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Preface

It was quite a productive year. Two moth bean varieties
developed by the institute (CAZRI Moth-4 and CAZRI
Moth-5) were notified by the Central Sub-Committee on
Crop Standards, Notification and Release of Varieties for
cultivation in both North and South Zone of the country. The
Agri-Eco-Tourism Park, spread over 8 ha area and housing
over 150 plant species, was inaugurated this year and it is
becoming quite popular among local people and tourists. The
crop cafeteria approach, which has been appreciated very
much by farmers and other stakeholders, was extended this
year and an Integrated Farming Cafeteria block was
established in 2 ha area as a one-stop demonstration block of
major production technologies related to field and fruit
crops, agroforestry trees, fodder production, recycling of
farm waste, soil conservation, rainwater harvesting and
recycling, etc. In the seed production program, 22,913 kg
seed of various rabi and kharif season crops was produced
along with 1,13,437 number of quality planting material of
agroforestry trees and fruits.

Hyper-spectral signatures of 628 soil samples collected
from different agro-ecological sub-regions of the country
showed that height, absorption features and slope of the
spectra at different spectral regions depend on inherent
composition of soil, which showed wide variations among
soil samples.

In Sam block of Jaisalmer district, wind erosion/
deposition related land degradation has affected about 8%
area of arable lands, 61% area of sandy plains and duny
lands, and 30% area of scrublands/grasslands. Area under
groundwater irrigation in western Rajasthan showed strong
correlation with the pre-monsoon groundwater level in
Jodhpur (0.94), Jaisalmer (0.82), Nagaur (0.71) and Churu
(0.71) districts.

In pearl millet improvement program, promising early
hybrids were identified based on higher grain yield. Out of
150 test lines of pearl millet, 20 entries showed susceptibility
for the downy mildew in the range of 5.3 to 57.1%, rest of the
lines were resistant. Out of 150 lines, 17 showed resistance



aiffes gftdes 2023
Annual Report 2023

AP
ICAR

1 g H 10 Tforera W 31 Y gfg <ot @l TS | <1 wfafteat
BT QAIEI—1 3 ST fHell | 7aR # YoIdI &f A1 41.7 UfRrd &
a & W 386 whowd (foAd)) W o457 wiowd
(TST—2—20) Teh =T 71T |

A8 BT WM WWRIE0—1 BT 12 giafedi § 4, 10
gfafteai 3 Haiaq AF® (s STRTHSN—2251 &T SUST (541
.31 UfY ZacaR) @1 ol H 8 W 53 URIRIG dab 1fdrd It
TS B | IR qRIEv—2 ¥ 12 3 ¥ 11 yfafteai 7 dasrs
AT (e JTRUHASI—257 (651 b IT. URT SacR) 1 Jorim o
JNfH U Y BT |

SR 7ol & PUDI & Wdl W SIRT 96Ul &
HATH W STd g fdb T 3.2 UICrerd &1 3fed SUSt 81
@ W1, AoTS—94 S A Uh Riang iR wdel gRudadr
& HIHC H ST 25 9 30 A1 @ 99d 8T Aol © |

q gICIR & WA RIS aTel Udbidd HiY HoTTell Aise
W 461,243 BRI B Tl M UK gg Sl a¥ T BHAILT
A w9 ¥ fIaRa off | Haet wadl a1 Al el gRaR®
B Ol BT ol H, UTell § T Yahidhd HiY ToTlel! Aree
A ST 3 AT M A AT 3T | iR H, A R
B YUl | A el ARG WAl Jomell H 4o
TS DT SUST 3MfE ol (4.96 ¥ 6.64 T UfT gaCA), TqD
TS FTORT 3R 7 AR HH YA} BT SIS & | TR
T, Broll R IHTGDHAT DI Y 1T &1 H G g, FToRT
IR HIT—3METRT A UM HITHel—ATEIRT B TOTetl
| IR U TS |

arell # oraoia R @1 Refd #, TE—emnRa wad
yotel # uRuRe R @ 9o H fe—dg Ri=E & d8q
I @1 31fSd gad (61.7 Ufaerd) d Scargdar (67.9 faera)
g TS | dierR @ aRRefal |, R §a @ fagq
ATADB H i (3.4 6.2 ST AT T ALL) & H1er A=Al Bl
o1 ST # 9.6 Tifererd @ ARTae <t T |

TS DI Bl U, 4— ey RA=mS SfaRTeT Bl o
# (315 T Ufd o), 2@ (34.9 7 UfT o) IR &
T a1 Ri=mS & oraeid (34.2 < UfT 2acaR) SATaT T
T2 | AMRI TRGS @1 %l SUS (29.3 T URT gaIR) Y
JeTT ¥, BE JeAdd R U A U el Sul H ghg (257
yfcrerd), @il Jedd R AINET | U %l SuW (17.7
Tfcrerd) 1 et H A §S | HEoT Bl 40 Hfererd Aol 4
IR WR R RHATS o7 R e aroll IR gl afer i o
SUST hHI: 38.5 IR 8.1 T Ul 2dCAR Tof Bl TS, ST 100
gfererd el U9 arsfiaHRoT IR R AT U | BIl Afdd
oY |

. 9 T AR SIS QTG & AN H (&6 & HaH
H 10 S AR B WM& JfT TFCIR) TORT 3R T8, DI Il

ii

against the blast disease, while the rest of the entries were
moderately susceptible.

Thirteen clusterbean entries of CAZG series gave more
than 10% increase in seed yield over the best check, RGC-
1033 (934.2 kg ha™). Two entries were promoted to AVT-1.
The endosperm content in clusterbean genotypes ranged
from 38.6% (PNB) to 45.7% (HG-2-20) with a mean of
41.7%.

Among 12 moth bean entries in station trail-1 (ST-1),
10 entries out yielded the best check variety RMO-2251 (541
kg ha") by 8 to 53%. In ST-2, 11 out of 12 entries yielded
more than the best check variety RMO-257 (651 kgha™).

The genotype evaluation trials of cumin conducted at
farmers' fields in Jodhpur district revealed that with a meager
yield penalty of around 3.2%, growing CZC-94 could save
one irrigation and about 25-30 days in terms of crop maturity.

An integrated farming system (IFS) model of 2 ha, with
limited irrigation, generated gross return of Rs. 4,61,243
which was fairly distributed over the year. Another IFS
model developed at Pali, fetched about 3 times more benefit
over conventional farming system comprising only of crop
cultivation. Among nine irrigated cropping systems tested at
Bikaner, groundnut-based cropping system gave higher
main product yield (4.96-6.64 tha™) followed by pearl millet-
and mung bean-based cropping systems. But considering
water, energy and productivity together, pearl millet- and
mung bean-based cropping systems were found to be better
than the groundnut-based cropping systems.

In a wheat-based cropping system under saline
irrigation condition at Pali, higher water saving (61.7%) and
water productivity (67.9%) were observed under drip
irrigation compared to conventional irrigation system. In
Bikaner conditions, mustard seed yield declined by 9.6%
with increase in EC of irrigation water from 3.4 t0 6.2dSm".

Watermelon fruit yield was higher when irrigation was
given daily (34.9 t ha") and on alternate days (34.2 t ha™)
compared to yield obtained at 4-day irrigation interval (31.5t
ha"). Fruit yield increased more (25.7%) with grafting on
pumpkin rootstock than on bottle gourd rootstock (17.7%)
compared to un-grafted control (29.3 t ha"). Total fresh and
dry leaf yields of 38.5 and 8.1 t ha' were recorded when
moringa was given irrigation at 40% cumulative pan
evaporation level, which were significantly higher than the
yields obtained at 100% cumulative pan evaporation level.

Continuous cropping for six years with organic manure
application (10 t FYM ha" during kharif season) produced
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2123 and 4193 kg ha" grain yields of pearl millet and wheat,
respectively which were lower than their yields obtained
with 150% NPK application (2386 and 4443 kg ha’,
respectively).

The mean diurnal CO, flux over pearl millet crop
canopy was lowest (-13.40 pmole m” s™) during daytime,
which was negative due to assimilation of CO, in crop
canopy through photosynthesis, while it was higher (2.59
umole m”s") during the night time, which was mainly due to
crop respiration.

The exogenous application of 1.0 mM Salicylic acid,
0.1 mM Benzyl adenine and 1.0 mM Sodium nitroprusside
significantly improved relative water content, water
potential, membrane stability index and grain yield of gram
genotypes by 9-16, 18-22, 22-30 and 11-23%, respectively,
as compared to water spray control.

Consortia of Trichoderma atrobrunneum strain 15F,
Pseudomonas sp. 2B, Alcaligenes sp. 9B and Bacillus
velezensis 32B showed least disease index (22.5%) and
highest disease control (76.4%) of cumin wilt.

The average daily gain (ADG) in body weight of
Marwari lambs was higher (96.5 g d") in lambs given 10%
moringa leaf meal (MLM), followed by lambs given 6%
MLM (83.6 g d") in their diets compared to the ADG in
weight of lambs (80.8 g d") which were not given any MLM.

The average PV energy generated from 100 kW agri-
voltaic system (AVS) was 351 kWh day” and the power
generated over the year was 1,24,164 kWh earning a revenue
of Rs. 6,20,820. Photosynthetically active radiation,
measured during reproductive stage of taramira and mung
bean under control, shaded and non-shaded inter-space area
of double and triple row AVS ranged from 55-61 pmol m”s’
in shaded and 128-173 umol m”s" in unshaded area. In
double-row AVS, economic yields of bottle gourd, ridge
gourd and snap melon increased by 68.6, 35.8 and 21.4%,
respectively over the yield under control.

Livestock rearing was predominant secondary
enterprise for 87% farm households in Pali district because
of access to dairy cooperatives. In Bikaner district, crops +
agroforestry + livestock was major farming system (73%) in
rainfed condition; while crops + agroforestry + livestock +
horticulture was major farming system in irrigated condition
(64%) as well as in production system having both irrigated
and rainfed condition (69%).

The FLDs conducted in different villages, benefitted
883 farmers directly and several thousand farmers indirectly
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through trainings and field days at these demonstration sites.
Total 18 OFTs were conducted at 75 farmers' fields.

Crop demonstrations were conducted during kharifand
rabi seasons under the Scheduled Caste Sub-Plan (SCSP).
Quality seed of crops, planting materials of horticultural
crops and agroforestry trees were distributed to 3,372
scheduled caste farm families. More than 1500 families
benefitted from distribution of agricultural implements/
equipments like battery operated sprayer, manual hand
weeder, tarpaulin, secateurs, kassi. About 2,000 farmers
benefited from interaction with scientists, trainings on
agricultural technologies and exposure visits to research
institutes, field days, kisan melas. Scientists-farmers'
meetings were organized at four villages of Pali district
under Tribal Sub-Plan in which 1170 tribal farmers
participated. Agri-inputs viz., DAP fertilizer, tarpaulin and
plastic tubs were also distributed to motivate the farmers. For
empowering tribal people of cold arid region and providing
livelihood security to them, several inputs such as animal
feed, greenhouses polythene, tarpaulin, sickle, shovel, pick
axe and garden tools were distributed among 233 farmers of
Ladakh villages.

Total 10,086 farmers, farm women, students, trainees
and govt. officials visited ATIC. Sale of seed of improved
varieties of crops, grasses, seedlings of horticulture and
agroforestry trees and other products generated revenue of
Rs. 1,34,21,572.

A total of 162 trainings were organized which
benefitted 5,214 farmers. Sponsored training programs
conducted by the institute benefitted 1,844 stakeholders.
Several farmers-scientists' interaction meetings, field days,
awareness programs for students, farmers and other
stakeholders, were organized to celebrate the International
Year of Millets 2023.

An agricultural innovation exposure visit of farmers
was conducted in August. Total 1078 farmers, farm-women
and other stakeholders visited different experimental blocks
of the institute and directly interacted with the concerned
scientists. The institute and its KVKs effectively used
innovative ICT tools to send agro-advisories on real-time
basis reaching to over 60,000 farmers.

I hope that the stakeholders involved in development of
arid regions will find the research, development and
extension activities documented in this report interesting,
informative and useful.

S N A

((.P. Yadav)
Director
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The institute made some significant achievements in
research and development this year. Two moth bean
varieties, viz., CAZRI Moth-4 (CZMO-18-2) and CAZRI
Moth-5 (CZMO-18-5) were notified by the Central Sub-
Committee on Crop Standards, Notification and Release of
Varieties for cultivation in both North and South Zones of
the country. During three years' testing under rainfed
conditions, CAZRI Moth-4 gave an impressive yield of
1121 kg ha”, while the yield of CAZRI Moth-5 was 1069 kg
ha" which were 27.4% and 25% higher, respectively than
the yield of best-performing check, RMO-257. In addition
to high yield, CAZRI Moth-4 grain contains 32.8% protein,
which is a substantial increase (6.6%) over the best check
variety, RMO-257.

The Agri-Eco-Tourism Park was inaugurated by Dr.
S.K. Chaudhari, DDG (NRM), ICAR on October 01. Total 8
ha area of the park has been divided in 32 blocks. About 150
plant species of native trees, medicinal and aromatic plants,
fruits, perennial grasses, cacti and succulents, ornamental
shrubs, fibre, natural gum and resin plants as well as some
plants from other desert regions of the world are
established. The sand dune stabilization technique is also
demonstrated here. Itis attracting quite a number of tourists,
school and college students as well as other visitors and
guided tours are conducted for such groups.

The institute bagged a prestigious recognition, as the
Director, Dr. O.P. Yadav, became Fellow of the National
Academy of Sciences, India (NASI) for his outstanding
contribution in the field of Science.

An Integrated Farming Cafeteria (IFC) block was
established in 2 ha area during this kharif season as a
one-stop demonstration block of production and
conservation technologies related to field and fruit crops,
agroforestry trees, fodder production, recycling of farm
waste, soil conservation, water harvesting and recycling,
and other agricultural innovations. The Millets Block,
planted during the kharif season as a part of the celebration
of the International Year of Millets-2023, was a point of
major attraction where eight millet crops, viz., pearl millet,
sorghum, finger millet, foxtail millet, proso millet, kodo
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millet, barnyard millet and little millet were grown.
Demonstration of improved varieties of traditional and
some new crops in crop cafeteria at all the regional research
stations of the institute has now become a norm.

Hyper-spectral signatures of 628 soil samples
collected from different agro-ecological sub-regions of the
country were measured using spectro-radiometer facility
created at the institute. Overall height, absorption features
and slope of the spectra at different spectral regions depend
on the inherent composition of soil, which showed wide
variations among soil samples collected from different
regions.

In Sam block of Jaisalmer district, wind erosion/
deposition related land degradation has affected about 8%
area of arable lands (irrigated and un-irrigated), 61% area of
sandy plains and duny lands, and 30% area of scrublands/
grasslands. Mining, rocky and barren lands account for
12.65% area.

Net sown area in arid Rajasthan was 56% of total area,
and in non-arid parts of Rajasthan, it was 47%; the lowest
and highest values being in Udaipur (17%) and
Hanumangarh (87%) districts, respectively. Cropping
intensity was lowest in Barmer (115%) and highest in Kota
(191%) district. Cropping intensity in non-arid Rajasthan
(164%) was relatively much higher than in arid Rajasthan
(134%). Churu district has only 16% net irrigated area as
compared to 95% in Kota.

Area under groundwater irrigation in western
Rajasthan showed strong correlation with the pre-monsoon
groundwater level in Jodhpur (r=0.94), Jaisalmer (r=0.82),
Nagaur (r=0.71) and Churu (r=0.71) districts, and moderate
correlation in Sikar (r=0.67), Jhunjhunu (r=0.66), Bikaner
(r=0.61) and Barmer (r=0.58) districts. Thus, groundwater
levels in the study area declined significantly with
expansion of groundwater-irrigated areas.

Tertiary (100-250 m’ day ™), Lathi (100-200 m’ day™),
Bhadesar (120-180 m’day "), Nagaur (150-300 m’day ) and
Bilara sandstone (100-300 m’day ) soil series are very good
source of groundwater.

Total 45 plant species, representing 23 families, were
recorded on different physiographic units in Jaisalmer
district. Dactyloctenium sindicum was dominant species on
rocky and sandy plain landforms, whereas Dipterygium
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glaucum and Aeluropus lagopoides were dominant species
on sand dunes and salt rann of Jaisalmer district,
respectively.

A comprehensive investigation into Banni grassland
vegetation dynamics, utilizing NDVI data from 1990 to
2020, revealed that the NDVI increased from 1990 to 2020,
mainly due to P, juliflora expansion in Banni graslands.

Highest green fodder yield of Cenchrus ciliaris was
obtained from CAZRI-657 (5076 kg ha') followed by
CAZRI-588 (4870 kg ha'), whereas CAZRI-581 showed
maximum dry matter yield (1563 kg ha') followed by
CAZRIAnjan-2178 (1510 kgha™).

The highest stigma receptivity in Lasiurus sindicus
was seen at the stage of indehiscent anthers (96.33+9.83%)
and anther dehiscence stage (92.71+8.43%). The maximum
receptivity of 100+10.88% was observed at 10 a.m. while
the minimum receptivity 0f29.214+3.83% was recorded at 8
a.m.and9a.m.

In pearl millet improvement program, among 15 early
test hybrids evaluated at three locations (Jodhpur, Jaisalmer
and Bikaner), hybrid ICMA-15222xCZI-2021/3 gave
highest mean grain yield of 2620 kg ha" followed by the
hybrids CZH-271 (2447 kg ha") and CZH-267 (2410 kg
ha"). Promising early hybrids based on higher grain yield
were identified. Besides, five MS lines from IIMR,
Hyderabad and R lines from CAZRI were used to develop
47 new hybrids. The hybrid IIMRMA-7xASI 2023/4
showed highest grain yield of 3729 kg ha", followed by
IIMRMA-1xCZ1-2020/9 (3334 kg ha') and IIMRMA-
5xAS12023/18 (3395 kgha™).

The downy mildew severity in pearl millet ranged
from 0 to 100% with highest being in susceptible line 7042S
and lowest in pearl millet test entries. Out of 150 lines, 20
entries showed susceptibility for the downy mildew ranging
from 5.3 to 57.1%, rest of the lines were resistant against the
downy mildew. Similarly, the blast severity ranged from 6.3
t0 62.5%, with highest incidence in 7042S and lowest in test
entries. Out of 150 lines, 17 lines showed resistance against
the blast disease, while the rest of the entries were
moderately susceptible.

Thirteen clusterbean entries of CAZG series gave
10% increase in seed yield over the best check RGC-1033
(934.2 kg ha'). Two entries (CAZG-17-4-1 and CAZG-
20-8) have been promoted to AVT-I and two (CAZG-20-37
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and CAZG-20-46) were contributed for multi-location
evaluationin IVT.

The clusterbean genotypes evaluated for
identification of resistance source against bacterial leaf
blight, showed highly susceptible reaction against
X. axonopodis pv cyamopsidis. Minimum area under
disease progress curve (158) was obtained with four
clusterbean genotypes, i.e., HG-2-20, RGC-1002, RGr-
20-7 and RGC-1038.

The endosperm content in clusterbean genotypes
ranged from 38.57% (PNB) to 45.70% (HG-2-20) with a
mean of 41.72%. The genotype RL-16 had lower (35.92%)
germ percentage while CAZG-19-9 had higher (19.31%)
hull percentage.

Among 12 moth bean entries in station trail-1 (ST-1),
10 entries out yielded the best check variety RMO-2251
(541 kg ha") by 8 to 53%. In ST-2, 11 out of 12 entries
yielded more than the best check variety RMO-257 (651 kg
ha™). In ST-3, four entries and in ST-4, all the twelve entries
out yielded the respective best checks, viz., RMO-2251
(700 kg ha") and RMO-257 (635 kg ha"). In four station
trials (STs), the lowest yellow mosaic virus disease score
was recorded in moth bean entries CZMO-18-1-1 (1.7) in
ST-1,CZMO-18-10(1) in ST-2, CZMO-20-18 (1.7) in ST-3
and CZMO-21-9 (1) in ST-4.

The studies on inheritance pattern for leaf shape and
peduncle length of moth bean suggested that single genes
governs leaf shape and peduncle inheritance, where the
deep lobbed leaf and long peduncle trait is expressed
dominantly while the shallow lobbed leaf and short
peduncle trait is recessive.

Among six test entries of cumin evaluated at three
locations (Jodhpur, Jaisalmer and Bikaner) with four check
varieties, the yield levels at Jaisalmer were low and CV was
more than 23%. The entry GC-4 showed highest yield
(1257.5 kg ha™) on the basis of the average data of Jodhpur
and Bikaner while, CZC-135 (1272.0 kg ha') was the
higher yielder among all the test entries.

Across the dates of sowing, cumin genotype CZC-94
sown in 22.5 cm row spacing was found at par with GC-94
sown at normal row spacing (30 cm) in terms of seed yield.
Row spacing significantly influenced the harvest index of
cumin genotypes CZC-94 and GC-4. Seed yield and
biological yield of CZC-94 increased at 22.5 cm row
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spacing as compared to the yield at 30 cm row spacing,
while yields of GC-4 declined with reduction in row
spacing. However, GC-4 recorded significantly higher
biological yield across the sowing dates, whereas CZC-94
recorded significantly higher harvest index as compared to
GC-4. The genotype to date of sowing interaction in cumin
was found significant in terms of seed yield and biological
yield. Variety CZC-94 recorded significantly higher seed
yield over GC-4 in 15 October, 15 November and 1 January
sowing dates, while at other dates of sowing, CZC-94 was
found at par with GC-4 in terms of seed yield. As compared
to GC-4, CZC-94 recorded significantly higher biological
yield in 15 October sowing and significantly lower
biological yield in 15 November sowing.

The genotype evaluation trial conducted at farmers'
field suggested that with a meager yield penalty of around
3.2%, growing CZC-94 could save one irrigation and about
25-30 days in terms of crop maturity.

This year none of the cumin germplasms showed
resistance to wilt incidence, while one genotype (CZC-96)
showed wilt incidence of only 9.9%. Four genotypes were
in range of 10-20% incidence, 7 genotypes in range of
20-30%, 14 genotypes in range of 30-40%, 20 genotypes in
range of 40-50%, 9 genotypes in range of 50-60%, 19
genotypes in range of 60-70%, 19 genotypes in range of 70-
80%, 23 genotypes in range of 80-90% and 30 genotypes in
range of 90-100% incidence.

In the seed production program, 22,913 kg seed of
different rabi and kharif season crops were produced.
Truthfully labelled seed of different varieties of pulses, seed
spices and oilseeds were produced under Mega Seed and
Creation of Seed Hub project. The seed production program
was undertaken at Jodhpur and Bikaner. Total 1,13,437
number of quality planting material of agroforestry trees
and fruits were produced during the year.

A pomegranate hybrid (CAZRI-JSM-17), which is a
cross of varieties Jalore Seedless and Mridula, produced
maximum yield (21.56 kg plant’) and maximum fruit
weight (200.59 g). Its juice content (42.35 to 55.75%) was
much higher and TSS was equivalent to that of the
commercial pomegranate varieties. Based on fruit size, fruit
yield and colour of rind and aril, the genotype CAZRI-JSM-
17 was found to be the best hybrid of pomegranate suitable
for this region.
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In an integrated farming system (IFS) model of 2 ha
with limited irrigation, arable crops in one ha gave gross
return of Rs. 1,12,334. The medicinal and aromatic crops
provided return of Rs. 1,11,276. The IFS model generated
gross return of Rs. 4,61,243 which was fairly distributed
over the year.

An integrated farming system model developed at
Pali, comprised of crops (70% area), fruits (27% area) and
vegetables (3% area), along with a goat unit (5 female and 1
male) and boundary plantation of Ardu. The contribution of
different IFS components in total net returns was maximum
from horticulture (61.09%), followed by crops (28.97%),
livestock (9.46%) and agroforestry (0.48%), and the IFS
model fetched about 3 times more benefit over
conventional farming system comprising of only crops
cultivation.

Among nine irrigated cropping systems, groundnut-
based cropping system had higher main product yield
(4.96-6.64 t ha) followed by pearl millet- and mung bean-
based cropping systems. A composite index, water-energy-
food nexus index (WEFNI), was computed using six
indices, which ranged from 0.15 to 0.78, being the lowest
for groundnut-wheat system (0.15) and the highest for pearl
millet-chickpea (0.78) and mung bean-chickpea (0.78)
cropping systems. Overall, considering water, energy and
productivity together, the pearl millet- and mung bean-
based cropping systems were found to be better than the
popular groundnut-based cropping systems.

In a wheat-based cropping system under saline
irrigation condition at Pali, higher water saving (61.7%)
and water productivity (67.9%), along with reduction in soil
sodium content (15.7 to 17.2%), SAR (19.1%) and EC
(25.03%) were observed under drip irrigation compared to
conventional irrigation. Significantly higher grain yield of
wheat and sorghum were recorded under permanent raised
bed (4697 and 1920 kg ha™), followed by zero tillage (4322
and 1703 kg ha™) as compared to yields under conventional
tillage (4034 and 1589 kg ha') under wheat-sorghum
cropping system.

Mustard seed and straw yield was significantly
affected by EC of groundwater and varieties in Bikaner
conditions. On an average, 9.6% yield decline in seed and
10.6% yield decline in straw was observed with increase in
EC from 3.4 to 6.2 dS m". Seed yield of variety Laxmi
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(1.50 t ha") at 3.4 dS m" EC was at par with seed yields of
varieties CS-58 (1.51 tha™) and CS-60 (1.43 tha") at EC of
6.2dSm™.

In a M. dubia and pearl millet intercropping system,
grain yield of pearl millet ranged from 1503.6+75.30 kg ha
(at 6 m x 6 m spacing of trees) to 1908.5+7.08 kgha ' (at 6m
x 9 m tree spacing) in different spacings. In G. arborea +
pearl millet system, grain yield was highest (1856.5+107.63
kgha')in 6 m x 12 mtree spacing.

At 72 months after planting, Ailanthus excelsa
recorded significantly higher tree height at § m x 8 m
(5.91 m) and 6 m x 6 m (5.88 m) compared to that at 4 m x
4 m spacing (4.96 m). Intercrops did not affect the tree
growth. In P. cineraria, spacing and intercrops were not
observed to exert any significant effect on tree height and
collar diameter.

Continuous cropping for six years with organic
manure application (10 t FYM ha" during kharif season)
produced 2123 and 4193 kg ha" grain yield of pearl millet
and wheat, respectively, in arid soils. Maximum yields of
pearl millet and wheat (2386 and 4443 kg ha™, respectively)
were recorded with 150% NPK application, while
minimum yields were observed with absolute control
(1214 and 2144 kg ha', respectively). Application of
5.0 t FYM ha" + 100% RDF increased pearl millet and
wheat grain yields by 90 and 108% over control and 11 and
6%, respectively, over 100% RDF.

Inorganic treatments, particularly integrated nutrient
management, significantly enhanced crop yields of cumin,
mustard, pearl millet and mung bean, the highest being
1130 kg ha" in cumin and 2910 kg ha" in mustard. Organic
treatments also improved yields, with cow dung being the
most effective, especially for cumin (938 kg ha') and
mustard (2130 kg ha™). Prophylactic measures in organic
plots for disease control showed that a spray of Calotropis
procera, Prosopis juliflora and neem leaves extract was
effective for management of Alfernaria blight, while
Trichoderma harzianum was effective against bacterial
blight in mung bean.

Pearl millet under natural farming showed a 23.2%
increase in grain yield compared to the yield under control
(2260 kg ha™), while mustard exhibited 7.3% increase in
yield under natural farming over the yield in control (1710
kg ha'). Conventional farming gave the highest yields of
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both the crops. In terms of pest control, imidacloprid
17.8% SL (1.5 ml L") showed the highest pest control
(45.1-90.2%) against aphids and whiteflies. Among the
organic treatments, neem seed extract at 5% was found to be
the most effective for pest control.

The mean diurnal CO, flux over pearl millet crop
canopy was lowest (-13.40 pmole m” s") during daytime,
which was negative due to assimilation of CO, in crop
canopy through photosynthesis, while it was higher (2.59
umole m” s") during the night time, which was mainly due
to crop respiration.

Relative water content (RWC), water potential (Yw),
membrane stability index (MSI) and seed yield of gram
declined by 20, 17, 22 and 24%, respectively, due to water
stress as compared to well-watered condition. The
exogenous application of phyto-protectants ameliorated the
adverse effect of water stress in gram crop and application
of 1.0 mM Salicylic acid, 0.1 mM Benzyl adenine and 1.0
mM Sodium nitroprusside significantly (p<0.05) improved
RWC, WYw, MSI and grain yield of gram genotypes by
9-16%, 18-22%, 22-30% and 11-23%, respectively, as
compared to water spray control. The highest enhancement
in RWC, MSI and seed yield was recorded with 1.0 mM
Salicylic acid followed by 1.0 mM Sodium nitroprusside
and 0.1 mM Benzyl adenine compared to control.

In case of mustard, water deficit caused 21, 22, 19 and
17% reduction in photosynthetic rate (P,), transpiration rate
(E), stomatal conductance (g,), and seed yield compared to
well-watered condition. The application of phyto-
protectants reduced the adverse effect of water stress and
the exogenous application of 1.0 mM Salicylic acid, 0.2
mM Benzyl adenine and 1.0 mM Sodium nitroprusside
significantly (p<0.05) improved photosynthetic rate,
transpiration rate, stomatal conductance and seed yield by
15-32%, 18-26%, 19-29% and 12-18%, respectively in four
mustard genotypes, compared to water sprayed control. The
improvement in seed yield was highest with 1.0 mM
Salicylic acid (18%) followed by 1.0 mM Sodium
nitroprusside (16%) and 0.2 mM Benzyl adenine (12%) as
compared to the control.

Application of developed plant growth promoting
rhizobacterial (PGPR) consortium, with 100% NPK,
enhanced pearl millet and mung bean yields by 6-8% in
Jodhpur, Pali and Bikaner as compared to yields with 100%
NPK alone. PGPR consortium application, with 75% NPK,
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with or without FYM, yielded equivalent to 100% NPK
alone, in both the crops.

Watermelon fruit yield decreased from 36.6 t ha’
obtained with irrigation at 1.0 ETc to 33.3 t ha" under
deficit irrigation (0.8 ETc). Fruit yield was higher when
irrigation was given daily (34.9 t ha) and on alternate days
(34.2 t ha") compared to yield at 4-day irrigation interval
(31.5 tha™). Fruit yield increased with grafting on pumpkin
rootstock (25.7%) more than on bottle gourd rootstock
(17.7%) compared to un-grafted control (29.3 tha™).

The total fresh and dry leafyields of 38.5 and 8.1 tha
were recorded when moringa was given irrigation at 40%
cumulative pan evaporation level, which were significantly
higher than the yields obtained at 100% cumulative pan
evaporation level. The dense planting of moringa (40,000
plants ha") recorded significantly higher fresh and dry leaf
yields of 56.9 and 11.9 t ha, respectively, which were 199
and 193% higher than the yields at 6,666 plants ha" density.

When moringa and bajra napier hybrid were sown at
150 cm % 80 cm spacing and irrigated with sewage-treated
water, moringa crop produced fresh and dry fodder yields of
80.1 and 14.4 tha”, respectively, while bajra napier hybrid
gave 16 and 24% higher fresh and dry fodder yields,
respectively, compared to moringa. Whole biomass of bajra
napier hybrid was edible, while in case of moringa, it was 30
and 34% on fresh and dry weight basis, respectively.

Chemical oxygen demand and biological oxygen
demand reduced by 84 and 79% during rainy season, 86 and
77% in winter and 89 and 76% in summer season in the
treated water compared to untreated sewage water.

The average daily gain (ADG) in body weight of
Marwari lambs was higher (96.52+6.19 g d') in lambs
given 10% moringa leaf meal (MLM), followed by lambs
given 6% MLM (83.58+5.40 gd) in their diets compared to
the ADG in weight (80.83+5.52 g d") of lambs, which were
not given any MLM in the diet, indicating positive effect of
MLM rich diets. The effect of MLM rich diets was more in
male lambs than in female lambs. The ADG of 10% MLM
fed group was 22.7 and 14.1% higher in male and female
lambs, respectively, compared to the control group.

Total CO, emission per cattle was 1453 kg in
intensively managed (stall-fed) Tharparkar cattle and 720
kg in semi-intensive management system (grazing with
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supplementary feeding) during October and November. In
intensive system, enteric emission and manure contributed
only 28% of'the total CO, emission, whereas corresponding
value for semi-intensive system was 55%.

Biochar prepared from crop residues of castor, cotton
and small branches of Prosopis juliflora at lower
temperatures (350°C) were found to be more suitable for
application in saline and alkaline soils of arid Kutch as it has
lower pH and EC levels; in addition to higher recovery rates
ranging from 32.3 to 33.7%.

Among four arid shrubs, maximum antioxidant
activity was found in Calligonum Poligonoids (Phog)
leaves (52.43 mg ascorbic acid eq. g') and Leptadenia
pyrotechnica (Kheemp) root (64.23 mg ascorbic acid eq.
g") samples collected from Tanot-Longewala area. The
antioxidant activity was lower in Aerva javanica (Bui) leaf
and root sample.

A total of 6,355 trees of Acacia senegal were treated
with CAZRI gum inducer, resulting in production of
approximately 3180 kg gum Arabic. The gum inducing
technology has been adopted on large scale by famers of
more than 31 villages of Chauhatan and Baytu tehsils of
Barmer district; Shergarh and Phalodi tehsils of Jodhpur
district; and some villages of Nagaur, Jaisalmer and Jalore
districts.

Shelf life of pearl millet extrudates, stored in
metalized polyester polyethylene at ambient conditions,
was found to be five months. The level of free fatty acids in
high density polyethylene packaging increased from less
than 0.05% to 0.32% after 120 days when filled with air and
up to 0.28% when filled with nitrogen.

Aphids, thrips, whiteflies, mites, Anar butterfly and
hoppers infested pomegranate plants during 29-52 standard
meteorological weeks. Neem oil 2 ml L" + spinetoram 11.7
SC 0.5 ml L" was found to be the best treatment against
thrips while, Beauveria bassiana @ 8 g or 6 ml L' +
spinetoram 11.7 SC 0.9 ml L" and neem oil 2 ml L" +
spinetoram 11.7 SC 0.5 ml L' were found the most
effective against whiteflies in pomegranate. The
combination of imidacloprid 17.8 SL 0. ml L" +
spinetoram 11.7 SC 0.5 ml L" and neem oil 2 ml L" +
spinetoram 11.7 SC 0.5 ml L" were found to be the most
effective against aphids in pomegranate followed by
imidacloprid 17.8 SL@ 0.3 mIL".
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Executive Summary

The consortia of Trichoderma afroharzianum strain
IF + Aneurinibacillus aneurinilyticus strain 16B +
Pseudomonas lalkuanensis strain 31B + Bacillus
licheniformis strain 223B showed least disease index
(32.47%) and highest disease control (64.87%) of cumin
blight. Similarly, the consortia of Trichoderma
atrobrunneum strain 15F, Pseudomonas sp. 2B,
Alcaligenes sp. 9B, and Bacillus velezensis 32B showed
least disease index (22.47%) and highest disease control
(76.35%) of cumin wilt suggesting the microbial consortia
could be effective biocontrol agents for managing diseases
in cumin.

Neem cake consistently maintained high cfu counts
(8x10%, 7.6x10°, 7.93x10°, 7.56x10°, 710", 6.6x10" and
7.6x10° cfu g") of diverse isolates of Trichoderma viz., T.
asperellum (Pedavegi), T. harzianum (Pedavegi), T
longibrachiatum (Jodhpur), and 7. harzianum (Jodhpur),
alongside native isolates like ChFIB1, ANFHS2 and
EGFBSI1, respectively.

Sprays of Calotropis procera + Prosopis juliflora +
neem leaves extract was found superior as compared to
other organic treatments for management of Alternaria
blight in cumin, mustard and mung bean, while spray of
Trichoderma was found effective for management of
bacterial blight of mung bean. The initial population density
of Fusarium oxysporum f. sp. cumini (13x10° cfu g soil)
increased to 21.6x10° cfu g soil after the harvest of the
crop.

Five rodent species namely Tatera indica,
Funambulus pennantii, Rattus rattus, Golunda elloiti, and
Mus musculus were captured in different farming systems.
F. pennantii was the dominant species (71.7%) in various
farming systems, which caused major damage in
pomegranate and date palm crops. More than nine species
of rodent pests were trapped having wide variability (4.35
to 43.48%) in different habitats of Nagaur, Bikaner,
Jaisalmer, Barmer and Sikar districts. 7. indica and
Meriones hurrianae were the dominant species in the
surveyed region.

Kalmegh panchang at 1, 2 and 3% concentration in
bait was very effective for management of Bandicoot
rodents.

Blue bull (Boselaphus tragocamelus) was the major
vertebrate pest sighted across the surveyed area with
highest density in Sumerpur, Mundwa and Kawas areas.
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The average PV energy generated from 100 kW agri-
voltaic system (AVS) attached to the grid through a net
meter was 351 kWh day”' and the power generated over the
year was 1,24,164 kWh that earned a total revenue of Rs.
6,20,820. The daily average dust load on different PV
modules varied from 0.116 to 0.152 g m”, which
significantly impacted energy production (16 to 40%) that
can be reduced by nano-coating of hydrophobic SiO, on PV
glasses. Availability of photosynthetically active radiation
(PAR) measured during reproductive stage of taramira and
mung bean under control, shaded and non-shaded
inter-space area of double and triple row AVS ranged from
55-61 pmol m”s" in shaded and 128-173 pmol m”s” in
unshaded area. A significant reduction in PAR was
observed under shaded area compared to unshaded
interspace area in taramira (63%) and mung bean (27-34%)
crops in two AVSs.

Ininterspaces of AVS, yield reduction was observed in
case of cumin (5.3%), ashwagandha (2.7%) and vegetables
like spinach, amaranthus, radish and carrot (7.32 to 17.0%),
while there was increase in yields of taramira (8.1%), mung
bean (13.10%) and onion (3.18%). In double-row AVS,
economic yields of bottle gourd, ridge gourd and snap
melon showed an increase of 68.6, 35.8 and 21.4%,
respectively over the yield under control. Significant yield
reduction was observed in yields of isabgoal (12.2 and
26.2%), cumin (7.5 and 31.5%) and taramira (34.5 and
57.7%) in shaded area compared to unshaded area of
double-row AVS having half and full PV modules,
respectively, in 25 kW AVS at RRS, Bhuj.

Solar-cum-PCM based hybrid cooling system to chill
10 L milk day' was found profitable and economically
viable with 16.56 B:C ratio and 4 month payback period.
The computed chilling cost of milk was Rs. 2.40 per litre.

A solar thermal-based hybrid oven was developed for
baking 1.0 kg biscuit, having novelty of extended reflector
for extra power capture during entire day.

The electronic planter module was tested in laboratory
and attained seed rate of 2.99 to 5.5 kg ha™ in pearl millet
and 0.97to 1.51kgha' (rectangular groove) and 2.83 kg ha™
(cylindrical groove) in cumin crop. Consistent dropping of
seeds was also verified in preliminary field trial of the
module retrofitted on existing cultivator.

Analysis of farming systems prevailing in Pali district
revealed that relatively higher average annual rainfall and
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Executive Summary

farmers' access to irrigation had influence on the nature and
extent of farming systems prevalent in the district.
Livestock rearing was predominant secondary enterprise
for 87% farm households because of cultivation of fodder
crops and access to dairy cooperatives. Two farming
systems (consisting of crop diversification, livestock and
fodder crops as essential components) were predominant in
Pali district. Farming systems in Jaisalmer district were
influenced by low average annual rainfall, sandy/ sandy
loam soils and recent increase in irrigation.

Among different components of farming systems
adopted in Bikaner district, arable crops, agroforestry and
livestock were major components, as more than 96%
households in three production systems had these
components. Crops + agroforestry + livestock was major
farming system (73%) in rainfed condition, while crops +
agroforestry + livestock + horticulture was major farming
system in irrigated (64%) condition as well as in production
system having both irrigated and rainfed (69%) condition.

Sustainable management of common property
resources (CPRs) in nine selected villages of Pugal,
Khajuwala and Pokaran tehsils revealed that people's
overall participation was 55% and less participation was
observed in planning and maintenance stages as compared
to development stage. Average 11.4 quintal fuel wood was
collected by each family during the year from pasture
CPRs, and on an average, 9 animals per family were grazing
in pasture CPRs every day.

Sand dune stabilization technology was effective in
enhancing crop productivity, soil properties and carbon
sequestration, besides providing economic products and
decrease in drudgery. On an average, the estimated value of
economic products was Rs. 6.1 thousand ha" from pasture
and wasteland, and 10.6 thousand ha' from orans in
Bikaner-Jaisalmer belt of arid Rajasthan.

The post-training assessment of livestock keepers was
done and it was found that there was considerable increase
in adoption of some scientific technologies, i.e, right
milking practice, feeding colostrum and deworming. The
technologies that required minimum or no cost were
adopted more. Change in income after training was
observed through increase in milk yield by 1-2.5%.

In Bilara block, 93% farm households depended on
their own farms for fodder requirements, while in Luni
block, 67% farm households rely on their own farms for
fodder.
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Among all the constraints faced by the farmers in
Jaisalmer district, infrastructure and financial constraints
ranked first because of the lack of money to purchase inputs
such as hybrid seeds, planting material, fertilizers etc. for
farming. Technological constraints ranked third, where lack
of awareness about insect pest control was the major one.

Through regular capacity building trainings on post-
harvest processing, women were economically empowered
inrural areas of Jodhpur district. They became familiar with
conducting meetings, banking operations, use of FSSAI
license, preparation of labels, small savings, loaning to
members, depositing the instalments in SHG, business to
business (B2B) and business to consumers (B2C) dealings.
Farm-women trained at the institute showcased millet
products in G-20 Summit in New Delhi on September 09.

Various FLD programs, covering crops, horticulture,
fodder crops and livestock were conducted in different
villages, which benefitted 883 farmers directly and several
thousand farmers indirectly through trainings and field days
at these demonstration sites. Total 18 OFTs were conducted
at 75 farmers' fields.

Improved crop varieties of wheat (GW-11, MP-1201),
mustard (NRCHB 101) and cumin (GC-4 and CZC-94)
increased crop yields at farmers' fields substantially,
ranging from 18.2 to 38.5%, resulting in additional net
returns of up to Rs. 15,720. In kharif season, mung bean
(MH-421) outperformed local variety, yielding 626 kg ha’
with additional returns of Rs. 9,773 ha.
supplementation in livestock through multi-nutrient feed
blocks led to a substantial increase in milk yield and profit,
with B:C ratio ranging from 1.61 to 1.84. Integrated
farming systems generated significant annual incomes,
which were Rs. 1,00,243 and Rs. 3,37,349, with B:C ratio of
1.67 and 2.02 in rainfed and irrigated IFS models,
respectively.

Nutrient

A centrally sponsored scheme, Scheduled Caste Sub-
Plan (SCSP), is being implemented by the institute and its
four regional research stations at Bikaner, Pali, Jaisalmer
districts of Rajasthan and Bhuj district of Gujarat for the
benefit of Scheduled Caste farm families. The main focus
was on demonstrations of improved agricultural
technologies. The covered technologies included arable
crops, horticultural crops, animal husbandry, soil nutrition
and capacity building of targeted farm families. Quality
seed of arable crops, improved planting materials of
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Executive Summary

horticultural crops and agroforestry species were
distributed to 3,372 schedule caste farm families. Crop
demonstrations were conducted at all the project sites both
in kharif and rabi seasons. More than 1500 farm families
belonging to scheduled caste were benefitted by
distribution of agricultural implements/equipments like
battery operated sprayer, manual hand weeder, tarpaulin,
secateur and kassi. As a result of use of improved varieties
of crops, supported by enhanced soil nutrition through
fertilizers, farm implements and technological back up,
there was an increase in the yield of crops to the tune of
10-15% in different crops. About 2000 farmers benefited
from interaction with scientists, trainings on agricultural
technologies and exposure visits to research institutes, field
days, kisan melas.

For empowering tribal people of cold arid region,
improving their standard of living and providing livelihood
security to them, TSP activities were carried out by RRS,
Leh in Shang, Hemis, Likir and Matho, Sumdho, Thiksay,
Stakna, Choglamsar and Farka villages in different valleys
of Ladakh. Several inputs such as animal feed, greenhouses
polythene, tarpaulin, sickle, shovel, pick axe and garden
tool kit were distributed among 233 beneficiaries of these
villages.

Eight awareness programs on 'Technological
interventions for livelihood security and income
enhancement' were organized during October-November
by RRS, Leh at eight different villages of Ladakh valley. A
total of 187 farmers of these villages participated in the
programs.

Scientists-farmers' meetings were organized at
Peepla, Goria, Shambharwara and Aradwan villages of Bali
tehsil in Pali district under tribal sub-plan (TSP). Emphasis
was given on adoption of advanced and improved
technologies for enhancing productivity of fruits, vegetable
and crops in tribal areas. A total of 1170 tribal farmers,
including women farmers, participated in the programs.
Agri-inputs viz., DAP fertilizer (150 bags), tarpaulin (410)
and plastic tubs (610) were also distributed to motivate the
farmers.

Demonstrations were conducted in crop cafeteria,
during both kharif and rabi seasons, with recommended
package of practices at the institute and its Regional
Research Stations (Bikaner, Jaisalmer, Pali and Bhuj) to
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showcase the live performance of improved varieties of
major rainfed crops (pearl millet, moth bean, mung bean,
clusterbean, minor millets viz., finger, kodo, proso, little,
foxtail and barnyard millet) and irrigated crops (isabgol,
cumin, fenugreek, grain amaranths, chia, quinoa and
mustard). A large number of farmers, including farm
women, visited the crop cafeteria and saw the performance
of different varieties and role of management practices in
increasing crop productivity. Farmers also showed keen
interest in new crops like grain amaranths (Rajgira), chia
and quinoa as potential cash crops for crop diversification,
particularly in view of their drought tolerance and biotic
stress tolerance.

Among all the ICAR institutes in the country, the
institute stands at second position in contributing
publications to KRISHI Portal with 4875 publications.

Under single window service system, 10,086 farmers,
farm women, students, trainees and State/Central govt.
officials visited ATIC. They were apprised of the institute's
technologies and activities. Further, 377 farmers benefitted
from call center service. Sale of seed of improved varieties
of kharif crops (mung bean: IPM 205-07, MH-421; moth
bean: CZM-2; clusterbean: RGC-936; and grasses, i.e., C.
ciliaris, C. setigerus, guinea grass, napier), rabi crops
(mustard: NRCHB-101; cumin: GC-4, CZC-94; fenugreek:
AFG-03; and psyllium), seedlings of horticulture, forestry,
ornamental and medicinal plants, other products (gum
inducer, pearl millet-based and other processed and value
added products, Marusena, multi-nutrient feed block, fruits
and vegetables, etc.) generated arevenue of Rs. 1,34,21,572
during the year.

A multi-institutional event was hosted by ICAR in the
historic Mallinath Krishi evm Pashu Mela at Tilwara
village of Barmer district during 21-22 March.
Technologies related to field crops, horticultural crops,
livestock rearing, vertical farming, hydroponics,
aeroponics, dairy products and value-added products of
millets, fodder-beet, napier grass, agro-voltaic systems,
solar-powered equipments, polyhouse agriculture, animal
feed, azola, seeds of rabi and kharif crops, seeds of grasses
attracted the attention of thousands of farmers.

An agricultural innovation exposure visit of farmers to
the research farm of the institute was conducted on August
29. Total 1078 farmers, farm-women and other stakeholders
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