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Preface

Our country has achieved record foodgrain production
of 271.98 million tonnes (Mt) this year as per the second
advance estimate of the Department of Agriculture,
Cooperation and Farmers Welfare whichis 6.94 Mt more
than the previous record production achieved during 2013-
14. This landmark achievement can be attributed mainly to
hard work of the farmers, policy and research support as well
as the favourable rainfall during last monsoon season. The
arid regions of the country contribute significantly in
production of coarse cereals, pulses and oilseeds; and the
production of these three commodity groups created a new
record this year. Estimate of coarse cereal production (44.34
Mt) is higher by 0.94 Mt, pulses production (22.14 Mt) is
higher by 2.89 Mt and oilseed production (33.6 Mt) is higher
by 0.85 Mt compared to their respective earlier record
production.

The demand for quality food as well as for energy is
increasing. Abundant solar radiation is available in arid
regions which are expected to be the major contributor of
clean, and probably the cheapest, source of energy in the
country in near future. Consequently, solar power plants with
photovoltaic (PV) panels are likely to compete with
agriculture for land. The institute has initiated work on solar
farming system and efforts will be made to integrate solar
panels and crops, on the same piece of land, in such a way
that both components of the system benefit each other. The
rainwater harvested from PV modules will be used for
cleaning the modules and giving irrigation to crops. Growing
suitable crops under dynamic shade condition in a solar
farming system may improve the resource use efficiency of
crops. The crop component is likely to keep the ambient
temperature relatively low during summer months resulting
in increased efficiency of solar panels. It is estimated that on
an average 2000 kWh unit of electricity can be generated per
day from about 500 kW capacity agri-voltaic system
installed in one hectare area. Agri-voltaic systems of 105 kW
and 25 kW capacities have already been installed at the
institute headquarter at Jodhpur and its regional research
station at Bhuj, respectively. The grid connectivity and net
metering of the installed system at Jodhpur have been
established and the system is fully and satisfactorily
operational.

Farmers select and treat farm enterprises not in
isolation, but in a systems mode depending on their
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& ATANT AU & 12T, 4.59—5.16 AT U Ul 99 Bl
bl AT <7 | 399 Ul 99 823 I 931 HHd drI—faad W
giora fy | SR 31 R H, IR—IRE1 IR [IR—g|ae
BA UGl Bl JoiT H [AR—E UG 38 Icarad At
B8 | I8 H TWRUTIR I A1D 4 MM H3 Bl U (5.7 < fdy
TICAR) DI ITULAT 3MTe] ha DI SMAHTH SUS Plefl Uiferef=
TR (21.6 ST U 2aIR) & TANT A e, TguRid ga18 &
30 f& 91 81T | FPRIE &% (19.1 1 fdy gaeaR) @ik 30 faA
a7e gl IeM (18.9 < Uf 2acaR ) A AT €8 |

BRI AT & AU UTell—8T34 ¥ Wil AThid 8 I8!
2| 9 ITell & foly SUYh SIFICISY &l Ygard &R & o1y
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] Bl BT Jeaid fhar 17 | |adied A Bl Ul
e Save 7 &1 (5.5 fover wifay ate), T @18 effimeR (4.2
foaram gfa aten) &R a1 (3. 9 fhdrma ufcr dienm) <&
efHeR IR AT BT U, ToTadT AR ITARBIRAT Bl IHE B
IR TR IYYh AR [HS urr 17 | A9 Herd (Ffde)
faferat (@St arftreT, e |aftaer ok |rgs wfeT) gIRT WIRT
DI UTE A Ol TRYST], AlbI, BE, TREG—DHE AT fdex ThdeT
qAT fHT—elIp TIfe R ST 1 | |1 =il & forg, 93
fcreTd SfRId AheldT &% & AT, Aigs M Ay o Sugd
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% fog) & o7 wftera (Gt &k @ @ forg) a@ 2|
FIR—PHeTH dTel WRTH U (3.0 fHeArmd ufy dien) &1 gerr
Tl 71TS IR WRT & FHetd | 30 Ufrerd 31fere Uerar (4.3
fopeiram wfar diem) g2 | faem amve fy gy WiRT &1 g 4,
fhTT—ofI® Tfe Jadd U= UTe fh Y WRT & T 9 9fri o1
AY<h Y&p et 9R 17 Ui, ufc drer wall B GwAr 17
IereTd g 3T el WIR 13 Tfcrerd 31fdres o |

PR el & FIeTT § Urar A7 B a9l e
PR B o #, RifTd &5 o1 ga1 # Hrfe Hre iR
BRBRA B AT HAI: 33 3R 57 gfaerd aifrd off Safds
ST GelRrM # 18 ufed @1 w1 e | 3 ke, a9t
MR FR—H @1 Jor1 # Rifera &= a1 7 # Suerer A
TR ST D1 AT 30—35 Hfererd arferas o |

Y TSR ¥ TSI AT 99l @ Yof geii 1 3.09 H 4.65
T PIeA Ui gacAR [UfRT fhar | urel v & Hrer oy =
YT B ST 3D BT (49.4 ST UM FaCIR) AU haT | R
AT IR TR IR §IRT 1.25—2.06 T BIa Ul sde IR
|qufed fbar 1| ul¥ad JeRe Bl A= 9 S
goTTferall @ Sfaid FaT (0—100 HHY) H Tl BT Wl 35.7 |
156.2 < UM BFcAR 3Aiepl TAT| A Farall  fol b 4
JTBTI(D BT BT EFAT STITHIT 50 UfTeTe oI |

IR BT 138 T8 HHR TSI BT [ABId 7R TGS ATS Al
Pl T R A8 A1 I UoT+ B b a7 |

resources, required inputs and investment and expected
earnings. A seven hectare integrated farming system (IFS)
model maintained at the institute, gave gross returns of Rs.
4.59-5.16 lakh per annum with a B:C ratio of 1.76-1.96
during past three years. It also generated employment of 823-
931 man-days annually. In Bikaner conditions,
clusterbean—wheat system was found to be more productive
compared to clusterbean-mustard and clusterbean-isabgol
cropping systems. At Leh, maximum potato tuber yield was
recorded under black polythene mulch (21.6 t ha™) followed
by hand hoeing (19.1 t ha™) at 30 days after sowing (DAS)
and earthing up at 30 DAS (18.9 tha™) as compared to weedy
check (5.7 tha™).

Poly-house culture is gaining popularity in peri-urban
areas. Seven seedless hybrids of cucumber (Cucumis sativa)
were evaluated in poly-house during November to April to
identify suitable genotypes under this system. Highest
average fruit yield was given by cv. Ekron (5.5 kg plant™)
followed by Terminator (4.2 kg plant”) and Rica (3.9 kg
plant™). Terminator and Rica were found to be suitable
hybrids with respect of yield, quality and consumers'
preference. Three grafting methods viz., wedge grafting, hole
insertion and side grafting were tried for cucumber on five
rootstocks namely muskmelon, bottle gourd, pumpkin,
squash and fig-leaf gourd. Side grafting was found suitable
for all the rootstocks with average success rate of 93 per cent.
Among the rootstocks, the grafting success varied from 74
per cent (for muskmelon) to 97 per cent (for bottle gourd and
squash). Cucumber grafted on fig-leaf gourd rootstock
yielded 30 per cent more fruits (4.3 kg plant™) than yield from
non-grafted cucumber (3.0 kg plant™). Fig-leaf grafted plants
had 17 per cent higher shoot dry weight, 17 per cent more
fruits per plant and 13 per cent more fruit weight over non-
grafted control.

Survey of Bikaner district showed increase in soil
organic carbon and phosphorus by 33 and 57 per cent,
respectively and depletion of available potassium by 18 per
cent in irrigated soils compared to soils under rainfed crops.
Available Fe and Zn content was 30-35 per cent more in
irrigated sites than in rainfed croplands.

In arid Rajasthan, full grown trees of Prosopis
cineraria and Acacia tortilis either as sole or in a mixed
plantation accumulated 3.1-4.7 t carbon ha™. In Pali district,
Acacia tortilis along with Cenchrus setigerus resulted in
high C sequestration (49.4 t C ha™"). Ber and pomegranate
orchards accumulated 1.25-2.06 t C ha” in above ground
biomass. Total soil carbon stock in arid soils (0-100 cm soil
depth) of western Rajasthan under different land use systems
varied from 35.7 to 156.2 t ha. Inorganic C constituted 50
per cent of the total C in most of the soils.

New hybrid combinations (138 no) of pearl millet were
made by crossing male sterile lines with selected restorer
lines.

ii
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T A= fovsl &, TR & 500 TH2 Ul &7 UeraR vd
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BT H—GS $axd I IR & fAeriTeRoT sTe=
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RS I U H AT g U UIeRgd &l 913 g6 B $e
AT H 1 U deiRes | BH Y8l IR S 918 AR
TAleTE A8 T ST BT | ISR & faeriiexor B+ arell
FID (GBI [Fef) ARATHTH—7 B AT A A1 gl
fb I8 Pad 20—38° Jfeds AUHM R 5 | 10 Wvg R
forarefiet <& ® a2 UielRrm & SrfiRad Bk & faer
B H A e R |

IS TR WX 1 A8 BN BT AIATIT B B ol U 8
fafer &1 faer faram w73 | QUERTT 7Y URIeTulf #, 200 <41 Hiew A
PH IMMHR B g & HUT 1Y TV | T BIC AT BN BT
3MHN 20 =T Hiex I HH o1, Afh G &) 37afe H Bl b1
AT NMBR 9 AT |

U] JMER 1 AI§OT Toral] § FUR & fIQ G g1
AR 3MER [AHfad fBd g €| 918 # =R1IE & SRM dF
HEMl Th Gg—UIND dcd @lidh (TATAEN) Raet 9 IR *iR
AT BT 37T &b g IUST H HHI: 9.4 AR 5.3 Ui Bl
gfg gs A1 THEA Raa | Al 7 2.2 SR 496 A 28
SMENT 3UTd X8| i "M 96 100 U gfd o
Fg—UIYe dcd A370T Raet™ & 9HRAT & <f e g8 Ul & 12
mifcrerd 1 9 g8 |

TSR, SIEYR, AN 31 rell fSrali @ 45 TTai § 19,500
BHAC B US|l BT BRI & SRS qhiId §IRT STAR B A
T 7.8 € TG BT IaTeA g3l | UfReRT IoR & HiY
s &g 3R IR IRBN) o+l gRT 39 db-1d B TAR B
RO 0T BTl 7 HHS & ST 38,000 UST BT YR
fepar |

o8 3R TEE & B YD 51 H Hld FAET B QIR
14000—18000 HIC &I Hals WX, Jor YA # fEarerd #wHe
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U U] &5 W #Hie P IrErel |aied (552 ufoera) oft
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Ifeerd) BT = & |

Five hundred selections were made in clusterbean for
yield and desirable traits on visual basis from the M,
population derived from gamma ray treatments (100-800
Gy) of three distinct genotypes. Seed yield as high as 91 g per
plant and test weight of 3.8 g was observed in mutants of
genotype HG 2-20.

Among twelve watermelon (Citrullus lanatus)
genotypes evaluated at Jodhpur and Jaisalmer under rainfed
condition, entry SKNK-1301 recorded highest seed yield
(474 kgha™) followed by CAZJK-13-2 (432 kg ha™) and their
yield was 66 and 51 per cent higher than the yield of check
variety GK-1 (286 kgha™).

During the year, 34.4 t truthfully labelled seed of
cereals, pulses and grasses was produced.

A study conducted on potassium mineralization from
organo-mineral fertilizer showed that after 6" week of
incubation, organo-mineral prepared from low quality
feldspar released higher concentration of exchangeable and
water soluble potassium than potassium chloride till 16"
week of incubation. The fungal stain Fomitopsis meliae
RCKF7 showed its ability to grow and solubilize potassium
as well as phosphorus over a wide range of temperature (20 to
38°C)and pH (5t0 10).

Nano-Fe particles were successfully synthesized using
bio-simulation approach. In repeated trials, <200 nm size
particles could be synthesized. Smallest particles
synthesized were of <20 nm size, but the average size of
particles increased during storage.

Feed supplements have been developed by the institute
to improve nutritional quality of livestock feed.
Supplementation with 8-10 multi-nutrient blocks for three
months enhanced the average daily milk yield of stall-fed
cows and buffaloes by 9.4 and 5.3 per cent, respectively with
B:C ratio of 2.2 and 2.8 in case of cows and buffaloes. In
goats provided with multi-nutrient mixture @ 100 g d” for
about three months during lactation, daily milk yield
increased by 12 per cent.

Acacia senegal trees were treated with gum inducer in
45 villages of Barmer, Jodhpur, Nagaur and Pali districts
resulting in production of approximately 7.8 t gum Arabic
from 19,500 trees. KVKs and NGOs working in western
Rajasthan also distributed CAZRI gum inducer to farmers
which was used to treat about 38,000 trees of 4. senegal.

During rodent survey in cold arid region of Leh and
Ladakh, Himalayan marmot (Marmota himalayana) was
observed in barren lands and vole (Pitymys leucurus) in
grasslands at an altitude of 14000-18000 ft. The population
of marmots was maximum (55.2%) followed by field mice
(24.1%) and Turkish rat (20.7%).

Buffalo-based pastoralism was found to be the primary
occupation of 70 per cent households in Banni areas. Sheep
and goat rearing was the primary occupation of only 3 per

il
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fRauRe! & forw Ui 81 |

cent households. Prosopis juliflora based charcoal
preparation was the primary occupation of 20 per cent
households.

This year, a new initiative was taken to demonstrate
suitable varieties of arid zone crops at one place in 'Crop
Cafeteria'. Ninety varieties of cluster bean (20), pearl millet
(20), mung bean (20), moth bean (20) and sesame (10) were
grown to demonstrate their comparative performance and
characteristics to the farmers, researchers, administrators,
planners and students. Over 3000 farmers, 500 students and
officials from ICAR and state agriculture department and the
public representatives visited the 'Crop Cafeteria' during the
season and appreciated this approach.

Improved technologies were demonstrated at farmers'
field. Increase in yield due to improved crop production
technologies was 21.8 and 18.2 per cent for pearl millet and
mung bean, respectively. The institute also disseminated
information under Mera Gaon Mera Gaurav programme on
various technologies, programmes and advisories in 103
villages through 22 teams of scientists.

A farmers' fair cum agriculture innovation day was
organized at the institute on 21 September in which more
than 2500 farmers, including 700 women, participated from
Jodhpur, Pali, Sirohi, Barmer, Jalore, Bikaner, Jaisalmer and
Nagaur districts of Rajasthan. Ten farmers were honoured as
'CAZRI Kisan Mitra' in recognition of their significant
contribution in adoption and dissemination of agricultural
technologies. More than 8900 visitors including farmers,
farm women, students, officials of central and state
government departments visited Agricultural Technology
Information Center during the year. Total 292 trainings were
organized for farmers and farm women by different divisions
of the institute, its regional research stations and KVKs.
Various front line demonstrations conducted by the institute
benefited 2275 farmers of different villages. The institute
participated in 13 exhibitions across the country to
popularize its technologies and to create awareness among
the masses about its activities and achievements.

Under capacity building program of employees, 15
scientists, 28 technical and seven administrative personnel
attended various trainings. Twenty-fourth meeting of the
ICAR Regional Committee No. VI was successfully
organized at Jodhpur. Four workshops, one review meeting,
one summer school, one short course and one model training
course were also organized.

I hope that details of research, development and
extension activities documented in this report will be useful
for the stakeholders interested and involved in the
development of arid regions.

Director
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During the year, natural resources survey was
carried out at three sites in Bikaner district viz., canal
irrigated (Pugal), tube well irrigated (Kotasar) and rainfed
croplands (Motigarh). The Pugal site has a dominant
aeolian terrain and sandy uplands have big transverse
dunes (20-30 m) as well as barchan dunes (3-4 m) at some
places. Motigarh site has sandy uplands in the form of big
transverse dunes. Dunes form long parallel chains (1-1.5
km long), with inter-dune distance of 400-500 m. The
soils in irrigated croplands showed accumulation of soil
organic carbon and phosphorus by 33 and 57 per cent
respectively and depletion of available potassium by 18
per cent. Available Fe and Zn content was 30-35 per cent
more in irrigated sites than in rainfed croplands. Average
groundwater level in Pugal was 33.34 m below ground
level (bgl) with average EC of 3.5 d Sm™. There are no
wells/tube wells in Motigarh area as quality of
groundwater is very poor (EC 12.2 d Sm™). In Kotasar,
ground water level was very deep with an average depth of
135.47 m bgl and due to tube well irrigation, groundwater
level is depleting @ 3-4 myr™.

Carbon stock in above ground biomass was
predominantly in orans in Jaisalmer (4.7 t ha") and
Bikaner (2.77 t ha") districts, while Prosopis juliflora
alone or in mixed stand accounted for high carbon stock in
Kutch district. In arid Rajasthan, full grown trees of
Prosopis cineraria and Acacia tortilis either as sole orin a
mixed plantation accumulated 3.09 - 4.65 t C ha™ . In Pali
district, Acacia tortilis along with Cenchrus setigerus
resulted in high C sequestration (49.4 t C ha™). Ber and
pomegranate orchards accumulated 1.25-2.06 t C ha™ in
above ground biomass. Total soil carbon stock in arid soils
(0-100 cm soil depth) of western Rajasthan under
different land use systems varies from 35.7 to 156.2 t ha™.
Inorganic C constituted 50 per cent of the total C in most
ofthe soils.

Among different halophytes studied for
performance under increased salinity, Urochondra
setulosa performed better in terms of shoot biomass
followed by Sporobolus marginatus. Leaf wash of U.
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setulosa recorded highest sodium (62.4 me L) at 40 dS
m’. The osmo-protectant glycine betaine increased
linearly (0.0127-0.2755 mg g') in U. setulosa with
increase in salinity.

The germplasm of trees, grasses and legumes
collected during different years were maintained under
field conditions. Accessions of Cenchrus ciliaris (85),
Lasiurus sindicus (111), C. setigerus (42), Panicum
antidotale (47), Cymbopogon spp. (24), P. turgidum (2),
Clitoria ternatea (9), Lablab purpureus (2), Indigofera
spp. (1), Prosopis cineraria (11), Acacia senegal (15),
Salvadora oleoides (24) and Tecomella undulata (11)
were maintained at research farm. Under maintenance
breeding, C. ciliaris cv. CAZRI 75, C. setigerus cv.
CAZRI 76, CAZRI 358, moth bean cv. CAZRI Moth-2
was maintained. Under DUS and field gene bank,
37 wvarieties of cluster bean, 14 of moth bean, 38
varieties of ber and 20 cultivars of mehendi were also
maintained.

In C. ciliaris VTCC-15-2 followed by VTCC-15-4
were selected promising genotypes on the basis of their
productivity. In the 7" year of evaluation, IMTCC-10-3
and IMTCC-10-10 were selected on the basis of their
maximum green fodder and dry matter yield. In another
trial, genotypes CAZRI 2221, CAZRI 358 and CAZRI
2178 were selected for maximization of biomass
production in hot arid region. In C. setigerus during
second year of the coordinated varietal trial, maximum
green fodder yield was recorded in VTCS-15-7 and
VTCS-15-8 genotypes. In sewan grass (L. sindicus),
genotype CAZRI 3453 was selected for its higher green
and dry matter yield.

Promising progenies (113) of pearl millet were
selected and a new morphologically uniform inbred line
(CZI 2016/1) was also identified. One hundred thirty
eight (138) new hybrid combinations of pearl millet were
made by crossing male sterile lines with selected restorer
lines. Two new hybrids were contributed to the 'Initial
Hybrid Trial' (ICMA 97111 x CZI2012/10; ICMA 00444
x CZI 2007/9) and one hybrid in 'Advanced Hybrid
Population Trial' ICMA 841 x CZI 2010/11). Institute-
bred inbreds were crossed with populations obtained from
ICRISAT and the best performing 113 lines (F4:5) were
selected for generation advancement.

Under ICAR-ICRISAT collaborative program, four
ICRISAT trials, viz.,"HHB 67 DMR Double Introgression
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High Fe and Zn Lines Hybrid Trials' (12 entries),
'H77/833-2 DMR Double Introgression High Fe and Zn
Lines Hybrid Trials' (12 entries), 'Early Maturing B-Line
Trial' (25 entries), and 'Downy Mildew/Blast Resistant
Restorers Line Trial' (20 entries) were conducted.
Promising progenies were selected from these trials for
use in breeding programme.

Among the tested germplasm of fodder sorghum,
RAJ-17 and GJ-42 performed well with respect to
physiological and biochemical parameters over the
remaining germplasm at higher salinity level.

Five hundred selections were made in cluster bean
for yield and desirable traits on visual basis from the M,
population derived from gamma ray treatments (100-800
Gy) representing three distinct genotypes. The frequency
of sterile types increased with the increase in dose of
gamma rays for all the genotypes. Seed yield as high 91 g
per plant and test weight 3.8 g was observed in mutants of
genotype HG 2-20. A total of 37 F, plant to progenies (HG
2-20x CAZG-15-16) were raised from selected F, plants
and these selected plants yielded as high as 54.22 g with
351 pods. A smooth genotype (CAZG 15-6) having gum
type seed out yielded vegetable variety Pusa Nav Bahar
for pod yield, which may serve as dual purpose selection.
Among 20 cluster bean genotypes, eight showed higher
harvest index over check (RGC 936), while only four
genotypes showed higher seed yield over check under arid
rainfed conditions in Jaisalmer. In cluster bean
inoculation with rhizobial strain GP-4 resulted in
significant enhancement in yield while in moth bean,
inoculation with rhizobial strains MC-11 and MNB-4
increased the seed yield.

Twelve genotypes of watermelon (Citrullus lanatus)
were evaluated in coordinated varietal trial at Jodhpur and
Jaisalmer under rainfed conditions. Entry SKNK-1301
recorded highest seed yield (4.74 q ha™) followed by
CAZJK-13-2 (4.32 q ha") which was 66 and 51per cent
higher respectively than the check variety GK-1 (2.86 q
ha"). In a station trial, genotype CAZJK-39 recorded
highest seed yield per plant (320.1 g) followed by
CAZJK-48(304.5 g) among the 16 genotypes evaluated.

A total of 344 quintals of truthfully labelled seed of
cereal, pulse and grass crops were produced during 2016
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under ICAR mega seed and seed hub programmes. Eight
quintal breeder seed of moth bean variety CAZRI Moth 2
(CZM-2) was produced against the indent of 5.76 q under
Breeder Seed Production of National Seed Project (NSP).

Genetic diversity of 37 ber (Ziziphus mauritiana)
cultivars was analyzed using SCoT, ISSR and rDNA
markers. High level of polymorphism among SCoT
(61.6%) and ISSR (61%) primers with higher PIC values
ranging from 63.1 to 90.4 per cent of SCoT and 47.3 to
88.8 per cent of ISSR primers was recorded. Clustering
patterns using these molecular markers indicated wide
genetic diversity and distribution across the agro-climatic
zones.

Genetic diversity and structure of 21 populations
(108 accessions) of Tecomella undulata encompassing
yellow, red and orange coloured flower bearing
morphotypes collected from 12 districts of western
Rajasthan, was examined using start codon targeted
(SCoT) polymorphism and ITS region (ITS 1, 5.8s TDNA
and ITS 2) sequencing of ribosomal DNA (rDNA). All
accessions were clustered into 5 groups using both marker
systems independently.

In micropropation experiments, 7. undulata nodal
explants collected during spring season (March - April)
gave better response in terms of early shoot initiation, and
better percent bud break with higher number of shoots per
explant. A bunch of 3-4 shoots sub-cultured periodically
at 3-week interval supported optimal multiplication rates.
IBA was found better than NAA, TAA and NOA for root
induction, however, rooting percentage achieved was
only 5-20 per cent. Gradual hardening and acclimatization
of delicate plants helped them to develop phototrophic
growth.

Tissue culture raised date palm plants provided by
AAU, Anand are being evaluated under Jodhpur
conditions. The plants were observed to flower after 15
months of field establishment. During February, 2016,
57 per cent plants produced female flowers and in
February, 2017 the number increased to 85 per cent.

Grewia tenax and Cordia gharaf are widely
distributed species in Kachchh. These species differ in
their distribution with respect to habitats. Seedlings of
Cordia gharaf (CAZJCG-1) were transplanted at
Experimental Area, Chandan where 96 per cent plant
survival was recorded after three months of planting.
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A7haintegrated farming system (IFS) model, over 3
years, gave gross returns of Rs. 4.59 -5.16 lakh per annum
with a B:C ratio of 1.76-1.96. It also generated 823-931
man-days annually. The best performing crop varieties in
the IFS model, in terms of yield were pearl millet hybrid
MPMH-17 (2098 kg ha™), cluster bean variety HG2-20
(1062 kg ha™) and dewgram variety CZM-2 (595 kg ha™).
The productivity of grasses in pastoral systems under IFS
decreased when these were grown in combination with
Colophospermum mopane and Ailanthus excelsa.
However, total dry fodder production enhanced due to
additional availability of top feed from the trees.

In Bikaner conditions, clusterbean—wheat system
was more productive compared to clusterbean-Indian
mustard and clusterbean—isabgol cropping systems. Deep
tillage enhanced yield by 10-16 per cent over
conventional tillage. Application of 5 and 10 t FYM ha™
increased the yields by 13 and 21 per cent compared to
yield without FYM.

In long term fertility trial on pearl millet, highest
grain yield (1610 kg ha™) and stover production (3793 kg
ha™) were obtained with the application of 5 t FYM along
with 40 kg N ha™. Soil organic carbon (0.29%), microbial
biomass and enzymatic activities also improved with
application of 5 t FYM along with40 kg N ha™.

Average yields of sesame (Sesamum indicum) and
green gram (Vigna radiata) under organic production
system at farmers' fields were 687 and 1648 kg ha”,
respectively. At model organic farm of the institute,
highest yields of pearl millet (1532 kg ha™), mung bean
(1873 kgha™) and sesame (937 kg ha™) were recorded with
the application of 4.5 t compostha™.

At Leh, maximum potato tuber yield was recorded
under black polythene mulch (21.6 t ha™) followed by
hand hoeing at 30 DAS (19.1 t ha™), application of 0.5 kg
Metribuzin ha” (18.8 t ha") and earthing up at 30 DAS
(18.9tha™) as compared to weedy check (5.7 tha™).

Average fruit yield of seven grafted hybrids of
cucumber (Cucumis sativus) namely Kian, Infinity, Rica,
Terminator, Y-5223, Dinamic and Ekron, evaluated inside
polyhouse was maximum in case of cucumber plants
grafted on fig-leaf gourd rootstock (4.3 kg plant™)
followed by grafting on bottle gourd rootstock (3.3 kg
plant™), which were 30 and 10 per cent higher than non-
grafted cucumber yield (3.0 kg plant™).
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Sharp decline in survival percentage of cactus pear
(Opuntia sp.) was observed at Chandan and Lawan
villages of Jaisalmer district after one year of plantation
and hence, farmers did not show much interest to adopt it
as a fodder crop. At Dantivara and Borunda villages in
Jodhpur district, performance of cactus pear showed
comparatively satisfactory results since the survival
percentage was 33-39 per cent.

Physiological evaluation of mustard (Brassica
juncea) genotypes showed that planting date,
temperature, cultivars and their interactions had
significant effects on membrane stability index (MSI),
superoxide dismutase (SOD) activity and seed yield.
Compared to crop sown at normal time, the MSI declined
by 12-32 and 16-36 per cent in late and very late sown
crops, respectively. High temperature stress caused ~ 20
per cent reduction in yield as compared to yield ambient
temperature.

Seed treatment with bacterial endophyte Bacillus
firmus increased pod and haulm yields of groundnut by
19.5 and 5.9 per cent, respectively. The seed treatment
was economically beneficial as a net return of Rs 63,306
ha” with BCR of 2.28 was recorded under treated plot as
against Rs 49,281 ha” with BCR of2.05 in control.

Carbon content of clusterbean (Cyamopsis
tetragonoloba) crop grown in association with Prosopis
cineraria was 0.55 t ha™ as compared to 1.11 t ha™ in sole
clusterbean. Similarly C content in moth bean (Vigna
aconitifolia) crop grown in association with Tecomella
undulata was 0.34 tha™ vis-a-vis 0.54 t ha™ in control. The
carbon content in Cenchrus ciliaris was 0.41 t ha” under
Hardwickia binata trees whereas it was 0.69 t ha" in
control.

Biomass and carbon stock was highest in P
cineraria (238.1 and 138.6 kg tree’, respectively)
followed by Hardwickia binata (150 and 90.5 kg tree”,
respectively) and Tecomella undulata (40.9 and 25.9 kg
tree”, respectively). Highest litter fall throughout the year
was observed from Hardwickia binata (974.9 g m”)
followed by Prosopis cineraria (956.6 g m®) and
Tecomella undulata (271.7 gm™).

The study on potassium mineralization from organo-
mineral fertilizer showed that after 6" week of incubation,
organo-mineral prepared from low quality feldspar
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released higher concentration of exchangeable and
water soluble K than KCl till 16" week of incubation. The
fungal stain Fomitopsis meliae RCKF7 showed its
ability to grow and solubilize potassium as well as
phosphorus over a wide range of temperature (20 to 38°C)
andpH (5to 10).

Novel green process of synthesizing nano-Fe
particles was developed. In repeated trials, particles <200
nm could be synthesized with fraction of nano-particles
varying from 35 to 70 per cent.

Studies were undertaken to understand pedogenic
processes, optimisation of residual soil moisture to
improve water use efficiency and crop productivity in
khadin at Boarali-Bambore watershed. Soils of the study
area were mostly sandy loam with soil organic carbon
varying from 0.05 to 0.2 per cent. Available potassium and
phosphorous were moderate and low respectively. For
water budgeting, stream gauging was conducted at two
gauging sites. Observations on rainfall-runoff indicated
that though the year 2014 reported low rainfall (365.6
mm) but caused 1.5 m of standing water (3.86 Mm) in all
khadins compared to year 2015 having rainfall of 373.2
mm and standing depth of 0.91 m (1.81 Mm®) in khadins.
In pearl millet (MH-169), soil application of ZnSO, and
foliar application of one per cent NPK caused significant
improvement in all the yield attributes. The study
indicated that with proper water management, soil
amelioration and sound agronomic practices, productivity
of traditional Khadin systems can be enhanced on
sustainable basis.

Summer clusterbean was grown under single load
cell based mini-lysimeter tanks with 100, 80, 60 and 40
per cent irrigation levels based on 50 mm cumulative pan
evaporation. Reduction in yield due to deficit irrigation
(based on 100 per cent irrigation) was 17.6,42.8 and 63.6
per cent respectively under 80, 60 and 40 per cent
irrigation levels. Similarly, for groundnut reduction is
yield due to deficit irrigation in comparison to 100 percent
irrigation was 2.4, 13.8 and 28.4 per cent respectively at
80, 60 and 40 per cent irrigation levels.

Wind erosion assessment was carried out at Bhadla
about 50 km NW of Phalodi in Jodhpur. Wind regime at 20
per cent of the time during June to September at 2 m height
was >5 m s”, which is considered as the threshold wind
speed to cause erosion. Maximum wind erosivity factor
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during the month of June was 4.8 kg m™ s™ indicating very
high kinetic energy associated with it. Predominant wind
direction in the study site is between SSE and SSW to
NNE and NNW. Average erodible fraction (EF) and soil
crust factor (SCF) of surface soil were 0.64 and 0.91,
respectively indicating very high erodibility. Mass flux of

eroded soil was maximum during June-July and declined
at the end of August. Average aeolian mass transport rate
within the study area was maximum during July month.

The runoff samples collected during the year 2015
had pH and EC values ranging from 7.2-7.7 and 0.366-
0.485 dS m", respectively. The mean concentration of
sodium (13.3 ppm), potassium (4.3 ppm) and calcium
(44.0 ppm) was found to be the minimum for the treatment
of sole cluster bean. The mean magnesium (9.6 ppm) and
bicarbonate (167.8 ppm) concentrations were observed to
be the lowest for intercropping of sorghum and cluster
bean. However, the mean chloride (189 ppm) and nitrate-
nitrogen (1.4 ppm) were the lowest in intercropping of
sorghum and green gram and sole green gram,
respectively. The concentrations of the chemical
parameters were observed to be the minimum in
intercropping and sole treatments of legumes.

Water intake for Tharparkar cattle was higher in
grazing lactating cows than the stall fed cows. In Rathi
cattle also the water intake was higher in grazing lactating
cows and heifers than the stall fed lactating cows and
heifers. Though, the average water intake of Tharparkar
was lower than the Rathi, the average milk production was
higher in Tharparkar cattle in both stall fed and grazing
groups.

The average growth and biomass production of
Cenchrus ciliaris and Cenchrus setigerus grasses on
improved pastures at Kettu Kalla village, Jodhpur,
Beriganga Farm of the institute at Jodhpur and grazing
land of Harsolav goshala were more under cut and carry
system than in open grazing system of management.
Maximum forage yield of C. ciliaris and C. setigerus was
on farm bunds, which was higher than that of grazing land
and farmers' field. Average plant height and forage yield
was significantly more in C. ciliaris than C. setigerus.

The mean increase in grain and straw yield with
improved variety of clusterbean (RGC-1017) over local
cultivar was 15.66 and 9.31 per cent respectively. The
increase in grain and straw yield of pearl millet due to dual




PRIGRT ARIL

Executive Summary

STINT § & UG 9 9 HA: 15.66 Td 9.31 Hfwra ofivad
Ifg g1 IR B I e divaga 1017 &
SUIRT A 36T UG IR H AT 5 BT JIo H HHer:
16.14 T4 9.28 UfIId &1 gy Tl g8 | Sl @ W fhe
DI AT H IIq B (AIRS! 2052) & SYANT | & T
qH # 17.8 U9 16.0 ufcrerd gfg g8 | frami & &dl W
g3 # Roar &1 I=Icefier fhe JramieR 51 7 3el™ex
1 IR UeeH fHar| Rar &) ©: dels I Ui 8 IR
DI IUST 340 ¥ 500 fdea U TaIR g8 |

s H TWE & IRM A9 7T ddb 8—10 Ig—UINDH
T <lid (THTA) Ud &l aod 2 a1, Raem | it
IR 9l @ 3T A% qU SuS H HE: 9.4 IR 53
yfcrerd &1 9fg g8 | 9 721 & SR gATAd Raarrs e 4
Tt 3R 3 WAl @ Bt g IuST # 195 <fiex B gfg gL
wHeAdT Ree= &1 T # 2.2 SR Hf # 2.8 AT o
U RBT| 98 UINe e 0T (THUATE) R o
THRAT & <1 g U A 12 UfIed o1 giyg g8 | THeRHH
BT A FEH DI A & foy Raerdl S & 919 6 IR
A e 2001 TCR §Y UTT 83T |

SR g ARG IRATE Y R Td &
el ==y # STe1 T @1 Tevrs 20 WAL 9 31 off a.f
Urell T el AR G SITET AT Sl T D HUL (3, T8t
2T & TERIE 10 AH). | B off, I 53 uferd e e |
SIETQR fSTel @ IR 7T H g1 819 @ IRETTE H 30 3i”
60 fa=T @I =TRIZ & YA oIS dTel 91 H Uil @l 4TS,
JTER ¥, UURHE I Ud Y 9R H B4l T8 <l T8
STafes FRIfT a1 & ¥ geat # ggi urg E |

AT =Ratel & Al fAeTd Ud SIiTeddl 9 &
T BTOIY BT GHOT HRATAT AT AT DIl A & forw
USE e Ud ORI IHTG UR AfRIE0T BT TSI b
T | TRATE A6 & oY Tell Ud SgR & 7 fharr 3
g & 4ot faaRd fey 10 | areme faer & ffiasor va
TRIR IR YairdHe & & folg HRIex 3memka ADOPT
ATTedIR &I SKIATS T T |

Q1 IAT ARMS &&Td dlel 5799 FHg & WSl Bl 200 ™
Iy T BT R H FERE N7 AT AT SR @R B
SETH DI T8 S ANIRE aurd ¥ ghg MR =R1g <419
qrel g Bl Wi (fSrre wgferd merR faar 1) & qdH
UTE TS | RIS TE19 & AT B WR R oR1g uR iR @
aTel 3R 37T Rep ATBR AR TR <G9S dTel AT B

purpose improved variety of pearl millet (MPMH-17) was
16.14 and 9.28 per cent respectively over local cultivar at
farmers' fields in Harsolav village of Nagaur district.

Dual purpose variety of barley RD 2052 performed
better with 17.8 and 16 per cent mean increase in grain and
straw yield respectively over local cultivar. In
demonstrations at farmers' fields, lucerne variety Alamdar
51 performed better than Alamdar 1. Green fodder yield
from six cuts of lucerne ranged from 34 to 50 tha™.

Supplementation with 8-10 Multi Nutrient Blocks 2
kg each during stall feeding for three months enhanced the
average daily milk yield of cows and buffaloes by 9.4 and
5.3 per cent, respectively. An increase of total 195 litres of
milk yield was obtained from 4 cows and 3 buffaloes due
to feeding of MNBs during a period of three months with
B:C ratio of 2.2 in cow and 2.8 in buffaloes. In goats
provided with multi nutrient mixture @ 100 g d” for about
2.5 to 3.0 months period during lactation, daily milk yield
increased by 12 per cent. A total of 2001 litres milk yield
was obtained from 6 goats when their diet was
supplemented with MNM for three months.

In community based rangeland in village Ajeet
Nagar, total dry matter of plant species was 53 per cent
higher in deep lower parts of the field (> 20 cm depth) than
that from the shallow soil depth of the upper parts of the
field (95.18 gm™). Plant height, basal cover, foliage cover
and biomass of C. ciliaris at Rajore village in Jodhpur
declined in grazed plots as compared to the initial values
at 30 and 60 days after grazing (DAG) whereas in non
grazed (control) paddock all the attributes were higher.

For capacity development of agro-pastoral
communities for sustainable livelihoods, villagers were
involved in activities like exposure visits to the Institute,
skill training on forage production and livestock
management. The technology of pasture development
was outscaled at seven fields in Jodhpur and Pali districts.
The impact of pasture development was studied with a
group of farmers using ADOPT: the Adoption and
Diffusion Outcome Prediction Tool.

At Chandan, Jaisalmer the group of sheep
maintained under continuous grazing system on Lasiurus
sindicus dominated pasture, at double stocking rate and
provided with supplementary feeding of balanced
concentrate @ 200g animal’ along with health care
management, maintained individual body weight gain at
par with the herd grazed at a normal stocking rate. Group
with no supplementation and health cover showed
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decrease in body weight when grazing pressure was
doubled.

Acacia senegal trees were treated with CAZRI gum
inducer in 45 villages in Barmer, Jodhpur, Nagaur and Pali
districts resulting in production of approximately 7.80 t of
gum Arabic from 19500 trees. KVKs and NGOs from
western Rajasthan also distributed CAZRI gum inducer to
farmers which was used to treat about 38000 trees of A.
senegal. Gums of Balanites aegyptica and Prosopis
juliflora were found to be non-toxic. Treated trees of
Cordia gharafand Acacia jacquemontii at RRS, Jaisalmer
yielded an average of 166.7 g and 32 g gum per tree,
respectively.

Six varieties of bread were prepared using locally
available plant resources. The process was standardized
for kneading, rolling, puffing, relative humidity for
proofing, time, and temperature of baking. Fortification of
bread with naturally available plant sources like ber,
tomato and mint improved its nutritional quality but
reduced expansion.

Four promising bio-agents viz., Aspergillus terreus,
Tricoderma harzianum, A. fumigatus. and A. flavus were
tested as antagonist against Ganoderma lucidium. Culture
filtrate of 4. terreus recorded maximum inhibition of G.
lucidum mycelium. The reduction in G. lucidum infected
bits was 65 per cent in cauliflower and 80 per cent in onion
residues amended soil compared to un-amended control
(0.36%).

Integrated pest management (IPM) module for
groundnut consisted of soil application of neem cake @
250 kg ha” + vermicompost @ 5 t ha™ and seed treatment
with Trichoderma viride and furrow application with
Metarhizium. Addition of one spray of Difenaconazole
25% EC @ 1.0 ml L" of water, soil application of
imidachloprid 17.8SL @ 333 ml ha", and one spray of
Chlorpyrifos 20 per cent EC@ 0.05 per cent resulted
higher seed yield and maximum reduction of diseases in
both HNG 10 and Girnar-2 varieties. Soil amendment
with neem cake + vermicompost + seed treatment with
Metarhizium was most effective as least number of
weevils was observed.

Treatment of castor seeds with 7. viride and
Carbendazim resulted in significant reduction in fungal
diseases whereas, treatments with neem oil twice and
subsequently with Malathion and Dinocap reduced the
populations of jassids and whiteflies significantly.
Higher yields and maximum reduction of diseases and

10
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insect populations were recorded in treatment wherein
soil was amended with neem cake + vermicompost, seeds
treated with 7. viride and Carbendazim, crop sprayed with
neem oil twice and subsequently crop was sprayed with
Malathion and Dinocap. The variety Jwala 48-1
performed better than variety GCH-7.

In cumin highest seed yield with maximum
reduction in wilt/root rot, Alternaria blight and aphid
population was recorded in both the varieties (RZ-19 and
RZ-223) in integrated schedule of treatments with soil
application of neem cake and vermicompost, seed
treatment with 7. viride and Carbendazim followed by one
spray each of Dithane M-45 mixed with Dinocap,
Imidacloprid and neem oil.

Himalayan marmot, Marmota himalayana in barren
lands and vole, Pitymys leucurus were observed in
grasslands at an altitude of 14000-18000 ft in the cold arid
region of Leh. The population of marmots was maximum
(55.17%) followed by field mice (24.14%) and turkish rat
(20.69%). KAP analysis of 200 farmers revealed that
wheat and naked barley were damaged more by rodents.
In Narmada Canal Command Area trapping data revealed
the predominance of Tartera indica (26.67%) followed by
Rattus rattus, Funambulus pennanti and Golunda ellioti
(20.0% each), and Millardia meltada (13.33%). Rodent
damage of 5.96 and 5.22 per cent to mature spikes at a
burrow density of 0.9 and 0.7 m” was recorded in wheat
crop, in the habitats where cultivation of irrigated crops is
in practice for last 30 and 5 years, respectively, whereas, a
damage of 12.14 per cent to mature spikes at a burrow
density of 0.4 m” burrows was recorded in isabgol in the
habitats where irrigated cropping is being practiced for
last 5 years. In Rann of Kutchh burrows of M. booduga
and T indica were observed. In hilly tracts, Cremnomys
cutchicus were trapped, whereas, 7. indica, Golunda
ellioti and Millardia meltada were trapped from
cultivated fields. Demonstration-cum-trainings on rodent
pest management were organized in villages of Jodhpur,
Jalore, Gujarat and Leh.

Earth tube air heat exchanger based protected shade
net house was developed which is operated by solar PV
pumping system. The inside temperature of the system
was cooled during summer days whereas air was slightly
heated during winter days. Cucumber and tomato crops
have been successfully grown inside the shade net house.
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Performance evaluation of dual purpose wind barrier
inside the wind tunnel system showed a sheltered distance
of about 15 H and simultaneous generation of wind
energy.

Agri-voltaic system with different heights and
densities of PV modules has been designed. Agri-voltaic
system of 105 kW and 25 kW capacities has been installed
at Jodhpur and Bhuj, respectively. At Jodhpur, the grid
connectivity and net metering of the installed 105 kW
system has been established. Net radiation under open sun
condition at Jodhpur varied from 32.8 to 328 Wm~ in a
day whereas under shade of PV modules it was 8.2-46.9 W
m”. Available photo synthetically active radiation (PAR)
on shaded ground surface was 84.5-127 mol cm” s”,
which was significantly lower than open sun condition
(243-1296 mol cm™s™).

Performance of the solar PV sprayer designed and
developed for spraying of agricultural chemicals in the
experimental area of agri-voltaic system showed an
applicationrate of 84 Lh™ and coverage of0.21 hah™.

Drying experiments were carried out in a solar dryer
with inclined flat plate collector using phase change
material based thermal energy storage for selected
vegetables (cluster bean and carrot) and fruits (ber and
date palm). Color of dried produce remained more natural
in solar drying due to continuous, uniform and indirect
drying using stored energy in phase change material.

A low cost box type solar dryer was developed and
tested with ber (Zizyphus mauritiana) fruits. Moisture
content of ber fruits is reduced from 80 per cent (wet
basis) to about 26 per cent within 7 days and the efficiency
ofthe dryer was 12.1 per cent.

Twenty five representative households were selected
for demonstration of suitable IFS modules in three
villages - Nagalwas, Palri Ranawata and Asanda, in
Bhopalgarh tehsil of Jodhpur district. Agriculture and
livestock rearing were the main occupations. The resource
base within the village and at household level had a strong
influence on whether farm women would rear small or
large ruminants, or will go for vegetable cultivation, cash
crop or traditional farming.

Buffalo based pastoralism was the primary
occupation for 70 per cent households in Banni areas.
Sheep and goat rearing was the primary occupation for
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only 3 percent households. Buffaloes constituted 72 per
cent of all livestock population followed by cows at 16 per
cent, whereas goat and sheep together contributed only 13
per cent.

Seeds of improved varieties of rabi season vegetable
crops and plants of ber, guava, pomegranate and mango
were distributed among tribal farm women to demonstrate
the importance of backyard nutritional garden. An off-
campus training was also organized at Peepla village to
sensitize them about the importance of nutritional
security.

The main traditional knowledge practices recorded
in Leh and Kargil districts of Ladakh include - Yos
Ngocha (barley grain frying in Lha-nga), Tsepo (basket
from Festuca grass and Salix twigs), Thacha (traditional
weaving machine), Khuiy (threshing using livestock),
traditional storage bin, Rantak (traditional water-floor
mill), Pocha (butter tea), Doksa (grazing of animals on
mountain area) and Lhoom (arak from fermented barley
remains).

Increase in yield due to improved crop production
technologies was 21.8 and 18.2 per cent for pearl millet
and mung bean respectively at Utamber village. The
increase in yield was 14.3,29.6 and 21.1 per cent for pearl
millet, and 14.6, 20 and 20 per cent for mung bean
respectively at large, medium and small farmer levels.

Acthree days off-campus training on agri-based small
scale entrepreneurship development was organized at
village Utamber which was attended by 150 farmers
including 52 women. Three group discussions were
organized to identify the constraints in adoption of
improved technologies and assess the impact of improved
production technologies on yield and socio-economic
status.

An MoU for manufacturing integrated 3-in-1 device
and solar PV duster has been signed between ICAR-
CAZRI, Jodhpur and Sabujshakti Energy Revolution Pvt.
Ltd., Hooghly, Kolkata. Ten units of PV duster, animal
feed solar cooker, inclined solar dryer and two units of
Winnower cum PV solar dryer have been manufactured
for installation. Similarly, a MoU for manufacturing
improved Kassi was also signed with Ashapura
Associates, Jodhpur.

Bernia watershed (predominantly tribal village),
Dungarpur was facing scarcity of water and low
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productivity of both crops and livestock as major
problems. These problems were addressed by various
technical interventions available with the Institute for
improvement i.e. improved seeds, livestock, horticultural
seedlings, deepening of nadi, soil management and
human resource development. Similarly, certified seeds
of wheat var. Raj 4120 was also distributed in village
Jantora, Tehsil Garhi, Distt. Banswara. Fruit saplings and
vegetable seeds were distributed by RRS, Leh in various
villages of Leh Ladakh under TSP.

Ninety varieties of various arid zone crops were
grown in 'Crop Cafeteria’ to demonstrate their
comparative performance and characteristics to various
stakeholders. Issues of capacity building, liasioning, gap
identification, impact analysis; khasra based landuse map
generation; horticulture, forestry-agroforestry
interventions; scientific livestock management, fodder
production; solar gadget demonstrations, agriculture
machinery intervention; water harvesting, management
of problematic soil/water and its quality testing;
integrated pest management, rodent control; and crop/
range land management technologies were disseminated
for adoption by farmers in CAZRI model village Ujaliya.
949 farmers were enrolled in M-Kisan portal for ICT
based information dissemination. The Institute also
disseminated information under Mera Gaon Mera Gaurav
programme on various agriculture technologies,
knowledge and advisories in 103 villages through 22
teams of scientists.

A farmers' fair-cum agriculture-innovation day was
organized on September 21, 2016 in which more than
2500 farmers including 700 women from Jodhpur, Pali,
Sirohi, Barmer, Jalore, Bikaner, Jaisalmer and Nagaur
districts of Rajasthan participated. Ten farmers were
honoured as CAZRI Kisan Mitras in recognition of their
significant contribution in adoption and dissemination of
agricultural technologies. More than 8900 visitors
including farmers, farm women, students and officials of
central and state government departments visited
Agricultural Technology Information Center (ATIC)
during the year. In all, 292 trainings were organized for
farmers and farm women by different divisions, regional
research stations and KVKs of the Institute. Various front
line demonstrations (FLDs) were conducted by the
Institute benefiting 2275 farmers of different villages. The
Institute participated in 13 exhibitions on different
occasions across the country to popularize its
technologies and to create awareness among the masses
about its activities and achievements.
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Under capacity building program of employees, 15
scientists, 28 technicals and 07 administrative personnel
attended various trainings. Twenty-fourth meeting of the
ICAR-Regional Committee No. VI was successfully
organized at Jodhpur, while four workshops, one
review meeting, one summer school, one short course and
one model training course were also organized at the
Institute.
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ICAR-Central Arid Zone Research Institute
(CAZRI) has the distinction of being one of the first
institutes in the world devoted to arid zone research and
development. The institute made a humble beginning in
1952 when Government of India initiated Desert
Afforestation Research Station at Jodhpur to carry out
research on sand dune stabilization and for establishment
of shelter belt plantations to arrest wind erosion. It was
reorganized as Desert Afforestation and Soil
Conservation Station in 1957 and finally evolved to its
present form 'Central Arid Zone Research Institute' in
1959 on the recommendation of the UNESCO (United
Nations Educational, Scientific and Cultural
Organisation) expert, Mr. C.S. Christian of
Commonwealth Scientific and Industrial Research
Organisation, Australia. In 1966, the Institute was brought
under the administrative control of Indian Council of
Agricultural Research (ICAR), New Delhi.

CAZRI has five Regional Research Stations (RRSs)
at Pali, Jaisalmer and Bikaner in Rajasthan; Kukma-Bhuj
in Gujarat and Leh in Jammu and Kashmir. The Institute
also hosts an All India National Network Project on
Vertebrate Pest Management with its centres spread in
many institutes and SAUs located in different agro-
ecological regions of the country. The institute conducts
multi-disciplinary research to seek solutions to the
problems of arid regions of the country. The hot arid zone
covers about 32 million ha area in the states of Rajasthan,
Gujarat, Punjab, Haryana, Karnataka and Andhra
Pradesh, while the cold arid zone, covering about 7
million ha area, is located in the states of Jammu and
Kashmir and Himachal Pradesh.

The hot arid zone has low crop productivity due to
scanty and erratic precipitation, extreme temperatures,
high wind speed and high potential evapotranspiration.
Day temperature in summer reaches 40 to 45°C and may
peak up to 50°C. Rainfall ranges from 100 mm in western
part of Jaisalmer district to about 500 mm in southeast part
of Pali. The potential evapotranspiration varies from 1500
mm to 2000 mm yr” in different parts but may cross 2500
mm yr" during drought years. Normal dates of arrival and
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withdrawal of monsoon are 1 July and 15 September,
respectively. The terrain is predominantly sandy with
dunes and inter-dunes occupying a major area of the hot
arid zone. The soils have low water retention capacity and
low fertility status. In south-eastern part, medium
textured, greyish brown soils (fine loamy cambids/
calcids) occupy large areas. These soils have medium
available water retention capacity and relatively better
fertility status. High soil and groundwater salinity are
associated with these soils. Strong wind regime of 8-14
km h” from April to August, occasionally exceeding 30
km h”, causes dust storms and wind erosion and is a major
land degradation force. Water, a degrading force mainly in
the IGNP Command area is causing water logging and soil
salinity.

Since its inception, the Institute has carried out
systematic research on understanding and managing arid
regions natural resources, sustainable farming systems,
improvement of plant resources especially the crops,
livestock production and management and use of alternate
energy resources. Several need-based, cost effective
technologies like sand dune stabilization, wind erosion
control, water management, grassland improvement,
watershed development, rehabilitation of wastelands, arid
land farming systems, arid horticulture, alternate land use
strategies, pest management, solar devices, etc. have been
developed and transferred to farmers and other
stakeholders. This Institute has the rare distinction among
ICAR institutes, in having a full-fledged section on
renewable energy and has developed many solar energy
based gadgets/devices, like animal feed cooker, dryers,
water heaters, candle making device, cool chambers, etc.,
which are finding place in rural households. The institute
has evolved technologies and strategies for combating
drought and desertification. It has developed close liaison
with several national and international organizations and
has made major strides in providing advisories and
consultancies to many agencies in India and abroad.
Besides, CAZRI is a major destination for capacity
building of scientists, policy planners and extension
officials related to arid zone development. Through its
extension wing and Krishi Vigyan Kendras (located at
Jodhpur, Pali and Kukma-Bhuj) the institute remains in
direct touch with farmers, state government officials,
NGOs and other stakeholders and organises regular
trainings and demonstrations.
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Mandate

The institute is mandated to address the following
crucial issues under the changing scenario of the arid
regions:

e Basic and applied research on sustainable farming
systems in arid ecosystem

e Repository of information on the state of natural
resources and desertification processes

e Livestock-based farming systems and range
management practices for the chronically drought-
affected areas

e Generation and transfer of location-specific
technologies

Infrastructure

The headquarter and Regional Research Stations
(RRSs) of the Institute are well equipped with
laboratories, research farms, field laboratories and office
facilities. The facility for hardening of various tissue
culture raised plants was established in central nursery
this year. One auditorium (114 seating capacity), two
conference rooms, a museum, one international hostel,
one training hostel and one farmers' hostel are the other
facilities available at the headquarter. Two Krishi Vigyan
Kendras (Jodhpur and Pali), having training and
residential facilities for farmers, lend additional support
for the transfer of technologies and outreach programmes
of the Institute. CAZRI presently has 486 employees
including 96 scientists of various disciplines. The

R Db Sgewdl & ey fafed srgdu @ wi
Themes identified to address the institute mandate

Theme Title

1 Integrated natural resource appraisal, monitoring and desertification
2 Biodiversity conservation, improvement of annuals and perennials
3 Integrated arid land farming system research

4 Integrated land and water resources management

5 Livestock production and management

6 Plant products and value addition

7 Integrated pest management

8 Non-conventional energy sources, farm machinery and power

9 Socio-economic investigation and evaluation

10 Technology assessment, refinement and training
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HRIH # BRIRG HHaRal o Refa
Staff position during 2016-17

Post

Sanctioned
Director 1
Scientific
Principal scientist 16
Senior scientist 38
Scientist 86
Technical
Category 1 181
Category II 75
Category III 9
Administrative
Class I 4
Class II 57
Class 111 30
Supporting
Skilled 216

SR 8 | R @ Sf. ULl WEell YRded | gDl
(23353) 3fR U@l (57400) o1 fIerat WU B | GBI
9 a9 2016—17 & SR 105 &P, 166 RUCH AR 32
R 2T 1Y @RIET | gRefpTerd H HHRIChRYT IR
IR TateRvT GaT Ugfd (TAfaRT) & &g Y Sk 21
S AR &3 WIH SR H 1359, dbTR H 1045,
ST 676, UTell ¥ 1450 Td HdId, Urell # 360 fhard 21
HRI & 41 &A1 AU $vs S—HARFl & HAIRIH
e (fIZRY) | ¥ B gRT IS gU 2 |

AR W P3G Y. gRI A Gl TR SRR
U B dlel ATUD ~Iecdd o1 BT 8 | B S gdae
EHIS B AT HFYCY &9 31T, U.UH.ITR.3TS. §RT fAdmRid
e, IR &R Ta.ars. qI.uH. AvedaR & a1 T 2 |
2 Ol ORI P JeIZe B Soe IR ST B | e
g1 fAwiia Aierer AtedeR &I anfal & SUART &

foru Jearse R aruetts fhar AT | WReH ¥ arawfed

Number of posts

Filled Vacant
1 _
9 7

23 15
63 23
134 47
44 31
4 5
4 -
38 19
18 12
148 68

activities of the Institute are guided and reviewed
periodically by the Quinquennial Review Team (QRT),
Research Advisory Committee (RAC), Institute
Management Committee (IMC) and Institute Research
Council (IRC).

The Institute library named after Dr. P.C. Raheja has
a wide collection of books (23353) and journals (57400
back volumes). It has added 105 books, 166 reports and 32
Indian journals as new acquisitions during 2016-17. The
Environment Information System (ENVIS) centre on
desertification is also located in this library. All the RRSs
are linked with Consortium for e-Resources in
Agriculture (CeRA) by static ID. Besides this, RRS,
Jaisalmer has 1359 books, RRS, Bikaner has 1045
books, RRS, Bhuj has 676 books, RRS, Pali has 1450
books and KVK, Pali has 360 books in their respective
libraries.

The Institute is a part of the ICAR-wide network of
human resource information. Its computer hub at the
Agricultural Knowledge Management Unit (AKMU) is
linked with the IASRI-developed software PERMISNET,
PIMS and HYPM. Institute has fine-tuned office
automation system accessible through intranet on its

20
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About the Institute

Sf. U141 29T YD1 Ud 9RAR YATaR0T ol g (TAE9) s

Dr P.C. Raheja library and Environment Information System India (ENVIS) centre

SURRIT JoTTell Q¥ dRE | AR &1 ST gl & OAT $9a foll  website. The biometric attendance system is fully
HIe & A Il W) 14 SER—IMIRA qRe functional in the Institute and 14 AEBAS biometric
g ‘ . : machines have been installed at different locations.
_ ¥ jﬁ T E | Y S S &RT TaYY Statistical software developed by CAZRI is available on
(wiRerepTa WigedwR) @1 Giaem 41 Suerer @1 o ¥E F | its website. SAS is available to its employees through

HRAT ¥ U8, §RT Sd &AdT &l gexie (100 TadIdl.  AKMU. The Institute has high speed internet connectivity

TH.) 4T U&TH &I S W& & | (100Mbps) through NKN.
I aeg (@sic) 3R I BT faNoT 3 arfereTt § The financial statement (budget) and the revenue
Ry T generated are given in the following tables:

ol 2016—17 (AT BU)
Budget 2016-17 (Rs. in lakhs)

Head of expenditure Funds allocated Expenditure
Non-plan Plan Non-plan Plan

Establishment charges 3865.00 - 3879.58 -

Wages 45.00 - 30.40 -

Overtime allowances S - - -

Travelling allowances 15.00 20.00 14.97 19.98
Other charges including equipment +TSP 3873.54 357.82 3861.30 247.25
Works including maintenance 95.00 19.80 94.91 19.79
Total 7893.54 397.62 7881.16 287.02
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¥ 2016—17 H U oA (AT w0

Revenue generated during year 2016-17 (Rs. in lakhs)

Particulars

Sale of farm produce

License fee

Interest earned on loans and advances
Analytical testing fee

Application fee from candidates
Interest on short term deposits
Income generated from internal resources
Net profit in revolving fund
Recoveries from loans and advances
Miscellaneous receipts

Total

Amount
23.60
12.10
34.30

0.24
0.02
37.72
0.58
30.50
26.32
52.57
217.95
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Weather during 2016

9 qY el H AT BT AT AHRI A T T
ATE ¥ (8 T[) I §AT | I RO & {B 41 Aled
SRR RA & B 9 H 22 S T% ol 77 | T
RTSREATE BT g1 &3 5 Jells db, STaid YRT &3 13 Jells
qP AreBIfad B AT o | AFRGH 22 S 4 & e
RIS H Al B AT oA 3R H &3] H ST b SRR
AWTE 3R Jells & Ugel Wwiie # <! I8 g8 | A9 Jolls
DI ATBT A & SR T8 AFGA BHAGIR 8T | 3HD
8 & Ashd AR Jells & 3l A Hed K T FTRI—3A
RAAIR—YBATT TP < Y | U HH GaTd & &3 DI gole
8—10 MR & QART GIEIUT g Heg J[ORAH & HB AR H
AR a9l g | UTell H 9 3R 10 3R Pl 240.5 G 204.5 fAA.
JoIT SR ¥ 54.3 9 178.3 A, 9wt g | uren 57t & ui=
YEATHT TCAI UR 10 3T BT 285 300 AL a9l &5 BT
T | ARET @1 Aol 15 RideR ¥ g g8 ok I8 uf¥e
RGRE & AfHer Bl I 8 3/acar ddb <ol T |
AGA & ARFH | dhadt TR 7ol 9 G 9 HHF a9
(—30.2 gfcrer) off, STafds SIRICHR, FATS, RIRIET, aTsHR,
STl @R frpmR Rl § A= (A= @Y £19 Ufrera)
IR R, gL, TR, o AR SEgR el § aHe= o
31fdres T UTell # AT wU ¥ 31 (85.3 Uforerd) auf g8 |

1T TASOND T FMAMIT T

3S g T gp &Fl H Rerd ®: deal R ol v

The arrival of monsoon over Kerala was almost a
week late (on 8 June). It covered several parts of northwest
India, including parts of Rajasthan, by 22 June. Large area
of arid Rajasthan was covered by 5 July, while the entire
region was covered by 13 July. Monsoon became active in
western Rajasthan from 22 June and some areas received
good rainfall during last week of June and first week of
July. It remained week for most of the remaining period of
July. Subsequent active spells were observed during July-
end to mid-August, August-end to September-beginning.
A low pressure area over south Rajasthan caused heavy
rains in parts of south and central Rajasthan during 8-10
August. At Pali, 240.5 and 204.5 mm and at Jodhpur, 54.3
and 178.3 mm rainfall were recorded on 9 and 10 August.
Five stations in Pali district recorded 285 to 300 mm
rainfall on 10 August. Its withdrawal started on 15
September and left most parts of western Rajasthan by 8
October. During monsoon season, rainfall was deficit only
in Ganganagar district (-30.2% of normal), while
Jaisalmer, Hanumangarh, Sirohi, Barmer, Jalore and
Bikaner districts received normal rainfall (£19% of
normal) and it was excess in Sikar, Jhunjhunu, Nagaur,
Churu and Jodhpur; and abnormally high in Pali (85.3%).

(@31) aik ast (@)

Temperature and rainfall recorded at six stations of cold and hot arid regions
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Aonoal Rainlall 2006

WESTERN RAJASTIIAN

R ORI & 12 B STl | AT Bl @ AiYe aui (A1) 9 s9&1 9 9 fJ=ee (dfiem)

Monthly rainfall (mm) during monsoon months and its deviation (%) from normal in 12 districts of Western Rajasthan

Uil o # feor—uf¥es A aut ()

South-west monsoon rainfall (mm) in western Rajasthan

June July
Rainfall  Dev.*  Rainfall

(mm) (%) (mm)
Barmer 13.5 -50.6 37.3
Bikaner 40.3 37.8 67.8
Churu 523 38.8 191.0
Ganganagar 8.9 -64.9 20.1
Hanumangarh 38.7 20.2 86.1
Jaisalmer 19.4 0.1 25.5
Jalore 23.5 -31.9 61.7
Jhunjhunu 54.0 2.1 259.4
Jodhpur 27.6 -1.0 74.5
Nagaur 58.2 36.8 155.2
Pali 44.8 7.0 197.7
Sikar 51.8 7.4 217.9
Sirohi 359 -50.2 289.3

*Deviation (%) from normal

Dev.
(%)

-57.9
-20.9
50.9
=747
-16.7
-57.0
-61.7
69.5
-31.9
8.8
11.5
30.4
-12.9

August
Rainfall Dev.
(mm) (%)
205.4 136.9
149.9 100.9
133.8 31.6
93.4 43.9
92.7 11.2
84.7 48.8
334.2 152.8
173.4 204
253.4 167.8
199.6 72.1
564.4 269.1
199.9 49.2
469.2 49.9

September

Rainfall Dev.
(mm) (%)
4.0 -90.2
10.5 -73.2
21.2 -55.6
18.1 -42.9
11.4 -65.9
1.5 -93.4
11.6 -82.6
14.4 -76.0
11.5 -72.9
23.6 -50.2
20.9 -72.0
15.9 -70.2
29.3 -80.6

June-Sept.
Rainfall Dev.
(mm) (%)
260.3 6.9
268.4 17.3
398.3 27.0
140.6 -30.2
229.0 -9.3
131.1 -17.2
430.9 9.3
501.3 22.3
367.1 337
436.5 253
827.8 85.3
485.4 20.6
823.8 -5.2
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Uehigpel GTepferes TRATE Hedieh, JAe 3R Feeetenor

Integrated Natural Resource Appraisal, Monitoring and Desertification

I[P TSRAT ¥ UTafcTeh HRATE] BT HGE0T

9 99 iR RTel & 04 I IR Whidd Gt
BT FAYT BT AT | YU I H UiF Mial Bl Yo g
ofiTet o | 3 %ere i Rerfadt &1 afaffia oxd 8 sierfa
TR Rifgd (re), Edd RifE (@erR) SR
JE—3TRITRT B A (AITE) |

PR I 85 Tl ITR—gd # RId gl Wi Udh
T ATdIG & © | §B d (I, TNTelarel) givaxT e
TR URATSHT (MY &1 fIa=fomt gy 31 wu |
Riferd € a1 | (JA1E, BT SR RavR) aui—amenRa
2| gl H BB R IR T 319 el (20—30 #IeR) oI
A el (3—4 HIeR) € | BRI Ta Xd $I Tfafaferf |
e wfad & (R 1.1) | SiR—fear #emi o RiEE &
forq Ade fovar T © (om0 1.2) | 98 &5 1971 9 &R §1)T
Rifer € | T8 g1 =g Yo 81 & 918 9 =R_Ig & (oY
g S @ HH S AT © | e H e’ @1 urh
ufed far SIar © 1 2003 31R 2013 & AMEIIRYE IUIE
Rt & udT <rerar 8 fob Yd S B AHRT HH BN b forw
el Eel WR 3R 8} & fHaR HToT & (1200 TaIR) H
AR foar T & (s 1.3 T, 1.3 1) | 31 orafdr # Rifera
&3 ¥ 1.66 UfTeTd &1 HHI TS B, Sdfdh aui—menRa & H

Natural resources monitoring in arid Rajasthan

During the year, natural resources monitoring was
carried out at three sites in Bikaner district. Each site
consisted of a cluster of five villages. These sites represent
three situations i.e. canal irrigated (Pugal), tube well
irrigated (Kotasar) and rainfed crop lands (Motigarh).

The Pugal site, located 85 km northeast of Bikaner,
has a dominant aeolian terrain. Some of the villages are
partly irrigated (Pugal, Gogliwala) through IGNP
distributaries and some (Ramai, Chhagoliya and Khirsar)
are rainfed. At Pugal, sandy uplands have big transverse
dunes (20-30 m) as well as barchan dunes (3-4 m) at few
places. The village Chhagoliya is more affected by sand
activities (Fig. 1.1). Inter-dune plains have been levelled
for irrigation (Fig. 1.2). The area is getting canal irrigation
since 1971. Lack of sufficient grazing land is a common
problem after canal irrigation. Diggis are common means
of canal water storage. IRS satellite images of 2003 and
2013 indicate that significant area (1200 ha) of sand dunes
and canal banks have been brought under plantation to
reduce sand movement (Fig. 1.3 a, 1.3 b). Irrigated area
has reduced by 1.66%, while rainfed area has increased by
8.47% over the same period. Kotasar site is located about
55 km east of Bikaner. Soils are deep but hard calcareous

R 1.1 WSH W XA BT SHE
Fig. 1.1 Sand encroachment on road

ferar 1.2 Wl & forv feat &1 FadeadRor

Fig. 1.2 Sand dune leveling for cultivation
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8.47 Tfcrerd @1 3fE g8 & | PICNIR WA SR A T4 55
el qd # Rerd & | F81 JaT 7B € offh TexTg H I B
FHER T=d A1 Bl & | S f srerar Rifed €1 ot
T ¥ R ARG Wl SIbR I o T 63 fhar
SRR 4§ © | el a9 APRY Il & wY H e
- 2 | Erel S TR siaer (1—1.5 foHdt ofd) qma
2, RO 400—500 HIeR @1 RIS BIAT & | ST arg dt
eI @Y 3R BT 9T ST Seater &R faudia v gad
TAT ATAT R |

TS U4 BIerR &3 ol Rifad gerelt # Sifas erd=
(0.12 wifcrerd) Td IuTel BRBIRY (13.8 T, Ui gaeR)
DI AT IRE Wl drel AT a3 (Sfdd w1eE 0.09
Tfererd, SUeTel BIRWBIRY 9.5 .31, Ufc TR aTell garaii
@1 3er e urly Y | Riferd e @ el # Sifdw
BT Ud BRBIRT BT YT ITaReT H SUSALTAT H 33 TG 57
ST @1 gl U I Sravel H SuTed UrcRRI &l /73 4
18 HfTRId T @l B UTAT AT | & UIveh ced| § AT &rl
H AFA: g Ud O @ AT a1 HIHNT Td ard al
JueTeErdr uaT off | | g Rifa &3 § IR ol @t
el Al UG oI fd UTRT SfeRen # IUSIdl 30—35
gfererd 37fere off |

TS Ma H 2—6 AMGAT off @ WRa e
25000—50000 HTHICR & Ay oY | 3fferepier 1Sl o1 Rerfey
3T el o | 39 AAMSAT H a9 & FFAR 2—3 HE I Sl 9T
REAT 2 | AT & §B Al § Bd | 991 Sl ST Q@
T | QTS T ARIRTE &5 # ol WId R TAed 2 |
PICTAR & H oTdl AT TS I BT & 3T TR ¢ |

pan formations also occur at depth. Croplands are mostly
irrigated. Motigarh site in Chhatargarh tehsil is located
about 63 km northwest of Bikaner. The site has sandy
uplands in the form of big transverse dunes. Dunes form
long parallel chains (1-1.5 km long), with inter-dune
distance of 400-500 m. The windward dip is nearly
vertical and leeward sides have gentle slope.

Soils in irrigated areas of Pugal and Kotasar are
comparatively high in soil organic carbon (0.12%) and
available phosphorus (13.8 kg ha™) than the soils under
rainfed crop lands (0.09 % SOC; 9.5 kg ha™ P. The soils in
irrigated croplands showed accumulation of soil organic
carbon and phosphorus by 33 and 57% and depletion of
available potassium by 18%, respectively. Among the

micronutrients, Fe and Zn are mostly deficient in the area
and Cu and Mn are adequate. However, in the irrigated
sites the available Fe and Zn content is 30-35% more than
the rainfed croplands.

Each village has 2-6 nadis of varying capacity
(25000-50000 m*). Most of the nadis were not in good
condition. Water remains for 2-3 months in these nadis
depending on the rainfall. Roof-top rainwater harvesting
was observed at few places in Motigarh. Hydro-
geological formation in Pugal and Motigarh areas is older
alluvium, while in Kotasar area it is tertiary sandstone of
Eocene period. The main source of irrigation in Pugal was
canal water. Groundwater level in Pugal is moderately
shallow to deep with an average depth of 33.34 m below
ground level (bgl). Groundwater quality is fresh to saline
with average EC of 3.5 d Sm™. There are no wells/tube

o 1.3 dIdrR el & garRovr e 9 gig

Fig. 1.3 Increased plantation area in Bikaner district
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et # RS &1 g Aid ER © | I Yol WK 33.3
HIeR ST TEXTE & 1T U § | oTel OraT AR TR
qToT 4 @R & He © 9 Yoldl P 39 g arefdar 3.5
ST A Tf AIeR © | AKITS &3 H Yoiel & urd 9gd
ERTq (faeld Areraar 12.2 SHT W™ U #1eR) B & HIROT
g8l Pl AT AT TAhY T8 & | PICRR H A YoTel WX
I ¥ 1355 HIeR A1 € 9 84 HfcIeId & ¥ ol WK
S 130—140 HIER & TBRTg WR 8 | PICAR H Tddhy
RiTTE & BRI Yoliel WR § 3—4 Hiex ufa 9y o fRrae o
B & | 9 Tifal 7 @ weelt # e, @R, fae, 9
3iR A6 W@ 2 | Tl  BICR & e iR cgadd Riferd
& # < et # T, A=t 3R = v € |

g & § <1 fb @1 geefet ui e (1)
JHIBIEH wha Sulc Ud (2) MA@ SIRMIfhe geo-s |
Ugel SfecRad YR | BT GiforiTIIgiey Ud Jf4dd
evfofed THE dI IRl U NdTol el v fesdi & ey
RT H U TS | R UBR H FNI0w RENRE, foiforeed
RIANET, HUTRET SRIG3IT Si¥ =Rt g IR FH0d
STelle Ha™i Ud |Hadl i fesdr HaMl § U T | qTA
QU U T8 (oIvve [WfSahe) a + 1T H holl g3l

well in Motigarh area as quality of groundwater is very
poor (EC 12.2 d Sm™). In Kotasar area, groundwater level
is very deep with an average depth of 135.47 m bgl. About
84% of the area is covered under depth range of 130-140
m bgl. Due to tube well irrigation in Kotasar, groundwater
level is depleting @ 3-4 m yr". Common kharif crops in all
the villages are groundnut, clusterbean, sesame, mung
bean and moth bean. However, in canal and tube well
irrigated areas of Pugal and Kotasar, rabi crops like wheat,
mustard and gram are also grown.

The sites are largely covered by two major
vegetation types (i) Psammophytic scrub desert and (ii)
mixed xeromorphic woodland. The former vegetation
type includes Calligonum polygonoides, Panicum
turgidum as the most common community on the sand
dunes and undulating and inter-dunal plains; while the
later type includes Prosopis cineraria, Zizyphus
nummularia, Capparis decidua community covering the
flat aggraded older alluvial plains and flat inter-dunal
plains. Lasiurus sindicus is the most prevalent grass
community covering larger areas in the flat and
undulating aggraded older alluvial plains, flat and

s 14 9 Sfﬂ STel T ] STUNT=3 ATSTGT TR

Fig. 1.4 Land use-land cover map of Barmer district
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2 |t Sl & SR (UA5H evfofer) SITERR U § |
AU TSl Ud daoiy Srafear & H @A |fgyg
Siffedt agaraa § uig € dor N WE H WRgiery
ARISTHCH Td §gIT BB IR T |

TS &5 H IR—BTHBTN ATl dl | § RRrae o8
2 O 2001 B 6168 | TSHY 2011 H 6071 X8 V| &
RIS & HROT 79T YIrT H HH IS Rifd STH A
BT BT AT § B At ST 8 | BIeRR &85 § yRaR
BT 3T 3MBR 7 ARG oA | HIKTe &5 BT reieyaxen
UIATE TR BT R 2 |

TEAR Tl 1 9 ST AT AT

q¥ 2011—12 B Iea—fA¥ed &Hal dll SUUR
BEF (FTeic— Uy derr foi—ar gaeed i)
H TAN BRI Y AR Rl @1 1:10,000 AUH W
Y—SUART / 3BT TAT SIRE TR BT AT BRI
o T (e 1.4) | B A & SicaTa 70.3 Tlrerd & o |
TARTTE 3R ARTS [ H 3.1 UCTerd & 2miie o, Safd 2.2
TfreTd &5 o I o | g+ ST fH 3.9 ufcrerd e #
ofT 3fIR 9 SITST YA 7 12.7 U &7 DI bl AT T |

= ISR H ARG ARG B e

e (SR f[57er), Stetl (arsiR f57et) &R R
(aref f37e) # Rerd IRFITET &7 SRR |deroT faar 1 |
A & oy A e Bxe] 3R SiTell SIaR @l 4R
TRTS BT AT IR 8 o | Slell R H 37B/7 977 o™
gell B 9gaId IR PURE SIS (242 SRR Ul
TFCIR) AT IRTHE _JHARAT (333 TSN U BaR)
DI SA1STT oY | FeTar & HIROT H Fell Dl °icd e o7 ol
BT 3PIT TICH T (346 G&T Ulcl BICIR), BUNWT SRIGarT
(138 g& Ui gacAR) ug yorfadl off | Aerdr o H
3BT crdffors @ SURART & HRYT IR AfISH (18.
16 T4 TR TICIR) o7 | Slell IR Herar & H Hwzhey I,
oRvErST USTfd, feforeRar waiiar iR gvrrivevfIvg wTal
B =T v o iR IR USTfa W 99 g9 | urg
TS| gRIEAT &F H Herar SR Il @1 o gl @
JTEBTE B T TR F&1 WYV TSIl BT T-icd S o7 |

T 3 & A faf= —SuarT yonferai # wfea srea
qSR

SRR @ offagss uRawr # SRR (Forformer
FHART) a i 99 (T gferparivy) @l
AfAHAT aTel AR H HIE H HUR 0.86 A 536 T4 Pl
Ui SFCIR AT AT | STl (FIRA1heT RERRaT) Td <2t

undulating inter-dunal plains and in the lower dune
slopes. The dune tops are largely occupied by Panicum

turgidum. The saline depressions and saline inter-dunal
areas are dominated by halophytic scrub vegetation with
Sporobolus marginatus, Eleusine compressa as grass
community.

Pugal area has shown decline in non-working
population from 6168 in 2001 to 6071 in 2011. Canal
irrigation has also helped in preventing manpower from
migration as majority of them are able to find work in the
villages itself. In Kotasar area, average family size was 7
persons. Economy of Motigarh region is highly based on
livestock rearing.

Land use-land cover mapping of Barmer district

High-resolution satellite imagery (Cartosat -1 PAN
and LISS-IV Mx merged) for the year 2011-12 were used
for land use-land cover and infrastructure mapping of
Barmer district on 1:10,000 scale (Fig. 1.4). Croplands
covered 70.3 per cent area, grassland and grazing lands
covered 3.1 per cent area, while 2.2 per cent area was
barren rocky. Dense scrub lands occupied 3.9 per cent area
and open scrub lands covered 12.7 per cent area.

Status of community grazing lands in western
Rajasthan

Abase line survey of Melwa (Jodhpur district), Doli
(Barmer district) and Dhurasani (Pali district) villages
showed that the area was experiencing heavy grazing
pressure from the domestic and wild animals. The oran in
Doli village had trees like Acacia senegal and shrubs of
Caparis decidua (242 shrubs ha") and Zizyphus
nummularia (333 shrubs ha"). Melwa oran had high
density of trees and major species included Acacia tortolis
(346 trees ha™) followed by Capparis decidua (138 trees
ha™). Biomass at Melwa site was high (18.16 t ha™) due to
presence of A. tortolis stand in the area. The major grasses
in the Melwa and Doli orans were Cenchrus sp., Aristida
sp., Digitaria sp., Eragrostis sp. and Tephrosia sp. The
Dhurasani area had less tree density compared to Melwa
and Doli areas, but had high density of Cyperus sp.

Carbon sequestration in different land use systems in
hot arid region

Under extreme arid condition in Jaisalmer, orans
dominated with Prosopis juliflora and Ziziphus
nummularia had above ground carbon biomass of 0.86-
5.36 t ha'. In the agroforestry systems of Prosopis
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cineraria and Acacia nilotica the above ground biomass
carbon was 2.53 - 4.62 tha” under khadin. In silvi-pasture
systems, the above ground carbon varied from 1.05 t ha™
under Z. nummularia to 3.37 t ha” under P. cineraria.
Horticultural systems had an average of 1.37 t C ha™ and
maximum of 2.22 t C ha™ under Z rotundifoila based
system. Above ground carbon under rangeland condition
varied from 0.46-0.80 tha™.

In Bikaner district, orans had above ground carbon
stock of 2.77 t ha", while Acacia tortilis dominated
plantation had 3.67 tha™ and silvi-pasture had 1.07 tha™ C
stocks. The average annual rate of total carbon
sequestration in above ground biomass of 31 years old
plantation of Acacia tortilis, Prosopis juliflora, A. senegal
and Colophospermum mopane at 6x6 meter distance was
0.65,0.54.0.42and 0.30tCha™y", respectively.

In Hanumangarh, C-sequestration in different land
use systems ranged from 0.28 to 29.4 t C ha' yr'
depending on the site, land use, species, stand age and
management practices. Maximum rate of C-sequestration
in vegetative biomass (19.9-29.4 t C ha™ yr") was found at
canal side and in silviculture block plantations dominated
by Eucalyptus sp., Ailathus excelsa and Acacia nilotica
followed by horticultural systems (0.54-1.16 t C ha™ yr™),
kinnow based agri-horti system (0.35-0.64 t C ha™ yr"),
shelterbelt (0.48 t C ha™ yr") and natural scrubby forest
(0.28tCha™ yr™).

In Pali, above ground biomass carbon stock varied
from 0.9t02.8 t C ha” in orans and 0.9 to 54.2t C ha™ in P
cineraria dominated agroforestry systems. A well

maintained 33 year old Cenchrus setigerus based silvi-
pastoral system with Acacia nilotica, Acacia tortilis and

Hardwickia binata sequestered 29.3,49.4 and 54.2tCha”,
respectively.

In Kachchh, Prosopis juliflora was observed to be
efficient biomass accumulator compared to Acacia
tortilis. The average biomass carbon content in Prosopis
Jjuliflora plantations was 218.6 t ha™ because of high tree
density. At different sites, the carbon content in A. tortilis
varied from 3.1 to 6.2 t ha”
Prosopis juliflora, Salvadora sp., Capparis decidua,
Azadirachta indica recorded highest biomass carbon
(18.24 t ha") followed by mixed stand of Prosopis
Jjuliflora and Ziziphus sp. (8.71 C t ha"). In Ranns of
Kachchh, Suaeda accumulated 4.06-4.84 t ha” biomass

. Protected mixed system of
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carbon. Among different horticultural plantations of
different age, date palm with different densities
accumulated maximum biomass carbon (251.0-1975.1 t
ha™). The carbon sequestered by ber plantations ranged
from 18.8 t0 23.9 tha™, while in mango it was 0.71-253.2 t
ha”. In sapota orchards carbon accumulation was 22.8 to
261.5 t ha", whereas pomegranate accumulated 0.75 to
1.39 tcarbonha™.

At Jodhpur, orans had 3.44 t ha" above ground

carbon stock, while Prosopis cineraria and Tecomella
undulata dominated agri-silviculture systems had 3.09t C

ha; silvi-pastures had 0.23 t C ha" and horti-agri-silvi
systems had 1.25tCha™.

In Jalore district, maximum carbon sequestration
was estimated in orans planted with Acacia tortilis trees in
silvi-pastoral system and in protected orans followed by
agroforestry system and boundary plantation in the
agricultural fields predominated by trees of Ailanthus

excela, Zizyphus sp., Acacia tortilis, Prosopis cineraria,

P juliflora, Salvadora sp. and Acacia senegal. The
horticultural systems consisting of pomegranate

plantation sequestered 2.06 t C ha™.
Carbon stock in soils of hot arid region

Total C was estimated in about 500 soil samples (0-
100 cm depth) collected from 12 districts of western
Rajasthan and one district of Gujarat (Bhuj). The samples
were collected from different land use systems. Initial
assessment indicates that total C in soil profile was
maximum in Pali district due to higher rainfall and
predominance of fine textured soils (Fig. 1.5). Lower
values were recorded in adjoining Sirohi district where
large area has skeletal soils. Ganganagar district showed
second highest values of total C. Primarily rainfed
districts of Jodhpur, Bikaner, Jaisalmer, Barmer and
Nagaur (irrigated area often <15%) have low biomass
production potential and thus had lower total C stock of
about 80 t ha”. Hanumangarh was notable exception to
this trend which had lower soil C in spite of 51.6 per cent
area under irrigation and deep soils.

Digitization of the botanical collections from hot
Indian arid zone

Botanical Collections belonging to four families
(Asteraceae, Aristolochiaceae, Burseraceae and
Bignoniaceae) were documented for database
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Fig. 1.5. Total soil C (t ha™) in different districts of arid Rajasthan

ATt faam 73T | X! URER # 28 ST Ua 40 Uity
I 310 GUfed gafal & gyl dweIBIsad 3R 21
AT o | 91fh i URaRT § 5 STIfey Ud 7 yrferr @
gkl demgad off| TRl URIR #H 3HIsareT
SPBISICY, USAIB-ICITNT YBS, SATSIIT FIBT~T, A3
AN WaN AW aN AN A WaN AN AWaANAWaN -
NISBI T, TITHIRT SR ~T, FITHIT R T4

S ¥ GERIH Ul § SThIs ey Uit aTg TS |

BT P AP dUIT Td &R Je=i § SiTel
EELICAR A3

AT BT AGUIEAE BI i Ud ATIT TG0 TR
TS TS A8 YRIF UTeUl & Tl H 6 Aauiig SU=Ri
U =Tl fb AR Aquael (gv/els], Yogvigd, Bl Ud
VRIFIGTE) | A GRIBIST & O DI Sg AR 3UeTded Sarar
REl Sd(d ST BT old R WRIGIH BT e YT 37 |
RN F ol gt F SiaR # o gfg wE TE o
TR Fauiy SUARI & A1 BH Bidl T (3 1.6) | 20 S.
Al 3R I9b FW & AqUg SUARI H SBT3 3R
¥ep¥ DI T8I ST ST AepT | Ufeqdl gRT &4 w0 ¥
ST & arg USRI S &7 1 faar 11 | ZRidier
W 1 Ul & e | 40 SH—HH=T 7T #Hlex W
e Sg1eT /AT H AIfsTd g9 fhar T (624 UAg ufa

development and morphometrically characterized based
on laminar features. Asteraceaec was represented by 28
genus and 40 species having 310 leptophyllous and 21
nanophyllous lamina and rest of the families were
represented by 5 genus and 7 species all having
leptophyllous type lamina. Within Asteraceae Echinops
echinatus, Elephantopus scaber, Launea asplenifolia,
Launea procumbens, Launea resedifolia, Sonclus
arvensis, Sonclus oleraceus and Xanthium strumarium
species have nanophyllous representative.

Wild forage halophytes in extreme saline-sodic
Kachchh plains

Pot experiments with six salinity treatments (0, 20,
40, 60 and 80 d Sm™), showed that shoot biomass of
Urochondra was higher followed by Sporobolus among
four halophytes (Urochondra, Aeluropus, Cressa and
Sporobolus) after eight weeks, whereas root biomass was
higher in Sporobolus. Increase in EC up to 20 or 40 was
found to increase dry matter (Fig. 1.6). Dichanthium and
Cenchrus grasses could not grow at salinity levels of 20
EC and above. After 90 days of sowing, sodium was the
major ion excreted from leaves followed by potassium.
Leaf wash of U. setulosa contained highest sodium (62.4
me L) at 40 d Sm™. The osmo-protectant glycine betaine
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Fig. 1.6. Shoot dry weight of halophytes under different salinity levels (d Sm™)
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linearly increased (0.0127 t0 0.2755 mg g") in U. setulosa
with increase in salinity. In Aeluropus, the content of
superoxide dismutase linearly increased (0.3715-0.8408)
with salinity.

Effect of seasonal variation on fodder quality of C.
cretica

Samples of Cressa cretica collected from different
sites and at various intervals from Kachchh showed wide
variation in mineral concentration. The highest organic
matter (OM) concentration was observed in stems,
followed by root and lowest was in leaves. The total ash,
silica and Ca concentration was highest in leaves and
lowest in stems. No variation was observed in P
concentration. The Ca and P content of C. cretica were
higher than the recommended dietary level for cattle and
sheep. With increase in salinity, OM decreased and silica
content increased. At higher salinity levels, initial harvest
provided good quality fodder.

Survey of frost heaves and invasive weeds in pastures
of cold arid zone

Frost heaves are typical landforms that are
associated with cold climates and are best known as
winter-time uplift of the ground. Their shape may be
rounded, elongated or massive. The dominant use of these
lands is for grazing. The survey in Leh and Nubra Valley
found two dominant patterns of their formation viz.,
single and complex. In a spring site at Saboo, the clustered
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Group of broad, single and oval shaped heaves at Saboo

and massive frost heaves were 5 m long, 0.8 m wide and 1
m high while the small and single formations were 0.35 m
long, 0.3 m wide and 10 cm high (Fig. 1.7). The narrow
and elongated heaves measured 1.8 m long and 18 c¢cm
high. At Stakmo, under boulder filled surfaces, the heaves
were 0.8 m long, 20 cm high and their circumference was
maximum 2.2 m. Typical vegetation association at Saboo
was a cluster of Kobresia, Astragulus, Glaux sp.,
Taraxacum sp., Cirsium arvense while at higher altitude at
Hunder, species were Kobresia, Phragmites sp., Cirsium
arvense and Carex sp. It was also noted that Cirsium
arvense, an invasive weed, is capturing the frost heaves,
thus reducing the occurrence of preferred flora from
heaves.

THA H P& JIR SR

Desiccated forms of frost heave at Stakmo

HRRTE 3dTe ¥ U QER SR

Frost heaves infested with Cirsium arvense

3 1.7 A= 9PR & JUR IR

Fig. 1.7. Various kinds of frost heaves
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Germplasm conservation and registration

The germplasm of trees, pasture grasses and legumes
collected during different years comprising of Cenchrus
ciliaris (85), Lasiurus sindicus (111), C. setigerus (42),
Panicum antidotale (47), Cymbopogon species (24), P.
turgidum (2), Clitoria ternatea (9), Lablab purpureus (2),
Indigofera sp. (1), Prosopis cineraria (11), Acacia
senegal (15), Salvadora oleoides (24) and Tecomella
undulata (11) were maintained under field conditions at
the research farm. Under maintenance breeding, C.
ciliaris cv. CAZRI175, C. setigerus cv. CAZR1 76, CAZRI
358, moth bean cv. CAZRI moth-2, under DUS and field
gene bank, 37 varieties of cluster bean, 14 of moth bean,
38 varieties of ber and 20 cultivars of mehendi were
maintained.

Improvement of pasture grasses

Cenchrus ciliaris: Nine entries of C. ciliaris were
evaluated under coordinated varietal trial during second
year. Significant differences were observed among
genotypes for green fodder yield, per day green fodder
productivity, average plant height and mean tillers per
meter row length. Maximum green fodder yield was
recorded from entry VTCC-15-2 (21611.1 kg ha™)
followed by VTCC-15-4 (21322.2 kg ha™). Green fodder
productivity was also higher for these entries (227.5 and
224.4 kg ha” day”, respectively). VTCC-15-2 had tallest
plants (112.2 cm), whereas maximum tillers were
produced by VTCC-15-5(166.7 m™ running length)

Significant variations were observed among ten
genotypes for green fodder yield, dry matter yield and
plant height during the 7" year of evaluation trial (Table
2.1). Maximum green fodder yield (8988.9 kg ha™) was
recorded from IMTCC-10-3 followed by IMTCC-10-10
(8727.8 kg ha™). Both the genotypes also had maximum
(3302.6 and 2732.5 kg ha') dry matter yield while,
IMTCC-10-10 had tallest plants (108.1 cm).

In another trial, established in August 2011, five
genotypes of C. ciliaris varied significantly for mean
plant height and tiller number (Table 2.2). Maximum
green fodder yield was recorded with CAZRI 2221
(4781.3 kg ha™) followed by CAZRI 358 (4518.8 kg ha™)
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Table 2.1 Performance of Cenchrus ciliaris genotypes during 7" year of establishment

Entries Green fodder yield (kg ha™)
IMTCC-10-1 6233.3
IMTCC-10-2 6900.0
IMTCC-10-3 8988.9
IMTCC-10-4 SI11.1
IMTCC-10-5 6411.1
IMTCC-10-6 6961.1
IMTCC-10-7 7000.0
IMTCC-10-8 5605.6
IMTCC-10-9 6572.2
IMTCC-10-10 8727.8
Mean 6851.1
CD 5% 2126.7
CV % 18.1
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Dry matter yield (kg ha™)  Plant height (cm)  Tillers per meter
1843.2 96.3 81.0
2409.2 94.4 70.7
3302.6 94.7 90.3
1814.6 87.0 752
1998.7 90.9 75.7
2194.0 96.2 85.2
2144.5 89.0 63.7
1938.9 85.1 66.0
2184.3 100.2 68.5
2732.5 108.1 83.5
2302.1 94.2 76.0
779.1 11.2 NS

19.7 6.9 23.7

while maximum dry matter yield was exhibited by
CAZRI 358 (1375.1 kg ha™) followed by CAZRI 2178
(1361.9 kg ha™). CAZRI 75 had tallest plants (109.2 cm)
and CAZRI12221 had maximum tillers per meter (100.5).

Cenchrus setigerus: The variation for total forage yield,
mean plant height and mean tiller number was non-
significant among the nine varieties tested in the second
year of the coordinated varietal trial (Fig. 2.1). Maximum
green fodder yield was recorded for VTCS-15-7 (15650.0
kgha™) followed by VTCS-15-8 (15366.7 kg ha™). Per day
green fodder production was also higher for these

TIART 2.2 FSTT BT BT WAUAT & BS a9 H YgIH

Table 2.2 Performance of Cenchrus ciliaris genotypes in 6™ year of establishment

Entries Green fodder yield (kg ha”) Dry matter yield (kg ha') Plant height (cm)  Tillers per meter
CAZRI 75 4102.1 1198.3 109.2 67.6
CAZRI 358 4518.8 1375.1 98.8 75.8
CAZRI 585 4487.5 1224.5 93.2 92.4
CAZRI 2178 4462.5 1361.9 91.3 95.9
CAZRI 2221 4781.3 1210.8 100.4 100.5
Mean 4470.4 1274.1 98.6 86.4

CD 5% NS NS 7.5 17.5

CV % 19.1 22.4 4.9 13.1
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o 2.1 Hrer g™ & e & fgdid ¥ § aHftad wonfa 9T

Fig. 2.1 Coordinated Varietal Trial of Cenchrus setigerus during second year of estalishment

JERITA—15—7 & |ai® (15650.0 fH.IT. Ul TaeR)
3ID 918 dICRITI—15—8 ¥ 15366.7 .37, Uy TReIR BT
IRT U B3| 34 R ¥ & ax & ufa A
Il W |aiferd (HH: 138.9 3R 137.2 fHIm ufa
TARCIR) ol | dIERATE—15—-9 & UIGY Haifd 99 (88.0
A o SEfs IERITA—15—8 & fordl IRIE T (150.8
JHY) Hatferd oY |

AU 1T : 3173 GRUSTI BT IRT ST d 39 Teh] & ford
i a8 H Hedie fear mar| RiEess § ar1 [u,
qIey TS AR URIE & (o i Aecdyol 3R &l il
T URUBY HIoN! 3453 H HAIfE BT ART SUW
(10988.9 fo.3m. Ufdy TaCER), =k UcTe U (4926.3 fH.IT.
gl 3FCIR) Ud T & Y (115.5 H.H1) U U |

BN BA BT GIR

CLSA

TR AYHES ATl BT IE—I@T9: 9] IATEH & Ieed |
Ure TR TYAS (o DI gaTs Dl TS | SHT YA doR B
S AR (BT DI [ABRIT B H 1 T 13T |

e sl &I [AHTa: R B 431 YSH / SAa
TSl DI Hedidh Td I~Id G491 I3 & ford # Smar 137 |
T 9 113 S Hafaal &7 g+ o 731 | g9 | €
U T AHIIS UHwuar arell Aok dlsd (dTorsag
2016 /1) 1 USA DI TN | 47 Aol [T BT HedTeh Ud
ST Seare 41 fobar T |

T WH GATTAT BT b A= TR T49S gl o
eI gRT A fid =R gl ¥ WRIRTT &R 138 7 Fhx

genotypes (138.9 and 137.2 kg ha” d’, respectively).
Mean plant height was higher for VTCS-15-9 (88 cm),
whereas tiller production was maximum for VTCS-15-8
(150.8 cm).

Sewan grass (Lasiurus sindicus): Eight accessions were
evaluated for fodder yield and its components in the 3"
year. Non-significant variations were recorded among
genotypes for fodder yield, plant height and tiller
production. Maximum green (10988.9 kg ha™), dry matter
(4926.3 kg ha™) yields and tallest plants (115.5 cm) were
obtained in accession CAZRI3453.

Improvement of arable crops
Pearl millet

Maintenance of male sterile lines: Five male sterile
lines: CZMS 0023 to CZMS 0027 were multiplied for
subsequent use for developing new hybrids.

Development of inbreds: Total 431 breeding/germplasm
lines were evaluated and 113 promising progenies were
selected. Amorphologically uniform new inbred line (CZI
2016/1) was identified. Forty seven inbreds were also
evaluated and their seed was multiplied.

Development of new hybrid combinations: New hybrid
combinations (138) were made by crossing male sterile
lines with CAZRI restorer lines. Seed of a hybrid ICMA
841Ax CZI12010/11) was multiplied by hand pollination.

Evaluation of single cross hybrids: Single cross hybrids
(150) of pearl millet were evaluated in three replicated
trials of fifty hybrids each alongwith check hybrids HHB
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ATl BT A fBar 121 | AR FATST (318 1.UH.T.
841UxTN T3S, 2010 / 1) B ISil BT IcUTeH fdoaT 7T |

HHR dIoR &I HRTH: 59 a9 HPHR IIoRT DI 150 g
feAl T i, UAd NIET H 50 fheAl Bl oRTax
T T, 3% AH® AT Tavad) 67(31F) IRUAEI—177,
ATSATHTT 356 UG SNUET 538 BT YA fopam 17 | 39B
AT B 3MSYACT (26) Td YTAUICT (13) AH=GAD TRIET0T 1
ITTRIT 1T | 05444TXATOTSINTS 2014 / 2, 04999Ux TSNS
2010 /5 UG 98222UxTOTS3NE 2014 /6 R fhet <
T < aTell Ui T B | W] aToRT @l Seare wfafte o
arferat 2.3 H e T & |

IRger ARd wHfaa gdeor & Far fee &1
AT QT 8 FaR fe (SEiay 97111 xHIorsaims
2012 /10, SMSUITHAY 00444xHTOTES 2007 /9) YUAUICT

67(1), RHB 177, ICMH 356 and GHB 538. Similarly,
hybrid entries were also evaluated under IHT (26) and
AHPT (13) coordinated trials. Hybrids 05444A x CZI
2014/2,04999A x CZ12010/5, and 98222A x CZ12014/6
were identified as late flowering. The promising hybrids
in different hybrid trials are given in table 2.3.

Hybrids contributed to All India Coordinated Trials:
Two new hybrids were contributed to the Initial Hybrid
Trial (ICMA 97111 x CZI 2012/10; ICMA 00444 x CZI
2007/9) and one hybrid (ICMA 841 x CZI 2010/11) for
Advanced Hybrid Population Trial (AHPT) during kharif
2016. CZH 233 (ICMA 841 x CZI 2010/11), a hybrid
developed from heat tolerant inbred (CZI 2010/11) has
been promoted to 2™ year of testing under AHPT. The
performance of CAZRI-bred hybrid in AHPT trials along
with their nutritional quality is presented in table 2.4.

arferdt 2.3 fafr=T qRieroll # HdHR 9ToRT o1 Icpte gfaftedf
Table 2.3 Promising hybrids in different hybrid trials

*Trial (entries)  Promising hybrids#

HT-I (50) 00777A x CZI2014/3 (4492, 49)
08111A x CZI2014/6 (4639, 51)

09111A x CZI 2014/4 (4200, 51)

HT-II (50) 97111A x CZI2014/1 (4512, 48)
88004A x CZI 2014/3 (4407, 48)

98222A x CZI 2014/5 (4143, 48)

HT-II (50) 97111A x CZI 2013/3 (4071, 49)
05777A x CZI 2010/11(4165, 46)
05777A x CZI 2013/8 (4571, 50)
THT-I (26)

(4095, 51)

AHPT A1(13)
806 (3543, 50)

Check hybrids”

HHB 67(I) (2657, 45), RHB 177 (3361, 47), GHB 538
(3345, 52), ICMH 356 (3623, 46)

HHB 67(I) (2835, 47), RHB 177 (2825, 48), GHB 538
(3556, 54), ICMH 356 (4109, 48)

HHB 67(1) (3427, 47), RHB 177 (3391, 47), GHB 538
(4119, 53), ICMH 356 (3772, 48)

IHT 113 (4035, 46) IHT 119 (3898, 46), IHT 124

AHPT 801 (3508, 45), AHPT 805 (3785, 49), AHPT

*HT = Hybrid Trial, IHT = Initial Hybrid Trial, AHPT = Advance Hybrid and Population Trial, #Values in parenthesis (grain yield kg ha’, days to

flowering)
AIMABT 2.4 BRI FHR B HT TEAUIET Wefor § yeeid vd S divd dedl al orded]
Table 2.4 Performance of CAZRI-bred hybrid in AHPT trials and their nutritional quality
Hybrids Grain yield (kg ha'l) Protein (%) Fat (%) Fe (ppm) Zinc (ppm)
CZH 233 (ICMA 841A X CZI 2010/11) 2701 13.1 6.0 48 36
HHB 67(I) [Check] 2294 12.5 6.2 49 41
RHB 177 [Check] 2897 11.0 54 44 37
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RO & foTT Ud Ul Fax fovst (TSAIUAY 841 xHTOTS3MMS
2010 /11) TTAUTE! URIeToT & ford o Y | Iorsvd 233
(MTEATHT 841 xS 2010 /11) bR fopeet ot w7f
URRIE® &\l daTell gl s (Foieslls 2010 /11) 4
faepiaa &1 778 ofl, 98 TOAUIeT URIeToT & N 9y ¥ Yal=id
T2 | BT Ha fheT & Tuadiel wdieror & yeei= vd 59
U9 dedi @ JUTae Dl dTferehl 2.4 H YafRid favan g |

I=d dATYATE Giewdl & fordl SiFlesw™ &1 Jeais:
HIoTeaE 2002 / 6xHIOIE3MS 2011 /3 @1 U, HIUT
UIYCIe TS & dRI If2d 206 Wil &1 F74 faar wa
T S Rieel & uatya fear T (R 22) | 9@
3T W% 2016 & SR 113 U, , SIS UIYeler s
BT I BB UGl I B o IS g 2017 H DA
1 TS A H AT T |

sHhibe UE: §gad BRISGH & Iid Yavddl 67
B Bhal YfoRIED Ud Ied Sqcl SR 3R g
e Hax gt (12 ufafted), va 77 / 833—2 SIS HHhal
UfeRed Ud S9al SRR 3MRA Ud e aEAl (12
yfafted), STt ud=t arell f gt (25 wfaftea) vd dHd
Hhal UG ORIl e T UfeRIEd ofTgAi (20 Ufaftedr) &t
TRIeToT fHaT T | 3 URIeTui H 50 UferRTd et 31 @ fo,
Uil B oTETs, e B oAwTg, YW IR BT go Ud iy
AR TDR B SEBRI & D Tg | 37 G0l § I I
ot a9y wy | AT 67 SIUHIIR S+ IUe IRIeTor
I & qTRT YoT=i+ HRIHH &g fohar 137 |

IR

qrefl A SOR SFAgd ST diol IU & ford Jeid:
IRY IS AF® & MR W I 151 sG] Bl
Jorell gl # Heaied fbar | SHFsdl & drE |l
el & o) \reids STaifiies =T u1g Tl | ol &
(169.54—502.83 T WHY) & ford f=iar @ fSrdHa AT
SET AT | §HD ITETT =TT B AT HATTAR TSI aol
gfer diem (36.33—238.80 TTH), Ul ol (113.97—285.03 9.
A1), @ AR Tl Urer (14.93—88.37 UTH), el MM & fae
(52.67—90.67), UH & & (81.00—115.67), T IUT Ufcl
GleT (0.57—27.67 ITH), 1000 §TSil &7 aoi (6.07—31.87 TTH),
W T8 Pl TS (7.63—31.80 WHL), I 6 Pl dlelg
(2.70—22.17 .A), ufa dren gkl @ =TT (7.27—14.40)
TAT WH AT (0.49—1.77 HAL) U AT (arferast 2.5) |

Evaluation of genotypes for high temperature
tolerance: Two hundred and six disease free plants of
F,s mapping population lines of CZI 2002/6 x CZI
2011/3 were selected and individual ear heads were
harvested (Fig. 2). Additionally, 113 F,, inbred x
population lines were selected during kharif 2016 and
planted at ICRISAT in summer 2017 for generation
advancement.

ICRISAT Trials: Under ICAR-ICRISAT collaborative
program, four trials, viz., HHB 67 DMR Double
Introgression High Fe and Zn Line Hybrid Trials (12
entries), H77/833-2 DMR Double Introgression High Fe
and Zn Line Hybrid Trials (12 entries), Early Maturing B-
Line Trial (25 entries), Downy Mildew/Blast Resistant
Restorers Line Trial (20 entries) were conducted.
Observations on days to 50 per cent flowering, plant
height, head length, dry fodder weight and agronomic
score were recorded. Promising progenies were selected
from these trials especially HHB 67 DMR introgression
trials foruse in our breeding programme.

Sorghum

Evaluation of sorghum germplasm for grain yield at
Pali: Sorghum germplasm (151) selected on the basis of
agronomic scoring was evaluated for their genotypic
variations under shallow soil conditions. Significant
genotypic differences for all the characters were
observed. The range was highest for leaf area (169.54 to
502.83 cm™) followed by fresh weight per plant (36.33 to
238.80g), plant height (113.97 to 285.03 cm), dry weight
per plant (14.93 to 88.37 g), days to 50 per cent flowering
(52.67 t0 90.67), days to maturity (81.00 to 115.67), grain
yield per plant (0.57 t0 27.67 g), 1000 seed weight (6.07 to
31.87 g), panicle length (7.63 to 31.80 cm), panicle width
(2.70 to 22.17 cm), number of leaves per plant (7.27 to
14.40) and stem diameter (0.49 to 1.77 cm) (Table 2.5).
All the characters had higher genotypic and phenotypic
coefficient of variation. High heritability coupled with
high genetic advance was observed for leaf area, plant
height, and fresh weight per plant indicating these traits
being controlled by additive gene action and phenotypic
selection for these traits will be effective. Fresh weight per
plant was significantly and positively correlated with dry
weight per plant, leaf area, stem diameter, 1000 seed
weight, grain yield per plant, panicle length, plant height
and days to flowering. Variation for qualitative traits i.e.
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ferort o ford argdif¥ies vd yrodl fAwar i S urd
A | gl &, Ul ofF TS U4 dToll goid i drem & oy
STIAIRIDAT & AT A1 Sifed vsqid 1 e urdy 14T,
S I8 3T axar © b A deor anrefia S b g
RIS 810 € | ToT aor Uiy diem &1 31 AT oI @
R gfer dien, o=l &3, W 19, 1000 SISl 6T aold, S
IOt TfT e, g 8 @l TS, Ui oS U9 el ST
% o7 I gcId Ud Arie AEddy urn A7 | YR &
TETON S GTH1 T T, T BT IATATIH, o8 I AT
& forg ot fafer=rar <<l 0 | 5 151 Seeeel § 9 faf=
AT BT 2T USRI B dTel e ST Pl Tl 2.5
# gertar T € |

grain colour, stalk juiciness, panicle shape and
inflorescence excerption were also observed. Top five
germplasm on the basis of per se performance among 151
germplasm for different traits are given in Table 2.5.

Identification and characterization of fodder
sorghum in Kachchh region: Six salinity tolerant
germplasm of fodder sorghum were grown under four
salinity levels (0, 4, 8 and 12 d Sm™) at Bhuj. Among five
germplasm tested, the highest proline content was found
inRaj 17 (401 umol g" FW) followed by GJ 42 (398 umol
g' FW) with 12 EC level over the remaining germplasm
(355- 393 umol g"' FW) in field salinity trial. Leaf Na
increased with increasing salinity level while leaf K"

DT 2.5 SR & JeIlfhd ST-aedl HI AHT, o7 e, Saifie e Qo (@.f), aredl = qonie @A)
ud =1 weror # s dfE SEeee

Table 2.5 Range, character mean, genotypic coefficient of vari

ation (GCV), phenotypic coefficient of variation (PCV) and top five

accessions among the germplasm of sorghum for different characters

Characters Range Mean GCV
(%)

Days to 52.67-90.67 70.59 11.23

flowering

Days to maturity  81.00-115.67 96.74 7.82

No of 7.27-14.40 10.12 13.34

leaves/plant

Leaf area (cm®) 169.54- 336.90 20.02
502.83

Stem diameter 0.49-1.77 0.92 23.52

(cm)

Plant height 113.97- 222.06 16.16

(cm) 285.03

Panicle length 7.63-31.80 16.90 35.44

(cm)

Panicle width 2.70-22.17 5.71 38.69

(cm)

Fresh 36.33-238.80 108.91 37.81

weight/plant (g)

Dry 14.93-88.37 36.72 33.67

weight/plant (g)

Grain 0.57-27.67 12.01 52.89

yield/plant (g)

1000 seed 6.07-31.87 21.95 17.99

weight (g)

PCV Five best entries and their means
(%)

11.37 E-13 (52.66), EJ-54 (55.0), EJ-57 (55.33), GPP-18 (56.0),
1S-23599 & EJ-59 (57.0 each)

7.92 GPP-18 (81.0), EJ-71, GPP-6, GPP-19 & GPP-22 (82.67
each), EJ-19 (83.0), GPP-10 (83.67), EJ-67 (84.0)

14.69 RAJ-16 (14.40), RAJ-21 (13.73), EIN-32 (13.00), RAJ-5
(12.73), EJ-48 & ERN-7 (12.40 each)

20.94 GPU-4 (502.83), CSV-15 (495.20), GPU-3 (494.76), GPU-
8 (490.66), GJ-37 (490.08)

27.77  CSV-15 (1.77), GPU-13 (1.48), IS-11497 (1.45), GPU-17
(1.41), SMU-4 (1.40)

16.74 EJ-42 (285.03), RAJ-20 (274.77), RAJ-18 (274.23), RAJ-16
(272.77), SMU-4 (270.30)

35.90 GPP-21 (31.80), SMU-4 (28.37), CO-FS-92 (27.83), SMU-
1 (27.77), PSC-1 (27.60)

39.93 GPP-21 (22.16), MP Chari (13.63), CO-FS-92 (11.57), FM-
94 (11.10), IS-15664 (10.73)

39.82 GPU-8 (238.80), CSV-22 (231.43), IS-11497 (224.80),
GPU-13 (220.57), E-13 (210.9)

36.34 GPU-8 (88.36), E-13 (80.73), E-7 (74.73), 1S-11497
(74.23), SMU-4 (69.80)

56.23 RAIJ-3 (27.67), EG-6 (27.13), GPP-15 (24.93),
RAIJ-18 (23.56), GJ-39 (23.43)

19.84  RAJ9 (31.87), EJ-28 (31.70), ES-5 (30.20), RAIJ-16
(30.17), 1S-11497 (28.60)
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ASHHIA Ui TTH AT HIR) H U177 | AqUTeT R H
gfg & A1 uRrdl o7 QST 73 | giy IR urelRirm &
AT H HH TSl B TS | AfHTH AfSTH Siroi—39 (224 A
1. U I @ 9R) AR <A Iei—17 (182 AT ufey
I @1 9R) DI G F -1 AT | $HD ITATdT, FIA
3Nfdre UICRis &1 A3 Siivi—42 (383 AT Ul ™ g
HR) H 3R TG BH BTN Th.I.]1.—9 (354 .17 Uiy a1
@ 9R) #, 12 . Farar SuAR # 018 T |

IR

arai e fafqear 7 gfs: df= &) va, 9l &1 Uear v
53g difd w&vll & MER W g fbar war| et
SaRafid w1, 98 dF M= el (divsrssii—15-3,
ol 2—20 Ud HIYoiesii—15—6) & AT fdRoll (100—800
¥) & SUER ¥ W< U 7Y | STAIRT AHel 7 e @
TS, el ReT Ud URTaR Siv Uli & forg arferes fafderan

decreased with increasing level of salinity from 0 to 12
EC. Highest Na" was noticed in germplasm GJ 39 (224 mg
g"' DW) with 12 EC while minimum in Raj-17 (182 mg g"
DW). In case of leaf K' content, the highest content was
recorded in GJ-42 (383 mg g' DW), while minimum in
CAZRI,FSC9 (354mg g’ DW)with 12 EC treatment.

Clusterbean

Enhancement of genetic diversity: Five hundred
selections were made for yield and desirable traits on
visual basis from the M, population derived from gamma
ray treatments (100 — 800 Gy) representing three distinct
genotypes CAZG-15-3, HG 2-20 and CAZG-15-6. An
increase in diversity was observed for traits like plant
height, number of branches, clusters plant”, pods plant”
and yield plant™. The frequency of sterile and semi-sterile
types appearing with treatments of each of the genotypes
was recorded. The frequency of sterile types increased
with the increase in dose of gamma rays (Fig. 2.2) for all
the genotypes. CAZG-15-6 had maximum sterile types
followed by HG 2-20 and CAZG-15-3 in M, generation.

About 450 single plant selections and bulk of M,

generation were evaluated during kharif 2016. Individual
M, plants of CAZG-15-3 (30), HG 2-20 (60) and CAZG-

18 -
_ ——HG-2-20
S 16
- e CAZG 15-6
£ 14 -
© e CAZG 15-3
o 12 -
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3 22 @GR # TYAF /3@ AYEF Ui B AGRT W T B0 BT A BT g

Fig. 2.2 Effect of gamma radiation on frequency of sterile/semi-sterile plants in clusterbean
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el @1 At SwERi 9 Tue fear Tan) gafada
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(53 wifcrerd) ud Higoiesii—15—6 (43 Ufcrera) # urd T |
T Hafdl & w9 15 Fied ofid AYEe Ui
TTS—2—20 U4 Hgoisuii—15—-6 #H o  Sdfd
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Ieaad o |

Udhd GIET ga: Thol MG AT MR A S0~ 814 dTell
ST ATl TITIT 15 Aebfold STHgel BT uxIeror fasar Tar
Qe T[OTf b7 GRETI i febar 7am | Hfey e YerdaR 8.4 ¥
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Trerd), el <6 (46.4 Hfe), Uiy @S (38.3 Hfcrera)

15-6 (20) were selected from various treatments.
Considerable variation for number of branches, clusters,
pods, yield and test weight was observed in selected
mutants of all the genotypes. However, yield as high as 91
g plant” and test weight 3.8 g was observed in mutants of
HG 2-20. Plant to progeny rows were raised for individual
semi-sterile plants selected in M, of each genotype viz.,
CAZG-15-3(35), HG 2-20(53) and CAZG-15-6 (53). All
the plants of individual progenies were either normal or
showed varying proportion of semi-sterile plants, highest
being for CAZG-15-3 (60 %) followed by HG 2-20 (53%)
and CAZG-15-6 (43%). The average of sterile plants over
all the progeny lines was about 15 per cent for HG 2-20
and CAZG-15-6 while it was higher for CAZG-15-3
(25%)

Single plant selections: Aset of 15 genotypes selected for
single stem type or branching from basal part were
evaluated and 47 single plants were selected. Yield plant™
varied from 8.4 to 38.5 g with an average of 20.8 g. Most
of the plants had terminating stem in inflorescence (Fig.
2.3 A and B). Similarly, single stem plants were also
selected with branch types. Consequently, branches
plant” exhibited maximum variation (CV 69.5%) along
with clusters plant”’ (46.4%), plant height (38.3%) and
pods plant™ (32.2%). With regular bearing, these plants
had high number of pods (131.8) and clusters (22.2)
despite less branches (2.8).

CAZG-15-6, a smooth type branched selection
yielded more pods (619 kg ha™) compared to Pusa Nav
Bahar (PNB, 535 kg ha™). Moreover, the selection had
comparatively more dry matter (~16%) than PNB
(13.5%). However, pods of PNB were fleshy and long

o 2.30 YW [e6 & A G drel U
Fig. 2.3A Branched determinate type plants
showing termination of inflorescence

form 2,381 Fafd go gRoT & 1T gohdl TG U
Fig. 2.3B Single stem types with regular bearing pattern
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iR Ufy dier wetl (32.2 Ufcrerd) srfdraad faeiar <Ria &
qret 7707 oF | el 7 Fafid o 91ReT 819 & BROT B SE
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TH e FHR B Gl b A IMRd Ses
(HIUSTesi—15—6) @1 Well &I UGmaR e fded gar
FAGER W AfD TS BT g | 39 TG URh A b vered
B AT (16 Ufaerd) droAdr (13,5 gfaerd) A &1fte ot |
gTclifh, JToTeull—15—6 | Bierdl & oidrs YIua«l | &9
ATN—ed! 8F & BRUT AT STIhdl & ol Wh &
AhA B |

fawifaa ufpat: 3 ufadl, faf= goR & Swge fagy
U A RIS 0T Tl S8 — TH83 Td Yol 2—30 |
TIR @ T8 | 39 UBR Jedifhd 18 GRpAT § | SRR
IR, el a1 U4 f¥d 9gar arell off | gTefifd S5
T, e vd AfEdar & fag <@ | o 45
Faferd dreil # emEr e (T 205.2 9fiw), 7 a1 W
s 25 (AT 63.9 UfcwrE), Ui dier gu [ee (HId) 57.2
gfererd) ufar dier Yerar (frdt 20.4 wfrerd) vd well dwn
(AT 28.8 wifcrerd) @ foram vgR AT # A= g<f @1
Y | 1 dfchal A g 3135 feHl & 7ey U uehrd 78—88
=1 7 << o 3 | &iraa gy dierm USTaR 18.6 U1 115.1
Well Ud 25.4 Tl 20 & A1F &of dl T | fof 45 T
gl § 9 15 & Udhdl UIY Fdfd GUR JeAdbd & (o I
Fd W T T | 399 A1 AT dier USTER (12—49 M) &
o wrgR A 3 =TT @ A1 Well @1 ddTs Ud diol gord
& forg =9 & oy S/gHR SUeTel 8U |

U%, Ud Uh, JRTH: ol 37 FAG b, Ui F T,
Haf (Taoi—2—20 Td TS —15—6) IS TS | Tafid
Uil @ 351 el & A1 JAfRTHdA Ui drer SR (54.22
Im) &Sl Bl T | fcr dier USR T Bl 6T H TeR
fORIR HHe: 7.06—54.22 UTH Ud 48—351 UTAT 17 | ifod
T B oY 3 Ule 3 37 FHIEAN U 88 | ol 30
T, Ul U1 Safc I g 7 oS TS | 349 T Uil
= gfey diem 9STaR (66.13 ITH), d1ST WX (3.93 UTH), dIof Ufd
Well (9.8) 3R Well Bl ddlg (7.6 WHL) BT o< & oy
U: T DI FHTaT BT TS RI fhar |

warrs el ufafte Jeaie=: I ufafteai # UeEar &1
TNIR 9.87 fodded ufty gaeaR (SIUAd—4) ¥ 21.49 fadea
gfd gaeR (Svadi—9) <of fhar mar| sfigadi—s ud
SNUFE—17 HHI: 2032 Ud 19.71 fdded ufd gaeR

while CAZG-15-6 had smaller pods. Liking for desi type
of pod may be satisfied by this selection since seed is more
like gum type serving dual purpose.

Segregating lines: This material was generated from
various types available in the germplasm especially
smooth type lines including M 83 and HG 2-30. The lines
(18) evaluated were mostly smooth types, single stem and
determinate types with regular bearing. However, they
showed segregation for branching, texture and
determinate behavior. A total of 45 single plants selected
from these 18 lines showed wide variation for branches
plant” (cv. 205.2%), clusters on main branch (cv 63.9%),
clusters plant” (57.2%), yield plant” (29.4%) and pods
plant” (28.8%). Lines flowered in 31 to 35 days and
matured in 78 to 88 days. Average yield was 18.6 g with
115.1 pods plant™ and 25.4 clusters. Plant to progeny rows
were raised from 15 of the total 45 plants selected in
summer based on the recorded observations. Wide
variation was observed for yield plant” (12-49 g av 24),
material provided good opportunity for selection of pod
length (5.98-9.5 cm) and test weight (26-43.4 g).

F, and F, evaluation: A total of 37 F, plant to progenies
(HG 2-20 x CAZG-15-6) were raised from selected F,
plants. They yielded as high as 54.22 g with 351 pods.
However, yield and number of pods plant” ranged from
7.06-54.22 g and 48 to 351, respectively. The selections
made from this segregating material provided ample
opportunities for further selection in desirable direction.
A total of 30 F, single plant progenies were raised
from 37 individual F, plants. Selected plants illustrated
a good promise for improvement of yield plant™ (66.13 g),
test weight (3.93 g), seeds pod” (9.8) and pod length
(7.6 cm).

Evaluation of entries under coordinated trial: The
yield of 20 entries evaluated during summer in
coordinated varietal trial varied from 987 kg ha™ (GST-4)
to 2149 kg ha" (GST-9). The entries GST-8 and GST-17
followed the highest yielder GST-9 with 2032 and 1971
kg ha™ seed yield, respectively. All the entries flowered in
32 to 35 days of sowing while matured in 74 to 81 days.
The highest yield was observed for the entry GR-8 (1562
kg ha™) followed by GR-13 (1543 kg ha™) and GR-4 (1520
kg ha") among the fourteen kharifentries.

Variability in assimilation potential and partitioning
of clusterbean genotypes: Significant variability among
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IO & AT SIYAC—9 & 91 Faid JgER arell
wfaftedt url 1€ | W afafical # 32—35 oA & gue &
T Ud 74—81 fa= H Bierdt U o R 8 TE | W% 3
14 gfAftel § AaA SATQT IATGHAT SHITR—8 (15.62 fadca
gfd TdRWR) H dcIuRId SHeiR—13 (1543 fddea ufa
BACIR) UG SI8TR—4 (15.2 fdacat ufey o) # J& |

R & SFYredl § @rer fAwior guar vd sua
faavor 7 fafr=rar: IR @1 q9E yoifa RS —936
afed 21 SI9 ureul # MHIRBI—H1Rfa), e vd dear
[ ol § e f=1ar oriy 78 | fid 334 WAL B
ATy Ut Bl TS 25 A 40 WAL STafd Sd 3.2 gy dier
IIRGT3T BT AT B ATT BT A 0.3 3 6.0 YTIT 7T | Ureit
S R Y AR H I A=~ 7.6 I 18.9 U Uy e (i
11.8 I Ty diem) &t &Y TS | 19T ISR # AT 21 9
6.3 TTH Ufcl Il T 0T BTaRe Swedd | H=IdT 24.8 ¥ 33.
5 e 1Y TS | UfT Ui sl Bl e, Ui JeeT Biordl 3
Sl @I USTaR ¥ Afd FERIAD T o7 (R 24) |
eI fhd T SNF Ureul § 376 BT BN srodd
AG UTRY SRS~ 936 ¥ 1fed 9TT 74T | 33 UhR

21 clusterbean genotypes including check RGC-936 was
observed for various morpho-physiological, seed yield
and yield attributing characters. The plant height ranged
from 25 to 40 cm with an average of 33.4 cm while the
number of branches per plant ranged from 0.8-6.0 with an
average of 3.2. Variation in total plant dry weight ranged
from 7.6 to 18.9 g plant” with an average of 11.8 g plant™.
Significant variations were also observed in seed yield
(2.1-6.3 g plant™) and harvest index (24.8-33.5). Number
of clusters per plant, number of pods per cluster, number
of seeds per pod and total plant dry weight showed
significant positive relationship with seed yield (Fig. 2.4).
Eight genotypes had higher harvest index over check and
only four genotypes showed higher seed yield under
rainfed conditions.

Watermelon

Twelve entries of seed purpose watermelon
(Citrullus lanatus) were evaluated under coordinated
varietal trial at Jodhpur and Jaisalmer under rainfed
conditions (Table 2.6). Entry SKNK-1301 recorded
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Fig. 2.4 Relationship of different yield attributing characters with seed yield of cluster bean genotypes
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TIeTPT 2.6 TRYST @ SIAG] PI FHa [HH GIE0 & fd SIEYR T SITerHR § qul AT
gRReIfRT & T[ores Fefol & forl ues
Table 2.6 Performance of seed purpose watermelon genotypes in coordinated varietal trails at Jodhpur (JDP) and
Jaisalmer (JSM) for quantitative traits

Entry
Fruits plant™! Fruit yield
(No.) (kg ha™)

JDP ISM JDP ISM
SKNK - 1101 7.0 4.1 97.7 72.3
SKNK - 1103 6.4 3.0 65.6 51.7
CAZJK - 13-1 7.7 2.6 183.7 43.9
CAZJK - 13-2 8.0 3.8 175.2 102.7
CAZIK - 14-1 6.3 34 111.3 110.1
CAZIK - 14-2 7.6 2.5 140.1 60.7
SKNK - 1301 9.6 55 173.6 91.4
SKNK - 1302 6.7 4.0 60.7 66.5
SKNK - 1501 7.1 5.6 86.9 77.4
SKNK - 1502 52 3.5 64.5 65.7
GK -1 6.8 39 145.1 69.8
SKNK - 1102 8.9 32 173.2 44.8
CD - - 21.7 19.9
CV (%) - - 12.6 19.9

IR S YrHUl BT 99T ISR #1996 TSl 9 3ifed ars
TS |

o

RS & IRE GG B AHad [he IIEo &
i SRR Td SieR # ant emenRa uRRerfaat
Wiefor fhar ar| ufdfte gEauTe—1301 H AfEHdH
ISR (474 fddca 94 gacmR) <ol @ T8 de=R
AvsTesid—13—2 (4.32 fddee ufa gacaR) #, S & A9dH
e Sfie—1 (2.86 faddcat Uil TacaR) | HHAI: 66 Ud 51
gferera 1feres ot (@rferat 2.6) | T+ ufaficdl &1 vt Td 9
ITET SIHYR H STASTHR 1 3TUeTl SATET 9Tl 1T | U
WIS WA (16 I99ed) & GRME SEAsd
Hooresia—39 # 31fidad ufd dlem 49 vd el IR
(3201 U™ UG 8.4) TGl B AT TP JTHT B §Y
Ayoieoib—48 (304.5 UTH Td 7.9) TR T8 | FHMIR AH
f (Shb—1) # wfey Oem 6.2 Bet o e 9fa wel 3T
ST USTaR 156 UTH &7 |

Characters
Seeds fruit™” Seed yield 100-Seed weight
(No.) (kg ha™) ®

IDP ISM JDP ISM JDP ISM
584.5 468.5 2.93 2.20 6.40 5.93
545.0 448.2 2.19 1.64 5.94 5.67
840.5 524.3 5.48 1.26 6.67 522
764.3 789.3 4.69 3.95 6.24 5.99
766.0 726.9 2.90 3.53 5.42 6.83
538.5 409.6 3.10 1.33 6.76 6.98
600.0 634.8 5.66 3.83 7.35 6.71
361.0 400.9 1.73 1.37 6.43 6.43
553.0 440.4 2.63 2.28 6.04 6.04
504.0 454.5 1.95 2.20 6.11 6.34
634.5 433.7 3.47 2.25 6.22 5.89
513.8 395.8 3.88 1.50 6.35 6.79

- - 0.57 0.58 - -

- - 11.93 18.19 - -

highest seed yield (474 kg ha™) followed by CAZJK-13-2
(432 kg ha™) which was 66 and 51 per cent higher than
check variety GK-1 (286 kg ha"). The mean seed yield
was higher at Jodhpur for all the entries as compared to
Jaisalmer. In a station trial comprising of 16 genotypes,
genotype CAZJK-39 recorded highest seed yield and
fruits plant” (320.1 g and 8.4) followed by CAZJK-48
(304.5 g and 7.9), respectively. The corresponding values
for check (GK-1) were 156 g seed yield and 6.2 fruits
plant™.

Evaluation of efficient rhizobia for clusterbean and
moth bean

Rhizobia were isolated from root nodules of
clusterbean (RGC 936) and moth bean (CAZRI Moth 2)
growing in experimental fields of CAZRI, RRS-NBPGR
and RRS- Pali, using YEMA medium plates. Bacterial
DNA was isolated and molecular identification was done
by amplifying 16S rRNA gene followed by sequencing
and BLAST search at NCBI website. Rhizobial stains
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IR AR AIS T4 B fore wer wsiifen &1 Jeais=

T § S dTel TR (STRSTNAT 936) 3R HIg (RATTSiiamRang
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fPy v | wsofderd SueT et T iR 16 TH
JTRSITAY BT THATHTS B SABT RIFARIT e 771 oI
TR JadTge IR I JUIfdd Ugard &l Y | 916
U IO WA UHAL—11 R THUAE.—4 Bl
RINTZ9TIaa# Areet! iR TaR | UT STl —4, SIgd—2
AR ST —4 T BT BIEANTERIT A7 & v 4
YA AT | Gl Bl & dIoll DI g grdi Agoliasrd
WA & WY SBIGRY & q1e 3R TR Sprpd dISil Pl
Giferel| & o 911 AT | TR H SiRi—4, SigAd—2 3R
Sii—4 & 1T SUAR & URUTARERY, $HR SUarRd deit
DI A H, T I, TS D IH TS, ST ST Bl HeeT g
B UMY & YR ¥ g3Ia%l 8% | UARI—11 3R THGTI—4 BT
TR IS R By YHTd T8I UTIT T, STafch HIS H Je& T,
e @ AHTE, TS ST & FeT Ud & Ule & R § A d
Bl AT H gfg U TS |

wd @ IRRfAT & wsonfaaa Aaraxer o1 a9
YR IR HIS d U B OTs A6 I AT Ay
JTSSNSAT I ST B & dIoll BT SYAR fbar 1T 3R
S Wdl § 917 A7 | IsSlfeud Siil—4 § 9R § $uo
BTHI 3D g AR THRI—11 3R TAUAG—4 3 A3 YSTaR
# 9eraNt gg (aferat 2.7) |

MC-11 and MNB-4 (from moth bean), identified as
Sinorhizobium saheli and GC-4, GNB-2 and GP-4 (from
clusterbean), identified as Phyllobacterium leguminum
were selected for inoculation. The seeds of both the crops
treated with these five rhizobial stains along with
uninoculated seeds were sown in polythene bags.
Treatment with strains GC-4, GNB-2 and GP-4 resulted in
significant enhancement in shoot length, root length,
number of nodules and fresh weight per plant in
clusterbean as compared to control. Rhizobial strains
MC-11 and MNB-4 did not have any effect on the
clusterbean yield attributing characters, whereas resulted
in significant increase in shoot length, root length, number
ofnodules and fresh weight plant” in moth bean.

Effect of rhizobial inoculation under field conditions
Seeds of both the crops were treated with different
rhizobial cultures isolated from the same crop and sown in
the field in RBD. Treatment with rhizobial strain GP-4
showed significantly higher yield in clusterbean and
treatments with rhizobial strains MC-11 and MNB-4
showed significantly higher yields in moth bean under
field conditions. (Table 2.7).

Seed coating and pelleting technology for seed spices

The effect of different filler and binder materials on
germination performance of cumin showed that lignite
filler material with methyl cellulose and polyvinyl alcohol
as binder resulted in better germination (87%) followed

aIfereT 2.7 Wd & aRRfA § R 3R A6 &1 UgaR R VgWfedd STaR &1 9497

Table 2.7 Effect of rhizobial inoculation on yield of clusterbean and moth bean under field conditions

Rhizobial culture used  Clusterbean seed yield
for inoculation (kg hal)

GC-1 956.1

GC-4 996.7

GNB-1 1098.3

GNB-2 1100.6

GP-1 1081.7

GP-4 1186.1

Control 1006.1

CD at 5% 103.4

Rhizobial culture used for Moth bean yield
inoculation (kg hal)
MC-2 493.3
MC-4 552.7
MC-11 743.3
MNB-2 573.6
MNB-3 552.7
MNB-4 782.2
Control 516.1

89.4
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IR Y ST aRyg &1 i aRare1 gd s
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by bentonite filler with methyl cellulose binder (79%).
Whereas, silica and gypsum powder decreased
germination percentage irrespective of the binder used.

Seed production of agricultural crops

A total of 344 quintals of truthfully labelled seed of
cereal, pulse and grass crops were produced during 2016
(Table 2.8 and Fig. 2.5) at station and also at farmers filed
under mega seed and creation of seed hub programme.
Eight quintal breeder seed of moth bean variety CAZRI
Moth 2 (CZM-2) was produced against the indent of 5.76
q under Breeder Seed Production of National Seed
Project.

Establishment of field gene bank of arid crops

Ziziphus mauritiana: Thirty-seven cultivars of Indian
jujube representing seven states namely Rajasthan,
Mabharashtra, Punjab, Haryana, Gujarat, Uttar Pradesh
and West Bengal are being maintained in randomized
block design under Field Gene Bank programme
(Table 2.9).

qrfereT 2.8 UaT fd T Feanfud &Sl &1 faror
Table 2.8 Details of truthfully labelled seeds produced

Crop Variety
Moth bean CZM-2
Mung bean IPM-2-3
GM-4
MH - 2-15
Clusterbean RGC-1033
RGM-112
HG-2-20
Cowpea RC-101
Pearl millet CZP-9802
Cumin GC-4
Grasses Cenchrus ciliaris
Cenchrus setigerus
Lasiurus sindicus
Total

Production (q)

At station At farmers’ field
55.0 29.0
60.0 93.0
10.0 20.0

4.0
12.0
7.0
4.0
6.5 14.0
12.0
9.5
8.0
188.0 156.0
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Fig. 2.5. Seed production of mung bean (A, B), moth bean (C) and cowpea (D)
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SUINT BRI~ SIUAY WHTSS DI HHeT: o 2.6 o1 form
2.7 % yeRia far mar g |

¥hle 3R AMSTHAVAIINR S~SIUTH § HHIT: 0.80 T 0.92
3fIR 0.79 3 IR 0.96 WA UTidh T §T AT g1 o)
& T PHelaR] BT T WY H T TR # faiiora
fear | S=a SigwdT w9 & fafed g 2 6 ) @1 amar
diegerer # W ®Y W fAfiar A 8 | 5afds, S o
TaTE <R UGele & 419 98 81 Iod Yol & Pl UL
PRAT & TAT U Urgele= F SR H Tellel AT A &
LITIARYT Bl Fed TR BT |l bl HRl o | ATl U2
H XTSRRI 1 Uigele™ H Haited rgaifre fafder asi
P T | FERTSE 3R UR¥aH 9T & PecldR! H Halfd®
ARG N Tafds, IORAM AR UGS & Heclarl H

Genetic variation and relationships among these 37
cultivars were analyzed using SCoT, ISSR and rDNA
markers. High level of polymorphism among SCoT
(61.6 %) and ISSR (61%) primers with higher PIC values
ranging from 63.1 to 90.4 per cent of SCoT and 47.3 to
88.8 per cent of ISSR primers was recorded. The DNA
profiles generated using SCoT-13 and ISSR-50 primers
are shown in figures 2.6 and 2.7 respectively.

SCoT and ISSR dendrograms revealed similarity
coefficients ranging from 0.80 to 0.92 and 0.79 to 0.96,
respectively and clearly delineated all the cultivars of
Z. mauritiana in to well support distinct clusters. Greater
Gst signified higher amount of differentiation observed
over multiple loci among the seven Z. mauritiana
populations. Whereas, higher gene flow demonstrating a
very high migration rate between Z. mauritiana
populations indicated higher rates of transfer of alleles or
genes from one population to another. The genetic
diversity of Rajasthan population was the richest among
all the seven populations. The largest genetic distance was
measured between Maharashtra and West Bengal and the
least between Rajasthan and Punjab cultivars. Most of the
genetic diversity exists within population rather than
among populations.
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Table 2.9 List and origin of 37 Ziziphus mauritiana cultivars

SN  Variety State SN  Variety State

1 BC-1 Rajasthan 20 Kali Rajasthan

2 Umran Maharashtra 21 Jogia Rajasthan

3 Seb Rajasthan 22 Kaithli Haryana

4 Illaichi Punjab 23 Chhuhara Maharashtra
5 Tikadi Rajasthan 24 Dandan Punjab

6 Gola Haryana 25 Gola Gurgaon Haryana

7 Reshmi Haryana 26 Chonchal Haryana

8 CAZRI-Gola Rajasthan 27 Popular Gola Haryana

9 Banarasi Karaka Uttar Pradesh 28 Akrota Haryana

10 Aliganj Uttar Pradesh 29 Laddu Uttar Pradesh
11 Katha Rajasthan 30 Thar Bhubraj Rajasthan

12 Z-G-3 Punjab 31 Ponda Haryana

13 Mundia Haryana 32 Wilayati Punjab

14 Bagwadi Punjab 33 Thar Sevika Rajasthan

15 Maharwali Rajasthan 34 Narikeli West Bengal
16 Banarasi Pebandi Uttar Pradesh 35 Sua Haryana

17 S x K hybrid Rajasthan 36 Vikas Gujarat

18 Sanaur-5 Haryana 37 Babu Gujarat

19 Thornless Punjab

o3 26. TPIc—13 UISHR I U R & HecldR| BT SITAY HHTS
Fig. 2.6. Profile of Z. mauritiana cultivars amplified by SCoT-13 primer
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Fig. 2.7 Profile of Z. mauritiana cultivars amplified by ISSR-50 primer
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Substantial variation in ITS-1 region signified its
phylogenetic utility specifically in assessing genetic
diversity in Z. mauritiana. The clustering patterns using
three molecular marker systems vis-a-vis place of origin
exhibited no consistency in grouping of Z. mauritiana
cultivars as cultivars from same place of origin were
genetically catalogued into different SCoT, ISSR and ITS
phylogram clusters indicating wide genetic diversity and
distribution across agro-climatic zones validating the
robustness of marker systems tested.

Genetic diversity assessment, propagation and
conservation of Tecomella undulata

Genetic diversity and structure of 21 populations
(108 accessions) encompassing yellow, red and orange
coloured flower bearing morphotypes collected from 12
districts of western Rajasthan was examined using start
codon targeted (SCoT) polymorphism (Fig. 2.8) and high
level of polymorphism (71.6%) was recorded.

Dendrogram generated using UPGMA delineated all
the 108 accessions into 5 clusters while 2 accessions out
grouped (Fig. 2.9). Principal coordinate analysis (PCoA)
also revealed similar clustering. High level of genetic
differentiation among accessions/populations was
attributed to cross pollination and continuous evolution
under harsh agro-climatic conditions.
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Fig. 2.8 DNA profile of 108 samples of 7 undulata with primer SCoT 21
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ITS 1, 5.8s rDNA and ITS 2 of ribosomal DNA was
sequenced for 23 samples. BLASTN analysis of these ITS
sequences showed close similarity to other members of
family bignoniaceae in the absence of nucleotide data for
this monotypic genus. The sequences have been allotted
Gen Bank numbers KX096239 - KX096261 by NCBI.
The conserved 5.8S rDNA region was recorded with
uniform nucleotide length of 163bp in all the genotypes

I3 2.9 Tplc USRI & AMER W ATTST & TAT BT JUISITTAY S~gIIH
Fig. 2.9 UPGMA dendrogam of 108 samples of 7. undulata based on SCoT primer analysis
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while ITS-1 and ITS-2 region length varied from 223-226
and 234-242 respectively and total length varied from 624
to 629bp. NJ plot phylogram generated using Clustal X
delineated the 23 genotypes into five groups. Similar
region sequences from other bignoniaceae members
namely Tecoma stans and Oroxylum indicum were used as
reference sequences for generating the phylogram.

Micropropagation: Single shoots when cultured on
multiplication medium had more vitrified appearance
compared to bunch of two or more shoots. A bunch of 3-4
shoots supported optimal multiplication rates compared
to lesser or more dense bunch (Fig. 2.10).

Sub-culturing of shoots was done at periodic interval
of 3 weeks so as to maintain healthy cultures. Longer sub-
culture durations of 4-5 weeks led to yellowing of shoots
instead of enhancing the multiplication rate further while
optimal multiplication rates were not achieved in shorter
subculture durations of 1-2 weeks. The available nutrients
in the culture medium become a limiting factor hampering
the health of shoots.

To find out the effectiveness of different carbon
sources on shoot multiplication, 3 to 4 shoots per
propagule were cultured in SH + 5 uM BAP + 5 uM
kinetin supplemented with 3 per cent sucrose, glucose,
fructose or table sugar. It was observed that replacement
of sucrose with less expensive, table sugar doesn't affect
multiplication rate significantly however, addition of
glucose and fructose had adverse effect on shoot health as
well as multiplication rate (Fig. 2.11).

Rooting remained the major bottleneck during
micropropagation of 7. wundulata. No method of
vegetative propagation is available due to negligible
rooting potential of cuttings in nature. IBA was found
better than NAA, TAA and NOA for root induction,

e 2.10 YE O WR YSTH U H YT AT BT Y9G

Fig. 2.10 Effect of propagules size (1-5 shoots) on shoot multiplication




aifiiep gfedes 2016-17
Annual Report 2016-17

AL

ICAR

Inerease in sheot number

Tabile ~uzar Sucrese

Shoot lensth {em)

Multiplivation rate

Tructose

Carlim Seuree

3 211 Y & TOH R R HEA ST (3 Jfrerd) B waa

Figure 2.11 Effect of carbon source (3%) on shoot multiplication
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however, rooting percentage achieved was only 5-20 per
cent. The micropropagated plantlets had weak root system
and poorly developed cuticle. Gradual hardening and
acclimatization helped the plants to develop phototrophic
growth. During hardening and acclimatization to ex vitro
conditions, leaf size and thickness gradually increased
with development of epicuticular waxes.

Integrating genomics and plant breeding to develop
nutritionally enhanced chickpea (Cicer arietinum)

SSR primers (300) have been designed and are being
utilized for genotyping studies of 240 recombinant inbred
lines (RILs) of chickpea alongwith their two parents (ICC
995-low protein; ICC 5912-high protein) for evaluation
and QTL identification. Crossing was attempted between
high protein (ICCRIL07-1177 and ICCRILO07-2174) and
low protein (ICCRIL07-2176 and ICCRILO7-1132) lines
with very little success.

Field evaluation of tissue culture plants of date palm

Tissue culture raised date palm plants provided by
AAU, Anand are being evaluated under Jodhpur
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conditions. The plants were planted in September, 2014.
All the plants established successfully and produced new
leaves within 4 months of planting. After six months of
establishment, on an average 3 leaves/ plant emerged. The
observations on various growth parameters for two
successive years are given in Table 2.10. The average
growth of the plants after two years was almost three times
than that of the first year (Fig. 2.12). The plants were
observed to flower after 15 months of field establishment.
During February, 2016, fifty seven percent plants
produced female flowers and in February, 2017 the
number increased to 85 per cent (Table 2.11).

Micropropagation of Muscut 2 variety of date palm:
The culture of somatic embryos on medium containing
low conc. of BAP and 0.1 mg L' NAA resulted in
germination of embryos and within three months of
culture, plantlets were produced. The embryos
germinated by producing roots first followed by
development of leaves. The per cent conversion of
somatic embryos into mature embryos and their
germination ranged between 3-11 per cent. Transfer of the
plantlets to MS medium devoid of growth hormones
resulted in initiation of lateral roots and better growth of
leaves. The plants are being hardened under in vitro
conditions.

qrferaT 2110 SiEYR @ aRRefaal § Sae Gae S gRT fAeiid wor & 4l @ gig

Table 2.10 Growth of tissue culture raised plants under field conditions of Jodhpur

Time of Plant No. of Leaf length-I Leaf length-I1 Plant spread
Observation height  mature
e Leaf No. of Leatflet Leaf No. of Leaflet Eastto  North to
length  leaflets length length leaflets length west south
Sept. 2015 88.12 16.50 61.45 44.80 19.86 60.86 45.27 20.14 96.96 96.82
Sept. 2016 215.7 28.73 191.5 112.93 27.67 188.5 127.3 27.90 333.7 3335
qferer 2.41 diell H Wey &7 YB3 TR UeqoT
Table 2.11 Observations on spathe initiation in plants
Year Spathe initiation observed  No. of spathes produced Average no. of spathes % plants flowered
2016 February 1-4 2.1 57.50
2016 November* 1-3 1.57 4.69
2017 January 1- 18 7.01 85.23

*No fruit set was observed
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Fig. 2.12 Growth of tissue culture raised date palm plants
after two and half years under Jodhpur conditions
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Conservation of threatened plants

Reintroduction of 1750 saplings of Ceropegia
bulbosa and 250 saplings of Dipcadi erythreum in
Machia Biological Park in August, 2016, revealed 70%
survival. Saplings of Ephedra ciliata transplanted under
the canopy of Azadirachata indica had highest survival
(66%) followed by that under the canopy of Prosopis
cineraria (60%) where average height was 84.14 cm. It
failed to survive on open fence.

To compare regeneration amongst different means
of propagation, C. bulbosa was introduced as dry seeds,
soaked seeds, placed on surface and buried in soil and as
saplings under the canopies of its different native
associated plant species.  Saplings as means of
introduction were successful while other failed to
regenerate. Amongst different canopies (Euphorbia
caducifolia, Grewia tenax, Maytenusem arginata and
Cassia auriculata) saplings transplanted under the
canopy of G. fenax showed maximum survival (80%)
with average height of 35.6 cm, 12 buds per plant and 3.5
flowers per plant followed by that under the canopy of
Maytenusem arginata. Anogeissus sericea planted in
2014 showed 28 per cent survival with average height of
66.33 cm and collar diameter of 7.5 mm in field. Half-
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moon structures for in-situ conservation of Glossonema
varians in Jaisalmer revealed maximum density (56 m™),
height and canopy spread in area up to 4 m in the
catchment of half-moon due to soil and moisture
retention.

Grewia and Cordia species for fodder and fruit
production in Kachchh region

Field surveys were undertaken to collect soil
samples from collection sites of Grewia species (Grewia
tenax, G. villosa and G. flevescence) and Cordia species
(Cordia myxa and C. gharaf) from different talukas of
Kachchh district. In general, the soil of study area is
saline/sodic, sandy loam and silty loam. The soil pH of
study area varied from 7- 9, EC from 0.09-2.71 dS m",
available phosphorus from 0.1 to 5.7 kg h™ and available
potassium from 0.1 to 5.7 kg h™ and soil organic carbon
content ranged from 0.1-0.48 per cent. Total 16 soil
samples were collected from two depths (0-15 ¢cm and
15-30 cm). The three Grewia species were mostly
distributed in wild habitat, along road side and piedmont
plain. Cordia myxa is semi-domesticated and mostly
found on field boundary, along road side and in backyards.
While C. gharafis mostly found in wild and near human
settlements and road side.

Nursery raised saplings (8-10 months old) of Grewia
[G. tenax (21), G. villosa (18) and G. flevescence (2)] and
Cordia [C. myxa (12) and C. gharaf (16)] species were
transplanted in field at 3 x 3m and 6 x 6m spacing
respectively. Maximum plant survival was noticed in C.
gharaf (95.4%) followed by G. villosa (90.2%), G. tenax
(85%), C. myxa (83.33%), and G. flevescence (66.66%)
after 6 months of transplanting. Plant height varied from
12 cm in G. villosa to 125 cm in C. gharaf. Maximum
plant growth in terms of plant canopy and number of
leaves was recorded in C. gharaf germplasm while;
minimum plant growth was observed in G. villosa
germplasm. In some accessions of G. tenax (GTG 16) and
G. villosa (GVG 1 and GVG 6), first flowering and
fruiting were seen after 15 months of seed germination.

Conservation of under-utilized shrubs (Grewia tenax
and Indigofera oblongifolia)

Seeds of Grewia tenax (39) and Indigofera
oblongifolia (7) were sown at nursery of KVK, Jodhpur
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and RRS, Jaisalmer, but poor germination was recorded at
both the places. The standardization of seed germination
method for both species is under progress.

Evaluation of Cordia gharafbased silvi-pasture system

Seeds of targeted germplasm of Cordia gharaf
(CAZJCG-1) were collected from Badabagh, Jaisalmer
and planting stocks were raised at nursery of the station.
Five-month-old seedlings (198) were transplanted at
Chandan experimental area. Sole and silvipasture
(Lasiurus sindicus) system along with Lasiurus sindicus
alone. Ninety-six percent plant survival of C. gharaf was
recorded after three months of planting. Vegetative
propagation of C. gharafwas also attempted through stem
cutting by using rooting hormone (IBA), which resulted in
initial sprouting within five days but sprouts failed to root
and finally dried up.
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Integrated Arid Land Farming System Research
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Integrated farming system for enhancing economic
resilience

Economic analysis of a 7 ha integrated farming
system (IFS) model during last 3 years showed returns of
% 4.59 -5.16 lakhs with the B:C ratio of 1.76-1.96. The
system generated 823-931 man-days of employment
annually. In kharif season, improved varieties of pearl
millet (Pennisetum glaucum), mung bean (Vigna radiata),
moth bean (V. aconitifolia) and clusterbean (Cyamopsis
tetragonoloba) were tested under arable, agroforestry
(Prosopis cineraria + crops) and agri-horti (Ziziphus
mauritiana + crops) systems. Irrespective of crops and
their varieties, the yields were higher under arable
condition over agroforestry systems (Table 3.1). Hybrid

AT 3.1 WG HAA! D [l B A= SN gonferdl § I ([FaArm ufr gacR)
Table 3.1 Grain and stover yields (kg ha™) of kharif crop varieties under various farming systems

Crops/varieties Agroforestry system with Agri-horticulture with Arable Average
P. cineraria Z. mauritiana farming

Grain Stover Grain Stover Grain  Stover Grain Stover
Pearl millet
HHB-67 1645 5672 1584 5691 1703 5680 1644 5681
MPMH-17 2146 7153 1919 6190 2228 6751 2098 6698
MBC-2 1239 5386 1098 4578 1480 6478 1272 5480
CZP-9802 1340 5583 1236 4944 1337 5356 1304 5294
Mung bean
IPM-2-3 1178 3365 976 2870 1414 3720 1189 3318
GM-4 981 2885 892 2630 1332 3700 1068 3072
SML-668 963 3320 1065 3550 1187 3132 1072 3332
Moth bean
CZM-2 568 2989 483 2186 735 2821 595 2688
RMO-40 440 2156 419 1825 554 2025 471 2002
Clusterbean
HG-2-20 1030 4291 927 4416 1230 4241 1062 4316
RGC-1003 960 4176 920 4181 1125 4330 1001 4229
RGC-1017 902 3923 840 3235 959 3551 900 3566
RGC-936 912 3552 810 3246 1042 4003 921 3600
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JNferea I g3 (QTferdr 3.3) |

warl Riag & srtd BR—arar—a9 g &
PERE

FHR—IEEF—a9 Ugfd (W Rarg) # ol ar
TS, T B TS Ud geT JATEBTE TaRUTST & 3R AT
¥ arferpae oY, S fafi=T Tete= Bt (TR Ud H) B Ay
T GRTER oY | 2IeH & A1 R A= H 41 (741 foba.
Ui aCaR) Ud TR (1409.25 T U1, Ul 2acaR) # arfdradH

MPMH-17 (2098 kg ha") yielded more than HHB-67
while composites MBC-2 and CZP-9802 were at par with
each other. Among green gram varieties, [PM-2-3
recorded higher seed yield (1189 kg ha™) over GM-4 and
SML 668. Yield of moth bean variety CZM-2 (595 kg ha™)
was higher than the variety RMO-40 under all the
systems. Highest seed yield was recorded with
clusterbean variety HG2-20 followed by RGC-1003. The
productivity of grass in various pastoral systems under
IFS decreased when grown in combination with
Colophospermum mopane and Ailanthus excelsa (Table
3.2). However, total dry fodder production enhanced due
to availability of additional top feed from the trees.

Performance of agri-horti-pasture systems under drip
irrigation

The highest plant height, collar diameter and canopy
cover was recorded in intercropping of Aloe vera with
citrus whereas, the plant height of bael and gonda was
highest in intercropping with moth bean in 14 year old
agri-horti-pasture systems with drip irrigation. The
highest seed yield of moth bean and clusterbean
(521.5,428.3 kg ha”, respectively) and dry forage yield of
Lasiurus sindicus (8.47 t ha') and Aloe vera pads
(196 t ha™) was recorded under intercropping with citrus
(Table 3.3).

Performance of agri-horti systems under sprinkler
irrigation

In sprinkler irrigation system highest plant height,
collar diameter and canopy area of citrus and shisham
was recorded with intercropping of Aloe vera whereas
collar diameter and canopy area was found to be non-

drferaT 3.2 A= afve—aRTTE ugfadl § aRT I
Table 3.2 Fodder productivity under various silvi-pastoral systems

Farming systems

Tree density

Dry matter yield (kg ha™)

(trees ha'l)

H. binnata + C. ciliaris 120
C. mopane + C. ciliaris 198
C. mopane + C. ciliaris 78
A. excelsa + C. ciliaris 90
Horti-pasture (Z. mauritiana + C. ciliaris) 120

Sole pasture (C. ciliaris) =

Natural pasture =

Grass Leaf Total
2822 626 3446
2230 1220 3450
2535 755 3290
2784 42 3200
2863 130 2993
2912 - 2912

894 - 894
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dTfeTel 3.3 ARTATHI—HN—ARTIE YOTTell # R B S
Table 3.3 Yield of intercrops under different farming systems

Trees Agri-horti-pasture system (drip) Trees Agri-horti-pasture system (sprinkler)
Moth bean  Clusterbean L. sindicus Aloe vera Mung bean  Clusterbean  Aloe vera
grain yield grain yield DFY pad_s1 grain yield grain yield pad_s1

(kg ha™) (kg ha™) (tha™) (tha™) (kg ha™) (kg ha™) (tha™)
Citrus 521.50 428.30 8.47 521.50 Citrus 580.75 611.25 132.74
Bael 326.30 223.30 3.84 326.30 Shisham 741.00 1409.25 118.77
Gonda 230.50 240.00 6.72 230.50 - - - -
Sole 336.25 258.75 7.03 336.25 Sole 620.25 1203.75 83.03
Mean 353.63 287.58 6.51 353.63 Mean 647.30 1074.75 111.52
CD 5% 115.29 29.90 0.92 115.29 CD 5% 171.36 NS

IO TS T ST 19 & SR TR H 27.9 U4 130.5 3D
T (aTferant 3.3) |

TIRATST & AT PN GETAT TGfa H SRS STl
fepamefierar Ye—qa vd BT <1 A SAfereperd arg T S
qRAST & Ul @ AR SuRefd @ wrRer off|
SIETSSINTS fshareiierar diel & aRi | diel & &=, diel
D ST AT B d1a | SITeT o |

IR TR B YoTferal 1 i

ADHTR H TAR—ITIRT T T JoMferd] (AR,
TIR-IRAT AT TAR—SHGTA) Pl SATGHAT BT Gl
Y—URERRUN (ATHI AT T T8 S[dlg) TT TER B
WG & 49 &30 (0, 5 TAT 10 T U TIIR) & AT
eper fhar AT SAftpad SfiTd a1 SUS TR—Ig,
YUTTell (3.8 T Ui 2aCaR) Bl I8, 39 916 TIR—AAT (2.
9 T UftT TIIR) TAT TaR —SHINSA (2.1 7 Ui gaeaR) |
eI | Sid ifdd ITe UG ARG, HAA UUTell dl

frHdH BT |

TR SIS | AT TS B g1 H diel U 4 14
gfcrerd gfg g8 a1 Te JATS & HeRdawy AfSdhdd IUS
gfg (16 UfieM) WR—IE UUMell # @, s 99
IR—ERE! (13 Uferd) qen aR—saed (10 ufoerd) |
e (R 3.131) | T8 AT ¥ ARG, AR—ARAl qAT
TIR—SAIIIS YUTTferal &) $ifdd Scure S § Ha: 15,
11 T 7 G geIek] 8% | TER 1 WIe BT 5 AT 10 ST
I 2FCTR DI T A TANT B U AT dIol IUST H SHHT:
13 oI 21 ferd gfg g8 (3 3.19) | TR BT 18 &7 10
T Ul BFCTR DI &R A TN R A IS H fferepad g

significant in intercropping with different legumes
(clusterbean and mung bean). The highest grain yield 741
and 1409.25 kg ha” of mung bean and clusterbean,
respectively was recorded in intercropping with shisham
which was 27.59 and 130.5 per cent higher over
intercropping with citrus (Table 3.3).

In agri-horti system higher values of dehydrogenase
activity were observed in soils having 4loe vera plants
both in drip as well as in sprinkler irrigation systems,
because of continuous presence of crop and addition of
organic matter to the soil. The dehydrogenase activity
within the tree rows was higher as compared to the activity
between the tree rows.

Performance of clusterbean-based cropping systems

Agronomic performances of three clusterbean based
cropping systems (CB-W: clusterbean - wheat, CB-IM:
clusterbean - Indian mustard, CB-IG: clusterbean -
isabgol) with two tillage practices (CT: conventional
tillage, DT: deep tillage) and three FYM application rates
(FO : no FYM application, F1 : 5t FYM ha” and F2: 10 t
FYM ha) was assessed at Bikaner. Mean seed yields were
highest for CB-W (3.8 t ha™) followed by CB-IM (2.9 t
ha™), and CB-IG (2.1 t ha™). Mean above ground biomass
yield was highest in CB-W systems followed by CB—IM,
and CB-IG. Deep tillage gave significantly higher (P <
0.05) yields than CT. The increase in mean seed yield with
DT was 14 per cent higher over CT (Fig. 3.1A). The
increase in seed yield due to DT was highest in CB-W
(16%), followed by CB-IM (13%) and CB-IG (10%)
systems. The DT gave 15, 11 and 7 per cent more biomass
than CT in CB-W, CB-IM and CB-IG, respectively. The
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TR—AE, YOl H @I, TEe 96 AR—EREl ql
TR—S A JoTfera & RET |
ToIRT IR ST PIfolch FdRD YA b1 9T

o SdR& ey TR 24 a9 T IoRT B FRAR
Wl A 603 fHIM. U BFCIR T @ SUS W gE |
JORI—TIR B aeh H 9o (754 631, 9fa gacaR) den
ORI & A DI SUT (2244 fHa1. 9l gaeaR) <& <
AR 9T SRS & FORT B FRAR Tl B Joaen o
38 o1 | 20 AR 40 BT, TS AT 2FCIR B SIIANT A
SFTST T ST HHTN: 719 TAT 781 Th.TT. UfeT BaFcaR U
BT | 2.5 31 5.0 T SIfdd WIE & JFTIANT I HAT: 1148
3R 1190 .. UfY TacaR SUS T g | S1f¥aH 3rTel
DI SUST (1610 fH.IT. URT BReAR) 5 T 9IfdF @Tg 3R 40
.31, T Ui A TR BT FYh ©F A TINT B W U
8% | TR {397 IR & dToRT B FARR Wl 4 40 .3,
AT Ui SFCIR & IUANT DI JoIol H 36.2 Hfcrerd
DT IUST B ITS 8 | 20 311X 40 .31, T3S IRP & WY
H T SFCIR & SIYRANT H Y BT TG HHLT: 2370 TAT
2958 T3, UfcT BaCTR YT GaAT il 91T SR &l el bl
T H AfE AT| 25 3R 50 S Wb @& & w H
TN & THHT: 3485 3iR 3793 fh AT, U TR & &
IS U &8 |

25 3R 5.0 T JIfdd WIE & JAFIANT 4§ FaT Sifad
BT, S IR T Yatrgd Tfafafy & wx 7 3fg g8 |

increase in mean seed yield with 5 and 10 t FYM ha™ were
13 and 21 per cent compared to no application of FYM
(Fig. 3.1B). The increase in seed yield due to application
of 10 t FYM ha™ was highest for CB-W followed by CB-
IM and CB-IG cropping systems.

Long-term fertilizer effect on pearl millet

Continuous cropping without fertilizer application
produced 603 kg grain ha” in 24" year. Adoption of pearl
millet-clusterbean rotation resulted in significantly higher
grain and stover yields of pearl millet (754 and 2244 kg
ha™) compared to continuous cropping of pearl millet.
Application of 20 and 40 kg N ha™ significantly increased
grain yield (719 and 781 kg ha”, respectively) over
control. Application of 2.5 and 5.0 t FYM ha" alone
produced 1148 and 1190 kg grain ha”, respectively. The
highest grain yield of 1610 kg ha” was obtained with the
application of 5.0 t FYM ha" along with 40 kg N ha™.
Continuous cropping of pearl millet without any fertilizer
application resulted in 36.2 per cent less stover yield as
compared to 40 kg N ha™. Application of 20 and 40 kg N
ha significantly improved stover yield (2370 and 2958 kg
ha™) over control. Application of 2.5 and 5.0 t FYM ha™
produced 3485 and 3793 kg stover ha™, respectively.

Soil organic carbon, microbial biomass and
enzymatic activities improved with application of FYM
@ 2.5 and 5.0 t ha” (Table 3.4). Soil organic carbon was
highest (2.9 g kg") with application of 5.0 t FYM ha
along with 40 kg N ha’. The dehydrogenase activity
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Fig. 3.1 Effect of different tillage (A) and FYM levels (B) on seed yield of clusterbean based cropping systems
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3R YoTmsfies ol &R g1
Table 3.4 Effect of long term application of chemical fertilizers and organic manures on soil organic carbon (SOC),
carbon management index (CMI), microbial biomass (MBC) and enzymatic properties (DHA/FDA)

Treatment SOC CMI MBC
(gkg"h (gg
FoNj 1.18 1.00 47.4
FoNa 1.51 1.07 60.1
FoNyo 1.81 1.02 62.8
F, 5N, 1.87 1.17 74.6
F, 5Ny 2.03 1.16 71.0
F,5sNyo 2.11 1.19 78.4
F5oNp 2.29 1.23 89.5
Fs oNyo 2.47 1.27 89.1
Fs oNuo 2.93 1.22 94.7
PM-CB 1.69 1.06 72.8
CD (p=0.05) 0.52 - NS

HYTh WY I 5.0 T Sifde WS R 40 [HAI™ T gl

SFCIAR BT WANT B UR H&T Sifdd brdT 0.29 HfTerd o

(@rfast  3.4)1 fegrggifaas  wfafafer qe
TARRFSEIRICE  BgsaRi|a (feds,  ogu,

THRS), SIfdd @TE & SYANT 4 37 Urg T8 31k Swaad
Tfafafer 5.0 e Sifaw @1 q 40 .31, T30 Ufd gaeR
& 1T el | Yaidhd UINd dd Heaee & Sifdd Ifafdfea
R AHRIHAS Y9G <@ AT | Ubidhd YIS ded Jaeg
JAfepad Sifdd IR AT fBAT 1 qoO SHBT HaT Sifdd
®re4, fSemsifomy fafafy don weIRRFsSURee

TISQICSRTT & AT WHRIAS Hael Ul T | Gahidhd

IYes Tcd Taer B 3 BHIa a2 FaADBID H gfg Tof Bl

TS |
Sifde ggfa A Seare= @1 f¥rgon

SIfad HIH IRATSTT BIoRI & TTaT idarsT (RT)
3R Ioutferar (Riferd) il # el 1Y | fadt @MReEl—127)
3R T (THTATE—668) BT dIaT qlciTaTel # @R fham! &
Sifde gghcr 31 Seared Bq far 13n | feari & Wd A faa
DI 687 TAT HIT BI 1648 fob.IT. Ul sFCIR 3T U U1
B | SFHER AT # SfIRT 3R A BT Iof Iotferdr Titg
@ IR et @1 fear w1 feg aftha Sifde gdeT 7 o<
T & BIRUT 3T IUST YT S | BTSN P Sifde BT W 4.5

DHA FDA
(ng TPF g d™) (ng Flu. g b
14.36 3.07
22.15 3.29
24.76 3.37
31.21 3.54
53.83 3.61
56.97 3.63
56.91 3.87
64.64 3.91
67.20 3.94
24.36 3.61
11.9 0.47

(DHA) and fluorescein diacetate (FDA) hydrolysis
(protease, lipase and esterase) also improved with
application of organic manures and highest activity was
found with application of 5.0 t FYM ha™ and 40 kg N ha™
together. The microbial biomass carbon (MBC) was also
higher in Integrated Nutrient Management (INM)
treatments and showed positive correlation with DHA,
FDA and soil organic carbon. Carbon management index
(CMI) was markedly greater in all the INM treatments
than in inorganic fertilizer treatments.

Adoption of organic production system

Crop production under organic system was carried
out at the Institute; and at Dantiwara and Ujjalia villages
under rainfed and irrigated condition, respectively. Seeds
of sesame (RT-127) and mung bean (SML-668) were
given to four farmers in village Dantiwara. Average yield
of sesame at farmers' fields was 687 kg ha™ while for green
gram it was 1648 kg ha™ under organic management. In
October, organic seeds of cumin and psyllium were
distributed to four farmers of Ujaliya village for organic
cultivation under irrigated condition, but poor yields were
recorded due to lack of proactive organic management of
pests and diseases. At model organic farm of the institute,
highest seed and stover yields of pearl millet (1532 and
13758 kg ha™), mung bean (1873 and 5624 kg ha™) and
sesame (937 and 7812 kg ha™) were recorded with the
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TS I & 1 3T B! B H WRUTAR JagH H1 YH1a
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application of 4.5 t compost ha". The crops were healthy
throughout the season due to bi-weekly spray of neem oil.

For popularization of organic farming, four
demonstrations, two training programmes and four group
discussions were conducted. Total 43 farmers and farm
women took part in these programmes. Field survey at
Dantiwara showed that 68.6 per cent farmers have been
practicing organic cultivation by default, while 31.4 per
cent were using chemical inputs in low quantity
depending on the rainfall distribution.

Effect of weed management on potato under cold arid
region

Treatments consisted of weedy check, hand hoeing,
black mulch, metribuzin (0.5 kg ha™) and earthing-up 30
DAS for weed management on potato at Leh. Major
weeds were Chenopodium album, C. carinata, Cardaria
spp, Agropyron repens, Stephaeno-meria spp, Melilotus
sativa, etc. All the weed control measures increased the
weed growth and restricted tuber yield significantly.
Maximum tuber yield was recorded under black
polythene mulch (21.6 t ha™) followed by hand hoeing at
30 DAS (19.1 tha™), Metribuzin (18.8 t ha™) and earthing
up at 30 DAS (18.9 t ha™) as compared to weedy check
(5.7tha™).

Weed seed bank studies in major crops of cold arid
zone and altitudinal dominance

Four major weed species viz. Chenopodium album,
Chenopodium carinata, wild oat, buckwheat were
common in Stakmo village. Weed diversity was greater in
potato-barley-barley cropping rotation followed by
continuous barley cropping system as compared to
barley-potato-potato crop rotation and potato-pea-potato
crop rotation where Chenopodium density was more. In
Saboo, Umla, Stakmo and Nang at 3200 m altitude,
following weeds were found in wheat-barley, pea and
potato fields in order of dominance: Chenopodium album,
C. carinatum, Agropyron repens, Convolvulus arvensis,
Polygonum convolvulus (wild buchwheat), Malwa
neglecta, Amaranthus spp., Melilotus officinalis, Setaria
viridis, Stellaria media, Avena sativa, Bidens biternata,
Digitaria ischaemum, Hardeum vulgare, Medicago spp.
and Lolium species. At lower altitudes on riverside at
Phey, Spituk and Thiksey, the sequence of weeds as per
their density per square meter was Phragmites australis,
Chenopodium album, Malwa neglecta, Convolvulus
arvensis, Setaria viridis, Cirsium arvense, Fectusa sp. In
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case of non-cultivated land, vegetation along river belt
was dominated by Phragmites australis, Cirsium arvense,
Phragmites, Festuca sp. (preferred pasture grass),
Ambrosia artemisiifolia and Clematis sp. around sea
buckthorn vegetation.

Suitable cucumber hybrids under greenhouse
cultivation

Seven hybrids of cucumber (Cucumis sativa) viz.,
Kian, Infinity, Rica, Terminator, Y-5223, Dinamic and
Ekron were evaluated in poly-house during November to
April. Highest average fruit yield was recorded with
Ekron (5.5 kg plant”) followed by Terminator (4.2 kg
plant”) and Rica (3.9 kg plant™). Vine length, leaf size and
internodal length were also highest in Ekron, but its fruits
have small spines on their skin. Terminator and Rica were
found to be suitable hybrids with respect to yield, quality
and consumers' preference.

Identification of suitable grafting method for
cucumber

Three grafting methods viz., wedge grafting, hole
insertion and side grafting were tried for cucumber
(Cucumis sativa) using five rootstocks in low cost
grafting chamber. Rootstocks used for grafting were
muskmelon (Kesar), bottle gourd (Sharda), pumpkin
(BSS-750), squash (Arka Suryamukhi), fig-leaf gourd
(local type). Among the grafting methods, side grafting
was found suitable for all the rootstocks with average
success rate of 93 per cent. Hole insertion and wedge
grafting methods were suitable for all rootstocks except
muskmelon with average success rate of 84 and 86 per
cent, respectively. Among the rootstocks, the grafting
success varied from 74 per cent (for muskmelon) to 97 per
cent (for bottle gourd and squash).

Cucumber grafted on different rootstocks were
evaluated and compared with non-grafted cucumber
(Infinity) during November to March in a poly-house.
Among the tested grafting combinations, cucumber
grafted on to fig-leaf gourd rootstock yielded highest
amount of fruits (4.3 kg plant™) followed by bottle gourd
rootstock (3.3 kg plant™), which was 30 and 10 per cent
higher than yield from non-grafted cucumber (3.0 kg
plant™), respectively. Fig-leaf grafted plants also had 17
per cent higher shoot dry weight, 17 per cent more fruit
number per plant and 13 per cent more fruit weight over
non-grafted control.
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Horticulture based production systems at Pali

Two year old pomegranate (var. Bhagwa) plantation
with a spacing of 83 m attained average 97.3 cm plant
height, 23.4 mm collar diameter and 1.57 branches.
Among intercrops, okra recorded fruit yield of 2438 kg
ha™ while clusterbean and mung bean recorded seed yield
of 1390 and 1291 kg ha”, respectively.

The average plant height of one year old ber (cv.
Gola) was found to be 141.1 cm while collar diameter was
21.35 mm and crown spread was 144.6 cm. The fruit yield
of okra was 3750 kg ha™, while seed yield of clusterbean
and mung bean was 1083 and 888 kg ha™, respectively as
intercrop.

Adaptability and utilization potential of Opuntia ficus-
indica

Planted cactus was monitored at eight sites in five
districts (Chandan and Lawan in Jaisalmer, Bawarli,
Boroonda and Dantivada in Jodhpur, Mangli Khurd in
Bundi, Saidabad in Tonk districts and one site in Bhuj
district). In Jaisalmer district, its performance was better
up to mid-July. After one year of plantation, there was
sharp decline in survival percentage, e.g. at Chandan
survival percentage was 18.6 per cent and height of the
plants was 9-50 cm; whereas at Lawan, survival
percentage was 2.6 per cent and height was 6-89 cm. Due
to slow growth of Opuntia ficus-indica, farmers showed
less interest to adopt it as a fodder crop. At Dantivada and
Boroonda sites in Jodhpur district, satisfactory
performance was observed in terms of survival
percentage (33-39%) and plant height (9-70 cm).

April was found to be the best month for its plantation
compared to June, October and February. Plantation
during April and June months resulted in survival
percentage of 81.9 and 47.2 per cent, respectively;
whereas, there was no survival in October and February
plantations. Multiple cladodes showed more regeneration
under the shade as the survival was 90 per cent and plant
height was 16-140 cm.

Evaluation of cactus pear (Opuntia sp.) in Kachchh
region: The growth and biomass characteristics of 64
accessions of cactus pear (Opuntia sp.) evaluated under
nursery condition at Bhuj varied widely. The height
ranged from 31 to 79.1 cm whereas, the number of
cladodes varied from 3 to 12 during four month period of
its growth in nursery. The accession, Orelha de elefante
Mexicana produced maximum number of cladodes,
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followed by the accessions COPENA F1, F8-Forrageira
and Mexico unknown. The thickest cladodes were
produced by accession no. 1308 (23.6 mm), followed by
IPA-90-115 (23.4 mm), while accession CAZRI
Botanical Garden produced thinner (11.1 mm) cladodes
followed by the accession CAZRI Kukma (11.4 m). The
average cladode area per plant was highest in accessions
Red San Cono (214.5 cm’) followed by Clone no. 1308
(188.4 cm’) and Orelha de elefante Africana (177.1 cm®)
and it was lowest for Orelha de elefante Mexicana (65.9
cm’) followed by CAZRI Botanical Garden (67.3 cm’)
and IPA 20 OU clone 20 (68.1 cm®). Cristallina, Orelha de
elefante Africana, Red San Cono and Palma azul were
recorded as the high biomass accumulating accessions.
The fresh weight accumulated by various accessions in
four months period ranged from 120 to 1100 g per plant.
Highest dry matter was recorded by CAZRI Kukma,
followed by Morado.

Evaluation at Pali: The survival rate of cladodes of 15
cactus pear accessions at Pali ranged between 40 to 100
per cent before rainfall whereas, it decreased (31.4 to
80%) after commencement of rainfall. The highest
(100%) survival percentage of cladodes before rainfall
was recorded in Trunzara Red San Cono, ARL Spineless,
Roso Castle Sardo and Algerian. Out of fifteen
accessions, seven sprouted in 28 to 49 days while others
sprouted after over 50 days.

Evaluation at Jaisalmer: Minimum number of days for
first sprouting was recorded in CAZRI Botanical garden
(42 days) followed by Clone no. 1270 (90 days) during
nursery evaluation at Jaisalmer while it was maximum for
Bianca Macromer (115 dyas). Among five germplasms,
CAZRI Botanical garden recorded maximum number of
primary (4.83) and secondary daughter (3.83) cladode
emergence followed by Bianca Macromer. The maximum
length of primary cladode (30 cm) was recorded in Bianca
Macromer followed by Clone no. 1271 (26.4 cm).
Maximum length of secondary cladodes was recorded in
Clone no. 1271 (27.8 cm) followed by CAZRI Botanical
garden (15.6 cm). In tertiary daughter cladode maximum
length was recorded in CAZRI Botanical garden (13.69
cm) followed by Cloneno. 1270 (12.12 cm).

Physiological evaluation of mustard genotypes under
temperature stress

The effect ofhigh temperature stress was assessed on
five cultivars of Brassica juncea namely Varuna,

65



e gferdeT 2016-17
Annual Report 2016-17

AP
ICAR

JMRSIYA—229) BT AR (30 IaTHR), <X A (15 TdR) AR
IEd &R ¥ (30 TGER) NS BI AT H I=d ATGHA T
T ST AT | 3778 &1 A (), A (&), fare (),
S X Al IRERAT 3R S X ) RERAT BT oot Rerar
RLABID (THURISNTS), RSATeRITSS Eegest (THslieT) e
o1 IS W) srefe yWTg g T (R 3.2) | A |9Eg
TR GRATS DI Tl H, <X I Td 987 <%0 I gaTg dTel SUART
# f31eell ReRar gadie H BT 12—32 AR 16—36 T2

MSI (%)

SOD (U. mg" protein)

a
1650 4 =01
1400 {B E-
@ 3 H
< H  H
2 150 {6 E
e
2 =
> 900 [ =
he) & A
o =] i
Q % b
(%] -] B
650 4
400 = B F A A '
5§ 8% 2 3z
> Z S

229

NRCDR-2, NPJ-124, RGN-48 and RGN-229 under
different sowing time i.e. normal (October 30), late
(November 15) and very late (November 30). Planting
dates (D), temperature (T), cultivars (C), D x C interaction
and T x C interaction had significant effects on membrane
stability index (MSI), superoxide dismutase (SOD)
activity and seed yield (Fig. 3.2). Compared to crop sown
at normal time, the MSI declined by 12-32 and 16-36 per
cent in late and very late sown crops, respectively. Very
late sown crop had significantly higher SOD activity
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Fig. 3.2 Effect of planting date, cultivars, temperature stress, planting date x cultivar and temperature x cultivar interactions on membrane
stability index (MSI), activity of superoxide dismutase (SOD) and seed yield in Brassica juncea genotypes. (D1, D2, D3 stands for normal,
late and very late sowing, and ambient and high show ambient temperature and high temperature stress conditions, respectively).
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compared to late and timely sown crop. Higher
temperature recorded 16 per cent increase in SOD activity
compared to ambient temperature. Variety NPJ-124 had
significantly higher SOD activity followed by RGN-48,
RGN-229, NRCDR-2 and Varuna. Variety NRCDR-2
gave significantly higher seed yield followed by RGN-48,
NPJ-124, RGN-229 and Varuna. In case of normal and
late sowing, NRCDR-2 had maximum yield followed by
NPG-124, RGN-48 cultivars, while in very late sowing
condition, RGN-48 had highest yield followed by
NRCDR-2 and RGN 229. Varuna and NRCDR-2
recorded more yield reduction under high temperature
compared to NPG-124, RGN-48 and RGN -229 cultivars.

Energy and mass exchange in arid grassland system

The periodic data on biomass and plant height of
Lasiurus sindicus dominated grassland at Chandan was
recorded at ~15 days interval from September to
November. The study showed linear increase in total plant
dry weight, however, it was more in below ground as
compared to above ground dry weight (Fig. 3.3). Further,
weather data showed significant change in atmospheric
CO, level and water with slight or more rainfall.

Bacterial and fungal endo-symbiosis for management
of abiotic stresses

Field demonstration at 16 farmers' fields at villages
Kotda and Reldi of Kachchh district, were given to
demonstrate the beneficial effect of seed treatment with
bacterial endophyte Bacillus firmus in improving the
productivity of groundnut (cv. GG-2). The pod yield in
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Fig. 3.3 Biomass of Lasiurus sindicus at ~15 days interval
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control ranged from 1634-3064 kg ha" with a mean of
2246 kg ha” whereas in treated plot, it ranged from 2010-
3403 kg ha" with a mean of 2685 kg ha”. The average
increase in pod and haulm yields was 19.5 and 5.9 per
cent, respectively due to seed treatment with bacteria over
control. The bacterial seed treatment was economically
beneficial as a net return of Rs 63,306 ha™ along with B:C
ratio (BCR) of 2.28 was recorded under treated plot as
against Rs 49,281 ha” and BCR of 2.047 in control. An
average increase in gross returns due to seed treatment
was 28.5 per cent over the control.

Carbon sequestration potential of agroforestry
systems in rainfed agro-ecosystems

Litter fall from the tree species in three agroforestry
system was estimated. Highest litter fall throughout the
year was observed from Hardwickia binata (974.9 g m”™)
followed by Prosopis cineraria (956.6 g m”) and
Tecomella undulata (271.7 g m”™) (Fig. 3.4). In H. binata
the maximum litter fall was observed during December to
May (114.3-159.2 g m™), in P, cineraria it was observed
during December to April (120.6-143.70 gm™), while in 7.
undulata, it was maximum during September to March
(23.6-44.9 g m?). Rate of loss of dry matter in
decomposing litter was in the order of 7. undulata > P.
cineraria > H. binata (Fig. 3.5). Sub surface layer had
faster decomposition compared to surface layer.

N, P, K, Ca concentrations were highest in P.
cineraria whereas the highest cellulose, lignin, carbon
and C:N ratio were recorded in H. binata. Biomass and
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Fig. 3.4 Monthly litter fall pattern of tree species
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Fig. 3.5 Per cent leaf biomass of different species
remaining in nylon bags during seven months
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carbon stock was highest in P. cineraria (238.1 and 138.6
kg tree”, respectively) followed by H. binata (150 and
90.5 kg tree”, respectively) and T. undulata. (40.9 and
25.9 kg tree”, respectively). The biomass and carbon
content of crops/grass increased as the distance from the
tree increased and was found highest under the controlled
conditions. The biomass carbon content in cluster bean
crop ranged between 0.55 t ha' (P cineraria +
clusterbean) to 1.11 t ha™ (control) whereas in moth bean
crop, carbon content ranged between 0.34 t ha' (T
undulata + moth bean) to 0.54 t ha™ (control). The carbon
content in C. ciliaris was 0.41 t ha” under H. binata trees
whereas it was 0.69 t ha” in control. The pH and EC
increased with soil depth whereas P, K and total carbon
content decreased with depth.

Litter decomposition of arid shrubs and grasses in
agroforestry systems

Litter decomposition of two shrubs (Calligonum
polygonoides and Haloxylon salicornicum) and two
grasses (Cenchrus ciliaris and Lasiurus sindicus) was
studied in the field by litter bag technique. Relative litter
decomposition rate of C. polygonoides was higher
compared to H. salicornicum. Between two grasses,
relative rate of decomposition of C. ciliaris was higher
than that of L. sindicus (Fig. 3.6 a, b). The relative rate of
decomposition of surface placed litter of C. polygonoides
in dry and rainy seasons was 2.35 and 10.69 mg g d”,
respectively while in H. salicornicum it was 2.15 and 9.42
mg g" d’, respectively which was significantly lower than
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Fig. 3.6 Relative rate of decomposition (mg g" d ™) of
(a) C. polygonoides and H. salicornicum shrubs and (b) L. sindicus and C. ciliaris grasses in agro-forestry systems
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under buried condition which was 5.24 and 16.78 mg g
d" for C. polygonoides and 4.26 and 13.12mg g" d" for H.
salicornicum in dry and rainy seasons, respectively.
Similarily, the relative rate of decomposition of surface
placed litters of L. sindicus in dry and rainy season was
2.83 and 11.69 mg g" d”, and that of C. ciliaris was 3.31
and 13.2 mg g" d”, respectively which was significantly
lower than that under buried condition which was 6.21
and 19.21 mg g" d” for L. sindicus and 8.21 and 21.21 mg
g" d" for C. ciliaris in dry and rainy seasons, respectively.

Potassium mineralization from organo-mineral
fertilizer

Sandy soil collected from experimental site from
arable field (0-15 cm depth) was used to give treatments
like 250 ppm K through KCIl, low quality feldspar (LQF-
3-4% K,0), high quality feldspar (HQF-11-13% K,O),
organo-mineral fertilizer of LQF, organo-mineral
fertilizer of HQF and control. KCI released higher
concentration of exchangeable and water soluble K
initially but after 6" week of incubation organo-mineral
prepared from low quality feldspar released higher
concentration of exchangeable and water soluble K till
16" week of incubation (Fig. 3.7). Organo-mineral
fertilizer prepared with low quality feldspar released
higher concentration of exchangeable and water soluble K
in comparison to high quality feldspar and organo-
mineral fertilizer prepared from high quality feldspar. The
results clearly indicate that organo-mineral fertilizer
prepared with low quality feldspar is an excellent source
of K for continuous supply during crop growth period.
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Fig. 3.7 Release pattern of exchangeable K from various sources of K
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Solubilization of feldspar by fungi

Screening of the better potassium solubilizer strain,
RCKF7, showed its ability to grow in wide range of
temperature (20 to 38°C) and pH (5.0 to 10.0) and to
solubilize potassium as well as phosphorus. The
maximum potassium solubilization index was observed at
28°C and pH 6.0. Phylogenetic relationship studies of
RCKF7 showed a homology of 97.7 per cent with
Fomitopsis meliae voucher SRM-209; (Fig. 3.8), whereas
in case of RCKF5 a homology of 99.8 per cent was found
with Aspergillus tubingensis strain CBS13448. The
sequences were downloaded from NCBI database.

Consortium research project on nanotechnology

Nano-Fe particles were successfully synthesized
using bio-simulation approach. In repeated trials,
particles <200 nm could be synthesized with nano-
particle fractions varying from 35 to 70 per cent (Fig. 3.9).
Smallest particles synthesized were of <20 nm size.
Average size of particles increased under storage (Fig.
3.10). Efforts are being made to increase the shelf life of
nano-particles by altering the pH of the media and
carrying out synthesis in denser non-reactive medium.
Wheat plants grown in rooting medium containing nano
Fe,0, recorded better shoot and root growth compared to
control (Fig. 3.11). Nano Fe,O, treated plants also showed

higher activity of enzymes involved in nutrient
metabolism.

o 38 UK B8 @ TId & MR W Eial AT ARCIVH 1-5.8 TA—AGCIVH 2 & DA BT BISdlold U, Sl BIHCHET
AferaT JIRADBYH 7 MR SN HrfAe g o gonfadl & da & Hay o ufdr 2| R, drge ufd 0.1 wfiwend=
Fig. 3.8: Phylogenic tree based on ITS1-5.8S-ITS2 region sequences, drawn using the neighbor joining method and
showing the relationship between Fomitopsis meliae RCKF7 and species from genus Fomitopsis. Bar, 0.1 substitution per site
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Fig. 3.9 A typical intensity distribution of nano-Fe particles Fig. 3.10 Change in particle size with time in a sample
T fhd TR 2 | ST O & ARgH | =1 dllg & 1T Nano-Cu particles were synthesized by using

IR R g @ Ul @ gfg T ITH SUIEd | ST material of biological origin. The transmission electron
fopuaret @Y AT 21fdrd TR Y | Bifdd SRy & uerei & microscope (TEM) and scanning electron microscope
AT W HIUR B 41 BN BT FIATT Y fhar 77 | T (SEM) images of the nanoparticles are given in Fig. 3.11
SAdETT HISDHRBIY I BIUR B BN BT ATHR Wﬂa and Fig. 3.12. Nano-Cu particles were observed in TEM
T MATDR (ot 3.11, 3.12) B BT YT =l | image as hexagonal with some as spherical.
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Fig. 3.11 TEM image of copper nanoparticles Fig. 3.12 SEM image of copper nanoparticles
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Rieaehe 3 gl &1 gd 1 ufirerd Uade & uviiy SUaR
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Soil and crop productivity in a khadin system

Studies were undertaken to understand pedogenic
processes, optimisation of residual soil moisture to
improve water use efficiency and crop productivity in
khadin at Boarali-Bambore watershed. 52 geo-referenced
soil samples were collected from 0-15, 15-30, 30-45 and
45-60 cm depth and were analysed for pH, EC, OC, N, P,
K, Fe, Mn, Zn and Cu. The investigations revealed that
soils were mostly sandy loam, moderately alkaline (pH
8.1 to 8.88), calcareous and soil organic carbon varied
from 0.05 to 0.2 per cent. Available potassium (117-280
kg ha™) and phosphorous (<10 kg ha™) were moderate and
low respectively. Khadin soils were deficient in diethyl
triamine penta acetic acid (DTPA) extractable zinc (0.13
to 0.65 mgkg™"). Other micronutrients such as iron (>2 mg
kg"), copper (>0.2 mg kg") and manganese (>5 mg kg")
were sufficiently available in soils.

For water budgeting, stream gauging was conducted
at two gauging sites having catchment areas of 134.5 ha
(Gauge-I) and 357.7 ha (Gauge-II). Observations on
rainfall-runoff indicated, threshold 15 mm rain was
required to initiate runoff process in khadin. Highest
runoff of 26.2 per cent and 27.2 per cent was observed at
Gauge-1 & Gauge-II, respectively for rain event of 82.8
mm. Study indicated that though the year 2014 reported
low rainfall (365.6 mm) but caused 1.5 m of standing water
(3.86 Mm") in all khadins compared to year 2015 having
rainfall of 373.2 mm and standing depth of 0.91 m (1.81
Mm’) in khadins. The standing water in the khadin helped
insoil moisture recharge and conservation for rabi crops.

In pearl millet (MH-169) soil application of ZnSO,
and foliar application of 1 per cent NPK caused significant
improvement in all the yield attributes. Soil application of
7ZnS0O, recorded 31.74 and 20.85 per cent higher mean
grain and straw yield, respectively over control. The mean
grain and straw yield increased to the tune of 20.07 and
16.13 per cent due to foliar application of 1 per cent NPK
over control. For Decision Support system (DSS),
CERES millet model was used and calibrated with
observed climatic and yield data. The model predicted the
highest yield of 1874 kg ha™ for first week of July sowing
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followed by 1689 and 1584 kg ha™ for second and third
week of July sowing. The study indicated that with proper
water management, soil amelioration and agronomic
practices, productivity of traditional Khadin systems can
be enhanced on sustainable basis.

Evapotranspiration of groundnut and summer
clusterbean

Summer clusterbean was grown under single load
cell based mini-lysimeter tanks with 100, 80, 60 and 40
per cent irrigation levels based on 50 mm cumulative pan
evaporation. Actual evapotranspiration (ETc) of 722.8,
576.8,424.8 and 299.4 mm were measured under 100, 80,
60 and 40 per cent irrigation levels and the corresponding
crop yields were 2.6, 2.1, 1.5 and 1.0 t ha”, respectively.
Reduction in yield due to deficit irrigation (based on 100
per cent irrigation) were 17.6, 42.8, and 63.6 per cent
under 80, 60 and 40 per cent irrigation levels, respectively.
Similarly, groundnut crop was grown in kharif 2016 . The
ETc was measured 661, 601.7, 582.8 and 505.3 mm under
100, 80, 60 and 40 per cent irrigation levels, respectively.
Groundnut yield recorded were 5.2, 5.1, 4.5 and 3.7 t ha™
with 100, 80, 60 and 40 per cent irrigation, respectively.
The reduction is yield due to deficit irrigation in
comparison to 100 per cent irrigation was 2.4, 13.8 and
28.4 per cent at 80, 60 and 40 per cent deficit irrigation
levels, respectively.

Summer clusterbean and groundnut at different
irrigation levels resulted in graded moisture stress and
consequent reduction in relative leaf water content
(RLWC). In summer clusterbean resulted in progressive
decrease in water potential (WP), RLWC, leaf area and
fresh and dry weight of leaf, stem and root (Table 4.1). In
groundnut, however, due to intermittent rains during the
cropping period, proper moisture gradient could not be
maintained. Consequently, though T4 experienced

qIfeTdT 4.4 BT TR H AT ST R Gl STl &9

Table 4.1 Relative water content and plant water potential in summer clusterbean

Treatment WP RLWC  Leaf Area Leaf wt. (g) Stem wt. (g) Root wt. ( g)
(-bars) (%) (em?) Fresh Dry Fresh Dry Fresh Dry
T, 24.00 62.13 71.33 5.34 2.81 41.67 21.62 1.88 0.91
T, 25.00 55.78 87.27 292 1.77 41.70 21.45 2.03 1.09
T; 26.33 57.62 57.13 2.31 1.17 10.70 5.52 1.04 0.62
Ty 28.33 54.82 46.00 1.95 1.12 15.06 8.43 1.10 0.65

T= Irrigation level 100%, T,= Irrigation level 80%, Ts= Irrigation level 60%, T4= Irrigation level 40%
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HeTg B 3lhs THA fhy 7Y |

maximum moisture deficit and recorded less RLWC leaf,
regular gradation w.r.t. stress parameters was not reflected
by the plants. These plants also did not reflect progressive
decline in Fv/Fm with increasing irrigation deficit i.e.
fromT1 to T4 in groundnut (Table 4.2).

Wind erosion and crop production loss

Wind erosion assessment was carried out at Bhadla
about 50 km NW of Phalodi in Jodhpur during summer
where lands are fallow and utilized for grazing. Over
times these lands have degraded to accumulate deep sand
deposits in the form of hummocks over a gravel sub-
surface. Wind regime at the study site was quite high (up
to 54 km h™). 20 per cent of the time during June to
September, wind speed at 2 m height was >5ms”, which is
considered as the threshold wind speed to cause erosion.
Maximum wind erosivity factor during the month of June
was 4.8 kg m" s” indicating very high kinetic energy
associated with it. Wind erosivity is most hazardous
during June and July months with mean wind speed of
4.67 and 439 m s, respectively. Predominant wind
direction in the study site is between SSE and SSW to
NNE and NNW. Average erodible fraction (EF) and soil
crust factor (SCF) of surface soil was observed as 0.64 and
0.91, respectively indicating very high erodibility. Mass
flux of eroded soil was maximum during June and July
and declined at the end of August. Thus erosion of sand is
likely to be maximum from April to July. Average aeolian
mass transport rate within the study area was maximum
(7.248 kg m™” d") indicating that 7.248 kg of eroded soil
was blown over land surface up to 2 m height across 1 m
field width per day during July month. On the basis of
wind erosion map and severity of situations, crop harvest
data were collected from 30 sites of Jodhpur and 120 sites
of Bikaner district.

AT 4.2 % el H AMET STl R Uy STl &
Table 4.2 Relative water content and plant water potential in kharif groundnut

Treatment WP (-bars)
T, 15.0
T, 15.5
T; 14.5
T, 16.0

LRWC (%) F,/Fy,
80.38 0.6960
69.97 0.6895
66.89 0.6610
77.35 0.7125
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Soil erosion productivity models for Kachchh region

Only 139 mm rainfall was recorded in year 2016, in 6
rainy days at the experimental site, which could not
generate adequate runoff to be measured from the outlets
of the experiment. The runoff samples collected during
the year2015 were analyzed to determine EC, pH, sodium,
potassium, calcium, magnesium, bicarbonate, chloride
andnitrogen concentrations (Table4.3). The meanpH and
EC values of the runoff water ranged from 7.2 to 7.7 and
0.366 to 0.485 dS m", respectively. The mean
concentration of sodium (13.3 ppm), potassium (4.3 ppm)
and calcium (44 ppm) were found to be the minimum for
the treatment of sole clusterbean. The mean magnesium
(9.6 ppm) and bicarbonate (167.8 ppm) concentrations
were observed to be the lowest for intercropping of
sorghum and clusterbean. However, the mean chloride
(189 ppm) and nitrate-nitrogen (1.4 ppm) were the lowest
inintercropping of sorghum and green gram and sole green
gram, respectively. The concentrations of the chemical
parameters were observed to be the minimum in
intercropping and sole treatments of legumes.

TIMTBT 4.3 &7 Foo A B ST fUATe AT Bl AP [Tyl
Table 4.3 Chemical parameters of runoff samples collected from Kachchh

Treatment EC pH Na
dSmh (ppm)
Sorghum 0.366 7.5 16.8
Pearl millet 0.475 7.4 259
Mung bean 0.419 7.4 21.0
Clusterbean 0.359 7.2 133
Sorghum + Mung bean 0.448 7.4 28.9
Sorghum + Clusterbean 0.397 7.4 21.7
Pearl millet + Mung bean 0.485 7.7 19.9
Pearl millet + Clusterbean 0.478 7.5 24.8
Cultivated fallow 0.476 7.6 16.4
Unploughed fallow 0.426 7.4 16.1

K Ca Mg HCO; Cl NO;
(ppm)  (ppm)  (ppm) (ppm) (ppm) (ppm)
4.6 54.0 12.6 176.9 217 3.6
5.1 54.0 45.6 225.7 245 1.4
52 493 19.2 246.0 224 1.4
43 44.0 21.6 231.8 238 3.7
5.1 64.0 16.8 2227 189 1.7
5.8 54.0 9.6 167.8 231 2.0
5.4 58.0 25.8 244.0 266 3.2
6.2 573 16.8 237.9 238 2.2
5.1 61.3 14.0 248.1 257 43
52 56.0 22.8 235.9 196 2.3

76



ol SUfeer

Research Achievements

UYEF SeUTe d Yee JeR

Improvement of Livestock Production and Management
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Water requirement of arid cattle

Water requirement of stall fed and grazing
Tharparkar and Rathi cattle was studied at Jodhpur and
Bikaner, respectively during summer 2016. The average
body weight, dry matter intake, water intake and milk
yield of lactating stall fed and grazing cattle are presented
in Table 5.1. The water and dry matter intake of stall fed
and grazing Tharparkar and Rathi heifers are given in
Table 5.2. Water intake for Tharparkar cattle was higher in
grazing lactating cows than the stall fed cows. Similarly,
in Rathi cattle, the water intake (ml kg body weight) was
also higher in grazing lactating cows (874.56 ) and heifers
(430.09) than the stall fed lactating cows (843.35) and
heifers (378.74). Though, the average water intake of
Tharparkar was lower than the Rathi, the average milk
production was higher in Tharparkar cattle in both stall
fed and grazing groups (Table 5.1).

Performance of pasture grasses under different
management systems

Growth and biomass production of pasture grasses
was studied on improved pasture of Cenchrus ciliaris and
C. setigerus grasses at three sites, viz., Beriganga Farm of
CAZRI at Jodhpur, grazing land of Harsolav goshala,
Nagaur and community land of Kettu Kalla village,
Jodhpur under two management practices. The average
plant growth was more under cut and carry system than

o 5.1 =RTS WR S drell Mo
Fig. 5.1 Grazing cattle
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Table 5.1 Water and dry matter intake and milk yield of lactating Tharparkar and Rathi cattle

Feeding Body weight  kgW"™ Dry matter Water intake Water intake  Milk yield Milk yield
type (kg) intake (L head? d") (mI'kgW®”) (L headd™) (ml L™ of
(kg head! d!) water intake)
Tharparkar breed
Stall fed 349.00+3.17  80.74+0.55 10.49+0.14 56.0 £ 1.96 693.55 6.29+0.11 112.26
Grazing 328.80+1.94  77.21+0.34 8.18+0.09 54.76x1.75 709.23 6.90+0.08 125.95
Rathi breed
Stall fed 249.15+¢0.35  62.71+0.07 7.56+0.17 52.89+0.81 843.35 5.47+0.05 103.36
Grazing 257.30+1.32 64.24+0.25 5.92+0.16 56.18+1.71 874.56 5.36+0.08 95.36
DT 5.2 ARURDR Ud IS el $I qO(SAT BT T Sl  Yb garef T80
Table 5.2 Water and dry matter intake of Tharparkar and Rathi heifers
Feeding type Body weight kgW"7™ Dry matter intake Water intake Water intake
(kg) (kg head! d) (L head™ d™) (mlI'! kgW*™)

Tharparkar breed

Stall fed 224.25+4.64 57.94+0.90 5.45+0.14 27.43+1.79 473.47

Grazing 218.25+4.19 56.78+0.81 3.20+0.05 26.48+1.83 466.46

Rathi breed

Stall fed 167.19+0.31 46.49+0.07 3.63+0.08 17.61+0.83 378.74

Grazing 170.38+2.04 47.16+0.42 2.66+0.11 20.28+1.25 430.09

Sed R R T regys # urn T dREd) arel
IRATET § S8l ORT BT SYANT hels Ugia 3 fhar 7ar 2,
SHH IR WHide IRFIMEN A S8l 919 &I STAN
rfEifya =vig ugfa 9 favar T, 9gq o1fdres o | et a”Ts
e YOl @1 T 3 Ui & 3fiad gfg +ff wers ugfa
31 BT (@Ifetadt 5. 3) | Hels Ul dTel TRETE &I O
D G TR DI IS Wl UTPireh RIS & GhTael Al
ol | BRI 3R B Pell § TRNIE G DI SATGHAT
TH—GIR & aR1ER AT 3R Ig ST Bl a1 H Al off
STel fAE] &1 BH TERTS B HRUT SATShHAT HH 2 |

faf¥r=1 yonferai 3 = =T 61 3 iy iR Searada

framl & Tdl § U SMMeRa Tl JoTell & A
W PV ITRHA 4 GIR & oIy ARTR & e i H

open grazing system of management at all sites. Dry
fodder yield of grasses from the pasture utilised with cut
and carry system was also higher as compared to pastures
that were utilised through open grazing (Table 5.3). The
productivity of sown pasture of grasses at Harsolav and
Kettu Kalla was at par with each other and it was higher
than that of Beriganga site which had lower productivity
due to the shallow soil depth.

Performance of pasture grasses under different
situation

For improving farm productivity through livestock
based farming system, good quality forage, pasture
grasses; Cenchrus ciliaris and C. setigerus were sown at
field bunds, farmers' field and grazing land of Harsolav
goshala, Nagaur. Maximum forage yield of C. ciliaris and
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Table 5.3 Forage yield of pasture grasses under different management systems

Location Management systems Plant height Fresh yield Dry fodder yield
(cm) (kg ha™) (kg ha™)
Beriganga Cut and Carry
. 87.1 4625 1403
(improved pasture)
Open grazing 32.0 1020 360
Harsolav Cut and Carry
. 71.3 7000 2160
(improved pasture)
Open grazing 34.0 2000 600
Kettu Kalla Cut and Carry
. 90.3 5200 2900
(improved pasture)
Open grazing 42.5 1600 900

3] UTaT dTell TRITE ©T €07 Ud HIST €TH0T Bl W
DI S} TR UG TR DI =R1S A IR 917 77 | B T I
IR P IMAHTH USTAR W BT 7 W a7 TS &\ Ud
AT I | ol B T8 off & Al & Qg & 3fex vd
AR BT ARTS A D JoAT A 3B g (ATfordT 5.4) |
Uiel @7 $a1s Ud IR BT U G H AIST ST 919 6Y
JTUETT 3rferep off |

el @ |l W Fse e wael w1 ues=

AFIR RTel & grend vifg # fHami & @l w Qe
I qrell qIoNT  (THRTHTE—17) 3R TaR @t fw
(3MRSIRN—1017) & Udhel UG SToRTAI Ugfa # 32 weei
TR T (A 5.2) | TR BT IId {h¥H (SMRSIRI—1017) &

C. setigerus was on farm bunds which was higher than
that of grazing land and farmers field (Table 5.4). Average
plant height and forage yield was significantly more in C.
ciliaris than C. setigerus.

Performance of dual purpose crops at farmers' field

Dual purpose varieties of pearl millet (MPMH-17)
and clusterbean (RGC-1017) as sole and intercrops were
demonstrated at 26 farmers' field in Harsolav villages of
Nagaur District. Grain yield of improved variety of
clusterbean (RGC-1017) varied from 5.6 to 7.5 q ha™ with
an average of 6.6 q ha™ and straw yield from 8.0 to 11.9 q
ha™ with an average of 9.56 q ha™ at different farmers field
(Fig. 5.2). The mean increase in grain and straw yield over
local cultivar with improved variety was 15.66 and 9.31

arfelpt 5.4 foamt @ wat # fafy= yonferat & R =l @1 T i SR Scaradwmar

Table 5.4 Growth and forage yield of pasture grasses under different situation at farmer’s field

Pasture grasses Site Plant height (cm) Fresh yield (t ha) Dry fodder yield (t ha™)
Cenchrus ciliaris ~ Gaushala 75.0 8.10 2.49
Bund 130.0 11.00 3.19
Farmer’ field 82.0 9.30 2.60
Mean 95.7 9.47 2.76
Cenchrus setigerus  Gaushala 67.5 5.90 1.83
Bund 75.0 8.10 2.49
Farmers field 70.0 6.60 1.98
Mean 70.8 6.87 2.10
Natural grasses 34.0 2.00 0.60
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T B 3T IUS 6.6 fadcd URT gdCaR & A1A 56 W 7.5
fadca Ui TacaR e ¥ @l 3i9d U 9.56 fadea ufdy
TICIR B AT 8.0 I 11.9 foded Ul FeqR a5t &) TS |
TR BT AT ST BT Jof1 § I~ [HE & SuIRT 4
S UG qA H HH: 15.66 T4 9.31 U AT gl 8% |
IR {6 B T H FIoR Bl QIeN Igad drell A
¥ f® Sifds SFHM IAed gINM| e e
THUTGAYE—17 H I {6 & Jhaal H S1eid 1ol Ud
ART ST g1 | THATHTE—17 | T & Sfad Sus
13.24 fdEeer Ui gacaR & AT 115 I 145 fddea ufa
TACIR AT ¥ DI AT SUS 21.31 faded ufd TRWR S
AT 19.6 W 23.0 fee Ui gaIR TS @I g | ATOR Bl
I [ & SUANT ¥ 3T Ud IR H I fhe o
T 3 S 16.14 T 9.28 Tfererd @ g <91 8% |
fra & Tl IR SR S aTell IR BHcll Bl Ygei
I ILTY aTell A 3FTST Bl fhed St (3TRS1—2052)
IR IRT Bl RSB BT IMAAGR—1 3R IMMAAIR—51
<l 1 24 fHAMl & Wl W yeeA fbar mar| St &
I fhe (3TRE1—2052) & & DI AId SUST 32.5 fadea
Ofel 8FCIR & A1 23.0 ¥ 38.0 fddeer ufcr garcaR dorm
DI ARIT IUST 46.3 fddee UfT SaFCIR & 12T 34.0 H 54.0
fddee Ui BacIR &9 &I TS| Sl &1 R fhs oF
qoTT | Il fhl & SUANT A < U 9 H 17.8 TG 16.0
mforerd, 9fg g8 | RoTa! @91 ©: Bl & U &R IR B U

340 ¥ 500 fddee T 2aCAR 88 | I+Id foe SMTeIaR—51

per cent, respectively. Dual purpose cultivars of bajra
produced higher biomass as compared to local varieties.
Grain yield of improved variety pearl millet (MPMH-17)
varied from 11.5 to 14.5 q ha™ with an average of 13.24 q
ha™ and straw yield from 19.6 to 23 q ha™ with an average
of 21.31 q ha™ at different farmers' field. The increase in
grain and straw yield of pearl millet due to improved
varieties was 16.14 and 9.28 per cent, respectively over
local cultivars.

Performance of dual purpose fodder crops at farmers'
field

Dual purpose coarse cereal varieties of barley (RR
2052), and fodder crop lucerne varieties Alamdar-1 and
Alamdar-51 were demonstrated at 24 farmers' fields. The
grain yield of improved variety of barley (RD-2052)
varied from 23 to 38 q ha” with an average of 32.5 q ha™
and straw yield from 34 to 54 q ha™ with an average 0f46.3
q ha” at different farmers' fields. The mean increase in
grain and straw yield over local cultivar due to improved
variety was 17.8 and 16 per cent, respectively. Green
fodder yield obtained from six cuts of lucerne ranged from
340 to 500 q ha". Variety Alamdar-51 performed better
than Alamdar-1. For producing good quality green fodder,
cultivation practices of rijka bajri were also demonstrated
at 8 farmers' fields during summer. Green fodder yield
obtained from 2-3 cuts varied from 250 to 340 q ha™ with
anaverage of 284 q ha™ in different farmers' fields.
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3 5.2 B Ta H ORI 3R AR & I~ B F TH Td 0 B 30 H g

Fig. 5.2 Improvement in grain and stover yield of pearl millet and clusterbean over local variety at Harsolav
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7 3AMER—1 W J8aR UeeA T | 3reedl [oraxir aTel &Y
IR & IATEH B fo1v RSTHT IoR B Wil BT il T
T B 4 H 8 feart & @l W wefl¥id @ 18 | fafrs
frarl & Wdl # 2—3 Hers A U & IR B 3T Suo
284 fideel U BFeIR & ATT 250 W 340 fdace uf gaeaR
e |

9g 1% I i (TATEN) 3R 95 Ue e s
(THTATH ) & AIRS U] H1 GHE

TR D] BT SaAeiroll e H TIR 9g—Ul¥dh ded
<P (TAUE) IR 9g-UINeh a s (TATEeH) @
RS YT T GETH UYS WR eI fhar (R
53) | TAUAE! 3R THTAUA H T, IRAT, THh, fAerie,
st 8107, SIAMISE, 18 @ A9, AR IR, Sifdd Jiedh
Ife ofHeT o | 9TS  HISH & QIR SR &l THUET AT
foam T | vHGEE R 9 Il ofR 961 @ sfiaa <
T UG H HHL: 9.4 3R 5.3 Ufererd @1 gfg g2 | N AEH!
@ R AT Raers TS 4 AT SR 3 94l &) Bl g¥
TSl H 195 Tile] Bl gig g8 | THYE! Raal | i & 2.2
3R Al H 2.8 AT ™ AJUTd R8T | AR g9 Sara
B DHIAT ST 7092 TYI BT (AT 5.5) |

B RAT IR THTTH RIA™ & R & A & fold
IS B AT TS G dHY Bl 2.5 § 3.0 A DI
gy % 100 U4 TAYAYH U fas1 o f&wme 4 faan war | a8
IHRIT gRT WHR iR g fHar 727 3k e g suw
12 T 1 e § | THUTH BT i HEH BT 3rafg &
oy RaeTl S & 918 6 IHRAT I del 2001 TileR Y DI
UgTaR ST §S T 3562 U BT ARG g9 Td NI
ST T 2.7 X&T (TfereT 5.5) |

Multi nutrient blocks (MNB) and multi nutrient
mixture (MNM) supplementation effect

Effect of supplementing Multi-nutrient Block
(MNB) and Multi-nutrient Mixture (MNM) comprising
of molasses, urea, common salt, vitamin-mineral mixture,
dolomite, wheat bran, guar meal and organic binder and
formulated in the Feed Technology Unit of the Institute
was studied on lactating animals (Fig. 5.3). The average
daily milk yield of cows and buffaloes increased by 9.4
per cent and 5.3 per cent respectively, due to
supplementation with 8-10 MNBs during stall feeding for
three months. An increase of total 195 litre of milk yield
was obtained from 4 cows and 3 buffaloes due to feeding
of MNBs during a period of three months with B: C ratio
of2.2 in cow and 2.8 in buffaloes. The price of extra milk
yield was estimated to be of I 7092 (Table 5.5).

Goats were provided with MNM @ 100 g d” for
about 2.5 to 3.0 month period during lactation after they
returned from grazing. The mixture was reported to be
very palatable and well accepted by goats. The daily milk
yield of animals increased by 12 per cent. A total of 2001
litre increase in milk yield was obtained from 6 goats after
supplementation with MNM for three months period. The
price of extra milk yield was estimated to be X 3562 with
B:Cratio of 2.7 (Table5.5).

Soil depth and plant dry matter relationship in
community based rangeland

Atvillage Ajeet Nagar, Jodhpur, the plant dry matter
of Mimosa hamata and Grewia tenax varied considerably
with soil depth on community rangelands (Fig. 5.4). Total
dry matter of plant species was 53 per cent higher in deep
lower parts of the field (> 20 cm depth) than that recorded

qIfeldT 55 98 UING dd «iid (THYAT) 3R 98 UIvd dcd Mo (THUATH) & FRqRed UIvoT & TR,

Il B FHRAT & Y IS W J914G

Table 5.5 Effect of supplementation of multi- nutrient block and mixture on milk yield of cattle, buffalo and goat

Livestock Feed Number of Milk yield % Input Output B:C
Species supplements livestock (L day'l) increase Cost ) ®)

Initial Final
Cattle MNB 4 33 3.6 9.4 1675.0 3636.9 22
Buffalo MNB 3 6.8 7.2 53 1250.0 3454.8 2.8
Goats MNM 6 2.5 2.8 12.0 1296.0 3561.6 2.7
Cattle P. julifiora pod 5 8.1 8.6 6.4 36000 117327 33

based concentrate
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Fig. 5.3 Multinutrient block feeding and nutrient supplementation of livestock

ARSI ARATE H el &) TeRTs &1 9”& b uared

RYHIG

JSINTTR g § AHRIS TRAME A IR HAEl &l
TTERTg BT o1 Ua M= Sl &1 Y& uaref 9R fAg
DY TS A B! YA garm (ot 5.4) | W & el 2wy
# Siel gl o TES 20 WAL A 1f¥d off agt el &1 @
IR e RATET o7, ol ¥ & SHu fFw, et &g o
TERTS 10 WAL & A ol (Y&H R 95.18 U UfT I Hiev),
53 W 3fedh o7 | Igaviy = BT Yb IR AL B
TERTS & AR TeT 3R 31 Tev) el § 3HHT 714 63.
15 ITH UfT a7 HeR o S & &F T g a1 et i
AT SATaT o7 | fg o= aoRaf 7 Y 4R B T8 el
H ATST Y& (34.69 UTH UfTT a7t Mex) S &) 7eIq UG e
1 9 68 Td 79 Tfcrerd a1fdas oI (Tferat 5.6) |

from the shallow soil depth of the upper parts of the field
(95.18 g m™). Dry matter of perennial grasses increased
gradually with the increase of soil depth and deeper soils
(>20 cm) and was 63.15 g m”, which was three times
higher than that from shallow soils. However, in forbs, 68
and 79 per cent higher dry matter was recorded with
shallow soils (34.69 g m™) as compared to the dry matter
obtained from medium and deep soil, respectively
(Table 5.6).

Effect of grazing on various yield attributes of
C. ciliaris

In sown pasture of Cenchrus ciliaris, at Rajore
village in Jodhpur, significant changes in plant height,
basal cover, foliage cover and biomass of C. ciliaris
vegetation were recorded in grazing paddocks as
compared to control (Fig 5.5). All the yield attributes of C.

AT 5.6 TSN B TERTS Ud SIS BI YoM &I Uil & Yb uarRl W g9

Table 5.6 Dry matter of plants under different soil depth and shrub species

Total dry matter
Shrub species
Grewia tenax 102.92
Mimosa hamata 112.01
SEm= 3.76
CD 5% NS
Soil depth
Shallow, <10 cm 95.18
Medium , <20 cm 81.54
Deep, > 20 cm 145.67
S Em=+ 4.60
CD 5% 14.51

Dry matter (g m '2)

Perennial grasses Annual grasses Forbs
32.52 50.78 19.63
36.51 59.82 15.68
1.37 3.59 1.62
NS NS NS
15.54 44.96 34.69
24.86 45.64 11.05
63.15 75.30 7.22
1.67 4.40 1.98
5.27 13.85 6.25
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Fig. 5.4 Developed pasture at the community land of village Ajeet Nagar, Jodhpur

IRTS DI YT TT9 D STl TSH] IR Y91

SIEYR f7el & TSR T1d § 9799 919 & oREE H
PRI aTs @1 o W Jad @RS US| 919 & Sred
Td Ul Bl HaTs, AR AT, YURFE 79 Td b IR o
HE@YUl 3R Y T (3 5.5) | 30 31R 60 & &I =RTS &
TN TRIE dTcl 918 # T UG gedi # HHI T3 <dl TS
Saf AFE 9 W WHl gcdl H delaN uls TS
(T 5.7) | TRTS & HIROT T GRT BT H&T H HH 7
TS olfp IR §RT $H WE &I I drell qgl
WRUTART B T # gig urg e |
e araTel &1 wmed faer

P &1 SIRReddl 91 & foTT BIol Bl YHT
PHRATIT T TAT DI f[ABrT & g Uger yeee vd IRy
TG IR FFAETT o1 mATST fdvar 131 (R 5.6) | IRTIITE
fa®ra @& forg urell vd SieqR & 7 fhaml 4 g/t & dia

ciliaris declined in grazed plots as compared to the initial
values 30 and 60 days after grazing (DAG) whereas, in
non grazed (control) paddock all the attributes were
higher (Table 5.7).The plant population of C. ciliaris
decreased whereas that of lesser palatable leguminous
weeds increased in the grazing paddock.

Capacity development for sustainable livelihood of
agro-pastoral communities

Villagers were involved in activities like exposure
visits to the Institute, skill training on forage production
and livestock management (Fig. 5.6). The technology of
pasture development was outscaled at seven fields in
Jodhpur and Pali district. Demonstration on multi-
nutrient block and supplementation on grazing cattle was
also carried out. The impact of pasture development
was studied with a group of farmers using ADOPT:
the Adoption and Diffusion Outcome Prediction Tool
(Table 5.8 and Fig. 5.7).

o 55 SEYR Rl & ISR 79 F 99 FREE
Fig. 5.5 Silvi-pasture field in village Rajore
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Table 5.7 Effect of grazing on yield and yield attributes of Cenchrus ciliaris grass at Rajore village

Particulars Control paddocks
Initial 30 DAG*

Plant height (cm) 31.80 75.42

Basal cover (cm?) 7.90 55.29

Foliage cover (cm?) 527.40 1705.58

Fresh weight (t ha™) 3.05 5.60

Dry weight (t ha™) 0.78 1.88

C. ciliaris (plants ha™) 215000 190000

*DAG: days after grazing

faaRa fby Y | UY—3MER dfeH BT Yaz= W fHaFr &
gl forar 47 | IRETTE e & i fiaxor vd AR aRumd
YA B & Ty HRIex METRd ADOPT AIFCIIR H
TS far Tar et aRvms arferar 5.8 9 form 57 #
fear g |

IRTS <919 BT TS D ITNRING IoI- R Y91

SR STl # A1e H SRl TR &l 4l Bl
qT €T ARAMME H IR aRTg TTTell UR T 17 | &1 I
=RTg 919 dTel {51 Aqg &1 Wl $I Hferd Uy JATER 200
T Ui 4 Bl &R I FHRRE U &7 1T 3R w@Re &1
TG DI TS B B IRR B a9l 4 gl A ARTS Sd1d
arel A @1 Wi (RTd! Fdferd smerR f&ar ) & w1
UTE TS | TRIS TE14 & AT B IR R oR1E IR iR w8
el 3R 49T Rep AR 3R VR <@ dTel Ul &
IRIRG o & B uTS TS |

Grazing paddocks
60 DAG Initial 30 DAG 60 DAG
73.40 30.70 18.75 8.46
63.59 8.40 32.99 31.48
1649.80 567.45 304.39 68.88
4.19 2.80 1.66 0.72
1.46 0.73 0.64 0.28
140000 200000 180000 137500

Growth performance of sheep at different stocking
rates

Under extreme hot arid climate at Chandan,
Jaisalmer in Western Rajasthan, Jaisalmeri breed of sheep
were maintained under continuous grazing system on
sewan (Lasiurus sindicus) dominated pasture.

The group at double stocking rate i.e. 12 animals per
hectare provided with supplementary feeding of balanced
concentrate (@ 200g/animal along with health care
management, maintained individual body weight gain at
par with the herd grazed at a stocking rate of 6 animal per
hectare. The other group with no supplementation and
health cover showed decrease in body weight when
grazing pressure was doubled under extreme desert
conditions on exclusive sewan grass pasture.

o 5.6 BT e & forg ugEE veeg gd arT e W) dfieror

Fig. 5.6 Skill training on forage production and livestock management
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Fig 5.7 Predicted adoption level curve

qIferaT 5.8 IRFME BN & SRRV Td JR TR 9RO gaigar

Table 5.8 Predicted adoption levels of silvi-pasture interventions

Predicted adoption level Adoption (%)
Predicted years to peak adoption 19.3
Predicted peak level of adoption 95.0
Predicted adoption level in 5 years from start 27.6
Predicted adoption level in 10 years from start 78.4
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IYERT geard uiRder argHE W 30 &1 0@ @ & 918 37
Bl & HIfdd AE oY b B1iie IR § B (W.9e.3)),

Production, processing and value addition of natural
resins and gums

Acacia senegal trees were treated with CAZRI gum
inducer in 45 villages from Chauhatan and Baytu tehsils
of Barmer district; Shergarh and Phalodi tehsils of
Jodhpur district; and some villages of Nagaur and Pali
districts, resulting in production of approximately 7.80 t
of gum Arabic from 19,500 trees. KVKs and NGOs from
western Rajasthan also distributed CAZRI gum inducer to
farmers which was used to treat about 38,000 trees of A.
senegal. Gums of Balanites aegyptica and Prosopis
juliflora were tested for their acute toxicity in
collaboration with ICAR-IINRG, Namkum, Ranchi and
were found non-toxic. Cordia gharaf and Acacia
Jjacquemontii trees treated with CAZRI gum inducer at
RRS, Jaisalmer yielded an average of 166.7 g and 32 g
gum per tree respectively.

Baked functional foods from locally available plant
sources

Six varieties of breads were prepared using locally
available plant resources. The process was standardized
for kneading, rolling, puffing, relative humidity for
proofing, and time and temperature of baking. It was
observed that maximum expansion occurs with 400 g loaf
weight but bread is unstable (reduces back in volume) as
texture looses strength. Loaf weight of 450 g gave stable
structure and appearance of bread. Maximum expansion
occured in refined wheat flour bread; fortification of this
bread with naturally available plant sources like ber,
tomato and mint improved the nutritional quality of bread
but reduced expansion by six percent. Multigrain bread
had maximum expansion loss followed by whole wheat
flour bread.

Post-harvest storage of date palm

Experiments conducted with doka stage fruits of
four date palm cultivars viz Barhee, Khadrawy, Khalas
and Khunezi for better post-harvest storage in different
treatments of dipping the fruits in hot water at various
temperatures and for different durations revealed that
HWD at 50°C for 2 min (T2), HWD at 70°C for 1 min
(T7), HWD at 70°C for 2 min (T8) and HWD at 60°C for
3 min (T6) were best for cultivars viz., Barhee, Khadrawy,
Khalas and Khunezi respectively in terms of physical
parameters with minimum PLW and maximum total and
pulp recovery (Fig. 6.1). Physiological loss in weight
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Treatment™

T1
T2
T3
T4
T5
T6
T7
T8
T9
T10

T6

(PLW, %), total recovery (TR, %), pulp recovery (PR, %)
and pulp: stone ratio (PSR)] and biochemical parameters
of dried fruits studied were after 30 days of keeping
treated fruits at room temperature (Table 6.1).

T10

T10

T10

3 6.1. WoR @I fhwl Q) =21, (@) wewrd), (@) "a vd (1) ool & IuaiRd %
Fig. 6.1: Treated fruits of (a) Barhee, (b) Khadrawy, (c) Khalas and (d) Khunezi

aferaT 6.1 faM= STARl & ueard gRaer droE W 30 QA1 06 @ & 918 TSR & Hall
% e AFDI IR uHT

Table 6.1 Effect of different treatments on physical parameters of date palm fruits

after 30 days storage at room temperature

PLW#
(%)

63.8
56.7
63.8
59.5
60.9
61.3
60.4
67.6
63.9
65.7

Barhee
TR* PR*
(%) (%)
362 323
433 40.1
362 325
40.5 370
39.1 359
387 353
39.6 363
324 284
36.1 326
343 309

PSR*

52
7.1
5.5
6.3
6.8
6.3
6.6
5.0
5.9
6.4

PLW
(%)

69.6
70.9
67.2
67.9
68.0
67.6
63.1
67.6
674
70.0

Khadrawy

TR PR
(%) (%)
304 27.1
292 256
328 298
32.1 288
320 28.6
324 294
369 33.6
324 290
326 293
300 268

Khalas Khunezi
PSR PLW TR PR PSR PLW TR PR PSR
(%) (%) (%) (%) (%) (%)

63 61.0 390 378 81 515 485 456 8.1
54 613 387 334 79 615 385 351 62
63 646 354 327 73 550 450 415 64
65 654 346 343 74 551 449 416 6.7
54 597 403 367 78 520 481 452 8.1
64 619 381 363 75 512 488 457 7.6
69 581 419 390 73 552 448 414 68
58 564 436 409 80 513 487 456 1.1
6.0 60.1 399 369 73 514 48,6 457 80
63 580 420 390 75 586 414 382 71

"PLW: Physiological loss in weight (%); TR: Total recovery (%); PR: Pulp recovery (%); PSR: Pulp stone ratio

“T,= Hot water dipping (HWD) at 50°C for 1 min; T,= at 50°C for 2 min; Ts= at 50°C for 3 min; T,s= at 60°C for 1 min; Ts= at 60°C for 2 min; T¢= at 60°C for
3 min; To= at 70°C for 1 min; Tg= at 70°C for 2 min; To= at 70°C for 3 min; T o= Control (without dipping)
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SR STl & Wotedll, dIoanedr ik GIR- @l
gl Tifdl H |deor & SR Wolel Jel § 3id 55.3
gfcrerd Ue INTIRAT T SiId Fogar 8.3 Ui uig T
(@rferept 7.1) |

TS T T BRE 769 giired & A= gdr
& e [UUS Saheo b T | T IR Ul & 1T U1 |
1S4 & I BRS G&H ST DI T B B ol JaT
& T saDhes bl W (R H.7.1) |

Ganoderma lucidum induced root rotin khejri

In khejarli, Beejvadia and Rajor ki dhani villages of
Jodhpur district, average 55.3 per cent disease incidence
and 8.6 per cent mortality was recorded in P. cineraria
trees (Table 7.1).

Different types of fruiting bodies of Ganoderma
lucidum from trees and the surrounding soil samples were
also retrieved for isolation of microbial pathogens against
it(Fig.7.1).

Root bit experiments for assessing the effect of
biocontrol agents on G. lucidum in in-vivo soil medium
showed efficiency of all biocontrol agents at individual
and synergistic level. The reduction in G. lucidum

qIerdT 7.4 WoTel geli H iRad INT = IR

Table 7.1 Disease incidence and mortality of khejri trees

Name of village

Khejarli 30
Beejvadia 25
Rajor ki Dhani 15
Total/average 70

Number of trees observed

Disease incidence (%) Mortality (%)
60 6
40 8
66 12
55.3 8.6

forat 7 1 reEf yaifad @l R A= R & had fivs

Fig. 7.1 Different types of Ganoderma fruiting bodies on khejri trees
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G. lucidum

A. terreus

A. flavus

G. lucidum A. fumigatus

3 7.2 W9 FF®l & Haue
Fig. 7.2 Dual culture tests on PDA of bio-agents

IISH cgitred WR A=t o9 FEF®l & IR B
Sira § 3 Udhdl dol A8fehd WX IR U9l 9T T |
TS HhiAd o wus e § fa aRRerfaat |
0.36 UfTErd P B goiT § Rl IERIE gRT 65
TfCTeTd AT WISl AR §IRT 80 MR HHI UTs T8 | AR
gqaeell old EEe e Ui Bgfaiied, U
AIRT™T, ZTSBISH! SITTTE T U Folqed &) TgdT &l T
(. 7.2) | T AIRTTD Boo fhelge BT 7re9 & ufa
|qifere gHTdT gfoRredt o T |

wHf=ad ATeToia YeaeH Arsed o1 faar

Hahell: TauTei—10 3R ARAR 2 f&Al § gaiad
ATefioia vae & fAafT= SUARI & SRR &1 3ffdhed fhar
T BHE Sd IR H TS AT (Sl
gerfedlen), T TaAT (YVFRIRITH Jewrg), Tof ST
(e T wonfa), uof  felt  (wefiernemgarianfoaayy
geiel) 3R (WRBNGIRT STeifSHien) < Y | HIhel #
T DI AT Feldl i iR <Hdb BI o | Tahipd
ATASTa UeeE & A= SU=RT &1 Bell &1 Suo (fddcd
(mforerd) 3R Piel W yTd arferaT 7.2 # fear T g |

fPe1 Tauasi—10 4 RRAR—2 &1 ga=r H 36l
yeed faar | IEi @1 MR fRAR—2 & gausii—10 &1
T H ST I TS | SUAR ST 6 IR ST 7 W QAT bl
# 37fdre YR 3iR AT A B W TG, S8l Yebel SUAR
DI oIl H AT 3R IUARI D FAGT o 3T Jeei
foram 72T | 11 SUER & T FerTEforad, W @1 el +

infected bits was 65 per cent in cauliflower and 80 per cent
in onion residues compared to control (0.36%). Four
promising bio-agents were identified as Aspergillus
fumigatus, A. terreus, A. flavus and Tricoderma
harzianum (Fig. 7.2). Culture filtrate of A. terreus
recorded maximum inhibition of G. /ucidum mycelium.

Development of integrated pest management (IPM)
Modules

Groundnut: The effect of various IPM treatments was
studied on two groundnut varieties HNG-10 and Girnar-2.
Among the fungal diseases, dry root rot (Rhizoctonia
bataticola), stem rot (Sclerotium rolfsii), leaf blight
(Alternaria spp.), leaf spots (Phaseoisariopsis personata)
and (Cercospora arachidicola) were observed. The effect
of of IPM treatments on pod yield, percent disease
severity (PDS) of leaf diseases and root/stem rots (%) and
insect pests of groundnut are presented in Table 7.2.

Variety HNG-10 performed better than Girnar-2.
PDS of'leaf diseases and root/stem rots (%) were recorded
higher in Girnar-2 as compared to HNG-10. Significantly
higher yields and the maximum reduction of diseases was
recorded in both the varieties in treatments T6 and T7
wherein an integrated schedule of chemicals and/or
combination of treatments performed better as compared
to sole treatments.

The main insect problem in groundnut was grey
weevils and termites. Soil amendment with neem cake +
vermicompost + seed treatment with Metarhizium was
most effective against weevils. The least plant mortality
due to termites was observed in T7 while plant mortality
per plot due to termites was higher in Girnar-2.
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Table 7.2 Effect of IPM treatments on pod yield, diseases and insect pests in groundnut

Treatment” Yield Wilt & root rots
(qha™) (%)
VIT1 30.59 53
VIT2 30.04 43
VIT3 32.04 3.6
VIT4 34.23 3.4
VITS 31.15 39
VIT6 33.46 33
VIT7 36.23 23
VITS 29.21 7.8
V2Tl 25.25 18.3
V2T2 24.96 19.4
V2T3 25.75 15.8
V2T4 26.21 13.1
V2T5 2542 13.8
V2T6 26.29 9.8
V2T7 26.88 7.0
V2T8 24.38 21.3
CD 5% 1.22 1.7

Leaf disease Termites Grey weevils

severity (%) (%)
59.3 13.1 6.1
55.6 15.6 6.3
63.0 9.6 5.7
48.1 4.7 3.0
59.3 14.2 6.2
29.6 2.6 4.5
18.5 3.1 2.0
48.1 16.6 6.9
48.1 21.8 5.0
40.7 324 5.1
37.0 18.8 43
37.0 14.5 2.1
44.4 19.9 44
333 18.0 1.8
22.2 14.1 1.0
51.9 29.8 5.7
4.9 4.8 0.7

*VI= HNG 10; V2= Girnar-2; T1= Soil application of neem cake @ 250 kg ha 1. T2=Vermicompost @ 2 t ha. 1. T3= Seed

treatment with Trichoderma viride@ 1 ml L

of water and furrow application with Metarhizium; T4= One spray of

Difenaconazole 25% EC @ 1 ml "' of water , Soil application of imidacloprid 17.8SL @ 0.3 ml L™ of water, and one spray of
Chlorpyrifos 20% EC 0.05%, T5= T1+T2; T6: T1+T2 +T3; T7: T1+T2 +T3+ T4 and T8= Control: water spray

HRA | FEY T SUAR V&T | SHD B HROT el B Fad
P J TR SUAR 17 H T g | T B HROT U e
Ul B geg R fobe RIRAR 2 ¥ 31ferep off |

INEL: 3RS DI QT fheAl SATAT—48—1 IR SHATGA—7 BT
TS ITSUIYH SUART & AT YRIET0T foham 717 | TR iR
gof Rl (Sree=Rar YR, AHRART qvi forlY (WablaiT
WRrrer), urseN) fiesy (afdger cifRa), faee (gaRam
STfvTeges) IR ARBIA TAd (HABIBIHIAT BeAIsifer),
Bthe SIHT M H T Ui T | 3RS! § J& DIC FHT
SIRTe &R Awe Al (fQergvrew RRMD) @1 oft (R
7.3) | GbIgd ATRMGIE gde & fAf=T SUART &1 Bell Susl
(feicer ufdr gaeaR), o=l R IR ST /T4 Ted & T
DI TARAT (Ffarerd) T SiTe iR A% Aol & @ IR
THTE & TS dTferdT 7.3 H IRA ¢ |

Castor: Diseases and insect pests of castor varieties Jwala
48-1 and GCH-7 were tested with eight IPM treatments.
Alternaria blight and leaf spot (Alternaria ricini),
Cercospora leaf spot (Cercospora ricinella), powdery
mildew (Leveillula taurica), wilt (Fusarium oxysporum f.
sp. ricini) and charcoal rot (Macrophomina phaseolina)
were recorded as major fungal diseases. Jassids and
whitefly (Trialeurodes ricini) were recorded as the major
insect pests (Fig. 7.3). The data on pod yield (q ha™), per
cent disease severity (PDS) population of jassids and
whiteflies are presented in table 7.3.

PDS of leaf diseases and root/stem rots were higher
in GCH-7 as compared to variety Jwala 48-1. Treatments
T2, T5 and T6 wherein seeds were treated with
Trichoderma viride and Carbendazim resulted in
statistically significant reduction in fungal diseases.
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Table 7.3 Effect of IPM treatments on seed yield, diseases and insect pests in castor

Treatment” Yield Wilt & root rots
(q ha™) (%)
VIT1 24.10 5.0
VIT2 25.26 3.0
VIT3 26.16 5.6
VIT4 27.58 53
VITS 25.42 23
VIT6 26.11 2.0
VIT7 31.77 1.3
VIT8 23.79 6.3
V2Tl 17.00 6.0
V2T2 18.23 33
V2T3 18.60 6.6
V2T4 19.05 5.6
V2T5 18.68 2.6
V2T6 20.73 2.6
V217 23.50 1.7
V2T8 18.42 7.0
CD 5% 2.23 0.7

Leaf diseases Jassids Whiteflies

severity (%) (no.) (no.)
35.5 11.9 34.2
37.0 10.7 334
214 7.6 16.2
29.6 6.7 14.2
20.7 11.9 252
133 6.2 17.7
7.30 33 8.4
38.5 11.3 36.9
45.1 10.9 31.7
46.6 9.5 38.5
31.1 52 20.5
12.6 6.2 159
38.5 9.1 30.2
20.7 6.9 13.0
10.3 42 8.8
54.0 10.6 41.1
32 1.7 6.0

#VI= Jwala 48-1; V2=GCH-7; T1: Soil amendment: Application of neem cake @ 250 kg ha "' + Vermicompost application @2 t ha
1. T2: Seed treatment: with Trichoderma viride @ 5g kg "' seed and Carbendazim @ 2.5g kg ~'; T3: Biologicals: Two sprays of
neem oil @ 4 1 ml L' ; T4: Chemical control: Malathion 50% EC @ 2 1 ml L' water, Dinocap (0.1%); TS: T1+T2; T6: T1+T3+T2;

T7: T1+T3 +T2+ T4; T8: Control: without any treatment.

fhe SIAUE—7 =1 SaTcli—48—1 &I JoI+ H 3T
gee fhar| Suar <2, €15, 3R e R ol &I
2SSV fARsT 3R wravsiom & SuaRd fear mar, o
Btha S AT H HHT <] 178 | STafd IuaR S, €4, <le

Whereas, treatments T3, T4, T6 and T7 where crop was
sprayed with neem oil twice and subsequently with
Malathion and Dinocap reduced the populations of jassids
and whiteflies significantly.

o 7.3 3RS W IR (U), TG I 7@l (@) IR IHe Aad m (J)

Fig. 7.3 Jassids (A), adult whiteflies (B) and whitefly nymphs (C) on castor
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e SIRIUE—7 =1 Sarel—48—1 &1 o=l H 36T
yeeiH T | IuAR &7 §RT AMG B il # a1 fhwi
SATeAT—48—1 (31.77 fdaed ufit acar ) @R SiRAvaE—7 (23.
50 faded UftT TaeaR ) # @1fere Ut < Y |
SIRT: SR @1 < farssl (STRoTe—19 31X 3MRoTe—223) H I
g ®Ict & gava & ford =T Iu=Rl &1 g faar

AT BhE S g9 RN A g (o
SfRTIRE), S T (FRIOITH UoTf) iR gof 3Ry
(STTTCRAINGT §Y~ATg) TR 1T | SR H YHE Bic AHRT U7
(ATgoTeT gefyTs) @ ot | U, I SR B IR Taidha
BIC JdE SUAR & THTG & ATehs qTferdhT 7.4 H IR © |

UerEaR 4 gfg & W fFE Ree—223 o1
JROIS—19 B Gl # d8aR YazH bl | ARSTS—19 B
JofT H b JIRGIe—223, FUIRTH TSIl &l avig |
TS T & folg 31t Faereitet il =Y | STafds, i
3R Ufths @1 TRaT § $79 PIg Aoyl B T8l Ul
AT | YR 9 3 &A1 BT 3 eI SUST TAT Tl 3R
Ufths &1 AT 3 JAfHdH HHI Ulg 713 | 39 IUAR H diail
DI TgHISYHT [ARST AR BITUSSTH TAT Ja&T DI A Tedl
UG g HHRT & A1 ITATRT fHar 737 91 Bad TR Uh
IR TRAF TH—45 3R feAIau, sferadiiie ok 9 &
e BT 11 a1 fosdra fdar Ty o7 | Su=R <8 foTH
T @ T & 3Tl SI—9 B Tl FThi Pl ATHA fhar Tar
off, # ) WIRIDHIT FU ¥ SUAR -9 & dRIER IUST U
8% |
B IO § e o) T

IIORT & HBR TNIEvT Taci—1 (50 ufafted), gadi—2
(50 wfafte), Tadi—3 (50 wfaftcal) # s+ fAeey iR
g1y AT & URE @ I e @ Y | Tedi—1 § aR
gfafteai, 0777x2008 /8, 09111x9621, 09111x2007 /9 3R

Higher yields and the maximum reduction of
diseases and insect population were recorded in treatment
T7 in which soil was amended with neem cake +
vermicompost; seeds were treated with Trichoderma
viride and Carbendazim, crop sprayed with neem oil twice
and subsequently sprayed with Malathion and Dinocap.
The variety Jwala 48-1 performed better than variety
GCH-7. The maximum seed yield was harvested from
treatment T7 in both the varieties i.e., Jwala 48-1 (31.77 q
ha™) and GCH-7 (23.50 q ha™) with 33.5 per cent and 27.5
per centincreased yields over control treatment.

Cumin: Among the fungal diseases, root wilt (Fusarium
oxysporum f. sp. cumini), root rot (Fusarium spp.) and leaf
blight (Alternaria burnsii) were observed in two cumin
varieties (RZ-19 and RZ-223). The major insect problem
in cumin was of aphids (Myzus persicae). Various
treatments were tested for management of diseases and
insect pests. Data on effect of IPM treatments on pod
yield, diseases and insect pests in Cuminum cyminum are
presented in Table 7.4 .

Variety RZ-223 performed better than RZ-19 for
seed yield. Variety RZ-223 was found more susceptible to
wilt and root rot caused by Fusarium species than RZ-19.
No significant varietal differences were observed with
regard to severity of Alternaria blight and aphid attack.
The highest seed yield with maximum reduction in
wilt/root rot, Alternaria blight and aphid population was
recorded in both the varieties in treatment T-9 in which an
integrated schedule of treatments with soil application of
neem cake and vermicompost, seed treatment with
Trichoderma viride and Carbendazim followed by one
spray each of Dithane M-45 mixed with Dinocap,
Imidacloprid and neem oil was done as compared to other
combined or sole treatments. Nevertheless, treatment T-8
was statistically at par with the Treatment T-9 wherein all
combined treatments were same as that of T-9 but without
neem oil spray which did not adversely affect seed yield.

Disease incidence in pearl millet hybrids

Disease screening of 150 entries of bajra hybrid
trials HT-1 (50 entries), HT-2 (50 entries) and HT-3 (50
entries) against downy mildew and foliar diseases
revealed that in HT-1, four entries viz., 0777A x 2008/8,
09111A x 9621, 09111A x 2007/9 and 09666A x 2008/8;
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Table 7.4 Effect of IPM treatments on pod yield, diseases and insect pests in cumin

Treatment” Yield Wilt & root rot
(kg ha™) (%)
VIT1 326.7 9.0
VIT2 3394 53
VIT3 332.2 9.3
VIT4 363.9 7.3
VIT5 351.1 8.7
VIT6 315.2 33
VIT7 352.8 2.7
VIT8 386.7 2.3
VIT9 405.6 1.3
VIT10 3222 9.7
V2T1 380.6 11.7
V2T2 404.4 7.3
V2T3 391.1 12.0
V2T4 456.7 9.0
V2T5 418.9 10.3
V2T6 420.0 43
V2T7 461.7 3.7
V2T8 500.0 3.0
VIT9 516.6 1.7
VIT10 375.6 13.0
CD at 5% 44.4 1.1

Alternaria blight Myzus persicae
severity (%) (No./plant)
48.2 28.7
39.3 28.0
40.7 25.7
237 17.7
2317 20.7
44.4 23.0
42.2 21.0
16.3 12.0
59 7.0
50.4 31.0
54.8 27.0
50.4 26.0
51.9 25.0
25.2 18.3
222 22.0
47.4 25.7
40.0 26.7
18.5 17.0
5.2 15.0
56.3 29.7
52 9.1

#VI= RZ-19; V2=RZ-223; T1= Soil application of neem cake @ 250 kg ha™'; T2= Seed treatment: Trichoderma viride @ 4 g kg’
seed and Carbendazim @2g kg'.; T3= Vermicompost @ 2 t ha’.; T4= Chemical control: One spray of Dithane M-45 75%WP
@2 ml L' mixed with Dinocap 48% EC @ 2.5 ml/lit of water; One spray of imidacloprid 17.8SL @ 0.3 ml L. T5: Botanical:
neem oil (2%); T6: T1+T2; T7: TI+T2 +T3, T8: T1+T2 +T3+ T4; T9: T1+T2 +T3+ T4+ TS, T10: Control: water spray)

09666x2008 /8 Tacl—2 ¥ << ufaftei 097444x2008 /8,
98222x2014 /6 3R 06111%2000 /1 3R TAEI—3 H TR
yfafSedl 93333%2013 /13, 97111x2008 /8, 98222x2008 / 8

3R 98222x2010 /1 H PHRGANTT GIC], STV
SISl R grIRFARIT MR & avig d
AT @ AT qof @ AT | Safh, Eaci—1 @1 ufafe
08111x2002 /19 SIS fesy & foy Hde=eier
oY AT |

in HT-2 three entries 97444 A x 2008/8, 98222A x 2014/6
and 06111A x 2000/1 and in HT-3 four entries 93333 A x
2013/13,97111A % 2008/8,98222A x 2008/8 and 98222A
x 2010/1 were susceptible to foliar diseases caused by
Curvularia lunata, Drechslera dematioidea and
Pyricularia grisea. Whereas entry 08111A X 2002/19 of
HT-1 was found susceptible to downy mildew caused by
Sclerospora graminicola.

93



e gferdeT 2016-17
Annual Report 2016-17

AP
ICAR

<IE S YT I &1 A Had] Bl belrd Td TRl

olE & id Yb &3 H AR Szear R Rerd arTar,
BRI &3 g YOSRYT A T ST, %7 §gi7d | Jal,
New gl vl Ubs T | S g T8, B wad § HaE
AT BT YHIY <@ 1, Wdl H RAT Pl Ul FaDhiD
0.083 G Uil fUSTRT Uiy f& v&T STafd ged g qrmar! 3§
TSl ADIH 0.003 X8I | ! I BT TbIT HUSROT H Tl
HET gfEAT BT UpId BRI H <A1 AT| &3 H ARARC Bl
T Aaiferd (5517 wfrerd) off doverd wHen e
AT (24.14 TRTed) T ol g2 (20.69 W) BT oI
ReT| 1 9l Al & 94, SRedIT g 31 & fageryor
ST GAT B 81 gIRT Halltd JHT Sil g g & Al o
HCTg B QR BIAT © | HUSTRT 31T 3§ AT+ gfear g gavl
T2 Pl aAtD JHAT AASl-1h [JaR0T Bl gDl § q@T
T |

Tt T 81 grerepl Y Rfdreran

FHET T &1 e Riarg g1 gy o ST gRdd=
ST FEi DI Yo W gY UG B eFTHl F A1 gan b
cevT 3oeaT (26,67 wfaerd) Ui Haffds off dcoeard
vew Yew, Gargerd Ul 4 TigeT §edie] (URid 20.0
gferera) ToI AenrfSar deersr (13.33 UfIId) &7 eI+ &7 |
qoultad, ARTI eRIT & faat IR 9 Ui a8 RM
Riferd wdl # sAer 4.3 9 6.3 faa Uil 4 a°f Hiex a5 |
W Y | BT DT el T GADID 5 PcIdb UfcT |l IR ufy
& a1 | o el iR fUwet 30 iR 5 A1at 9 Rifaa @t
DI ST B 8 Il A D et # uRudd qiferai # 5.96 AR
5.22 UfCrerd 81 ot @ 718 (9.0 3iR 0.7 & a1 w9 R ufay
it #ieR) | Siet fUwel 5 auf | Rifaa @ &1 g=red € ast
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Distribution and abundance of rodents in cold arid
ecosystem of Leh

Indian field mice (Mus booduga) and Turkesh rat
(Rattus turkestanicus) were trapped from horticulture
plantation, crop fields and storages in the cold arid region
of Leh. The infestation of field mice was observed in crops
like wheat and barley, with a trap index of 0.083
rodents/trap/night from crop fields, whereas trap index for
mice in fallow area and horticulture plantation was 0.003
rodent/trap/night. In storages and residential premises,
infestation of Turkish rat was more than field mice. At
higher altitudes activities of marmots was observed at the
bases of hills and grasslands. The population of marmots
was maximum (55.17%) followed by field mice (24.14%)
and turkish rat (20.69%). KAP (Knowledge, Attitudes,
and Practices) analysis of 200 farmers revealed that wheat
and naked barley was damaged more by rodents and it was
maximum during harvest.

Rodent diversity in Narmada canal command area

Assessment of impact of canal irrigation on change
in rodent fauna vis-a-vis land use in Narmada canal
command area revealed presence of rodent species 7.
indica, M. meltada, R. rattus, G. ellioti, F. pennanti and M.
hurrianae. Trapping data indicated the predominance of
T indica (26.67%) followed by R. rattus, F. pennanti & G.
ellioti (20.00% each) and M. meltada (13.33%). Burrow
density of M. hurrianae 4.3-6.3 burrows/10m’ was
observed in the habitats which are rainfed and receiving
irrigation for last five years. Rodent damage to the tune of
5.96 and 5.22 per cent to mature spikes (at a burrow
density of 0.9 and 0.7 burrows per m’) was recorded in
wheat crop, in the habitats where cultivation of irrigated
crops is in practice for last 30 and 5 years, respectively. In
the habitats where cultivation of irrigated crops is being
practiced for last 5 years a damage of 12.14 per cent to
mature spikes (at a burrow density 4.3 burrows per 10 m”)
was recorded in isabgol.

Ecological evaluation of rodent fauna in arid zone

In Rann of Kutchh, burrows of M. booduga were
observed in sandy areas which support Haloxylon
salicornicum (Lana) bush, whereas burrows of 7. indica
were observed in plain areas and on the road side bunds.
Cutch rock rats (Cremnomys cutchicus) were trapped
from hilly areas near Bhuj city having Prosopis,
Salvadora, A. senegal, Commiphora wightii, danda thor,
Guggal sp. In cultivated crops activity of desert gerbil (M.
hurrianae) in peripheral region was observed, and a mean
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of 10 burrows per sqm was observed. Besides 7. indica,
Golunda ellioti and M. meltada were trapped. The trap
index was 5 rodents/100 traps/night.

Bio-ecological investigation on Bandicota bengalensis

Bi-monthly trappings revealed activity of bandicoot
B. bengalensis in Choupasani Housing Board Residential
area of Jodhpur. The trap index ranged between 3.89 and
8.33 rodents/100 traps/day during the year with maximum
population during July. Mean body weight of animals
ranged from 158.0-264.0 g. The sexually mature male and
females existed throughout the year.

Incidence of higher vertebrate pests

Incidence of blue bulls, wild boar and monkey was
severe in Narmada canal command area. Raiding of sown
crops by group of 2-12 nilgai was observed in several
fields. Cumin and castor suffered most due to trampling
and browsing activity of blue bulls. Castor suffered a plant
damage of 13.67 per cent. Wild boar activity was severe in
groundnut where in one night a single boar uprooted the
crop and exposed the pegs of 25 per cent of groundnut
crop sown in an area of about 2 ha. Farmers reported about
10-15 per cent and 50 per cent yield loss in groundnut and
watermelon crop due to wild boars. Up to 50 per cent
damage in cumin and fennel at the flowering stage was
reported by farmers.
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Performance of earth tube heat exchanger (ETHE)
based shade net house

Earth tube air heat exchanger based protected shade
net house operated by solar PV pumping system has been
developed and evaluated. A PV driven fan of 60 W blew
the air after passing through 6 PVC pipe of 40 m length
laid below the ground level at a depth of 1.2 m. During hot
summer days, the air was cooled down whereas during
winter days, the air was slightly heated since the earth's
temperature at 1.2 m depths remains almost constant at
25-28°C throughout the year. Performance of the ETHE
based shade net house during hot summer days of April is
shown in Fig. 8.1. The inside temperature remained
almost same or lower than ambient temperature during
day time otherwise it was 8-10°C hotter than ambient.
Relative humidity inside the ETHE based shade net house

forar 8.1 ETHE Td IR Iarferd 41 47 99 SMenmRd BT = 8- &l Je3i

Fig. 8.1 Performance of earth tube heat exchange (ETHE) based and solar PV pump operated shade net house
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Barrier (H) —

always remained higher than ambient especially during
night time.

Dual purpose mechanical barrier to control wind
erosion and utilization of renewable energy

To address the problem of wind erosion a wind
tunnel system and a dual purpose wind barrier have been
developed (Fig. 8.2). Performance evaluation of the
developed dual purpose wind barrier inside wind tunnels
system showed a sheltered distance of about 15 H. The
developed wind tunnel system can be used for
aecrodynamic study with different desert surface
conditions, wind erosion simulation, development and
evaluation of wind erosion control technologies
and to assess the dust generation potential from desert
soil.

Solar farming: Crop production and -electricity
generation from a single land use system

Agri-voltaic system of 105 kW and 25 kW capacities
has been installed at Jodhpur and Bhuj, respectively. At
Jodhpur, the grid connectivity and net metering of the
installed 105 kW system have been established (Fig. 8.3).
The system consists of three experimental designs in
separate blocks, each of 3636 m area, for cultivation of
crops in between PV arrays. These are (i) one row PV
array and 3 m interspaces between arrays (ii) two row PV
array and 6 m interspaces between arrays and (iii) three

fora 82, QreY ST AT 91€T BT U

Fig. 8.2 Performance of dual purpose wind barrier
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105 kW solar PV system

Block 1

Block 2 Block 3

e 8.3 SIEYR # 105 fheirare @I Bici—dlecsd JUITell Bl RATAT
Fig. 8.3 Agri-voltaic system of 105 kW capacity installed at Jodhpur
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row PV array and 9 m interspaces between arrays. Hybrid
fencing of solar and wind systems has also been
established to protect the experimental area from pests.

Performance of ridge-furrow seed drill under in-situ
soil moisture conservation

Ridge-furrow seed drill was used to sow mung bean
to evaluate its performance. Two methods of sowing
(ridge furrow seed drill and conventional seed drill) and
two varieties of mung bean (GM-4 and IPM-2-3) were
used (Fig. 8.4). Soil moisture during crop growth varied
from 1.73-11.66 per cent and 2.47-10.84 per cent at 0-10
cmand 10-20 cm soil depth, respectively. During dry spell
of July, surface soil moisture under ridge furrow seed drill
was 4.24 per cent whereas under conventional seed drill it
was 3.64 per cent. During end of July to middle of August,
soil moisture remained > 10 per cent. During dry spell at
maturity stage, soil moisture reduced to 5.68 per cent
under ridge furrow seed drill whereas it was 5.09 per cent
under conventional seed drill.

Design and development of solar PV sprayer

Solar PV sprayer was designed and developed for
spraying of agricultural chemicals. To provide energy to
DC pump (60 W) of the PV sprayer (Fig. 8.5), 120 Wp
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fra 84 Wie fga & 9 T2 {71 @ wAA
Fig. 8.4 Mung bean crop sown by ridge furrow seed drill
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capacity (60 Wp 2 Nos.) solar PV modules were
connected to DC motor. A provision of battery bank (two
batteries 12V, 7Ah each) was also kept. Performance of
the solar PV sprayer showed an application rate of 84 1 h™
and coverage of 0.21 ha h™. The application rate varied as
per the availability of solar irradiation. During 10:00 am
to 11:00 am in a clear winter day at Jodhpur, the
application rate was 82.2 litre h" whereas during
12:00-1:00 pm, it was 90.2 litre hr". The capacity of the
tank used in the sprayer was 30 litre and with one filling,
the sprayer can cover an area of about 25 x 25 m.

Drying of fruits and vegetables in solar dryer with
PCM energy storage

Drying experiments were carried out in a solar dryer
with inclined flat plat collector using phase change
material based thermal energy storage for selected
vegetables (cluster bean and carrot) and fruits (ber and
date palm). Observations on initial moisture, intermittent
moisture and moisture evaporation revealed uniform and
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Chemical tank

e 8.5: R U1 BRR
Fig. 8.5 Solar PV sprayer
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gradual reduction in moisture in all the commodities,
maintaining the naturality and quality of dried product
(Fig. 8.6). Solar drying parameters and drying coefficient
are compiled in Table 8.1. Higher drying rate was
observed at higher moisture content and lower at low

moisture. Drying rate showed reducing trend till the

DI TR HH TS TR | @A DI & H 05 fHIm g/ fEIm

[T qd TH TP b B IgRT AR TgURId U FAF AT
S&il afterwards it showed nearly constant rate.

moisture content was 0.5 kg water kg' dry matter,

aiferat 8.1 Al R Hall B AR e 4 AW & AD

Tab 8.1 Parameters of vegetables and fruits drying in solar dryer

Cluster bean Carrot Ber Date palm
Month of drying September February February May
Pretreatment Shredding De-stoning, Shredding De-stoning, Shredding
(after washing) (5x5 mm) (5x5 mm) (5x5 mm)
Initial moisture content 0.8245 0.90 0.825 0.3639
(kg water/kg total weight)
¥imy), VoIS 115D Coml i 0.0731 0.1143 0.1131 0.1004
(kg water/kg total weight)
Drying time (h) 28 28 28 28
Drying equation k 0.09549 0.07735 0.07142 0.0681
M=M,exp(-k1") 0.9981 0.9883 0.9981 0.8821
r 0.9984 0.9991 0.999 0.9974
rmse 0.01257 0.00922 0.00952 0.01212
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Fig. 8.6 Drying curve-moisture content vs drying time

Carrot

Clusterbean

Ber Date palm

e 87 AR e gRT Y@ T Hel AR Afordl
Fig. 8.7 Solar dried fruits and vegetables
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Color analysis on Lab scale: Color of dried production
remains more natural in solar drying due to continues,
uniform and indirect in solar dryer using phase changed
material thermal energy storage (Fig. 8.7). Color
determination of solar dried fruit and vegetables were
evaluated with image processing on CIE L, a, b scale. The
solar dried product remained more green indicated by
higher-a value and more lighter indicated by higher L value,
whereas the open sun dried product got faded and show
darkish color indicated by low-a value and lower L value.
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Optimization of phase change material (PCM) based
photovoltaic thermal (PVT) hybrid solar dryer

In low cost solar dryer (Fig. 8.8) the maximum
stagnation temperature inside the drying chamber was
63°C onno load. With 3 kg of ber (Zizyphus mauritiana), it
got reduced to 49°C, while outside ambient temperature
was 27°C during the drying process. Moisture content of
ber fruits reduced from 80 per cent (wet basis) to about 26
per cent within 7 days and the efficiency of the dryer was
found 12.1 per cent. The economic indicator cost-benefit
ratio was found to be 3.84.

I3 88 IR @ Wall | WX g AR Y&hdb
Fig. 8.8 Solar dryer loaded with ber fruits
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Integrated farming system for improvement of
nutrition and livelihood of farm women

Twenty five representative households were selected
for demonstration of suitable IFS modules in villages;
Nagalwas, Palri Ranawata and Asanda in Bhopalgarh
tehsil of Jodhpur District. There were three different caste
categories in these villages: General, Other Backward
Caste (OBC) and Scheduled caste (SC). The main castes
are Jat, Rajput, Devasi, Suthar, and more than 90% of the
population belongs to OBC category. Agriculture and
livestock rearing are the main occupations. The cropping
pattern is by and large single. Only 15% of the net
cultivated area is being utilized for double cropping.
Livestock are important assets for farm women as they
provide income and increased economic stability. Cattle,
buffaloes and goats are the major milk producing animals.
Goats are present in every household as they are
considered an important income source during
emergencies. The resource base within the village and at
household level had a strong influence on whether farm
women would rear small or large ruminants or go for
vegetable cultivation or cash crop or traditional farming.
The major constraints perceived by the farmers were non
availability of quality inputs in time, high cost of seed,
feed and medicines, inadequate knowledge of scientific
package of practices and health care measures.

More than 75 per cent of livestock related tasks are
the responsibility of women. The day to day activities
related to caring, feeding, watering and cleaning of animal
sheds are predominantly chores for women. Milking,
grazing of animals, sale of animal, and attending to sick
animals are mens' tasks.

Livelihood of pastoralists in Banni grassland

Buffalo based pastoralism is the primary occupation
for 70 per cent households in Banni areas. Pastoralists
who own large buffalo herds sell few milch buffaloes
every year. Pastoralists with few buffaloes also sell
buffaloes to meet expenses for social ceremonies and
contingencies. Sixty percent households owned less than
20 buffaloes and 40 per cent owned less than 10 buffaloes.
Few households in each village owned 2 to 3 Kankrej
cows. Sheep and goat rearing was a primary occupation
for only 3 per cent households. Buffaloes constitute 72 per
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Table 9.1 Occupational structure of pastoral households in Banni grassland

Category Primary Secondary occupation 1
occupation
I Buffalo rearing
IA > 40 animals Charcoal preparation
IB 2-40 animals Charcoal preparation
IC 1-20 animals Charcoal preparation
ID 5-10 animals Charcoal preparation
IE < 5 animals Charcoal preparation
II Charcoal Labour work (including
preparation migration)
I Sheep and goat Charcoal preparation
rearing
v Handicrafts Charcoal preparation
(leather work)
v Services Charcoal preparation
VI Other (shops, Labour work
trade, etc.)
Total

e 4t &1 qr 16 ufaerd TR AW 13 Ui e W
IR IHRAT #1 | 20 gfrerd IRART w1 Urarfie e
Il 9t | BRI o B € |
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2 | SureTeR uRaRt (8o wifcrera) @ fi9 & Ui @) e
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2 | IRAR BT 3T 3T 3. 1,29,850 / — U TS v g
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Secondary occupation 2 Number of % households
households

Tourism/embroidery 8 2.86
Embroidery/tourism 20 7.14
Embroidery/leather work 56 20.00
Embroidery/leather work 70 25.00
Embroidery/leather work 42 15.00
Goat rearing/embroidery 56 20.00
Labour work (including 8 2.86
migration)

Embroidery 8 2.86
Embroidery 6 2.14
Charcoal preparation 6 2.14

280 100

cent of all livestock population followed by cows at 16 per
cent, whereas goat and sheep together contribute 13 per
cent. Prosopis juliflora based charcoal preparation is the
primary occupation for 20 per cent households.

Livelihood and nutritional improvement of tribal
farm women

In Peepla, Lunava and Latada in Bali block of
District-Pali, the average age of sampled tribal farm
women was 46.8 years. Most of them are illiterate (85%)
and live in joint families (55%). Majority (70%) own
houses out of which 45 per cent were electrified. Drinking
water facility was available to most of the families (80%),
while toilet/drainage facilities were not available.
Average annual family income was found to be Rs.
1,29,850/, of which major share was contributed by farm
income (55%). Majority (60%) of farmers belong to
marginal farmer category. Radio was reported as source of
information by 55 per cent women followed by television
(45%). The decision making pattern was found to be
totally male dominated (100%). Most respondents (60%)
reported their inclination for adopting new technology.
Studies on nutritional status in selected villages revealed
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that food habits of included all the components of
balanced food i.e. carbohydrates, proteins, fat, minerals
and vitamins. Most of the respondents (95%) were of the
opinion that they have food security but indicated that the
quality of food is partially satisfying. A majority (75%)
felt that limited income prevented them from spending on
quality food which could be addressed by growing fruit
and vegetables in backyard gardens. Regarding income
security perception majority of respondents (60%) agreed
that they have to migrate as they do not get employment
round the year in their native place.

Demonstration of backyard nutritional garden

Seeds of following improved varieties of rabi season
vegetable crops were distributed as critical input to
demonstrate the backyard nutritional garden. The
performance of these crops was satisfactory in backyard
nutritional garden of tribal farmwomen and contributed in
food basket of the family and ultimately in the
improvement of nutrition and nutritional security of the
tribal family. The fruit plants of ber, guava, pomegranate
and mango were also distributed among the tribal
farmwomen (Fig.9.1)

An off-campus training for tribal farmwomen was
also organized at village Peepla in which they were
sensitized about importance of nutritional security for
family, backyard nutritional garden, crop options for

nutritional garden, improved techniques of raising
nursery of vegetable crops, fruit crops etc.

Fig.9.1 Distribution of vegetable seeds and fruit plants to tribal farmwomen
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Traditional knowledge systems of Himalayan
ecosystem

Surveys were undertaken in Pibiting, Kishrak, Ufti,
Stongday, Sani and Karsha and In Leh District, Ranbirpur,
Nimmo and Chushot villages villages adjoining to
Zanskar Block of Kargil District. The study identified
many indigenous local knowledge and practices (ILKP)
which help communities adapt to climate change risks.
The main traditional knowledge practices recorded are
Yos Ngocha (barley grains roasting in Lha-nga), Tsepo
(basket from Festuca grass and Salix twigs), Thacha
(Traditional weaving machine), Khuiy (threshing using
livestock), Traditional storage bin, Rantak (traditional
water-flour mill), Pocha (butter tea), Doksa (grazing of
animals on mountain area) and Arak from fermented
barley remains (Lhoom) (Fig. 9.2).

<A (BT 119 3R
fera cgfrl & Sl 991
Tsepo (basket from Festuca grass
and Salix twigs)

gy [

Thacha (traditional weaving machine)

T (TRURS

Th (URIRG STaI—aTeT aad))

Rantak (traditional flour mill)

3 9.2 fRATET &3 @1 BB URARS = gomfors

Fig. 9.2 Traditional knowledge practices in Himalayan ecosystem
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Performance of different components in on-farm
integrated farming system

The improved production technology in arable crops
significantly increased production of crops over the
farmers practice (Table 10.1) in village Utamber. The
improved varieties i.e. MPMH-17 of pearl millet and
GM-4 of mung bean were grown with improved crop
production technologies. The increase in yield due to
improved crop production technologies was 21.8 and 18.2
per cent for pearl millet and mung bean, respectively. The
yield of crops was higher with medium farmers followed
by large and small farmers. The per cent increase in yield
of crops was also higher with medium category of
farmers. The increase in yield was 14.3,29.6 and 21.1 per
cent for pearl millet, 14.6, 20 and 20 per cent for mung
bean at large, medium and small farmers, respectively.
The highest increase in crop production due to improved
technology with medium farmers might be due to better
management of resources as compared to other categories
of farmers.

AIIBT 10.1 TG IerR # A= BAa gl & d8d Bl § 36 Td IR &1 Iarad
Table 10.1 Grain and stover yield of crops under different cropping systems in village Utamber

Farmers Cropping Treatments Pearl millet Mung bean
Category system Grain yield Stover yield Grain yield Stover yield
(qha™) (qha™) (qha™) (qha™)
Large Arable Farmer’s practice 10.9 17.5 4.80 6.0
Improved practice 12.4 19.0 5.50 6.4
Agri-horti Crop + ber 12.3 18.8 5.20 6.0
Crop + gonda 12.2 18.8 52 5.8
Medium Arable Farmer’s practice 12.5 24.0 5.0 6.8
Improved practice 16.2 25.0 6.0 7.0
Agri-horti Crop + ber 15.9 25.0 5.9 6.8
Crop + gonda 15.8 24.4 5.7 6.7
Small Arable Farmer’s practice 9.5 18.2 4.5 6.2
Improved practice 11.5 21.5 54 6.5
Agri-horti Crop + ber 11.3 21.0 54 6.3
Crop + gonda 11.3 21.0 53 6.3
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Crop diversification, vegetable cultivation and
livestock management practices were also included along
with improved crop production technologies to assess the
system productivity. The gross income from the large and
medium category farmers was higher than the category of
small farmers (Fig. 10.1). The increase in return from the
system due to improved practices was 9.5, 14.7 and 13.6
per cent higher than that of the existing farmers' practices
that recorded returns of Rs. 46343, 51415 and 39015 ha™,
respectively in case of large, medium and small farmers
during kharif 2016. The contribution from vegetable
production was higher for the farms of medium and large
farmers as compared to small farmers. The contribution
from livestock component was higher with small category
farmers as compared to large and medium category
farmers. Use of improved livestock management
practices showed maximum increase in the gross returns
of small farmer (14%) which was higher than the medium
(12.3%) and large farmer (11.5%) categories.

Participatory tree nurseries for enhancing livelihood
and employment

The lead and satellite nurseries produced 13317
seedlings, out of which 8792 seedlings were sold, 1500
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Fig. 10.1. Economic returns from the farming systems at different farmers' field of Utamber village
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were distributed and rest are being maintained. The
community groups were involved in nursery lay out,
infrastructure development, nursery bed preparation etc.,
and about 600 man days per year of employment was
generated by performing various nursery activities. A
bank account was opened in the name of Satellite nursery,
Bujawar by the community group in the State Bank of
India, Boranada with an amount of Rs. 2120/- obtained
after the sale of seedlings. Similarly, an account was also
opened in the name of Satellite nursery, Chandhan,
Jaisalmer with an amount of Rs. 2600/- obtained after the
sale of seedlings. Two off-campus and one on-campus
trainings and one field day were organized to strengthen
the community groups.

Extension and capacity building

The new and proven technologies were disseminated
through front line demonstrations (FLDs). A total of 57
FLDs were conducted on different kharif (pearl millet,
clusterbean and mung bean) and rabi (mustard, cumin and
wheat) crops in Utambar village. Improved varieties of
pearl millet (MPMH-17), mung bean (GM-4), clusterbean
(RGC-1017), mustard (RGN-229), cumin (GC-4) and
wheat (Raj-4120) were provided to farmers. Farmers
recorded higher yield of pearl millet variety MPMH-17
than other varieties under rainfed as well as irrigated
conditions. GM-4 of mung bean and RGC-1017 of
clusterbean performed better as compared to the farmers'
own seeds. However, late rainfall affected the crop yields.
The increase in yield due to improved crop production
technologies was 21.7, 18.2 and 16.5 per cent for pearl
millet, mung bean and clusterbean, respectively during
kharif season (Table 10.2). During the rabi season of
2015-16, wheat (Raj-4037; Raj-4083), cumin (GC-4) and

et 10.2 Tl & 983 R A= @RI% Bl & I~ fhwl &1 yaeA
Table 10.2 Perfomance of improved varieties of different kharif crops at farmers’ field

Crop Variety Demons- Yield (q ha™) Per cent increase
trations in yield
(No.) Improved Practices Farmers’ practices
(qha™) (q ha™)
Grain Stover Grain Stover Grain Stover
Pearl millet =~ MPMH-17 14 13.37 21.83 10.95 19.90 22.07 9.72
Clusterbean  RGC-1017 9 4.60 6.95 3.95 6.70 16.46 3.73
Mung bean  GM-4 10 5.63 6.63 4.77 6.33 18.18 4.74
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mustard (Ashirvad and Pusa Jai Kisan) varieties were
grown with improved package of practices. The crop yield
was increased by 12.2, 18, and 17 per cent due to
improved technologies in wheat, mustard and cumin,
respectively (Fig. 10.2). The vegetable cultivation was
recorded as the most profitable activity with a net saving
of Rs. 1200-1500 per family. The benefit cost (B:C) ratio
of radish (3.80) was highest followed by tomato (1.64)
and spinach (1.72). Ladyfinger (Megha) and radish
(Selection-1) with improved cultivation practices
recorded maximum net returns of Rs. 75,130 and 95,300
ha™, respectively.

Three days off-campus training on 'Agri-based small
scale entrepreneurship development for livelihood
security of farmers in arid region' was also organized at
village Utamber. The training was attended by 150
farmers including 52 women.

Three group discussions were organized to identify
the constraints in adoption of improved technologies.
Impact of improved production technologies on yield and
socio-economic status were also assessed. Farmers were
invited for exposure visit to acquaint them with new
technologies during Kisan Mela organized at the Institute
out of which five farmers were awarded for best crop
production.
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Fig. 10.2 Perfomance of improved varieties of different rabi crops at farmers' field
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Performance of improved crop varieties at farmers'
field

Seed of improved variety of pearl millet (MPMH-
17), mung bean (IPM 2-3), moth bean (RMO-257) and
clusterbean (HG-2-30) were provided to women farmer
for increasing crop production. Farmers' recorded higher
grain (20.6-39.1%) and stover yield (11.8-17.6%)
compared to other varieties under rainfed conditions
(Table 10.3). Farmers' explained that yield of all the crops
was good however, heavy rain affected the yield of moth
bean. Another constraint prioritized by the farm women
was availability of green fodder. Therefore, Hybrid
napier and lucerne were promoted under irrigated
conditions in a smaller area. Green fodder yield of
lucerne increased by 15 per cent due to adoption of
improved variety (Almadar-3).

Livestock interventions

Improvement in the productivity of lactating animals
with supplementary feeding of multi-nutrient block
(MNB) was demonstrated to the farm women. The intake
of MNB ranged from 200 to 275 g and the average intake
observed was 248 + 46.5 g animal” day”. An average
increase in milk yield of cattle and buffaloes was recorded
17 and 2 1per cent, respectively due to supplementation of
MMB during summer with cost benefit ratio of 2.83.
Besides the increase in milk production, all the animals of
supplemented group showed symptoms of heat at the
proper time and conceived at first service. Further, they
reported that by supplementing MNB, animals consumed
more roughage, maintained good health and productivity
even during summer months when green fodder scarcity
was acute. The feeding trials of multi-nutrient mixture
(MNM) were conducted on lactating goats. The MNM
were offered to the goats @ 100 g day™ goat™ after grazing.
The improvement in mean daily milk yield was 24.8 per
cent. Besides the increase in milk production, goats also
showed improvement in health.

difeTdT 10.3 fHamEl & ¥ IR Af= W% Baal & S=id [hA] BT g9
Table 10.3 Performance of improved varieties of Kharif crops at farmers’ field

Crop Variety No. of Area
farmers (ha)
Improved
Pearl millet MPMH-17 29 1.00 12.13
Mung bean IPM-2-3 28 0.33 6.31
Moth bean RMO-257 23 0.16 4.62
Clusterbean HG-2-20 28 0.33 5.69

Yield (q ha™)
Grain Straw
Local % increase Improved Local % increase
8.72 39.11 18.28 15.54 17.63
4.72 33.69 6.34 5.51 15.06
3.83 20.63 6.82 5.89 15.79
4.67 21.84 8.82 7.89 11.78
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Capacity development

Capacity development programmes were designed
and conducted in villageses before initiation and during
implementation of action research. Capacity building
programme mainly focused on strengthening existing
knowledge base, addressing economic benefits as well as
raising awareness amongst women about improved skills
and techniques, agricultural development schemes,
building leadership qualities, value addition, and helping
them to gain positive self-image about themselves. An
exposure visit was arranged to the Institute where they
were acquainted with labour saving and drudgery
reduction tools, preparation of balanced concentrate feed
from locally available resources, improved crop varieties.
Three on-campus and eight off-campus trainings were
conducted on various aspects of crop and livestock
production.

Dissemination of institute developed solar devices

Different solar devices developed by the institute
were demonstrated during farmers' visit and Kisan Mela.

Performance of animal feed solar cooker: The thermal
performance of the animal feed solar cooker was tested
with American Society of Agricultural Engineers (ASAE)
standards and Bureau of Indian Standards (BIS).
Stagnation test (F1) and water boiling test (F2) of the
animal feed solar cooker were carried out to determine the
first figure of merit (F1), second figure of merit (F2) and
standardized cooking power (Ps). F1, F2 and Ps were
found 0.089 m*°C W™, 0.288 JW'°C™" and 27.40 W, which
indicated that the developed cooker falls under category
“B”, as per standard (F1 >0.12, class A cooker and F1
<0.12, class B cooker). The thermal efficiency of the
animal feed solar cooker was 26.4 per cent.

Thermal performance and economic evaluation of
non-tracking solar cooker: The first and second figures
of merit (F1, F2) and standardized cooking power (Ps)
satisfied BIS and ASAE standards. International
standards for thermal performance testing of the non-
tracking solar cooker F1, F2 and Ps were 0.120,0.401 and
46.40 W respectively, which indicate that the developed
cooker fallsunder category “A”. The thermal efficiency of
the non-tracking solar cooker was 25.4 per cent for the
water load of 3 kg. The payback period varies between
1.58 to 6 year depending upon the fuel it replaces and is in
increasing order with respect to the firewood, electricity,
charcoal, LPG and kerosene with an estimated life of
about 15 years.
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R |9R gog SR & ISl g d arell ® The non-tracking cookers have been installed in

WRel g § R T | 3HD gfogfe X udr 9o f6 I Rajasani village of Jodhpur and Kharda village of Pali and
the feedback from farmers revealed that it was able to

s _ 45 ® @ feTe Sy & | 21‘5’ geter cook food for a family of 4-5 members. It was also liked as
U [T AT 3 SHDI GAT DI Taedehal T8l sidl | it did not require any tracking.
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qaR1 A 15 I [ & Fedi - 5 foram | A ST

Integrated watershed development with special
reference to tribal community of Bernia watershed

Bernia watershed (predominantly tribal population),
Dungarpur boundary was delineated using remote sensing
data and SOI toposheet. The watershed has an area of 620
ha with 145 ha (23.4%) under agriculture, 289 ha as gravel
land (46.6%) and remaining area under rocky-stony,
settlement and village pond with a total population of
1015 (175 household). Scarcity of water and low
productivity of both crops and livestock were the major
problems identified during the survey. The availability of
water in the village was improved by increasing the
capacity of existing nadi through deepening from 4000 m*
to about 12500 m’. A conveyance channel 400 m length
connecting the pond to farmers field were constructed
from which 12 farm families benefited. The drinking
water facility was strengthened by constructing 3
rainwater harvesting tanks 021000 litres capacity each.

The productivity of kharif crops was improved by
distributing improved seeds of paddy (Pusa-Sugandha-5;
2263 kg) and urd bean (IPU-94-1/PU-31; 1450 kg) to
farmers with package of practices. Similarly for rabi crop
improvement, seeds of wheat (Raj-4037/4082; 21400 kg)
and gram (Pratap-1/RSG-888; 3090 kg) along with
recommended fertilizers were distributed to selected
farmers based on land holding benefiting 175 farm
families of the watershed. Under horticulture
development, 450 seedling of pomegranate (Bhagwa),
350 seedling of lemon (Kagzi), 500 seedling of Mango
(Mallika), and 300 saplings of Jackfruit were distributed.
The survival of various fruit trees varied from 60-80 per
cent. The yield data of kharif crop showed increase in
yield from 5-7 q ha™ for paddy and 1.5-2.5 q ha™ for urd
bean over the traditional cropping practices of the farmer.
For rabi crops, the mean increase in yield for wheat was
12-15 q ha™ and in gram it was 3-4 q ha™. Each household
was provided with solar lantern for green energy
management. Bucks (3) and rams (7) of Sirohi breed were
provided to selected farmers of watershed for livestock
improvement. 15 progenies were produced from 3
breeding bucks of Sirohi breed supplied under livestock
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faerg & forw 3 fa o1 ey & aR ufkieor erisa &1
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BT YT by T | Sod HRIHH TTd STdrs], dedid—Tel,
RTeT—darsT H SIS fhaml & Sia=ara H gur :

SIS YA (FAfad ISR 157 aRI ST %)

P I BrATfad fbar T |

improvement. Four training programs of 3 days duration
each were conducted for human resource development
(260 farmers including 60 women) covering various
aspects on natural resources management, income
generation & livelihood activities, etc. 34 soil health cards
were also distributed. 70 seed storage bins were given to
selected farmers for keeping seed etc.

Socio-economic-cum-household survey of a total of
192 families have been completed. About 47 per cent
households are categorised as APL and 53 per cent as
BPL. There are about 61 per cent nuclear families whereas
39 per cent were joint families. Family size varies from
2-9 persons. Farm size varies from less than 1 bigha to a
maximum of 16 bighas. All surveyed families reported to
have agriculture as their main profession except 10.42 per
cent families that work as agricultural labour.

Livelihood improvement of scheduled tribe farmers
through improved agricultural interventions

The certified seeds of of wheat (RAJ-4120),
DAP and urea were provided to 120 tribal farmers in the
month of November 2016. In total, 4800 kg certified seeds
of wheat var. Raj-4120, 6000 kg urea and 6000 kg DAP
were provided to the farmers for enhancing the
agricultural productivity of the tribal farmers. This
program was undertaken in village Jantora, Tehsil Garhi,
Distt. Banswaraunder TSP of AICRP (NSP).

S Bl & Sia=areT § GuR 8q Ta—sare], argars] @ Al H e [qaRer Brimhd
Input distribution programme for the farmers of village Jantora, Banswara for livelihood improvement

g ¥ SIS YIS & dgd TR fafaferat

ST SUATSTT & 3fcd o8 & AFAL Do
q feaF R 2016 H HieMECIgd, SR A 9T |d, AR,

Extention activities at under tribal sub plan

RRS, CAZRI, Leh distributed fruit saplings of apple,
apricot, walnut, in collaboration with CITH, Srinagar
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T B I=Id bl BT gaeH
Demonstration of improved package of practices on wheat

Hold Bl GUEd
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500 BTF, WHAIU Td [T P ARMBIRAT  qorr
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ANTHT § $9 YA Pl 98 ARIET U4 5 YW &3 D
frarl d o= BN I s fEaeRe! & fory Suanrfl aarr |

during December 2016 and distributed vegetables seeds
of cabbage, onion, cauliflower, radish, tomato, lettuce,
carrot etc. procured from IARI Regional Station, Katrain,
Kullu to farmers of TSP villages. Six identified tribal
villages viz. Nimoo, Umla, Phey, Stakmo, Naang, and
Saboo were also surveyed for socio-economic aspects.

Demonstration of improved packages of practices for
wheat in Leh: At Chushot village, demonstration of
improved packages of practices in wheat was carried out
and it was found that the improved practices provided
better growth and yield of wheat crop including
significant return.

Demonstration of basic orchard management: At
Ranbirpur and Nimoo villages, demonstrations of
improved packages of practices and orchard management
on Apple and apricot fruit saplings were carried out in
collaboration with CITH, Srinagar.

Y I BT QAT &G PYD U000

Farmer's training on orchard establishment

Crop cafeteria

Ninety varieties of arid zone crops, viz., pearl millet
(20), clusterbean (20), mung bean (20), moth bean (20)
and sesame (10) were grown in 'Crop Cafeteria' to
demonstrate their comparative performance and
characteristics to the farmers, researchers, administrators,
planners and students. Over 3000 farmers, 500 students,
officials from ICAR and state agriculture department and
the public representatives visited the 'Crop Cafeteria'
during the season. The visitors appreciated the efforts for
live demonstration of crops for the benefit of farming
community of arid zone and awareness among different
stakeholders.
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Aol B HUBTd W fFAMI iR BIE BT gHT
Farmers and students visit of crop cafetaria
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Model village project

Under Model Village Project, issues of capacity
building, liasioning, gap identification and impact
analysis; khasra based landuse map generation;
horticulture, forestry-agroforestry intervention; scientific
livestock management, fodder production; solar gadgets
demonstration, agriculture machinery intervention;
water harvesting, management of problematic soil/water
and its quality testing; integrated pest management,
rodent control; and crop/ range land management
technologies were disseminated for adoption by farmers.

o Irrigation water quality was tested for 70 tubewells
and 52 soil health cards were prepared with
recommenadation of manures and fertilizer.

o A khasra based landuse map of Ujaliya village was
prepared using satellite image (2011-12 Cartosat
PAN+LISS TV merged MX data).

o  FLDs (kharif=2016): Effectiveness of seed coating
with Maru sena 1 (Trichoderma harzianum) against
dry root rot was ascertained at farmer's field on
improved and local varieties through 10 FLDs on
clusterbean (HG 220 & RGM 112 and mung bean
(SML 668 & IPM 2-3). Least plant mortality (8.2-
14.2%) due to dry root rot was recorded in HG 220 &
RGM 112 and 8.5-15.7 per cent in SML 668 &
IPM2-3, respectively.

o 30 farm households were randomly selected for
study of availability and use pattern of quality seeds.
Seeds of kharif and rabi crops are available 3-15
days before sowing in local market, which are
available in moderate to scarce quantity as reported
by 73.3 per cent respondents and perceived as costly
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by 36.7%, very costly by 33.3% of farmers, and too
costly by 10% respondents. Seed replacement rate is
100% for castor, cotton, pearl millet, mustard, cumin
and isabgol.

Integrated pest and rodent management: 40 numbers
of farmers were exposed to problems of pests
(including rodents) and diseases, diagnostics and
symptoms and their management in various crops.
They were appraised about management of insect
pests through predators and other organic methods.
Demonstration on poison bait preparation and its
application was also organized.

Matrix ranking for women entrepreneurship
development: A group of 35 farm women of Ujaliya
village took part in matrix ranking exercise to eliecit
information on enterprise preferences. They
expressed need for training and education for being
successful as entrepreneurs. Raw material
availability, shelter, electricity and equipment
support were also reported for success.

Skill training on entrepreneurship development: A
three days program was conducted on "Food
Processing and Handicrafts" for 26 women of
Ujaliya village on preparation of embroidered bags
and cushions of various kinds by imparting skills on
drafting, cutting and stitching of various types of
handicrafts. Processed products of amla like
murabba, candy and pickle were prepared by skill
training in brix reading and syruping. Officials from
NABARD and Marudhara Gramin Bank took
special sessions on Self Help Group making and
credit linkages with banks.
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o  Aveterinary camp was organized on July 19. In this
camp 114 animal were dewormed and 14 animals
were treated for their diseases. Animal feed and
concentrate samples were collected for analysis and
necessary advice were provided to farmers' for their
treatment.

o 16 off campus trainings were given to farmers on
various aspects of kharif and rabi crops which
included insect pest management, storage and
processing, seed production, organic farming,
horticulture and agroforestry, soil and seed
treatment, self help groups and women empower-
ment and animal health.

m-Kisan portal

The Institute collects details of visiting farmer's
mobile number, crop details for their SMS registration in
the portal and also sends leaflets of different agriculture
technologies published by the Institute to individual
farmers through postal services. The intervention taken by
Ministry of Agriculture and Farmers Welfare, (GOI)
under National e-Governance Plan-Agriculture (NeGP-
A) known as 'm-Kisan portal' offers timely region specific
and crop specific information to farmers on their mobile
phones by SMS. During reporting year 949 farmers were
enrolled in m-Kisan.

Mera Gaon Mera Gaurav

The Institute has made 22 scientific teams under this
programme for disseminating information on various
agriculture technology, knowledge and advisories in 103
villages. The information is provided to the farmers in a

quarterly time frame through personal visits or on




aifiiep gfedes 2016-17
Annual Report 2016-17

AR

ICAR

HHI—AHY IR <l REd & | 39 IS H T ol dTel BIe
g g3 Al o Faa—a9g R $Y #§ fae, o, qord
AT AT gRT ATy I B Aol & IR 4
SIFGRNT &1 STl & | fhami gIRT 319Ts 718 By daeian
D 59 QI UHAT DI IATD, AREIRIG ST, AR,
ATsd Fwael, [Afed, UeRr 91 U9 §RT 9 9 A1
LTI AT # I} PReb PRI RE [FIERIT Bl 8 T Wes
IR T A M SIS § |
FIh GG IR UTeNfTad SRRl

el &g vifa SoIferar ffenn SHYQR; M g
godl, fSTell SR, gearsiar fSTell arsHy; |adT, foTal
Pe—YSl d IAARYR], STl I8 geTfe ial § fid yaer
AT AT G T SN DI qhAld IR TR BRIHH
SR 5 7Y | sa SifaRad By fasm o=, SiogR
RT3 7fal @ fHAMT 1 RIS FH<IT SHTS BT
gAY AT STEl I Hdl P P H Fgcd g Jdg W
SN & T | IS Dl g ©TH] BT AN g Wi d
FId IR MY ¥G A SHEr & T | e # Sy
fasi @ gr1 ST ufierorl & e 9 sdTeraroh
R AT YR ! T |
PN TH- 1D A DS

Ul Rase! a1 & d8d fhol 8964 (4, HUb
ey, faemeff wvg 9 B WeR @ Ff¥@RAr
PRI b5 H FAUT fbal, IT AWM B bl g
Tfafaferl & SEeRI & TS | Bt 7140 fh.3T. I+ fheAi

@ 9Io1 faen! {52, 98 @i% B & 49T (6057 fah.am),
IoRT (fISed—9802, #eR dORNl  HHEINC—2),

HIT—(3TR.H.SH1.—492, TH.UH.Ue1.—668, Sil.GH.—4, 377s.41.TH.
2—3), AIG—(3MR.UA.3N.—40, PSR HIG—2), TaR—(3MR.SIH.
—936, JMMR.SIJ11003, ARSIAL—1017, TAS.2—20, AR.
TH. SfT—112), fa—(@MmR.E1—346), B9—qUl, &7 Ud

telephone. The participation of small and marginal
farmers is ensured by giving timely information on
investment in agriculture, loans, availability of other basic
amenities, market rates, extension activities and facilities
provided by different agencies. Scientists are monitoring
the process of adoption of agricultural technologies by the
farmers through use of community radio, local
newspapers, mobile messages, video, exhibition and local
media and making initiatives to have dialogue with the
farmers in their local language and link it to Swachchh
Bharat Abhiyaan.

Transfer of technology on rodent management

Training on rodent management with demonstration
on bait preparation and bait delivery technique was given
to farmers of various villages of Jodhpur Distt (Ujalia),
Jalore Distt (Golasan & Hadacha); Bhuj (Gujarat) and
Ranbirpura, in Leh (J&K). Besides, farmers from the
adopted villages of KVK, Jodhpur visited the laboratory
and were briefed about the importance of rodents in
agriculture and management techniques. Lectures on
rodent pest management were delivered in on campus
trainings organized by KVK and radio talks were
delivered on AIR, Jodhpur.

Agricultural Technology Information Centre (ATIC)

Under single window service system, 8964 farmers /
farm women / students / trainees and state / central

government officers visited ATIC and were appraised
about Institute's technology and activities. There was a
sale of 7140 kg seeds of improved varieties of kharif crops
(6057 kg) viz. Pearl Millet (CZP-9802, Mandore Bajra
Composit-2), Mung bean (RMG-492, SML-668, GM-4,
[PM-2-3), Moth bean (RMO-40, CZM-2), Clusterbean
(RGC-936, RGC-1003, RGC-1017, HG-2-20, RMG-
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TS & dIof IR dT B (1083 fF.3M) S 1S (gT
STIfRAT, TH1—26) AR SIRI—(STH—4) | 39 AfaRad
S Bo W 63680 T (ISP, e, Forad], afwei
Q) A1 9 T | Ufea & Ared | 295 [HAM @I AT g
U B S BT AA Y& DI S | 59 AfaRead A
UHR P SUTGT SIA—G TS, TY—AER IS, UeAIIRT
ITE, oI Haftid Wrel SUTE, Sifdd IedTe A1fe o fam!
TP gRT g 19198 §RT Gl albd 3 wIY 30,91,861
I 8% |

112), Sesame (RT-346), grass- C. ciliaris and water
melon, 1083 kg of rabi crops seeds, mustard (Pusa
Jaikisan, Pusa-26) and cumin (GC-4). Besides this, 63680
number of horticultural, forestry, ornamental and
medicinal plant seedlings were sold to farmers. Among
the other activities, ATIC facilitated analysis of soil and
water samples for 295 farmers, sale of milk and animal
feed products, Aloe vera value added and organic
products and generated total revenue of Rs. 30,91,861.

AT YT Bg A= Al 9 AR AT B

State wise group visitors at Institute

Name No. of Farmers
of State groups
Male Female
Rajasthan 54 5956 361
Gujarat 05 50 50
Haryana 03 15 01
Karnataka 03 = -
Andhra Pradesh 02 - _
Maharashtra 01 = -
Himachal Pradesh 01 -- =
Madhya Pradesh 01 30 =
Uttar Pradesh 01 - -
Tamil Nadu 01 = -
Arunachal Pradesh 01 -- =
West Bengal 01 = -
Total 74 6051 412
SIS! fHHTM o=l Ta JrepreTarit

I A wnfiet fohan AT € | 39 99 WA B dSMiepl §IRT
A =afg / ardt gRa &1 57 gal € | W & o8 fIaR
TfAffet @1 SIS fFAM vd SIS ORI I e §RT
NS FHavat faar 7ar | faf= el ok 3 fags 3=
A Aenf-re! vd favy faeiysil g7 seprerarol R HfY & &z §
IR U HeTEd A= ug il uR 41 (ST a1y &1 778 |

Student/ Central/ Total
Trainees State officers
Male Female Male Female Male Female
1082 645 128 39 7166 1045
82 41 02 -- 134 91
38 17 -- -- 53 18
108 68 -- -- 108 68
26 03 07 -- 33 03
11 40 06 -- 17 40
25 25 -- -- 25 25
- - - - 30 -
- = 26 01 26 01
30 13 - -- 30 13
08 14 -- -- 08 14
06 10 -- -- 06 10
1416 876 169 40 7636 1328
(85%) (15%)

DD Kisan channel and All India Radio

Scientists of the Institute were empanelled in the list
of experts of DD Kisan. Three live discussion/talks were
given by our scientists. Several media coverages were
given by DD Kisan, DD Rajasthan channel to extension
activities of CAZRI. Scientists and SMSs from various
stations and KVKs delivered 41 radio talks on All India
Radio covering various aspects related to improved
practices in agriculture.
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Trainings organized for farmers: 292 trainings were
organized for 6915 farmers by various Divisions,
Regional Research Stations and KVKs of the Institute.

e R &R Tidl § smaford feamt & forw ufderr erise

Details of on-campus and off-campus trainings imparted to the farmers

Subject On-campus Off-campus
No. of No. of No. of No. of
courses trainees courses trainees
Division of Natural Resources and Environment
Watershed based land use planning in Dungarpur district -- -- 01 65
Natural resources management for development of tribal area -- -- 01 65
Division of Integrated Land Use Management and Farming Systems
Pomegranate for diversified farming = = 01 250
Protected cultivation to enhance farmers income 01 80 -- --
Agriculture based small scale entrepreneurship development for -- -- 01 150
livelihood security in the arid region
Division of Livestock Production Systems & Range Management
Skill training on fodder production and livestock management 01 46 -- --
Skill training on livestock-based farming system for 01 29 - -
empowerment of farm women
Women in agriculture day -- -- 01 32
Cultivation of fodder crops and livestock management, -- -- 01 130
Harsolav, Nagaur
Integrated farming system for empowerment of farm women, -- - 01 160
CAZRI, Jodhpur
Improved kharif cultivation practices -—- -- 01 31
Improved rabi cultivation practices -- -- 01 20
Supplementation of animal feed -- -- 01 47
Preservation of fruits and vegetables -- -- 01 22
Value addition of milk -- -- 01 21
Nutritious diet for anemic farm women -- -- 01 45
Division of Transfer of Technology, Training and Production Economics
Exposure visit cum farmers-scientist interaction 01 140 -- --
Inauguration cum one day awareness workshop of farmers -- -- 01 270
FIRST project
Empowerment of women through SHGs -- -- 01 26
Interface meeting of VDC farmers of Ujaliya and project staff 01 20 -- --
Kharif crop production -- -- 01 70
Soil and seed treatment -- -- 01 38
Seed production of moth bean and mung bean -- -- 01 34
Establishment of nursery for agro-forestry -- -- 01 16
Establishment of horticultural crops -- -- 01 48
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Subject On-campus Off-campus
No. of No. of No. of No. of
courses trainees courses trainees
Weed management in kharif crops -- -- 01 29
Women empowerment through SHGs -- -- 01 35
Integrated pest and rodent management -- -- 01 40
Organic cultivation of cumin and isabgol -- -- 01 14

Regional Research Station, Bikaner

Agriculture -- -- 12 300
Regional Research Station, Leh

One-day stakeholder meet - - 01 55
Rodent pest management -- -- 01 29
Traditional knowledge systems -- -- 01 36
Mushroom cultivation - - 02 48
Interactive meet on vulnerability assessment -- -- 03 59
International mountain day -- -- 01 30
Orchard sanitation - - 02 160
Vegetable production -- -- 01 11
Basics of orchard establishment and management -- -- 03 59
Regional Research Station and KVK, Bhuj

Agronomy 02 39 06 184
Horticulture 02 42 08 173
Plant protection 02 45 08 169
Soil and water conservation 02 66 09 198

Regional Research Station, Pali

Horticulture 01 20 2 40
KVK, Pali

Crop production 08 203 17 426
Horticulture 05 66 15 303
Plant protection 03 70 03 72
Home Science 05 100 10 256
Animal husbandry 08 159 11 365
Agricultural extension 08 182 12 391
KVK, Jodhpur

Crop production 02 51 10 352
Horticulture 05 169 11 271
Plant protection 02 71 12 273
Home science 03 86 12 281
Animal husbandry 02 65 14 347
Agricultural extension 02 72 16 369
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Front line demonstration: About 2275 farmers
benefitted by various FLD programs conducted by
institute in different villages. 79 animal health camps and
balanced economical feeding demonstrations were given
in various villages in Jodhpur district. About 128 animals
were de-wormed in 2 camps.

Y 2016—2017 § by T IRM dfed ves=

Front line demonstrations (FLD) undertaken during 2016-17

Thematic area

Demonstrations Beneficiaries

Division of Livestock Production System and Range Management

Kharif crops

Grasses

Silvipasture

Rabi crops

Perennial crops: Ber, Anar, Gonda
Solar feed cooker

Improved kassi

Badi maker

Division of Transfer of Technology, Training and Production Economics

Kharif crops

Rabi crops

Fodder production
Horticulture

Plant protection

Animal Husbandry
Regional Research Station, Bikaner
Kharif crops (moth bean)
Kharif crops (mung bean)
Kharif crops (cowpea)
Regional Research Station, Bhuj and KVK, Bhuj
Rabi crops

Kharif crops

Horticulture

Plant protection

KVK, Pali

Kharif crops

Rabi crops

Fodder production

KVK, Jodhpur

Crop production
Horticulture

Plant protection

Home science

Animal husbandry

59 28
11 11
06 06
49 36
03 50
02 02
50 50
10 10
48 48
08 08
19 19
13 13
10 10
01 128*
37 37
37 37
37 37
109 109
72 72
50 50
60 60
284 284
220 220
20 20
575 575
119 119
169 169
120 120
77 77
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urfora ulRieer erfe: Wvere § 39 a9 & yrafoa
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Sponsored training programs: Institute conducted a
number of sponsored training programs for educating the
farmers about various technologies and their
implementations. A number of other extension activities
and field days were celebrated by KVKs and divisions of
the Institute.

qY 2016—17 H YRIITT UFETT BRIHBH

Sponsored training programs during year 2016-17

Name of Program

Participants (Nos.) Sponsored by

Male Female Total

Division of Integrated Land Use Management and Farming Systems

Agri-based small scale entrepreneurship development for
livelihood security

98 52 150 ICARDA

Division of Livestock Production System and Range Management

Farmer-scientist interaction at Ajitnagar

Skill training on fodder production and livestock
management

RRS, Leh

Traditional knowledge systems

RRS, Bikaner

Farm school on moth bean

Farm school on clusterbean

Farm school on mung bean

RRS and KVK, Bhuj

Krishi Mela

Farmers-scientist interaction program
RRS, Pali

Scientist farmers interface meeting on ‘Soil salinity:
problems and solutions’

KVK, Pali

Improved cultivation practices of oilseeds
Improved cultivation technology in vegetable crops
Ber production technology in arid region

Line sowing technique of cumin

Cultivation practices of medicinal plants
Organic farming

Production technology of kharif crops

Organic farming

Nursery raising of different type of plants
Improved agricultural implements

Post harvest technology of fruits and vegetables

Income generation through stitching

47 28 75 ICARDA

44 02 46 ICARDA

22 14 36 JNU, New Delhi

23 02 25 ATMA, Bikaner

22 03 25 ATMA, Bikaner

23 02 25 ATMA, Bikaner

150 100 250 RKVY/ ATMA, Bhuj

70 00 70 ATMA, Bhuj

19 00 19 Sarv Mangal Gramin Vikas
Sansthan (NGO)

40 00 40 DOA

20 00 20 DOA

20 00 20 NHM

20 10 30 ATMA

25 00 25 NABARD

20 10 30 DOA

30 00 30 DOA

30 00 30 DOA

22 03 25 DOH

22 10 32 ATMA

23 02 25 NABARD

00 20 20 ICDC
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Extension activities organized by KVKs

Nature of Extension Activity KVK, Pali
Field day 16
Kisan mela 01
Kisan gosthi 24
Exhibition 01
Film show 28
Method demonstrations 51
Group meetings 30
Lectures delivered as resource persons 115
Newspaper coverage 38
Radio talks 06
TV talks 05
Popular articles and extension folders 15
Advisory services 30
Scientists’ visit to farmers field 55
Farmers visit to KVK 35
Diagnostic visits 21
Soil health camp 10
Self-help group conveners meetings 04
Women’s day in agriculture 01
Jai Kisan Jai Vigyan 01
Soil health day 01
Campaigns -
Exposure visits 09
Animal health camp 02
Farm science club conveners meet 05
Swachchh Bharat abhiyan pakhwada 01

KVK Jodhpur
03
01
08
08
16
51
26
145
34
05
06
12
152
51
37

18

04
01
01
01
05
02

05

01

KVK, Bhuj
03
02
09

03

06
25

02

12
183
44
373

21

01
01

01
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Exhibitions: The Institute organized/participated in
exhibitions on following occasions to popularize its
technologies and to create awareness among the masses
aboutits activities and achievements.

Date
April 3, 2016
May 23-24, 2016

May 27-28, 2016

August 30, 2016

November 9-11, 2016
November 18-19, 2016
November 28-30, 2016
January 4, 2017
February 3-12
February 7, 2017
February 18-20, 2017
March 15-17, 2017
March 21 , 2017

AT gRT YeRifFal &1 SRS g AgHTHrar
Exhibitions conducted/participated by the institute

Occasion
Pradhan mantri fasal beema yojna jagrukta abhiyan mela

Agriculture exhibition and farmers scientist interaction
program

Agriculture exhibition and farmers scientist interaction
program

Pradhan mantri fasal bima yojana tahat - kisan mela evam
krishi pradharsani

Global Rajasthan agritech meet, Gram-2016

Career skill employment mela-2016

Northern regional agriculture fair krishi kumbh- 2016
National sheep and wool fair

Pashchimi Rajasthan hastshlip udyog Utsav-2017
District level agriculture fair,

Western region agriculture fair-2017

Krishi unnati mela-2017

Tree production fair-2017

Place
Village Lunawas Khara, P.S. Luni, Jodhpur
Krishi Mahotsav, Bhachau

Krishi Mahotsav, Bhuj

KVK, Jaisalmer (SKRAU, Bikaner).

Jaipur Exhibition and Covention Centre, Jaipur
Udaipur

G.L.College ground, Muzzaffarnagar
ICAR-CSWRI, Avikanagar, Tonk

DIC, Jodhpur, Ravan Ka Chabutra, Jodhpur
Agril. Univ. Mandore, Jodhpur

SKRAU, Bikaner

ICAR-IARI, Pusa Ground, New Delhi

AFRI, Jodhpur
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Intellectual Property Management and
Commercialization

yfcraed Safyy & AR A UeifTa! yaee sars (37Ts. During the period under report the Institute Technology
AgAY,) 7 HwF vd frefalRad dwemell @ §9 wwsiiar - Management Unit (ITMU) facilitated signing of MoU

SO+ AT e § WErIdT e & | between the Institute and various agencies as follows.
e  Application filing facilitated for variety registration of arid lands) facilitated through a patent attorney
of Gonda (Cordia myxa), Karonda (Carissa after its formal inauguration by DG, ICAR.

carandas), CAZRI Anjan-2178 and CAZRI Anjan-

S e Design drawings and material list of Solar PV duster
358 (Cenchrus ciliaris), and CAZRI Sewan-1

and three-in-one solar devices shared with

(Lasiurus sindicus). Sabujshakti Energy Revolution Pvt., Ltd., Hoogly
e Filing of application for registration of CAZRI (W. B_) and Fransfer of know-how f)f “Improved
Logo, word mark and tagline (Enhancing resilience Kassi” provided to Ashapura Associates, Jodhpur
through know-how contact.
LREN| _LFRSI/Consultancy
Consultancy Project Type Client/ Organization Budget outlay (Rs)  Status
Assessing aeolian hazards and its Consultancy NTPC Ltd., Bhadla 23,00,000 On-going
possible management strategies for  service Rajasthan
solar PV plant site
Anti-rodent testing of Dura-Guard ~ Contract service ~ M/S Dura-Line India Pvt.  2,89,740 Completed
DWC (Double Wall Corrugated) Ltd., Alwar, Rajasthan
HDPE ducts (Size: 50 and 63 mm)
Anti-rodent testing of DWC Contract service ~ M/S Tirupati Plastomatics ~ 3,41,029 On-going
(Double Wall Corrugated) HDPE Pvt. Ltd., Jaipur
ducts (Size: 90/77mm,
125/108mm and 180/153 mm)
Evaluation of anti-rodent treated Contract service ~ M/S KiTECH Industries 3,37,417 On-going
plastic (PBT) tubes against rodent (India) Ltd., Borivali
attack (West) Mumbai

difg® wvaer 9wkl | YToI¥d/Revenue Generation from IP assets

Rupees three thousand only generated for sharing  i.e. Solar PV duster and three—in—one solar device and
of design drawings and materials of solar devices ~ improved kassi.
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ENVIS Centre on Desertification

Bg DI 1I|\>‘I|E||i’»Té?I'T/ActiVities of Centre

e  Celebrated International Day for Biological Diversity
(May 23,2016)

e  Celebrated World Environment Day (June 4,2016)

e  Environment-walk by CAZRI staff at Machia
Biological Park, Jodhpur (June 9,2016)

e  Organised Essay Competition for the School Children
during World Environment Week (June 10,2016)

e  Celebrated World Day to Combat Desertification (June
16,2016)

e  ENVIS team participated in World Day to Combat
Desertification at AFRI, Jodhpur (June 17,2016) and a
Knowledge Product entitled 'Cacti in Desert Botanical
Garden' was released.

e  Alecture on'Ecological Management of Arid Lands for
Combating Desertification' was delivered at AFRI,
Jodhpur by Dr. Suresh Kumar (PI, ENVIS) on June 17,
2016.

HIPH3TT A IATTeTz get
Online System for ICAR NET Examination

HEI H JiFele T Wil dv= gars vU § Farferd &
TqAT §H qY AIHIATY I—2016 DT IRIEAT 1—6 K, 2016 B
SR MR @ T o Y vd wearft fagm= & 54
fawt o yde fom = iRl # odte oft =0 | guHeiR.
9. gRT AT qh-iIh] HHATRIT DI 9l & ford fa=rd
17 TS, 2016 Bl SI—3 AT 4 RATwR, 2016 BT S—1 &Y
forRad aieT T SIS o 73T | SHd STTdT 26—27 S,
2016 T TRMNIS A8 o & UG & ford v Sral.
3. @ ded fofRad TXie &1 e o |

Candidates entering the examination centre

The centre is fully functional and an online
examination of NET -2016 was organized from August
1-6, 2016 under the aegis of Agricultural Scientists'
Recruitment Board (ASRB), New Delhi for 54 disciplines
of Agricultural and allied Sciences in three shifts each day.
The common written examination for recruitment of
technical positions conducted by Agricultural Scientists'
Recruitment Board (ASRB), New Delhi was organized by
the Institute on July 17, 2016 (for T-3) and on September
4,2016 (for T-1). The written Examination for promotion
to Assistants under LDCE quota was also organized from
May 26-27,2016.

A

Director inspecting the Online Examination system
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Institute Projects

Integrated Basic and Human Resources Appraisal,
Monitoring and Desertification

Integrated natural resources monitoring in Arid
Rajasthan

Development and assessment of soil erosion
productivity models for rainfed cropping systems in
Kachchhregion

Status of community grazing lands in western Rajasthan

Wind erosion and soil loss in western Rajasthan and its
impact on agricultural production

Identification and evaluation of impact of shelterbelts in
Bikaner, Rajasthan

Benchmarking of natural resources in Narmada canal
command area of Rajasthan for monitoring and
assessment

Biodiversity Conservation, Improvement of Annuals and
Perennials

Genetic improvement of clusterbean, moth bean and
mung bean

Breeding pearl millet hybrid parents and hybrids for high
temperature tolerance

Collection, characterization and preliminary evaluation
of'sorghum germplasm in arid region

Identification and characterization of fodder sorghum
against drought and salinity stress for higher fodder
productivity in Kachchh region of Gujarat

Development of high seed yield genotypes of
watermelon (Citrullus lanatus) for rainfed situations of
arid zone

Germplasm collection, evaluation and conservation of
underutilized shrubs (Grewia tenax and Indigofera
oblongifolia) of Western Rajasthan

Digitization and database development of the botanical
collections from Indian arid zone

Development of mapping populations in pearl millet
(Pennisetum glaucum L.) for high temperature tolerance

Synthesis of organo-mineral fertilizers from organic
waste: Development of production technology and
assessing agronomic efficiency

Assessment of assimilation potential and partitioning of
clusterbean under arid western plains

Development of seed coating and pelleting technology
for seed spices

Enhancement of genetic diversity through hybridization
and mutagenesis for clusterbean (Cyamposis
tetragonoloba) improvement

Isolation, characterization and evaluation of efficient
rhizobia for guar and moth bean

Collection, evaluation, characterization and
identification of suitable Grewia and Cordia species for
better fodder and fruit production in arid Kachchh

Development of Cordia gharaf based silvi-pasture
system for hot arid zone of Western Rajasthan

Breeding for high fodder yielding attributes in Cenchrus
ciliaris

Identification of superior provenances of Prosopis
cineraria and Tecomella undulata growing in Indian hot
arid zone

Breeding for improvement of moth bean plant type and
yield

Integrated Arid Land Farming System Research

Development of Agri-horti. system in rejuvenated ber
orchard in arid condition

Long term fertilizer trial on pearl millet

On-farm assessment of integrated farming systems in
arid region

Evolving grass—legume intercropping for quality fodder
and soil improvement in arid region of Gujarat

Carbon sequestration potential of agroforestry systems in
rainfed agro ecosystem in zone I and I1

Carbon sequestration potentials agroforestry system in
hyper arid partially irrigated zone
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e Establishment, Evaluation and utilization of Cactus pear
(Opuntia spp.) in arid regions

e Production and adoption of organic system in arid zone

e Integrated farming system for enhancing economic
resilience in arid regions

e Development of horticulture based production system for
Transitional Plains of Luni basin

e Assessmentof agronomic and economic performances of
clusterbean-based cropping systems under different soil
management practices in hot arid region

e Physiological evaluation of mustard genotypes in
relation to antioxidant defense mechanism, growth and
productivity under temperature stress

e Grafting vegetables to improve crop water productivity
under deficit irrigation in arid region

e Evaluation of cactus pear based three tier agroforestry
models for fodder security in arid region of Kachchh

e Development of Prosopis cineraria and Ailanthus
excelsa based agroforestry system for arid western
Rajasthan

Management of Land and Water Resources

e Improving water productivity through protected
agriculture

e Evaluation and improvement of soil and crop
productivity in akhadin system of arid region

e Integrated watershed development with special reference
to tribal community of Bernia, Dungarpur (Raj.)

e Quantification of water and energy balance components
for groundnut and summer clusterbean in arid western
Rajasthan

e Treecrop interaction in partially irrigated arid zone

e Evaluation of low cost protected structures for vegetable
production

Improvement of Animal Production and Management
e Studies on water requirement of arid cattle

e Assessment of production potential and improvement of
pasture land under different management systems

e Improving farm productivity through livestock based
farming system at farmers' field

Plant Products and Value Addition

e Development of baked functional foods from locally
available plant sources in arid region

e Development of post-harvest technique for date palm at
Doka stage

Integrated Pest Management

e Distribution and abundance of rodents in cold arid
ecosystem of Leh

e Development of integrated pest management modules
for cumin, groundnut and castor

e Ecological evaluation of rodent diversity in Narmada
canal command area

e Integrated weed management in principal crops of cold
arid zone

Non-Conventional Energy Systems, Farm Machinery &
Power

e Refinement of selected agro processing machines for
arid produce

e Optimization of energy and water use in solar PV pump
based micro-irrigation system for different scales of
operation

e Dissemination of CAZRI developed solar devices and
their refinement for rural areas

e Optimization of PCM thermal energy storage in solar
dryer for dehydration of fruits and vegetables

e Design, development and performance evaluation of
phase change material (PCM) based photovoltaic
thermal (PVT) hybrid solar dryer

Socio-economic Investigation and Evaluation

e Multi-dimensional impact of CAZRI developed
watershed: a study in Jodhpur district of arid Rajasthan

Technology Assessment, Refinement and Training

e Analysis of integration of technologies by farmers in
Banni areas

e [CAR-CAZRIModelvillage project
a1 fat i uRREIoRI/ Externally Funded Projects

e Production of quality seed and plant materials of arid
crops (ICAR; DSR;X 60.85 Lakhs)

e All India Coordinated Research Project-National Seed
Project (Crops) (ICAR;X28.90 Lakhs)
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All India Network Project on Vertebrate Pest
Management (ICAR; X 2700 Lakhs)

Production and demonstration of tissue culture raised
plants under three location and collection and
maintenance of elite germplasm of Date palm (ICAR;
¥ 55.0 Lakhs)

Unravelling biochemical and molecular basis of bacterial
and fungal endo-symbiosis for management of abiotic
stress in plants (NFBSFARA-ICAR;X 65.4141 Lakhs)

Harvesting, processing and value addition of natural
resins and gums (NINRG, Ranchi; X 61.15 Lakhs)

Preventing extinction and improving conservation status
of threatened plants through application of
biotechnological tools (DBT; X 48.384 Lakhs)

Genetic diversity assessment, propagation and
conservation of Marwar teak [ Tecomella undulata (Sm.)
Seem.] (DBT;X 50.058 Lakhs)

Integrated agro-meteorological advisory services (AAS)
for farmers of Jodhpur region NCMRWF (DST; X 3.92
Lakhs)

Forecasting agricultural output using space, agro-
meteorology and land based observations (FASAL)
(MoES-IMD;X 4.32 Lakhs)

Water harvesting based integrated agricultural
production system for arid region (ATMA; X 8.27 Lakhs)

Integrating genomics and plant breeding to develop
nutritionally enhanced chickpea (Cicer arietinum L.)
(DBT;X27.85 Lakhs)

Participatory tree nurseries establishment for enhancing
livelihood and employment generation in arid Rajasthan
(DST;X27.87166 Lakhs)

Development of guidelines for the conduct of test for
Distinctiveness, Uniformity and Stability (DUS) in
Horse gram, Clusterbean, Moth bean and Lathyrus
(PPV&FRA;X 13 Lakhs)

Agro biodiversity baseline survey and interventions in
western Rajasthan India: Study across CRP 1.1 Sites
scale (Bioversity International; X 5.5 Lakhs for one year)

Establishment of Field Gene Bank for Arid Region (PPV
& FRA, New Delhi; X 120 Lakhs)

National mission on sustaining Himalayan ecosystems
(NMSHE)-Task force-6 (Himalayan Agriculture)
(NMSHE;X 74.20 Lakhs)

National mission on sustaining Himalayan ecosystems
(NMSHE)-Task force-5 Indigenous Technology
Knowledge (ITK) (NMSHE; X 8.69 Lakhs)

Mitigation of climate change by enhancing C-
sequestration in agriculture and adaptation strategies to
thermal stress in ruminants in arid region of western India
(NICRA;X 84.00 Lakhs)

Livelihood and nutritional security improvement of
tribal farm women through horticulture (ICAR-CIWA;X
13.50 Lakhs)

Managing agricultural production systems in low rainfall
regions of India for sustainable livelihood (ICARDA; US
$111950)

Community based rangeland management and
utilization potential of Opuntia ficus-indica in low
rainfall regions of India (ICARDA; US $ 114133)

Solar farming: crop production and electricity generation
from a single land use system (ICAR; X 124.04 Lakhs)

Improving crop and water productivity in Indira Gandhi
canal command area Phase II (ICAR-ICARDA; US $
120000)

Managing Ganoderma lucidum induced root rot in
Indian Mesquite (Khejri) by bio-control agents, residues
and residue based compost in Indian arid region (DST; X
31.54163 Lakhs)

Creation of seed hubs for increasing indigenous
production of pulses in India (MoA ;X 150 Lakhs)

Harnessing the potential of Lasora (Cordia myxa L.): a
multipurpose fruit plant of arid and semiarid regions of
India (SERB, DST;X 22.27 Lakhs)

Sustainable livelihood interventions for augmenting
small land holders income in western Rajasthan (Farmers
FIRST;X 45.54 Lakhs)
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V.S. and Bhatt, R.K. 2016. §ibR ¥ b &5 By
UG | A% PIY FIBT (BIoR] [ARid) 16—17:
125—135.

Srivastava, S. and Kumar, P. 2017. & arfedl H Heoll
IETET | In: YF &F H Heofl IUIGT Bl I
d®1% (Eds. P. Kumar, P.S. Khapte, S. Srivastava,
R.K. Singh and A. Saxena). WTH3d— D& Y &5
ST AT, FYR. YTS: 77—79.

Srivastava, S.2017. % & ¥ Heoll URRETVT Ud Ho Haei
B bl | In: I &5 7 Weofl Iq1GT Pl I~
d®1% (Eds. P. Kumar, P.S. Khapte, S. Srivastava,
R.K. Singh and A. Saxena). WTH3U— D& Y &5
ST AT, SEYR. YTS: 83—86.

Srivastava, S., Kumar, P. and Saxena, A. 2017. Jfssrat &1
GryeT 3 HEgd Ud e SUAIRT| In: gp &7 H
vIsul] Scqra @l J~id db+ld (Eds. P. Kumar, P.S.
Khapte, S. Srivastava, R.K. Singh and A. Saxena).
Tt3: 1—2.

Tetarwal, A.S., Ramniwas, Dayal, D., Kumar, S., Singh, T.
and Ram, S. 2016. HURT H FHbT PIc Yae | @l

7:14—16.




Date
April 28-29, 2016

May 02-04, 2016

June 25-26, 2016

July 01, 2016

July 04, 2016

August 01, 2016

August 05, 2016

August 09-10, 2016

August 20-21, 2016

August 21-24, 2016

August 21-23, 2016

August 24, 2016

August 31, 2016

A / BRIl / AfFERT /

MRSt # Wity

Participation in Conferences/Seminars/

Symposia/Workshops

Details of Program

Workshop on “DST’s Knowledge Network on Climate Change and
Agriculture”organized at NAAS Complex, New Delhi by
Department of Science and Technology in Association with IARI,
New Delhi.

Zonal workshop of KVKs of Zone IV at Anand Agricultural
University, Anand.

3"International Conference on ‘Agriculture, Horticulture and Plant
Sciences’ organized by Academic Research Journals, New Delhi.

STl GITaRYT ORI fawe) AeS ‘organized by National Water

Mission and Central Water & Power Research Station,
Khadakwasla, Pune.

ICAR-DAC-Department of Agriculture, Government of Rajasthan
Interface Meeting on ‘Enhancing the Preparedness of Agricultural
Contingencies for Rajasthan: Kharif-2016’ organized by ICAR-
CRIDA, Hyderabad at Pant Krishi Bhavan, Jaipur.

Training of trainers on Empowering Panchayati Raj Institutions
Spatially (EPRIS) organized by Regional Remote Sensing Centre-
West, ISRO, Jodhpur.

National Meeting of National Disaster Management Authority,
Government of India, New Delhi.

International Seminar on “Aadiwasi Tribes of India: Challenges and
Possibilities” at INVU, Jodhpur.

Review Workshop of Collaborative Project on ‘Integrated Farming
System for Improvement of Nutrition and Livelihood Security of
Farmwomen under different Agro-ecosystems’ at CIWA,
Bhubaneswar.

12™ International Dryland Development Conference, Alexandria,
Egypt.

7" World Renewable Energy Congress: International conference
and Exhibition at Expo at Convention Centre Manekshaw Centre,
Delhi, India.

National Workshop on ‘Empowering the Plant Genome Savior
Community Awardees in Conservation and Sustainable use of Plant
Varieties’. New Delhi.

IARI Post Office Model Linkage Extension, ICAR-ATARI,

Jodhpur.

Participants

D.K. Gupta

Devi Dayal, Dheeraj Singh,
Sanjay Kumar

M.L. Soni, Birbal,
M.B. Noor Mohamed

R.K. Singh

A K. Misra

Pratibha Tewari
N.A. Vijay Avinashilingam,
B.L. Manjunatha

M.K. Gaur
N.A. Vijay Avinashilingam,
Pratibha Tewari

A K. Misra

O.P. Yadav

Dilip Jain, P. Santra,
Surendra Poonia

Dheeraj Singh

L.P. Balai
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Date
September 19, 2016

September 22-23,
2016

October 10-23, 2016

October 13-15, 2016
November 06-09,
2016

November 09-11,
2016

November 09-11,
2016

November 10-13,
2016

November 12-14,
2016

November 15-18,
2016

November 18-19,
2016

November 22-26,
2016

November 24-26,
2016

November 24-25,
2016.

November 28-30,
2016

November 29-30,
2016

Details of Program

State Inception Workshop on Green Agriculture, organized by FAO
and State Department of Agriculture at STAM, Durgapura, Jaipur.

Workshop on “Zonal Research Extension Agriculture Committee,
Kharif, 2016”. ARS, AU, DOA, Jodhpur

Food and Agriculture Organization of the United Nations (FAO)
moderated e-mail conference on “Exploring the Contribution of
Small Farms to Achieving Food Security and Improved Nutrition”.

National Conference on ‘Impact of Climate Change on Air Quality,
Biodiversity and Agriculture’, Amity University, Jaipur.

1™ International Agrobiodiversity Congress (IAC) 2016 organized
by ISPGR and Biodiversity International at New Delhi.

Global Rajasthan Agriculture Meet (GRAM 2016), Department of
Agriculture, Government of Rajasthan and FICCI Jaipur, Exhibition
and Convention Centre, Jaipur.

X Biennial Animal Nutrition Association Conference on ‘Newer
Perspectives in Animal Nutrition Research for Augmenting Animal
Productivity’ at Sri Venkateswara Veterinary University, Tirupati.

International Conference on- “Integrated  Land Use Planning for
Smart Agriculture-An Agenda for Sustainable Land management”
(ICILUPSA-2016) at NBSS&LUP, Nagpur.

Pearl Millet Consumption for Better Health and Nutritional Status in
Arid Region (Rajasthan Conclave), Desert Medicine Research
Centre, Jodhpur.

Platinum Jubilee of Horticultural Society of India : An International
Meet, 7" Indian Horticulture Congress 2016: Doubling Farmers
Income Through Horticulture, organized by Horticulture Society of
India at IARI, New Delhi.

Emerging Trends in Biotechnology for Agriculture, Medicine and
Environment and 26" APSI, Scientist Meet, Mahila P.G.
Mahavidyalaya, Jodhpur.

4™ International Agronomy Congress on Agronomy for Sustainable
management of Natural Resources, Environment Energy and
Livelihood Security to Achieve Zero Hunger Challenge, ICAR-IARI,
New Delhi .

International Conference on ‘Challenging Food Systems and their
Roles in Nutrition and Health’ at University of Makellae, Addis
Ababa, Ethiopia.

Task Force Meeting on the Formulation of National Landslide Risk
Management Strategy for National Disaster Management Authority,
Government of India, held at Kalimpong (West Bengal).

ISEE National Seminar 2016 on “Information and Communication
Management Concerning Climate Smart Agriculture for Sustainable
Development and Poverty Alleviation, ISEE, ICAR, RVSKVYV,
Gwalior (MP). ISEE, IARI and RVSKVV, Gwalior.

Joint Workshop under Indo-German Bilateral Cooperation in Seed
Sector, PPV&FRA, New Delhi at NASC, New Delhi.

Participants

J.P. Singh

M.L. Meena

B.L. Jangid

Ritu Mawar

J.P. Singh

H.R. Mahla

A.K. Misra

P.C. Moharana, N.R. Panwar,
R.C. Kasana, Mahesh Kumar,
M.K. Gaur, S. Mangalassery

Pratibha Tiwari

P.R. Meghwal

R. Sharma

N.D. Yadava, M. Patidar,
V.S. Rathore, S.P.S. Tanwar,
A. Singh, N.K. Jat

Dheeraj Singh

M.K. Gaur

Pratibha Tewari
N.A. Vijay Avinashilingam,
M.L. Meena

P.K. Roy
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Date
December 03-05,
2016
December 09-10,
2016

December 10-11,
2016

December, 30-31,
2016

January 03-04, 2017

January 14-15, 2017

January 16-17, 2017

January 19, 2017

January 20-22, 2017

January 21-22, 2017

January 21-23, 2017

February 01-02,
2017

February 01-02,
2017

February 11, 2017

Details of Program

National Symposium on “Agroforestry for Environmental
Challenges, Sustainable Land Use, Biodiversity Conservation and
Rural Livelihood Options” at NRC on Agroforestry, Jhansi .

NICRA Project Workshop, NASC, New Delhi.

National Conference on Innovative and Current Advances in
Agriculture and Allied Sciences (ICAAAS-2016) organized by
Society for Scientific Development in Agriculture and Technology,
Meerut (U.P.) at Prof. Jayashankar Telangana State Agricultural
University, Rajendranager, Hyderabad.

International Seminar on Recent Advances in Agriculture and
Horticulture Sciences, organized by Academic Research Journals
(INDIA) at Jodhpur.

104" Indian Science Congress, Sri Venkateswara University,
Tirupati.

International Seminar on Agriculture and Food for Inclusive Growth
and Development, organised by Samagra Vikas Welfare Society and
Annapoorna Life Organic Food Pvt. Ltd., Lucknow at CSIR, NBRI,
Lucknow.

National Review Meeting on Cactus Pear (Opuntia ficus indica) in
India. Organized by ICAR: CAZRI RRS, Kukma, Bhuj.

Workshop on “Mission Water Conservation” under Natural
Resources Management Framework at State Institute of Agricultural
Management (SIAM),Durgapura-Jaipur.

1** Asian Conference on “Water and Land Management for Food
and Livelihood Security” (WLMFLS-2017) organized by Soil
Conservation Society of India, New Delhi at Indira Gandhi Krishi
Vishwavidyalaya, Raipur (Chhattisgarh)

National seminar on “Seed Spices for Enhancing Farmers Prosperity
and Livelihood Security” organized by ICAR-NRCSS and DASD,
Cochin. Tabiji, Ajmer.

5" National Seminar on “Climate Resilient Saline Agriculture:
Sustaining Livelihood Security”, organized by Indian Society of
Soil Salinity and Water Quality, Karnal at SKRAU, Bikaner.

National Seminar on Research and Development Advances in
Spices, Medicinal and Aromatic Crops, Cultivation, Processing and
Trade for Prosperity of Indian Farmers. Agriculture University,
Mandore, Jodhpur.

Rainwater-Smart Management in sub-Saharan Africa at Nairobi,
Kenya. University of Nairobi, Kenya.

Platinum Jubilee Celebration of Indian Society of Genetics and
Plant Breeding, New Delhi

Participants

C.B. Pandey, R.K. Bhatt,
M.S. Raghuvanshi,
Dipankar Saha

B.K. Mathur

N.R. Panwar,
H.M. Meena

Pratibha Tewari, Bhagwan Singh,
Dheeraj Singh, Pradeep Kumar,
S. Srivastava

O.P. Yadav

D.K. Gupta

A.K. Misra, Devi Dayal, A.K. Shukla,
J.P. Singh, B.K. Mathur, D. Machiwal,
V. Khandelwal, S. Mangalassery,
Rahul Dev, M. Sureshkumar,

G. K. Sharma, Sanjay Kumar, T. Singh,
A.S. Tetarwal, Ramniwas, R.C. Bissa,
Mohar Singh, Hargovind Kunapara

R.K. Goyal

N.R. Panwar, H.M. Meena

O.P. Yadav,
Dheeraj Singh

O.P. Yadav, J.P. Singh, Mahesh Kumar,
V. Subbulakshmi,

Sheetal K. Radhakrishnan,

Renjith P.S.

H.R. Mahla, M.L. Meena,
M.K. Choudhary, Chandan Kumar,
P.K. Tomar

Dheeraj Singh

O.P. Yadav
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Date

February 16-18,
2017

February 21-25,
2017

February, 22-23,
2017

February 23-26,

2017

March 01, 2017
March 03-04, 2017

March 08-09, 2017

March 09-10, 2017

March 10-12, 2017

March 15, 2017
March 17-18, 2017

March 18-20, 2017

March 22-23, 2017

Details of Program

51* Annual Convention of Indian Society of Agricultural Engineers
(ISAE) & National Symposium on ‘Agricultural Engineering for
Sustainable and Climate Smart Agriculture’ organized by ISAE and
CCSHAU, Hisar.

Inter Drought-V Conference, Hyderabad.

Workshop on Sustainable Models of Agriculture and Tree-Based
Livelihoods for Western Rajasthan, organized by Arid Forestry
Research Institute and sponsored by MPower, Jodhpur.

International Seminar on Oilseed Brassica organized by ICAR-
Directorate of Rapeseed-Mustard Research (DRMR), State Institute
of Agriculture Management (SIAM) and Indian Council of
Agricultural Research (ICAR) at Jaipur.

Workshop on IFS Model at SDAU, Dantiwada.

National Symposium on New Directions in Managing Forage
Resources and Livestock Productivity in 21* Century: Challenges
and Opportunities, jointly organized by Range Management Society
of India, Jhansi and RVS Krishi Vishwa Vidyalya, Gwalior .

National Seminar on Environmental Management and Technology
organized by Department of Environmental Science, Maharaja
Ganga Singh University, Bikaner.

Improvement of small Ruminant Production System for Livelihood
Security & Annual Conference of ISSGPU” at ICAR-CSWRI,
Avikanagar.

4™ Indian Biodiversity Congress, Pondichery University
Puducherry, organized by CISSA, Thiruvananthapuram.

Workshop on Doubling the Farmers Income at SDAU, Dantiwada.

National Workshop of ENVIS Centres: Summary Evaluation and
Proposed Revamping of ENVIS Scheme. GEC, Gandhinagar,
Gujarat.

38" Indian Geographers Meet, 2017 and National Conference on
Sustainable Earth Resource Development at Banasthali University,
Banasthali.

National Conference on Desalination and Water Purification for
Defence and Civil Application. Defence Laboratory, Jodhpur.

Participants

A.K. Singh, R.K. Singh,
Surendra Poonia

O.P. Yadav
A K. Jukanti

Pratibha Tewari

Dheeraj Singh

Ramniwas, A.S. Tetarwal

A.K. Misra,
Devi Dayal,
J.P. Singh

Sheetal K. Radhakrishnan

B.K. Mathur

J.P. Singh

Ramniwas, A.S. Tetarwal

J.P. Singh

M.K. Gaur

Dilip Jain
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Meetings and Events organized in the Institute

YIHA Bl 9T Ao R ARReddl BRIBH/

Awareness Programme on Pradhan Mantri Fasal Beema
Yojna (PMFBY) was organized by Institute at village
Lunawas Khara, Panchayat Samiti Luni in Jodhpur District
onApril 3,2016. Sh. Joga Ram Patel, Member of Legislative
Assembly, Luni inaugurated the awareness programme. He
highlighted the features of PMFBY and stressed on saving
arid region trees especially Khejri, Kair and Kumat. More
than 750 farmers, farm women and rural youth of 15 villages
participated in the programme.

Vel i @ TN W) Hﬂ'ﬂ'?‘lT?fI‘l/Workshop on Use of
Simple Hindi: 98 2= YT Ud Jf-pre ufereror favg
TR 7 I, 2016 B FRAM H HRIWET MARTT T8 |
PRIEHH B G A UHER DA DI, HHAAT T80
HqEIfqeed, SO ARV 9 [qeafderad, SiegR |
ufdreronfefal & GaIfd fhar| WeER T &, {Iom,
faurmeze, fe=l fawmT, S ARmEer @9 fgafderaa
QR 7 e 1 ¥ BT BT g1, 211, 3rw07 9], RIS
T e og & ARHEN 7 HFgeR H JADTS & TAN
AR MY & Rl ST Sf. B.uA. T o TN
Eefem @ IR F TN & | URerr § Bror @ 55

Th-TD! Ud YT 1T HHANT UG FfHTRAT = 91T foram |

AU AaedR AR (3MR.TIN.)/Research
Advisory Committee (RAC): RAC met on April 8-9, 2016
under the chairmanship of Dr. J.S. Samra. RAC members Dr.
D.K. Benbi, Dr. S. Kumar, Dr. H.S. Balyan, Dr. J.K. Singh,
Dr. Arun Varma, Dr. I.J. Mathur, Dr. S. Bhaskar, Dr. O.P.
Yadav, Director, CAZRI and Dr. P. C. Moharana, Member
Secretary were present in the meeting. RAC chairman and

members interacted with Heads of Divisions and Regional
Research Stations and discussed the Institute's research
programs for the year 2015-16.

Jgqig  wHlen |fifd (F.MRE.)/Quinquennial
Review Team (QRT): Met on April 18-19, 2016 under the
chairmanship of Dr. B. Venkateswarlu. The QRT members
Dr. Suresh Pal, Dr. S.K. Gupta, Dr. G.R. Korwar, Dr. K.S.
Ramchandra, Director of the Institute and Dr. Praveen
Kumar, Member Secretary were present in the meeting.
Director appraised the committee about research
achievements, administrative, funding and related issues for
the duration 2010-2015. The chairman and members
interacted with Heads of Divisions and Regional Research
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Stations and discussed progress made and limitations at
length. The QRT team also visited RRS, Leh during June 6-
10,2016.

R AL YRS (3175 3R )/ Institute Research
Council (IRC) meeting was held during May 9-13 and
November 5, 2016 where the annual progress of various on-
going Institute and externally funded projects was discussed.
Sixteen new projects were approved while concluding
reports of 15 projects were also presented by the scienitsts.
During the IRC, Dr. K.S. Khokhar, Vice Chancellor,
CCSHAU, Hisar and Dr. N.S. Rathore, DDG (Edu.), ICAR,
New Delhi also addressed the gathering on May 10 and May
12, respectively.

ﬂﬁ?ﬂ‘r{ GINTAdhdl T [Geoscience  Awareness
Lecture: CAZRI had the privilege to organize the second
Geoscience Awareness Hindi Lecture by Indian Geological
Congress (IGC) on May 28, 2016. The function was presided
over by Prof. O.P. Verma, Eminent geoscientist and the
Executive President, IGC, Roorkee. The memorial lecture
entitled “Water is Life” was delivered by Dr. M.L. Jhanwar,
Ex-Director, Geological Survey of India.

JR—Ufe A HeHi & @I gvfaa

&3l § o1 Seared
EIE;.'F-\I B f?_*l'Q feen fAgRor = Ti"'ﬁ'@/Road map for
increasing pearl millet productivity in drought prone
arid north-west plains: A brain-storming session was
jointly organized by AICRP on Pearl Millet and CAZRI on
June 18,2016, to discuss the research priorities, partnerships

and policies for increasing productivity of pearl millet in Al

zone. More than 80 stakeholders from the state department of

agriculture, state agriculture universities, ICAR institutes
and ICRISAT with experience and expertise in research, seed
production and policies participated in the deliberations. Dr.
J.S. Sandhu, DDG (Crop Science), ICAR, Director of the
Institute, Dr. Balraj Singh, Vice Chancellor, Agriculture
University, Jodhpur, Dr. K.N. Rai, Former Director of
Harvest Plus at ICRISAT and Dr. V. Tonapi, Director, [IMR,
Hyderabad delivered lectures on various aspects.

I gua wfafaftral @« wegw | wfgen

?‘I’Q‘Iﬁ‘lﬁﬂ"‘ﬂ/Women Empowerment through Income
Generating Activities: Krishi Vigyan Kendra CAZRI,
Jodhpur organized a four-day skill-oriented vocational
training programme on "Women empowerment through
income generating activities" during June 7-10, 2016 in
which 24 womens from Gangana and Boranada village of
Jodhpur participated. During the training, the participants
learnt to prepare several useful things like candle, bajra-
based cake, washing powder, soap, chocolates etc.

7 fa@ra |fif 9o@/ Village Development Committee

Meeting of farmers of Ujaliya village and project staff
was held on July 5, 2016 under the chairmanship of Director.
Twenty farmers from Ujaliya village, 16 scientists and 5
technical officers from Institute attended. It was decided to
address issues of soil health card preparation, distribution of
10 horticultural seedlings to each household, seed
production of moth bean on 5 acres of land, organizing
animal health camps at community level, distribution of one
improved Kassi to each household, demonstration/
establishment of vermicompost and Azolla unit for capacity
building of farmers.

PIAID! & WEH 3 TTerary TRac I 3R R
dem  ronfaet fawa uv drsmarend ufdteron

ﬁT&l’\’/Summer School on Livelihood and Climate
Change Mitigation and Adaptation through
Agroforestry was organized during August 3-23, 2016. A
total of 25 scientists from different agricultural universities
and ICAR institutes from Gujarat, Rajasthan, Punjab,
Madhya Pradesh, Maharashtra, Jammu & Kashmir,
Uttarakhand, Jharkhand, West Bengal and Kerala
participated in this programme which was inaugurated by Dr.
N.S. Rathore, DDG (Education), ICAR, New Delhi. In the
training, 45 lectures were delivered on various aspects of
agroforestry in relation to climate change adaptation,
mitigation and livelihood by experts of various subjects.
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= <®u wd Bt URIEI/Hindi Typing and
Unicode Training: 2= ST wd JfApre ufRreror &r
SIS 10 IR & 9 RIdwR I G # fooar 1ar | 59
TFRTeTor § Theild! Ta URTIS 2ol & 20 HHATRAT =¥ 91T
foram |

BTN I ATZH Bl ﬁTﬁ?FI/CAZRl Tag Line Released:
Envisaging the mandate of the Institute and its future vision
for the welfare of denizens of arid regions, the tag line of
CAZRI, “Enhancing resilience of arid lands” was finalized
after considerable brainstorming. This was formally released
on September 12, 2016 by the Dr. T. Mohapatra, Secretary,
DARE and DG, ICAR and other dignitaries from ICAR,
New Delhi. The application for registering the tag line has
been filed with the Trademark Registry Office, Ahmedabad.
Trade mark registration has also been done for the word mark
'CAZRI', which was first used in 1976 and of the logo of the
Institute which came into existence in 1996.

1. BIdeq AguE, ARFeed &1 63N SRI/Dr. T.
Mohapatra, DG, ICAR Visited the field experiments and
laboratories of the Institute on September 12, 2016. He took
keen interest in the improved germplasm of arid legumes and
grasses being maintained; crop cafeteria; seed production of
mung bean and moth bean under 'Seed-Hub Project' and
induction of gum from trees. The model of integrated

farming system, organic farming, round-the-year fodder
cultivation using water harvested from roof top, solar
gadgets, dairy unit of Tharparkar cattle, desert botanical
garden, arid horticulture block and tissue-cultured raised
date palm orchard were also appreciated. DG also visited the
nanotechnology and soil fertility unit and appreciated the
pioneering work being done. Dr. Mohapatra also inaugurated
the Plant Hardening Facility created at the Institute under
ICAR funded Date palm project on September 13,2016. This
facility will be utilized for hardening the plants
micropropogated through tissue culture and for growing
plants during off season.

g afufa o W/Regional Committee Meeting:

Twenty-fourth meeting of the ICAR-Regional Committee
No. VI, comprising of states of Rajasthan, Gujarat and union
territories of Daman & Diu, and Dadra & Nagar Haveli was
held at Jodhpur during September 13-14,2016. The meeting
was chaired by Dr. T. Mohapatra, Secretary, DARE and DG,
ICAR, New Delhi and attended by Sh. S.K. Singh Additional
Secretary, DARE and Financial Advisor, ICAR, Dr. K.
Alagusundaram, DDG (Agril. Engg. and NRM), Dr. J.S.
Sandhu, DDG (Crop Sciences), Dr. A.K. Singh, DDG (Agri.
Ext. and Horticulture), ADGs at ICAR HQ, Vice Chancellors
from SAUs of Rajasthan and Gujarat, Directors of I[CAR
Institutes and officers from line departments of Gujarat and
Rajasthan. Three members of ICAR governing body viz.,
Sh. S.K. Bhargava, Sh. R.P. Singh and Sh. Suresh Chandel
also participated in the meeting. Director and Member
Secretary, Regional Committee presented the Action Taken
Report on the proceedings of the last meeting held at Anand
(Gujarat) in 2014.

P § AR FHoll STBIV W Y Al IIGABH/Short
Course on 'Solar Energy Applications in Agriculture was
organized in the Institute during September 14-23, 2016. A
total of 15 participants from different ICAR institutes, SAUs
and KVKs representing Gujarat, Madhya Pradesh, Mizoram,
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Karnataka, Tamilnadu, Himachal Pradesh, Telangana and
Rajasthan states attended this training programme. The
inaugural function was graced by Dr. T. Janakiram, ADG
(Horticultural Science), ICAR and Dr. Jitendra Kumar,
Director, ICAR-Directorate of Aromatic and Medicinal
Plants Research, Anand. The training comprised of lectures,
demonstrations and field practicals related to recent
advancements on solar energy technologies and its
applications in agriculture. The participants also visited
Bhadla Solar Park.

‘BN B’ AGgA TH/'CAZRI Krishi', a bilingual
mobile android app useful for farmers was launched by Sh.
G.S. Shekhawat, MP (Lok Sabha) during the Kisan Mela
held on September 21, 2016. Innovations and technologies
developed by the Institute will be readily available through
this farmer participatory platform. The app, available at
Google playstore, covers information on weather, agro-
advisories, crop husbandry, horticulture, plant protection,
farm implements animal husbandry and solar devices. Till
March 31,2017 more than 500 users downloaded this app.

farmers in seed production of pulse crops and to promote
adoption of improved agri-technologies. Dr. B.B. Singh,
ADG (Oilseeds & Pulses), was the Chief Guest of the
programme.

IR SN Ay IRYg 8 Wage gk
(tlﬁ?ﬂ:l as )/ICAR Inter Zonal Sports Meet (West
Zone): Institute bagged overall sports championship jointly
with ICAR Headquarters in [CAR Zonal Sports (West Zone),
2016 held at ICAR-NRC on Camel, Bikaner during
September 24-27,2016. Institute bagged a total of 17 medals
with 10 gold, 5 silver and 2 bronze.

TP &7 A fhami o 3 9eM & folg B WR B
eIl SuHHAl W) QﬁT&i’UT/Training on 'Small Scale
Entrepreneurial Ventures to Boost Income of Farmers in
Arid Zone' sponsored by the Directorate of Extension,
Ministry of Agriculture & Farmers' Welfare, GOI, New
Delhi was organized at the Institute during November 1-8,
2016. A total of 29 officials from Jammu & Kashmir, Delhi,
Punjab, Rajasthan, Gujarat, Andhra Pradesh, Tamil Nadu
and Karnataka attended the course.

a9 feaw wa W—ﬁ?l’lﬁ?ﬁ ?‘I'EHE/Seed Day cum
Farmers-Scientists Interaction: A Seed Day cum Farmers-

Scientists interaction meet was organized on September 23,
2016 to enhance the capacity building of more than 125

AR, a9, GHR ol 9 HY & a9 & forg a=med
W/Consultation Meeting on Solar, Wind, Hybrid

Power and Agriculture was held on November 14, 2016 at
Jaisalmer with the members of QRT and personnle of
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Rajasthan Renewable Energy Corporation Limited
(RRECL), stationed both at Jaipur and Jaisalmer,
representatives of Suzlon Global Services Ltd., Jaisalmer
and Wind World Energy Ltd., Jaisalmer to explore the
possibilities of potential of solar-wind hybrid power

generation together with agriculture for optimum land
utilization. The meeting was chaired by Dr. J.S. Samra
(Chairman, RAC).

SfTonfaeT JReM & PN neriRa oy Safhan faer w
A feasia gfteor W/Three Days Agri-based

Small Scale Entrepreneurship Development for
Livelihood Security organized by the Institute during
December 7-9, 2016 at village Utamber in Balesar tehsil to
create awareness among the farmers about various agri-
based interventions suitable for adoption for income
generation activities. The program was attended by 150
farmers including 52 farm women.

AgRIfad Soll wifd wsde fafics & e st
SIU-/MoA with Sabujshakti Energy Revolution Pvt.
Ltd.: The Institute signed a MoA with M/s Sabujshakti
Energy Revolution Pvt. Ltd., Hooghly (West Bengal) on
December 15, 2016 for commercialization of 'Solar PV
Duster' and 'Three in one Solar Device'.

MR N N A fafafdevor w® FREmen @
ST@W/WOrkshop on Pomegranate for Diversified
Farming was organized at village Budiwara Balotra,
Barmer on December 27, 2016. More than 200 farmers' from
Barmer district participated in this workshop. Soil health

card was also distributed to 11 pomegranate farmers. The
workshop was funded by ICARDA, New Delhi.

B AR Aol & oI Wagd R AR e
1;I'['\-E"lc“ﬂ'UT/Four Days Training on Value Addition of Fruits
and Vegetables was organized for farm women at Krishi
Vigyan Kendra CAZRI, Jodhpur from January 5-9, 2017 in
which 35 farm women from Chokha village of Jodhpur

participated. The process of preparation of value added
products viz., tomato chutney, tomato sauce, lemon squash,
mix veg. pickle, aonla candy and aonla laddu were
demonstrated to the farm women.

ARG (Baed WIeR) @ UK A dred
95/ National Review Meeting on Cactus was organized
by the Regional Research Station, Bhuj during January 16-
18,2017 to review the progress made in cultivation of Cactus
pear (Opuntia ficus-indica). Chief Guest, Dr. C.B. Jadeja,
Vice Chancellor, KSKV Kuchchh University highlighted the
importance of cactus in Kuchchh regions. The Director
reviewed the progress of cactus introduction, evaluation and
upscaling in different regions of country by various institutes
and stakeholders. Dr. Sawsan Hassan from ICARDA, Jordan
elaborated on ICARDA-India collaborative program on
cactus. About 100 delegates from ICARDA, ICAR
Institutes, State Agricultural Universities, Government
Departments, NGOs and Cooperatives participated in the

meeting.

HER—P [IA ARGl B DT faepra g gRRieo
BIAHH BT (’ﬂTlfI\—:FT/Skill upgradation training program
for supporting staffs of the Institute was organized during
January 17-19, 2017. The programme comprised of lectures
and demonstrations on laboratory safety measures,
motivation and personality development, general
administration, finance, accounts and record keeping,
biometric attendance etc.

ggfd § PRI fas™ uR UfR1er0] SR/ Training on
Skill Development on Livestock-Based Farming System
for Empowerment of Farm Women was organized during
February 4-7, 2017 in which 130 farm women of Nagalwas
cluster of Bhopalgarh tehsil, Jodhpur district participated.
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JTIHRYT Td febaT I=iif-iep aTeii/Exposure Visit cum

Farmers Scientist Interaction was organised by the
institute on February 9, 2017, in which more than 140 partner
farmers from four villages viz., Popavas, Gantiyala, Sirodi
and Rajwa under Popavas Panchayat, Mandor block of
Jodhpur district participated. This visit was arranged to give
the first-hand look to the selected farmers in seed production
of cumin and mustard, fodder production of perennial
grasses, utilization of solar energy and establishment of
orchard and dairy demonstration unit.

PUG UM RIS P IgEIed [ ARl
a'TI'!f"\"I'I?'IT/Farmers FIRST Project Inauguration cum
Awareness Workshop was organized at Popavas on
February 18, 2017 in which more than 250 partner farmers
participated. Director inaugurated the workshop and
addressed the partner farmers to grow short duration &
early maturing varieties for avoiding drought periods
during the cropping season. Heads of the divisons and
subject matter specialist also addressed the gathering. An
exhibition was also arranged to display arid technologies in
the form of posters which was appreciated by the
participants.

N AT B TS . WY FE BT WA SR/ Prof.
Ramesh Chand, Member, NITI Aayog visited the Institute
on March 10, 2017. He addressed the scientists of the
institute and delivered a talk on “Emerging trends in
agricultural and rural economy of India”. He also visited

RRS Jaisalmer and got first-hand experience of traditional
water-harvesting structures like khadins.

Other events/meetings

+ Scientific Advisory Committee (SAC) Meeting of KVK,
Jodhpur was held twice on April 13,2016 and March 28,
2017 to discuss annual progress and action plan for
KVKs activities. The SAC Meeting of KVK, Pali and
Bhuj was held on March 27 and March 29, 2017,
respectively.

» Institute Joint Staff Council (IJSC) meeting was held on
December 16, 2016. A number of issues related to the
administration and technical staff members were
discussed and actions were taken/initiated for
streamlining the day-to-day work of the institute.

¢ The Institute Management Committee meeting was held
on December 30, 2016. Summary of the research
achievements and the administrative and finance agenda
of'the Institute were presented and discussed.

» Farmers-training programme on cultivation of fodder
crops and livestock management practices was organized
at Harsolov village of Merta tehsil of Nagaur district on
February 01,2017.

o Scientist Farmers Interface Meeting was organized
during July12-13, 2016, at RRS Bikaner, on January 21,
2017 at RRS Bhuj and on March 25,2017 at RRS, Pali.
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Important Days Celebrated

farga w9 fafqean ﬁW/lnternational Day for Biological
Diversity was celebrated on May 23, 2016 under the aegis
of ENVIS Centre on Combating Desertification, CAZRI,
Jodhpur. Prof. Balraj Singh, Vice Chancellor, Agricultural
University, Jodhpur delivered the keynote address on 'Desert
Biodiversity in Sustainable Livelihoods'.

faea gataRor ASIE/World Environment Week was
celebrated during June 4-10, 2016 under the aegis of ENVIS
Centre on Combating Desertification. Dr. G.S. Bhardwaj,
Chief Conservator, Forest (Wild Life), Jodhpur, and Dr.
Suresh Kumar, Co-ordinator ENVIS delivered lectures on
this occasion. An essay competition on 'Wildlife
Conservation in Indian Desert' was organized for school
children at Dr. Raheja Library in which 39 students from 11
schools of Jodhpur participated. An Environment Walk was
also organized in the Machia Biological Park. Scientists,

technical and administrative officials as well as other staff of
the Institute participated in this walk.

fdva wewIa FRI@RU f&a9/World Day to Combat

Desertification was celebrated on June 16, 2016. Dr. P.
Santra delivered a lecture on 'Wind Erosion and
Desertification' on this occasion.

31??1'@?1 I |éi|‘!‘|/lnternational Yoga Day was

celebrated on June 21, 2016. Two programmes Viz.,
yoga session and a talk on yoga were organized on this
occasion. About 150 participants took part in the
programme and practiced various pranayam and yoga
postures.
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?fﬁl Rren ﬁ?ﬁl//\gricultural Education Day was
celebrated on August 8, 2016 to create awareness about
agriculture and allied subjects. About 85 students from
Chopasni Senior Secondary School and Shri Saraswati Baal
Veena Bharti Senior Secondary School participated in the
programme. Dr. Z.S. Solanki, Ex-VC, Agriculture
University, Kota addressed the students. A quiz competition
was also organized on this occasion.

Further, on the occasion of birth anniversary of Bharat
Ratna Dr. Rajendra Prasad, Agriculture Education day was
celebrated again on December 3, 2016 with the theme
'Promoting Girls in Agriculture Education'. About 70 girl
students from Agarwal Jamuna Devi Senior Secondary Girls
School, Jodhpur participated in the programme and visited
the Institute. Dr. S. Srinivas Rao, General Manager, Regional
Remote Sensing Centre of ISRO, Jodhpur sensitized the
students about space technology and various programmes
launched by ISRO. A quiz was organized for the students and
prizes were given to the winning participants.

Tl Iéaﬂ/m"‘ Independence Day was celebrated with
gaiety and fervour. On this occasion Director hoisted the
National flag and addressed the staff. He highlighted the

recent achievements of the country in the field of science and
technology. He urged the staff to work with renewed
enthusiasm for the development of the country, society and
for the benefit of the farmers.

foam Aen IR PN AR fdaw/Kisan Mela and

Agriculture Innovation Day was organized at Jodhpur on
September 21, 2016 in which more than 2500 farmers
including 700 farmwomen from Jodhpur, Pali, Sirohi,
Barmer, Jalore, Bikaner, Jaisalmer and Nagaur districts of
Rajasthan participated. Sh. G.S. Shekhawat, MP (Lok
Sabha) was the Chief Guest of the function. Sh. Kailash
Bhansali, MLA (Jodhpur city); Dr. S.M.K. Nagqvi, Director,
ICAR-CSWRI, Avikanagar; Dr. S.K. Singh, Director,
ATARI, Jodhpur and Sh. J.P.S. Bindra, Chief General
Manager, NABARD were also present on this occasion. Ten
farmers were honoured as 'CAZRI Kisan Mitras' in
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Important Days Celebrated

recognition of their significant contribution in adoption and
dissemination of agricultural technologies developed by
Institute. Farmers producing best crops of pearl millet, mung
bean, moth bean, clusterbean, sesame, bottle gourd and
round gourd were also awarded. A Kisan Goshthi was
organized in which many queries raised by farmers were
answered by the scientists. Registration of 1000 farmers was
done at M-Kisan portal. Posters, products, live plants, farm
equipments and other material showcasing agricultural
technologies were displayed by 41 Govt. and private
agencies.

&=l wwe 14—22 fRAawR, 2016 & SR JMARTT fawam
T | BRIHH BT SgHTeA Faerd gRT faar a7 | Igare
FH & SR Bid TR I ST 831 foraH <f. 8R &/
T, AR f8=dl g €. #1907 FAR H07, AHR, 2=,
Re | 5% BRIHH B 31T § Up HIg | 7Iel 8 ‘fewdl <ot vd
FAIDrS UREA B AT FEIO ger duT WMl e
afveoneRl 1 yEe-uE gem fey W ARer
AATHRYT fAT IR RISTHIT FISST BT ST Wl gafl
TR J= 9T Sf. THell 9o, RIfdhar iiarl dearse
AT, AUSR, oA fafdedr faumT, Segr ud <.
Agaren g, d=fe, SIvHAR™AL o | 2=l dwE &
AU R & & A Sl Follg [, FHaTD

HepT ST URATSTT, BTIYR o |

[RAM BI 58a1 ¥TUAT f<a/58" Foundation Day of
CAZRI was celebrated on October 1,2016. Dr. Gurbachan
Singh, Chairman, Agricultural Scientists Recruitment
Board, New Delhi graced the occasion as the Chief Guestand
delivered foundation day lecture on 'Climate Resilient
Agriculture: A Way Forward'. He emphasized the need of
contingency plans to cope with weather aberrations and
development of integrated farming system models to reduce
risk and assure sustainable livelihood in arid regions. Dr.
K.P.R. Vittal, Ex-Director, CAZRI, Jodhpur and NIASM,
Baramati was the Guest of Honour. Director presented the

highlights of previous year. On this occasion employees
from scientific, technical, administrative and supporting
category were awarded for the their contributions in Institute
development.

ISl YEdrsl/Swachhata Pakhwada was organized
during October 2-16, 2016. Scientists, technical officers and
all other staff members participated in the cleanliness drive
within and around the campus. The Director gave emphasis
on continuing such activities in future for maintaining the
campus and its surroundings clean.

?‘I@'ﬂ Thdl ﬁW/ National Unity Day was observed on
the occasion of birth anniversary of Sardar Vallabhbhai Patel
on October 31, 2016. A pledge was taken in this regard by the
staff members.

AdD AT ARTHEHT H«ITE/ Vigilance Awareness Week was
observed from October 31 to November 5, 2016. The staff
took a pledge for promoting integrity, transparency and
accountability in public life. On November 2, Shri Harish
Chandra Sharma, SP, CBI spoke on public participation to
promote fidelity and truth and to eliminate corruption.

Jfasm |EER1/C0nstitution Day was celebrated on
November 26, 2016. The Director, scientists, officers and

employees, read the preamble of the Constitution on the
occasion.

?-ffel ¥ Hfgen IéER‘I/WOmen's Day in Agriculture was

celebrated by Krishi Vigyan Kendra, Jodhpur on December
4, 2016 at Nagalwas village of Panchayat Samiti
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Bhopalgarh, Jodhpur to create awareness among
farmwomen about various agricultural technologies. More
than 100 farmwomen and extension functionaries from
nearby villages participated and interacted with the resource
personnel.

(Hr—vl'\’l'@'a qa1 ﬁ.'?R‘I/W()rld Soil Day was celebrated by
Krishi Vigyan Kendra, CAZRI at village Palari Ranawata
of Panchayat Samiti Bhopalgarh on December 5, 2016. On
this occasion soil health cards were distributed to the
farmers. Director highlighted the importance of Soil Health
Day and soil health card. Dr. N.R. Panwar explained
about the reclamation of problematic soils. More than
250 farmers and other extension functionaries participated in
the program.

g fFa™ o1 fIsi9 T/ Jai Kisan Jai Vigyan Week
was organized by Krishi Vigyan Kendra, Jodhpur from
December 23-29, 2016. A farmers-scientists dialogue was
held on December 23 in which 70 farmers from Nagaur and
Jodhpur district participated. On December 26, debate and
quiz contests were organized at KVK campus, the students of
Adarsh Navodya Shikshan Santhan, Merta City participated.
Farmers-scientists interaction meeting was organized in
Lordi Dejgara village on December 27. Exhibition of latest
technologies was held on December 28 in Jelu village of
Tinwari Panchayat Samiti and a farmers' awareness
programme was also conducted. On December 29, the
women farmers of Chokha village were briefed about the
benefits of use of improved farm implements.

?T@Tl TGl AITg/National Productivity Week was
celebrated from February 12-18, 2016 at the Institute. A
lecture on 'From Waste to Profit' focussing on the utilization
of ligno-cellulosic waste in crop production and as a source
of renewable energy was delivered by Dr. Praveen Kumar
during the programme.




AP TG TSR

Linkages and Collaborations

SR/ International

United Nations Convention to Combat Desertification

United Nations Organization for Education, Science
and Culture (MAB Program)

International Crops Research Institute for Semi-Arid
Tropics (ICRISAT)

International Centre for Agricultural Research in the
Dry Areas (ICARDA)

Bioversity International

TI'E?RI/ National

Ministry of Agriculture and Farmers Welfare, Govt.
of India

Ministry of Environment, Forests and Climate
Change, Govt. of India

Ministry of Earth Sciences, Govt. of India
Ministry of Rural Development, Govt. of India

Department of Science and Technology, Govt. of
India

Department of Space, Govt. of India

Department of Biotechnology, Govt. of India
University Grants Commission
National Medicinal Plant Board

National Bank for Agriculture and Rural
Development

Protection of Plant Varieties and Farmers' Rights
Authority

Central Research Institute on Dryland Agriculture
Indian Institute of Pulses Research

Central Institute for Arid Horticulture

Central Potato Research Institute

National Research Centre on Seed Spices
National Bureau of Plant Genetic Resources
Indian Institute of Natural Gums and Resins

State line departments of Rajasthan, Gujarat and
Jammu & Kashmir
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Date

April 11-22, 2016
June 13-18, 2016

August 03-23,
2016

September14-23,
2016

September 07-27,
2016

September 14 to
October 04, 2016

October 04-24,
2016

October 06-26,
2016

November 09-29,
2016

December 01-21,
2016
December 01-21,
2016

February 20-22,
2017

March 16-25, 2017

July 11-15, 2016
July 25-30, 2016

July 11-31, 2016

August 02-11,
2016

July 29 to August
12, 2016

gf3reIor 3R & fEfor

Training and Capacity Building

Training/Workshop
AP / Scientists

Training Programme on the Microwave Remote Sensing at National
Remote Sensing Centre, Hyderabad.

Training Course on Intellectual Property and Technology Management
for Researchers at ICAR-NAARM, Hyderabad.

Summer School on Livelihood and Climate Change Mitigation and
Adaptation through Agroforestry at ICAR-CAZRI, Jodhpur.

Short Course on Solar Energy Applications
ICAR-CAZRI, Jodhpur.

Winter School on Designing and Analysis of Cropping System
Experiments at ICAR-IASRI, New Delhi.

in Agriculture at

Winter School on Recent Trends in Seed Production Post Harvest
Handling and Value Addition Techniques for Effective Seed Supply
Chain at TNAU, Coimbatore.

Winter School on Under Utilized Fruits of Arid and Semi - Arid Region
at MPUAT, Udaipur.

Winter School on Advances in Experimental Data Analysis at
ICAR-TASRI, New Delhi.

Winter School on Advances in Micro irrigation, Fertigation and
Protected Cultivation for Improving Water and Nutrient Use Efficiency
at PAU, Ludhiana.

Winter School on Geospatial Technologies at Chitkara University, Solan.

Winter School on Recent Development in Organic Agriculture — Key to
Sustain Production and Enhance the Quality of Agroecosystem at
College of Agriculture Science, Dharwad

Training on Competency Enhancement Programme for Effective
Implementation of Training Functions by HRD Nodal Officers of ICAR
at [CAR-NAARM, Hyderabad.

Short Course on Water Quality and Quantity Improvement through
Bioremediation and Aquatic Weed Management at ICAR Directorate of
Weed Research, Jabalpur.

db-iIbl BT @ / Technical Personnel

Training Programme on Writing Skills for Print and Electronic Media at
EEI, Anand.

Training Programme on Networking Basics and Management at ICAR -
IASRI, New Delhi.

Summer School on Canopy Architecture Management in Fruit Trees for
Conservation and Ultilization of Natural Resources in Changing Climatic
Condition at NRCL, Muzaffarpur.

Training Programme on Microbial Culture Handling and Maintenance at
NBAIM, Kusmaur, Maunath Bhanjan.

Training Programme on Food Processing, Packaging and Value Addition
of Agricultural and Livestock Produce at ICAR-CIPHET, PAU Campus,
Ludhiana.

Participant(s)

Mahesh Kumar Gaur

B.L. Manjunatha
Abhishek Kumar

M. Sureshkumar

Soma Srivastava
Khushwant B. Choudhary,
Gulshan Kumar Sharma
Shantharaja C.S

Rahul Dev

Renjith. P.S

Pratap Singh Khapte

Deepesh Machiwal

Nand Kishore Jat

S.P.S. Tanwar

Gulshan Kumar Sharma

P.K. Tomar

Mukesh Gehlot,
Sumer Chand Katoch
Chandan Kumar

B.N. Sharma

Jagdish Prasad Gaur
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Training and Capacity Building

Date

August 03-23,
2016

September 13-22,
2016

September 14-23,
2016

September 19-24,
2016

September 07-27,
2016

September 28 to
October 05, 2016

November 02-11,
2016

November 14-23,
2016

November 25-26,
2016

December 06-07,
2016

January 30 to
February 08, 2017

February 06-11,
2017

February 20 to
March 03, 2017

February 01-21,
2017

February 20-24,

2017
March 27-29, 2017

July 04-05, 2016

June 21-24, 2016

October 06-07,
2016

March 27-29, 2017

Training/Workshop

Summer School on Livelihood and Climate Change Mitigation and
Adaptation Through Agroforestry at [CAR-CAZRI, Jodhpur.

Short Course on Innovative Approaches and Advances in Organic
Agriculture for Sustainable Crop Production in Normal and Salt Affected
Soils at ICAR-CSSRI, Lucknow.

Short Course on Solar Energy Applications in Agriculture at ICAR-
CAZRI, Jodhpur.

Training Course on Farm Management at ICAR — IIFSR, Modipuram,
Meerut.

Winter School on Perspectives of Plant-microbe Interactions in
Promoting Plant Health and Disease Management at GBPUAT,
Pantnagar.

Training Programme on Cyber Security at [CAR-IASRI, New Delhi.

Training Programme on Statistical Techniques for Agricultural Data
Analysis at ICAR-IASRI, New Delhi.

Training Programme on Principles of Seed Production, Processing,
Storage and Quality Assurance at IISS, Kushmaur, Maunath Bhanjan.

National Workshop on Digital Library Management at CMFRI,
Ernakulum North, Kochi, Kerala.

Workshop on Exploring Krishikosh Repository to Disseminate

Agricultural Knowledge at CCSHAU, Hisar.

Short Course on Engineering Intervention in Fodder Production
including Management of Fodder/Crop Residue and Their Value
Addition at ICAR-IGFRI, Jhansi.

Training Programme on Appropriate Sampling techniques including
Sample Preparation and Preservation for Soil, Water, Plant and Air
Samples for Various Analyses at ICAR-IARI, New Delhi.

10" Capacity Building Programme at ICAR-IIPA, New Delhi.

CAFT Training Programme on Advances in Clinical Diagnostic
Techniques in Farm and Pet Animal Practice at Madras Veterinary
Collage, Chennai.

Training Programme on Automobile Maintenance, Road Safety and
Behavioural Skills at ICAR-CIAE, Bhopal.

Training programme on Management Information System (MIS)
including Financial Management System (FMS) for implementation of
ERP pay package module at ICAR-CAZRI, Jodhpur.

Participant(s)

Jigmat Stanzin,
Manish Mathur

Traloki Singh

Sanjay Kumar

Kumbh Singh

Laxman Prasad Balai

Mukesh Gehlot,
Sumer Katoch

Arvind Verma

Jalam Singh

Dr. Rajesh Dave,
Kamlesh Sharma

Kailash Detha

Mohd Raza

Lakhan Singh

Manohar Singh,
R.K. Mathur

Subhash Kachhawaha

Bhanwar Lal,
Gaffoor Khan

Vimal Kishore Purohit
Ramesh Joshi

PMIRIBGD uq GECICIIGED / Administrative & Accounts Personnel

Workshop on Income Tax for DDOs and Dealing Assistant at ISTM,
New Delhi.

Training Programme on Service Tax Issue, Recent Developments and
Proposed GST at The Institute of Cost accounting India, Kodaikanal.

Technical Workshop on Right to Information Act at ITPR, New Delhi.

Training Programme on Management Information System (MIS)
including Financial Management System (FMS) for implementation of
ERP pay package module at ICAR-CAZRI, Jodhpur.

Om Prakash Jayal

Sunil Choudhary,
Pradeep Mathur,
Karan Singh,
Dharmendra Sankhla

K. L. Meena

A K. Gupta,
Bhuvnesh Verma

163



Nl
\’;/) aiffes gfcrdes 2016-17
Annual Report 2016-17

AP
ICAR

IS FNfsAT v gfreor wrRipH

Workshops and Trainings Organized

o |EMftedl vd a=eH
Workshops and Symposium Organized
Date Details of Training Program Sponsored by Number of
Participants
June 30, 2016 Workshop on “Traditional Knowledge Systems (TKS)” CAZRI, RRS, Leh and 36
JNU, New Delhi

August 03-23, ICAR Summer School on “Livelihood and Climate Change ICAR-Education Division 25
2016 Mitigation and Adaptation Through Agroforestry”
September 14-23, Short course on “Solar Energy Applications in Agriculture” ICAR-Education Division 15
2016
November 01-08, Model Training Course on “Small Scale Entrepreneurial DOE 29
2016 Ventures to Boost Income of Farmers in Arid Zone” at

ICAR-CAZRI, Jodhpur
December 07-09, Agriculture  Based Small  Scale  Entrepreneurship ICARDA 150
2016 Development for Livelihood Security in the Arid Region
December 27, Workshop on Pomegranate for Diversified Farming ICARDA 250
2016
January 16-18, National Review Meeting on Cactus ICARDA 100
2017
February 18,2017  Awareness Workshop of “Farmers FIRST Project” at ICAR 270

Popawas village
March 28, 2017 Workshop on “Protected Cultivation to Enhance Farmers ICAR 80

Income”

F[IA AEIP PiADi B forg lRieror srishd
Batch Training for Skill Supporting Staff (SSS)
Date Details of Program Sponsored by Number of
participants

January 17-19, 2017 In-House Training Programme on Skill Upgradation at ICAR-CAZRI 24

ICAR-CAZRI, Jodhpur.
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Awards

Dr. C.B. Pandey conferred with 'Fellow of National
Academy of Agricultural Sciences' for his contribution
to the Sciences of Soil Biology and Biochemistry,
Agroforestry.

Dr. O.P. Yadav conferred with “Lecture Series Award”
at Platinum Jubilee Celebration of 104" Indian Science
Congress held at Tirupati during January, 3-7,2017.

Dr. A.K. Misra conferred with 'Fellow of Animal
Nutrition Association, India' at X Biennial ANACON-
2016 held at Tirupati during November 09-11,2016.

Dr. AK. Misra conferred with 'Fellow of Range
Management Society of India' at 23" Convention of
ISAPM held at Gwalior during March 03-04,2017.

Dr. Pratibha Tiwari received 'Dr. Gorakh Prasad Vigyan
Puruskar' for outstanding science contribution in hindi,
conferred by Vigyan Parishad Prayag -2015.

Dr. Dheeraj Singh, conferred with Swami Sahajanand
Saraswati Outstanding Extension Scientist Award for
the year 2015 during 88" ICAR Foundation Day and
ICAR Award Ceremony by Sh. Radha Mohan Singh,
Union Agriculture and Farmers Welfare Minister.

Dr. Vijay Avinashilingam N.A. received “ISEE Fellow-
2016” from Indian Society of Extension Education
(ISEE), Division of Agricultural Extension, IARI, New
Delhi on the occasion of ISEE National Seminar at
RVSKVYV, Gwalior on during November, 28-30, 2016.

Dr. N.R. Panwar conferred with 'Leadership Award —
2017' for contribution in Soil Science by Soil
Conservation Society of India, New Delhi during Asian
Conference on “Water and Land Management for Food
and Livelihood Security” during January, 20-22, 2017
atIGKV, Raipur.

Dr. Pratibha Tiwari was given Outstanding Scientist
Award in the 4™ International Conference on Recent
Advances in Agriculture and Horticulture Sciences
held at Jodhpur during December 30-31, 2016.

Drs. M.L. Soni and Birbal were awarded 'Outstanding
Scientist Award-2016' by International Journal of
Tropical Agriculture (IJTA) and Serial Publications Pvt
Ltd. on the occasion of 3" International conference on
Agriculture, Horticulture and Plant Science during
June, 25-26,2016.

Drs. M.L. Soni and V.S. Rathore were awarded
'Distinguished Scientist Awards-2015' by Society for
Scientific Development in Agriculture & Technology
Meerut, India.

Drs. N.D. Yadava, V.S. Rathore and Birbal were
awarded 'Distinguished Scientist Awards-2016' by All-
India Agricultural Student Association (AIASA).

Dr. V.S. Rathore was awarded 'Award for Research
Excellence-2016' by The Indus Foundation Inc., USA.

Dr. N.R. Panwar awarded 'Young Scientist Award' in
the field of Soil Science by the Society for Scientific
Development in Agriculture and Technology on the
occasion of ICAAAS-2016 during December 10-11,
2016 held at Prof. Jayashankar Telangana State
Agricultural University, Rajendranagar, Hyderabad.

Dr. Pradeep Kumar awarded 'Young Scientist Award
2016' and Best Oral Paper Presentation Award' by [JTA
& Serials Publication, New Delhi during IJTA 4"
International Conference on Recent Advances in
Agriculture and Horticulture Sciences held during
December 30-31,2016 at Jodhpur.

Dr. Pradeep Kumar conferred with 'Bir Singh Aasi
Memorial All India Best Publication Award 2016' by
Society for Advancement of Human and Nature
(SADHNA), Dr. YS Parmar University of Horticulture
& Forestry, Solan.

Dr. M.B. Noor Mohamed awarded 'Young Scientist
Award-2016' and 'Best Oral Paper Presentation Award'
during IJTA 3™ International Conference on
'Agriculture, Horticulture and Plant Sciences'
organized by Academic Research Journals, New Delhi
during June 25-26,2016.
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Dr. Poonam Kalash conferred "Young Scientist Award-
2016' by All India Agriculture Association at Bikaner,
Rajasthan on October 07,2016.

Dr. N.K. Jatreceived “Major R.S. Yadav SRDA Award-
2016” from Society for Recent Development in
Agriculture on the occasion of Global Agriculture and
Innovation Conference held at Greater Noida during
November 27-29,2016.

Dr. R.K. Singh honoured with 'Er. M. Visvesvaraya
Memorial National Honour Award-2016' on the
occasion of National Engineer's Day-2016 by Science
and Mathematics Development Organization, India.

Dr. P. Santra awarded with Australia Award Fellowship
during a workshop/training on "Digital application for
soil and food security" at University of Sydney,
Australia during November 04-19,2016.

Dr. Aravind K. Jukanti received Fellowship to attend an
International Conference on “Inter Drought-V”,
Novatel Convention Center, Hyderabad, India from
February 21-25,2017.

Dr. D.K. Gupta awarded 'Best Thesis Award' during
International Seminar on 'Agriculture and Food for
Inclusive Growth and Development, organised by
Samagra Vikas Welfare Society and Annapoorna Life
Organic Food Pvt. Ltd., Lucknow at CSIR, NBRI,
Lucknow, U.P. India during January 14-15,2017.

ICAR-Central Arid Zone Research Institute, Jodhpur
awarded I" Prize for Best Display of Technologies in
“Western Regional Agricultural Fair” organized by
SKRAU, Bikaner during February 18-20,2017.

ICAR-Central Arid Zone Research Institute, Jodhpur
received 'I" Best Exhibition Award' in District level
Agriculture Fair held on February 07, 2017 at
Agriculture University, Jodhpur.

ICAR-Central Arid Zone Research Institute, Jodhpur
received 'II" Best Exhibition Award' in National Sheep
and Wool Fair, held on January 04, 2017 at ICAR-
CSWRI, Avikanagar, Tonk.

ICAR-Central Arid Zone Research Institute, Regional
Research Station, Jaisalmer awarded 'Best Exhibition
Stall Prize' in Pradhan Mantri Fasal Bima Yojana ke
antargat Kisan Mela evam Krishi Pradhasani, on
August 30,2016 at KVK, Jaisalmer.
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Distinguished Visitors

Padam Bhushan Dr. R.S. Paroda, Former Secretary
DARE, Govt. ofIndia & DG, ICAR, New Delhi

Dr. Trilochan Mohapatra, Secretary, DARE, Govt. of
India & Director General, ICAR, New Delhi

Prof. Ramesh Chand, Member, NITI AAYOG, Govt.
of India, New Delhi

Shri Gajendra Singh Shekhawat, Member of
Parliament (Lok Sabha), Govt. ofIndia

Shri Kailash Bhansali, MLA, Govt. of Rajasthan

Shri S.K. Singh, Asst. Secretary, DARE , Govt. of India
& Financial Advisor, ICAR, New Delhi

Dr. Gurbachan Singh, ASRB, Chairman, ICAR, New
Delhi

Dr. A.S. Faroda, Ex-Chairman, ICAR-ASRB and Ex,
Vice Chancellor MPUAT, Udaipur

Dr. Laxman Singh Rathore , Former DG Meteorology,
P.R. of India with W.M.O., Vice-Chair-Inter-
Governmental Board for Climate Services, U.N.

Dr. Sudhir Bhargava, Member, ICAR Governing Body
Dr. R.P. Singh, Member, ICAR Governing Body
Dr. Suresh Chandel, Member, ICAR Governing Body

Dr. K. Alagusundaram, DDG (AE) & DDG (NRM),
ICAR, New Delhi

Dr.J.S. Sandhu, DDG (Crop Sci.), ICAR, New Delhi
Dr. N.S. Rathore, DDG (Edu.), ICAR, New Delhi

Dr. AK. Singh, DDG (Agri. Ext. & Horticulture),
ICAR, New Delhi

Dr. Joykrushna Jena, DDG (Fisheries), ICAR, New
Delhi

Dr. J.S. Samra, Ex-DDG (NRM), ICAR & Ex-
Chairman, NRAA and Chairman, RAC, ICAR-
CAZRI, Jodhpur

Dr. B. Venkateswarlu, VC, VKMKYV, Parbhani, Ex-
Director, CRIDA, Hyderabad and Chairman QRT

Dr. K.S. Khokhar, Vice Chancellor, CCS Haryana
Agriculture University, Hisar

Prof. A.K. Gehlot, Vice Chancellor, Rajasthan
University of Veterinary and Animal Sciences, Bikaner

Prof. B.R. Chhipa, Vice Chancellor, Swami
Keshwanand Rajasthan Agriculture University,
Bikaner

Dr. Praveen Singh Rathore, Vice Chancellor, Shri
Karan Narendra Agriculture University, Jobner

Dr. Umashankar Sharma, Vice Chancellor, Maharana
Pratap University of Agriculture and Technology,
Udaipur

Dr. Balraj Singh, Vice Chancellor, Jodhpur Agriculture
University, Jodhpur

Dr. G.L. Keshwa, Vice Chancellor, Agriculture
University, Kota

Dr. C.J. Dangaria, Vice Chancellor, Navsari
Agriculture University, Navsari

Dr. A.R. Pathak, Vice Chancellor, Junagadh
Agriculture University, Junagadh

Prof. Z.S. Solanki, Ex-Vice Chancellor, Agriculture
University, Kota

Dr. Suresh K. Chaudhari, ADG (SW&M), ICAR, New
Delhi

Dr. T. Janakiraman, ADG (Horticulture), ICAR, New
Delhi

Dr.R.S. Gandhi, ADG (AP&B), ICAR, New Delhi
Dr. M.B. Chetti, ADG (HRD), ICAR, New Delhi
Dr. A K. Vashisht, ADG (PIM), ICAR, New Delhi
Dr. B.B. Singh, ADG (OP), ICAR, New Delhi

Dr. V.P. Chahal, ADG (AE), ICAR, New Delhi

Dr. G.R. Korwar, Head, RMD, CRIDA and Member
QRT

Dr. S.K. Gupta, Former PC, AICRP-USW, CSSRI,
Karnal, INAE Professor and Member QRT

Dr. Ramachandran, Former Technical Expert, NRAA
& PS,AND, NIANP, Bengaluru and Member QRT

Dr. Bijay Singh, INSA Senior Scientist, PAU, Ludhiana
and Member QRT

Dr. Suresh Pal, Director, ICAR-NIAEPR, New Delhi
and Member QRT
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Dr. D.K. Benbi, ICAR National Professor, PAU,
Ludhiana and Member RAC

Dr. S. Kumar, Ex-Head, ICAR RC for ER Regional
Station, Ranchi and Member RAC

Dr. H.S. Balyan, Professor (Plant Breeding and
Genetics), CCSU, Meerut and Member RAC

Dr. J.K. Singh, Ex-Dean (Agri. Engg.), GBPUA&T,
Pantnagar and Member RAC

Dr. Arun Verma, Ex-ADG (AN), Noida and Member
RAC

Dr. 1.J. Mathur, Director (Extn.), MPUAT, Udaipur and
Member RAC

Dr. Edwin Southern, Technical Expert, Bioversity
International

Dr. P.N. Mathur, Regional Director, Asia Pacific and
Oceania, Bioversity International

Dr. K.P.R. Vittal, Former Director ICAR-CAZRI,
Jodhpurand NIASM, Baramati

Dr. S.K. Singh, Director, ICAR-NBSS & LUP, Nagpur

Dr. Kuldeep Singh, Director, ICAR-NBPGR, New
Delhi

Dr. S.M.K. Naqvi, Director, ICAR-CSWRI,
Avikanagar, Tonk

Dr. T. Radhakrishnan, Director, ICAR-DGR, Junagadh
Dr. A.S. Panwar, Director, ICAR-ITFSR, Modipuram

Dr. Jitendra Kumar, Director, ICAR-Directorate of
Aromatic and Medicinal Plant Research, Anand

Dr. Dhiraj Singh, Director, ICAR-DRMR, Bharatpur
Dr. B.N. Tripathi, Director, ICAR-NRCE, Hisar
Dr. P.K. Ghosh, Director, ICAR-IGFRI, Jhansi

Dr. N.V. Patil, Director, ICAR-National Research
Centre on Camel, Bikaner

Dr. Gopal Lal, Director, ICAR-NRCSS, Ajmer
Dr. B.D. Sharma, Director, ICAR-CIAH, Bikaner
Dr. S.K. Singh, Director, ICAR-ATARI, Jodhpur

Dr. Praveen Malik, Director, CCS, NIAH, MoA, New
Delhi

Dr. T.S. Rathore, Former Director, AFRI, Jodhpur
Dr. N.K. Vasu, Director, AFRI, Jodhpur
Dr. O.P. Pareek, Ex-Director, ICAR-CIAH, Bikaner

Dr. Rameshwar Singh, Project Director, ICAR-
DKMA, New Delhi

Shri Ambrish Kumar, IAS, Director, State Agri. Deptt.
Govt. of Rajasthan, Jaipur

ShriJ.P.S. Bindra, General Manager, NABARD, Jaipur

Shri Ajay Narayan Jha, IAS, Secretary, Ministry of
Environment, Forest and Climate Change, Govt. of
India

Dr. Hita Patel, Director (AH), Govt. of Gujarat,
Gandhinagar

Dr. G.S. Bhardwaj, Chief Conservator Forest, Jodhpur

Shri. H.C. Sharan, Superintendent of Police, CBI &
ACB, Jodhpur




Director Cell
1. Dr. O.P. Yadav, Director
2.  Mrs. Sreedevi Mohanan, PS to Director

Priority Setting, Monitoring and Evaluation Cell
(PME)

1. Dr. RK. Kaul, Incharge
Mrs. Madhu Bala Charan, Asstt. Director (OL)
Mr. S.B. Sharma, STO
Dr. Rakesh Pathak, STO
Mr. Harish Purohit, STO
Dr. Manish Mathur, STO
Mr. B.S. Sankhla, STO
Mr. Deva Ram, TO
Mr. Hanuman Ram, TO
Administrative Officers
Mr. K.L. Meena, CAO
Mr. I.B. Kumar, AO
Mr. Ramesh Kumar Panwar, AAO
Mr. D.M. Sancheti, AAO
Mr. Ratan Lal Sunkariya, AAO
Mr. Karan Singh Gehlot, AAO
Mr. Kalu Ram, AAO (Retired on 31.02.2017)
Mr. Prem Chand Panwar, AAO
Mr. Bahadur Singh Khichi, AAO
. Mr. Om Prakash Jayal, AAO

11. Mr. V.P. Satyadevan, PS to CAO
(Retired on 30.11.2016)

Audit and Account Officers

1. Mr. K.S. Tanwar, FAO

2. Mr. Sunil Choudhary, AFAO
3. Mr. PK. Mathur, AFAO

4. Mr. Anil Bhandari, AFAO

Division of Natural Resources and Environment
(Division I)

1. Dr. C.B. Pandey, Head

2. Dr. J.P. Singh, Principal Scientist
(Economic Botany & PGR) (from 16.02.2017)
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Personnel

Dr. P.C. Moharana, Principal Scientist (Geography)

4. Dr. RK. Goyal, Principal Scientist (Land & Water
Management Engineering)

5. Dr. D.V. Singh, Sr. Scientist (Agronomy)

Dr. N.R. Panwar, Sr. Scientist (Soil Science) (up to
04.03.2017)

Dr. Mahesh Kumar, Sr. Scientist (Soil Science)
Dr. M.K. Gaur, Sr. Scientist (Geography)

Dr. R.C. Kasana, Sr. Scientist (Agril. Microbiology)
(up to 04.03.2017)

10. Mr. Dipankar Saha, Scientist (Sel. Grade) (Economic
Botany & PGR)

11. Dr. HM. Meena, Scientist (Agril. Meteorology)

12. Dr. Saurabh Swami, Scientist (Agril. Chemicals)
(from 15.03.2017)

13. Mr. Jagdish Singh Chouhan, CTO

14. Mr. S.P. Seth, CTO

15. Mr. Mukesh Sharma, CTO

16. Mr. A.K. Gehlot, TO (Retired on 31.12.2016)
17. Mrs. Meena Mangalia, TO

18. Mr. Laxmi Narain, TO

19. Mr. M. Bari, TO

20. Mr. Abhey Singh, TO

21. Mr. VK. Harsh, TO

22. Mr. R.S. Rajpurohit, TO

23. Mr. B.N. Sharma, TO (up to 04.03.2017)
24. Mr. N.S. Chouhan, TO (up to 04.03.2017)
25. Mr. Girdhari Lal, TO

26. Mr. Narain Ram, TO (from 05.03.2017)
27. Mr. Narsing Ram, PS to Head of Div. [

Division of Integrated Land Use Management and
Farming Systems (Division II)

1. Dr. Praveen Kumar, Head

2. Dr. D.K. Painuli, Principal Scientist (Soil Science)
(Retired on 30.09.2016)

3. Dr. Suresh Kumar, Principal Scientist (Economic
Botany & PGR) (Retired on 28.02.2017)

4. Dr. Uday Burman, Principal Scientist
(Plant Physiology)
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11.

12.
13.
14.
15.

16.

17.

18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

Dr. J.C. Tewari, Principal Scientist (Forestry)

Dr. Anurag Saxena, Principal Scientist (Agronomy)
Dr. P.R. Meghwal, Principal Scientist (Fruit Science)
Dr. S.P.S. Tanwar, Principal Scientist (Agronomy)
Dr. Akath Singh, Sr. Scientist (Fruit Science)

. Dr. N.R. Panwar, Sr. Scientist (Soil Science) (from

05.03.2017)

Dr. R.C. Kasana, Sr. Scientist (Agril. Microbiology)
(from 05.03.2017)

Mr. A.K. Sharma, Scientist (Sel. Grade) (Agronomy)
Dr. Pradeep Kumar, Scientist (Vegetable Science)
Dr. Archana Verma, Scientist (Forestry)

Mr. Shiran Kalappurakkal, Scientist (Agroforestry)
(from 17.08.2016)

Dr. Pratap Singh Khapte, Scientist
(Vegetable Science)

Dr. Saritha M., Scientist (Agril. Microbiology)
(from 08.04.2016)

Mr. R.K. Mathur, ACTO (from 06.08.2016)
Mr. S.L. Sharma, TO (Retired on 31.08.2016)
Mr. S.R. Bhakar, TO (Bhopalgarh area)

Mr. S.R. Choudhary, TO

Mr. Rana Ram, TO (Retired on 31.08.2016)
Mr. Khet Singh, TO

Mr. Narain Ram, TO (up to 04.03.2017)
Mr. PK. Bhardwaj, TO

Mr. Gulab Singh, TO

Mr. B.N. Sharma, TO (from 04.03.2017)
Mr. N.S. Chouhan, TO (from 04.03.2017)

Division of Plant Improvement, Propagation and Pest
Management (Division I1I)

1.
2.

Dr. R.K. Bhatt, Head I/c

Dr. V.K. Manga, Principal Scientist (Plant Breeding)
(Retired on 31.12.2016)

Dr. R.K. Kaul, Principal Scientist (Nematology)
Dr. S.K. Singh, Principal Scientist (Plant Pathology)

Dr. Anjly Pancholy, Principal Scientist
(Genetics/Cytogenetics)

Dr. Nisha Patel, Principal Scientist (Agril.
Entomology)

Dr. M.P. Rajora, Principal Scientist (Plant Breeding)

Dr. Ramavtar Sharma, Principal Scientist
(Genetics/Cytogenetics)

Dr. Rajwant Kaur Kalia, Principal Scientist
(Agroforestry)

10.
11.

12.
13.
14.

15.
16.
17.

18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

Dr. PK. Roy, Sr. Scientist (Plant Breeding)

Dr. H.R. Mahla, Principal Scientist
(Genetics/Cytogenetics)

Dr. A K. Jukanti, Sr. Scientist (Plant Breeding)
Dr. Ritu Mawar, Sr. Scientist (Plant Pathology)

Dr. R.K. Solanki, Scientist (Genetics & Plant
Breeding) (from 24.03.2017)

Dr. Kuldeep Singh Jadon, Scientist (Plant Pathology)
Mr. Shantharaja C.S., Scientist (Seed Technology)

Mr. Khushwant B. Choudhary, Scientist (Genetics &
Plant Breeding)

Mr. R.K. Mathur, ACTO (up to 05.08.2016)
Mr. P.S. Rawat, STO (Retired on 31.08.2016)
Mr. M.S. Solanki, TO

Mr. R.S. Mertia, TO

Mr. Ramu Ram, TO

Mr. N.L. Chouhan, TO

Mr. Jera Ram, TO

Mr. P.R. Bheel, TO

Mr. M.R. Bhati, TO

Mr. M.L. Bajrolia, TO

Mr. Nara Ram, TO

Division of Livestock Production Systems and Range
Management (Division IV)

1.
2.

3.
4.
5

6.

Dr. AK. Misra, Head I/c

Dr. B.K. Mathur, Principal Scientist (Animal
Nutrition)

Dr. Mavji Patidar, Principal Scientist (Agronomy)
Dr. R.N. Kumawat, Principal Scientist (Agronomy)
Mr. R.C. Bohra, ACTO

Mr. G.S. Deora, TO

Division of Agricultural Engineering for Arid
Production Systems (Division V)

1.
2.

Dr. Dilip Jain, Head (from 06.04.2016)

Er. Dinesh Mishra, Principal Scientist (Farm
Machinery & Power)

Dr. P.K. Malaviya, Principal Scientist (AS&PE)
(Retired on 31.12.2016)

Dr. A K. Singh, Principal Scientist (Farm Machinery
& Power)

Dr. Priyabrata Santra, Sr. Scientist (Soil Science)

Dr. R.K. Singh, Sr. Scientist (Land & Water
Management Engineering)

Dr. Surendra Poonia, Sr. Scientist (Physics)

Dr. Soma Srivastava, Scientist (Food & Nutrition)
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

Er. Om Prakash, Scientist (AS&PE)
(from 14.10.2016)

Mr. S. Ansari, CTO

Mr. B.S. Solanki, TO (Retired on 30.06.2016)
Mr. S.K. Thakur, TO

Mr. B.K. Dave, TO

Mr. Vijay Kumar, TO

Mr. A.K. Singh, TO

Mr. P.C. Bhawankar, TO

Mr. Sodhi Singh, TO

Mr. Raghuveer Singh, TO

Mr. I.R. Faroda, TO

Mr. S.S. Gehlot, TO

Mr. Dinesh, TO

Mr. Nand Kishore, TO

Mr. Hanuman Ram Choudhary, TO
Mr. P.K. Kachchhwaha, TO

Division of Transfer of Technology, Training and
Production Economics (Division VI)

1. Dr. Pratibha Tewari, Head

2. Dr. Bhagwan Singh, Principal Scientist (Agril.
Extension)

3. Dr. Vijay Avinashilingam N.A., Sr. Scientist (Agril.
Extension)

4. Dr. Nand Kishore Jat, Scientist (Agronomy)

5. Dr. B.L. Manjunatha, Scientist (Agril. Extension)

6. Dr. Prashant Hiraman Nikumbhe, Scientist (Fruit
Science)

7. Mr. Shiran Kalappurakkal, Scientist (Agroforestry)
(up to 16.08.2016)

8. Dr. Dipika Hajong, Scientist (Agril. Extension) (from
11.04.2016)

9. Mr. R.P. Parihar, STO

10. Mr.N.R. Bhamoo, TO

11. Mr. M.S. Mertia, TO

12. Mr.M.R. Karela, TO

13. Mr. Rupendra Singh, TO

14. Mr. Suraj Prakash, TO

15. Mr.G.S.Jodha, TO

All India Network Research Project on Vertebrate Pest

Management

1. Dr. R.S. Tripathi, Principal Scientist (Agril.
Entomology) & Nodal Scientist (Rodent Control)

2. Dr. Vipin Chaudhary, Principal Scientist (Agril.
Entomology)

3. Mr R.C. Meena, STO

4.
3.

Dr. K.M. Gawaria, STO
Mr. Surjeet Singh, STO

Agriculture Knowledge Management Unit

1. Mr. VK. Purohit, ACTO

2. Mr. Mukesh Gehlot, STO

3.  Mr. Ramesh Chandra Joshi, TO
4. Mr. Rajendra Kanojia, TO
Library

1. Mr. Tirth Das, STO & I/'C

2. Mr. Kailash Detha, STO

3. Mr. K.K. Sharma, STO
C.R.Farm

1. Mr R.S. Rathore, TO

2. Mr. Fateh Singh, TO (from 12.04.2016)

Maintenance Unit
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11.
12.

Mr. Hans Raj, CTO (Retired on 30.06.2016)
Mr. S.K. Vyas, CTO

Mr. Khem Singh, STO

Mr. M.L. Choudhary, TO

Mr. A.J. Singh, TO

Mr. S.N. Sen, TO

Mr. B.L. Bose, TO

Mr. Sanjay Purohit, TO

Mr. Ramesh Panwar, TO

. Mr. Bhawani Singh Rathore, TO

Mr. M.S. Nathawat, TO
Mr. S.R. Daiyya, TO

Security Section

1.
2.

Mr. Surjeet Singh I/c Security Officer
Mr. Kishna Ram Dewasi, TO

Regional Research Station, Pali Marwar

1.

2.
3.
4

e

Dr. A.K. Shukla, Head
Dr. B.L. Jangid, Principal Scientist (Agril. Extension)
Dr. Vikas Khandelwal, Sr. Scientist (Plant Breeding)

Er. P.L. Regar, Scientist (Sel. Grade) (Land & Water
Management Eng.)

Ms. Keerthika A., Scientist (Forestry)

Dr. Dipak Kumar Gupta, Scientist (Environmental
Science)

Mr. Noor Mohammad M.B., Scientist (Agroforestry)

Dr. Kamla Kumari Choudhary, Scientist (Soil Science)
(from 11.04.2016)

171



e gferdeT 2016-17
Annual Report 2016-17

AP
ICAR

9. Dr. Seeta Ram Meena, Scientist (Agronomy) (from
02.01.2017)

Mr. B.S. Jodha, STO

Mr. S.K. Dashora, STO

12. Mr. V.S. Nathawat, TO

13. Mr. P.S. Solanki, TO (Retired on 31.05.2016)
Regional Research Station, Bikaner

1. Dr. N.D. Yadava, Head

10.
11.

2. Dr. M.L. Soni, Principal Scientist (Soil Science)

3. Dr. Birbal, Principal Scientist (Fruit Science)

4. Dr. N.S. Nathawat, Principal Scientist (Plant
Physiology)

5. Dr. V.S. Rathore, Principal Scientist (Agronomy)

6. Ms. Seema Bhardwaj, Scientist (Soil Science)

7. Dr. Manesh Chander Dagla, Scientist (Genetics &
Plant Breeding)

8. Ms. Subbulakshmi V., Scientist (Agroforestry)

Ms. Sheetal K. Radhakrishnan, Scientist
(Environmental Science)

Mr. Renjith P.S., Scientist (Agronomy)

Mr. J.C. Joshi, CTO

Mr. N.P. Singh, CTO

Mr. Pratul Gupta, STO

Mr. R.R. Meghwal, STO (Retired on 30.06.2016)
Mr. B.M. Yadav, TO

16. Mr. Jogeshwar Ram, TO

17. Mr. Rajeev Kumar, TO

Regional Research Station, Jaisalmer

1. Dr. J.P. Singh, Head (up to 15.02.2017)

2.

10.
11.
12.
13.
14.
15.

Dr. Maharaj Singh, Principal Scientist (Plant
Physiology) (up to 23.03.2017)

3. Mr. Venkatesan K., Scientist (Economic Botany &
PGR)

Mr. Abhishek Kumar, Scientist (Agroforestry)
5. Dr. Julius Uchoi, Scietist (Fruit Science)

Mr. Anil Patidar, Scientist (Economic Botany & PGR)
(from 11.04.2016)

7. Mr. D.S. Mertia, STO

8. Mr. K.S. Rambau, TO

9. Mr. Fateh Singh, TO (up to 11.04.2016)
Regional Research Station, Bhuj

1. Dr. Devi Dayal, Head

2. Dr. Deepesh Machiwal, Sr. Scientist (Soil & Water
Conservation Engg.)

W

Dr. Shamsudeen M., Scientist (Soil Science)

Mr. Sushil Kumar, Scientist (Agronomy) (on study
leave)

5. Dr. Rahul Deyv, Scientist (Economic Botany & PGR)
Mr. M. Sureshkumar, Scientist (Agroforestry)

7.  Mr. Gulshan Kumar Sharma, Scientist (Environmental
Science) (From 18.04.2016 t0 28.03.2017)

8. Mr. Mohar Singh, CTO

9. Mr. R.C. Bissa, ACTO

10. Mr. Kumpra Hargovind Ram, TO

Regional Research Station, Leh

1. Dr. Sanjeev Kumar Chauhan, Head (from 09.11.2016)
2. Dr. M.S. Raghuvanshi, Sr. Scientist (Agronomy)

3. Mr. Jigmat Stanzin, STO

Krishi Vigyan Kendra, Jodhpur

Dr. Sushil Kumar Sharma, Programme Coordinator
Mr. R.R. Meghwal, CTO

Dr. Hari Dayal, CTO

Dr. A.S. Tomar, ACTO

Dr. R.P. Singh, ACTO

Mrs. Savita Singhal, ACTO

Dr. Poonam Kalash, ACTO

Dr. S.C. Kachhawaha, ACTO (from 12.04.2016)
Mr. P.S. Bhati, STO

10. Mrs. Mamta Meena, STO

Krishi Vigyan Kendra, Pali

A R R o

Dr. Dheeraj Singh, Programme Coordinator

Dr. M.K. Choudhary, ACTO

Dr. Aishwarya Dudi, ACTO

Dr. M.L. Meena, ACTO

Dr. S.C. Kachhawaha, ACTO (up to 11.04.2016)
Mr. Chandan Kumar, STO

Mr. L.P. Balai, STO

Krishi Vigyan Kendra, Bhuj

A

1. Dr. Devi Dayal, I/c Programme Coordinator
Mr. Sanjay Singh, STO
Dr. Traloki Singh, STO

2.
3.
4. Dr. Ram Niwas, STO
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Results-framework document (RFD)

for

WG I U-BslT b AT AN FA
ICAR-Central Arid Zone Research Institute

(2015-16)

Address:  P.O. Shastri Nagar,
Jodhpur, Rajasthan

Website:  www.cazri.res.in
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Section 1: Vision, Mission, Objectives and Functions

Vision

A greener, climate-resilient arid land with well-managed and
sustainable agriculture that provides improved livelihood
options and conserves the scarce natural resources.

Mission

To strive for providing appropriate, low-cost technological
options for sustainable use of natural resources in the arid
regions linked to improved livelihood, and also to monitor
and combat drought and desertification.

Objectives

To enhance profitability and livelihood in arid eco-

system

To conserve biodiversity and improve plants and

livestock

To promote awareness and knowledge amongst the

stakeholders

To inventorize natural resources for their assessment

and management

Functions

Assessment and monitoring of natural resources for
drought and desertification

Research for genetic improvement of arid zone plants
and production of quality planting materials

Research for improving arid land farming systems
through better stress management in cropping systems
and livestock production systems, as also for range
improvement

Research for value addition of arid zone products that
may help to create a value-chain linking stakeholders at
different levels

Research for efficient energy management and farm tool
development at affordable cost at village level

Technology dissemination, socio-economic
assessment, and capacity building ofthe stakeholders

Collaboration with different national and international
institutions in the above fields for knowledge sharing
and improvement of skill

Section 2: Inter se priorities among Key Objectives, Success Indicators and Targets

S.
No.

Objectives

To enhance
profitability
and livelihood
in arid eco-
system

To conserve
biodiversity
and improve
plants and
livestock

22

Weight

Actions

Improved
package of
practices for
farming/cropp
ing systems

Development
and
improvement
of farm
implements
and

renewable
energy devices

Conservation,
enhancement
and
improvement
of plant
genetic
resources

Quality
planting
materials

Success Indicators

Farming systems
and crop
management
modules developed/
validated

Farm and energy
devices developed

Genetic resources
collected,
conserved,
evaluated and
registered

Quality seed
material produced

Quality planting
material produced

Unit

No.

No.

Kg.

No.

Weight Target / Criteria Value
Excellent Very Good Fair Poor
Good
100 % 90 % 80 % 70 % 60 %

22 8 7 6 5 4
8 2 1 0 0 0
12 15 14 13 12 11
4 4600 4300 4000 3700 3400
4 55000 50000 45000 40000 35000
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S.  Objectives Weight Actions Success Indicators Unit Weight Target / Criteria Value

No.
Excellent Very Good Fair Poor

Good
100 % 90 % 80% 70 % 60%

Conservation of Elite small No. 2 55 50 45 40 35
arid breed of ruminants
livestock multiplied
3 To promote 20 HRD and Trainings organized  No. 6 100 95 90 85 80
awareness and capacity
knowledge building FLDs conducted No. 8 650 600 550 500 450
amongst the
stakeholders Seminar/symposia/ No. 3 5 4 3 2 1
workshop/summer/
winter schools
organized
Agro-advisory No 3 85 80 75 70 65
weather forecast
4. To inventorize 8 Monitoring land Land resources No 8 5 4 3 2 1
natural resources and maps /land use
resources for desertification  plans
their
assessment
and
management
5 Publication/ 5 Publication of ~ Research articles No. 3 24 22 20 18 16
Documen- the research published
tation articles in the
journals having
the NAAS
rating of 6.0
and above
Timely Annual Report Date 2 May 30, June?2, June4, June?7, June9,
publication of published 2015 2015 2015 2015 2015
the Institute
Annual Report
(2014-2015)
6 Fiscal 2 Utilization of Plan fund utilized % 2 98 96 94 92 90
resource released plan
management fund
7 Efficient 3 Timely On-time Date 2 May 15, May May May May
functioning of submission of submission 2015 16, 17, 20, 21,
the RFD Draft RFD 2015 2015 2015 2015
System (2015-16) for
approval
Timely On-time Date 1 May I, May?2, May5, May6, May?7,
submission of submission 2015 2015 2015 2015 2015
Results for RFD
(2014-15)
8 Enhanced 3 Rating from Degree of % 2 100 95 90 85 80
Transparency Independent implementation of
/ Improved Audit of commitments in
Service implementation CCC
delivery of of Citizens’ /
Ministry/ Clients’ Charter
Department (CCO)

175



AP
ICAR

e gferdeT 2016-17
Annual Report 2016-17

S.  Objectives Weight Actions Success Indicators
No.
Independent Degree of success
Audit of in implementing
implementation GRM
of Grievance
Redress
Management
(GRM) system
9 Administra- 7 Update Date
tive Reforms organizational
strategy to align
with revised
priorities
Implementation % of
of agreed implementation
milestones of
approved
Mitigating
Strategies for
Reduction of
potential risk of
corruption
(MSCO).
Implementation % of
of agreed implementation
milestones for
ISO 9001
Implementation % of
of milestones of implementation
approved
Innovation
Action Plans
(IAPs).
Section 3: Trend Value of the Success Indicators
S. Objectives Actions Success Indicators Uni
No.
1. Toenhance Improved package of Farming systems No
profitability  practices for and crop
and farming/cropping management
livelihood in  systems modules
arid eco- developed/validated
system
Development and Farm and energy No
improvement of farm devices developed
implements and
renewable energy
devices
2. To conserve Conservation, Genetic resources No
biodiversity  enhancement and collected,
and improve improvement of plant conserved,
plants and genetic resources evaluated and
livestock registered

Unit Weight
% 1
Date 2
% 1
% 2
% 2
t Target

value FY
13/14
5
1
11

Excellent

100 %
100

Nov 1,
2015

100

100

100

Target / Criteria Value
Very Good Fair
Good
90 % 80 % 70 %
95 90 85
Nov 2, Nov3, Novd4,
2015 2015 2015
90 80 70
95 90 85
90 80 70

Poor

60%
80

Nov 5,
2015

60

80

60

Projected Projected Projected Projected

value for

value for

value for

value for

FY 14/15 FY 15/16 FY 16-17 FY 17-18

6

12

14

7

14

7

14
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S. Objectives Actions Success Indicators  Unit Target Projected Projected Projected Projected
No. value FY value for value for value for value for
13/14 FY 14/15 FY 15/16 FY 16-17 FY 17-18

Quality planting Quality seed Kg 3000 3200 4300 4300 4300
materials material produced
Quality planting No 40000 45000 50000 50000 50000
material produced
Conservation of arid  Elite small No. 40 40 50 50 50
breed of livestock ruminants
multiplied
3 Topromote HRD and capacity Trainings organized  No. 75 75 95 95 95
awareness building
and FLDs conducted No. 400 425 600 600 600
knowledge
amongst the Seminar/symposia/ No. 2 4 4 4 4
stakeholders workshop/summer/
winter schools
organized
Agro-advisory No 60 75 80 80 80
weather forecast
4. To Monitoring land Land resources No 2 4 4 4 4
inventorize  resources and maps /land use
natural desertification plans
resources for
their
assessment
and
management
5 Publication/ Publication of the Research articles No. 17 19 22 22 22
Documentati research articles in published
on the journals having
the NAAS rating of
6.0 and above
Timely publication of Annual Report Date July 2, May 31, May 31, May 31, May 31,
the Institute Annual published 2014 2015 2016 2017 2018
Report
6 Fiscal Utilization of Plan fund utilized % 98.0 98.0 98.0 98.0 98.0
resource released plan fund
management
7 Efficient Timely submission of On-time submission Date = May 16, May 16, May 16, May 16, May 16,
Functioning  Draft RFD for 2014 2015 2016 2017 2018
of the RFD  respective years for
System approval
Timely submission of On-time submission Date = May 2, May 2, May 2, May 2, May 2,
results 2014 2015 2016 2017 2018
8 Enhanced Rating from Degree of % 95 95 95 95 95
Transpa- Independent Audit of implementation of
rency/ implementation of commitments in
Improved Citizens’ / Clients’ CCC
Service Charter (CCC)
delivery of
Ministry/ Independent Audit of Degree of success % 95 95 95 95 95
Department implementation of in implementing
Grievance Redress GRM
Management (GRM)
system
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S. Objectives Actions Success Indicators  Unit Target Projected
No. value FY  value for
13/14 FY 14/15
8 Adminis- Update organizational Date Date  Nov 2, Nov 2,
trative strategy to align with 2014 2015
Reforms revised priorities
Implementation of % of % 90 90
agreed milestones of  implementation
approved Mitigating
Strategies for
Reduction of
potential risk of
corruption (MSC).
Implementation of % of %0 95 95
agreed milestones for implementation
I1SO 9001
Implementation of % of % 90 90
milestones of implementation
approved Innovation
Action Plans (IAPs).
Section 4(a): Acronyms
S. No. Acronym Description
1. SAC Space Application Centre
2. MoES Ministry of Earth Sciences
3. HRD Human Resource Development
4. FLD Front Line Demonstrations
5. SAUs State Agricultural Universities
6. KVKs Krishi Vigyan Kendra

Projected Projected Projected
value for value for value for
FY 15/16 FY 16-17 FY 17-18

Nov 2, Nov 2, Nov 2,

2016 2017 2018
90 90 90
95 95 95
90 90 95

Section 4(b): Description and definition of success indicators and proposed measurement methodology

Success Indicator

Farming systems and crop
management modules
developed/ validated

Farm and energy devices
developed

Description

Incorporation of various
components including
livestock and new /improved
package of practices (based
on the climatic conditions of
the region) is the basic
requirement for development
of a sustainable farming
system approach

Design and develop farm
implements suitable for arid
farming conditions. Design
and develop energy devices
utilizing available natural
resources (solar energy)

Definition

Farming system is an
approach which involves
integration of various
components €.g. Crops,
silviculture, horticulture,
grasses and livestock to
develop sustainability
and improve livelihood
security of farmers.

Design and development
of implements suitable
for arid agriculture can
ease farm operations and
harnessing solar energy
for development of
devices can reduce the
dependence of farmers

General
Comments

Measurement

No. of farming -
system models and

package of

practices

developed

No. of implements -
developed
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No

8.

10.

Success Indicator

Genetic resources
collected, conserved,
evaluated and registered

Quality seed material
produced

Quality planting material
produced

Elite small ruminants
multiplied

Trainings organized

FLDs conducted

Seminar/symposia/work-
shop/summer/winter
schools organized

Agro-advisory weather
forecast

Description

Diverse germplasm
collection, their evaluation
for desired traits and
conservation is the basic
requirement to bred new
varieties

Multiplication of the seed
material of varieties
developed by the institute and
other quality seed material for
transfer to farmers.

Production of quality planting
material of horticultural crops
and MTP trees for transfer to
farmers.

Multiplication of elite small
ruminants for utilization in
farmers breeding programmes

Capacity building activities
related to knowledge and skill
improvement/development
programmes for farmers,
rural youth, subject matter
specialist and extension
personnel

Trials and demonstrations
conducted for technology
testing and proving the
technology potential
production

For sharing and acquiring
advance knowledge in subject
area for better planning and
execution of research

projects

Advisories based on weather
forecast to help farmers in
taking appropriate measures

Definition

on conventional sources
of energy

Selection, collection and
conservation of genetic
variability is necessary
for breeding of new
lines/varieties with
desired traits

It is a process by which
quality pure seed having
desired traits is produced
for achieving higher
productivity

It is a process by which
quality planting material
having desired traits is
produced either through
vegetative and sexual
means for large scale
cultivation

Multiplying pure breeds
of small ruminants and
supplying them to
farmers for breeding
purposes can enhance
their productivity with
respect to desired traits

Training is a process by
which new skills,
knowledge and exposure
to advanced techniques
is imparted to stake
holders for better
adoption of new
technologies

Frontline demonstration
is the field
demonstration conducted
on farmers field under
the close supervision of
the scientists through
which improved
technologies are
demonstrated at farmers
fields for adoption.

It provides a platform for
sharing scientific
knowledge, exchanging
ideas and exposes
researchers to latest
knowledge in area of
their work

Weather based
advisories provide
information to farmers

General
Comments

Measurement

No. of genotypes -
with unique traits

collected, varieties
developed and

plant material

evaluated

Kg. of seed -
produced

No. of planting -
material produced.

No. of elite small -
ruminants
multiplied

No. of trainings -
organized

No. of -
demonstrations
organized

No. of -
seminars/work-
shops organized

No. of advisories -
issued
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S.
No

11.

Section 5: Specific performance requirements from

agreed results

Location State Organization Organization

Type Type Name

Central Department NRSC/SAC,

Govt. Department of
Space, Govt.
of India

Central Department India

Govt. Meteorological
Department,
MOoES, Govt.
of India

Success Indicator

Land resources maps
/land use plans

Description

for crop planning

characterization is

prerequisite for

Soil resource inventory &

developing land use planning

Relevant
Success
Indicator

Land
resource
maps/land
use plans

Agro-

advisory
weather
forecast

Definition

on various aspects of
crop production

Soil resource maps are
the record of soil units
delineated on the basis of
similar land resources
properties in a readable

format

Measurement

No. of maps
developed

General
Comments

other departments that are critical for delivering

What is
your
requirement
from this
organization

For remote
sensing data
products like
satellite
images

Medium
range
weather
forecast data
and observed
weather data

Section 6: Outcome/Impact of activities of Department/Ministry

Outcome /
Impact of
organization

Sustainability
of agricultural
production and
livelihood in
arid zone

Jointly responsible for

influencing this

outcome/impact with the
following organization (s)
departments/ministry(ies)

State, SAU’s and KVK’s in the

Region

Success Indicator (s)

Annual increase in

rainfed crop production

Annual increase in
livestock production

Annual increase in
average household

income

Justification
for this
requirement

For accurate
and timely
assessment
and
monitoring
of state of
natural
resources

For issuing

timely

advisories to

farmers

Unit 2013-
14

% 33

% 4.2

% 4.0

Please
quantify your
requirement
from this
organization

Approximately
290 number of
maps at

1:50,000 scale

Weather
forecast data
twice a week

2014- 2015-
15 16
3.4 3.6
4.5 4.6
4.3 4.6

What
happens if
your
requirement
is not met

Number of
districts
covered for
assessment
and
monitoring of
natural
resources will
be less

The number
of agro-
advisories
issued will be
less

2016- 2017-
17 18
3.7 3.8
4.8 4.9
4.9 5.1
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