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Preface

It is a great pleasure for me to present the 20" Annual Report of the institute for the year 2020, focusing
the significant research achievements and activities of the Institute. The Institute undertakes multi-disciplinary
and multi-commodity research to enhance the productivity of agricultural systems through efficient manage-
ment of available natural resources, and demonstration & dissemination of developed technologies in diverse
agro-ecological zones of eastern region. The Institute has developed several viable technologies during the
period under report for enhancing food and nutritional security and farmers’ income in the region focusing
mainly on smallholders and landless production system including tribal farming system. During 2020, the re-
search and extension activities continued to gain momentum in spite of devastating situation due to COVID-19
pandemic. During this pandemic, alternate income generating activities have been suggested to the govt. of
Bihar to accommodate reverse migrated human resources in agriculture. Several health and agro-advisories
were provided to the farmers of the region to cope up with the situation. Emphasis has been given on devel-
opment of stress tolerant crop varieties, management of rice-fallows, popularization of resource conservation
technologies, integrated farming system mode of food production, crop diversification and carbon seques-
tration, water productivity enhancement, mechanization of small farms, weed management, restoration of
degraded lands, solar energy application in agriculture, characterization of indigenous livestock and poultry
resources, management of animal health and zoonotic diseases, feed& fodder production, integrated fish
farming systems, etc. Eight promising advance breeding lines of rice have been nominated for multi-locational
testing/evaluation under AICRP and five rice genotypes have been promoted from IVT to AVT 1 trial under
AICRIP programme. One pigeon pea genotype has been registered with NBPGR, New Delhi as the donor for
“cleisto” traits. In chickpea, one entry each for timely sown condition and rain-fed condition have been put to
IVT of AICRP and one entry has been promoted to AVT-I for east central zone. Based on four years of selection,
4 lines of pigeon pea have been found suitable for cultivation under eastern plateau and hill region.

In order to strengthen the plant genetic resource management, promising genotypes of different fruits
and improved lines of makhana, water chestnut, and pulses like lentil, chickpea and grass pea have been
identified. Besides, quality seeds of rice, pulses, vegetables, and planting materials of fruits and flowers were
produced and provided to the end users. In brinjal, one bacterial wilt resistant line and one F, hybrid and in
tomato three bacterial wilt resistant and nematode tolerant crosses have been submitted for multilocation test-
ing under IET of ICAR AICRP (VC). In oyster mushroom, the strain PL-19-04 was found to be most promising
for cultivation in October to January and July to September. Under the DBT Biotech KISAN Hub project, tech-
nology demonstration on cultivation of high value horticultural crops has been undertaken in four districts
of Jharkhand and three districts of Bihar. A Farmer Producer Organization (FPO) named “Greenery Agrotech
Producer Company Limited” has been established at Itki block in Ranchi, Jharkhand. Two numbers of MoUs
have been signed for large scale seed production of open pollinated varieties and grafted plants of brinjal and
tomato while under the ABI project, two numbers of entrepreneurs have been registered as Incubatees.

Two new livestock population in Jharkhand, i.e., Palamau goat and Medini cattle have characterized
and submitted for breed registration Studies on fish productivity, water quality, plankton density, etc. in fish-
based integrations have been undertaken. Breeding techniques of minor carp has been studied. The Institute
has also been providing technological support to the farmers, extension workers and state officials through
its extensive extension network. IT played a major role during the pandemic situation. Climate resilient tech-
nologies have been demonstrated in 37 villages to improve the adaptive capacity of farmers to cope with the
climate risks. A total of 150 training programmes, 13 Front Line Demonstrations, and 12 On Farm Trials have
been conducted for the farmers and the state government officials. Thirty seven villages of six districts of Bihar
and Jharkhand were covered under Mera Gaon Mera Gaurav to make the farmers aware of improved tech-
nologies. During the period under report, the institute has published 135 nos. of research papers in the journal
of national and international repute, 02 books, 47 book chapter, 14 research/extention bulletins, 01 training
manuals, 02 policy brief and 82 popular articles.



I place on record my sincere gratitude to Dr. T. Mohapatra, Secretary DARE and Director General, ICAR
for his unstinted guidance and support in executing the mandate of the Institute. The encouragement, valu-
able guidance and support rendered by Dr. S.K.Chaudhari, DDG (NRM) and Dr. S. Bhaskar (ADG, AAF&CC)
are duly acknowledged. All Heads of the Divisions/Research Centres deserve appreciation for submitting
their research findings in time. I also express my appreciation to the Editorial team and other staff members of
the institute for compiling and bringing out this report in time.

(Ujjwal Kumar)
Director (Acting)
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1.

Executive Summary

The salient achievements of the institute during

2020 are summarized below:

A high yielding multiple stress (drought,
submergence, disease and insect pest) tolerant rice
variety Swarna Samriddhi Dhan (IET 24306) has
been released for cultivation in irrigated as well
as rainfed shallow lowland ecosystems of Bihar.
Swarna Samriddhi Dhan is a semi-dwarf, high
yielding (5.5-6.0 t/ha), medium duration (135-140
days) and lodging resistant variety with desirable
grain and good cooking quality traits.

Rice genotypes viz., IR 106312-50-1-1-1, IR 93827-
29-1-1-4, IR14L362, IR14L155, IR14L157, IR
90257-B-577-1-1-B, IRRI 123, IR14L613, IR 95817-
5-1-1-2 and IR 93827-29-2-1-3 have been identified
promising for reproductive stage drought
tolerance with productivity range of 3.86-4.90 t/ha
as compared to the check variety, Sahbhagi Dhan
(3.42 t/ha).

Rice genotypes, IR 96321-315-323-B-3-1-3, IR
102796-14-77-2-1-2, IR 96321-1447-521-B-2-1-2, IR
94391-131-152-3-B-3-1-1, IR 96321-558-563-B-2-1-
1,1IR 96322-34-223-B-1-1-1, IR 96321-558-209-B-6-1-
1, IR 96321-315-294-B-1-1-1, IR 96321-558-257-B-4-
1-2 and IR96321-315-323-B-3-1-3 have been found
promising for multiple stresses (submergence
and drought) tolerance with productivity range
of 1.29-1.75 t/ha as compared to check variety,
Swarna Sub 1(1.15 t/ha).

Rice genotypes IR83929-B-B-291-2-1-1-2, IR84899
-B-182-3-1-1-2, IR 84899-B-183-20-1-1-, IR 93827-
29-1-1-3,  IR84898-B-168-24-1-1-1,  IR83929-
B-B-291-3-1-1, IR93827-29-1-1-2, IR97034-21-2-1-
3, Swarna Shreya and IR93810-17-1-2-3 have been
identified promising for multi-stages drought
tolerance with productivity range of 1.18-1.91 t/
ha as compared to Sahbhagi Dhan (0.875 t/ha ).

Breeder seed (5.7 t), nucleus seed (325 kg) and
truthfully labeled seed (4.3 t) of rice varieties
Swarna Shreya, Swarna Shakti Dhan and Swarna
Samriddhi Dhan have been produced by the
institute during kharif 2020.

More than seven quintals of quality seeds of
rice varieties have been distributed among 200

farmers belonging to different districts of Bihar,
Jharkhand, Assam, West Bengal and Odisha for
demonstration and on-farm testing.

Under seed hubs, 18.49 tons of quality seeds of
different varieties of various pulses (pigeonpea,
chickpea, lentil, green gram and black gram) have
been produced.

Eight promising advance breeding lines (RCPR
68, RCPR 69, RCPR 70, RCPR 71, RCPR 72, RCPR
73, RCPR 75, and RCPR 77) of rice have been
nominated to AICRIP for multi-locational testing/
evaluation during kharif 2020. Moreover, five rice
genotypes RCPR 60 (IET 28329), RCPR 62 (IET
28658), RCPR 63 (IET 28631), RCPR 64 (IET 28250)
and RCPR 65 (IET 28242) have been promoted
from IVT to AVT 1 trial after first year of testing
during kharif 2019 under AICRIP programme.

In pulses, pigeon pea genotype ‘RCEA 14-5" has
been registered with NBPGR, New Delhi as the
donor for “cleisto” traits. It has been assigned the
registration number INGR 20024.

Inchickpea, oneentryeachfortimelysowncondition
(DBGC 1) and rainfed condition (DBGC 4) were
put to IVT of AICRP on Chickpea during 2019-20.
One entry ‘DBGC 1" has been promoted to AVT-I
for east central zone.

Among four genotypes of chickpea (DBGC
1, DBGC 2, DBGC 3 and DBGC 4) and three
genotypes of lentil (DBGL 62, DBGL 105 and
DBGL 135), all the genotypes of chickpea and
two genotypes (DBGL 62, DBGL 105) of lentil
appeared high to moderately resistant against
chickpea wilt and lentil wilt, respectively.
Two-acre integrated farming system has resulted
energy efficiency ratio as 1.66. Energy efficiency
ratio (EER) was the highest for fodder crops
(13.38) followed by field crops, vegetables, fruits,
fish, cattle and duck (7.91, 2.7, 2.03, 0.64, 0.16 and
0.13, respectively).

One acre (Field crops + Hort.+ Goat+ Poultry) and
two-acre IFSmodels (Field crops + Hort.+ Fisheries
+ Duck + Cattle) provided an annual net return
of Rs. 88,527/ ha (B:C, 1.96) and Rs. 1,47,236/-
(B:C,1.94), respectively which is about 3-4 times
higher over rice- wheat cropping system.

Executive Summary

ICAR-RCER, Patna : Annual Report 2020



Weed dynamics study comprising of 12 cropping
systems was carried out in rabi season. Rice-
cauliflower-onion-moong and jowar-chickpea—
fallow cropping systems showed most diverse
weed species during rabi season. Cereal-based
cropping system, i.e., Rice-mustard-mungbean/
rice-lentil-mungbean had recorded higher weed
infestations in terms of weed count per unit
area (53.5). Broad leaved weeds (BLWSs) were
identified as the most dominant weed flora in all
the cropping systems during rabi season.

Yield and yield attributing traits declined due to
delayed sowing of wheat. The reduction in grain
yield was 25% under late sown combined stress
(drought and heat) condition, while reduction in
biomass was 24%. Reduction in ear length was
9.5%, while test weight was reduced by 3.9%
under late sown combined stress conditions.
Wheat genotypes WH730, NW1014, HD3118
and 3010 were found promising for late sown
condjitions.

Rice—cauliflower-spring onion-greengram
produced significantly higher rice equivalent
yield (36.91 t/ha) with a net return of Rs. 26,2950
and benefit-cost ratio of 2.9 among all cropping
systems followed by rice-broccoli-spinach-green
gram (34.10 t/ha, B: C, 2.74) and Rice-tomato-
greengram (28.49 t/ha, B:C, 2.6).

Thirteen chickpea genotypes were screened
against phyllody under late sown irrigated and
rainfed conditions. Most of the genotypes (Pusa
256, Pusa 547, Pusa 372, DBGC 3, Pusa 1103, Pusa
3043, DBGC 4 and GNG 1581) were showing
resistant reaction; however, genotypes ICC 4958
and JG 14 were highly resistant to phyllody under
both the conditions.

In varietal trial, twelve lentil varieties were
screened for resistance to Stemphyllum blight and
rust. All the varieties except Ranjan were resistant
to Stemphyllum blight; Ranjan appeared to be
highly susceptible. Except three varieties (HUL
57, Arun and Ranjan), all were found resistant
to rust under field condition. Under heat stress,
DPL 15, DPL 62, IPL220 and IPL 406 showed
resistant reaction to Stemphyllum blight in both
irrigated and rainfed conditions. DBGL 135 and
Ranjan appeared to be highly susceptible in both
irrigated and rainfed conditions.

Combined foliar application of ZnSO, and FeSO,
on 4 rice cultivars, Swarna Shreya, Swarna Shakti,
Sahbhagi Dhan and DRR Dhan-42 showed signifi-

cantly highest yield of 6.12 t/ha in Swarna Shreya
over yield of 5.61 t/ha without foliar spray.

In rice — vegetable pea-summer maize system
efficient water management practices resulted in
significantly higher grain yield (5.41t /ha) with
IW: CPE=1.0. However, maximum irrigation
water productivity (1.40 kg/m®) was achieved with
IW: CPE=0.4. In case of pea, significantly highest
green pod yield (7.95 t/ha) was recorded with IW:
CPE=0.8. Highest irrigation water productivity
(10.93 kg/m?®) was achieved at IW: CPE=0.4.

Studies on water productivity maximization by
optimally allocating land under different crops
and employing simplex linear programming
technique indicated that water productivity can
be enhanced from existing 29.61 Rs./m? from 6693
ha area to 32.62 Rs./m® from 3527 ha in Paliganj
distributary command and from existing 18.28
Rs./m® from 946 ha area to 22.77 Rs./m?® from 766
ha at Nalanda corridor site.

Irrigation water price considering irrigation
water applied through canal and tube well in
Reach I, II and III of Paliganj distributary for rice
crop was computed as 4.73, 5.19 and 4.80 Rs./m?,
respectively and for wheat crop as 5.61, 4.95 and
6.24 Rs./m® respectively. At Nalanda Corridor
site, irrigation water price of rice, wheat and
moong was estimated as 12.96, 29.59 and 9.02 Rs./
m?, respectively.

Multiple and conjunctive use of water was studied
in Bharatpura sub-distributary in two ponds (size
33 m x 35 m) with fish culture under tube well
command with 5 hp submersible pump. Para-
lentil cultivation yielded in the range of 0.75 to 0.9
t/ha with a water productivity of 0.75 to 0.9 kg/
m?. Pod yield of pea was obtained at 5.6 t/ha with
water productivity of 2.24 kg/m? through mini
sprinkler irrigation system which was 36.6% and
91.2% higher than that of check basin irrigation.
The cost of irrigation through solar water pump
was 73% and 21% cheaper than diesel and electric
pump, respectively.

Based on four years of selection, the pigeon pea
lines IC 611683, IC 611232, IPA-203 and Type-7
have been found suitable for cultivation under
eastern Plateau and Hill.

One bacterial wilt resistant line and one F, hybrid
of brinjal and three bacterial wilt resistant and
nematode tolerant crosses of tomato have been
submitted for multi-location testing under IET of
ICAR AICRP (VC).
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In oyster mushroom, the strain PL-19-04 has been
found most promising for cultivation in October
to January and July to September.

Under the DBT Biotech KISAN Hub projects,
technology demonstration on cultivation of high
value horticultural crops has been undertaken in
1373 number of farmers’ fields in four districts of
Jharkhand and three districts of Bihar and tech-
nology demonstration on integrated farming sys-
tem has been undertaken in 99 farmers’ fields in
Ranchi district of Jharkhand. A Farmer Producer
Organization (FPO) named “Greenery Agrotech
Producer Company Limited” has been estab-
lished at Itki block in Ranchi, Jharkhand

Two numbers of MoUs have been signed for large
scale seed production of open pollinated variet-
ies and grafted plants of brinjal and tomato while
under the ABI project, two numbers of entrepre-
neurs have been registered as Incubatees.

Production and reproduction performances
of Seemanchali sheep and Kosi buffaloes were
studied in their breeding tract. The body weight
of the sheep at three months of age was recorded
9.23+0.14 kg which increased to 15.60+0.22 kg in 6
months registering 69.0% of the incremental gain.
Similarly, the height, body length and chest girth
for an adult buffaloes were found to be 144.33
cm, 151.33 cm and 200.66 cm for males 138.34 c¢m,
141.25 cm and 195.14 cm for females, respectively.

The performance of Murrah buffaloes was
found to be consistent as the total lactation milk
yield, standard lactation milk yield and the
average peak yield observed during the period
were 2356.45+132.11 kg, 1977.05+109.36 kg and
11.51+0.43 kg, respectively.

The births of 1869 kids were recorded from 1008
kidding in Black Bengal goats with the prolificacy
rate of 185.4%. Age of does at breeding (>27.38
month), body weight at breeding (>18.49 kg)
significantly influenced (P<0.01) the triplet,
quadruplet or quintuplets litter sizes.

Assignificantincrease in transcriptional abundance
of CCL8 gene was observed throughout the
peri-implantation period in pregnant buffaloes
with the value of 0.014 + 0.001 at day 12 post Al
to 0.062+ 0.002 at day 21, respectively (p<0.05).
The expression level of CCL8 gene remained
unchanged (p>0.05) throughout the peri-
implantation period in case of non-pregnant
buffaloes.

Two genotypes AB with three distinct bands
(403 bp, 250 bp and 153 bp) and AA with two

distinct bands (250 bp and 153 bp) were observed
while assessing genetic variability in ducks of
eastern states using Restriction Fragment Length
Polymorphism (RFLP) with Xbal restriction
enzyme.

Average flock size of duck population was more
in Chhattisgarh (11.76+0.60 nos.) as compared
to Jharkhand (9.51 +0.67 nos.) and Odisha (9.47+
0.52 nos.). The average annual egg production
per duck in Jharkhand, Odisha and Chhattisgarh
ranged to be 50-70, 60-80 and 52-111 eggs per
annum, respectively.

Bovine Theileriosis” was observed high (60.23%)
among infected bovines with tick-transmitted
haemo-parasites. The highest percentage was
infected with Theileria spp., followed by Anaplasma
marginale and least with Babesia spp. Among the
infected bovine samples, 35.85% samples had co-
infection of both Theileria spp. and A. marginale
parasites.

Highest sero-positivity of Brucellosis was found
in agro-climatic zone I of Bihar where Brucella
sero-positivity was 5.74%. In goats, 3.16% (7/221)
samples were positive for brucella antibodies by
Rose Bengal plate test.

Experiment with Biofloc technology showed that
fish and prawn combination performed better
in terms of specific growth rate, feed conversion
efficiency and maximum survivability for fish
(97.4%) and prawn (61.33%).

Integrated prawn cum fish (rohu and catla) farming
resulted in highest growth of catla fingerlings
(151g to 1170.6 g), while rohu (133.75 g) attained
830.8 g during the 390 days of culture period.
At the end of culture period, the productivity of
catla, rohu and prawn was recorded at 1.58, 1.06
and 0.37 t/ha, respectively.

During the period under report, the Institute
published 135 nos of research papers in journals
of national and international repute, 47 book
chapters, 02 books, 82 popular articles, 14
technical/ extension bulletin, 01 training manuals
and 02 policy brief.

During the year 2020, thirty seven villages in six
districts of Bihar and Jharkhand were covered
under Mera Gaon Mera Gaurav, and 1025 farmers
were directly benefitted through various activities.

Further, total of 150 training programmes, 13
Front Line Demonstration and 12 On Farm Trials
have been conducted for the farmers and the State
Government officials.
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2. Introduction

The Eastern region comprises of plains of As-
sam, Bihar, Chhattisgarh, Eastern Uttar Pradesh,
Jharkhand, Odisha and West Bengal, representing
21.85% of the geographical area of the country and
supporting 33.62% of country’s population. In spite
of the natural resource endowments in terms of
fertile soils, water resources and solar radiation,
the productivity and per capita income of the
farmers in the Eastern region is very low due to er-
ratic climate variations, population explosion, land
degradation, small and scattered land holdings,
lack of quality seed and planting materials, poor
extension mechanism, etc. However, the Eastern
region of the country holds promise for a Second
Green Revolution, which can be accomplished
through holistic management of land, water, crops,
biomass, horticultural, livestock, fishery and human
resources. Though Eastern region is rich in natural
resources, its potential could not be harnessed
in terms of improving agricultural productivity,
poverty alleviation and livelihood improvement.

ICAR Research Complex for Eastern Region
(ICAR-RCER), Patna came into existence on the 22™
February 2001 to address diverse issues relating to
land and water resources management, crop hus-
bandry, horticulture, agroforestry, aquatic crops,
fishery, livestock and poultry, agro-processing
and socio-economic aspects in holistic manner
for enhancing research capability and providing
a backstopping for improvement in agricultural
productivity and sustainability. Geographically,
the Institute is located at 25°35’30” N latitude,
85°05’03” E longitude, at an altitude 52 m above
mean sea level.

The complex has four divisions besides two
research centres and two KVKs. The organizational
setup of the complex is given in Fig. 2.1.

Finance

Summary of budget allocation and expenditure
during the financial year 2020-21 of the complex
is presented in Table 2.1.

Mandates

Strategic and adaptive research for efficient
integrated management of natural resources
to enhance productivity of agricultural pro-
duction systems in eastern region.

Transform low productivity-high potential
eastern region into high productivity region
for food, nutritional and livelihood security.

Utilization of seasonally waterlogged and
perennial water bodies for multiple uses of
water.

Promote network and consortia research in
the eastern region.

Modalities to achieve the mandates

To facilitate and promote coordination and
dissemination of appropriate agricultural
technologies through network/consortia
approach involving ICAR institutes, State
Agricultural Universities, and other agencies
for generating location-specific agricultural
production technologies through sustainable
use of natural resources.

To provide scientific leadership and to act as
a center for vocational as well as advanced
training to promote agricultural production
technologies.

To act as repository of available informa-
tion and its dissemination on all aspects of
agricultural production systems.

To collaborate with relevant national and
international agencies in liaison with state
and central government departments for
technology dissemination.

To provide need based consultancy and
advisory support for promoting agriculture,
horticulture and livestock in the region.

Socio-economic evaluation and impact as-
sessment of agricultural technologies.

Introduction
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Table 2.1. Financial allocation and expenditure during
the year 2020-21 (Rs. in Lakhs)

Table 2.2. Staff position as on 31° December 2020.

- Staff Position
Head of accounts BE allocation Actual ex-
penditure* Sanctioned Filled

Establishment Charges 2392.05 2391.95 Scientific* 91 70
HRD 3.51 3.51 Administrative 35 21
CrpE! SL17 48.74 Skilled Supporting Staff 63 53
Other charges 1100.38 1078.35

Total 252 199
Total 3557.26 3532.70

. . .
*up to 31* December, 2019 Including Director

ICAR Research Complex for Eastern Region, Patna
]—[) DIRECTOR H Research Advisory ]

[ Institute Management

Committee Committee
Land and Water (" Performance )
Monitoring and €
L by e e ) [ Administrative Units ] . EvaluationgCell )
s>  Crop Research, 4 )
L Patna J ) Library €
General Audit . y
p . Administration and
>Livestock and Fisheries and A
> . ccounts p <
Management, Patna il me
\ ~ d Research Farm €
> s N\ N <
X s Socio-Economics and g
58] Extension, Patna =
m 4 3\ <
= p N Workshop <€ -
Z ICAR RCER Farming Q
8 System Research Centre .
7 for Hill & Plateau Region, Z
Z L Ranchi ) ( ) -
o Art and Photography < :
L] ( 3\ \ Y,
N JICAR-RCER Research
> Centre, Darbhanga
i \ 7/ e a
A Estate Management
Krishi Vigyan Kendra, Unit
i Buxar
( Krishi Vigyan Kendra, \ f B )
> Ramgarh GIS and ARIS Cell €
Fig. 2.1. Organogram of ICAR Research Complex for Eastern Region, Patna
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3.

Weather

Weather parameters viz. air temperature, relative
humidity, bright sunshine hours, rainfall, evaporation,
wind speed and direction were recorded regularly
twice in a day at Agrometeorological Observatory of
ICAR-RCER, Patna. Table 3.1 shows mean monthly
values for weather parameters observed along with
the monthly normal values. Mean monthly maximum
temperature ranged from 19.4°C during January to
34.4 °C during May showing that on an average May
month remained warmest for the year 2020. Similarly,
the mean monthly minimum temperature varied from
10.4 °C during January to 27.3 °C during August, de-
picting January as the coldest month for the location.
Mean monthly relative humidity was reported to be
lowest in November (61.9 %) and highest in July (79.3
%). Daily weather conditions changes with the change
of seasons in a year, usually relative humidity peaks
during monsoon season and becomes lower during
summer and autumn season. Similarly, relatively
lesser amount of rainfall was received during winter
and summer season, however, on the otherside water
loss in the form of evaporation also remains active
during these months. Mean monthly bright sunshine
hours (BSSH) was more during March and April (7.2
hrs.) but during monsoon month, presence of clouds

leads to less number of BSSH. The mean wind speed
reached its maximum during August (8.0 km/hr).
These mean monthly variations for weather param-
eters 2020 have been depicted in Fig. 3.1.

Year 2020 was surplus or sufficient rainfall year
based on total amount of rainfall received throughout
the year. Total amount of rainfall which was pro-
gressively accumulated at the end was 1367.4 mm,
which was 121.3 % of long period rainfall average
(1127.3 mm) for the station. Total annual rainfall
was repoted as “surplus” for the year 2020 as rain-
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Relative Humidity (%) —o—T max. (°C)

Fig. 3.1. Mean monthly variation of weather parameters dur-

ing the year 2020 at ICAR RCER, Patna

Table 3.1. Mean monthly weather data of the year 2020 at ICAR-RCER, Patna

Month Mean temperature (°C) Mean rela- | Mean bright | Total rainfall (mm) | Total | Total pan | Mean wind

Max Nor- Min | Normal tive humid- | sun-shine Observed | Normal rainy | evapora- |speed (km/
- ity (%) (hrs/day) days | tion (mm) hr)
Jan 19.4 23 10.4 9.3 76.7 2.1 18.3 20.4 1 46.2 3.8
Feb 23.6 26.1 | 11.6 11.6 65.7 5.8 17.3 11.1 1 71.1 3.6
Mar 29.0 324 | 17.0 16.4 65.4 7.2 23.1 114 2 104.1 4.9
Apr 34.6 374 | 214 221 62.2 7.2 44.8 9.0 2 147.3 7.1
May 34.4 384 | 24.7 25.1 65.3 6.6 94.5 35.6 6 166.4 7.8
June 33.6 36.7 | 26.6 26.7 73.8 3.0 327.0 141.1 14 118.5 6.8
July 325 329 | 268 26.1 79.3 2.2 351.9 319.2 14 117.9 5.6
Aug 33.3 325 | 273 26.1 77.3 4.6 177.0 279 12 129.5 8.0
Sept 329 32.2 | 266 25.3 79.1 3.0 189.2 212.6 11 114.2 4.5
Oct 33.0 31.7 | 236 21.6 71.6 5.6 124.3 72.3 3 133.2 1.9
Nov 28.7 289 | 149 14.8 61.9 5.1 0.0 8.2 0 131.7 2.2
Dec 22.7 246 | 11.0 10.1 66.8 1.4 0.0 7.4 0 70.2 2.2
Annual 29.8 314 | 20.2 19.6 70.4 4.5 1367.4 1127.3 66 1350.3 4.9
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fall departure was + 21.3 % over the normal rainfall
whereas, monsoon season rainfall (June to September)
was 1045.1 mm which was found as “normal” with
rainfall departure of + 9.8 % over normal rainfall. In
the year 2020, it rained for 66 days in total where all
the months received rainfall except for November and
December. Total open pan evaporation was 1350.3
mm, which was recorded minimum in January (46.2
mm) and maximum in May (166.4 mm). A compara-
tive analysis of total monthly rainfall received, nor-
mal rainfall as a LPA and water loss from surface as
evaporation has been depicted in Fig. 3.2.

4001

and a shoot of +2.0°C during October was observed
over normal values.

Extremes in weather variables for the year 2020
have been reported in Table 3.2, where 26™ May was
recorded as hottest day of the year (39.7°C) while
28™ December was reported as coldest day of the
year (5.8°C). Maximum amount of rainfall in a day
(Most rainy day) was recorded on 18" June (87.4
mm), highest wind speed in a day was reached on
27" May (19.4 km/hr) and highest maximum relative
humidity was observed on 20™ July (94.0 %) but the
least humidity was reported on 6™ April (46.0 %).
Maximum bright sunshine hours of 10 hrs 58 min
were recorded on 7" June.

g 350 40 Table 3.2. Extremes of weather observed during the year
= 3007 2020
5 2501 110 o
2 2004 L8 © Parameter Date Value
g z
; 150+ A Warmest day 26™May 2020 | 39.7°C (Tmax)
= 1001 [ Coldest day 28" Dec. 2020 | 5.8°C (Tmin)
£ 50 F2
& 0 0 Most humid day | 20" July 2020 94.0% (RH)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Least humid day | 6™ April 2020 46.0% (RH)
Rainy days —*— Actual Rainfall Most rainy day 18" June 2020 | 87.4 mm (Rainfall)
. th .
Fig. 3.2. Comparative analysis of total monthly rainfall, nor- Most shiny day | 7 i une 2020 10 hrs 58 min (BSSH)
mal rainfall, rainy days and evaporation at ICAR Most windy day | 27" May 2020 | 19.4 km/hr (Wind
RCER, Patna speed)

The comparison of mean monthly maximum
and minimum temperatures over the normal values
of temperature for the location have been depicted
in Fig. 3.3, where maximum temperature actually
observed at the station remained lower than then the
normal maximum temperature and actual minimum
temperature was reported to be very close to normal
minimum temperature of the location. A dip of -4.0°C
during May and a shoot of +1.3°C were reported dur-
ing October for mean monthly maximum tempera-
ture over normal values whereas, for mean monthly
minimum temperature a dip of -0.7°C during April

40-

35+

30+

)
*

25+

204

Temperature (°C

1041 %

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

—w—Tmax Actual —s—Tmax Normal x—Tmin Actual ~ —+—Tmin Normal

Fig. 3.3. Comparison of mean monthly maximum and mini-
mum temperatures over the normal values at ICAR
RCER, Patna

At Farming System Research Centr for Hill & Pla-
teau Region (FSRCH&PR), Ranchi, the annual rainfall
for the reporting year was 1487mm which was about
6% higher over normal rainfall (1398 mm). Rainfall
receipts during monsoon months (June-September)
was 85.8 % of the annual rainfall. The summer months
(March-May) also received a significant amount (166
mm) of rainfall. Total rainfall recorded for the month
of August was 70% in excess of long term normal
average rainfall of the month, while it was 10, 28
and 86 % deficient in July, September and October,
respectively. Comparison of monthly rainfall receipts

600 L 40
Rainy Days

500 1", Rainfall-200

400

Normal rainfall

300

Rainfall, mm

200 4

Number of rainy days

100
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Fig. 3.4. Comparison of monthly normal rainfall with monthly
rainfall at FSRCH&PR, Ranchi

Weather

ICAR-RCER, Patna : Annual Report 2020



with the monthly normal rainfall is presented in Fig.
3.4. The year 2020 had 85 numbers of rainy days, out
of which 63 rainy days occurred during the monsoon
season with August recorded the maximum (19)
number of rainy days. The average monthly relative
humidity ranged from 82.0% in November to 92.2%
in June. Summary of monthly climatic parameters
at FSRCH&PR, Ranchi is presented in Table 3.3. De-
cember was the coldest month with mean monthly
minimum temperature of 8.9°C while May was the
hottest month with mean maximum temperature of
34.5°C. The lowest temperature of 4°C was recorded
on 21* December while the highest temperature of
40°C was recorded on 26™ May. The diurnal variation
in temperature was close to 6°C at the beginning of
the monsoon season while it increased to 16°C during
the winter months (Fig. 3.5).

Table 3.3. Mean monthly weather parameters at FSRCHPR,
Ranchi for the year 2020

Month Total rainfall | Num- | Temperature | Relative
(mm) ber of (°Q) humidity
Normal |Rain-| ™™ | Mini- |Maxi- (%)
rainfall | fall de mum | mum
Jan 17 23 3 10.0 | 234 88.3
Feb 21 7 2 10.0 | 26.1 89.3
Mar 25 85 8 14.7 | 29.3 83.7
Apr 22 64 4 20.5 | 33.0 91.9
May 62 17 2 22.8 | 345 90.4
Jun 249 254 11 25.1 | 31.1 92.2
Jul 337 304 18 26.1 | 321 91.2
Aug 319 541 19 254 | 307 90.2
Sep 247 177 15 249 | 319 89.2
Oct 77 11 2 20.7 | 308 88.8
Nov 11 0 0 13.2 | 28.0 82.0
Dec 12 4 1 8.9 25.4 87.1
Annual 1398 |[1487| 85 185 | 29.7 88.7

40.0 1 »
—e—Minimum Maximum
35.0
30.0

25.0

20.0 7

Temperature °C

15.0 1

10.0 1

5.0 4

0.0 T T T T T T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig. 3.5. Variations in average monthly minimum and maxi-
mum air temperature at FSRCH&PR, Ranchi
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4,

Climate Change

Simulating Production Potential of Rice and
Wheat under Changing Climate over Bihar

During kharif 2019-20, rice variety Swarna Shreya
was transplanted at 15 days interval on 3 different
dates (20 July, 5 August and 20 August, 2019) along
with 3 irrigation levels (Fig. 4.1). Soil moisture
depletion in the root zone was monitored using the
concept of “pani pipe” and quantity of irrigation
water applied was calculated as and when the water
was applied in the plots along with the rainfall re-
ceived in the region. Grain yield of rice was reduced
significantly by 12 % with delayed transplanting of
15 days (4.7 t/ha) and further by 28 % for another 15
days delay (3.8 t/ha) as compared to rice transplanted
on 20™ July 2019 (5.3 t/ha). However, the effect of
irrigation treatment was found non-significant due
to no clear difference in amount of irrigation water
applied in different irrigation treatments, which was
due to water stagnation situation for nearly 20 days
in the crop fields (Fig. 4.2).

Fig. 4.1. Experimental field with rice crop during kharif season
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Fig. 4.2. Daily weather condition during kharif season

Similarly, Wheat variety HD-2967 was sown
during rabi season of 2019-20 with similar treatment
combinations of date of sowing at 15 days interval
(8 November, 23 November and 8 December 2019)
with three sets of irrigation treatments (Irrigation at
5 stages (I1), irrigation at 3 stages (I12) and irrigation
at 2 stages (I3) (Fig. 4.3). Irrigation was applied in the
crop fields on critical growth stages of wheat crop.
Wheat crop sown on D1 reported highest grain yield
of 4.8 t/ha which was reduced by 12 % due to delayed
sowing of 15 days (23 November 2019) and further by
25 % due to 30 days delayed sowing (8 Dec 2019) as
compared to wheat sown on 8 November 2019. Effect
of delay in sowing was clearly evidenced in terms of
heat use efficiency with similar pattern of reduced
value as sowing date progressed beyond November 8.

Fig. 4.3. Experimental field with wheat crop during rabi season

Relevant input files for model calibration were
prepared in due course of time and after so many
iterations. Crop simulation model was calibrated well
with an agreement index > 0.83 and R? value > 0.75
when calculated using observed and simulated values
of days to physiological maturity and grain yield of
crop. These higher values of statistical parameters
indicate the correctness of varietal coefficients gen-
erated and performance of simulation model with
nearly parallel and overlapping lines running side
by side to line of equality (1:1 line) (Fig. 4.4).

Diversity of Bacterial Communities
Associated with Melon Fly, Zeugodacus
cucurbitae (Diptera: Tephritidae)

Melon fly, Zeugodacus cucurbitae (Coquillett, 1899)
earlier known as Bactrocera cucurbitae is considered
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Fig. 4.4. Graphical representation of model calibration for
wheat variety HD 2967

an invasive and most staid polyphagous pest of
cucurbitaceous and other related crops. Due to its
wide adaptability, high fecundity and establishment
capacity in new environment, Z. cucurbitae needs
special approaches in pest management strategies. In-
sects harbour a range of microorganisms in their gut
(haemocoel) on the exoskeleton and within the insect
cells. These microorganisms play significant role in
providing specific nutrients such as amino acids and
vitamins, enabling their hosts to tolerate temperature
extremities, pathogen defence and detoxification of
plant toxic secondary metabolites. Taxonomic and
functional characterizations of bacterial community
associated with different developmental stages of
Z. cucurbitae using 16S rRNA (V3-V4 region) gene
amplicons metagenomics were studied. The taxo-
nomic analysis indicated that bacterial community
associated with Z. cucurbitae consists of a total of
23 bacterial phyla (including unclassified and unas-
signed bacteria), comprising of 32 classes, 69 orders,
99 families and 130 genera. Relationship between
OTUs depicted through venn diagram displayed only
15 shared operational taxonomic units (OTUs) among
all studied developmental stages of Z. cucurbitae at
97% similarity cut off (Fig. 4.5 & 4.6). Proteobacteria,
Firmicutes, Actinobacteria and Tenericutes were
dominant phyla, of which family Enterobacteriaceae
was the most abundant in the larval and adult female
stages whereas Mycoplasmataceae was dominant in
the pupal stage. Genera Providencia and Comamonas
were the most abundant in larval stages whereas,
genera Candidatus-Bacilloplasma and Klebsiella were
the most dominant in pupae and adult females of Z.
cucurbitae, respectively. PICRUSt analysis was per-
formed for prediction of metabolic activities revealed
that associated microbiota may involved in membrane
transport, carbohydrate metabolism, amino acid me-
tabolism, energy metabolism, replication and repair
processes as well as cellular processes and signal-
ling. The high numbers of OTUs were annotated for
phosphoglycerate mutase and transketolase in adult

Fig.4.5. Venn diagram showing unique and shared OTUs, of
which 15 OTUs shared between all developmental
stages of Zeugodacus cucurbitae at 97% similarity.

Fig. 4.6. Predicted metabolic functions of bacterial communi-
ties associated with different developmental stages
of Zeugodacus cucurbitae.

females followed by larval stages, which may support
the digestive function of the microbiota in larvae and
adult females. Present findings provide insights about
the high variation in microbiota across developmental
stages and basis for microbiota based management
strategies of fruit flies.

Climate Change
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5.

Cereals

Evaluation and Identification of Rice
Genotypes for Tolerance to Reproductive
Stage Drought

Among abiotic stresses, drought has been iden-
tified as the single most critical threat to the world
food security and one of the major factors that lead
to a decline in rice production in the rainfed as well
as poorly irrigated areas. Further more, in most
rainfed regions of eastern India, the probability of
occurrence of terminal reproductive-stage drought is
high due to the early withdrawal of monsoon rains.
Forty eight rice genotypes comprised of advanced
breeding lines and check varieties were evaluated
under reproductive stage drought stress and non-
stress (irrigated) conditions during kharif 2020. Fifty
five days old plants were subjected to drought by
withholding irrigation and withdrawing water from
the stress field. Thereafter crop was left rainfed and
there was no standing water upto the maturity.
Non-stress irrigated experimental field was kept
continuously flooded after transplanting until 20
days before harvest. Grain yield varied from 3.75 to
5.79 t/ha and 2.97 to 4.90 t/ha under non-stress and
drought stress conditions, respectively. Irrespective
of genotypes, drought stress at reproductive stage
caused significant reduction in plant height (8.4%),
tillers (14.7%), grain yield (23.5%) and biological
yield (21.4%); however, the responses varied among
genotypes. Among rice genotypes, IR 106312-50-1-1-1
(4.90 t/ha), IR 93827-29-1-1-4 (4.80 t/ha), IR14L362
(4.42 t/ha), IR14L155 (4.27 t/ha), IR14L157 (4.21 t/ha),
IR 90257-B-577-1-1-B (4.17 t/ha), IRRI 123 (4.11 t/ha),
IR 108199-24-32-1-1-B (4.07 t/ha), IR14L613 (4.03 t/
ha), IR 95817-5-1-1-2 (4.02 t/ha), and IR 93827-29-2-
1-3 (3.86 t/ha) showed better drought tolerance at
reproductive stage as compared to check varieties
Sahbhagi Dhan (3.42 t/ha) and IR64 (3.08 t/ha). On
average 23.5% yield reduction was observed under
drought stress trial (3.77 t/ha) as compared to non-
stress (4.94 t/ha) condition.

Evaluation of Rice Genotypes for Tolerance to
Multiple Stresses (Submergence and Drought)

Twenty four rice genotypes were evaluated
under submergence, drought and combine stress
(submergence + drought) and control (non-stress)

conditions during kharif 2020. Under the submergence
experiment, after eleven days of transplanting the
crop was kept submerged under 1.0 to 1.25 m water
depth for sixteen days and thereafter water was
drained out from the field. Under drought stress ex-
periment, crop faced stress at the reproductive stage.
Sixty day old seedlings were subjected to drought by
withholding irrigation and withdrawing water from
the field. Thereafter crop was left rainfed. Under
combined stress, crop faced 16 days submergence at
vegetative stage and later drought at the reproductive
stage. The control trial was maintained by applying
irrigation as and when required. The average grain
yields of 5.64, 3.89, 1.96 and 1.04 t/ha was recorded
under no-stress, drought, submergence and combine
stress condition, respectively. Results of the study
revealed that irrespective of the genotypes, there
was a significant reduction in grain yield of rice
under drought (30.9%), submergence (65.2 %) and
combined stress (81.6%) conditions as compared to
non-stress condition (control). Among rice genotypes,
IR 96321-315-323-B-3-1-3, IR 102796-14-77-2-1-2, IR
96321-1447-521-B-2-1-2, IR 94391-131-152-3-B-3-1-1,
IR 96321-558-563-B-2-1-1, IR 96322-34-223-B-1-1-1, IR
96321-558-209-B-6-1-1, IR 96321-315-294-B-1-1-1, IR
96321-558-257-B-4-1-2 and IR96321-315-323-B-3-1-3
have been found promising for multiple stress toler-
ance. Grain yield of different rice genotypes varied
from 2.72-4.85 t/ha, 0.33-2.81 t/ha, 0.25-1.75 t/ha and
3.95-6.40 t/ha under drought, submergence, combine
stress and no-stress conditions, respectively.

Resource remobilization during grain filling
under drought

Resource re-allocation during grain filling is
reflected by harvest index. A field drought- screening
of rice was done during kharif season 2020 with aim to
identify drought tolerant genotypes/donor lines hav-
ing high harvest index and mobilization efficiency.
Seven hundred and ten rice genotypes comprising
of four mapping populations (175 nos. from each
population along with eight parents and check vari-
eties, i.e., Sahbhagi Dhan and IR 64) were evaluated
under two conditions i.e. stress (reproductive stage
drought) and non-stress (irrigated) conditions (Fig.
5.1). In addition, fourteen rice genotypes were grown
for detailed physiological characterization at anthesis
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Fig. 5.1. Evaluation of mapping populations of rice under drought condition.

and physiological maturity stages. Genotypes having
high harvest index (HI) with good grain yield under
drought conditions have been identified. The average
grain yield of 1.88 and 3.00 t/ha was observed under
drought and control conditions, respectively. Study
showed that irrespective of genotypes, drought stress
(reproductive stage) caused significant reduction in
grain yield (37.3 %) and biological yield (26.2%); how-
ever, the responses varied among genotypes. Under
drought condition, higher grain yield was recorded in
rice genotype IR 134118-6-B RGA-B RGA-B RGA-28
(5.45 t/ha) followed by IR 134116-5-B RGA-B RGA-B
RGA-25 (4.37 t/ha), IR 134116-3-B RGA-B RGA-B
RGA-12 (4.25 t/ha), IR 134117-6-B RGA-B RGA-B
RGA-19 (4.06 t/ha) and IR 134119-4-B RGA-B RGA-B
RGA-6 (3.86 t/ha), IR 134118-6-B RGA-B RGA-B RGA-
30 (3.85 t/ha), IR 134117-1-B RGA-B RGA-B RGA-26
(3.72 t/ha), IR 134117-5-B RGA-B RGA-B RGA-8 (3.51
t/ha), IR 134118-5-B RGA-B RGA-B RGA-3 (3.46 t/
ha), IR 134119-2-B RGA-B RGA-B RGA-14 (3.37 t/ha),
IR 134119-2-B RGA-B RGA-B RGA-4 (3.12 t/ha), IR
134119-3-B RGA-B RGA-B RGA-7 (3.06 t/ha), and IR
134117-4-B RGA-B RGA-B RGA-4 (3.04 t/ha), These
promising genotypes also showed better harvest
index (37.2-49.8%) as well as drought tolerance at
reproductive stage as compared to check variety
Sahbhagi Dhan (2.1 t/ha). Among parents, maximum
grain yield under drought stress was recorded in
Camponi Sml (3.31 t/ha) followed by Gul Murali (2.4
t/ha) and AUS 257 (2.25 t/ha). Under drought condi-
tion, maximum mobilization efficiency was observed
in Camponi Sml followed by Wanni Dahanala, AUS
257 and Jabour Sail while lowest mobilization efficacy
was observed in rice genotype IR 74371-70-1-1. The
average reduction in chlorophyll was 61% at physi-
ological maturity stage compared to anthesis under
drought condition. Results also revealed that under
drought condition, the maximum mobilization effi-
ciency (86.6%) of assimilates was observed in second
node of stem followed by first node (83.2%) and
sheath (78.9%) part. Similar trend was also observed
in non-stress condition.

Evaluation and identification of rice genotypes
for multi-stages drought tolerance

Multi stages drought tolerant rice genotypes are
required to improve rice productivity in drought
prone areas to achieve food self-sufficiency at the
regional as well as national level. Under present
study, twenty eight rice genotypes were evaluated
under multi-stages drought (MSD), reproductive
stage drought (RSD), vegetative stage drought (VSD),
seedling stage drought (SSD) stress and non-stress
(irrigated) conditions during kharif 2020. In MSD
experimental field, water was provided only once
on the day immediately after sowing so that the
seeds could properly germinate. In RSD, VSD and
SSD experimental field, drought stress was imposed
at respective stages by withholding irrigation and
withdrawing water from the stress field. The non-
stress experimental trial was maintained by applying
irrigation as and when required. Grain yield of differ-
ent genotypes varied from 0.243 to 1.045 t/ha, 1.053 to
2.468 t/ha, 2.276 to 4.078 t/ha, 2.356 to 4.425 t/ha and
4.652 to 6.327 under, MSD, SSD, RSD, VSD and non-
stress conditions, respectively. Results of the study
revealed that irrespective of the genotypes, significant
reduction in mean grain yield under MSD (80.4%),
SSD (69.7%), RSD (42.6%) and VSD (33.4%) stresses
was observed as compared to non-stress condition.
Among rice genotypes; IR83929-B-B-291-2-1-1-2 (1.91
t/ha), IR84899-B-182-3-1-1-2 (1.56 t/ha), IR 84899-
B-183-20-1-1-1(1.50 t/ha), IR 93827-29-1-1-3 (1.47 t/
ha), IR84898-B-168-24-1-1-1 (1.43 t/ha), IR83929-B-
B-291-3-1-1(1.42 t/ha), IR93827-29-1-1-2 (1.35 t/ha),
IR97034-21-2-1-3 (1.34 t/ha), Swarna Shreya (1.31 t/
ha) and IR93810-17-1-2-3 (1.18 t/ha) were identified
promising for multi-stages drought tolerance com-
pared to Sahbhagi Dhan (0.873 t/ha).

Release and Notification of Rice Variety
Swarna Samriddhi Dhan

A high yielding multiple stress tolerant rice
variety Swarna Samriddhi Dhan (IET 24306) has been
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released by State Seed Sub-Committee (Bihar) and no-
tified by Central Sub-Committee on Crop Standards,
Notification and Release of Varieties for Agricultural
Crops, Govt. of India for the cultivation in the state
of Bihar (Fig. 5.2). Swarna Samriddhi Dhan is a
medium duration (135-140 days), semi-dwarf, high
yielding (5.5-6.0 t/ha), multiple stresses (drought,
submergence, disease and insect pest) tolerant, lodg-
ing resistant with desirable cooking quality traits and
having long slender grain type. Swarna Samriddhi
Dhan is suitable for cultivation under transplanted
condition in irrigated areas as well as rainfed shallow
lowland ecosystems. Quality wise, Swarna Samriddhi
Dhan possesses 77.8% hulling, 62.0% milling, 55.6%
head rice recovery (HRR) with desirable intermediate
alkali spreading value, amylose content (24.33%) with
long slender grain type. Beside drought (reproductive
stage) tolerant, this variety can also tolerate 8-10 days
submergence.

Fig. 5.2. Swarna Samriddhi Dhan

Nomination and Promotion of Rice Entries
under AICRIP Programme

Eight promising advance breeding lines (RCPR
68-IR83929-B-B-291-2-1-1-2, RCPR 69-IR88964-24-2-
1-4, RCPR 70- IR 84899-B-184-16-1-1-1 , RCPR 71- IR
93827-29-2-1-3, RCPR 72-IR 14L613, RCPR 73- IR
106312-50-1-1-1, RCPR 75- IR 93810-17-1-2-3 and
RCPR 77-IR 96321-315-294-B-1-1-1) of rice have been
nominated to AICRIP for multi-locational testing/
evaluation during kharif 2020. Moreover, five rice
genotypes RCPR 60 (IET 28329), RCPR 62 (IET 28658),
RCPR 63 (IET 28631), RCPR 64 (IET 28250) and RCPR

65 (IET 28242) have been promoted from IVT to AVT
1 trial after first year testing during kharif 2019 under
AICRIP programme. In addition, one rice genotype
RCPR 58 (IET 27892) has been promoted from AVT
1-E-TP to AVT 2-E-TP trial after second year testing.
During kharif 2020, two hundred eighteen advance
breeding lines of rice belonging to six AICRIP trials
(AVT 1-E-TP, AVT 2-E-TP, IVT-IME, AVT 2-IM, IVT-
aerobic and AVT-1-aerobic) were conducted at ICAR
RCER, Patna (Fig. 5.3). Evaluation of AICRIP trials
were conducted at regular interval by monitoring
team.

Fig. 5.3. Frontline demonstrations of rice varieties

Frontline Demonstrations (FLDs) of Rice
Varieties

The Frontline Demonstrations (FLDs) of rice
varieties Swarna Shreya, Swarna Shakti Dhan and
Swarna Samriddhi Dhan were conducted during
kharif 2020 at 74 beneficiary farmers’ (including 15
women farmers) fields covering an area of 15.6 ha in
three districts (Nawada, Jamui and Buxar) of Bihar
and Ramgarh district of Jharkhand under National
Food Security Mission (NFSM) programme of Gov-
ernment of India (Fig. 5.3). The performance of the
demonstrated rice varieties (Swarna Shreya, Swarna
Shakti Dhan and Swarna Samriddhi Dhan) were
found superior compared to the respective check
varieties. Rice variety Swarna Shreya recorded an
average of 4.31 t/ha yield with a maximum yield of
5.36 t/ha. Compared to the check variety, Swarna
Shreya recorded yield advantage of 26.9% and was
found suitable for increasing the rice productivity and
production in the demonstrated districts. Moreover,
Swarna Shakti Dhan recorded an average grain yield
of 3.75 t/ha and showed 16.7% yield advantage over
check varieties. In addition, Swarna Samriddhi Dhan
recorded average grain yield of 5.35 t/ha and showed
yield advantage over check variety. Farmers of the
demonstrated villages were very happy and satisfied
with the performance of these climate resilient rice
varieties in respect of early maturity, high yielding,
grain qualities along with tolerance to drought &
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diseases and insect pest characteristics. It is expected
that large scale popularization of these varieties will
help increasing farmers’ income as well as production
scenario of the targeting states.

Evaluation of Rice Genotypes for
Submergence Tolerance

Twenty rice genotypes along with Swarna Sub
1, IR 64 Subl and Sambha Mahsuri Subl as tolerant
and Swarna as susceptible checks were evaluated
for submergence tolerance during kharif 2020 (Fig.
5.4). After ten days of transplanting, the crop was
completely submerged with 1.0 to 1.25 m water depth
for twenty one days and thereafter water was drained
out of the field. The maximum survival percentage
was recorded in IR 102796-14-77-2-1-2 (59.5%), fol-
lowed by IR 96321-315-294-B-1-1-1 (46.3%) and IR
96321-558-563-B-2-1-1 (40.5%). Rice genotypes IR
102796-14-77-2-1-2 (1.22 t/ha), IR 94391-131-152-3-B-
3-1-1 (0.78 t/ha), IR 96321-558-563-B-2-1-1 (0.73 t/ha),
IR 96321-315-323-B-3-1-3 (0.71 t/ha), IR 96321-315-294-

Fig. 5.4. Evaluation of rice genotypes under submergence
condition.

B-1-1-1 (0.70 t/ha), IR 102777-18-64-1-2-6 (0.69 t/ha),
and IR 96321-558-209-B-6-1-1 (0.67 t/ha) performed
better as compared to Swarna Sub 1 (0.42 t/ha), IR 64
Sub1 (0.22 t/ha), Sambha Mahsuri Sub 1 (0.18 t/ha).
Further, higher spikelet fertility percentage (70-89%)
were recorded in identified promising genotypes as
compared to check varieties (59-61%). The lowest
(11%) spikelet sterility was recorded in IR 102796-14-
77-2-1-2 followed by IR 96321-315-323-B-3-1-3 (21%).

Screening of rice genotypes for submergence
tolerance

In another experiment, ten rice genotypes were
screened for submergence tolerance along with
Swarna subl, IR64 subl and Ciherang subl as toler-
ant and Swarna as susceptible checks. Forty day
old seedlings were transplanted in the submergence
pond on 29" July 2020. After ten days of transplant-
ing, the crop was completely submerged by filling
water in the field. The crop was kept submerged
under 1.0 m to 1.25 m water depth for 21 days by
filing water and thereafter water was drained out of
the pond. Even after de-submergence, water stagna-
tion occurred in the pond due to intermittent rain
prompting regular draining of water from the pond.
The genotypes IR09L 342 (1.12 t/ha), IR10F365 (0.72
t/ha), TP30193-1 (0.55 t/ha) and IR11F195 (0.54 t/ha)
performed better in comparison to Swarna sub1 (0.25
t/ha), IR64 subl (0.29 t/ha) and Ciherang subl (0.27 t/
ha). These genotypes have also shown significantly
high level of survival under complete submergence
for 21 days at early vegetative stage as compared to
tolerant checks as presented in Table 5.1.

Table 5.1. Performance of rice genotypes under complete submergence at early vegetative stage

Genotypes Survival |Plant height| Panicle Panicles/ |Fertile grains/| Spikelet 100- Grain |Grain yield
(%) (cm) length (cm) | hill (No.) | Panicle (nos.) | fertility (%) | weight (g) (t/ha)
IRO9L 342 51.3 92.3 24.8 12 104 67 2.08 1.12
IR10L 182 31.3 83.6 23.1 12 68 46 191 0.21
IRO7L 342 30.7 83.9 23.7 13 91 62 2.03 0.27
IRO9L 337 38.7 78.3 20.9 11 85 58 2.06 0.29
IR10F 365 49.0 96.4 25.6 12 68 45 2.18 0.72
IR11F 195 40.7 77.1 20.5 12 87 60 2.11 0.54
TP 30191 37.7 753 235 11 82 64 1.98 0.25
TP 30193 35.3 66.5 227 10 52 47 2.03 0.30
TP 30193-1 53.7 86.7 24.5 12 62 52 2.09 0.55
ST3 27.0 83.5 232 8 115 74 1.69 0.23
Ciherang subl 39.7 76.1 23.2 10 76 56 2.18 0.27
IR64 subl 24.0 60.9 23.5 10 54 47 2.19 0.29
Swarna sub1 26.3 60.1 20.6 12 28 22 1.77 0.25
Swarna 2.7 39.9 7.1 8 52 29 1.78 0.12
SEM 7.7 5.6 1.89 1.4 11.3 7.8 0.05 0.12
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In order to assess their agronomic values, the
same set of genotypes was evaluated under irrigated
condition and observation on grain yield and yield
attributes were recorded which are presented in
Table 5.2.

Table 5.2. Performance of rice genotypes under
favourable condition (irrigated)

Genotypes | Days | Plant [Panicle| Pan- | Har- |Grain
to | height | length | icles/ | vest |yield
flow- | (cm) | (cm) | m? |index|(t/ha)
ering (nos.)
IRO9L342 98 130.0 | 255 | 343 | 48 | 5.09
IR101 182 97 | 126.7 | 247 | 387 | 43 | 4.56
IRO7L 342 9 | 127.8 | 257 | 372 | 47 | 540
IRO9L 337 93 | 130.0 | 25.8 | 334 | 38 | 3.65
IR10F 365 9% | 1272 | 278 | 363 | 41 | 4.6l
IR11F 195 | 101 | 1299 | 253 | 356 | 46 | 540
TP 30191 108 | 100.1 | 21.7 | 394 | 46 | 4.93
TP 30193 97 | 1185 | 273 | 426 | 47 | 445
TP 30193-1 | 101 | 121.7 | 269 | 420 | 39 | 4.81
ST3 97 | 1281 | 29.1 | 367 | 36 | 4.06
Ciherang 98 114.8 | 258 | 363 | 47 | 4.67
subl
IR64 subl 91 1049 | 273 | 367 | 48 | 4.53
Swarna 118 | 958 | 234 | 404 | 44 | 473
subl
Swarna 119 | 1014 | 237 | 429 | 45 |4.73
SEM 0.6 3.2 0.6 23 23 |0.33

The genotypes IR11F 195 (5.40 t/ha) and IR09L
342 (5.09 t/ha) with 101 and 98 days to flowering,
respectively, are significantly better than the best tol-
erant check Swarna subl (4.73 t/ha) with 118 days to
flowering under irrigated condition beside showing
significantly better survival than Swarna subl under
21 days complete submergence at early vegetative
stage (Table 5.1). The other submergence tolerant
genotypes like TP 30193-1 (4.81 t/ha) and IR10F 365
(4.61 t/ha) are at par with Swarna subl and Swarna
in terms of grain yield but duration was earlier by
more than two weeks.

Evaluation of rice genotypes for shallow
lowland

Shallow lowlands are favourable ecosystem for
growing rice crop. These are free from flood and
there is provision for supplementary irrigation during
rainless period of crop growth. Eleven improved rice
genotypes were evaluated along with Naveen (mid-
early duration) and Rajendra Sweta and Swarna (late
duration) as check during kharif 2020. Performance of
these genotypes is presented in Table 5.3.

Table 5.3. Performance of rice genotypes under shallow
lowland condition

Genotype | Days | Plant |Panicle| Pani- | Har- | Grain
to | height | length | cles/ | vest | yield
flower-| (cm) | (cm) |m®(nos)|index | (t/ha)
ing
RP5377-3 98 1233 | 228 | 336.3 | 36.7 | 391
RP5535-8 110 | 1214 | 25.1 | 329.7 | 34.1 | 4.46
RP5366-13 107 123.1 24.6 371.7 | 344 | 4.28
RP5535-22 | 107 | 121.1 | 254 | 4133 | 38.1 | 4.95
RP5484-6 105 120.2 | 247 | 431.0 | 354 | 424
RP5377-19 | 109 | 1304 | 27.1 | 3187 | 21.7 | 2.52
RP5410-27 105 111.7 | 23.8 362.7 | 27.7 | 3.27
RP5504-39 | 116 | 133.1 | 25.5 | 347.0 | 34.1 | 4.08
RP5537-41 111 128.0 | 239 | 417.7 | 40.0 | 4.94
RP5423-62 | 101 | 120.1 | 26.2 | 406.7 | 40.2 | 4.86
RP5528-85 111 115.1 | 23.7 | 400.0 | 369 | 451
Naveen 99 123.7 | 269 | 431.0 | 289 | 2.73
Rajendra
Sweta 121 905 | 219 | 3627 | 21.1 | 3.66
Swarna 121 97.8 247 | 479.3 | 309 | 3.84
SEM 0.7 4.0 0.5 258 | 21 | 0.27

RP5535-22 (4.95 t/ha), RP5537-41 (4.94 t/ha),
RP5423-62 (4.86 t/ha) and RP5528-85 (4.51 t/ha) were
the top four elite genotypes with significantly higher
grain yield than the best check variety Swarna (3.84
t/ha). Crop duration of these genotypes were 10 days
earlier than Swarna and Rajendra Sweta. Therefore,
these genotypes are required to be further evaluated
through nomination to AICRIP.

Collection of popular rice landraces in flood-
plains of eastern India

Twenty eight accessions of traditional rice
germplasm have been collected from flood-prone
areas in Madhubani and Darbhanga district in Bihar
during kharif 2020. Flooding is a regular phenomenon
in these areas with varying depth and duration of
submergence. Occurrence of flood also varies from
year to year. Rice crop may be subjected to flooding
at any stage from seedling to ripening depending on
the time of onset and depth and duration of flood-
ing (Fig. 5.5). In low lying areas, rice fields remain
inundated with water for prolonged period even after
recession of flood. Modern high yielding semi-dwarf
rice varieties and hybrids cannot sustain in such type
of ecosystem. Therefore, in this ecosystem, farmers
strategically grow traditional rice varieties (locally
called Agahnidhan) which are characterized by their
tall stature, high tillering ability under water stagna-
tion, submergence tolerance, longer crop duration,
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Fig. 5.5. Regenerated crop of IRO9L 342 after de-submergence

photo period sensitivity and special grain qualities
among others. Among the 28 collected accessions
form such areas, 16 were short grain aromatic rice.

Performance of Different Rice Genotypes as
Influenced by Different Doses of Nitrogen

A field experiment was conducted at the experi-
mental farm of ICAR-RCER to evaluate the effect of
different doses of nitrogen (N) and cultivar/ variety
(V) on growth, yield, and N content of leaf at different
growth stages of rice. For developing strategies on
precision N management, an android based applica-
tion has to be developed based on leaf colour, canopy
development. For that purpose, at three growth stages
(29, 43, 60 DAT), images of flag leaf as well as canopy
were taken which will be analyzed further.

Chlorophyll content of flag leaf was determined
at 59 DAT and it was found that chlorophyll b and
total chlorophyll content varied considerably among
the N treatments. N200 and N240 recorded signifi-
cantly higher chlorophyll content than the rest of the
treatments. Among the varieties, chlorophyll content
was almost similar except Arize 6444 which showed
higher chlorophyll content. Yield responses of Swarna
Shreya, Swarna Samridhi, Swarna Shakti, Sahbhagi
and Arize 6444 were 8, 8.5, 9.2, 10.3, 12.7 and 9.8 kg
per kg applied N, respectively. Therefore, Arize 6444
was most responsive variety while Swarna Shreya
was least responsive towards applied N (Fig. 5.6).
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Total Chl
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o
=)

Swarna Swarna Swarna Sahbhagi Arize
Shreya Samridhi Shakti 6444

NO N40 N80 N120 N160 N200 N240

Fig. 5.6. Chlorophyll content of flag leaf as affected by differ-
ent nitrogen doses and varieties in rice. Vertical bars
represent standard error of the mean.

Response of Drought Tolerant Rice Cultivars
to Iron and Zinc

A field experiment was conducted during kharif
2020 at the experimental farm of the institute under
ICAR Window 3; a collaborative project of ICAR &
IRRI, to study the response of iron and zinc foliar
application on growth and yield of drought tolerant
rice cultivars. The experiment was undertaken for 4
rice cultivars, i.e.,, Swarna Shreya, Swarna Shakti, Sah-
bhagi Dhan and DRR Dhan-42. The foliar application
of ZnSO, and FeSO, was done with 1% FeSO, foliar
spray, 1% ZnSQO, foliar spray and in combination of
1% FeSO, +1% ZnSO, foliar spray. The effect was
compared with control where no foliar spray was
done. Experimental data analysis showed that the
grain yield has been significantly affected by these
treatments. The yield parameter of the selected culti-
vars and its interaction with foliar application of zinc
and iron is depicted in Table 5.4. Foliar application of
ZnS0O, and FeSO, accounted for significantly higher
test weight, harvest index, total chlorophyll and ca-
rotenoid content in all four rice varieties compared to
control. The higher values of these attributes resulted
in higher grain yield. The range of grain yield among
different treatments varied from 4.31 t/ha to 6.12 t/ha.
The highest and significantly more grain yield of 6.12
t/ha over yield of 5.61 t/ha without foliar spray was
observed in cultivar Swarna Shreya with combined
foliar spray of 1% FeSO, + 1% ZnSO,.

Organization of Field Days under FLDs
programme

Field days were organized by ICAR RCER, Patna
at Phusbangla (Kawakol) village in Nawada district,
Pandeypatti village in Buxar District and Darha (vil-
lage), Barhat in Jamui district of Bihar on 16%, 20™
and 22" October, 2020, respectively with objective
to see the performance of newly released aerobic
rice variety Swarna Shreya at farmer’s field grown
under frontline demonstration (FLDs) programme
(Fig. 5.7). Besides, field days were also organized at
Barmasi village, Ramgarh (Jharkhand) and Garsanda
(village), Barhat in Jamui (Bihar) on 22" and 16"
October, 2020 with objective to see the performance of
newly released drought tolerant rice variety Swarna
Shakti Dhan at farmer’s field grown under FLDs
programme. Moreover, a field day was also organized
at Kaduatari (village), Barhat in Jamui (Bihar) on 17™
October, 2020 with objective to see the performance
of rice variety Swarna Samriddhi Dhan grown under
FLDs programme. More than 300 farmers, scientific
staff of Krishi Vigyan Kendra, and scientists of ICAR
RCER participated in the field days progarmme.
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Table 5.4. Yield parameters of rice as influenced by variety and foliar application of ZnSO, and FeSO,

Biological| Grain | Straw [HI (%)| Test Total | No.of | No.of Total Carot-

Treatments yield | yield | yield weight| no.of | chaffy | filled | chloro- enoid
t/ha t/ha | t/ha (g) | grains/ | grain/ | grain/ |phyll (mg| (ugg*

panicle | Panicle | panicle g'1 fresh fresh

weight) | weight)
Swarna Shreya (Control) 13.60 | 5.61 | 9.89 |37.05| 17.99 | 128.80 | 35.70 | 93.10 3.19 421
Swarna Shreya (1% FeSO,) 15.00 | 5.82 | 9.18 |39.73| 21.60 | 174.00 | 57.40 | 116.60 430 4.70
Swarna Shreya (1% ZnSO,) 14.75 | 592 | 8.84 |40.22| 21.25 | 167.50 | 49.90 | 117.60 3.63 4.00
Swarna Shreya (1%FeSO, +1% ZnSO,) | 15.50 | 6.12 | 7.48 [45.28| 21.63 | 167.50 | 34.50 | 133.00 453 5.68
Swarna Shakti (Control) 14.75 | 4.61 | 11.99 |28.54| 21.83 | 145.90 | 33.90 | 112.00 3.90 437
Swarna Shakti (1% FeSO,) 15.75 | 4.50 | 11.25 |30.52| 23.69 | 176.00 | 54.20 | 121.80 4.00 5.03
Swarna Shakti (1% ZnSO,) 16.05 | 5.06 | 10.99 |31.54| 24.55 | 175.40 | 46.30 | 129.10 3.97 453
Swarna Shakti (1%FeSO, +1% ZnSO0,) 16.60 | 5.08 | 10.62 |32.41| 24.76 | 197.90 | 65.10 | 132.80 4.42 493
SahbhagiDhan (Control) 14.75 | 4.66 | 10.44 |30.97| 21.58 | 154.00 | 43.30 | 110.70 3.23 3.89
SahbhagiDhan(1% FeSO,) 15.10 | 4.75 | 10.25 |31.58| 22.07 | 179.50 | 51.70 | 127.80 3.65 3.99
SahbhagiDhan(1% ZnSO0,) 15.00 | 4.85 | 10.90 |31.19| 21.87 | 182.60 | 60.60 | 122.00 3.37 3.93
SahbhagiDhan (1%FeSO, + 1% ZnSO,) | 15.75 | 5.00 | 9.75 |33.86| 22.83 | 191.80 | 54.00 | 137.80 4.61 5.45
DRR Dhan 42 (Control) 15.50 | 4.31 | 11.19 |27.91| 21.91 | 137.50 | 40.20 | 97.30 3.87 4.34
DRR Dhan 42 (1% FeSO,) 16.60 | 4.87 | 11.73 |29.36| 23.27 | 168.00 | 35.20 | 132.80 451 5.16
DRR Dhan 42 (1% ZnSO0,) 16.50 | 5.05 | 11.45 |31.01| 22.66 | 170.20 | 54.00 | 116.20 3.93 4.38
DRR Dhan 42 (1%FeS0O,+ 1% ZnSO0,) 16.40 | 5.06 | 11.34 |31.33| 24.83 | 178.50 | 37.50 | 141.00 478 5.34
C.D. NS 0.86 NS | 745 | 280 | 2645 | 14.02 NS 0.55 0.53
SE(m) 0.78 030 | 0.84 | 2.57 | 0.96 9.11 4.83 9.85 0.19 0.18

Fig. 5.7. Interaction with farmers during field day programme

All participants visited the demonstration plots and
shared their experiences during field days. The farm-
ers were highly impressed by the water stress tolerant
characteristics of these rice varieties.

Breeder Seed Production of Rice Varieties

Breeder seeds of rice varieties Swarna Shreya
(2.6 t), Swarna Shakti Dhan (1.3 t ) and Swarna
Samriddhi Dhan (1.8 t) were produced by ICAR
RCER, Patna during kharif 2020. The representatives

of National Seed Corporation (NSC), Patna, Bihar
State Seed Certification Agency (BSSCA), Patna and
scientific staff of ICAR RCER, Patna participated in
monitoring of breeder seed production of these rice
varieties. Besides, nucleus seeds (3.25 quintals) of
rice varieties Swarna Shreya, Swarna Shakti Dhan
and Swarna Samriddhi Dhan were also produced
during kharif 2020. Moreover, truthfully lebelled (TL)
seed of rice varieties Swarna Shreya (1.7 t), Swarna
Shakti Dhan (0.1 t) and Swarna Samriddhi Dhan (1.6
t) were produced during kharif 2020.

Seed Distribution of Rice Varieties

The seed of climate resilient high yielding
rice varieties Swarna Shreya, Swarna Shakti Dhan
and Swarna Samriddhi Dhan were distributed on
foundation day of ICAR RCER, Patna to more than
100 farmers belonging to different districts of Bihar,
Assam, Jharkhand, Odisha and West Bengal for
on-farm testing during kharif 2020. Seed of these
rice varieties were also distributed to more than 70
farmers belonging to Ramgarh district of Jharkhand
and Jamui, Buxar, Gaya and Nawada districts of Bihar
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for frontline demonstrations (FLDs) during kharif
2020. Besides, seeds of promising rice genotypes for
drought tolerant and suitable for aerobic conditions
were also distributed to the farmers of different
districts of Bihar for on-farm evaluation during kharif
2020 (Fig. 5.8.).

Fig. 5.8. Seed distribution of rice varieties

Maintenance and generation advancement of
rice breeding materials

One hundred ten rice genotypes comprises of
advanced breeding lines and released varieties of dif-
ferent duration were grown, purified and maintained
in rice cafeteria during kharif 2020 (Fig. 5.9). Besides,
three F,, thirteen F, five F, and eleven F, generation
rice breeding materials along with parents were also
raised. Uniform plants or lines of early and medium
early duration were selected based on the plant type,
panicle length, effective tiller numbers, grain features,
lodging resistance and tolerance to diseases and in-
sect pests. The seeds of rice breeding materials have
been retained for further evaluation and generation
advancement.

Fig. 5.9. Different rice genotypes in cafeteria

Wheat

Effect of Drought and Heat Stress on Wheat:
Changes in Plant Physiological Traits and
Yield Attributes

Sixteen wheat genotypes were evaluated during
rabi season of 2019-20 at institute experimental farm
and KVK Buxar under timely sown (27 November,
2019) and late sown conditions (28 December, 2019)
in order to study the effect of water deficit and heat
stress on physiological traits and yield attributes. The
maximum temperature at the time of anthesis to grain
filling for timely sown crop ranged from 22 to 28°C
while maximum temperature ranges at anthesis for
late sown crop was 21.4-34.8°C, indicating vulnerabil-
ity of late sown crop to moderate heat stress during
anthesis. Study showed that the duration of crop
was significantly reduced under late sown condition
(TS =120 Days, LS = 105 days for Patna and TS = 122
Days, LS = 117 days for Buxar region), which in turn
lead to lower biomass accumulation. The grain yield
(kg/ha) was significantly declined by 18.8% for Patna
and 25% in Buxar from timely to late sown condi-
tion. Apart from this, biological yield, test weight,
ear length also declined under late sown condition
in both the growing areas (Table 5.5).

Physiological traits like relative water content
(RWC) and Chlorophyll content were also declined
from timely sown to late sown condition. The maxi-
mum reduction in RWC (5.9%) and Chl (16.3%) were
observed under combined stress condition (terminal
drought and heat). Biochemical traits like TBARS
content (indicating lipid peroxidation) and Proline
level (indicating water deficit stress) were higher
under both stress conditions, indicating the negative
effect of stresses on wheat genotypes. Overall, nega-
tive effect of combined stress was more pronounced
as compared to normal sown and individual stress.
Further, when drought combined with heat, the effect
was significantly severe. At genotypic level, varieties
WH 730, NW1014, HD3118, 3010 and HD2967 were
performing better under late sown stress condition
(Fig. 5.10).

Studies on Weed and Seed Bank Dynamics
in Different Cropping Systems in the
Middle Indo Gangetic Plains (IGP)

The present study was conducted at the institute
farm with an objective to study (i) the weed flora shift
in different cropping systems, (ii) the impact of differ-
ent cropping systems on weed seed bank dynamics
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Table 5.5. Effect of water deficit and heat stress on yield and yield attributes of wheat genotypes grown under
different experimental conditions

Timely sown Mean Late sown Mean | % reduction Y%reduction

TSC | TSVD | TSRD LSC | LSVD | LSRD TSCtoLSC | TSCto LSRD
Yield and yield attributes
GY (t/ha) 4.18 3.35 3.72 3.75 3.51 2.81 3.13 3.15 16% 25%
BY (t/ha) 10.31 8.84 9.31 9.49 8.77 7.49 7.82 8.03 15% 24%
TGW (g) 38.0 36.5 37.2 37.2 37.2 35.7 36.5 36.5 2% 3.9%
EL (cm) 10.5 9.7 10.0 10.1 10.0 9.2 9.5 9.6 4.8% 9.5%
Tillers/ m? 610 560 582 584 569 535 550 551 6.7% 9.8%
HI (%) 40.6 37.9 40.0 39.5 40.3 38.4 39.7 39.5 0.7% 5.4%
Factors
LSD (P=0.05): TS (T X V) LSD (P=0.05): LS (T X V)
BY: 0.485,GY: 0.0877, TGW: 0.2332 BY: 0.7902;,GY: 0.0896,TGW: 0.2336
Tiller: 24.561;EL: 0.9607;HI: 1.865 Tiller: 70.701;EL: 0.9172;HI: 6.8337

TSVC — timely sown vegetative stage control condition, TSVD — timely sown vegetative stage drought condition, TSRC -
timely sown reproductive stage control condition, TSRD - timely sown reproductive stage drought condition, LSVC - late
sown vegetative stage control condition

(1.0,7.33,7.33) and Leptochloa chinensis (0.67, 7.33,
€7 11.0) were found higher in rice- wheat, rice- maize,
rice- lentil-moong, guava-turmeric, okra-cauliflower-
mrsc onion, rice- cauliflower-vegetable, onion-moong,
) W 1S-vSD jowar-chickpea-fallow, lemon- turmeric and cowpea-
= TS-RSD tomato-okra cropping systems, respectively.
% Ls-C
o
O M Ls-vsD
o V\\N'\Q\A o N ‘(\07'961 Y\O'b'\'\% LS-RSD

Fig.5.10. Grain yield of top 5 promising wheat genotypes under
timely and late sown conditions.
TS-C: timely sown control condition, TSVSD - timely
sown vegetative stage drought condition
TSRSD: timely sown reproductive stage drought
condition; LS-C: late sown control;
LS-VSD: late sown vegetative stage drought; LS-RSD:
late sown reproductive stage drought

and iii) to devise suitable weed management strategy.

Out of which, first objective was undertaken in the

year 2019-20. From the study it was observed that

weeds of Poaceae family dominated in most of the

cropping systems taken under the study followed by Fig. 5.11. Study on weed seed bank
Amaranthaceae and Papilionaceae.

Further, frequency, dominance and abun-
dance of weed species viz. Cyperus rotundus (1.0,
24.0,24.0), Chenopodium album (1.0, 10.0, 10.0), Ana-
gallis arvensis (1.0,11.67, 11.67), Solanum nigrum (1.0.
42.0,42.0), Cichorium intybus (1.0, 15.0,15.0/1.0, 21.33,
21.33/1.0,99.67,99.67/1.0, 91.67,97.67) Alternanthera
paronychioides (1.0, 23.0, 23.0), Cynodon dactylon
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Pulses

Genetic Improvement for Yield and Biotic
Stress Resistance in Pigeon Pea Under East-
ern Plateau and Hill Region

Evaluation of long duration pigeon pea germ-
plasm

Based on four years of selection, the pigeon pea
lines IC 611683, IC 611232, IPA-203 and type-7 were
found suitable for cultivation under eastern plateau
and hill region. Among them, highest yield was
obtained in IPA-203 (Table 6.1). IPA-203 and Type-7
were long duration genotypes and IC 611683 and
IC 611232 were of medium duration which could be
harvested during December.

Table 6.1. Performance of promising genotypes of pigeon
pea (long duration)

Genotype Days to 50% Yield 100 seed
flowering (g/ha) weight (g)
IPA-203 145 21.77 9.37
Type-7 155 14.02 13.65
IC 611683 117 12.20 10.86
IC 611232 116 15.50 10.16

Evaluation of short duration pigeon pea germ-
plasm

Seven short duration genotypes collected from
ICRISAT, Hyderabad viz., ICPL-92047, ICPL-81-3,
ICPL-88034, ICPL-11318, ICPL-11303, ICPL-20327
and ICPL-20325 were evaluated in a replicated trial
(Table 6.2). ICPL-92047, ICPL-81-3, ICPL-88034 and

Table 6.2. Evaluation of promising genotypes of pigeon pea
(short duration)

Genotype Days Plant | Yield 100 seed |Shelling
to 50% | height | (q/ha) | weight %
flower- (m) (8)
ing
ICPL-92047 82.5 2.5 15.28 7.66 75
ICPL-81-3 92.0 2.5 12.00 7.03 64
ICPL-88034 91.0 2.8 12.17 | 991 75
ICPL-11318 55.0 1.9 6.11 8.08 79
ICPL-11303 67.5 2.1 7.64 8.86 75
ICPL-20327 65.0 2.0 9.33 8.01 75
ICPL-20325 73.0 2.1 12.55 8.10 78
C.D (0.05) 6.44 0.16 2.67 0.68 10.45
Ccv 5.02 554 | 31.61 | 16.93 8.90

g and maturity period of 144 days showed an yield
advantage over the best check ‘Pusa 1103" (1920 kg/
ha) by more than 15% under irrigated condition
(Table 6.3). In rainfed trial, the same entry ‘DBGC 3’
performed best and yielded 2234 kg with 100 seed
wt and maturity duration of 26 g and 141 days,
respectively. During the year 2019-20, there was
adequate and well distributed rainfall during crop
growing season, resulting in almost comparable yield
realization in irrigated as well as rainfed condition.

Table 6.3. Mean performance of promising chickpea
genotypes in irrigated and rainfed situations
under normal sown conditions

ICPL-20325 were found promising among the short Genotypes Irrigated condition Rainfed condition
duration group with respect to yield attributes and Yield | 100 |Maturity| Yield | 100 | Ma-
yield. (kg/ | seed | period | (kg/ | seed | turity
ha) |[wt(g)| (days) ha) |wt(g)| period
Chick (days)
1ckpea DBGC 1 2040 31 144 1979 | 31 140
Two station trials each comprising the same set DBGC 2 1843 | 32 142 | 1884 | 31 141
;)f 12 tre;tments iln.cluding 2 Chec:lc<1 Vari(ceiti]is (}ieleazed DBGC 3 2209 | 26 144 | 2234 | 26 | 141
ot nOI”[I .eaSt P ains) V.Vere con L.lC.te ot .un cr DBGC 4 1627 30 145 1991 | 28 141
normal irrigated and rainfed conditions (during the
3" week of November 2019) following randomized | Pus3372 | 1800 | 15 | 143 |1831| 14 | 140
complete block design (RCBD) in three replications | Pusa1103 | 1920 | 25 | 144 |1769 )| 25 | 141
to select the promising genotypes for the north east Pusa3043 | 1725 | 22 142 | 1843 | 22 | 139
plains zone (NEPZ) at ICAR RCER, Patna. The test LSD(0.05) | 198 | 2.12 1.32 189 | 161 | 045
entry ‘DBGC 3’ (2209 kg/ha), with test weight of 26
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Heat stress studies in chickpea

Two trials each with the same set of 12 genotypes
each in RCBD with three replications were sown on
January 02, 2020 to assess their performance for heat
and drought stress tolerance. In one trial was given
irrigation at branching stage. Due to intermittent rain
during seed-filling period, the second irrigation was
not provided. The second trial was kept completely
rainfed in order to observe the cumulative effects of
both heat and drought stress. Due to well distributed
rainfall and optimum cardinal growth temperatures
from mid of February to till first week of April, in-
dividual and cumulative effects of heat and drought
stress were not realized in terms of reduction in yield
and its component traits. The performance of the test
genotype ‘DBGC 4’ and the released cultivar ‘Pusa
3043" were comparable under heat stress and heat +
drought stress conditions (Table 6.4).

Table 6.4. Mean performance of promising chickpea
genotypes under heat stress condition

Table 6.5. Response of chickpea genotypes to phyllody under
different conditions

Genotypes Disease reaction under different conditions
Irrigated Rainfed
Pusa 256 Resistant Resistant
Pusa 547 Resistant Resistant
DBGC 1 Moderately Resistant
Susceptible
Pusa 3043 Resistant Resistant
DBGC 2 Moderately Resistant
susceptible
Pusa 372 Resistant Resistant
DBGC 3 Resistant Resistant
Pusa 1103 Resistant Resistant
DBGC 4 Resistant Resistant
KWR 108 Moderately Resistant
susceptible
GNG 1581 Resistant Resistant
ICC 4958 Highly resistant Highly resistant
]G 14 Highly resistant Highly resistant

Genotypes Irrigated condition Rainfed condition
Yield | 100 |Maturity| .,. 100 |Maturity
(kg/ | seed | period (122;11(11) seed | period
ha) |wt(g)| (days) wt (g) | (days)
DBGC 1 1652 | 26 108 1545 27 106
DBGC 2 1655 | 27 107 1098 31 106
DBGC 3 1552 | 24 106 1514 26 105
DBGC 4 1683 | 27 109 1879 28 108
Pusa 372 1661 | 16 106 1187 15 108
Pusa 1103 | 1761 | 24 106 1547 26 105
Pusa 3043 | 1894 | 22 106 1659 23 105
LSD (0.05) | 189 | 2.02 | 1.12 179 1.55 0.65

Screening of Chickpea genotypes against phyl-
lody disease under irrigated and rainfed condi-
tions with heat stress

Thirteen chickpea genotypes were screened
against chickpea phyllody under irrigated and rainfed
conditions with heat stress. Genotypes varied in their
response against the disease (Table 6.5). Most of the
genotypes viz. Pusa 256, Pusa 547, Pusa 372, DBGC
3, Pusa 1103, Pusa 3043, DBGC4 and GNG1581 were
showing resistance under irrigated as well as rainfed
conditions, however genotypes ICC 4958 and ]G 14
were highly resistant to phyllody under both the
conditions. DBGC 1, DBGC 2 and KWR 108 were
moderately susceptible under irrigated conditions
(Fig. 6.1).

Fig. 6.1. Phyllody symptoms in chickpea genotype DBGC 1

Performance of advance breeding lines in
AICRP/State trials

In chickpea, one entry each for timely sown con-
dition (DBGC 1) and rainfed condition (DBGC 4) were
put to IVT of AICRP on chickpea during 2019-20.
One entry ‘DBGC 1" has been promoted to AVT-I for
East Central Zone. One entry each in lentil (DBGL
105) and chickpea (DBGC 2) was put in the state
varietal trial during 2019-20.

Donor Registered

A pigeonpea “cleisto” genotype ‘RCEA 14-5" (IPA
203 x ICPL 87154) which have shown zero percent
natural crossing with yield at par with ‘IPA 203" has
been registered with National Bureau of Plant Genetic
Resources, New Delhi. The genotype ‘RCEA 14-5' has
been assigned the registration number INGR 20024.
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Performance of Advance Breeding Lines in
Wilt Sick Nursery

Four genotypes of chickpea (DBGC 1, DBGC 2,
DBGC 3 and DBGC 4) and three genotypes of lentil
(DBGL 62, DBGL 105 and DBGL 135) were put to
pathological trials for assessment of wilt reaction at
Tirhut College of Agriculture, Dholi (Muzaffarpur).
The data showed that all the genotypes of chickpea
and two genotypes of lentil appeared resistant to
moderately resistant against chickpea wilt and lentil
wilt, respectively (Table 6.6 & 6.7).

Table 6.6. Wilt reaction of chickpea genotypes at TCA, Dholi

(2019-20)
Test genotypes of chickpea | Mean wilting (%) | Wilt reaction
DBGC 1 7.56 R
DBGC 2 0.00 R
DBGC 3 10.99 MR
DBGC 4 0.00 R
]G 62 (S-check) 90.38 S

R: resistant; S: susceptible

Table 6.7. Wilt reaction of lentil genotypes at TCA, Dholi

(2019-20)
Test genotypes of lentil Mean wilting (%) | Wilt reaction
DBGL 62 21.25 MR
DBGL 105 13.83 MR
DBGL 135 38.73 S
Seohore 70-3 (S-check) 61.45 S

R: Resistant; S: Susceptible

Lentil

Two station trials, each comprising of 12 treat-
ments were conducted under normal sown condition
(3" week of November 2019) following randomized
complete block design (RCBD) in three replications
to select the productive lentil genotypes/varieties for
the north east plains zone (NEPZ) of Bihar. In the

first trial, three test entries, ‘'RCEL 16-4" (1830 kg/ha),
‘RCEL 16-5" (1717 kg/ha) and ‘RCEL 16-2" (1561 kg/
ha) excelled the best check "HUL 57’ (1249 kg/ha). In
the second trial, the variety "HUL 57" (1945 kg/ha)
followed by ‘DPL 62’ (1884 kg/ha), ‘KLS 218" (1864
kg/ha) and ‘IPL 220" (1844 kg/ha) excelled all other
lentil varieties (Table 6.8).

Heat stress studies in Lentil

Two trials each with the same set of 13 released
cultivars each in RCBD with three replications were
sown on January 03, 2020 to assess their performance
for heat stress tolerance. Other variables were almost
same as in chickpea. The performance of two culti-
vars, namely ‘IPL 406" and ‘IPL 220" were rated good
under the conditions of individual heat stress and
cumulative heat and drought stress. The details are
mentioned in the Table 6.9.

Table 6.9. Mean performance of promising lentil cultivars
under heat stress condition

Genotypes Irrigated condition Rainfed condition
Yield | 100 |[Maturity| Yield | 100 |Maturity
(kg/ |seed wt| period | (kg/ | seed | period
ha) | (g) | (days) | ha) |wt(g)| (days)
IPL 406 945 | 3.38 99 1072 | 3.47 100
KLS 218 928 | 2.03 96 663 | 2.19 96
IPL 220 917 | 2.13 97 892 | 2.03 97
IPL 316 767 | 2.67 98 595 | 2.60 97
DPL 62 700 | 2.97 99 871 | 3.17 100
Arun 639 | 2.49 96 650 | 2.48 95
DPL 15 613 | 2.56 96 389 | 2.36 97
LSD (0.05)| 109 | 0.12 0.72 99 | 0.15 0.75

Screening of lentil genotypes for resistance to
stemphyllum blight and rust

Twelve lentil genotypes were screened for dis-
ease resistance to Stemphyllum blight (Stemphylium
botryosum Walr.) and rust (Uromyces viciae-fabae) (Table

Table 6.8. Mean performance of promising genotypes and released cultivars of lentil under normal sown condition

Genotypes Yield (kg/ 100 seed Maturity Genotypes Yield (kg/ 100 seed | Maturity period
ha) wt (g) period (days) ha) wt (g) (days)
RCEL 16-2 1561 2.33 118 IPL 220 1844 2.45 118
RCEL 16-3 940 2.19 119 HUL 57 1945 2.10 116
RCEL 16-4 1830 2.39 117 IPL 316 1681 2.68 117
RCEL 16-5 1717 2.20 117 KLS 218 1864 2.18 117
HUL 57 1249 2.16 118 DPL 62 1885 3.01 120
IPL 220 1060 2.02 118 DPL 15 1671 2.77 117
Pusa Vaibhav 1065 1.97 121 Pusa Masoor-5 1609 2.04 116
LSD (0.05) 157 0.11 1.12 LSD (0.05) 136 0.13 1.02
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6.10). Out of twelve genotypes, nine genotypes (RCEL
16-2, RCEL 16-3, RCEL 16-4, RCEL 16-5, DBGL 62,
DBGL 105, IPL220, HUL 57 and Pusa Vaibhav) were
resistant to Stemphyllum blight, however, DBGL 135
was found susceptible. Two genotypes viz., RCEL 16-6
and RCEL 16-7 expressed highly susceptible reaction
to stemphyllum blight.Varible disease reactions were
observed against rust. IPL220 and Pusa Vaibhav were
resistant however RCEL 16-6 and RCEL 16-7 were
highly susceptible to rust disease (Fig. 6.2). Detail of
disease reaction of different lentil genotypes against
rust is given in Table 6.10.

Table 6.10. Response of lentil genotypes to stemphyllum
blight and rust

Genotypes Stemphyllum blight Rust
(Scale 1-9) (Scale 1-9)
Disease Disease | Disease Disease
score reaction score reaction

RCEL 16-2 2 R 4 MR
RCEL 16-3 2 R 4 MR
RCEL 16-4 1 R 2 R
RCEL 16-5 1 R 4 MR
RCEL 16-6 9 HS 7 HS
RCEL 16-7 9 HS 7 HS
DBGL 62 2 R 4 MR
DBGL 105 2 R 4 MR
DBGL 135 5 S 4 MR
IPL220 2 R 1 R
HUL 57 2 R 4 MR
Pusa Vaibhav 2 R 2 R

0: Highly resistant (HR), 1-2: resistant (R), 3-4: moderately resis-
tant (MR), 5-6: susceptible, = 7: Highly susceptible

Fig. 6.2.(a) Symptom of Stemphyllum blight and rust
on susceptible genotype of lentil; (b) Field view
of Stemphyllum blight resistant and susceptible
genotypes of lentil.

Evaluation of lentil genotypes for resistance to
stemphyllum blight and rust

Twelve lentil genotypes were screened for resis-
tance against Stemphyllum blight and rust in varietal

trail. Most of the genotypes (DPL 15, DPL 62, HUL 57,
IPL 220, IPL 316, IPL 406, KLS 218 and Pusa Vaibhav)
were resistant to Stemphyllum blight. Rest of the
genotypes showed variable disease reaction like K
75 and Arun (moderately resistant); Pusa Masoor 5
(susceptible) and Ranjan (highly susceptible). Except
three genotypes (HUL 57, Arun and Ranjan), all the
tested genotypes were resistant to rust under field
conditions. Details of Stemphyllum blight and rust
reaction to different lentil genotypes are given in
Table 6.11.

Table 6.11. Response of lentil genotypes to Stemphyllum
blight and rust in varietal trial

Genotypes Stemphyllum blight Rust
(Scale 1-9) (Scale 1-9)
Disease Disease Disease Disease
score reaction score reaction
DPL 15 2 Resistant 2 Resistant
DPL 62 2 Resistant 2 Resistant
HUL 57 2 Resistant 3 Moderately
Resistant
IPL220 2 Resistant 2 Resistant
IPL 316 2 Resistant 2 Resistant
IPL 406 2 Resistant 2 Resistant
KLS 218 2 Resistant 2 Resistant
K75 3 Moderately 2 Resistant
Resistant
Arun 3 Moderately 3 Moderately
Resistant Resistant
Pusa Masoor 5 5 Susceptible 2 Resistant
Pusa Vaibhav 2 Resistant 2 Resistant
Ranjan 9 Highly sus- 5 susceptible
ceptible

0: Highly resistant (HR), 1-2: resistant (R), 3-4: moderately
resistant (MR), 5-6: susceptible, = 7: Highly susceptible

Response of lentil genotypes to stemphyllum
blight under heat stress conditions

Two experiments, one each in irrigated and rain-
fed conditions were conducted to screen the thirteen
lentil genotypes against Stemphyllum blight. Geno-
types were categorized on 0-9 scale. DPL 15, DPL
62, IPL220, IPL 406 showed resistant reaction under
both the conditions (irrigated and rainfed), however,
IPL 316, KLS 218 and Pusa Vaibhav were moderately
resistant. HUL 57 was moderately resistant in rainfed
conditions but moderately susceptible under irrigated
conditions. DBGL 135 and Ranjan showed highly
susceptible reaction under irrigated as well as rainfed
conditions. Details of Stemphyllum blight reaction
to different lentil genotypes are given in Table 6.12.
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Table 6.12. Lentil genotypes and disease reaction in response
to stemphyllum blight

Genotypes Heat stress
Irrigated Rainfed
Disease | Disease Disease Disease
score reaction score reaction

DBGL 135 9 HS 7 HS
DPL 15 2 R 2 R
DPL 62 2 R 2 R
HUL 57 5 MS 3 MR
IPL220 2 R 1 R
IPL 316 3 MR 3 MR
IPL 406 2 R 1 R
KLS 218 3 MR 3 MR
K75 5 MS 5 MS
Arun 5 MS 5 MS
Pusa Masoor 5 5 MS 5 MS
Pusa Vaibhav 3 MR 3 MR
Ranjan 9 HS 9 HS

0: Highly resistant (HR), 1-2: resistant (R), 3-4: moderately
resistant (MR), 5-6: susceptible, = 7: Highly susceptible

Field Evaluation of Trichoderma lIsolates
against Wilt Complex in Chickpea and
Lentil

Nineteen Trichoderma spp were isolated from soil
collected from root zone of different crops/plants
from different locations in Patna and adjoining
areas. Based on radial growth, siderophore produc-

tion ability and dual plate culture against Fusarium
spp, Rhizoctonia solani and Sarocladium oryzae, four
isolates (T16, T17, T18 and T19) have been found
most efficient in vitro. Futher efficacy of these four
isolates were tested under field conditions in lentil
(Var: Sehore Local and HUL 57) and chickpea (Var:
JG 62 and L550) against wilt complex diseases. Seed
treatment was done with Trichoderma @ 10 g/kg seeds
before sowing of crops. To compare efficacy, seeds
treated with Iprovalicarb 5.5% +Propineb 25% @ 0.2%
and untreated seeds (control) were also sown and
disease incidence (mortality %) was recorded at 30
DAS, 50 DAS and 70 DAS (Table 6.13). Isolates T18
and T19 were found most effective where disease
incidence was significantly lower as compared to con-
trol. However their efficacy was lesser than chemical
fungicide (Iprovalicarb 5.5% +Propineb 25%).

ICARDA Nursery (2019-20)

Under the project “Development of nutrient rich
lines of pulse legumes for eastern India”, a total of
72 breeding lines in chickpea and 50 breeding lines
in lentil were procured from ICARDA through its re-
gional Centre, Bhopal during 2019-20. These advance
breeding lines were grown as per design and layout
provided by ICARDA. During the year, a total of 18
promising lines of chickpea (Table 6.14) and 16 lines
of lentil (Table 6.15) were selected based on yield and
yield attributes (days to flowering, maturity period
and seed size). Seeds of these genotypes were also
analyzed for micronutrient contents.

Table 6.13. Field evaluation of Trichoderma isolates against wilt complex in chickpea and lentil

Lentil Chickpea
Treatments Mortality (%) due to wilt Treatments Mortality (%) due to wilt complex
complex diseases diseases

30 DAS| 50 DAs | 70 DAS 30DAs | 50DAS | 70Das
Variety: Sehore local Variety: ]G 62 (Desi type)
T16 470 | 18179 | 24.23* | | T16 522> | 929" 13.72¢
T17 5.14° | 17.53% | 22.00° | | T 17 496> | 7.25° | 11.79°
T18 418" | 14.51°| 19.13° | | T 18 3.70" | 5.55% | 10.32°
T19 419" | 12.34* | 17.50° | | T 19 3.60" | 5.21* | 10.05®
Iprovalicarb 5.5% + Propineb 25% | 3.31* | 9.90% | 12.10° Iprovalicarb 5.5% + Propineb 25% | 2.95% 5.14% 8.40°
Control 7.63° | 25.39° | 39.65° | | Control 6.50° | 12.69° | 20.11¢
Variety: HUL-57 Variety: L 550 (Kabuli type)
T 16 6.91° | 16.04° | 20.51° | [T 16 5.14b°| 9.20° | 15.69°
T17 7.00° | 14.96° | 17.62" | | T17 4.84b° | 897" | 15.28°
T18 6.59™ | 13.19" | 17.67° | | T 18 460 | 832" | 14.61°
T 19 5.53% | 12.44° | 15.59° | | T 19 3.61" | 7.89" | 13.60°
Iprovalicarb 5.5% +Propineb 25% | 5.12% | 9.87% | 11.14° Iprovalicarb 5.5% + Propineb 25% | 2.56° 6.08" 8.33%
Control 8.83% | 21.44% | 30.01% | | Control 6.13° | 13.79° | 22.59°

DAS: Days after sowing; T16, T17, T18 & T19 are Trichoderma isolates
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Table 6.14. Promising lines of chickpea selected from
ICARDA nursery

Table 6.15. Promising lines of lentil selected from ICARDA
Nursery

Grain Zn Cu Fe Mn

yield |(ppm)|(ppm) |(ppm)|(ppm)
(kg/ha)

Designation of
genotypes

Grain Zn Cu Fe Mn

yield |(ppm)|(ppm)|(ppm)|(ppm)
(kg/ha)

Designation of geno-
types

FLIP13-353C (13122)
ILC482 (13125)
FLIP13-82C (13126)
FLIP13-233C (13127)
FLIP13-138C (13128)
FLIP13-171C (13131)
FLIP13-292C (13132)
FLIP13-273C (13134)
FLIP13-246C (13135)
FLIP13-352C (13222)
FLIP 82-150C (13225)
FLIP13-265C (13226)
FLIP88-85C (13227)
FLIP13-243C (13228)

1167 64 7 89 8
1677 49 26 57 7
1750 48 31 19 17
1333 34 12 54 10
1228 45 8 85 2
1222 47 34 28 12
1483 39 23 52 12
1117 57 35 65 11
1472 31 3 75 14
1861 32 31 44 3
1439 31 30 41 12
1445 33 34 15 10
1711 63 9 68 2
1672 62 48 79 21

LIRL-21-50-1-1-1/DPL | 947 | 60 | 16 | 107 | 7
62/10-1 (59001)

7978/ILWL 118/1-2 840 | 88 | 15 | 44 | 14
(59016)
8114/10956/11-4 667 | 88 | 20 | 59 | 9
(59017)
x2013_166 _8 (59021)| 693 | 70 | 16 | 67 | 16
ILL4605 (59023) 813 | 67 | 20 | 57 | 2

6002/LIRL-21-50-1-1- | 1073 59 25 100 16

1/17-7 (59024)
99/209/LIRL-22- 987 | 99 | 24 | 104 | 6
107/4-4 (59025)

LIRL-21-50-1-1-1/DPL
62/10-1 (59034)

8114/10956/24-7 993 | 82 | 33 | 69 | 30
(59036)

1020 8 10 90 2

FLIP13-187C (13231)
FLIP13-233C (13232)
FLIP13-254C (13234)
FLIP13-288C (13235)

1445 35 13 54 6
1617 52 31 61 17
1639 51 33 62 14
1783 56 3 88 10

*Figures in parentheses indicate ICARDA plot number.

Breeding Materials and Germplasm Main-
tained during 2019-20

The advance breeding lines (DBGC 1, DBGC 2,
DBGC 3, DBGC 4, RCECK 15-1, RCECK 15-2, RCECK
15-3 and RCECK 15-4), ICRISAT germplasm line
(ICC 4958) and released Desi germplasm (Pusa 256,
Pusa 372, Pusa 547, Pusa 1103, Pusa 3043, KWR 108,
JG 14, ]G 16, GNG 1581 and GNG 2299) and Kabuli
(IPCK 2002-29 and Pusa 1003) of chickpea varieties
were grown and maintained. In addition, 3 advance
breeding lines (each selected from a separate F, bulk
received from IARI, New Delhi) were also grown.

In lentil, 18 advance breeding lines and 17 re-
leased varieties were grown, purified and maintained.
A “super early” advance breeding line ‘RCEL 16-1’
(ILWL 118 x DPL 58) that started flowering from 40
days after sowing and matured in about 90 days was
grown and multiplied for further evaluation in station
trial in rabi season of 2020-21. This super early line has
also shown field resistance to Stemphyllum blight that
infected most of the early lentil genotypes including
an earliest maturing lentil cultivar ‘Ranjan’ during
2019-20. Besides, three individual plant progenies
from a local land race ‘Gopalpur Local’ were also
grown, purified and maintained.

6002/LIRL-21-50-1-1- | 680 | 89 | 27 | 62 | 13
1/24-1 (59037)

6994/10141/4-1 740 | 82 | 16 | 102 | 17
(59042)
10848/DPL 62/15-3 1813 | 70 | 33 | 106 | 21
(59043)
7978/ILWL 118/1-2 800 | 74 | 15 | 54 | 1
(59045)

6002/LIRL-21-50-1-1- | 773 | 72 | 6 | 23 | 6
1/17-7 (59047)

6002/LIRL-21-50-1-1- | 887 | 99 | 31 | 81 | 10
1/17-5 (59049)

LIRL-21-50-1-1-1/DPL | 767 | 44 | 20 | 92 | 4
62/7 (59050)

*Figures in parentheses indicate ICARDA plot number.

In grass pea, three low ODAP (< 0.15%) released
cultivars (Ratan, Prateek and Mahateora), eight ad-
vance breeding lines including one low ODAP line
‘RCEGP 16-1" and three local land races were grown,
purified and rejuvenated. Among low ODAP culti-
vars, ‘Ratan’ appeared to be more competitive and
high yielding than the remaining two cultivars ‘Pra-
teek’ and ‘Mahateora” under field condition. How-
ever, local land races appeared more competitive, and
were relatively less affected by powdery mildew and
showed less aphid infestation under field condition.

Pulse Seed Hub

Under the aegis of NFSM funded Mega Project
on “Creation of seed hubs for increasing indigenous
production of pulses in India”, breeder seed produc-
tion of pigeonpea (IPA 203) and chickpea (Pusa 3043)
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was taken up at ICAR RCER, Patna and KVK, Buxar,
respectively. Quality seeds of other category (F/S, C/S
and T/L) were also produced for selected varieties in
lentil, chickpea, mungbean, urdbean and pigeonpea.
Details of quality seeds produced are mentioned in
the Table 6.16. During the year, newly constructed
seed processing hall cum seed storage godown was
inaugurated by Dr Punjab Singh, Hon’ble Chancellor
of RLBCAU, Jhansi, Uttar Pradesh.

Table 6.16. Quality seeds of pulses produced under Pulse
Seed Hubs during the

Crop Variety Class of seed Quantity
(tonnes)
Lentil HUL 57 C/S, T/L 5.50
PL8 T/L 1.00
IPL 220 Nucleus, T/L 0.30
Chickpea | Pusa 3043 Nucleus 0.10
Pusa 3043 B/S 0.15
Pusa 3043 T/L 1.60
RVG 202 F/S 7.00
Shubhra Nucleus, T/L 0.15
Pigeonpea | IPA 203 Nucleus 0.02
B/S 2.00
Mungbean | Samrat T/L 0.60
IPM 02-14 T/L 0.05
Urdbean Uttara T/L 0.01
[PU 02-11 Nucleus 0.01
Total 18.49

B/S: Breeder seed; F/S: Foundation seed; CS: Certified seed;
T/L: Truthfully labelled seed
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7.

Fruits

Performance of Small Seeded Litchi
Selection CHL-8 under Eastern Plateau and
Hill Region

A superior small seeded litchi selection CHL-8
was evaluated under rainfed condition for its qual-
ity and yield. The fruit weight (21.23g) was found
significantly higher in CHL-8 than the litchi cultivar
Bedana. The fruit length, peel percentage, seed per-
centage, average seed weight and pulp percentage
were found similar in both the varieties. The juice
percentage was significantly higher in CHL-8 (44.14
%) than Bedana (39.98 %). Moderately resistance to
fruit borer was found to be the major advantage of
CHL-8 over Bedana which is susceptible to fruit borer.
The fruit yield of CHL-8 was 20-22 kg/plant as against
16-18 kg/plant in Bedana (Table 7.1 & Fig. 7.1).

Table 7.1. Comparison of CHL-8 and Bedana variety of

litchi.
Characters Bedana (Control) CHL-8
(mean + SD) (mean+SD)
Fruit weight (g) 18.15°+2.21 21.23%+1.30
Fruit length (mm) 30.31°+1.46 31.22°+0.98
Fruit diameter (mm) 32.94°+1.27 34.63°+0.99
Peel % 19.63"+1.92 17.55°+1.38
Seed % 7.66°+2.43 7.30°+2.61
Average seed weight (g) 1.38°+0.44 1.56°+0.57
Pulp % 72.71°+3.61 75.15°+3.46
Juice % 39.98°+0.88 44.14°+1.81
TSS (°B) 17.2°+0.07 17.8°+0.05
Fruit borer Susceptible Mod. resistant
Yield (kg/plant) 16-18 20-22

Improving Bearing Potential of Litchi
Through Girdling of Primary Branches

Irregular bearing is a major constraint of China
group of Litchi. Occurrence of late vegetative flush-
ing in autumn or winter, with insufficient degree
of dormancy has been attributed to this problem.
The investigation was undertaken with objectives to
study the effect of different girdling size on inducing
regular bearing, improving the bearing potential and

Fig. 7.1. Fruits of CHL-8 and Bedana of small seeded litchi

cultivar China. Based on the result of four years of
study (2015 to 2019), girdling at 4 mm width on 50%
primary branches during 1st week of September or af-
ter appearance of second vegetative flushes, produced
regular flowering and fruiting without affecting the
fruit quality in litchi (Fig. 7.2). The highest flower-
ing (41.66%), fruit yield (50.30 kg/tree) and B:C ratio
(2.91) were obtained with Girdling of 50% of primary
branches with a width of 4mm (Table 7.2). Based on
the performance of four years, the technology was

recommended for farmers by ICAR-AICRP on Fruits.

Bagging of litchi bunches for quality
fruits

Fruit cracking, sun burning and borer infesta-
tion are the major problem in litchi production in all
litchi growing regions. The present investigation was
undertaken during 2017 to 2019 on litchi cv. Shahi
with objective to study the effect of bagging on fruit
cracking, sun burning and borer infestation. Pooled
analysis of three years of data indicated that bunch

Fig. 7.2. Flowering in girdled tree and new flush in non-
increase in yield and quality of litchi fruits in litchi girdled litchi tree
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Table 7.2. Effect of girdling on yield and B:C ratio of litchi cv. China at Ranchi

Treatments 2015 2017 2018 2019 Pooled yield | Pooled |B:C ratio| Healing pe-
(ON year) |(OFF year)|(ON year) | (OFF year)| (kg/plant) |yield (t/ha) riod (days)
T1 (25% PB +2mm G) 45.52 7.89 43.67 15.40 28.12 2.81 1.63 40-45
T2 (50% PB + 2mm G) 48.74 2543 46.29 22.31 35.69 3.57 2.06 40-45
T3 (25% PB + 4mm G) 52.46 11.98 55.94 17.51 34.47 3.45 1.99 110-125
T4 (50% PB + 4mm G) 65.23 33.80 70.40 31.77 50.30 5.03 291 110-125
T5 (25% PB + 6mm G) 40.82 11.66 44.98 16.89 28.59 2.86 1.65 150-160
T6 (50% PB + 6mm G) 53.53 24.92 58.76 25.40 40.65 4.07 2.35 150-160
T7 (control) 38.35 4.09 42.27 12.27 24.25 242 1.44 =
CD at5 % 424 3.98 5.16 2.12 451 0.45 - -
SEmz+ 3.56 1.28 1.66 0.68 1.84 0.18 - -

bagging with polypropylene bags (pink coloured) 25
days after fruit set resulted in significantly higher
fruit weight (21.82g), fruit yield (46.78 kg/tree) and B:
C ratio (3.26) (Table 7.3). Incidence of sunburn, borer
infestation and cracking were significantly lower in all
bagging treatments in comparison to control. During
all the three years of study, highest sunburn were
recorded in control. The total anthocyanin content of
litchi peel was higher in all the bagging treatments
with pink coloured polypropylene bags than that in
white coloured bags (Fig. 7.3). Based on the three
years of performance the technology was released
by ICAR-AICRP on Fruits.

Evaluation of subtropical peach varieties

Fig. 7.3. Bagged bunches on litchi tree

Table 7.4. Performance of subtropical peach varieties for
yield and quality parameters

under Eastern Plateau and Hill Region Varieties Fruit | Fruit | Fruit |Pulp|TSS| Yield
weight|length [diameter| % |(°B)| (kg/
Five subtropical peach varieties were evaluated (g | (mm) | (mm) plant)
under rainfed condition of eastern plateau and hill Early Grand | 93.23 | 5720 | 56.10 |91.77]13.3] 27.50
for yield and quality parameters. The highest fruit Prabhat 6282 | 4880 | 4780 |93.020142| 17.63
weight, length, diameter were obtained in Early o e r o 1™ 60 (9344|125 | 5125
Grand variety. The fruit pulp (93.44%), TSS (12.5°B)
and yield (31.25kg/plant) were found higher in the Pratap 69.99 | 53.90 | 49.60 |90.56|11.7| 1475
variety Florida Prince. Based on fruit yield and qual- N2 W7g | sE U || hsh PR IS EED
ity, variety Florida Prince and Early Grand performed SEm + 1.50 | 0.95 0.79 | 161 |0.22| 2.06
better than other varieties (Table 7.4 & Fig. 7.4). CD at 5% 498 | 2.72 227 | NS |0.73| 6.42
Table 7.3. Effect of bunch bagging on fruit quality and yield at Ranchi
Treatment Fruit Fruit sun- |  Fruit borer Fruit |Yield (kg/| Pericarp anthocyanin | B:C ratio
cracking (%)| burn (%) | infestation (%) | weight (g) | tree) content (mg/100g)
T1 (PPW + 15 DAFS) 4.93 3.66 1.00 19.52 39.08 62.99 2.65
T2 (PPW + 25 DAES) 6.11 4.64 0.67 19.93 46.55 61.58 3.24
T3 (PPW + 30 DAFS) 6.61 5.44 0.67 17.89 38.24 61.18 2.57
T4 (PPP + 15 DAFS) 3.54 2.79 1.17 21.60 43.78 73.48 3.05
T5 (PPP +25 DAES) 4.67 3.92 1.00 21.82 46.78 75.80 3.26
T6 (PPP + 30 DAFS) 5.16 4.32 0.33 20.25 44.37 74.02 3.09
Control 21.45 19.51 15.70 16.87 30.32 74.19 2.11
CD (5 %) 3.11 2.89 1.64 2.25 3.87 4.53 2.65
PPW: Polypropylene white, PPP: Polypropylene pink, DAFS: Days after fruit set
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Collection, Evaluation and Development of
Bacterial Wilt Resistant (BWR) Germplasm
of Brinjal

Evaluation of BWR germplasm

Four promising genotypes of brinjal found prom-
ising during the previous year were evaluated for
yield and yield characters (Table 8.1). The highest fruit
yield was recorded in HAB-915 and based on the per-
formance, HAB-915 (RCBR-22) was submitted under
Round Varietal trial of IET ICAR-AICRP(VC) 2019.
Individual plant selection of F, and F, generations
of Swarna Shyamali x Swarna Pratibha was carried
out for wilt resistance and non spiny fruit character.

Table 8.1. Evaluation of promising genotypes of brinjal

Genotype | Yield |Days to 50%| Fruit shape and colour
(t/ha) | flowering

IC 545901 44.90 46.50 Long purple, green calyx
IC 545901-1 | 39.75 45.50 Long dark purple

IC 261786 40.56 41.50 Long green, green calyx
HAB-915 49.66 43.25 Round green stripes,

green calyx

cv 14.93 7.75
Evaluation of BWR F s

Best performing five F, hybrids i.e., Swarna Ab-
hilamb x IC-545901, IC-261786 x IC-545901, HAB-906
x 1C-545901, HAB-905 x IC-545901 and HABR-6 x
IC-545901 selected from previous experiments were
evaluated for yield, fruit characters and bacterial wilt
resistance in field conditions (Table 8.2). The highest
yield was recorded in IC 261786 x IC-545901 and the
F, hybrid IC 261786 x IC-545901 (RCBLH-21/ Long
Hybrid) was submitted under IET ICAR-AICRP(VC)
2020 for multi-location testing.

Genetic Enhancement of Tomato for Nema-
tode and Bacterial Wilt Resistance through
Molecular Markers

Evaluation of promising BWR F s

Promising bacterial wilt resistant and nematode
tolerant crosses of tomato viz., Swarna Lalima x
HAT-311 (RCDTH-15/ Determinate Hybrid) (Fig.

Table 8.2. Performance of promising F, hybrids of brinjal
Genotype Yield Days to Fruit shape
(t/ha) | 50% flow- and colour
ering
Swarna Abhilamb 58.00 43.75 Long purple,
x IC 545901 green calyx
IC 261786 x IC 56.00 43.50 Long purple,
545901 green calyx
HAB-906 x IC 51.28 44.0 Long purple,
545901 green calyx
HABR-905 x IC 51.13 44.25 Long dark
545901 purple
HABR-6 x IC 63.28 43.50 Oblong
545901 purple
C.V. 8.60 6.59
F test S NS

8.1) under IET ICAR-AICRP(VC) 2019, HAT-296
x HAT-310 (RCDTH-21/ Determinate Hybrid) and
HAT-296 x HAT-311 (RCDTH-11/ Determinate Hy-
brid) under IET AICRP(VC) 2020 (Table 8.3) were
submitted for multilocation testing. Among six
promising germplasm tested for yield and bacterial
wilt resistance, RCDT 1608 (49.43 t/ha) was submitted
for multilocation testing under AICRP(VC) 2019-2020
in Determinate Varietal trial

Fig. 8.1. Swarna Lalima x HAT-311

Table 8.3. Performance of promising F, hybrids of tomato

Crosses Yield (t/ha)
HAT-296x HAT-310 45.79
Swarna Lalima x HAT-311 55.02
HAT-296 x HAT-311 63.37
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Garden pea

Under the garden pea (Early) AVT-I trial of
ICAR AICRP (VQC), out of seven entries tested, the
entries 2018/PEVAR-5 (16.69 t/ha) and 2018/PEVAR-3
(13.72 t/ha) were found promising in respect of
marketable green pod yield. Under the AVT-II, out
of six entries tested, the entries 2017/PEVAR-5 (16.40
t/ha) and 2017/PEVAR-6 (16.04 t/ha) were found
promising in respect of marketable green pod yield.

Out of eight entries tested under garden pea
(Mid) AVT-], the entries 2018/PMVAR-6 (18.12 t/
ha) and 2018/PMVAR-7 (15.00 t/ha) were found
promising in respect of marketable green pod yield,
while out of seven entries tested under AVT II, 2017/
PMVAR-5 (18.57 t/ha) and 2017/PMVAR-6 (15.82 t/
ha) were found promising in respect of marketable
green pod yield.

Under the garden pea (Edible pod) AVT-L out of
seven entries tested, 2018/PEDVAR-1 (23.32 t/ha) and
2017/PEDVAR-2 (18.17 t/ha) were found promising in
respect of marketable edible green pod yield.

French bean

Under the French bean (Pole) AVT-I], out of sev-
en entries tested, 2017/FBPVAR-7 (20.57 t/ha), 2017/
FBPVAR-2 (19.43 t/ha) and 2017/FBPVAR-5 (18.73 t/
ha) were found promising in respect of marketable
green pod yield.

Dolichus bean

Out of seven entries tested under Dolichos bean
(Bush) AVT-II, 2017/DOLBVAR-2 (35.69 t/ha) and
2017/DOLBVAR-5 (35.66 t/ha) were found promising
in respect of marketable green pod yield whereas
under AVT I, out of the three entries tested, 2018/
DOLBVAR-2 (39.67 t/ha) and 2018/DOLBVAR-4 (30.12
t/ha) were found promising in respect of marketable
fresh pod yield.

Under the Dolichos bean (Pole) AVT-I, out of
eight entries tested, 2018/DOLPVAR-8 (38.59 t/ha)
performed the best in respect of marketable fresh pod
yield, while under AVT-II, out of four entries tested,
2017/DOLPVAR-5 (28.36 t/ha) and 2017/DOLPVAR-3
(27.19 t/ha) were found promising in respect of mar-
ketable fresh pod yield.

Genetic Resource Management in Vegetable
Crops

Nucleus seed production of 15 released and 16
pre-released varieties of leafy, underutilized
and legume vegetables

Nucleus seeds of released varieties of garden
pea Swarna Amar (36 kg) and Swarna Mukti (7 kg),

snow pea Swarna Tripti (27 kg), bush type French
bean Swarna Priya (18 kg), pole type French bean
Swarna Lata (10 kg), pole type vegetable cowpea
Swarna Sweta (0.5 kg), Swarna Harita (5.5 kg) and
Swarna Suphala (1.5 kg), bush type vegetable cowpea
Swarna Mukut (4 kg), pole type photosensitive
lablab/dolichos bean Swarna Utkrisht (2.5 kg), pole
type photo-insensitive lablab bean Swarna Rituvar
(2.5 kg), vegetable soybean Swarna Vasundhara (47
kg), pole type lima bean Swarna Poshan (15 kg),
vegetable Faba/winter bean Swarna Safal (27 kg)
and leaf amaranth Swarna Raktim (2.6 kg) were
produced for maintenance. Nucleus seeds of pre-
released varieties of vegetable cowpea HACP-3 (1
kg), HACP-24 (2 kg), HACP-30 (1.2 kg), HACP-56
(1.5 kg), HACP-57 (2.5 kg) and HACP-65 (2 kg),
early peas HAEP-1 (12 kg) and HAEP-2 (8 kg),
bush type pencil bean HAFB-7 (30 kg), pole type
photo-insensitive lablab/dolichos bean HADB-32 (15
kg) and HADB-119 (3 kg), leaf amaranth HAMTH-13
(4.2 kg) and HAMTH-21 (1.3 kg), Faba bean HAVFB-37
(37 kg), Basmatic vegetable soybean AGS-458 (78 kg)
and pole type French bean HAPB-5 (10 kg) were
produced for maintenance and demonstration trials.

Maintenance of germplasm lines of legumi-
nous, under-utilized and leafy vegetables

Germplasm lines of garden pea (78), bush type
French bean (36), pole type French bean (32), cowpea
(29), lablab/dolichos bean (26), vegetable soybean
(31), winged bean (11), sword bean (2), velvet bean
(3), cluster bean (1), jack bean (1), lima bean (2),
mung bean (9), rice bean (2), black gram (26), horse
gram (22), lai sag (7), Chinese cabbage (1), palak (2),
fenugreek (2), coriander (2), bathua (3), Faba bean
(28), vegetable pigeon pea (7) and yam bean (2) were
maintained.

Enhancing Nutritional Security of Rural
Households through Vegetable Based Nutri
Garden in Bihar

Nutri-garden models of 100 m* (no. of family
members-4) and 200 m? (no. of family m