RUEin highyielding varieties.

Seed production programme atICAR-IIWBR

During 2018-19 a total of 3170.50q seed of eight
promising wheat was produced on 146 acres of land

at NDRI, Karnal. In order to popularize DBW 187,
breeder seed was provided to 163 private seed
production agencies, 17 ICAR institutes/NGOs, 10
SAUs and 18 KVKs for seed multiplication at large
scale. The large quantity of TL seed was also
distributed to the wheat farmers at IIWBR Kisan
Mela on 5" October 2019 in which about 9,000
farmers from different part of the country
participated. Besides a total 67.95q nucleus seed of
21 wheat varieties has been produced during 2018-
19 at New farm of IIWBR. Nucleus seed of DBW 88,
DBW 71, DBW 17, DBW 173, DBW 90, & WB 02 has
been shared to SVPUA&T, Meerut, SKUAT-Jammu
and BISA Ludhiana. For monitoring the genetic
purity of breeder seed, Grow Out Test of 81 wheat
varieties from seven BSP centres was conducted
using two RBD design. The observation on off- type
plants were recorded during the crop season which
was found to be within permeable limitsand no plot
was rejected on the basis of GOT. The seed
programme generated a revenue of approximately
Rs. 2.51 crores under the revolving fund scheme of
theinstitute.

Mobile app "Gehoon Doctor" on wheat crop
diseases

Wheat Doctor is a mobile app developed in android
version 3.0.1. Hindi language is used for information
in this app, so that farmer community gets maximum
benefit. It provides information mainly on wheat
diseases, insects, main area specific diseases, location
specific disease resistant varieties, IPM strategies and
post-harvest storage management. Using this
information farmer can look after their crop better
and can identify the diseases /insects in it. Then they
can adopt proper method to control that
disease/insect. It will help farmers to increase their
crop productivity. It provides information about
main harmful insects (with their photos) so that
farmer can easily identify them.

This app not only provides information on diseases
and insects but also the integrated pest
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Fig.1.12 Screen shots showing user interface of wheat doctor app
management practices of this crop along with post- can be downloaded through following link:
har f r nd in managemen oy
da Yesttsa € Stf ahgeta d insect management https://play.google.com/store/apps/details?id=iiw
uring storage otwheat crop. br.Gehoon.GehoonDoctor.

This app is freely available on Google play store. It
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The biotic stresses (diseases, insect pests and
nematodes) affect wheat health and quality which
is critical to minimize the gap between attainable
yield and actual yield. The crop protection
programme is aimed at managing major biotic
constraints and emerging challenges affecting
wheat productivity in intensive production
systems, with an ecofriendly manner to minimize
pesticide use. Thereore, large number of
germplasm and varieties are screened for major
diseases and insect pests of wheat. Additionally,
programme also work hand-in-hand with wheat
breeders to evaluate breeding material for
resistance to biotic stresses against rusts and blight
in pre-coordinated vyield trial entries (IPPSN) and
against major diseases, insect pests and nematodes
in coordinated yield trial along with check varieties
aiming to help breeders for promotions of resistant
entries in yield trials and finally for varietal
identification as well as release.

Besides this, the progamme keeps vigil on any
biotic threat to wheat crop as well as racial
distribution and evolution of new races by intensive
survey and surveillance. The crop health of wheat
was monitored very well during 2018-19 by
keeping vigil on new pathotypes of rusts and other
diseases and timely suggesting the remedial
measure to manage the disease. The first report of
stripe rust was observed from village Fatehgarh
Viran of block Chamkour Sahib of district
Roopnagar, Punjab on 14.1.2019. The surveys were
also conducted in West Bengal along Bangladesh
border for wheat blast. Over all, the crop remained
healthy and negligible losses were happened due
to biotic stresses thus contributed to the record
wheat production. There was no report of wheat
blast disease from West Bengal. The resistant
sources identified were shared with breeders to
include in resistance breeding programme and

resistant varieties were deployed strategically in
disease prone areas in different agro ecological
zones. Different agencies (DAC & FW, ICAR, State
Agriculture Departments, KVKs, Farmer's etc.) were
sensitized about the potent diseases and insect
pests and their management through regular
strategy planning meetings, trainings, field days,
discussions and distributions of literature and use of
mobile phones and IT tools. The Wheat Crop Health
Newsletters were issued regularly and distributed
as well as uploaded to ICAR-IIWBR
(http://iiwbr.org.gov.in). Likewise, advices were
given to farmers on crop health management on
toll free No 18001801891. Integrated Pest
Management (IPM) was worked out to manage
biotic stresses in case of susceptible varieties and to
use these under emergency conditions to avoid
epidemics of rusts and other biotic stresses. Human
Resource development was carried out. The
achievements of programme, 2018-19 are as below:

PLANTPATHOLOGY
Host Resistance

The evaluation of large number of germplasm and
breeding material was carried out under different
plant pathological and entomological nurseries at
various hot spot locations under artificially
inoculated conditions. The major nurseries were:
Initial Plant Pathological Nursery (IPPSN), Plant
pathological Nursery (PPSN), Elite PPSN, Multiple
Disease Screening Nursery (MDSN), Multiple Pest
Screening Nursery (MPSN), and disease/pest
specific nurseries. Advance Varietal Trial (AVT)
entries were also evaluated at specific locations for
Race Specific Adult Plant Resistance (APR) to three
rusts (brown, black and yellow). Slow rusting lines
for different rusts were identified by calculating the
Area Under Disease Progress Curve (AUDPC) at
different centres against stripe rust.
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Number of entries in different plant pathological nurseries during 2018-19

1250
418
IPPSN PPSN LBSN KBSN PMSN LSSN FSSN Head Footrot EPPSN MDSN Hill bunt

scab

Fig 2.1:- Constitution of different plant pathological nurseries during 2018-19

Atotal 1250 entries in IPPSN and 418 entiris in PPSN
including checks were screened for major disease
andinsect pests on the basis of this the entries were
further promoted in yield trials as well as in
identification and release as varieties. Besids this,
advance varietal trial entries were also evaluated
under disease/pest specific nurseries.These
nurseries are evaluated under artificially inoculated
and disease epiphytotic conditions at hot spot
locations across six agro ecological zones along
with susceptible checks. The numbers of entries
tested under different nurseries are givenin Fig. 2.1

Resistant entriesidentified

Rust resistance materials in AVT entries (2018-19)
with AClupto 10.0 are given below:

Stem, leaf and striperusts

HPW467, PBW820M, PBW821M, PBW 771%,
HD3249*#Q, HD 3277, HI8713(d) (C), NIDW 1158 (d),
HI 8811 (d), HI 8812 (d), GW 1348 (d), PBW 822B,
DDW 48 (d), DDW 47(d)*Q, HI8808 (d), HI8807 (d),
PBW 823B, UAS428 (d) (C), MACS3949 (d) (C), HI
8805(d)*, UAS446(d) (C), NIDW 1149(d), HI 8802(d)*,

WH1270,DBW303 and DBW302
Leaf and striperusts

NW 7049, PBW752(l) (C), PBW 781, DBW187(l) (C),
WH 1239, HI1612 (C), HI8737(d) (C), WHD 963 (d),
AKDW2997-16(d) (C), DBW301, UP3043, UP3042,
WH1223,NW 7060,HD3271and PBW 797

Leafand stemrusts

VL907 (C), VL892 (C), PBW550 (C), HD2967 (C),
DPW621-50 (C), DBW173 (C), HI1620(1) (C), HI 1628*,
NIAW 3170%, DBW39 (C), HD2888 (C), K8027 (C),
HI1544 (C), HI8627(d) (C), MP3288 (C), DBW 277,
HD2864 (C), MP4010 (C), CG1029, HI1633, HI1634,
MACS6222 (C), DDW 48 (d), GW509, HD3090 (C),
NIAW 3170* , GW 1346(d)*, MACS 4058(d)*,
DDK1029 (C), MACS5052, DDK1056, HW1098 (C),
MACS5053, DDK1057, DBW304, PBW825, PBW757
(C)and DBW14(C)

Stem and striperusts

HS507 (C), VL3020, VL3021, HD3226(l) (C), PBW 796,
WH1142(C),HD3317,WH1254and HI1621
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Performance of AVT entries against different diseases during 2018-19
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m Resistant
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m Total
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Leafblight ~ Karnalbunt ~ Powdery
mildew

Loose smut

Head scab Foot rot Hill bunt

Fig. 2.2:- Performance of entries tested against different diseases during 2018-19

Performance of wheat entries tested against
different diseases in plant pathological
nurseriesduring2018-19

The advance varietal trail entries were also screened
against major diseases other than rust under
disease specific plant pathological nurseries (Fig.
2.2).

Leafblight resistance

The entries from AVTs which showed the moderate
level of resistance within average score below 35
and the Highest Score of 57 are DDW 47(d), DDW 48
(d),HD 3345B,HD2967 (C), HD2967 (C), HPW 349 (C),
HS 652 and VL 907 (C).The entriesHD 3293, HD 2967
(©), HD 3171 (C), HI 1612 (C), HPW 467, HS 562 (C),
PBW 550 (C) and VL 3021also showed moderate
resistance to leaf blight with average score upto 35
but the highest score exceeded 57 due to high
diseaseatone location.

Karnal bunt (KB) resistance

The lines in AVT entries (2018-19) which showed
resistance (upto 5%) against Karnal bunt are
AKDW2997-16(d) (C), DBW 252", DBW 273, DBW14
(C), DBW173 (C), DBW187, DBW187(l) (C), DBW301,
DBW304, DBW93 (C), DDW 47(d)°, DDW 48 (d),

DDW 48 (d), DDW 49 (d), DDW 49 (d), DPW621-50
(C), GW 1348 (d), HD 3277, HD 3293, HD 33458,
HD2932 (C), HD3059 (C), HD3086 (C), HD3226(1) (C),
HD3298, HI 8802(d)*, HI 8811 (d), HI 8812 (d), HI1544
(Q), HIN612 (C), HIT634, HI8627(d) (C), HI8713(d) (C),
HI8737(d) (C), HI8807 (d), HI8807(d), HS507 (C),
HS673, K1317 (C), KRL210 (C), MACS 6696%,
MACS3949 (d) (C), MACS5052, MACS6222 (aest.)
(C), MACS6222 (C), MP3336 (C), NIAW 3170%*, NIDW
1149(d), NIDW 1158 (d), PBW 781, PBW 822B, PBW
823B, PBW752(l) (C), PBW757 (C), PBW820M,
PBW821M, PBW824, UAS 3002, UAS3002, UAS428
(d) (C), UAS446(d) (C), UP3041, UP3043, VL3019,
VL3021, WH 1239, WH1080 (C), WH1124 (C),
WH1142(C)and WHD 963 (d)

Powdery mildew (PM) resistance

The entries showed resistance (Average. score 0-3,
highest score upto 5) to powdery mildew are DBW
257, DBW187, DBW187(l) (C), DBW301, DBW302,
DBW303, DBW304, DBW39 (C), DBW71 (C),
DDK1029 (C), DDK1056, DDK1057, DDW 47(d)®,
DDW 49 (d),HD 3277,HD 3293,HD2932 (C), HD2932
(C),HD3086 (C), HD3086 (C), HD3226(1) (C), HD3271,
HD3298, HD3347, HI1612 (C), HI1621, HI1634,
HI8807 (d), HPW 451, HS 660, HS 662, HS507 (C),
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HS674, HW1098 (C), K 1601, KRL19 (C), KRL210 (C),
MACS6222 (C), MACS6478 (C), NW 7060, PBW 766,
PBW 781, PBW 796, PBW 797, PBW757 (C), RAJ 4529,
RAJ4083 (C), UAS3002, UP3042 , UP3043, VL 1014,
VL3021, WH 1228, WH1105 (C), WH1223, WH1254
andWH1270

Resistance to multiple diseases

Based on rigorous screening of different genotypes
under Multiple Diseases Screening Nursery (MDSN)
at multilocations the following genotypes have
been identified as conformed source of resistance
formultiple diseases:

A.Resistant to stem, leaf and stripe rusts +

e Resistant to all three rusts + PM + FS + KB:
PBW 777, TL 3011(T), TL 3012(T), TL 3013(T),
TL3014(T), TL3015(T)

» Resistant to all three rusts + FS + KB: HS 611,
PBW 778,B662,HG 110

o Resistanttoallthreerusts+FS: HI8791(d)
e Resistanttoall threerusts+PM+FS: VL3014

» Resistant to all three rusts + LB + FS + FHS: HS
645

» Resistanttoall three rusts + LB +PM + FS + KB:
UAS462(d)

B.Resistantto Stemand Leaf rust+

* Resistant to Stem and Leaf rust + FS + KB: HI
1620, DDK 1053(dicoccum.), HS 644, MACS
5047, MACS 5049, WH 1232, IWP 5019, Line
1172

* Resistantto Stemand Leaf rust+ LB+ PM +FS
+KB:DDK 1052(dicoccum)

» Resistant to Stem and Leaf rust + PM + FS +
KB:HS 646

e Resistantto Stemand Leafrust+KB:VL3013
C.Resistant toleaf and stripe rust +

e Resistant to leaf and stripe rust + PM + FS +

KB:HPW 439, PBW 780, DBW 246

» Resistantto leaf and stripe rust+ LB + FS + KB:
HD 3271

» Resistant to leaf and stripe rust + FS + KB: HI
1619, KRL370,DBW 251

e Resistanttoleafandstriperust+KB:HI 1612

« Resistant to leaf and stripe rust + FS: HS 468,
WH 1233

D. ResistanttoLB +
ResistanttoLB+PM+FS+ KB+ FHS:VL 1013

Utilization of multiple diseae resistant
genotypesidentified

The total 16 entries with confirmed sources of
multiple disease and insect pest resistance were
shared with 27 breeding centers across different
agro-climaticzones of country for their utilization in
breeding for resistance to biotic stresses. All 16
entries were utilized in the range of 7.4 - 48.1% by
the breeding centres. The most utilized entries at
many centres were HS 626, DBW 179, WH 1310 and
HS 627. Out of these, Faizabad centre, utilized
maximum 13 entries in their breeding programme
followed by Niphad centre.

Strategy planning meetings
Management of yellow rustand Karnal bunt

To enhance the wheat production and productivity
a strategy planning meeting was conducted. A
meeting on “Evolving strategies for enhancing
wheat production with special reference to
management of wheat rusts and Karnal bunt
disease” was conducted on 18" October, 2019 at
Krishi Bhawan. The meeting was chaired by the
Secretary, DAC&FW, Govt. of India. The status of
yellow rust and Karnal bunt during the cropping
season 2018-19 and the varietal advancement
made during the season. Discussions were held on
the varietal deployment strategy to combat the
yellow rust threat in the disease prone areas. The
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survey and surveillance strategy for early
detection of yellow rust disease onset was also
discussed.

Preparedness to manage wheatblast

Strategy planning meeting was also conducted on
“Alternate crop plan to combat the occurrence of
wheat blast like disease in the state of West Bengal”
on 21.10.2019 at Taj Bengal Hotel, Kolkata. The
meeting was chaired by the Agriculture
Commissioner, DAC&FW, Govt. of India. Secretary
(Agriculture), West Bengal presented the efforts
made to combat the wheat blast threat like wheat
holiday, no wheat zone, strict quarantine on
Bangladesh border and its effects. It was discussed
that resistant varieties need to be promoted in the
disease prone areas. Five resistant varieties
identified namely DBW 187, HD 3249 and HD 2967
(irrigated and timely sown) and DBW 252 and HD
3171 (restricted irrigation and timely sown) have
been recommended to be grown in disease prone
areas of West Bengal. It was suggested that
continuous monitoring of wheat crop is required
and if any suspected symptoms are observed, it
should bereported to the IWBRimmediately.

Adyvisoryfor stripe rust management

Advisory for stripe rust management was issued for
northern states as well as for wheat blast in West
Bengal. Awareness among farmers for stripe rust
management was created through mobile,
internet, toll free number, newspapers,discussions
and delivering lectures in farmers training
programmes. The details of survey andsurveillance
done are presented in wheat crop health newsletter
vol.24 issues 1-5.

Preparednessfor wheat blast disease

Survey were conducted in North and South West
Bengal near Indo-Bangladesh boarder by team of
scientists from ICAR-IIWBR, Karnal, UBKV, Cooch
Behar, West Bengaland BCKYV, Kalyani, Nadia, West
Bengal and no wheat blast was observed. To check
entry of blast from Bangladesh, strict quarantine

has been observed and wheat holiday in
Murshidabad and Nadia district as well as "No
wheat zone" in 5 Km along the Bangladesh border
was implemented. For identification of wheat blast
resistant sources, a total of 353 Indian wheat
varieties and advance breeding material were
screened at Jessore, Bangladesh through CIMMYT.
Five resistant varieties identified namely DBW 187,
HD 3249 and HD 2967 (irrigated and timely sown)
and DBW 252 and HD 3171 (restricted irrigation and
timely sown) have been recommended to be grown
in disease prone areas of West Bengal. Anticipatory
breeding programme has been initiated for faster
breeding of blast resistant cultivars. During the
current year 30 fresh crosses were made involving
resistantdonors.

Post harvest surveys

The post-harvest surveys were made by different
cooperating centres of All India Coordinated
Research Project on Wheat and Barley during April-
June 2019 from different grain mandies. A total of
7321 grain samples collected from various mandies
in differentzones and were analyzed for Karnal bunt
(KB) at cooperating centers. The overall 32.02%
samples were found infected with KB. The samples
from Haryana showed maximum infection (56.69%)
followed by Jammu (54.85%) and Punjab (45.18%).
Among different states from where samples were
taken Madhya Pradesh, Gujarat, Maharashtra and
Karnataka were found free from Karnal bunt
infection.

Management of diseases through chemical

Evaluation of chemical fungicides namely,
Trifloxystrobin+ Tebuconazole at different
concentrations along with standard recommended
fungicide, Propiconazole at 0.1% were performed at
Jammu, Karnal and Ludhiana locations for the
management of yellow rust of wheat. Foliar
application of Trifloxystrobin+ Tebuconazole @
0.1% was found equally effective to two sprays of
Propiconazole at 0.1% in minimizing rust infection
on bothPBW343 and HD 2967 cultivars.
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Table 2.1: Karnal bunt situation in the country during 2018-19 crop season

State Total samples Infected samples Infected samples (%) Range of grain infection (%)
Punjab 2809 1269 45.18 0.1-12.14
Haryana 1318 747 56.69 0.05-14.0
Rajasthan 300 123 41.0 0.1-21.9
Uttarakhand 1189 58 4.88 0.1-5.0
Jammu 206 113 54.85 0.1-8.24
Uttar Pradesh 129 34 26.36 0.1-10.0
Madhya Pradesh 285 0 0 0
Maharashtra 341 0 0 0

Gujarat 692 0 0 0
Karnataka 52 0 0 0

Total 7321 2344 32.02 0.05-21.9

Population structure analysis and genetic
differentiation of Ustilago segetum var. tritici
causing loose smut of wheat

To study the population structure of loose smut
pathogen of wheat, 112 samples were collected
from major wheat growing zones of India. Thirty
five microsatellite markers were used to evaluate
allelic diversity among 112 Ustilago segetum var.
tritici (UST) isolates. Twenty five SSR primer pairs
produced clear single amplicons, among those only
16 showed polymorphism and therefore used in
genetic diversity analysis of loose smut isolates
originated from four geographically distinct zones
of India. The 16 polymorphic primer pairs revealed a
total of 68 alleles across the 34 loci in 112 isolates,
ranging from 2 to 4 alleles per isolate. The markers
were all selectively neutral according to the Ewens-
Watterson test. Among these, 100 and 12 isolates
were grouped in cluster 1 and cluster 2 (Fig. 3). The
grouping by UPGMA using genetic distances do not
showed any spatial clustering among the different
geographic zones. Several subgroups within cluster
1 were observed irrespective to populations,
indicating genetic variability within and among
isolates in each population. Overall,
phylogeography and population structure analysis
clearly demonstrated the mechanism of diversity
and variation in UST isolates is due to gene flow and
mutation.

Development of novel microsatellite markers
for genetic charecterization of Ustilago hordei
causing covered smut of barley

Covered smut of barley caused by the fungus
Ustilago hordei (Pers.) Lagerh is an externally seed
bone diseaseprevalent in all the barley growing
areas in India. At present, no comprehensive whole
genome based inventory of microsatellite markers
for the analysis of genetic variation and studying
population biology of Ustilago hordei is available.
However, the draft genome of U. hordei (Uh4857-4
and Uh364) is already available in public domain.
Therefore, attempts have been made to dissect the
molecular variation and genetic structure of U.
hordei by analyzing 59 fungal isolates representing
two distinct agro-ecological zones of India using
simple sequence repeats (SSRs). Fifteen
polymorphic microsatellites showing
conservancies in both the genomes were selected
for exploring population genetic structure of U.
hordei. Fifty-nine isolates were distributed in two
principal groups with about 65% genetic similarity
according to UPGMA clustering and population
structure analysis (K=2) (Fig 2.4). Gene flow analysis
reflected restricted gene flow among the analyzed
population. An AMOVA analysis displayed high
level of genetic variation within population (87%)
and low variation among populations (13%). The
mean value of gene differentiation coefficient (Fst)
was 0.248. Further analysis highlighted that U.



CROP PROTECTION

Chuster | - ron
14 Iqﬂ FENLP i
4&["1 FEALN
T LR
_ h—m‘_
— i ———saa
P H——
= e
o 1)
| *rh
B
ot b
bl !
Lue ]
gl dig
sty
e L
1 Al |
Al
wl=f I
o
wlm
o ——
b 1] " ) e ]
10 —LL[_I—’L:m
]
u an
Clhister -1 5 7, E;-
| el
L gl B
] 1% ERRLIT
e
- 1 —  FD e
r T T Y T T T ki T T T T T T T T T T T —
1] W o 1A 1Y

Fig.2.3:- Unweighted Neighbor-joining tree using the simple matching similarity coefficient based on 16 microsatellite
markersforthe 112isolates of UST isolated.

1.00
0.80
0.60
0.40
0.20

0.00

Hill Zone Plain Zone

Fig 2.4:- Population structure analysis of 59 isolates of Ustilago hordei




ICAR-IIWBR ANNUAL REPORT 2019

hordei population was under non-random mating
and more likely took place through a population
expansion in recent time rather than population
bottleneck. In conclusion, the newly developed
neutral SSR markers are highly polymorphic within
U. hordei and will be usefulin providing deep insight
into the population dynamics of U. hordei and
facilitate in developing management strategies for
covered smut of barley.

ENTOMOLOGY
Survey and surveillance forinsect pests

During the crop season 2018-19, in Punjab, the
aphid incidence was above economic threshold
level in some places viz. village Mullanpur&Jagraon
(Ludhiana), Ajitwal & Dagru (Moga) and
Salabatpura (Bhatinda) during the second and third
week of March. Minor incidence of pink stem borer
(3-5 %) was also observed in one patch of 0.5 acre in
the fields of village Farwahi (Barnala). The incidence
of armyworm was observed in patches and within
patches the armyworm damage varied from 1-5 per
cent except one field in village Kheri Malan where it
was 15-20 per cent. In Vijapur, the incidence of
aphids was low to moderate during ear head stage
of the crop.The population of H. armigera, pink stem
borer and surface grasshopper was very low. The
appearance of minor pests like spodoptera, thrips,
shoot fly, brown mite, jassids and cut worm was in

occasional and in negligible form. In Rajasthan,
survey of wheat and barley fields in Jaipur indicated
moderate infestation of termite, mite H. armigera
and pink stem borer. Moderate to severe incidence
of wheat aphid and pink stem borer was observed
in villages like Ladwa, Yamunanagar, Kunjpura,
Subhari, Rasina and Hajwana in Karnal, Haryana.
Heavy incidence of aphids was recorded in Nasik
district. The coccinellid predatory grubs and beetles
feeding on the aphid and spyrphid fly infested fields
were also observed. The incidence of Jassids and
stem borer were recorded in medium intensity.

Hostplantresistance

The Advance Varietal Trial (AVT) entries were
evaluated at multilocation hotspot locations during
2018-19 revealed that following genotypes possess
resistance toinsect pests:

Shoot fly (SF): The entries HI 1628, HPW467, DBW
252 & HI 8805(d) showed lower level of shootfly
resistance (infestation < 10%) to shoot fly as
compared to susceptible check entry.

Brown wheat mite (BWM):Three entries
viz.,PBW821, MACS6478 (C) and HI8627 (d) were
found promising and had recorded mite population
below 10in numberin 10cm’area.

Foliar aphid (FA) : Six entries viz, DBW93 ©,
UP3043, HD3086 (C),WH1223, KRL19 (C) and
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Fig 2.6:-Life stages of of ladybird beetle, Coccinellaseptempunctata L. reared on aphid

PBW757(C) showed moderately resistance
response to foliaraphid.

Root aphid (RA): Eight entries viz.,, PBW752 () (Q),
WH1124 (C), BRW 3806, NIDW 1158 (d), GW322 (C),
UAS 466(d)’, AKDW2997-16(d) (C) and HI1621
showed the moderate resistance reaction to root
aphid.

Biology and predation potential of ladybird
beetle, Coccinella septempunctatal.onaphid

Biological studies revealed that male of
C.septempunctata completedits life cyclein 51 days
whereas female completed its life cycle in 59 days.
The larval period lasted for 12 days and consisted of
four larval instars. The pre-pupal stage lasted for 1
day and the pupal period was for 5 days.
Predation potential studies showed voracious
behavior of C. septempunctata grubs and adult.
Among the all larval instars, the 4" instar larvae
were more efficient predators. Female have more
predation potential than male. Inter-specific larval
cannibalism of C. septempunctata was also
observed in absence of aphids and were found
that fourth instar has the highest degree of
cannibalism.

Population dynamics of wheat aphid complex
and C. septempunctata in relation to weather
parameters

Population dynamics of wheat aphid complex
shows that the aphid population was observed

in the field from 1* SMW, 2019 to 13" SMW,
2019 (1 week of January, 2019 to 1° week of
April, 2019), crossing the economic
threshold level during 7" SMW, 2019 (3"
week of February, 2019) when the maximum
temperature, minimum temperature and
relative humidity were 19.9° C, 7.6° C and
80.30%, respectively. With a small increase in
maximum temperature from February onward,
the aphid population increased greatly and
reached its peak during 10" SMW, 2019 (2™
week of March, 2019), when the maximum
temperature, minimum temperature and
relative humidity were 25.8° C, 8.9° C and
80.60%, respectively. A significant positive
correlation of aphid population was found
with maximum temperature (r=0.0386),
sunshine hours (r=0.1526) and the relative
humidity (r=0.2840).

Population of C. septempunctata adults was
observed in the field from 10" SMW, 2019 (1* week
of March, 2019) upto harvesting of crop. Due to
availability of plenty of aphid population as host, C.
septempunctata population increased steadily,
reaching its peak during 13" SMW, 2019 (last week
of March, 2019) when the maximum and minimum
temperatures were 27.0°C and 12.0°C while relative
humidity was 71.50%. C. septempunctata
population had a significant positive correlation
with maximum temperature (r=0.66) and minimum
temperature (r=0.50). While it had a significant



ICAR-IIWBR ANNUAL REPORT 2019

negative correlation with relative humidity (r=-
0.68) and non-significant negative correlation with
rainfall (r=-0.22).

Efficacy of insecticides and bio-pesticide for the
management of wheat aphid complex

Amongst the tested insecticides against aphids,
Thiamethoxam 25%WG @ 0.1g/l was found more
effective as compared to Quinalphos 25% EC at
2ml'. However, amongst tested bio-
pesticides,entomopathogenic fungi Metarhizium
anisopliae@ 2 x 10°c.f.u was more effective than
Verticillium leccani@ 2 x 10°c.f.u and Beauveria
bassiana@ 2 x 10°c.fu. on wheat aphid complex,
although their effect on aphid reduction was
observed after 5-7 days after treatment. Neem
formulation (Neemastra) @ 30 ml” was also at par
with the bio-pesticides in reducing the aphid
population.

Toxicity of insecticide and bio-pesticide to
biocontrol agent, C. septempunctata adult and
grubs

The toxicity of the insecticides and bio-pesticides
was tested against C. septempunctata adults and
grubs. Two concentrations were tested, one was
the recommended dose and the other was twice
the recommended dose which the farmer's uses in
the illusion of getting higher pest reduction. Both
chemical insecticides (thiamethoxam 25 WG and
quinalphos 25 EC) were found to be highly toxic to
the C. septempunctata adults and grubs. The toxic
effect increased with increasing concentration of
insecticide. Quinalphos 25 EC was more toxic than
thiamethoxam 25 WG however at 10" day after
treatment both produced 100% mortality among
C. septempunctata adults at both doses. The bio-
pesticides on the other hand were highly safer to
the C. septempunctataadults and grubs. Among
the bio-pesticides, Neemastra was the safest
treatments among all and produced no mortality

A = .

Fig. 2.7: Experimental set-up for toxicity studies of
insecticide and bio-pesticide to biocontrol
agent, C.septempunctata

to C. septempunctata adults and grubs at both
doses. All the entomopathogenic fungi were also
safer to the C. septempunctata adults. Among
entomopathogenic fungi, B. bassiana was
safest which produced 11% and 27% mortality
in C. septempunctata adults at recommended dose
and twice the recommended dose, respectively. V.
lecanii and M. anisopliae followed B. bassiana in
safety to C. septempunctata adults which produced
21% and 29% per cent mortality at recommended
doses, 23% and 32 % mortality at recommended
dose and twice the recommended dose,
respectively.

Evaluation of trapping efficiency of different
type ofinsect-traps foraphids

Different types of traps viz., sticky-traps and tray-
traps and their placement in the crop was tested to
determine the efficiency of traps to capture aphids
in the field. The population of alate (winged) and
apterous forms of aphids captured in traps were
recorded at weekly interval during the season. The
observation recorded clearly revealed that the
number of aphids trapped more in yellow coloured
traps than blue colour traps on all dates of
observations. The efficiency of sticky traps was
relatively better than water tray traps. The 60 cm
higher traps matched with the canopy of crop and
recorded more aphids as compared with 120 cm
hightraps.
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Effect of nitrogen fertilization on aphid
abundancein popular wheat varieties

Impact of three different doses (low, medium &
high) of nitrogen application on population
abundance of foliar aphid and termites was
investigated in wheat. The nitrogen doses were
kept as 0, 75,150 and 225 kg/ha. Treatments with
higher doses of nitrogen i.e. 150 &225 kg/ha had
highest number of aphids as compared to lower
doses of nitrogen. Variety HD 2967 had lowest
infestation of aphids as compared to susceptible
check A-9-30-1.

Storage entomology

Evaluation of different packaging materials for
storage insect-pest infestation and its effect on
wheat seed quality

Four different types of storage bags viz., jute, cloth,
HDPE and BOPP were tested for their efficacy in
protecting grain produce against storage pest
infestation as well as on the quality. Observations
have shown that BOPP bags have lowest
infestation of storage insect-pests as compared to
otherbags.
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03 RESOURCE MANAGEMENT

Tillage effectsinrice-wheat system

In a long term experiment the effect of tillage
options in rice-wheat system was evaluated with
three tillage options in rice (1. Zero tillage
transplanted; 2. Dry rotary followed by ponding of
water and transplanting and 3. Wet rotary i.e.
puddling using rotary tiller and transplanting)
superimposed on which were three tillage options
in wheat (1. Zero tillage; 2. Conventional tillage and
3. Rotary tillage). Depending upon the climatic
conditions year to year variations were observed in
wheat productivity. Six years out of ten years,
marginally higher wheat productivity was recorded
in rotary tillage although the differences were not
statistically significant. The effect oftillageinriceas
well as tillage in wheat were also not significant (Fig
3.1andFig3.2).
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Fig. 3.1:- Effect of various tillage options in wheat
on wheat productivity
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Fig. 3.2:- Effect of various tillage options in rice
on wheat productivity
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Based on the ten years average productivity under
various tillage options in wheat across tillage
options in rice, the yield recorded was marginally
higher in rotary tillage (Fig 3.3) compared to zero
and conventional tillage although the differences
were not statistically significant. It shows that the
tillage either in wheat or in rice does not adversely
affectthe wheat productivity.
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Fig 3.3. Effect of various tillage options in rice and wheat
on wheat productivity

Conservation agriculture (CA) in maize-wheat-
green gramsystem

To evaluate the long term effect of tillage, residue
and nutrient management in maize-wheat-green
gram system an experiment was initiated during
Kharif 2015 involving combination of tillage and
residue management {Zero tillage (ZT); ZT with
residue retention (CA); Conventional tillage (CT)
and CT + residue incorporation} in main plots and
sub plots were having the four nutrient
management options (Control; Recommended N
alone; Recommended NPK; and Rec. NPK + FYM 10
t ha'). The sowing was done using Turbo happy
Seeder/ Rotary Disc Drill. The results showed that
the effect of nutrient management was significant,
whereas, that of tillage and residue management
and their interactions were non-significant. Among
four nutrient management options, the minimum
yield (15.42 g/ha’) was recorded in unfertilized
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Fig 3.4:- Nutrient management in wheat
across tillage option in Maize-Wheat system
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Fig. 3.5:- Comparative performance of CA and
CT at farmers’ field

control plots (Fig. 3.4). The wheat grain yield was
maximum (73.5 q ha") when FYM @ 10 t ha" was
applied along with recommended NPK. However,
statistically this treatment was at par with N alone
and NPKapplication.

Observations were also recorded on soil
temperature at 5 cm depth in the morning and in
the afternoon on different dates. The morning
temperatures were slightly higher in CA system
where as the reverse was true in the afternoon.
Among the treatments, the afternoon temperature
in the control plots was higher than different
nutrientmanagementtreatments.

Demonstrations atfarmers’field

Three CA wheat demonstrations were conducted in
two villages (Badarpur and Taraori) in rice-
wheat system (Fig 3.5). Wheat cultivar HD 2967

1h

and HD 3086 were sown using a seed rate of 125 kg
ha" using the Turbo Happy Seeder. The mean wheat
yield was almost similar in CA (65.8 g ha') and CT
(65.0gha’) system.

Improvement in Rotary Disc Drill (RDD) for
seedinginresidue

During January 2019, the RDD was modified by
replacing the straight or about 10° curvature
powered discs with new version of notched and
serrated powered disc called “Soil Razor Disc”
having much better residue cutting effect. These
discs were imported by Beri Udyog Ltd Karnal from
Bellota, USA. This was tested for seeding in full rice
residue and full sugarcane trash and observed
significant improvement in its efficiency. Further
work is going on for its depth control and precision
drilling mechanism.
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Fig. 3.6:- Wheat seeded in sugarcane ratoon using Rotary Disc Drill

Wheat seeded in sugarcane ratoon crop with full
trash usingRDD

Under “Mera Gaon Mera Gaurav” scheme in Village
Badarpur village, two fields were selected for
seeding of wheat in ratoon crop of sugarcane. The
growing of wheat or other crops like green gram will
be additional crops for the farmers and will enhance
the profitability of the farmers as well as the wheat
production. Moreover, this will promote the
conservation agriculture with better environmental
health by reducing the pollution with no
straw/trash burning.

The two late sown varieties, WR 544 and DBW 90
were sown using a seed rate of 150 kg ha” on 28"
January 2019.The new version of RDD was used for
seedingin full trash of sugarcane, whereas for Turbo
Happy Seeder, seeding was done in absence of
residue.

The wheat yield obtained was 27.73 (DBW 90) and

26.33 (WR 544) gha' when sown using RDD,
whereas with THS sown DBW 90 yielded 21.77 g ha
(Fig 3.6). Therefore an additional crop of wheat can
be profitably taken in sugarcane ratoon using RDD.

Performance of wheat varieties under CTand CA

Studies were conducted to identify suitable
varieties for CA system. In this experiment ten
wheat varieties were evaluated at two dates of
sowing under early sown conditions (Last week of
October) and normal sowing (Mid November) with
two tillage optionsi.e. CT (Conventional Tillage), CA
(Conservation Agriculture). The residue load in CA
treatments was about 8 t/ha”. The effect of tillage as
well astheirinteraction was non-significant for yield
(Fig.3.7).The mean wheat yield of early sown wheat
was significantly better than the normal sowing.
However, the genotypic differences were
significant and PBW 723, BISA 921 and BISA 927
were better yielder than other genotypes. Presently
HD 2967 genotype is occupying maximum wheat
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Fig. 3.7:- Performance of wheat varieties sown early and timely under CT and CA conditions during 2018-19

area in India and its performance was similar under
CA and CT system. Therefore, wheat genotypes
released for CT system can also be effectively grown
under CA conditions.

Genotypes under early sown high fertility
conditions

To maximise wheat productivity, an experiment
was conducted using higher level of inorganic and
organic fertiliser along with spray of growth
retardant to control lodging. The experiment
consisted of three fertility treatments viz. RDF, RDF
+15tFYM ha" and 150% RDF+15 t FYM ha+two
sprays as tank mix-Chlormequat chloride (Lihocin)
@ 0.2%+ tebuconazole (Folicur 430 SC) @ 0.1% of
commercial product dose at First Node and Flag leaf
(Tank mix application) stages using 15 wheat
genotypes. On mean basis, the genotypes DBW
187 (73.4 g ha") and DBW 303 (73.8 g ha") recorded
marginally higher productivity compared to other
genotypes (Fig 3.8). These genotypes yielded 78.8
and 78.2 g ha-1, respectively, under 150% RDF + 15t
FYM ha' + two sprays as tank mix- Chlormequat
chloride (Lihocin) @ 0.2%+tebuconazole (Folicur
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= UP 3043
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150 %RDF+FYM+GR Mean

Fig. 3.8:- Genotypes under early sown
high fertility conditions

430 SC) at 0.1% of commercial product dose at First
Node and Flag leaf (Tank mix application) stage
which was higherthan other genotypes.

Nutrientmanagement

Integrated nutrient management in rice- wheat
system

An experiment with 10 treatments [Recommended
NPK at the rate of 150:60:40 kg/ha N, P,O, and K,O,
respectively (T1), T1+FYM15t ha", Rec. N only, Rec. P
only, Rec. K only, Rec. NP only, Rec. NK only, Rec. PK
only, T+ GM and absolute control] was conducted
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in Randomized Block Design with three replications
using wheat variety HD 2967. The results revealed
that biomass and grain yield were significantly
lower where only P, K or PK were applied as
compared to all other treatments (Fig. 3.9)
indicating the significance of nitrogen. The highest
grain yield (55.04 q ha") was recorded in treatment
where all the major nutrients and FYM 15 t ha" was
applied followed by the treatment in which all the
major nutrients as well as green manuring was done
(52.68 q ha"). These treatments were significantly
higher than all other treatments except
recommended NPK treatment. Application of
recommended nitrogen alone brought about

The results revealed that application of (FYM) from
10tha"to 30tha increased the biomass and grain
yield of all the high yielding varieties of wheat
significantly as compared to control (no organic or
chemical fertilizer) treatment. However, the highest
biomass and grain yield of all the high yielding
varieties of wheat were recorded in the
recommended NPK fertilizers treatment which was
significantly higher than all the organic treatments
including 30t ha" FYM treatment. Among the HYVs,
HD 3086 recorded the highest grain yield (64.38 q
ha”), followed by WH 1105 (60.12 q ha") with
recommended doses of NPK fertilizers (150:60:40).
All the varieties performed similarly at all the
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Fig 3.9:- Integrated nutrient management in wheat

significantly higher wheat productivity than alone
recommended P, K or PK together, however, the
lowest yield was recorded where only P, Kor PK were
applied indicating the importance of nitrogen
alone.

Organics in high yielding varieties of wheat in
rice-wheat cropping system

Four newly released high yielding varieties (HYVs)
of wheat (HD 2967,HD3086, WB 2 andWH 1105) and
five combinations of organic nutrient supply
(control, farm yard manure (FYM) 10t ha™,(FYM) 20 t
ha’, (FYM) 30 t ha' and recommended doses of
chemical fertilizers at the rate of 150:60:40 kg ha™ N,
P,O, and K,O, respectively) thus having total 20
treatment combinations, were evaluated in
randomized block design with three replications.
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Control FYM 10 t/ha FYM 20 t/ha FYM 30 t/ha NPK

Fig 3.10:- Comparative performance of wheat varieties
under inorganic and organic conditions

organics levels except WB 2 which yielded
significantly less than HD 3086 and WH 1105
varieties at recommended NPK level. Application of
increasing doses of FYM from 10 to 30 t ha’
increased the soil organic carbon, available
nitrogen, available phosphorus and available
potassium content as compared to recommended
NPKtreatmentand control treatment.

Residuemanagement

An experiment was conducted with combinations
of rice residue removal and incorporation along
with and without green gram cultivation underrice-
wheat system.The treatments receiving green gram
incorporation was superimposed with 25 and 50%
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Fig 3.11:- Effect of green gram on rice yield

less nitrogen to rice crop. Additionally, rice residue
incorporation treatment was imposed with 25%
higher basal nitrogen to wheat crop for comparison
purposes. The data revealed that green gram
cultivation after wheat produced 10-12 g ha™ pulse
yield and its residue incorporation saved 50%
nitrogen to rice crop and produced maximum rice
yield (68.97 q ha') besides improving the soil
physico chemical properties (Fig. 3.11). In case of
rice residue incorporation, additional of 25% more
N was needed to reduce the immobilization effect
to wheat crop and produced maximum wheat grain
yieldof 67.43qha’ (Fig.3.12).

Intercropping of pulses with maize

Experiment on green gram, black gram, cowpea
and guar intercropped with maize and followed by
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Rice straw incorporation and wheat straw
removal (25% more N to wheat) +green gram(
25 % less N to rice)

Fig 3.12:- Effect of rice straw incorporation, N management
and green gram on wheat yield

Rice and wheat straw removal

wheat crop was condcuted during 2018-19. Land
equivalent ratio (LER) was calculated for each
intercrop and it was found the maximum LER (1.6)
with cowpea asintercrop followed by green gram as
intercrop. This showed that sole crop require 60
more area to produce same output cowpea
intercrop with maize. In wheat season,
recommended fertiliser and 25 % less nitrogen was
tried in pulse intercrop with maize treatmentsand it
was found that 25 % less N application exhibited
similar yield as compared with recommended N
application.

Comparison of different cropping sequences

Sorghum and maize based crop sequnces namely
sorghum-wheat, sorghum-wheat- green gram,
sorghum-mustard-green gram, sorghum-potato-
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Fig 3.13. Land equivalent ratio (LER) of different
intercrop sequences
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Fig 3.15. Comparison of wheat equivalent yield
in different cropping sequences

wheat, maize-wheat, maize-wheat-green gram,
maize-mustard-green gram, maize-potato-wheat
were conducted in randomized block design with
three replications. Wheat equivalent yield was
calculated by taking minimum support price of
each crop and market price of potato and sorghum
(fodder) and comparison was made accordingly.
Crop rotations having three crops showed higher
wheat equivalent yield than two crops. Highest
wheat equivalent yield was on crop rotations
bearing potato either maize/sorghum as previous
crop followed by mustard.

Weed managementin wheat

Weed infestation is one of the major problems
limiting crop production. For realizing potential
crop yield, proper weed management is very
important. For controlling weeds in wheat,
herbicides are preferred due to cost and time
effectiveness. The emergence of new weed flora
and evolution of new cases of herbicide
resistance demand evaluation of new
herbicides from different chemical groups. Field
experiments were conducted for evaluation of
herbicides and herbicide mixtures against
weeds in wheat and the results of which are as
follows.

Evaluation of new herbicides

Diverse broadleaf weeds were effectively
controlled when ready-mix combinations of

Halauxifen+ fluroxypyr 200.6 (6.1+194.5) g ha"
were applied as post-emergence. This ready
mix combination has shown high selectivity in
wheat.

Herbicide combinations were evaluated for
the control of complex weed flora of wheat.
Pyroxasulfone + metsulfuron and
Pendimethalin + metribuzin as pre -
emergence and tank mixture of Clodinafop/
pinoxaden+ metribuzin as post emergence
were found effective for control of diverse
spectrum of weedsin wheat

Cloquintocet safener present in clodinafop
was found effective in providing the safening
effectto HPPD herbicides.

Pyroxasulfone + pendimethalin 125 + 1000
g/ha” and flumioxazine at 100-125 g ha" as pre
emergence were found effective for control of
grassy and broadleaved weedsin wheat.

In rice-wheat system double no till system led
to more problem of Rumex dentatus and
Medicago denticulata.

In DSR, bispyribac+pendimethalin at sowing fb
fenoxaprop + ethoxysulfuron were effective in
controlling broad-spectrum weeds

Bioassay studies were conducted to identify and
quantify the herbicide resistance in different weeds
(P. minor, Rumex dentatus, Avena ludoviciana,
Chenopodium album and Polypogon monspeliensis).
For Multiple Herbicide Resistant P. minor and A.
ludoviciana management (against clodinafop,
pinoxaden and sulfosulfuron) alternative
herbicides found effective were pyroxasulfone and
metribuzin. Whereas, pendimethalin and
pyroxasulfone were found effective for control of
sulfonylurea herbicide resistant Polypogon
monspeliensis in wheat. For management of P.
minor, experiments were also conducted with
integration of no-till system in combination of
various pre-seeding herbicides. Results revealed
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that the herbicide resistance problem can be
tackled with integration of no-till seeding along
with residue retention and application of pre-
seeding herbicides (Pendimethalin + metribuzin or
metribuzin or pyroxasulfone + metsulfuron). For
control of metsulfuron resistant Rumex dentatus
and Chenopodium album 2,4-D, carfentrazone and
fluroxypyr were found effective.

Evaluation of pyroxasulfone + pendimethalin
against weedsinwheat

The ready mix combination of pyroxasulfone +
pendimethalin was evaluated at different doses
consisted of 450 (50+400), 675 (75+600),
900(100+800) and 1125 (125+1000) g a.i. ha™. The
major weeds infested the experimental plots were P,
minor, Avena ludoviciana, Rumex dentatus,
Medicago denticulata and Coronopus didymus. The
dry weight of weeds reduced as the dose of ready
mixture pyroxasulfone + pendimethalin increased
up to 1125 g ha™. The total dry matter accumulated
by weeds in untreated control was 583 g/m’, (Fig
3.16). Compared to weedy check, all the herbicide
treatments caused significant reduction in total dry
weight of weeds. The ready mix combination,
pyroxasulfone + pendimethalin at 1125 g a.i. ha"
was superior to pyroxasulfone and pendimethalin
in controlling weeds. The weed competition
throughout the season resulted in the lowest grain
yield (14.51 q ha') compared to all other weed
control treatments.
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40 400
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Weed dry wt. g/m?
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10 100
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Pyroxasulfone +
pendimethalin
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pendimethalin
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Pyroxasulfone +
pendimethalin
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Pendimethalin
1500g/ha

Hand weedings(2)
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Fig. 3.16. Effect of pyroxasulfone + pendimethalin
on weeds and wheat yield

Improving water use efficiency and mitigate
abiotic stresses in wheat under conservation
and conventional tillage practices

Experiments were conducted to study the water use
efficiency of wheat genotypes under various
moisture levels and explore the measures for
improving water use efficiency and mitigate
abiotic stresses in wheat crop under
conservation and conventional tillage practices.
Investigations were carried out to examine the
role of foliar application of potassium with
different source and levels in mitigating the
abiotic stresses. Foliar application of potassium
confirmed its positive impact on various kind of
abiotic stresses. Data recorded for the
experiment on effect of foliar application of
potassium in wheat crop revealed that, 2 per cent
concentration of either K,SO, or KCl is beneficial
under restricted irrigated conditions. The
findings of the study are as mentioned below:

Thirty genotypes of wheat were evaluated at
various level of soil moisture i.e. 80, 60% of ET,.
The exact amount of irrigation water in mm was
calculated with the help of CROPWAT software.
A total of 9 genotypes (DBW 222, DBW 173,
IBWSN106, IBWSN1278, DBW 110, DBW 166,
DBW 187, PYT 69, PYT 80) were found having
water use efficiency of >2.51 kg m” with
desirable level of yield under 80% of ET, (5309
kg ha™) and 60% of ET, (4878 kg ha") moisture
level (Fig 3.17).

» Twelve genotypes of wheat from central and
peninsular zone were evaluated at various level
of soil moisture i.e. 80, 60% of ET,. Genotype HI
1605, NIAW 3170, NIAW 1415, and NIAW 3624 are
found to be having higher WUE with desirable
level of yield (Fig 3.18).

+ Significantly higher grainyield (6451 kg ha") was
recorded by foliar application of Potassium @ 2.0
% over control (6171 kg ha"). Total two sprays
were done atjointing and flowering stage.
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Production estimation of wheat using remote
sensingand modellinginHaryana

The present study was undertaken to investigate
the use of multi date satellite imageries for
assessment of wheat acreage in Haryana.
Satellite scenes of Landsat 8 Operational Land
Imager (OLI) having spatial resolution of 30
meters and temporal resolution of 16 days have

been used for land use land cover analysis of
Haryana.

« Seven satellite images of path 146, 147, 148 and
row 39, 40, 41 for the wheat season 2018-19
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Fig. 3.17:- Productivity and water use efficiency
of wheat genotypes
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Table 3.1: Land use/ land cover area of Haryana

LULC Area (mha) Area (%)
Wheat 2.32 52.6
Built-up Land 0.21 4.8
Barren/Sandy Land 0.57 12.9
Water Body 0.01 0.22
Forest/tree 0.54 12.2
Other Crops 0.72 16.3
Fallow Land 0.04 0.9
Total 4.41 100

covering Haryana were downloaded from the
website https://earthexplorer.usgs.gov.
Digitized shape file of Haryana was downloaded
from the website https://www.diva-gis.org/.
Atmospheric Correction was done using QUAC
(Quick Atmospheric Correction Technique)
using EnVI-4.8 software to remove the “noise”
from the image which may be present due to
atmospheric disturbances. All seven satellite
scenes were mosaicked and a subset of Haryana
was generated in one image as a whole. Images
were classified into 7 major classes namely
wheat, built-up land, barren/sandy land, water
body, forest/tree, other crops and fallow land
using Maximum Likelihood Classifier (MXL)

F 25

H
o
WUE, kg/m3

F 0.5

T T T T
HI 1605 HI 1531 HI 8627 HI 8777 MP 3288

T T T T T T T
NIAW 1415  NIAW 2030  NIAW 3170  NIAW 3624  NIAW 3643 NIDW 1149 (d) NIDW 15 (d)

Genotypes

Fig. 3.18:- Productivity and water use efficiency of wheat genotypes
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embedded under supervised classification in under the classified image using post
EnVI-4.8 software. To improve the classification classification technique.The area under different
accuracy, the non-agricultural areas were entities has been summarized in table 1. The
masked out. total wheat area was observed to be 2.32 mha;

which is almost 52.6% of the total geographical

» The areas were estimated by computing pixels
Y puting p areaofHaryana (4.41 mha).
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Fig 3.19:- Land Use/Land Cover Map of Haryana (2018-19)
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04 QUALITY AND BASIC SCIENCES

Quality analysis of AICRP on wheat and barley entries were analysed from different zones and
trialsand nursery growing conditions. All the AVT-Il year entries
including checks were also evaluated for chapati,
bread and biscuit for identification of product
specific promising genotypes (Table 4.1 to 4.3).

During the year 2019, a total of 126 AVTs, 244 NIVTs,
37 special, 52 QCWBN, and 68 preliminary QCWBN

Table 4.1: Promising T. aestivum genotypes for chapati (score >8.0)

Category Genotypes

Check varieties HD 2967 (NWPZ-HYPT), HD 3086 (NWPZ-HYPT) HD 2967 (NEPZ-ITS), K 0307 (NEPZ-ITS), PBW 757 (NWPZ
& NEPZ, SPL-VLS)

AVT entries PBW 771 (NWPZ-ILS), DBW 301(NWPZ-HYPT), PBW 824 (NWPZ-HYPT)

Table 4.2: Promising T. aestivum genotypes for bread (loaf volume >600 ml)

Category Genotypes
Check varieties HD 3226 (NWPZ-ITS), WH 1105 (NWPZ-ITS), WH 1080 (NWPZ-RITS) DBW 93 (PZ-RITS)
AVT entries DBW 221 (NWPZ-ITS), DBW 222 (NWPZ-ITS), BRW 3806*# (NWPZ-RITS), NIAW 3170* (NWPZ & PZ-RITS),

HI 1621* (SPL-VLS), WH 1254 (HYPT), DBW 303 (HYPT)

*Final year AVT entry
Table 4.3: Promising T. aestivum genotypes for biscuit (SF ~10.0)

Category Genotypes

Check varieties NIL

AVT entries NIAW 3170* (NWPZ & PZ-RITS )

*Final year AVT entry

Promising genotypes for both T. aestivum and sedimentation value, yellow pigment, iron, and zinc
T. durum for individual quality parameters like aregiveninTable4.4.

protein content, grain hardness index,

Table 4.4: Promising genotypes for various quality parameters

Parameter Value Genotypes

(T. aestivum)
Protein 312.5% NHZ :VL 3019
NWPZ: HD3226
CZ:HD 2932, MP 3336, MP 4010, UAS 3002, DBW 110, MP 3288, DBW 277
PZ :PBW 823, DBW93
Sedimentation value > 65 ml NHZ : HS 673
NWPZ : HD 3226, PBW 752, DBW 173
NEPZ : HD 3249, DBW 187, PBW 781, DBW 257, HI 1612
CZ:DBW 110, MP 3288, DBW 277

Hardness index <35 NHZ : HS 490
NWPZ : NIAW 3170
Iron 340ppm NHZ : HS 507, VL 907, HS 562, HPW 468, HS 673, UP 3041, VL 3019

NWPZ : HD 3086, DBW 173
NEPZ : HD 3249, DBW 187, K 0307, DBW 257, HD 2888
CZ:HI 1544, CG 1029, HI 1634, MP 4010, HD 3345, DBW 277
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Zinc 340ppm NHZ : HS 673, UP 3041, VL 3019
NWPZ : WH 1105, PBW 550, PBW 771, PBW 752, DBW 173, WH 1021, HD 3043
NEPZ : HD 2888
CZ:PBW 822, HD 3345, MP 4010
PZ : PBW 823, GW 509

(T. durum)
Protein >13.0% CZ: UAS 466, DDW 47, HI 8627
Sedimentation value 340ml CZ :HD 8737, DDW 49, UAS 466
PZ : MACS 3949, DDW 49, DDW 48, WHD 963
Yellow pigment >7.0ppm CZ:DDW 47
Iron 3 40ppm CZ:HI8737, DDW 49, HI 8812, HI 8808, HI 8807, DDW 47, HI 8627
PZ : UAS 428, MACS 3949, DDW 49,WHD 963, HI 8807, HI 8802, NIDW 1149
Zinc 2 40ppm CZ:HI8737, HI 8812, DDW 49, HI 8627

PZ : DDW 48, HI 8807, HI 8802

Table 4.5: Variability in the quality parameters of T. aestivum in AVT

Parameter NWPZ NEPZ cz PZ NHZ Overall

GAS (Max. 10.0) 6.3(5.9-6.5) 6.45(5.8-7) 6.4(5.7-6.8) 6.4 (5.5-7.2) 5.44 (4.9-6.3) 6.19 (4.9-7.2)
Hectolitre Weight (kg/hl) 78.37 (76-81) 79.5(77.1-82) 80.97 (78.7-83) 81.3(77.3-84.4) 79.36 (74.8-82.1) 79.9(74.8-84.4)
Protein content (%) 11.06 (9.5-12.6) 10.28(9.09-12.0) 12.07(10.3-12.9) 11.84 (10.7-13.0) 9.66(8.3-12.7)  10.98 (8.26-13.0)
Sedimentation value (ml) 55(42-67) 54(43-68) 54(40-69) 52(37-68) 53(39-67) 54(37-69)

Grain hardness index 79.89(26.8-90.1) 69.06(59.2-78.5) 77.88(63.5-84.7) 78.5(41-94.9)  73.64(29.2-83.5) 75.79(26.8-94.9)
Iron (ppm) 36.74(31.6-40.4) 39.1(34.3-45.4)  38.57(35.1-40.7) 39.4(34.6-44.6) 39.1(36.5-42.2) 38.58(31.6-45.4)
Zinc (ppm) 38.33(32.9-44.5) 31.8(26.5-41.6)  36.8(34.1-40.1) 36.2(31.2-46.3) 33.06(25.8-42.8) 35.23(25.8-46.3)
Wet gluten (%) 27.0(23.6-30.8) 23.5(19.7-28.2) - 30.2(27.5-31.6) - 26.9(19.7-31.6)
Dry gluten (%) 8.77(7.5-10) 7.7(6.3-8.9) - 9.8(9-10.2) - 8.75(6.3-10.2)

Gluten Index (%) 80.34(37.5-95.5) 78.1(45.5-96.5) = 78.7(59.3-86.3) 79.05(37.5-96.5)

Table 4.6: Variability in the quality parameters of T. durum in AVT

Parameter cz PZ Overall

Grain Appearance score (Max. 10.0) 6.97(6.7-7.6) 7.3(6.7-7.6) 7.14(6.7-7.6)
Hectolitre Weight (kg/hl) 82.7(80.5-85.2) 82.6(77.8-84.6) 82.65(77.8-85.2)
Protein content (%) 12.27(10.72-13.66) 11.79(11.35-12.58) 12.03(10.72-13.66)
Sedimentation value (ml) 37(28-52) 41(26 - 57) 39(24-57)

Grain hardness index 81.5(73.9-87.6) 85.7(80.1-93.0) 83.6(73.9-93.0)
Iron (ppm) 39.8(36.4-41.6) 39.3(36.8-41.2) 39.55(36.4-41.6)
Zinc (ppm) 38.76(36.9-42.4) 37.2(34.1-39.9) 37.98(34.1-42.4)
Yellow pigment (ppm) 5.47(3.93-7.59) 4.8(3.13-6.16) 5.14(3.13-7.59)

One hundred and nine AVT, IVT and special trial 17+18, 6+8, 20 and 13+16 were 45.0, 8.3, 5.5, 37.6,
entries including checks were evaluated for High 0.9,0.9and 1.8%respectively.
Molecular Weight Glutenin subunits (HMWs)
encoded by Glu-A1, Glu-B1 and Glu-D1 loci. Subunits
5+10and 2+12 were presentin 70.6 % and 29.4 % of
the total entries, whereas entries having 1, 2* and N The development of fast prediction methods for
subunits were 22.9 %, 62.4 % and 14.7 %, end use quality continues to be a major focus of
@respectively. Entries with subunits 7, 7+8, 7+9, wheat breeding programs. Yellow pigment content

Development and utilization of microlevel test
foryellow pigment
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Fig. 4.1: Distribution of HMW glutenin subunit

in durum wheat is an important quality trait for
pasta products. Method of using 0.20g of whole
meal flour was developed and used for estimating
yellow pigments in AICRP samples and also the
segregating generations in breeding programme.
Since the method requires relatively small amounts
of wheat flour (as compared to 4g method being
used) and is rapid and repeatable, it is very useful in
breeding programme. In early segregating
generations when small quantity of materials is
available and short time is left in between next
sowing, chemical tests are very useful in predicting
the quality. In addition it is environmentally very
safe because of using very less amount of chemicals

Relationship between 4.0g and 0.2g test for
measurement of yellow pigment content in wheat

7.00
6.00 | y = 0.9886x + 0.064-
5.00
4.00 -
3.00
2.00
1.00 -
0.00

Yellow Pigment (ppm), 0.2g

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00
Yellow Pigment (ppm), 4g

Fig. 4.2: Test for measurement of yellow pigment content

in extraction and measurement of yellow pigments.

Progress in transfer of Glu-D1 double null from
Nap Halinto high yielding wheat varieties

Significant progress has been made in transferring
Glu-D1 double null trait from Nap Hal, an Indian
landrace of wheat, into high yielding backgrounds.
Glu-D1 double null is associated with reduced
gluten strength and high cookie spread factor. The
crossing was initiated during 2005-06 using PBW
373,PBW 502 and UP 2425 as recurrent parents and
Nap Hal as donor and subsequently advanced into
higher generations using microlevel tests for
sedimentation volume. The advanced lines of the

Table 4.7: Advanced lines of crosses made using Nap Hal as the donor of Glu-D1 double null and high yielding

wheatvarieties grown during 2018-19

Cultivars and cross combinations Generation Sedimentation Average biscuit spread factor
volume (1g test)

UP2425/*3/NAP HAL BCF,, 2.2 12.10
PBW373/*3/NAP HAL BC,F" 1.9-3.7 11.20
PBW502/*2/NAP HAL BCF,, BC,F, 34 11.90
PBW373/*3/NAP HAL(BC3F4)//HD 2967 BC,F’; BCF, 3.2 12.10
UP2425/*3/NAP HAL(BC3F4)//HD 2967 BC,F, BCF, 3.1 12.12
UP2425/*3/NAP HAL(BC3F4)//DPW621-50 BC'F’; BC'F’ 2.7 12.7
PBW373/*3/NAP HAL(BC3F4)//DPW621-50 BCF, F, 2.5 11.8
HS490/*2/NAP HAL BC,F, 3.0 12.4
HD2967/*1/NapHal BCF, 3.2 11.8
NAP HAL 3.5 10.12
UP 2425 7.9 7.89
PBW 502 8.4 7.56
PBW 373 8.5 7.69
HD 2967 10.7 8.12
PBW 621-50 10.5 8.30
HS 490 7.6 10.9
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Fig. 4.3: Malt vis-a-vis falling number for different wheat varieties

above crosses were also used in making crosses
with other high yielding genotypes including HD
2967, DPW 621-50, HS 490, HD 3086, and DBW 187.
The sedimentation value of advanced lines of the
above crosses exhibited transgressive segrergants
towards low sedimentation under soft background,
detailsare giveninthetable below.

Effect of malt addition on falling number and
bread quality

Analysis of falling number of 4 wheat varieties
indicated very high falling number (>450) and
consequently lower bread loaf volume. There was
significant reduction in falling number by adding
0.025 to 0.20% malt in the flour. The reduction in
falling numberis because of higher amylase activity
in malt which is required for hydrolysis of starch
used for fermentation of dough. There was
significantincrease in loaf volume of bread made of
flour treated with malt. 0.1% malt in the flour
showed maximum increasein loaf volume.The data
demonstrated that there is need to increase alpha
amylase activity in Indian wheat varieties so that
falling number comes in the range of 300, the
detailsare giveninthefigure.

Development of RILs using cross between HD
2967 and Gpc-B1line

Gpc-B1 line having gene associated with higher
grain protein, Fe and Zn content ware used in
making crosses with HD 2967 for developing RILs.
This has been done to identify molecular markers
associated with Gpc-B1 locus for high grain protein,
Fe and Zn content. Though some of the reports
indicated significant contribution of Gpc-B1 to Fe,
Zn and grain protein content, in our investigation
there was no significant association. Therefore, RILs
(300) have been developed using cross between HD
2967 and Gpc-B1 line to identify useful marker for
utilization in breeding and were at F9 and BC1F8
stages during 2018-19 crop season. There was
normal distribution of grain protein content in the
RILsasshownintheFig.4.4.

Development of high yielding what genotypes
for high phytase and low phytic acid levels using
PBW 502 mutants

Enhancing wheat micronutrient density and their
bioavailability for humans and monogastric
animals could lead to both improved human health,
reduced pollution and more sustainable
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Fig. 4.4: Distribution of grain protein content in RILs
(cross between HD 2967 & CRP 1660)

agriculture. High phytase and low phytic acid
mutants were developed using EMS mutagenesis
during 2008-09 crop season. Eight hundred mutant
lines in the background of PBW 502 were advanced
to higher generations and evaluated for phytase
and phytic acid levels during 2014-15, 2015-16,
2016-2017 and 2017-18. More than 20 high phytase
mutants were identified and used in making crosses
with recently released high yielding varieties. The
off-season nursery at Dailang Maidan was also used
for generation advancement and making crosses
during 2019. Materials are at various stages of
development. The available material in F,
generation of a cross between high phytase and
low phytic acid mutant and HD 2967, HD 3086,
HD 3226, DBW 88, DBW 137, DBW 187, WB 02, HD
3086; and BC,F, generation with HD 2967, DBW 173
and DBW 187 has been grown for the crop season
2019-20 for further advancement and crossing. The
available material in F, generation of the crosses
between high phytase and low phytic acid mutant
and HD 2967, HD 3086, PBW 502, DPW621-50, HD
3059, WB 02, HD 3059, HD 3226, WH 1105, DBW 88,
DBW 187 and DBW 173 and BC,F, generation with
HD 2967 and HD 3059 has been grown for the crop
season 2019-20 for further advancement and
crossing.

Agronomicbiofortification

Agronomic biofortification strategy is to enhance
Fe and Zn content by foliar spray of Fe and Zn
containing fertilizers during early grain filling stage.
In this investigation, field trials were conducted at
ICAR-IIWBR, Karnal using a set of 10 high yielding
wheat varieties with Zn, Fe, Zn+Fe spray along with
control during 2018-19 crop season as second year
experiment. There was more than 40% increase in
Zn content in Zn treated conditions while it was
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45.0
g
= 40.0
E 35.0 -
=
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Control Fe Zn Fe+Zn

Control and Fe/ZnTreatment

Fig. 4.5: Fe and Zn content under control and Fe/Zn
foliar spray during 2018-19

10% enhancement in Fe content under Fe
treatments. On an average Zn content enhanced
from 29.3 ppm to 40.4 ppm from control to Zn
treatment. Increased activity of Zn in the source
(flag leaf and stem) during grain filling could be
increased by additional Zn and Fe application
through foliar application. Effect of foliar spray of Fe
and Zn on their contents in wheat grain (average of
10genotypes) aregivenin theFig.4.5.

Expression profiling of genes associated with
Fe/Zn uptake, transportand utilization in wheat

gRT-PCR analysis was carried out to validate the
differentially expressed genes of 12 key transcripts
from 4 wheat genotypes differing in Fe/Zn content
in grains. Compared to control, Fe/Zn withdrawal
showed more significant differential expression
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ICAR-IIWBR ANNUAL REPORT 2019

landscape of Fe/Zn responsive transcripts involved
in MA biosynthesis and transport in efficient
genotypes as compared to inefficient genotypes
(Fig. 4.6). Amongst up regulated transcripts at
seedling stage, expression of DMAD (~3.4 fold),
NAAT 2A (~3.24 fold), and FTP1-like (~2.39 fold) in
CRP 1660 and ZIFL1(~1.9 fold), NAS1A (~1.85 fold)
and YSL6 (~1.65 fold) in Vinata and NAAT 2A (~1.99
fold) in Sonora 64 and DMAS-1B (~2.8 fold), NAS1A
(~2.7 fold), ZIP5 (~2.14 fold) in DBW17 were the top
three most significant transcripts (Fig.4.6 A-L). Since
flag leaf is actively involved in transporting
nutrients to the developing grain, we also carried
out expression analysis of these genes at flag leaf

stage to see the difference between seedling and
flag leaf stage. Surprisingly, compared to seedling
stage, the expression of most of the transcripts was
highly up regulated in flag leaf in CRP 1660 followed
by Vinata and Sonora 64 with least expression in
DBW 17 (Fig.4.6 A-L). Amongst up regulated
transcripts in flag leaf, NRAMP2 (~12.33 fold), DMAS-
1B (~11.22 fold), ferritin (~10.07 fold) in CRP 1660,
ZIFL1 (~9.39 fold), zinc transporter 9-like (~6.44
fold), DMAD (~5.14 fold) in Vinata, DMAS-1B (~7.67
fold), ZIP5 (~5.78 fold) and DMAD (~3.3 fold) in
Sonora 64 and ZIP5 (~6.37 fold), YSL6 (~4.09 fold),
zinc transporter 9-like (~3.63 fold) in DBW 17 were
the top three upregulated transcripts (Fig. 4.6).
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In the realm of foodgrains, wheat and barley hold
first and fourth position in terms of global cereals
acreage.The nutri-rich cereals altogether have been
under cultivation in around 271 million hectares
(mha) with an estimated production of 933 million
tonnes (mt) for the period 2018-19. In India, these
Rabi cereals are grown in 29.74 million hectares
(24% of total crop acreage) accounting for about 36
per cent of the total foodgrains produced during
2018-2019. Wheat has been under cultivation in
29.14 mha and barley covered 0.61 mha during
2018-2019 (Source: IV Advance Estimates,
Directorate of Economics and Statistics, Ministry of
Agriculture and Farmers Welfare, India). The current
year wheat production has touched a landmark
output of 102.19 mt with a record national average
productivity of 3507 kg ha.

Frontline demonstrations (FLDs) conducted across
regions also witnessed a similar kind of trend. The
improved varieties and technologies demonstrated
at farmers' field through the FLD programme
showed that yield registered in FLDs is significantly
higher than check plots. However, there existed
yield gaps across regions which should be bridged
through need based interventions by identifying
the locations specific constraints. The ICAR-IIWBR
strives to make continuous efforts to popularize the
regions specific superior varieties as well as micro
level strategies to enhance the wheat and barley
productivity. Despite several outreach
programmes, there exists the need for increasing
the productivity of wheat and barley through
different scientist-farmer interface activities with
more emphasis on seed as well as variety
replacement, integrated nutrient management
(INM), efficient water management, integrated crop
management (ICM) integrated pest management
(IPM), weed management, incorporation/ retention
of crop residues and soil health management. The
farm advisory services through WhatsApp group,

MANAGE portal and rigorous training of field level
extension functionaries or subject matter
specialists by the institute has also played a key role
in taking contingent management measures,
particularly against yellow rust. Several other
programmes have been initiated as well at the
institute level to transfer the efficient technologies
tofarmers'fields.

Creation of awareness through mass and print
media on seed treatment, seed and variety
replacement, and crop management helped to
increase the farmers' livelihood and welfare.
Procurement by different authorized agencies has
also motivated the farmers to retain the same or
allot more area under the respective crop.
Developing storage facilities both at farm level and
national level is the need of the hour and it warrants
for some policy interventions. The report highlights
the outcome of wheat and barley FLDs, yield gain
due to FLDs, costs and returns as well as constraints
in wheatand barley production.

Wheat frontline demonstrations (WFLDs)
during 2018-19

During the wheat crop season 2018-19, 1500 Wheat
Frontline Demonstrations (WFLDs) of one acre each
were allotted to 83 cooperating centres across the
country of which 1499 were conducted through 83
cooperating centers. The technologies such as
improved wheat (T.aestivum, T.durum and T.
dicoccum) varieties with complete package of
practices, rotavator, zero tillage/happy seeder and
bio-fertilizer were demonstrated at the selected
farmers' fields. These WFLDs covered 1503.34 acres
area of 1562 farmers in 19 states. The maximum
number of WFLDs were conducted in UP (192),
followed by Bihar (142), MP (137), Rajasthan (114),
HP (104), Maharashtra (100), Assam (91), Haryana
(89), Karnataka (75), Punjab (73), Jharkhand (65),
Gujarat & West Bengal (50), J&K & Tamil Nadu (49),
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Chhattisgarh (43), Delhi & Uttarakhand (36) and
Manipur (5).

All the improved varieties for different production
conditions (timely sown, late sown, rainfed) have
been included while calculating the yield gain
over check/regional yield. The maximum yield
gain was observed in Manipur (36.74%) followed
by Assam (34.28%), Jharkhand (26.80%), West
Bengal (25.45%), HP (20.07%), J&K (19.90%),
Karnataka (17.45%) and Maharashtra (16.39%).
Statewise yield gain over check in different states is
giveninTable5.1.

Theyield gain due to improved varieties over check
was highest in NEPZ (20.21%) , followed by NHZ
(19.00%), PZ (15.28%), CZ (12.01%) and NWPZ
(07.99%) (Table 5.2). Concerted efforts are needed
to be made by the developmental agencies in all
zones to bridge yield gap and to increase wheat
productivity to meet the ever increasing
requirement. Across all zones demonstrated
varieties have shown yield superiority over check
varieties and it ranged from 07.99% in NWPZ to
20.21%in NEPZ.

Table 5.1 : State wise performance of improved wheat varieties under FLDs during 2018-19

State Mean yield (q ha”) Per cent Gain
Improved varieties Check varieties

Assam 26.15 19.48 34.28***

Bihar 40.72 35.77 13.85%**

Chhattisgarh 31.75 28.58 11.09NS

Gujarat 52.57 47.09 11.63%**

Haryana 52.21 50.18 04.06*

HP 31.85 26.53 20.07***

J&K 45.28 37.77 19.90%**

Jharkhand 33.13 26.13 26.80***

Karnataka 30.12 25.64 17.45%*%*

Maharashtra 37.41 32.14 16.39%**

Manipur 22.33 16.33 36.74%**

MP 52.40 46.05 13.79%**

Delhi 49.56 46.28 07.10%**

Punjab 52.87 51.23 03.18***

Rajasthan 51.65 47.13 09.59%**

Tamil Nadu 29.44 - -

up 47.36 41.69 13.60%**

Uttarakhand 42.03 37.10 13.371%**

West Bengal 39.32 31.35 25.45%**

***Significant at 1 percent level, ** Significant at 5 percent level, * Significant at 10 percent level, NS-Non-significant

Table 5.2 : Zone wise productivity under FLDs over check during rabi 2018-19

Zone Mean yield (q ha”) Mean yield (q ha”) Gain (%)
WFLDs Check

NHZ 33.26 27.95 19.00%**

NEPZ 37.89 31.52 20.27%**

NWPZ 52.27 48.40 07.99%**

cz 48.04 42.89 12.071%**

Pz 33.76 29.28 15.28%**

*** Significant at 1 percent level
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In case of improved durum varieties, the variety
HD 4728 (d) and HD 8759 (d) gave a significant
average yield of 65.00 q ha" at Indore centre in
Central zone. In PZ, the variety MACS 3949 (d) gave
an average yield of 46.50 gha, at Pune center,
though it was non-significant.

In NHZ, at Bajaura, improved rainfed variety HS 562
yielded 53.80 gha" which was higher than the check
varieties but non-significant. The same variety gave
significantly higher yield of 41.11 gha, and 40.14
gha™ at Malan Kangra centre against check varieties
HPW 155 and HPW 349, respectively. In CZ, GW 11
gave 52.87 gha’ yield at Vijapur center which was
significantly higher than the check variety. In PZ,
UAS 347 yielded 18.12 gha" under rainfed condition
at Dharwad centre which was non-significant.

In case of late sown varieties, variety DBW 173 gave
significantly higher yield (51.04 gha') at Amity
Noida centerin NWPZ.In CZ, the significant average
yield was recorded by GW 11 (52.87 gha™) at Vijapur
center followed by Raj 4238 (51.56 gha’) at Kota
center.

The location specific highest average varietal yield
attained in a zone were by variety HI 8759 (d) (75.00
gha") atIndore centrein CZ,HD 3086 (69.50 gha™) at
Durgapura in NWPZ, K 1006 (58.00 gha") at Kanpur
in NEPZ, MACS 6478 (63.75 gha™) at Pune in PZ and
HS 562 (53.80gha™) at Bajaurain NHZ.

FLDs on bio-fertilizer (Azotobactor & PSB) along
with 100% inorganic fertilizer as compared to check
(100% recommended dose of inorganic fertilizer)
showed that the significant yield gain was 21.70%
at Faizabad and 11.73% at Shillongani in NEPZ. In
NWPZ, significant yield gain of 8.29% was recorded
at Agra centre. In CZ only 3.36% non-significant
yield gain was recroded at Jagdalpur, Bastar center.

There was a significant yield gain of 09.51% at
coochbehar centre in NEPZ under zero tillage of
wheat sowing. In NWPZ, zero tillage gave the yield
advantage of 8.82%, 5.37% and 3.05% at Agra,
[IWBR Karnal and Kaithal centers, respectively. The

yield gain due to zero tillage technology was non-
significantat most of the centres.

Yield gain under rotavator technology was 18.45%
at Siddharthnagar which was significantly higher
than conventional tillage followed by 5.86% at
NaginaBijnorand 2.54% at Ludhiana.

The demonstration on micro nutrient application
such as boron in wheat has shown encouraging
result and it has given 13.64 per cent higher yield at
Shillongani centre, though non-significant.

Analysis of constraints in different wheat
producing zones of India

India witnessed a continuous increase in wheat
production in the recent years. The current year
production has reached an all-time record
production and productivity. Variation in yield
levels exists among different states, farmers and
farms leading to yield gap in different states and
different zones. Several reasons shall be attributed
to this yield gap which needs to be addressed for
sustainable wheat production. Through constraint
analysis, an effort has been made to identify
constraints impeding wheat production in different
parts of the country (Table 5.3).

Northern Hills Zone (NHZ): In NHZ, small land
holding, high cost of inputs, untimely rain, Phalaris
minor, non availability of labour were the major
constraints faced by the farmers of northern hills
zone.

North Eastern Plains Zone (NEPZ): Realizing the
potential of NEPZ, all constraints need to be
addressed immediately for achieving the targets of
second green revolution. Among major constraints
of this zone, high cost of inputs, higher custom
hiring charges, non-availability of farm labours,
erratic power supply, poor information delivery by
the state extension machinery and Phalaris minor
were identified. Farmers of this zone need to be
educated and trained on recent wheat production
technologies to harvest potential yield in their
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Table 5.3 : Overall constraints impeding wheat production (n=1562)

Constraints Score Rank
High cost of inputs 1662 I
Small land holding 1497 Il
Non availability of seeds of newly released varieties 1413 1
Non availability of labour 1363 v
High custom hiring rate of land levelling, field preparation sowing, harvesting & threshing 1276 Vv
Phalaris minor 1192 Vi
Lack of facility of canal irrigation 1186 Vil
Decline in water table 1162 VIl
Lack of knowledge among farmers about recent technologies 1128 IX
Problem in marketing of wheat 1121 X

fields. There is a need to address the problem of
Phalaris minor through weed management
strategies. Migration of farm labour from eastern
zone to other parts of the country is creating
scarcity of agricultural labourers in this zone.
Marketing of wheat is still a concern for this region
for better price realization and profitability.

North Western Plains Zone (NWPZ): In NWPZ,
non-availability of seed of newly released varieties
was identified as the most serious constraint. In
addition to this, small land holdings, declining
water table, low organic matter in the soil were also
given high priority. Now Government of Punjab and
Haryana has introduced kharif maize cultivation on
a larger scale to save water. Green manuring has
also been promoted by the State Department of
Agriculture to improve soil organic carbon in the
soil. Farmers need to be made aware about
Government schemeslaunched for their benefit.

Central Zone (CZ): In central zone, high cost of
inputs, decline in water table, low price of wheat,
smallland holdings and problem in marketing were
the major constraints faced by the farmers. This
zone has been identified as export zone for quality
wheat. The processing quality of wheat in this zone
is better than that of NEPZ and NWPZ. The above
said constraints need to be addressed seriously for
moreincome.

Peninsular Zone (PZ): In peninsular zone, higher
rate of custom hiring, low price of wheat, water

stress, high cost of inputs and high temperature at
maturity were the major constraints of this zone. For
making wheat cultivation remunerative, there is a
need to develop proper market. For better price
realization farmers need to be educated about
selling of their agricultural produce through e-NAM
portal.

Overall Constraints: The overall analysis of con-
straints across zones revealed that high cost of
inputs, small land holding, non-availability of seed
of newly released varieties, non-availability of
labour; higher customer hiring rate of land levelling,
field preparation, sowing, harvesting and threshing;
and Phalaris minor were the major constraints of
wheat production asidentified under FLDs.

Farmers need to be educated and trained on recent
wheat production technologies, complete package
of practices and soil health management. Thereis a
need of government intervention to ensure quality
seeds as well as quality inputs. Farmers need to be
updated on impact of climate change on wheat
cultivation and what are the coping strategies they
can adopt to mitigate it. The concept of
conservation agriculture and adoption of resource
conservation technologies at farmers' field can be
propagated at a larger scale. To ensure better price,
farmers have to go for quality wheat production.
Thereis a need to register wheat growers on e-NAM
platform for selling of wheat. All the constraints
need appropriate attention in order to increase
wheat production in all major wheat producing
zonesof the country.
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Barley frontline demonstrations (BFLDs) during
2018-19

During the rabi crop season 2018-19, 250 Barley
Frontline Demonstrations (BFLDs) of one acre each
were allotted to 21 cooperating centers all over
India in six states namely, HP, UP, Punjab, Haryana,
Rajasthan and MP. Out of these, 225 were
conducted by 21 centers, covering 238.5 acres area
of 264 farmers. Improved barley varieties with
complete package of practices (irrigation
management, nutrient management, weed control,
seed treatment etc.) were demonstrated.

The highest increase in barley yield (Table 5.4) was
recorded in UP (27.28 %) followed by MP (24.58 %),
Punjab (22.67 %), HP (20.22 %) and Rajasthan (12.27
%).The lowest gainin yield was reported in Haryana
(5.05%).

Theyield gain due to improved varieties over check
mean yield was highest in NEPZ (27.28 %),followed
by CZ (20.39 %), NHZ (20.22 %) and NWPZ (9.90 %)
(Table 5.5). Therefore, efforts should be made to
increase barley yield in the NEPZ and CZ by
promoting recent barley production technologies
in collaboration with the state department of
agriculture.

Table 5.4 : State wise yield gain during rabi 2018-19

In NHZ, HBL 713 was the highest average yielding
(32.17 gha") variety at Bajaura centre. In NEPZ,
DWRB 137 at Kanpur (52.75 gha’), RD 2907 at
Durgapura (63.72 gha") in NWPZ and RD 2899 at
Udaipur (42.70 gha")in CZ were the highest average
yielding varieties.

At particular farmers' field as well as on average
basis, varieties HBL 713 (34.50 gha”), K 1055 (62.00
gha™),RD 2907 (66.50 gha") and RD 2907 (64.50 gha™)
performed better than other varieties at Bajaura,
Kanpur, Durgapura Jaipur and Hindon Karauli
centres in the NHZ, NEPZ, NWPZ and CZ,
respectively.

Analysis of constraints in different barley
producing zones of India

Northern Hills Zone (NHZ): In northern hills zone,
yellow rust, small land holding, lack of knowledge
among farmers about recent technologies, water
stress, lack of irrigation facilities, termite, poor
quality seeds, jungali jai and lack of training facility
were identified as major constraints faced by the
farmers.

North Eastern Plains Zone (NEPZ): In this zone,
erratic power supply, untimely rain, high cost of

State BFLDs yield (qha™) Check yield (qha™) Gain (%)
HP 26.12 21.72 20.22%**
UpP 43.71 34.34 27.28%**
Punjab 4343 35.40 22.67%**
Haryana 45.78 43.58 05.05 NS
Rajasthan 52.51 46.77 12.27%**
MP 34.43 27.64 24 58%**
*** Significant at 1 percent level, ** Significant at 5 percent level, NS— Non-

Table 5.5 : Zone wise productivity over check during rabi 2018-19

Zone BFLDs yield (qha™) Check mean yield (qha™) Gain (%)
NHZ 26.12 21.72 20.22%**
NEPZ 43.71 34.34 27.28%**
NWPZ 49.27 44.83 09.90%**
cz 40.34 33.51 20.39%**

***_ Significant at 1 per cent level
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inputs, non availability of electricity, lack of
irrigation facilities, low price of barley, Phalaris
minor, Chenopodium album, temperature
fluctuation during crop growth, non availability of
farm machinery and imbalanced use of fertilizers
were major constraints. Most of the constraints
were administrative in nature which need
immediate intervention by the state governments
of this zone. Regarding technical constraints,
farmers need to be made aware through awareness
programmes and trainings about the use of
fertilizers. Marketing of barley is still a concern in
NEPZ.

North Western Plains Zone (NWPZ): Being the
highest barley producing zone of the country, there
a need to address major constraints in NWPZ.
Under FLD programme, small land holding was
identified as the most serious constraint followed
by low organic matter, Chenopodium album, higher
custom hiring charges, decline in water table, poor
soil fertility, erratic power supply, low level of micro
nutrients in the soil and high temperature at
maturity.

Central Zone (CZ): In central zone, decline in water
table, temperature fluctuation during crop growth,
high cost of inputs, high temperature at maturity,
lack of knowledge among farmers about recent
technologies, untimely rain, imbalanced use of
fertilizers, higher customer hiring rate of land
levelling, field preparation, sowing, harvesting and
threshing, low price of barley and water stress were
identified as major constraints.

Overall Constraints (All zones): Overall analysis of
constraints in different zones clearly indicated that
decline in water table, small land holding, low price
of barley, high cost of inputs, lack of knowledge
among farmers about recent technologies, high
temperature at maturity, temperature fluctuation
during crop growth higher customer hiring rate of
land levelling, field preparation, sowing, harvesting
and threshing, Chenopodium album and erratic

power supply were identified as major constraints
affecting barley production and productivity in the
country (Table 39).

Costs and returns for wheat and barley FLDs vis-
a-vischeckplots

Wheat: On an average, wheat varieties or
technologies demonstrated at farmers' field under
the FLD program gave 3.07 perrupee of investment
in comparison to the check varieties (2.70). A
significant difference in returns per rupee of
investment was noticed between the FLD and
check plots across states, zones and technologies.
The returns per rupee of investment from FLDs
ranged from 6.90 (Haryana) to 1.54 (West Bengal)
across states, 4.06 (NWPZ) to 2.48 (NEPZ) across
zones,and 7.37 (Happy Seeder) to 2.21 (Variety: Late
Sown & Restricted Irrigation) across technologies.
Haryana registered the highest returns per rupee of
investment owing to the low operational costs i.e,
316978 per hectare. On the contrary, West Bengal
registered lowest returns per rupee of investment
due to higher operational costs per unit area
(49232qgha’).

The profit per hectare in FLDs was highest in
Haryana (3100224), followed by Punjab (100161)
and Madhya Pradesh (383387). The difference in
profit levels between demonstration and check
plots ranged from 320318 in West Bengal to 34077
in Chattisgarh. Interestingly, operational costs in
Bihar, Gujarat, Haryana, Jharkhand, Madhya Pradesh,
Punjab and West Bengal were lowerin demonstrations
in comparison to the check plots. The probable reason
for Haryana might be demonstration of resource
efficient CA techniques which reduced the
operational costs, significantly. Estimates of cost of
production indicated that the operational cost
incurred in producing a unit quantity of output was
least in Haryana (3323 per quintal) owing to less
operational costs and the likelihood of getting
more yield being a progressive state located in the
NWPZ. Among wheat growing zones, the cost of



SOCIAL SCIENCES

production in the NWPZ was 3566 per quintal due
torelatively less operational costs in raising the crop
and realized yield levels was more than the other
zones. NWPZ also realized a good return per rupee
of investment at the demonstrated plots (4.06)
which is mainly due to the higher productivity,
followed by less operational costs.

Among the wheat production technologies
demonstrated at farmers' field, dicoccum gave the
highest profit per hectare (3118400) and the least
profit was observed for the boron application
(¥32890), despite a single demonstrated plot.
However, the results were not consistent across
sites owing to testing of particular technology in
differentlocations of diverse soil properties. Overall,
on an average, an Indian farmer by adopting a new
wheat variety or production technology will earn
364592/ha. Further, ¥789 have to be spent to
produce a quintal of wheat through adoption of a
new wheat variety or production technology
against¥913 (checkvarieties).

Barley: On an average, improved barley varieties
demonstrated at farmers' field under the FLD
program gave around 25 per cent profit per hectare
in comparison to the check. A significant difference
in returns per rupee of investment was noticed
between the demonstration and check plots across
states and zones. Punjab registered the highest
returns per rupee of investment (6.49) through
demonstrations, followed by Uttar Pradesh (4.16)
and Haryana (3.23). The difference in returns per
rupee of investment between demonstration and
check plots was highest in Punjab, followed by Uttar
Pradesh and Madhya Pradesh. The profit per
hectare in FLDs was highest in Uttar Pradesh
(¥73870), followed by Rajasthan (¥70789) and
Punjab (61431). The difference in profit between
FLD and check plots ranged from 322112 in Uttar
Pradesh to ¥3189 in Haryana. Interestingly,
operational costs in Uttar Pradesh were lower in
FLDs than check plots. The valid reason might be
reduction in the use of inputs based on the

recommendation. The returns per rupee of
investment across barley growing zones were
highest in the NEPZ (4.16), followed by NWPZ (3.56)
and CZ (2.86). Estimates of cost of production
indicated that the cost incurred in producing a unit
quantity of output was least (271 per quintal) in
Madhya Pradesh (CZ) owing to higher yield and
remunerative price factor.

Overall, the profit analysis on wheat and barley
indicated that additional returns per hectare from
FLDs was more than the check varieties by ¥11912
and 12250 respectively establishing the fact that
FLDs carry the successful technologies from lab to
land. For some beneficiaries it was found that the
operational costs under check varieties were more
than the FLDs. However, the present estimates are
only the indicators for comparison within the
current year and may not have a complete inter-
year relevance as the demonstrations were
conducted in different sites as well as by different
farm households. Further, the difference in profit
earned from wheat/barley cultivation is subject to
farm-farmer-region specific conditions as it varies
from caseto case.

Wheat FLDs at ICAR-IIWBR, Karnal centre

The centre (ICAR-IIWBR) conducted 20 acres wheat
FLDs at twenty farmers' fields in the villages namely
Amin, Bid Amin, Amin Dera Rampura, Deeg and Yara
in Kurukshetra district of Haryana state using
varieties HD 3086 and DBW 173, during Rabi 2018-
19. The demonstrations were conducted using
happy seeder and conventional tillage technology
with a complete package of practices and farmers
were provided with the improved varieties seeds as
per provision under the programme.

Monitoring of frontline demonstrations (FLDs)

The team of ICAR-IIWBR accompanied by the
experts from the Ministry of Agriculture & Farmers
Welfare and the concerned centres monitored the
following FLDs centres during the crop season
2019.
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Table 5.6 : FLDs Centers monitored during 2019

Team Leader Centres Monitored

Dates of Monitoring

Dr. Satyavir Singh
Dr. Anuj Kumar

Dr. Anil Khippal Indore, Ujjain and Ratlam
Dr. Raj Pal Meena Faizabad, Kanpur and Varanasi
Dr. Sendhil R. Dharwad, Belagavi and Wellington

Dr. Mangal Singh
Dr. Ramesh Chand

Junagarh and Vijapur

Khudwani-Anantnag, Rajouri and Kathua
Noida, Rewari, IARI and Ujwa, New Delhi,

Jaipur, Ajmer, Tonk and Karauli

6-11 March, 2019

9-10 April, 2019

19-24 February, 2019

6-7 March, 2019

3-10 March, 2019

25 February-4 March, 2019
6-10 March, 2019

Research project highlights

Project : Evaluation, Transfer and Impact
Assessment of Wheat and Barley Production
Technologies

Sub-Project | : Diagnosis of zero tillage based
rice-wheat systemin Haryana

The study was conducted during 2019 in Bainsi and
Sanghi villages of Rohtak district of Haryana with
120 farmers who have adopted resource
conservation technologies viz; zero tillage or
turbo happy seeder for sowing of wheat crop. A
total of 60 beneficiaries and 60 non beneficiaries
of zero tillage technology were selected for the
study. Majority of the farmers (32.5%) belonged
toagegroup41-50years of age. Eighty percent of
them were having education upto Matin.
Agriculture was their main occupation (92.5%)
for majority of the farmers and dairying was
subsidiary occupation for 52 per cent of the
farmers. A majority of the farmers were rearing
buffalo for milk production.

When farmers were categorized based on owned
land holding it was observed that 65% of the
farmers were in large category having more than
10 acres of land and 42% were in medium
category but when it was done on the basis of
total land holding 64.17% were under large
category where as 27.5% were grouped in
medium category. There was not much
difference regarding land holding among
beneficiaries and non beneficiaries. Study on
communication behaviour revealed that

KVK/SAU/ICAR institutes were the main source of
information for majority of the farmers in that
area. Regarding mass media exposure television
was the mostly used source for agriculture
related information followed by radio. In the
study area it was found that 73.33% of the
farmers possessed zero tillage machines. Only
26.67% of the the adopter went for custom hiring
of zero tillage machines. The adoption of wheat
varieties under zero tillage was also explored and
it was found that HD 2967 was adopted by a
majority of the respondents followed by HD
3086, WH 1105 and HD 2851. The average area
per farmer under zero tillage was 17.70 acres
while the average land holding per farmer was
18.82 acres among the beneficiaries of zero
tillage technology. The comparison between
beneficiaries and non beneficiaries on seed rate,
number of irrigations, wheat yield per acre, straw
yield per acre, cost of cultivation and average
gross income clearly depicted the advantage of
zero tillage technology over conventional tillage.
With the adoption of zero tillage technology a
farmer can get an average yield advantage of
1.64 gacre'.He can save 31800 per acre on cost of
cultivation and can get ¥4637.66 acre” over non
beneficiary farmer. The partial budgeting for zero
tillage technology for adopters vis-a-vis non
adopters clearly reflected that with an additional
cost of ¥800 on hiring of zero tillage machine and
%400 on labour, the adopters were able to harvest
additional 1.64 g acre’ wheat grain and 1.2 q acre”
straw and a net gain of 35304 acre’. The major
challenges related to adoption of zero tillage
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technology were; higher seed rate used by the
farmers, weed management, cost of turbo happy
seeder and higher dose of nitrogenous fertilizer.
Hence there is a need to educate the farmer about
recommended package of practices. They need to
be trained on weed management aspects
particularly in light of herbicide resistance. In recent
year govt. initiatives have been taken to develop
custom hire centres on farm machinery. There is a
need to develop such centres in a cluster of 10-15
villages for faster adoption of zero tillage
technologyinthisarea.

Sub-Project Il : Identifying yield gaps, resource
use and adaptation strategies in vulnerable
regions of wheat and barley production against
climate change.

Primary data on relevant socio-economic variables
from two districts of Western Uttar Pradesh viz.,
Allahabad and Ghazipur were collected from 200
wheat producers for the crop season 2018-19.
Research findings indicated that the Yield Gap | was
negative in Allahabad, and the Yield Gap Il was
lowest in Ghazipur. Seeds were used more than the
recommended doses. Fertilizers were used either
below or above the recommended doses. Among
all inputs, expenditure incurred on manure/bio-
fertilizer showed a significant difference. Secondary
data on temperature, rainfall, relative humidity and
wind-speed were collected for the two selected
districts for the period 1988-89t0 2017-18 (30 years)
spanning crop season. Timeseries data on wheat
and barley vyield levels were collected from the
Directorate of Economics and Statistics, Gol. The
present study has utilised the two-stage stepwise
regression. At the first stage, crop yield was
regressed (stepwise) against individual weekly
weather variables (with intercept) by fitting four
different regression functions respectively for
temperature, rainfall, relative humidity and wind-
speed. Subsequently, the significant weather weeks
obtained in stage one were pooled and regressed
again on crop yield using stepwise approach but

without the intercept. The idea behind the stepwise
regression methodology is, initially other factors
that are excluded from the model might contribute
toyield sensitivity apart from the selected variables.
However, in stage two, we deciphered and reported
only the significant weather weeks of selected
variables that exclusively influence the crop yield.
Findings from the analysis indicated that the
sensitive weather weeks are crop specific and
region specific. For instance, wheat yield levels are
highly sensitive to temperature prevailing during
week 11 in Ghazipur but not in Allahabad. The
implication of the results indicate that wheat crop
is sensitive to weather anomalies during
flowering, milking and dough stage in the selected
study regions. In the case of barley, the identified
sensitive crop growth stages are: tillering,
flowering, grain hardening and ripening. The study
recommends for developing and/or popularising
adaptation practices to the adverse effect of yield
sensitivity owing to climate change. Further, the
climate smart farming practices should be crop-
farm-region specific to address the crop yield
sensitivity.

Tribal-Sub-Plan (TSP) Project : Improving the
socio-economic condition and livelihood of
tribes in india through extension education and
development programmes

Under the TSP project, the following eight/seven
centers were included for the year 2019-20, namely,
Lahaul & Spiti (HP), Leh (J&K), Khudwani (J&K),
Jabalpur (MP), Udaipur (Rajasthan), Bilaspur
(Chhattisgarh), Ranchi (Jharkhand) and Dharwad
(Karnataka). During 2018-19, different TSP activities
were carried out. Under TSP project, a Three Days
Training on 'Increasing farm income of Lahaul-Spiti
farmers through improved wheat & vegetable
production technologies' was organised during 19-
21 December, 2019 at ICAR-IIWBR, Karnal for 45
farmers (30 men and 15 women) of district Lahaul &
Spiti (HP).
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The demonstrations on wheat crop were
conducted with complete package of practices at
11,82,30, 15,30 and 25 farmers' fields at Khudwani,
Jabalpur, Udaipur, Bilaspur, Dharwad and Ranchi
centers, respectively. Ten training programmes on
wheat production technology were conducted at
Khudwani, Jabalpur, Udaipur, Bilaspur and Ranchi

centers. Six farmers fair/field days were conducted
one each at Lahaul & Spiti and Bilaspur; and two
each at Jabalpur and Ranchi centers. Three
publications, two at Bilaspur and one at Udaipur
were published. Under the 'Capital' head in budget,
funds have been approved and released for the year
2019.
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06 BARLEY IMPROVEMENT

The national barley research programme in the
country is coordinated by ICAR-IIWBR, Karnal under
AICRP on wheat and barley by means of multi-
disciplinary and multi-locational experiments
organized across the barley growing zones at
funded and voluntary centres covering malt, feed
and food barley. This results into the identification
of new cultivars for commercial cultivation with
wider adaptability, resistance to various biotic and
abiotic stresses prevalent in the area, desired
quality levels and suitability to specific production
conditions. In addition, the production technolo-
gies evaluation experiments are also being con-
ducted on aspects of input optimization and
conservation agriculture. The crop protection
experiments include the screening of new geno-
types under artificial epiphytotic/ hotspot
conditions and chemical control and IPM at various
test centres. The zonal monitoring during crop
season and annual review & work planning are also
organized tofacilitate the objectives of AICRP.

The AICRP research efforts are also supplemented
by ICAR-IIWBR, Karnal through research on specific
aspects of barley improvement especially on malt
barley improvement, application of
biotechnological tools in disease resistance and
quality improvement and updating of cultivation
package. Trait discovery for novel sources of
resistance and their utilization especially from
exotic genetic resources and creation of new
variability are the important aspects of the barley
improvement quality traits. Renewed focus is also
placed on better yield and quality of hulless barley
for food, better malt extract, high diastatic power,
optimum protein and beta glucan content in malt
barley.

In addition, ICAR-IIWBR has linkages with
international organizations like ICARDA to facilitate

the continuous access to new germplasm of
diverse origin from various sources for evaluation
and utilization in the national programme. New
initiatives were undertaken to improve
productivity and quality of malt and food purpose
barley. Awareness programme were organized to
popularize barley for the health benefits (high
antioxidant, higher beta glucan content). Linkages
with national and international industries were also
strengthened. Scientists visited the malting,
brewing and food industries to promote the use of
malt and food barley in different products and
farmers training for malt barley cultivation under
consultancy project with M/s AB InBev, India were
alsoorganized.

The efforts of the barley improvement programme
have led to the all-time high productivity of 28.8
gha” in India with a production of 1.75 million
tonnes from an area of 6.1 lakh ha as per the
4"advance estimates from the MoA&FW. The

monitoring teams surveyed the major barley
growing areas during the season and observed that
the crop was by and large disease free with some
localized incidence of aphids in the plains and
yellow rustin foothillsand mid hills.

e L i ..II' k 3 |l
Fig 6.1: DWRB 160: latest two-row malt barley
cultivar developed at institute
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Release of new barley varieties conducted at 11 main centres and 28 testing
centres (including ICAR, SAUs and State
Department of Agriculture) during Rabi 2018-19.1n
all 98 test entries contributed by 11 centres, were
evaluated against 31 checks in the coordinated
yield trials under rainfed (plains and hills), irrigated
(plains) and saline soils conditions. The new barley
entries include malt, feed or dual purposes types
and mostly were hulled type with a few hull-less

types.

During 2019, the Central Sub-Committee on Crop
Standard, Notification and Release of Varieties for
Agricultural Crops recommended the notification
of following five barley varieties for commercial
cultivation in different zones/state of the country
(Table 6.1). Amongst them DWRB 160 is the new
malt type barley cultivar developed under ICAR-
[IWBR barley improvement program with very high
grain yield coupled with disease resistance and
better malting quality, which will fill the industrial Promising entriesin AVT/IVTs

demandinthe north western plainsregion. . e
P 9 Based upon the promotion criteria i.e. significantly

Geneticstocksregistered superior, monitoring reports and disease and pest
reactions, nine entries (Table 6.3) were found
suitable for the promotion into advanced varietal
evaluation in different trials. From ICAR-IIWBR
barley program, entry DWRB182 was promoted to
Organization of the coordinated yield AVT-1l year of malt barley for its final year
evaluation trials evaluation. While on the basis of performance in
station trials, the entry DWRB204 of food barley was
promoted in IVT/AVT-Hulless trial and two other
entries namely DWRB196, DWRB197 and PL 908 of
malt barley were promotedin IVT-MB-TS.

Two genetic stocks namely DWRB 191 and DWRB
192 were registered for their uniqueness with ICAR-
NBPGRand theirdetailsareinTable 6.2:

Out of 92 yield evaluation trials proposed, 94 (91%)
trials were conducted. After the analysis, only 83
trials (99% of proposed, 83% of conducted) were
found good for reporting. These trials were

Table 6.1: New barley varieties released in 2019

S.N Variety Zone/State Developing institute Production condition  Aw.yield (g/ha)
1. DWRB 160 NWPZ ICAR-IIWBR, Karnal IR-TS-Malt 53.72
2 RD 2899 cz RARI, Durgapura IR-TS-Feed 42.19
3. RD 2907 NWPZ&NEPZ RARI, Durgapura Salinity soils 35.25
4. PL 891 NWPZ PAU, Ludhiana IR-TS-Hulless 36.60
5 HBL 713 HP CSKHPKYV, Bajaura RF-TS-Feed 33.60

Table 6.2: Genetic stocks registered in 2019

Genetic stock INGR Number Year Trait
DWRB191 19012 2019 High grain zinc content
DWRB192 19013 2019 High grain iron content

Table 6.3: Promising entries in AVT/IVTs

S.N Trial name Zone Entry

1 IVT-MB-TS NWPZ DWRB 196, DWRB 197, PL 908

2 AVT-MB-TS NWPZ DWRB 182

3 IVT/AVT- Hulless (o4 DWRB 204

4 IVT-FB NWPZ KB 1707, PL 906, RD 2994, UPB 1080
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Table 6.4: Zonal monitoring visits of the barley team

cz 15-16 February, 2019 Udaipur, Vallabhnagar, Vijapur

NEPZ 21-24 February, 2019 Kanpur, Dalipnagar, Faizabad,Varanasi, Saini

NWPZ & CZ 05-08 March, 2019 Ludhiana, Bhatinda, Hisar, Bawal, Durgapura, Kumher, Mathura
NHZ | 24-26 April, 2019 RanichauriMajhera, Hawalbagh (Almora)

NHZ Il 08-13 April, 2019 Shimla, Berthein, Kangra, Malan, Palampur, Bajaura, Katrain

Zonal monitoring

The monitoring team visited the different locations
in NWPZ, NEPZ, Central Zone, NHZ-l and NHZ-II at
the most appropriate stage of crop and recorded
observations about the varietal performance,
conduct of trials, disease/ pest incidence and
genetic purity of test entries (Table 6.4). On the spot
the decisions were taken about the accep-
tance/rejection of the trials and purity of test entries
through consensus.

International and national nurseries and trials

Four trials and nurseries were supplied during Rabi
2018-19 season from ICARDA which included a total
of 347 genotypes for different production
conditions. These nurseries were evaluated at
different locations and three test entries namely,
IBYT-HI-19-15, IBYT-HI-19-17, and IBYT-HI-19-22
were found promising at Hisar centre, whereas
three test entries, IBYT-HI-19-12, IBYT-HI-19-7 and
IBYT-HI-19-16 were found promising at Ludhiana
locations. In the 6"Global Spring Barley Yield Trial
which grown under low input cultivation
conditions, two test entries 6"GSBYT-8 and
6"GSBYT-9 were found promising. In addition, 15
lines were evaluated in NBGSN and 45 linesin EIBGN
at 10 co-operating centres of barley.

Evaluation of ICARDA selected germplasm lines
atICAR-IIWBR, Karnal

A total of 308 lines were selected in Morocco; 37 at
Amlahaand 21 during 'Field Day' organized at ICAR-
IIWBR, Karnal. These 366 lines were evaluated in 2-
replications in Rabi2018-19. Of them, 67
germplasm lines were selected and have been
raised in Rabi 2019-20 for further evaluation and

selection. In addition, 58 lines selected at Amlaha
during the 'Field Day' were received and sown in the
current season for site specific selection.

Germplasm selection and utilization

During Rabi 2018-19 season, a total of 118
germplasm lines were selected from six different
international trials and nurseries of ICARDA during
the 'Field Day' organized at ICAR-IIWBR, Karnal on
29"March 2019, by barley breeders of different
cooperating centres for its utilization in their
breeding programmes. Seeds of these selected
lines have been supplied to concerned breeders for
augmentation of their breeding programme.

Germplasmrejuvenation and characterization

A total of 8193 accessions of barley are being
conserved and maintained in medium term storage
facility in module at ICAR-IIWBR, Karnal. A total of
500 germplasm lines were rejuvenated during
Rabi2018-19. Five hundred germplasm accessions
were sown for rejuvenation and characterization
during 2019-20. Two farmers' variety namely
Maghe and Laxhmi were characterized as per the
barley DUS guidelines with a set of 04 reference
varieties during 2018-19. Four candidates' varieties
namely B.2019-1, B.2019-2, B.2019-3 and B.2019-4
are under process of “Grow Out test”and DUS data
recording during Rabi2019-20.

Crop Improvement
Malt barley

Crossing programme: During the season, 47 new
crosses were attempted using promising parents of
malting quality, agronomic adaptability, earliness
and desirable plant types. A crossing block with 330
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genotypes was maintained for potential donors
under malt breeding programme. Out of these
crosses, 45 were advanced during summer 2019 in
off-season nursery at Dalang Maidan.

Generation advancement and selections: F, to F,
generations were raised at the research farm, ICAR-
[IWBR Karnal and evaluated under artificial
epiphytic conditions for rusts and also natural
incidence for aphids. Single plant selection was
made from different segregating generations for
plant vigour, tillering, early maturity, suitable plant
types, morphological traits and resistance to rusts
and blights. The details of breeding materials
selected and shown are presentedinTable 6.5.

Table 6.5: Generations advancement of malt barley

during 2019

Generation No of Crosses No of Families

F, 47 -

F, 41 =

F, 66 125

F, 106 397

F, 170 207

F, 39 60

F, 12 18

F, 15 17
Feed and food barley

Hybridization, selections and generation
advancement

Single spikes of 48-fresh crosses attempted using
eight female lines and 15-donor parents for blight

and rust resistance and grain quality characters
were harvested cross-wise and these were sown in
Rabi 2019-20 season to raise F, generation. In
addition, 12 interspecific crosses with H. vulgare ssp.
spontaneum were sown to raise F,generation in the
net house. The selected 5-cross combination raised
in F, generation in the last Rabi season were
harvested and sown as F, bulks in the current Rabi
season. Further, 101-single spikes selected in 33 F,
crosses were raised in spike-to-row in F, generation.
9-crosses grown in F, and 87-spike-to-rows of 10
crosses in F, generations raised at Dalang Maidan in
summer 2019 have been sown at Karnal during
current Rabi season in single row-bulks to raise F,
and F, generations respectively. 80-spikes selected
in 8-crosses in F, generation in Rabi2018-19 were
harvested spike-wise and cross-wise and have been
sowninthe current Rabiseasonin F,generation.

Screening forleafblight and yellow rust

A total of 43-germplasm lines along with one
susceptible check PL426 were screened at PAU,
Ludhiana. The disease reaction was susceptible
(PL426) to moderately resistant (IBYT-18-9, INBYT-
HI-18-11, 5"GSBYT-18-19, IBON-18-47, IBON-18-60,
IBON-18-100). A set of 45 wild accessions of H.
Vulgare ssp. spontaneum was screened for black,
yellow and brown rusts at RS, IIWBR, Shimla. All the
accessions were found susceptible.

Seed enhancement of wild accessions

Seed of 45-wild accessions of Hordeum vulgare ssp.
spontaneum obtained from ICARDA, Morocco were

Table 6.6: Barley crosses for advancement of generation at Lahaul & Spiti during Rabi 2019

S.No. Combination

S.No. Combination

1 INBON-HI-(2017)-77/ INBON-HI-(2017)-33
INBON-HI-(2017)-77/ INBON-HI-(2017)-32
INBON-HI-(2017)-81/ INBON-HI-(2017)-34
INBON-HI-(2017)-87/ INBON-HI-(2017)-34
INBON-HI-(2017)-88/ INBON-HI-(2017)-33
INBON-HI-(2017)-88/ INBON-HI-(2017)-34
PL426/INBYT-HI-(2013)-11

DL 88 /INBYT-HI-(2015)-4

(
( (
( (
( (
( (
(

0 N O L1~ W N

9 HUB113/INBYT-HI-(2015)-1
10 HUB113/INBYT-HI-(2015)-4
11 DWR83/ INBYT-HI-(2015)-6
12 DWR83/ INBYT-HI-(2013)-11
13 DWR83/ INBYT-HI-(2015)-1
14 DL88/INBYT-HI-(2015)-1

15 DL88/INBYT-HI-(2013)-11
16 DL88/INBYT-HI-(2015)-6
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Table 6.7: Feed and food barley breeding material grown during Rabi 2018-19

Generation Grown Field selection

Family Cross Family Cross
F, 2 2 - -
Fq 11 10 6(B) 5
= 15 11 5(B) 4
Fs 63 32 4,12 (B) 13
F, 162 46 92 35
F, 71 24 31 15
F, 215 43 106 39
F, 55 55 143 45
Total 594 223 376 156

multiplied for their further characterization.
Observations on morphological attributes were
recorded. A set of these accessions was deposited
with Germplasm Unit for further multiplication and
medium-term storage.

The 63 cross combinations were attempted
between Indian released varieties and exotic barley
germplasm accessions out of which, 45 cross
combinations were made to improve the feed and
fodder for domestic animals while 18 cross
combinations were made for improvement
innutritional quality such as high beta-glucan,
protein, zinc and iron content. Several sources of
resistance (stripe rust) and yield attributes
including indigenous and exotic two and six rowed
lines have been utilised through hybridization
programme.

Evaluation and selection in segregating
breeding materials

F, to F, generations of hulled and hulless barley
were grown at the ICAR-IIWBR Farm, Hisar and
evaluated for agro-morphological traits under field
conditions. Individual plant selection was made for
early maturity, semi dwarf plant type, erect spike
and resistance to yellow rust from segregating
generations.

From breeding materials evaluated, 23 promising
progenies were bulked from F,, F, and F,

generations for inclusion in station trial and grown
during 2019-20.

Novel genotype with unique trait

A six-rowed black grain coloured barley genotype
DWRB189 (IC0632077) was selected and evaluated
for anti-oxidant properties during 2018-19 at ICAR-
IIWBR, Karnal. The genotype DWRB189 showed
unique black grain colour than all the existing
released varieties and genetic stocks during Rabi,
2017-18 and 2018-19. DWRB 189 depicted total
phenolic content of 1913 ugGAE/g, whereas, the
registered genetic stock Kasota and six-rowed
checks, namely BH46 and DWRB137 depicted total
phenolic content of 1719, 1286 and 1341ugGAE g,
respectively during Rabi2019. Therefore, the

Fig 6.2: High anti-oxidant genotype DWRB189
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Table 6.8: Antioxidant activity of DWRB189 and checks

S.N. Name Colour Antioxidant activity Total phenolic content
DPPH Method ABTS Method (MgGAE*/g)
(% Discoloration) (uMTrolox Eq./g)

1 DWRB 189 Black 68.92 13.65 1913

2 Kasota (C) Light yellow-Yellow 57.83 12.25 1719

3 BHS 946 (C) Light yellow- Yellow 45.60 9.82 1286

4 DWRB 137(C) Light yellow- Yellow 46.34 10.46 1341

5 BK1127 (C) Light yellow- Yellow 31.76 7.40 943

6 DWRB 91 (C) Light yellow- Yellow 35.24 9.30 1222

7 DWRB 92 (C) Light yellow- Yellow 3145 7.26 973

8 BH 902 (C) Light yellow- Yellow 39.21 9.26 1117

*GAE - Gallic Acid Equivalents

genotype DWRB189 is a unique barley germplasm
for black grain colour and high anti-oxidant
property.

PlantProtection

Barley fields were surveyed by different scientists of
cooperative centers and no rust was recorded
during the survey whereas loose smut, covered
smut and bacterial streak were recorded in traces in
some fields. Overall barley crop was healthy in all
the barley growing areas in India. The incidence of
insect-pests and their natural enemies also
observed, the aphid and its population was found
to be moderate to high in barley fields in some of
the locations. Among natural enemies, coccinellid
beetles, chrysoperlaand syrphid fly were frequently
noticed predating on barley aphids.

Screening of advanced and promising geno-
types againstrust, leaf blight, aphid and CCN

A total 538 entries were screened under various

Table 6.9: Screening of NBDSN entries

nurseries (IBDSN, NBDSN and EBDSN) for resistance
against various diseases, aphid and CCN at different
cooperating centers. Among these, 372 entries
were evaluated under IBDSN, 19 were found free
from yellow rust and 206 entries showed resistant
reaction. In case of leaf blight screening, 35 entries
were found moderately resistant against leaf blight.
Out of 107 entries evaluated under NBDSN, 16
entries were found free from yellow rust and 65
entries showed resistant reaction. Among these, 32
entries were found moderately resistant against
leaf blight.

None of the NBDSN entry was found resistance to all
the tested pathotypes of black, brown or yellow rust
pathogens. Three entries (BH1024, KB 1762, RD
3008) were resistant to brown and black rusts. BHS
474, HBL 845, HBL 863, RD 2786(c), RD 2991 and
RD3003 possessed resistance to brown & yellow
rusts whereas DWRB 182, HBL 812 to black & yellow
rusts

Yellow rust,ACl = 0,Entries — 16

DWRB 182, DWRB 184, DWRB 197, HBL 845, HBL 848, HBL 851, HBL 858, HBL 863,

PL 908, PL 911, RD 3005, RD 3007, UPB 1078, BHS 380 (C), DWRB 123 (C) and RD

2899 (C)
Leaf blight, Avg. 14-35 with HS < 57,
Entries - 32

BH 1024, BHS 472, BHS 475, BHS 476, DWRB 182, DWRB 184, DWRB 202, DWRB
203, DWRB 204, DWRB 205, DWRB 206, HBL 851, HBL 858, HUB 266, HUB 267,

HUB 268, KB 1706, KB 1750, KB 1757, NDB 1712, PL 891, RD 3007, RD 3008, RD
3009, RD 3010, VLB 161, VLB 163, BHS 352 (C), BHS 380 (C), K 603 (C), RD 2899 (C)

and VLB 118 (C)
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Table 6.10: SRT evaluation of NBDSN entries

Resistant to Number of entries Detail of entries

BHS 474, HBL 845, HBL 863, RD 2786 (C), RD 2991, RD 3003

BH 1023, BHS 472, DWRB 200, DWRB 201, DWRB 207, HUB 266, KB 1707, KB 1713, PL

906, PL 908, PL 909, PL 911, RD 2969, RD 2992, RD 2999, RD 3000, RD 3002, RD3004, RD
3005, DWRB 137(C), HUB 113 (C), RD 2552(c), RD 2794, RD 2899, RD 2907

BHS 475, BHS 477, DWRB 184, DWRB 188, DWRB 197, DWRB 202, DWRB 204, DWRB 206,

HBL 848, HBL 851, KB 1706, KB 1757, UPB 1082, HBL 113(c))

Brown & Black 3 BH 1024, KB1762, RD3008
Brown & Yellow 6

Black & Yellow 2 DWRB 182, HBL 812
Yellow 25

Brown 14

Total 50

Table 6.11: Screening of EBDSN entries

Resistant to Entries#

Detail of entries

Yellow rust, ACI =0, Entries—10

Leaf blight, Avg.
13-35 with HS < 57

Entries - 11

BH 1011,BH 1018, BK 1719, DWRB 137, HBL 822, PL 900, RD 2973, RD 2976, UPB
1070 and VLB 130

BH 1011,BH 1018, BK 1719, BK 1723, DWRB 178, KB 1633, PL 890, PL 900, PL 902,
UPB 1071 and VLB 130

Table 6.12: SRT evaluation of EBDSN entries

Resistant to Entries# Detail of entries

Black & Yellow 1 HBL 814

Brown & Yellow 5 RD 2786, RD 2972, RD 2973, RD 2975, RD 2976

Yellow 23 BK 1622, BK 1714, DWRB 186, DWRB 127, DWRB 137, DWRB 143, DWRB 152, HUB 113,
KB 1634, PL 900, PL 902, RD 2552, RD 2794, RD 2899, RD 2907, RD 2967, RD 2971, RD
2977,RD 2978, RD 2980, RD 2981, RD 2982, RD 2983

Brown 8 BH 1013,BK 1719, BK 1723,VLB 153, BK 1725, DWRB 178, DWRB 180, HBL113

Total 37

Among 59 entries screened in EBDSN, 10 entries
were found free from yellow rust, whereas 46
shown resistant reaction. Eleven entries showed
moderate level of resistance against leaf blight.

None of the EBDSN entries was resistant to all the
tested pathotypes of black, brown and yellow rusts
pathogens. HBL 814 was resistant to black & yellow
rusts whereas RD 2786, RD 2972, RD 2973, RD 2875,
RD 2976 were resistant to brown & yellow rusts.

Among different fungicidal treatments, seed
treatment (ST) with Vitavax power + Propiconazole
at 0.1% spray and ST with Vitavax power +
Tebuconazole ( Folicur) at 0.1% spray found equally
effective against foliar blight and significantly
superior over control.A total 166 entries that
includes 107 of NBDSN and 59 of EBDSN, were
screened against the Cereal Cyst Nematode (CCN)

at three locations viz. Durgapura, Ludhiana and
Hisar. Most of the entries fall in the category of
susceptible or highly susceptible. A total of 125
barley NBDSN entries were screened against foliar
aphid at three locations (Ludhiana, Kanpur and
Karnal) during 2018-19. A majority of the entries at
all the locations harboured aphids in different
range depending upon their incidence level. The
entries were found in the category gradesi.e. 3to 5.
Five entries viz, DWRB 182, DWRB 184, PL 911, RD
3005 and HBL 845 were found to be moderately
resistant (grade 3) at Karnal. At Ludhiana, seven
entries; BH 1025, PL 909, RD 2992, RD 2994, BH 902
(C), DWRB 123 (C) and K508 (C) were found moder-
ately resistant (grade 3). None of the entry was
found to be in moderately resistant (grade 3)
categoryatKanpur.
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Management of foliar aphid

Amongst eight treatments tested for their efficacy
against foliar aphid at various locations; (Ludhiana,
Vijapur, Kanpur, and Karnal), three insecticides viz.,
Quinalphos 25 % EC at 400 ml ha", Imidacloprid
2005l at 100 ml ha™ and Acetamiprid 20 SP at 100 g
ha, were found to be equally effective in managing
aphid population in barley and were significantly
superior over control. Out of three bio-pesticides,
Azadirachtin 1000 ppm was comparatively better
than Beauveria bassiana and Metarhizium
anisopliae.

Management of stored grain insect-pests
through seed protectants

Studies on testing the plants having toxicity effects
on insects were evaluated as seed protectant
against major stored grain insect pests; Sitophilus
oryzae or Rhizopertha dominica. Percent reduction
in the insect population and weight of seed grains
was taken at the end of each census. The seed
treatment with Vekhand powder @ 10 g of seed
recorded significantly lowest number of Sitophilus
oryzae or Rhizopertha dominica over untreated
control.

Varietal resistance of barley genotypes to stored
graininsect-pestinfestation

Barley genotypes were evaluated for infestation by
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three major storage insect-pests; rice weevil, lesser
grain borer and red-rust flour beetle during 2018-
19. It was recorded that maximum damage
orientation /attraction of insect-pests was caused
to varieties DWRB 92 and DWRB 101 and minimum
damage and attraction was caused to DWRB 73.

Resource Management

Barley resource management group deals with
evaluation of newly developed cultivars from AVT
final year under different production conditions
and take up the refinement of the package of
practices for higher production of barley crop in
different zones. The long-term objective of the
program is to improve the productivity and quality
of barley on sustainable basis. A total of 47 trials
were proposed and conducted. In malt barley AVT
trial, the grain yield of test entry DWRB 160 (51.20 q
ha") was statistically at par with the newly released
malt barley varieties although BH 946 a six-row
variety registered significantly highest grain yield
(54.46 gha”). Inhulless barley trial, the test entry PL
891 recorded significantly highest grainyield (41.97
gha) ascomparedto the other varieties.

In case of new malt barley genotypes BK 306,
BCU 2241, BK 1127, BK 303, BK 316, DWRB 316,
DWRB 101 and BH 902 (feed barley) responded up
to 90 kg N ha” whereas feed barley check variety BH
946 respondedonlyupto60kgN ha”.

BK316 DWRB101 BH902

NSO mN120

Fig 6.3: Effect of different nitrogen treatments on grain yield (kg/ha)
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Fig 6.4: Effect of different tillage options on grain yield

In case of residue and tillage management
experiments in NWPZ, maximum grain yield (BH
946,55.80 g ha") was realized in zero till sowing with
rice residue retention which was significantly
higher than other methods of sowing. In NHZ,
maximum grain yield (32.24 q ha") was recorded
under zero till sowing with rice residue retention
which was at par to conventionalftillage.

The herbicide evaluation experiments for
controlling broad leaved weeds in barley in two
year indicated that a readymix of Halauxifen methyl
(10.21g a.i. ha") and Florasulam (20g ha") with
surfactant can be used to control broad leaved
weeds in barley in NWPZ, NEPZ, NHZ and CZ and so
incorporatein package of practicesin all the zones.

The experiments on saving the irrigation water,
application of Pusa Hydrogel @ 2.5 kg ha" and New
Hydrogel @ 2.5 kg ha" resulted in significantly
higher grain yield as compared to control
conditions in Agra, Durgapura and Hisar locations
in NWPZ. Highest grain yield (54.62 q ha') was
recorded with three irrigations which was
significantly higherthan otherirrigation levels.

Under the integrated input management,
application of recommended doses of fertilizer
resulted in significantly highest grain yield (48.0 q
ha") as compared to application of FYM alone @ 15 t
ha" or combination of FYM @ 10tha" and half of the
recommended doses of fertilizer in NWPZ.
Application of FYM @ 10 t ha' and half of the
recommended doses of fertilizer resulted in
significantly highest grain yield (42.66 q ha") in CZ
as compared to application of FYM alone @ 15tha’
or recommended doses of fertilizer. In case of NHZ
resulted at par grain yield with the application of 75
% and 100 % recommended dose of fertilizer. Use of
Azotobacter + PSB resulted in significantly higher
grain yield (35.05 g ha') as compared to other
treatments.

The experiment on use of plant growth regulators
to manage the lodging in optimum input
conditions to ensure higher production,
Chlormequat-chlorid (CCC) at1.25 L ha" at GS30-31
followed by ethephon (Cerone) at 0.5 L ha™ at G539-
40 recorded significantly higher grain yield and
reduced the height by 7-10 cm which avoided the
lodging.
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Barley Quality
Quality evaluation of hulless genotypes

In the past two decades, a lot of research has been
done on nutraceutical or health properties of barley
and very positive benefits have been identified.
Several health benefits of barley have been
mentioned in ancient Indian scriptures. Hulless
barley for development of food products are
urgently required. For identification of sources
having good biochemical parameters, the
landraces along with controls were grown during

Table 6.13: Grain traits of hulless genotypes

Rabi season of 2019 in three replications and
analyzed for various grain physical and biochemical
parameters. The landrace BCU 8027 and BCU
8028 had good amount of grain beta glucan
content (= 6.0 % db) with protein content of > 14 %
ondry weight basis. Though there is non-significant
difference in amylose content among genotypes,
but numerically BCU 8028 had the highest amylose
content. The genotype DWR 80 and BCU 7998 have
the bold grain percentage of around 80% with good
grain beta glucan and protein content.

Genotype Test wt (kg/hl)  Bold grain (%) Thin grain (%) TGW (g) Protein (% db) Beta glucan (% db) Amylose (%)
BCU 8023 719 48.0 13.8 40.8 13.6 4.7 25.7
BCU 8024 72.6 28.0 29.9 343 15.2 54 25.2
BCU 8025 724 40.8 25.7 39.8 14.6 54 24.5
BCU 8026 72.5 48.3 18.7 36.6 13.8 5.6 25.1
BCU 8027 75.6 44.6 22.0 351 14.2 7.0 26.5
BCU 8028 75.6 49.3 16.9 35.0 14.4 6.5 27.3
BCU 8029 74.3 339 26.9 34.6 14.7 6.1 23.0
BCU 8030 73.2 353 24.1 36.3 14.2 5.6 23.0
BCU 8031 74.6 439 18.6 40.8 15.6 5.8 25.6
BCU 8032 73.1 36.2 26.5 35.7 15.0 5.9 26.8
BCU 8033 73.3 42.5 23.0 36.0 14.8 5.8 26.8
BCU 8034 72.0 44.2 21.8 358 15.3 54 25.8
BCU 8035 72.7 55.9 134 39.2 14.6 5.6 25.5
BCU 8036 72.7 353 234 37.7 14.4 6.4 24.0
BCU 8037 739 52.0 16.2 45.8 141 6.2 21.7
BCU 8038 75.7 53.9 14.8 42.4 14.1 5.6 22.8
BCU 8039 70.7 55.2 14.1 40.6 13.9 5.7 26.4
BCU 8040 71.7 38.0 21.6 37.2 15.2 6.2 25.7
BCU 8041 61.9 65.4 10.0 45.9 14.4 53 229
BCU 7998 727 79.2 33 484 12.6 5.8 23.0
DWR 62 724 66.0 5.2 37.3 13.7 6.1 24.1
DWR 80 66.3 80.1 3.1 40.9 13.1 5.3 26.0
DOLMA (C) 73.1 235 31.0 349 14.5 6.5 26.2
NDB 943 (C) 744 51.1 5.8 39.3 13.5 5.6 21.7
KARAN 16 (C) 70.2 53.8 11.1 441 121 49 26.3
BHS 352 (C) 749 26.4 36.1 36.8 12.8 6.5 234
GEETANJALI (C) 75.6 42.6 16.1 33.7 14.9 5.6 22.2
HBL 276 (C) 74.6 21.1 36.4 33.8 14.3 6.7 23.7
ATAHULAPA (C) 72.0 76.7 3.7 54.7 14.6 6.3 26.0
LSD (5%) 25 12.5 8.1 6.5 13 0.8 NS
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Evaluation of genotypes for malting quality

Beta glucans have profound effect on malting
quality of barley and in this regard the sources of is
low beta glucan have been identified and are being
used by breeders for introgression of this trait
through conventional and molecular breeding.
Further basic studies are being carried out to
dissect the roles of beta glucans in the genotypes
being grown under Indian conditions. The studies

are underway and the work done till December is
being reported. The genotype BCU 2030 has been
found to contain low grain beta glucan (3.9%) along
with higher glucanase activity.

Malting quality evaluation of AICRP material
The Barley Unit also took up the malting quality
evaluation of grain samples from coordinated malt
barley trials conducted in NWPZ during Rabi 2018-
19from various test sites at its central facility.

Table 6.14: Grain parameters of high & low B-glucan genotypes

S.N. Genotype B-glucan Malt glucanase Grain hardness Protein Starch Bold grains
(% db)  activity (U/kg malt)  Index (SKCS) (% db) (% db) (%)
1 20th IBON-3 6.1 133.6 15.9 11.6 62.0 89.3
2 BCU 554 6.4 146.2 15.2 11.2 62.3 79.9
3 DWR 30 7.1 194.9 13.9 11.7 61.8 67.8
4 DWRUB 76 6.6 246.6 15.3 11.4 61.9 81.8
5 ICARDA-54 6.3 356.0 15.3 11.5 60.9 86.4
6 BCU 2030 3.9 426.3 15.1 12.0 62.2 62.6
7 BCU 277 33 297.6 13.7 135 60.0 69.9
8 SLOOP SAWL 3167 34 290.4 13.9 1.5 61.3 75.8
9 SLOOP VICVB 9953 34 307.3 14.2 10.3 64.5 80.3
10 DWR39(C) 3.7 153.9 15.0 11.0 62.8 85.8
11 DWRUB 52 (C) 4.2 292.6 13.8 10.5 63.4 89.5
12 DWRB92 (C) 5.2 138.5 14.7 12.3 62.4 94.9
13 DWR28(Q) 55 83.6 14.8 11.6 61.7 96.3
14  RD 2668 (C) 6.5 99.7 13.6 11.0 62.5 73.0
15 ALFA93(C) 4.2 365.5 14.8 1.1 64.7 86.9
16 BCU73(C) 4.2 87.0 14.6 10.9 61.4 83.3
17 K551 (Q) 3.9 82.2 14.2 12.2 61.6 73.7
18 Manijula (C) 3.2 291.1 14.6 11.7 61.2 72.5
19  DWRB 101 (C) 4.8 109.6 14.4 10.9 62.9 87.2
20  Clipper (C) 4.7 152.1 14.1 10.9 62.5 87.4
LSD (%) 0.7 196.7 NS 1.2 2.2 10.5

Table 6.15: Promising entries* for individual malting quality trait

Traits

Promising entries

Bold Grains (%)
Thousand grain weight
Husk Content
Grain Beta glucan
Malt Friability
Hot water extract
Filtration Rate
Diastatic Power
Kolbach Index
FAN Content
Wort beta glucan
Over all MQ

DWRB 160, PL 907, DWRB 199, BH 1025, DWRB 196

DWRB 160, DWRB 196, BH 1025, PL 907, DWRB 199, DWRB 198
RD 3008

DWRB 182, KB 1743, KB 1707

DWRB 182, DWRB 184, RD 3008, BH 1025

RD 3010, DWRB 184

PL 907, RD 3009, DWRB 199, RD 3008, RD 3007, DWRB 196
DWRB 198, KB 1743, RD 3008, DWRB 199

PL 908, DWRB 196, DWRB 197, RD 3008, BH 1025

RD 3009, DWRB 197, RD 3008, RD 3010, RD 3007

DWRB 182, PL 908, KB1743, DWRB197, RD 3008, BH 1025, RD 3009

DWRB 182, DWRB 160, BH 1025, RD 3008

e *Superior or at par to best check
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Table 6.16: Marker assisted backcross program for quality traits and aphid tolerance

Trait Recurrent parent Donor parent Generation harvested in 2018-19
Quality B-Glucan Content DWRB 101 SLOOP VICB 9953 BC,F,
DWRB 101 SLOOP SAWL 3167 BC,F,
Protein
Content DWRB 101 BK 306 BC,F,
DWRB 101 BK 1127 BC,F,
Biotic stress  Aphid tolerance DWRB 101 EB 921 BC,F,

Marker assisted introgression of quality traits
and aphidtolerance

New crosses were attempted, backcross made and
generations advanced in crop season 2018-19 for
marker assisted backcross program for quality traits
(protein content and B-glucan) and biotic stress
(cornleafaphidresistance).

Identification of promising introgressed lines
for B-Glucan content in backcross population of
crossDWRB 101/SLOOPVICB 9953

Backcross population of cross DWRB 101/SLOOP
VICB 9953 developed to introgress low B—glucan
content in elite cultivar were analysed biochemi-
cally. A total of 257 BC,F,lineswereevaluated for
grain B-glucan content using EBC enzymatic

method. These lines were screened with STS
marker BRZ located in close vicinity of QTL-HvCSFI6-
7H controlling beta glucan content in contrasting
parental lines DWRB101 and Sloop VICB 9953. Total
three BC,F, lines amplified diagnostic band for low
B-glucan contentas shownin figure total three lines
as shown in table below gave desirable levels of 3-
glucan content and found carrying introgressed
QTL.

Similarly, backcross population has been devel-
oped to introgress high protein content in elite
cultivar DWRB101 for food purpose. Grain protein
content of BC,F,lines of this population have been
evaluated using NIR prediction. Total five lines has
given desirable content of grain protein.

Fig 6.5: Molecular screening of BC,F, lines with STS marker BRZ for 8 glucan content

Table 6.17: BC,F, line with marker assisted backcross
program for low glucan content

Table 6.18: BC,F, line with marker assisted backcross

program for higher protein content

BC,F,line B-glucan 1000
grain wt.
DWRB 101 /SLOOP VICB 9953-56 3.72 46.68
DWRB 101 /SLOOP VICB 9953-167  4.00 52.78
DWRB 101 /SLOOP VICB 9953-261 3.95 37.14

Aphid resistance screening and selection of
promising lines

Backcross population (BCF,) developed from cross
DWRB101/EB921 to introgress corn leaf aphid
resistance in elite cultivar DWRB101 have been
screened under epiphytotic conditions in Rabi

BC,F,line TGW Protein %
DWRB 101/BK 306-26 43.96 13.8
DWRB 101/BK 306-79 43.9 13.8
DWRB 101/BK 306-134 53.66 12.8
DWRB 101/BK 306-207 49.76 13.1
DWRB 101/BK 306-212 50.42 133

season in net house at ICAR-IIWBR experimental
field. Total eleven lines have shown moderate to
resistant insect infestation tolerance as shown in
Table 6.19.

The resistant genotypes identified in crop
season 2018-19 were again screened and
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07 REGIONAL STATION, FLOWERDALE,

SHIMLA

Rust incidence and pathotype distribution of
Puccinia species on wheat and barley

There was no report of any wheat rust epidemic in
India. Practically it was another rust free wheat year.
A diverse band of wheat varieties are grown in
Northern India and yellow (stripe) rust was
recorded in very low frequency in few pockets only.
Surprisingly yellow rust was observed on Lok1 and
Sujata at Eagle Seed Farm, Brahman Pipliya in
Indore district of Madhya Pradesh. Brown rust
appearance was observed sporadically in some
areas in the states of Maharashtra, Gujarat and
Karnataka. There was no report of black rust of
wheat and barley in farmer's field in any of the
states/area of the country. Practically rusts
remained obscure on wheat crop during the year. A
total of 627 samples of three rusts of wheat, yellow
and black rusts of barley were analyzed from
thirteenIndian states and Nepal during the year.

Yellow rust of wheat and barley (Puccinia
striiformis)

During this crop year, 201 samples of yellow rust of
wheat and barley were pathotyped from eight
Indian states and Nepal. Unusually yellow rust was
observed on Lok1, Sujata and some wheat material
of Eagle Seed Farm at Indore in Madhya Pradesh.
There had been no occurrence of wheat yellow rust
from Madhya Pradesh earlier. Cultivated wheat
varieties and favourable environment indirectly
influence the occurrence and distribution of
pathotypes of rust pathogenin a geographical area.
The spectrum of pathotypes has now narrowed
down over the years. Six pathotypes (465119,

1105119,2385119, 110584, P and T) of wheat stripe
rust pathogen were identified during 2018-19.
These were avirulent on Yr5, Yr10, Yr15, and YrSp.
The frequency of pathotype 465119 (virulent to Yr2,
Yr3, Yr4, Yr6, Yr7, Yr8, Yr9, Yr17,Yr18, Yr19, Yr21, Yr22,
Yr23, Yr25, YrA) was maximum (48.4%). Pathotype
1105119, identified in 2013-14, was detected in
35.3% samples. Most virulent pathotype 2385119
has also increased to 12.3% samples from 4%
during last year. Remaining 3 pathotypes were
observed in 4.1% samples only. Presence of barley
yellow rust was negligible during this year. The
barley yellow rust pathotypes 57 (0S0) and M (150)
were observed in five and one samples,
respectively.

Black rust of wheat (Puccinia graminis f. sp.
tritici)

Eight pathotypes of black rust pathogen of wheat
and barley were identified from 134 samples,
received/collected from five Indian states and
Nepal. Population analyzed during the year has
avirulence to 5r26, 27, 31, 32, 35, 39, 40, 43, Tt3 and
Tmp. Maximum number of samples was from
Karnataka followed by Tamil Nadu. Pathotype 11
(79G31), virulent on Sr2, Sr5, Sr6, Sr7b Sr9a, Sr9b,
Sr9c¢, Sr9d, Sr9f, Sr9g, Sr10, Sr13, Sr14, Sr15,5r16, Sr17,
Sr18,5r19,5r20,5r21,5r28, Sr29, Sr30, Sr34, Sr36, S5r38,
SrMcN was recorded in 50% of the samples, which
was followed by 15-1 (22.3 %) and 40A (15.6 %).
Other pathotypes were observed in few samples
only. Diversity of black rust pathotypes was morein
Karnataka. Pathotypes40A and 11 were detected in
nine barley samples, received from Tamil Nadu and
Karnataka.

Table 7.1: Predominant pathotypes of Puccinia on wheat in India

Wheat rust pathogen

Predominant pathotypes

P. graminis tritici (black rust)
P. triticina (Brown rust)

P. striiformis (Yellow rust) 465119 and 1105119

79G31(11), 123R15 (15-1) and 62G29(40A)
121R60-1(77-9), 121R60-1,7 (77-13) and 121R63-1(77-5)
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Table 7.2: Rust resistance in advanced wheat material (AVT 2018-19)

Rusts No. of lines Wheat lines

Brown, Black and Yellow 4 PBW 821, PBW 822, PBW 823, PBW 757*

Brown & Black 4 CG 1029, HD 2864, K 8027*, MACS 6222

Brown 14 DDW 47, DDW 48, DDK1057, HD 3090, HI1633, HI1634, HS 562* MACS 3949, PBW
550, PBW 797, PBW 820, PBW 824, UAS 446, UAS 466*

Black 12 DBW 110, DBW 303, HD 3226, HD 3237, HD 3277, HD 3298%, HI1628, NW 7049, RAJ

4529, PBW 825, WH 1105, WH 1223*

Yellow 3

NIDW 1158, PBW 752, PBW 781

*Lines showed variable reactions in different years.
Brown rust of wheat (Puccinia triticina)

Twenty-three pathotypes of P. triticina causing
brown rust of wheat were identified in 292 samples
analyzed from 11 states of India, and Nepal. Indian
population of P. triticina showed resistant infection
types on Lr24, Lr25, Lr29, Lr32, Lr39 Lr45 and Lr47.
Among 12,77,104 and 162 groups of pathotype, 77
was the most predominant and was ascribed to
88.7% samples, whereas, remaining groups were
attributed to 11.3% samples. Pathotype 77-9
(121R60-1) virulenton Lr1, Lr3,Lr10,Lr11,Lr12,Lr13,
Lr14a, Lr14b, Lri4ab, Lr15, Lr16, Lr17a, Lr17b, Lr18,
Lr20, Lr21, Lr22a, Lr22b, Lr23, Lr26, Lr27+31, Lr30,
Lr33,Lr34,Lr35,Lr36,Lr37,Lr38, Lr40, Lr44, Lr46, Lr48,
Lr49, Lr67 was most frequent and identified in 149
rust samples (51.1%). It was followed by pathotypes
77-13 (121R60-1,7) in 20.2% and 77-5 (121R63-1) in
15.1% of the wheat brown rust samples. The
diversity of P, triticina was comparatively higher in
Haryana, Karnataka and Himachal Pradesh.
Pathotype 77-9 was most frequent in all the states
except for Himachal Pradesh and Punjab.

Rustresistance in wheat material
Rustresistance

A total of 3053 lines of wheat and barley were
evaluated against the pathotypes of three rust
pathogens. To identify rust resistant lines and
characterize rust resistance genes in wheat, 158
advanced accessions (AVTI&Il) were evaluated at
seedling stage using an array of pathotypes of
Puccinia graminis f. sp. tritici (black rust), P. triticina
(brown rust) and P. striiformis f. sp. tritici (yellow rust)

possessing different avirulence/virulence
structures. Four lines, PBW 821, PBW 822, PBW 823,
and PBW 757 were resistant to all the rusts. Rust
resistance to all the pathotypes of black, brown and
yellow rust pathogens was observed in four entries
(PBW 821, PBW 822, PBW 823 and PBW 757) of
advanced wheat material. Four lines namely CG
1029, HD 2864, K 8027 and MACS 6222 were found
resistant to brown and black rusts. Entries NIDW
1158, PBW 752 and PBW 781 were resistant to
yellow rust only. Twelve lines (DBW110, DBW303,
HD 3226, HD 3237, HD 3277, HD 3298, HI 1628, NW
7049, RAJ 4529, PBW 825, WH 1105 and WH 1223)
showed resistance to all the pathotypes of black
rust pathogen only. Fourteen accessions (DDW 47,
DDW 48, DDK 1057, HD 3090, HI 1633, HI 1634,
HS562, MACS 3949, PBW 550, PBW 797, PBW 820,
PBW 824, UAS 446 and UAS 466) were resistant to all
pathotypes of brown rust pathogen only, whereas,
five entries which possessed Lr24, were also
resistant to brown rust. All the lines carrying Sr37,
were resistant to black rust.

Rustresistancegenesin AVT lines

Wheat rust resistance genes (Lr, Sr, Yr) were
characterized in 158 AVT lines by using gene
matching technique. Rust resistance genes were
characterized only in the lines where differential
host-pathogen interaction was present. In addition,
linked characters, morphological markers,
characteristic infection types and pedigree also
formed the basis for postulating rust resistance
genes in absence of clear host-pathogen
differential reactions.
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Table 7.3: Diversity for rust resistance in AVT lines

Rust No. of lines Number of genes inferred: Details of resistance genes

Yellow 91 Four: Yr2, Yr9, YrA, Yri8

Brown 119 Eleven: Lr1, Lr2a, Lr3, Lr10,Lr13,Lr18,Lr19,Lr23,Lr24, Lr26 and Lr34

Black 1117 Fourteen : Sr2, Sr5, Sr7b, Sr8a, Sr8b, Srob, Sr9e, Sr11, Sr13, Sr24, Sr25, Sr28, Sr30 and Sr31

Yrgenes postulatedin 81 lines (64.5 %) followed by Sr17in 34

In advanced wheat material, 4 Yr-genes (Yr9, Yr2,
Yr18 and YrA) were characterized in 91 entries.
Among these, Yr2 was characterized in 57 lines. Yr9,
alone orin combination, was postulated in 25 lines.
YrA was characterized in 09 lines. Gene
combinations Yr9+A+ and Yr9+18+ were inferred in
03and 01 lines, respectively.

Lrgenes

Eleven Lr-genes (Lr1,Lr2a, Lr3,Lr10,Lr13,Lr18,Lr19,
Lr23,Lr24,Lr26 and Lr34) were characterized in 119
lines. These Lr genes were postulated alone or in
combinations. Lr13 and Lr23 were the most
commonly characterized resistance genes in
advanced wheat material. Both were characterized
either alone or in combination in 47 lines (39.5 %)
each, followed by Lr70 in 34 lines. Resistance gene
Lr26 (linked with Sr31 and Yr9) was postulated in 25
entries. Lr13 is known to confer high temperature
resistance. Therefore, in most wheat growing areas
in India, lines possessing Lr13 will show less
terminal disease severity as the temperature rises
towards the maturity. Brown rust effective
resistance gene Lr24 (linked with Sr24), was inferred
in GW 509, HD 2888, HI 1544, MP 3288 and MP 4010.
Another effective resistance gene Lr719 was
characterized in WH 1254 only. Brown rust
resistance genes Lr3, Lr2a, Lr18 and Lr34 were
characterized only in four, two, two and one wheat
entries, respectively.

Srgenes

Fourteen Sr genes (Sr2, Sr5, Sr7b, Sr8a, Sr8b, Srob,
Sr9e, Sr11,5r13,5r24, Sr25, 5r28, Sr30 and 5r31) were
characterized in 125 lines. Genes were postulated
alone or in combinations. Sr2, whose postulation is
based on characteristic micro-flecking, was

lines. Sr37is linked with Lr26 and Yr9 was postulated
in 25 lines. Entries DBW 252 and KRL 19 possessed a
combination of four genes.

Race specific adult plant resistance (APR) in AVT
material

To identify race specificadult plant rust resistancein
wheat material, 158 lines of AVT were evaluated for
identifying adult plant resistance. Four pathotypes,
two each of yellow and brown rust pathogens, were
used in the study. Optimum conditions for infection
of rustand growth of wheat material were provided.
Entry VL 3021 showed APR to both the pathotypes
ofyellow and brown rust pathogens.

Sixteen entries (AKDW 2997-16 (d) (C), DBW 257,
DBW 273, DDW 47 (d), HD 3249 (C), HI 1621, HI 8627
(d)(C), HI 8805 (d), HPW 349 (C), HS 673, UAS 428 (d)
(C), UAS 446 (d)(C), UP 3041, VL 3021, WH 1080 (C),
WH 1270) of advanced wheat material were
observed to carry APR to both the pathotypes of
yellow rust pathogen. Fourteen entries possessed
APR to pathotype 465119 and fifteen to 1105119.
Eight entries of AVT (DBW 39, DBW 110, HD 2733, HI
1612, GW 1346, HPW 467, K 1317, VL 3021) were
resistant to both pathotypes (77-9 and 104-2) of
brown rust pathogen at adult plant stage. Twenty
entries of AVT showed APR to pathotype 77-9 and
nineto pathotype 104-2.

Molecular basis of wheat-leaf rust interaction

The available transcriptome, genome sequence
and EST data of Puccinia triticina was collected and
computation prediction of non-coding RNAs,
candidate effectors in the fungal genome of P.
triticina was done using online databases PHI and
NCBI Blast. gRT-PCR primers were designed and
synthesized for all the predicted candidate
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Fig. 7.1- The relative expression profile of candidate effector (Seq. Id. c1226_g1_i1) at different stages after Pt
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Fig. 7.2: The relative expression profile of candidate effector (Seq. Id. c45137_g1_i1) at different stages after Pt
inoculationin compatible andincompatible interaction

effectors/sequences and some non-coding RNAs of
pathogen. Inoculation of HD 2329 and HD
2329+Lr28 with 77-5 and sample collection (at 9
time points post inoculationie.0,1,2,3,5,7,9, 11
and 15 days postinoculation) was done for resistant
(HD 232 +Lr28) and susceptible (HD 2329) wheat
varieties. RNA extraction, cDNA synthesis from all

the samples for each time points was done using
the standard protocols. The gRT-PCR experiments
for validation of Pt candidate effectors and non-
coding RNAs in compatible and incompatible (Lr28)
wheat leaf rust interaction was done. Some of the
results are summarized below:
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Fig. 7.4: Presence of barley leaf rust resistance gene Rph7 in NBDSN lines 2018-19

Expression of Seq. Ids. c1226_g1_i1 and
c45137_g1_i1

The PHI blast results confirmed the close similarity
of seq. Id. c1226_g1_i1 with candidate effector in
Magnaporthe grisea that was contributing to loss of
pathogenicity in rice blast. Our results also
confirmed the role of this candidate effector in loss
of pathogenicity as its expression was maximum in
incompatible interaction at all the time points
except at 24 and 48 hours after Pt inoculation (Fig.
7.1). Similarly the Seq. ID: c45137_g1_i1 had
similarity to stress-induced-phosphoprotein 1 of
Phytophthora infestans that contributes in
increased virulence in potato late blight. In our
experiment its expression was high in compatible
interaction as compared to incompatible

interaction at one, two, five and eleven days after Pt
inoculation. Its highest relative expression was
observed after three days of inoculation in
incompatible interaction followed by eleven days
afterinoculationin compatible interaction (Fig.7.2).

Screening of wheat and barley lines using
resistance gene specificmarkers

Lr34/Sr57/Yr18 was confirmed in five AVT entries
(UP 3016, HI 1625, PBW 770, PBW 757, HI 1624) out
of twenty lines screened. Among the 44 lines,
marker linked to Lr37/5r38/Yr17 was confirmed in
thirteen AVT lines (HD 3059, PBW 752, BW 173,
DBW 237, HI 1620, HD 3043, DBW 252, DBW 233,
HD 3249, DBW 39, DBW 187, WH 1235and HD 3171).
Lr67/5r55/Yr46 was present only in K 8027 out of 42
AVTlinesof2017-18.
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Rph7 confers resistance to the Indian population of
barley leaf rust. To ascertain the presence of Rph, in
barley lines, all the 20 leaf rust resistant lines were
screened with gene specific marker. Presence of
Rph, was confirmed in thirteen NBDSN 2018-19
lines (DWRB 184, KB 1762, DWRB 197, RD 3008,
RD 3009, BH 1024, RD 2991, DWRB 203, RD 2552,
KB 1757,RD 3003, DWRB 202,BHS 477).

Maintenance and supply of nucleus inoculum of
rustpathogens

National repository of more than 145 pathotypes of
different rust pathogens of wheat, barley, oat and
linseed was maintained in live culture as well as
cryo-preserved. For the smooth conduct of wheat
and barley rust research, nucleus/bulk inocula of
different pathotypes of wheat and barley rust
pathogens was supplied to more than 45
scientists/centers engaged on wheat rust research
elsewhereinIndia.

Disease incidence in WDMN/SAARC wheat
disease monitoring nursery

51" wheat disease monitoring nursery was
conducted at more than 41 locations covering all
the major wheat growing areas in the country,
especially those situated near the bordering areas

to the neighboring countries. The occurrence of
wheat blast and Sr37 virulences (Ug99 type of
pathotypes) of black rust were not reported from
any of the locations where WDMN was planted.
Yellow rust was observed on few entries at some
locations of Northern hills zone (NHZ) and North
Western Plain Zone (NWPZ) except Shimla, Abohar
and Ropar. It was also observed at Kanpur in North
Eastern Plain Zone (NEPZ). Brown rust was reported
from nine locations of NHZ and NWPZ. Black rust
was observed at Powerkheda only in Central Zone
(CZ), Dharwad in Peninsular Zone (PZ) and
Wellington in Southern Hill Zone (SHZ). SAARC
wheat disease monitoring nursery was conducted,
by the station in collaboration with CIMMYT, Delhi,
at 29 locations across the six SAARC countries, with
the objectives similar to the wheat disease
monitoring nursery (WDMN) in India. Information
on wheat diseases in SAARC Wheat Disease
Monitoring Nursery has been received from all the
locationsinIndia.Yellow rust was observed at all the
SAARC nursery locations in India except at Abohar,
Deenanagar, Faizabad and Wellington. Brown rust
was observed at all the SAARC nursery locations
except at Dhaulakuan, Ludhiana, Ropar, Abohar
and Deenanagar. Black rust was observed only at
Wellington.
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08 REGIONAL STATION, DALANG MAIDAN

The ICAR-IIWBR Regional Station located at Dalang
Maidan, Lahaul & Spiti, Himachal Pradesh act as a
national off-season crop facility for wheat and
barley researchers of the country. The station is
located at Manali Leh Highway 14 KM towards East
from District Headquarters Keylong. It is situated at
32030'Nand 76059' E at an altitude of 3045 m (9990
feet) above mean sealevel.

Generation advancement of wheatand barley

In the summer nursery (2019) more than 28000
breeding lines received from 42 researchers/teams
have been planted at Dalang Maidan. These
breeding lines of wheat and barley from different
research institutes and state agricultural
universities were advanced for speeding the

breeding and genetics work. The facility was
utilized by breeders, geneticists and plant
pathologists from all five zones of the country. The
maximum material was obtained from NWPZ
followed by NHZ, CZ, NEPZ and PZ. Apart from ICAR-
[IWBR Karnal, ICAR-IARI New Delhi, CCS HAU Hisar,
NABI Mohali and VPKAS, Almora were major co-
operators for utilizing the off season facility. The
sowing of all the seed materials was done during
24-26 May, 2019, harvested in the month of
October, 2019 and supplied to the respective
researchers well in time. There was unexpected
snowfall in the Lahaul valley in mid-August and at
the time of harvesting in October which delayed
the harvesting.
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Corrective hybridization: The summer nursery
(2019) was utilised by researchers from different
research institutes for corrective crossing. More
than 300 corrective crosses, back crosses/three way
crosses were made by scientists and supporting
staff members from different institutes such as
ICAR- IIWBR Karnal, ICAR - IARI New Delhi, ICAR-
VPKAS Almora, SKUAST-J Jammu, CSKHPKVV
Palampur, NABI Mohali, CCS Meerut and NDUAT
Faizabad and many others during second fortnight
of July.

Disease screening and monitoring: The season
was favourable for the screening for yellow rust and
powdery mildew. More than 15,000 lines were
screened by various centres and selections were
made. The yellow rust incidence was first observed
during first week of August and the disease severity
was highest during mid-September, 2019. Powdery
mildew disease also appeared during the last week
of September. Wheat disease monitoring nursery
(WDMN) was planted at this station and the
samples of yellow rust were collected for pathotype
analysis at Regional Station Flowerdale, Shimla.

Seed multiplication of important cultivars/
varieties: The seed multiplication of the wheat
variety DDW47 was carried out and about three
quintal seed was produced. For grow-out test 19
lines received from ICAR-VPKAS, Almora has also
been planted in the summer nursery, 2019. Pure

Natural repository for wheat and barley
germplasm: The off-season nursery acts as natural
repository for wheat and barley germplasm and at
present about 9000 wheat accessions and about
2000 barley accessions are being conserved and
maintained under natural cool temperature
conditions in the station building. This low cost
germplasm maintenance facility will be further
strengthened by provision of separate germplasm
storage roomatthe station.

New facility created: The EFC approved work for
the Germplasm storage room at Regional Station
was completed during the season. The irrigation
pipelinework atthe stationis near completion.

Training to farmers of Lahaul-Spiti district: A
batch of 45 farmers from thirteen villages of Lahaul
Spiti were given training at IIWBR, Karnal on the
theme “Increasing farm income of Lahaul-Spiti
farmers through improved wheat & vegetable

aining

seed of C 306, Sonalika, WL 711, HD 2009, HD 2329 -

production technologies” The three days.
s part|of Tris ;

and PBW 343 was produced for use in Era trial ot &
NWPZ 2019-20. A3E SEX
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09 SEED AND RESEARCH FARM, HISAR

The Seed and Research Farm, Hisar under the aegis
of ICAR-Indian Institute of Wheat and Barley
Research, covers total 200 acres of land, out of
which approximately, 185 acres land have been
utilized under crop cultivation and remaining 15
acres are under layout, official buildings, ponds,
irrigation channel, roads etc. During 2018-19,
wheat was sown in approximately 51.0 acres of land
and produced the wheat breeder seed 761.5
quintals . However, barley breeder seed was sown
on area of 7.0 acres land and produced 92.7 quin-
tals. Average yield of wheat and barley breeder
seeds was recorded 14.93 q ha, and 13.24 q ha,,
respectively. The wheat and barley mixtures

produced from experimental materials were
recorded as 10.7 and 36.2 q, respectively, which was
sold to the staff of CIRB and IIWBR, Hisar. The wheat
and barley straw produced from the crops 382.0q
which washanded overto the CIRB as perthe MOU.

The green manuring is very useful forimprovement
of saline soil. Hence, dhaincha crop was grown in
whole cultivable area at the farm during Kharif
season, 2018-19, so that salinity can be reclamed
through green manure and soil fertility may be
maintained for succeeding crop. The crop was
ploughed into the soil after 50-55 days of sowing
when crop was at green stage and initiated the
flowering.

Table 9.1: Rabi crops area, production and revenue generated from IIWBR Hisar Farm (2018-19)

SN Item Production (quintals) Revenue generated (Rs.)

1 Seed crops of wheat 761.5

2. Barley seed 92.7
3 Wheat and barley mixture 46.9
4. Wheat and barley straw produced 382.0

Transferred to ICAR-IIWBR, Karnal for processing and packaging.
Transferred to ICAR-IIWBR, Karnal for processing and packaging.
Sold to ICAR-IIWBR and ICAR-CIRB staff for Rs 69,940.00

Handed over to CIRB as per MOU

MGMG farmers visit at seed and research farm,
Hisar

Ten farmers from MGMG village Nagthala, Hisar
visited at Seed and Research Farm, Hisar during
crop season. After observing the crops of wheatand
barley at the farm, they were very happy to see the
seed plots of wheatand barley crops.

Plantation at seed and research farm, Hisar

To make the farm green and beautiful, plantation of
different tree species was done on periphery of the
Hisar farm. This programme was supported by local
NGOs workingin Hisar area.
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Inauguration of office building at Seed and
Research Farm, Hisar

e On 12 september, 2019,0ffice building and Farm
store was inaugurated by Honourable Director

in the presence of the Director, National
Research Centre for Equine and Scientific,
administrative and technical staff of the Indian
Institute of Wheat and Barley Research, Karnal
and Hisar Farm.
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10 INSTITUTE ACTIVITIES/CELEBRATIONS

ICAR-IIWBR Karnal celebrated its Foundation Day
on 9" Feb, 2019 with full joy and happiness. Dr. KV
Prabhu (Chairperson, PPV &FR, New Delhi) was chief
ofthe function.

Wheat and Barley Field Day organized at ICAR-
IWBR, Karnal on 29" March, 2019.

Institute Management committee Meeting was
organized on 27" April, 2019 at ICAR-IIWBR, Karnal

The International Yoga Day was celebrated on 21"
June, 2019 with full enthusiasm at ICAR-IIWBR,
Karnal. A large number of staff members partici-
patedinthe programme.

Field day under Wheat and Barley FLDs programme
was organized by ICAR-IIWBR, Karnal in Village
Amindistrict Kurukshetraon 6" April, 2019.

XXVIand XXVII, IMC meeting was held on 27" April,
and 16" September 2019, respectively at ICAR-
IIWBR, Karnal.

IRC (Institute Research Council) meeting was
organized during 4" July, 2019.

58" All India Wheat and Barley Workers Meet was
organized during 24-26 August, 2019 in collabora-

gt AT
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tion with ICAR-IARI Regional Station, Indore.
Secretary, DAREand DG, ICAR graced the occasion.

Farmer-Scientist Workshop and Seed day was
organized on 5" October, 2019 at IIWBR, Karnal in
collaboration with NABARD. More than 9000

farmers participated in this event

RAC meeting was organized on 10-11 October, 2019
at IIWBR under the Chairmanship of Dr. H.S. Gupta
former DG, BISA and Ex. Director IARI, New Delhi.
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AdFVLTIAL EDUCATION 14

Agriculture education day was organized on 3
December,2019atIIWBR, Karnal.

World Soil Health Day was organized on 5"
December, 2019 at village Mehmoodpur,
Karnal.

Social and Cultural Activities

Under Swachchh Bharat Abhiyan, Swachachhata Hi
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73" Independence Day was celebrated on 15"
August, 2019

Sewa was organized during 11" September to 2™
October, 2019 atthe Institute.

During this periods, staff members of this institute Rajbhasa Utsava and Hindi Pakhwada was cele-

activity participated in cleanness and plantation brated during 16-30 September 2019. Hindi Diwas
programme for the sake of better environment. A was celebrated on 16" September, 2019.

street play on “Plastic Jee Ka Janjal” was organised to
create awarenessamong the urban massabout theill
effects of plasticon 28" Sept. 2020 at Atal Park, Karnal

Celebrations

Organised Gandhi Jayanti Utsava during 27"
September to 2™ October 2019 at the institute to
celebrate 150" birth anniversary of Mahatma
Gandhi.

Seed Storage Unit was inaugurated by Honourable
Director DrGP Singh on 22" August, 2019

g
>
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70" Republic day was celebrated was celebrated ITEEL e o

on 26" Jan 2019, with full enthusiasm and joy. On
this occasion Dr. GP Singh, Director appealed the
staff to deliver their best in the nation develop-
ment.
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Covered Threshing Unit of Hisar Farm was inaugu-
rated by Honourable Director Dr GP Singh on 12"
September, 2019.

th

Vigilance Awareness Week was organized from 28
October to 2" November 2019. Sh. Kanhaiya
Chaudhary delivered invited talk on vigilance
awareness.

Celebrated 70" Constitution day on 26" November
2019 at the institute. Also started year long
compaign on ‘Citizens Duties” to be celebrated up
t0 26" November, 2020.
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11 EXTENSION ACTIVITIES

Table 11.1: Training programmes organised/conducted at ICAR - IIWBR, Karnal

S.No. Date Duration No.of Subject Organised by
(Days) Trainees
1. 09Jan.,2019 1 46 Farmers  SriGanganagar men ICAR-IIWBR, Karnal
Gehoonaurjaukiadhunik kheti
2. 14 Jan., 2019 1 60Farmers “Samsamayik sasya kriyaon ICAR-IIWBR, Karnalin
dwaragehoon utpadan association with Omkar
se labharjan Sewa Sansthan, Amithi
3. 11-12 March, 2019 2 24 Farmers  Uttarakhand men Gehoon ICAR-IIWBR, Karnal with
ki Adhunik Kheti State Department of
Agriculture, Tihari, Uttarakhand
4, 21-22Nov., 2019 2 24Farmers Gehoon ki UnnatKhetievam ICAR-IIWBR, Karnal with State

PhasalVividhikaran

Department of Agriculture,

Dwara Adhik Amadani Uttarakhand
Table 11.2: Kisan mela/farmers day/field day
S.No. Date Subject Organised by
1. 9" Feb.2019 Foundation Day of ICAR-IIWBR, Karnal ICAR-IIWBR, Karnal
2. 8" March, 2019 Live telecast programme on International Women Day ICAR-IIWBR, Karnal
by Honourable Prime Minister Sh. Narendra Modi Ji
3. 24" March, 2019 Live telecast of Pradhan Mantri Kisan Samman Nidhi ICAR-IIWBR, Karnal
Yojana by Honourable Prime Minister Sh. Narendra Modi Ji
4. 4" April, 2019 Field Day at FLD Site in Bid Amin village, Kurukshetra, Haryana |ICAR-IIWBR, Karnal
5. 5" October, 2019 Farmer-ScientistWorkshop and Seed Day ICAR-IIWBR, Karnal
6. 3"“December, 2019 Agricultural Education Day at ICAR-IIWBR, Karnal, Haryana ICAR-IIWBR, Karnal
7. 5" December, 2019 World Soil Day at NabipurVillage, District Karnal, Haryana ICAR-IIWBR, Karnal
8. 28"December,2019  Sanitation Awareness Campaign at Nabipur Village, ICAR-IIWBR, Karnal

District Karnal, Haryana

Table 11.3: Organization/participation in exhibition

S.N. Programme Date Duration (days) Organized by
1. 106" Indian Science Congress 03-07Jan., 2019 5 Lovely Professional
University, Phagwara, Punjab
2. '‘GoldenJubileeInternational 07-09Feb.,2019 3 ICAR-CSSRI, Karnal
Salinity Conference (GJISC-2019)
3. Exhibitionduring XIV Agriculture 20-23 February,2019 4 National Academy of
Sciences Congress Agricultural Sciences, New Delhi
4. Purvanchal Kisan Mela-2019 02-03 March,2019 2 Mahayogi Gorakhnath KrishiVigyan
Kendra, Chaukmafi (Peppeganij)
Jangal Kaudia, Gorakhpur373165 (UP)
5. PusaKrishiVigyan Mela-2019 05-07 March, 2019 3 ICAR-Indian Agricultural Research
Institute, New Delhi
6. KisanMela-2019 14 March, 2019 1 Young Farmers Association, Rakhra,

Patiala
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7. 58" Allindiawheat&barley RS, ICAR-IARI, Indore, Madhya Pradesh
research workers’ meet

8. RabiKisan Mela2019

24-26 August, 2019 3

13 September,2019. 1 ICAR-CSSRI, Karnal at Netaji Subhash

Stadium, Palwal, Haryana

9. KisanMela-2019 17 Sept., 2019 1 Young Farmers Association, Rakhra,
Patiala, Punjab
10. GannaaurMakka Kisan Mela 14Nov.,2019 CCS-HAU, RRS, Uchani, Karnal, Haryana

Table 11.4: Coordination of visits at ICAR-IIWBR, Karnal during 2019

S.No Date Number of Visitors From

1 January 03, 2019 36 Women Farmers Raypipla, Narmada, Gujarat
2 January 09,2019 46 Farmers Sriganganagar, Rajasthan
3 January 10,2019 26 Farmers Azamgarh, Uttar Pradesh
4 January 14,2019 60 Farmers Amethi, Sultanpur, Uttar Pradesh
5 January 15,2019 26 Women Farmers Gurugram Haryana

6 January 17,2019 24 Farmers Sriganganagar, Rajasthan
7 January 23,2019 60 Students Kutail, Karnal, Haryana

8 January 31,2019 40 Farmers Sriganganagar, Rajasthan
9 February 05,2019 45 Farmers Chhattisgarh

10 February 06,2019 30 Farmers Vidisha, Madhya Pradesh
11 February 11,2019 32Farmers Ayodhya and Bareily, Uttar Pradesh
12 February 14,2019 35 Farmers Churu, Rajasthan

13 February 20,2019 16 Students Nashik, Maharashtra

14 February 23,2019 28 Farmers Jhunjhunu, Rajasthan

15 March 02, 2019 25Farmers Kullu, Himacha Pradesh
16 March 05,2019 32 Farmers Churu, Rajasthan

17 March 06,2019 100 Farmers Nilokheri, Karnal

18 March 11,2019 50 Farmers Hapur, Uttar Pradesh

19 March 16,2019 20 Farmers Jhunjhunu, Rajasthan

20 March 26,2019 50 Students Meerut, Uttar Pradesh

21 April 3,2019 59students Bharatpur, Rajasthan

22 April 11,2019 56 Farmers Bharatpur, Rajasthan

23 April 13,2019 152 Student Ahmedabad

24 April 18,2019 70 Farmers Bharatpur, Rajasthan

25 April 20,2019 86 Students Rajpura, Punjab

26 April 26,2019 55 Student Baru Shahab, H.P.

27 April 29,2019 15 Students Dehradun, Uttarahand
28 May 03,2019 19 Students Raipur, Chhattisgarh

29 June 11,2019 46 Students Jhansi, Uttar Pradesh

30 June 12,2019 09 Students Kyrdemkulai, Meghalaya
31 June 22,2019 50 Students Jodhpur, Rajasthan

32 July 01,2019 55 Students Kanpur, Uttar Pradesh

33 September 16,2019 100 Students Krishnagiri, Tamil Nadu
34 September 16,2019 118 Students Madurai, Tamil Nadu
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35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

September 18,2019
September 18,2019
September21,2019
September 23,2019
September 24,2019
September27,2019
September 30,2019
October01,2019

October 11,2019

October 13,2019

October 16,2019

October 18,2019

October 19,2019

October 19,2019

October 22,2019

October 24,2019

October31,2019

November 11,2019
November 12,2019
November 13,2019
November 15,2019
November 16,2019
November 18,2019
November 18,2019
November 22,2019
November 23,2019
November 25,2019
November 26,2019
November 26,2019
November 29,2019
November 29,2019
December02,2019
December03,2019
December09,2019
December09,2019
December 10,2019
December 17,2019
December23,2019
December 17,2019
December 18,2019
December21,2019
December22,2019
December23,2019

65 Students
106 Student
34 Farmers
34 Students
38 Students
36 Farmers
25Farmers
98 Students
30Students
42 Farmers
115 Student
63 Students
50 Students
32 Farmers
55 Students
52 Students
70 Farmers
32 Students
42 Students
111 Students
54 Students
53 Students
25 Fertilizer Dealers
71 Students
66 Students
45 Farmers
50 Farmers
85 Students
42 Students
49 Farmers
81 Students
28 Farmers
40 Students
50 Student
81 Student
30Fertilizers Dealers
45 Farmers
50 Farmers
115 Farmers
40 Farmers
50 Farmers
42 Farmer
28 Students

Karaikudi, Tamilnadu
Killikulam, Vallanadu, Tamilnadu
Nowshera, Rajouri, J&K
Madurai, Tamilnadu
Sempuli, Tamilnadu
Bignor, Uttar Pradesh
Madhya Pradesh
Namakkal, Tamilnadu
Gwalior, Madhya Pradesh
Basti, Uttar Pradesh
Gujrat

Gujrat

Gujrat

Gujrat

KalasaliyaTamil Nadu
Karnal

J&K

Jaipur, Rajasthan
Kamuthi, TamilNadu
Pollachi, Tamil Nadu
Perambalur, Tamil Nadu
Kaithal, Haryana
Jind,Haryana
Periyakulam, Tamil Nadu
Pudukkottai, Tamil Nadu
Chhattisgarh
Chhattisgarh

Kalavai, TamilNadu
Trichi, Tamil Nadu
Chhattisgarh

GBNagar, Vellore, Tamil Nadu
Dakshin, Dinapur, West Bengal
Karnal, Haryana
Kaithal,Haryana
Kaithal,Haryana

HAU, Hisar, Haryana
Chhattisgarh
Chhattisgarh
Coimbatore, Tamil Nadu
Delhi

Raipur, Chhattisgarh
Raipur Chhattisgarh
Dindigul, Tamil Nadu




EXTENSION ACTIVITIES

Table 11.5: Lectures delivered

Date

Topic

08.03.2019

04.09.2019

20.09.2019

17.10.2019

18.10.2019

19.12.2019

Sendhil R delivered a lecture on the “Role of ICAR-IIWBR in Wheat Production Technologies” during the
Field Day organised by the IARI-RS Wellington at the FLD site.

Sendhil R delivered an invited presentation on“Wheat Production Technologies and Food Security: The
Nexus and Prospects” at the National Conference on Ascertaining Food Security through Livelihood
Enriching Interventions: Challenges and Opportunities held at PAJANCOA & RI, Karaikal from 04-06
September, 2019

Sendhil R delivered a lecture on “Price Risk Management in Agriculture Exploring Futures” during the
Training Program on Innovative Marketing Practices for Enhancing Farmers Income in Salt Affected
Regions held at ICAR-CSSRI

Sendhil R delivered a lecture on “Technology Development in Wheat and its Role in Farmers Income”
during the CAFT program organized at Division of Agricultural Economics, ICAR-IARI.

Sendhil R delivered a lecture on “Principal Component Analysis based Indexing” during the CAFT
program organized at Division of Agricultural Economics, ICAR-IARI.

Sendhil R delivered a lecture on “Farm Management: Records, Economics and Implications” during the
workshop/training on Extension Strategy for Resource Management and Input Cost Reduction in
Agriculture held at EEI, Nilokheri.

Sendhil Rdelivered a presentation for“Young Agricultural Economist (2019)"awarded by the Agricultural
Economics Research Association (AERA) at the 27th AERA Conference held at PAU, Ludhiana from
December17-19,2019

Table 11.6: TV programmes

Date Topic

18.02.2019 VicharVimarsh Programme on” Gehoon Ki Dekh bhal”.

24.02.2019 Live telecast of Pradhan Mantri Kisan Samman Nidhi Yojana by Honourable Prime Minister Sh. Narendra
Modiji.

08.03.2019 Live telecast of programme on International Women Day by Honourable Prime Minister Sh. Narendra
Modiji.

05.12.2019 DD Kisan, Kisan Prashan Manch pgramme organised at Nabipur village, Karnal, Haryana

05.12.2019 DD Kisan, Ghumate Phirte proramme organised at Mehmadpur village, Karnal, Haryana
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12 AWARDS & RECOGNITIONS

Dr. GP Singh is awarded with Best Scientist
Award by Young farmer Association, Patiala
Punjabin2019.

Dr. Ravish Chatrath is awarded with XXV Hooker
awardonFeb 9,2019 by ICAR.

Dr. PL Kashyap awarded NAAS Associate 2019
by the National Academy of Agricultural
Sciences (NAAS), New Delhi.

Dr. Amit Sharma received ICAR-IIWBR best
worker award in scientific category during ICAR-
IIWBRfoundation day on 9" February 2019.

Dr. PL Kashyap is awarded with MK Patel
Memorial young scientist award by Indian Phyto
Pathological society during 26-28" February
2019 atBHU, Varanasi.

Dr. Sneh Narwal received Best poster presenta-
tion in the 4" IGM on wheat productivity
enhancement through climate smart practices
held at CSKHPKYV, Palampur (HP) during 14-16
February 2019.

Dr. Poonam Jasrotia received Best poster
presentation in the 4" IGM on wheat productiv-
ity enhancement through climate smart prac-
tices held at CSKHPKYV, Palampur (HP) during 14-
16 February 2019.

Dr. Bhumesh Kumar received Best poster
presentation in the 4" IGM on wheat productiv-
ity enhancement through climate smart prac-
tices held at CSKHPKV, Palampur (HP) during 14-
16 February 2019.

Dr. Sendhil R bestowed with the 2019 Uma Lele
Mentorship Award from the Agricultural and
Applied Economics Association (AAEA) Trust,
USA.

Dr. Anuj Kumar, Sendhil R, Raj Pal Meena and JK

Pandey received the 2019 Best Article Award
(Hindi) on doubling farmers’ income published
in Swarnima.

Dr. Sendhil R received the Best Presentation
Award from the Society of Economics and
Development in the 5" National seminar held at
Punjab Agricultural University on April 05,2019.

Dr Ankita Jha received the “Young Achiever
Alumnus Award” by Alumni Almamater
Advancement Association (4A), GBPUA&T.
Pantnagarduring 16-17 November, 2019.

Best Poster Award for researcher poster entitled
“Characterisation of symbiont diversity in corn
leaf aphid Rhodosiphummaidis (Fitch) infesting
wheat crop through metagenomic approaches”
authored by Poonam Jasroria, Prem Lal Kashyap,
Sudheer Kumar and GP Singh in 4" International
Group Meeting held at CSKHPKCV, Palampur
during February 14-16,2019.

Dr. PL Kashyap awarded Prof. Mahatim Singh
Memorial Award-2019 on the occasion of the
58" All India Wheat & Barley Research Workers’
Meet at ICAR-IARI, Regional Station, Indore.

Dr. Sewa Ram delivered Invited lecture on wheat
processing and nutritional quality: status and
challenges during International Wheat Seminar
held at Bengaluru, Karnataka wef; 01-02 March,
2019 and also acted as a panelist on discussion
on wheat trade today and tomorrow during the
Seminar.

Sewa Ram, presented Lead paper on“Improving
nutritional quality of wheat: challenges and
progress” at 4" International group meeting on
“Wheat productivity enhancement through
climate smart practices” held at CSK HPKYV,
Palampurfrom 14-16" Feb.2019.



AWARDS & RECOGNITION

Best Poster Presentation Award for topic“Explor-
ing Indian wheat genotypes for less Celiac
disease toxic epitopes” at 4" IGM held at CSK
HPKV, Palampur from 14 -16" Feb. 2019 by Sneh
Narwal, Bunty Sharma, Ritu Saini, RB Singh, OP
Gupta, Vanita Pandey and Sewa Ram.

Dr. O.P. Gupta received Jawahar Lal Nehru award
for PG outstanding doctoral thesis research-
Biotechnology, 2019.

Shri Roop Ram was awarded Institute’s best
worker award in Administrative staff category
fortheyear2018.

Shri Sant Ram received Institute’s best worker
award in skilled supporting staff category for the
year2018.

Dr. Subodh Kumar was awarded the ICAR Cash
award 2018 under technical category during 91*
ICAR Foundation Day and award ceremony at
New Delhion 16" July,2019.

Dr.GP Singh received the Agriculture Leadership
Award for outstanding vision, dedication,
commitment to excellence and exemplary
leadership during 2019.

Dr. GP Singh received the Amrik Singh Cheema
Award for outstanding contribution in the field
of Wheat Research by Young Farmers
Association, Patiala, Punjab (ICAR recognised)
during 2019.

ICAR-IIWBR has been honoured with the presti-
gious Chaudhary Devi Lal Outstanding All India
Coordinated Research Project (AICRP) Award
fromtheICARon July 16,2019.

Sendhil R honored with Lal Bahadur Shastri
Outstanding Young Scientist Award in Social
Sciences (2018) by the Indian Council of
Agricultural Research (ICAR) during the ICAR
Foundation Day held on July 16,2019.

Sendhil R honored with the Young Agricultural
Economist (2019) awarded by the Agricultural
Economics Research Association (AERA) at the
27" AERA Conference held at PAU, Ludhiana
from December 17-19,2019

Dr. SK Singh received VS Mathur Memorial
Award, 2019 of ISGPB.

Dr. SK Singh was awarded for Reviewer
Excellence Award, 2019 by ARCC as reviewer of
Legume Research

Dr. SK Singh was honored with ISGPB-
Recognition Award, 2019 for development of
landmark wheat variety DBW 17

Dr. SK Singh acted as organizing secretary, 58th
all India wheat & barley research workers' meet,
2019.

Dr. SK Singh acted as organizing secretary,
brainstorming on speed breeding, August 25,
2019, Indore.

Dr. SK Singh was a member of Expert Working
Group on “Wheat breeding methods and
strategies” of the G-20 Wheat Initiative since
April, 2019.

ICAR-IIWBR was awarded with best exhibition
Stall during Ganna Aur Makka Kisan Mela at
CCSHAU, Uchanion 14" November, 2019
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13 DISTINGUISHED VISITORS

Dr. Ravi P Singh, Distinguished Scientist and Head
of Global Wheat Improvement, visited ICAR-IIWBR,
Karnal on 2™ March, 2019 and interacted with the
scientists of the institute.

' r'

il m&f’i u“im ﬂl l’l‘ ”ﬂ

Dr. K.V. Prabhu, Chairperson, PPV & FR, New Delhi
grace the occasion as Cheif Guest, ICAR-IIWBR
Foundation Dayon9 February,2019.

Sri DV Prasad, IAS, MD, Food Corporation of India,
visited ICAR-IIWBR, Karnal on 19" March, 2019.

Dr. T. Mohapatra, Secretary DARE and DG, ICAR
Visited ICAR- [IWBR on 25" March, 2019.

Tenvisitors from Uganda visited ICAR-IIWBR, Karnal
on 23" July, 2019 and exchanged the information
about different research project on wheat and
barley.

Dr. AKSingh,DDG (Horticulture and Crop Science)
visited ICAR-IIWBR Karnal as a chief guest on the
occasion of Farm Scientist Workshop and Seed day
on 5" October, 2019.

Dr. H.S. Gupta Chaired the RAC Meeting on 10"
November, 2019 at ICAR-IIWBR, Karnal.

Honourable Shri Kailash Chaudhary Minister of
State, Ministry of Agriculture and Farmers Welfare
visited IIWBR on 23" December, 2019 and
interacted with the staff.



DISTINGUISHED VISITORS

Honourable Sri Sanjay Bhatia MP Karnal Lok Sabha
and Smt. Renu Bala Gupta, Mayor Karnal visited

ICAR-IIWBR, on 19" November, 2019. Sh. Bhatia was
the chief guest of training programme organized
forthefarmers of Lahaul Spiti.

Visit of European Union Members at [IWBR, Karnal
on 10" December, 2019.

Dr. Punjab Singh Ex Secreatry DARE & DG ICAR, Ex
VC BHU, Varanasi and President NAAS visited ICAR-
IIWBR, Karnal on 20" December, 2019.

Dr.S.S.Khanna, , Ex-Advisor, Planning Commission,
Govt. of India and VC NDUA&T, Faizabad visited
ICAR-IIWBR, Karnal on 24" December, 2019.
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14 TRAININGS & CAPACITY BUILDING

Name of employee | Designation | Name of training programme attended Dates
Scientific staff

Dr. GP Singh Director Executive Development Programme on Developing 2-4 Aug,
Effective Organizational Leadership for Senior 2019
Officers of ICAR (Domestic component)

Dr. GP Singh Director Executive Development Programme on Developing 21-30 Sept.,
Effective Organizational Leadership for Senior Officers 2019
of ICAR (International component)

Dr. Satyavir Singh Pr Scientist Stress Management at NAARM, Hyderabad 26-29 June,

Dr. Subhash Chander | Pr Scientist Stress Management at NAARM, Hyderabad 2019

Dr. Arun Gupta Pr Scientist Managing rice genetic resources for climate resilienceat | 16-25 Oct,,
NRRI, Cuttack 2019

Dr. Pradeep Sharma Pr Scientist MDP on Leadership Development (a pre RMP 2-13 Dec,,
programme) at NAARM, Hyderabad 2019

Dr. Neeraj Kumar Scientist Attended 3 Months Professional Attachment Training at| 17 May -

ICAR-CIAE, Bhopal on “Development and Performance| 26 Aug., 2019
Evaluation of Residue Management System under Soil Bin”

Dr. OP Gupta Scientist Capacity building for ICAR Scientific staff 29-31
at ICAR-IIWBR, Karnal Jan., 2019
Invitro mineral bioavailability assay at ICMR-NIN, Hyderabad | 16-22
June, 2019
Dr. Chuni Lal Pr Scientist IP Valuation and Technology Management at NAARM, 15-19
Hyderabad Oct., 2019

Technical staff

Sh. Surendra ACTO Data analysis at NAARM, Hyderabad 22-27" Aug.,

Singh 2019

Sh. Sunder Lal TO Automobile maintenance, road safety & behaviour skill 26" July to
at CIAE, Bhopal 1* Aug., 2019

Administrative staff

Sh. Krishan Pal Assistant Hospitality Management at NAARM, Hyderabad 26-27 July
2019

Sh. Sunil Kumar LDC Use of Hindi in office at NAARM, Hyderabad 25-26 June,
2019

Supporting staff

Sh. Hawa Singh SSS Skill Development training at NDRI, Karnal

Sh. Sant Ram SSS Skill Development training at NDRI, Karnal 17-20th Jul

Sh. Raj Kumar SSS Skill Development training at NDRI, Karnal 2019 4

Sh. Khem Chand SSS Skill Development training at NDRI, Karnal

Sh. Lakhvinder Singh | SSS Skill Development training at NDRI, Karnal
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International deputations

Name of employee | Designation | Purpose Period of
deputation
Dr.G P Singh Director Visited Netherlands, Belgium, Germany and 21-30 Sept., 2019
Switzerland to take part in“ Executive
Development Programme on Developing Effective
Organizational Leadership for Senior Officers of
ICAR-International component”
Karnam Venkatesh Scientist To attend a meeting on “Brazil-China-India- 3-5, Dec,, 2019
UK Nitrogen Joint Virtual Centres”to be held
at London as part of Indo-UK Centre for the
Improvement of Nitrogen Use Efficiency in
Wheat (INEW) project.
Dr5C B.hardwaj Heac{, PS. Ethiopian Institute of Agricultural Research, Kulumsa
Dr Hanif Khan SrScientist | Eyhiopia under ACIAR funded project 16-19, Oct, 2019
Dr Mamrutha HM Scientist To participate in 7"annual South Asia biosafety 14-16, Sept., 2019
conference held at Dhaka, Bangladesh
Dr Sendhil R Scientist Visiting Scholar in the Department of Applied| 8-27, July, 2019
Economics at the University of Minnesota under
the 2019 Uma Lele Mentorship Program
followed by participation in the Agri-Executive
Management Program (2019) held at Cornell
University, USA.
Dr Vikas Gupta Scientist Wheat Breeding and Pathology” held at CIMMYT, 15" July 2018 to
Mexico, Bolvia 30" May 2019
Dr Satish Kumar Sr. Scientist Mitigating effects of stripe rust on wheat production | 1" Feb., 2019 to
& in South Asia and Eastern Africa at PBI Sidney | 30" June 2019
Dr Pramod Prasad Scientist Australia
Dr SK Bishnoi Scientist Pathology and Breeding training targeted for wheat | 1* Feb, 2019 to
blastat CIMMYT, Mexico and INIAF Bolivia 30" June 2019
Dr PL Kashyap Sr. Scientist Disease screening and surveillance of wheat blast at 19"-28" Feb,, 2019
Regional Agricultural Research Stations (RARS),
BARI, Jashore, Bangladesh
Dr Arun Gupta Pr.Scientist | Visited ICARDA Rabat Morocco under ICAR-ICARDA | & o . .
collaboration on barley. 107137 April 2019
Dr SC Bhardwaj Pr. Scientist International wheat congress (IWC) held at 21st_26thJu|y 2019
Dr Sewa Ram Pr.Scientist | Saskatoon, Saskatchewan, Canada.
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Trainings programmes organised for Farmers

« ICAR-IIWBR organised one-day farmer's
awareness cum training programme on
“Identification and preventive measures of
wheat blast and adoption strategies of resistant
varieties” at BCKV Kalyani on 17" December,
2019 underwheat blast project.

» ICAR-IIWBR organised three days HRD training
on “Entrepreneurship Development in Quality

Seed Production Processing and market-
ing"under ICAR Seed Project during 27-29"June,
2019atICAR-IIWBRKarnal.

Trainings on barley for malting uses and cultiva-
tion of improved varieties was given to the
farmers (more than700) at eight villages in
Haryana and Rajasthan under consultancy
project of ICAR-IIWBR and ABInBev India during
5-8 December, 2019.

T
W

MOUs by IIWBR with different academic institutions

Institution

Chaudhary Charan Singh Haryana Agricultural University (CCSHAU), Hisar (Haryana)
Mahatma Jyoti Rao Phoole University, Jaipur (Rajasthan)

DAV University, Jalandhar (Punjab)

Lovely Professional University, Jalandhar (Punjab)
Amity University, Jaipur (Rajasthan)

e

O

=

4

Date

13.03.2019
15.05.2019
28.11.2019
Pandit Jawaharlal Nehru College of Agriculture and Research Institute, Karaikal (Puducherry) 07.12.2019
07.12.2019
27.12.2019
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15 RESEARCH PROJECTS

(A) Institute Projects

S.No. ProjectCode Title of the project/ Name ofthe ProjectLeader (PL), Date Date
sub-project Principal Investigator of start of completion
(P1)and Co-Pl/s
1 CRSCIIWBRCIL Multilocationaland PL:DrGP Singh Continuous Continuous
201500100182 Multidisciplinary Research Co-Pls: Allthe Scientists nature nature
Programme onWheatand of ICAR-IIWBR
Barley Improvement
2 CRSCIIWBRSIL Geneticresourcesand PL:Dr.BSTyagi
201500200183 pre-breeding for wheat
improvement
CRSCIIWBRSIL Wheatimprovementutilizing  Pl:DrBSTyagi
201500200183.1* novel germplasm resources Co-Pls/Collaborators: Drs.
through pre-breeding Sindhu Sareen, Vikas Gupta, Nov, 2015 Oct, 2020
Arun Gupta, GyanendraSingh,
Bhumesh Kumar, Hanif Khan, CN Mishra
CRSCIIWBRSIL Management of wheatand Pl:Dr Arun Gupta
201500200183.2  barley geneticresourcesfor Co-Pls/Collaborators:
utilizationin cropimprovement Charan Singh,VishnuKumar
3 CRSCIIWBRSIL201 Developing high Pl:Dr GyanendraSingh
500300184 yieldingand climate
resilientwheatvarieties
CRSCIIWBRSIL20  Breeding wheat genotypes Pl: DrHanif Khan
1500300184.1 for North-Western Plains Co-Pls/Collaborators: Drs.GP Singh,
Satish Kumar, CN Mishra, Nov, 2015 Oct, 2020

CRSCIIWBRSIL
201500300184.2

CRSCIIWBRSIL20
1500300184.3

CRSCIIWBRSIL
201500300184.5

Breeding wheat genotypes
forEasternregions

Breeding wheat genotypes
forwarmer areas

Improvement of wheat
forgrain quality

Raj Kumar, Sudheer
Kumar, Poonam Jasrotia, Mamrutha

HM, OP Gangwar, Rekha Malik, Ajay Verma, PL Kashyap

Sh.Om Prakash, Madan Lal

Pl: Dr Gyanendra Singh
Co-Pls/Collaborators: Drs. AK Sharma,
Charan Singh, Vikas Gupta, Sonia
Sheoran, Sindhu Sareen,

DP Singh, SewaRam

Pl:DrSKSingh

Co-Pls/Collaborators:

Drs Lokendra Kumar, Rinki, Pradeep Sharma,
OP Gupta, PL Kashyap, SK Bishnoi

Pl:DrK Venkatesh

Co-Pls/Collaborators: Drs Gopalareddy K,
BS Tyagi, Vanita Pandey
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CRSCIIWBRSIL
201500400185
CRSCIIWBRSIL
201500400185.1

CRSCIIWBRSIL

201500400185.2

CRSCIIWBRSIL

201500400185.3

CRSCIIWBRSIL20
1501200193

CRSCIIWBRSIL

201501200193.1

CRSCIIWBRSIL
201501200193.2

CRSCIIWBRSIL
201501200193.3

CRSCIIWBRSIL
201500500186

CRSCIIWBRSIL
201500500186.1

CRSCIIWBRSIL

201500500186.2

CRSCIIWBRSIL
201500600187

CRSCIIWBRSIL
201500600187.1

Basicand genetic

studiesin wheat

Genomics guided exploration
for stresstolerance in wheat

Genetic studiesand molecular
mapping for rust

resistancein wheat

Exploring physiological,
biochemical and anatomical
variationsin wheat

Use of GISand statistical
techniques for wheat & barley
improvementin climate change
scenario
Biplotanalysis for GxEinteraction
inwheatand barley trials

Impact of temperature
variations on wheatyield

and its Agro-climatic suitability
assessmentat different
locationsusing GIS techniques
Design, developmentand
maintenance of mobile
application on barley crop
information forfarmersin Hindi
Management of major diseases
andinsect pests of wheatinan
agro-ecological approach
under changing climate
Development of eco-friendly
technologies for management
of rusts, spotblotch, bunts

and smutsinwheat
Management of majorinsect
pests of wheat underfield

and storage conditions
Physiologic specialization,
resistance and molecular
studiesonwheatandbarleyrusts
Physiologic specializationin
brown rust of wheat, barley
and genetics of rust resistance

PL:DrRatanTiwari Nov, 2015
Pl: DrRatanTiwari
Co-Pls/Collaborators: Drs OP Ahlawat,
Rajender Singh, Pradeep Sharma,
Sonia Sheoran

Pl: DrRekha Malik
Co-Pls/Collaborators: Satish Kumar,
CN Mishra, Pramod Kumar

Pl: DrMamrutha HM
Co-Pls/Collaborators:

Bhumesh Kumar, Rinki, Sneh Narwal,
Rajender Singh

PL:DrRavish Chatrath

Pl:DrAjayVerma Nov, 2015

Pl:DrSuman Lata
Co-Pls/Collaborators:
DrAnkitaJha

Nov, 2015

Pl: DrSuman Lata Oct, 2017
Co-Pls/Collaborators:

DrASKharub

PL:DrSudheer Kumar

Pl: Dr Sudheer Kumar
Co-Pls/Collaborators:
DrPLKashyap

Nov, 2015

Pl:DrPoonam Jasrotia
Co-Pls/Collaborators:
DrRajKumar

PL:DrSCBhardwaj Nov, 2015

Pl: Dr SCBhardwaj
Co-Pls/Collaborators:
Drs Pramod Prasad, Subodh Kumar

Oct, 2020

Oct, 2019

April, 2019

Oct, 2019

Oct, 2019

Oct, 2019

Oct, 2020

Oct, 2020
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CRSCIIWBRSIL
201500600187.2

CRSCIIWBRSIL
201500600187.3

CRSCIIWBRSIL
201500700188

CRSCIIWBRSIL

201500700188.1

CRSCIIWBRSIL

201500700188.2

CRSCIIWBRSIL
201500700188.3

CRSCIIWBRSIL
201500700188.4

CRSCIIWBRSIL

201500700188.5

CRSCIIWBRSIL

201500900190

CRSCIIWBRSIL

201500900190.1

CRSCIIWBRSIL

201500900190.2

CRSCIIWBRSIL
201501000191

CRSCIIWBRSIL
201501000191.1

Monitoring variability in yellow
rustof wheat, barleyand
genetics of rustresistance
Physiologic specialization,
genetics of resistance in black
rustof wheatand barley
Improving crop productivity
through efficient

input management

Nutrient management
strategies forwheatbased
cropping systems

Developing effective weed
managementsolutions
inwheat

Improving water use efficiency
and mitigate abioticstresses
stressesin wheatunder
conservationand conventional
tillage practices

Production estimation of wheat
using remote sensing and
modellinginHaryana
Enhancing productivity and
profitability of wheat based
cropping system for

marginal farmers
Improvement ofindustrial

and nutritional quality

of wheat

Improvement of processing
and nutritional quality of
wheat using biochemical/
molecularapproach
Studieson the bioactive
compoundsinwheat

and barley

Development of barley varieties
andtechnologiesforyield, biotic
&abiotic stresses and quality
Improvement of malt, feed, food
and dual purpose barley for
betteryield, quality and biotic
and abiotic stresses

Pl:DrOP Gangwar
Co-Pls/Collaborators:
DrSubodh Kumar

Pl: DrPramod Prasad

PL:DrRKSharma

PI:DrSCGill

Co-Pls/Collaborators:

Drs RKSharma, RS Chhokar

OP Ahlawat

PI:DrRS Chhokar
Co-Pls/Collaborators: Drs

RK Sharma, SCGill, Rajender Singh
PI:DrRP Meena

Nov, 2015

Nov, 2015

Pl: Dr AnkitaJha Nov, 2015

Pl:Dr S CTripathi Nov, 2015
Co-Pls/Collaborators:

DrsSCGill,

RajPal Meena

PL:DrSewaRam Nov, 2015

PI:DrSewaRam
Co-Pls/Collaborators:

Drs BSTyagi, Sneh Narwal,

OP Gupta,Vanita Pandey
PI:DrSneh Narwal
Co-Pls/Collaborators:

Drs Sonia Sheoran, Dinesh Kumar
PL:Dr ASKharub

Nov, 2015

Nov, 2015

Pl: DrVishnu Kumar
Co-Pls/Collaborators:

Drs ChuniLal,Jogendra Singh,
Lokendra Kumar, Sudheer Kumar,
Dinesh Kumar, Rekha Malik,
Poonam Jasrotia, Rinki, SK Bishnoi,

Nov,2015

Suman Lata

Oct, 2019

Oct, 2020

Oct, 2019

Oct, 2019

Oct, 2020

Oct, 2020

Oct, 2020

Oct, 2020
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CRSCIIWBRSIL Agronomicinterventions for P1: Dr Anil Khippal Nov, 2015 Oct, 2020
201501000191.2  betteryieldand quality of barley Co-Pls/Collaborators: Drs
changingclimaticconditions ~ ASKharub, OP Ahlawat,
Dinesh Kumar, Mamrutha HM,
AnujKumar, Ashwini Kumar
(IARI-RS, Karnal)
11. CRSCIIWBRSIL Evaluation, transferandimpact PL:DrSatyavirSingh Nov, 2015 Oct, 2020
201501100192 assessmentof wheatand
barley production technologies
CRSCIIWBRSIL Diagnosis of zero tillage Pl: Dr AnujKumar Nov, 2015 Oct, 2020
201501100192.1  basedrice- wheat system Co-Pls/Collaborators:
inHaryana Drs Satyavir Singh, Sendhil R
CRSCIIWBRSIL Identifying yield gaps, Pl:DrSendhil R Nov,2015 Oct, 2020
201501100192.2  resource use and adaptation Co-Pls/Collaborators:
strategiesinvulnerable Drs Satyavir Singh,
regions of wheatand barley Anuj Kumar, Ajit Kharub
production against climate change
(B) Externally Funded Projects
SN Title Associatedscientists  Collaboratingcentres Funding Total Date Date of
of the project (Pland Co-PI) (ifany) agency budget of start completion
Date of completion (Rsinlakh)
1. Characterization of DrSindhu Sareen (PI) ICAR-IIWBR, Karnal ICAR 458.79 Nov.,2018 March,2021
heat-linked QTLsand DrRajenderSingh ICAR-IARI, New Delhi (Extramural
Enzymesassociated (Co-PI) ICAR-NBPGR, New Delhi  Research
with starch Project)
biosynthesis
pathway in wheat
2. Exploitingalien genetic PI:DrSindhu Sareen ICAR-IIWBR, Karnal NASF 133.31 1Aug., July 31,2021
resources for developing CO-Pls: PAU, Ludhiana 2018
climateresilientwheat DrsB.S.Tyagi ICAR-NRCPB,
and understanding Sonia Sheoran New Delhi
mechanism of heat Vikas Gupta
tolerance
3. Markerassistedbreeding  PI-DrGyanendraSingh  IARI,New Delhi DBT 120.89 March, March,2021
fordroughttolerance Co-Pl:Drs BSTyagi CCS, University, Meerut 2018
Sindhu Sareen
Sonia Sheoran
Vikas Gupta
CharanSingh
4.  HighresolutionQTL Pl:DrSewa Ram Overall Coordination DBT 73.09 18 March, 17 March,
mapping foriron (Fe), Co-Pls:Drs BSTyagi by Director, 2019 2022
zinc (Zn), grain protein, Sneh Narwal, NABI, Mohali
and phytate contentand OP Gupta,
theirintrogressioninhigh  Vanita Pandey
yielding wheat cultivars Gopalareddy K
5.  CharacterizationRace PI:DrsDP Singh ICAR-IARIRS DBT 14.04 14 March, 13 March,2021
Profilingand genetic Co-PI: DrPLKashyap Wellington 2019
analysis of wheat (Main centre)
powdery mildew pathogen. IARIRS Shimla

ICAR-IIWBR Karnal




RESEARCH PROJECTS

6.  Surveyand Surveillance
forWheatBlast caused
by Maganaporthe Oryzae
Pathotype Triticumand
strategicResearch to
Manageit

7. Induction of high biomass
and yellow rustresistance
through gammaradiations
inwheatvarieties
HD2967 and WH1105

8. Identificationand
characterization of terminal
heatresponsive microRNA
inwheat

9.  Molecularapproachesfor
mapping of novel gene(s)
/QTL(s) forresistance/
toleranceto different
stressesin Rice, Wheat,
Chickpeaand Mustard
including Sheath Blight
Complex Genomicsand
Resistance Mechanism-
ComponentWheat.

10. Phenotypingand genetic
enhancementfor
toleranceto prioritized
abioticand biotic stresses
inwheat

11.  Indo-UKCentrefor
theimprovement of
Nitrogen use Efficiency
inWheat (INEW)

12. Tribal-Sub-Plan (TSP)
projectonImproving
the Socio-economic
Conditionand Livelihood
of Tribesin India through
Extension Education
and Development
Programmes

13.  Frontline Demonstrations
onWheat

14. Frontline
Demonstrations on Barley

Project Leader:
Dr.GP Singh

Pls: Drs D.PSingh
G.Singh

CO-Pls:

Drs Sudheer Kumar
P.L.Kashyap
AmitKSharma

Raj Kumar

P1: Dr Satish Kumar

Pl: DrPradeep Sharma

Pl: DrSonia Sheoran
Co-PI: Dr Satish Kumar,
PLKashyap

PI: DrSindhu Sareen
Co-PI:BSTyagi

PI:DrKVenkatesh

Pl: Dr Satyavir Singh
Co-Pl: Drs Anuj Kumar
Sendhil R

Pl: Dr Satyavir Singh
Co-PI:Drs AnujKumar
SendhilR

Pl:DrSatyavir Singh
Co-PI: Drs Anuj Kumar
SendhilR

ICAR-IIWBR, Karnal
BCKV Kalyani
UBKV Coochbehar
IARI, New Delhi

IIWBR

IIWBR

IARI

CSSRI

JNKVV Powarkheda

IIWBR

JNKVV, Powarkheda
MPKV, Akola

UAS, Dharwad

ICAR

Lead Centre:
ICAR-IIWBR, Karnal
Collaborating Centres:
ICAR-IARI,New Delhi
ICAR-NRCPB, New Delhi
ICAR-NBPGR, New Delhi
BISA, Ludhiana

PAU, Ludhiana
ICAR-IIWBR, Karnal.
KVK, Leh

MPUAT, Udaipur
JNKVV, Jabalpur

IGKVV, Bilaspur

BAU, Ranchi

UAS, Dharwad

AICRP centres/
Voluntary FLD
Centres

AICRP centres+
Voluntary FLD
Centres

NFSM 127.24

BRNS 25.05

LBSYOA
challenging
scheme by
ICAR

ICAR
(Incentivizing
Researchin
Agriculture)

30.0

40.80

(NICRA-
Strategic
Research

44.50for
2018-19

Component)
Department  850.66

of
Biotechnology

Ministry of 11.50
Agriculture
and Farmers

Welfare

Ministry of 54.00
Agriculture
and Farmers
Welfare
Ministry of
Agriculture
and Farmers

Welfare

6.00

Jan.01,2018

Aug. 2017

May, 2016

May 2015

Jan.2015

June 2016

2015

Ongoing

Ongoing

March 31,.2020

Aug., 2020

May, 2019

March, 2020

Jan.2020

June2019

2020
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15. DUStestinginwheat Nodal Officer:DrArunGupta PPV&FRA, 11.50 Since 2013 Ongoing
Co-Nodal Officer: DrCharan Singh N.Delhi
16. DUStestinginbarley DrVishnu Kumar - PPV&FRA, 11.50 Since 2013 Ongoing
N. Delhi
17. CRPonConservation Pl: DrRS Chhokar CRIDAIIFSRIISS, ICAR 80.00 July,2015 June, 2020
Agriculture CoPl:DrsRKSharma IARI,CIAE
Subhash ChanderGill DWR,RCER
CSSRI,CRRI
IIWBR,NIASM
18. Agri-CRPonwater Pl:DrRP Meena - ICAR 38.3 July, 2015 June, 2020
CoPI: DrsKVenkatesh
Rinki, RKSharma
19. SeedProject:Seed Pl: DrRaj Kumar 11SS. MAU ICAR 15.39 March,2008  March, 2020
productioninagricultural ~ Co-Pl:Drs Amit Sharma
cropsand fisheries CN Mishra
20. ICAR-NetworkProject Pl: DrMamrutha HM - ICAR 18.00 March, 2017 -
on Functional Genomics
and Genetic Modification
inCrops (Heat tolerance
inwheat)
21. ICAR-Network projecton Pl: DrRatanTiwari ICAR 18.00 March,2017 -
functional genomicsin wheat
22. CRPonBiofortication Pl:DrSewaRam ICAR-IIWBR, PAU, ICAR (Consortia 250.00 Dec, 2014 Mar, 2020
Co-Pl:DrsSneh Narwal  Ludhiana, CCSHAU, Research
OP Gupta, Vikas Gupta HisarUAS Dharwad,
Dr VanitaPandey IARI-Indore Platform)
Externally Foreign Funded Projects
SN Title of the project Associated scientists Collaborating centres Funding Total Dateofstart  Dateof
(Pland Co-PI) (ifany) Agency budget completion
(Lakhs)
1 Biofortification of wheat Pl: Dr Gopala Reddy ICAR-IIWBRKarnal HarvestPlus/ 127.40 Aug., 2013 Dec., 2019
&ICAR-IARINew Delhi IFPRI
2 Combining field Pl:Drs Pradeep Sharma  ICAR-IIWBR, Karnal DBT 144.00 Feb., 2015 June, 2019
phenotyping and next BSTyagi ICAR (DBT-BBSRC
generationtogeneticsto  Co-Pl: NIABM (Maharashtra) jointcallunder
uncover markers, genes DrMamrutha HM Rajasthan CGAT (Crop
and biology underlying Agriculture Research Genomics
droughttolerancein wheat station, Durgapura- andTechnologies)
Jaipur (Rajasthan)
Sardarkrushinagar
Dantiwada Agricultural
University Wheat Research
Station(SDAU-WRS),
Vijapur, Gujrat
3 Mitigating the effects PI:DrSCBhardwaj IIWBR, Karnal & ACIAR 104.91 July,2016 June, 2020
of stripe rust on wheat Co-Pl:DrHanifKhan &RS Shimla
productionin South Asia
and eastern Africa
4 Scaling breedingand Pl: DrCN Mishra IARINew Delhi, ICAR- 222.00 Jan., 2017 Dec., 2019
agronomicmanagement  Co-Pl:DrsRKSharma PAU Ludhiana, CIMMYT
forincreasing wheat RS Chhokar IARI-RS Indore, Work Plan
productivity and UAS Dharwad
adaptation to climate change causing risingtemperatures and water scarcity in South Asia
5 Application of Next Pl: DrHanifKhan IIWBR, Karnal ICAR-BMGF 51.33 Nov.,2018 Oct.2022

Generation Breeding, Co-PI: Drs Satish Kumar,
Genotyping &Ditilization ~ CNMishra, Gopalareddy K
approaches forimproving the geneticgainin Indian staple crops




RESEARCH PROJECTS

Contract Research Projects

S.No. Projectname Projectleader Period Fundingagency Project amount
(Rs.Lakhs)
1. Detecting herbicideresistancein DrRKSharma 2018-19 SyngentaIndiaLtd. 5.90

Phalaris minor using RISQ test
(IIWBR/CRP/RM-63)
2. Evaluation of herbicides against DrRS Chhokar 2018-19 Indofil India Ltd. 4.72
weeds in maize and wheat
(IIWBR/CRP/RM-61)
3. Efficacy of carfentrazone and DrRKSharma 2018-20 FMClndia Ltd. 8.96
F9600-4 againstweedsinwheat
(IIWBR/CRP/RM-62)
4. Effect of Cytozymeand SDMCRO ~ DrSCGill 2018-19 CytozymeIndiaLtd. 2.83
on growth, productivity and quality
of wheat (IIWBR/CRP/RM-64)
5. Effect of Potassium Salt of Active DrSCaGill 2018-19 Isha AgroIndia, Pune 1.18
Phosphorus (PSAP) on growth,
productivity and quality of wheat
(IIWBR/CRP/RM-65)
6. Efficacy of Tebuconazole 50% + DrDP Singh 2017-19 Bayer Crop Science Ltd. 16.82
Triflorystrobin 25% WG on wheat
againstwheat blast like disease
in West Bengal (DWR/CRP/CP/26)
7. Evaluation of bioefficacy and Dr.Sudheer Kumar 2017-19 BASF India Ltd. 5.82
phytotoxicity of
Mefentrifluconazole 200 f
Pyraclostrobin 200 g/1SC
against Yellow rustand Powdery
mildew diseases of wheat
(DWR/CRP/CP/27)
8. Evaluation of bioefficacy and DrPLKashyap 2017-19 BASF India Limited 5.74
phytotoxicrty of Fluxapyroxad
167 gfl + Pyraclostrobin
333 g/lagainstyellowrustand
spotblotch disease of wheat

(DWR/CRP/CP/28)
9. Evaluation of bio-efficacy of DrPoonam Jasrotia 2017-19 Syngenta, 4.41
Thiamethoxam 75%SG against Crop Protection (North)

termites (Odontotermes obesus
and Microtermes obesi) in wheat

(DWR/CRP/CP/29)
10. Evaluation of bio-efficacy of DrPoonam Jasrotia 2017-19 Syngenta, 4.40
Thiamethoxam 12.60/0 + Crop Protection (North)

Lambda cyhalothrin 9.5% ZC
againstfoliaraphids
(Rhaphalosiphum maidis

and Sitobion avenae) in wheat

(DWR/CRP/CP/30)

11. Evaluation of Azoxystrobin 7.5% DrDP Singh 2017-19 ADAMA- India Private Limited 6.22
Propiconazole + (Formerly known as
12.5% SE against Stripe rust/ Makhteshim-Agan India Pvt.Ltd.)
Yellow rust

(Puccinia striiformisf. sp. tritici)
disease inWheat (DWR/CRP/CP/31
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Research papers

Ahlawat OP and Kaur H. 2019. Re-use of Agaricus
bisporus Spent Compost for Commercial Scale
Compost Making of the Succeeding Crop of A.
bisporus. International Journal Current Microbiology
Applied Science8(11):177-186.

Arya L, Verma M, Singh SK and Verma RPS. 2019.
Spatio-temporal genetic diversity in Indian barley
(Hordeum vulgare L.) varieties based on SSR
markers. Indian Journal of experimental biology 57:
545-552.

Balaganesh G, Makarabbi G and Sendhil R. 2019.
Tracking the Performance of Wheat Production in
Uttar Pradesh, Indian Journal of Economics and
Development 15(2):216-224.

Bhardwaj SC and Singh GP. 2019. Tackling wheat
rusts through resistance - success, challenges and
preparedness. Current Science 116(12): 1953-54.

Chhokar RS, Sharma RK, Gill SC and Singh GP. 2019.
Flumioxazin and flufenacet as possible options for
the control of multiple herbicide-resistant little
seed canary grass (Phalaris minor Retz.) in wheat.
Weeds-Journal of Asian-Pacific Weed Science Society
1(2):45-60.

Chhokar RS, Sharma RK, Gill SC and Singh RK. 2019.
Mesotrione and atrazine combination to control
diverse weed flora in maize (Zea mays L.). Indian
Journal of Weed Science51(2): 145-150.

Chhokar RS, Sharma RK, Gill SC and Singh RK. 2019.
Broad spectrum weed control in wheat with
pyroxsulam and its tank mix combination with
sulfosulfuron. Journal of Cereal Research 11(1): 27-
36.

Dharam P, Bhardwaj SC, Madhu P, Subodh K,
Gangwar OP, Pratima S and Prabhu KV. 2019.
Transfer of leaf rust and stripe rust resistance genes
Lr19 and Yr15 in to a susceptible wheat cultivar

HS295.Indian J. Genet. and Plant Breeding 79(3): 618-
621.

Fana G, Tadese D, HiwotSebsibe, H and Verma RPS.
2019. Multi-environment trial analysis of food
barley in the AMMI and GGE biplot methods J. Plant
Breed. Genet. 06 (03):75-85.

Gangwar OP, Subodh K, Bhardwaj SC, Kashyap PL,
Prasad P and Hanif K. 2019. Characterization of
three new Yr9 virulences and identification of
sources of resistance among recently developed
bread wheat germplasm. Journal of Plant Pathology
101(4):955-963.

Gill SC, Sharma RK, Tripathi SC, Chhokar RS, Meena
RP and Jha A. 2019. Nitrogen top dressing just
before irrigation improves wheat growth,
productivity and nitrogen use efficiency and
profitability. Journal of Cereal Research 11(1):17-22.

Gupta A, Singh C, Kumar V, Singh Gyanendra and
Singh GP. 2019. Special features of newly released
wheat and barley varieties for cultivation in India.
Journal of Cereal Research 11(2):168-171.

Gupta OP, Dahuja A, Sachdev A, Jain PK, Kumari S,
Vinutha T and Praveen S. 2019. Cytosine
Methylation of Isoflavone Synthase Gene in the
Genic Region Positively Regulates Its Expression
and Isoflavone Biosynthesis in Soybean Seeds. DNA
and Cell Biology 38(6): 1-11. doi: 10.1089/dna .2018.
4584.

Gupta OP, Dahuja A, Sachdev A, Kumari S, Jain PK,
Vinutha T and Praveen S. 2019. Conserved miRNAs
modulate the expression of potential transcription
factors of isofavonoid biosynthetic pathway in
soybean seeds. Molecular Biology Reports
https://doi.org/10.1007/5s11033-019-04814-7.

Gupta OP, Kaur A, Sheoran S, TiwariR, Singh R, Singh
SK, Ahlawat OP, Singh GP and Sharma P. 2019.
Expression analysis of stress responsive transcription
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factors under heat, drought and salinity tolerance in
wheat. Journal of Cereal Research 11(1): 44-47
doi.org/10.25174/2249-4065/2019/87420

Gupta V, He X, Kumar N, Fuentes-Davila G, Sharma
RK, Dreisigacker S, Juliana P, Ataei N, Singh PK. 2019.
Genome Wide Association Study of Karnal Bunt
Resistance in a Wheat Germplasm Collection from
Afghanistan. Int.J. Mol. Sci., 20:3124.

Gyawali S, Amezrou R, Verma RPS, Brueggeman R,
Rehman S, Belgadi L, Mustapha Arbaoui M,Tamang
P and Singh M. 2019. Seedling and adult stage
resistance to net form of net blotch (NFNB) in spring
barley and stability of adult stage resistance to
NFNB in Morocco. EurJPlant Pathol 153:475-487.

Gyawali S, Otte MLJ, Abderrazek DLJ and Verma RPS.
2019. Multiple element concentration in the grain
of spring barley (Hordeum vulgare L.) collection.
Journal of Plant Nutrition doi: 10.1080/01904167.
2019.1589507

Iquebal MA, Sharma P, Jasrotia RS, Jaiswal S, Kaur A,
Saroha M, Angadi UB, Sheoran S, Singh R, Singh GP,
Rai A, Tiwari R, and Kumar D. 2019. RNAseq analysis
reveals drought-responsive molecular pathways
with candidate genes and putative markers
associated in root tissue of wheat. Scientific Reports
9:13917.

Jasrotia P, Katare S and Singh GP. 2019. Evaluation of
some botanicals against Sitophilus oryzae (L.) and
Rhyzopertha dominica (F.) (Fabricius) on stored
wheat. Journal of Entomological Research 43(20):15-
19.

Jha A, Nain AS and Ranjan R. 2019. Spectro-
meteorological integration for monitoring wheat
stripe rust in crop in tarai regions of Uttarakhand.
Journal of Agrometeorology 21:28-33.

Kale R, Ponnusamy K, Sendhil R, Maiti S, Chandel BS,
Jha SK, Mohanty TKand Lal S.2019. Determinants of
Inequality in Dairy Development of India, National
Academy Science Letters 42(3): 195-198.

Kashyap PL, Solanki MK, Kushwaha P, Sudheer

Kumar and Srivastava AK.2019. Biocontrol potential
of salt-tolerant Trichoderma and Hypocrea isolates
for the management of tomato root rot under saline
environment. Journal of Soil Science and Plant
Nutrition. https://doi.org/10.1007/s42729-019-
00114-y

Kashyap PL, Sudheer Kumar Tripathi R, Kumar RS,
Jasrotia P, Singh DP, and Singh GP. 2019.
Phylogeography and population structure analysis
reveals diversity by gene flow and mutation in
Ustilago segetum (Pers.) Roussel tritici causing loose
smut of wheat. Frontiers in Microbiology. 10: 1072.
https://doi.org/10.3389/fmicb.2019.01072

Kashyap PL, Sudheer Kumar, Tripathi R, Kumar RS,
Sharma A, Sharma P, Jasrotia P, Singh DP and Singh
GP. 2019. Heat shock protein 60 and
glyceraldehydes 3-phosphate dehydrogenase act
as a potential biomarker for early detection of
Karnal bunt of wheat. Journal of Cereal Research 11:
71-72.

Kumar D, Chhokar V, Sheoran S, Singh R, Sharma P,
Jaiswal S, Iquebal MA, Jaiswar A, Jaisri J, Angadi UB,
Rai A, Singh GP, Kumar D. and Tiwari R. 2019.
Characterization of genetic diversity and
population structure in wheat using array based
SNP markers. Molecular Biology Reports. doi:
10.1007/s11033-019-05132-8

Kumar, N., Raheman, H., Machavaram, R. (2019).
Performance of a diesel engine with water
emulsified diesel prepared with optimized process
parameters. International Journal of Green Energy,
16(9), 687&701. https://doi.org/10.1080/
15435075.2019.1618309.

Kumar, N., Raheman, H. (2019). Characterization of
nano-oxide added water emulsified biodiesel blend
prepared with optimal emulsifying parameters.
Renewable Energy, 145, 308&317. https://doi.org/
10.1016/j.renene.2019.06.009.

Kumar R, Mamrutha HM, Kaur A, Venkatesh K,
Sharma D and Singh GP. 2019. Optimization of
Agrobacterium-mediated transformation in spring
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bread wheat using mature and immature embryos.
Molecular Biology Reports 46:1845-1853.
https://doi.org/10.1007/s11033-019-04637-6

Kumar S, Kashyap PL, Saharan MS, Singh |, Jasrotia P,
Singh DP, and Singh GP. 2019. Difenoconazole: A
new seed dressing molecule for effective
management of flag smut (Urocystisa gropyri) of
wheat.Journal of Cereal Research 11(1):37-40.

Kumar Satish, Saharan MS, Panwar Vipin, Chatrath
Ravish and Singh GP. 2019. Genetics of Fusarium
head blight resistance in three wheat genotypes.
Indian Journal of Genetics and Plant Breeding 79(3)
614-617.

Kumar Satish, Sandhu Geeta, Yadav SS, Pandey
Vanita, Prakash Om, Verma Ajay, Bhardwaj SC,
Chatrath Ravish and Singh GP. 2019. Agro-
morphological and Molecular Assessment of
Advanced Wheat Breeding Lines for Grain Yield,
Quality and Rust Resistance. Journal of Cereal
Research11(2):131-139.

Kumar Satish, Singroha Garima, Bhardwaj SC, Bala
Ritu, Saharan MS, Gupta Vikas, Khan Anwar,
Mahapatra Sunita, Sivasamy M, Rana Vijay, Mishra
CN, Sharma Pradeep, Prakash Om, Verma Ajay,
Sharma Indu, Chatrath Ravish and Singh GP. 2019.
Multi-environmental evaluation of wheat
germplasm identifies donors with multiple fungal
disease resistance. Genetic Resources and Crop
Evolution 66:797-808.

Kumar V, Bhardwaj SC, Kharub AS and Singh GP.
2019. Genetics of stripe rust resistance in two barley
(Hordeum vulgare L.) genotypes. Indian Journal of
Genetics and Plant Breeding.79 (2): 503-506.

KumarV, Kharub AS, Sudheer Kumar, Dinesh Kumar,
Singh GP.2019. DWRB 176 (1C0624125; INGR17045)
a barley (Hordeum vulgare) germplasm with long
spikes with more number of grains and resistance to
stripe rust. Indian Journal of Plant Genetic Resources
32(2):253.

KumarV, Sudheer Kumar, Kharub AS, and Singh GP.

2019. DWRB180 (1C0624126; INGR17046) a barley
(Hordeum vulgare) germplasm with resistance to
spotblotch. Indian Journal of Plant Genetic Resources
32(2):254.

Kumar V, Verma RPS, Kharub AS, Singh GP. 2019.
DWRB173 (1C0624123; INGR17043), an Extra Early
Heading Hooded Barley (Hordeum vulgare)
Germplasm. Indian Journal of Plant Genetic
Resources32(2):252.

Meena RP, Venkatesh K, Sendhil R, Rinki K, Sharma
RK, Tripathi SC and Singh GP. 2019. Identification of
water use efficient wheat genotypes with high yield
for regions of depleting water resources in India.
Agricultural Water Management 223. https://
doi.org/10.1016/j.agwat.2019.105709
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RK and Singh GP. 2019. Irrigation management
strategies in wheat for efficient water use in the
regions of depleting water resources. Agricultural
Water Management.214:38-46.
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S and Kumar B. 2019. Screening of weedy rice
biotypes for water deficit and salt stress tolerance.
Annals of Plant and Soil Research 21(1):51-57.
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sugar sector in India vis-a'-vis global market: A
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Assessment of heterosis and inbreeding depression
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Pandey GC, Geetika, Sharma P and Sharma V. 2019.
Terminal heat tolerance in wheat: an overview.
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doi.org/10..25174/2249-4065/2019/79252
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and Ramesh Chand. 2019. Tarbo Happy Seeder se
gehoonki buaai dwara phasalavshesh prabandhan.
Gehoon evam Jau Sandesh. January-June 8(1): 5.

Anuj Kumar, Satyavir Singh, Sendhil R, Mangal
Singh, Ramesh Chand and GP Singh. 2019. Uttar
Pashchimi Maidanichhetron kelia Gehoonki
unnatkismen. Gehoon evam Jau Sandesh. January-
June8(1):2.

Anuj Kumar, Sendhil R, Satyavir Singh, Ramesh
Chand and Mangal Singh. 2019. Haryana men
shunya Jutai Adharit Dhan-Gehoon Pranalika
vishleshan. Smarika: Krashak-Vaigyanik Karyashala
evam Bij Divas on 5" October. ICAR-IIWBR, Karnal
p136-137.

Anuj Kumar, Sendhil R, Satyavir Singh, Ramesh
Chand, Mangal Singh and GP Singh.
2019.Tarbo Happy Seeder dwara phasal avshesh
prabandhan. Gehoon evam Jau Sandesh. July-
December7(2):3-5.

Anuj Kumar. 2019. Adiwasi Up-Pariyojana: Vistar
shiksha aur vikaskarykramon ke madhyam se
janjationki samajik — arthik sthiti evama ajivika men
sudhar. Smarika: Krashak-Vaigyanik
Karyashalaevam Bij Divas on 5" October. ICAR-
IIWBRKarnal p138.
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Bishnoi SK, Singh J, Singh Charan, Fukeevam Rahul
and Singh Gyanendra. 2019. Gehoonka karnal bunt
rog: Karan evamneevaran. Gehoonevamjausan-
desh (8)1:3.

Gopalareddy K, Tyagi BS, Venkatesh K, Singh SK,
Satish Kumar, Mishra CN, Khan Hanif, Mamrutha
HM, Yadav SS, Sandhu G, Gyanendra Singh and
Singh GP. 2019. QLD112 - A promising soft grain
wheat genotype for better biscuit making. Wheat
and Barley Newsletter 13(1): 05.

Kumar Bhumesh, Khippal Anil, Sharma AK, Singh
Charan, Singh Satyavir, Jasrotia Poonam and Verma
Ajay. 2019. Smarika-Takneekee gyaan swasth evam
smradh Kisaan, Krishak- Vaigyanik Kaaryashala
evam Beej Divas on 5th October. ICAR-IIWBR Karnal
p148.

Kumar Neeraj, Sharma RK, Tripathi SC, Gill SC,
Chhokar RS, Meena RP, Jha A, Kamboj N. 2019. Krishi
Upkarno ka Chayan evam Rakh-Rakhav, Smarika:
Krashak-Vaigyanik Karyashala evam Bij Divas on 5"
October, 2019.ICAR-IIWBR, Karnal p38-40.

Kumar Pradeep, Singh Gyanendra, Tyagi BS, Singh
Charan and Gupta Vikas. 2019. Screening of wheat
germplasm for identification of donors for stripe
rust resistance.Wheat and Barley Newsletter.
13(1):05.

Lata Suman, Kharub AS, Kumar Dinesh and Goel
Vishnu. 2018. JouJankari: An android mobile
application.Wheat and Barley Newsletter. 11(2) & 12
(h:109.

Narwal S, Kumar Dinesh, Kumar V, Kharub AS, and
Ram S. 2019. Identification of malt barley lines with
low proanthocyanin content. Wheat and Barley
Newsletter 13(1):6.

Poonam Jasrotia, Jayant Yadav, Prem Lal Kashyap,
Sudheer Kumar and GP Singh. 2019. Signs of
phosphine resistance in storage insect-pests of
wheat.Wheatand Barley Newsletter. 13(1): 10-11.

Poonam Jasrotia, Prem Lal Kashyap Sudheer Kumar
and G.P.Singh. 2019 Identification of sources of

resistance in wheat varieties against aphids.Wheat
and Barley Newsletter. 13(1):11-12.

Prem Lal Kashyap, Sudheer Kumar, Ravi Kumar
Shekhar, Rahul Tripathi, Palika Sharma, Anju
Sharma, Poonam Jasrotia and Gyanendra Pratap
Singh 2019 Identification of novel microsatellite
markers to assess the population structure and
genetic differentiation of Ustilago hordei causing
covered smut of barley. Wheat and Barley
Newsletter. 13(1):11.

Satyavir Singh, Anil Khippal, Mangal Singh, Anuj
Kumar, Sendhil R, Dinesh Kumar, Lokendra Kumar,
Ajit Singh Kharab, Ramesh Chand and GP Singh.
2019. Jau Utpadan men Agrim Pankti Pradarshan ka
Prabhav. Smarika: Krashak-Vaigyanik Karyashala
evam Bij Divas on 5" October, 2019. ICAR-IIWBR,
Karnal p28-30.

Satyavir Singh, Anuj Kumar, Sendhil R, Anil Khippal,
Mangal Singh, Ramesh Chand and GP Singh. 2019.
Gehoon utpadan men agrimpankti pradarshanka
Arthikmahatva. Gehoon evam Jau Sandesh.
January-June 8(1):6-7.

Sendhil R, Anuj Kumar, Satyavir Singh, Mangal
Singh and Ramesh Chand. 2019. Jalwayu Parivartan
ke paripekshya men gehoon evam jau ke samvedan
shilkshetron men upaj antral, sansadhan upyogta
tha anukool ranniti ki pshichan. Smarika: Krashak-
Vaigyanik Karyashala evam Bij Divas on 5" October.
ICAR-IIWBR, Karnal p137-138.

Sendhil R, Anuj Kumar, Satyavir Singh, Ajit
Singh Kharub, Mangal Singh and Ramesh
Chand. 2019. Deciphering the yield sensitive
growth periods in wheat and barley: A step
wise regression approach. Wheat & Barley
Newsletter 13(1): 09.

Sendhil R, Kumar A, Singh S, Singh M, Pandey JKand
Singh GP. 2019. Technical efficiency in wheat
production: Insights from farm households in Bihar.
Annual Wheat Newsletter (65): 27-29. Kansas State
University, Manhattan.

Singh Gyanendra, Gupta Vikas, Singh Charan,
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Kumar Pradeep, Sheoran Sonia, Tyagi BS and Singh
GP. 2019. Marker assisted backcross breeding for
drought tolerance in wheat. Wheat and Barley
Newsletter, 13(1):02.

Singh Gyanendra, Kumar Pradeep, Singh Charan,
Gupta Vikas and Tyagi BS. 2019. Assessment of elite
spring wheat yield trial (ESWYT) lines for grain yield
and component traits. Wheat and Barley Newsletter
13(1):06.

Singh Gyanendra, Kumar Pradeep, Tyagi BS, Singh
Charan and Gupta Vikas. 2019. Identification of
waterlogging tolerant wheat genotypes using
various selection indices. Wheat and Barley
Newsletter 13(1):07.

Singh Gyanendra, Singh Charan, Gupta Vikas,
Kumar Pradeep, Sharma AK and Tyagi BS. 2019.
Assessment of advance breeding lines for grain
yield and agro-morphological traits in bread wheat.
Wheatand Barley Newsletter 13(1):02.

Sudheer Kumar, Prem Lal Kashyap, Singh DP, Amit
Kumar Sharma, Sunita Mahapatra, Dhiman
Mukherjee, Satyajit Hembram and G.P. Singh.
2019 Preventive measures to combat wheat blast
threat in India. Wheat and Barley Newsletter.
13(1):11.

Surendra Singh and Mangal Singh. 2019. Main
Hoon Dragon fruit. Smarika: Krashak-Vaigyanik
Karyashala evam Bij Divas on 5" October, 2019.
ICAR-IIWBR, Karnal p109-110.

Paper/poster/oral presentation in training/
workshop/conference etc.

Ankita Jha. 2019. Meteorological models for
monitoring yellow rust in wheat crop. In 4"
International Group Meeting during 14-16 Feb,
2019 at CSK-HPKYV, Palampur.

Ankita Jha. 2019. Monitoring paddy residue
burning through satellite remote sensing in Karnal,
Haryana. In International Symposium on “Advances
In Agrometeorology For Managing Climatic Risks Of
Farmers” (InAgmet-2019) during 11-13 Feb, 2019 at

JNU, New Delhi.

Gopalareddy K, Tyagi BS, Venkatesh K, Ojha Ashish
and Singh GP. Evaluation of durum wheat
genotypes for yield and quality traits. In 4th
International Group Meeting 2019, February 14-16,
2019, at CSKHPKYV, Palampur, HP, India.

Gupta Arun, Singh Charan, Chatrath Rand Singh GP.
2019. Preliminary Evaluation of Emmer Wheat in
North Western Plain Zone (NWPZ) of India. In 4"
International Group Meeting 2019, February 14-16,
2019, at CSKHPKYV, Palampur, HP, India. Pp32.

Gupta OP, Pandey V, Saini R, Khandale T, Malik VK,
Narwal S, Ram S and Singh GP. 2019. Fe/Zn
transporter genes identified in Triticum aestivum L.
through whole seedling transcriptome for
biofortification. In XIV Agricultural Science
Congress from 20-23 February, 2019 at NASC
Complex, New Delhi.

John Kingsly NB, Karnam Venkatesh, Simon
Griffiths, Satish Kumar, CN Mishra, Zeetendra Singh,
Sachin Pawar and GP Singh. 2019. Evaluation of UK
wheat germplasm derived from Paragon\Watkins-
Landraces for stripe and leaf rust in India. In 4"
International Group Meeting 2019, February 14-16,
2019, at CSKHPKYV, Palampur, HP, India

Kharub AS, Bhagat Singh, Malu Ram, Singh BP, Anil
Khippal, Anupama Singh, Indu Chopra and Singh
GP. 2019. Effect of Pusa Hydrogel on water saving in
barley. In 1st National Agrochemicals Congress:
Country's Status on Various Fronts of
Agrochemicals”from 13-16 November at New Delhi.

Kumar B, Meena BK and Sareen S. 2019. Evaluation
of radiation use efficiency and gas exchange in
wheat germplasm. In National Conference of Plant
Physiology (NCPP-2019). December 19-21, 2019,
Kerala Agricultural University, Thrissur.

Kumar Dinesh, Narwal S, Kharub, AS and Singh GP.
2019. Barley grain - A forgotten hero in terms of
nutraceutical properties. In National Conference on
Integrative Plant Biochemistry and Biotechnology.
08-09 November.p31-32.
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Kumar Dinesh, Ram S and Verma RPS. 2019. Barley
as health food. 2019. Nutri-Cereals Conclave from
29-30 November at Hyderabad.

Lokendra Kumar, Om Prakash Ahlawat, Anil Khippal,
Bhumesh Kumar, Anuj Kumar and Charan Singh.
2019. Makhana: Poshak Tatvon evam aushadhiy
Gunokakha jana. Smarika: Krashak-Vaigyanik
Karyashala evam Bij Divas on 5" October. ICAR-
IIWBR, Karnal p122-124.

Om Prakash Gupta, Vanita Pandey, Ritu Saini, Tushar
Khandale, Vipin Kumar Malik, Sneh Narwal, Sewa
Ram and Singh GP.2019.Transcriptomic response of
TriticumaestivumL. to Fe/Zn starvation identifies
key transporter genes. In 4" International Group
Meeting, February 14-16, 2019, CSKHPKY,
Palampur, HP, India.

Rajni Devi, Sewa Ram , Veena Pande and Singh GP.
2019. Construction of linkage map using SSR
markers and identification of QTLs associated with
salt tolerant traits in wheat (Triticum aestivum L.). In
4th International Group Meeting, February 14-16,
2019, CSKHPKYV, Palampur, HP, India.

Ravish Chatrath, Satish Kumar, Om Prakash, Amit
Sharma, Sendhil R, Raj Kumar, Vinod Tiwari and
GP Singh. 2018. Gehoonki pachheti kiasm DBW
173. Gehoon evam Jau Sandesh. July-December
7(2):7-8.

Sareen Sindhu, Jasrotia Poonam, Kumar Bhumesh,
Singh Charan, Singh GP and Sarial AK. 2019. In 4"
International Group Meeting, February 14-16, 2019,
CSKHPKYV, Palampur, HP, India, Pp.193.

Satyavir Singh, Anuj Kumar,Sendhil R, Anil Khippal,
Mangal Singh, Ramesh Chand and GP Singh. 2019.
Yield gap assessment under Frontline
Demonstrations.ISEE National Seminar C-138:210.

Satyavir Singh, Sendhil R, Anuj Kumar, Randhir
Singh, Ramesh Chand and Mangal Singh. 2019.
Potential benefits of demonstration on zero tillage
for sustainable wheat production in India. In 4"
International Group Meeting held at Palampur from
14-16 February, 2019.

Sendhil R, Anuj K, Satyavir S, Sunil K and Ankit K.
2019. Farmers' perception on climate change and
adoption practices in Indian wheat production. In
4th International Group Meeting held at Palampur
from 14-16 February, 2019.

Sendhil R, Anuj Kumar, Satyavir Singh, JK Pandey
and Mangal Singh. 2019. Level of resource use and
technical efficiency in Indian wheat production - A
case of Bihar. Poster presented in the 4"
International Group Meeting held at Palampurfrom
14-16 February, 2019.

Sendhil R, Kiran Kumar TM, Ramasundaram P, Sinha
M and Kharkwal S. 2019. Nutrients Consumption in
India: Dynamics and Determinants. In 27" Annual
Conference of Agricultural Economics Research
Association held at Punjab Agricultural University,
Ludhiana, Punjab from 17-19 December 2019.

Sewa Ram, Sneh Narwal, Omprakash Gupta, Vanita
Pandey, Vipin K Malik, Ritu Saini, Tushar Khandale
and Singh GP. 2019. Development of wheat
genotypes with enhanced Fe, Zn and phytase levels
and reduced phytic acid content. In 1" International
Wheat Congress from July 21-26, 2019 held at
Saskatoon, Saskatchewan, Canada.

Sewa Ram, Tushar Khandale, Sneh Narwal, Vanita
Pandey and Singh GP. 2019. Assessment of genetic
variability and development of high phytase and
low phytic acid genotypes in wheat. In Proceedings
of 13" International Gluten Workshop (Ed. Carlos
Guzman) UCO Press, Editorial Universidad de
Cordoba).ISBN:978-84-9927-493-5.P 91-93.

Sewa Ram. 2019. Improving nutritional quality of
wheat: challenges and progress. In 4" International
Group Meeting, February 14-16, 2019, CSKHPKYV,
Palampur, HP, India.

Sewa Ram. 2019. Wheat processing and nutritional
quality: status and challenges. In International
Wheat Seminar from 01-02 March, 2019 held at
Bengaluru, Karnataka, India.

Singh C, Gupta A, Sendhil R, Kumar P, Gopalareddy
K, Tyagi BS, Singh G, Chatrath R and Singh GP. 2019.
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Evaluation of diverse set of bread wheat (Triticum
aestivum L.) genotypes for grain yield. In 4" IGM at
CSKHPKV Palampur from 14-16 February 2019.

Singh J, Kumar D, Malik R, Khippal A, Bishnoi S K,
Kumar R, Kharub AS and Singh GP. 2019.
Improvement targeted genetics, biochemical and
molecular dissection of hulless barley (Hordeum
vulgare L. var. nudum Hook L.). In International
conference on climate change towards health and
agricultural sustainability on February 18-20
organized by Department of Environmental
Science and Engineering, Guru Jambheshwar
University of Science and Technology, Hisar,
Haryana, India.

Sneh Narwal, Bunty Sharma, Ritu Saini, Ram Baran
Singh, OP Gupta, Vanita Pandey and Sewa Ram.
2019. Exploring Indian wheat genotypes for less
Celiac disease toxic epitopes. In 4" International
Group Meeting, February 14-16, 2019, CSKHPKYV,
Palampur, HP, India.

Suman Lata, Kharab AS, Kumar Dinesh and Singh
GP. 2019. Android Mobile Application” JauJankari".
In 4" International Group Meeting 2019, February
14-16, 2019, at CSKHPKV, Palampur, HP, India. Pp
164.

Reports/Manuals/Newsletters/Research
Bulletins

Anuj Kumar,Bhumesh Kumar, Charan Singh,
Mamruta HM, Sendhil R, Gopalareddy K, Ramesh
Chand and GP Singh (2019). Wheat and Barley
Newsletter (Jan-June, 2019).Vol. 13(1). ICAR- Indian
Institute of Wheat and Barley Research, Karnal.

Anuj Kumar,Bhumesh Kumar, Charan Singh,
Mamruta HM, Sendhil R, Gopalareddy K, Ramesh
Chand and GP Singh (2019). Annual Report 2018-
2019. ICAR- Indian Institute of Wheat and Barley
Research, Karnal.

Anuj Kumar,Bhumesh Kumar, Charan Singh,
Mamruta HM, Sendhil R, Gopalareddy K, Ramesh
Chand and GP Singh (2019). Varshik Prativedan
2018-2019. ICAR- Indian Institute of Wheat and

Barley Research, Karnal.

Kumar Bhumesh, Khippal A, Sharma AK, Singh C,
Jasrotia P and Verma A. 2019. Smarika: Takiniki Gyan
- Swasth evam Samridh Kisan. ICAR-Indian Institute
of Wheatand Barley Research.Pp145.

ICAR-IIWBR 2019. Progress Report of AICRP on
Wheat and Barley 2018-19, Crop Improvement. Eds:
Gyanendra Singh, Ravish Chatrath, BS Tyagi, SK
Singh, Arun Gupta, Satish Kumar, CN Mishra, K
Venkatesh, Vikas Gupta, Charan Singh, Gopalareddy
K, Hanif Khan, Raj Kumar, AK Sharma, Mamrutha
HM, Bhumesh Kumar, Lokendra Kumar, Sindhu
Sareen, Ratan Tiwari, Sonia Sheoran, Rinki, Ajay
Verma, Suman Lata, Rekha Malik, OP Ahlawat,
Rajender Singh, Pradeep Sharma and GP Singh.
ICAR-Indian Institute of Wheat and Barley Research,
Karnal, Haryana, India.Pp.201.

ICAR-IIWBR 2019. Progress Report of AICRP on
Wheat and Barley 2018-19, Crop Protection Eds:
Sudheer Kumar, DP Singh, PoonamJ asrotia, Prem
Lal Kashyap and Gyanendra Pratap Singh. ICAR-
Indian Institute of Wheat and Barley Research,
Karnal, Haryana, India.Pp.214.

ICAR-IIWBR 2019. Progress Report of AICRP on
Wheat and Barley 2018-19, Resource Management.
Eds: Ramesh Kumar Sharma, Subash Chandra
Tripathi, Subash Chandra Gill, Rajendra Singh
Chhokar, Raj Pal Meena, Ankita Jha, Ajay Verma and
Gyanendra Pratap Singh. ICAR-Indian Institute of
Wheat and Barley Research, Karnal, Haryana, India.
Pp.171.

ICAR-IIWBR 2019. Progress Report of AICRP on
Wheat and Barley 2018-19. Wheat Quality. Eds:
Sewa Ram, Sneh Narwal, O.P. Gupta and G.P Singh.
ICAR-Indian Institute of Wheat and Barley Research,
Karnal,Haryana, India.Pp.161.

ICAR-IIWBR 2019. Progress Report of AICRP on
Wheat and Barley 2018-19. Barley Improvement.
Eds: AS Kharub, Chuni Lal, Dinesh Kumar, Jogendra
Singh, Vishnu Kumar, Amit Kumar Sharma, Anil
Khippal, Sudheer Kumar, SC Bhardwaj, Poonam
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Jasrotia, Rekha Malik, Ajay Verma, Satyavir Singh
and G P Singh. ICAR-Indian Institute of Wheat and
Barley Research, Karnal.India.Pp.215.

ICAR-IIWBR 2019. Progress Report of AICRP on
Wheat and Barley 2018-19. Social Sciences. Eds:
Satyavir Singh, Anuj Kumar, Sendhil Rand GP Singh.
ICAR-Indian Institute of Wheat and Barley Research,
Karnal, India.Pp41.

Satyavir Singh, Anuj Kumar,Sendhil R, Anil Kumar
Khippal, Mangal Singh, Ramesh Chand and GP
Singh (2019).Gehoon evam Jau Sandesh (Jan-June,
2019). V. 8(1). Indian Institute of Wheat and Barley
Research, Karnal.

Satyavir Singh, Anuj Kumar,Sendhil R, Randhir
Singh, Mangal Singh, Ramesh Chand and GP Singh
(2019). Impact of Wheat Frontline Demonstration in
India. Research Bulletin 41, Indian Institute of Wheat
and Barley Research, Karnal.

e-Publications

Raj Pal Meena, Venktesh K, Ankita Jha and Suraj
Goswami. 2019. In-situ moisture conservation: A
step towards smart agriculture (https://
www.krishisewa.com/articles/resource-
management /1088-in-situ-moisture-conservation
-a-step-towards-smart-agriculture.html).
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Dr.G.P Singh, Director
Smt.Gian Aneja, PSto Director
Sh.SunderLal,STA

Sh.Aman Kumar, SSS
CROPIMPROVEMENT
Scientific Staff

Dr Gyanendra Singh, P1&Pr. Scientist
DrOP Ahlawat, Pr.Scientist
DrRatanTiwari, Pr. Scientist
DrB.STyagi, Pr.Scientist

Dr Arun Gupta, Pr. Scientist
DrSindhu Sareen, Pr.Scientist
DrRajKumar, PrScientist
DrRekha Malik, Pr Scientist
DrRajender Singh, Pr Scientist
Dr.Sanjay Kumar Singh, Pr. Scientist
DrLokendra Kumar, Pr.Scientist
DrPradeep Sharma, Pr. Scientist
DrBhumesh Kumar, Pr.Scientist
Dr Amit Kumar Sharma, Sr. Scientist
DrSoniaSheoran, Sr.Scientist
DrHanif Khan, Sr.Scientist

Dr Satish Kumar, Sr.Scientist
DrCharan Singh, Scientist
DrCN Mishra, Scientist
DrKarnam Venkatesh, Scientist
DrMamrutha HM, Scientist
DrVikas Gupta, Scientist
Dr.Rinki, Scientist

Dr GopalareddyK, Scientist
Technical Staff

DrB.KMeena, ACTO

Sh Surendra Singh, ACTO

Sh Surendra Singh, ACTO
ShYogesh Kumar, ACTO

ShYogesh Sharma, ACTO

Sh Om Parkash, Tech. Officer

Sh Suresh Kumar, Tech. Officer
Sh Rahul Singh, Tech. Officer
Srishwar Singh, STA

Sh RonakRam, STA

Sh Rajesh Kumar, STA

Skilled Support Staff

Sh Ramesh Pal, SSS

Smt Amresh, SSS

SmtShanti Devi, SSS
CROPPROTECTION

Scientific Staff

DrSudheer Kumar, P1&Pr.Scientist
DrPoonam Jasrotia, Sr. Scientist
DrPrem Lal Kashyap, Scientist
DrRavindra Kumar, Scientist
Technical Staff

Shlshwar Singh Barman, Tech. Officer
ShBhal Singh, STA

RESOURCE MANAGEMENT
Scientific Staff

DrRKSharma, PI &Pr.Scientist

Dr SCTripathi, Pr. Scientist
DrSCGill, Pr. Scientist

DrRS Chhokar, Pr.Scientist
DrRajPal Meena, Sr.Scientist

Dr AnkitaJha, Scientist
DrNeerajKumar, Scientist
Technical Staff

ShRam Kumar Singh, ACTO

Sh PHPVerma, ACTO

Sh Rajender Pal Sharma, Tech. Officer
QUALITY AND BASICSCIENCES
Scientific Staff

DrSewa Ram, Pl &Pr.Scientist
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DrOP Gupta, Scientist
DrVanita Pandey, Scientist
Technical Staff

Smt SunitaJaswal, ACTO
SmtJamuna Devi, Tech. Officer
ShVijay Singh, STA

Skilled Support Staff

Sh Desh Raj, SSS
SOCIALSCIENCES

Scientific Staff

Dr Satyavir Singh, P1&Pr. Scientist
Dr AnujKumar, Pr. Scientist
DrSendhil R, Scientist
Technical Staff

DrMangal Singh, ACTO
Skilled Support Staff

Sh Harinder Kumar, SSS
BARLEY IMPROVEMENT
Scientific Staff

DrRPSVerma, PI1&Pr.Scientist
Dr AS Kharub, Pr.Scientist

Dr Chuni Lal, Pr.Scientist
DrDinesh Kumar, Pr.Scientist
Dr AnilKhippal, Pr.Scientist
Technical Staff

Sh Ravinder Singh, ACTO
Skilled Support Staff

Sh Rampal Saini, SSS
COMPUTER SCIENCE AND STATISTICS
Scientific Staff

Dr Ajay Verma, Pr.Scientist & In-charge
Dr Suman Lata, Pr. Scientist
Technical Staff

Sh P Chandrababu, ACTO
Skilled Support Staff

Sh Bhim Sen, SSS

PME CELL

Dr Poonam Jasrotia, Sr. Scientist & In-charge

Dr Ramesh Chand, ACTO

ADMINISTRATION

Sh Sachin Agnihotri, SAO

Sh AnilKumar, AAO

SmtHem Lata, PA

Sh Ramesh Kumar, AAO

Sh Rajendra Kumar Sharma, Tech. Officer
SmtPromilaVerma, Assistant

Sh Sunil Kumar, Assistant

ShRamesh Chand, UDC

Sh Shiva Bhardwaj, Steno.Gr.llI

Sh SunilKumar, LDC

Sh Naresh Kumar, LDC
MrsSonamVerma, LDC

Sh Paramjeet Singh, SSS

Sh Lakhwinder Singh, SSS

ShHawa Singh, SSS

Sh BiruRam, SSS

ACCOUNTS &AUDIT SECTION
ShJagdish Chander, F&AO

Sh Ashok Kumar Kathuria, AF&AO

Sh Krishan Pal, Assistant

Smt Sushila, UDC

SmtSumanThapa, SSS

ShRamu Shah, SSS

LIBRARY

Dr AjayVerma, Pr.Scientist & Incharge
Sh Abhay Nagar, ACTO

FARM SECTION

DrS.KSingh, Pr.Scientist &In-charge
Sh Madan LaL, Tech. Officer, Farm Manager (Old Farm)
Sh Raj Kumar, Tech. Officer, Farm Manager (New Farm)
Sh RajKumar, SSS

VEHICLE SECTION

Sh Abhay Nagar, ACTO &In-Charge
Sh Ram Jawari, Tech. Officer

Sh Kehar Singh, Tech. Officer

ShOm Singh, STA

ShRajbirSingh, STA

Sh SunderLal,STA



PERSONNEL

ShVinod Kumar, Sr.Technician

Sh Rajbirsingh, Sr.Technician
GUESTHOUSE

ShriKrishan Pal, In Charge Guest House
REGIONAL STATION, FLOWERDALE, SHIMLA
Scientific Staff

DrSCBhardwaj, Pr. Scientist & In-Charge
DrOP Gangwar, Scientist

DrPramod Prasad, Scientist

Technical Staff

DrOP Dhillon,CTO

DrSubodh Kumar, ACTO

Sh Swaroop Chand, Sr.Technician
Administrative Staff

ShRoop Ram, PA

Sh AnilKumarVerma, LDC

Skilled Supporting Staff

Sh SantRam,SSS

ShBhoop Ram, SSS

Sh Khem Chand, SSS

REGIONAL STATION, DALANG MAIDAN
DrHanif Khan, Sr.Scientist & In-charge
ShNand Lal, STA

SEED & RESEARCH FARM, HISAR
Scientific Staff

DrJogendraSingh, Pr.Scientist & In-charge
Dr SK Bishnoi, Scientist

Technical Staff

DrRajendra Kumar, ACTO
Administrative Staff

Sh Mahabir Singh, UDC
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19 STAFF POSITION & FINANCE

STAFF POSITION
Scientific Staff
Place Destination Sanctioned Filled Vacant
ICAR-IIWBR, Karnal Director 1 1 0
including Seed & Research Farm, Principal Scientist 07 03 4
Hisar Senior Scientist 11 09 2
Scientist 35 38 -3
Sub-Total 54 51 3
IIWBR Regional Station, Shimla Principal Scientist 1 0 1
Scientist 4 3 1
Sub-Total 5 3 2
IIWBR Regional Centre, Scientist 2 0 2
Dalang Maidan, Lahaul Spiti Sub-Total 2 0 2
Grand Total 61 54 7
Administrative Staff
Place Designation Sanctioned Filled Vacant
ICAR-IIWBR, Karnal SAO 1 1 0
including Regional Station, Shimla  AAO 3 2 1
Seed & Research Farm, Hisar FAO 1 1 0
AF&AO 1 1 0
Assistant 7 3 4
ubC 3 3 0
LDC 5 4 1
PS 1 1 0
PA 2 2 0
Steno.gr.lll 1 1 0
Grand Total 25 19 6
Technical Staff
Place Designation Sanctioned Filled Vacant
ICAR-IIWBR, Karnal including T-3(Cat.ll) 19 14 5
Seed & Research Farm, Hisar T-1(Cat.l) 23 21 2
Sub-Total 42 35 7
IIWBR Regional Station, Shimla T-3(Cat.ll) 2 2 0
T-1(Cat.l) 3 1 2
Sub-Total 5 3 2
IIWBR Regional Centre, T-1(Cat.l) 1 1 0
Dalang Maidan, Lahaul Spiti Sub-Total 1 1 0
Grand total 48 39 9
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Skilled Support Staff

Place Designation Sanctioned Filled Vacant
ICAR-IIWBR, including SSS 18 18 0
Regional Stations

Grand Total 18 18 0
Summary

Cadre Sanctioned posts  Filled posts Vacant posts
Director 1 1 0

Scientific 60 53 7

Administrative 25 19 6

Technical 48 39 9

Skilled Support Staff 18 18 0

Total Staff 152 130 22
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EXPENDITURE (Rs. in Lakhs)

Name BE Propos % of
edRE | Other TOTAL | EXP.
of HEAD 2019 | 519 | than | TSP | NEH [SCSP| Exp Again
Scheme -20 NEH & ’
-20 st BE
TSP
Grantsin Aid - | 356 50 | 12450 | 6792 | 00| 00| 0.00 67.92| 21.23
Capital
Grants |rT Aid - |1823.79|1881.00 | 1554.87 0.0 0.0 0.0 1554.87| 85.5
IIWBR, Salaries
KARNAL Grants in Aid - General :-
(1) Pension 200.00 238.00 | 205.51 0.0 0.0 0.0 205.51| 102.76
(2) Others 808.15 693.50 | 523.30 6.05 0.0 | 0.00 529.35| 65.50
TOTAL 3151.9| 2937.00| 2351.60| 6.05| 0.00| 0.00 2357.65| 74.80
EXPENDITURE (Rs. in Lakhs)
Name BE Propos % of
edRe | Other TOTAL | EXP.
of HEAD 20> | 2019 | than | oop | ey lscsp| EXP | Again
Scheme 20 20 NEH & StBE
TSP
Grants in Aid - 0.0 0.0 00| 00| 00| 00 0.00
Capital
Grants in Aid - 1864.4 | 1638.3 | 1256.2 35.7
AICRP Salaries 6 3 9 0.0 5 0.0 1292.04| 69.30
(Wheat
& Grants in Aid - General :-
Barley) .
(1) Pension 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.00
(2) Others 355.50 253.55 109.52 495 | 1.95 0.0 116.42| 32.75
TOTAL 2219.96(1891.88 | 1365.81 4,95 (37.70| 0.00 1408.46| 63.45
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20 JOINING, PROMOTION, TRANSFER & RETIREMENT

New Joining

1.

Mr. Shiva Bhardwaj, Stenographer joined ICAR-
[IWBR, Karnalon 19.03.2019.

Dr. Neeraj Kumar, Scientist joined ICAR-IIWBR,
Karnalon 12.04.2019

Dr. RPS Verma, Principal Scientist, Joined ICAR-
IIWBR Karnal on 1.11.2019 after completing his
deputation as barley breeder at ICARDA,
Morocco from 19 May 2013t031.10.2019.

Dr. Ravindra Kumar, Scientist joined ICAR-
IIWBR, Karnal on 25.11.2019 on account of his
transfer from ICAR-IARI Regional Station,
Karnal.

Promotion

Scientist

1.

Dr. Rinki, Scientist, promoted from RGP 6000 to
RGP 7000.

Dr. Gopalareddy K., Scientist promoted from
RGP 6000 to RGP 7000.

Technical

1.

5.
6.

Sh. Om Singh, Tech. Assistant promoted to Sr.
Tech. Assistant

Sh. Sunder Lal, Tech. Assistant promoted to Sr.
Tech. Assistant

Sh.Rajbir Singh, Tech. Assistant promoted to Sr.
Tech. Assistant

Sh. Kehar Singh, Sr.Tech. Assistant promoted to
Tech. Officer.

Sh.Baldev Singh, STA promoted to TO.
Dr.O.P Dhillon, ACTO promoted to CTO

Administration

1.

Smt. Hem Lata, PA was granted MACP from GP
4600 to GP 4800.

Skilled Support Staff

1.

Sh.Ramu Shah, SSS was granted MACP.

Transfer

1.

Dr. Vishnu Kumar, Scientist selected as
Associate Professor at Rani Lakshmi Bai Central
Agricultural University (RLBCAU) Jhansi (Tech.
Resignation) relieved from his duties on
03.08.2019.

2. Dr. Sneh Narwal, Pr. Scientist transferred from
ICAR-IIWBR, Karnal to ICAR-IARI, New Delhi and
relieved from herdutieson 30.11.2019.

Retirement

1. Sh. Guman Singh, SSS superannuated from
serviceon 28.02.2019.

2. Sh. Sant Kumar, ACTO superannuated from
serviceon 28.02.2019.

3. Dr.Ravish Chatrath, Pr. Scientist superannuated

from serviceon 30.04.2019.

4. Sh. Baldev Singh, on superannuated from
serviceon 31.05.2019.

5. Dr.D.P Singh, Pr. Scientist superannuated from
serviceon 30.06.2019.

Obituary

1.

Sh. Om Prakash, Technical Officer, Seed and
Research Farm, Hisar expired on 06.02.2019.
The ICAR-IIWBR family pays homage and prays
to almighty for heavenly peace of the departed
soul.
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