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It gives me immense pleasure to bring out the
tenth Annual Report of ICAR Research Complex for
Eastern Region, Patna. The institute undertakes
multi-commodity and multi-disciplinary research so
as to enhance productivity of agricultural produc-
tion system.

In crop science sector, experiments are being
conducted on abiotic stress management in rice and
wheat. For achieving the goal of food security, em-
phasis is being given on conservation agriculture
and cropping patterns.

To promote vegetable crops cultivation,
Swarna Dipti variety of tomato, Swarna Suruchi of
pointed gourd, Swarna Mukut of cowpea (bush
type) and S. Rituvar of photoinsensitive Lablab bean
have been released by Institute Variety Release Com-
mittee (IVRC). Seven bacterial wilt resistance lines
of brinjal have been identified and propagated for
plateau region. Five hybrid tomato lines have also
been developed which are gaining popularity
among the farmers. In order to ensure the supply
of quality planting material in horticulture, a total
of 3.94 tonnes of breeder seed was produced for
different vegetable crops.

In fruit crops, out of 109 genotypes of mango
conserved in the field gene bank, Himsagar and
ICAR-RCER-R3P2 have been found most promising
cultivars. Out of 29 genotypes of litchi being
screened, the cv. Trikolia and late Bedana have been
found most suitable for the region. Likewise, out
10 genotypes of Sapota cv. Murabba have been
found most promising for plateau region of

Jharkhand. The ultra high density orchard of guava
(Allahabad Safeda) is gaining popularity among dif-
ferent stakeholders.

In fishery and livestock sector, Jayanti Rohu
could be successfully reared in composite culture.
Technology has also been standardized for prawn
culture in fresh water. Quality fish seed production
has been given due importance and the fish finger-
lings are being produced in participatory mode.
Since, Eastern region of India has 31.0% goat popu-
lation, genetic improvement in goat (Black Bengal)
is being carried out at the Complex.

Preface

The Eastern Region of India has about 70%
marginal farmers having land operational holdings
less than one ha. Hence, the viable integrated farm-
ing system models have been developed and repli-
cated in farmers’ field for food and nutritional se-
curity. Different cropping system have also been
evaluated and rice-tomato-bottle gourd, followed
by rice-cabbage-cowpea cropping system has been
found most suitable for irrigated agro-eco system.
Technology has been generated for makhana culti-
vation in rice fields. Further, makhana-fish-water
chestnut system has been developed for farming par-
ticularly in Darbhanga, Madhubani, Supaul, Katihar,
Purnea, Ararea etc. districts of Bihar. Efforts have
been made to increase the water productivity from
0.37 to 0.60 kg/m?, besides conducting 15 training
programmes on scaling up of water productivity.

Since, Second Green Revolution is only pos-
sible from Eastern India, we are fully aware to re-
orient the research priorities particularly during X1I*
Five Year Plan period.

I acknowledge the consistent support, keen
interest and guidance received from Dr. S. Ayyappan,
Secy. DARE and Director General, ICAR in order to
implement various research and extension activi-
ties. The encouragement, valuable guidance and
support rendered by Dr. A K. Singh, DDG (NRM)
during the period under report is duly acknowl-
edged. I am equally thankful to Dr. J.C. Dagar, ADG
(Agronomy) and Dr. PS. Minhas, ADG (Soil and
Water Management) ICAR for their support and co-
operation from time to time. All Heads of the Divi-
sions/Research Centres deserve appreciation for
submitting their research findings in time. The ef-
forts of Dr. R.D. Singh, Head, RCMS, Dr. (Mrs.)
Shivani, Sr. Scientist (Agron.), and secretarial assis-
tance by Mr. Kishan Singh and Mr. Sarfaraj Ahmad
in bringing out the report is also appreciated.

(B.P Bhat)
Director, ICAR-RCER
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Characterization of different land uses in old
alluvium of agro-ecological region no. 9 of south
Bihar was conducted on the basis of different indi-
ces of soil quality. Mango orchard was the best land
use with high score of relative soil quality index
value of 81, followed by rice-wheat-fallow (72), agro-
forestry (68) and sugarcane (63). Two lands use
namely maize-potato-fallow and red gram with rela-
tive soil quality index value of 59 and 53, respec-
tively, were categorized under moderate category
of soil quality.

Impact of climate change on major crops of
Bihar indicated that by the year 2080 there might
be decline in rice and wheat yield. However, rabi
maize yield could increase substantial by more than
30%.

Adaptive trial was taken to assess the suitability
of molecules for weed control under Zero Till Di-
rect Seeded Rice (ZTDSR) and it was observed that
Bispyriback sodium was most effective molecule
to control the weeds after 25-30 days under ZTDSR.

One hundred and twenty advance breeding
lines of rice have been evaluated for drought and
sub-mergence tolerance. Ten lines (IR 55419-04,
APO, IR 77298-14-1-2-10, IR82870-11, IR 83387-B-
B-40-1, IR 83895-B-127-CRA-22-1-1, IR83895-B-127-
CRA-4-1-1, IR 83895-B-127-CRA 4-1-1, Abhishek &
Lalat) exhibited better tolerance to drought. In case
of sub-mergence stress, Swarna Sub-1 performed
better compared to other varieties.

The experiment conducted in open top cham-
ber exhibited that with the enhanced conc. of CO,
and following resource conservation technology,
there was increase in the rice yield. However, the
increase in the temperature by 1°C reduced the rice
productivity even after following the conservation
methods.

In case of wheat, Raj 4201 and Raj 4205 exhib-
ited promising characteristics for heat tolerance
compared to Ko 807 and Ko 808.

The experiment conducted to find out the
effect of transplanted maize on growth and yield

:

Executive Summary

parameters indicated that five week old seedlings
were most suitable for transplantation and yield per-
formance (5.3 t/ha).

Growth and yield attributes of 71 accessions of
Faba bean (Vicia faba) were evaluated and 2
genotypes (BP-14 and BP-23) have been found most
promising.

In case of pigeon pea, 38 entries were evalu-
ated. Based on the grain yield, BSMR-736 (3.72 t/
ha), followed by ICPL-87 (3.65 t/ha) and Manak
(3.62 t/ha) have been found most suitable for culti-
vation in irrigated ecosystem.

There was paradigm shift in case of insect pest
population in rice fields and it was observed that
long dry spell, particularly during July and August,
checked the leaf hopper population significantly.
Accordingly, the termite damage was recorded to
be 6.77% and 8.67%, respectively, in hills of BPT-
5204 and aerobic varietal trials.

Continues drought like situation for last two
years resulted into the growth of new insect pest in
rice crop viz. Hapalochrus fasciatus and Pyrilla
perpeusilla. The drought like situation enhanced
the rodent population in rice-wheat fields to a great
extent. Among the various rodent species,
Bandicota bengalensis (Bandicoot rat) was the
most pre-dominant species as its occurrence was
recorded to be 67.5% compared to other species.

Promising strains of Makhana were identified,
which showed the seed yield of 2.84 t/ha compared
to local check (1.56 t/ha).

Out of 109 genotypes of mango being main-
tained in the experimental farm at Ranchi, Himsagar
and ICAR-RCER-R 3P2 have been found most suit-
able keeping in view the fruit qualities. Late Bedana
variety of litchi has also been found the promising
cultivar based on the fruit quality. Likewise, in case
of Sapota, Murabba cultivar has been found most
suitable so far in fruit quality and yield was con-
cerned.

Technology has been standardized establish-
ment of ultra high density guava orchards. Pruning

e e et . e ———————(——————————
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up to 50% of shoot length thrice in a year could
enhance the yield in cv. Allahabad Safeda by 28.04%.

Among the different vegetable crops, tomato,
chili, capsicum, pointed gourd, cucumber, bottle
gourd, pumpkin, ridge gourd, sponge gou rd, french
bean, cowpea, drumstick, vegetable soyabean,
sword bean, jack bean, winged bean, lima bean,
velvet bean, yam bean, cluster bean, ivy gou rd, spine
gourd have been maintained.

Seven promising bacterial wilt resistance lines
of brinjal have been identified and propagated to
ensure the supply of planting materials.

Technology has been standardized for protected
cultivation and poly tunnel cultivation of different
vegetable crops.

In case of vegetables, 3.94 tonnes of breeder
seed was produced in order to ensure the supply of

quality seed material of different vegetables. Apart
from that, hybrid tomato (Swarna Sampada) has
been developed. Seed production of hybrid tomato
has been taken in participatory mode.

Technology has been standardized for round the
year production of Oyster mushroom (Pleurotus
florida, P sajor caju and Hypsizygus ulmarius) and
five strains of Volvariella volvacea.

Integrated farming system models have been
developed by involving agriculture, horticulture, live-
stock and fishery. These models have been adopted
by State Government for replication in different dis-
tricts of Bihar.

Among the various cropping system, mentha-
okra-potato, rice-tomato-bottle gourd and rice-cab-
bage-cowpea have been found most promising so
far in net monetary returns are concerned.

Rice-fish-makhana, makhana-fish-barseem and
makhana-fish-water chestnut farming systems have
been developed for waterlogged areas. The tech-
nology has also been standardized for makhana cul-
tivation in rice fields.

In case of makhana, instant makhana kbeer mix
product has been prepared in collaboration of
CIPHET, Ludhiana. Licensing for manufacturing in-
stant makhana kbeer mix has been assigned to M/
s Vijay Raj & Co., Darbhanga, Bihar. Likewise, dried
instant mushroom soup mix has been developed,
which is gaining popularity among stakeholders

keeping in view its keeping quality and flavour.

Water productivity of different crop sequences
under irrigation from secondary reservoir as well as
well tube well showed that rice-cabbage-cowpea
sequence recorded maximum water productivity
values (Rs. 17.8/m’), followed by rice-potato-onion

(Rs. 17.3/m"). Rice-wheat-green Bram cro
sequence, however, resulted into lowesy Phing
productivity, i.c., Rs. 12.1/m". Water

lrrv‘,zatbl‘un‘nu'lec h;.ls been (ICV(-'!U[K’(I il
works satisfactorily over the operating pres

y SuUre
range of 0.6 t0 1.0 kg/cm’ with throw diameter ran (
of 9.2-11.2 m, discharge rate of 1.8-2.6 m’ p, ai&
application rate of 2.6 to 2.7 cm/h, rc"P‘»'(“lng_-‘ly nd

The performance of kids born from -'H:lccf .

: ive
breeding of Black Bengal breed of goats was ¢y ok
ated in terms of height at withers, body length, Rl'rtf;
and body weight. The body weight at the age of 3
months in the base and selected populations were
5.6 = 0.28 and 6.4 * 0.32 kg, respectively.

Leptospirosis detected in the bovine popyl,.
tion at 9.1% level implies that this re-emerging dis-
ease can have impact on public health. Leptospirg
hardjo is the main cause of human leptospirosis
and it needs to be addressed to avoid public health
consequences.

Initial investigation using ELISA revealed 3
prevalence of 29% Blue Tongue antibodies in goar
population. The over-all prevalence rate of PPR was
36.65% in Bihar indicating that there is emerging
need for vaccination in small ruminant population.

In case of fisheries, technology has been stan-
dardized for integration of Jayanti rohu in compos-
ite culture. Fish seed is being produced in partici-
patory mode. Technology has also been standard-
ized for fresh water prawn culture.

Under NAIP, integrated farming system models
have been replicated in Chakramdas and Pidapur
village covering 250 households. Improved variet-
ies of rice, wheat, mustard and potato have been
introduced, which resulted into increase in crop-
ping intensity from 200% to 300%.

During the period under report, about 50 train-
ing programmes have been conducted on various
aspects of Natural Resource Management, Horticuk-
ture, Crop Science, Water productivity, Livestock and
Fishery etc. besides 10 OFT, 19 FLDs and 05 Capac
ity Building Prograrm es organized by KVK- )

Patent applicati. - has been drafted f"" o
Energy Water Application (LEWA) device. ka““s;
Decision Support Too! is in prior art search S0 &
file the patent.

|
L
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Historical Perspective

The eastern region comprises of plains of Assam,
Bihar, Chhattisgarh, Eastern Uttar Pradesh, Jharkhand
and West Bengal, represents 21.85% of the
geographical area of the country and supports to
33.64% of country’s population. Though the region is
endowed with rich natural resources to support higher
agricultural production, livestock and fisheries, the
production levels have remained low due mainly to
lack of location-specific production technologies,
dissemination of scientific knowledge to farmers,
fragmented land holdings, low seed replacement rate,
large population of non-descript type of livestock,
poverty, lack of infrastructure facilities, natural
calamities e.g. frequent floods, water logging and
droughts, and social conflicts. Nevertheless, the region
has vast untapped potential to enhance the
production. Keeping this fact in view, planning
priorities has also been setup to achieve the food self
sufficiency at national level from eastern region under
Look East Policy of Gowt. of India.

ICAR Research Complex for Eastern Region
(ICAR-RCER), Patna came into existence on the 22™
February 2001 so as to address diverse issues relating
to land and water resources management, crop hus-
bandry, horticulture, agroforestry, aquatic crops, fish-
ery, 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. Hence, the mandate of the institute is
“to undertake strategic and adaptive research for ef-

ficient integrated management of natural resources
so as to enbance productivity of agricultural produc-
tion systems comprising of field, agricultural and bor-
ticultural crops, aquatic crops, agro-forestry, live-
stock, avian, and fisheries in different agro-ecologi-
cal zones of the eastern region”. The modalities to
achieve the mandate include:

® To facilitate and promote coordination and
dissemination of appropriate agricultural

Introduction

Introduction

technologies
approach involving ICAR institutes, State
Agricultural Universities, and other agencies for

through network/consortia

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 information and
its dissemination on all aspects of agricultural pro-
duction systems.

® To collaborate with relevant national and inter-
national agencies in liaison with state and central
government departments for technology dissemi-
nation.

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

B Socio-economic evaluation and impact assess-
ment of agricultural technologies.

The complex has four divisions besides two re-
search centres and one KVK. The organizational setup
of the complex is given in Fig. 1.

Finance

Summary of allocation and expenditure during
the financial year 2010-2011 of the complex is pre-
sented below (Table 1).

Table 1. Financial allocation and expenditure during the year 2010-
11 (Rupees in Lakhs)

' Haad_ ai"z-l'c_cﬁuﬁt_s éu_dgel éllucation Actual' -mmend' iturﬁ
Plan Non-plan Plan Non-plan
Establishment charges 0.00  1059.20 0,00 1059.10
TA. 15.00 5.00 15.00 5.00
HRD 6.00 0.00 3.94 0.00
Works 250.54 35.00 25054 34.95
Other charges 311.46 17180 311.37 171.21
Total 583.00 12?1 00 580_.85 12?0.26_
S
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Weather Data ICAR-RCER, Patna

Mean maximum monthly temperature varied
from 20.1°C in the month of January to 38.5°C in June
and minimum monthly temperature varied from 8.3°C
in January to 27.5°C in June. A maximum daily sun-
shine period of 8.7 hrs was recorded in the month of
March and minimum of 5.4 hrs/day in January.

The total annual precipitation was 740.2mm and
the patterns of rainfall during monsoon months was
erratic. It was maximum in the month of August
(266.5mm), followed by July (205.3 mm). More than
50% rainfall was recorded in July and August (Table 2)

Table 2. Monthly meteorological data recorded at ICAR-RCER, Patna

Month Temperature Relative  Sunshine Rainfall
(°C) humidity(%)  (hrs/ (mm/
Max  Min 7.00 1400 % &)
hrs hrs
January 20.1 8.3 86.6 670 54 0.0
February 27.4 125 76.2 46,0 7.7 44
March 351 188 488 288 87 0.0
April 403 242 4241 236 83 0.0
May 376 255 58.1 396 7.8 64.3(4)
June 385 27.5 68.1 51.2 7.9 53.2(7)
July 339 271 819 676 6.3 205.3(10)
August 340 269 834 705 6.2 266.59)
September 329 262 829 709 6.0 66.7(7)
October 318 225 829 665 63 79.3(8)
November 29.5 181 795 574 6.9 0.0
December 246 9.9 775 576 57 05
Mean/total 321 206 723 539 6.9 7402

Note: Figure in parenthesis indicates the number of rainy days

Weather Data, Research Centre - Ranchi

Mean monthly maximum temperature varied
from 21.6°C in the month of January to 39.1°C in the
month of April. Mean minimum monthly temperature
varied from 8.3°C in the month of January to 25.3°C in
the month of June. Mean relative humidity varied from
83% in the month of March to 92% in the month of
July, August and September. Total annual precipitation
was 835 mm out of which 79.28% was received dur-
ing monsoon period (Table 3).

Table 3. Monthly meteorological data recorded at Ranchi Centre of

the Complex
Month Average temperature (°C)  Relative  Total
- Humidity Rainfall
Minimum Maximum (%) (mm)
January 8.3 223 88 -
February 12.3 25.3 85 12
March - 18.2 324 B3 -
April 218 39.1 84 18
May 243 36.0 89 49
June 25.3 353 90 101
July 23.6 296 92 226
August 24.0 301 92 152
September 21.8 28.4 92 183
October 18.8 27.8 91 58
November 15.0 24.7 90 13
December 93 21.6 89 23
Total Annual Rainfall, mm 835

In general, year 2010 witnessed severe decline
in total annual rainfall. Rainfall in all months except
December was below normal. The distribution of nor-
mal rainfall for the year 2010 is given in Fig. 2.
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Fig. 2.

The month of June was scverely affected with
rainfall deficiency of 63% followed by August (56%).
In general, there was 46% deficiency in monsoon rain-
fall and 45% deficiency in total annual rainfall.

Weather



Assessment of Impact, Adaptation and
Mitigation of Climate Change on Major
Crops of Bihar

Analysis of extreme weather events

Four representative centers namely Pusa (Zone
). Madhepura (Zone II), Sabour (Zone IMIA) and Patna
(Zone IIIB) were selected to study the impacts of cli-
mate change and adaptation measures to overcome
iscﬂ’cctsonimponamu:ralzndpulsccmpsgm“m
in Bihar. The historical meteorological data were ana-
lyzed to identify the long-term changes in extreme
weather events. The weather data of 45 (1961-2005)
years for Patna, Pusa and Madhepura and of 34 (1972-
2005) years for Sabour were analyzed. Events (num-
ber of days) with extreme weather conditions were
computed year wise using the following assumptions:
(1) average number of days with maximum tempera-
ture more than or equal to 40°C:
(ii) average number of days with minimum tempera-
ture less than or equal to 5°C, and (iii) average num-
ber of days with rainfall of more than 90 mm in a day.

The study showed decrease in number of events
with maximum temperature more than or equal to
40°C for all zones. A significant (P= 0.10) decrease in
number of days with maximum temperature of 40°C
and above is observed for Sabour. Extreme minimum
temperature events showed a significant (P= 0.10) de-
creasing trend for Pusa and Patna, while an increas-
ing trend for Madhepura (P= 0.10) and Sabour. Num-
ber of rainy days with extreme rainfall showed an in-
creasing trend for all stations except Madhepura. Sig-
nificant increase (P= 0.10) in days with extreme rain-
fall is observed for Sabour (zone IIIB) only.

Impact of climate change on crops

With the current cultivars, cultivation and man-
agement practices, the impacts of climate change on
rice (short duration Saket-4, medium duration Sita
and long duration Radha), wheat, rabi and kharif maize
under A2 and B2 scenarios of HADCM3 were explored
at Pusa. For 2080's yield of rice declined for both A2

8
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and B2 emission scenarios (for A2 up to 44% and for
B2 up to 27%), timely sown wheat yield decreased by
14 % for A2 while for B2 it decreased by 7%. Yield of
kharif maize decreased for both A2 (11%) and B2
(12%). Decrease in yield was less for B2 scenario as
compared to A2 scenario for wheat and rice. Rabi maize
yield however showed increase in 2080 for B2 (15%)
as compared to 34% for A2.

Adaptation strategies

Adaptation measures like, shifting of sowing
dates, DSR, earlier transplanting, and reducing seed
rate and plants per hill for rice crop were carried out
using INFOCROP model. Different adaptation mea-
sures showed increase in yield of 37% to 2.4% for
2020 and 30% to 3.8% for 2050. But there was de-
crease in yield in 2080 even after implementing the
above said adaptation measures (Fig. 3).

Hydrological Modeling for Assessment
of Climate Change Impact in the
Bhavani River Basin

For assessing the impact of climate change on
streamflow in the Upper Bhavani sub-basin (catchment
area of 1494.10 km?), six different GCMs (HadCM3,
GFDL, CSIRO, NIES, ECHAM, CGCM2) and two emis-
sion scenarios (A2a and B2a) were considered. Mean
monthly rainfall (mm/day), minimum and maximum
temperature generated using different GCMs for the
period 1980, 2020, 2050, and 2080 were extracted
from four/six grid points covering the entire Bhavani
basin and interpolated using Inverse Distance method.
Mean monthly rainfall for 16 rain gauge stations was

extracted from the generated rainfall “urface and
monthly rainfall factor for each star dculated
for input to the hydrological mod

There was a large variatios nulated
stream flow under different GCM - lable 4).
There was increase in annual stre: fer most
of the cases except under GFDL anc. enarios.
In case of GFDL, under A2a emiss 10 there
was decrease in annual stream flow d 50 (15%)

ICAR-RCER, Patna 1al Report
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Fig. 3. Per cent change in yield of three varieties of rice at Pusa on implementing adaptation measures for 2020, 2050 and 2080

Table 4. Change in stream flow under different GCM scenarios.

Season Period HadCM3® CGCM2 . NIES GFDL ECHAM ) CSIRO All GCM
A2a B2a A2a B2a A2a B2a A2a B2a A2a B2a A2a B2a A2a B2a
Annual 2020 15 6 19 12 % 19 1 X 3 2 17 9 8 16
2050 9 3 3 18 67 3 -15 z 24 3 -1 -16 15 13
2080 & 2 9 2 15 8 14 4 1] K ] 6 8 K] 2
Jun-Aug 2020 28 4 24 9 I 18 -4 8 -2 18 -3 16 8 7
2050 9 g !] 4] 2 63 67 -18 -18 A 10 3 -1 D 4
2080 Z 47 -9 4 118 63 -45 42 B 4] % ] D 15
Mar-May 2020 k14 P} -33 -33 222 152 27 -49  -34 8 10 1 17 2
2050 50 12 -38 -3 477 526 -29 8 -21 1 12 -40 &8 9
2080 131 D -61 -54 921 548 -64 56 5 4 -10  -36 138 n
Sep-Nov 2020 -1 7 . ] ] -12 B B 13 85 27 -27 8 A
2050 7 4 2 16 6 i 48 90 22 -23 2 1
2080 2 6 K] 12 ® 16 @B K] 2 -24 » 2
Dec-Feb 2020 2 6 -37 -16 12 24 -28 8B -21 -34 -19 10
2050 1 2 -52 -18 -14 p.t] 41 3 11 -24 -15
2080 5 3 2 52 . -3 ¢ B 1 12 14 N -26
‘HadCM3 = Hadley Centre for Climate Prediction & Research; CGCM2 = nate Modeling & Analysis, NIES = Japanese Natonal
Centre for Atmospheric Research; CSIRO= Australian Commonweat’ Research Organization; GFOL = Geophysical Fluid
Dynamics Laboratory; ECHAM = Max Plank Institute for Meteorology.
and 2080 (14%). Similarly, there was decrease in annul nd 2080. There were 67 and 155%
stream flow under the CSIRO generated rainfall and dstream flow during 2050 and 2080,
temperature scenarios of A2a and B2a emission AZa emission scenanios. In case of
scenario during 2020 and 2050. During 2080, there " narios, there were 33 and 83%
was lmrcm (16%) in Iﬂnl.lﬂl .trcam ﬂow undcr u‘ ine I siream ﬂl“-\ tlunllg 2”5{] Jnd .’.('l-ﬂ(}
emission scenario but decrease (8%) in annual stream 751 'uld be artributed to the vaniation
flow under B2a emission scenario. The increase in 10 i wedicted by different GCMs. The
annual stream flow was the maximum under NIES  NIES o cted rainfall change as high as
294.4% and » under A2a and B2a emission

generated scenarios for both the emission conditions

Climate Change
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Fig. 4. Change in mean monthly rainfall and streamflow under NIES GCM generated climate change scenarios

scenario, respectively (Fig. 4). During the same period,
the rainfall change predicted by other models varied
from 29.5 (HadCM3) to 71.9% (ECHAM) under A2a
emission scenario, and from 27.3 (CGCM2) to 85.9%
(GFDL) under B2a emission scenarios. During 2050,
NIES model predicted 154.6 and 186.4% rainfall
change under A2a and B2a emission scenarios,
respectively.  Whereas the rainfall change predicted
by other GCMs during 2050 varied from 23.8 (GFDL)
10 63.7% (HadCM3) and from 34.4 (CGCM2) to 55.7%
(CSIRO) under A2a and B2a emission scenarios,
respectively. When all the GCMs considered together
(ensemble average), there were 8, 15 and 39% increase
in annual stream flow during 2020, 2050 and 2080,
respectively under A2a emission scenarios. Simulation
results showed 16, 13 and 22% increase in annual
stream flow under B2a emission scenario during 2020,

10

2050 and 2080, respectively. During monsoon season
(Jun-Aug) also there was increase in simulated stream
flow in most of the cases except in case of GFDL On
an average, there was increase in monsoon season
stream flow of 8, 20 and 20% under A2a emission
scenario and 7, 14, 15% under B2a emission scenario
during 2020, 2050 and 2080, respectively. During Dec-
Feb, there was decrease in stream flow in 2020 (19%).
2050 (24%) and 2080 (11%) under A2a emission
scenario, whereas under B22 emission scenario there

was decrease during 2050 (1% and 2080 (26%), and
increased during 2020 (1 Thus, the temporal
variability in the rainfall ar: r resources availability
in the basin under the | ¢ of climate change
indicated the need for pment of different
adaptation strategies thr nd, water, crop and
agronomic managemen! 1HIONS.

ICAR-RCER, Patna : Annual Ref
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Effect of Drought on Vegetative and Re-
productive Stages of Advance Breeding
Lines and High Yielding Varieties

In rainfed lowland areas, one of the major abi-
otic constraints depressing rice production is water
stress, including deficit (drought) or excess water
(flood). Drought stress is a serious threat to rice pro-
duction and yield stability in rainfed rice areas. In this
context, a field drought- screening was done during
kharif season in 2010. One hundred and twenty five
entries received from IRRI and CRRI, Cuttack
alongwith some local varieties were evaluated with
six checks under two treatments, i.e., rainfed and ir-
rigated. Stress was imposed at vegetative and repro-
ductive stages for 13 and 17 days, respectively, by with-
holding irrigation. Thereafter, crop was re-irrigated
for study of recovery rate. Soil moisture status of ex-
perimental field during stress period was also recorded
and it varied from 7.6-10.3%. Ten entries showed bet-
ter drought tolerance under field stress as compared
to check varieties. Grain yield varied from 2.5-11.2 v/
ha and 0.7-6.4 t/ha under non stress (Irrigated) and
stress (Rainfed) condition, respectively. The relative
water content (RWC), chlorophyll content, leaf area
index and photosynthesis rate during stress period
was also recorded. The RWC values of advance breed-
ing lines varied from 36-84%. Ten lines out of 125
performed better and showed tolerance under water
stress condition. IR55419-04, APO, IR77298-14-1-2-10,

Fig. 5. Promising rice genotypes for drought situations
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IR82870-11, IR 83387-B-B-40-1, IR83895-B-127-CRA-22-
1-1, IR83895-B-127-CRA-4-1-1, IR83895-B-127-CRA-4-1-
1, Abhishek and Lalat showed better tolerance to
drought under vegetative and reproductive stages (Fig.
5). These lines may be further investigated for their
stress tolerance capability.

Physiological management for improved
abiotic stress tolerance

Drought stress

High yielding rice varieties of short duration
nature were reared in two blocks and one of them
was subjected to water stress by withholding irrigation
at panicle initiation and flowering stages. The effect
of drought stress on gas exchange and chlorophyll
fluorescence parameters were measured.
Photosynthesis rate declined in plants subjected to
stress under both the stages. Varieties Dhanalakshmi,
Prabhat and Richaria recorded num
photosynthetic rate than Saket 4. Stomatz!
was also observed to be declining in : Ties
with stress. However, Saket 4 showr :
in conductance with stress than
Dhanalakshmi. Chlorophyll flouresence parameters
viz. maximum quantum yield of PSII, electron transport
rate, photochemical quenching and non-
photochemical quenching were recorded in all four
varieties. All the parameters except non photochemical

quenching declined with stress at panicle initation
and flowering stage. The decline in yielc SIl,
electron transfer rate and photochemical ing
was more in Saket 4 than other three va n-
photochemical q: was
higher when stress sed
among varieties 2 num
quenching was ob saket
4. Higher photo s rate
coupled with less: line in
yield of PSII, ele« cransfer
rate and photochemical

quenching might have increased
the tolerance of varietics Prabhat,
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Fig. 6. Performance of rice varieties under drought conditions

Dhanalakshmi and Richaria towards drought stress.
NDR series of varieties exhibited greater proline
content, less reduction in leaf area, grain weight and
chlorophyll content with drought stress (Fig. 6).

Submergence stress

Three promising rice varieties viz. Sita, IR64,
Bharani and submergence tolerant cultivar FR-13A were
subjected to submergence stress at seedling and ac-
tive tillering stages. The effect of anti-GA application
on gas exchange, chlorophyll fluorescence and grain
yield parameters were measured. Photosynthesis rate,
stomatal conductance and transpiration rate declined
in plants subjected to submergence stress during seed-
ling and tillering stages. However Anti-GA application
had enabled all the varieties to maintain their photo-
synthesis, conductance and transpiration rate at both
the stages. The transpiration efficiency (A/T) and car-
boxylation efficiency were relatively higher in toler-
ant check variety FR13A. The internal CO, concentra-
tion (Ci) in mesophyll cells of plants declined with
stress imposition in all varieties. However, anti GA ap-
plication had resulted in enhanced Ci in all varieties.
This might have contributed to maintenance of higher
photosynthetic rate and accumulation of carbohy-
drates, which would have been useful in recovery pro-
cess in plants. Chlorophyll fluorescence parameters
viz. maximum quantum yield of PSII, electron trans-
port rate (ETR), photochemical quenching declined
with stress at panicle initiation and flowering stage.
The decline in yield of PSII, ETR and photochemical
quenching was less in FR 13A followed by Bharani
and IR 64. Panicle weight and grain weight were found
to be decreased in all varieties with submergence
stress, however decline was less when the plants were
treated with anti-GA. Higher photosynthesis rate
muplcd with lesser (lcdine in yield of PSII, electron

e ———
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transfer rate and photochemical quenching with ap-
plication of anti-GA might have increased the toler-
ance towards submergence stress and maintenance of
yield in rice.

Evaluation of IPM Practices for Hopper
Insect Pests

To study the environmentally safer, economically
viable and effective technique to manage the hopper
pests in rice crop, seven treatments viz., { (control),
T, (spray of neem oil at the time of transplanung} L
(soll application of neem cake at transplantatlon) T
(use of Breauveria bassiana), T, (use of conﬁdor-
Imidacloprid 17.8% SL), T, (Neem oil + Neem cake)
(Neem cake + Bb) were evaluated (Fig. 7).

and T,

Like previous year, this year also long dry spell was
experienced in July and August resulted in high tem-
peraiuee and low humidity. The incidence of green
leaf - (Nephotettix virescens) was recorded at
mi of the crop 0.2-0.4 hopper/ hill and 2
3, p in sweep net. The average density
of 'r recorded in three years is given
in

Fig. 7 IPM experimental plots
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in three years

WHEAT )

Evaluation of Different Promising Lines
for Heat Tolerance

Twenty four wheat entries under Advance Vari-
ety Trial (AVIT-TS, Irrigated) of All India Coordinated
Wheat Improvement Project were evaluated during
rabi season in 2009-10. Data on various attributes like
germination pattern, date of initiation of flowering,
50% flowering, no. of effective tillers per meter square,
panicle length, plant height and some other traits were
recorded for compilation and statistical analysis.
Through preliminary observation, few lines such as
Raj 4201, Raj 4205, Ko 807 and Ko 808 were found
ideal for cultivation in Eastern region. Raj 4205 and
Raj 4201 showed some promising traits like terminal
heat escape, which is being further investigated (Fig.9).

I

Raj, 429

Fig. 9. Promising wheat genotypes for heat tolerance

L MAIZE ]

Performance of Transplanted Maize Un-
der Varying Age of Seedlings and
Method of Nursery Raising

Transplanting of maize seedling grown on
raised bed, flat bed, sand culture and plastic culture
was the main plot treatment, whereas four ages of
scedling, i.e., 4, 5, 6 and 7 weeks old were taken as
sub-plot treatments (Fig, 10).

14

. mum leaf length, and dry mater

Fig. 10. Transplanted winter maize

Low plant mortality, higher plant height
» May;.
aised vl @ X i were I'L'Cnr[][:(l 1
raised bed sown seedlings which were g in
Par wik

sand culture. Five weeks old maize ceedr:
formed better than other aged sce:ilis:;f?.p?; per-
Highest yield (5.3 tha) was recorded with q:n;' 5).
tured seedlings, followed by raised bed Bft:;.q ﬂ(q cu]
lings (5.2 t/ha). Five week old seedlings showc(l-;_(d,
B:C ratio of 1.95 and 1.94, with sand cultureq ;ghd
raised bed grown seedling, respectively. Maximum ;(.
ratio (2.22) was observed on combination of 5 WtL-k'
old maize seedlings with sand culture/ bed sown
Water use efficiency (WUE) was highest with miscd
bed grown seedling (220.0 kg/ha/cm) over a| other
methods of growing seedling while, 5 weeks old seed-
ling had shown highest WUE (238.3 kg/ha/cm).

At the end of 2nd year, it was observed that maize
could be easily transplanted by raising its seedlings.
However, nursery soil should be mixed with sand
(2:1), to minimize the damage to roots during up-
rooting. Transplanting 5 week old seedlings resulted
in maximum grain yield with 20-28 days early matu-
rity over direct sown maize with same yield level and
fits well in the rice-maize cropping system.

Table 5. Growth and yield of transplanted maize under different seed-
ling raising method and age

Treatments Mortality Plant  |eaf Oy  Days Maturty 6rain
(%) height ierght matter/ to 50% days yield

(cm) at (wm) plant(g) flower- (Vha)
90 M at ing
Seedling raised method "
Flat bed 7a 115 367.7 56.0 4112;2 5:2
Raised bed 6.9 | 4058 58.1 o 8
Sand culture 5.7 ! 4129 578  a
Plastic culture 8.7 i 3159 68.6 6 04
G.D.+0.05 1.65 16.02 1.3 X 044
S.Em. 0.48 463 039 481 ©
Seedling age o
4 week 74 1 322 783 };} 57
5 week 53 1 4645 606 28 s
6 week 74 1. . 3698 585 " 34
7 week 86 124! 6 286.1 4355 55 Om
C.D.£0.05 243 8.9 530 271 1, £ o4
S.Em. 0.83 3_0§ IEE 929 062
——al Repo"
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FABA BEAN |

Evaluation of Faba Bean (Vicia faba 1.
- An Underutilized Crop

Faba bean (Vicia faba l.), an annual legume
widely adapted to diverse agroclimatic condition, is
main rabi pulses/legume of Bihar especially in North-
ern part (Fig. 11). Faba bean is taken as sole crop and
as intercrop/mixed crops with variety of combination.
To initiate the faba crop improvement programme,
an exploratory trial was conducted in pots (2008-09)
and in field 2009-10) for multiplication of seeds and
preliminary characterization and evaluation of 71 ac-
cessions collected from Samastipur, Muzaffarpur,
Vaishali and Sitamadbhi districts of North Bihar (Fig.12).

Perusal of data (Table 6) confirms that altogether
maximum and minimum time taken to complete
50% germination was 12.5 and 9.6 days,

respectively with overall mean of 11.1 days. Variability
was observed in 50% germination stage. Data on this
trait showed considerable diversity ranging minimum
(10.4) to maximum (88.4) with mean value of 67.9.

Fig. 12. Evaluation of faba bean accessions at experimental farm

Plant height ranged between 63.4 cm to 94.3 cm wath

mean of 75.1 Days taken 1o first lowering (anthesis)

wWas recor! ir faba bean. Perusal of data revealed

that the m: wmber of days taken to come in

to flowerin vhereas maximum was 0. 3 davs

with mear,

TabIB 6. EX[ n agromorpnological param

eter
Parameters Mea S0 %) CD (%
Days to 50% 075 874
Germination (% } 237 N
Pant height (cn | 8.1 3
Branch/ plant ' ' 105
Days to anthesis 58 9 ‘ 8.0
Days to maturity 0250 445 4M
Pod/ plant i 4318 57 1753
Pod length (cm) 3 412 )40 9B
8eed/pod 302 025 813
100 seed weight(g) 4 2142 17 e
Root dry wvplant(g) 181 442 298 063 2119
Nodules dry wi/plant (g) 05/ 148 096 021 2188
Biomass (g/plant) 9680 25065 16764 & N7
Seed yield (g/plant) 2189 7309 4512 1097 M)
15
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onmt whivh was o WA charaerer (Flg LAY g
ReerRl e 1o ot ave B oy faba bean
Lihewntee, posd Rwmarion vk Phave vear the collag
TORRN W BR2A (Fig 14) whereas, pod Banacion i
TS OF the mvarerial was observed at 510 o abwove the
groumnd evel

L

Fig. 14. Podding at collar region in B23 accession
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Evaluantion of THiTerent I‘nmunhm T
of Blageon Pea foe Thede Yield ang 4,
Vetribatdong ¢ hanracterss o hido Liangetl
PMlatns of Bihar

Py edahe shorts b amd o damtion sy
fstug Haves of paaeon pes were evibinted By gyl vivhl
anid orher artrbates i ndo-Cangetie plading ol T
annd the daen Bas Been degsiored ine il UM v
age, TUPLAT pehuont duaetion), BEME- (et
durmrtony and MAL- DA glomg duamtion) were o s at
SO e vield was converied

Table 7 Performanee of promising loes of plaeon pea for vield at
tributes at middle gangetie plaing of Bihw

Naine of Ouration  Days Arali Straw Hatvast
Entries of 80w Viald yighd Iivibx
flowmtng — (Vha) (Uha) (M)
ICPL-87 Short .65 ! o 044
Manak Short A 162 R (.44
UPAS-120 Shurt 1 ' b g 0t
SMR-T36 Mediim Y R ) R 0.4
REMR-818 Medium o 1oe i) 0.4
Ge-11-18 Maditim i 'O 040
WRP-1 Mediwm W ' 0.6
MAL-13 Long 1 ( ) i)
Bima Bahar Loy i ) ) il

ICAR-RCER, Patna : Annual Report



Genetic Resource Management and
Improvement of Fruit and Ornamental
Crops

MANGO

A total of 109 genotypes conserved at the field
gene bank were evaluated for different fruit charac-
ters. Based on overall fruit quality (average fruit weight
> 200g, pulp content > 65%, TSS > 19 °B, TSS/acid-
ity > 150), the genotypes Langra, Anfas, CHM-3 and
CHM-5 were found promising, Six promising seed-
ling selections (made from seedling population raised
at experimental farm) were evaluated for different fruit
characters. The genotype ICAR-RCER-R3P2 was found
most promising (Fig. 15). The fruits were oblong to
oval in shape, surface colour green, depressed stalk
end with shallow cavity, dorsal shoulder narrow, ven-
tral shoulder broad, back of fruits curved, sinus ab-
sent, beak prominent, tip of fruit acute, pulp orange
coloured, fibreless with pleasant flavour, average fruit
weight 222.5g, pulp content 61.5%, TSS 18.7°B, TSS
acidity ratio 190.8, total sugar content 10.4%. One
genotype of mango was also collected from Khatanga
village of Purulia district of West Bengal which is main-
tained in the experimental farm.

10K KO R Mango Selection, RIP2
e L e A 5w

L e

Mﬂ.ﬂ R H 14 I.,

Fig. 15. Close view of mango genotype ICAR-RCER-R3P2

Fruits

Fruits

Under the trial on ‘performance evaluation of
commercial mango cultivars’, 20 mango cultivars,
grown commercially in different parts of the country,
were evaluated. Based on overall fruit quality, the
cultivars Langra and Himsagar were found promising
(Fig. 16). Under the trial on evaluation of released
mango hybrids, 25 hybrids released from different
parts of the country were evaluated. The hybrid
Jawahar was found most promising based on overall
fruit quality (average fruit weight > 200g, pulp con-
tent > 65%, 1SS > 19°B, TSS/Acidity > 150).

grown at experimental farm

-
b 1 m
- '__."

of litchi genotypes un-

Fig. 16. Close view

To test the pe
der the eastern plat
genotypes were evalu
The fruit weight rangec
1) to 23.1g whereas, the average fruit diameter ranged
between 26mm (Yogada sclection 1) to 34mm (Late
Bedana). The maximum pulp content was recorded
in Late Bedana (77%) whereas, the TSS was maximum
in case of Deshi (21.9°B). Based on overall fruit qual-
ity, the cultivars Trikolia, Deshi and Late Bedana (Fig.
17) were found promising (fruit weight > 20g, fruit
diameter > 32mm, TSS > 20°B and pulp content >
70%).

1ill conditions, 29 litchi
¢ fruit quality and yield.
n 10.8g (Yogada selection
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Fig. 17. Late Bedana-promising fruit cultivar

SAPOTA '

To identify suitable sapota genotype for eastern
plateau and hill region, ten sapota genotypes were
evaluated for fruit quality and yield. The maximum
fruit weight (128 g) and fruit volume (124 cc) was
recorded in case of cv. DHS-1. The pulp content
ranged between 69.8% (Bhuripatti) to 91.0%
(Mahayothi) produced one seeded fruits. The maxi-
mum TSS (34.2 °B) and yield (12.16 kg/plant) was re-
corded in case of Bhuripatti. However, based on fruit
quality and yield (fruit wt > 100g, pulp content >
80%, TSS> 30°B, yield > 10 kg/plant), the cultivar
Murabba was found to be most promising for Eastern

B

Development of Ultra-high 1,
Orcharding in Guava Under Jhark
Conditions

nsit
hang

The project was undertaken to standardiye time
and level of pruning, irrigation and nutrient I'L*qu'lr[__;
ment for ultra-high density orcharding in guaya (Sarday
and Allahabad Safeda) under Jharkhand condition
planted during 2007,

During fourth year of orchard establishmen;
significant effects of different treatments was recorde
on yield of summer, rainy and winter season crop,
total yield and gross income per hectare in both the
cultivars. The maximum total yield (39.74 t/ha) ang
gross income (Rs. 6.02 lakh/ha) was obtained in case
of 80% pruning of canopy in May (Fig. 19) with irr.
gation at 40% CPE and application of 60% of recom-
mended dose of fertilizers (Fig. 20).

In cultivar Allahabad Safeda, none of the treat.
ments resulted in significant increase in yield of sum.-
mer season crop over that of control. However, prun-
ing to 50% of shoot length thrice a year viz, March,

Fig. 19. Heavy bearing in guava plants pruned in May

45- . =1
el 39.7

36+
30+

(1 O - - -

Pruning to 80% of canopy in May with
Irrigation at 40% PE and application of 60%
of recommendad dose of fertilizer

Fig. 20. Yield of guava cv. Sardar under ultra high density orcharc

Fig. 18. Fruit yield in Murabba cultivar of Sapota
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May and October resulted in significant increase in
the yield of rainy season and winter scason crop over
control (Fig. 21). The same treatment resulted in maxi-
mum total yield (28.71 vha) and gross income (Rs.
4.38 lakh ha).

» i
w0 28.71
_ B i
g 2 . 20.66
i 15
10 4
5 -
(e _— o
Control

Pruning to 50% of shoot length thrice
a year viz. March, May and October

Fig. 21. Yield of guava cv. Allahabad Safeda under ultra high den-

sity orchard
BAEL |

Studies on Bael (Aegle marmelos
Correa.) with Special Reference to its
Medicinal Value

Bael pulp of cultivar Pant Sujata can be stored
upto 2 months at 4°C with good quality condition

(Fig. 22). Treatments were highly significant in the
characters such as T.S.S., acidity, reducing sugar and

Fig. 22. Storage of bael pulp

total sugar (Table 8 and 9). Storage conditions and
treatments interaction were insignificant in all char-
acters except acidity. The minimum acidity (0.56%)
was recorded under cold storage condition and 800
ppm benzoic acid treatment. The maximum TS.S. of
21.87°B was found in sample treated with 80O ppm

benzoic acid and kept for two months at 4"C tem-
perature. This treatment also resulted in maximum
reducing sugar (8.09%) and total sugar content (9.52%)
at same storage condition than other treatments. Stor-
age temperature played an important role for bael pulp
storage. Reducing sugar and total sugar were affected
by the storage temperature. Under 4'C temperature,
reducing sugar per cent and total sugar per cent were
higher than that of ambient temperature.

Table 8. Bio-chemical changes of bael pulp during two months of storage during 2010

Treatments Initial TS.S. 2 months 2 months Initial 2 months 2 months il 2 months 2 months
(ppm Benzoic (°B) storage at  storage at acidity storage at storage al Ascorbic storage at  storage at
Acid) room temp. 4°C (%) room temp. at 4°C Acid (mg/  room temp 4C
- _ 100g pulp)

0 ppm 33.50 18.34 20.41 0.44 0.95 0.88 1892 14.22 15.62
200 ppm 19.54 20.56 0.92 0.73 15.15 17.22
400 ppm 19.96 20.62 0.77 0.75 15.62 18.11
600 ppm 21.55 21.78 0.68 0.72 15.77 18.34
800 ppm 21.27 2187 0.56 16.42 18.55
1000 ppm 19.33 19.25 059 16.33 16.75
CD at 5% for A (Tem.) NS NS NS
B(Treatment) 0.82 NS
AxB NS NS

Table 9. Bio-chemical changes of bael pulp during two months of storage du:
Treatments Initial reducing 2 months storage 2 months sl ' months storage 2 months
(ppm Benzoic acid) sugar (%) at room temp. at 4°C it room temp storage at 4°C
0 ppm 929 414 6.34 475 7 65
200 ppm 425 6.52 495 B12
400 ppm 499 6.95 513 8.40
600 ppm 5.62 7.15 644 8.69
800 ppm 5.51 8.09 6 82 Q52
1000 ppm 5.07 7.98 ) 11 832
CD at 5% for A (Temp.) 0075 0 284
B (Treatment) 0.520 0 461
AxB N§ NS

Fruits
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Evaluation of Advance Breeding Lines
and Maintenance Breeding in Solana-
ceous and Cucurbitaceous Vegetable
Crops

Maintenance of germplasm: In bottle gourd,
twenty one germplasm lines were maintained and self
seed was produced.

Advancement of segregating generation: Six-
teen segregating populations of bottle gourd were
evaluated in F, generation. On the basis of yield, qual-
ity, earliness and resistance to fusarium wilt under
natural field condition, only five progeny viz. HABOG-
16xHABOG-13-1-1, HABOG-16xHABOG-13-2-1,
HABOG-9xHABOG-13-2-1, HABOG-17xHABOG-10-6-
5 and HABOG-10xHABOG-26-3-2 were found promising.

AICRP Trials

In hybrid IET, BOGhyb-1 performed better (14.9.
t/ha) than the best check variety of bottle gourd, i.e.,
Pusa Naveen (10.4 vha). In varietal AVI-I, BOGvar-4
(19.9 t/ha) followed by BOGvar-3 (17.1 t/ha) performed
better compared to the best check variety, i.e., Pusa
Naveen (10.4 t/ha).

BITTER GOURD

Evaluation of developed advance breeding
lines: Twelve developed advance breeding lines of
bitter gourd were evaluated in randomized block

HABG-28
Fig. 23. Growth performance of some advance breeding lines of bitter gourd

HABG-29

20

design. Out of these, highest yield was recorded i,
HABG-30 (16.0 tha, av. fruit weight 88.33g, fruit lengh
16.60 cm and dark green fruits) followed by
HABG-31 (Table 10 and Fig. 23).

Table 10. Evaluation of developed advance breeding lines

Acc. No.  Fruit Fruit Fruit ~ Fruit  Frut  Yield
colour surface length breadth weight (tha)
cm) (cm) (9
HABG-23 Dark green Deep tubercle 14.60 291 7250 93
HABG-24 Dark green Deep tubercle 17.18 2.76 70.50 120
HABG-25 Light green Deep tubercle 1411 253 55.16 10.6
HABG-26 Light green Deep tubercle 15.08 3.38 81.33 105
HABG-27 White Light tubercle 13.55 240 56.83 9.20
HABG-28 Green Light tubercle 13.30 2.85 61.83 11.94
HABG-29 Green Light tubercle 15.21 273 5416 11.2
HABG-30 Dark green Deep tubercle 16.60 3.18 88.33 16.0
HABG-31 Dark green Deep fubercle 17.16 3.31 96.66 13.6
HABG-32 Light green Light tubercle 13.81 2.21 3650 08.7
HABG-33 Dark green Deep tubercle 14.21 278 5550 135
HABG-34 Green Deep tubercle 1511 2.71 5 133
GM - - 1499 2.81 11.69
SEM - - 0.77 0.1 1.05
CV % - - 890 §.: 5.52
CDATS% - 225 039 14 16

Grafting of tomato on brinjal and tomato

Swarna Baibhav grafted on bacterial wilt resistant
rootstock of tomato- Swarna Lalima, recorded maxi-
mum yield of 1.97 kg/plant than the other rootstocks
Swarna Shyamali, Swarna Pratibha, HAB-900 and HAB-
901 (Table 11 and Fig. 24-28). Highest percentage sur-
corded

vival of rootstock against bacterial wilt was r
in Swarna Shyamali and HAB-900 (95%)

HABG-30
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Table 11. Evaluation of tomato grafts

S Name Suvval% Pant No.of Frutt Yield/
No of plant height  fruits/ weight plant
_ _atQU DAT  (em) phfll ~(om) (kg)

1 RS-S. Pratibha 8944 10025 23.19 7210 145

Scion- S. Baibhav
2 RS-S. Shyamali 850 11450 3155 11270 192

Scion-S. Baibhav
3 ﬂS-HAme 850 10750 29.30 11410 1.72 -

Scion-S. Baibhav HAB-900) + Swarna Baibhav HAB-901 + Swarna Baibhav
4 RS-HAB-901 9250 11050 2759 99.70 1.74

Scion-S. Baibhay Fig. 27. Swarna Baibhay grafted on brinjal root stock
5 RS-S.Lalima 8750 12325 3596 101.05 1.97

Scion-S. Baibhav
6 S-Baibhav (Check) 44.16 11575 2499 107.20 1.43

GM 8393 11195 28.76 10114 1.70

SEM 6.05 7.47 233 1110 0.14

CV% 14.43 1335 1621 2195 17.06

CDOATS5% 18.20 - 7.00 - -

Swarna Lalima + Swarna Baibhav

Fig. 24. Evaluation of Fig. 25. Swarna Shyamali + Fig. 28. Sl:walail:t:. Biabhav grafted on tomato root stock Swarna
grafted tomato Swarna Baibhav

Evaluation of advanced breeding lines

Five progeny were evaluated in F, generation for
desirable economic traits and reaction to bacterial wilt
under natural field condition (Table 12 and Fig. 29).
From existing population, fruit yield per plant ranged

from 0.87-1.27 kg. Acid iwried from 0.30-2.94%
Highest yield per plant w orded in HAT-295 (1.27
kg/plant; acidity 2.94%) wed by HAT-296 (1.07
- kg/plant; acidity 0.30%,) \1-297 (0.99 kg/plant;
Fig. 26. Susceptible scion Swarna Baibhav acidity 0.38%).
Table 12. Performance of promising advance breeding lines (F,) of tomato
Lines Plant No. of No. of Fruit Frult Fruit Yield/  Acidity 1SS Survival of
height branches  fruits/  length  breadth weight plant (kg) iBrix plant at 90 DAT
(om) bt om om @
HAT - 265 103.77 5.95 22.5 4.47 5.56 108.95 1.27 2.94 3.34 99 50
HAT - 206 98.75 5.85 16.00 5.04 5.40 102.45 107 0.30 i 99.00
HAT - 207 109.02 5.75 22.50 4.81 510 108.20 0.99 0.38 341 98.75
HAT - 298 87.62 5.20 16.75 4.84 574 78.20 093 0.48 369 9925
HAT - 299 87.65 8.15 18.25 4.47 3.52 59.60 0.87 0.49 374 9925
(¢ ] 97.36 5.78 19.2 4.72 5.06 91.67 1.03 - 361 99.15
SEM 264 0.15 1.30 0.13 022 8.92 0.08 . 019 0.58
CDas5% a2 0.46 4.00 0.41 0.68 27.42 . . - .
vy 543 524 1357 573 &1 19.47 17.33 . 10.57 1.17

Vegetables 2



HAT - 295 HAT - 296

Fig. 29. Promising advance breeding lines of tomato

Development of improved variety/hybrid,

suitable for protected cultivation

One F, hybrid HATH-10 and three OP lines viz.
EC-596741, EC-596742 and EC-596743 were identi-

fied for protected cultivation (Table 13 and Fig. 30).

EC - 596743 EC - 596742

Fig. 30. Promising lines & hybrids of tomato under protected
cultivation

(2
Lg%

Table 13. Yield of different hybrid and open pollinateq (0P) i,
Bg of

lomato
Hybrid/Oplines Plant height Fruit weight Yie
(m) (] the
HATH 10 5.50 80.0 180
EC 596741 5.25 120.0 1300
EC 596742 2.60 100.0 1500
EC 596743 5.10 90.0 1609

AICRP (VC) Trial on Varietal Resistance

Evaluation of AVT-II lines in bacterial wij
sick plot

Six entries of AVI-II lines of tomato were testeqd
in bacterial wilt sick plot. The data revealed that five
entries BT-1, Megha Tomato -2, BT-106, LE626 and
LE142 were moderately resistant to bacterial wilt (Table
14).

Table 14. Performance of AVT-Il Lines of tomato in bacterial sick plot
during 2010-11

Entries owit Reaction  Yield
30 60 90 (t/ha)
BT 1 17 20 26 MR 9.9
Megha 2 7 9 29 MR 13.7
BT 106 2 3 29 MR 16.1
LE 626 3 5 30 MR 18.0
LE 142 3 3 29 MR 16.0
Pusa Ruby 16 21 50 S 125
CD (P0.05) NS
CV% 31.99

AICRP (VC) trial on integrated ge-
ment of soil borne diseases Hv qse 1-
chemicals

Ten treatments of integrated disease management
by non chemical were tested for three years (2008-09
to 2010-11) on tomato (cv Pusa Ruby) against soil
borne diseases. Pooled mean revealed that maximum
yield was obtained with Karanj Cake @1.0 t/ha (12.9
t/ha) followed by Neem cake (10.44 t/ha). Summer
ploughing resulted in a yield of 10.23 t/ha. Other bet-
ter treatments were green manuring with Sesbania +
Neem cake + Antagonist (Trichoderma viride) (10.35
t/ha) and green manure with cowpea (9 .86 t/ha, Table
15).
AICRP (VC) trial on i disease
management of bact

e manage-
'009-10) on
e diseases
ximum yield
rments (yield

Eleven treatments of |
ment were tested for 4 yea
tomato (cv Swarna Lalima) a
(Table 16). Pooled mean reve
was obtained with combination
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Table 15. Performance of integrated disease management of soil borne diseases of tomato by use of non-chemicals in different years (2008-

09 to 2010-11)

w Tomato wilt % Average Yield (Vha) Average
2008-09  2009-10  2010-11 2008-09 2000-10 2010-11

Seedling grown In solarized bed 81.7 88.3 1.7 70.6 6.5 1.3 23.0 10.26

Summer ploughing ni 86.7 a7 66.7 4.36 4.38 2196 10.23

Green Manuring with cowpea 85.0 88.3 233 65.6 1.72 324 24 .62 9.86

Neem cake @ 1.0 tha 7 80.0 25.0 58.9 364 38 23.88 10.44

Seed treatment with antagonist

(Tv) + soll +seedling dip for 30min. 80.0 80.0 16.7 58.9 0.86 372 2274 9.10

Green Manuring with Sesbania +

Antagonist(Tv) 75.0 83.3 30.0 62.8 3.64 4.38 27.88 11.96

Green Manuring with Sesbania +

Neem cake @ 1.0 tha 86.7 B6.7 2.7 65.0 1.3 3.66 242 9.72

Green Manuring with Sesbania +

Neem Cake + Antagonist(Tv) 88.3 80.0 283 65.6 1.52 6.86 22.66 10.35

Karanj Cake @ 1.0 tha 76.7 85.0 16.7 59.4 26 4.96 29.0 12.19

Control 86.7 86.7 20.0 64.4 23 2.86 223 9.15

CD (P0.05) NS NS NS 2.21

CV% 145.9 54.96 26.44 12.72

Table 16. Effect of Integrated management of bacterial wilt of tomato in cv Swarna Lalima during 2006-07 to 2009-10
Treatments Ralstonia solanacearum % reduction in Yield % increase in
population (cfux10* per g soil) R. solanacearum (t/ha) yield over
at days - population at drainage
0 30 60 90 90 days over initial

FYM@ 3.0 tha 106.3 439 67.4 416 60.9 29.80 396

Green Manuring with Sesbania 84.9 53.6 58.6 42.0 50.5 25.81 20.7

PGPR @ 5 kg/ha Soil application 80.1 48.4 56.1 414 48.3 20.25 5.3

PGPR Root diping@1% 89.8 67.7 63.4 51.4 42.8 22.03 3

PGPR Soil application+ Drenching 82.8 66.9 61.2 53.1 35.9 26.51 51.2

Liming@2.5 t/ha 78.7 42.6 63.5 54.0 31.4 22.15 36

Karanj cke @1.0 tha 96.4 72.9 68.5 393 59.2 23.02 76

Spent compost@1.0 tha 99.3 88.2 88.7 53.1 46.5 28.08 313

Combination of all 79.4 81.1 69.8 52,0 34.5 34.37 60.7

Control 86.5 72.8 64.4 59.5 31.2 23.37 9.3

Drainage 785 60.8 67.8 54.1 31.1 21.38 —

Mean 87.5 63.5 66.3 49.2 .27 25.17

CD (P0.05) 14,85 15.27 NS 86 6.20

cvV % 14.6 204 29.4 150 W 147

34.37 yha with 60.7% increase in yield over that of
drainage alone), followed by soil application of PGPR
@ Skg/ha + drenching with PGPR 1% (vield 26.52 ¢/
ha with 51.2% increase in yield over that of drainage

BRINJAL )|

Evaluation of Germplasm

alone).

Two hundred germplasm of brinjal received from
NBPGR, New Delhi were evaluated with seven checks
in augmented block design. Out of these, seven lines

V;gclzblcs

hacterial wilt (Table 17 and
sorecorded in 1C-545934 (2.41
kg/plant; fruit weight © Oy fruit length 11em and long
purple), followed by 1¢- 112797 (1.51 kg/plang; fruit
weight 92.0 g; fruitlengi!i v 50 cm and oblong purple).
Eight lines of brinjal germplasm that were found
resistant to bacterial wilt in 2009-10 under natural field
condition were also tested in bacterial wilt sick plot
with artificial inoculation (Table 18 and Fig. 32). Out
of these only two lines were found resistant at 90 DAT
viz. IC-261786 (fruit weight 118.0 g; fruit length 17.3
cm and long green) and IC-261793 (fruit weight 252.0
g; fruit length 7.7 cm and round green striped).

were found resistac
Fig. 31). Highest yielc
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Table 17 Promising bacterial wilt resistant lines of brinjal under natu-
ral field condition

Acc
no

IC-12197
IC-545841
IC-305048
IC-112993
IC-545901
IC-545834
IC-545831

Survival  Frut shape Frot  Frat  Frat No.of Yield
29 and colow length breadth weight fruity’  plant
DAT cm) f(em) (9) plant (k)
80  Oblong purple 95 50 920 255 151
%0 Obonggeensiped 110 47 1100 190 136
80  Round purpie 62 40 560 213 118
80  Round gt purple 60 40 540 186 1.13
80  Long dark purple 150 32 750 246 142
80  Long purple 112 40 950 320 241
80  Oblonggreenstiped 132 62 2120 76 118

IC - 545901

IC - 545931

IC - 545934

IC - 545941

Fik. 31. Growth of bacterial wilt resistant lines of brinlal
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Table 18. Promising bacterial wilt resistant lineg

tenal wilt sick plot Of brinjay .
Acc m rﬂ-ﬂ sm Frum Fra .
no a and colour length by W Vg
! LTy ] e |
DAT €™ (e ";;h o y
EC-329327 7187  Oblong hght purple B5 59 o ~
IC-089900 78.12 M green striped with . 060 ‘"
purple tinge 1.7 0 g ..
IC-090146 625  Oblong ight green purple 10 50 109 A
IC-261786 84.37  Long green 173 39 ’.18 D I-’_‘-
”0

IC-261793 84.37  Round green striped 700 259 o
IC-285126 7187 Round greenpupletge 97 g5 yppn )
(0545048 750 Rondgeensiped 40 45 gy
IC-90141  40.0  Oblong purple black 103 56 150 ¢

54

IC-261793 IC 261786

Fig. 32. Evaluation of bacterial wilt resistant lines of brinjal un-
der bacterial wilt sick plot

Characterization of Bacterial Wilt Re-
sistance Gene(s) in Brinjal using Con-
ventional and Molecular Approaches

Development of F,s

In brinjal, thirty six F s have been developed from
nine parents viz., Swarna Shree (P)), Swarna Shobha
(P,), Swarna Mani (P,), HAB-381 (P,), HAB-792 (P.),
HAB-900 (P,), HAB-901 (P.), Swarna Shyamali (P,) and
Swarna Pratibha (P,) with distinct response to bacte-
rial wilt disease in half diallele fashion during Jan-June
2010 (Fig. 33).

Fig. 33. Development of F, crosses
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ifi bacterral wikt sick gl The data revealed that six
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VNEZ1IE and SM-GA6 were resistant at Ydays Arka
Nidbi showed monderately resistant 1o bacterial wilt

(C1LOCUMBER

Fvaluation and Maintenance of

Gynomonoecious Lines

Five individual plant progeny of cucumber ob
painied from the cross of Swarna Ageti x FC- 399587
(Grynoecions hine)y were evaluated. Out of these, high-
est vield was recorded in HACGM-2 followed by
HACGM-S (Table 19 and Pig. 47)

Table 19 Performance of cucumber Qnomanoecious ine

ACE. MO Days Frol Fromt  Fron  Yield Flesh Placental
6 50% Iengii breaoth wewgt  (Vha) Thickness Bickness
Mm [y o g (cm) (cm)

HACGIM-1 B2 1620 375 72 112 052 1.05
HACGM-2 3650 1997 425 305 275 08D 35
HRCGM-3 3025 742 392 15362 245 045 1.02
HACGMA4 3850 1685 367 1500 5t 07
HKCOM-5 3650 1657 347 1244

G wA 1679 387 142

SEM 678 057 013 516

V% 4.09 687 708 720 23 B 10.73
COAT 5% . - 042 1587 D.18

Flowering MHAMLGM - 2 HACGM - 3
MAL LM - ]
Fig 37 Field performance of gynomonoecious lines of

¢ e umiber
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Evaluation of promising lines developed
through interspecific hybridization (C.
sativus x C. bardwickii)

Five stable lines were identified. on the basis of
vicld quality, carliness and plant type in F,, genera-
ton (Table 20). Highest yield was recorded in HAC-
151 (159 vha, av fruit weight 142.75 R). followed by
HAC-152 (15.7 vha, av. fruit weight 135.62g).

Table 20 Evaluation of promising lines developed through interspe-

HACAPV-271
cific hybndization

HACAPV.845

Fig. 38. Production performance of Capsicum
ACC.NO. Days Frut Fruit Frut Yield Flesh Placental

0 50% length breadth weight - (vha) hickness mickness ~ AICRP Trials in Vegetable Crops

flowe cm) (cm cm cm
HAC-151 41 ":ﬂ 113 % ;,95} 14{: J75 159 {05(: {1 12] "wo lines of bush type French bean (Happ. and

2 / 5 . H i - » 1 ] 'l
HAC-152 4250 1307 387 13562 157 045 117 HAFB-G in AVEI), 2 pole type lines of dolichos bean
HAC-153  39.00 1335 382 11250 138 046 110 (HADB-5 and HADB-6 in AVT-II) and 2 powdery mil.
HAC-154 4250 1165 407 14275 136 062 115 dew resistant mid-season lines of garden pea (Hap,
HAC-155 3750 1490 417 15025 11.0 057 1.12 and HAPMR-2 in AVT-II) were evaluated (Fig. 3¢
£.39),

GM 4065 1338 398 13677 140 0.54 1.13 B F .
SEM 071 050 017 1042 05 005 0.06 To develop powdery mildew resistant early gay.
VY 356 762 885 1524 83 2190 10.88 den pea lines for testing under AICRP 16 individyg
COATS% 220 1.56 - B 18 - -

powdery mildew resistant and early maturing plants
were selected from F3 populations of 3 crosses viz.
VRP-16 x IPS-1, VRP-16 x HAPMR-2 and VRP-16 X PC.
531 and advanced to exercise selection pre
the next generation.

- , i . In Cowpea (Bush type) AVT-I, the entries 09/
Two ge 1

ak Th o afc being maintained in the field COPBVAR-3 (20.6 tha) and 09/COPBVAR-4 (18.7 yha)
gene bank. The spindle shaped (4.91 cm long) striped of d better than the check varietv. | Kashi
green fruited line HAIVG-1 (6.7 kg/plant; fruit weight L omee Tted Thin i check v Koty L€y Kall

24.3g) performed better than the long (5.75c¢m) and Kanchan (16.0 tha).

PERENNIAL CUCURBITS |

ssure in
Ivy gourd

. : - . o In French bean (Bush type) AVT-I, the entries 09/
;]u(-:.ig f;"l.lllt_‘d line HAIVG-2 (5.0 kg/plant; fruit weight FBBVAR-7 (39.0 t/ha), 09/FBBVAR.2 (36.7 t/ha) and 09/

o FBBVAR-3 (34.7 t/ha) performed better than the best
Pumpkin

check Arka Anoop (34.1 t/ha).

In hybrid AVT-II, VNR-14 (14.4 t/ha) followed by
VNRP-16 (13.7 vha) PPUH-1 (13.2 t/ha) and PPUH-2
(11.8 vha) performed better then the best check vari-
ety Pusa Vishwas (8.9 vha)

Ridge gourd

In ridge gourd varietal AVT-II, highest yield was
recorded in HARG-109 (4.9 vha) followed by HARG-
109 (3.8 tvha) and Utkal Trupti (3.3 t/ha).

CAPSICUM

Two lines of capsicum were identified for multi
location testing in AICRP (VC) trials viz. HACAPV-271
and HACAPV-845 for open field cultivation. The yield
and morphological features is given in Table 21 and
Fig. 38

Table 21 AICRP (VC) tnals for open field cultivation

Name No of Plamt Daysto Fruit Frut Frult Yield
primary  height 50% length breadth weight (Vha)
branches (cm) flowering (cm) (cm) (g)

> 430 310 640 660 1050 300
::gm;j; 23 60.0 340 610 660 1200 350 Fig. 39. Promising selection of early PMR line in garden pea
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Integrated Disecase Management of Soil
Borne Disease of French bean by Use
of Non-chemicals

FRENCH BEAN

Maximum vield of French bean was obtained in
control (10.90 vha with minimum disease 12.4% col-
lar rot), followed by Karanj Cake @ 1.0 vha (10.35 v/
ha with minimum disease 11.9% collar rot). In gen-
cral, green manuring with Sesbania treatments re-
sulted in increased incidence of soil borne disease in

French bean (Table 22).

Management of Plant Genetic Re-
sources and Improvement of Leafy and
Underutilized Vegetable Crops

AMARANTH_

In total 49 germplasm of leafy amaranth were
maintained through fresh seed multiplication. Out of
12 multi-cut type germplasm lines evaluated alongwith
2 checks viz., Pusa Lal Chaulai and Pusa Kirti, the red
lcaved line HAMTH-15 (17.3 vha) was found promis-
ing (Fig. 40) and recorded 28.08% yield increase over
Pusa Lal Chaulai (13.5 vha). HAMTH-33 (19.4 t/ha)
and HAMTH-42 (19.2 t/ha) were the promising green
leaved lines and recorded 40.94 and 39.60% yield in-
crease over the green leaved check variety Pusa Kirti
(13.8 tv/ha).

OTHER LEAFY VEGETABLES

The germplasm of palak (2), methi (2), Malabar
nightshade/poi-Basella spp. (2), Lai sag- Brassica rug-
osa (1), Chinese cabbage- Brassica pekinensis (1),

Fig. 40. Promising line of red leaf amaranth

Bathua- Chenopodium spp.(4) and Kang kong- Ipo-
moea aquatica (1) were maintained. The palak line
HAPLK-1 (46.2 t/ha) collected from Muzaffarpur, Bihar
performed better than the Bikaner collection HAPLK-
2 (43.2 t/ha). The Kasuri methi line recorded leaf yield
of 24.2 t/ha and performed better than Pusa early
bunching (7.6 t/ha). The green leaved line of poi per-
formed better (10.0 t/ha) than the red leaved line of
poi (Basella rubra) (8.8 t/ha). The Lai sag (Brassica
rugosa) line HALS-1 recorded leaf yield of 15.8 vha.
The Kang-kong line recorded yield of 4.2 t/ha. The Chi-
nese cabbage line recorded yield of 15.6 vha. (Fig.
41). The locally collected mint line recorded leaf yield

of 9.5 t/ha.

Fig. 41. Promising line of Chinese cabbage

Table 22 Performance of integrated disease management of soil borne disease of French bean by use of non -chemicals in different years

(2008-09 to 2010-11) o

Treatments __ Collarrot %
2008-09  2009-10 2010-11

Seediing grown in solarized bed 7.9 8.7 20.8
Summer ploughing 8.1 10.0 11.0
Green Manuring with cowpea 6.3 14.7 79
Neem cake @1.0 Vha 6.0 7.0 10.4
Seed treatment with antagonist

(Tv)+ sol + seedling dip for 30min 89 78 13.0
Green Manuring with Sesbania +

Antagonist (Tv) 423 105 317
Green Manuring with Sesbania +

Neem cake @ 0.10 tha 280 89 327
Green Manuring with Sesbania +

Neem Cake +Antagonist (Tv) 397 14.1 26.2
Karany Cake @ 1.0 Vha 100 114 14.2
Control 9.2 14.2 13.8
CD (P0.0S)
o

Vegctables

Average  _ Yied (Wha) Average
2008-09 2009-10 2010-11
12.5 8.52 10.82 926 953
9.7 6.46 105 12.84 993
9.6 6.90 10.66 10.00 919
78 8.20 10.90 13.42 10.84
99 6.20 11.32 11.86 9.79
28.2 492 9.36 5.38 6.55
232 592 124 6.42 8.25
26.7 3.52 12.7 5.82 T4
19 8.60 11.80 10.66 10.35
124 9.00 10.7 13.0 10.92
0308 NS NS 09
265 55.0 358 58
2'?



LUNDERUTILIZED BEAN |

Seven new basmatic vegetable soybean lines were
Introduced from AVRDC, Taiwan. In all, thirty one
germplasm of vegetable soybean including 8 basmatic
lines were maintained through fresh sced multiplica-
tion. Out of 7 newly introduced basmatic vegetable
soybean lines evaluated, the lines AGS-456 (273.68 g/
plant; 20.2 vha) (Fig. 42), AGS-461 (258.20 g/plant;
19.1 vha) and AGS-447 (250.68 g/plant; 18.5 t/ha) were
15 days carlier than Swarna Vasundhara (non-
basmatic) and took only 63 days after sowing for 50%
harvest of fresh green pods. These lines recorded
53.89, 45.18 and 40.95% yicld increase over Swarna
Vasundhara (177.84 g/plant; 13.1 vha), respectively.
These lines also recorded > 50% recovery value of
fresh shelled green grains which were having charac-
teristic basmatic (scented rice) flavour after boiling,

Fig. 42. Promising basmatic vegetable soybean line AGS-456
introduced from AVRDC, Taiwan

OTHER BEANS )

The germplasm of Faba bean (20) (Fig. 43a), Veg-
ctable pigeon pea (7), winged bean (10), lima bean
(2), sword bean (2), velvet bean (2), Jack/Horse bean

Fig. 43a. Evaluation of promising lines of faba bean

(1), cluster bean (1) and yam bean (2)(Fig 43b) wer,
evaluated and maintained through fresh seed my)y,
plication. The yam bean line HAYB-1 (tuber weigy,
233.69 g; tuber yield 51.9 vha) performed better thy,
Rajendra Misrikand-1 (tuber weight 222,47 g tube,
yield 49.4 vha).

Fig. 43b. Evaluation of promising lines of yam bean (HAYB-1,

ICAR-RCER, Patna : Annual Report




and
Assessment of Water Requirement for
Commercial Production of Oyster

Mushroom

Evaluation of Substrates

Experiment was conducted in June to November
2010 on oyster mushroom viz. Pleurotus florida, P
sajor caju and Hypsizygus ulmarius. Paddy straw was
used as substrate. Water requirement of P sajor caju
was recorded to be 2.17 and 2.17 litres for one kg of
mushroom production during July-August and Oct-
Nov., respectively. Likewise, 2.3 liters water was re-
quired in case of P florida. Water requirement was
2.3 and 1.85 litres, respectively, for P florida and H.
ulmarius (Fig. 44).

- L T
2% = 216 523 ‘
g 2. 185
EE 159 ‘ PSC
gg 15+ B e
s 1 HU
E ; Lo ‘
R vy v OctNov
Cropping month
Fig. 44 Water Use Efficiency of Oyster Mushroom Production
on Paddy Straw Substrate

Biological efficiency (BE) of P sajor caju was
54.3% and 89.7% in July -Aug. and Sept-Oct. crop,
respectively. In P florida, BE in July-Aug crop was
less (48.4%) but substantially high (98.7%) in Sept-
Oct. In H. ulmarius, the BE was highest, i.e., 118.4%
(Fig. 45).

a4
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H“ﬁ Plasrstus Handa  Mpaiiyges wmene

Biclogical EMciency (%)
-;ctyii

Biological P.ﬁm,dtmmumumm Paddy Straw
substrate in Different Months

P

Mushroom

AICRP (mushroom) strain evaluation of
Oyster mushroom (Pleurotus sajor caju
and Pleurotus florida)

The experiment was conducted with five strains
of Pleurotus sajor caju in summer season (June, 2010).
The strains viz; PSC 1, PSC 3, PSC4 and PSC S re-
sulted in biological efficiency of 51.7, 76.5, 85.0 &
66.1%, respectively (Table 23 & Fig. 46).

Table 23. Performance of

strains of Pleurotus
sajor caju
Strains  Yield (9) BE %
per bag
(3.5kg wet
straw)
PSC 1 4495 51.7
PSC 2 0.0 00.00
PSC 3 669.0 76.45
s ;;S_‘S g_'?g Fig. 46. Fruiting bodies of

PSC 5 ) _
— Pleurotus sajor caju

Strain evaluation of paddy straw mush-
room (Volvariella volvacea)

Five strains of paddy straw mushroom (Volvariella
volvacea) were tested in September, 2010. Maximum
BE was found in V volvacea -13 (10.1%, followed by
V. volvacea -9 (9.3%) and V. volvacea -11 (8.5%) and
minimum with V volvacea -12 (3. 9%). The detailed
data is given in Table 24. The fruiting bodies of Vv
volvacea -13 appeared in 19 days of spawning whereas,
other strains took 11-13 days.

Table 24.Performance of strains of paddy straw mushroom during
September 2010

Strain Day of FB  Number Yield (9) BE (%)

initiation  of fruiting per bed

bodies (165 kg dry
Straw )
Volvariella volvacea -1 0 0 0 0
V volvacea -9 " 151.3 15327 93
¥ volvacea -11 13 1140 1407 3 as
V vovacea -12 12 477 6433 39
¥ volvacea -13 19 1013 1667.5 101
CD (P 0.05) 410 5451
cv% 412 a2
Mushroom



Study on Genetic Diversity in Makhana

To find out the suitable parents for hybridation
programme in makhana, a study on genetic diversity
was conducted (Fig. 47). A total of 36 germplasm (29
from Manipur and 7 from Bihar) were evaluated. The
matcrial was sown , -
on 15" January
2010 at 2 spacing of
1 x Im in RBD hav-
ing a plot size of
30m’ for each repli-
cate. The data were
recorded on various
characteristics and
clite plant material
was screened for
cach population

Fig. 47. Genetic diversity of makhana

Development of an elite strain from ear-
lier available germplasm of makhana

Fournicen pure lines of makhana, developed dur-
ing the year 200809, were sown on 15* January 2010
alongwith a local cultivar (as a check) in RBD with 3
rephicatons for the evaluation of genetic potential of
these lines
I'he promising strain of makhana (having a seed
vickd of 2.84 tha against the 1.56 vha seed yield of a
local check) was identified. To know the performance
of this strain in farmer's field, 60 kg seed has been
distributed among 5 progressive farmers of Darbhanga
and Madhubani districts. The productivity shall be
given in next annual repont since the crop will be har-
vested in the months of August.

Standardization of Plant-to-Plant and
Row-to-Row Spacing in Makhana

To find out an optimum spaicng in makhana crop,
the seedlings of local cultivar of Makhana were trans-
planted at different spacings of 1 x Im, 1.25 x 1.25m,
15 x 1.5m, and 175 x 1.75m in well prepared low-
land ficlds on 21.04.2010. The size of each experimen-
tal field was 500m’. The data on various economic traits
were recorded from time to time. The €rop was har-
vested on 22% August 2010 The seed yield was re.

— —— —_ - S —
e ——

corded to be 57.5kg, 68kg, 62.5kg and 56
Im, 1.25 x 1.25m, 1.5 x 1.5m and 1.75 x |
ing, respectively. The data revealed thay |
spacing was ideal for makhana cultivation

l‘R f(]r [ X
75m spac.

S X 1.28m

Makhana Cultivation at Shallow Water
Depth

Traditionally, Makhana is grown in the narurg| Wa-
ter bodies like ponds, lakes, swamps and ditches (Fig
48). In these water bodies, the average depth of stag.
nant water is generally 4-6 feet. Due to high water
depth of water bodies, the agronomic management of
the crop is very tedious and as a result, the productiv-
ity of this crop is very low (0.8-1.0 t/ha). Further, no
other extra crops can be taken in these water bodies
because of the water depth. Keeping this fact in view,
an experiment was conducted to find-out the possi-
bilities of makhana cultivation in low lying fields.

In the year 2009-10, a low land field having the
clay soil was chosen for this experiment. A plot was
well prepared by two deep ploughings and farmyard
manure was added to it @ 3.0 t/ha. After ploughing, 2
bund of 1.5 feet height and 2 feet width was mZd:
along the entire surrounding of each plot. On the .ls
January, the pond was filled with water up-to the height

‘of half feet of bund and direct sowing of makhana seeds

was done at the spacing of 1.25 x 1.25 m by putting 3
healthy seeds at 4 cm depth. Germination of all ﬂm’:
seeds was completed by the end of February. By N
mid of April 2010, the flowering was Smw ang‘ﬂ;u-
tinued up to the harvesting of crops. On the 1 ield
gust, makhana was harvested with a wcol‘d‘ “n(il‘ﬂ's’
of 2.84 t/ha compared to 1.0 vha in traditio b
tems. Similar results were obtained in the year

09. Hence,
makhana can be
Brown success-
fully at shallow
water depth and
the field may be
utilized to take an-
other crop like
paddy, chestnut,
barseem etc.

jivati®
Fig 48, Traditional makhand U
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Development of Crop-Livestock Based
Farming System under Irrigated
Condition

The project undertaken in 2 acres to develop dairy
based integrated system model in intensified crop-live-
stock production system in irrigated areas was contin-
ued in third year. The results of four crossbred dairy
cows integrated in the system and farmer’s practice
model simulated with one cattle are presented in
Table 25.

Table 25. Crop production in intensified dairy based production sys-
tem as compared to farmers’ practice

Aftvibutes Farmers’ practice Intensified dairy
(control) based produc-
tion system
Total tand 1 Acre 1 Acre
Food crop area % 0.9 Acre 0.6 Acre
Fodder area & animal shelter 0.1 Acre 0.4 Acre
Crop Production
Wheat yield 0.73t 0.59t
Wheat straw yield 095t 0631
Rice yield 153t 1.041
Rice straw 1.84t 122t
Fodder yield
Kharif Maize 862 Kg 1735 Kg
Berseem 140 Kg 2918 Kg
(1st cut) (upto 2nd cut)
Oat {up to 2 cuts) - 683 Kg
Lactation yield (kg) 939.8 2193.12
32.12

Total dung produced (Tones) 5.1

Under irrigated condition in rice-wheat cropping
system (Fig. 49) indicated that an income of Rs. 36,800/
. and 125,700/- was obtained in farmer’s practice and

F‘ﬂ.ﬂlﬂmmvmmlacrop-ummckhmunamm

Farming System Research

intensified system with dairy, respectively. Whereas
employment generation was observed to be 226.25
and 757.25 man days in farmers’ practice and intensify
system respectively, indicating 3.35 fold increase in
employment generation

Development of Location Specific In-
tegrated Farming System Modules for
Small and Marginal Farmers’ of Bihar

Land holdings in Bihar consist predominately of
small and marginal farm size with a high degree of
fragmentation. Hence, the livelihood of the farmers
itself is at the stake. Keeping this fact in view. inte-
grated farming system models were developed over
one acre and two acre area not only for food and nu-
tritional security of the farming family but also for
round the year employment opportunities. The area
under different components has been allocated as per
need and in view of nutrient recycling within the sys-
tem (Fig. 50).
[

RN e 233%
“we

Manure pits

Enterprise share in 1 acre

B Marere pits

Enterprise share in 2 acre

Fig. 50. Per cent contribution of different components under
1 and 2 acre IFS module
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In onc acre model, goat, poultry, mushroom, and
vermicomposting have been integrated with the crop
components. Under crop components, rice-wheat, rice
maize, rice-lentil and rice- mustard (as cercal based
cropping system) and cowpea-cauliflower- tomato,
okra-pea-cabbage and cucurbits-cabbage-brinjal (as
vegetable based cropping systems) were followed and
nutrient recycling from the system was studied. Cow-
pea-cauliflower-onion cropping system along with
poultry + mushroom + goatry fetched the highest net
income of Rs. 99,591 in comparison with other crop-
ping system in a farming system mode which was about
four times more than rice-wheat cropping system (Rs.
22,886.0) in isolation. In addition, 1.75 tonnes of
vermicompost, 5.6 tonnes of goat manure and 0.8q of
poultry manure were also produced by the system

B

which was equivalent 1o 230 kg Of Ureq (¢
and 163 kg of MOP (or chemicyl !('I'II'I/I'('I“\ R of syp
In two acre IFS model (Fig, 5 ) )
+ 3 calves), fisheries, duckery, and vegetab
were integrated with prevaleng rice-whe
rice-lentil and rice-mustard Cropping system |
enterprises were evaluated with the s;m-u' crop ki
tem for their economic return ang emple wn'u[- i
different farming systems. It was fc Wil Ih';,, r,:". Withip
+ vegetables + livestock + fisheries 4+ tlml:.-wh:._.r
model gave the maximum return Rs. 1, 6] z-l-:‘v IFs
additional employment opportunity of 46 llll'lr
In addition, 2.1 t of vermicompost and 7 Ht' :um
s ¥

dung was produced. It was equivalen g, 482kg of
967 kg of SSP and 396 kg of MOP urey

|Iu-sir|{ k (3, 5
\

Csang ““Ih

at, rl(l'-m.lm-

With

I;l}'\

Fig. 51. Integrated farming systems models for irrigated ecosystem
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Again, different combinations were made and ana-
lyzed statistically. Among different combinations (Table
26), crop (0.95 ha) + fish (0.15) + poultry (500 no.)
4 duck (35 no.) resulted in maximum sustainability
index (70.6) and was followed by Crop (0.8 ha) + fish
(0.15 ha) + poultry (500 no.). It was also revealed
from the study that plots in which recycled manures
from the system were applied resulted in buildup of
organic carbon in the soil (Table 27). The details of
expenditure, income, resource recycling and
sustainability of different farming systems models has
been depected in Table 28-30.

Table 26 Expenditures and income statement of 1 acre IFS model

Components Establish- Recurring  Net income
ment epenses &t 3rd year
cost (Rs.) Rs.) (Rs.)

Crop (0.2 ha) > 10,462 8,398
HorSiculture(0.09 ha) 1080 9225 21,015
Fodder - 4,206 -
Goat (20 + 1){0.018 ha) 45000 10,820 39,180
Mushroom (0.003 ha) 10,000 3,500 6.100
Poufltry (100 chicks)(0.0015 ha) 12,000 20,000 32,500
VL. & Manure pits 8,000 2,660 -
Intrest on working capital/

depreciation cost eiC. B 7,608 -7,608
Total 76,080 68,475 99,591

Table 27 Recyciing of farm waste and gain/saving of nutrients through
1 acre IFS model at ICAR-RCER, Patna (2009-10)

Fam waste Quatity  Production/ Nutrient Fertilizer
poduced  use patiem gain saving
@ (1] (kg) (kg)
Goz manure 56 39(6M- 27) N-69.7, 230 kg urea
17 (VC-12) P- 5024 496.25 kg
K- 798 Ssp
Veg. wasie 1 6.3 (VC4.4) N-11, 163 kg MOP
45As fooder  P-93
k98
Poultry manure 8 Used in crops N-25.3,
P- 200,
K- 84
RWM Sraw 483  1.53-mushroom
154C.
45 g-sold N
Table 28. WMMWEZMI{SM_
Components " Estabishment  Recuming  Nat3®
o ) __Cﬂlﬂl‘l epd. (Rs) year (Rs.)
Crop (0. 4 rn] - 20,325 19,010
Horticulure (0.15 ha) 2,500 17,785 39,647
Fodoer (0.01h3) - 6,224 Used
Fighery (0.1 ha) 70,000 5528 14,172
Duckery (on the pond) 18,000 4,200 10,800
Dairy (3 +3) (0016 ha) 70,000 62,500 3115{.?
VC. & Manure ps 15,000 3,300 used
intrest on working caplal/
depreciation cost etc 17,750 17,780
Tou 175500 12658 181277

Table 29 Recyclhing of farm waste and gam/saving of nutnents through
2 acre [FS mode! at ICAR-RCER, Patna (2009-10)

m-mmhwwm

produced use pattern added in  equivaient
- L ® wiw W
Cow dung 278 210m14n N-2078 4B2 iy vrea
20(VC-1.2) P- 1430 967 kg S5P
4 B- Pond treat K-2254 3965 kg MOP
Veg. waste 11 0.8 (VC- .56) N- 140
0.3 As fodder P-118
to cattie K- 125
DRD = - -
Table 30. Productivity (REY) kg/na and economics of different mte-
grated components
Components REY  Costof Gross Net  Niiday 51
{kgha) production retum rewm [Rs) %)
fRs)  Ms) fRs.) -
Crop alone (cersals) 8351 27906  BBB34 50928 167 6B
Crop (0.5) + veg. 19405 B3953 184347 1003%4 275 77
(0.5)
Grop (0.5) + Veg.+
Fruits (0.25) 31776 92152 301872 209720 629 480
Crop (0.8) +
fish(D.15)+ poultry-
500 (0.05) 47847 147853 407046 259193 458 6.3
Crop (0.85) +
fish +
duckery-35 11841 33443 112489 79046 216 D
Crop (0.8/0.06) +
fish(0.12) +
poat (0.02) 14953 42848 142053 99205 72 72
Crop (0.750.1) +
fish(0.12) +
cabe- 3+3 (0.03) 24425 90348 232037 141680 388 230
Crop(0.8) +
fish(0.15) +
Poulry-500(0.05) +
Duckery (35) 44531 152078 423044 270966 742 706
Crop(0.95) +
mush.(0.02) +
goat- 20 (0.03) 15324 45000 145578 00578 275 77
sD. 12822  46B43 124672 79483 1883
(AN} 570 589 $50 M1 M3

Sustainable Livelihood Improvement
through Need Based Farming System
Models in Disadvantaged Districts of
Bihar (NAIP Comp. 3)

A multi disciplinary project with an aim o im-
prove the livelihood security of the rural people in
four disadvantaged districts of Bihar at the 7 sclected
clusters/sites in a participatory bottom up approach
in consortium mode was taken up. It was planned 0
implement appropriate land and watercentric and
location-specific livelihood options through Integrated
Farming System models with a potential for up-scal-

Farming System Rescarch
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ing to mass rural communities in the region. Field
implementation at the selected clusters (50-150 ha)
was planned for specific activities. At each cluster level,
local alliance was established to have a linkage with
wider group of constituency and stakeholders beyond
the selected site for free flow of ideas, exchange of
views, publicity of the work, strengthen linkages and
wider dissemination of the work and dialogue pro-
cess. The major achievements under different activi-
tics are as per below

Introduction of improved varicties and
cropping systems to increase cropping
intensity, employment and net income

In order 1o increase production, cropping inten-
sity and employment, 14 new varieties and 8 crop-
ping systems were introduced. In previous years it was
observed that the cropping intensity (C.I) increased
from 200% to 300% mainly due to introduction of sum-
mer/catch crops in the cluster. Wheat and maize yield
was recorded to be 3.75 vha and 6.24 tvha, respec-
tively, indicating vield increase by 17.3% and 24.7%.
The increase was due mainly to varietal replacement
in these crops. The employment generation increased
by 15.2% (additional 55 mandays/ha/yr) by adopting
different cropping systems. Likewise, increase in net
income ranged between 27% (rice-maize-moong) and
153% (rice-potato-moong).

Maximizing the productivity of water bod-
ies through integration of makhana and
fish

The technology aimed to enhance multiple uses
of water by the introduction of makhana + fish + water
chestnut system in the ponds for generating the addi-
vonal revenue and maximizing the net profit earned
per unit area than the conventional method of
makhana cultvation (Fig. 52).

The integration exhibited the yield of 1.40, 0.27
and 3 70 tvha, respectively, to makhana, fish and water
chestnut compared to 1.70 vha for makhana alone in
traditional methods of cultivation. The outcome of the
intervention from the 96 beneficiaries tried in an area
of 50 ha of Darbhanga Sadar Block, revealed that
makhana as a primary crop gave a net profit of Rs
20,614 per hectare with an employment generation
of 247 man daysha/yr. The fish as a secondary crop
integrated in makhana ponds showed an additional
nct income of Rs 11,806/hayr with an additional em-
ployment generation of 24 man days/ha/year. Likewise,
water chestnut taken as tertiary crop generated an

additional net income of Rs. 13445 per ha with an
employment generation of 83 mandays/ha/yr. The tech-
nology is suitable for flood prone ecosystem of
Darbhanga, Madhubani and Saharsa districts of Bihar.
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Fig. 52. Makhana-fish cultivation

Improved production of seed potato and cultiva-
tion of processing potatoes & chip making along
with capacity building for other income genera-
tion activities:

A total of 209 farmers’ of Vaishali Cluster were
trained in potato seed production, cultivation of
processing grade potato and potato chip making about
802.9q of foundation seed of K. Pukharaj and K.
Kanchan was produced in 4 ha area involving 43 small
& marginal farmers. Likewise, 1399.40q of processing
potato was produced from 4 ha area involving 67 small
& marginal farmers. Micronutrient deficiencies such
as Boron, Iron & copper was detected and reported
for the first time on cluster basis from Pusa and Rosera
of Samastipur. Accordingly nutrient inputs were
distributed one spawn lab was also established at
Bahadurpur (Pusa). Three group leaders of “*F!méﬂ
FIG became Master trainer and imparted lr.umr_lg in
nearby area by establishing three mushroom training
centres in three villages.

X in
Fisheries enhancement through fish culture

pens and cages in Chaur lands

A total of three nos. of pens (0.35 h“““”l m?]
with 20,000 nos. fry were raised. Thirty five nOS
cages were fabricated and installed in Pirapur »men!
at Jandaha Cluster. Open water fisherics manaf::’:n
was done through stoking of about 15,000 ac e
finger-ling. In order to make available carp *

Annual Rep”
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ponable eco-batchery (capacity 0.5 million) was es-
tablished at the chaur site (Fig. 53)

Breed improvement in cattle and goat and Pre-
ventive health care and feeding management

Total confirmed pregnancy in cattle was 120 out
of which calving occurred in 50 (24 M, 26 F) during
the year. Altogether 139 kids were born from Black
Bengal Buck and 104 animals were treated under
health care and feeding management

Interaction with the farmers' (above) and establish-
ments of eco hatchery (bottom) at NAIP site

big 53%

Developing sustainable farming system
models for prioritized micro watersheds
in rainfed areas of Jharkhand

Planting of fruit plants in Bariland of each housc-
hold

To address the nutritional security, 1175 fruit
plants including mango (477), guava (294), aonla
(165) and papaya (239) were planted in Bariland ol
229 households of Dumka and Jamtara district in

Farming System Research

Jharkhand. Additionally, all the 229 farm familics es
tablished 3-4 drumstick p|41|l-\ in their backyard gar
dens.

Demonstration of mushroom cultivation for in-
come generation by women group

Eighty women farmers in Dumka district were
regularly and successfully growing oyster mushroom
The harvest/bag was 1.0-1 5 kg The sale price of mush
room was Rs.B0-100/kg. Out of 6 SHGs involved in
mushroom cultivation, the Ashra SHG with 21 women
of Gubhiajori village deposited Rs 15 000/ and (Gulab
Baha SHG with 12 women of Karela village deposited
’

Rs.9796/- in their bank accounts. In Jamtara distnct, 2
farm women have started growing oyster mushroom

Floriculture introduced for income generation by
farm women

One woman farmer of Palasi village in Jama Block
of Dumka district cultivated marigold in 1.25 decimal
land and harvested 52 kg flowers which were sold @
Rs. 20/- per kg and a total income of Rs. 1040 was gen-
erated.
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Modeling the Performance of Few Ma-
jor Cropping Systems in Eastern India
in the Light of Projected Climate
Change (NAIP- Comp. 4)

Open top chamber experiment

Four varieties of rice viz., Rajshree, Rajendra
Bhagwati, Swarna Sub 1 and MTU 7029 were evalu-
| under three OTCs, i.e., OTC1- Control, OTC2-
increase of CO,, OTC3- 25% increase of CO, and
increase of temperature over control (Fig. 54).
larly. promising HYV of eastern region- Swarna Sub
s evaluated under different nutrient management
ces under OTC4 (25% higher CO, and 1°C higher
perature over control).
Swarna subl and MTU 7029 took more total du-
n under control OTC and Rajashree and Rajendra
gwat ook more duration under 25% increase of
and 1°C higher temperature conditions. The du-

T1-125% NPK through CF

ment (75% CF+25%BF)

Fig. 54. Performance of Swarna Sub 1 under different management practices in oT1C-A ’u‘“"lwl
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e . ervation
F2-Integrated nutrient mange-  T3-100% NPK + conservd

ration of Swarna Sub 1 under 74 W2$ higher
pared to open field conditions. All the =t < o
OTCs produced more yield —— r,ﬁ -,n:r.-
conditions. Different varieties performed dl.:;:m:f
with increase in CO, and 1°C higher [emptn'uer.
Rajashree and Swarna Sub1 produced higher yield
control OTC. However, Rajendra Bhagwaii pr})dm;
higher yield under 25% increase of CO, and 1°C higher
temperature. MTU 7029 produced higher yield u
der 25% increase of CO, Least variability of yield, how
ever, have been noticed for Rajendra Bhagwati and
MTU 7029 under different OTC treatments and opes
field conditions (Fig. 55).

Under nutrient management treatments, (25%
crease of CO, and 1°C higher temperature) the i
application of nitrogen fertilizer treatment produce
higher yield. There was not any influence of elevaied
CO, and temperature on pH, organic “‘"b““cr;_:
able nitrogen, and exchangeable K. SMBC It

e : gy sent either throug?
significantly with additional nutrien e 3
fertilizer or through organic amendment {75
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Fig S8 Performance of different varictics under OTCs and open

Table 31 Soil pH, organic carbon, SMBC, available N, P and K under

dierent 0TCs
Teatments pN  Organic SMBC  Avalable Availlable Exchang-
Cardon N P able K
o 6% 04 104 187 44 1821 1848
o TOE 066 138 23268 1962 306.4
1] TS On 158 187 .02 2420 2804
n 708 07 176 20548 14.28 298.0
n 70 o087 168 24260 12.96 2864
n 708 085 1680 20134 12.60 2464
™ 705 070 152 247 64 1240 2108
oo NS NS 3688 NS NS

Nutrient Management in Rice - Lentil
Cropping System

A ficld experiment was conducted in randomized
block design (RBD) to find out suitable nutrient man-
agement system with respect to one secondary nutri-
ent sulphur and one micro nutrient zinc under rice -
lentil cropping system. Four levels of sulphur S, (0kg),
S, (20kg), S, (30kg), and S, (40kg), and zinc Zn, (0kg),
Zn, (4kg), Zn, (Skg), and Zn, (6kg) respectively, were
applicd on hectare basis. Both, sulphur and zinc, were
applied to nice crop and their direct effects on rice
and residual effects on lentil were investigated.

The texture of soil of experimental plot was silty
clay loam with mean pH value of 6.8, electrical con-
ductivity 0.16 ds'm in 1:2 soil: water solution, organic
carbon 0.68 per cent, with available nitrogen 244.7
kg/ha, available phosphorus 28.6 kg/ha, available pot-
ash 185 .8 kgha, sulphur 8.3 kg/ha and zinc 0.8 kg/ha.
This was third crop cydle for rice (Fig. 56) and second
for lentil (Fig 57), hence data presented here are of
two cropping scasons, data on lentil belongs to 2009-
10 and rice data is of 2010

The lentil crop was taken just after harvest of rice
during Nov 2009 1o March 2010. It is observed that
the plant height of lentil is significandy influenced by
difficrent levels of application of Zn and S (Table 32).
Maximum and minimum plant height was recorded
as 42 2 cm and 32 8 cm, respectively in case of S| and
S, level of sulphur at harvest. Number of productive

Cropping Systems

Fig. 56 Rice crop at Physiological maturity stage

Fig. 57. Lentil crop at pre flowering stage

branches per plant have been recorded minimum 13 9
with no application of zinc whereas maximum (16 3)
was obtained in case of S,. Pod/plant were recorded
maximum 63.8 in case of §  and minimum value (45 9)
with § treatment. Maximum lentil seed yield 115
ha was recorded with §_ treatment whereas lowest vicld
(1.01 vha) was noticed with §, treatment

Table 32. Effect of sulphur and zinc on growth, yield attnbutes and
yield of lentil during 2009-10

Treatments Plant Branches/ Pod/ Grain 1000 Harvest
Height plant plant  yield grain Ingex
3 (cm) (tha) wt(g)
328 144 459 1n M7 040

38.70 15.9 42 110 247 039
39.8 16.3 580 115 248 ) .39

22 162 838 111 250 038

8RR grrre
£

28 19 86 0035 NS NS

; 139 479 103 M7 0.38
38.8 147 532 110 M7 039
407 154 593 112 249 040
395 16.1 629 112 M9 0¥
28 19 86 0035 NS NS

Data presented in Table 33, shows the combined
response of both the factors on lentl seed yield. Mini
mum lentil seed yield of 096 tha was reconded in
control whereas, corresponding maximum lentil seed
yield (1.24 vha) was recorded with combined appli
cation of 30 kg sulphur and 6 kg zing



Table 33. Effect of sulphur and zinc on seed yield (Vha) of lentil during

2009-10
M__ _§, 5, S, ; S',,- 'ﬁo}'a"zﬁ‘
In, 0.96 00 1.07 1.10 1.03
. 1.04 ) 112 1.1 1.10
In, 1.07 1.12 1.15 1.12 1.12
In, 0.99 1.14 1.24 1.10 112

MeanofS 101 10 115 119
cD Mean effects 0.41 Interaction (NS)

Effects of sulphur and zinc on rice (Crop
season 2009)

The plant height of rice was significantly affected
by both the factors (sulphur and zinc). Application of
Sulphur @ 20kg/ha (S,) produced significantly taller
plants over control (S,). Similar type of response was
also recorded in case of zinc application (Table 34).

Table 34. Effect of sulphur and zinc on growth, yield attributes and

yield of rice during 2010
Treat- Plant LAl  Panicle/ Grains/ Grain H 1000
ments height m? panicle  yield (%) seed

(cm) (ha) wt.(g)
8, 1215 635 2714 1918 725 041 159
S,_ 1246 712 2879 1995 745 042 16.0
S, 1263 751 3036 2049 744 042 159
S, 1284 784 3001 2056 7.43 041 16.0
cD 21 063 15.6 9.08 0.24 NS NS
In, 1227 664 2740 1931 720 042 159
In, 126.2 725 2914 20203 7.35 041 16.0
In, 1283 773 3079 20559 7.45 042 16.0
In, 1294 815 3114 2077 757 042 161
cD 21 063 15.6 9.08 0.24 NS NS

Effect of sulphur and zinc on rice yield is shown
in Table 35. Minimum rice yield of 7.09 t/ha was re-
corded with no application of zinc and sulphur where
as corresponding maximum rice yield (7.72 t/ha) was
recorded with combined application of 30 kg sulphur
and 6 kg zinc. In case of zinc application, Zn, pro-
duced significantly higher grain yield over Zn but pro-
duces at par with other tested levels of zinc.

Table 35. Effect of sulphur and zinc on rice seed yield (kg/ha) during

2010 .
Treatments S, S, 5, S,  MeanofZn
In, 709 717 7.23 7.29 7.20

b 7.23 7.37 7.39 741 7.35
X 7.35 7.56 7.42 7.45 7.45
In, 7.31 7.68 7.72 7.55 7.57
Mean of S 725 745 7.44 7.43
co Mean effects 0.24 Interaction (NS)

Crop and Resource Management Prac-
tices for Sustainable Future Cereal-
base Systems

Under Cereal Systems Initiative for South Asia
(CSISA), Platform Research is being conducted at
Sabajpura farm in Patna for strategic experimental
research for future cereal systems with focus on rice-
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wheat system, its intensification an
diversification for high cereal

:‘i,.lstainablc natural resource managemen, H:uh
Technical Programme/Activities are- (1) Partic
adaptation of new crop and resource mana Piory
technologies for conservation agriculture ‘Y“::nm:m
New generation of resource-efficient, hiuh-y:e|:1
cereal systems and (iii) Operation in lf:chn,,|:nﬂ
delivery hubs and other selected areas and in
with breeding programs.

Four scenarios of cropping with differen: residue
crop health and nutrient management practices has
been sown in three replications having large plot size
(1,900 m? each). Details are given in Table 36.

Among the different scenarios grain yield of whea
2009 - 10 under conservation agriculture (Scenario
3: zero tillage and keeping one third residue of the
previous crop rice) was 40 per cent higher than the
conventional practice by farmers (Scenario 1) (Fig 58).
The conventional practice was determined by bench-
mark survey of 30 farmers in the vicinity of the experi
mental area within 25-30 km. Higher grain yield was
also reflected in higher yield attributing characteris-
tics of wheat in scenario 3. Under future cereal system
(Scenario 4) potato and maize intercropping was con-
sidered for intensification and diversification (Fig. 59).
In these plots, 18.2 t/ha of potato and 6.8 tvha of maize
yield was obtained. The cost of different components
for wheat production was calculated and it was ob-
served that net incomes were 233 and 444% higher in
scenario 3 and 4, respectively, as compared to scenario
1. On average, conservation agriculture (Fig. 60) prac-
tice could save 17% irrigation water in comparison to
conventional practice in scenario 1.

fur,
Jr
Prmlmmm ;

i)

teracy nm;

5
| 416
: . ;:.'"; 4 E =
§1: Conventional §2: Best farmers’ $3: Consenvation
practice Agn

Fig. 58. Wheat grain yield (vha) during 2009-10 in different
scenarios

o |

and
Fig. 59. 84 (intensification and diversification) Poww
maize yiclds (Uha)
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Table 36 Crop produchon scenanos and management practices

Scen Drivers of Crop Crop Manage-

nos change rotations ment (CM)

1 Business as usual Rice-wheat Farmers

(current) practice

2 increasing food Rice-wheat Best
dermand -mungbean Available

3 Increasing food demand Rice-wheal- Conservation
Degrading natural Mungbean Agricufture
resources, energy and
labor crises

4 Food and nutritional Rice-Potato + Best practice
securfty, Intensification Maize-
and Diversification, farm Mungbean

profitabity

Fig 60 Zero tillage wheat under conservation agriculture in
scenario 3

One third crop residue of wheat was retained for
cowpea and entire cowpea residue was recycled in
rice in scenario 3 by zero tillage (Table 37).

The total potato shoot after harvesting of potato
tuber was incorporated for earthing up of maize and
one third maize residue was retained for rice-cowpea
cultivation. Again cowpea residue was retained for rice
in $4. Mungbean residue was incorporated for rice
cultivation in S2. Thus 18.90 t/ha of crop residue was
added/recycled in S4 and 8.09 tha in $3 as compared
to 4.96 vha in S2.

Table 37 Amount of crop residue recycled in different scenarios

Scwaio  Crop residue (vha) added In dilerent scenarios
Rice in Wheat in Green gramy  Total
wheat/potato  green granmy cowpea
—  thin  owe n rice
L 1] Removed Removed falow .
[ 196 142 150 490
53 209 2.80 3.20 0.00
“ 2% 1350 308 1890

The zcro tillage rice with residue retention of pre-
vious crops in 84 and $3 exhibited 30 and 17% higher
than the conventional practice in §1 (Fig. 61)

Cropping Systems

Tillage Residun Crop Notrimnt
in system management heath Management
CT-CT ARemoval As usual As usual
Anchored-removal Hest Best
Cr.Z1-C71 -Incorporation Avadable Avadable
mn-n-n Hetention Best
anchored managemant 55NM Based
retention
I1-C1-I7 Retention Best 55NM Based
anchored- management
retention

| 584 LF.]
:‘{ 5 33 F m
n B
14 , 1
14 :
14
0+ | - . Sl sl

L1 62 o] S

Fig. 61. Rice yicld (vha) in different scenarios

Survey and Surveillance of Insects
Pests of Rice and Wheat Cropping Sys-
tem of Patna District of Bihar

Survey of insect pests was carried out in different
cultivars grown at Complex Research farm and
Sabjpura in vegetative, flowering, milking and maru-
rity growth stages of the rice crop. Due to consecutive
long dry spell in early months of crop establishment,
the incidence of termite (Odontermes sp) infestation
was experienced at vegetative stage in BPT-5204 and
varietals trial plots and Sabjpura, respectively The in
tensity of damage was recorded to the tune of 6 7%
per hill in BPT-5204 and 8.67% in aerobic rice varictals
trial. The severity of mealy bug (Brevennia rebi) infes-
tation was 25.9% at vegetative stage in MTU-7029 The
incidence of rice seed bug (Leptocorisa oratorius) was
observed above ETL (1-2 bugs/hill) in Satyam (Avg 1§
bugs /hill) and BPT -5204 (Avg. 1 2/hill). Maximum
average density of adult leaf folder (Cnapbalocrocis
medinalis) was recorded in BPT-5204 at maturity stage
(Avg. 1.0/hill). Though, no damage was noticed in rice
crop because larval stage of leaf folder caused dam-
age at vegetative growth stage of the crop. The inci-
dence of green leafl hopper and yellow stem borer
ranged 0.2-0.4/hill. The insect density was recorded
low as compared to previous years (Fig. 62)

Two new Coleopteran beetles, Haplochrus
fasciatus Fabricius (family. Melyridae) and
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Fig 62 Average density of insects per hill in four years in MTU
7029 at ICAR Farm

. . Fig. 64.

Hapalochrus fasciatus Pyrilla perpusilla
Fig 63 New insects identified in rice fields

Gonocepbalum sp (family: Tenebrionidae) were iden-
tified (Fig. 63). Hapalochrus fasciatus was not re-
ported earlier in rice crop. Former beetle is known as
vegetable beetle, it feeds paddy crop at very early veg-
etative stage. Another hemipteran pest of sugar cane,
Pyrilla perpusilla (family: Fulgoridae) was also ob-
served in paddy crop for last two year. The changing
of pest complex may be due to erratic rainfall; result-
ant the insects are adopting themselves on alternate
host plant for survival.

Eco-biology and Management of Ro-
dent Fauna of Rice-Wheat Cropping
System

In rice crop mainly three rodent species- Lesser
bandicoot rat (Bandicota bengalensis), field mouse
(Mus booduga), and soft furred field rat (Millardia
meltada pallidior) were collected. Bandicoot rat was
found predominant (67.5%) rodent species in rice crop
followed by M. booduga (Fig. 64). Burrow density of
B bengalensis was recorded maximum (315.26 +
36.62 nos/ha) as compared o M .booduga and M.
mellada (Fig. 65)

Damage assessment was carried out at different
growth stages of the crop in Satyam, SB, and Rajendra
Sweta cultivars at ICAR complex farm, however, dam-
age of hill and tller at booting and flowering stage
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Fig. 65. Average burrow density/ha of rodents in rice Crop
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Table 38. Mean percentage of affected hills and damaged tillers by
bandicoot rat based on random sampling of 1m? area in
ditferent rice cultivars at various growth stages crop

Cultver  Growth stage

Satyam  Vegetative 4.18 386  Moderate*

Booting / flowering stage  6.58 426  Moderate
g Moderate

Maturity 14.77  High**

sweta Booting / flowering stage  7.14 469  Moderate
Miling and dough stage ~ 17.27 15.82  High
Maturity 16.43 10.82  High

suB1 Vegetative -
Booting / flowering stage - - -
Milking and dough stage ~ 12.36 11.16  High
Maturity 15.11 11.27  high

*Moderate 3-5% damage; ** High 6-22 % Damage

inside the active burrow. Pellets (one per burrow) were
also placed 20-25 cm deep inside the active burrow
and all openings were plugged. The openings of all
active and non active burrows nearby were also
plugged. The reopening of pluged burrows or creation
of new openings was done at different days after treat-
ment and data were compared with those obtained
from the untreated control. Estimated rat mortality was
adjusted by the Scneider ovelli's formula. All the treat-
ments were observed up to 20 days. In the I* test car-
ried in Satyam variety, out of 25 burrows, 20 burrows
(80%) in control, 13 (52%) in zinc phosphide and 7
(28%) aluminium phosphide burrows were reopened.
The estimated mortality was 35 % in ZNP, 15% in BR
and 65% in ALP. In the second test in SB, field, 20 bur-
rows were treated. 18 out of 20 (90%) in control, 12
(60%) in ZNB, 15 (75%) in BR and 5 (25%) burrows
were opened. Mortality was estimated 33.33% in ZNF,
16.66% in BR and 72.22 % in ALP. In third test, mortal-
ity was estimated to be 38.45, 7.09 and 53.84% in ZNF
BR and ALP respectively. It indicates that aluminium
phosphide was much better than zinc phosphide and
Bromadiolone wax cake in achieving immediate popu-

of Damodar River basin

lation knockdown. The technique of placing of poi-
son whether it is zinc phosphide, Bromadiolone or
fumigant aluminium phosphide in side burrow should
have least effect on non target animals and also safe
for environment.

Water Harvesting and Better Cropping
Systems for the Benefit of Small
Farmers in Watersheds of the East India

Plateau

To conduct the study, Pogro and Amagara water-
sheds were selected and data from different sub-wa-
tersheds (namely Usri, Hurdag and Nagwan) of
Damodar River Basin and Brahmani River Basin lo-
cated in the eastern India have been collected for cali-
bration and validation of the hydrological model and
developing regionalized parameters. The brief descrip-
tion of the three subwatersheds is given in Table 39.

Historical daily rainfall data measured at the out-
let of the above three sub-watersheds were collected
from the Soil Conservation Department of DVC
Hazaribagh. Surface runoff and sediment yield data of
all the three subwatersheds for the monsoon period
were also collected from the Soil Conservation De-
partment, DVC, Hazaribagh for the calibration and vali-
dation of the hydrological model. Other meteorologi-
cal data, viz, rainfall, minimum and maximum tem-
perature were also collected from a meteorological
observatory located at Hazaribagh (85° 22° longitude
and 23°59 latitude and 611m altitude). Daily rainfall
data was also collected from the District Agriculture
Department, Purulia (86° 25" longitude and 23°20°
latitude and 255 m altitude). Topographic maps
(1:250000 scale) were collected from the Survey of
India, Kolkata and Soil and land use map was collected
from NBSS and LUP, Kolkata. The data is shown in

Fig.66.

Analysis of rainfall and runoff data: Nagwan
sub-watershed receives maximum rainfall among the

Table 39. Description of the selected sub watersheds

Detals ~ Nagwan Usri | Murdag

Name of the caichment & State Damodar , Jharkhand Barakar, Jharkhand Damodar . Jharkhand

Name of the river valiey project Damodar Valley Corporation(DVC) DVC DVe

Name of the sub-walershed Upper Sewani - 7A Usri Nadi-32 Katery Naja

Name of the gauging station Nagwan Giridih Hurdag- P2d

Location of gauging stations 85°24 -24°03 86°20 -24°11 85°35 45°-23°48 40
(Longitude - Latitude)

Name of the stream Upper Sewanl Usn -32 Katery Nala

Areal exent of the sub-watérshed 85°18 -85°23 € 23°59 -24°05 N 86°04 3486724 12°F 85°34 21°-85°39 20°€
(Longtude and lattude) 24°10°50°-24°31 54'N 23°48 42°-23°52 05N

Avea (i) 92.46 731.02 2304

Slope 1-5% 1-5% 1-5%

Sod _ Rediosmysol saadyloam ~ Red loam, aluviel ool
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Unrn Rntall mm
B Nagwan Raintall, mm

Hurdag Raintal. mm

Nagwan Runofl mm
B Usn Runofl, mm

Hurdag Runofl, mm

Fig 66. Mean monthly rainfall and runoff in three sub water-
sheds of the DVC

three subwatersheds. Though there is not much varia-
tion in the mean monthly rainfall in the three
subwatersheds, analysis of daily data showed signifi-
cant variation in the rainfall characteristics of the three
subwatersheds, thus affecting the runoff yield from
cach watershed. On an average, 20 -35 % of the rain-
fall gets converted to runoff.

Digitization and Generation of Hydro-
logical Response Units (HRUs)

Scanned toposheets are georeferenced using
TNTMips software with maximum possible ground
control points and least RMS errors. The contour lines
are then digitized and further converted from “feet”
to “metre” unit to generate DEM in meter. DEM layer
is developed with 30 m of spatial resolution. DEM layer
and mask layer (bit map) of the study area is imported
to TNTmips for slicing and sub-watershed generation.
Using the GEOFORMULA and WATERSHED ANALYSIS
utility of TNTmips, the elevation layer is sliced into
different classes. Slope (degree) and aspect map are
generated on the basis of DEM. Similarly, soil and land
use thematic map (.jpeg file format) are geo-referenced
and classified with “Maximum Likelihood” algorithm
of “Supervised Classification”. Thematic map of soil
with different textural classes and land use map with
different classes are generated.

Sliced elevation layer, soil layer and landuse layer
are overlayed to develop the layer of Hydrological Re-
sponse Units (HRUs). Each layer is re-projected with
same projection (UTM), raster extent and pixel size 1o
make them compatible with each other for overlaying
process. In this way, the Usri and Hurdag
subwatersheds were devided into 15 and 11 HRUs,
respectively. Finally, area, slope (mean, median, and
mode), aspect (mean, median, and mode) and eleva-
tion (mean, median, and mode) values as well as soil
and landuse class extent for each HRUs were then
extracted through the HRUs vector layer and individual

thematic layer for input to hydrological model (Table
40).
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Table 40. HRU wise elevation and sioge of (jen

tersheds 1 Wt v, o,
HRU Usd My sy
Area  Elevation Slope L ——
o) m (%) o) oy ',:'
1 078 33065 101 1 001 1
2 266 3383 117 2 o T:’:; a5
3644 32268 216 3 004 1apy e
4 900 3603 092 4 007 277885 ger
5 998 20624 220 S 011 sy gn
6 1013 3615 053 6 112 2mM 9
701067 3223 134 7 127 2478 ggp
8 1333 33312 107 B 234 23154 gy
8 2131 20435 125 9 404 131401 gy
10 6836 31674 195 10 618 146697 527
11 6897 34163 235 1 8277 1240m 7ne
12 8247 33963 130
13 8482 31256 172
14 10415 34648 162
15 18541 35268 1.6

Water Resource Management

Based on observations and modelled results
guidelines to help with the design of watershed de.
velopment have been developed to assist the planner
with determining what interventions would be sun-
able in specific areas, and estimating the volume of
potentially ‘harvestable’ water. These guidelines were
trialled with a group of PRADAN professionals

Development of drip irrigation practices
in okra-potato-mentha system

A field experiment was conducted during 2010-
11 with Mentha (Fig. 67)-Okra (Fig. 68)-Potato (Fig
69) cropping system during summer, rainy and win-
ter seasons. The soil was silty clay loam with mean
soil pH of 7.07, electrical conductivity 0.25 dSm' in
1:2.5 soils: water solution, organic carbon 0.81%, avail-
able nitrogen 230.62 kg/ha, available phosphorus
48.03 kg/ha and available potash 187.34 kg/ha, respec-
tively. The experiment was carried out following split-
plot design with four levels of irrigation [Three dnp
method 100%, 80% and 60% of PE alongwith thew
evaluation with surface irrigation (IW/CPE= 0.80) al
6 cm depth] as main plots and 3 levels of feruganon
(75,100 and 75% of soluble N & K) as sub-plots with 3
replications.

Fig. 67 Mentha crop (summer scason)

wt
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Fig 68. Okra crop (rainy season)

Fig. 69. Potato crop (winter season)

~ The system productivity of mentha—okra-potato
in terms of mentha equivalent yield was highest with
the application of drip irrigation at 100% PE than other
treatments which was higher by 25 % over the surface
irrigation of 6 cm depth. In general, the production of

mentha, okra and potato were higher with applica
tion of drip irrigation as comparcd o surface irriga
tion of 6ecm depth (Table 41)

The maximum water use-cfficiency (82 52kg/ha
mm) was observed from drip irrigation at 60% PE, fol
lowed by drip irrigation at 80% PE (76 .86 kg/ha/mm)
However, lowest water-use-cfficiency (32.91 kg/ha
mm) was observed in case of surface irrigation of 6cm
depth. In drip irrigation method, water tension re-
mained low as compared to surface irrigation of 6 cm
depth. This is one of the main reasons for getting
higher equivalent yield under drip irrigation method
Maximum weed density and dry weight of weeds was
also noticed under surface irrigation of 6 cm depth
and it was significantly higher over all the levels of
drip irrigation. The less weed density and dry weight
of weed might be due partial wetting of the soil under
drip irrigation method. Maximum B: C ratio (3.67) was
accrued from drip irrigation at 100% PE, followed by
drip irrigation at 80% PE (3.60).

The system productivity of mentha—okra-potato
in terms of mentha equivalent yield was highest with
the application of 125 % recommended dose of soluble
N & K fertigation than other treatments. Maximum re-
alization of B: C ratio (3.62) was also observed with
125% recommended dose of soluble N & K, followed
by fertigation with 100% recommended dose of soluble
N & K (3.60). However, interaction between irrigation
levels and levels of recommended N & K fertilizer were
statistically insignificant (Table 42).

Table 42. Effect of different levels of recommended N & K fertilizer
on yield and economics of mentha-okra-potato cropping

system

Recommen- Yield Net Costol B:C Mentha
ded levels — = retum cultivation rato  equiv

of N&K Mentha Oka  Potato  (Rs/ha) (Rs/ha) Yiglg

Fertiizers  (vha) (vha)  (Vha) Vha

125% 815 425 2874 292425 111439 362 74.13
100% 805 4.15 2668 281301 108131 360 69 n
75% 7.32 345 2465 262602 104,126 352 63.52
CD_{5%} 047 021 233

Soil chemicals parameters at the end of the ex-
perimentation were slightly improved due to varying
levels of recommended N & K fertilizers as compared
to initial levels (as indicated in Table 43)

Tllle 41 Eﬂec1 of moanon ievels on yield water-use—efficiency and economics of mentha-okra-potato cropping system

Mentha M Potato (Re/ha)

. (Vha) (Vha) (Vha)
Frgamon leves
gb 100% PE 9.56 448 32.97 3,33,175
&:mvf 790 424 29.63 3,05,231
-4 60% PE 763 4.04 25.98 2.79.759

‘J’E 0.80%

 tm dapth) 6.26 3105 18.18 1.56,304
© %) 0.66 0.36 32

('"W“B Systems

Cost of B.C Total Mentha  Water-use
cultivation ratio water equiv efficiency

used (mm) yleld (Vha)  (kg'ha'mm)
1,24,680 3.67 1181 84 46 1A E-]
1,17,329 3.60 984 75.64 76 86
1,10,929 352 820 67.67 82 52
1,368,600 212 1480 @8.n 2N
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Table 43. Soil chemical parameters as influenced by different levels
of recommended N & K fertilizers at the end of the cycle of
mentha-okra-potato cropping system

Recommen- Organic  Available N  Available P Available K
ded levels of carbon (kg/ha) (kg/ha) (kg/ha)
N & K fertilizers (%)

125% 0.86 245.44 48.07 201.34
100% 0.85 242,55 48.06 197.38
75% 0.83 236.31 48.05 191.84
Initial 0.81 230.62 48.03 187.34

Results indicate that drip irrigations saves 25- 45
% water in comparison to surface irrigation and farm-
ers may apply 125% of the recommended soluble N &
K under mentha-okra-potato system.

Studies on Irrigation and Nutrient
Requirement of Diversified Cropping

System in Irrigated Eco-System of Cen-
tral Bihar

A field experiment was conducted in split-split
plot design replicated thrice allotting cropping systems
in main plot, levels of irrigations in sub plot and lev-
els of nutrients in sub-sub plot at main campus farm
during kharif 2009, so as to find out the irrigation and
nutrient requirement of different crops under diversi-
fied cropping systems. Five cropping systems viz. C,
(Rice-tomato-bottle guard) (Fig. 70), C, (Rice-potato-
onion), C, (Rice-mustard-tomato), C, (Rice-coriander-
Lady's Finger) and C, (Rice-Cabbage-Cowpea) (Fig. 71)
were tested. These cropping systems were tested at
two levels of irrigations viz. 1,-Optimum level, I,- Sub-
optimum level and two levels of nutrients viz. F -
Recommeded level and F,-50% of recommended level,
respectively. Soil samples were collected from the ex-
perimental plots and analyzed for physical and chemi-
“EY S - LR ¥
-l :

-

Fig. 70. C | F (Rice-tomato-bottle gourd)

Fig. 71. C_1 F, (Rice-cabbage-cowpea)

g M ha
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cal properties (Table 44). The exture of the
silt clay loam with mean value of piy ¢ 97 ‘u
13 Lol §

conductivity 0.12 ds/m in 12 soils WaLer oy, cal
ganic carbon 6.64 g/kg, available nitrogen u.zrm g
ha, available phosphorus 26 4 kg/ha and i rfh .
ash 181 kg/ha, respectively 4le pox

Two crop cycles for all diversified cro
tems has been completed and the yielq Of differ,
crops was converted in terms of paddy (Tahje ”rar
Results of paddy yield equivalence revealed that d“;
ing second year of experimentation, there were
nificant variations among cropping systems, level
irrigation and nutrients and its interaction Among the
cropping systems, maximum yield equivalence Wia
recorded in paddy-tomato-bottle gourd (48 95 Uha)
followed by rice-cabbage-cowpea (34.43 tha ) and rice.
potato- onion (28.36 t/ha), respectively. Among levels
of irrigation, maximum yield equivalence was recorded
at optimum level (31.61 t/ha) followed by sub- Opti-
mum level (29.37 t/ha) and the increase was 1o the
tune of 8.16%, respectively. Among levels of nutriens
maximum yield equivalence was recorded at recom.
mended level (31.18 t/ha) followed by 50 % of recom.
mended level of fertilizer and the increase was to the
tune of 4.96%, respectively. Maximum net profit (Table
46) was recorded in rice-tomato-bottle gourd (Rs. 2
43,825/ha) followed by rice — cabbage — cowpea (Rs
1, 66,323/ha) and rice-potato-onion (Rs. 92, 592/ha)
respectively. Similar trend was observed in benefit cost
ratio (3.46, 3.22 and 1.87), respectively. Among levels
of irrigation, maximum net profit was recorded at op-
timum level of irrigation (Rs. 1, 20,009 / ha) as com-
pared to sub-optimum level (Rs. 1,09,117/ha). Among
levels of nutrient, maximum net profit was recorded
at recommended level (Rs. 1, 16,999/ha) followed by
50% of recommended level (Rs. 1, 14,049 /ha), respec-
tively.

LU

PPing gy

%
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Table 44, Effect of levels of irrigation and nutrient on chemical
status of soll after second crop cycle in diversified crop-

Table 45. Effect of levels of irrigation and nutrient on yield equiva-
lence (/ha) in terms of paddy (2009-10)

ping system (2009-10)
Treatments pH EC Org.  Avallable Avalfable Avallable
carbon  nitrogen phosphorus  potash
(0hg) (kgha)  (koha)  (xgha)

Initial status of 650 011 105 28100 2356 193.20
nutrients
Average nutrient 708 010 852 24762 2417 151.01
status after first
crop cycle
(2008-09)
Average nuten! 697 012 664 262.68 26.40 181,02
status after second
crop cycle (2009-10)
Rice-tomato- 3 012 078 28001 2957 177.22
bottle gourd (C1)

694 014 064 253.75 2859 188.41
onion (C2)

687 010 060 259.30 25.27 186.92
tomato (C3)
Rice-coriander- 697 0.10 066 251.04 2585 170.85
L Finger (C4)
Rice-carrot- 694 012 064 26031 2272 181.69
cowpea(C5)
SEm (%) 009 0.005 0009 427 068 375
CDat 5% NS 0016 003 1392 222 1223
Level of Irrigation (1)
I, 702 0.115 069 277.61 28.01 185.89
ks 692 0.117 063 247.75 2479 176.14
m (+) 003 0003 0005 230 040 116
CDat5% 0005 NS 002 725 126 3.5
Level of Nutrient (N)
F, 702 012 070 277.29 27.17 185.09
F 692 011 068 24808 2563 176.95
sEm(+) 002 0003 0004 172 044 095
CD at 5% 006 0009 001 507 130 280
CV% 1.87 1252 362 358 917 289

Soil studies indicated that there was significant
variation in EC, organic carbon, available nitrogen,
phosphorus and potash except pH after second crop
cycle. It has been observed that in all the systems there

Cropping Irrigation Mean Fertilizer Mean
_Sysmms I, I, F, F,
C1 - Rice- 51.38 4657 4898 5028 4768 4898
fomato-
bollle gourd
C2 - Rice- 3043 2629 2836 2886 2785 2836
polato-
onlon
C3 - Rice- 13.64 1257 1311 1361 1260 1311
mustard-
lomato
C4 - Rice- 1821 16.94 17.57 18.03 1712 1757
corlander-
L. finger
C5 - Rice- 3437 3449 3443 3511 3376 3443
cabbage-
cowpea
Mean 29.61 27.37 - 29.18  27.80
Faclors

C I F Cxl CxF IxF CxIxF
SE(m) = 147 035 027 078 061 0.38 0.86
cD. at5% 479 1,10 080 246 1.80 1.12 2.54

Cost of rice: Rs. 7000/ton taken for converting yield of diﬂereni c;ops to
the paddy yield equivalence.

was increase in pH, EC and phosphorus, but reduction
in organic carbon, available nitrogen and potash from
initial status of the nutrient. This may be attributed to
exhaustive cropping. There was decreasing trend in
organic carbon, available nitrogen and potassium in
all the systems from initial status of the soil but
variations among cropping systems, levels of irrigation
and nutrient was found significant. This may be
because of vegetable dominated crops in the system,
whose nitrogen and the potassium requirement is
quite higher than other crops in the system (Table 47).

During third year of experimentation, only rice
crop was taken. Growth and yield parameters were

Table 46. Yield equivalence in terms of rice, net-return, cost of production and benefit cost ratio in different cropping systems (2009-10)

Cropping systems Yield equivalence of Paddy yield ~ Gross return Cost of Netreturn  Benefit
different crops (Vha) equivalence  (Rs. /ha) culivation ~ (Rs./ha)  cost ratio
Kharif Rabi Summer (t/ha) (Rs. /ha)
2009 2009-10 2010

Rice-tomato-bottle gourd (C1) 4.72 20.05 24.22 48.98 3,42,860 99,035 243825 346
Rice-potato-onion (C2) 4.80 14.31 9.18 28.36 1,98,520 1,05,928 92,592 1.87
Rice-mustard-tomato (C3) 4.84 8.22 0.03 13.11 91,770 70,378 21,392 1.30
Rice-coriander-Lfinger (C4) 4.90 6.18 6.50 17.57 1,22,990 74,288 48,702 1.65
Rice-cabbage-cowpea(C5) 4.68 21.97 7.79 34.43 2,41,010 4,687 166323  3.22
SEm (%) 0.04 1,19 1.33 1.47 - < ;
CD at 5% 0.13 3.88 4.34 4.79 -

Level of Imgation (

n ! 5.10 14.30 10.18 29.61 2,07,270 87,261 1,20,009 2.36
?2 4.47 14.00 8.91 27.37 1,91,590 82,473 1,09,117 2.32
SEm (%) 0.03 0.29 0.12 0.35 - ’ . :
CD at 5% 0.09 NS 0.38 1.10 .

Level of Nutrient (N)

F, 4,90 14.27 10.01 20.18 2,04,260 87,261 1,16,999 2.34
F 4,67 14.03 9.08 27.80 1,94,600 80,551 1,14,049 242
SEm (2) 0.02 1.96 009 027 - . : .
CD at 5% 0.06 N.§ 0.27 0.80 . ;
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Table 47 Effect of levels of irfigation and nutrient on different growth

and developmental characters of rice in different cropping
systems (2010)

Treatment Plant No. Lenght Leaves/ Root No.of
height of of plant lenght grain/
{cm) tiller  Panicle (cm) panicle
(cm)
Cropping System 6586 1283 2530 50 11.08 13647
Rice-tomato-
bottle gourd
(cr)
Rice-potalo- 6841 1358 2602 50 1075 139.38
onion (C2)
Rice-mustard- 6786 1425 2594 50 1158 14152
tomato (C3)
Rice-conander- 6728 1450 2530 50 1142 13475
Lfinger (C4)
Rice-carrot- 6533 1333 2497 50 1017 127.61
cowpea(C5)
SEm (%) 1.08 110 043 018 046 6.28
CD at 5% NS NS NS NS NS NS
Level of Imgation (1)
1, 6653 1323 2550 50 1150 13757
l 6726 1417 2552 50 1050 13432
SEm (=) 118 053 024 015 025 398
CD at 5% NS NS NS NS 080 NS
Level of Nutriemt (N)
F, 668.74 1390 2558 50 11.10 14012
7 6515 1350 2543 50 1090 131.77
SEm () 095 064 021 012 025 346
CD at 5% 2.80 NS NS NS NS NS

recorded and analyzed. Results revealed that none of
the growth and development characters reached to
the level of significance in all the cropping system, lev-

els of irrigation and nutrients (Table 48).

Table 48. Effect of levels of irrigation and nutrient on1000 grain wt,
grain and straw yield of rice in different cropping systems

(2010)

Treatment Chaffy graiV 1000 grain  Grain yield Straw yield

panicle wi (gm) (tha) ( ha)
Cropping System
c, 28.07 20.09 a7 7.63
c, 29.88 2004 383 775
c, 3147 19.64 3.90 7.80
C, 27.19 19,61 4.07 7.86
& 27.94 1985 387 7.82
SEm+ 2.46 0.32 017 0.14
CD at (P=0.05) NS NS NS NS
Irrigation
I 30.19 19.77 4.04 7.50
l, 2763 19.96 an 8.04
SEm= 1.68 0.15 0.12 0.15
CD & (P=0.05) NS NS NS 0.47
Fertilizer
F, 3143 2008 4.19 8.03
F, 2639 19.65 356 7.51
SEm= 146 018 0.07 0.09
CD at (P=0.05) 4 053 0.20 0.26
46

Makhana-Rice Cropping System

In makhana based cropping system idenyf,
the suitable varicties of Basmati rice, an €Xperimen,
was conducted during the Kharif scason of 204 (Fig
72). After harvesting the makhana crop, two Varieties
of Basmati rice (Pusa Basmati-1 and Pusa Rice Hybrid.
10) were transplanted on 20™ August 2010 i, i
makhana based low land ficld. The experiment was
conducted in a randomize block design with 3 repli-
cation. The plot size of each genotype in each replica-
tion was 42m?. The seed yield was recorded to he 4.06
and 4.42 t/ha, respectively, to Pusa Basmati-1 and pys,
Rice Hybrid-10.

Fig. 72. Makhana followed by rice cultivation

Makhana-Barseem Cropping System

In this experiment, makhana was cultivated only
at 0.3m water depth. Makhana was transplanted on
20" April, 2010 and harvested on 18" August, 2010.
Seed yield was recorded to be 2.16 vha. In the same
field, barseem was sown on 1* November 2010 fol-
lowing the standard package of practices (Fig. 73). The
first cutting of the fodder was made after 52 days and
crop was continued up-to the mid of April. During
this period a total four cuttings of green fodder were
made from this field. From this plot the total fodder
yvield of 48.0 t/ha was obtained.

=y T -‘- - -

Fig. 73. Barseem cultivation in Makhana field
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Makhana-Chestnut Cropping System

In this experiment, makhana was transplanted on
15* April, 2010 in a low land ficld having a water depth
of 0.30m. makhana was harvested on 18" August, 2010
with a sced yield of 2.3 vha. After harvesting of

makhana, chestnut was transplanted in the same ficld
on 20™ August 2010 (Fig. 74). By the end of Decem-
ber 2010, the crop was harvested and the yield was
recorded to be 10.4 tha. From this experiment it may
be concluded that water chestnut can be taken suc-
cessfully in makhana grown water bodies.

Fig 74 Makhana based Chestnut cropping system

Development of Vegetable based
Integrated Farming System for
Marginal Farmers of Irrigated Upland

A field experiment on integrated farming system
was undertaken at main campus farm in one acre land
to develop a vegetable based integrated farming sys-
tem model for marginal farmers of irrigated upland
arca. Food crop was integrated with seasonal veg-
ctables, fodder crop, goatry and vermicompost. Area
under different components was allocated as per Fig,
7. Six cropping systems like Rice-wheat-green gram
(C,), Rice-potato-green gram (C,), Lady's finger- po-
tato- onion (C,), Bitter gourd- tomato- bottle gourd
(C) Lady's finger- coriander- sponge gourd (C,) and
Brinjal- carrot- cowpea (C,) with two levels of fertil-
izer i.e. (i) 100% recommended dose of fertilizer (F)
(i) 50% recommended dose of fertilizer + goat ma-
nure & vermicompost (F,) were tested in randomized
block design. Soil samples were collected from the
experimental plots and analyzed for physical and
chemical . The texture of the soil was silt
clay loam with pH of 6.6, electrical conductivity 0.14
ds/m, organic carbon 1.20%, available nitrogen 313kg/

ha, available phosphorus 38.5 kg/ha and available po-

tassium 259 kg/ha.
Yield of all crops were converted into lady's fin-

ger yield equivalence and on this basis promising crop-

Cropping Systcms

L3

12 5% 0%

Cerealn/Pulses
N Vegetables

Fodder

Goatshed

Varmicopoat pits

Fig.75. Land allocation of diffcrent components

ping systems were evaluated (Table 49). Results re-
vealed that there were significant variations among
cropping systems. In case of rice based cropping sys-
tem; lady's finger yield equivalence of rice-potato-
green gram (18.86 t/acre) was found significantly su-
perior than that of rice-wheat-green gram (9.02 vacre).
Among vegetable based cropping systems maximum
yield equivalence was recorded in bitter gourd-tomato-
bottle gourd (23.42 t/acre) followed by lady’s finger-
potato- onion (22.76 t/acre). Maximum net return
(Table 50) was recorded in bitter gourd-tomato-bottle
gourd (Rs. 82411/acre) followed by lady's finger-po-
tato-onion (Rs. 76363/acre). Similar trend was ob-
served in benefit: cost ratio (3.38 and 3.04, respec-
tively).

Cultivation of rice-potato-greengrams as food
crop and bitter gourd-tomato-bottle gourd as vegetable
crop in integrated manner with goatry and recycling
of vermicopost in the allotted area gave a net return
of Rs.75,520 per acre along with 2.9 tonnes of goat
manure and 0.7 tonnes vermicompost (Table 51).

Table 49. Evaluation of promising cropping system on the basis of
Lady's finger yield equivalence (2009-10)

Cropping system Lady's finger yield System
equivalence (Vacre)  wise LFYE
Kharif  Rabi Summer (lacre)
Rice-wheat-green gram (C,) 296 373 233 9.02
Rice-potato-green gram (C, 3.09 1305 273 18.86
Lady's finger-potato-
onlon (C,) 317 135 634 22.76
Bitter gourd-tomato-
bottie gourd (C,) 667 905 7.70 2342
Lady's finger-corlander-
sponge gourd (C,) 310 367 268 9.44
Brinjal- carrot-cowpea (C,) 512 312 289 1.4
8Em 031 037 025 0.52
CO(P=0.05) 098 117 078 1.64
Fertilizer level
100% RDF (F) UIRE I & o B ¥ 16.11
50% ROF + goat manure &
vermicompost (F,) 303 756 400 15.56
SEm 006 008 008 0.13
CD(P=0.08) - 0.18 023 025 0.4
.“I‘



Table 50. Economics of ditferent cropping system (2009-10)

Cropping system

gourd (C,)
Brinjal-carrot-

cowpea (C,)
SEm
CD(P=0.05)
Fertilizer level
100% ROF (F,)
50% RDF + goat

manure &

vermicompost (F,)

SEm
CD(P=0.05)

Total
LFYE

902
18.86
2276
2342
9.44

11.14

0.52
1.64

16.11

15.56
0.13
0.41

Gross
income

45115
94310
113825
117100
47185

55695

80570

77785

Cost of

Nt B:C

Cultivation return ratio
24897 20218 1.81

31144
37462
352689
240562

25303

30765

27058

63166 3.03

76363 3.04

82411 3.31

23133 1.96

30392 2.20

49805 2.62

50727 2.88

Enterprises

Area LFYE Gross Production Net B:(C
(m}) ) return cost  Return ratio
(Rs) (Rs) (Rs)
Bitter gourd-tomato - 1040 490 24520 8002 16518 3.36
bottie gourd
Rice-potato- 2160 1265 63234 18032 45202
greengram
Goat (10+1) Kids-20 200 396 19800 6000 13800
Total 21.51 107654 32034 75,520
48

ICAR-RCER, Patna : Annual Report

|



15

Assessment of Soil Quality in Differ-
ent Agro-ccosystems of South Bihar

Soil quality in different land uses of old alluvium
soils of Agro ecological region no. 9 (hot sub-humid
with alluvium derived soils (South Bihar plain)) with
growing period of 150-180 days was assessed. The
major land uses observed in the study area were rice-
wheat-fallow, maize-potato-fallow, red gram, sugar-
cane, agro-forestry, orchards (mango) and soil sam-
pling (0-60 cm) was done for each of the land use sys-
tem. Soil physical, chemical and biological quality pa-
rameters were estimated using standard procedures.
Soil quality index were prepared with four categories
viz_, class 1 to class IV. Soil quality of all the indicators
in class I was in optimum and above optimum values
whereas, in class IV the values of all the soil qualities
indicators were below optimum level. There were two
levels in the middle categories(class I and III). Rank-
ing was done for each land uses based on the soil qual-
ity index and summation of scores for each land uses
were done.

Relative soil quality index of four categories such
as best, good, moderate and poor were established
(Table 52). The scoring was also assigned from 0 to
100 for four classes, for best class from 80-100, good
from 60-80, moderate from 40-60 and poor for <40.
Accordingly, mango orchard adjudged as the best land
use with the highest score of 81, which maintained
best soil quality followed by rice-wheat-fallow (72),
agro-forestry (68) and sugarcanc (63), in good cat-
egory. Maize-potato-fallow (59) and red gram (53) fall
under moderate category of soil quality.

Table 52 Relative soil quaiity index of different land uses N

_Casses  RSQIVawe  Aglcuturalland usesysem

I 80-100 Mango orchards

[ 60-80 Rice-Wheat system, Agro-forestry and
Sugarcane

Ll 40-60 Maize-Potato system and Red gram

L <#l . _ -

Soil Science

Soil Science

Effect of organic amendments on Soil Mi-
crobial Biomass Carbon ($.M.B.C) on rice-
wheat cropping system.

A field experiment was conducted in randomized
block design in rice-wheat cropping system (0 assess
the increment in Soil Microbial Biomass Carbon
(S.M.B.C) due to application of amendments. The trial
comprising of eight treatments, T, control (No nutri-
ent application), T, ~-Recommended dose of N, P K
through fertilizers, T ~FYM (@ 20 ton/ha, T ~FYM (@ 10
ton/ha, T ~Crop Residue (30%) , T -Crop Residue
(15%),T.-GM (Sesbania after 40 days)T_~GM (Sesbania
co-culture). The soil texture was silty clay loam with
mean pH value 7.22, EC 0.11 dSm" (1:2.5 soil water
ratio) organic carbon 0.71 percent, available N, P and
exchangeable K is 221.4, 20.64 and 181 Kgha'
respectively. The SMBC of initial soil sample was 81
mgC-CO kg 'soil 2 days *

The highest paddy grain yield 7.48 tha was re-
cordedin T, followed by T,, T i.e 7.28 and 7.21 tha,
respectively.

The impact of treatments and crop stages on soil
microbial biomass C was significant. Application of
treatments has more pronounced impact on soil mi-
crobial biomass C (F % 59, df Vi 4, po0.001) compared
to variation due to season (F 4 29, df V4 10, po0 001)
The seasonal variations in microbial biomass C were
similar across all the treatments. In both crops, micro-
bial biomass C significantly decreased from seedling
to grain-forming stage, and then increased ull crop
maturity. The pre-grain-forming decrease was more
marked during the rice period. Soil amendments dis-
tinctly increased microbial biomass compared to con-
trol throughout the annual cycle. During the rice crop
scason, microbial biomass C was significantly higher
in T, followed by T, (72% and 55% increase over con-
trol, respectively). In Wheat, maximum increase in mi-
crobial biomass C was observed in T followed by T,
L.e., 59% and 53 % increase over control, respectively
During summer fallow, the maximum increase in mi-
crobial biomass C over control recorded in T (+04%)
and the minimum in T, (+21%). In terms of cropping

4 (}



scason averages, in all the treatments, microbial bio-
mass C increased from rice crop season to summer
fallow through wheat cropping seasonperiod, except
Sesbania treatment where a slight decrease was no-
ticed during wheat growing period. On annual mean
basis, microbial biomass C was higher in T, and T,

which was 71% and 64% higher over control, respec-
tively (Fig. 76).
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Improving Livelihood Security in the
Salt Affected Watershed of Muzaffarpur
and Sheohar Districts of North Bihar
(NAIP)

Muzafferpur and Sheohar districts are potentially
sugarcane and wheat growing districts. Land degra-
dation problems such as salinity/sodicity reduced the
productivity of crops in the study area. Baburban and
Mathina clusters of Motipur block and Bahura and
Bimalpur clusters in Kanti block were selected for the
study. Salinity was recorded up to 5.5 dSm -1 and
sodicity was recorded up to the ESP of 35 with pH
more than 9.5. Hence, farmers abandoned cultivation
of sugarcane in the affected areas due to low yield (25
to 30 t/ ha) (Fig. 77). The area under mustard and
vegetables got reduced in these salt affected areas due

salt affected
Fig. 77. Land abandoned from sugarcane cultivation due to  Fig. 79. Yellowing with uncven growth of wheat in

sodicity in Kanti block, Muzafferpur district

50

Fig. 76. Bar diagram representing SMBC (mg C-CO2/kg Soil/

B |

to heavy yield loss. Presently, paddy is be:
in the salt affected lands. W}l:eat i).; |:(::rl‘:';g =
suitable for this soil due to sodicity. Wheat cro
in this soil was observed with yellow leaves Il:!;nn-.-n
and uneven growth in the entire ficldl ‘(f-iunlid
and 79). &7
Reclamation measures were adopted for sodic
with gypsum. There was 30 ha of sodic land in :?I
study area which was reclaimed with 200 tonnes ;ef
gypsum. In the reclaimed areas per hectare Sugart.an}(-
crop yield up to 50 tonnes was observed. Soil PH re.
duced up to 6.4. Bund height was increased in the
saline soil areas for storing more water for salt leach.
ing. Farmers started growing mustard in the reclaimed
areas. Wheat cultivation was taken up by the farmers
after the application of gypsum and good crop stand
was observed.

livateq
sle wly yn.

Fig. 78. Yellowing with stunted growth of wheat in salt affected
areas

arcas
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Characterization and Classification of
Ground Water Quality of Some Parts
of Maner Block, Patna District, Bihar

Under characterization and classification of
ground water guality in various parts of Maner block
of Patna district, it was observed that arsenic content
was accumulating in different crops grown in the study
arca due © wmigating with arsenic contaminated wa-
wer. Arsenic content was analyzed in different plants
parts of jowar, maize and paddy; vegetables, and oil-
sced (Til) (Fig. 80). Arsenic content was also estimated
i congress grass, which was found wildly as a major
weed in the study area

It was observed that arsenic content in above
ground parts of vegetables, oilseeds and congress grass
was found higher as compared to below ground part
Le. root It was observed that arsenic content was high-
est (0.52 mg kg) in above ground parts, i.e., leaf+ stem
of oilseed (Til) as compared to below ground part (0.24
mgkg) Contrary w this, in cereals, arsenic content
was found marginally low in above ground part (0.28
mg kg) in companison to below ground part (0.30 mg/
kg) Arsenic content in cereals grown in the study area
were analyzed and results revealed that among the
cereals. paddy had highest content of arsenic of 0.36
and 0 56 mgkg in above ground and below ground

parts, respectively (Tabie 53).

Fig 80 Destribution of arsenic content in different crops

r L —T—

Water Quality
and Productivity

Table 53. Arsemic concentrabon mg/kg in cereal crops grown n the

study area
Coreal crops Betow ground Adove ground
S ~ parts {roots) part (leaf + stem)
Jowar 0.32 226
Maize 0.26 0.29
Pecty 056 0.36

Distribution of Arsenic content was shown in dif-
ferent plant parts of vegetables (Fig. 81). It was ob-
served that arsenic content was high in above ground
part which was used for the consumption in compan-
son to below ground part of vegetables.

Arsenic content in different plant parts of vegetables

Fig. 81. Distribution of arsenic content in different plant pars
of vegetables

Enhancing and Sustaining the Land
and Water Productivity through Mul-
tiple Use of Water

Assessment of land and water productiv-
ity under multiple water use systems

Field experiment was conducted 1o study water
productivity with exchanged water applicd o differ
ent crop sequences under two doses of fertilizer (100%
and 75%) and tube well water used for irmgating crop
sequences

Water Productivity of different crop sequences was
analyzed and data has been shown in Table $4. In terms

S1



of monetary gains, rice-<cabbage-cowpea and rice-po-
tato-onion were found the best cropping sequences.

Table 54. Rice equivalent yield and Water productivity of different crop

sequences
Treatments Riceeq. WP of WP of
yield of  sequence sequence
- . sequence (kgm’) (Rs/m’)
C1 (Rice-wheat-gram) 192 04 1.21 12.1
C2 (Rice-potato-onion) 296.69 1.73 17.3
C3 (Rice-cabbage-cowpea) 309.21 1.79 178
cD 25.51 0.16 1.48
F1(100% fertilizer with pond water) 285.89 1.69 16.9
F2 (75% fertilizer with pond water) 248.04 1.48 14.7
F3(100% fertilizer with tubewell water)  264.01 1.56 15.6
cD 2551 0.16 1.48

Design and development of low pressure
sprinkling nozzle

In general, available technological options are
limited for efficienc irrigation of crops sown in small
and fragmented farm sizes due to lack of the applica-
bility and accessibility as well as priorities and finan-
cial capabilities. This makes imperative to develop a
substitute to existing technologies that could be cost
effective, simple, less capital intensive as well as ap-
plicable to small farms. Keeping this fact in view,
nozzles were modified based on inverse of turbine
model and few prototypes were designed and tested
in laboratory over the operating pressure range of 0.6
to 1.0 kg/cm?. Testing showed that over the pressure
range of 0.6 to 1.0 kg/cm?, throw diameter of device
was found in the range of 9.2 m to 11.2 m (Fig. 82),
with application rate of 2.6 to 2.7 cm/h when mounted
on riser of one metre height. Its water application rate
was high, therefore, it could be used for irrigating field
crops, such as rice, in which the application rate should
exceed the infiltration rate for sufficient ponding in
the field. The devices were also tested for surface uni-
formity at the same operating pressure and corre-
sponding to operating pressures of 0.6 kg/cm?, 0.8 kg/
cm?, and 1.0 kg/cm? the Christiansen Uniformity (CU
%) was found to be 69, 72 and 70%, respectively. Since,
satisfactory water spread over the wetting front CU
should be 70% or more; 0.8 kg/cm? operating pres-
sure device performance is supposed to be satisfac-
tory. The radial water distribution pattern of device at
varying operating pressures is shown in Fig. 83. The
radial water distribution pattern showed that the peaks
shifted away from the riser and height of the peaks
decreased once the operating pressure increased. The
discharge of the device at the operating pressure of
0.8 kg/cm? was found to be 2.2 m*/h, and head dis-
charge relationship of the device over the pressure
range of 0.6 to 1.0 kg/cm? was shown in Fig. 84. Fur-
ther refinement and testing of device is in progress.
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Fig. 83. Radial water distribution pattern of device at varying
operating pressures

Fig. 84. Head discharge relationship of the device

Gravity Subsurface Drip and
Fertigation for Cucurbits in Sandy
Loam Soils of Eastern Plateau Regiot

An experiment was conducted for sub-surface drp
irrigation (SDI) with fertigation in bitter gourd. Four
depths of lateral placement viz 0 cm, S cm, IIO o
and 15 cm below ground surface and four fertigato®

reatments with different fertilizer doses were adopeed
A treatment on surface drip irrigation was also inchuded
operato?

to act as a control. In order to have €asy ol
and proper scheduling of fertigation, split

ICAR-RCER, Patna - Annual Rep™
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uscd to lay out the experiment
of fertilizer applied in each
per the growth stage of the

statistical design was
in the field Quantity

fertigation Was varicd as
crop.
In order to get better market prices crop needs to
be harvested from second week of February and to
achieve that the bitter gourd crop was sown on 19"
October 2009 This was the period when winter was
very severe and to protect the plants from frost injury,
the protection measurcs like plastic mulching were
used in the ficld.

The root zone soll moisture profile was observed
in all depths of lateral placement. Sub surface place-
ment of laterals at 10 cm and 15 cm showed increas-
ing trend in moisture content with root zone depth.
In case of surface drip and 5 cm SDI, moisture con-
tent was decreasing in the top soil (up to 30 cm) and
then it became almost constant. This shows that de-
spite of applying equal quantitics of water in each irri-
gation treatment, SDI with lateral placement at 10 cm
and 15 cm provides more moisture in the portion of
the root zone where maximum root activity takes place
(20 10 45 cm). This situation is favorable for optimum
crop growth and all round development of the plants
(Fig. 85)

Mosture Contents.
®
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Fig 85 Variation in soil moisture in the root zone for differ-

ent depths of lateral placement

Vine lengths were recorded at 30, 60, 90 and 180
days after sowing. Initially, since the plant roots were
present in top 5-10 cm of soil, the vine length was
mhm of surface irrigation and 5 cm SDI. At 60
i days after sowing, the difference in vine lengths

different lateral placement treatments was sta-

Ustically insignificant. Also, at the end of 180 days,

t of laterals at different depths did not ex-

any significant difference in vine lengths but vine

lc"ﬂ"'u:ﬂukﬂllhcr dose F3 and F4 were significantly

control. Maximum vine length of 285 m

Va8, however, observed in case of 15 cm SDI and in
fertilizer dose 14 (Table 55).

Water wuy and Productivity

.

Table 55 Bitter gourd vine length (m) at 180 days after sowing

Depth of lateral Fertiizer dose Average
placement F, F, f, F,

01 2N 244 235 255 29

D2 217 202 241* 265 27

D3 226 268 233 243 243

D4 200 220 285 273 244

Averages 216 2.0 249 259

“Statistically significant at 1,

The fresh market yield of the bitter gourd is given
in Table 56. It was observed that the yield of cucum-
ber increased due to subsurface placement of the lat-
crals. The one way analysis of variance (ANOVA) per-
formed on yield data indicated significant effect of
placement depths of laterals on yield. The highest yield
of 27.7 t/ha was observed in case of subsurface place-
ment of laterals at 10 cm and in fertilizer dose F4. This
was followed by 27.0 tha in 15 cm SDI in fertilizer
dose F3.

Table 56. Yield (t/ha) of bitter gourd at various depths of lateral place-
ment and in different fertilizer treatments

Depth of Fertilizer dose Average
lateral

placement  F, F, F, F,

D1 92 128 19.0 19.5 15.12

D2 65 161 24.3 239 17.69

D3 88 208 25.9* 217" 20.82

D4 13 199 21.0* 24 8* 20.75

Averages 90 174 24.0 24.0

*Statistically significant at t,,

The higher yield under SDI may be attributed to
uniform moisture distribution and availability of wa-
ter and fertilizer near the root zone. Also, placing the
laterals below soil surface, reduced the loss of water
due to evaporation which increases the water avail-

ability to plants under SDL

Improving Water Productivity, Reduc-
ing Poverty and Enhancing Equity in
Mixed Crop-Livestock Systems in the
Indo Gangetic Basin

For the study, three states (Haryana, Uttar Pradesh
and West Bengal) representing typical mixed systems
were identified in the Indo-Gangetic Plains as per the
rainfall gradient. Within these states, districts with
homogencous sub-systems and representing the
different intensification categories were sclected
(Hisar \n Haryana, Etawab in Uttar Pradesh and
Bankura in the West Bengal). Livelihood strategies in
the three study districts were predominantly based on
crop and livestock production but at different levels
of Intensification
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Herd structure

The herd structure showed a high degree of di-
versity in its composition. According (o the 2003 cen-
sus, aggregated for all study arcas, cattle dominated
with 1 8 million Standard Livestock Unit (SLL) (51%),
followed by buffalo 1.1 million SLU (44%), goats .94
million SLU (4%) and sheep 0.17 million SLU (1%). At
the system's scale, the importance of these livestock
groups varied. For example buffaloes constituted
~BO% in the intenstve systems, whilst in the semi-in-
tenstve systems cattle had the major share of total SLU

(B1%) (Fig 86)

Fig 86. Wallowing of buffalocs
value of livestock products

The total value of livestock products and services,
for all the study systems, was USD 438 million for cen-
sus year 2003 and, overall, milk contributed >90% in
intensive and <50% in semi-intensive systems. In the
semi-intensive system, the major share came from trac-
tion services. Temporal analysis of the value of live-
stock products and services for 1992-2003, showed a
mixed picture in éntensive system: decrease in Hisar
and increase in Etowah. Contrastingly, the semi-in-
tensive system did not show marked changes in over-
all values of products and services, in spite of declin-
ing milk production.

Feed sourcing

Overall, green fodder and crop residues were the
most important feed resources in 2003, contributing
59% and 31% of total ME, respectively when combined
for all study systems. At system scale, the diet of rumi-
nants depended largely on agro-ecology and on the
level of intensity of the production system. For ex-
ample, in 2003, for the semi-intensive region, major
ME sources were residues (mainly rice, 29%), greens
(mainly grazing and open forest, 61%) and concen-
trates (5%). In the intensive regions, the feed compo-
sition was more complex and consisted of green fod-
der (55%) (cultivated, 49%), concentrates (c¢.g. grain,
cakes and bran, 9%) and food/feed crops (33%).
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Depleted water

The volume of water depleted varjed am
study systems and was highly affected by i,
feed and the attendant agronomic factory (€g ¢
ping patern, yield). The value of depleteqd er.p
feed production ranged from 300 to 23 oy T fog
for the intensive system and from 100 to 460y )
yr for the semi-intensive system. The highes hay
consumer in the intensive system was green ¢
(2350 m’/ ha/yr for Hisar and 4190 m? hajyr ¢
Frowah), and similar trend was observed in the “m‘:f
intensive system (~ 4680 m’/ha ). C‘)“"ﬂ&ling}x Enn-
centrates depleted the smallest volume of water pre
ceded by crop residues. 4

Livestock water productivity

NG the
'Ylk of

The mean value of LWP, using biomass based par.
titioning and ME requirement for 2003 for al] study
systems, was USD 0.06m?. Differences among the study
systems were also prominent with intensive systems
viz. Hisar) showing significantly higher value than the
semi-intensive ones. Water productivity of livestock
for milk production varied as per scale, time and spe.
cies of dairy animals. Milk water productivity for cross-
bred cows varied from 0.81 litre per m? in Hisar and
Etawah (intensified system) to 0.34 litre per m’ in
Bankura (semi-intensified system). In case of buffalo.
The milk water productivity ranged from 0.72 litres
per m? in Hisar to 0.33 litres per m® in Bankura. For
indigenous cows, the milk water productivity showed
highest value (0.76 litre per m?) in intensified system.
Lowest value (0.19 litre per m?) was, however, re-
corded in semi intensified system.

Scaling up of Water Productivity in Ag-
riculture for Livelihoods through
Teaching-cum-Demonstration

Demonstration on adoption of drip and
mini sprinkler irrigation

Drip irrigation system was installed at Vill.-
Bishunpura, Bihta, Patna district and its performance
was compared with conventional surface irrigation sy>
tem in vegetable based cropping system (Okra-Cauli
flower-Chillies system) and rose (Fig. 87). The highest
pod yield of okra (5.0 tha) was recorded in drip irri-
gation which was higher by 40 % over the surface irr-
gation with 32 kg/ha/mm water-use-efficiency. The
highest curd yield of caulifiower (10.0 tvha) was re
corded under drip irrigation which was higher by 32%
over the surface irrigation.

The performance of drip irrigated rose was
compared with conventional surface irrigation me
in established rose (var. Minipal, 2 year old). The
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Delivery and Rolling Out of Conserva-
tion Agriculture Based Resource Con-

serving Technologies

CSISA project is an initiative to strengthen the
South Asian food security.
Evaluation studies on following resource conserv-

ing technologies in project area were conducted dur-
ing summer & kbarif seasons of 2010 (Fig. 89).

® Crop intensification through spring maize,
summer green gram (moong) & cowpea culti-
vation through ZT machines after rice - wheat-
cropping system was introduced in South
Bihar

® Efficct of various zero tillage methods (equal
row and paired row) on yield and economics
of direct seeded zero till rice (ZTDSR) /direct
seeded rice (DSR)

® Use of pre-sowing (Glyphosate) + pre-emer-
gence herbicides (Pendimethylene); and
bispyriback sodium & ethoxysulfuron

® Brown manuring through co-culture of
Sesbania sesban

® Nitrogen management through LCC

@ Crop diversification (Potato + Maize)

During 2010, on - farm participatory trials were
taken in 12 villages of Patna district. Rice was planted

Resource Conservatjqp,

in sixty-six farmers occuping an area of 90 acres
crop of 9 farmers failed due to drought & I'Ion‘-.;;va_q_
ability of irrigation water. Rainfall during kbarif seq
son in 2010 was 671 mm that is 35 per cent less than
the average and created a drought like situariop
throughout the kbarif season and canal water was noy
released during this season. Due to shortage of water
many fields could not be brought under ZTDSR. How:
ever, only patches of ZTDSR were seen and most of
the fields were bare and not cultivated during the
kbarif 2010. The sowing was continued since 17* June
2010 to 26™ July 2010. The rice yield recorded 3.2 1o
4.0 t/ha.

The use of LCC and brown manuring through
Sesbania could save the nitrogen use through chemi-
cal fertilizer in rice crop, which ultimately saved the
resources of the farmers and there was increase in yield
with saving of 41 kg N/ha due to LCC and 38 kg N/ha
due to Sesbania co-culture. Farmers also found that
there was fewer incidences of pests due to the brown
manuring and co-culture reduced the weed popula-
tion by nearly half without any adverse effect on crop
performance.

Adaptive trial was taken to assess the suitability
of molecules for weed control under ZTDSR.
Bispyriback sodium was most effective molecule to
control the weeds after 25-30 days under ZTDSR

(Table 57).
Table 57. Weed management in direct seeded rice Cv. Satyam (Knanf
2010)

Si.No. Treatments PR =
DSR-weedy 104
248

2. DSR-pendimethalin1 kg av/ha followed by one
hand weeding at 30 days

3 DSR -pendimethaint ko aha pre emergence 29
followed by ethoxysulfuron 18g ai/ha at 20 DAS

4 DSR-pendimethalin1 kg a/ha pre emergence 296
followed by bispyriback sodium at 25 gal/ha at
20 DAS "

5. Weed free 3'02
SEM = oﬁor

- Coat5% R il
56
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Evaluation of rice cultivars under differ-
ent resource conservation system

Different rice cultivars were evaluated under two-
resource conservation technologies (RCTs) i.e. dry
seedling with 50 % mulch and dry seedling without
mulch. The crop was SOwn as zero till direct seeded
rice (ZTDSR) and was compared with transplanted rice
(wet scedling /puddle condition). Few promising va-
reties i.e. IET 21299, IET 20800 were identified for
mulch condition whereas, BPT 5204, IET 21299,
Silwamani were found promising without mulching
condition (Table 58). The evaluation will be contin-
ued in ensuing kbarif seasons for identifying the suit-
able varieties for zero till direct seeded rice.

Table 58. Evaluation of rice cultivars under different resource conser-
vation system (kharif 2010)

Varieties Yield (g/ha)
Dry seedling Dry seedling  Wet seedling/
with 50% without puddle
mulch mulch condition
IET 20760 1.7 17.68 22.44
[ET 21299 29.85 30.37 30.85
RM-1 20.37 21.51 20.90
BPT 5204 26.28 31.38 26.17
IET 20800 29.19 27.86 29.67
[ET 20761 17.63 19.97 22.38
Sitwamani 25.50 29.82 24.77
IET 21248 16.95 20.77 20.73
Swamna Sub-1 23.89 29.40 24.65
SEM + 0.255774 0.211745 0.243113
CDa5% 0.766844 0.634840 0.728887
v 1.804492 1.442879 1.702806
57 Resource Conversation Technology
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Improvement of Black Beagal Breed
of Goars by Sclective Breeding through
ArtiScial | o

peciinoesd sanes of small Grascrs and Edicss
wid b smpgwowed v goa reanmg. Among
* recopmard gosx beeeds @ te commery Biack
Sengal Sough smalier @ body sae es dhe poscaezal
¢ muinpke oddmg and s horeossal cxpasaon of
commpared wah the other broods m
o o bddeg porormagr and mea vckd dae
EOEES BT SUPCTIOr
rder o smprowe te gowth periormance of
Siack Bengsl goans Sheough sciccose breeding, gracs-
ally superor backs m the sciecsed Tams were pro-
sred om the frmers fiocks The se=aen coliecsed
o the backs was paasierred 280 120 dlanion wih
s -endls cxender w the villagr Siocks and the goas
wang reared & the expermmeneal farm of the complex
e periormance of knds borm Fom sciecive breed-
£ »as cvalumed m werms of heagie & wihers. body
crggh. prh and body wogin The there magor bods
measercmments m the base and the scieced poputa-
ons were 355 = 067 and 306 = 068 om 340 =
Tland 348 = | 2 om and 396 = 091 2nd 06 =
) 92 am respoecuvely &t 3 monshs of age The body
weaghe & the age = the base and sciecued populanions
were 56 =028 and 64 = 032 kg (g 90)
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Livestock and FlSheﬁ&;

of seiecaed miecnous diseases cassmg mferaliey -
Ganic dhes prosoa was undermken E = very esseeng
w0 stedy the scroprevalence of Brucellosis
infecoows Pusnsiar Valivoragsmns (IBR-IPV) and Bowne
Varus Dearrhoea (BVD) 20 ascertam the mitonows casse
of mieriey

Till dase. 500 scrum sampies were colieoed from
cows and buffaloes reared in Kanibhar, Purmna
Begesarn Parma Khagara Arwal Darblongs s
and Sabhara districes of Bihar From Paoma dsonco
samples were colieceed from 2 organoed Barms. AR
the sampies were stored a1 -20°C ol they were ana
zed. For Brucellosss and IBR. kirs were procured rom
Surveillance (PDADMAS). Bengaluru and Avidin - B+
otin ELISA was carried out as per the sandard proce
dure (Fig. 91). Samples were tested in duplicat

Fig 91 ELISA for Brucciloss
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among them, it was found that 6 1% samples were
positive for IBR antibodies and 12 20% samples for
Brucellosis Among the organized farms, up to 20 83%
amples were positive for these discases. ELISA for BVD
<howed that a prevalence of 6.4% in Bihar and DAS-
ELISA for Leptospira bardjo rev caled 9.1% positives
With potent ZoONIsis implications, Leptospirosis needs
to be given spec ial attenuon. Although, there was no
phenomenal increase in the seroprevalence of Bru-
cellosis and IBR, it is recommended that a continuous
serosurvillance should be in place Further, it is rec-
ommended that vaccinaton in organized farms is es-
sential due mainly to higher prevalence compared to

unorganized herds

studies of Peste des Petits Ruminants
(PPR) and Blue Tongue in Goats and
Sheep in Bihar

Peste des Petits Ruminants (PPR) are an impor-
tant viral disease of goats and sheep characterized by
fever. crosive stomatitis, oculo-nasal discharges, en-
teritis, and pncumonia. Investigation was undertaken
to study the epidemiology of PPR and Blue Tongue in
various districts of Bihar. Four outbreaks were reported
in 2010. one each in Patna, Motihari, Supaul and
Jehanabad Districts. Sera samples were collected ran-
domly as well as from outbreak areas from the ani-
mals showing signs of pneumo-enteritis. The various
signs recorded in animals in natural disease were high
fever (105-106°F), erythema of oral mucosa, conjunc-
tivitis, nasal discharge — which was serous to start with
and later turned to muco-purulent, respiratory distress
characterized by dyspnoea and coughing followed by
Diarrhoea (Fig. 92). Less commonly observed signs
were necrotic lesions in buccal mucosa, lips and den-
tal pads. Various gross lesions were found in upper
respiratory tract, lungs and digestive tract. Lungs
showed pneumonia of antero-ventral portion and
ocdema with presence of frothy fluid in the trachea.

Fig 92 Gom suffering from PPR

Livestock and Fisherics

Irachea and bronchi were congested with occasional
presence of mucoid secretions. The intestines showed
congestion and hemorrhage but these lesions were
restricted to small intestines. Morbidity in various
flocks was from 65-100%. Mortality ranged from 55%
1o 71%. A Total of 341 sera samples were analyzed by
¢-ELISA for the prevalence study of PPR. Out of 55 scra
samples collected from outbreak arcas, 46 (83.63%)
were found positive whereas 79 samples out of 286
randomly collected samples were found positive
(27.62%). The overall prevalence of PPR was found to
be 36.65%

Formulation of Poultry Broiler and
Goat Feed Using Makhana By-products

Makhana bran was used for evaluation of its ac-
ceptability in goat feed. For the study, 12 male Bengal
breed of goats of 4-6 months of age were divided into
3 groups and assigned to three iso-nitrogenous con-
centrate mixtures, respectively. Concentrate mixture
1 (control) was prepared using maize, rice bran, soy-
bean cake, salt and vitamins & minerals mixtures. In
concentrate mixtures 2 and 3, rice bran was replaced
by makhana bran at 75 and 100% levels. The experi-
mental feeding was continued for 35 days after which
a digestion trial was conducted for 4 days to estimate
the nutrients digestibility. The dry matter intake of
goats (kg/100kg b.wt) as well as the final body weight
did not differ significantly (p > 0.05) among the
groups. The digestibility of dry matter, organic marter
and crude protein did not differ significantly (p > 0.05)
among the groups. It may be concluded that makhana
bran can be used in the concentrate mixture of goat
up to 40% replacing rice bran without affecting growth,
feed intake and nutrient digestibility (Fig. 93).

Fig. 93 Feeding ol makhana by-products
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FISHERIES J

Performance Potential of Integrated
Aqua-culture having Mono-culture of
Indian Magur and Poly-culture of Carps
with Special Reference to Jayanti Rohu

Among six species of carps stocked silver carp
was fastest growing followed by catla, Jayanti rohu
grass carp, mnigal and rohu in the sequence Growth
ratc of Javanti rohu was ~ 45% higher than that of
rohu and ~ 32% of mrigal (Fig 94-96). It has also
been found that integrated aquaculture is suitable for
agro-climatic conditions of South Bihar and Jayant
rohu perfectly adapts as one of the species in multi-

speacs carp aquaculture
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Similar was the wrend for total productivity after
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Momoouine 28 well 28 pobvouloure of prawn (M
remenseryel | W TR ;nrmrl 40 x 20 m size was un-
berrihen (Fog 97) PL-20 of M rosenbergii (@ 50000

P Y7 Prawn cdeure in fresh water

lvessnk and Fishenes

ha were stocked in 2 pond in the month of July for
monoculture experiment while in case of polyculture
the stocking rate was (@ 40000/ha. The average weight
of PL-20 was 0.5g In polyculture, silver carp, catla
and rohu were stocked in the ratio of 1.5:1.5:2 (@ 9000
ha The scampi PL-20 were fed with starter-1, 3-4 times
in 2 day @6-10% of body weight initially for two
months and then the prawn were fed with pelleted
Sudha feed™ @ 6% of body weight. Fishes were fed
@ 3% of body weight with feed composed of mus-
tard oil cake and rice bran in the ratio of 1:1
Prawns after 120 days of rearing in monoculture
(Fig. 98) antained an average weight of 21.3 g and size
of 120 mm. In Polyculture (Fig. 99), it attained average
weight of 18.6 g and size of 118 mm. In monoculture,
prawn yield was 0.61 tha and survival rate was 50%
In polvculture, prawn yielded 0.73 vha with survival
rate of 69%, alongwith 3.32 vha yield of other fish
species. The adaptive research on culture of scampi
(M. rosenbergii) has paved way for its farming beyond
December.
Monoculture
=8 ] |
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Fig 98. Growth of prawn in pond-monoculture
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Fig W Growth of prawn in pond-polyculture

After rearing of fish for 120 days, observations on
growth of fishes revealed that silver carp and rohu in
dicated better growth with an average weight of 385g
and 250 g respectively. With prawn polyculture sys-
tem, Khaki Campbell ducks were integrated at the rate
of 200 ducks per ha water area. Whole rice grain was
fed o all ducks @ 100 ghead/day, besides foraging in
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the pond for 4 hours per day. On an average a female
ladd 150 3 eggs per year with an average weight of

66 25
Fish Seed Production

A progressive farmer who was imparted training
on integrated aquaculture with special emphasis on
running of eco-harchery for fish seed production un-
der FPARP was further given technical inputs for es-
tablishing 2 commercial hatchery for fish seed produc-
tion in participatory mode, with a capacity of 40-60
lakhs spawn per day at Jandha in Vaishali district of
Bihar (Fig. 100-101). The farmer was imparted techni-
cal know-how for the fish sced production illustrating
following important steps.

Portable eco-hatchery
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Fig. 101 Hawching tanks n farmers' ficld
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seed production and hm".r:'n.- "Mipe
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ii) Administration of Ova |
injection of ovaprim to §
ing and its doses applied
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Formulation, Development and
Assessment of a Pollen Substitute
Meeting the Nutritional Needs of
Honey Bees (Apis mellifera)

The data collected on weather parameters re-
vealed that 6.7°C to 41.2°C temperature, relative hu-
midity from 50-90%, and sunshine of 2 to 9 hrs were
observed suitable for apiculture and the bee colonies
were found in healthy condition (Fig. 104). However,
temperature below 6°C for more than one week was
not congenial for maintenance of bee colony. Activity
of honey bee started in between 5 AM to 6 AM when
temperature remained 20°%5°,

To supplement the natural food through low cost
artificial food, trial is being conducted with different
combination of locally available raw material viz. soya
flour, potato flour, makhana flour and maize flour and
gram flour (Fig. 105). Results revealed that:

*  Honey bee preferred the soya bean flour over the
other combination.

Fig 104. Bees hive frame maintenance in experimental apicul-
ture unit.

Honey Bee

—

Honey Bee

e  Honey followed by gur (Jaggery) is the most pre-
ferred nectar substitute for the bees

e  More brood development was reported from soy-
bean flour — sugar feeding colonies

e Severe winter period December/January is criti-
cal for survival of the bees and over 30% popula-
tion was lost due to low temperature

Enemies/diseases of Honey bee

Four species of wasp (a) Yellow Banded Brown
Warp (b) Yellow Banded Wasp (c) Large Black Wasp
and (d) Golden Wasp were recorded as major pest
problem during dearth period. Beside Wasp, rock Bee
(Apis dorsala) was also found robbing the honey col-
lected in hives. Acarine disease was also observed
which damages the brood stage of honey bee

Fig. 105. Bee colony on artificial dict during dearth period
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Process Development for Dried
Products from Selected Fruits and
Vegetables

The project was undertaken with two objectives
(i) to develop process for production of dried prod-
ucts from jackfruit, mushroom, tomato and drumstick;
and (ii) to study the storage stability and shelf life of
dried products.

Process for producing dried instant mush-
room soup-mix

Processing of mushroom provides an opportunity
to extend shelf life by producing value added and shelf
stable products. Dry-soup mix is a highly acceptable,
convenient and appetizing product among various pro-
cessed products of mushrooms (Fig. 106). Hot air dry-
ing of milky mushroom (Calocybe indica) slices was
carried at 50-55°C in a partially ventilated oven and
dried mushrooms was grounded to make powder of
uniform particle size. Dry soup-mix was prepared by
using 20-22% mushroom powder with other common
ingredients of dried vegetables and spices in stock to
achieve thick consistency with good appearance and
taste after reconstitution. Study indicated that
predrying of mushroom under microwave condition
prior to hot air drying gave comparatively good qual-
ity soup-mix compared to mushroom dried only in
hot air. This was due to the effect of blanching that
may accomplish during the process of microwave
predrying. The soup-mix was prepared without any

Fig 106 Dried slices of milky mushroom and mushroom soup
mix
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Post Haryeg
Tech Nolog,

chemical preservatives and additives.
apparent and bulk density was measy
after drying of mushroom to evaluat
or volume reduction. The shrinkage
drying of milky mushroom slices fo
range of 76.8-77.3%. The change in
of milky mushroom at different sta

The Chmﬂf in
red btf‘)l’t and
€ the shrin
Percentage |,
und to be jp, the
apparent densiry
ges of Pmcessing is
shown in Fig. 107. The apparent density of whole fresh
mushroom was evaluated to be 0.72 g/cc while of sliceq
mushroom was found to be 0.28g/cc and this was be.
cause of increase in volume after slicing. The pre-
pared dried instant soup-mix was packed in polyeth-
ylene bags under convenient serving size for further
studies on its shelf life and organoleptic evaluation,
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Processing stages of mushroom

Fig. 107. Changes in mean apparent density as an effect of pro-
cessing (1. Whole fresh mushroom; 2. Sliced fresh
mushroom; 3. Sliced dried mushroom, and 4. Dried
powder mushroom)

Development of Post-harvest Processes
and Machinery for Makhana

Instant makhana kheer mix

Inter Institutional collaborative research prolC:{
with C.LEH.E.T, Ludhiana has led to dcvrlopm;‘;:,
an innovative value added product of makhana 1{hc
has been named as instant makhana kheer mmbctn
nutritional content (g/ 100g) of this product m:mein:
worked out as carbohydrate: 64.74; fat: 258 %0321;
11.59; Ca: 0.1626; Na: 0.1325; K: 0.1111; Mg ¥
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Fe: 0.0065; Cholesterol: 0.02; saturated fatty acid 4.36;
fatty acid: 0.25; PUFA; 0.16 & MUFA: 1,68,
respectively. It has the pot;nual of commcrcia.lizz.nion
as a value added product in national & international
market due to its nutritive profile, procedure for easy
tion and its property of ready to serve beverage.
The optimum particle size of makhana (0.83 -
1.4 mm) with different constituents formulated the
instant makhana kheer mix. Ready to constitute
makhana kheer mix with major parts of makhana were
standardized by using sensory score. The makhana
kheer mix having the sensory scores of 8 or more was
selected for shelf life studies in refrigerator and ambi-
ent conditions. The makhana kheer mix having mois-
ture content of 14 — 15 % and stored for 3 months in
refrigerator was found to be acceptable with sensory
score of more than 6.5. The same product when stored
at ambient condition was not acceptable after one
month. The microbial load in the first case was found
to be negligible. The instant makhana kheer mix hav-
ing moisture content of 5 - 6 % showed the same level
of acceptability even after six months when stored in
ambient and for one year in condition of refrigerator.
As a result of deterioration, the colour became darker
and time of stirring for preparation of instant makhana
kheer mix increased from 0.5 minute to 5 minute in
warm water.

The kinetics of absorption of milk by whole as
well as ground makhana were recorded by using re-
sponse surface methodology to optimize the particle
size of makhana, total solids and temperature of milk
for development of ready to constitute instant
makhana kheer mix. The milk absorption rate by whole
popped makhana reduced drastically after about 10
second of absorption. The major dimensions and geo-
metric mean diameters after absorption of milk de-
creased, which is in contrast with absorption of mois-
ture by major agricultural products. The results
showed that makhana particles of size between 0.83
t0 1.4 mm absorbed maximum milk and is suitable
for making instant (ready to constitute) kheer taking
Sensory score as the major parameter. The sensory
scores of the product in most of cases were found to
be more than 8.

The licence for manufacturing instant makhana

1€er mix from C.1.PH.E.T, Ludhiana, Punjab has been
8Iven to a young women entrepreneur Smt. Gauri
Mahto Proprietor of M/s Vijay Raj & Company,
Bihar for commercial manufacturing of this

"n_"" developed value added product. The invention

:fn:::ant makhana kheer mix has been applied for

B —
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Transfer of Techno|0gy

Promoting Sustainable Livelihood
Development (Rojiroti)

Main objective of the project is to improve liveli-
hood of resource poor rural families through forma-
tion of SHGs, micro finance, income generating agri-
cultural activities and convergence with social welfare
developmental schemes

Based on the success cases in nearby areas, five
video films (15-18 mints) were prepared on the
Cultivation of marigold and horticultural crops,
poultry, bangle making and Kishan Soochna Kendra
(KSK). To test these videos, a feed back session was
organised at Sakaria village for SHGs members,
volunteers and other villagers. The feedback was used
for the editing of the marter.

Workshop on “Exploring Opportunities for
Kishan Soochna Kendra (KSK)” was also organized in
which KSK operators, representatives from fertilizer
and pesticide firms, agri clinics, NGOs, NABARD, vol-
unteers and coordinators of SHGs had participated
and discussed on basic infrastructure of KSKs, prob-

able market, need and opportunities of linkage etc.
(Fig. 108-110)

Tracking change in rural poverty in house-
hold and village economies in South Asia

The study aims to increase the availability of rel-
evant data for decision-making on gove

rnmental js-
sucs o reduce

the impoverishment in poverty-laden
regions in semi-arid and humid tropics of South Asia.

Three complementary objectives of the project in-
clude:

®  Enhance the availability of reliable household, in-

dividual, and field specific high frequency, tme
series data in purposively selected villages,
Increase the availability of updated and expended
meso-level agricultural data in India, and \
Nurture policy analysis and strengthen capacit
building to fully exploit the collected data.

- . . N SEpep—— |1 <)
Secondary information on infrastructure £ i

) ' land-use, ¢ ing patte -stock and other re
film ar Sikaria (Patna) U“-.tfr()pplng patern, live aern level have
aspects of agriculture at meso and macre

Fig. 108 SHGs member waic hing video
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collected for Bihar and Jharkhand Village pro-
bt‘f"d eight selecred villages are being pre-
fles Monthly and yearly data collection, and com-
kﬁ is going ON for selected villages with the help

zth‘M New Delhi for further analysis..

performance and Status of SHGs in

pisadvantaged District of Bihar

The study was undertaken with the objectives (i)
1o study the demographic attributes of group mem-
bers (i) to determine the attitude and behavior of
sHGs member (iii) to identify the constraints faced by
group members, and (iv) to develop a pool of case
studies. Data were solicited from 792 SHG members.
Study revealed that majority of group members were
male having age group of 29 to 43 years. The incomes
of group members were below Rs. 5000/month. Most
of the SHG members contributed less than Rs. 139

month and saving less than Rs. 3612/-month. Most
of the SHG members obtained short-term credit and
diverged it for treatment of their family members fol-
lowed by agriculture and education of children. Mostly
group members repaid the loan regularly. Marketing
of produce was done by group members themselves
followed through traders and middleman. Products
were marketed in the nearby city followed by local
market. Members received information from progres-
sive farmers followed by Kisan mela/exhibition/semi-
nar and scientists of ICAR/SAUs. SHG members prop-
erly followed the guidelines of group formation, sta-
bilization and smooth functioning of SHGs. Study in-
dicates a significant change in attitude of SHG mem-
bers in the area namely; (i) Socio-economic upliftment
(ii) Educational and training (iii) Marketing and en-
trepreneurship qualities (iv)Technology adaptation
and participatory research, and (v) Banking /credit
aspect. Overall, most of the group members had posi-
tive attitude (Agree: 79%, Strongly Agree: 19%) towards
SHG activities. However, only few of them (2%) were
undecided about the benefit of SHG activities.

Capacity Building of Farmers’ and
Field Functionaries for Scaling-up of
Water Productivity

The project was undertaken to study the demo-
graphic attributes, knowledge level, water manage-
ment skills and to organise and evaluate the training
I;;Dmmnc on scaling up of water productivity (Table

). Atotal of 15 trainings were conducted in collabo-
:tlon of Krishi Vigyan Kendra, Bihar Veterinary Col-
B¢, Patna and Non-governmental Organizations. A
“D:: of 750 farmers and farm women were trained.
ing ln"l'l't also solicited to assess the impact of train-
s terms of knowledge, attitude, skills, and aspira-
N level of farmers’ trainees.

Transfer of Technology

h___

Table 50 Training programmes organtzed on sealing up of water o
ductivity in agncultire

Name of institutes Seven day o aton Mo of paricipanty
Mae  Fermale

KVK, Buxar 12-18 August, 2010 L) 4
KVK, Buxar 25-31 August 2010 % 0
KVK, Jehanabad 1 -7 Sept. 2010 40 10
KVK, Ara 13-19 Sepeternber 2010 50 0
KVK, Ara 22-78 Septernber 2010 50 0
KVK, Jehanabad 24 - 30 Sept 2010 % 14
KVE, Jamul 25 Sept-1 Oct, 2010 49 1
KVK, Barh 13-19 Sept 2010 45 5
KVK, Vaishal 21-27 Sept 2010 L1} 4
KVK, Madhepura 511 October 2010 43 7
BVC, Patna 6-12 0ct,2010 50 0
KVK, Saralya 29 Sep -5 0ct., 2010 3% 14
PRADAN, Gaya 26 Nov - 2 Dec, 2010 49 1
KVK Nawada 1-7 Dec, 2010 47

KVK, Nawada 7-13 Dec, 2010 47 3

Training needs assessment of farmers and
field functionaries in different eco- sys-
tems of Bihar

The Project has been undertaken with the objec-
tives (i) to study the socio-economic attributes of farm-
ers and field functionaries, (ii) to identify the training
needs of farmers and field functionaries, and (iii) to
suggest suitable policy recommendations. Altogether
two types of schedules have been developed to record
data on various socio-economic aspects like age, edu-
cation, background, sex, income, trainings obtained,
source of information etc. apart from information re-
lated with their training requirements. Pre-testing of
the schedules has been completed and modified ac-
cordingly. Data from six districts covering two districts
from each agro climatic zone is to be collected for the
study. Data collection from Jamui district is under progress

Socio-economic Analysis of Access to
Farm Credit in Patna and Vaishali Dis-
trict of Bihar

The project was undertaken with the objectives: (1)
to study the type, extent and structure of farm credit
and their utilization pattern, (2) to study the borrower’s
repayment behaviour and reasons of non-repayment, and
(3) to identify constraints to borrowing and lending from
institutional sources and suggest remedial measures o
overcome them, Based on stratified random sampling
technique, 105 borrower farmers consisting of 35 mar
ginal (<1 ha), 35 small (1-2 ha) and 35 medium/large
(>2 ha) categories from four villages 1.e Chakramdas,
Dharhara, Rahimpur and Manpura (Vaishali block) of
Vaishali district were selected. They along with heads of
local institutional sources of finance were interviewed
for collection of pertinent data on various parameters of
access to credit with the help of pre-structured
schedule. The institutional source of credit was observed
to be a predominant source of credit among farmers
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except in case of marginal farmers who were borrowing
more from non-institutional sources. It was observed that
total credit as well as institutional credit obtained in-
creased with the farm size, while reverse was the trend
with non-institutional credit. The examination of pur-
posc wise credit off take indicated that Kisan Credit Card
(KCC) was the most predominant form of credit, followed
by livestock and machinery/equipment.

The repayment of loan by majority of farmer was
irregular, followed by no payment at all. Only a small
proportion of borrowers, i.e., 16% of them were observed
to be regular repayers. Crop failure was found to be the
most important reason for non/irregular repayment of
borrowed fund, followed by low crop yield, low price of
the produce and lack of irrigation. Regarding the
constraints in borrowing as expressed by responders, it
was observed that delaying tactics and non-cooperation
by bankers were major constraints to borrowers.
However, farmers’ ignorance/illiteracy and unwillingness
to borrow were also major constraints to borrowing.

Constraints to lending in Vaishali district (banker's
perspective) were (1) unclear intention and enterprise
to be undertaken by borrowers, (2) loan-waiving scheme
of the goverment (3) unviability of the project proposed
by borrowers, and (4) willful loan defaults. Suggestions
to overcome farmers’ access to credit problem in Vaishali
may be (1) bankers should be borrowers friendly, i.e.,
they should help in making bankable projects for farm-
ers, (2) banks should organize credit camps in villages
sometimes, (3) loan-waiver scheme should be discour-
aged, (4) farmers should be sensitized to banking, its
proceedings, importance of borrowing and timely repay-
ment, adverse consequences of non-repayment, and also
entrepreneurship, and (5) government should extend
cooperation in loan recovery process.

Value Chain Study of Selected Com-
modities: Case of Milk and Vegetables
in Bihar

The study has been undertaken with objectives:
(i) to study the market structure of milk and vegetables
(i) to examine marketing cost, margins and price
spread of milk and vegetables and factors affecting
them and (iii) to identify different marketing channels
and constraints to milk and vegetable marketing, Suit-
able schedules have been developed o survey whole-
sale market, vegetable producer, vegetable collector-
cum-trader, vegetable wholesaler, vegetable retailer,
vegetable consumer, milk producer, milk collector-
cum-trader, milk wholesaler, milk retailer and milk
consumer. The data collection with the help of these
schedules is in progress.

Constraints and Issues of Water Man-
agement in Crop Production in Bihar

This project attempts o identify constraints and
issues of water management in canal as well as
tubewell operated arca and 10 study the ground wa-
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ter marketing pattern in tubewel| operate
study is being undertaken in Patn, an(]t;.l areq 1
tricts of Bihar through interview schedyle r“lghah dis.
discussion and interaction with cn"(c",-,'l,';""“.w""p
water managers. The major objectives nhh:. Officialy
e ‘Toascertain the constraints to water - 'i‘tu:ly are
e To study the process of ground water nfﬂemcn.
and Marketing
e To suggest suitable measures to gy

problem of water management an(|

Initial discussion with the farmers
related to issues and constraints to water
has been done. Variables (Personal variabjes are
Education.Family type, Size of Land holdings [-.-AHE'
sure to mass media, Institutional members};i “Xpo-
Training undertaken; Water management variahl[::-—,and
- Area under irrigation, Method of irrigation, nu:ﬁ;:
ofirrigation, Time /Stages of irrigation in differen cro,
and depth of irrigation ) for the study have been idc:ﬁ
tified for incorporation in the schedule. Interview
schedule for data collection has been pretested and
finalized.

Demonstration of Vegetable Cultiva-
tion in Jharkhand

The pointed gourd, a perennial cucurbit was in-
troduced as a new crop in NAIP area in 3 farmers’ fields
and its cultivation was found to be remunerative. Sh.
Churamani Prasad Yadav of Jama Block of Dumka har-
vested 123 kg produce from 2.75 decimal (110 sq.m)
area and earned Rs. 2583/- during harvest period from
7.5.10 to 25.9.10. The sale price of parwal was
Rs. 20-25/- per kg.

Low poly tunnel cultivation of bottle gourd in win-
ter for early harvest in spring-summer season has
proved to be highly remunerative when demonstrated
in 25 farmers’ fields. The maximum income obtained
by Sh. Madan Mohan Majhi of Palasi in Jama Block of
Dumka district was Rs. 4913/ from 1.25 decimal l5g
sq. m) area. The crop was sown on 15.12.2009 ﬂﬂh
the harvest duration was from 10.2.10to 30.5. IO). Eﬂtm
bottle gourd fruit (1.5 kg) was sold @ Rs. 15-20°
the local market.

In summer season,
vegetables in 57 farmers’ fields.
income obtained by Janvir Manjh
Block of Dumka district was Rs. 21, Khari
cultivation of okra in 12.5 decimal area. 12~,il1 116
season, the total area covered under V'-'g"'mbl_t..mmmc
farmers' ficlds was 5.8 ha. The maximum gross adih in

: Baramajhladi
obtained by Har Prasad Murmu of BAFH T 599
Narayanpur Block of Jamtara district was 4;‘ decimd!
through cultivation of brinjal and tomato in
area.
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and offyc ialy
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|0 ha was covered undef
The maximum grosS
i of Gajanda inJA!
995/ !hﬂmg’

ome ¢
m incor
‘tuster] (1: the maximu
In Cluster-1 (Jamtatra), wakil He™

Rs. 13,287/- was obtained by Sh: "% " cjusict
through cultivation of brinjal and ml_:r; ¢ maximu™
2 (Narayanpur), Sh. Bhim Roy carnc
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of Rs.44. 495/- from cultivation of summer and
' es. sale of seedlings of papaya, forest
s and vegetables raised in poly houses and
plal.l'lt. of fruits and vegetables in multi-tier system.
[n(:lusfcl’"” (Dumka), Sh. Samu Hembram earned the
imum income of Rs.32,744/- from cultivation of
cauliflower. brinjal and tomato and sale of poly house
caised seedlings of papaya and vcgct:lhlcs.qln Cluster-
4 (Jama), the maximum income of Rs. -"'a(]{}_.-'- was
obtained by Sh. Barish Chand Tudu from cultivation
ofveﬂelﬂb]*' soybean, lima bean. radish, bottle gourd
and cowpea in summer and kharif seasons (Figs. 111-

115).

winter \,'fg(_"[;lh'

Fig. 111 Ridge gourd in Moiratola, Narayanpur, Jamtara

W-IJ;‘L Pointed gourd in Barapalasi, Jama, Dumka

cultivation of cucurbits in Roytola,

N oW~

Fig. 115. Evaluation of bacterial wilt resistant brinjal lines in
farmers’ field

Consultancy, Patents and Commercial-
ization of Technology

Parental lines of tomato (F Swarna Sampada)
were sold to Krishi Gram Vikash Kendra (NGO) for
hybrid seed production.

Technology profiles have been prepared and sent
to Zonal Technology Management Committee (ZTM( )
of East Zone for business evaluation

Swarna Sampada (Tomato Hybrid)

Swarna Shakti (Brinjal Hybrid)

Swarna Rekba (Pointed Gourd)

Swarna Alaukik (Pointed Gourd)

Swarna Priya (French Bean)

Swarna Mukti (Garden Pea)

Low Energy Water Application (LEWA) Device

® Patent application has been drafted for Low
Energy Water Application Device and sent to
ZTMC for legal preview.
® Decision support tool is under prior art scar h
to file a patent for the software
The training programmes conducted at Ranchi
centre of the Complex are depicted in Table 60
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Table 60 Training programmes organized at ICAR RCER - RC. Ranchi

Subject Date of training Sponsored by
Vegetable cultvation 27-31* Jan 2010 Project Director
in rabl season Diara Vikash Pariyojna,
Patna
Vegetable cultvation in 9-13" Feb 2010 Project Director,
rabi season Diara Vikash Pariyojna,
Patna
Rejuvenation of new and 16-20" Feb.2010 National Horticufture Board,
old orchard Jharkhand
Vegetable production 23-25" Feb.2010 NAIP
Mushroom production 10-12™ Mar,2010 NAIP
and vegetable
preservation
Vegetable cultivation in 26-30™ Mar,2010 Project Director,
rabl season Diara Vikash Pariyojna,
Patna
Vegetable cultivation in 3-4" Sept.2010 National Agricultural Vikash
rabi season Pariyojna ATMA Dumka
Vegetable cultivation in 6-7" Sept.2010 National Agricuttural Vikash
rabi season Pariyojna ATMA Dumka

Mushroom cultivation

Dp | .
Total

Training was also imparted on canopy manage-
ment in mango (Fig. 116) besides the training
programmes on rejuvination of mango orchards (Fig.

117)

Participation in Kisan Mela

Participated in exhibition to display live exhibits
of horticultural crops in Kisan Mela from January
to December 2010.The Institute/Centre participated
by putting up exhibition stall in Kisan Mela/Exhibition
1o disseminate the technologies developed by the sta-
tion in horticultural crops (Table 61; Fig. 118-119).

Table 61. Participation in Kisaan Mela during Jan.-Dec.2010

Name of fair Venue
Rose show Ranchi
Club
National farmers’ fair IIVR,
Varanasi
Kisan fair Khelgaw-
Lagam Silii
Kisan far Getalsut
National kisan fair  Varanasi
Kisan fair Namkum
Kisan fair Saraikela-
Kharsawa
Kisan diwas Manaty
Agro-tech 2009 BAU Kanke
70

22-24" Nov. 2010

Project Officer, ATMA
Jamtara, Jharkhand

NABARD

Block

Danapur Lalgan|, Vaisali , Mokama Harkushpr
Palyganj Patn Sadar Shahpur and Arrara sadar

Khagaull,V ikram,Bartarpur, Raghunathpys
Phulwarisarif, Phatuah, Naubatpur, Sisvan,
Gharwarl, Ghoswarl, Mokamah and Maner

Ormanjhi, Angara, Ratu, Sonahatu Budmy; Khijrt
Chandwa, Kudu,

Jama, Dumka,Narayanpur, Jamtara,
Dumka and Jama

Minapur, Lalganj,Jamalpur and Kutni

Jama Jarmundi
Jama ,Sikaripara Jarmundi, Gopikander

Bero,Phatehpur andBundu

Master Trainers from all over Jharkhand

Organised by bata

Horticultural 9-10/01/10

Society, Ranchi

IIVR, Varanas 30-31/01/10

Pratibha-darsan 06/02/2010

Mahotsaw,

Khelgaw-Lagam,Silll

R.K.Mission 10-11/02/10

IVR 8-10/02/08

IINRG Namkum 23-25/02/10

ATMA-Saraikela 17-18/02/10

||FCO DQ’OZHD |’ig II-', Tl"nl.l[“"“ pn;“r_“n on |'|'|-|-|'-.JIN',I.'I'I'Il‘l'l:lt:Il
BAU Kanke Ranchi  26-28/03/10 mango orchards organized at AR
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Fig. 119. Participation in National farmers’ fair, I[VR,Varanasi

KVK - Buxar, attached to the complex, has
organised various training programmes during the pe-
riod under report and details of the same is shown in
Table 62-65.

No. of participants

Table 62. Sponsored training Programmes organized by KVK, Buxar

04-05,08.2010 25
12-16.08.2010 50

25-31.08.2010 50

22,01.2011 38

Technology Dissemination through
Mass Media

Scientists of the ¢ del d
Dox entre delivered sixteen
. :ﬂanhan talks on various specialized topics related
Cgetable cultivation, mushroom production,

Management of unproductive orchards, application of

dri
P Irrigation technology, Drum Kit drip irrigation
"""mwmhmmmﬁmmdm
#ctable and mushroom cultivation on All India Radio.

T.'Inllrr of Mmkw

OTHER ACTIVITIES

Strengthening Statistical Computing
for NARS

For exploiting and sustaining statistical comput-
ing, a high end general purpose Statistical Software
Package SAS has been provided with perpetual license
under the NAIP project Strengthening Statistical com-
puting for NARS. A nodal officer has also been nomi-
nated to look after the work of SAS installation
uninstallation and its functioning, The software has been
installed on the 10 potential computers of the institute
and is ready for the use.

National Knowledge Network (NKN)

Recently, the institute has been provided with 1Gbps
NKN connectivity under the National Knowledge Net-
work project of Ministry of Information and Communi-
cation, Government of India. The NKN router is directly
connected to the NKN router of NIC Kolkata with 1Gbps
connectivity through BSNL dark fibre cable. The link was
further driven to the wireless local area network of the
institute for facilitating the connectivity at the user end
The network has been designed by the NIC Kolkata in
such a manner that in the case of NKN link fails, the
Internet connectivity will automatically switch over to
the existing 512 kbps ERNET BB VSAT connection. Now.
by utilising 1 Gbps NKN connection, it could be pos-
sible to undertake low latency and high bandwidth re-
quiring work such as large data transfer, content sharing
and research coordination locally as well as globally. It
would enable scientists and researchers from diverse
spheres across the country to work together for advanc-
ing human development in critical and emerging areas
It would also catalyze knowledge sharing and know ledge
transfer between stakeholders seamlessly — that too
across the nation. A large section of research and educa-
tional institutions is expected to create intellectual prop-
erty. It would enable the use of specialized applications,
which allow sharing of high performance computing fa-
cilities, e-libraries, virtual classrooms and very large da-
tabases. It would facilitate the creation of national web
based portals for basic needs on certain key sectors such
as Water, Energy, Environment, Education, Food, Health.
Agriculture, Employment, and Citizens' Rights etc

NAIP Project on Developing, Commi-
ssioning, Operating and Managing an
Online System for NET.ARS Prelim
Examination for ASRB, ICAR

Under above project the insttute has been se-
lected for Online ASRB examination having the capac-
ity of 50 examinees The examination hall and the
server room have been developed for this purpose
The terminals, servers, UPSs and the dedicated link
are expected to be installed soon



Table 63 OFT conducted at KVK, Buxar
Topic

Area/No. No. of Villages covered
—e e} beeices
Vanetal Evaluation of Papaya in Buxar District 105 07 Bharkhar, Kukudha and Jagdishpyr
Vanetal Evaluation of Tomato in Buxar District 0.12 05 Atimi, Lalganj and Pawani
Effect of Nutrient Management Practices on yield 15 12 Nadaon, Barki Basuli, Bharchakia, Ramabaris Chtng
Altributing Characters of Lentil Dhakaich and Bishrampur '
Effect of Zinc & Boron on the Yield of Chickpea 0.75 10 Bharchakia, Ramobaria, ChhutkaDhakaich, Nay
and Hahri N, Kot
INM in Wheat 25 16 Dullapur, Hajipur, Gosainpur, Bijhaura, Na _
Pokhraha and Nadaon Y2 Bhojour, At
Efficacy of low cost weaning foods developed from _ 10 Lalganj and Nadawn
low cost available agro products using simplified
techniques (6-2 years babies) )
Anoestrus condition in cattle 20 20 Hukaha, Lalganj,Baruna, Mahdah,pawani anq Bharchakiyz
Effect of various ectoprasiticides in tick control 20 15 Bharchakiya etc.
in cattie
Insect pest management in chick pea 0.5 06 Mahila, Nadaon, Manip;ﬁa.ﬁiihawa and Kukurha
Table 64. FLD conducted at KVK, Buxar
Topic Area/No. No. of Villages covered ez
(ha.) Beneficiaries
Varietal Demonstration of NDA-1 (Component) 0.75 12 Ramuvariya, Vishrampur, Majhariya and Kukudha
Varietal Demonstration of NDA-1 (Full Package) 05 10 Majhariya, Khairati, Pawani, Majhariya and Dullahpur
Effect of Weedicide on the Yield of Onion 0.78 21 Kukudha, Bharchakiya and Nat
(Alliurn cepa)
Effect of Seed Treatment on the Yield of 0.75 20 Dhakaich, Bharchakiya, Kulhariya, Jagdishpur, Nadaon,
Onion (Allium cepa) Khairati,Ramuvariya and Hazipur.
Role of Azolla in Rice 25 20 Vharchakiya, Vishrampur, Bijhaura, Kukudha, Fatehpur
and Ramuvariya
Role of Rhizobium Cutture in Urd bean 05 08 Kachainiya, Rampur and Ramuvariya
Role of Rhizobium Culture in Urd bean 05 08 Rampur, Ramuvariya and Nachap
Effect of PSB on the yield of wheat 4.0 32 Parwat Nath, Varuna,Ahirauli, Hukaha, Khairati, Jagdishpur
Ramuvariya, Chakrahansi,Pawani, Kulhariya, Kukudha,
Chhotaka Dhakaich and Naya Bhojpur
Effect of Rhizobium culture on the yield 03 26 Basaon Khurd, Hukaha, Mahila, Jagdishpur,
of spring /summer mung bean Turkpurva, Kukudha and Bharchakiya
Nutritional Garden 20 20 Pawani, Bankat and Kukudha
Vermiculture 15 15 Pawani, Atimi, Kulhariya, Bharchakiya, Hemdapur,
Chnada, Parsiyaan & Sonvarsa
Dhingri Mushroom Cultivation 41 41 Dhansoi, Hukaha, Bharchaldya, Naya Bhojpur and Dhaikaich
Fodder crop Berseem (BL-10) 1.25 24 Chotka Dhakaich, Nadaon, Hitenpadri,Naat, Mahila, Hukaha,
Umarpur, Bhatauliya, Baruna, Sarasti and Manjhariya
Performance of Var. Rajendra Anukul on 25 22 Nadaon, Niyazpur, Chakki, Nayabhojpur, Badki Basai,
yield of Toria (0il & Pulse Programme) Bharchakiya, Deodia, Lalganj, Khurchia, Kukurha, Dhakaich,
Chhotia, Dhakaich, Bharkhara, Bishrampur, Sarasti and Mahila
Performance of Var. Pusa Bold on yield 2.5 20 Ramobaria, Khairati, Naya Bhojpur, Kukurha, Hookaha,
of Toria (Ol & Pulse Programme) Pawani, Mahadah,Bhitihara, Nath, Nadaon, Bharchakia,
Bijhaura, Bishrampur and Mahila
Performance of Var. Pusa 362 on yield of 1.0 15 Kukurha, Kulharia, Sahopra, Padri, Kamarpur, Mahadah
Chickpea (Oil& Pulse Programme) and Naya Bhojpur .
Performance of Var. Pusa 362 on yield of 1.0 08 Pokhahara, Man 1. Gosainpur, Bharchakia and Kulhana,
Chickpea (ATMA Funded)
Demonstration of Bee hives for bee keeping 10 10 Gosainpur, Nag ~renja, Baghelwa, Bakasara, Rasen
to rural youth in Buxar and Sauri,
Demonstration of Pheromone Traps with Hell lure 50 Mahadah, Bhaci-+ 13 and Gosainpur
‘Hmpa mﬁm) _—_"_._._____'______d____,_._'
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mable 65 Sensitization / training capacity bullding fo provider farmers

and services
Training No. of

iy Programme - b
farmers’ Traning on 7T DSA 260510 a5
Traiwrg on Residue Management 0651210 30
Trawung on Residue Management 1612.10 26
Feid day on 1407/10at ICAR-RCER,
Patna for the tarmers of Vaishall under
NAIP Component-3 (50 participants) 14.07.10 50
Tt (Sarson) b unnal khed 00.10.10__ 45

workshops/Symposia/Conference/
Seminar/Scientific Meeting/Training/
Farmer's Day etc. Organized

Organization of Vegetable Soyabean Mahotsav

The Vegetable Soyabean Mahotsav was organized
on 23* Seprember, 2010 in collaboration with AVRDC

(World Vegetable Centre).

Training programmes/workshops orga-
nized:

® Fifteen farmers training programme on “Scaling
up of Water productivity in Agriculture for Liveli-
hoods" were Coordinated at different institution.

® Two farmers training programme for farmers of
Jandaha under NAIP were organized having theme
on Crop management in Kharif and Improve po-
tato cultivation on 25th May and 1* October 2010,
respectively.

® Workshop on Procurement related matters & Fi-
nancial Management System under World Bank
funded project of NAIP ( 17-18 August 2010)

® Roji Roti Interaction workshop on “Exploring op-
portunities for KSKs", at ICAR-RCER on 28" Au-
gust 2010,

® One day farmers training on Zero Tilled Direct
Seeded Rice at ICAR-RCER, Patna on May 28, 2010.

® One day SAS training for the Scientists of 1CAR-
RCER, Patna on 24™ November, 2010 at ICAR-
RCER, Patna.

*® Brain Storming on Second Green Revolution:
Strategies for Agricultural Transformation of East-
em Region, 11-12* December, 2010 at ICAR Re-
scarch Complex for Eastern Region, Patna.

Model Training on “Information and Communi-
cation Technology and Improved Agricultural
Practices for Enhancing Productivity under Chang:
ing Climate Situation™ Sponsored by Directorate
of Extension, Ministry of Agriculture, New Delhi
from 15.22 December, 2010

Mr ol Technology

_-__

Award and Recognitions

AK qugh, St Scientist (Agronomy) awarded Kunuwar
Sexana Babadur SRDA Award -2010. for un
derstanding and recognition in the field of
Agronomy on the occasion of First National
Congress on Emerging trend in Agricultural
Research  organized by Society for Recent De
velopment in Agriculture, Meerut (UP), held
during 11-12 September, 2010, at PDFSR
Modipuram Meerut
Elanchezhian, Sr. Scientist awarded Best Poster
by the Indian Society for Plant Physiology at Na-
tional Conference of Plant Physiology entitled
Physiological and Molecular Approaches for
Crop Improvement under Changing Environ-
ment” organized by Indian Society for Plant
Physiology held at Banarus Hindu University
Varanasi, India during Nov 25-27, 2010
Dr. Ramakrishna Roy was awarded the provisional Post
Graduate Diploma in Marketing Management
from Indira Gandhi National Open University.
New Delhi

Dr. R.

Education and Training of Staff Under-
taken in India/Abroad

Er. Santosh S. Mali. Geospatial Knowledge manage-
ment for sustainable livelihoods security
NAARM Rajendranagar, Hyderabad, Feb 16 to
26, 2010.

. R.C. Bharati. Strengthening Statistical Computing
for NARS. DWM, Bhubaneswar, June 18 to 19,
2010.

Dr. Ujjwal Kumar. Science & Technology for Rural So-
cieties. Lal Bahadur Shashtri National Academy
of Administration, Mussoorie, June 28 to July
9, 2010.

Dr. Nitu Kumari. Summer school on "Wild and
Underutilized Fruits. Dr. Yashwant Singh
Paramar University of Horticulture and Forestry,
Nauni, Solan, July 22 1o 1l August. 2010

Ramakrishna Roy. Winter school on ‘Recent con-
cepts in Veterinary Laboratory diagnostics’ Guru
Angad Dev Veterinary and Animal Sciences Uni-
versity, Ludhiana, Oct. 12 to Nov 1, 2010

Dr. R.C.Bharati. Strengthening Statistical Compuung
for NARS, IASRI, New Delhi, Oct 25-30, 2010

Dr. A Upadhyaya Training programme on “High Per
forming Teams: for Scientists & Technologists
working in Government Sector” MDI Campus
Gurgaon, Nov 08-11, 2010

Dr. Deokaran. Natonal Training Programme on
“Bioinformatics and Computational Biology in
Microbiological Research™ NBAIM, Mau Jan 29
to 4 Feb., 2011

Dr.
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Linkages and Collaborations in India/
Abroad

® Impact, adaptation and vulnerability of Indian ag-
riculture 1o climate change - ICAR network project
with IARI as main centers and Patna as sub centre.

®  Modcling the performance of a few major crop-
ping systems in Eastern India in the light of pro-
jected climate change- a project under NAIP Com-
ponent 4 with OUAT, Bhubaneswar as main cen-
tre and Patna as sub centre

® Impact, adaptation and vulnerability of Indian ag-
riculture to climate change - ICAR network project
with IARI as main centers and Patna as sub centre.

® Modcling the performance of a few major crop-
ping systems in Eastern India in the light of pro-
jected climate change- a project under NAIP Com-
ponent 4 with OUAT, Bhubaneswar as main cen-
tre and Patna as sub centre.

® Modeling the performance of a few major cropping
systems in Eastern India in the light of projected
climate change- a project under NAIP Component
4 with OUAT, Bhubaneswar as main centre and IIT,

Kharagpur, Institute of Life Sciences,
Bhubaneshwar and ICAR-RCER, Patna as sub
centres.

International Water Management Institute.

International Livestock Research Institute.

Indian Veterinary Research Institute, Bareilly.

Central Institute of Research on Buffalo, Hisar.

Directorate of Veterinary and Animal Husbandry,

Government of Bihar, Patna.

e Directorate of Fisheries, Government of Bihar,
Patna.

® Directorate of Agricultural, Government of

Haryana, Hisar.

® Directorate of Animal Husbandry, Government of
Haryana, Hisar.

® Bill and Melinda Gates Foundation/USAID / IRRI
for CSISA 2 (Platform Research).

® OUAT, Bhubaneswar.

IIT, Kharagpur.

@ [ARI as main center for ICAR network project on

Impact, adaptation and vulnerability of Indian ag-

riculture to climate change.

Bihar Veterinary College, RAU, Patna.

IIPR Kanpur for AICRP on Pigeon Pea.

DWR Karnal for AICRP on wheat.

DRMR Bharatpur for AICRP on Mustard.

Consortium pariners like RAU Pusa, BAIF Patna,

CIFRI Barrackpore, I'WMI and IFPRI New Delhi,

CPRS Patna for implementation of the project un-

der NAIP

® Rajendra Agricultural University Pusa for Capacity
Building of 30-farmers through training on Apiary.

e Vaishali Small Farmer Development Agency.

® ATMA, Darbhanga
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® NABARD, PRADAN, IFFCO.
® Ministry of Water Resources, Govt, of India
® Birsa Agriculture University.
® Department of Forest, Govt. of Jharkhang
® Ramakrishna Mission Ashram
Chhatisgarh. » Narayanpy,,
@ Krishi Gram Vikas Kendra, Ranchi.
® ATMA, Hazaribagh.
¢ Department of Agriculture, Govt. of Bihar
e Bihar Agriculture Management Extension and

Training Institute (BAMETT), Patna.

Participation of Scientist in Conference

Seminar/Workshops/Symposia/Meet.
ings in India and Abroad

Dr Ujjwal Kumar. Annual Review Workshop of NAjp
Comp-3 [CAR-RCER, Patna, January 22, 201¢.

Dr. A. Upadhyaya. To present a paper and participate
in XLIV ISAE Convention, KAB-II, IARI, New
Delhi, January 28-30, 2010.

Dr. AK. Singh. Meeting cum workshop organized by
ICAR IINRG, Namkum,Ranchi, February 19-20,
2010.

Dr. K. M. Singh. Workshop on Tracking Changes in
Rural Poverty in Household and Village Econo-
mies in East India, held at NCAP, NCAP, New
Delhi, February 20, 2010.

Dr. A.K. Jain. National seminar on Applications of bio-
technology and development of Bihar, Central
University of Bihar, Patna, March 22-24, 2010.

Dr. A. Upadhyaya. 1st Meeting of the reconstituted
ICAR-CWC Joint Panel Meeting, Pusa, New
Delhi, April 21, 2010.

Dr. R. Elanchezhian. National seminar on Impact of
Climate Change on Water Resources, Irrigation
Division, Govt. of Bihar, Patna, April 23, 2010.

Dr. A. R. Khan, Dr. Ujjwal Kumar, Dr. R.C. Bharati. Work-
shop on CSISA Delivery and Adaptive Research
Belia, Tarapith, Birbhum, West Bengal, May 11-
12, 2010.

Dr. R.D. Singh. Workshop on Common Format for
Preparation of District Level Contingency Plans
for Northen States organized by Project direc
torate for Farming Systems Research,
Modipuram, Meerut (U.P), PDCSR, Modipuram.
June 3, 2010

Dr. Nitu Kumari. Seminar cum Training Progrmmc
on ‘Canopy Management and Propogation
Quality Planting Material’ organized by DeP

2 : Ministry
ment of Agriculture and Cooperation, ion
of Agriculture, GOI, New Delhi in (‘.‘0”31"0“
with Department of Horticulture, (
Patna Taramandal, Patna, June 25, zowbnlinc

Mrs. Punam Tiwari. Training programme 98, 0y
Reporting of KVKs, organized by ZPD. £0

26, 2010.

al Repor®
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pr. K. M. Singh and Dr. S. K. Barari. Launch Wt_)rkshup
of NAIP Consortium on ‘Developing, Commis-
sioning, Operating and Managing an Online
System for NET/ ARS-PRELIM Examination in
ASRB, ICAR' NAAS Complex, New Delhi, July 1,
2010.

R K. Roy. One day orientation workshop for KVKs
at CRIDA, Hyderabad to discuss possible inter-
ventions in vulnerable districts on climate re-
silient technology, CRIDA, Hyderabad, July 1,
2010.

Dr. S.K. Singh. Seminar on Agriculture and Horticul-
ture, organized by Director Agriculture, Bihar
Saran, Chhapra, Bihar, July 08, 2010.

Dr. Janardan Jee. IPR issues in Agriculture National
Productivity Council, Patna, July 24, 2010.

Dr. AK. Singh. ICAR-Industry Meet Organized by ICAR
NASCE Complex, New Delhi, July 28-29, 2010.

Dr. S.K. Singh. State level Workshop on Organic
Farming in Bihar- Business prospects and future
direction organized by Organic Mission in
collaboration with ECOCERT-India. B.I.A., Patna,
August 04, 2010.

Dr. AR. Khan. Atended Divisional Committee Meet-
ing to review the foreign aided projects under
NRM Division KAB II, ICAR, Pusa, New Delhi,
August 10, 2010.

Dr. R K Roy. Review meeting cum workshop of KVKs
of Bihar RAU, Pusa, August 12-13, 2010.

Dr. R. Elanchezhian. 2™ CAC meeting of NAIP Project
- Modeling the Performance of a Few Major
Cropping Systems in Eastern India in the Light
of Projected Climate Change. OUAT,
Bhubaneshwar, August 27, 2010

Dr. AK. Singh. Participated in First National Congress
on Emerging Trend in Agricultural Research or-
ganized by Society for Recent Development in
Agriculture. PDFSR, Modipuram, Meerut, Sep-
tember 11-12, 2010

Dr. N. Chandra. Hindi Workshop ICAR-RCER, Patna,
September 14, 2010.

Dr. Janardan Jee. Hindi Pakhwara ICAR-RCER, Patna,
September 14-30, 2010.

Dr. Deokaran. RCM of ICAR, BAU, Ranchi, October 7
t0 9, 2010.

Dr. Janardan Jee. National Food Day Seminar on Food
Security in Period of Crisis. Bihar Productivity
Council, Patna, October 16, 2010.

Dr. A K. Singh. ‘Nature Fest' organized by NABARD -
NRMC Kolkata, Central Park Salt lake Kolkata
October 25 1o November 3, 2010.

Dr. R.C. Bharati. Interactive Meet on Information and
Communication Technology in ICAR, NASC
Complex New Delhi. November 3-4, 2010.

Dr. Janardan Jee. Processing and Marketing of Fruit
Bihar Industry Association (BIA), Patna, Novem-
ber 15, 2010.

Transfer of Technology

Dr.

Dr. AK. Singh, Dr. RS. Pan. 4* Indian Horticultural
Congress-2010, Horticulture Society of India,
New Delhi, November 18 1o 21, 2010

Dr. S K. Singh, National Conference on Biodiversity
of Medicinal and Aromatic Plants Collection,
Characterization and Utilization, Organized by
Medicinal and Aromatic Plants Association of
India, Anand, Gujarat, November 24 to 25, 2010

Dr. R. Elanchezhian. National conference of Plant
Physiology “Physiological and Molecular Ap-
proaches for Crop Improvement under Chang-
ing Environment” Banarus Hindu University,
Varanasi, November 25 to 27, 2010.

Dr. R.D. Singh, Dr. S§.8. Singh, Dr. Sanjeev Kumar, Dr.
Shivani and Dr. A. Upadhyaya. Participated in
XIX National Symposium on Resource Manage-
ment Approaches Towards Livelihood Security.
U.A.S. Bangalore, December 2 to 4, 2010.

Dr. A.R. Khan. Experts Meet for Formulation of Sylla-
bus of Post-Graduate Courses Central Univer-
sity, Patna, Bihar, December 6 to 7, 2010.

Dr. Deokaran, Mr. Sarfaraj Ahmad. State Level Work-
shop of KVK, Zone-II, BVC, Patna. December 10
to 12, 2010.

All Scientists. Brain Storming Session on Second green
revolution: Strategies for agricultural transfor-
mation in Eastern region, ICAR-RCER, Patna, De-
cember 11 to 12, 2010.

Dr. Deokaran, Mr. Sarfaraj Ahmad. Brainstorming ses-
sion on Second Green revolution in Eastern
India, ICAR-RCER, Patna, December 12, 2010.

Dr. (Mrs.) Bhavana P. ‘International Symposium on Re-
cent Advances in Cross-disciplinary Microbiol-
ogy: Avenues & Challenges’ and ‘International
Workshop on rRNA Sequencing, Phylogeny and
Next Generation Genome Sequencing’ Birla In-
stitute of Technology, Mesra, Ranchi December
14 to 17, 2010.

Dr. Abhay Kumar. 19 International Conference of FIM
on ‘Interdisciplinary Mathematical and Statisti-
cal Techniques' Department of Statistics, Patna
University, Patna, December 18 to 20, 2010.

Dr. Janardan Jee. IT & Rural Development, Bihar, Times
Conclave, Patna, December 19, 2010.

Dr. Deokaran. 5" National conference on KVK MPUAT,
Udaipur, December 22-24, 2010

Dr. A. Upadhyaya. Global India Scientists and Tech-
nologists (GIST) 2010 Convention on Scientific
and Technological Approaches for Sustainable
Use of Water Resources, Pune, December 26 1o
27, 2010.

Dr. N. Subash, 3™ CIC and CAC Meeting of NAIP project
- Modeling the Performance of a Few Major
Cropping Systems in Eastern India in the Light
of Projected Climate Change, OUAT, Bhubanesh-
walr, January 6 to 7, 2011.
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National Seminar “Climate Change and Food
Security: Challenges and opportunities for Tu-
ber Crops™ CTCRI, Trivandrum, January 20 to
22, 2011.

Dr. S K. Singh. Workshop on Shri Kranti, Organized
by Director Agriculture, Bihar, S.K. Memorial
Hall, Patna, January 27, 2011.

Dr. AR. Khan. Assessment Committee for Category 1&I1
of Technical Personnel as Outside Member CARI,
Port Blair, Andaman and Nicobar, January 27 to
30, 2011.

Dr. Nitu Kumari. Seminar on ‘Development of Horti-
culture in Bihar-Issues and Strategies’ organized
by Bihar Horticultural Society, RAU, Pusa, BVC,
Patna, January 28 to 29, 2011.

Dr. AR. Khan. Attended TWG meeting of CSISA ICAR-
RCER, Patna. February 2, 2011.

Mrs. Punam Tiwari. Training cum workshop for SMS,
Home Science of KVKs of Zone II organized by
ZPD, Zone 11, FTC, Kalyani, February 17 to 20,
2011.

Dr. S. J. Pandian. All India Conference of the Associa-
tion of Public Health Veterinarians (APHV) and
National Symposium on ‘Challenges and Strat-
cgies for Veterinary Public Health in India’ Bihar
Veterinary College, Patna, February 18 to 19,
2011.

Dr. Deokaran and Dr. R.K. Roy. Workshop for finaliz-
ing Action Plan of NICRA project for Zone-II,
CIFE, Kolkata, February 21 to 22, 2011.

Mrs. Punam Tiwari. Training Programme on ‘Commu-
nication and Content Development’ organized
by CSISA, ICAR RCER, Patna, March 21 to 22,
2011.

Dr. Janardan Jee. 3 Hindi Karyashalas, ICAR-RCER,
Patna, April, September and November 2010.

Abroad

Dr. K. M. Singh, International Consultations Workshop
on Market-Oriented Agricultural Extension,
Bangkok, Thailand , May 11 to 13, 2010.

New Entrants, Selection, Promotion,
Transfer and Retirements

New entrants

Dr. Prem Kumar Sundram joined as Scientist (Farm
Machinary and power) w.e.f. 23.04.2010.

Dr. JJ. Gupta Principal Scientist (Animal Nutrition),
Joined on 03.06. 2010.

S Ashok Kumar, joined as a Technical Assistant, RCM,
Darbhanga.

Sri Rajesh Kumar Rai, joined as a Assistant, KVK, Buxar
on 15.06.2010,
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TR

Shri Rajesh Kumar Raj joined
’ 43 Drive, Kvk
s B

we.f. 12.08.2010.
Shri Afroz Sultan, joined as Programm

Tech.) KVK, Buxar w.e 13 € assistan, a
shei S ' €L 13, ah
Shri Sarfaraz Ahmad Khan, joine 08.2019,

we.f. 16.08.2010. 2 Driver vy Buxa
Dr. Ramkewal, joined as SMS (Pla

Buxar we. f, 02.09.2010.
Shri Sarfaraj Ahmad, joined as ngl‘amme

(Computer) KVK, Buxar we.f
Shri Md. Irfan Alam, joined as Jr.-stenﬂﬁ.{)‘).zow

we.f 05.10.2010. ? KV, Buxay
Dr. U. R. Sangle, joined as Sr. Scien
ogy) w.e.f. 31.12.2010.
Dr. B. P. Bhatt, joined as Director on 01.01.29
Dr. Jaipal Singh Choudhary, joined a5 Stier;tistl ;
mology) w.e.f 10.01.2011.
Sh. Amrendra Kumar, T-3 Joined on 13®
Dr. Shankar Dayal, joined as Sr. So::ie:z;tig:1 ?::&:10&
netics & Breeding) w.e.f 15.03.201] '
Dr. Binod Kumar Choudhary, joined as Scientist (Fish
and Fishery Science) we.f 21.03.2011
Shri. U.K. Saxena, joined as FAO we.f 28.03.2011.

\ixze

Nt Protectioy, ) atKkvg

tist (Plant Pathg.

(Ento-

Selection

Dr. T. K. Srivastava joined as Principal Scientist
(Agronomy) on 20-05-2009 at DCR, ICAR RCER,
Patna.

Dr. PK. Sundaram, Scientist ( FMPE), joined this Insti-
tute on 23.04.2010.

Promotion

Dr J.P. Sharma was promoted to Principal Scientist
(Plant Pathology) w.e.f .01.07.2003.

Sri. PC. Coudhary, Assistnat has been promoted to the
post of Assistant Adminstrative Officer.

Shri Fulgence Toppo, Assistant has been promoted to
the post of Assistant Administrative Officer wef
03.11.2010.

Smt. Nilmani Dorothy Barla, PA. has been promoted
to the post of Private Secretary wee.f 03.11.2010.

Smt. Gyanmala Pradhan, Senior Clerk has been %f;?{;
moted to the post of Assistant wee.f 20.11.2 -

Shri. R.S. Paswan, Sr. Clerk has been promoted 0
post of assistant.

Smt. Sangeeta Chakraborty, Senior Clerk has
moted to the post of assistant.

Smt. Prabha Devi, Senior Clerk has been
the post of assistant.

Shri. Bipin Kumar Mishra, SS5 h
the post of T1 (Lab. Tech.)

Transfer (Out side)

Dr. B. Saha, Pr. Scientist
31.07.2010 from this Insti
Kolkata.

been pro-
pmmoll-‘d o

n
(Soil) lransfcrrcd l(-"T
tute 1O




Dr. Ranvir Singh, Principal Scientist (Hort) has been

ransfer Education Division, ICAR New Delhi
wef 31.07.2010

Shri A. R Mesram, LDC has been transfer NISSLP.
Nagpur wef01.11.2010

Shri Rajesh Kumar Rai, Assistant, KVK, Buxar has been
wransfer 1IVR, Varanasi we.f 22.02.2011

smt Anima Prabha, T4- Hindi Translator has been trans-
fer ICAR- RCER, RC Ranchi w.e.f 23.02.2011

Shri Khokan Paul, Personal Assistant has been transfer
NRC on YAK, Dhirang we.f01.03.2011

Shri Mithlesh Kumar, FAO has been transfer NDRI,
Karnal, Haryana w.e.f 29.03.2011.

Retirements

Dr. MA. Khan, Director, we.f. 31.12.2010
Dr. B.PS. Yadav, Principal Scientist, w.e.f. 28.02.2011

Resignation

Dr. Sudhir Kumar Singh, SMS, KVK, Buxar resigned
on 21.08.2010.

Shri Md. Irfan Alam, Jr. Steno, KVK, Buxar resigned on
27.12.2010.
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S. Project Code
No.
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On-going Research Proje Ct

Project Title

ICAR-RCER, Research Centre, Ranchi

9

78

ICAR-RCER/HARP/2001/03

ICAR-RCER/HARP/2006/33

ICAR-RCER/HARP/2006/34

ICAR-RCER/HARP/2008/50

ICAR-RCER/HARP/2008/56

ICAR-RCER/RC Ranchi/2009/73

ICAR-RCER/RC Ranchi/2010/83

ICAR-RCER/RC Ranchi/2010/86

ICAR-RCER/RC Ranchi/2010/87

Plant genetic resource and improve-
ment fruit and ornamental crops

Evaluation of Advance breeding
lines and maintenance breeding in
Solanaceous and Cucurbitaceous
vegetable crops

Management of plant genetic
resources and improvement of leafy
and underutilized vegetable crops

Gravity subsurface pipeline fertigation
for cucurbits in sandy loam soils of
eastern plateau region

Development of guava + pineapple
based multistoried cropping system
under irrigated conditions of eastern
region plateau region.

Evaluation of substrates & assessment
of water requirement for commercial
production of oyster mushroom

Genetics of bacterial wilt resistance
in brinjal.

Standardization of inter stock for induc-

ction of dwarfing in vigorous mango
cultivars growing under eastern under
eastern plateau and hill conditions,
Process development for production of
dried products from selected fruits and
vegetables.

" [CAR-RCER, Patna :

‘_‘___‘___'_“"——-

Bikash Das 2001  Mgrep
S. Kumar continued
R.S. Pan
J.P. Sharma
P. Bhavana
R.S. Pan 2006 2011
AK. Singh
S. Kumar
J.P. Sharma
Bikash Das
S.S. Mali 2009 2012
Ranvir Singh
M.K. Meena
B.R. Jana Jul. ‘08 Jun. ‘1l
Bikash Das
M.K. Meena
J.P Sharma 2009 2012
S.S. Mali
P Bhavana 2010 2014
A. K. Singh
J. P Sharma
Bikash Das  Jul'10  Jul12
B. R. Jana
K Thakur Jul'10  Dec’t?
R. Jana
V. K. Gupta

", Annual Repo™

el




7 " project Code
g

pivision of Land

10 [(n-n(:ﬁmwuﬁnmm,

|| ICARRCERIWEERP/2008/38

12 IO\R-RCEMWEERWZ(N)BH9

13 IO\R-RCEMWEERP,"ZOOS}'GO

14 ICAR-RCER/.WEERP/2008/66

15 ICAR-RCER/DLWM/2008/74

16 ICAR-RCER/DLWM/2009/81

17 ICAR-RCER/DLWM/2009/82

Division of Crop Research, Patna

Project Title

and Water Management, Patna

Nutrient management In rice-lentil-
cropping systcm

Design and development of a low pressure
sprinkling nozzle.

Characterization and classification of
ground water quality of some parts of
Maner block of Patna, of Bihar.

Enhancing and sustaining the land and

water productivity through multiple uses

of water.Assessment of land water

productivity under multiple water use

system in cannal command

ii) Characterization of soil fertility and
water quality under multiple use system

iifyMonoculture and polyculture of high
value shell fish under multiple water use
systems

Assessment of soil quality in different agro

eco system of South Bihar

Development of drip irrigation practices in

bhindi-potato-mentha system

Formulation, development and assessment

of pollen substitute meeting the nutritional

needs of Indian honeybees (Apis mellifera)

Performance evaluation of water users
association in Bihar

Project Title

Survey and surveillance of insect pest of
rice and wheat cropping system of Patna

Studies on irrigation and nutrient require-
ment of diversified cropping system in
irrigated eco-system of Central Bihar.

8. Project Code
No.
18  ICAR-RCERAWEERP/2007/41
district of Bihar
19 ICAR-RCER/LWEERP/2008/49
20

ICAR-RCER /IWEERP/2008/52

21 ICAR-RCERAWEERP/2008/53

(

Bionomics and integrated pest manage-
ment of major crops of eastern India.

Performance of transplanted maize under
varying age of seedlings and method of
nursery raising.

A K.Singh
(Agronomy)
M.K.Meena
R.C.Bharti
A. Rahman
AK.Singh
A. Upadhyaya
I.K. Prasad
M K. Meena
Adlul Islam
Ail K.Singh
M.A.Khan
Abdul Haris

A. Upadhyaya
Ujjwal Kumar

M.K.Meena

PM.Sheery
D.K.Kaushal
A.Day

K.Rajan
Sanjeev Kr

S.K.Singh

Janardan Jee
Md.Idris

A.Upadhayaya

Abhay. Kumar

Pl &
Co-P1

Mohd. ldris

R.D. Singh
Shivani

LK. Prasad
Md. Idris
Janardan jece
Sanjeev Kr
Sanjeev Kr

M K Mcena
R Elanchizian

Jul ‘08  May ‘11

Aug. ‘08 Jul'l2

Jul'08  Jul'll

Jul.'08 Jun.'12

Mar.'09 Mar'12

Jul’09  Jun.'12

Oct.'09 Sep.'10

Jan.'10  Jun.'l1

Jul'08 Jun'13

Jul'08 Jun'1l)

Oct.'0O8  Jun.'l1



Project Code

Pl &

S. Project Title Year  Year of
~No. Co-P1 of start completion
22  1CAR-RCERIWEERP/2008/62 Development of vegetable based IFS for Shivani Oct.’'08  Sept.'12
marginal farmers for irrigated upland. R.D.Singh
K.Rajan
PK.Ray
23 ICAR-RCER/DCR/2009/72 Agricultural drought and flood risk assess-  N. Subhash 2009 2012
ment using satellite and meteorological A. Abdul Haris
indices over Eastern region of India
24 1CAR-RCER/DCR/2009/75 Effect of different type of organic matters Chunchun Kr  Jun.'09 Jun.'12
on Soil Microbial Biomass Carbon (SMBC)  TK.Srivastava
on rice wheat system K.Rajan
25 1CAR-RCER/DCR/2009/80 Resource conservation ,soil health and TK.Srivastava Apr.'10 Oct’13
carbon sequestration in relation to tillage  A.R.Khan
and nutrient management in organic Chunchun Kr
farming system K.Rajan
26 ICAR-RCER/DCR/2010/84 Management of abiotic stress in rice R. lanchezhian
through biotechnological approaches. Santosh Kr
a) Management of submergence tolerance ~ Chunchun Kr
through biotechnological approaches in  Sivani
rice grown in lowland ecosystem.
b) Genetic variability analysis and develop-  Santosh Kr Jul’10  Jul.’14
ment of mapping population for drought R. lanchezhian
tolerance in rice. Chunchun Kr
S. S. Singh
27 1CAR-RCER/DCR/2010/85 Eco-biology and management of Rodent Md. Idris Jul’10  Jun.’13
faima of rice-wheat cropping system.
Division of Livestock and Fishery Management, Patna
S. Project Code Project Title PI & Year Year of
No. Co-PI of start completion
28 ICAR-RCER/LFIMP/2008/47 Improving the productivity of Black PC. Chandran 2008 2011
Bengal Goats by Selective Breeding $.J. Pandian
PK. Ray
29 ICAR-RCER/LFIMP/2008/51 Formulation of poultry broiler and goat Dey Sept.’08 Aug.'10
feed using Makhana by-products. BPS Yadav
Janardan Jee
PK.Rai
30 ICAR-RCER/LFIMP/2008/54 Studies on reproductive diseases in cattle S.J. Pandian Jul.'08 Jun.’10
under field condition in Bihar. PK.Roy
PC.Chandran
Manoj Kumar
31 ICAR-RCER/LFIMP/2008/64 Enhancement of land productivity through  AK. Jain Feb.'09 Jan.'l2
aquaculture based integrated farming PK.Ray
system. Janardan Jee
N.Chandra
32 ICAR-RCER/LFIMP2008/76 Peste des Petits Ruminants (PPR) and PK Ray Jun'09 Jun.'12
Blue Tongue (BT) in goat and sheep: J. Pandian
Discase status in Bihar. $.Manoj kumar
80 ICAR-RCER, Patna : Annual Repot
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Division of Socio-Economics, Extension and Training, Patna

§. Project Code Project Title PlA Year  Year of
No. Co-M of start completion
33 ICAR-RCERSEET 20080969  Performance and status of SHGs in dis- MS Meena 2008 2011
advantaged districts of Bihar PK. Thakur
Abhay Kumar
Ujjwal Kumar
34 ICAR-RCER/SEET/2009-10/77  Training need assessment of farmers and Kumar Jul' 09  Jun'i2
field functionaries in different agro-climatic M S Meena
zones of Bihar U Kumar
KM Singh
PK. Thakur
35 ICAR-RCERSEET/2009-10/78  Constraints and issues of water manage- U, Kumar Oct.'09 Sept'12
ment in canal and tube well operated A. Kumar
arcas in Bihar M.S. Meena
K.M Singh
N.Chandra
36 ICAR-RCER/SEET/09-10/79 Value chain studies of selected K.M.Singh Jan.'10 Dec 12
commodities in case of milk and N.Chandra
vegetable in Bihar M.S. Meena
R.C. Bharti
A. Kumar
ICAR-RCER, Research Centre Makhana, Darbhanga
S. Project Code Project Title PI & Year Year of
No. Co-P1 of start completion
37 ICAR-RCER/RCM/2008/65 Study on genetic diversity in Makhana Lokendra Kr ~ Apr'09 Mar 11l
VK.Gupta
Externally Funded Projects
8. Project Code Project Title Pl & Year Year of
No. Co-P1 of start completion
1 ICAR-RCERICCW/2004/2 ICAR Network Project on climate change A Haris 2004 2012
‘Impact, Adaptation and vulnerability of A Islam
Indian Agriculture to climate change’ R.Elanchiziean
2. ICAR-RCER/ACIARFP/2006/5 Water harvesting and better cropping S. Kumar 1 Apr.'06
systems for the benefit of small farmers in - S.5. Mall
watersheds of the East India plateau.
(Australian Centre for International Agricultural
Research funded Project).
3. ICAR-RCER/Ext.Funded/ Developing sustainable farming system R.S. Pan 2007-08 2012
NAIP/2008/8 models for prioritized micro watersheds in- BR. Jana
rainfed areas of Jharkhand
4.  ICAR-RCER/HARP/BCKV/ NFBSRA funded project on "Epidemiology S, Kumar 2008 2013
2008-09/9 and forewarning system of downy mildew  (CCPI, HARP)
disease of cucurbits to develop appropriate
IPM strategy”
§  ICAR-RCER/NAIP/2008-09/11 Sustainable livellhood Improvement through MA Khan 2008 2012
need based integrated farming system PK. Thakur
Model in disadvantaged Districts of Bihar B K Jha
RS Sharma
MK Jha
R.P Rai
On-going Research Projects 81



S. Project Code

Project Title

Year  Yearof
~ of start

Ml &
Co-P1

6. ICAR-RCER/EFP/RCR/2008/14

7. ICAR-RCER/EFP/IWM/2008/16

8. ICAR-RCER/EFP/RIU-DFID/18

9.  ICAR-RCER/EFP/NAIP/2009/19

10. ICAR-RCER/EFP/2009/20

11. ICAR-RCER/EFP/RCR/2009/21

12. ICAR-RCER/EFP/CSISA/
2009-10/22

13. ICAR-RCER/E.F/CSISA/
2009-10/23

14. ICAR-RCER/EFP/CSISA/
2009-10/24

82

Intensification of research on bael with
special reference to medicinal value -
funded by National Medicinal Plant Board.
Scaling up of Water Productivity in
agriculture for livelihoods through teaching-
cum-demonstration, training of trainers
and farmers

Promoting sustainable livelihood
development —(P 1064 Rojiroti)

Modeling the performance of a new major
cropping system in Eastern India in the
light of projected climate change. (NAIP)
Capacity building of farmer’s and field
functionaries for scaling up of water
productivity

Development of Ultra-High Density
Orcharding in Guava under Jharkhand
Conditions

Crop and resource management practices
for sustainable future cereal-based systems.

Tracking change in rural poverty in village
and household economics in south Asia.

Delivery & rolling out of conservation
agriculture based RCTs — CSISA-L

———
T—

B.R. Jana 2008

2011

R.K. Batta
AK. Singh
S.K. Singh

K. Rajan
Adlul Islam
M.A Khan,
S.S.Singh,
ErAK. Singh
U. Kumar

$.S. Singh
N. Subash
R.C. Bharti

M.S. Meena
Abhay Kumar
Ujjawal Kumar
Bikash Das
S.S. Mali
B.R.Jana

M. A. Khan

S. S. Singh

A. R. Khan
Md. Idris
ErAK. Singh
K. M. Singh
M.S.Meena
Abhay Kumar
Chunchun Kr.
AK Jha
R.K.PSingh
A. R. Khan

S. S. Singh
T.K.Srivastava
R.C.Bharti
Ujjwal Kumar [

Nov.'08  2001-12

Nov.'08 Jun.’11

Jan.’09  Mar'12
2008 2012
2008 2011

Jul’10  Jun'12

2010 2014

2010 2012




Distinguish Visitors

Fig. 120. Foundation stone laying ceremony of farmers’ hostel Fig. 121. Inauguration of Brain Storming Session on 2™ green
at ICAR-RCER. Patna by Secretary DARE and DG ICAR, revolution by Hon’ble Chief Minister, Govt. of Bihar
Dr. 5. Ayyappan Shri Nitish Kumar and other dignatories at ICAR-RCER

Patna

' v L o
Fig. 122 Release of the publication of the institute by Hon'ble Fig. 123. Sri M.O.H. Farook, His Excellency Governor ot
Chief Minister, Govt. of Bihar, Shri Nitish Kumar and Jharkhand visiting to the experimental farm of the
other dignatories at ICAR-RCER, Pama complex at Ranchi
-—

Fig 124 Dr A K Singh, DDG, NRM discussing about on-going Fig. 125. Sri PK. Basu, Secretary Agriculture and Cooporation
scientists at Ranchi Govt. of India discussing about On-going experiments
trials with the ¥ 0 ¥
with the scientists at Ranchi

Distinguish Visitors | 83



Research Papers

Bandopadhyay, Asim and Das, Bikash (2010). A sur-
vey study on fruit diversity in Chotanagpur pla-
tcau region. Biospectra, 5(1): 97-104.

Bhartt. B.P; Sarangi. S K. and De, L.C. (2010). Fuelwood
characteristics of some firewood trees and
shrubs of Eastern Himalava, India. Energy
Sources, Part A 32: 469-474.

Bhartt, B.P; Singh, ].K.; Barooah, L. and Imtimongla
(2010). Phytotoxic influence of agroforestry tree
species on food crops in Eastern Himalaya, In-
dia. Allelopatby Journal, 25(2): 485-496.

Bhart, B.P; Singh, ]J.K.; Imtimongla and Moanaro
(2011). Effect of pulp extract of Syzygium
cumini (L.) Skeels fruits on rice, maize and
green gram crops. Allelopathy Journal, 27(1):
143-150.

Bhau. B.P: Singha, LK ; Satapathy, KK.; Sharma, Y.P
and Bujarbaruah, KM. (2010). Rehabilitation of
shifting cultivation areas through agroforestry:
A case study in Eastern Himalaya, India. J. Tropi-
cal Forest Science, 22(1): 13-20.

Bhatt, B.P.; Bujarbaruah, K.M.; Vinod, K. and
Karunakaran, M. (2011). Integrated fish farm-
ing for nutritional security in Eastern Himalayas,
India. J. Applied Aquaculture, 23:157-165.

Das, S.K.; Yadav, B.PS ; Barari, $.K. and Dey, A. (2010).
Growth performance of Jamunapari goats un-
der the agro-climatic condition of Bihar. Indian
Journal of Animal Sciences, 80: 183-184.

Dey, P; Rai, Mathura; Gangopadhyay, K K ; Das, Bikash:
Nath, Vishal and Reddy, N.N. (2010). Effect of
phosphorus on growth, yield and nutrient use
efficiency of litchi grown on Alfisol. Indian  Jour-
nal of Horticulture, 67(3): 394-395.

Haris, A. Abdul; Biswas, Sandeep and Chhabra, Vandna
(2010). Climate change impacts on productiv-
ity of rice (Oryza sativa) in Bihar. Indian Jour-
nal of Agronomy, 55(4): 295-302.

v A._Abdul; Chhabra, V. and Biswas, §. (2010).
Rainfall and temperature trends at three repre-

scntative agro-ecological zones of Bihar. Jour-
nal of Agrometeorology, 12(1):37-39.

Publications

Jana, B.R.; Munshi, PS.; Manna, D.C. and Das, Bikash
(2010). Evaluation of guava genotypes based on,
fruit morphology, physio-chemical Properties
and yield under eastern plateau condtions. g,
dian Journal of Plant Genet Resources
23(1):25-29. '

Jha, AK; Singh, KM.; Singh, RKP; Singh, VK ang
Singh, D.K. (2010). Analysis of fodder value
chain in Bihar: An exploratory study. Agricy).
tural Economics Research Review, Vol. 23_ Con.
ference number-2010, pp. 559.

, AR.; Chandra, Dinesh; Brahmanand, PS. and
Singh, R.D. (2010). Influence of varying irriga-
tion regime and fertility level on hybrid rice cul-
tivation in coastal region of eastern india culsi-
vation of aromatic fine rice in coastal region of
Eastern India. Archives of Agronomy and Soil
Science (in press).

Kumar, Anjani; Singh, KM. and Sinha, Shradhanijali
(2010). Agricultural credit in India: Starus, per-
formance and determinants. Agricultural Eco-
nomics Research Review, Vol. 23, July-Decem-
ber 2010 pp 253-264.

Kumar, Lokendra; Gupta, VK. ; Khan, M A ; Singh. SS.:
Jee, Janardan and Kumar, Ashok (2011). Field
based Makhana cultivation for improving crop-
ping intensity of rice fields in Bihar. Journal Hor-
ticulture, Vol. 1(1): 71-72.

Kumari, Nitu; Srivastava, J.P; Singh, B. and Deokaran
(2010). Heterotic expression of yield and its
components in (OmMato (Solanum
Iycopersicon). Annals of Horticulture, Vol. 3.
June 2010, pp. 98-101.

Prasad, Archana; Das, Bikash and Gerard, Mani
(2010). Differentiation litchi genotypes e
on leaf biochemical parameters: 2 feasibility
study. Biospectra, 5(1):105-110.

Prasad, Suday; Kaushal, D.K. and Khan, MA (2010}

Preliminary observation on salinity in U -

ground water in Bihar. Environ. © Beod-»

28(3B):1952-1954.
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prasad, Suday, Khan, MA. and Kaushal, D K. (2010)
Ganga river  prawn  (Macrobrachium
gangeticum Bate)- Its successful larval rearing
and post larval production in an outdoor hatch-
ery at Patna. Fisbing Chimes, 30(7).:52-55.

Rahman, S and Rahman, A. (2010). Population dynam-
ies model for AIDS patients of a particular area,
Selcuk Journal of Applied Mathematics,
11(2):3-11

Roy, R K. and Misger, FA (2010). Foot rot in sheep in
Kashmir valley. Environment and Hcology,
28(1B):722-723.

Roy, RK. and Shrivastava, H.P (2011). Organophos-
phorus induced delayed neuropathy toxicity in
broilers. Environment and Ecology, 29(1) 156-
158.

Roy, R.K.; Shrivastav, H.P and Deo, Chandra (2010).
Effect of methylparathion on haemato bio-
chemicals in broilers. Indtan Veterinary Jour-
nal, 87:785-787.

Singh, A K. and Kumar, Prevesh (2010). Nutrient man-
agement in rainfed dry land Agro Ecosystem in
the impending climate change scenario. Agri-
cultural Situation in India LXVI: (5) 265-270.

Singh, A.K.; Bharati, R.C.; Chandra, N. and Dimree, S.
(2010). Effect of seed size and seeding depth
on Fava Bean (Vicia fava L.) productivity. Envi-
ronment & Ecoloy, 28(3A):1722-1727.

Singh, AK.; Lal Singh; Kumar, Chunchun; Pravesh
Kumr and Dimree, S.K. (2010). Para grass hy-
brid (Brachiaria sp.)- A potential forage for
India. Environment & Ecology, 28(3):1602-
1606.

Singh, AK.; Sharma, S.P; Upadhyaya, A.; Rahman, A.
and Sikka, A.K. (2010). Performance of low en-
ergy water application device. Water Resources
Management, 24: 1353-1362.

Singh, AK.; Singh, Lal; Kumar, Chunchun; Kumar,
Pravesh and Dimree, S.K. (2010). Para grass hy-
brid (Brachiaria sp.) — A potential forage for
India. Fnvironment & Ecology, 28: 1602-1605.

Singh, A.K.; Singh, R.V; Bharati, R.C.; Chandra, Naresh;
Kumar, Chunchun and Dimree, S.K. (2010). In-
troduction of wilds and weedy relatives of crop
plants in India. Environment & Ecology,
28(3A):1715-1721.

Singh, B.; Bhatt, B.P and Prasad, P (2010). Altitudinal
variation in nutritive value of adult-juvenile fo-
liage of Celtis australis L.: A promising fodder
tree species of Central Himalya, India. Journal
of American Science, 6(2): 108-112.

Singh, B.; Saklani, K.P and Bhatt, B.P. (2010). Prov-
enance variation in seed and scedlings attributes
of Quercus glauca Thunb. in Garhwal Himalaya,
India. Dendrobiology, 63: 59-63.

P;:blk:aﬂom

Singh, B Yadav, R and Bhat, Br 2011 Pffects of
mother tree ages, different rooting mediums,
light conditions and auxin treatments on oot
Ing behavior of Dalbergia stssoor branch cut-
tings. / Forestry Research, 22(1) %4457

Singh, KM and Meena, M S (2010) Harnessing ben
cfits of communication technology through
phone-in programme: A case study. Agricultural
Ixtension Review, April-June 2010, pp 3-6

Singh, R.D., Shivani, Chandra, N and Singh, $ K
(2010). Effect of crop diversification on produc-
tivity and profitability of rice- based cropping
systems in irrigated eco-system of Bihar. Indilan
Journal of Agril. Sci., 1-361/2009-FEL

Subash, N. and Ram Mohan, H.8. (2010) Asscssment
of the influence of monsoon rain on rainy sea-
son rice (Oryza sativa) productivity over ma-
jor rice growing States. Indian Journal of Agri-
cultural Sclences, 80(7):606-614

Subash, N. and Ram Mohan, H.5. (2010). Assessment
of the influence of monsoon rain on rainy sca-
son rice (Oryza sativa) productivity over ma-
jor rice growing States. Indian Journal of Agrt-
cultural Sciences, 80(7):606-614.

Subash, N. and Ram Mohan, H.S. (2010). Trend de-
tection in rainfall and evaluation of standard-
ized precipitation index as a drought assessment
index for rice productivity over IGR in India
International Journal of Climatology, 30
DOI:10.1002/joc.2188.

Subash, N. and Ram Mohan, H.S. (2010). Trend de-
tection in rainfall and evaluation of standard-
ized precipitation index as a drought assessment
index for rice productivity over IGR in India
International Journal of Climatology. 30
DOI:10.1002/joc.2188.

Subash, N. and Ram Mohan, H.S. (2010). Verification
of a rational combination approach for agricul-
tural drought assessment: A case study over
Indo-gangetic plains in India. International
Journal of Information Systems and Soclal
Change, 1(4):13-27.

Thakur, A.K.; Saharan VK. and Singh, R.K. (2010). Dry-
ing of 'Perlette’ grape under different physical
treatments for raisin making. /. of Food Science
and Technology, 47(6): 626-630

Tyagi, Vandana, Brahmi, Pratibha and Singh, A K

(2010). International treaty on plant genetic re-
sources for food and agriculture (TPGRFA) and
its implications on access o plant genetic re-
sources for food and agriculture (PGRFA). In-
ternational Journal of Tropical Agriculture,
28(1-2):63-67.

HS



Books/ Book chapters

Khan, AR.; Singh, S§.8.; Bharti, R.C.; Srivastava, TK.
and Khan, M.A. (2010). Resource conservation
technologies for food security and rural liveli-
hood. Published by Agrotech Publishing Acad-
emy, Udaipur, pp. 1-528,

Bharati, R. C.; Kumar, Ujjwal; Kumar, Abhay and
Chandra, N. (2010). Experimental planning for
conserving resources. In: Khan, A.R.; Singh, S.S;
Bharati, R.C. and Khan, M.A. (eds.) Resource
Conservation Technologies for Food Security
and Rural Livelibood. Agrotech Publishing
Academy, Udaipur, pp. 275-282.

Chandna, P; Singh, S.S.; Erenstein, Olaf; Khan, A.R,;
Ladha, . K.; Gupta, R.; Punia, M.; Nelson, A,
Gopal, R. and Singh, PK. (2010). Geo-spatial
techniques for assessing natural resource and
targeting resource conserving technologies. In:
Khan, A.R.; 5ingh, S.S.; Bharati, R.C. and Khan,
M_.A. (eds.) Resource Conservation Technologies
Jor Food Security and Rural Livelibood.
Agrotech Publishing Academy, Udaipur, pp. 501-
513.

Chandra, N.; Bharati, R.C.; Kumar, Abhay and Kumar,
Ujjwal (2010). Computing economics of re-
source conservation technologies. In: Khan,
A.R.; Singh, §.S.; Bharati, R.C. and Khan, M.A.
(eds.) Resource Conservation Technologies for
Food Security and Rural Livelibood. Agrotech
Publishing Academy, Udaipur, pp. 267-274.

Dey, A. (2010). Role and management of livestock in
sustaining farming system under RCTS. In: Khan,
AR.; Singh, §.S.; Bharati, R.C. and Khan, M.A.
(eds.) Resource Conservation Technologies for
Food Security and Rural Livelibood, Agrotech
Publishing Academy, Udaipur.
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