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U= R & 1fd 59 I YUt Py HLIH 7 1 JqTIR
2018 W ERP ST FARIE Y (b | AT DI AU T
QU ST bl Py Hoferdl &1 [, Sot Saa &
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Preface

The institute started diamond jubilee celebrations
from 1 October 2018 after completing 59 years of its
fruitful existence. The institute was conferred upon the
prestigious 'Sardar Patel Outstanding ICAR Institution
Award' for Large Institutes Category as recognition of its
major achievements like development of integrated
farming systems, novel techniques of water harvesting,
conservation of genetic resources of the region, livestock
management, arid horticulture, development of crop
cultivars for drought-prone areas, sand-dune stabi-
lization, shelterbelt plantation, to name a few. During the
year under report, major renovation works were
undertaken to improve the condition of old labs, buildings
and other infrastructures, wherever required, at the
headquarters and at its regional research stations at
Bikaner, Pali, Bhuj and Jaisalmer. Work on construction
of office building at RRS, Leh was also initiated in
addition to development of the farm area. A beautiful
Diamond Jubilee Circle was constructed in front of the
main building of the institute to commemorate this
occasion. A grand international conference (13"
International Conference on Development of Drylands:
Converting Dryland Areas from Grey into Green) was
successfully organized at Jodhpur which was attended by
379 delegates representing 37 countries from six
continents.

During this year, seed purpose watermelon
(Kalingda), variety CAZJK-13-2 (CAZRI Kalingada—1)
was notified for cultivation in the states of Rajasthan and
Gujarat due to its consistent performance under rainfed
conditions for over 5 years.

For development of inbred restorer lines of pearl
millet, segregating generations of 519 entries were
evaluated from which 794 promising progenies were
selected for advancement. In addition to this, 225
progenies were selected from 89 selfed populations. In
moth bean improvement programme, variety GMO-2 was
found more responsive to mutagenesis with higher
efficiency at 0.5 per cent EMS and 400 Gy gamma rays
treatments. In mutation studies of Cenchrus ciliaris, plant
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B Sig fAferdr EReror & Siafd 143 St o o
@ 38, HIS @ 40, ORI & 61 3R I & 4 SIAUTHUT BT oA
PR I gl R BT BT Jediw BT 17 qAT IFAHT IO
[ERIREI

gd dIo1 RS 31k WIS 89 BRITHH & fda 71 iR
Are o fafer=T fasst @& 18,170 f.3T. uoa 4197 @R fafa=
ST, STetl, SIS AT, foreres @R 'rF & 10,196 ..
A g 9IS BT Sedre fhar T | I it RS
(B¥Tel) & ST AIe @ favd BIon AIg—2 &I 976 ..
ST 15T ToIT 20.15 fB.aT. A1f¥e o7 +ft UeT favar T |
PBIONI—75 TAT BToNI STH—358 & AMNDG dIST BT TG
foar T sHe wW-w 9 fAeRid few o
3STH—2178 @ ¥ 1.75 o6, 7T, 151 BT St v 77 |

gl § BRRT ReRIGRY 396 SUANT &1 S&Tdl Bl
AT PRaT 2 IR gAfoy el H Sy BRBRA H A1
37T URE B & SI! JgdTd PR & oY B Yo BT
T | o, 7ot @ deror & @l HeTl 9, STet Rifud &t H
BRPIRA JTIINT A SR &, Kol BIPIRA (250 3 482
el ufd fBam) &1 o T 72 9 87 Ufera SrdTdd
BB & HY H YT foaT 747, 31R 99 DI BT BRBRA
% WY H YT (T 737 | STHT 1 BIRBIRE & WY H Dhicrad
BB (28—63 U2 IR BHEME BRBRA & WY H BT
B (58 ¥ 78 HICTeTd) & 3f2T FHEAT 9 g 1Y |

TR IR EFAMTe el & WIpis AdmEEl &
|deor A AT | WIR 7ol & SFUe & H Sfdrdier
J—T e AT T 85 LI &3 STallg HaTHl iR T0R 4T
& T4 T A TSI AT | T 75 Hrerd A (1575 2acaR)
R wael & o1efF i, STafds dadt 47.7 TacaR A URa o |
ST YSTel T R STHI 4 16.4 HICR AT 7R ST 84 Hfererd
&5 H [STel BT TR STHI & 16 ¥ 18 HIew =i oI |

TIATIIG & JTa9R &3 H 555.9 B IR (3.74 Hforerd &)
XA & Il B A & RO AR AT e iR
ST o | 39 &3 H G WU | Iu1 JATTRT IToRT T AR
(52.6 IR &%) T30 Hel off | J—TeT BT TR ST 4 18.3
HIex =11 ¥ 25.9 WIex -1 & He 31 ST oTel BT IR ST
A 21.7 HeR A AT | SIS I H UAIarel] TR FaT
SRIAT 3R ITGAAR 3R YA &3] H aa¥R 1R AR JaT
SRIET UTg TS STl A8 UR XiTell QM H TR g8 Qe 3R
TEXTS H AR Xcilell 1e, Qe iR Ricd! qe figr ot |

af¥edl o @ 13 el & Arnfae gar  F
(SheTTETs) MR AT ¥ S/ a garm 6 A xR &
I 2005—06 | 2015—16 & QIR 7.6 TRI BICIR &F HH
BT |

ii

survival in M,V, generation (16.7%) was lower than M,
generation (27.6%).

For Kachchh region of Gujarat, genotypes CM-1,
CM-11, CM-12 of Cordia myxa; CG-12, CG-13, CG-15
of C. gharaf, GT-11, GT-12, GT-13 of Grewia tenax and
GV-8, GV-11, GV-12 of G. villosa were identified for
vigorous growth.

Under Mainstreaming Agrobiodiversity
Conservation, a total of 143 genotypes including 38 of
mung bean, 40 of moth bean, 61 of pearl millet and four of
sesame were collected and evaluated for their growth
performance and multiplication.

Under Mega Seed Project and Seed Hub
Programme, 18,170 kg foundation seed of mung bean and
moth bean varieties and 10,196 kg truthfully labelled seed
of different cereals, pulses, seed spices, oilseeds and
grasses were produced. Under National Seed Project
(Crops), 976 kg breeder and 20.15 kg nucleus seed of
moth bean cv. CAZRI Moth-2 was produced. Under
maintenance breeding programme of pasture grasses,
nucleus seed of Cenchrus ciliaris varieties CAZRI-75 and
CAZRI Anjan-358 was produced. Moreover, 1.75 kg seed
of newly released variety CAZRI Anjan-2178 was also
produced.

Phosphorus fixation in soils limits its use efficiency
and therefore, work was initiated to identify the fate of
applied phosphorus in soil. About 72 to 87 per cent of the
total phosphorus (250 to 482 mg kg') was recovered as
inorganic phosphorus and rest as organic phosphorus
from soils of surveyed area of Jhunjhunu district where P
application is common practice in irrigated areas. Further,
calcium phosphate (28 to 63%) as inorganic P and phytate
phosphorus (58 to 78%) as organic P were the major
phosphorus fractions.

Natural resources were monitored in Ganganagar
and Hanumangarh districts. At Anupgarh site of
Ganganagar district, most of terrain was flat with 85 per
cent area covered by alluvial plains and the riverbed of
Ghaggar river. About 75 per cent land (1575 ha) was under
irrigated crops while only 47.7 ha land was un-cultivated.
Groundwater level was shallow and about 84 per cent of
the area was covered in the range of 16-18 m below
ground level (bgl).

In Rawasar area of Hanumangarh, regional terrain
was sandy and undulating due to presence of sand dunes in
555.9 ha (3.7% area). The region was mainly rainfed
(52.6% area). Groundwater level was shallow to
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fg]e STaTa ST 10,000 Jf+Te UfT 18 &1 il Ardl # Seefed
o7 | S ¥ 3T & &R, 213.1 A, auf | 64.3 ufarera a1
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e bIATe Ui T Ufd Web=s 2T, STafd QTN Bl o TaT
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ThTe A¥IYd U I Afehd fAfdhror 200 AEHMIS ufy TfHies
Ui Aehs | HH RET | T BT IUTE el I (381 fB.3m ufy
BFCIR) BT gl H Uil Al 1 BT H 31ferp o7 (495 fob. 7T,
Uiy 2FCIR), STafd BT H AIS 3R dael &I US[EaR &4 g8 |
9 B YTaR IR-BEER 847 (1397 BT uftr gaewR) |
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I USTIR IR—BRITER &7 (255 {5 IT. U gacaR) B oo
BIITER & (278 5 317 U 2 aR) # i1y 31fdyas off |

FEfad BN Jorell # 1 =Ry (8 vd 2y A)
UgerevT YaRdereT 4 BT Ug i (1896 fh.Im. Ufty BacR) & 4
gD 1 FrSfAf BT [T MR A —aRTTTE (1765 .
. gfd geewR) ¥ fAar dek § g 5 RREa
PR—IADHI—ARNIE UG H A6, TR, [ AR GRUTST
DI I ATD MNP IUS H1g & A1 AT-HIT H qof Bl T
S ST Udel el | 37.3, 20.9, 18.3 3R 15.2 Ufererd 21fdres
off | UTell # SR SATETRT ST JomTel! & 3fcia Wb kg H
TR, HIT IR ST BT ST FHHLT: 3006, 241.6 37X 848.7 b,
7. If TEFCAR AT | IR IMMETRA STUTGH HOTTel! & Sidvd IR,
HT 3R ST BT IcTaT HA: 259.9, 275.2 3R 736.8 fob. 1. Ufer
TFCIR T |

&Il SAxd WA H 5 T Wfdd Wi Uiy gk Ug
100 HfTRIT SRSV & HANT A g 1 USTaR 4 {97 IR 1
q T ¥ 59 W= AT 100 U IRSINE B T H 9
gferd 9QIaRl g5 @ T | iFHI-faRa i & w9
RIRTE it dIerer &I Jof 1 4 TRAT AR g BT Ul H HA:
14 3R 8 UTCTeTd &I I3 g8 | T A8 SRR 0T &
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moderately shallow with an average of 21.7 m bgl and
range of 18.3 to 25.9 m bgl. Paniwali Ganganagar soil
series association in Anupgarh site and Rawatsar and
Modasar soil series in Rawatsar and Pilibanga areas were
sandy loam to silty loam on surface to fine sandy loam,
loam and silty clay loam in deeper horizons.

GIS-based mapping of 13 districts of western
Rajasthan showed that there was a decline of 0.76 m ha
area under land degradation from 2005-06 to 2015-16.

Average PV generation from the 100 kW  agri-
voltaic system was about 10,000 kWh month™ and the
highest PV generation was observed during March. Solar
PV area of 651 m”harvested 71.3 m’ of water from 213.1
mm rainfall received during June-August with an
efficiency of 64.3 per cent. Photosynthetically active
radiation (PAR) in interspace area of PV arrays was about
600 mol cm” s” during morning and afternoon hours,
whereas during noon it was about 1200 mol cm™ s in the
month of December. PAR remained less than 200 mol cm™
s" under the PV module. Yield of mung bean was higher in
shade of PV arrays (495 kg ha") as compared to open area
(381 kg ha™), while the yields of moth bean and cowpea
reduced under shade. Fruit yield of brinjal was higher in
un-shaded area (1397 kg ha™) than in shaded area (1117 kg
ha™). Fruit yield of chilli was slightly more in shade (278
kgha") than in un-shaded area (255 kgha™).

In integrated farming system, maximum forage
(grass + top feed) was recorded under Ailanthus excelsa +
grass system (1896 kg ha') followed by Hardwickia
binata based silvi-pasture system (1765 kg ha™). In drip
irrigated agri-horti-pasture system at Bikaner, economic
yield of moth bean, clusterbean, Lasiurus sindicus and
Aloe vera was more in intercropping with citrus which
was 37.3, 20.9, 18.3 and 15.2 per cent higher over their
sole cropping. In ber based production system at Pali, the
yield of intercrops of clusterbean, mung bean and okra
was 300.6,241.6 and 848.7 kg ha”, respectively, while in
pomegranate based production system, yield of intercrops
of clusterbean, mung bean and okra was 259.9, 275.2 and
736.8kgha’, respectively.

In long-term fertilizer experiment, application of 5 t
FYM ha' + 100 per cent RDF increased wheat grain yield
by 59 per cent over control and 9 per cent over 100 per cent
RDF. Application of organo-mineral prills increased
mustard and wheat yields by 14 and 8 per cent,
respectively over Muriate of Potash. Similarly, its
application increased pearl millet and mung bean yields
by 15 and 13 per cent compared to Muriate of Potash.
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(930 fham. Ul FaceR) wd His (592 T, Ufd BacaR) o1
JHAR SUST) o DI TS S b FefeArpro—mrfia +
AITSTH-UNTIHINT 312.5 I Afhg dd Ui gae;R &
SRTRT HHTH UTRIT 77307 |

3G g & SIFATT olg WR Afreyor | S fh
AT AUTZT SITHR BT ATSUT 14 I H 28.39 HIT AH
T SFCIR H ThR 36 IY YR J&TRIUOT H 63.35 HIT UTH Uf
TICIR & 19 <&, OraH Hre RerIamor e 1.60—2.02 AT
UM Ui gFcaR Uiy off | SiEqR ¥ A= iy arfe!
yonferdl # HaT Pra JEUSOT &HT 32.90 A 56.09 HIT UTH
FIT 9T gaeaR IRl Y | erR @ faf Sy arfre
gonferdl # SAfead ol awid ded dugvr, Rfad
PU—IABI HT TMe—aRUST (51.8 ¥ M HEF Ui
TICIR) WOl H T 39 918 ITIAT—TaRUTST (10.21 HIT ITH
BIE R 2FCAR) H 9T AT | HY—aT FoTel! H, Siferman
JERAIIS BT TN ATATIR AH—AT (18.22 HIT UTH BHra1
Ofd BaeR) 3R IRS—TIRUTST (18.08 T UTH HIa= Ufer
TICIR) HOTel H <o faar AT | urell § Wl § ot AR
BT AYRY & 9N & GeTRIA0T H 1.7+0.5 HIT ITH Hle Ul
BFCIR W B 56 TY D JETRIYVT H 12.6+2.7 HIT UTH Bl fl
TFCIR T TTAT T |

TS Al TeT0T AT B SRR TR, TG ARG 4T,
GG GBI, 37! [AdTd, qaT g, ATEasyasik 1939 3R
ARTE—1 3 AEW] Uiy Y R STl T1d AR 8
THICR DI ATIC PR & (o1 HeAdd & =0 H gIeT SUANT fhar
ST FHaT 8 | WRT B BT U Bl AfBTH SUIRT Gefam
(3472 fHam fy &9 Hiex) gaeR dicliers™ # 60 ufoerd
TS TR W IR a9 (15.46 {631 Uiy 89 AeR) o 7
239 H 100 wfcrerd Riems R WR WR qSf @Y TS| T @t
YeTaR § 2.5, 5.0 3R 7.5 fhell U BRSOA U BRIR &
TRINT | fRIF01 &1 e H B 10.5, 27.7 3R 30.8 HfRd
gig &1 BT TS | 3 UPR a7 25, 5.0 3R 7.5 e
TS siolel IR FCaR 3 FRIF0T &) el # Sl 11.2, 22.2 3R
27.4 gferera @1fdres SaTar uTe g8 |

37 oRURSR AT B wfdfed v .31 Aie o Raarg
TS I <71 el IedTa H 9.77 I g g8 | RSTepT =T
RaeTr A ARURSR TR & <1 g7 ITa (4.39 <ileR uf
gyl wfafed) o gfg g8 S =1 998 (4.09 ofier ufd uy)
gfrfas) | 7.23 Ui @1f¥ie off | 98 Ulve d1 b IAMBR
e 9 I ofR 9l & o < g ST H 6 Hfoerd @t
gfg S SR AT o™ BT SIUTT AT H 2.79 AR HATl H 2.66
RET | BRI g ¥ gHRAT TR Ig—uIyD H5707 & uefor 4
< gu Seared H 10.75 Hfwrd @ gig g8 IR o™ drTd

3T 1.65 X&T |

Lignite pelleting with Azospirillum coating produced
maximum seed yield of cumin (896 kg ha") and fennel
(1405 kg ha) crops which was 20 and 24 per cent higher
over control in cumin and fennel, respectively.

Among different post-emergence herbicide
treatments, maximum seed yield of mung bean (930 kg
ha') and moth bean (592 kg ha"') was recorded with
application of Propaquizafop + imazethapyr @ 125 g a.i.
ha' which was closely followed by application of
clodinafop-propargyl + sodium-acifluorfen @ 312.5 g a.i.
ha'.

Predictive biomass modelling of Hardwickia binata
showed that estimated stored biomass carbon stock
ranged between 28.39 Mg ha' in 14-year to 63.35 Mg ha''
in 36-year old plantation with carbon sequestration
potential ranging from 1.60-2.02 Mg ha" yr'. The soil
carbon sequestration potential of diffrent agroforestry
systems in Jodhpur region ranged from 32.9 to 56.1 Mg C
ha'. Under various systems at Bikaner, total vegetative
carbon stock in irrigated agri-horti system was maximum
in Cordia myxa - Aloe vera (51.8 Mg C ha™) followed by
Emblica officinalis - Aloe vera (10.21 Mg C ha™). Among
agri-silvi systems, maximum vegetative carbon stock was
recorded in Melia dubia - chickpea (18.22 Mg C ha) and
Ailanthes excelsa - Aloe vera (18.08 Mg C ha') systems.
In henna plantation at Pali, total biomass carbon stock
ranged from 1.7+0.5 Mg C ha” in two years of planting to
12.6+2.7 Mg Cha''in 56 years of planting.

Based on desirable root traits, genotypes RF 4A, Pb.
Chhuhara, Arka Vikas, IIHR 1939, Pusa Bindu and RS-1
were found more hardy than others which can be used as
rootstocks for grafting tomato for water stress tolerance.
The WUE of cucumber grown in three protected
structures increased with increase in water deficit and it
was maximum at 60 per cent irrigation level (34.72kgm™)
in naturally ventilated polyhouse and least at 100 per cent
irrigation (15.46 kg m”) in shade net house. Application of
2.5, 5.0 and 7.5 kg ha" hydrogel increased mung bean
yields by 10.1, 27.7 and 30.8 per cent, respectively over
control, while yield increase in sesame was 11.2,22.2 and
27.4 per cent, respectively over control.

Feeding one kg moth bean churi daily to Tharparkar
cows increased their per day milk yield by 9.77 per cent as
compared to cows of control group. The daily milk yield
of Tharparkar cows fed with lucerne increased by 7.23 per
cent. At farmers' fields, average daily milk yield of cows
and buffaloes increased by 6 per cent due to feeding of



FHeg, oI H aRT IR FIUFERIGHAE Tofaal § 4
MM aH &1 (61.8 fddee uft gacaR) 3R @ (35.7 faded
T BFCAR ) TRT WINIFIe™T ATforevd | & fohar 13T | T
PlcHrH Tad B e (21,5 fFdee Ui gaca” ) oiik =T (13.2
e Ui gaaR ) IRT & USTaR UTs ¥ |

&1 & Tiie AR AR Figdr & SuYh WIRSHATZOR BT
SRNT 3G Th 8 UHR I f3eetl GIR BT T8 Sl ol
IS 1R U H gereie oY | 3R & foefe! 1 S iR
QAT b 3T TS (haT T | HAC & TS BT TANT PR,
BIQIST UfehaT §RT aTeTeA & WY e ¥ Yea—dYfed ST
faefRyer famam wam |

Y B IR BN G ISP A Bl 19,300 FAC & el
D ITAR BT TAT f5THD TRUTAEIHRY 4T 8.67 T IRl
e BT SUTE 3T | SIIYR g ISR FSTell & el & fbri =1
% 54.0 ARG BT AT AT B |

SIIYR STl # HIhell T STIRT &1 Bl F Hid! Bl U=
ySIcrRll, eV 1Sy, AR eRar], Yew Vewd, TigsT
$oYICTd G U Udhe] T8 | Jhell & B e H Uhs
ABID 0.83 W 3.75 B HeA AT Aol LADID 8.33 URIT TAT |
S UHR SIRT ] el H Uhs DD 0.83 H 4.58 B Heg 0T
Hhl DI 9.58 UTAT AT |

IRl URE R ugref MR Bsfss AR Yohd &
3R B ¥, THTCR, UTelah, TSI, JTiqeT, Hefl, gaIAT, TiaT, 9%
TAT AARY 2 9 3 AT H T2 R vF @R 5 9 6 foAl § g |
T UREH 1 uaTef e esfae WR Yshd BI 3iFd
AT geraT 17.9 Tforera uri TS |

HoF, ORI ¥ Sfcl 9 ITTolifad! GRe 9gM & fofg a1
& & fou Suysh <N "N AT WRI§I FIforied,
STIDIXTH VgoicH, Wwhe R, d=pv Hicoved ol
EIENICIRSIRE RIS

IE—TERg H STEl g, @1 RIS Jiol—H8—9 R f$ &
AT Y TS g8t urell & dra S ARl & A1 JER 3R UH
HHT SHROT @I AT | A5 ¥ gaTTg A ST 55 HIererd HH
ST @1 STRT TST 3IR ST 3R - H 66 3R 42 Hforerd @t
gl <@ g |

T I SIS (STgEdT) & AT S ST
P, o8 d HUTH ARNGIG JEeT IR ARId AR edd
AT URATSTT §IRT U T, WRUTAR T, Afgetraii &
T FETIAT Y UR SIFTadhdT RIfR, o XA # w_fer
Al =g W, P Tde affe UR STror 23 Hfrerol
P gegd 9 1,117 it 5 ufderor ura fhar| s yeR

Preface
Tos9- 2019

multi nutrient blocks. The B:C ratio was 2.79 for cows and
2.66 for buffaloes. Daily milk yield of goats increased by
10.75 per cent with multi nutrient mixture feeding and
B:Cratiowas 1.65.

Among palatable halophytes tested for enhancing
fodder resources in Kachchh, Gujarat, the maximum
green (6.18 t ha™) and dry (3.57 t ha") fodder production
was recorded in Sporobolus marginatus. Cressa cretica
gave the lowest green (2.15 t ha') and dry (1.32 t ha™)
fodderyield.

A novel biodegradable, water soluble film was
prepared using Cordia myxa gum and a suitable
plasticizer at different concentrations. Microencapsulated
product of cinnamon oil was developed using gum arabic
by spray drying process.

During the year, 19,300 trees of A. senegal were
treated with CAZRI gum inducer, resulting in production
of approximately 8.67 t of gum arabic worth Rs 54.0 lakhs
benefiting farmers of more than 45 villages of Barmer and
Jodhpur districts.

From groundnut and cumin crops in Jodhpur district,
five species of rodents were trapped viz. T. indica, M.
hurrinae, G. elloiti, R. rattus and F. pennanti. The trap
index in groundnut crop ranged from 0.83 to 3.75 with
overall trap index of 8.33 rodents/100 traps/night,
whereas in cumin crop the trap index was in the range of
0.83-4.58 with overall trap index 0f 9.58.

In arecently developed phase change material based
hybrid solar dryer, drying of green chillies, tomato,
spinach, carrot, aonla, fenugreek, mint leaves, gonda,
kair and sangri took 2 to 3 days, while drying of ber and
date palm took 5-6 days. The average thermal efficiency
of'this solar dryer was 17.9 per cent.

For livelihood security and ecosystem restoration in
Kachchh, Gujarat, nursery beds consisting of native
grasses suitable for Banni area viz. Sporobolus
marginatus, Dichanthium annulatum, Cenchrus ciliaris,
Cenchrus setigerus were established.

Better and uniform germination of wheat with
proper spacing between plants was observed in fields
where sowing was done with seed cum fertilizer drill in
Leh-Ladakh region. About 55 per cent less amount of seed
was needed in line sowing and an increase of 66 and 42 per
centin grain and stover yields was observed.

Under Tribal Sub-Plan (TSP), 23 training
programmes on tree plantation, weed management,
awareness about women's self-help group, protected
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AT I ISt IRATSTHT (Bel) & JTvvid ARIdl dl Tl
AR AR, TTH GATIT TRAT, AT & 1l & 175 ATy
f ATl DI SR & TS T2T 700 3.3, 7T (MEUITH 2—-3) &
IO 1511 T AR fhat 1T | 813013 STRAeT &g, ol §RT
Wl B Ut vd afesrat & ol @1 fafas s miat @
forsarit # faaRa favar T |

h &F DI TRI WG HAA! DI 90 Tl i ga
T & B! D1 60 TAford fBl BT JarHd Ueeid g
S Ul BT A= RBauRS! 1 2= &g |l e
HYBTerd H v fobam v |

T AT 3R P FarR faad &1 13—15 RiawR 2018
SEIYR, IIFaTS], SR, RIS, ITSHR, SIRIerR, AR, Trel,
STeTare, iR, SR, HdsTe, oPR, SR, HiefR,
RIS, Wiefarsl gd dierR el & 8,000 fami, o
1,800 PP AlFATY 4T ARAfera off, 1 W7 fo7aT | $9 *adR W)
Ure fPAT1 Bl I9D §RT BRI B B Theih] DI AT T
IS TRAR H U MY WRIE MR &g I foar A
@ B0 H AT feban 7 |

fosaTl, AfEatet, BT IR DU TAT ST TRER B
Tl & STfSreTRAT e 15,000 3 3FEH STIH 1 99 B
SR GIH Td P GA1 U] e &7 9907 fbar | e
349 UfeTT BRI 9,668 fhari iR Witex Afzeret & forg
eI @ fAfeT famT, orefRies srgeem ol vd iy fagms
el gIRT AT fhy 77 | e gRT smafora fafae= amr
Ufth UGl ¥ T T—3TelT 7fal & 2,366 farl &f o A |
a1 el & ure Is9 A8 drenfifear o1 132 feast @
Wl 7 o yee= fohar |

HHATRAT BT &HT (AT BRIHH B T8 13 JSMDI, 20
Th-ll 9 4 UMERTS ARGIRAT 3R 25 HIA FE—FD
FHHARAT =1 ARt afdteror srigHr # IR form | MR Sy
AT URYE &1 o &= AT B 2591 95 BT AT 7
3= Y favafdener, < # AhadTgdd AT 6T |
3 UBR T BRI, Th MsABTer ufdreror Rifax, d=
Madre= ufiermr RrfdR vd va amest ufdiermr greasa
I H 3T fohu 7T |

# arrer w1 & 5 g&p BN 9 I8 gY a9, R
BRI, forami ik 31 fRqeet & forg 39 Rurd # wga

RO e 3R IUAR BN |

vi

cultivation technologies, rodent management, etc. were
organized for 1,117 farmers. Similarly certified seed (700
kg) of mung bean (IPM 2-3) was distributed among 175
tribal farmers in villages Naroton Ki Goj and Charla,
Gram Panchayat Charla, Banswara under TSP of AICRP
(NSP). Fruit saplings and vegetable seeds were
distributed by RRS, Leh in different villages of Leh
Ladakh under TSP.

Ninety varieties of various kharif crops and 60
varieties of rabi crops were grown in 'Crop Cafeteria' to
demonstrate their comparative performance and
characteristics to various stakeholders.

A farmers' fair cum agriculture innovation day was
organized during 13-15 September 2018 in which more
than 8,000 farmers including 1,800 women farmers from
Jodhpur, Bharatpur, Udaipur, Banswara, Jaipur, Sirohi,
Barmer, Jaisalmer, Nagore, Pali, Jhalawad, Sikar, Jalore,
Chittorgarh, Ajmer, Dausa, Dholpur, Rajsamand,
Bhilwara and Bikaner districts of Rajasthan participated.
Five farmers were honoured as CAZRI Kisan Mitra in
recognition of their significant contribution in adoption
and dissemination of agricultural technologies.

More than 15,000 visitors including farmers, farm
women, students and officials of central and state
government departments visited Agricultural Technology
Information Center (ATIC). In all, 349 trainings were
organized for 9,668 farmers and farm women by different
divisions, regional research stations and KVKs of the
institute. Front line demonstrations (FLDs) were
conducted by the institute benefiting 2,366 farmers.
Twenty three new technologies received from various
institutes were also demonstrated at 132 farmers' fields.

Under capacity building program, 13 scientists, 20
technical, 4 administrative and 25 skilled supporting staff
attended various trainings. Twenty-fifth meeting of the
ICAR-Regional Committee No. VI was successfully
organized at AAU, Anand, while two workshops, one
seminar, one summer school, two winter schools and one
model training course were organized at the institute.

I hope that scientists, extension workers, farmers and
other stakeholders involved in arid agriculture will find
the results documented in this report interesting and
useful.

Director
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TR R EFAFTE STl & WIpiad ATl &
HdeToT BT T | TR 57l & SuTe & # Sif¥aier
Y—T AT T TAT 85 U &3 Selle HaMi 3R TTR
T & 4 T W ATBIIT AT | T 75 Tfererd A (1575
TaeaR) Rifaa st & e off, Safd daar 47.7 TR
A ORelT oY | AT OTel BT WR S I 16.4 IR T 31R
T 84 TR &5 3 Y[oTel BT TR ST 4 16 ¥ 18 HieX
A o7 | EATTIE & MHR &3 H 555.9 3FC AR (3.74 Hfard
&) H Xd & Sl B Alal & HROT &I gATHT NdTell
IR a1 o | 39 &3 H G ®U I qui TR qoRT
g TR (52.6 U &) G Bl ol | STl Bl TR STHIA
¥ 18.3 Hiex K ¥ 25.9 Hiex I & 74 3{R 379 Yoiel Bl
TR ST W 21.7 AR <1 o | 8FATTTG fSTel 1 diefta
HEH! BT U< AT 3R IRIST A8 BHM &7 H FHAS by
Y STAG HaT o | I 74 UfRId &3 # oTdl WX ST
A 10—20 HICR 1 o | JFUIS Il H Uaret] TR
HaT #Rgel R aaeR R dield T & 3§ Jadar 3Rk
AISTAR HaT S UTS 15 Siel |8 WR Ndlell AFe H oldR
TS IMT 3R TERIS H B Xilell J1e, JMe 3R RAee!
are gt ot |

THET TR & XIAIST Ud SORId fAdReT BaS &3 § i
eI T HIbIgel Wie 1Y Ud §9 &5 B Y13l bl <1 §aT
ST, Age SR HIEAR & fd ggar Td7 Ud g1l
AT far a7 | gf¥as o @ 13 el & Winfers
AT I (STIRATSTH) SRR AAH0T  TdTd gl b qH
&R & I 2005—-06 A 2015—16 & AR 7.6 G
IR & HH gl | e Rrer @ | wgarei #
JHED BRORT & ©9 H DeIH BRHe (28—63
gfererd) iR HTdfd BRBRA & ©U H Hsce HIHIRY (58
W 78 U)o T YT 9 IR 1Y |

JIHFR WA W 4 7S F 14 Jollg 2018 & SR
AP T BT ATl &7 (2699 fh.3m. ufey gaca) # Arar
AT, $H9d 915 ARMIE YA F 1856 H.I1. URT gFCIR 3R
JATH 486 .31, U FCTR P aTieh! fH T oI |

IIORT H SIS grerass ufaftedr & faam 2q, 519
=T gergeroT wfaftedl &1 geaie fdar war f5ad 4 794
S HAlTAl BT ST B g AT 7T | S 3TeATal, 225
At T =+ 89 ¥ FHftedl | o T |

Natural resources were monitored in Ganganagar and
Hanumangarh districts. At Anupgarh site of Ganganagar
district, majority of terrain was flat with 85 per cent area
covered by alluvial plains and the riverbed of Ghaggar river.
About 75 per cent land (1575 ha) was under irrigated crops
while only 47.7 ha land was un-cultivated. Groundwater
level was shallow and about 84 per cent of the area was
covered in the range of 16-18 m below ground level (bgl). In
Rawasar area of Hanumangarh, regional terrain was sandy
and undulating due to presence of sand dunes in 555.9 ha
(3.7% area). The region was mainly rainfed (52.6% area).
Groundwater level was shallow to moderately shallow with
an average of 21.7 m bgl and range of 18.3 to 25.9 m bgl. In
Pilibanga area of Hanumangarh district, the terrain was
similar to Anupgarh, with dominance of flat alluvial plains of
Ghaggar river and levelled alluvial plains in Bhakhra canal
command area. Groundwater level in the area was shallow to
moderately shallow and about 74 per cent area was in 10-20
m bgl range. Paniwali Ganganagar soil series association in
Anupgarh site and Rawatsar and Modasar soil series in
Rawatsar and Pilibanga areas were sandy loam to silty loam
on surface to fine sandy loam, loam and silty clay loam in
deeper horizons.

Three benchmark soil profiles in Ratoda and Isrol
distributaries of Narmada canal were characterized and two
soil series namely Chohatan and Sanchor were identified and
mapped. GIS-based mapping of 13 districts of western
Rajasthan showed that there was decline of 0.76 m ha area
under land degradation from 2005-06 to 2015-16. Calcium
phosphate (28 to 63%) as inorganic P and phytate
phosphorus (58 to 78%) as organic P were the major
phosphorus fractions in soils of surveyed area of Jhunjhunu
district.

At Bikaner site, maximum soil loss was measured from
bare field (2699 kg ha™) followed by 1856 kg ha' from
pastureland and minimum of 486 kg ha™ from agro-forestry
land during 4 May to 14 July 2018.

For development of inbred restorer lines of pearl millet,
segregating generations of 519 different entries were
evaluated from which 794 promising progenies were
selected for advancement. In addition, 225 progenies were
selected from 89 selfed populations.
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IR & AT S 99Ul & SUS WTE Jedih §
Tasrs fEae fom eRoiRi—1033 (1232 fdhan ufa
TACIR) DI g H vfdfic Agorssii—17—24 (1459 .
gfd gFcIR) dgURI< HIUoTSuii—16—21 (1417 .31l
TFCIR) AT AT —17—16 (1415 fH.IT. Uy BaEIWR) gRT
e 4151 IUST Gol B TS | A6 B ARG I~ 4,
SHuHl—2 fhe ®I 0.5 Uferd STHUH 3R 400 1 T fhvor
SYAR @ ST Tl & HRU SARaad @ foru 3rferd
IUGad T AT |

PV g fAfderar w=eror & ofavid 143 Sl oA
HIT & 38, HIG & 40, IONT & 61 AR [T & 4 SiFURGT BT
THH BR Id gl IR [TH™T BT Jedie fdHar war qen
JhT IO T 7T |

IS g ¥ SRad sy # gH, 41, dafa # shfaq
Uil @7 e (16,7 ufcrera) uH, sdafd (27.6 gfaerd) § &F
TSl DI IS | IRFME 9141 & SR I & I3id 3o
I B {5 HTON—75 qAT BIORT S—358 & MG
ST BT ITeH BT 37 | 39S AII—ATYT 778 [ fhe
BIORI 32178 & W 1.75 fHAT. 197 &1 IcaTeH far
T |

3R A8 @ A= fst @ 18,170 T, UsiHa 91T 8IR
faf¥r=T 3rTot, ST, o AT, fietes iR °rF & 10,196
T, I 9d 19 &1 Sdred fHar | IS dIoT
IRASHT (F¥e) & A Als & fhe Hront Ale—2 &7
976 &1, USTHd IS TAT 20.15 fH.AT. TS G151 1 U<
fepam T |

i 7aRT (@fefren) #§ forw Aorsoid—13—2
(BTSTRY B TST—1) BT IR TR # AR uig I8t ddb
3 U B UROTHRGRY TG Ud ORI H Tl &
fore S fopar ram |

e & YRIBIT AOTSHITA—2011 T HIOTSHITA—2062
H qrep! TRUEI BT eIl H Bl Bl USTaR BTl ferD Tof
DI TS | AfHaH Iust &I (H TvTE) Helgd drel Ul o
fAell, ST B BIC W arel s (W A7) & Jergd arel
Uil | q1 99 HH IS IS B a1l s (W A B
HeTdd drel UTell &1 e |

RIfgST ®1 Uiy Fald d =iar & I o
(AT iR STAT) wfer die emanall a1 | & forg weem
3R iy Farg iR Uiy dielR A/ & oy &7 U1y Y | uier
Al @ Ty SITAiREar &7 JFA (V9 2) HF U1 147 |

Hoe (ToIRId) H BISTT [Harar & AH—1, Hga—11,
AGH—12, BISTT Gv%F & Aloii—12, Hioii—13, Holi—15,
I13a1 ST & SI—11, Sci—12, Sie—13 AR 137

Among 24 genotypes of clusterbean evaluated for high
yield, maximum seed yield was recorded for CAZG-17-24
(1459 kg ha) followed by CAZG-16-21 (1417 kg ha) and
CAZG-17-16 (1415 kg ha") as compared to the best check
variety RGC-1033 (1232 kg ha'). In moth bean
improvement, variety GMO-2 was found more responsive to
mutagenesis with higher efficiency at 0.5 per cent EMS and
400 Gy gammarays treatments.

Under Mainstreaming Agrobiodiversity Conservation,
a total of 143 genotypes including 38 of mung bean, 40 of
moth bean, 61 of pearl millet and 4 of sesame were collected
and evaluated for their growth performance and
multiplication.

In mutation studies of C. ciliaris, plant survival in M, V,
generation (16.7%) was lower than M, generation (27.6%).
Under maintenance breeding programme of pasture grasses,
nucleus seed of Cenchrus ciliaris varieties CAZRI-75 and
CAZRI Anjan-358 was produced. Moreover, 1.75 kg seed of
newly released variety CAZRI Anjan 2178 was also
produced.

Under Mega Seed Project and Seed Hub Programme,
18,170 kg foundation seed of different mung bean and moth
bean varieties and 10,196 kg truthfully labelled seed of
different cereals, pulses, seed spices, oilseeds and grasses
were produced. Under National Seed Project (Crops), 976 kg
breeder and 20.15 kg nucleus seed of moth bean cv. CAZRI
Moth- 2 was produced.

Seed purpose watermelon (Kalingda, variety CAZJK-
13-2 (CAZRI Kalingada—1) has been notified for cultivation
in the states of Rajasthan and Gujarat due to its consistent
performance under rainfed conditions over 5 years.

In budded gonda, the accessions CZCM-2011 and
CZCM-2062 recorded significantly higher fruit yield than all
other accessions. Plants grafted on Cordia gharafrootstocks
gave maximum yield followed by grafted on small fruited C.
myxa rootstock and least yield was on large fruited C. myxa
rootstock plants.

In seedling progenies of rohida (Tecomella undulata),
the phenotypic and genotypic coefficients of variation (PCV
and GCV) were found moderate for number of branches per
seedling, but were low for seedling height and seedling collar
diameter. Heritability (h®) estimate was found to be low for
the seedling characters.

In Kachchh (Gujarat) region, CM-1, CM-11, CM-12 of
Cordia myxa; CG-12, CG-13, CG-15 of C. gharaf, GT-11,
GT-12, GT-13 of Grewia tenax and GV-8, GV-11, GV-12 of
G. villosa were identified for vigorous growth.
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aTel # R SR STe HOell & 3faiid TRI% g
H TR, 77 3IR ST BT IeUTG SHHIT: 3006, 241.6 311X 848.7
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Among six different fast growing rhizobial cultures
isolated from the nodules of clusterbean plants from farmers'
fields, rhizobial cultures viz., GNB-2, GBR-2 and GBK-32
(PGPR) showed significantly higher nodulation index and
seed yield over control. Among 112 bacterial isolates
obtained from the rhizosphere of mung bean and clusterbean,
78 isolates were identified for indole acetic acid production,
56 forammonia and 25 for siderophore production. A total of
14 isolates were observed to possess three or more plant
growth promoting attributes.

Lignite pelleting with Azospirillum coating produced
maximum seed yield of cumin (896 kg ha) and fennel (1405
kg ha') crops which was 20 and 24 per cent higher over
control in cumin and fennel, respectively.

In integrated farming system, pearl millet variety
MPMH-17 gave 16.52 per cent higher grain yield than HHB-
67. Among mung bean varieties, GM-4 recorded 25.4 per
cent higher seed yield than IPM- 2-3. Yield of moth bean
variety CZM-2 (342 kg ha) was 36.8 per cent higher than
RMO-435. Maximum forage (grass + top feed) was recorded
under Ailanthus excelsa + grass system (1896 kg ha™)
followed by Hardwickia binata based silvi-pasture system
(1765kgha’™).

Under sprinkler irrigated agri-horti system at Bikaenr,
tree growth attributes were higher with intercropping of
different crops compared to their sole plantations. In drip
irrigated agri-horti-pasture system, economic yield of moth
bean, clusterbean, Lasiurus sindicus and Aloe vera was more
in intercropping with citrus which was 37.3, 20.9, 18.3 and
15.2 per cent higher over their sole cropping.

In ber based production system at Pali, the yield of
intercrops of clusterbean, mung bean and okra was 300.6,
241.6 and 848.7 kg ha™, respectively during kharif season. In
pomegranate based production system, yield of intercrops of
clusterbean, mung bean and okra was 259.9,275.2 and 736.8
kgha', respectively during kharif season.

In Prosopis cineraria and Ailanthus excelsa based
agroforestry system at Bikaner, after 15 months of planting,
A. excelsa recorded maximum average height of 145.0 cm
and basal diameter 0f40.80 mm at 8 m X 8 m spacing.

Predictive biomass modelling in Hardwickia binata
showed that estimated stored biomass carbon stock ranged
between 28.39 Mg ha™ in 14-year to 63.35 Mg ha” in 36-year
old plantation with carbon sequestration potential ranging
from 1.60-2.02 Mgha' yr'.
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I Yf 8FCAR A TbR 36.3 99 Y1 JETRIYYT H 63.35 HT
I Uiy gFeIR & 99 @1, f7ad Braa RemIeRor emedr
1.60—2.02 T ITH Ufd 2 ax Ufy a9 o |

reIferd SRS TANT # 5 © Wifde w@re iy gacaR
Td 100 AR JRSIYH & TART ¥ g, &l Ugm@aR 3 fa=r
JaRP DI JoIT H 59 U TAT 100 UM FRSITH Dbl
T ¥ 9 HfiRId IGIa™) i @l TS | AR B &
TN A RIRTE St Uerer & o § 4l iR g 3
IuST H HA: 14 3R 8 WY H FGIAY g | T RE
JRTAI—ARS el & TRIRT | QAT &1 T H dToiRT 3R
HIT BT U H 15 3R 13 TR B I UTE TS |

Jed IUS dlell IRT Goba) ¥ IRT I USTEaR (qrsr
=R BT aGr) H 156 T Ui sacIR (Jarg & 110 fa=1 a18) |
245 1 U gFC IR (aT8 & 170 A1 918) IF BT IgIas urg
TS

ATOA g fel @ IREORAT 9 3TaTd 8ol s w4 #
foreetl Reral a@ied iR @9 @R #  awom,
JRTIGA—229 TAT ARGIYA—48 bl H TAUIO—93 3R
USTRRITSIAR—2 BT JoT ¥ 37eIeh RRTIe uTg TS |

gaTs SWRIA UGt A= el 3§ grifdasih +
SHSTITSWR 125 UTH Afha T Ui 2dcaR & YANT §RT 33T
(930 3. ufay gacaR) Ud A (592 fam. gl gacaR) @t
AfHTH SUS TS P TS ilfdh FATSATBI-T e +
AITSTA—URIFIHRA 3125 I Alshd Tcd Ui gacdR &
ST AT UTRIT 9130 |

=T BTy arfres) yonferl | a1 S e e
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In long-term fertilizer experiment, application of 5 t
FYM ha + 100 per cent RDF increased wheat grain yield by
59 per cent over control and 9 per cent over 100 per cent RDF.
Application of organo-mineral prills increased mustard and
wheat yields by 14 and 8 per cent, respectively over Muriate
of Potash. Similarly, application of organo-mineral prills
increased pearl millet and mung bean yields by 15 and 13 per
cent compared to Muriate of Potash.

The forage yield of high yielding forage beet (on fresh
weight basis) increased with the crop duration i.e. 156 t ha™
(110 DAS) to 245 t ha' (170 DAS). On farmers' field also,
85.4-116.0 t ha' forage yield was recorded with 150-175
days of crop duration.

Temperature X cultivar interaction showed that decline
in membrane stability index and seed yield of mustard cv.
Varuna was more followed by RGN-229 and RGN-48
compared to NPJ-93 and NRCDR-2.

Under different post-emergence herbicide treatments,
maximum seed yield of mung bean (930 kg ha™) and moth
bean (592 kg ha') was recorded with application of
Propaquizafop + imazethapyr @ 125 g a.i. ha' which was
closely followed by application of clodinafop-propargyl +
sodium-acifluorfen @ 312.5ga.i.ha”.

The soil carbon sequestration potential of diffrent
agroforestry systems ranged from 32.9t0 56.1 Mg C ha™. The
total carbon sequestration potential of various systems
ranged between 34.75 Mg C ha (sole clusterbean) and
120.96 Mg C ha' (sole P. cineraria). Under various
agroforestry systems at Bikaner, total vegetative carbon
stock in irrigated agri-horti system was maximum in Cordia
myxa - Aloe vera (51.8 Mg C ha") followed by Emblica
officinalis - Aloe vera (10.21 Mg C ha"). Among agri-silvi
systems, maximum vegetative carbon stock was recorded in
Melia dubia - chickpea (18.22 Mg C ha") and Ailanthus
excelsa - Aloe vera (18.08 Mg C ha') systems. In henna
plantation at Pali, total biomass carbon stock ranged from
1.7+0.5 Mg C ha™ in two years of planting to 12.6+2.7 Mg C
ha'in 56 years of planting.

Groundnut yield declined by 13.4, 42.9, and 59.8 per
centunder 80, 60 and 40 per cent irrigation level compared to
100 per cent irrigation given at 50 mm cumulative pan
evaporation.

Based on root traits, genotypes RF 4A, Pb. Chhuhara,
Arka Vikas, IIHR 1939, Pusa Bindu and RS-1 were found
more hardy than others which can be used as rootstocks for
grafting tomato for water stress tolerance. The WUE of
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Executive Summary N\
1959 - 2010

cucumber grown in three protected structures, increased with
increase in water deficit and it was maximum at 60 per cent
irrigation level (34.72 kg m®) in naturally ventilated
polyhouse and least at 100 per cent irrigation (15.46 kg m”)
in shade net house. Mung bean yields increased by 10.1,27.7
and 30.8 per cent compared to control with2.5,5.0 and 7.5 kg
ha" hydrogel application, respectively. Similarly in sesame,
yield increase with 2.5, 5.0 and 7.5 kg ha™ hydrogel was 11.2,
22.2 and 27.4 per cent, respectively compared to control.

Digital elevation model of the catchment area of two
selected ponds in Baorli Bambore and Agolai villages were
extracted from CARTOSAT DEM with a resolution of 30 m.
During July to September 2018, total rainfall of 120 and 132
mm was recorded at Baorli Bambore and Agolai, in 6 and 8
rainy days, respectively. Channel flow was observed only
once at Agolai village while at Baorli village such events
were observed three times.

Average lactation milk yield of Tharparkar cattle was
1875.9+115.4 liter in 305-days and 2170.9+164.4 liter in
lactation period of 331.7+19.8 days. Average peak yield of
cows was 8.98+0.31 liter. Among breedable goats, 68.4 per
cent Marwari and 84.6 per cent Parbatsari does kidded during
December. Twining was observed only in Parbatsari goats
(9.1%). Average body weight at 6 months age of female and
male Marwari kids was 11.1 and 12.2 kg, respectively and for
Parbatsari kids, it was 11.5 and 12.7 kg, respectively.
Average milk yield of Marwari and Parbatsari goats was
117.9 and 118.1 liters, respectively during lactation length of
216.6 days and 214.5 days. Average peak yield of Marwari
and Parbatsari goats was 968.0 and 997.5 ml day’,
respectively. During the year, 92 per cent Marwari and 90 per
cent Jaisalmeri sheep lambed. Average body weight of
female and male lambs at 6 months age was 16.6 and 16.7 kg,
respectively of Marwari sheep and 15.9 and 13.2 kg,
respectively of Jaisalmeri sheep.

Feeding one kg moth bean churi daily to Tharparkar
cows increased their per day milk yield by 9.77 per cent as
compared to the cows under control group. The daily milk
yield of Tharparkar cows fed with lucerne increased by 7.23
per cent as compared to the cows under control group.

Green and dry fodder yield of Napier hybrid remained
at par irrespective of the intercropped legumes viz., cowpea
(Vigna unguiculata), butterfly pea (Clitoria ternatea) and
sem (Lablab purpureus). Green fodder yield varied from
64.02 to 70.88 tha™ while dry fodder yield ranged from 10.99
to 12.06 t ha'. Among palatable halophytes tested for
enhancing fodder resources in Kachchh, Gujarat, the
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maximum green (6.18 t ha") and dry (3.57 t ha") fodder
production was recorded in S. marginatus. C. cretica gave
the lowest green (2.15tha™) and dry (1.32 tha™) fodder yield.

A novel biodegradable, water soluble film was
prepared using Cordia myxa gum and a suitable plasticizer at
different concentrations. Extract containing tannins and
anthocyanins were obtained from pomegranate peel using
different solvent combinations. Microencapsulated product
of cinnamon oil was developed using gum arabic by spray
drying process.

Pearl millet flaking machine performed optimally with
clearance of 0.2 mm between flaking rollers. Different
processed products namely health bar, chocolate, instant
poha mix, kheench, etc. were developed with pearl millet
flakes as core ingredient.

During the year, 19,300 trees of 4. senegal were treated
with CAZRI gum inducer, resulting in production of
approximately 8.67 t of gum arabic. Farmers of more than 45
villages of Barmer and Jodhpur districts earned revenue of
Rs. 54.0 lakhs through sale of gum arabic. Maximum
average oleo-resin yield of treated guggul was 49.53 gplant .

Physiological loss in weight and recovery percentage
of solar dried fruits of four date palm cultivars viz., Barhee,
Khadrawy, Khalas and Khunezi ranged from 46.8 to 64.0 per
centand 34.4 to 53.8 per cent, respectively.

Maximum yield and net benefits with the maximum
reduction in pests in cumin crop were observed when soil
was amended with neem cake and vermicompost, seed
treated with Trichoderma viride followed by one spray each
of Dithane M-45 mixed 2.5 g 1" with Dinocap (0.1%),
imidacloprid 17.8 SL @ 333 ml ha" and neem oil @ 5 ml 1"
In case of castor, soil amendment with neem cake @ 250 kg
ha' coupled with vermicompost @ 2.5 t ha", seed treatment
with Trichoderma viride and furrow application of
Metarhizium anisopliae followed by one spray of
Difenaconazole at 40 days after sowing, soil application of
Imidacloprid at 50 days after sowing and one spray of
Chlorpyrifos at 60 days after sowing gave maximum yield
and net benefits with the maximum reduction in pests. In
groundnut, soil amendment with neem cake @ 250 kg ha’
coupled with vermicompost @ 2.5 tha", seed treatment with
Trichoderma viride and furrow application of Metarhizium
anisopliae followed by one spray of Difenaconazole at 40
days after sowing, soil application of Imidacloprid at 50 days
after sowing and one spray of Chlorpyrifos at 60 days after
sowing was found best in terms of reduction in insects,
diseases and yield enhancement.
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Executive Summary

For managing Ganoderma lucidum induced root rot in
khejri trees, promising bio-control agents were found
compatible with chemical insecticides viz., phorate and
choropyrifos up to 500 to 1000 ppm concentrations.
Significant improvement in tree canopy and disease
incidence in 95 trees was recorded at four sites selected for
experiment and field demonstration.

In Narmada canal command area, nine species of pest
rodents were trapped. Insectivore Suncus sp., M. booduga
and N. indica were also trapped for first time from the
Narmada canal command area in the habitats where
cultivation of irrigated crops is in practise for more than 30
years. From groundnut and cumin crops in Jodhpur district,
five species of rodents were trapped viz. T indica, M.
hurrinae, G. elloiti, R. rattus and F. pennanti. The trap index
in groundnut crop ranged between 0.83 to 3.75 with overall
trap index of 8.33 rodents/100 traps/night, whereas in cumin
crop the trap index was in the range of 0.83-4.58 with overall
trap index of 9.58. Plant damage in groundnut and cumin
crops due to rodent infestation was 14.97 and 9.75 per cent,
respectively at vegetative growth stage.

Average PV generation from the 100 kW, agri-voltaic
system was about 10,000 kWh month” and the highest PV
generation was observed during March. Average dust load
was 1.98,2.35 and 2.17 g m” in single-row, double-row and
triple-row PV arrays. Solar PV area of 651 m’harvested 71.3
m’ of water from 213.1 mm rainfall received during June-
August with an efficiency of 64.3 per cent.
Photosynthetically active radiation (PAR) in interspace area
of PV arrays was about 600 pmol cm”s™ during morning and
afternoon hours, whereas during noon it was about 1200
umol cm” s in the month of December. PAR remained less
than 200 pmol cm” s under the PV modules. Yield of mung
bean was higher in shade (495 kg ha") as compared to open
area (381 kg ha™), while the yields of moth bean and cowpea
reduced under shade. Fruit yield of brinjal was higher in un-
shaded area (1397 kg ha) than in shaded area (1117 kg ha™).
Fruit yield of chilli was slightly more in shade (278 kg ha™)
than inun-shaded area (255 kgha™).

The maximum stagnation temperature inside the
drying chamber of phase change material based hybrid solar
dryer was 71-76°C when the outside ambient temperature
was 24-27°C on a clear day, which reduced to 61-65°C on
loading different fruits and vegetables. Drying of green
chilli, tomato, spinach, carrot, aonla, fenugreek, mint leaves,
gonda, kair and sangri took 2 to 3 days in solar dryer, while
drying of ber and date palm took 5-6 days. The average
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thermal efficiency of the hybrid photovoltaic thermal (PV/T)
solardryer was 17.9 per cent.

Higher thermal efficiency of apricot solar dryer at Leh
was observed during initial 3-4 days of drying due to high
evoporation of the surface moisture. The maximum daily
mean thermal efficiency was 13.5 per cent in case of half fruit
drying and 11.5 per cent in whole fruit drying which was
much higher than open sun drying (8.0%).

A parabolic concentrating solar desalination device
was developed which uses a parabolic mirror of 6.67 m’ that
focuses incoming solar radiation on a receiver. The
concentration ratio of this concentrator is about 38. The net
power of the concentrator was approximately 1000 watts in
good sunshine. The maximum average stagnation
temperature at the bottom of the absorber surface was around
450 to 520°C and the average maximum temperature of
brackish water reached 110°C.

Economic indicators for a unit of three novel solar
thermal devices namely, animal feed solar cooker, non-
tracking solar cooker and solar dryer were calculated and it
was found that fabrication and sale of only 37 units annually
will be sufficient to reach a state of no profit, no loss. The
benefit cost ratio from fabrication of 100 solar thermal
devices was 12.2 with net annual return of Rs. 1,89,820. The
payback period was 0.56 years which is far lower than the
expected life of the devices i.e. 15 years. The internal rate of
return (IRR) of 228.64 per cent was very high, clearly
indicating that project will be economically viable.

In Baorli-Bambore watershed, better availability of
conserved moisture and the knowledge of improved
production practices resulted in increase in chickpea area
from 2.9 ha to 21.2 ha, which resulted in improvement in
crop diversification index from 0.345 to 0.426.

For livelihood security and ecosystem restoration in
Kachchh, Gujarat, nursery beds consisting of native grasses
suitable for Banni area viz. Sporobolus marginatus,
Dichanthium annulatum, Cenchrus ciliaris, Cenchrus
satigerus were established.

Better and uniform germination of wheat with proper
spacing between plants was observed in fields where sowing
was done with seed cum fertilizer drill in Leh-Ladakh region.
About 55 per cent less amount of seed was needed in line
sowing and an increase of 66 and 42 per cent in grain and hay
respectively was observed.

Dual purpose fodder crops viz., barley (RD-2035),
lucerne (Alamdar-51) and oat (Kent) were demonstrated at
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Executive Summary N\
1959 - 2010

17 farmers' fields in Harsolav village of Nagaur district
during rabi season. The mean increase in grain and straw
yield of barley due to improved variety was 13.47 and 9.66
per cent, respectively over local cultivar. Green fodder yield
obtained from six cuts of lucerne cv. Alamdar-51 varied from
55.0to 85.5 tha” with an average of 67.6 tha™ . Green fodder
yield from 2-3 cuts of multi-cut fodder pearl millet cv. Rijka
bajri varied from 32 to 40 tha” with an average of 35.4 tha.

Average daily milk yield of cows and buffaloes
increased by 6 per cent due to feeding of multi nutrient
blocks. The B:C ratio was 2.79 for cows and 2.66 for
buffaloes. Daily milk yield of goats increased by 10.75 per
cent with multi nutrient mixture and B:C ratio was 1.65.

A total of 17 front line demonstrations on kharif crops
(pearl millet, clusterbean and mung bean), 20
demonstrations on rabi crops (mustard and cumin) and 7
demonstrations on summer crops (fodder bajra) were
conducted in Utambar village. Crop yield increased by 13.6
and 15.1 per cent due to improved technologies in cumin and
mustard, respectively. Eighteen demonstrations in rabi
season on radish, fenugreek, spinach, coriander, peas, brinjal
and 21 demonstrations in summer season on ladyfinger and
ridge gourd, tinda, bitter gourd and fruit kachra were
conducted in Utamber village.

Organic cultivation of cumin and psyllium at farmers'
fields in village Ujaliya, gave average yield of 931 kg ha™ in
case of cumin and 898 kg ha” in psyllium respectively. At
village Dantiwada, among various predictors of adoption
most important and significant variables were sources of
information, knowledge and training received by the
farmers. For popularizing organic farming, four
demonstrations were given in both Dantiwara and Ujalia
villages. Two training programs and four group discussions
were also conducted along with regular interaction with
farmers, besides distribution of more than 2000 folders.

ITKs of farmers of Leh-Ladakh region were studied.
Migration/ movement and nest building behavior of birds
were used by farmers as indicators for prediction of
rainfall/snowfall and consequent changes in temperature.

Under Tribal Sub-Plan (TSP), 23 training programmes
on tree plantation, weed management, women selfhelp group
awareness, protected cultivation technologies, rodent
management, etc. were organized for 1117 farmers by RRS,
Leh and Network Project on Vertebrate Pest Management,
Jodhpur. Similarly certified seed (700 kg) of mung bean
(IPM 2-3) was distributed among 175 tribal farmers in
villages Naroton Ki Goj and Charla, Gram Panchayat Charla,
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Banswara under TSP of AICRP (NSP). Fruit saplings and
vegetable seeds were distributed by RRS, Leh in different
villages of Leh Ladakhunder TSP.

Ninety varieties of various arid zone kharif crops and
60 varieties of arid zone rabi crops were grown in 'Crop
Cafeteria' to demonstrate their comparative performance and
characteristics to various stakeholders. Improved seed
technology was disseminated for adoption by farmers in
CAZRI model village Ujjaliya. During reporting year 1,075
farmers were enrolled in m-Kisan portal for ICT based
information dissemination.

A farmers' fair cum agriculture innovation day was
organized during 13-15 September 2018 in which more than
8,000 farmers including 1,800 women farmers from Jodhpur,
Bharatpur, Udaipur, Banswara, Jaipur, Sirohi, Barmer,
Jaisalmer, Nagore, Pali, Jhalawar, Sikar, Jalore, Chittorgarh,
Ajmer, Dausa, Dholpur, Rajsamand, Bhilwara and Bikaner
districts of Rajasthan participated. Five farmers were
honoured as CAZRI Kisan Mitra in recognition of their
significant contribution in adoption and dissemination of
agricultural technologies developed by the institute.

More than 15,000 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, 349
trainings were organized for 9,668 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 2,366 farmers of
different villages. Twenty three new technologies received
from various institutes were also demonstrated on 132
farmers' fields. The institute participated in 15 exhibitions on
different occasions across the country to popularize its
technologies and to create awareness among the masses
aboutits activities and achievements.

Under capacity building program of employees, 13
scientists, 20 technical, 4 administrative and 25 skilled
supporting staff personnel attended various trainings. 13"
International Conference on Development of Drylands was
successfully organized at Jodhpur. The conference was
attended by 379 delegates representing 37 countries.
Twenty-fifth meeting of the ICAR-Regional Committee No.
VI was successfully organized at AAU, Anand, while two
workshops, one seminar, one summer school, two winter
schools 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 establishment of
shelter belt plantations to arrest wind erosion. It was
reorganized in 1957 as Desert Afforestation and Soil
Conservation Station and finally in its present form
'Central Arid Zone Research Institute' in 1959 on
recommendation of the UNESCO (United Nations
Educational, Scientific and Cultural Organisation) expert,
Dr. 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 ofarid zones of the country. About 32 million ha
area in the states of Rajasthan, Gujarat, Punjab, Haryana,
Karnataka and Andhra Pradesh comes under hot arid
zone. The cold arid zone, covering about 7 million ha, is
located in the states of Jammu and Kashmir and Himachal
Pradesh.

The hot arid zone has low productivity due to scanty
and erratic precipitation, high temperature, high wind
speed and high potential evapotranspiration. Day
temperature in summer reaches 40° to 45°C with peaks up
to 50°C. Rainfall ranges from 100 mm in the western part
of Jaisalmer to about 500 mm to the east of Pali. The
potential evapotranspiration is between 1500 to 2000 mm
year . Normal dates of arrival and withdrawal of monsoon
are 1" July and 15" September respectively. The terrain is
predominantly sandy with dunes and inter-dunes (Typic
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torripsamments) occupy major area of hot arid zone.
These soils have low water retention capacity and low
fertility status. In the south-eastern part, medium textured,
greyish brown soils (fine loamy cambids/calcids) occupy
large area. These soils have medium available water
retention capacity and better fertility status. High salinity
in soil and groundwater are associated with these soils.
Other soils include gypsids, rocky/gravelly and natural
salt-affected types, which are very low in organic carbon,
low to medium in available phosphorous and medium to
high in available potassium. Strong wind regime of 8-14
km h" from April to August, occasionally exceeding 30
kmh”, causes dust storms and wind erosion and is a major
land degrading force. Water is a degrading force mainly in
the IGNP Command area causing water logging and soil
salinity.

Since its inception, CAZRI has carried out
systematic research on understanding and managing the
region's natural resources, sustainable farming systems,
improvement in plant resources, especially the crop
plants, 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, 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 solar 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 activity on arid zone
development for scientists, policy planners and extension
officials. Through its extension wing and Krishi Vigyan
Kendras (located at Jodhpur, Pali and Kukma-Bhuj) the
institute is in direct touch with farmers, state government
officials, NGOs and other stakeholders by regular
trainings and demonstrations.
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Mandate

The institute is mandated to address following
crucial issues in the changed scenario of the arid zone.

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 Generating and transferring location-specific
technologies

Infrastructure

The institute headquarters and its regional research
stations are well equipped with laboratories, research
farms, field laboratories and office facilities. An
auditorium (114 sitting capacity), two conference rooms,
amuseum, an international hostel, one training hostel and
one farmers' hostel are the other facilities available at
headquarter. Two Krishi Vigyan Kendras (Jodhpur and
Pali) have training and residential facilities for farmers,
lend additional support to the transfer of technologies and
outreach programs of the Institute. CAZRI is presently
having 474 employees on its pay roll. Presently 99
scientists of various disciplines are posted in the institute.
The activities of the Institute are guided and reviewed by
the Quinquennial Review Team (QRT), Research
Advisory Committee (RAC), Institute Management
Committee (IMC) and Institute Research Council (IRC).

I & Il & FgHY (AfFEd g™ & gdT
Themes identified to address institute mandate

Theme Title

1 Integrated natural resource appraisal, monitoring and desertification

Plant products and value addition

Integrated pest management

Neolue I e Y, B - OS E 8]

—_
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Biodiversity conservation, improvement of annuals and perennials
Integrated arid land farming system research
Integrated land and water resources management

Improvement of livestock production and management

Non-conventional energy sources, farm machinery and power
Socio-economic investigation and evaluation

Technology assessment, refinement and training
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AR § BRIRT HHaRal &1 Reafd
Staff position during 2018-19

Post Number of posts
Sanctioned Filled Vacant
Director 01 01 00
Scientific
Principal scientist 16 07 09
Senior scientist 38 21 17
Scientist 86 70 16
Technical
Category | 181 134 47
Category 11 75 40 35
Category III 09 02 07
Administrative
Class I 04 03 01
Class II 57 37 20
Class III 30 16 14
Supporting
Skilled 246 143 103
(216+30%) (113+30%)

* including posts re-deployed from another institute

A & Sf. YTl RSO YRl H Yol (23418)
IR uf¥a@ett (57010) &7 faemer e € | RASTAT 99
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AR DI bl B qof b | 39 37afe) & <R Yieblerd
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B W BRRG B | AR & ) & I S &
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TR AP §RT A FHEA TR DRI Tl
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BT, ARIAA! AT & FGaTs U | FATa & ford AU,
fororfee e, IR ud a1l o9 # 9d T sl af
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The institute has a wide collection of books (23418)
and journals (57010 back volumes) in its library named
after Dr. P.C. Raheja at headquarter. It has added 144
reports and 16 reprints during 2018-19. The library has
completed bar coding of 6000 books using KOHA
software codes. The Environment Information System
India (ENVIS) Centre on Desertification also placed in
this library. All the Regional Research Stations are linked
with Consortium for e-Resources in Agriculture (CeRA)
by static ID.

The institute is a part of the ICAR-wide network of
human resources information. Its computer hub at the
Agricultural Knowledge Management Unit (AKMU) is
working with the ICAR-ERP, PERMISNET and HYPM
software. Institute has fine-tuned office automation
system accessible in institute website and maintaining all
the Personal Computers, Linux Servers and Local Area
Network containing sophisticated electronic equipment
for providing an internet connection to approximate 200
users. The unit has configured and installed seven Large
Format display (LFD) at CS Christian Hall, Conference
Hall and VC rooms for smooth conduction of
meetings/conference/seminars. AKMU provides
assistance for various works related to ICAR-ERP of the
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institute. The biometric attendance system is fully
functional in the institute and 14 AADHAAR based
biometric machines have been installed at different
locations of institute to cater the attendance of the
employees. The Wikipedia, Facebook page and CAZRI
Krishi app of the institute are being updated and
maintained by the Unit. AKMU is maintaining online
complaint portal to establish speedy and effective
grievance redress machinery with its CAZRI INTRA
PORTAL. An LED display board has been installed near
main gate to communicate vital information of the
institute to visitors. For the access to these facilities,
Institute has high speed internet connectivity (100Mbps)
through NKN (National Knowledge Network).

The financial statement (budget) and the revenue
generated during the reported period are given in
respective tables.

golc 2018—19 (T HIU H)
Budget 2018-19 (Lakh Rupees)

Head of expenditure

Establishment charges

Wages

Travelling allowances

Other charges including equipment + TSP
Works including maintenance

Total

Y 2018—19 & A YT oG (TRF I H)
Revenue generated during year 2018-19 (Lakh Rupees)

Particulars

Sale of farm produce

License fee

Interest earned on loans and advances
Analytical testing fee

Interest on short term deposits

Income generated from internal resource generation

Recoveries from loans and advances
Miscellaneous receipts

Total

Funds allocated Expenditure
Govt. Grant Govt. Grant
5322.00 5320.72
15.40 10.59
46.94 46.94
6099.06 6097.74
448.50 448.31
11931.90 11924.30
Amount
21.88
12.08
28.25
0.17
79.61
11.89
15.21
53.26

222.35
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The southwest monsoon entered in Rajasthan on 27
June 2018 and covered the entire state on 29 June. Its
withdrawal was also rapid that occurred from 29
September to 1 October. Three main active monsoon
episodes were observed during this year. First spell was
from 27 to 30 June when four rainfall stations in western
Rajasthan received >100 mm one-day rainfall. Two
consecutive spells were observed during 13-15 July and
21-25 July when 11 stations recorded >100 mm daily
rainfall. Most of the arid districts received below normal
rainfall during August and September.

During monsoon season, western part of the sate
received deficit or scanty rainfall whereas remaining part
of state received normal or excess rainfall. Rainfall was
below normal in most of the arid districts of Rajasthan
(Fig. 1). It was scanty in Jalore district and deficit in
Barmer, Jaisalmer, Pali, Jodhpur and Hanumangarh
districts. Only Sikar district received excess rains, while
rainfall was normal in Ganganagar, Nagaur, Churu,
Bikaner and Jhunjhunu districts (Table 1). Highest
temperature (48.0°) was recorded at Chandan on 2 May
and at Bikaner on 29 May, while lowest temperature of
0.0°C was recorded at Jaisalmer on 1, 2 and 20 January
2018 (Fig.2).

TIADT 1 YH IIORAT & 12 Tl H AFGA DIl &l ARYD aui (FAL) 9 s a9 9 fges (gfera)

Table 1 Monthly rainfall (mm) during monsoon season and its deviation from normal (%) in 12 arid districts of Rajasthan

Station June July
Rainfall  Deviation Rainfall Deviation
(mm ) (%) (mm) (%)
Bikaner 78.4 168.6 122.6 43.0
Churu 96.0 154.6 145.8 15.2
Ganganagar 58.3 128.5 84.9 7.0
Hanumangar 67.6 109.8 73.0 -29.4
Jodhpur 484 73.6 78.7 -28.2
Barmer 29.5 7.8 50.7 -42.7
Jaisalmer 37.0 90.7 453 -23.6
Jalore 322 -6.6 86.8 -46.1
Pali 51.8 23.6 156.8 -11.6
Nagaur 115.0 170.6 116.2 -18.5
Jhunjhunu 119.3 125.5 172.7 12.8
Sikar 96.8 100.7 276.4 65.4

August September Monsoon

Rainfall Deviation Rainfall Deviation Rainfall Deviation

(mm) (%) (mm) (%) (mm) (%)
41.0 -45.0 2.1 -94.6 244.1 6.7
40.3 -60.3 39.2 -17.9 321.3 2.4
274 -57.7 2.1 -93.4 172.7 -14.3

7.7 -90.8 49.3 47.1 197.6 -21.8
45.8 -51.6 31.9 -24.9 204.9 -25.4
43.9 -49.4 4.1 -89.8 128.3 -47.3
232 -59.3 6.3 -72.2 111.8 -29.4
23.8 -82.0 39 -94.1 146.7 -62.8
56.2 -63.2 58.4 -21.7 3232 -27.6
53.6 -53.8 59.5 25.4 3443 -12
67.7 -53.0 78.7 31.2 438.4 6.9
96.1 -28.3 98.5 85.2 567.8 41.1
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Fig. 2 South-west monsoon rainfall (mm) in western Rajasthan
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Fig. 2 Temperature (°C) and rainfall (mm) recorded at five stations of hot arid region
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Integrated Natural Resource Appraisal, Monitoring and Desertification
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Natural resources monitoring in Sri Ganganagar and
Hanumangarh districts

Geomorphology, land use and land degradation: At
Anupgarh site of Sri Ganganagar district (villages: 4
MSR, 93 GB, 3 MSR, 89 GB, 88 GB, 2 MSR(R), 80 GB
and Anupgarh), majority of terrain was flat with 85 per
cent area covered by alluvial plains and the riverbed of
Ghaggar river. Rabi crops were grown on conserved
moisture in parts of the riverbed (Fig.1.1a). Some ten
years back, Ghaggar flood water used to inundate
floodplains in 4 MSR village with 3-4 feet water, but its
presentriverbed is in the form of a narrow channel or nala.
Decreasing flow in Ghaggar is attributed to diversion of
surface runoff into some big depressions excavated in
Suratgarh area. Land use and land cover mapping using
IRS LISS IV satellite images revealed that about 75 per
cent land (1575 ha) was under irrigated crops while only
47.7 ha land was un-cultivated. Compared to earlier data
(year 2000), irrigated area has increased by 30.9 per cent,
sandy waste and pasturelands have decreased by 35 and
20.5 per cent. Mechanized farming is common including
laser levelling (Fig.1.1b). Wheat-rice-wheat was major
cropping pattern and where irrigation water availability
was less, cotton and mustard were major crops. Chickpea
is grown no more. Brick kiln mining was responsible for
degradation of good land (Fig.1.1¢) in 30 haor 1.5 per cent
of TGA. Low sand dunes and barchans also occurred in
village 4MSR in 127.1 ha land (6% area). Shelterbelts of
Eucalyptus and Acacia species planted along the Ghaggar
and the IGNP canal (Fig.1.1d) were successful in reducing
sand filling of canals.

In Rawasar area of Hanumangarh (villages:
Jhedasar, Kansar, Thirana, Hamirdesar), regional terrain
was sandy and undulating due to presence of sand dunes in
555.9 ha (3.7% area). Compared to 2012, there was
decrease in area under sand dunes by 1.5 per cent in 2018.
The region was mainly rainfed (52.6% area) where pearl
millet and clusterbean were main crops, while in irrigated
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Fig.1.1a Cropping in dry Ghaggar riverbed

Brick kilns
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Fig.1.1c Brick kilns and diggi structures as viewed in satellite image

areas groundnut, wheat, mustard, gram, pearl millet and
clusterbean were taken. Cultivated lands constituted
about 92 per cent area (13,675 ha) that included 39 per
cent area under double cropping. Since 2012, irrigated
area had increased by 4.3 per cent (643 ha) while un-
irrigated area had reduced by 2.3 per cent. Construction of
diggi or farm ponds in agricultural fields, for storage of
canal water, was a notable change and their number has
increased from 29 in 2012 to 399 in 2018. Land in Kansar
village was highly duny and there were several incidences
of aeolian hazards such as fresh sand deposits, barchan
dunes and road blockage. Thirana also had similar
topography and the croplands were infested with 2-5 cm
thick fresh sand deposits. Plantation in the form of
shelterbelts has been made in 24.1 ha area which may
decrease the effect of sand movement process. Wheat,

chickpea, groundnut and cotton were the major crops.
Groundnut is the most recent addition (3-4 years ago).

fora 1.19 ofoR erafer
Fig.1.1b Laser levelling

R 1.1 Sfe”T R T8k & TMT fhRI UR &gl
Fig.1.1d Shelterbelts on both sides of IGNP canal
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In Pilibanga area of Hanumangarh district (villages:
SGR, 20 PBN, 5 SGR, 12 STB), the terrain was similar to
Anupgarh, with dominance of flat alluvial plains of
Ghaggar river and levelled alluvial plains in Bhakhra
canal command area. Rainfed cropland area was
comparatively higher (17.3% or 400 ha) while irrigated
lands still dominated (80% or 1850.8 ha area). Compared
to 2003, there was decrease in area under cultivated lands
by 10 per cent. Similar to Anupgarh, brick kiln activities
have degraded ~12 ha or 0.5 per cent area. Cotton,
clusterbean, wheat and mustard were major crops under
irrigated condition. Groundnut was not grown.
Construction of farm ponds, occupying 0.15 per cent area,
was anotable change.

Surface and ground water resources: At Anupgarh site,
ground water level was shallow with a range of 15.2 (93
GB) to 18.3 m bgl (3 MSR) and average of 16.4 m bgl.
About 84 per cent of the area was covered in the range of
16-18 m bgl. Groundwater quality was generally fresh to
moderately saline with average EC value of 2.1 dS m"
and range of 1.1 dS m" (in 3MSR) to 5.1 dS m" (in
89 GB). About 85 per cent of the area was in EC range of
1.0-3.0 dS m". The area comes under flow zone of
Ghaggar River, but the river flow is very occasional
resulting in periodic recharge of groundwater. Since 1984,
total decline in groundwater level was ~3.5 m with
seasonal fluctuations of 0.1-0.7 m yr'. No pond or nadi
were found and rooftop rainwater harvesting was also not
practiced in the area.

In Rawatsar area, groundwater level was shallow to
moderately shallow with an average of 21.7 m bgl and
range of 18.3 (Hameerdesar) to 25.9 m bgl (Kansar).
About 37.6 per cent of the area was covered in the range of
24-26 m bgl followed by 32.6, 15.3 and 14.5 per cent area
under 18-20, 22-24 and 20-22 m bgl range. The area was
partially canal irrigated. Groundwater quality was
generally fresh to saline with average EC of 3.1 dSm™ and
range of 0.6 to 8.6 dS m'. Groundwater quality was
relatively poor in the eastern margin and improved
towards western and southern directions. No pond or nadi
was found in the area, while rooftop rainwater harvesting
for drinking purpose was common.

The hydrogeological formation in Pilibanga area is
older alluvium. Groundwater level in the area was shallow
to moderately shallow with an average of 19.1 m below
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ground level (bgl). However, lowest and highest water
level recorded were 14.3 m (34STG) and 25.9 m (15
KSP). About 74 per cent area was in 10-20 m bgl range.
Groundwater quality in the area was fresh to saline with
average EC value 4.6 dS m™. Observed EC range was 1.2
dS m" (in34 STG)t09.2dS m™ (in 18 PBN). About 92 per
cent of the area had EC value >4.0 dS m". The site was
part of command area of Gang and Pilibanga canals. The
canals contributed in groundwater recharge. However, the
canal system met ~30-40 per cent irrigation demand. Rest
of the demand was met through shallow tube wells
constructed by farmers. As such, periodic recharge of
groundwater was found to occur in the area. With seasonal
fluctuations of 0.12-0.4 m yr', total decline in
groundwater level since 1984 was about 4.0 m. No pond
or nadi was found in the area. However, rooftop rainwater
harvesting for drinking purpose, in tankas of 10-20 m’
capacity, was common.

Soils: Paniwali Ganganagar soil series association in
Anupgarh site and Rawatsar and Modasar soil series in
Rawatsar and Pilibanga areas were sandy loam to silty
loam on surface to fine sandy loam, loam and silty clay
loam in deeper horizons. Soils were low in organic carbon
(0.06 to 0.38%), medium to high in available K (119 to
348 kg ha") and P (5.84 to 36.0 kg ha™). Soils of Modasar
series were fine sand to loamy sand at surface and loamy
fine sand to sandy loam in subsoil and uniform up to
several meters. These soils had 0.06 to 0.15 per cent
organic carbon, 3.4 to 15.5 kg ha available P and 134 to
438 kg ha" available K. The soils in irrigated croplands
showed accumulation of OC and available P, and
depletion of available potassium. Among the
micronutrients, Fe and Zn were mostly deficient in the
area and Cuand Mn were adequate.

Benchmarking of natural resources in Narmada canal
command

Benchmark sites in Narmada canal command area to
assess the state of natural resources (land, soil, water, land
use and geomorphology) were identified and
characterized. Benchmark sites in Ratoda and Isrol
distributaries in Sanchore tehsil were earmarked.
Benchmark soil profiles (3 no.) in each distributary were
dug and horizon wise soil samples were collected. Two
soil series namely Chohatan and Sanchor were identified
and characterized. Soils of Chohatan series are pale brown



RISt 1 gaT¢ gl Ulet 1 4 Ulel 37 B, HOMHR 3 Fol
XA W gAC 9 XA U9 9gd TR UTE TS | JRTRT B S
|ag el WX I B, ufafear # Ry 8k IR—geR ¥
A @ FERI aTelt Y HOER § JHU [ drelt gare
& M TR T A JolIAd w0 A TR T D, FH |
HeFH ISR Tl arell & | AR SEar $1 ga g8 Tel
(150—170 WAY) § T H&T Al TG IR [T H U AT
U Y SIfeh HaT RIS & TS AT D eIH HraHC Bl
AT Fel «dl T | U FaE el Jag R H T
7, BUHR 3R ufdfpar § &g (Qeg 8.72) urg TS |
fererel SRRl # FaT TER R wd el YR T DI, HUMBR H
HE A A I N T BH I (AW D FAaR gril WA |
HaT TR JoTTel! H 31 Jamll &l fefie SiRaric 9qg &
BRI A ETYIRRAG HiFell & w0 # aeffed forar mar 2 |
S HeRll H gaT Sifde @ea @I A3 B9 (0.04—0.28
IfeTd), SUTET BRBRY (2.25—42.34 fHAT. Uiy TIRR)
BH A A ol T Ul Aoy (4.66—16.0 AT, ufar
o 311, 9a1) wd ureRrm (78—302 f&3m. ufd gacaR) &9
HeH Aol § UTY 7Y | & AIET0T 3R SUUE BT (31ME.3TR.
. —ford 4) 1 uar & % ool 941 &7 916 BT Ha agd
TET 2 qAT <1 AT H TP 0T AT R Seclsd HaH H
Grell B & | 39 &5 & v fawamTd uRd (S 31k g,
TR S0, STAMHRT ead, Y STANT iR TASIAI8TS)
TR @ 773 € | WAl vd gRIe faaRaer st &5 # o
afera iR FfSHg a1 A=t &I | A=t fear |

qfyart e ® - gt feerfa s wrfemor

IS —eRv Ry AfEer & ofaeid, aftes)
ORI & 13 @l (R, dierR, g%, SR,
EIATTIG, SIAER, SR, $3[, SEQR, TR, Tell, Wi
3R RRIEN) & el & A1 YA &ROT AFRIF 1:50,000 &
T W IR R T iR e forw Remve—2,
TASEUATE—III IUUE & 99 2015—16 & bl &I
SUIRT faar 737 | WMot e a5 (Semsyw) smend
HAFRFCT B HRIVOIT R I 2005—06 B A &R0T
RAl N VT B I T3 307 WId, d919C, ATHR, 0T,
Hufd, sfe AMe Bfd AT oAl 1 SUANT HRD
PSR BhiH WX A1 & qre His[e ol 3R aRadsi ol
AT Sid DI TS | SR a1 Bl ©id 499 T, Ferid
3R faRMT ST & MR W R fFar war | sreaas |
3FETT gl fob A &RoT & 3=Tid 2005—06 ¥ 2015—16 B
SR 7.6 TRT 2acaR &3 &F gaTl (R 1.2) |

23

ol SUfeer

Research Achievements

ICAR-CAZRI

Tes- 201

to brown in colour, fine sand to loamy fine sand,
calcareous and very deep soils, occurring largely in inter-
dunal area. The surface soils are pale brown (10YR 6/3 D)
to yellowish brown (10YR 6/4 D) in colour and non-
calcareous. Subsoil is similar in texture but darker in
colour and slightly to moderately calcareous. Soils of
Sanchore series are very deep (150-170 cm), the solum is
uniform in texture and colour but increasing trend of
calcium carbonate with depth was observed. Surface soils
are brown to dark brown in colour, fine sand and alkaline
in reaction (pH 8.72). Subsoils are dark brown to pale
brown in colour, fine sand to loamy sand in texture and
slight to strongly calcareous. Taxonomically, these soils
are classified as coarse loamy mixed Hyperthermic family
of Typic Torripsamment. These soils were low in organic
carbon (0.04-0.28%), low to medium in available P (2.25-
42.34 kg ha") and low to medium in available sulphur
(4.66-16.00 mg kg') and potassium (78-302 kg ha™).
Based on field traverses and interpretation of IRS-LISS
IV satellite images, the flood plain of river Luni is quite
wide as the river drains into a rann or an old deltaic plain in
the extreme south. Thematic layers (elevation and slope
extracted from ASTER DEM, drainage networks, land
use and NDVI) have been prepared for the region. A
number of defunct and active channels of the region have
also been mapped.

Land degradation status mapping of western
Rajasthan

As part of national land degradation status mapping,
a land degradation map along with the database for 13
districts of western Rajasthan (Barmer, Bikaner, Churu,
Sri Ganaganagar, Hanumangarh, Jaisalmer, Jalore,
Jhunjhunu, Jodhpur, Nagaur, Pali, Sikar and Sirohi) was
prepared using Resourcesat-2, LISS-III satellite data of
2015-16 at 1:50,000 scale. The methodology of GIS-
based mapping was based on overlaying land degradation
layer of base year 2005-06 and checking the existing
classes and changes followed by on-screen interpretation
using standard image interpretation keys like tone,
texture, size, pattern, association, etc. The intended
classes were delineated based on image interpretation
elements, ancillary and legacy data. There was decline of
0.76 m ha area under land degradation from 2005-06 to
2015-16 (Fig. 1.2).
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Fig. 1.2 Land degradation in 13 districts of western Rajasthan
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Characterization of soil phosphorus in arable lands of
Jhunjhunu district

The arable lands of Jhunjhunu district were
earmarked using remote sensing data and pre-field image
interpretations. About fifty villages of Jhunjhunu,
Chirawa, Surajgarh and Buhana tehsils were surveyed and
soil samples were collected representing irrigated and
rainfed lands. The area has been under intensive
cultivation since 1980 and pearl millet, cluster bean,
wheat, mustard, gram and seasonal vegetables have been
major crops. Cotton, groundnut and sesame crops were
also being cultivated in Chirawa and Surajgarh tehsils.
The soils of the surveyed area are loamy sand to sandy
loam with alkaline reaction (pH 7.65-9.30) without any
salinity hazard (EC 0.06-0.43 dS m"), low in organic
carbon (0.05-0.21%), low to medium in available
phosphorus (5-26 kg ha' P,0,) and potassium (80-280 kg
ha" K,0). About 72 to 87 per cent of the total phosphorus
(250-482 mg kg) was recovered as inorganic phosphorus
(Pi) and rest as organic phosphorus (Po). The highest Pi
was recovered as calcium phosphate (44-206 mg kg')
followed by Al-P (17-60 mg kg), reductant-P (7-42 mg
kg"), Fe-P (9-29 mg kg") and least as soluble P (4-21 mg
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kg"). About 28 to 63 per cent as calcium phosphate of the
total Pi and 58 to 78 per cent as phytate phosphate of the
total Po were recovered. Generally higher calcium P,
reductant-P, Al-P and Fe-P were recovered in irrigated
soils and soluble P, phytate P in rainfed conditions.

Wind erosion, soil loss and impact on crop production

In Dhirpra village of Jodhpur district, sand catchers
were fixed on a 10 m high sand dune and in a cropland
about 120 m away from this site. The second site was at
Bhikamkore under a hummocky agricultural field.
Sediments were collected from the sand catchers
periodically. During study period, major sandstorm
activities prevailed for 4 days from 12 to 15 June 2018
over north and north-west India. Wind speed increased
during 2" week of June and maximum wind speed of 20.6
km hr was recorded on 15 June. Average wind speed was
17.5 km hr" during the storm period (12 to 16 June) and
total rainfall during these four days was 52.5 mm.

At Bikaner site, measurements of erosion were made
under three situations viz., sandy barren field after sole
cropping, agro-forestry strip cropping (lana +
clusterbean) and pastureland with Lasiurus sindicus.
Among all the systems, during the entire period (4 May to
14 July 2018), maximum soil loss was measured from
bare field (2699 kg ha") followed by 1856 kg ha' from
pastureland and minimum of 486 kg ha' from agro-
forestry land. Soil loss was maximum during 7-18 June in
case of bare soil and agro-forestry systems, while under
pasturelands, the soil loss was maximum during the
month of May (4-20 May).

Soil profile characterization under different land use
systems at Leh

Soil profile studies from three different land use
system (farmers' fields, barren land and river side) in Leh
district were carried out, where samples were taken from
different depths. In Upper Tukcha and Chuchot Gongma
villages, the soil was under cultivation and the profile
showed distinct differences in colour. The samples from
Stakmo village, which were under barren land and
riverside bed showed a developing profile. The samples
were coded and analyzed for various physico-chemical
properties.
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- A s~ A comparative study was conducted to check the
oI &3 BT S X RN SR ST nutrient statue of various traditional and improved

grel ¥ Uiy qdl B SiE @ %W.W de .c' SIS RN manures being used in the Leh region and the results are
foar T R aRem arferst 1.1 # Ry v & giveninthe Table 1.1.

arferdT 1.1 fafa= @Te) # ARSI, BRBIRY, GIeTel &1 7137 iR SH6T o 8

Table 1.1 N, P, K content and bulk density of different manures

Sample Density Total N Total P Total K Available P Available K
(Mg m’) (%) (%) (%) (ppm) (ppm)
Yak manure + Soil 1.33 1.38 0.23 62.82 13.60 47.24
Yak manure - Pure 1.13 2.14 0.70 69.82 29.22 14.38
Night soil 1.93 0.35 0.35 71.21 9.97 23.94
Goat manure - Pure 0.89 2.74 0.70 70.01 24.06 51.44
Cow manure - Pure 1.29 2.30 0.76 61.97 16.18 18.43
Cow manure + Soil 0.88 1.61 0.66 69.72 24.48 42.52
Sea buckthorn residue 0.99 1.27 0.26 44.58 4.46 8.29
Compost 1.20 1.58 0.50 68.97 13.74 11.79
Vermicompost-1 1.26 1.17 0.97 71.21 28.18 26.66
Vermicompost-2 1.24 0.69 0.41 75.35 11.79 18.15
Poultry manure 0.94 5.95 2.54 0.00 74.21 19.72
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Germplasm conservation and maintenance

In pasture grasses and range legumes accessions of
Lasiurus sindicus (111), Cenchrus setigerus (42),
Cenchrus ciliaris (85), Panicum antidotale (47), P.
turgidum (2), Cymbopogon species (24), Clitoria ternatea
(9), Lablab purpureus (2) and Indigofera spp. (1) were
conserved under field condition. Under maintenance
breeding programme, nucleus seed of C. ciliaris varieties
CAZRI 75 and CAZRI Anjan 358 was produced.
Moreover, 1.75 kg seed of newly released variety CAZRI
Anjan 2178 was also produced.

Pasture grasses
Cenchrus ciliaris

In the ninth year, genotypes varied significantly for
plant height and leaf: stem ratio (Table 2.1). Maximum
green fodder yield (5594 kg ha') was recorded for
IMTCC-10-3 followed by IMTCC-10-7 (5428 kg ha™).
Besides, genotype MITCC 10-3 also had maximum dry
matter yield (1874 kg ha™). Genotype IMTCC-10-10 was
the tallest (106.7 cm) with green fodder yield of 4517 kg
ha'.

In the fourth year of evaluation of the coordinated
trial, the differences among the genotypes were non-
significant for forage yield and its components (Table
2.1). Maximum green fodder yielder was recorded in
VTCC-15-4 (13956 kg ha') followed by VTCC-15-5
(13417 kg ha™). Maximum dry matter yield was recorded
in genotype VTCC-15-8 (3177 kg ha') followed by
VTCC-15-2 (3115 kg ha"), whereas tallest plants were
observedin VTCC-15-2(119.7 cm).

In the eighth year of evaluation in another trial,
genotypes varied significantly for green fodder yield and
tillers/meter row length (Table 2.2). CAZRI 358 recorded
maximum green fodder (4823 kg ha') and dry matter
(1168 kg ha™) yield whereas, CAZRI 2221 was the tallest
(102.1 cm) with green fodder yield of4540 kg ha.

Mutation: M, generation of C. ciliaris was planted in
field to raise M,V, generation. Plant survival in M,V,
generation (16.7%) was lower than M, generation
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Table 2.1 Performance of Cenchrus ciliaris genotypes in ninth year of evaluation (2 cuts)

Entries Green fodder yield Dry matter yield Plant height Tiller m™ Leaf: stem
(kg ha) (kg ha') (cm) (no.) ratio
IMTCC-10-1 4933 1250 93.0 52.8 293
IMTCC-10-2 4767 1381 91.8 58.7 2.29
IMTCC-10-3 5594 1874 86.1 522 3.84
IMTCC-10-4 4317 1376 85.5 42.0 5.02
IMTCC-10-5 5183 1391 91.5 52.7 3.15
IMTCC-10-6 5222 1427 90.5 47.2 2.94
IMTCC-10-7 5428 1405 93.6 54.7 2.54
IMTCC-10-8 4072 1136 81.8 443 3.16
IMTCC-10-9 4900 1257 99.2 51.8 4.98
IMTCC-10-10 4517 1381 106.7 52.8 1.91
CD 5% NS NS 9.9 NS 1.72
TICADT 2.2 3STH O & SIFURAUI BT Jedidhd & Al a9y H ugeiH (37 der 9)
Table 2.2 Performance of Cenchrus ciliaris genotypes in fourth year of evaluation (2 cuts)
Entries Green fodder Dry matter Green fodder Dry matter Plant Tiller m”  Leaf: stem
yield yield yield yield height (no.) ratio
(kg ha™) (kg ha™) (kgha'day')  (kgha'day'!) (cm)
VTCC-15-1 10706 2232 234 48 104.4 69.5 2.23
VTCC-15-2 11600 3115 203 55 119.7 64.7 2.51
VTCC-15-3 10806 2846 139 36 103.9 67.5 1.98
VTCC-15-4 13956 3101 308 68 110.1 77.8 3.17
VTCC-15-5 13417 2773 312 64 96.5 71.7 3.01
VTCC-15-6 6611 1437 140 30 105.4 58.2 3.52
VTCC-15-8 11944 3177 217 58 118.6 56.0 2.08
VTCC-15-9 10639 2712 204 50 102.9 58.8 2.54
CD 5% NS NS NS NS NS NS NS

(16.7 vfcrerd) TH, |af (27.6 URIIA) | & 7| &1 Heg A
164 Trell # B IR ®F SUS 30—1600 UTH Ui Ul oI
{4 SUST 501.3 U4 Uil drem il T STafes e uaref
JUST 10.9—378.6 UTH Uf UleT T T 3iRAd SUST 124.1
T Ui dierm off | fRIET @Y 3T SUST 524.0 UTH Uf gier
BX TR BT TAT 124.3 TTH FFRT U b gaTef off |
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(27.6%). Total green fodder yield of two cut fodder
harvests for 164 plants ranged from 30 to 1600 g plant”
with mean yield of 501.3 g plant’, whereas total dry
matter yield ranged from 10.9 to 378.6 g plant” with mean
yield of 124.1 g plant’. The mean green fodder and dry
matter yields were 524.0 and 124.3 g plant”, respectively
for control.
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Cenchrus setigerus

In the fourth year of coordinated trial, the genotypes
varied significantly for green fodder yield, plant height
and tillers/meter row length (Table 2.3). Maximum green
fodder yield was recorded for VTCS-15-2 (11094 kg ha™)
followed by VTCS-15-6 (10139 kg ha™). These genotypes
also had maximum dry matter yield (2463 kg ha" and
2460 kg ha). Genotype VTCC-15-7 ranked first for plant
height (98.9 cm) with green fodder yield of 8972 kg ha'

Pearl millet

Inbred restorers and hybrids for arid regions: CAZRI
contributed six test entries (Table 2.4) in the year 2018 for
National Varietal Evaluation Programme conducted by
All India Coordinated Research Project on (AICRP-PM).

TICAHT 2.3 HALST TMU & SIAIRGUI BT B & agef a9 H o9 Heg A Jeee

Table 2.3 Cenchrus setigerus genotypes in fourth year of evaluation for 3 cuts

Entries Green Dry Matter Green fodder
fodder yield Yield yield
(kg ha™) (kg ha™) (kg ha™ day™)
VTCS-15-1 5978 1329 92
VTCS-15-2 11094 2463 161
VTCS-15-3 3722 919 69
VTCS-15-4 3611 966 67
VTCS-15-5 8856 2235 164
VTCS-15-6 10139 2460 188
VTCS-15-7 8972 2005 130
VTCS-15-8 3356 803 57
VTCS-15-9 9150 2210 183
CD 5% 4341 1058 70

Dry matter Plant Tiller/meter  Leaf: Stem
yield height row length ratio
(kg ha day™) (cm) (1-cut)
Mean of 3-cut

20 88.4 46.7 3.57
36 88.3 74.3 2.63
17 754 47.7 3.43
18 80.4 453 2.90
41 89.5 57.8 3.32
46 87.7 78.8 2.36
29 98.9 59.8 2.81
14 91.3 54.5 3.14
44 91.0 81.7 2.72
17 114 22.8 NS

dTfeteT 2.4 SMRIT TR FH~Id GeToT & foIv wronl g1 Jfvg ufafteat
Table 2.4 Entries contributed by CAZRI for AICRP trials

Trial

IHT (E) (Initial Hybrid Trial; Early)

IHT (M) (Initial Hybrid Trial; Medium)

Entries

CZH-246:
CZH-247:
CZH-248:

CZH-249:
CZH-250:
CZH-251:
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ICMA-93333A x CZI-2007/9
ICMA-93333A x CZI-2003/1
ICMA-97111A x CZI-2003/1

ICMA-04999A x CZI-2012/8
ICMA-93333A x CZI-2003/8
ICMA-04999A x CZI-2013/8
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3 TRIETH! (TAUTEl 67 (NS, JIRTTET 177 iR wHdITHATH
21) BT IR W HIORI—SIHYR, BIORI—ARARTH DR,
BISRI—ARARYE SIAAHR, THBHIRI—TIRYH FDhTR TR
SR TAT| ORI UNIEOT | 32 SMeSd  HdRI Bl
TS O Wiegd AT i (TIdgATE 21, IRY=E]
177, AU 67 (3MS) & WM & WA 3fifq
BHTONI—SIIYR 3R BISRI—3TRIMRYH SrFewR # fhar T,
TR Y & HRUT GHT W & [l SHAHR & Al
W faaR =€l fbar 1| THeeadi—1 # A9 e @
el W R fear &1 3R gayawadi— & forg
PIORI—SIEYR H W% 2017 AR BAH 2018 F UG BT
AT forr T | Y & H d8ck IATET B IR W
AT SRS HBRI BT Ieeid dferdl 2.5 H faar a1

=l

Hert ST il VI TH0T: wIF geT | hhde,
ERETE # 31T Aom—2018 (3 2.1) & SR fawiad 350
Uhel i Ahx el &1 Jeaidd ad giRfae e
(@ad)) § fear mar o, Rd et wRierd  fal
(Tagadl 67 (3MS), THUITHTT 17, JIRTTE! 177, SHYTE!
538) T4 50 W Ufaftedm wnfier off | 957 3ot iR 50
gfeerd quiih &1 df TR SR ATRATSTTh  HhY
yfafteat =g & S (@frdr 26) | s9d MR
PHIORI—SEYR H TITSHINRYT YRIET0T 3feIfe 3Msyae! (3)
(TRRE TR TET. ) <R YT () (ST WaR 3R
TAfe Tt ) TR H A9 20 R 5 yfaftewt i @
TS | 9197 SUST R 50 U geaieh] @ 3afey e
areroTd nfaficat of Seord arferar 2.6 H fhar T g |

Single cross hybrids - Multilocation hybrid trial: Two
multilocation hybrid evaluation trials (MLHT) were
conducted during kharif 2018. First trial MLHT-I) of 11
hybrids including checks (HHB 67(I), RHB 177 and
MPMH 21) was conducted at four locations viz., CAZRI,
Jodhpur, CAZRI-RRS Bikaner, CAZRI-RRS Jasialmer
and SKRAU-ARS Bikaner. In second trial (MLHT-II),
32 promising test hybrids, identified in kharif 2017, were
evaluated with three check varieties viz., MPMH 21, RHB
177 and HHB 67 (I)) at two locations viz., CAZRI
Jodhpur and CAZRI-RRS Jaisalmer. The data of
Jaisalmer were not considered for both the trials due to
severe drought. In MLHT-I pooled data of three locations
were considered and for MLHT-II performance at
Jodhpur for kharif 2017 and kharif 2018 was averaged.
Promising hybrids which yielded high under arid zone in
MLHT are mentioned in Table 2.5.

Single cross hybrids - Station trial: Atotal of 350 single
cross hybrids developed during off-season at ICRISAT,
Hyderabad (Fig. 2.1) were evaluated in seven hybrid trials
(HT) each comprising of 50 entries including popular
check hybrids {HHB 67 (I), MPMH 17, RHB 177 and
GHB 538} during kharif2018. Promising entries based on
seed yield and days to flowering were identified (Table
2.6). AICRP trials i.e., IHT (E) (Initial Hybrid Trial;
Early) and AHPT (E) (Advanced Hybrid and population
Trial; Early) comprising of 20 and 5 entries respectively
were conducted at CAZRI, Jodhpur. Promising entries
identified based on seed yield and day to flowering are

mentioned in Table 2.6.

fora 2.1 sfopdie, BexraTe H IS TR0 H 9IoiRT B
Fig. 2.1 Off-season crop of pearl millet at ICRISAT, Hyderabad

30



ol SUfeer .

Research Achievements N\
1959 - 2010

TIABT 2.5 BIGRI HHR WIeT0N Td JRIeA WRAT FAG TIeT0l H ATRASTAD FhR
Table 2.5 Promising hybrids indentified in CAZRI and AICRP-PM trials

Trial (No of entries)*

Promising hybrids*
CAZRI Hybrid Trials

ICMA-04999A x CZI-2013/8 (2403, 48)

MLHT-I (11)

ICMH 1601 (2373, 43)

ICMA-97111A x CZI-2003/1 (2225, 43)

DF50%
<45

MLHT-II (35)

DF50%
>45

HT-I (50)

HT-II (50)

HT-II (50)

HT-1V (50)

HT-V (50)

HT-VI (50)

HT-VII (50)

HT(E) (20)
AHPT(E) (5)

ICMA-04999A x CZI-2014/3 (3312, 45)
ICMA-97111A x CZI-2014/3 (3213, 44)
ICMA-05444A x CZI-2010/11 (3105, 43)
ICMA-05444A x CZI-2014/3 (3552, 46)
ICMA-93333A x CZI-2012/10 (3497, 47)
ICMA-93333A x CZI-2005/22 (3467, 51)
ICMA-97111A x CZI-2017/4 (2236, 43)
ICMA-92777A x CZI-2017/5 (2119, 46)
ICMA-97111A x CZI-2017/5 (1994, 43)
ICMA-00444A x CZI-2017/5 (2184, 43)
ICMA-04555A x CZI-2017/5 (2184, 45)
ICMA-04999A x CZI-2017/9 (1883, 45)
ICMA-03777A x CZI1-2012/10 (1820, 44)
ICMA-04555A x CZI-2017/15 (1694, 47)
ICMA-03777A x CZI-2008/4 (1514, 43)
ICMA-00444A x CZI-2012/17 (1109, 43)
ICMA-08111A x CZI-2017/17 (988, 48)
ICMA-97111A x CZI-2017/16 (945, 41)
ICMA-07222A x CZI-2007/9 (2826, 42)
ICMA-07222A x CZI-2017/4 (2823, 40)
ICMA-07222A x CZI-2010/11 (2780, 41)
ICMA-13666A x CZI-2013/8 (2858, 46)
ICMA-13555A x CZI-2012/8 (2757, 46)
ICMA-13555A x CZI-2005/22 (2597, 45)
ICMA-09111A x CZI-2017/3 (3133, 42)
ICMA-09111A x CZI-2017/5 (2954, 42)
ICMA-09111A x CZI-2017/6 (2582, 46)
AICRP PM Hybrid Trials

IHT-113 (3657, 44), IHT-112 (3161, 43), IHT-120 (3128, 45)
AHPT-801 (3120, 40), AHPT-805 (2972,42), AHPT-803 (2809.,41)

Best check hybrid"

MPMH 21 (1720, 44)

RHB 177 (2893, 44)

HHB 67(I) (1565, 40)

HHB 67(I) (1494, 40)

MPMH 17 (1464, 46)

MPMH 17 (1181, 47)

HHB 67(I) (1955, 41)

GHB 538 (1695, 44)

RHB 177 (2261, 44)

Check varieties are coded

*MLHT-Multilocation Hybrid trial; HT-Hybrid Trial; IHT-Initial Hybrid Trial; AHPT-Advance Hybrid and Population Trial; *Values in parenthesis

(grain yield kg ha™', days to 50% flowering)
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Table 2.6 Promising progenies selected for development of inbred restorer lines

Breeding material advanced from lines generated at CAZRI, Jodhpur

Progenies selected from population generated by

Progenies advanced from natural population

recombination
S. Filial (F) Families/cross Progenies S. No Selfed Families/cross Progenies
No  Generation sown evaluated selected Generation sown evaluated selected
1 F, 21 307 1 S, 26 56
2 F, 4 109 2 Ss 18 50
3 F; 58 274 3 Se 17 88
4 F; 436 104 4 S5 14 19
- - - - 5 So 14 12
Total 794 Total 225
Breeding material advanced from lines evaluated under ICRISAT trials
S.No Name of Trial/Source Population Progenies
structure selected
1 Elite R (composite) 25
2 Blast Resistant (Composite) 31
2 High-Fe trials 42
3 Elite Joint Bio-fortification trial 11
4 Promising Restorer Parent Lines Non-segregating 4
5 Promising designated Restorer line trial (PDRLT) 09
6 Drought Tolerant Restorer line trial (DTRLT) 16
7 ICRISAT promising material (Field Day Programme) 23
8 QTL pyramided R lines for Downy Mildew resistance 16
9 R X R Cross (F5/F4) 85
10 R X R Cross (F4/Fs) Segregating 107
11 High Fe Lines (F,/F5) 69
Total 438

IS YA lareai sl faehrd: Wh 2018 &
SR 519 fAR=T gergeror gfdfiear o1 qedin fbar T
R ¥ 704 Ipte AT BT I & g =1 17 |
P ITATdT, 225 Adfd BT II= 89 W ufrd qafear 9
fohaT a7 | sfhdic TRIQTON O 438 WAl & IIfd & forw
AT T | BIGRI  HIG[ET Al TSIl T STRET0T Ve Hael=
A v 1T (arferat 2.7) |

Sfertie THeruT: TSIvaiR—gfhaie Wed T HRiHhE & ded
TTE qRIETOT AT, Ied AB—SAaISIal (32 Hfaftel), |yh
Sg—wificfhadee wemr (49 ufaftedl), #rer sidusra
TRIETOT (GIUHUIET 60 HfAftcal), B8R JAHAIS 3id-HolTd
TRIET (GRS, 60 HfATCAT), JATARIEG T TRIEToT (50
gfafiedr) &1 T favar 1 | 3fhdie & I uie uRlero,

32

Inbred restorer lines: Segregating generation of 519
different families were evaluated from which 794
promising progenies were selected for advancement. In
addition, 225 progenies were selected from 89 selfed
populations (Table 2.7). Moreover from ICRISAT trials,
438 progenies were also selected for advancement.
Existing CAZRI inbreds were also multiplied and
maintained.

ICRISAT Trials: Under ICAR-ICRISAT collaborative
programme; five trials viz., High Fe- Inbreds (32 entries),
Elite Inbred Joint Bio-fortification trial (EIJBFT; 49
entries), Promising Seed Parent Trial (PSPT, 60 entries),
Promising Restorer Parent Trial (PRPT, 60 entries),
Genetic Gain Trial (GGT; 50 entries) were conducted.
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Table 2.7 Promising entries in ICRISAT trials for earliness and agronomic score

Name of trial Entries tested

AEHT 38
EMTT 36
High Fe Trial 32

* 1 means poor and 5 means excellent

S1d e gRuad A uRIeToT (Tuacd) (20 ufafte), ofrer
gRudd qRIeToT i grIe (STHCIET 38 ufaftedl), arorRr
@ T T (gHeiege, 64 Hfaftedl, 3R x AR
(U®) (40 HfAfeT), s FafeRl (@1 S & fog &1 x d)
(192 wfaftedr), some HHIRIE, TR x IR (AT & oIy Th
4) (248 wfaficdl), AR x R I=a @l YW, 15 Hfdftedr +f
a1 Y | 371 el | SmeIeS At (qrferaT 2.7) &1
TR o 1T |

T faRrerer 3id: WSiTa 3¥ Hehdl oht U=

WIOT @S & A WhIFT: TP 2018 & SR, 200
faf=1 sfauad vd e fell BT SroRI—SIgR 3 8R4
el AT & AT FagTRIdr BT Jedidh fhar T | 34
UPHR BRI TAYH U &1 e |l fdar | T
TPIRAT 1 10 B AFS YA GR BT 17 | Hael 24 8+
Sod 0T & Tad H R drell I B forv foiaeeia
it TR, Tt Y wfafteat | T wfoRed ufafosar fewrd |

T

TIMSHISTRUT Ta Tm=ia udreror § wfaftest w1 geais:
AR P dIqe uAftedl & Fafaq fHw wieor Jeais |
Afepad dI9T Iuw ufdfte SfieR—4 (15037 faam ufa
BICIR) UG SfIeTR—8 (1446.3 fHuT 1fy BaeaR) & urg 7TE |
39 9¥ g1 ufaftedl (Mvsrssii—16—12 Td Hgolssii—17—4)
DI TERATTH TRIeTOT H QTS fobar 17 o |

3fereh 3US & A0 U TR © ARG ST STeat B &r
T (STEYR T AHTR) TR T WD qR1eT0l H§ 37 Iuof
fAreres & forg 9 i el & are geaia faar
(cTfernt 2.8) | U et uleroT | Hdas fiEs fas
IRSMAT—1033 (1232 B ufd goeaR) & Jom 4
vfafic Hioresii—17—24 (1459 3. 9fd gacaR) aguRTd
Aooresii—16—-21 (1417 fHan  ufd geRIR)  qer
Arooresti—17—16 (1415 &1 9fd gacaR) gRT Srftrman
99 IUS qof @ TR | dfe g e oo |

Early entries
(Flowering time <43 days)

33

Range of agronomic
score in early entries*

21 4t05
09 3t05
01 3

Another five trials of ICRISAT viz., Advanced Early
maturing Hybrid Trial (AEHT; 20 entries), Early
Maturing Test cross Trial (EMTT; 38 entries), Drought
Screening Nursery (PMDSN; 64 entries), R x R (F,; 40
entries), Arid progenies (B x B for A, zone; 192 entries),
Blast composite, R x R (F, for drought; 248 entries), R x R
(High Fe F,;
Observations were recorded and agronomic scores were
given, selections were done for promising progenies from
these trials for using them in ongoing breeding
programme (Table 2.7).

15 entries) were also conducted.

Identification of disease resistant inbreds and hybrids

Screening in sick plot: During kharif-2018, 200
pearlmillet breeding lines including designated inbred
restorers, promising R lines developed or selected from
various trials and CAZRI MS lines were evaluated against
downy mildew disease in sick plot. Disease scoring was
done on the standard scale of 1 to 10 where only 24 lines
were recorded susceptible to downy mildew disease under
high disease pressure, rest all lines showed resistant
reaction.

Clusterbean

Evaluation of entries under AICRP and Station Trial:
Among the fourteen entries evaluated in coordinated
varietal trial (CVT), highest seed yield was recorded for
GR-4 (1503.7 kg ha) followed by GR-12 (1461 kg ha™)
and GR-8 (1446.3 kgha™). Two entries (CAZG-16-12 and
CAZG-17-4) were contributed to CVT in 2018 for
multilocation testing.

Breeding for higher yield: Twenty four genotypes were
evaluated along with three checks in two station trials at
Jodhpur and Bikaner for their yield performance (Table
2.8). In station trial-I, maximum seed yield was recorded
for CAZG-17-24 (1459 kg ha™) followed by CAZG-16-21



aif¥e gftraes 2018-19
Annual Report 2018-19

AP
ICAR

qIfeIT 2.8 ef+is WXIeToT # SEQR vd bR H IR yfaftedt &1 9o Sue

Table 2.8 Yield performance of clusterbean entries in station trials at Jodhpur and Bikaner

Seed yield (kg ha™) in station trial-I

S.No. Entries Jodhpur Bikaner Mean
1 CAZG-17-3 1605 743 1174
2 CAZG-17-7 1410 835 1122
3 CAZG-17-13 1509 832 1171
4 CAZG-17-14 1636 967 1302
5 CAZG-17-16 1781 1048 1415
6 CAZG-17-17 1444 836 1140
7 CAZG-17-19 1794 764 1279
8 CAZG-17-20 1492 819 1156
9 CAZG-17-22 1484 1051 1268
10 CAZG-17-23 1608 1149 1378
11 CAZG-17-24 1581 1338 1459
12 CAZG-16-21 1408 1426 1417
13 RGC-1033 1593 871 1232
14 RGC-1038 1203 957 1080
15 HG-2-20 1485 753 1119

CD (5 %) 241.9 140.6

CV (%) 16.3 15.2

Mean 1536 959

asrs fEEe fem RoiRfi—1033 (1209 o wfa
BICAR) DI gl H UfAfe Auoresi—16—10 R 21.7
gfererd (1471 .31, 9f aaR) T Aivorssii—16—1 (1342
3. TfcT acaR) ERT 1.0 TfeIa @1 11 IUST & bl
TS |

T, Hdfd (ISHE-936 x IMESrei-8) H faweism
ure: fafde cteron S el @t Hars, ufr drer e, g
T U [, TR R T, Bl IO, Bierdl Bl H=T,
Well BT TS, U well 4o, i dier §i1 SuST derm
TRIETOT R3S UR Al & [l 205 UEl &I U U,
wafe el v @eol arel o arer get
(3TRSIRT—936—Fha Thel, IR Tll) Td M-8
(TETET W, fera=ir =il derm AreT diel) e faar e
(@rferaT 2.9) | T WUTHS FALT0N & fory ShH faRgarSTa!
BT YT ST aRYT §IRT R &1 3R FHIET Bl AT Bl

=

34

Seed yield (kg ha™) in station trial-II

S.No. Entries Jodhpur Bikaner Mean
1 CAZG-16-1 1505 1180 1342
2 CAZG-16-3 1302 1243 1272
3 CAZG-16-5 1188 736 962
4 CAZG-16-8 1427 829 1128
5 CAZG-16-9 1423 1031 1227
6 CAZG-16-10 1478 1463 1471
7 CAZG-16-13 1238 824 1031
8 CAZG-16-14 1165 430 797
9 CAZG-16-15 924 820 872
10 CAZG-16-16 622 728 675
11 CAZG-16-17 829 492 660
12 CAZG-16-19 1088 653 870
13 RGC-1033 1396 1023 1209
14 RGC-1038 1150 759 954
15 HG-2-20 1118 930 1024
239.8 180.7
CV (%) 20.9 214
Mean 1190 876

(1417 kg ha') and CAZG-17-16 (1415 kg ha"). These
yields were 18.4, 15.0 and 14.8 per cent higher than the
best check variety RGC-1033 (1232 kg ha), respectively.
In station trial-1I, CAZG-16-10 gave 21.7 per cent (1471
kgha') and CAZG-16-1 (1342 kg ha™) gave 11.0 per cent
higher seed yield than best check variety RGC-1033
(1209kgha™).

Segregation pattern in F, (RGC 936 x IDB-8)
generation: Segregating (F,) population consisting of
205 plants developed by crossing a smooth leaf, pink
flowered, long pod and bold seed (37.0 g test weight)
genotype (IDB-8) with widely adapted released variety
(RGC-936) having contrasting traits (Rough leaf, white
flowered) was space planted to record observations on
plant height , branches per plant, clusters on main stem,
clusters on branches, total clusters per plant, pods per
plant, pod length in cm, seed per pod, seed yield per plant
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Ui A% Wl (50), Tera=it U=l [Tl |l (32) eI e
i AHE el (13) aTel Url @l Mgy e & 7 gd IRER
Wi @ N & WA Udbel SiIF GeThH Pl QeI |
faftre dteroll & oo & forg goree ARl @1 fafie
TR | H™IH B AN IR FoIR & o1y =g+ foar <
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SIST WefRr (ShfeiTeT)
YT TH By A R BieiTsT & ST SHAUTHUl &
qedied  (@fddr  241) & Hol@®y STy

Aoresid—13—1 Td Aotevia—13—2 ([ 2.2) & ggam=
DI TS Nl = 6 Sli—1 @I o1 H A 24.9
Td 32.5 TRTERT TT TASHTAD—1102 BT JT 3 HHL: 7.1
Ud 123 HfAed & M8d 96 UG g&= DI | IR
gRRkerfaal # g9 fal 7 125150 faddca we oI
350—450 b T, 15T U 8dCaR A& USTAR TS Bl | IR
MYl H TR Ui auf dd I UeeE © URUTHawY
HHE HIFDT; JAMERLAT Ud PV BHAT DI s SRR =1
10 3TTRT 2018 BT 3TUHT 8041 d5& H fbed HoTsoIdh—13—2
(BTORT BITTST—1) BT ISR Td I[oRTd H Wil & oy
SR R AT |

TS

Are AT @1 A ufaftew, Tafa S9sa (32) iR
IRafdd v, 9l (Tarer diem Sifd dafa dikhs 800) &1
WAH 2018 & AR JoAiH [BIT TAT| TR B
gRRrfaal # HGE @ daa 5 gfaftedt (@rdi—1 |
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and test weight. Appearance of transgressive segregants in
both the directions (Table 2.9) for all the morpho-
physiological traits studied suggested ample scope for
further selection. Maximum variation was observed for
clusters on branches, seed yield per plant and plants per
plant.

Further, out of 205 F, plants the frequency of rough
leaves pink flower (110), rough leaves white flower (50),
smooth leaves pink flower (32) and smooth leaves white
flower (13) plants suggested independent monogenic
inheritance for flower color and hairy leaf trait. Breeding
material assessed in different groups for specific traits
were characterized for further evaluation and selection
(Table2.10).

Seed purpose watermelon (Kalingada)

Evaluation of improved genotypes of watermelon
over years and over locations at Jaisalmer, SK Nagar and
Jodhpur (Table 2.11) resulted in identification of
genotype CAZJK-13-1 and CAZJK-13-2 (Fig. 2.2) which
gave 24.9 and 32.5 per cent higher seed yield over check
variety GK-1, respectively. These genotypes provided
125-150 quintals of fruit yield and 350-450 kg seed yield
per hectare with 28-30 per cent oil content under rainfed
conditions. Due to its consistent performance under
rainfed conditions over 5 years, Variety CAZJK-13-2
(CAZRI Kalingada—1) has been notified in the 80"
meeting of Central Sub-Committee on Crop Standards,
Notification and release of Agricultural Crops held on
August 10, 2018 (No. 3-68/2017-SD.1V dated November
5, 2018) for cultivation in the states of Rajasthan and
Gujarat.

arferdr 2.9 AR el & foflg AR &1 Uh, FAfe ((TR.SILHL—936 X IS SLd1—8) BT id, fawR va faferar o

Table 2.9 Mean, range and coefficient of variation (CV) for various traits of clusterbean F, population (RGC-936 x IDB 8)

Statistics PH BPP CLMS CLB
Mean 71.0 5.7 6.7 12.8
Minimum 32.0 0.0 2.0 0.0
Maximum 127.0 13.0 11.0 55.0
SD 19.2 3.0 2.0 10.0
CV (%) 25.0 52.9 30.5 78.5
RGC936 (P1) 89.4 9.4 7.2 28
IDB-8 (P2) 95.5 4.5 4.2 5.2

TCLPP PPP PL SPP SYPP T™W
19.4 106.3 5.9 7.9 249 324
2.0 8.0 4.7 6.0 1.15 17.3
63.0 400.0 7.9 9.5 93.2 433
11.6 76.8 0.6 0.7 18.8 4.2
59.7 72.3 9.9 8.5 75.7 13.0
352 209 5.48 8.1 50.2 28.4
9.4 75 7.9 8.3 18.8 37.0

PH-Plant height (cm); BPP-Branches per plant; CLMS-Clusters on main stem; CLB-Clusters on branches; TCLPP-Total clusters per plant;
PPP-Pods per plant; PL-Pod length (cm); SPP- Seed per pod; SYPP- Seed yield per plant (g) and TW- Test weight (g)
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Table 2.10 Details of clusterbean breeding material evaluated during kharif-2018

Trials

Institute trials

Advanced material from crosses/mutants
New crosses attempted (6 Parents combinations)
M, bulk population ( 3 genotypes)

F,M, Plants

Fs;M, lines

F, (RGC-936 x CAZG-15-3-8) plants

F, (RGC-936 x IDB-8 (Bold Seed) plants

F; (Smooth F4 x Basal Branching) lines

F, (Smooth F4 x Basal Branching) progenies
Mutants (Mg)

Promising lines

Other (Single stem, long pods, high seed weight etc.)

Entries/
genotypes

60

>1000
5
150
202
345
205
240
60
102
92
300

Selections

24

12 Pods
500
100
30
50
40
98
36
28
36
56

Yield per plant (g)
Mean Range
26.2 13.4-549
0 0
20.4 6.55-175.8
32.8 14.2 - 60.8
25.8 2.25-98.3
25.03 1.15-93.15
30.3 8.56 -93.22
25.9 8.3-46.2
28.7 10.45-91.2
30.2 13.6-77.7
224 5.98 -94.8

3 2.2 {6 BRI BITTSI—1 & Bel BT AU AN Ud T Hed
Fig. 2.2 CAZRI Kalinagada-1 transverse section and whole fruits
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Table 2.11 Performance of seed purpose watermelon genotypes in coordinated varietal trial for seed yield (kg ha™)

Locations Jaisalmer

Years/Genotypes 2013 2014 2015 2016 2017 Mean 2013
CAZJK-13-1 783 213 151 126 343 3232 99
CAZJK-13-2 753 210 98 395 284 3480 20
SKANK-1101 566 168 156 220 272 2764 99
SKNK-1103 637 134 80 164 251 2532 100
GK-1 (Check) 572 210 109 228 292 2822 96
SKNK-1102 557 198 124 150 294 2646 136
(Check)

TEh APl ae § =i Sl B qeid
forar ar RS9 U $uS HUT (ADI HIS) 4l o | S
TTAUT 3.1 ¥ 34.7 UTH T DI A= & ATef 12,0 U4 Afdy
U ST SUST AT 88 © | eTeAl dl URYeddT afer o
foRIT j7gett 57 31 82 fo=T e o (qrferapt 2.12) |

TSR SARTAT BT aIH B b forg fafder Feron
3! vfafafe 3 fae, Shuaei—2, emsuRfiuasi—s8so iR
HIOISTA—2 &I TH, @ 800 Udhdl UIeT SIf+d Ufth |8 &l
AP fbar T | Slga—2 | |/l 121 Ui &1 =
fafer= SUeRl & SN, STHTN 0.3: (39), SUATH 05 (27),
200 ¥ (26) R 400 ¥ (29) fam 7T | deNf &1, qrEmHia
(fawra @1 ygfa, g ga of«rE, geedr ) AR w9
AU 0T SN o O @1 Sars, ufad 9ig @7 9Ty,
Tl & AT & MR W AT fobar 77 | wrafaa dei 3
|1 Fegort (@ferant 2.13) & forg faRga A iR fafderar &r
ST | 3 §eg gl | By Uil @f forar war| W,
gl H e g 3R uRueadr arel ScaiRafid drei &1
AT JMSURNTHN—880 (U facid & uRuaa & arel
fafaeran) & fovar T e, S e aRugaar & forw wg #

qIfABT 2.12 o & Al SiF wredl § drey, Jof,

SK Nagar Jodhpur Over all
weighted
2014 2015 2017 Mean 2015 2016 Mean ... yield
(kg ha™)
121 311 569 2750 717 548 6325 361.9
64 345 586 2538 948 469  708.5 379.3
68 390 602 289.8 526 293 409.5 305.5
135 444 542 3053 762 219 490.5 3153
93 362 403 2385 428 338 383 284.6
162 453 503 3135 750 388 569 337.7
Moth bean

Nine entries of CVT, selected genotypes from
germplasm (32) and M, generation (plant to progeny
rows; 800) were evaluated during kharif 2018. Only 5
entries of CVT flowered and matured within 58-68 days
under Jodhpur conditions and they did not differ
significantly for seed yield.

Thirty two genotypes along with one farmer's
collection (Jhumka moth) were evaluated. The genotypes
varied significantly for seed yield with average per plant
yield of 12.0 g ranging from 3.1 to 34.7 g. The lines had a
very wide range of maturity duration ranging from 57 to
82 days (Table 2.12).

The M, population consisting of 800 single plant to
progeny rows representing 3 diverse genotypes viz.
GMO-2, IPCMO-880 and CZM-2 were evaluated to
select desirable mutants. A total of 121 plants were
selected from GMO-2 corresponding to various
treatments viz., EMS 0.3 per cent (39), EMS 0.5 (27), 200
Gy (26) and 400 Gy (29). The plants were selected

A faee (TES!) SR A=IdT ord (1)

Table 2.12 Mean, range, standard deviation (SD) and coefficient of variation (CV) in selected genotypes of moth bean

Parameters Days to Plant Branch Branches Clusters Pods per  Pods per Yield
maturity height length  per plant per plant cluster plant per
(cm) (cm) plant (g)
Mean 67.5 31.2 337 42 21.0 5.1 80.8 12.0
Minimum 57.0 21.5 16.0 1.0 7.0 2.3 22.7 3.1
Maximum 82.0 40.0 53.5 7.0 51.0 11.8 252.0 34.7
Sd 6.5 4.2 9.8 1.5 9.0 1.9 454 7.0
CV (%) 9.7 134 28.9 35.7 42.7 36.5 56.1 57.9
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considering visual (growth habit, peduncle length,
compactness etc.) and morpho-metric traits like plant
height, branches per plant, branch length, clusters per
plant, pods per cluster and pods per plant. The selected
plants depicted wide range and diversity for all the traits
(Table 2.13). Multiple plants from 3 sterile lines were
harvested. Early flowering and maturing plants in three
M, lines were selected from IPCMO-880 (a late maturing
variety) with a view to diversify source for early maturity.
Normal and semi-sterile mutants were also harvested
from various lines of IPCMO-880. Accounting albino and
sterile mutants GMO-2 variety was more responsive to
mutagenesis with higher efficiency at 0.5 per cent EMS
and 400 Gy gammarays treatments (Fig. 2.3).

Seed production of agricultural crops

In the seed production programme, 18,170 kg
foundation seed of different mung bean and moth bean
varieties and 10,196 kg truthfully labelled seeds of
different cereals, pulses, seed spices, oilseeds and grasses
were produced under Mega Seed and Creation of Seed
Hub Programme (Table 2.14). The seed production
programme was taken at Jodhpur and Pali stations.

AICRP National Seed Project (Crops)

Breeder seed production: Moth bean cv. CAZRI Moth 2
breeder seed (976 kg) and nucleus seed (20.15 kg) were
produced (Fig. 2.3).

Seed Technology Research

Technologies for mitigating effect of elevated
temperatures on seed yield and quality in mustard

Mustard crop was sown on three different dates
(November 7, November 22 and Dec 7 in 2018). No
significant effect of the treatments viz,. Glycine betaine
(600 ppm), Cytokinin (100 ppm), Salicylic acid (400
ppm), Ascorbic acid (10 ppm), KCL (1%) and Citric acid
(1.5%) was observed on seed yield and component traits

TiferdT 213 A8 &1 SYAI—2 & & o, § Fafa drei 9 arg, 907, 996 faged (TES]) iR =T Tojid (W)

Table 2.13 Mean, range, standard deviation (SD) and coefficient variation (CV) in selected M, plants of GMO-2 variety of moth bean

Parameters Plant height Branch Branches
(cm) length (cm) per plant
Mean 32.17 28.17 2.44
Minimum 12.0 0.0 0.0
Maximum 61.0 85.0 7.0
SD 9.49 1691 1.57
Ccv 29.51 60.05 64.55

Clusters Pods per Pods per Yield per
per plant cluster plant plant (g)
36.26 6.31 133.31 21.42
8.0 3.0 15.0 0.78
108.0 13.0 368.0 66.94
21.26 1.81 82.65 13.58
58.65 28.77 61.99 63.40
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Table 2.14 Variety wise seed production of different crops

Crop Variety

Moth bean CAZRI Moth-2

Mung bean IPM 2-3, IPM 205-7 and GAM-5
Clusterbean RGC 1033, RGC 936 and HG 563
Sesame RT 351

Mustard NRCHB 101

Cumin GC4

Fenugreek RMt 305

Grasses Cenchrus ciliaris, C. setigerus

Lasirus sindicus

Total

Production (kg)
Seed Hub Project Mega Seed Project
(TFL)
4500 (FS) -
13670 (FS) 2390
1630 (TFL)
- 1320
- 720
- 1430
- 1610
- 540
- 556
19800 8566

| e
¥

o 2.3 e P fHE BN HIS 2 & Yo-id 4l IcdTad
Fig. 2.3 Breeder seed production of moth bean var. CAZRI Moth-2

3iR 1702 .. Ui 2acaR) UK g8 | 91 SUARI &l |1
AT gaTs W I IS AT SHS FSh] W YA el i
T |

ST Ud |t & 1w siis hife fiT UaifeT aehieh oAl
fererrar

faf=1 yeR & araf®, Sia golel, YelfeT ud difeT
A | B Y i1 STARE BT SIRT U6 A% &) Bl &
I ITUTE Ud AU O 3 T[O1 UR 3R <l AT | Ha
31 d1o7 SeureT SfR H 894 o UT. Ufe garcax orm |l

1405 U1 Ui g, forrge & I vor/aRierad
PIFEIT ST IUAR H <@ AT ST S STAR B Jol 1 o
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in all the three sowing dates. In first sowing maximum
seed yield (2265 and 2257 kg ha") was recorded from
Glycine betaine and Salicylic acid treatment, whereas in
second sowing Ascorbic acid treatment and Citric acid
had maximum yield (2306 kg ha" and 2212 kg ha™).
Cytokinin and Salicylic acid gave maximum yield (1738
kgha'and 1702 kg ha™) with late sowing.

Seed coating and pelleting technology for cumin and
fennel

Effect of seed coating and pelleting with
combinations of different types of pelleting material,
chemicals and bioagents was studied on seed yield and
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component traits in cumin and fennel crop. Lignite
pelleting with Azospirillum coating produced maximum
seed yield in cumin (896 kg ha™) and fennel (1405 kg ha™)
crop which was 20 and 24 per cent higher over control
(T18) in cumin and fennel respectively. However, few
treatments showed low yield compared to control. In
storage studies, lignite pelleting with Azospirillum
coating gave highest seed germination in cumin (92%)
and fennel (88%) crops (Table 2.15 and 2.16).

Agrobiodiversity conservation

Genotypes of mung bean, moth bean and sesame
collected from various farmers of Jaisalmer, Barmer and
Jodhpur districts were evaluated and multiplied at CAZRI
farm as well as at farmer's field in Jaisalmer. In Jaisalmer

dTfereT 2.15 A= UeifeT Al 9 fd 7Y ITERT &1 SIRT & Il IATGT Ud $99 9 3199 011 IR 3RR

Table 2.15 Effect of different pelleting treatments on seed yield and component trait in cumin

Treatment  50% Fiel Field Plant height 50%
emergence emergence at 30 DAS flowering
(days) (%) (cm) DAS (days)
Tl 9.0 56.3 10.5 70.3
T2 8.0 58.0 10.8 70.0
T3 9.0 67.6 12.3 69.3
T4 9.0 55.0 13.4 69.0
T5 8.3 60.0 13.7 69.0
T6 8.3 63.0 13.2 70.0
T7 8.7 58.3 11.6 69.3
T8 8.3 76.3 14.1 69.3
T9 7.9 65.0 13.2 69.6
T10 9.0 59.6 13.3 70.6
TI1 8.3 67.0 12.4 69.6
T12 8.7 70.3 11.0 69.6
T13 9.0 63.0 12.7 69.3
T14 7.7 73.0 12.1 69.3
T15 9.0 64.0 13.2 70.3
T16 8.3 63.6 12.8 69.6
T17 7.2 86.0 13.9 69.0
T18 10.0 74.0 11.9 70.0
C.D. 5% NS 12.8 1.65 NS
SE(m) + 0.69 437 0.57 1.1

Plant height  Umbels Seeds Test Yield
at harvesting per plant per plant  weight (kg ha)
time (cm) (g

223 24.8 368.0 4.0 623
24.6 20.0 347.6 42 593
24.0 27.8 436.5 39 590
21.0 28.6 382.0 43 636
22.0 21.6 381.8 44 683
24.0 33.0 485.8 4.5 640
20.6 33.6 292.6 43 706
21.3 19.2 344.4 3.8 806
22.6 27.6 386.4 4.4 740
213 23.6 333.8 4.4 733
213 19.2 2994 4.4 616
20.0 17.0 306.2 44 596
24.6 15.6 310.4 44 706
20.6 19.8 372.2 43 673
23.6 23.6 345.2 43 603
24.3 35.8 455.6 43 690
26.3 21.9 492.1 4.5 896
22.6 19.8 389.3 45 743
NS NS NS NS 97.4
1.425 6.0 64.0 0.1 33.7

T1- Lignite+Methyl Cellulose (MC); T2-Bentonite + MC; T3-Silica+MC; T4-Gypsum + MC; T5- Lignite + Gum Arabic (GA); T6-Bentonite + GA; T7-
Silica + GA; T8-Gypsum + GA; T9- Lignite + priming with borax; T10-Lignite + priming with Salicylic acid; T11- Lignite + priming with Ascorbic acid;
T12- Lignite + priming with Ethrel; T13- Lignite + Hydro priming; T14- Lignite + Bavistin; T15- Lignite + Trichoderma; T16- Lignite + Azotobacter; T17-

Lignite + Azospirillum; T18-Control

40



ICAR-CAZRI

2019

ol SUfeer

Research Achievements -

1959 -

arferat 2.16 faf=T TeifeT ARl & fd 10 TRl &1 |t & 919 ST U4 399 9fS 3 I IR 3R

Table 2.16 Effect of different pelleting treatments on seed yield and component trait in fennel

Treatment Field Plant height at Plant height at Umbels/ Test Yield Yield
emergence (%) 30 DAS (cm) harvesting (cm) plant weight (g) (gm? (kg ha)
T1 96.0 41.9 134 24.3 6.6 112 980
T2 93.3 34.6 142 22.7 6.8 106 873
T3 95.0 38.9 138 20.7 7.1 119 960
T4 91.7 34.9 138 20.3 6.8 134 1,186
T5 95.0 40.1 137 223 6.9 117 1,037
T6 96.0 33.7 137 18.7 6.4 115 1,017
T7 96.0 41.2 141 25.0 7.0 154 1,358
T8 90.3 344 138 22.0 6.8 127 1,075
T9 93.3 329 132 20.7 7.0 148 1,345
T10 91.7 35.1 135 21.7 7.1 126 1,062
T11 94.0 34.3 133 22.7 6.8 132 1,124
T12 96.7 32.5 141 23.0 6.9 132 1,095
T13 90.0 38.4 134 21.7 6.9 131 1,183
T14 92.7 34.4 133 26.7 7.0 148 1,366
T15 92.7 31.8 131 22.0 6.9 134 1,194
T16 95.7 31.5 136 26.0 6.9 145 1,378
T17 96.7 35.7 139 27.3 6.8 148 1,405
T18 91.0 31.3 130 21.3 6.7 121 984
CD.@ 5% 6.87 1.244 NS 4.26 NS 16.4 158

T1- Lignite+Methyl Cellulose (MC); T2-Bentonite+MC; T3-Silica + MC; T4-Gypsum + MC; T5- Lignite + Gum Arabic (GA); T6-Bentonite + GA; T7-
Silica+GA; T8- Gypsum + GA; T9- Lignite + priming with borax; T10-Lignite + priming with Salicylic acid; T11- Lignite + priming with Ascorbic
acid; T12- Lignite + priming with Ethrel; T13- Lignite + Hydro priming; T14- Lignite + Bavistin; T15- Lignite + Trichoderma; T16- Lignite +

Azotobacter; T17-Lignite + Azospirillum; T18- Control

HeT 143 SIS ST H 11 & 38 STy {9 fheH,
22 I YoTferl ([ &7 Wd 9), 7 R oo
(TTEIEISHRIR )}, AIS @ 40 SHAURRY {6 fhss, 19 AT
yofadt (fPae @& @Wad ), 15 R Forfodt
(TIASNRIR W)}, 9ok & 61 SIFWT®U (38 AT
goferlt (P @ Wd W), 23 W Yoot
(TTEIGISTRIR )} iR foet @& 4 STl {2 foheit 3iR 2
IR FoMfodl ([P & T ) 31 U R 390 gig
IR AT &1 qaid= o a7 GoI T HIoRT SR
& TARTID T H IO o =7 (qrferant 2.17) |

foa™ & Wd ¥ Thd &1 T8 el a1 gt
H BIg IS A8 991 | fHaM & W A Uhd Bl T3 AT
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e 1 TR AT Gof a5 (3 2.4 U4 2.5) |
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district, Dedha, Damodra, Sakaria and Didhu villages
were identified and responsive farmers were selected as
champion farmers through interaction meetings.

A total of 143 genotypes including 38 of mung bean
{9 varieties, 22 landraces (farmer's field), 7 landraces
(NBPGR)}; 40 of moth bean {6 varieties, 19 landraces
(farmer's field), 15 landraces (NBPGR)}; 61 of {38
landraces (farmer's field), 23 landraces (NBPGR)}and 4
of sesame {2 varieties and 2 landraces (farmer's field)}
were collected, evaluated for their growth performance
and multiplied (Table 2.17).

In sesame there was no seed formation in the
landraces collected from farmer's field. Asynchronous
flowering, phyllody (Fig. 2.4) and immature capsule
bursting were the major problems recorded in landraces
collected from farmer's field (Fig. 2.5).
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Table 2.17 Variability observed in mung bean, moth bean and pearl millet germplasm

Varieties

Landraces
(NBPGR)

Landraces
(Farmer’s field)

Varieties

Landraces
(NBPGR)

Landraces
(Farmer’s field)

Landraces
(NBPGR)

Landraces
(Farmer’s field)

Days to Days to Plant height Pods per
50% 50% (cm) plant
flowering podding
34-36.7 35-37 44.0-57.8 16.0-35.1
33-42 36-46 136.0-223.3 29.67-67.67
35-48 41-55 32.33-106.33 6.33-44.67
33-45 35-47 29.07-47.0 5.2-33.8
32-44 35-45 32.33-106.67 39.0-269.0
31-46 34-46 20.33-68.33 7.0-78.0
Days to 50% Panicle length 100-seed wt
flowering (cm) (2)
43-60 17.06-30.7 0.56-0.87
41-66 16.1-29.7 0.33-0.76

3 24 f0a 9 farST I AR JURTFT de Hel

Fig. 2.4 Phyllody and immature capsule bursting in sesame
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Seed yield 100-seed
plant™ (g) wt (g)
6.06-13.42 3.48-5.96
11.15-24.27 2.89-3.97
2.61-21.61 3.34-5.88
2.47-19.62 2.61-3.62
5.83-46.07 2.63-3.56
1.34-13.54 2.39-3.90
Yield per panicle
(2)
6.91-22.72
4.37-15.31
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Fig 2.5 Variability in panicle morphometry in pearl millet
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Landraces and varieties of cumin (4) and mustard
(20) collected from different sources were assessed for
growth performance and seed multiplication. Crop was
also sown at the fields of 12 champion farmers selected in
3 villages (Didhu, Askand and Damodara) of Sam and
Nachna blocks of Jaisalmer district.

At Leh, three crop trials were laid out at farmer's
field, barley and buckwheat at Thiksey and mustard at
Stakmo for mustard. In barley, IC-47346 gave highest
seed yield followed by IC-73604 (Fig. 2.6).

o3 2.6 o8 | Sl 3R gHdlc & URIET
Fig. 2.6 Barley and buckwheat trials at Leh
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Trees
Lasora (Cordia myxaL..)

Significant differences in fruit yield were observed
between seven different germplasm accessions (Table
2.18) of budded gonda planted in 2010. The accessions
CZCM-2011 and CZCM-2062 recorded significantly
higher fruit yield than all the other accessions.

Gonda germplasm demonstration and evaluation at
farmers' field: Four germplasm accessions and one
variety 'Maru Samridhi' of gonda were planted at farmer's
field in village Rohicha Kalla in October 2017. All the
plants were budded on two types of rootstock i.e. small
fruited and large fruited. Significant differences among
the genotypes were recorded with respect to plant height
and collar diameter (Table 2.19) irrespective of rootstock.
The interaction of rootstock and genotypes was
significant for collar diameter with the highest value
recorded in case of variety 'Maru Samridhi' budded on
large fruited gondarootstock.

Off-season fruiting: Different Cordia myxa accessions
were evaluated on three different types of rootstock for
assessing the extent of fruiting (Table 2.20). Considerable
variation was observed in fruit yield due to genotypes and
rootstocks. The fruiting was found to increase with the age
of plant. Plants with C. gharafrootstocks gave maximum
yield followed by small fruited C. myxa rootstock plants
and least yield was on large fruited gonda C. myxa
rootstock plants. Plants developed from seedling plant
gave negligible fruiting.

dMfereT 2.18 I=Id TilaT URIETN &1 Jedid (8] ad)
Table 2.18 Evaluation of improved gonda germplasm (8" year)

Germplasm accessions
CZCM-2011
CZCM-2012
CZCM-2021
CZCM-2062
CZCM-2022

Maru Samridhi
CZCM-2061

Seedling

CD (p=0.05)
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Mean fruit yield (kg plant™)
28.89
25.50
23.50
28.75
19.33
22.39
12.00
5.50
5.66
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Table 2.19 Effect of rootstocks and genotypes on plant height and collar diameter in gonda after one year of planting

Mean Collar diameter (mm) Mean
Small fruited Large fruited
gonda rootstock  gonda rootstock
65.5 14.59 23.66 26.42
91.83 35.60 30.53 33.06
191.83 35.26 35.50 35.38
131.83 44.69 39.47 84.16
112.00 27.08 36.33 45.24
31.44 33.10

Rootstock-NS
Genotype-5.9
RSxGenotype-8.34

Tt 2.20 M & AR STFYRAUT 3R Jergw=il ¥ d9Iq9 Her
Table 2.20 Off-season fruiting in different genotypes and rootstocks in gonda

Accession No. Plant height (cm)
Small fruited Large fruited
gonda rootstock gonda
rootstock
CZCM-2011 53.00 78.00
CZCM-2012 71.00 112.67
CZCM-2021 121.67 140.33
Maru Samridhi 115.00 148.67
CZCM-2062 103.00 121.00
Mean 92.70 120.13
CD(p=0.05) Rootstock-19.75
Genotype-31.22
RSxGenotype-NS
Accessions
Goondi
(C. gharaf) rootstock

CZCM-2011 21.0

CZCM-2012 12.0

CZCM-2021 9.1

CZCM-2022 0.0

CZCM-2025 0.0

CZCM-2062 0.0

CINIRS

YA Al Yelg=d Tl UgenT el YaelT qaheiehl
RO ISR 3R SHgR el § MR & u=aid
IETHT H AR FHRT BT AHerd (TS Td fSf DI Fe=AT
IfT UTH T8) BT B ToTq AdeToT faoam 71T | 39 91T < fET
& AT T ves g | TR T § gEetd I
P U AT STET 58 WS U UM TS qol Bl AT
SR fSTel 3 TSl & Wt vl U™ ST 0 ¥ 22 96 Ur!
T | 1 TSt # GIABH FHAV o1 ST Ifg H FH IS
iR ufert # dremas 81 v (e 2.7) | 31fda TR HhHor
®1 R 7 Ul o1 T8I BT Y@ <@ AT | WehfAa el
H el & MHR AR IUS H BB HAI qol DI AT
(carferat 2.21) |

Small fruited gonda
(C. myxa) rootstock
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Mean fruit yield (kg plant™)

Large fruited gonda
(C. myxa) rootstock

11.1 1.5

9.2 1.5

6.2 25

8.2 3.0

14.1 0.0

11.0 4.2
Pomegranate

Tolerant/resistant rootstock against nematodes and
standardization of propagation techniques: Twenty
five old pomegranate orchards in Barmer and Jodhpur
districts were surveyed and composite soil samples were
collected for assessing nematode populations in terms of
number of galls and egg masses per gram root samples.
The nematode disease incidence was more in Barmer
district where upto 58 galls g" root were recorded. In
Jodhpur district, number of galls ranged from 0-22 g’
root. Plants having high incidence of nematode infection
(Fig 2.7) showed poor growth, yellowing of leaves and in
extreme cases drying of twigs. The size and yield in such
plants was drastically reduced (Table 2.21).
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Fig 2.7 Symptoms of nematode infestation on pomegranate plant and root

TAIADT 221 3FR & FAGH ITfAd R WT 91T 4 gfg, JUS iR el Iorac

Table 2.21 Growth, yield and fruit quality in nematode affected and healthy orchards of pomegranate

Particulars Healthy

Plant height (cm) 180-280 (222)*
Tree spread (EW) (cm) 170-260 (234)
160-240 (212)

17.8-31.3 (20.9)

NS (cm)

Fruit yield (kg/tree)

Fruit weight (g) 176-280.3 (227.3)
Juice (%) 25.0-36.15 (30.37)
TSS (%) 15.6-18.8 (16.7)

* Values in parentheses are average values

RUEEY

TR ISR & Y& &5 H I dTel ST & U
% fa@T ATUEEl § faar @ 99 39 89 & 12 I W)
UST & ST IT IS A TLADHROT & IR TR DI g |
UHd USi # 3R I el & 7 US Bl Hd1g (1), T
BRT (FA), Uf U @l wEneli a1 A1, e A (W),
Hell d dars (L), weh @ drerg (M), ufa well I
e, §io7 drers (M), 100—d9 aoe () eIk §ie
RV gfererd H we@yol A= u1s T8 (Arfersdr 2.22) |
S STeATal TAT TSl H I~ AGR Gl - 4 HET DI
gfg @ 918 iR B Hars (@A), Ui iR wEnRi @
AT 3R PR Dok A9 (WHA) & forg Usl & HROT
HE@yul =TT &1 e fdar (arferar 2.23) | ETatifds,
I WAl & 1 37 3R Al & forg feTar Agcayof
&l oY | fA=IaT & ST T[orids (FRAET 3fR i) wfer
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Nematode affected % reduction

100-230 (167.4) 24.59
80-230 (177.7) 24.05
90-215 (160.8) 24.15
2.8-16.6 (12.5) 40.19
130.2-220.8 (167.5) 26.3
22.5-28.6 (24.2) 20.36
15.2-17.0 (15.8) 5.38

Rohida (7ecomella undulata)

Rohida growing in the arid region of western
Rajasthan was examined for variability in growth
parameters based on sampling of tree populations at 12
sites in the region. Significant variation was observed
among the individual trees as well as between the
provenance sites for tree height, stem girth, number of
branches per tree, crown diameter, capsule length, capsule
width, seeds per capsule, seed width, 100-seed weight and
seed germination (Table 2.22). The seedling progenies
raised from the sample trees showed significant variation
due to trees for mean seedling height, number of branches
per seedling and seedling collar diameter at 4-month stage
of growth (Table 2.23). However, variation for these
seedling characters between the provenance sites was not
significant. The phenotypic and genotypic coefficients of
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3R ATERI & WA & foy #egd @ik 3fgR $aE R variation (PCV and GCV) were moderate for number of
PR PIeR AT & oIy B4 o (ATfeTepT 2.22) | 3R urAl & branches per seedling, but were low for seedling height

forv ar i 3ThdT T A () & YTIT T | and seedling collar diameter. Heritability (h®) estimate
was found to be low for the seedling characters.

ATt 2.22 URERT IR & PP &3l A (=T Rl R AfesT & Ul & e Aues

Table 2.22 Growth parameters of Tecomella undulata trees (n=6) at different sites of arid western Rajasthan

Provenance site Tree Stem Crown Capsule Capsule  Seeds per Seed 100-seed Seed

height girth diameter length width capsule width weight germi-
(m) (cm) (m) (cm) (mm) (mm) (g) nation (%)
Jhanwar 8.4 119.3 7.9 30.7 8.5 166.5 8.3 0.7 27.6
Dhawa 8.7 128.2 8.9 39.4 11.0 222.8 9.9 1.2 39.7
Dharasar 8.0 103.2 8.3 29.8 11.2 170.6 9.4 1.0 45.6
Poshal 8.0 118.0 7.8 354 11.5 224.3 10.7 1.0 40.3
Keerva 6.0 73.8 5.6 33.7 11.6 213.3 10.7 1.2 55.0
Noon 5.6 60.5 6.5 29.2 10.7 161.9 9.8 0.8 26.7
Untwaliya 6.9 73.0 54 29.4 10.1 159.0 9.5 0.9 33.1
Bamboo 7.3 95.3 6.7 334 11.1 217.3 9.8 0.9 40.6
Birmi 6.7 101.7 6.7 334 9.6 164.0 9.2 0.7 19.2
Mandrella 6.1 78.8 4.9 315 9.7 197.7 94 0.6 12.7
Bamba 5.4 55.8 4.8 28.3 10.9 212.9 10.0 0.8 31.7
Meethri Marwar 7.6 132.8 7.6 35.7 10.5 239.0 9.5 1.0 57.5
SEm=+ 0.2 4.4 0.2 0.6 0.2 6.4 0.1 0.0 8.2

drferepr 2.23 RfEST & 4 #EM & IRl & AP AUeS

Table 2.23 Growth parameters of 4-month old Tecomella undulata seedlings

Provenance site No. of progenies Height (cm) No. of branches/ seedling Collar diameter (mm)
Jhanwar 2 29.63 3.40 4.81
Dhawa 5 27.55 3.95 4.85
Dharasar 5 30.00 4.88 4.59
Poshal 5 30.52 5.08 4.95
Keerva 6 30.48 3.50 4.78
Noon 3 30.44 2.94 4.95
Untwaliya 6 28.50 4.87 4.36
Bamboo 5 27.32 3.24 4.50
Birmi 2 30.63 5.30 4.88
Bamba 4 27.17 3.54 4.41
Meethri Marwar 5 28.63 3.23 4.47
SEm= 2.51 1.04 0.26
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Fifsar AR Ffaar gl & fafi=1 Se-ger # ot
& dF 99 TeE Sfffean Sars iR fAam emesTeH
BIfSar g | (142—250 HHY. 3R 158.33—268.17 a7 ¥,
M), dogarq @ifsar A (97—218 AL 3R 110.83—
21933 @i WH), F/3ar ST (71.40—180.60 HHI. 3R
72.6—187.9 T WH), U7 [deerivr (50.60—112.75 HH.
AR 427—12125 I HH) AR JATH Ifaar Femaded
(654—454 WAL 3R 255—48.9 T WHL) H URT TIAT|
FISTT AR & S Aea—1, AIgF—11, ATH-12,
BISAT TR & Aofi—12, AIS—13 Hoi—15, T7 STRT
& SICI—11, Siicl—12, SE—13 3R 9397 faeerrar &
SIE Sid—8, Sidi—11 Sidi—12 3Af¥e gig & oy
Tga™ Y |

IIIT 279 S Sae H Iod T UICH (2.07—17.94
gfererd), Iaward &I1ST AT (4.18—8.58 UfARId), HIfSar
TvE (3.86—7.22 UfGEd), AfAAT vemadw (6.92—7.72
afcrerd) IR RAAH &S WIS dfaa7 3o (3.13—9.43
gferd) § 9l M| AgE—06, WSi—11, SIE—9 3R
SHdl—27 S H Sed s WIeH (Ufaerd) 8iR Arggor
(wfcrera) U 3T | STafds, D137 faeerrar vt # st
(29.44—47.63 WfcreTd) b yaTef SR FfIaT S7eRT H gATH
(18.09—37.71 Ufrerey) I UaTel UGTRl UTT 1T |

3reuRifea gt

T1IIT SHeT & 15 STAAGE! & SIoll DI gaTs UTErIe]
H SUYR Td SR | A (24 €l & oy 50° HERrS)
U4 IS SUAR (12 gl & forg 1 ufoera dielRrm
FARTSS) & a1 Bl T | AHR0T UfTerd 98 HH o Sl
ATIRT SUAR H 0—27.8 U4 RIS STAR H 0—25 Hfererd
RET| QM B WMl Ud SUERI § FHRT 12 I 19 A0 |
3T |
wEH
TITOAT: WS & S SIS SFga ®f urell fSTel & Arord
& 3R PN, SHYR ¥ HUTAS 011 (A} o1 Harg, U
gRfY, SRl &I O, U=l &1 odls, Uil &l dsls,
IS BT TS Ud MY HeAd) & MR TR UH fhar
T (AIferanT 2.24) | TS fHy 7Y O @ Harg, TR Bl
ofaTS 3R drsie B 112 I 211 T, 1.26 F 3.80 THL.
3R 0.8 ¥ 1.5 WA U TRV | 5 Uil & O P HeAbA b
foTQ, S8 el DI BIoN & &AY SFRHETT Bbog, Tl Bl
TE H SRIT IAT | & JeAHA @ foly S Y HE Sl &

Felel S-g el | 100 Hfcrerd Shfadar o @ 137 |
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Cordia and Gravia

After three years of planting, the plant height and
canopy cover varied significantly among the five species
of Cordia and Grewia i.e. maximum in C. gharaf (142-
250 cm and 158.33-268.17 cm’), followed by C. myxa
(97-218 cm and 110.83-219.33 c¢m’), G. tenax (71.40-
180.60 and 72.6-187.9 cm’), G. villosa (50.60-112.75 cm
and 42.7-121.25 c¢cm’) and minimum in G. flavescens
(45.4-65.4 and 25.5-48.9 cm’). The accessions i.e. CM-1,
CM-11, CM-12 of C. myxa; CG-12, CG-13 CG-15 of
C. gharaf; GT-11, GT-12, GT-13 of G. tenax and GV-§,
GV-11 GV-12 of G. villosa) found to be vigorous in plant
growth.

Higher crude protein content was observed in the
accessions of Grewia tenax (2.07-17.94%), followed by
Cordia myxa (4.18-8.58%), C. gharaf (3.86-7.22%),
G. flavescens (6.92-7.72%) and minimum in G. villosa
(3.13-9.43%). The accessions viz., CM-06, CG-11, GT-9
and GV-27 were found to be higher in crude protein and
nitrogen content. The maximum dry matter content was
observed in the accessions of Grewia villosa (29.44-
47.63%) and minimum in Grewia tenax (18.09-37.71%).

Under-utilized shrubs

Sowing of 15 accessions of Grewia tenax was done
at Jodhpur and Jaisalmer in nursery after heat (50°C for 24
hrs) and chemical treatment (1% KCI for 12 hrs.) of seeds.
Gerrmination per cent was low and it ranged from 0 to
27.8 per cent in heat treatment and 0 to 25 per cent in
chemical treatment. Days to emergence of seedlings after
sowing ranged from 12 to 19 days in both locations and
treatments.

Henna (Lawsonia inermis)

Identification and collection of genetic resources and
establishment of clonal block: Ten superior henna plants
were collected from Sojat area of Pali District and
CAZRI, Jodhpur on the basis of morphological characters
viz., plant height, plant circumferences, and number of
branches, leaf length, leaf width, internodal length and
crown spread (Table 2.24). The plant height, leaf length
and width ranged between 112-211 cm, 1.26-3.80 cm and
0.8-1.5 cm, respectively. The cuttings from these selected
plants were raised in the nursery at RRS, Pali for further
multiplication and field evaluation. The clonal henna
germplasm planted for field evaluation showed 100 per
cent survival rate.
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Table 2.24 Passport data of henna germplasm

Genetic Location Elevation Age of
Resources (m) plantation

CZI-RSPH-10 25.87947'N 298 15
73.74691'E

CZI-RSPH-11 25.89475'N 300 45
73.78461'E

CZI-RSPH-12 25.89475'N 298 35
73.78460'E

CZI-RSPH-13 25.92786'N 296 10
73.80819E

CZI-RSPH-14 25.94734'N 277 30
73.713272’E

CZI-RSPH-15 26.26030'N 244 20
72.99670'E

CZI-RSPH-16 26.26030'N 244 20
72.99670’'E

CZI-RSPH-17 26.26030'N 244 20
72.99670'E

CZI-RSPH-18 26.26030'N 244 20
72.99670'E

CZI-RSPH-19 26.26030'N 244 20
72.99670’'E

qarsia

TR T HIG aht SUST UX TS ek ol THTE

TR Tl SUS UX SSHTo™ Eteh T T9TE: B duil 3 e
qrel (AT WR 24 &S H Bl &7 fabrd) Al reoifaas
SIATO] AT Sif—4 (E1—1), Sigdi—2 (E1—2), SidamR—2
@—3), SNdRR—16 (A—4), NaB—212) (E1-5),
SidIe—32 (E1-6) (AT SIEYR, IR AR dibeR el &
Pl @ TAl H I aTel AR & Ul & Areed d YUIdh
Py M) ® AT Wdd w9 A dI6l BT BT AR
(SMRSIRAY 936) &I USTAR g™ & forg Wa # w¥lerwr fahy
Y | IR (E1—7) ISl B FRIFS & w3 @1 T |
SRfl—4 3R SNdRMR—16 &I Bled aWl STARI o
e 9 e Ao sead QiR 98k SUW
(12 & 19 WRIIT 3ffe®) I 8, I gollddd HoaR
SIUE—2, SdRIR—2, Sidd—21 (2) 3R SHE®H—32
IR XTgofagd Sfiare] & gore & d8ax 81T eifdr ®
(TfeTept 2.25) |
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Plant Plant No.of  Internodal Leaf
height circumference branches length length
(cm) (cm) (cm) (cm)
183 240 15 2 3.8
155 300 16 1.7 3.7
132 204 18 1.9 3.2
112 170 8 2 34
136 190 16 1.8 2.9
191 134 11 1.93 2.56
190 170 15 1.86 2.53
211 180 5 1.66 2.26
151 68 8 2.33 3.6
120 58 12 1.2 1.26

Microbes

Efficient Rhizobia for clusterbean and moth bean

Effect of rhizobial inoculations on clusterbean yield
under field conditions: Field trials were conducted for
enhancing the yield of clusterbean (RGC 936) by
inoculating the seeds independently with six different fast
growing rhizobial cultures (grown for 24 hrs on YEMA)
isolated (GC-4, GNB-2, GBR-2, GBR-16, GBK-21(2),
GBK-32) from the nodules of clusterbean plants growing
at farmers' fields of Jodhpur, Barmer and Bikaner
districts. Uninoculated treatment was taken as control.
Rhizobial cultures GNB-2, GBR-2, and GBK-32 (PGPR)
showed significantly higher nodulation index and seed
yield over the control (Table 2.25).

Effect of rhizobial inoculations on moth bean yield:
Moth bean (CAZRI Moth 2) seeds were inoculated
independently with six fast growing rhizobial cultures
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Table 2.25 Effect of rhizobial inoculations on clusterbean nodulation index

Rhizobia used for inoculation

Identification of rhizobia

Nodulation index

GC-4 Phyllobacterium leguminum 7.3

GNB-2 Phyllobacterium leguminum 16.0
GBR-2 Rhizobium pusense 9.6
GBR-16 PGPR 7.0
GBK-21-2 Rhizobium pusense 16.0
GBK-32 PGPR 12.0
Control - 4.6
CD at 5% 4.1

e &l SUS W UgSfead SRl ol uTa:  fafr=
RISSITTH SFEIRAT BT SEYR, IreHR 3R bR Tl &
Wdl § S A @ Ul &I Mol | 7T fhar AT "o
(AIUSTSIRRE AIS 2) @ dISil B BE doll I 9@ daTel
IESfeTd JFRar e TERi—11 (§—1), THTAd-4
(&—2), TAdIRIR—8 (E1-3), THIRIR—10 (E1—4), THIH—8
(@1—5) 3R THEID—15 (E1—6) BT W= BY F SIBT AT
T | SUATRE (E1—7) ISl BT FRFE & WY H AT T4 |
Il SR H e A B8R I ASgele sSad 3R
Jed S (4.8 18.6 T ) Tof g3T Wl qoIfal & fob

T SNITA SUER 36 A 98RO (A1feraT 2.26) |

T Ue TaR # UTey gfeg e a9 |igwy Staruy

HIT Ud TR & TSl RR AR ST gere fa
T | TP UI¥d TR ST TR IR—IR I PR g

isolated (MC-11, MNB-4, MBR-8, MBR-10, MBK-8,
MBK-15) from the nodules of moth bean plants growing
at farmers' fields of Jodhpur, Barmer and Bikaner
districts. Uninoculated treatment was taken as control.
Isolated rhizobial cultures MBR-8, MBK-8 and MBK-15
were more efficient nitrogen fixers as compared to the
native soil rhizobia (Table 2.26).

Stress tolerant plant growth promoting bacteria for
mung bean and clusterbean

Bacterial isolates obtained from the rhizosphere of
mung bean and clusterbean differing morphologically
with respect to colony shape, size, colour and texture were
purified by repeated streaking on nutrient agar medium.
These bacterial isolates were screened for plant growth
promoting (PGP) attributes like phosphate and potassium

TMTTRT 2.26 TSI S BT AIG B ATSHAT SST W J4Td

Table 2.26 Effect of rhizobial inoculations on moth bean nodulation index

Rhizobial culture used for inoculation

Rhizobial culture name

Nodulation index

MC-11 Sinorhizobium saheli 7.0
MNB-4 Sinorhizobium saheli 9.7
MBR-8 Sinorhizobium saheli 16.0
MBR-10 Sinorhizobium saheli 7.0
MBK-8 Sinorhizobium saheli 14.3
MBK-15 Sinorhizobium chiapanecum 10.7
Control - 4.7
CD at 5% 4.5
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solubilization, siderophore, ammonia, hydrogen cyanide
and indole acetic acid production, besides phytase and
catalase activity. Among the 112 isolates screened for
various plant growth promoting attributes, 78 isolates
were identified for indole acetic acid production, 56 for
ammonia and 25 for siderophore production. A total of 16
isolates were observed for catalase activity, 14 isolates for
phosphate solubilization and 4 for potassium
solubilization, while none of the isolate showed hydrogen
cyanide production and phytase activity. A total of 14
isolates were observed to possess three or more PGP
attributes.
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Integrated Arid Land Farming System Research

anifeien feerma & wFa T yoTTe

IIORT, {1, A6 G AR B I=Id [HA] B IATGDHT
DI P ADI T P IS Jonferai H WRET AT
(TfeTRT 3.1) | B & AIGH & QIR UT JHTdT a9 ddel
186 .. off, fora 9 93 A, gag A & ugal U g8
3R gaTs & 35 Al & a1 T IR 72X g8 | 91 Bl
IR frel # WSt SmnRa yomell & dgd STaad U
ol T, S 919 PN JE | PSP guIell &
T Wl H A BT MR 3rTa o, Rt At Wi
Bl B SATGHAT H WY B3NS | dToNT e
T —17 # GAUEd—67 &I gol § 1652 Hfderd
AP SUS Tol B TS| HT B S H SH—4 B
IATEHAT JASUITH 2—3 BT oI H 254 Ui AfS®
IUS T | IS B fore Aoreud—2 (342 fh.3m. ufdy gacar)
H 3RUASI—435 DI Jor=1 H AT gorferai H 36.8 iR
A SUS UlE ML | TR B I IRONTA-112 @
JTE &THT JTRSIRA—1003 BT T H 22.6 UfTerd Afeh
&1 (arferant 3.1) |

Integrated farming system for enhancing economic
resilience

Improved varities of pearl millet, mung bean, moth
bean and clusterbean were tested under arable,
agroforestry and agri-horti systems (Table 3.1). The
effective rainfall received during cropping season was
only 186 mm of which 93 mm was received just before
sowing and there were no rains after 35 days of sowing.
All the crops and varieties showed highest yield under
Prosopis cineraria based system followed by arable.
There was severe moisture stress under agri-horti system
causing drastic reduction in productivity of all the major
crops. Pearl millet variety MPMH-17 had 16.52 per cent
higher grain yield than the variety HHB-67. Among the
mung bean varieties, GM-4 recorded 25.4 per cent higher
seed yield than the variety IPM- 2-3. Yield of moth bean
variety CZM-2 gave 36.8 per cent higher yield (342 kg
ha') than RMO- 435 under all the systems. Clusterbean
variety RGM-112 had 22.6 per cent higher grain yield
than RGC-1003 (Table 3.1).

arfetet 3.4 faf=T Y yonferal § @ Bl B 3T 3R IR U (.31 ufd gaeR)

Table 3.1 Grain and stover yield (kg ha™) of kharif crops under various farming systems

Crops/varieties Agro forestry system with ~ Agri horticulture with Arable Average
P. cineraria Z. mauritiana farming

Grain Stover Grain Stover Grain Stover Grain Stover
Pearl millet
MPMH-17 650 2785 411 2244 610 3760 557 2930
HHB-67 612 2460 344 2208 480 2934 478 2534
Mung bean
IPM 2-3 324 1007 216 697 298 965 279 890
GM-4 404 1283 259 799 386 1203 350 1095
Moth bean
CZM-2 534 858 201 325 290 525 342 569
RMO-435 319 617 190 305 240 556 250 493
Clusterbean
RGM-112 413 1025 347 468 428 914 396 802
RGC-1033 312 586 322 762 334 502 323 617
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The productivity of grasses in different pastoral
system of [IFS was decreased by 23.8 per cent compared to
previous year (2017) which was normal rainfall year.
Maximum forage (grass + top feed) was recorded under
Ailanthus excelsa + grass system (1896 kg ha™) followed
by Hardwickia binata based silvi-pasture system (1765 kg
ha'). The average lactation yield of cow was
2015.04+340.19 litre in 305-days. Animals produced
average peak milk yield 7.14 litre day" during lactation
with average daily milk yield 6.61 litre day " with a highest
individual yield of9.20 litre day ™.

Performance of clusterbean-based cropping systems

Agronomic and economic performances of three
clusterbean-based cropping systems [cluster bean - wheat
(CB-W), clusterbean - Indian mustard (CB-IM), and
clusterbean - isabgol (CB-IG)] with two tillage system
[conventional (CT), and deep tillage (DT)], and three
FYM application rates (0, 5, and 10 t ha") was assessed at
Bikaner. The economic yield and above ground biomass
yields of cropping systems varied from 2025 to 4123 kg
ha' and 7725 to 12000 kg ha”, respectively. The CB-W
had greatest economic yield followed by CB-IM and CB-
IG cropping systems. The CB-W had 44 and 104 per cent
greater seed yields than CB-IM and CB-IG cropping
systems, respectively. The net return varied from Rs.
70437 to Rs. 80372 ha', being greatest for CB-IG
followed by CB-IM and CB-W. The CB-W had
significantly higher physical water productivity (WP)
(0.58 kg m”) than CB-IM (0.51 kg m”) and CB-IG (0.40
kg m”) cropping systems. In contrast, the CB —IG had
significantly higher economic WP (Rs. 15.7 m®)
compared to that for CB-IM (Rs. 12.6 m”) and CB-W (Rs.
9.9 m™) cropping systems. Tillage and cropping system x
tillage interaction effects (Fig. 3.1 A-D) were significant
for yield, return and WPs. Deep tillage (DT) enhanced
yield, returns and WPs. Averaged across cropping systems
and FYM application rates, DT had 14.8 and 17.0 per cent
higher economic yield and physical WP than conventional
tillage (CT). The cropping systems x tillage effects were
significant for yield and WPs. The enhancement in yield,
return and WPs due to DT were highest for CB-W,
followed by CB-IM and CB-IG cropping systems (Fig.
3.1 A-D). FYM application rates and cropping system X
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FYM application interaction effects (Fig. 3.1 E-H) were
significant for yield, return and WPs. FYM application
enhanced yield, returns and WPs. Averaged across tillage
and cropping systems, application of FYM @ 5 and 10 t
ha” had 14 and 23 per cent greater economic yield than no
application of FYM. Application of FYM @ 10 t ha" had
significantly higher economic yield than FYM
application @ 5 t ha' for CB-W cropping systems.
However, difference in economic yields between 5 and 10
tha' FYM application rates were not significant in CB-IM
and CB-IG cropping systems.
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Fig. 3.1 Yield, return and water productivities as influenced by cropping systems x tillage (A-D)
and cropping system X FYM application rates (E-H)
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Agri-horti systems under sprinkler irrigation at
Bikaner

Under sprinkler irrigation system, maximum plant
height (365 cm) and tree canopy (19.62 m’) of citrus was
observed with intercropping of citrus + Aloe vera which
was 7.75 and 24.23 per cent higher over their sole
plantations. The maximum plant height (595 c¢cm), collar
diameter (23.76 c¢cm) and tree canopy (22.48 m’) of
shisham was in intercropping of shisham + mung bean
which was 19.54, 12.03 and 39.5 per cent higher over their
sole plantations. During rabi season, safflower had
maximum yield with citrus which was 55.2 per cent
higher than safflower + shisham system. In contrast,
linseed yield with shisham was 37.8 per cent higher than
intercropping with citrus (Table 3.2). During kharif
season intercropping, the mung bean and clusterbean
recorded higher grain yield with shisham which was 16.3
and 8.6 per cent higher over intercropping with citrus.
Aloe vera also produced 6.9 per cent higher pad yield with
shisham over citrus (Table 3.2).

Agri-horti-pasture systems under drip irrigation at
Bikaner

In drip irrigation system, citrus attained maximum
height in association with Aloe vera, and bael and gonda
attained maximum height in association with moth bean
(rainfed). The collar diameter of both bael and gonda were
maximum with Aloe vera, whereas citrus had highest
collar diameter with clusterbean. Citrus, bael and gonda
recorded highest canopy area with Lasiurus sindicus, Aloe
vera and moth bean, respectively (Table 3.3). Highest
economic yield of moth bean, clusterbean, Lasiurus
sindicus and Aloe vera was recorded in intercropping with
citrus which was 37.34, 20.86, 18.26 and 15.19 per cent
higher over their sole cropping (Table 3.4).

dTferel 3.2 HaRT RFaTE Jomell § AqHHdA! Bl USTaR
Table 3.2 Yield of intercrops in sprinkler irrigation system

Tree component

Yield of intercrops

Total produce (kg ha™)
Mung bean  Clusterbean Mean
Citrus 1696.9 2872.1 2284.5
Shisham 2171.2 4167.4 3169.3
Sole 1877.2 3754.5 2815.8
Mean 1915.1 3598
CD (5%) T=167.7 C=136.9 TxC=237.1
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Aloe vera
Grain yield (kg ha™) (f if;fll)
Mung bean  Clusterbean Mean
502.8 1048.9 775.8 161.7
600.9 1326.3 963.6 173.5
719.9 1139.4 929.7 167.6
607.9 1171.5
T=280.8 C=65.99 TxC=1143
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Table 3.3 Trees growth with different intercrops under drip irrigation

Tree component Moth bean Clusterbean Lasiurus sindicus Aloe vera Sole Mean

Plant height (cm)
Citrus 327.3 345.7 343.3 353.3 310.0 3359
Bael 535.0 521.7 478.3 502.3 488.3 505.1
Gonda 455.0 425.0 412.0 383.3 396.7 414.4
Mean 439.1 430.8 411.2 413.0 398.3
CD (5%) T=42.12 C=54.38 TxC=94.19

Collar diameter (cm)

Citrus 15.18 16.56 13.8 16.24 16.29 15.61
Bael 18.36 17.83 19.95 22.01 20.02 19.63
Gonda 18.89 19.26 16.45 20.38 15.44 18.08
Mean 17.48 17.88 16.73 19.54 17.25
CD (5%) T=244 C=3.15 TxC=548

Tree canopy (m?)
Citrus 17.01 16.76 18.83 18.71 13.84 17.03
Bael 19.07 17.39 18.5 24.6 16.26 19.16
Gonda 16.88 13.07 11.94 16.19 9.45 13.5
Mean 17.65 1541 16.42 19.83 13.18
CD (5%) T=2.96 C=4.68 TxC=06.62

qITHT 3.4 §a—g5 RIfET Ul & a1 el o UsTaR

Table 3.4 Yield of crops intercropped with drip irrigated trees

Trees Total yield of intercrops Grain yield of intercrops Yield

(kg ha™) (kg ha™) (tha™)

Moth bean  Clusterbean Mean Moth bean Clusterbean Mean A.vera L. sindicus

Citrus 1988.8 2047.9 2018.3 731.3 604.8 668.0 208.4 6.6
Bael 9223 1082.4 1004.8 322.5 402.8 362.7 192.6 3.9
Gonda 1338.8 1510.4 1424.6 321.0 427.2 374.1 179.1 6.4
Mean 1416.6 1548.6 458.2 478.3 188.4 5.6
CD (5%) T=98.8 C =280.67 TxC=139 T=68.6 C=56.0 TxC=97.0 23.24 2.46

A ST 9feT & ST<iadi &9 @ ford Senfent smemii@ Horticulture based production systems for
IS QUTTeAt transitional plain of Luni basin

AT AMTRE ST ToTTet Ber based production system

i s q NN The yield of intercrops of cl}lsterbean, mung bean
1 aie RSy _ o 5 and okra under ber based production system was 300.6,
T PrIcTe + 3006, 2416 848.7 1b. 4T 241.6 and 848.7 kgha™, respectively during kharif season.

g AR o | $¥ TRE ¥ Fg b <R AR, wfl SR Similarly, the yield of mustard, fenugreek and cabbage
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was 193.33, 225 and 4518.4 kg ha’, respectively during
rabi season. The fruit yield of ber was 2129.8 kg ha ™. In
kharif, the total mung bean equivalent yield was about 1.0
ton from total area of the system, in which highest
contribution was from okra (46%) followed by mung bean
(28%) and clusterbean (26%). In rabi season, the total
mustard equivalent yield was about 1.9 ton from total area
of'the system, in which highest contribution was from ber
(51%) followed by cabbage (32%) fenugreek (9%) and
mustard (7%). The EC and pH of the soil after harvesting
of kharif crops was 0.75 dS m™ and 7.93 respectively. The
EC and pH of'irrigation water during rabi season was 3.62
dSm™and 7.00, respectively.

Pomegranate based production system

Yield of intercrops of clusterbean, mung bean and
okra under pomegranate based production system was
259.9,275.2 and 736.8 kg ha”, respectively during kharif
season. Similarly, the yield of intercrops of mustard,
fenugreek and cabbage was 221.3, 235.5 and 4037.7 kg
ha', respectively during rabi season. In kharif, the total
mung bean equivalent yield was about 1 ton from total
one-hectare area of the system, in which highest
contribution was from okra (42%) followed by mungbean
(34%) and clusterbean (24%). In rabi season, the total
mustard equivalent yield was about 1.4 ton from total one-
hectare area of the system, in which highest contribution
was from cabbage (62%) followed by fenugreek (20%)
and mustard (18%). In both the seasons, vegetable
component (okra and cabbage) recorded highest yield.
The EC and pH of the soil after harvesting of kharif crop
was 0.81 dS m™ and 7.86 respectively. The EC and pH of
irrigation water during rabi season was 3.62 dS m" and
7.00, respectively.

Agroforestry system
Prosopis cineraria and Ailanthus excelsa bases

In block plantation, after 15 months of planting,
significant difference was observed in the height of
Ailanthus excelsa as compared to Prosopis cineraria in all
three spacings (4 m x 4 m, 6 m x 6 m and 8 m x 8 m) which
was maximum (145.0 cm) at 8 m x 8§ m spacing in Bikaner.
Basal diameter differed significantly between species,
however, no differences were observed among spacings.
Maximum basal diameter (40.80 mm) was recorded in 4.
excelsa. Productivity of clusterbean with A. excelsa was
718, 489 and 566 kg ha" and with P. cineraria was 731,
695,628 kgha, respectivelyat4 mx4m, 6m x 6 m, 8 m x
8 m spacings.
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Budded Prosopis cineraria

A block plantation of 262 high pod yielding budded
Prosopis cineraria plants was established with different
spacing viz.,6mx 6m, 6 m x 9 mand 6 m x 12 m with
mung bean as intercrop in Jodhpur. The mung bean yield
was 4.76+1.7,4.33+1.8,3.65+1.7and 4.7+2.8 tha™ in the
6mx6m 6mx9m, 6 mx 12 m and sole crop,
respectively.

Soil quality and crop productivity under long-term
fertilizer experiment

Cropping without fertilizer application produced
2172 kg ha" wheat grain yield and application of 50, 100
and 150 per cent recommended doses of fertilizer (RDF)
significantly increased grain yield (20%, 41% and 65%
increase, respectively) over control. Application of 5 t
FYM ha' + 100 per cent RDF increased wheat grain yield
by 59 per cent over control and 9 per cent over 100 per cent
RDF. Soil properties (SOC, available NPK and DHA)
were improved with the application of NPK, INM and
FYM in comparison to control. Application of FYM @ 5
and 10 t ha" increased the content of soil organic carbon
and enzymatic activities. The dehydrogenase activity
(DHA) and fluorescein diacetate (FDA) hydrolysis
(protease, lipase and esterase) and p-D-
glucopyranosidase were also improved with application
of organic manures and highest activity was reported in
FYM@ 10tha".

Physiological evaluation of mustard genotypes under
temperature stress

Physiological and yield traits of five cultivars of
Brassica juncea (Varuna, NRCDR-2, NPJ-93, RGN-48
and RGN-229 under three planting dates [Normal (30
October), late (15 November) and very late (30
November)] and two temperature conditions (i.e. ambient
condition and elevated temperature stress) were assessed.
Planting date (D), temperature (T), cultivar (C) and
cultivar (C) x temperature (T) interaction had significant
effects on membrane stability index (MSI) and seed yield
(SY). Averaged across temperature and cultivars, the
normal date planted (D,) crop had significantly higher
MSI and seed yield compared to late (D,) and very late
planted crop (D,). Compared to normal planted crop the
MSI and seed yield parameters were declined by 9-16 per
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cent and 26-49 per cent at late and very late planting dates,
respectively (Fig. 3.2). Averaged across cultivar and
planting dates, elevated temperature stress had significant
reduction in MSI (20%) and seed yield (22%) compared to
ambient temperature. Thermal stress versus cultivar
interaction was found significant (p < 0.05) for MSI and
seed yield. Under elevated temperature, the temperature x
cultivar interaction showed the reduction in MSI and seed
yield was recorded 15-26 per cent and 16-30 per cent
respectively over ambient temperature. Cultivar
NRCDR-2 and NPJ-93 had less reduction in MSI under
elevated temperature than RGN-48, RGN-229 and
Varuna. At high temperature stress, the minimum decline
in seed yield was recorded in NPJ-93 (16%) and
maximum in Varuna (30%) as compare to ambient
temperature.

Weed management in mung bean and moth bean

Under different post-emergence herbicides (T,- T,,)
treatment, maximum seed yield of mung bean (930 kg
ha) and moth bean (592 kg ha™) was recorded in T,, with
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Fig 3.2 Effect of planting date, cultivars, temperature stress, and
temperature x cultivar interaction on MSI (top) and seed yield (bottom) in Brassica juncea genotypes
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application of Propaquizafop + imazethapyr @ 125 g a.i.
ha') which was closely followed by T, (clodinafop-
propargyl + sodium-acifluorfen @ 312.5 g a.i. ha") and
these were significantly higher over T, (Table 3.5). In
mung bean significantly lowest weed density (20.7 plants
m”) and weed dry matter (77.9 g m”); and the highest
weed control efficiency (WCE) (56.6%) were recorded
under T, (imazethypr + imazamox @ 60 g a.i. ha); which
was statistically par to T, (clodinafop-propargyl +
sodium-acifluorfen @ 312.5 g a.i. ha") in terms of weed
density, weed dry matter and WCE. However, in case of
moth bean significantly lowest weed density (21.0 plants
m”) and weed dry matter (98.3 gm”); and highest WCE
(53.8%) were recorded under T, (imazethypr @ 50 g a.i.
ha'); which was at par to T, (clodinafop-propargyl +
sodium-acifluorfen @ 312.5 g a.i. ha") in terms of weed
density, weed dry matter and WCE. Significant reduction
in plant height and plant dry weight of succeeding mustard
crop was observed due to residual effect of treatments
containing herbicide imazethypr, while there was non
significant effect on growth of wheat.

qifefedT 35 31 3R #Ie # fIf= WRUGIR Jeee SU=RT &1 yva

Table 3.5 Effect of different weed management treatments in mung bean and moth bean

Treatment Mung bean Moth bean
Seed yield *Weed *Weed dry Weed control Seed yield *Weed *Weed dry Weed control
(kg ha™) density matter efficiency (kg ha™) density matter efficiency
(No. m?) (gm? (%) (No. m?) (gm?) (%)
T, 403 7.9 (63.0) 13.7 (187.8) 0.0 237 7.0 (48.7) 14.6(214.9) 0.0
T, 957 0.7 (0.0) 0.7 (0.0) 100.0 600 0.7 (0.0) 0.7 (0.0) 100.0
T; 617 5.4 (29.0) 10.3 (106.6) 42.0 337 4.7 (21.7) 12.4 (153.7) 274
T, 750 4.7 (22.0) 9.4 (88.8) 51.7 433 4.6 (21.0) 9.9 (98.3) 53.8
Ts 867 4.6 (20.7) 8.8 (77.9) 56.6 450 4.7 (22.0) 10.1 (101.2) 52.9
Te 627 6.1 (37.0) 10.6 (112.7) 38.2 383 5.2 (28.0) 11.4 (129.7) 37.9
T, 660 5.5(31.0) 9.8 (96.9) 45.8 484 5.0 (25.0) 11.0 (121.3) 42.7
Ts 929 5.3(27.3) 9.7 (94.0) 48.9 550 4.8 (23.0) 10.8 (116.0) 442
Ty 817 5.6 (31.3) 10.2 (103.1) 43.7 517 4.6 (22.0) 10.9 (118.1) 433
Tio 930 5.1 (25.7) 9.6 (91.9) 48.8 592 4.0 (17.3) 10.8 (116.0) 442
Ty 1068 0.7 (0.0) 0.7 (0.0) 100.0 709 0.7 (0.0) 0.7 (0.0) 100.0
CD (5%) 156 1.0 1.2 266 1.3 1.1

*Values are square root transformed (VX+ 0.5), figures in parentheses are original values
T,-Weedy check; T»>-Hand weeding at 25 DAS; Ts-Pendimethalin (PE @750 g a.i. ha"); Ts-Imazethypr (POE@ 50 g a.i. ha'at 20 DAS); Ts-Imazethypr +
Imazamox (PoE @ 60 g a.i. ha™ at 20 DAS); Te-Clodinafop-propargyl +Sodium acifluorfen (PoE @187.5 g a.i. ha™ at 20 DAS); T-Clodinafop-propargyl
+ Sodium acifluorfen (PoE @250 g a.i. ha' at 20 DAS); Tg- Clodinafop-propargyl + Sodium acifluorfen (PoE @312.5 g a.i. ha' at 20 DAS); To-
Propaquizafop + imazethapyr (PoE @100 g a.i. ha™ at 20 DAS); Ty~ Propaquizafop + imazethapyr (PoE @125 g a.i. ha at 20 DAS) and T);- Weed free
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Carbon sequestration
Potential of agroforestry systems

The carbon sequestration potential of various
agroforestry systems was estimated for Zone I and Zone
II. The stored biomass carbon stock for Tecomella
undulata was 5.50 Mg ha” with sequestration rate of 0.20
Mg ha" yr' (27 years), for Hardwickia binata was 32.36
Mg ha with sequestration rate of 1.29 Mg ha" yr' (25
years)and in Prosopis cineraria itwas 70.67 Mg ha™ with
sequestration rate of 1.85 Mg ha" yr' (38 years). The
diffrence in sequestration potential in tree biomass was
attributed to age of the trees as well as their growth
performance. The soil carbon sequestration potential of
diffrent systems ranged between 32.90 to 56.09 Mg C ha™.
The total carbon sequestration potential of the various
systems ranged between 34.75 Mg C ha' (sole
clusterbean) to 120.96 Mg C ha” (sole P. cineraria).

Soil properties: The per cent increase in the organic
carbon content was higher in sole tree crops as compare to
the intercropped tree systems and sole cropping. The per
cent increase in potassium content varied between 0.18
(sole moth bean crop) - 4.04 per cent (sole 7. undulata).
The increase in P content in soils as compare to initial
values were to the tune of 0.69-1.55 per cent. The
maximum increase in P content was recorded in sole P.
cineraria and minimum in 7. undulata intercropped with
clusterbean. The increase in N content ranged between
0.18 to 7.54 per cent. The maximum increase was
recorded in sole tree based systems compared to the
intercropped and sole crop systems (Fig 3.3).

Nutrient dynamics: Maximum litter fall was recorded in
H. binata (9.44 Mgha' y") followed by P. cineraria (8.94
Mgha'y")and T. undulata (3.74 Mgha'y"). P.cineraria
and T. undulata shed bulk of their leaves in winter season;
whereas H. binata had maximum litterfall in summer
season. Total flux of N was found maximum under P.
cineraria (197.61 kg ha' y"') followed by H. binata
(133.15 kg ha' y") and T. undulata (86.43 kg ha' y™).
Phosphorus flux through litter fall of different species
ranged from 9.35-21.46 kg ha' y", whereas K flux ranged
from 19.08-63.48 kgha' y' (Table 3.6). It took 15, 12 and
9 months for decomposition of 90 per cent litter in H.
binata, P. cineraria and T. undulata, respectively.
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(Tu -Tecomella undulata; TU+CB —T. undulata + Clusterbean; TU+MB-T. undulata + Moth bean; Pc-Prosopis cineraria; PC+CB —P.
cineraria+ Clusterbean; PC+MB- P, cineraria+ Moth bean; Hw -Hardwickia binnata; HW+CC —H. binnata + Cenchrus ciliaris;
Control (CB) -Clusterbean; Control (MB)- Moth bean; Control (CC) -Cenchrus ciliaris)
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Fig 3.3. Initial and final soil parameters in different agroforestry systems
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Correlation and regression analysis showed the effect of
initial nutrient content of litter on the rates of
decomposition and N, P and K release. Soil moisture and
soil microbial biomass carbon showed the high
correlation (R*>0.70, p<0.001, <0.01) with litter decay.

aiferdt 3.6 B aria! gonferdl & Sfaid dF gl gRT N dd 3me (.. ufd gacar ufr ad)

Table 3.6 Nutrient input (kg ha™ yr'") by three species under agroforestry systems

Tree species Litterfall

(Mg halyr) N
Prosopis cineraria 8.94% 2.21*
Hardwickia binata 9.44° 1.41°
Tecomella undulata 3.74° 2.31%

Nutrient composition (%)

Nutrient input (kg ha™ yr)

K N P K
0.24° 0.71 197.61° 21.46° 63.48°
0.21° 0.56 133.15° 19.83° 52.88°
0.25 0.51°* 86.43° 9.35¢ 19.08°¢

*Values not marked with the same superscript letter in the respective rows are significantly different using Tukey’s HSD post hoc test
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Carbon stock and sequestration under various
agroforestry systems

Carbon stock: Carbon stock was estimated in different
land use systems (viz., agroforestry, agri-horticulture,
agri-silvi, silviculture, shelterbelts) in Bikaner. Total
vegetative carbon stock in irrigated agri-horti system was
maximum of Cordia myxa - Aloe vera (51.8 Mg C ha™)
followed by Emblica officinalis - Aloe vera (10.21 Mg C
ha™). In agri-silvi systems, maximum vegetative carbon
stock was recorded in Melia dubia- chickpea (18.22 Mg C
ha") and Ailanthus excelsa - Aloe vera (18.08 Mg C ha™)
systems. In silviculture system of Acacia tortilis,
vegetative carbon stock ranged from 11.28-31.09 Mg C
ha'.

The total vegetative carbon stock in shelterbelts
varied with number of rows, age and type of species and it
ranged from 0.99 Mg C ha in single row to 6.5 Mg C ha
in two rows shelterbelt systems. Higher vegetative carbon
stock was recorded in 2-rows shelterbelt systems of
Dalbergia sissoo as compared to 1-row systems. The
effect of different crops on 1-row shelterbelt of D. sissoo
showed that the shelterbelt of D. sissoo + wheat
accumulated maximum vegetative carbon (4.6-5.8 Mg C
ha') as compared to the shelterbelts of D. sissoo +
fenugreek (1.13-2.05 Mg C ha), D. sissoo+ mustard
(1.03-1.38 Mg C ha) and D. sissoo + chickpea (0.99 Mg
Cha™).

Carbon-sequestration: In agri-horti systems, maximum
C-sequestration rate was in Cordia myxa + Aloe vera (6.48
Mg Cha' yr') followed by Emblica officinalis + Aloe vera
(2.04 Mg C ha yr'"). In irrigated agri-silvi systems, Melia
dubia + chickpea showed maximum carbon sequestration
rate (6.07 Mg C ha' yr) followed by Ailathus excelsa +
Aloe vera (3.62 Mg C ha' yr') in the active growth stage.
In silviculture system of Acacia tortilis, the rate of carbon
sequestration ranged from 1.13-3.11 Mg C ha" yr'. The
rate of C- sequestration in single and double rows of
shelterbelts of Dalbergia sissoo showed 0.23-0.67 Mg C
ha' yr'. The 1-row shelterbelt of D. sissoo with wheat
crop sequestered maximum vegetative carbon stock
(0.48-0.67 Mg ha' yr') as compared to this shelterbelt
with mustard (0.28-0.34 Mgha™ yr'), fenugreek (0.23 Mg
ha' yr')and chickpea (0.20 Mgha'' yr) crops.
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Soil organic carbon (SOC) stock: The SOC stock in the
0-100 cm layer of different systems showed that oran
lands have highest SOC stock (25.7 t ha™) followed by
silviculture (15.14-19.16 t ha™), agri-horti (14.5-15.2 t
ha') and agri-silvi (14.1-15.3 t ha') systems.
Shelterbelts with one row system had lowest SOC stock
(10.6-14.8tha™).

Carbon stock in differentland use systems

Carbon stock in different land use systems in
Jaisalmer district was estimated and maximum carbon
accumulation was recorded in canal plantation of
Eucalyptus sp. followed by Prosopis cineraria in irrigated
fields, silviculture of P, cineraria, bordi dominated orans,
P. cineraria and A. nilotica based agroforestry systems
under khadin and silvi-horti systems of pomegranate and
shisam (Fig. 3.4).

Above ground Carbon ( t/ha)

0 I . . .

Max . Min — Average

Orans Agroforestry
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dunes
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Fig. 3.4 Mean above ground C-stock of 71 sites involving different land use systems
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Carbon sequestration in henna plantation

The henna plants were uprooted manually from 2,
13,21 and 56 years old henna plantations for estimation of
biomass carbon stock in Pali. The total biomass carbon
stock (above and below ground biomass) per hectare area
increased with age of the plantation. It ranged from
1.7£0.5 Mg C ha' in 2 years of planting to 12.6+2.7 Mg C
ha' in 56 years of planting. The carbon was mainly
sequestered in below ground biomass (BGB) which
accounted 66 to 74 per cent of total carbon stock in
different aged plantation (Fig. 3.5).
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Fig. 3.5 Biomass carbon stock in different aged plantation of Henna
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Carbon sequestration and mitigation in different
grass based systems at Bikaner

The study conducted in eleven year old grass based
strip cropping system consisting of two grasses viz.,
Lasiurus sindicus and Cenchrus ciliaris planted in strips
with rainfed crops (clusterbean and moth bean) grown in
alleys of 3:1 crop grass ratio showed that the retention of
biomass mainly through roots can mitigate 0.12-0.21 t
CO, ha' yr' in different grass based systems with
maximum mitigation of 0.21 t CO, ha yr' in L. sindicus +
clusterbean system. Soils can mitigate 1.02, 1.13, 1.16
and 1.35tCO, ha'yr'in C. ciliaris + moth bean, C. ciliaris
+ clusterbean, L. sindicus + moth bean and L. sindicus +
clusterbean, respectively over their sole cropping
systems. In the system as a whole, Lasiurus sindicus +
clusterbean system mitigate maximum carbon (1.55t CO,
ha' yr') followed by L. sindicus + moth bean and C.
ciliaris + clusterbean (1.30 t CO,ha” yr'). Among all the
grass based systems, C. ciliaris + moth bean system
mitigate minimum carbon (1.14 t CO, ha' yr'). Sole
cropping did not produce any significant effect on CO,
mitigation.

Organo-mineral fertilizer use efficiency

CAZRI has developed an Organo-mineral prills
(OMPs) utilizing various mined waste which is having
great potential in supply of K as an economically viable
option. A field experiment was conducted to study the
effect of OMPs in comparison to commercial fertilizer on
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yield and yield attributes of mustard, wheat, pearl millet
and mung bean. The prills were applied equivalent to the
recommended doses of K and compared with Muriate of
Potash (MOP). Nitrogen and phosphatic fertilizer were
applied as per recommended doses. The results clearly
indicate that with OMPs and MOP mustard grain yield
was increased by 17 and 4 per cent respectively over
control while wheat grain yield was increased by 33 and
24 per cent respectively over control. Application of OMP
increased mustard and wheat yield by 14 per cent and 8
per cent in comparison to MOP. Similarly the yield
parameters (seed index; 100 seed weight) were also
improved with the application of OMPs. Similar results
were also observed for wheat from ICAR-IISR, Indore
and KVK, Pali.

With OMP and MOP pearl millet grain yield was
increased by 41 and 22 per cent respectively over control
while mung bean grain yield was increased by 27 per cent
and 12 per cent respectively over control. Application of
OMP increased pearl millet and mung bean yield by 15 per
centand 13 per cent in comparison to MOP.

Higher agronomic efficiency was observed in OMP
and OMP + microbe (Femitopsis melei) in comparison to
NPK while utilization efficiency was observed higher in
OMP and OMP + microbe (Femitopsis melei) in
comparison to NP. Application NPK and NP + OMP
increased the level of soil organic carbon, enzymatic
activities (dehydrogenase activity, fluorescein diacetate
hydrolysis) and available potassium.

Enriched composting

Generally composts prepared from farm wastes have
low nutrient content, particularly P (0.2-0.4%) and K (0.3-
0.6%). A possible means of improving the nutrient content
in compost is to prepare enriched organo-mineral
fertilizers by addition of low-grade materials such as rock
phosphate (RP) (<20%) and K-feldspar (<10%). An
experiment was conducted to study the changes in various
major nutrients during preparation of enriched organo-
mineral compost using farm waste (weeds and crop
residues), low grade feldspar (7% K), low grade rock
phosphate (18.9% P) and microbe Femitopsis melei that
has potential to solubilise both P and K. Composting
reduced the total carbon (C) but increased total N content
as it progressed over time. This was reflected in the



S DI HIeT Bl &l & | Wi o Bl Prad DI B BT
Afd et ASEIo &1 7413 # gfg g8 Siifh a9a & A1
gedl AT | SHBT BIEA /ABSIOE U H BA I
aRatfard fear S |t 2| Sfgf UeRrf-heewR 3R
(P BT ST DI AT 37T ®Y F fHemar a7 iR <2
gerolal & @ e T 98l | BRBRE 3R
R H Ieoreg gfg QW g | geHsld BRBRY
(2.8—3.6 ufcrerd) 3R UCRRM (4.9-5.4 ufaerd) &1 3rfdd
g <d | i BRBRE 3R Fiffgd giice
UICRRM ®I AT H WIE & W STRRR 98I’ g8 | BT
TR D fARTE geIolai & AF—drg -2t arel
HeeWR 3R Adh HRHE HT SYINT IR WIS gRT i
gftfq Scare H 9T S AHAT & |

HUST I & UL A ¥ gertfaa et ot fagersor

qrell Rl 91l 9<) & U & TAfal STamsar,
BT R TSATT W PUST I B JURIE ool A JqTfad
IR wifad Sy yf & i), urh oiR diell & T &t
T3 bl T | 7T & Sferof de &1 et ¥ SN de ¥
TATRIT 9 @ AT 1fdres gy AT | prfad g # faae
e, Rice 3R Xd @1 A131 HHL: 13.8 A 26,5 Ufwrd, 5 |
12.7 TfreTd @1R 62.4 3 78.6 Hfrerd off, Stafds smwfad fgr
H gTd! AT HHI: 11.4 H 28.2 A2, 5 H 15 Tfaerd 8k
56.8 31 76.6 Hfcrerd rdl AT | s AT @1 o H,
wTfad et | diu=, fafa arceiddr, AIfsas | JrguTd,

ol SUfeer

Research Achievements

ICAR-CAZRI

[ These-2019_

decrease of the C/N ratio. Significant increases in total P
and K were also observed where both K-feldspar and rock
phosphate were added individually and combined along
with native microbes. Microbes solubilise more of P (2.8-
3.6%) and K (4.9-5.4%). Olsen P and ammonium acetate
K content increased progressively with composting. Farm
wastes could be converted into a value-added product
through composting using low-grade feldspar and rock
phosphate along with specific microorganism.

Ex-situ analysis of textile effluent affected soils

Soil, water and plant samples were collected from
textile effluent affected and unaffected agricultural land
around Bandi river from Jawadia, Kerla and Chatelao
villages of Pali district. The extent of affected land was
more in northern bank as compared southern bank of the
river. The clay, silt and sand content in affected soils
ranged from 13.8-26.5 per cent, 5-12.7 per cent and 62.4-
78.6 per cent, respectively while these values were 11.4-
28.2 per cent, 5-15 per cent and 56.8-76.6 per cent in
unaffected soil. The affected soils has high pH, electrical
conductivity (EC), sodium, sodium adsorption ratio
(SAR), exchangeable sodium percentage (ESP), soluble
sodium percentage (SSP), bicarbonate and residual
sodium carbonate as compared to unaffected soils (Fig.
3.6). The range of pH, EC, Na, Ca+Mg, K, bicarbonate,

fafa aifsgw uftera, geaeiia |ifsss wfderd, chloride and SAR of the water of the wells about one km
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Fig 3.6 Chemical properties of textile effluent affected and unaffected soils
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away from the Bandi River Bank were 8.5-8.6, 13.7-28.4
dSm",19.1-23.1meqL",50.4-103.2meqL", 0.3-2.9 meq
L', 5-10 meq L, 124-315.6 meq L' and 3.2-4.3 while, it
was 8.2-8.7,15.8-18.2dSm", 23.1 meq L", 6.8-30.8 meq
L",0.9-29 meq L", 9-24.5 meq L", 50-250 meq L", 5.9-
12.5 inthe wells near the River Bank.

Evaluation of high yielding fodder beet

Field and on farm trials were conducted in Jodhpur
and Pali districts to find the suitability of fodder beet crop
in arid zone. It provided excellent quality energy rich
fodder from second week of February to first week of
April. Both leaves and roots were highly palatable. The
forage yield (on fresh weight basis) increased with the
crop duration i.e. 156 t ha' (110 DAS) to 245 t ha” (170
DAS) (Fig. 3.7). The proportion of roots also increased
with the crop duration (Fig. 3.8). On farmers' field,
85.4-116.0 t ha' forage yield was recorded in 150-175
days crop duration.

Predictive biomass modelling in Hardwickia binata

Estimation of biomass and carbon stock of
Hardwickia binata in different models was fitted to the
relationship between total biomass and diameter at breast
height (DBH) as independent variable. Allometric model
(Y =a x DBH") was the best performing model out of the
models tested (logistic, gompertz, chapman, hill,
allometric, linear and monomolecular) and fulfilled the
validation criteria to best possible extent with AIC value
of 12.65. The adjusted R*values varied between 0.894 and

Fig 3.7 Fodder beet crop in the field
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Fig. 3.8 Productivity and biomass partitioning of fodder beet crop
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0.989 for difference biomass components. The developed
models were used to estimate the component wise
biomass in different aged plantations of H. binata
(Fig. 3.9). The total biomass of plantations ranged
between 63.61 Mg ha' (14 years) and 139.55 Mg ha (36
years). The estimated stored biomass carbon stock ranged
between 28.39 Mg ha' in 14 years to 63.35 Mg ha™ in 36
years old plantation with carbon sequestration potential
ranging from 1.60-2.02 Mgha™ yr.

Impact of shelterbelts

A survey of 68 sites in the tehsils of Bikaner,
Lunkaransar, Kolayat and Sri Dungargarh in Bikaner
district showed that shisham (Dalbergia sisoo) was the
most preferred tree species for shelterbelt by farmers, due
to lesser competition and future economic value of its
timber. A shift from protective (fast growing trees for
afforestation) to productive plantations was observed
over time, as evidenced by the age grouping of
shelterbelts, where > 20 year old shelterbelts were
observed mostly of Acacia tortilis, while the lesser age
group trees were mainly of Dalbergia sisoo, Azadirachta
indica, Ailanthus excelsa and other trees of economic
importance. It was also noted that the reason for planting
these shelterbelts by majority of farmers were not only to
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reduce sand movement due to wind erosion, but also
economic benefits like wood/timber and shade.

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

In Cordia gharaf all growth parameters viz., plant
height, collar diameter, crown diameter, crown spread
and secondary growth after two years of planting were
better in sole plantation as compared to its silvipasture
with sewan grass (Lasiurus sindicus) at Chandan
(Jaisalmer). In silvipasture the mean plant height ranged
from 142.8 to 156.3 cm, mean collar diameter from 29.4 to
35.2 mm and mean crown area from 0.82 to 0.98 m’
whereas under sole plantation the mean plant height
ranged from 187.3 to 204.6 cm, mean collar diameter
from 53.5 to 61.3 mm and mean crown area was from 2.86
t03.73m’.
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Quantification of actual evapotranspiration of
groundnut

Groundnut was grown in single load cell based mini-
lysimeter tanks with 100, 80, 60 and 40 per cent deficit
irrigation levels (50 mm cumulative pan evaporation)
(Fig. 4.1). Actual evapotranspiration (ET,) of groundnut
was maximum in 100 per cent irrigation level followed by
80, 60 and 40 per cent irrigation with values of 672.7,
571.1,480.7 and 392.5 mm, respectively. The crop yield
was 3.6,3.1,2.0 and 1.4 t ha" under 100, 80, 60 and 40 per
cent irrigation levels, respectively. Decline in yield was
13.4,42.9, and 59.8 per cent under 80, 60 and 40 per cent
irrigation levels compared to 100 per cent irrigation.
Intercepted photosynthetically active radiation during
reproductive phase of groundnut was 0.85, 0.84, 0.77 and
0.72 under 100, 80, 60 and 40 per cent irrigation levels,
respectively.

Drought hardy rootstocks for grafting of tomato

Thirty potentially known drought tolerant diverse
native genotypes belonging to cultivated tomato and
brinjal and their wild relative species were evaluated.
Experiment was conducted in pots and water deficit (WD)
was imposed by irrigating one set of plants to 60 per cent
irrigation level of the control throughout the 45-days
growth period (after transplanting) under greenhouse.
Among the genotypes, root rot infection ranged from 0 to
45 per cent with average of 17.5 per cent. Those with less
than average (i.e. 17.5%) root rot were selected as
rootstocks for further studies.

Fig. 4.1 Groundnut crop in field and mini-lysimeter
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RF 4A, Pb. Chhuhara, Arka Vikas, IIHR 1939, Pusa
Bindu and RS-1 were found superior to others (Fig. 4.2).
Among all the genotypes, brinjal genotype Pusa Bindu
produced maximum root and shoot biomass with longest
root system (Table 4.1) under WD. Based on root targeted
traits evaluation, genotypes RF 4A, Pb. Chhuhara, Arka
Vikas, IIHR 1939, Pusa Bindu and RS-1 were found more
hardy than others and can be used as rootstocks for
grafting tomato for water stress tolerance.

Suitable protected structures for cucumber

The cucumber crop was raised in three different
protected structures (S,: naturally ventilated polyhouse,
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10
8
4
2
et ' 1t 1 1 % R & 8 % 1 R R R & % % % R R B % % % M R R R %
l\m:'6>~\—|>NLHO\O\N\—|CW>LJH<mHm¢kDO¢kD'OOD
~N £ © 205 00mnmsNS 8 ELCT HFOoOOORNOST AN QS
NTELE239E 80000 EXLgEEcecPa AN NmMAA N L& g
YEFREEYLES5YATIT IS e T el gqgaagT g2
x&E xS cxoxcaoxcaxzgol S g X x X x =5
I o 2 T CIIIIS n<Xcaon I T T I o 3
= 2 a = O====0F g3 c 3> === == = O =
c £ ; v o a a O
3 < = =
< a

3 4.2 =1 S5l &1 &1 Ul & S H Y s 9R g [ARre Si$ g9
Fig. 4.2. Root DW and specific root density of different genotypes under water deficit

TAADT 4.1 STl TG DI ST H G 8¢ Sal & PP AUGS! b aRfdd 19 g A&l gRac

Table 4.1 Actual value and relative change in morphological parameters of selected genotypes under water deficit

Genotype RDW Root length Sp. root density* R:S ratio SDW Root-rot
(g plant™) (cm) (gech (g plant™) (%)
Pb. Chhuhara 3.80 (-19%%) 26.4 (+25) 7.93 (+41) 0.13 (+8) 29.9 (-23.5) 0.0
ITHR-1939 3.23(-23) 20.6 (+1) 7.76 (+55) 0.10 (+11) 32.9 (-26.5) 0.0
Arka Vikas 3.96 (-19) 21.7 (+22) 8.27 (+41) 0.14 (+0) 27.4 (-19.5) 10.0
Pusa Bindu 6.23 (-12) 28.1 (+26) 10.32 (+46) 0.17 (+13) 36.5 (-22.0) 0.0
RS-1 3.74 (-16) 21.0 (+8) 10.57 (+39) 0.14 (+8) 27.2 (-22.5) 0.0
RF4A 4.07 (-14) 22.9 (+6) 9.30 (+47) 0.16 (+7) 25.2 (-20.7) 5.0
Mean value* 297 22.8 8.76 0.13 24.0 17.1

* Mean of 30 genotypes; RDW: Root dry weight; SDW: Shoot dry weight, R:S ratio: Root:shoot ratio; DI: Deficit irrigation; Sp.: Specific;

** FW basis; % change in parenthesis over well-watered plants
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S,: insect proof net house and S,: shade net house) with
three irrigation regimes (I,:100%, L,: 80% and I,: 60%
ETc). The structures were of dome shape with single span
and north-south orientation having size of 128 m* with 16
meter length and 8 meter width (Fig. 4.3).

The fruit length and girth was highest in naturally
ventilated polyhouse under 100 per cent ETc level and
least in shade net house under 60 per cent ETc. The fruit
length and girth reduced as the irrigation deficit level
increased. The fruit firmness increased with increase in
water stress and it was highest in 60 per cent irrigation
level irrespective of structures (Table 4.2). The WUE
increased with increase in water deficit irrespective of
protected structures and it was maximum at 60 per cent
ETc (34.72 kg m”) in naturally ventilated polyhouse and
least at 100 per cent ETc (15.46 kg m™) in shade net house.

Shade net house

fora 4.3 WRT B WA b forv SRferd GReAmn

Fig. 4.3 Protected structures for cucumber production

AIfTT 4.2 WIRT B IUST 3R Wl Bl TOTaRTT IR HRIET wxerei ik Riwng eawern o1 g4rg

Table 4.2 Effect of protected structures and irrigation regimes on yield and fruit quality of cucumber

Treatments  Fruit length Fruit girth Fruit firmness
(cm) (cm) (kg cm?)
SiL 18.01 44.31 3.47
Sil, 16.71 42.50 3.98
Sil; 15.74 41.24 4.35
S,1; 16.06 42.15 3.53
S,1, 15.94 41.24 3.91
S,15 15.48 39.57 4.43
S5, 16.72 42.39 3.36
Sl 15.78 41.30 3.83
S;1; 15.10 39.29 4.08
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TSS Dry matter Fruits Fruit wt. Yield
(%) (%) plant” (®  (kgplant™)
3.10 2.85 245 169.22 4.15
3.55 3.14 22.8 150.92 3.43
3.98 3.73 19.8 139.70 2.71
3.32 3.26 19.6 148.39 291
3.47 3.34 18.6 135.73 2.52
4.05 3.35 15.3 133.99 2.04
3.18 2.79 12.5 136.73 1.71
345 3.30 13.1 115.11 1.51
3.53 3.83 10.8 113.70 1.23
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Studies on hydrogel application

Field trial on mung bean and sesame was conducted
with four levels of hydrogel i.e. 0, 2.5, 5.0 and 7.5 kg
hydrogel ha'. The soil moisture content remained high
with hydrogel application (Fig. 4.4) which was 8.7 and 9.3
per cent with 5.0 and 7.5 kg ha hydrogel, respectively on
16" day of saturation (rainfall). Seed yield of mung bean
and sesame increased perceptibly up to 7.5 kg ha’
hydrogel. In mung bean, 10.1, 27.7 and 30.8 per cent
increase in grain yield was obtained with 2.5, 5.0 and 7.5
kg ha' hydrogel, respectively as compared to control.
Similarly in sesame, yield increase with 2.5, 5.0 and 7.5
kg ha' hydrogel was 11.2, 22.2 and 27.4 per cent,
respectively compared to control.

Crop-water productivity in khadin systems

Two farmers' fields, one within a khadin and another
outside khadin, were selected in village Ajeet Nagar
(Bawarli) of Jodhpur district. Two water storage
structures were constructed at both the fields. The
capacity of each water storage structure is 3.2 million
litres having trapezoidal shape and measuring 30 mx 30 m
attop, 20 m x 20 m at bottom, height 5.06 m and slope 7.11
m. These constructed water storage structures were lined
with 300 micron HDPE sheet to prevent seepage losses of
harvested water. For irrigation to the experimental crops,
solar irrigation systems that comprised of 2-HP
submersible water pump equipped with 2400 Wp PV
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Fig. 4.4 Soil moisture release pattern (0-15 cm) under various doses of hydrogel
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modules were installed at both the sites. Experiments on
clusterbean, mung bean and moth bean were conducted on
the non-khadin field during kharif season and results are
givenin Table 4.3.

Revival of village ponds through scientific
interventions

Digital elevation model of the catchment area of two
selected ponds in Baorli Bambore and Agolai villages
were extracted from CARTOSAT DEM with a resolution
of 30 m (Fig. 4.5). Inlet channel at Baorli Bambore was
rectangular in shape with channel width of 4.2 m and
depth of 0.43 m, whereas channel at Agolai was of
trapezoidal shape with top width of 8.7 m, bottom width of
2 mand depthof 0.9 m.

Undisturbed soil samples from 51 locations in
catchment area of Baorli Bambore pond and five locations
in catchment area of Agolai pond were collected from
0-15 and 15-30 cm depths. Gravel (>2 mm) percentage in
soil samples of Baorli Bambore pond was 35.67+14.06
per cent and 37.39+18.06 per cent, for 0-15 and 15-30 cm
soil layers, respectively. In samples from Agolai pond,
gravel percentage was 24.98+15.36 per cent and
20.73+14.95 per cent, for 0-15 and 15-30 c¢m soil layers,
respectively.

Average pH of soil samples from Baorli Bambore
and Agolai was 8.58+0.35 and 8.63+0.48; and average
soil EC was 0.56=+1.4 and 0.24+0.16 dS m", respectively.
Potassium content in soils of Baorli Bambore and Agolai
ponds was high i.e. 330+143 and 650+178 kg ha’,
respectively, while average phosphorus content was low
(6.14£2.3 and 5.3+1.3 ppm, respectively). Organic carbon
content in soils of Baorli Bambore and Agolai ponds was
0.1440.05 per cent and 0.08+0.03 per cent, respectively.
Steady state infiltration rate of Sinli talab at Baorli
Bambore village was 30 mmh.

AIMADT 4.3 WA B BN IS T8 HAAT DI U AR TS HREB
Table 4.3 Yield and yield attributes of crops grown outside khadin

Crop Branches Height Pods
plant! (cm) plant!

Cluster 13 90 70
bean

Mung 10 65 49
bean

Moth 7 20 27
bean
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Seeds Dry matter Grain yield  Biological yield
pod™! (g plant™) (kg ha™) (kg ha™)

8 221 325 994

13 189 151 473

5 88 106 422
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Fig. 4.5 Digital elevation model of the catchment area of pond sites at (A) Baorli Bambore village and (B) Agolai village
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Digital rain gauge and digital water level recorders
were installed at both the study sites. Rainfall-runoff
relationships of the catchment area of the two selected
ponds were studied. During July to September 2018, total
rainfall of 120 and 132 mm was recorded at Baorli
Bambore and Agolai, in 6 and 8 rainy days, respectively.
Channel flow was observed only once at Agolai village
while at Baorli village such events were observed three
times.

Soil conservation measures to reduce silt load in
ponds: One hundred fifty saplings of karanj (Pongamia
pinnata) and 50 saplings of neem (Azadirachta indica)
were planted along the channels of both the ponds for
bank stabilization and to check soil erosion. Channel at
Agolai was cleaned so that irrigation can be given to
saplings. Irrigation was given to the plants four times after
plantation @ 100 litre plant™.
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Improvement of Livestock Production and Management
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Production performance of Tharparkar cattle herd

The production and reproduction performance of
Tharparkar cattle maintained at the Institute for research
and demonstration with the objective to conserve this
breed in its native tract and to supply genetic superior
bulls for up-gradation of local cattle was evaluated. The
average lactation milk yield of the herd was 1875.9+115.4
Lin 305-days and 2170.9+164.4 L in a lactation period of
331.7£19.8 days. Average peak yield of cows was
8.98+0.31 L. The milk yield per day of lactation length
(MY/LL) and per day of calving interval (MY/CI) were
also estimated to analyze the efficiency of milk
production against lactation length and calving interval
traits. The average MY/LL and MY/CI were 6.57+0.35
and 5.35+0.38 L, respectively. The average dry period of
the herd was 91.3+18.2 days and the interval between two
calvings was 437.2+22.5 days. Tharparkar cows remained
unproductive only for 3 months period in between two
calvings indicating their high reproductive efficiency
even under the arid condition.

Production performance of goats

The production performance of Marwari and
Parbatsari breeds of goat was evaluated. Mating took
place once in a year during July to August and
subsequently kidding occurred during December. Out of
total breedable animals, 68.4 per cent Marwari and 84.6
per cent Parbatsari does kidded during the period.
Twining was observed only in Parbatsari goats (9.1%).
The average birth weight and weight of dams at kidding
were 2.3 kg and 30.8 kg in Marwari goats and 2.74 kg and
35.9 kg in Parbatsari goats. Based on the fortnightly data,
the average body weights of Marwari kids at 3 and 6
months were 9.3 and 11.1 kg for female and 9.1 and 12.2
kg for male, respectively. For Parbatsari goats, the values
of 3 and 6 months body weights were 9.8 and 11.5 kg for
female and 10.7 and 12.7 kg for male, respectively.

The milk production performance of goats based on
daily milk record indicated average milk yield of Marwari
goats to be 117.9 L during lactation length of 216.6 days.
Similarly, Parbatsari goats yielded 118.1 L milk in a
lactation length of 214.5 days. The average peak yield of
Marwari and Parbatsari goats were 968.0 and 997.5 ml,
respectively.
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Production performance of sheep

In Marwari and Jaisalmeri sheep, the first lambing in
sheep occurred in the month of August and next in
December. Out of total breedable animals, 92.0 per cent
Marwari and 90.0 per cent Jaisalmeri ewes lambed during
the period. No twining was observed in sheep flocks. The
average birth weight and weight of dams at lambing were
3.0 kg and 32.4 kg in Marwari and 3.36 kg and 30.9 kg in
Jaisalmeri sheep, respectively. The growth performance
was analyzed in lambs, the average body weights of
Marwari lambs at 3 and 6 months were 11.2 and 16.6 kg
for female and 12.6 and 16.7 kg for male, respectively.
The body weights of 3 and 6 months were 9.98 and 15.9 kg
for female Jaisalmeri sheep and 9.0 and 13.2 kg for male,
respectively.

Effect of feeding of moth bean churi on water intake,
fodder intake and milk yield

For utilizing moth bean seeds of inferior quality as
feed material, a feeding trial was conducted for 13 weeks
on lactating Tharparkar cows of similar milk production
stage. After two weeks of pre-experiment period, one kg
moth bean churi (coarsely ground grains, Dry matter
92%; Crude protein 24.6%) soaked in 0.25 per cent brine
solution for 10-12 hours was fed daily to each cattle (Av.
body weight 331.8+17.51 kg) of the treatment group.
Concentrate required was reduced by one kg and dry
fodder was provided as per requirement. Cows under
control group (Av. body weight 331.0+21.64 kg) were fed
with concentrate and fodder as per requirement. The per
day milk yield (7.05 L d" cow") of cows under experiment
increased by 9.77 per cent as compared to the cows under
control group (6.42 L d" cow™), similarly, the daily water
intake also improved (Table 5.1).

Effect of feeding of lucerne on milk yield of cows

A feeding trial was taken for nine weeks on eight
lactating Tharparkar cows of similar milk production
stage on Tharparkar cattle to assess the impact of lucerne
(Alamdar-51) feeding on the milk yield during winter and
summer seasons. After three weeks of pre-experiment
period, 36 kg green fodder (DM 16%; CP 19.81%) was fed
daily to cows (av. body weight 366+15 kg) under
treatment group. Concentrate and dry fodder were
provided as per requirement. While the cows (Av. body
weight 338+26 kg) under the control group were not fed
green fodder; other feeding and watering were the same.
The daily milk yield (4.39 L d' cow") of cows under
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Table 5.1 Effect of moth churi feeding on milk yield of Tharparkar cattle

Period Experimental Daily milk yield Water intake Fodder intake
group (L cow™) (L d" cow™ (kg d” cow™)
Pre-experiment Control 7.56 48.4 4.09
o) Treatment 7.38 38.9 4.06
During experiment Control 6.42 38.9 4.04
(© weeks) Treatment 7.05 37.4 4.02
Post-experiment Control 5.76 35.5 3.93
Eress) Treatment 7.12 36.2 3.94
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experiment was increased by 7.23 per cent as compared to
the cows under control (4.09 Ld" cow™) group.

Feeding trial of napier hybrid to growing goat and
sheep

Trials were conducted to assess the effect of feeding
napier hybrid fodder to growing of 3-4 months age goat
kids. The control group was provided lentil straw ad
libitum only in addition to suckling whereas treatment
group was provided 7 kg additional freshly chopped
Napier hybrid (85% OM and 13.34% CP) daily from
February to mid-July. Though the gain in body weight was
non-significant, the goat kids fed with Napier hybrid
showed comparatively higher body weight gain compared
to control (Fig. 5.1). Similar trend in body weight gain
was observed for sheep lambs.
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Fig 5.1 Feeding effect of Napier hybrid on the body weight of goat kids
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Potential of napier hybrid based fodder production
systems

An experiment was conducted with seven treatments
on Napier hybrid as base crops and three legumes viz.,
cowpea (Vigna unguiculata), butterfly pea (Clitoria
ternatea) and sem (Lablab purpureus) as intercrops
during kharif season. Napier hybrid was cut thrice from
September to December for recording growth attributes
and fodder yield. Similarly, legumes were harvested in the
month of September for fodder yield. The green and dry
fodder yield from Napier hybrid remained at par
irrespective of the legumes grown as an intercrop (Table
5.2). The green fodder yield varied from 64.02 to 70.88 t
ha” while dry fodder yield from 10.99to 12.06 tha™.

Among different legumes grown at varying levels of
phosphorus, L. purpureus receiving 40 kg P ha recorded
14.68 t ha' green and 2.24 t ha" dry fodder which was
significantly higher than fodder yield observed with C.
ternatea (Table 5.3). The application of 40 and 60 kg Pha
did not affect the green and dry fodder yield of legumes.
Among the legumes, L. purpureus remained at par with V.
unguiculata and yielded 66 and 51 per cent higher green
and dry fodder yield, respectively over C. ternatea.

Evaluation of cactus pear based agroforestry models
in Kachchh

Growth attributes of different components of cactus-
based three-tier agroforestry system consisting of two

qrfeld! 52 JTHAA H AfUIR BISfde TR B IuS
Table 5.2 Fodder yield of Napier hybrid under different legume intercrop

Treatments Green fodder (t ha™) Dry fodder (t ha™')
Napier Kharif Lucerne Total Napier Kharif Lucerne Total
(3-cut) legumes (1-cut) (3-cut) legumes (1-cut)
Sole Napier 65.09 - - 65.09 11.15 - - 11.15
Napier + cowpea (40 kg P) 64.02 13.01 9.68 86.71 10.99 1.96 1.54 14.58
Napier + Clitoria (40 kg P) 69.60 8.15 8.51 86.25 11.80 1.37 1.55 14.60
Napier + Lablab (40 kg P) 66.00 14.68 9.17 89.85 11.22 2.24 1.58 15.01
Napier + cowpea (60 kg P) 70.88 13.94 9.20 94.01 12.06 2.10 1.92 15.71
Napier + Clitoria (60 kg P) 64.29 9.03 9.07 82.39 11.03 1.52 1.89 14.08
Napier + Lablab (60 kg P) 65.15 13.83 9.05 88.03 11.11 2.11 1.74 14.74
CD at 5% NS 3255 NS 11.03 NS 04.9 NS 20.2
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Table 5.3 Effect of phosphorus on fodder yield of different kharif legume intercrops with Napier hybrid (t ha™)

Legumes Green fodder yield (t ha™) Dry fodder yield (t ha™)
40 kg P ha’ 60 kg P ha! Mean 40 kg P ha! 60 kg P ha! Mean
Cowpea 13.01 13.94 13.47 1.96 2.10 2.03
Clitoria 8.15 9.03 8.59 1.37 1.52 1.44
Lablab 14.68 13.83 14.26 2.24 2.11 2.18
Mean 11.95 12.27 1.86 1.91
Legumes Phosphorus Interaction Legumes Phosphorus Interaction

SEm#* 07.3 06.0 10.3 0.11 00.9 01.6
CD at 5% 23.0 NS NS 0.35 NS NS

IR YT, [HToR) dfcAIdhe e (HTorl dISH.), e
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trees (Salvadora oleoides and Prosopis cineraria), three
cactus pear accessions (CAZRI Botanical Garden, Clone
1308 and Bianca Macomer) and two grass species
(Dichanthium annulatum and Sporobolus marginatus)
were evaluated. After 21 months of planting, height, collar
diameter, crown diameter and number of branches were
higher (158.0 cm, 24.5 mm, 180.4 cm and 10 branches
plant") in S. oleoides as compared to P. cineraria (82.0
cm, 14.2 mm, 72.1 cm and 3.7 plant”) Among the three
accessions of cactus pear, Bianca Macomer (BM)
recorded more growth in terms of average plant height
(66.5 cm), cladode length (21.9 cm) and cladode width
(10.8 cm) while CAZRI Botanical Garden recorded more
growth in terms of number of cladodes (12.5 plant”),
number of new sprouts per plants (4.0 plant’), crown
diameter (53.7 cm) and cladode thickness (13.0 mm).
Clone 1308 showed minimum growth in terms of average
height (59.0 cm), cladode length (21.8 cm) and cladode
width (10.3 cm), number of new sprouts (1.3 plants™),
crown diameter (37.1 ¢cm) and cladode thickness (12.1
mm). In grasses, D. annulatum recorded higher height
(92.17 cm) and number of tillers (42.2 tussock’) as
compared to S. marginatus. However, maximum tussock
diameter was recorded in S. marginatus (25.78 cm) as
compared to D. annulatum (20.90 cm).

Palatable halophytes for enhancing fodder resources
in Kachchh, Gujarat

Among four palatable halophytes, Suaeda nudiflora
had maximum number of branches or tillers per plant (16)
followed by Aleuropus lagopoides, Sporobolus
marginatus (4.2 each) and Cressa cretica (2.80) after six
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months of planting in Kachchh, Gujarat. Maximum fresh
biomass per plant was recorded in S. nudiflora (141.00 g)
followed by A. lagopoides (130.52 g), S. marginatus
(111.00 g) and C. certica (26.25 g). However, S.
marginatus produced maximum dry matter (55.6 g pl"),
followed by A4. lagopoides (51.38 gpl ™.

The maximum green (6.18 tha') and dry (3.57 tha™)
fodder production was recorded in S. marginatus,
followed by S. nudiflora (green- 5.34 tha' and dry- 3.03 t
ha") and 4. lagopoides (green- 4.72 t ha" and dry 2.66 t
ha"). C. cretica gave the lowest green (2.15 tha™) and dry
(1.32tha") fodder yield.

Locally available non-conventional feed resources for
livestock

A feeding trial of Prosopis juliflora pods powder
(PJPP) containing concentrate mixture prepared from
locally available feed ingredients (Table 5.4) was
conducted on sheep. Apart from routine grazing on
Cenchrus based protected pasture, three iso-nitrogenous
and nearly iso-caloric concentrate mixture designated as
TO (control), T1 and T2 having 0, 27 and 47 per cent of
whole Prosopis juliflora pods powder respectively, were
given to group wise animals @ 250 g animal” every day.

Concentrate mixture having P, juliflora pods powder
(PJPP) was observed to be quite acceptable and palatable
to sheep and suckling sheep fed with 27 and 47 per cent in
concentrate mixture replacing conventional feed
ingredient showed an increase in body weight. This feed
increases sheep productivity in terms of body weight gain,
number of lambing and maintaining good health and is
estimated to save Rs. 500 per quintal on feed.

dIfeTeT 5.4 AR el Well urser AT g smeR Al Heed

Table 5.4 Composition of ingredients in animal feeds containing Prosopis juliflora pods powder (PJPP)

Feed ingredients TO
P. juliflora pods powder Nil
Bajra 70
Guar korma 28
Mineral mixture 01
Salt 01
% CP value 18.96
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T1 T2
27 47
43 23
28 28
01 01
01 01
18.87 19.17
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Extraction of polysaccharide from Cordia myxa fruits

A method was developed for extraction of
polysaccharide from Cordia myxa fruits. Intact fruits were
kept in hot distilled water for five minutes to deactivate
enzymes and prevent browning. Mucilage was separated
from fruits by squeezing out the stone and dissolving in
hot distilled water. Precipitation of polysaccharides was
carried out by addition of dilute HCI, followed by
filtration and washing. The white solid was dried in freeze
dryer and kept in air tight vials in a desiccator. The
polysaccharide obtained through this method is light in
colour. A novel biodegradable, water soluble film was
prepared using Cordia myxa gum and a suitable
plasticizer at different concentrations.

Bioactive components from pomegranate waste

Pomegranate peel and seeds are waste products of
pomegranate juice industry. After extraction of juice,
pomegranate peel and seeds were air dried. Extract
containing tannins and anthocyanins were obtained from
pomegranate peel using different solvent combinations.
Oil was also extracted from dried pomegranate seeds.

Gum arabic for micro-encapsulation of cinnamon oil

Microencapsulated product of cinnamon oil was
developed using gum arabic by spray drying process.
Spray drying at inlet temperature of 205°C, outlet
temperature of 100°C and feed rate of 12 rpm was suitable
for obtaining fine microencapsulates. Spray drying at
lower inlet temperature or higher feed rate resulted in
wetting and sticking of particles. The average particle size
of reconstituted emulsion was 1005.2 nm. The obtained
microencapsulated powder can be used for flavouring
food and beverages.

Pearl millet flakes based multi-nutritional instant food
products

The performance of pearl millet flaking machine
was evaluated with the variable clearance range of 0.1 to
0.5 mm set between flaking rollers. As the roller clearance
was increased from 0.1 to 0.5 mm, the length and width of
flakes decreased from 5.2 to 3.09 mm and 4.44 to 2.76
mm, respectively, whereas the thickness of flakes
increased from 0.5 to 1.5 mm. The bulk density of flakes
was 349.5-590.7 kg m” at the mean moisture content of
8.11£0.07 per cent. At the lowest roller clearance of 0.1
mm, around 50 per cent grains were broken. Hence, roller
clearance of 0.2 mm was found optimum.
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Health Bar

Physical and functional quality of flakes like bulk
density, water absorption index, fat absorption capacity,
emulsion activity and emulsion stability were found
optimum in case of pre-treatment of seeds (20 min soaking
+ 5 min steaming), which was selected for flakes
production. Different processed products namely health
bar, chocolate, instant poha mix, kheench, etc. were
developed (Fig. 6.1) with pearl millet flakes as core
ingredient.

Harvesting, processing and value addition of natural
resins and gums

During the period (2017-18), 19300 trees of Acacia
senegal were treated by CAZRI gum inducer, resulting in
production of approximately 8.67 t of gum Arabic. In
farmers of more than 45 villages in Chouhtan and Baytu
tehsils of Barmer district; Shergarh and Phalodi tehsils of
Jodhpur district; and some villages of Nagaur, Jhunjhunu
and Pali districts have adopted the gum inducing
technology in large scale. This year the average rate of
gum Arabic was Rs. 800/- per kg in local market. Thus,
farmers of said villages earned revenue of Rs. 54.00 lacs.

Chocolate

Poha

Kheench

I3 6.1 IORT Foldd & TRIGd SR
Fig. 6.1 Processed products of pearl millet flakes
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Standardization of gum inducer technique for
Commiphora wightii

Even aged 112 plants with similar structural traits
were treated with Guggul gum inducer (GGI), CAZRI
gum inducer (CGI) and Kajari gum inducer (KGI) control
group was also kept. Average plant height in each group
was 183.9 cm. Average canopy was 185.6 cm with 26.1
cm average girth. Maximum average oleo-resin yield of
guggul was 49.53 g plant” when plants are treated with
CGI. In case of GGI oleo-resin yield of guggul were
recorded 11.67 gplant”.

Development of post harvest technique for date palm
atdoka stage

Fruits of four date palm cultivars viz., Barhee,
Khadrawy, Khalas and Khunezi were solar dried with or
without stone at doka stage for different periods (5, 7 or 9
days) for optimizing treatment for minimum
physiological loss in weight (PLW) and maximum
recovery percentage (RP). There was significant effect of
the solar drying treatment on both the parameter of PLW
(%) and RP (%) in the cultivar Barhee and Khadrawy but
non-significant effect in the cultivar Khalas and Khunezi.
Physiological loss in weight and recovery percentage in
solar dried fruits ranged from 46.8 to 64.0 per cent and
from 34.4to 53.8 per cent, respectively (Table 6.1).

aiferat 6.1 AR fiford @oR @ R f&wi § wiffe wR § o vd Ter wft

Table 6.1 Physiological loss in weight and per cent recovery of solar dehydrated date cultivars

Treatments Barhee Khadrawy Khalas Khunezi
PLW (%) RP (%) PLW (%) RP (%) PLW (%) RP (%) PLW (%) RP (%)
T1 56.6 43.4 53.1 49.6 61.1 38.0 59.2 40.8
T2 58.4 41.6 50.7 46.6 61.2 353 63.1 36.9
T3 60.2 39.8 48.2 522 57.1 40.2 59.2 40.8
T4 64.1 359 49.7 494 60.0 35.4 61.3 38.7
T5 60.0 40.0 46.8 53.8 59.0 37.4 59.4 40.6
T6 64.0 36.0 53.7 48.1 62.2 34.4 56.9 43.1
T7 56.1 43.9 52.4 48.2 55.1 41.2 55.2 44.8
T8 62.2 37.8 62.0 374 55.8 38.3 62.1 37.9
CD@5% 3.9 3.9 5.0 5.0 NS NS NS NS

PLW- Physiological loss in weight; RP- Recovery percentage; NS-Non Significant
T1- Solar drying for 5 days with stone; T2- Solar drying for 5 days without stone; T3- Solar drying for 7 days with stone; T4- Solar drying for
7 days without stone; T5- Solar drying for 9 days with stone; T6- Solar drying for 9 days without stone; T7- control (9 days with stone- in

open) and T8- control (9 days without stone - in open)
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Integrated pest management modules for cumin,
groundnut and castor

Castor

Alternaria blight and leaf spot (Alternaria
tenuissima, A. porri and A. recini), Cercospora leaf spot
(Cercospora ricinella), Chaetomium atrobrunneum,
powdery mildew (Leveillula taurica), wilt (Fusarium
spp., Nectria haematococca) and charcoal rot
(Macrophomina phaseolina) were recorded as major
fungal diseases, whereas, jassids and white fly were
recorded as the major insect pests in two castor varieties
Jwala 48-1 and GCH-7 during 2017-18. Per cent disease
severity of leaf diseases and root/stem rots were recorded
higher in variety GCH-7 as compared to variety Jwala
48-1. Treatments T2, TS5 and T6 wherein seeds were
treated with Trichoderma viride resulted in statistically
significant reduction in fungal diseases (Table 7.1).
Whereas, treatments T3, T4, T6 and T7 wherein crop was
sprayed with neem oil twice and subsequently with
malathion and dinocap reduced the populations of jassids
and white flies significantly. The maximum reduction in
jassids and white fly populations was recorded from
treatment T7 in both the varieties i.e., Jwala 48-1 and
GCH-7 over control treatment.

Higher yields and the maximum reduction of
diseases and insect population were recorded in treatment
T7 wherein soil was amended with neem cake +
vermicompost, seeds treated with Trichoderma viride and
carbendazim, crop sprayed with neem oil twice and
subsequently crop was sprayed with malathion and
dinocap. The variety GCH-7 performed better than
variety Jwala 48-1. The maximum seed yield was
harvested from treatment T7 in both the varieties i.e.,
Jwala 48-1 (2040 kg ha™) and GCH-7 (2454 kg ha™) with
26.62 and 27.48 per cent increased yields over control
treatment, respectively.

Cumin

Major fungal diseases in cumin varieties RZ-19 and
RZ-223 were root wilt (Fusarium oxysporum f. sp.
cumini), root rot (Fusarium spp.) and leaf blight
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Table 7.1 Effect of IPM treatments on seed yield, diseases and insect pests in castor

Treatment Seed yield Wilt and root rots
(kg ha™) (%)
VIT1 1583 6.7
VIT2 1762 3.7
VIT3 1822 7.3
VIT4 1835 7.0
VIT5 1764 4.0
VIT6 1892 3.0
VIT7 2040 2.0
VIT8 1611 7.7
V2T1 1938 7.3
V2T2 1946 4.0
V2T3 2124 8.0
V2T4 2177 6.7
V2T5 1963 4.7
V2T6 2270 3.7
V217 2454 2.7
V2T8 1925 8.7
CD 5% 150 0.7

Leaf diseases severity Jassids White flies
(%) (no. per leaf) (no. per leaf)
46.66 13.0 21.5
48.89 12.6 233
39.99 11.1 15.8
24.44 7.3 9.8
42.22 11.3 20.1
20.00 7.0 7.8
8.88 4.0 2.7
53.33 14.2 243
55.55 14.4 27.0
57.77 15.1 30.2
51.11 11.2 13.5
26.66 6.2 13.6
53.33 9.2 31.5
24.44 3.9 8.8
11.11 3.1 4.0
64.44 15.6 31.3
5.5 2.0 2.8

#V1= Jwala 48-1; V2= GCH-7; T1= Soil application of neem cake @ 250 kg ha" + Vermicompost application @ 2 t ha™'; T2=Seed treatment
with Trichoderma viride @ 5 g kg seed; T3= Two sprays of neem oil @ 5 ml litre” of water on the under surface of the leaf at 75 and 130 days
after sowing (DAS); T4= Dinocap @ 1 litre in 1000 1 of water ha' at 90 DAS and Malathion 50% EC @ 2.5 litre ha™ in 1000 litres of water at
105 DAS; and combination of these treatments namely, TS=T1+T2; T6=T1+T2+T3; T7= T1+T2 +T3+ T4; T8=Control without any treatment

SIRT H Ui B Yaed SUAR & bl B AR,
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JeevHRaT &fge AR Ufths & T # &4 <) TS | 39
SUAR H ISl DI CTgPHIevHT [GRST 3R HIIUSSIA AT HaT
B A SHH Td IH HHIRE S A1 ITATRT BT 127 Torr
B IR U IR S5 UH—45 IR feATay, sferaais
3R W & I &1 s o7 fssama fam ar o | e ),
IUAR €18 fTTH 1 @ el & ITATdT SI—9 & Tl TS Bl
ot far T o, 1 AiRFS ®U | SUAR -9 &
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(Alternaria burnsii and Alternaria spp.). The major insect
problem in cumin was of aphid (Myzus persicae). The
cumin IPM data showed that variety RZ-19 performed
better than RZ-223 with increased seed yields of 35.6 and
30.3 per cent over control, respectively. Variety RZ-223
was more susceptible than RZ-19 to wilt and root rot
caused by Fusarium species. Whereas, no significant
varietal differences were observed with regards to
severity of Alternaria blight and aphid attack. The highest
seed yields with the maximum reduction in wilt/root rot,
Alternaria blight and aphid population was recorded in
both the varieties in treatment T-9 wherein 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 followed as compared to other combined or sole
treatments. Nevertheless, treatment T-8 was statistically
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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. Except for
chemical treatment, sole treatments were statistically
recorded at par with each other with regard to seed yield
and effect on diseases and insect pests.

Groundnut

Fungal diseases caused by Diaporthe sp., Nectria
haematococca, Fusarium solani, Aspergillus flavus,
Lasidiplodia theobromae, Pseudofusicoccum
adansoniae, Aspergillus niger, Fusarium
brachygibbosum, Fusarium sp. Rhizoctonia bataticola,
Cercospora personata and Cercospora arachidicola
along with insects; grey weevils and termite
(Odontotermes sp.) were recorded as major pests in two
groundnut varities HNG-10 and Girnar-2. Three years
pooled data analyses of integrated approach combining
additive effects of host plant tolerance wherein soil
amendment with neem cake @ 250 kg ha” coupled with
vermicompost @ 2.5 t ha', seed dressing with 7. viride
and furrow application with Metarhizium anisopliae
followed by one spray of difenaconazole at 40 days after
sowing, soil application of imidacloprid at 50 days after
sowing and one spray of chlorpyrifos at 60 days after
sowing resulted in the maximum pod yield, the maximum
reduction of diseases and insect pests with the maximum
net benefits of Rs. 30907 and Rs. 23527 respectively in
both the varieties HNG-10 and Girnar-2 (Table 7.2).

Forecasting models for disease management in
clusterbean and cumin

Clusterbean

Effect of weather parameters on diseases
(Macrophomina root rot- Macrophomina phaseolina
(Tassi) Goid and Alternaria Blight- Alternaria
cucumerina var. cyamopsidis) on clusterbean varieties
RGC-936 and RGC-1003 under managed and unmanaged
cultivation were studied (Fig. 7.1). Macrophomina root
rot incidence and Alternaria blight severity was highest
(11.1% and 43.3%, respectively ) in unmanaged treatment
of variety RGC-1003 in 1" date of sowing while lowest in
(0.2% and 12.0%, respectively) in managed treatment of
variety RGC-936 at 3" date of sowing. Overall, lower
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Table 7.2 Effect of IPM treatments on groundnut pod yield, diseases and insect pests, net benefit (pooled data of 2015, 2016 and 2017)

Treatment Yield Wilt/ Leaf Termite  Grey Additional Value of Cost of Net
(kg ha™) root diseases infected weevils yield over additional chemicals benefit
rots severity plants (No.) control yield and labour  (Rs, ha)
(%) (%) (%) (kg ha™) (Rs. ha)  (Rs. ha™)
HNG-10 (V1)
T1 2861 6.7 44.7 9.2 54 159 7155 4287 2868
T2 2856 7.0 44.0 11.0 5.4 154 6930 5350 1580
T3 2961 49 442 6.9 4.5 259 11655 2161 9494
T4 3165 5.4 33.1 43 32 463 20835 3690 17145
T5=TI1+T2 2966 5.6 40.5 9.4 44 264 11880 9637 2243
T6 = TI+T2+T3 3390 2.8 23.7 2.8 3.7 688 30960 11798 19162
T7 = 3733 2.0 11.8 2.6 2.0 1031 46395 15488 30907
T1+T2+T3+T4
T8 Control 2702 10.1 442 11.6 6.0 - - - 0
Girnar-2 (V2)
T1 2972 12.6 36.3 15.1 4.7 125 5625 4287 1338
T2 3007 13.5 343 20.6 4.9 160 7200 5350 1850
T3 3060 9.8 294 12.1 4.1 213 9585 2161 7424
T4 3264 10.1 24.7 9.9 2.9 417 18765 3690 15075
T5=T1+T2 3112 10.1 34.0 12.9 43 265 11925 9637 2288
T6 = T1+T2+T3 3486 5.9 27.1 11.1 2.6 639 28755 11798 16957
T7 = 3714 4.1 13.3 8.1 1.4 867 39015 15488 23527
T1+T2+T3+T4
T8 Control 2847 15.0 41.0 19.8 5.1 - - - 0
CD at 5% 267 33 6.4 3.7 0.8

Wherein; T1= Soil amendment of neem cake @ 250 kg ha; T2=Vermicompost @ 2.5 tonne ha'; T3= Seed dressing with biocontrol agent Trichoderma
viride @ 5 ml kg™ seed (1 x 10° CFU’s) and furrow application with entomopathogenic fungi Metarhizium anisopliae @ 3 litre (1 x 10° CFU’s) ha™ in 500
litre of water ha' (T. viride and M. anisopliae); T4= One spray of Difenaconazole 25% EC @ 500 ml 500 litre" ha”of water at 40 DAS, soil application of
Imidacloprid 17.8SL @ 333 ml 1000 litre” of water ha”at 50 DAS and one spray of Chlorpyrifos 20% EC @ 1.5 litre 500 litre! of water ha™'at 60 DAS and
combinations of treatments to record combined effect of above treatments viz., TS= T1+T2; T6: T1+T2 +T3; T7: T1+T2 +T3+ T4 with T8 (treatment with

water spray) served as control
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disease incidence in 3" date of sowing may be attributed to
avoidance of favourable weather for the pathogen
development.

For the Macrophomina root rot observation, per cent
infected plants and for Alternaria blight were recorded on
0-9 rating scale. Temperature, relative humidity, rainfall,
cloud cover, soil temperature and the soil moisture are the
main factor which supported the disease incidence in case
of root rot, while blight severity was supported by the
temperature, relative humidity, rainy days, cloud cover,
and wind speed.
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Fig. 7.1 Field view of clusterbean experiment
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Fig. 7.2 Field view of cumin experiment

The average population of whiteflies per leaf varied
from 7.0 to 7.9 per leaf in unmanaged crop and 2.2 to 2.6
per leaf in managed crop in variety RCG 936, whereas in
RCG-1003 itranged from 4.7 to 6.0 per leaf in unmanaged
plots as compared to 2.1-2.3 in managed plots. Simlarly
average number of jassids per leaf varied from 1.5 to 2.2
and 0.5 t0 0.6 in RGC-936 and 1.0 to 1.8 and 0.3 to 0.5 in
RGC-1003 in unmanaged and managed plots
respectively. The average number of white flies and
jassids was more on variety RCG-936 as compared to
RCG-1003.

Cumin

Effect of weather parameters were studied on
diseases (Fusarium wilt- Fusarium oxysporum f. sp.
cumini and Alternaria Blight- Alternaria burnsii) of
cumin using varieties RZ-209 and RZ-223 under
managed and unmanaged cultivation (Fig. 7.2). Variety
RZ-223 performed better than RZ-209 in yield response
as well as against disease response. Fusarium wilt
incidence and Alternaria blight severity was recorded
highest (12.5% and 45.0%, respectively) in unmanaged
treatment of variety RZ-209 at 1" date of sowing while
lowest in (0.3% and 15.1%, respectively) managed
treatment of variety RZ-223 at 3" date of sowing. Overall,
lower disease incidence in 3 date of sowing was
observed, it may be attributed to avoidance of favourable
weather for the pathogen development.

Management of root rotin Khejri

Compatibility of insecticides with bio-control agents
(BCAs)

Compatibility of BCAs viz.,
longibrachiatum (T1), T. harzianum (Th) and Asprgillus
nidulans (An) was studied with two insecticides phorate

Trichoderma
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and chlorpyrifos at 500, 1000 and 2000 ppm
concentration under wet and dry soil conditions for BCA's
simultaneous incorporation and amendment after seven
days. BCA's population was recorded at day one, seven
days before amendment and 7 days after amendment.
Significant increase in BCA's population was observed in
wet soil, whereas in dry soils population decreased at
higher concentrations. In simultaneous incorporation of
BCA's population increased significantly at all
concentration of insecticides in wet soil. In wet conditions
for simultaneous incorporation 7. longibrachiatum with
phorate at 500, 1000 and 2000 ppm showed increase in
initial population of 8.5 x 10" cfu g soil to a range of
1.0-4.2 x 10’ cfu g" soil; whereas a range increase of
1.2-1.4 x 10" g" soil was seen in 7. longibrachiatum
amendment after 7 days at 500 and 1000 ppm. Survival of
T harzianum and A. nidulans were also higher with
phorate in simultaneous incorporation compared to
amendment after 7 days of application in wet and dry soils
both. Population of 7. harzianum decreased and of A.
nidulans increased at 2000 ppm concentration under dry
soil. Survival of BCA's decreased at 2000 ppm compared
to lower concentration of chloropyrifos in wet soil. These
findings suggest that both phorate and chlorpyrifos can be
used with T. longibrachiatum, T. harzianum and
Aspergillus nidulans under wet conditions for
simultaneous incorporation in soil.

Effect of bio control agents with their food substrate:
Based on disease incidence of Ganoderma on
P. cineraria, four sites were selected in Sikar and Jodhpur
districts of arid region. Trees were categorized on
standard 0-4 scale, maximum improvement in canopy
diameter or rejuvenation was observed in the treatment
where T. harzianum, T. longibrachiatum and A. nidulans
were amended with Onion residue (OR) and P, julifora
compost (PJC) in the soil as food substrates along with
phorate. Whereas, Treatment chlorpyrifos with
Th+TI+An+OR+PJC was found effective in
rejuvenations at neem ka thana location. Rejuvenations
showed a marked shift in category of trees from 2+ to 3
and 1+ to 2, lux meter observations (I mm’) were also
taken to substantiate the observations (Table 7.3).

Rodent diversity in Narmada canal command area

Rodent diversity of Narmada canal command area in
the irrigated, rainfed and fallow/afforestation habitats
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Table7.3 Effect of BCAs with food substrates and insecticide on regrowth of khejri in villages of Jodhpur and Sikar

Number of trees
selected in 0-4 scale

Treatments*

Ph+T1+Th+An+FYM+PJC+OR 22
Ch+T1+Th+An+FYM+PJC+OR 22
Ph+Th+An+FYM+PJC+OR 21
Ph+Tl+An+FYM+PIC+OR 21
Control (soil work) 9

Improvement in plant
health (%) on the basis

Improvement in plant canopy
(%) on the basis of lux meter

of disease recovery observation
23.4-31.2 13.6-31.1
13.3-41.5 16.0-18.2
16.6-27.7 13.8-22.8
7.14-28.5 17.1-36.2
0.0-15.0 6.1-8.2

*Ph: Phorate @20 gm; Ch: chloropyrifos @ 20 ml; TI: Trichoderma longibrachiatum @ 250gm; Th: T. harzianum (Th)@250 gm; An:
Aspergillus nidulans @ 250gm; FYM: Farm Yard Manure @ 5 kg; PIC: Prosopis juliflora compost @500 gm; OR: Onion residue @ 1 kg
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were studied. In all 67 individuals were trapped in 960
trapping nights and nine species of pest rodents were
identified (Table 7.4). Insectivore Suncus sp. M. booduga
and N. indica were also trapped for first time from the
Narmada canal command area in the habitats where
cultivation of irrigated crops is in practise for more than
30 years. Indian gerbil, 7. indica (23.88%) was
predominant followed by G. elloiti (20.90%). More
individuals were trapped from the irrigated cropping
habitat for more than 30 years (Trap index: 11.67
rodents/100 traps/night) followed by the irrigated
cropping habitats under practice for more than 05 years
(6.67), rainfed cropped areas (5.42) and fallow/
afforestation areas (4.17). Shannon Diversity index was
1.89 and 1.77 from the habitat practicing irrigated
cultivation for varying period as against rainfed and
fallow habitats (1.5 and 1.28, respectively). The relative
abundance of different rodent species across the habitats
ranged between 1.49-23.88 per cent.

Development of rodenticidal baiting schedules for
rodent managementin arable crops

Survey for assessment of rodent species composition
and infestation in groundnut and cumin crop was carried
out in Kapooria, Padsala and nearby villages located on
Aau road in Osian Tehsil (Jodhpur). Trapping carried out
for three nights, revealed the presence of five species of
the rodents in the area, viz. T indica, M. hurrinae, G.
elloiti, R. rattus and F. pennanti. The trap index in
groundnut crop ranged between 0.83-3.75 with overall
trap index 8.33 rodents/100 traps/night, whereas in cumin
crop the trap index was in the range of 0.83-4.58 with
overall trap index of 9.58. Plant damage in groundnut and
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Table 7.4 Relative abundance (RA) of rodents in Narmada Canal Command area in kharif

Species Cultivation of irrigated Cultivation of
crops >30 year irrigated crops >5 year
Nos RA (%) Nos RA (%)

T. indica 4 14.29 5 31.25
M. hurrinae 0 0.00 1 6.25
M. meltada 5 17.86 1 6.25
G. ellioti 6 21.43 3 18.75
R. rattus 3 10.71 2 12.50
F. pennanti 2 7.14 3 18.75
M. musculus 0 0.00 1 6.25
M. booduga 3 10.71 0 0.00
N. indica 5 17.86 0 0.00
Total 28 - 16 -
RA (%) 41.79 - 23.88 -

eSS g =) & 9 AraegHargar d 3 4:
TSR &= H URIeror febar 17 | SR &1 BAe H Bhel
TR TR AT FATSTT €1 1, & 2, €1 3, | diap RF0T
AT T TSI & IR IR HHLT: 7554, 78.46 T 81.80
TfreTe T ATolT fAal &1 H&T & SR SHHTT: 7143, 76.62
q 84.42 Tfaerd X8 | N1 HASE # S 3 (R Biprss
IO oy fam g Ay g g
JNMITIHATTAR) FATSTH T d8cR 8T, SN Dl Bl H
Pl [FRIF0T Fherdl &l WRIeToT ARl & eR W
SIRTcT 83.11 Hfcrere VT |

EIGISIRIKIE

Rainfed Fallow and Total
afforestation

Nos RA (%) Nos RA (%) Nos RA (%)
4 30.77 3 30.00 16 23.88
2 15.38 2 20.00 5 7.46
0 0.00 0 0.00 6 8.96
4 30.77 1 10.00 14 20.90
1 7.69 0 0.00 6 8.96
2 15.38 4 40.00 11 16.42
0 0.00 0 0.00 1 1.49
0 0.00 0 0.00 3 4.48
0 0.00 0 0.00 5 7.46
13 - 10 - 67 -

19.40 - 14.93 - - .

cumin crop due to rodent infestation was 14.97 and 9.75
per cent, respectively at vegetative growth stage. Field
trial of three treatment combinations (Table 7.5) the
control success at maturity stage in T1, T2 and T3 as
assessed by census baiting method was 75.54, 78.46 and
81.80 per cent, respectively and through LBCM was
71.43,76.62 and 84.42 per cent, respectively. The overall
success as assessed by pooling of both the methods
revealed 83.11 per cent control success in (T3) i.e., zinc
phosphide baiting (on day one) followed by bromadiolone
baiting (on 4" day) and a third baiting with bromadiolone
(need based) was superior over other two treatments.

arferat 7.5 fAf=T Gd@-Tell HAGHI Yd S9! J9Ifadr &l SR &1 Bdd IR T
Table 7.5 Critical timing of bait administration of various rodenticidal treatment and their efficacy in cumin crop

Treatment
Census baiting method (CBM)
2 14 30 60 Maturity
DAT* DAT  DAT DAT
T1 47.42 63.06  50.75 68.42 75.54
T2 23.08 55.79  65.99 77.61 78.46
T3 41.54 63.16  70.53 59.80 81.80

*DAT: Days after treatment

Control success (%)

Live burrow count method (LBCM) Pooled
2 14 30 60 Maturity
DAT DAT DAT DAT
44.44 66.67 58.97 69.23 71.43 73.49
18.18 54.55 66.43 74.83 76.62 77.54
45.45 63.64 74.83 66.43 84.42 83.11

T1: Zinc phosphide followed Bromadiolone. Zinc Phosphide bait administration on day one and Bromadiolone bait on day 30; T2: Bromadiolone followed
Bromadiolone. Bromadiolone bait administration on day one and Bromadiolone bait on day 30; T3: Zinc phosphide and bromadiolone followed
Bromadiolone. Zinc phosphide bait administration on day one and Bromadiolone bait on day 4 followed by need based application of bromadiolone bait
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Crop production and electricity generation from a
single land use system

Average PV generation from the 100 kW, agri-
voltaic system was about 10,000 kWh month" and the
highest PV generation was observed during March.
During summer days, temperature of PV modules reached
up to 60-65°C whereas during winter it reached up to
40-45°C. Dust deposition was slightly higher in double-
row PV array compared to triple-row PV array and single-
row PV array. Average dust load was 1.98, 2.35 and 2.17
gm” in single-row, double-row and triple-row PV arrays.

During kharif season, soil moisture content in
shaded areas remained comparatively higher than in non-
shaded areas and control plot. Solar PV area of 651 m’
harvested 71.3 m’ of water from 213.1 mm rainfall
received during June-August with an efficiency of 64.3
per cent. Photosynthetically active radiation (PAR) in
interspace area of PV arrays was about 600 pmol cm”s™
during morning and afternoon hours, whereas during
noon it was about 1200 umol cm” s" in the month of
December. PAR remained less than 200 pmol cm” s’
under the PV module.

Yield of mung bean was higher in shade (495 kg ha™)
as compared to open area (381 kg ha™), while the yields of
moth bean and cowpea reduced under shade. Plant height
of brinjal was more in shade than in un-shaded area (Fig.
8.1) and control plot, however its fruit yield was higher in
un-shaded area (1397 kg ha™) than in shaded area (1117 kg
ha™). Fruit yield of chilli was slightly more in shade (278
kgha") thanin un-shaded area (255 kgha™).

Crop production and electricity generation from a
single land use system in Kachchh, Gujarat

Solar PVsystem with a total capacity of 25 KV was
installed at Bhuj during 2017. The space available
between the panels (6 m) and below the panel (6 m) was
utilized to evaluate field and medicinal crops for growth
and yield. Among the kharif crops, mung bean produced
the maximum grain yield of 723 kg ha”, followed by moth
bean (617 kg ha™) and clusterbean (613 kg ha™). However,
economically, moth bean was more remunerative by
recording net returns of Rs. 22,292 ha" with a BCR of
1.84. Mung bean recorded net returns of Rs. 18,695 ha’
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Fig. 8.1 Brinjal crop in interspace area of agri-voltaic system

723 fH.aT. UfT BFReIR BT IABAH SIS BT ST Tof
o a1, 39 918 A (617 fH.UT. U 2ewR) 3R TR
(613 T3, UfcT TaCIR) BT IUTGH V& | BTeifh, 3Mmfda wu
U HIG 1.84 B AN MU B AT . 22,292 Ui
TIACIR BT Y& M Tol IR Al AMID HA el |
T H 184 & AH—ANTT 3TUTd & AT 3. 18,695 Ui
IR BT Y& o™ ol b1 7| & wal |, weft |
BT IuST (1338 fH AT Ul gacdR) I, sHG 491
SIS (817 fh.Im. Uftr BaeR) 3iR srorarg= (871 fah.m.
Ui BFCAR) X2 | SIRT =1 665 .07, U BFeAR BT SaTe
fea | BTelifeh, SHEA 71 3.14 & ATH—ATT U b T
%. 81,880 Uf TFCIR T IfHaH g @ 1, 39 91
SIRT (3. 61,073 T BT Yg ™, ISR —2.58) BT I
RET | #ell ¥, BTeTifeh 3TfSehed H¥el SedTa Vel, URg e
T Y ™ (3. 26,120 URT TIRIR) 3R 1.75 AH—ANTd

ST a1 AT |

St uRadt@ uered (dhdtum) swenfa gefas d@iv
YTsheh SRl UE9IT Ua HodichT

T AT AR dTel fF 5Td 9TEx BT AIIH 24 ¥ 27
S AT o 79 39 AR Yohab b 3R AHad ReR
amoHE 71—76 S Sfewad urn @, Sife wo wd
afsstal T 3R Y@ W "o 61 4 65 & Aferaw a&
M T | JaReNT uRadg uered (Mfiga) foq # andra

95

with a BCR of 1.84. Among the rabi crops, fenugreek
produced the maximum grain yield (1338 kg ha),
followed by isabgol (817 kg ha™) and cumin (665 kg ha™).
However, isabgol gave the maximum net returns of Rs.
81,880 ha' with a BCR of 3.14, followed by cumin (net
returns of Rs 61,073 ha", BCR-2.58). Fenugreek, though
produced the maximum grain yield gave the lowest net
returns of Rs. 26,120 ha' witha BCR of 1.75.

Performance evaluation of phase change material
(PCM) based hybrid solar dryer

The maximum stagnation temperature inside the
drying chamber was 71-76°C when the outside ambient
temperature was 24-27°C on a clear day (from 8:00 h to
18:00 h) during the study, which reduced to 61-65°C on
loading different fruits and vegetables. PCM stores the
thermal energy during day and releases latent and sensible
heat after sunset. Compared to ambient temperature,
temperature in drying chamber was 7°C higher in
February during carrot drying (Fig. 8.2) and 6°C higher in
July during date palm drying after sunset till the mid night.
Drying of green chilli, tomato, spinach, carrot, aonla,
fenugreek, mint leaves, gonda, kair and sangri took 2 to 3
days in solar dryer, while drying of ber and date palm took
5-6 days. The average thermal efficiency of the hybrid
photovoltaic thermal (PV/T) solar dryer was 17.9 per
cent. The initial investment in dryer unit was Rs.14,000
and annual cost of operation and maintenance including
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Fig. 8.2 Temperature and solar insolation variation with time during carrot drying

Tofl BT AT B oIl & Ud AP H Brsdl & | ST
TSI ¥ 3} BT AUHH (AR I Heg R0 Th) qER b
Ao | S 7 S dfewad ifde urar R, e
TR AR H TR gaaTs T3 (3 8.2) 3k oid garrs #
GoR R AT A aHE 6 3 dfewas it ar
T | 9 B4 A, THIeR, uTed, TR, Stiae, Hefl, g,
TiaT, DR TFAT AERY 2 ¥ 3 &7 7 qo1 o= vd @R 5 9 6
famt # et € | sraver uRadf=r uaref smeniRa srsfis AR
Yhd DI AT AT S&TaT 17.9 Hicrerd urRl TE | Yhb
Bl IR DI T 5. 14,000 o TG QG @1 TqAqT
gD GRS ST %6, 4,000 21 | Yeeheb DT IR Ho
URM® Fed & 10 U @ WU 4 forar 17 | ggfds |R
Yeheh BT ATRD HeAid HY TR ( IMSIARAR. 54.5 Tfcrerd
Td Jd dIRTS 2.26 I¥) I8 AR Y&hdb AN B2l IR
T |

e U AT WY Y5heh oAl SOHIT Q0T Wa9is

oIE @ URRIRAT 7 F—deaR & SR A
Yh TR YANT T 1T | AT faad (10:00 9 17:00 Fo1)
@ IR R I AR BT 3R T4 & I & 3R TR
e a9 gerar o1 U T T | S T B s
qrqT & BRYT Y b RIS 3 I 4 A1 § q9 qera
Afe® B | ST arHd H B B HROT 4 AT S 918 ™

96

labour was Rs. 4,000. The salvage value was taken as 10
per cent of initial investment. Economic evaluation of the
hybrid PV/T solar dryer unit indicated high internal rate of
return (54.5%) and low payback period (2.26 year),
indicating that the unit is cost-effective.

Thermal performance of apricot solar dryer at Leh

Experiments on apricot drying under Leh condition
were conducted during August-September. The daily
thermal efficiency was determined based on total solar
radiation received and total moisture evaporated during
the day of operation (10:00 to 17:00 hours). Higher
thermal efficiency was observed during initial 3-4 days of
drying due to high evoporation of the surface moisture.
The thermal efficiency was low after 4" day due to low
rate of water evaporation indicating poor moisture
diffusivity of apricot. The maximum daily mean thermal
efficiency was 13.5 per cent in case of half fruit drying and
11.5 per cent in whole fruit drying in CAZRI dryer (Fig.
8.3) which was much higher than open sun drying (8.0%)
and multi-tray dryer (8.1%).

Design and fabrication of concentrating solar thermal
desalination device

The parabolic concentrating solar desalination
device consists of a parabolic dish concentrator,
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Fig. 8.3 Daily mean thermal efficiency of apricot dryer
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evaporating vessel, condensing unit with copper tube,
stand and distillate jar. The concentrator uses a parabolic
mirror that focuses incoming solar radiation on a receiver,
mounted above the dish at its focal point. The area of
parabolic concentrator which is made of steel is 6.67 m’
and the height of disc from centre is 28 cm (Fig. 8.4) with
the focal length of 72 cm. The dish was covered with
highly reflective silver coloured foil. The absorber,
mounted on iron stand and held at the focal point, is made
of steel alloy which has a receiving surface of 2.54 m’ and
a geometric concentration of 100. The concentration ratio
of this parabolic concentrator is about 38. This pot is
completely insulated except the part lit by solar rays
reflected by the parabolic surface. Saline water is filled in
the pot and steam produced passes through a condenser
where it is condensed. The distillate is collected in main
receiver. The net power of the concentrator was
approximately 1000 watts in good sunshine. The
maximum average stagnation temperature at the bottom
of the absorber surface was around 450 to 520°C. The
average maximum temperature of brackish water reached
110°C.

Techno-economic evaluation of selected solar thermal
devices

Various economic indicators for a unit of three novel
solar thermal devices namely, animal feed solar cooker,
non-tracking solar cooker and solar dryer were calculated
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Fig. 8.4 Parabolic concentrating solar thermal desalination device
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for guiding new entrepreneurs. On the basis of break-
even-analysis it was found that fabrication and sale of 37
units annually will be sufficient to reach a state of no
profit, no loss. The initial cost of machinery and tools for
the devices was estimated to be Rs. 1,04,000 at discount
rate of 15 per cent and life of devices being 15 years. The
estimated gross benefit from sale of 100 units was Rs.
30,00,000 and their fabrication cost was Rs. 27,93,500.
The net present value (NPV) of solar devices was Rs.
11,64,358. The benefit cost ratio for fabrication of solar
thermal devices was 12.2 with an average net annual
return of Rs. 1,89,820. The payback period was 0.56 years
which is far lower than the expected life of the devices i.e.
15 years. The internal rate of return (IRR) of 228.64 per
cent was very high, clearly indicating that project will be
economically viable.

A unit of three solar devices, namely animal feed
solar cooker, non-tracking solar cooker and solar dryer
will save 5035 MJ of conventional energy annually
considering the efficiencies of solar cooker and solar
dryer as 30 and 20 per cent, respectively. A combined unit
canreduce about 3189.8 kg CO, emission on annual basis,
if it replaces firewood. Considerable amount of CO,
reduction is also possible in case of coal (1701.1 kg),
kerosene (750.00 kg) and LPG (529.51 kg).
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Impact of CAZRI developed watersheds

Baorli-Bambore watershed was developed by the
Institute during 1998-2004. The impact assessment of the
watershed was carried out during 2016-2018. A positive
and significant correlation was observed between the
adoption of technologies and size of land holding,
income, family size, contact with extension personnel,
assets owned, socio-economic status and education
(Table9.1).

Changesinland use

Impact of institute developed watershed in terms of
changes in land use was evident from the changes in
cropping pattern. Better availability of conserved
moisture and the knowledge of improved production
practices resulted in a shift in the cropping pattern from
low-value coarse cereals to high-value pulse during rabi.
Land Levelling Index (LLI) which reflects the leveling
and bunding activities adopted by the farmers reduced
from 3.0 per centto 0.5 per cent.

TIPT 9.1 STAUBYT &5 H HEfhal Bl UM & T Wad oR Pl Aedad]
Table 9.1 Correlation of independent variables with adoption of technologies in watershed

Variable

Age

Education
Occupation

Family Size

Land Holding
Income

Risk Orientation
Herd Size

Social Participation
Extension Contact
Material Possession

Socio-economic Status

‘r’ values
0.1555
0.2201*
-0.0242
0.3618**
0.5546%**
0.5576%**
-0.1214
-0.1059
0.0366
0.3376%*
0.5353%*%*
0.6085%**

* Significant at 5% level of probability; ** Significant at 1% level of probability



Y% e yferaes 2018-19

Annual Report 2018-19

AP
ICAR

TEE o & T wehr | uRadT

TRATSTAT STafey UZaT o« BT ST &7 2.9 BICIR
H PR 21.2 TIAR B AT s aRvIReawT B
fafaefranvor amia (AIEIRME) 0.345 I IR 0426 TdH &
AT | URATSTHT 44 Td U1 Q1§ GToiRl BEel Bl g
o (= 9.1) | IRASHT & a18 ) IoRT & &5 | S Ifg
B, Sl SICIIEVT &1 & [harHl H §HD! WTIfAehdT Sermar 2 |

Changes in cropped area and cropping pattern

During the post-project period, there was a
considerable rise in chickpea cropped areai.e. from 2.9 ha
to 21.2 ha, which resulted in improvement in crop
diversification index (CDI) from 0.345 to 0.426.
Cropping pattern was dominated by pearl millet during
both pre and post project periods (Fig. 9.1). There was a
significant rise in the area of pearl millet during the post-

project period, indicating its preference among the
watershed farmers. Cropped areas of mung bean
increased whereas that of moth bean decreased after the
project period. However, during the post-project period, a

T @ A & &5 § gfg g8 Tefd Al mad & &
RIS A & d1e T 1. YRATSAT (A & SR
R TAT T Bl & &9 H Seol&g4d HH IS T8

(arferr 9.2) | significant decrease in area in guar and other crops was
found (Table 9.2).
180 -
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Pearl millet Mung Bean Mothbean Gram Others
R 9.1 STeUEY &3 # uRASHT gd iR Iean] Bdl & JHR H gRac
Fig . 9.1 Shift in cropping pattern over pre and post-project period in the watershed area
TIfeTdT 9.2 STAUBYT &3 BT I Bl S Icaradhdl H aRddd
Table 9.2 Productivity changes in major crops in watershed villages
Crop Yield (kg ha™)
Watershed villages Control villages
Pearl millet 888 (49.15) 590
Mung bean 656 (36.95) 479
Moth bean 516 (35.79) 380
Chickpea 1250 (20.31) 1039
Crop yield index (CYI) 0.74

Figures in parenthesis indicate per cent increase in yield in watershed villages compared to the yield in control villages
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Sustainable livelihood interventions for augmenting
income of small land holders

Crop module interventions

Improved seeds and scientific cultivation practices
in pearl millet, mung bean, moth bean, and clusterbean
resulted in yield enhancement at 166 partner farmers field
of Popawas Panchayat(Table 9.3).

Scientific vegetable cultivation

Twenty demonstrations of improved variety
(Avantika) of okra were conducted during summer for
enhancing farmers' income through diversification. As
compared to farmers practices which resulted in 5.2 t ha™
yield, improved variety (9.5 th") gave a yield increase of
82.7 per cent and benefit-cost (B: C) ratio of 2.14.

Scientific management of fruit and forestry plants

Forty demonstrations on fruits and forestry plants of
improved varieties along with their production techniques
were undertaken at 38 farmer's field and two government
school sites in a cluster of four villages of Popawas
Panchayat. The survival rate of Ber ranged from 52-55 per
cent while the survival of Gonda and forestry plants was
92.5 and 50 per cent, respectively.

Community oriented sheep breed improvement

The F1 progenies of the superior rams of Marwari
breed provided to 15 partner farmers of Popawas
Panchayat for genetic improvement of their flocks had
higher growth, improved twinning and lambing
percentage, better resistance to major disease incidence
and less mortality.

TIfeThT 9.3 TUTIRT Uarad & feaml & Wl § W% Badl B S~Id fhdt &1 e+

Table 9.3 Performance of improved varieties of kharif crops at farmers’ field of Popawas Panchayat

Crop Variety No. of
farmers
Pearl millet MPMH-17 36
Mung bean IPM 2-3 100
Clusterbean RGC-1033 5
Moth bean CAZRI Moth-2 5

Area Grain yield (kg ha'l) Per cent

(ha) increase
Improved Local

14.40 812 617 31.6

21.40 480 298 61.01

2.14 504 350 44.0

2.14 433 235 84.26
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Balanced feed management

Multinutrient feed blocks (MNFBs) were provided
to 60 farmers from 4 villages as supplementary feeding for
bovine and goats for enhancing milk production. Farmers
reported better health, productive performance and daily
milk yield from MNFB supplemented animals.

Natural resource management

Samples were collected from farmers' fields and 281
samples (250 soil samples + 31 water samples) were
analyzed and the reports were given to the selected
beneficiaries under the FFP Project.

Water harvesting structures (tanka) for horticulture

Twenty improved tankas of 5500 liters capacity each
have been constructed in cluster form in Gantiyala and
Popawas villages of Popawas Panchayat for development
of horticulture plantation as well as for drinking purpose.
The expenditure for construction work has been done in
participatory mode (50:50) by providing raw materials to
farmers while the excavation, masonry and plastering
work has been carried out by partner farmers. Rainwater
from the artificially prepared catchments will be
harnessed and stored in these tankas and will be used for
irrigating the fruit plants.

Animal feed solar cooker

Fifteen novel animal feed solar cookers designed
and developed by the institute were provided to partner
farmers in participatory mode.

Vermicomposting to enhance water retention and soil
productivity

Twenty six portable tetra vermi-beds along with
earthworms were provided to partner farmers for
production of vermi-wash and vermicompost.

Enhancing resilience through water and livelihood
security and ecosystem restoration in Kachchh,
Gujarat

Nursery beds consisting of the native grasses
suitable for Banni area viz. Sporobolus marginatus,

Dichanthium annulatum, Cenchrus ciliaris, Cenchrus
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setigerus were established. The soil of seed bank plot
established near Gorewali-Banni was observed saline/
alkaline with pH range from 7.31 to 9.30 and EC from
0.173 to 4.666 dS m". The Sodium Absorption Ratio
(SAR) and Sodium Exchangeable percentage (ESP)
varied from 5.1 to 86.5 and from 1.6 to 20.0 per cent,
respectively. For creating awareness, seven training
programs related to grassland management and three
beneficiary training programs were organized.

Cactus (Opuntia ficus-indica) as drought resilient feed
resource at Kachchh, Gujarat

Five accessions viz., Clone 1308, Gymnocarpe,
Bianca Macomer, CAZRI Botanical Garden (CBG) and
CAZRI Kukma were evaluated at 13 farmers' field of 10
villages of Kachchh district, Gujarat. Amongst the tested,
clone 1308 attained maximum plant height (118.00 cm),
followed by Gymnocarpe (104.33 cm) and the minimum
in CBG (82.67 cm). Clone 1308 also had the maximum
cladode length (27.43 c¢m) and width (13.67 cm). The
number of cladodes per plant was highly variable with a
range of 6.67 in Bianca macomer to 42.67 in CAZRI
Kukma. Clone 1308 had the maximum cladode length
(27.43 cm) and width (13.67 cm). However, Bianca
macomer showed maximum cladode circumference
(56.27 cm), closely followed by clone 1308 (54.27 cm)
and minimum in CBG (46.93 cm).

Line sowing by seed cum fertilizer drill in Leh-Ladakh
region

Studies were conducted to observe the difference in
the production between the traditional broadcasting
method and line sowing with seed cum fertilizer drill in
Killibug village in Thiksey block in Leh-Ladakh.
Ploughing in the traditional system of agriculture in this
region is done with the help of Dzo (a hybrid between Yak
and cow) with traditional plough and the seeds are
distributed via broadcasting. This leads to less
germination and uneven distribution (Fig 9.2a). Better
and uniform germination of wheat with proper spacing
between plants was observed in the field where sowing
was done with seed cum fertilizer drill (Fig 9.2b). About
55 per cent less amount of seeds were needed in line
sowing and an increase of 66 and 42 per cent in grain and
hay, respectively was observed (Table 9.4).
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Fig 9.2 Wheat fields at Leh Ladakh sown traditionally (A) and with mechanical seed drill (B)

AIADT 9.4 ole—cerRd # IIF® 411 gl ERT I Y iR USIHd UNe dd Jde H g & e 996
Table 9.4 Growth parameters of wheat sown traditionally and with mechanical seed drill and under
integrated nutrient management at Leh-Ladakh

Parameter Traditional sowing Sowing with seed drill and INM
No. of plants m* 72-78 149-167

No. of tillers 2-3 4-6

Effective tillers 1-2 4-5

Spike length (cm) 5.5-9 14-17

Grain/spike (no.) 16-27 36-41

Grain yield (kg) 390 650

Husk yield (kg) 1400 2000
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Technology Assessment, Refinement and Transfer
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Performance of dual purpose fodder crops at farmers'
field

Dual purpose fodder crops viz., barley (RD-2035),
lucerne (Alamdar-51) and oat (Kent) were demonstrated
on 17 farmers' field at Harsolav villages of Nagaur
District during rabi season (Fig 10.1). The grain yield of
barley cv RD-2035 varied from 2.8 to 4.2 t ha” with an
average of 3.59 t ha" and straw yield ranged from 4.0 to
5.9 tha” with an average of 4.95 tha™ at different farmers'
fields. The mean increase in grain and straw yield due to
improved variety was 13.47 and 9.66 per cent,
respectively over local cultivar in barley. Green fodder
yield obtained from six cuts of lucerne cv. Alamdar-51
varied from 55.0 to 85.5 t ha" with an average of 67.6 t
ha". Oat cv. Kent was demonstrated at 3 farmers' field in

Barley ( RD-2035)

Lucerne (Alamdar-51)

Oat (Kent)

Multicut pearl millet (Rijka bajri)

fora 10.1 S=1d ft @) IR B BT USeH

Fig. 10.1 Demonstrations of improved cultivation of fodder crop
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small plots and found suitable with a yield of 42.9 t ha.
For producing good quality green fodder, cultivation
practices of multicut fodder pearl millet cv. Rijka bajri
were also demonstrated at 7 farmer's field during summer
season, green fodder yield obtained from 2-3 cuts varied
from 32.0 to 40.0 t ha" with an average of 35.4 t ha" at
different farmers' field.

Supplementation effect of multi nutrient blocks
(MNB) and multi nutrient mixture (MNM)

The effect of supplementing multi nutrient blocks
(MNB) and multi nutrient mixture (MNM) formulated in
the Feed Technology Unit of the institute was studied.
Eight to ten MNBs were offered to each animal through
stall feeding for about 3 months period during lactation in
addition to farmers' practice. One block was fully
consumed in a period of 7-10 days, depending on the basic
diet being fed to the animals. The average daily milk yield
of cows and buffaloes increased by 6 per cent with the
feeding of MNBs. An increase of total 168 litres of milk
yield was obtained from 2 cows and 2 buffaloes with B:C
ratio of 2.79 in cow and 2.66 in buffaloes (Table 10.1).

The feeding trials of MNM were conducted on four
lactating goats of four farmers at farmers' fields of
Harsolav village. Total 6-8 kg of MNM was provided to
each animal for 2.5 to 3.0 month period during lactation
in addition to grazing. The MNM were offered to the
animals @ 100 g d™ after goats returned from grazing. The
daily milk yield increased by 10.75 per cent. A total of 62
litres increase in milk yield was recorded after feeding of
MNM for three months period. The cost of extra milk
yield was estimated to be Rs 1483 with B:C ratio of 1.65
(Table 10.1).

TIADHT 101 T S H T, 49 AR T & §F DI IUS] W I8 U el (TATAEN) 3R
9g UINSG g THSTOT (QHUATH) B R 3MMER BT 991
Table 10.1 Effect of supplementation of multi nutrient blocks (MNB) and multi nutrient mixture (MNM)
on milk yield of cow, buffalo and goat at farmer’s field of village Harsolav

Livestock Feed Number of Milk yield Per cent Input Output B:C
species supplements livestock (L day™) increase (Cl({):.t) (Rs.)
Initial Final
Cattle MNB 2 8.15 8.62 5.7 1248 3493 2.79
Buffalo MNB 2 7.19 7.63 6.07 1144 3043 2.66
Goat MNM 4 1.57 1.74 10.75 900.0 1483 1.65
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Performance of different components in integrated
farming system at farmers' field

The study was conducted in the integrated farming
systems (IFS) developed for small, medium and large
farmer categories of Utamber village to assess the
productivity of different components of the system.
Technical interventions were compared with the existing
farmer's practice. Improved crop production technology
significantly increased production of arable crops over the
farmers practice. The crop yield of mustard and cumin
crop was increased by 13.76 and 15.1 per cent,
respectively due to improved technologies (Table 10.2).
The performance of crops in agri-horticulture was
comparable to each other for all the three crops under all
the farmers'categories. Higher yield of mustard and cumin
was obtained on the farm of large and medium farmers as
compared to small farmers. The gross return from
different crops was increased due to adoption of improved
practices. The increase in return from crops due to
improved practices was 13.5, 10.0 and 10.0 per cent
higher than the existing farmer's practices with returns of
Rs. 60, 625, Rs. 59, 500 and Rs. 56,125 ha”, respectively
among large, medium and small farmer categories. The
contribution from vegetable production was higher for
large and medium farmers as compared to small farmers.
The contribution from livestock components was more or
less similar in all categories of farmers. Use of improved
livestock management practices showed higher increase

qiferdT 10.2 7fg ISR & BIT, Fe iR I fFam & @al R faasRid taied $Y gonfei
Table 10.2 Yield of various crops under different cropping system under various categories of farmers
in village Utamber during rabi season

Farmers category  Cropping system Treatments Grain yield (kg ha™)
Mustard Cumin

Large Arable Farmer practice 1250 430
Improved practice 1430 490
Agri-horti Crop + gonda/ber 1360 450
Medium Arable Farmer practice 1380 440
Improved practice 1550 500
Agri-horti Crop + gonda/ber 1480 480
Small Arable Farmer practice 1400 450
Improved practice 1620 530
Agri-horti Crop + gonda/ber 1550 500
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in the gross returns of medium (10.0%) and small farmers
(10.0%) as compared to large farmers (6.06%). The gross
income for large and medium farmers was higher than the
small category of farmers (Fig 10.2).

Livestock management

Scientific technologies of balance feeding, broad
spectrum dewormer, importance of mineral-vitamins in
ration and prevention of diseases and health care for
optimum livestock production were demonstrated and
disseminated. A total of 109 buffaloes, cows and goats
belonging to 11 farmers were dewormed and treated for
various diseases. Cases of anestrus buffaloes were treated,
which led to conceiving in animals. The fodder produced
by medium and small farmers was not able to meet the
requirement of livestock, with a deficit of 20.9 to 44.4 per
cent, respectively. However, the large farmers had surplus
fodder (Table 10.3).
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Fig 10.2 Gross returns from the farming systems in various categories of farmers of village Utamber during rabi season

TIFABT 10.3 7T SR & BIC, FeIH R g8 [HAM gRT IR BT IS
Table 10.3 Fodder availability at the farms of small, medium and large categories of farmers at village Utamber

Farmer category  Land holding Livestock Fodder requirement Available Deficit/Surplus
(ha) (ACUs)* (t) (t) (%)
Small 1.94 2.30 6.30 3.50 -44.4
Medium 5.60 5.20 14.24 11.25 -20.9
Large 12.8 5.50 15.06 18.00 +19.5

*Adult cattle units
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Extension and capacity building components

Front line demonstrations were organized to
disseminate new and proven technologies in Utambar
village. A total of 17 demonstrations of kharif (pearl
millet, clusterbean and green gram) crops, 20
demonstrations of rabi (mustard and cumin) crop and 7
demonstrations of summer crops (fodder bajra) were
conducted. Improved varieties of pearl millet (MPMH-
17), green gram (IPM-2-3 and GM-5), clusterbean (RGC-
1033), mustard (NRCHB-101), cumin (GC-4) and fodder
bajra (Rijka bajri) were provided to farmers for increasing
crop production. Mustard (Laxmi) and cumin (GC-4)
varieties were grown with improved package of practices
during rabi season. The crop yield was increased by 13.6
and 15.1 per cent due to improved technologies in cumin
and mustard, respectively.

Eighteen demonstrations in rabi season of radish,
fenugreek, spinach, coriander, peas, brinjal and 21
demonstrations in summer season of ladyfinger and ridge
gourd, tinda, bitter gourd and fruit kachra were conducted
in village Utamber under integrated farming system
model. Vegetable cultivation resulted in net saving of Rs.
1500-1800 per family through domestic use in addition to
economic returns by selling the surplus. Two group
discussions were organized on cropping pattern and IFS
systems under rainfed as well as irrigated conditions (Fig
10.3). Fifty five farmers from Utambar village were
brought to the institute to acquaint them with new
technologies. One farmer (Shri Idana Ram) was also
recognized as CAZRI Kisan Mitra.

I3 103 SR T # & 99 & | g4t

Fig 10.3 Group discussion with farmers at Utamber village
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Production and adoption of organic system for arid
zone

In the crop rotation studies at organic farm of the
institute, highest cumin yield (1562.7 kg ha') was
recorded from treatment where cumin was grown after
pearl millet, followed by treatment where it was grown
after green gram (1312.3 kg ha") and sesame (906.8 kg
ha"). The Alternaria blight incidence in cumin was also
lowest (11.1%) in treatments where it was grown after
pearl millet as compared to green gram (20.8%) and
sesame (32.8%). Organic cultivation of cumin and
psyllium at farmers' fields in village Ujaliya, gave average
yield of 931 kg ha" in cumin and 898 kg ha" psyllium
respectively.

At village Dantiwada, among eighty farmers who
were provided package of organic farming technologies,
majority (55%) belonged to medium adoption category
followed by high (25%) and low adoption category
(20%). Among various predictors of adoption most
important and significant variables were: sources of
information, knowledge and training received by the
farmers while age, type of family, size of family, land
holding size, experience and annual income were found to
be non-significantly correlated with adoption. For
popularizing organic farming, four demonstrations of
organic system management were done at both Dantiwara
and Ujalia villages. Two training programs, four group
discussions were also conducted along with regular
intercation with farmers. Besides these, more than 2000
folders were also distributed for encouraging organic
farming in these villages.

Convergence of traditional knowledge systems in the
Indian Himalayan region

ITK of farmers and residents in Leh-Ladakh region

Adaptation strategies and behaviour of birds to
mitigate extreme weather conditions have been used by
farmers as indicators for prediction of rainfall/snowfall
and consequent change in temperatures:

(a) Migration/movement of birds such as Pyrrhocorax
pyrrhocorax (Chungka Khamar/Red-billed
Chough), Eremophila alpstris (Okpo Thakir/Horned
Lark), Alectoris chukkar (Srakpa/Chukar Partridge)
and Montifringilla adamsi (Ri-chi/Tibetan
Snowfinch) from village (low altitude) to high
mountains (high altitude) indicates onset of summer
season. Return of birds from mountains to villages
indicates occurrence of snowfall on mountains and
onset of winter.
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Birds also migrate from Leh-Ladakh to warmer
areas outside the region. Out-migration of birds such
as sparrow and Eremophila alpstris (Okpo
Thakir/Horned Lark) from village indicated onset of
winter and snowfall. Return of these birds from
migration/in-migration to villages indicated onset of
spring season (March-April).

Building of nest on poplar tree by birds such as Pica
pica (Katang Puti/Magpie) and Eremophila alpstris
(Okpo Thakir/Horned Lark) at different heights also
indicated the extent of snowfall. Nest building at top
of the tree predicted relatively hot summer. Nest
building at medium height predicted moderate
summer. Nest building at lower height indicated
relatively cool summer. Building of nests on sea
buckthorn (shrub) indicated higher snowfall on
mountains and severe winter.
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Extention activities at Leh under Tribal Sub Plan

Under TSP 12 training programs for 517 farmers on
tree plantations, weed management, women self help
group awareness, protected cultivation technologies etc.
were organized by CAZRI, RRS, Leh. Vegetable seeds,
garden/horticultural tools, poultry chicks, livestock
medicines/feed pellets, low tunnel rings, underground
vegetable cellar, UV polythene for mulching, manual
wheel hoes/manual seed drill were distributed among 210
beneficiaries of six TSP wvillages. Six awareness
camps/exhibitions/exposure visits were also organized
for 128 beneficiaries on metallic pot making, earthen
items in all the TSP/MGMG selected villages including
swachchhata campaign. Repairing of irrigation channels
and fodder shed in Khuksoo village were also facilitated
by CAZRI, RRS, Leh. Water Day, Women Day, Forest
Day, International Mountain Day and World Environment
Day were also celebrated among farmers' of various

villages in Leh.

Distribution of Poultry Chicks

I R qehAlehl o g SESAa fRar @&
SfteraTaT § gar
HIT B IATGHAT H gl @ oY =1 dIll IR Tl &

TP & T8 & IR H, "Rl B AT MR IR, I
JArId R, Si|ars! Tt & 175 3nfeardt feaEr or

Metallic Pot Making

Livelihood improvement of Scheduled Tribe Farmers
through improved agricultural interventions

Certified seeds (700 kg) of mung bean (IPM 2-3)
were distributed to 175 tribal farmers and they were
briefed about the importance of improved seeds and
cultivation practices for increasing productivity of mung
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Seed distribution programme in gram panchayat Charla, Banswara under TSP, AICRP NSP (Crops)
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bean. The programme was undertaken at village Naroton
Ki Goj and Charla, Gram Panchayat Charla, Banswara in
February 2019 under TSP of AICRP (NSP). Farmers were
also appraised about the achievements of CAZRI and TSP
programme. The programme was implemented with the
help of the state agricultural department and gram
panchayat.

Awareness on rodent management among Scheduled
Tribe Farmers

Training on rodent management with demonstration
on bait preparation and bait delivery technique was given
to 660 farmers of nine village of Rajasthan from Jodhpur
Distt (Mangeria, Padsala & Kapooria), Jalore Distt
(Chitalwana & Golasan); Sirohi Distt (Khara &
Uppplagarh), Banswara Distt (Chidyawasa & Badvi), and
two villages in Jammu & Kashmir of Leh (Stakmo &
Shang) under Tribal Sub-Plan Scheme (All India Network
Research Project on Vertebrate Pest Management).
Besides this bait bins were also distributed among tribal
farmers.

IRaeT VR edd THT URASHT H ST A & dgd

P G AT JHIT G4 G IUANT Bl dheAldh TR Frreror

Demonstration on bait preparation and bait delivery technique under TSP Scheme of
All India Network Research Project on Vertebrate Pest Management
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Crop Cafeteria

Ninety improved varieties/hybrids of five principal
arid zone crops viz., pearl millet (20 wvarieties),
clusterbean (20 varieties), mung bean (20 varieties), moth
bean (20 varieties) and sesame (10 varieties) were
demonstrated in a “Crop Cafeteria” during kharif season.
Similarly, 60 improved crop varieties of rabi crops viz.,
isabgol (10), cumin (4), fenugreek (10), coriander (10),
safflower (6) and mustard (20) were also demonstrated
with recommended package of practices for the farming
community of arid zone. A large number of farmers
including woman farmers visited the Crop Cafeteria
during field days and farmers fair and realized the role of
varieties and proper management is key factor for
increasing the productivity. Besides farmers, officers of
state line departments, representatives of NGOs and other
dignitaries from ICAR and international organizations
visited the cafeteria and appreciated.

ol B AIEEd WR ARl $Y6 Ud faRre il &1 g\or
Women farmers and dignitaries visit of crop cafeteria
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Model Village

During kharif and rabi seasons 112 FLDs were laid
out in Ujaliya village. In kharif 25 FLD on pearl millet
(MPMH-17), 40 FLD on mung bean (IPM2-3), 20 FLD
on moth bean (CZM-2) and 4 FLD on cowpea (RC-101)
were laid, the yield enhancement was found 30.8, 15.4,
12.2 and 14.9 per cent, respectively. During rabi 14 FLDs
on mustard (Laxmi), 8 FLDs on cumin (GC-4) and one
FLD on organic cumin cultivation practice were
conducted. The seed yield increased by 17.4 per cent in
mustard and 13.5 per cent in cumin due to adoption of
improved practices in comparison to farmer's practice.
Organic cultivation of cumin increased yield by 22.3 per
centover farmer's practice.



ICAR-CAZRI

Tes-201_

TR TRt

Outreach Extension Activities

SIuiferar Tifg # fHArl I WRERTTd HiY Al o gomr 9 disirae d ufierd gig

Percentage enhancement in seed yield over farmers practice in village Ujaliya

Season Crop Variety
Kharif Pearl millet MPMH-17
Mung bean 1PM2-3
Moth bean CZM-2
Cowpea RC101
Rabi Mustard Laxmi
Cumin GC-4
Organic Cumin GC-+4
wq-foram aée
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No. of FLD Yield enhancement over local (%)

25 30.8
40 15.4
20 12.2

4 14.9

14 17.4

8 13.5

1 223

m-Kisan Portal

m-Kisan portal is a [CAR Research Data Repository
for Knowledge Management in which publications and
technologies are being uploaded. CAZRI has uploaded
133 publications (Research articles of CAZRI scientists,
Institute publications (APRs, Issues of CAZRI
Newsletter, folders) and technologies. Five technologies
viz., CAZRI Arabic gum induction technology; Bio-
formulated product of Trichoderma harzianum
(Marusena-1) for managing Soil borne plant pathogens;
Bioformulated product of Bacillus firmus (Marusena-3)
for managing dry root rot of legumes and oil seeds;
Consortium of Trichoderma harzianum and Bacillus
firmus (Mishrith Marusena) for managing soil borne plant
pathogens; and pearl millet crop variety: CZP-9802 (MP-
406) developed by the institute have been uploaded on the
portal.

The institute collects details of visiting farmer's
mobile number and crop details for their SMS registration
in the portal. During the reporting year a total of 1075
farmers have been registered in the portal. A study was
undertaken to see the effectiveness of messages sent by
CAZRI through mKisan portal. The total effectiveness
index was found to be 80.25 per cent indicating that the
SMSs sent through the portal was found to be very
effective for majority of the farmers.

Agro-meteorological advisory service

Weather based agromet advisory services were
provided to the farmers of Barmer, Churu, Jalore, Jodhpur
and Pali districts. Weather forecast data for coming five
days was received from Regional Meteorological Centre,
Jaipur, twice a week, usually on Tuesdays and Fridays.
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Agromet-advisory bulletins were prepared on the same
day based on current crop condition, past weather and
medium range weather forecast. The bulletins included
relevant advisories for crops, fruits and vegetables and
livestock. Total 97 such bulletins were issued during
2018. The bulletins were uploaded to institute website and
India Meteorological Department website. Free SMSs
were also sent to registered farmers. The bulletins were
also disseminated through local newspapers, radio, TV,
internet, KVKs, officials of state agriculture department.

Kisan Mela and Agriculture Innovation Day

State Level Farmers' fair cum Innovation Day was
organized at CAZRI, Jodhpur during September 13-15,
2018 in which more than 8000 farmers including 1800
women from Jodhpur, Bharatpur, Udaipur, Banswara,
Jaipur, Sirohi, Barmer, Jaisalmer, Nagore, Pali, Jhalawar,
Sikar, Jalore, Chittorgarh, Ajmer, Dausa, Dholpur,
Rajsamand, Bhilwara and Bikaner districts of Rajasthan
participated. Farmers from Aurangabad, Maharashtra
also participated under Maharashtra Agriculture
Competitiveness Project. Sh. G.S. Shekhawat, Minister of
State for Agriculture and Farmer's Welfare, GOI was the
Chief Guest of the function. Sh. Jogaram Patel, MLA
(Luni), Dr. Balraj Singh, VC, Agriculture University,
Jodhpur Mr. Lalit Kumar Gupta, Divisional
Commissioner, Jodhpur; Dr. P.L. Saroj, Director, ICAR-
CIAH, Bikaner and Sh. R.K. Thanvi, Chief General
Manager, NABARD were also present on this occasion.
Two CD's were also released during the inauguration
session. Five farmers were honored as CAZRI Kisan
Mitras in recognition of their significant contribution in
adoption and dissemination of agricultural technologies
developed by CAZRI. Farmers producing best crops of
pearl millet, mung bean, moth bean, clusterbean, sesame,

P el 3R B FaraR e

State level Kisan Mela and Agriculture Innovation Day
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Outreach Extension Activities

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. Posters,
products, live plants, farm equipments and other material
showcasing agricultural technologies were displayed by
108 Govt. and private agencies.

Dr. A K. Gehlot, Ex VC, RAJUVAS, Bikaner; Dr.
B.R. Choudhary, Director Research, Agriculture
University, Jodhpur and Dr. Ishwar Singh, Director
Extension Education, Agriculture University, Jodhpur
were guests in the valedictory function. Various
government and private agencies were awarded for best
display of their products and technologies in farmers
friendly way.

District level Kisan Mela and exhibition

Krishi Vigyan Kendra and Agricultural Technology
Management Agency (ATMA) jointly organized a district
level exhibition and Farmers' Fair at the Institute on
January 28. Shri Gajendra Singh Shekhawat, Minister of
State for Agriculture and Farmers' Welfare, Government
of India inaugrated Farmers' fair. Shri Mahendra Vishnoi,
MLA, Luni, Jodhpur was the Guest of Honour. On this
occasion a Kisan Goshthi (Scientist-farmer interaction)
was also organized in which queries raised by farmers on
problems related to crop production, livestock, soil
management, horticulture, water harvesting and pasture
management etc., were answered by scientists. In the fair
more than 2000 farmers participated and got aware of the
recent and advanced agricultural technologies.

Kisan Mela was also organized at KVK Bhuj on
January 17, 2019 in which 250 male 150 female farmers
participated. A Kisan Mela was also organized at KVK,
Pali March 28, 2019 in which more than 750 farmers,
farmwomen and officers of line department from entire
blocks of Pali district participated. Chief Guest of the
Kisan Mela was Director, CAZRI, Jodhpur.

Agricultural Technology Information Centre (ATIC)

Under single window service system, 15295
farmers/farm women/student/trainees and state/central
officers visited ATIC Centre and were appraised of
institute technologies and activities. There was a sale of
16,789 kg seeds of improved varieties of crops, out of
which 14085 kg was kharif crops i.e. mung bean (IPM 2-
3, GM-5, IPM 205-7, IPM 2-14), moth bean (CZM-2),
clusterbean (RGC-1033, HG 2-20, HG-365, HG-563),
sesame seed (RT-351) and grasses (C. ciliaris, C.
setigerus, and mix seed) etc. and 2704 kg was of rabi crops
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i.e. mustard (NRC HB-101), cumin (GC-4) and fenugreek
(RMT-305). Beside these 79,372 seedlings of
horticultural, forestry, ornamental and medicinal plants
were sold to farmers. Among the other activities, ATIC
facilitated analysis 0f 240 soil and water samples received
from farmers, sale of milk and animal feed products,
kharif produce grain, gum inducer, fruits, napier grass,
marusena and value added products etc. and generated
total revenue of Rs. 44,36,765.

BTG ¥H0T 2] A= 3l 9 3 mTd

State wise group visitors at the Institute

Name No. of Farmers
of State SLOUE
Male Female
Rajasthan 63 9329 1203
M.P. 03 45 -
Gujarat 16 411 35
U.P. 01 — -
Maharashtra 01 — -
Odisha 01 — -
Delhi 01 . —
Karnataka 03 o -
Haryana 01 10 —
Total 90 9795 1238
SISt TohET o Ta STehTITaTuit

TR & DT BT ST fHar et / e = &
foeryet @ s # enfaet foar T 21 39 af W ®
It T 05 AETT AT FAIRT B I gy & | HRAH
P b fawaR AR B S o g S o
el gRT W FHavat fear a7 | fafr wwerHr ik Sy
EEISKCE-AEEIRCIRCAEEPREN EEIRANECICANCIMIREN
P & &3 ¥ GuR vd Fafoe =T uggall W 46 WA
Tt & TS |

forart & fow smanfsa wivreror: son @ fafver favm,
83 ST desi Ud P A Bl §RT T 296
TRTET0T HIRISH 7725 HYDI & (oY AT fhd T |

Student / Central / Total

Trainees State officers
Male Female Male Female Male Female
2240 916 463 101 12032 2220
--- - 03 - 48 -
223 66 27 04 661 105
03 33 - -- 03 33
10 06 02 - 12 06
--- --- 08 --- 08 -
--- - 03 - 03 -
94 52 06 01 100 53
01 11
2570 1073 513 106 12878 2417
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DD Kisan channel and All India Radio

Scientists of the institute were empanelled in the list
of experts of DD Kisan. Five 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 46 radio talks on All India
Radio covering various aspects related to improved
practices in agriculture.

Trainings organized for farmers: 296 trainings were
organized for 7725 farmers by various divisions, Regional
Research Stations and KVKs of'the institute.
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Details of on-campus and off-campus trainings imparted to the farmers
On-campus Off-campus
Subject No. of No. of No. of No. of
courses trainees courses trainees
Jodhpur
Agronomy 1 30 10 167
Horticulture 1 30 02 40
Organic Farming - - 01 16
Farmer Scientist Interface - - 01 86
Animal Health-camp - - 01 265
Renewable Energy - - 02 15
Plant Protection - - 02 31
Gum Production - - 11 32
Extension 1 30 - -
Animal Science - - 02 23
Rodent Management in Fields - - 01 31
Regional Research Station, Bikaner
Agriculture 04 120 - -
Regional Research Station, Leh
Field based Training on Rodent Pest Management - - 01 25
International Mountain Day - - 02 75
Awareness Camps on Swachhta - - 06 128
Storage of Food and Feed Material for Winter - - 01 18
Natural Farming and Swachhta - - 01 70
Interaction with Farmers - - 01 16
Regional Research Station and KVK, Bhuj
Agronomy 03 77 09 186
Horticulture 08 241 09 205
Plant Protection 05 231 10 204
KVK, Pali
Crop Production 09 175 15 371
Horticulture 05 147 13 296
Plant Protection 02 50 05 160
Home Science 08 169 12 371
Animal Science 02 68 04 120
Agricultural Extension 09 201 10 173
KVK, Jodhpur

Agronomy 05 136 17 665
Horticulture 07 220 10 224
Plant Protection 07 193 12 356
Home Science 08 272 10 239
Animal Husbandry 04 119 10 222
Agri. Extension -- -- 15 356
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Front line demonstration: About 2366 farmers
benefitted by various FLD programs conducted by
institute in different villages. 76 animal health camps and
balanced economical feeding demonstrations were given
in various villages in Jodhpur district. 23 new
technologies received from various institutes were also
demonstrated on 132 farmers field.

9 2018—2019 ¥ fby T M dfed s

Front line demonstrations (FLD) undertaken during 2018-19

Thematic area Demonstrations/Area (ha) Beneficiaries
Division of Livestock Production and Range Management
Kharif Crops 17 06
Rabi Crops 20 14
Summer Crops 07 07
Division of Transfer of Technology and Training
Kharif Crops 153 153
Grasses 09 09
Rabi Crops 60 60
Regional Research Station, Bhuj and KVK, Bhuj
Agronomy 275 275
Horticulture 40 40
Plant Protection 155 155
KVK, Pali
Kharif Crops 250 250
Rabi Crops 321 321
Fodder Production 25 25
KVK, Jodhpur

Agronomy 303 303
Horticulture 115 115
Plant Protection 125 125
Home Science 174 174
Animal Husbandry 76 76
Agril. Extension 109 109

NESM-Pulses

225 225
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On Farm Trials (OFTs) undertaken during 2018-19

Thematic area No. of OFTs conducted Beneficiaries
KVK, Bhuj

Agronomy 02 06

Horticulture 02 06

Plant Protection 02 06
KVK, Pali

Agronomy 03 09

Horticulture 04 12

Farm Machinery 01 03

KVK, Jodhpur

Agronomy 02 20

Horticulture 02 20

Plant Protection 02 20

Animal Husbandry 03 30

SATEATSTA WIYTETUT ShEeht: AR H 3 9§ s YA
Rreror wRima frami 2g omafva o | 39 3=
faff=1 ge-NfHal & SAeRT < TS I YIRT & aeld] Bl
FHSIRIT T | §9a AMTRET By [T bl Ud FwI= &
T gIRT 8= TR Tfafaferat ud i faasy Y smanfora
fed T |

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.

I 2018—19 H URIITT TIETT BRIHH

Sponsored training programs during year 2018-19

Name of Program

Division of Natural Resources

Green Skill Development Programme (GSDP) Plantation
Techniques and Utilization of Renewable Energy in Arid Zone

Division of Plant Improvement and Pest Management

Khejri Mortality and Distribution of Bio-kit

Scientist Farmers Interaction and Training

Division of Agricultural Engineering and Renewable Energy

Revival of Village Ponds through Scientific Interventions

Participants (Nos.) Sponsored by
Male Female Total

13 02 15 Min. of Environment, Forest
and Climate Change, Govt.
of India

45 -- 45 DST

135 = 135 Mega Seed Project

-- -- 71 DST

Division of Transfer of Technology and Training

Organic Farming in Arid Zone
Livelihood Security through Arid Horticulture

Improved Production Technologies for Horticulture Crop in
Arid Region

Farmer Scientist Interface

30 - 30 PD, ATMA, Jalore

30 - 30 PD, ATMA, Jalore
Deputy Director

S - S (Horticulture)

73 13 36 ICAR - Farmers FIRST

Project
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Name of Program Participants (Nos.) Sponsored by
Male Female Total
Animal Health Camp _ _ 265* ICAR - Fanpers FIRST
Project
RRS, Leh

Sustainable Development of Organic and Inorganic Farming

with Special Reference to Vermicomposting 15 2L = DELES
Effect of Chemical Fertilizers on Soil Health 28 14 42 NMSHE
Tomato Pulper Machine 04 12 16 NMSHE
RRS, Bikaner
Y &3 H PV IET 98 g UDIha Wil HoTell Jae 60 30 90 ATMA, Bikaner
g &3l § PIY IeUTe 9T &G TbIpd Wil HolTell Feier 30 - 30 ATMA, Jaipur
3R ITeH HIENfid! g e H 377 R8T AHY 30 - 30 ATMA, Bikaner
RRS, Pali
Intra-district Farmers Training 27 03 30 Deputy Director
(Agriculture)- Pali
Horticultural Crop 76 14 90 Assistant Director
(Horticulture), Pali
Oil Seed Production under National Food Security Mission 102 18 120 Assistant Director
(Agriculture), Pali
Improved Technology of Crop Production 79 11 90 Project Director, ATMA, Pali
Oilseed Production under National Food Security Mission 34 06 40 Assistant Director
(NFSM) (Agriculture), Pali
Oilseed Production under National Food Security Mission 36 04 40 Assistant Director
(NFSM) (Agriculture), Sojat
KVK, Pali
Cultivation Practices of kharif Oilseeds 26 04 30 Project Director, ATMA, Pali
Cultivation Technology of Cotton Crop under ISOPOM 25 05 30 Project Director, ATMA, Pali
Production Technologies of Pulses Crops in Rainfed Area 78 12 90 Project Director, ATMA, Pali
Pod Borer Management in Pulses 60 -- 60 Project Director, ATMA, Pali
Adoption Technologies of Seed Spices 52 08 60 Project Director, ATMA, Pali
Balance Diet of Farm Women -- 100 100 ICDC, Pali
KVK, Jodhpur
Organic Farming 21 -- 21 ATMA, Jodhpur
Nutritional and Health Management in Dairy Animals 30 -- 30 ATMA, Jodhpur
Animal Husbandry and Agriculture Technology in Arid 46 -- 46 ATMA, Pali- Marwar
Region
Dairy Entrepreneur 25 1 26 ASCI, New Dehli
Management of Nursery and Orchard 30 -- 30 ATMA Sawai Madhopur
Horticultural Crops and Organic Farming 40 -- 40 ATMA Amareli (Gujarat)
Management of Cumin Crops 30 - 30 ATMA Jodhpur
Skill Development Training for Assistant Gardener 20 -- 20 ASCI, New Dehli
Health and Hygiene -- 30 30 HUMANA, Jodhpur
Scientific Cultivation and Value Addition of Oil Seed Crops -- 30 30 ATMA, Jodhpur
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Outreach Extension Activities - g
1959 - _t
Name of Program Participants (Nos.) Sponsored by
Male Female Total
Women Empowerment through Value Addition of Food Items -- 33 33 ATMA, Jodhpur
Food Processing and Marketing 30 -- 30 Marketing Board, Jodhpur
Insect Pest and Disease Management in Mung bean and Moth 24 -- 24 ATMA, Jodhpur
bean
Plant Protection Measures in Arid Crops 28 -- 28 ATMA, Nagaur
Seed Production in Mung bean and Moth bean 30 - 30 ATMA, Jodhpur
Improved Production of Mustard Cultivation 26 -- 26 ATMA, Jodhpur

* Cows/buffaloes — 30, Sheep — 150 & Goat — 85

Hdld gRT AT TR TTffafert
Extension activities organized by KVKs

Nature of Extension Activity KVK, Pali KVK, Jodhpur KVK, Bhuj
Field Day 16 05 07
Kisan Mela 01 02 01
Kisan Gosthi 22 08 04
Exhibition 03 11 01
Film Show 24 05 04
Method Demonstrations 41 16 06
Farmers’ Seminar 01 01 --
Workshop 01 01 --
Group Meetings/Discussion 27 11 05
Lectures Delivered as Resource Persons 79 86 08
Newspaper Coverage 38 36 07
Radio Talks 06 11 02
TV Talks 08 06 --
Popular Articles 08 01 03
Extension Literature 07 03 09
Advisory Services 42 198 229
Scientific Visit to Farmers Field 69 74 167
Farmers Visit to KVK 39 41 622
Diagnostic Visits 22 22 07
Soil health Camp 12 09 --
Animal Health Camp 02 03 =
Soil Health Day 01 01 01
Farm Science Club Conveners meet 03 01 --
Self Help Group Conveners meetings 03 02 --
Celebration of Important Days 06 04 04
Special Day Celebration 03 03 03
Exposure Visit 06 05 --
Abhiyan/Campaign 12 12 12
Soil/Water Testing 192 173 202
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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
about its activities and achievements.

ST MG Te=iferat 3 9T fora |
HRI §RT USRIl BT AN Td |\
Exhibitions conducted/participated by the institute
Date Occasion
May 02, 2018 Gram Swaraj Abhiyan - 2018

June 01, 2018

July 05, 2018
September 13-15, 2018
September 29, 2018
October 21 2019

October 27, 2018

January 04-13, 2019
January 27, 2019
January 28, 2019
February 07, 2019
February 08-09, 2019
February 24, 2019

March 07, 2019

March 28, 2019

Interaction with Farmers

Foundation Day of ICAR-NRCC, Bikaner

State Level Farmers Fair - 2018

National Kisan Mela- 2018

e THfg @1 3R SIfi=g Usel: KRISHIFEST-2018

National Conference on “Arid Horticulture for Enhancing
Productivity & Economic Empowerment”

RISTRIT Uil ERIRIC IHI—2019

Ber Diwas

District Level Exhibition and Kisan Mela-2019
25q7 WRE! A= e

Seed Spice Farmers Fair and Seminar

Pradhan Mantri Kisan Samman Nidhi Programme
(PM-KISAN)

Kisan Mela

District Kisan Mela

Dignitaries and farmers visit of CAZRI exhibition
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Place
ICAR-CAZRI, Jodhpur
ICAR-CAZRI, KVK, Jodhpur
ICAR-NRCC, Bikaner
ICAR-CAZRI, Jodhpur
ICAR-CSWRI, Avikanagar
ICAR-NRCC, Bikaner

ICAR-CIAH, Bikaner

Rawan Ka Chabutra Maidan, Jodhpur
ICAR-CIAH, Bikaner

ICAR-CAZRI, Jodhpur
ICAR-DRMR, Bharatpur
ICAR-NRCSS, Ajmer

ICAR-CAZR, KVK, Jodhpur

KVK, SKRAU, Lunkaransar

KVK, PALI
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ifE® TSI YoM Ud ATaARITHRUl
Intellectual Property Management and
Commercialization

WA D] Jaed Sals (MECIgAy) - |RI= Ud
sfalRad wxermetl & I Fosiar soe i &= #
BSEEGIECRETE

e  Material Transfer Agreement (MTA) with ICRISAT
in June, 2018 for sharing of promising breeding line
of pearl millet for strengthening the ongoing pearl
millet genetic improvement program of the ICAR-
CAZRL

e MoU with Cairn Foundation (2" time) for the period
from Jan., 2019 to Jan., 2021 wherein ICAR-CAZRI

HTHATT-SRISHT ol 3H 6 i yee <t fordd T
e UCT W-304253 HI-URA SiE] dleiRiaNISS

Jcared

e UCT W.—307861: IF—UIVD SIfdd W& B HLATT Bl
wfshar

e UCTT H—309385: SId HICAT® BT SId—GATHRIT IR
I BT IR B DI HihAT

Institute Technology Management Unit (ITMU)
facilitated signing of MoU between the institute and
various agencies as follows:

would be supporting community development
project as advisory with the expertise in the field of
arid zone.

e MoA with Fourth Partner Energy, Hyderabad
regarding electricity generation through roof top
solar panels.

ICAR-CAZRI has been granted three patents

e Patent No. 304253: Nano-induced bacterial
polysaccharide production

e Patent No. 30786: A process for synthesizing a
Multi-nutrient organic manure

e  Patent No. 309385: Bio-formulation of a Bio-
pesticide and a process for preparing the same

WA WrEnfien Jeier Serte A Weam urenfiferat ot fafir=r wreawt | eivenfo™ s

Institute Technology Management Unit popularized the Institute technologies

e Developed and printed scrolls showcasing the
Institute theme wise multidisciplinary scientific
work through wall mounted motorized scrollers

° Interacted with farmers in the State Level Kisan

pamphlets depicting salient feature and economics
of ready to commercialize technologies developed
by the Institute over the years among them in
response to their interest and also to increase their

. .. awareness
Mela & Farmer's Innovation Meet and distributed
wrHYt T:Fl'ﬁ/Consultancy
Consultancy Project Type Client/Organization Budget outlay (Rs.) Status
Anti-rodent testing of DWC (Double =~ Consultancy ~ M/s Dura-Line India Pvt. Ltd., Completed
wall Corrugated) ducts Services Neemrana, Alwar, Rajasthan, India
Anti-rodent testing of HDPE DWC Consultancy ~ M/s Creator Poly Extrusions LLP., Completed
(Double wall Corrugated) ducts of Services Greater Noida, G.B. Nagar (UP)
Creator Poly Extrusions LLP India
Anti-rodent testing of HDPE DWC  Consultancy =~ M/s Dura-Line India Pvt. Ltd., Completed
(Double wall Corrugated) ducts Services Neemrana, Alwar, Rajasthan, India
Anti-rodent testing of DWC (Double =~ Consultancy =~ M/s Dura-Line India Pvt. Ltd., Completed

wall Corrugated) ducts

Services Neemrana, Alwar, Rajasthan, India

125



aif¥e gferdes 2018-19
Annual Report 2018-19

N
¥

AR
ICAR

TECAATHRUT TR TRl T Ught (TfesT) aes
ENVIS Centre on Desertification
Eﬁ_‘i\' it Tfatateat/ Activities of Centre

° International Day for Biological Diversity on theme
“Biodiversity 25 years of Action” was organized at
Mandau, Jaisalmer (May 22,2018)

° Word Environment Day on the theme “Beat the Plastic
Pollution” was organized at Khedapa, Jodhpur (June 05,
2018)

° World Day to Combat Desertification was celebrated on
the theme “Land has True Value — invest in it” (June 19,
2018)

° A Green Skill Development Programme on "Plantation
Techniques and Utilization of Renewable Energy in Arid
Zone” sponsored by MoEF&CC, GOI was organized for
15 participants (July 11 - August 10,2018)

° World Ozone Day was celebrated at Jawahar Navodaya
Vidyalaya, Kalandri, Sirohi on the theme “Keep Cool and
Carry on The Montreal Protocol” (September 16,2018)

° ENVIS, ICAR-Central Arid Zone Research Institute
(CAZRI), Jodhpur and The Energy and Resources
Institute (TERI), New Delhi jointly organized a Seminar
on "Climate Change and Desertification: Renewable
Energy Solutions for Enhancing Mitigation Potential in
Rajasthan at Jaisalmer (January 10,2019).

e  National Science Day was celebrated on the theme
“Science for the People and People for Science” at KVK,
Gudamalani, Barmer (February 28,2019)

HIPH3TT A IATTeTzT get

Online system for ICAR NET examination

HIH H HY Iee =g qoed, 73 fdoell & deamr 4
TRIRTH (A1.)—2017 T = (UH)—2018 B TS URIET 370t
6—10, 2018 & TR IMARTT B T 5 BN vd |wgarh
fage & 31 fawdi # werRwH (Wn)—2017 9 56 fawai # =
(f<irr)—2018 @1 Uras fo= <= ol # uRierr off 1 | et 1413
STt # 3 987 nTRIAY 7 Sifers ukien < | 39 afaRed
B T 9 wfdd faw @1 veiRed  (Un)—2017 @ I
(erH)—2018 TRIET 33 JRARIAT & oIy G: o 22, 2018 Bl
MANRTA &Y Y TAT S (1.)—2018 &Y SIS Ter fasdaR
27—29, 2018 & QIR AT B AT | R 439 AITAAT H 4
314 IPATIRAT 7 SAFerTs wRier &1 | IRYS §RT FaATferd el R
IS g FADICR USdshHl 3 ay 2018—19 & ol yder &g
JTTT 18 T 19, 2018 BT ferRaa u¥ien &7 ot faram T3 |

TofiproT & folu ®dR # e anmeff

Candidates queing up for registration

Online Examination of ARS (Prelim) 2017 and NET (I) -
2018 was organized from April 6-10, 2018 at ICAR-CAZRI,
Jodhpur centre under the aegis of Agricultural Scientists
Recruitment Board (ASRB), New Delhi. The examinations were
conducted in three slots each day in 31 and 56 disciplines of
Agricultural and Allied Sciences for ARS (Prelims) and NET,
respectively. Out of 1413 candidates registered for this centre 987
candidates (69.85%) appeared for the computer based online
examination. Besides re-online exam for ARS (Prelim)-2017 and
NET (I) 2018 for Farm Machinery and Power was organized on
April 22,2018 for 33 candidates and NET (II) 2018 from December
27-29, 2018. Written examination for admission to UG and PG
degree programs for academic session 2018-19 conducted by
ICAR, New Delhi was also organized by the Institute on August 19,
2018 for UG and August 18,2018 for PG.

oierreli Rle <l gY

Candidates appearing in examination
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Institute Projects

Integrated Basic and Human Resources Appraisal,
Monitoring and Desertification

Integrated natural resources monitoring in arid Rajasthan
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

Characterization of soil phosphorus to identify the
availability potential and reversibility in arable lands of
Sikar and Jhunjhunu districts

Biodiversity Conservation, Improvement of Annuals and
Perennials

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 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

127

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

Enrichment, evaluation and selection of promising
genetic resources of Henna (Lawsonia inermis L.) for
enhancing productivity

Standardization of budded Prosopis cineraria based
agroforestry system in arid zone

Exploring stress tolerant plant growth promoting
bacteria for enhancing drought resilience in mung bean
and clusterbean

Development of pearl millet (Pennisetum glaucum L.)
inbred restorers and hybrids adapted to arid region

Breeding for higher yield in clusterbean

Integrated Arid Land Farming System Research

On-farm assessment of integrated farming systems in
arid region

Production and adoption of organic system in arid zone

Integrated farming system for enhancing economic
resilience in arid regions

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

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

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

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

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

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



aif¥e gftraes 2018-19
Annual Report 2018-19

AP
ICAR

Soil quality, crop productivity and sustainability under
long term fertilizer experiment in Aridiosols of India

Organo mineral fertilizer use efficiency and enriched
composting

Identification of tolerant/resistant rootstock against
nematodes and standardization of rootstock mediated
propagation techniques for effective management of
nematodes in pomegranate in arid regions

Harnessing the potential of high yielding fodder beet as
forage and bio ameliorative crop in arid region

Post emergence herbicidal weed management in mung
bean and moth bean and their residual effect on
succeeding wheat and mustard crops

Management of Land and Water Resources

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

Rajasthan
Tree crop interaction in partially irrigated arid zone

Evaluation of low cost protected structures for vegetable
production

Studies on hydrogel application in arid soils to assess its
potential for enhancing water availability and
sustainability of existing cropping systems

Ex-situ analysis of textile effluent affected soil around
Bandiriverin Pali

Optimization of deficit-irrigation for improving water
productivity of Indian mustard in hot arid region

Water harvesting based integrated farming system for
arid region
Improvement of Animal Production and Management

e Improving farm productivity through livestock based

farming system at farmers' field

Potential of Napier hybrid based fodder production
system in arid region

Evaluation and management of palatable halophytes for
enhancing fodder resources in arid Gujarat

Plant Products and Value Addition

e Development of post-harvest technique for date palm at

Dokastage

Development and evaluation of pearl millet flakes based
multi-nutritional instant food products
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e Evaluation of food and nutraceutical applications of

Cordia myxa gum and pomegranate waste
Integrated Pest Management

e Development of integrated pest management modules

for cumin, groundnut and castor

Ecological evaluation of rodent diversity in Narmada
canal command area

Development of forecasting models for the management
of major diseases of clusterbean and cumin

Development of rodenticidal baiting schedules for rodent
management in arable crops of Indian arid zone

Non-conventional Energy Systems, Farm Machinery
and Power

e Design, development and performance evaluation of
phase change material (PCM) based photovoltaic

thermal (PVT) hybrid solar dryer

Development and evaluation of CAZRI solar dryer for
apricotat high altitude

Design, development and performance evaluation of
concentrating solar thermal desalination device with
PCM

Socio-economic Investigation and Evaluation

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

Technology Assessment, Refinement and Training

ICAR-CAZRIModel village project

Ty faw difva uRESHRE/EXTERNALLY FUNDED
PROJECTS

e Production of quality seed and plant materials of arid

crops (ICAR; DSR; Rs. 60.85 Lakhs)

All India Coordinated Research Project-National Seed
Project (Crops) (ICAR; Rs. 28.90 Lakh)

All India Network Project on Vertebrate Pest
Management (ICAR; Rs. 581 Lakh)

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

Harvesting, processing and value addition of natural
resins and gums (IINRG, Ranchi; Rs. 61.15 Lakh)



Integrated agro-meteorological advisory services (AAS)
for farmers of Jodhpur region NCMRWF (DST; Rs. 3.92
Lakh)

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

Water harvesting based integrated agricultural
production system for arid region (ATMA; Rs. 8.27
Lakh)

National mission on sustaining Himalayan ecosystems
(NMSHE)-Task force-6 (Himalayan Agriculture)
(NMSHE; Rs. 74.20 Lakh)

National mission on sustaining Himalayan ecosystems
(NMSHE)-Task force-5 Indigenous Technology
Knowledge (ITK) (NMSHE; Rs. 8.69 Lakh)

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; Rs. 84.00 Lakh)

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; Rs.
31.54163)

Creation of seed hubs for increasing indigenous
production of pulses in India (MoA; Rs. 150 Lakh)

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

Sustainable livelihood interventions for augmenting
small land holders income in western Rajasthan (Farmers
FIRST; Rs. 45.54 Lakh)

DST network project on “Revival of village ponds
through scientific interventions” (NRDMS, DST; Rs.
45.54 Lakh)

Land degradation mapping (Second Cycle)-2015-16
(NRSC; Rs. 28.82 Lakh)

Desertification and land degradation: Monitoring,
vulnerability assessment and combating plans (SAC; Rs.
42.48 Lakh)
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Promoting cactus (Opuntia ficus-indica) as drought
resilient feed resource under different agro-ecological
production systems across India ICARDA; US $50000)

Improving crop water productivity in Khadin systems of
Rajasthan (ICARDA; US $ 62290)

Wind tunnel simulation for modelling wind erosion
processes and evaluating different control measures
(ICAR;Rs. 34.982 Lakh)

Establishment of participatory nurseries for sustainable
livelihood in western arid Rajasthan (NABARD; Rs.
27.445 Lakh)

Assessment of Udaipur rock phosphate, low grade
potassium feldspar and lignite mine waste for the
development of Organo mineral fertilizer formulations
(Ministry of Mines, Gol; Rs. 24.9225 Lakh)

Development of export oriented hi-tech pomegranate
production model (NABARD; Rs. 27.489 Lakh)

Enhancing food and water security in arid region through
improved understanding of quantity, quality and
management of blue, green and grey water (DST; Rs.
573.39 Lakh)

Climate change adaptation for natural resource
dependent communities of Kachchh district-enhancing
resilience through water and livelihood security and
ecosystem restoration (GEER Foundation; Rs. 21.2088
Lakh)

Mainstreaming agricultural biodiversity conservation
and utilization in agricultural sectors to ensure ecosystem
services and reduce vulnerability (Bioversity
International; Rs. 25 Lakh)

Characterization, evaluation of genetic resources for
genetic enhancement and improvement of minor pulses
(DBT; Rs. 133.396 Lakh)

Simulation of leaf curl disease dynamics in chilli for
strategic management options (DBT; Rs. 29.05 Lakh)

Genomic-led improvement of biotic and abiotic stress
tolerance in mustard rape for economic and
environmental sustainability (DBT; Rs. 727.956 Lakh)

Evaluation of stress tolerant orphan legumes (STOL) for
use in dryland farming systems across sub-Saharan
Africa and India — Promoting India-Africa Framework
for Strategic Cooperation (Kirkhouse Trust; US$
13,55,000)
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Ansari, W.A., Atri, N., Singh, B., Kumar, P. and Pandey, S.
2018. Morpho-physiological and biochemical
responses of muskmelon genotypes to different degree
of water deficit Photosynthetica 56(4): 1019-1030.

Bagdi, G.L. and Joshi, U. 2018. People's Participation in
implementation of soil and water conservation
programme: Case study of Antisar watershed in Kheda
district of Gujarat. Indian Journal of Extension
Education 54(4): 74-83.

Bagdi, G.L., Mishra, P.K., Arya, S.L. and Patil, S.L. 2017.
Factors for continue adoption of soil and water
conservation technologies for watersheds management
in India. International Journal of Extension Education
13:66-75.

Bagdi, G.L., Mishra, PK., Arya, S.L., Patil, S.L., Singh,
A K., Bihari, B., Prakash, O., Kumar, A., Sundarambal,
P. and Meena, R.B. 2018. Determinants of
discontinuance of soil and water conservation
technologies implemented in watershed management
programmes in India. Indian Journal of Soil
Conservation46(2): 233-241.

Birbal, Soni, M.L., Rathore, V.S., Nathawat, N.S. and
Renjith, P.S. 2019. Interactive effect of FYM and
mulching on productivity and water use efficiency of
squash melon (Citrullus vulgaris var. fistulosus) grown
with supplemental irrigation in hot arid region of
Rajasthan. Indian Journal of Agricultural Sciences
89(2):307-313.

Bishnoi, R., Vijay Avinashilingam, N.A. and Tewari, P. 2018.
Information needs of farm families for digital and print
media. Indian Journal of Extension Education and
Rural Development 26: 62-65.

Chaudhary, V. and Tripathi, R.S. 2019. Critical timings of
rodenticidal application for rodent pest management in
mixed crop of bajra, moth and guar. Annals of Plant and
Soil Research21(1): 19-24.

Chaudhary, V. and Tripathi, R.S. 2019. First record of little
Indian field mouse, Mus booduga (Gray, 1837)
(Rodentia: Muridae) from cold arid region of Leh-
Ladakh, Jammu & Kashmir, India. Mammalia 83(1):
97-99.
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Chhajer, S, Jukanti, A.K., Bhatt, R.K. and Kalia, R.K. 2018.
Genetic diversity studies in endangered desert teak
[Tecomella undulata (Sm) Seem] using arbitrary
(RAPD), semi-arbitrary (ISSR) and sequence based
(nuclear rDNA) markers. Trees - Structure and
Function32:1083-1101.

Dev, R., Singh, J.P., Singh, T. and Dayal, D. 2018. Effect of
shade levels on growth, and biomass production of
cactus (Opuntia ficus-india (L.) Mill.). International
Journal of Current Microbiology and Applied Sciences
7:3145-3153.

Dev, R., Sureshkumar, M., Venkatesan, K., Singh, T. and
Dayal, D. 2018. Morphological and pomological
diversity among hairy-leaf cross berry (Grewia villosa
wild) genotypes of arid Kachchh, Gujarat, India.
International Journal of Current Microbiology and
Applied Sciences 7(1): 1163-1172.

Dutta, D., Ravisankar, N., Mishra,R.P., Jat, N.K., Kumar, A.,
Ghasal, P.C., Meena, A.L., Tewari, R.B., Kumar, V.,
Chaudhary, K., Singh, S. and Panwar, A.S. 2018.
Influence of long term organic, inorganic and
integrated crop management in basmati rice-wheat
system on potassium buffering capacity of typic
Ustochrept soil. Journal of Plant Nutrition
doi.org/10.1080/01904167.2019.1628976.

Feng, H., Gaur, M.K. and Squires, V.R. 2018. Rangelands
and their governance: Implications for traditional
pastoralists. Annals of Arid Zone 57(3&4):201-209.

Gaubhar, T., Solanki, R.K, Kakani, R.K. and Choudhary, M.
2018. Study of genetic divergence in coriander
(Coriandrum sativum L.). International Journal of
Seed Spices 8: 56-59.

Gaubhar, T., Solanki, R.K., Kakani, R.K. and Choudhary, M.
2018. Variability and character association studies in
coriander (Coriandrum sativum L.). International
Journal of Seed Spices 8: 36-40.

Gaur, M.K. and Squires, V.R. 2018. Land degradation and
rangeland management under changing climate.
Annals of Arid Zone 57(3&4): 61-64.

Gaur, M K., Mathur, B.K. and Chauhan, J.S. 2018. Livestock
population dynamics in arid zone of India.
International Journal of Agriculture Sciences 10(16):
6920-6929.



Gehlot, P., Sharma, K., Solanki, D.S., Kumar, S., Parihar, K.,
Pathak, R. and Singh, S.K. 2018. Identification and
characterization of antibacterial bioactive compounds
from an edible gastroid mushroom Phellorinia
herculeana. Journal of Mycology and Plant Pathology
48:178-182.

Gupta, C.K., Kumar, R. and Gupta, D.K. 2019. Physical and
chemical properties of soil in upland and lowland agro-
ecosystem of Garhwa district, Jharkhand. Environment
and Ecology37(1B):393-397.

Gupta, D.K., Bhatt, R.K., Keerthika, A., Noor Mohamed,
M.B., Shukla, A.K. and Jangid, B.L. 2019. Carbon
sequestration potential of 30 years old Hardwickia
binaata Roxb based agroforestry system in hot semi-
arid environment of India: An assessment of tree
density impact. Current Science 116(10): 112-116.

Jadon, K.S., Thirumalaisamy, P.P., Koradia, V.G. and Padavi,
R.D. 2018. Management of peanut diseases through
nutrient supplements. Legume Research4:316-321.

Jasrotia, P., Jadon, K.S., Singh S.K., Nataraja, M.V., Harish,
G., Dutta, R., Padvi, R.D. and Savaliya, S.D. 2018.
Development and validation of IPM modules against

major sucking insect-pests of groundnut. Legume
Research DOI: 10.18805/LR-4013.

Jat, N.K., Yadav, R.S. and Kumar, S. 2018. Agronomic
evaluation of biodynamic preparations and
panchagavya for organic cultivation in North Western
Indo-Gangetic Plains, India. Annals of Plant and Soil
Research20(4): 384-390.

Jat, N.K., Yadav, R.S., Kumar, S., Ravishankar, N. and
Shamim, M. 2018. Evaluation of nutrient management
practices under different cropping systems in north
western Indo-Gangetic plains of India. Annals of Plant
and Soil Research20(4): 409-415.

John, H., Mansuri, S.M., Giri, S.K. and Sinha, L.K. 2018.
Rheological properties and particle size distribution of
soy protein isolate as affected by drying methods.

Nutrition and Food Science International Journal 7(5):
555721.DOI: 10.19080/NFS1J.2018.07.555721.

Kalash, P., Kumawat, S. and Misra, A.K. 2018. Nutritional
status and dietary pattern of farm women in Jodhpur
district of Rajasthan. Annals of Arid Zone 57(1&2):
49-51.

Khapte, P.S., Kumar P., Burman, U. and Kumar, P. 2019.
Deficit irrigation in tomato: Agronomical and physio-
biochemical implications. Scientia Horticulturae 248:
256-264.
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Khapte, P.S., Kumar, P., Saxena, A. and Singh, A. 2018.
Performance evaluation and character association
studies in arid region greenhouse tomato hybrids.
Indian Journal of Horticulture 75(3): 457-462.

Khapte, P.S., Singh, T.H. and Lakshmana Reddy, D.C. 2018.
Screening of elite eggplant (Solanum melongena)
genotypes for bacterial wilt (Ralstonia solanacearum)
in field conditions and their genetic association by
using SSR markers. Indian Journal of Agricultural
Sciences 88(10): 1502-1509.

Khem Chand, Jangid, B.L., Kachhawaha, S. and Kumar, S.
2018. Characterization and financial viability of camel
production system based on community pastures and
forest lands in Rajasthan. Range Management and
Agroforestry39(2): 281 -288.

Khem Chand, Jangid, B.L., Kachhawaha, S., Bhati, R. and
Pankaj 2018. Financial viability of range land based
camel production system in arid region of Gujarat.
Journal of Camel Practice and Research 25(3): 1-7.

Kumar, A., Kumar, A., Lata, C., Kumar, S., Shamsudheen,
M., Singh, J.P., Misra, A K. and Dayal, D. 2018. Effect
of salinity and alkalinity on response of halophytic
grasses Sporobolus marginatus and Urochondra
setulosa. Indian Journal of Agricultural Sciences
88(8):149-157.

Kumar, B., Sekhar, J.C., Singh, S.B., Yadav, O.P., Kaul, J.,
Hooda, K.S., Sai Kumar, R., Singh, V., Mahajan, V.,
Kumar, R., Narshima Reddy, V., Das, A., Yatish, K.,
Mukri, G., Chaudhary, D.P., Parihar, C.M., Jat, S.L.,
Singh, A K., Kumar, V., Kaur, H. and Nath, C. 2019.
Newly released high yielding single cross maize
hybrids for different ecologies of India. Indian Journal
of Agricultural Sciences 89:371-375.

Kumar, M., Kumar, S., Uthappa, A.R. and Shiran, K. 2018.
Influence of Prosopis cineraria L. on microclimate
conditions under agroforestry system in arid region of
India. Indian Journal of Agroforestry 20(1): 35-39.

Kumar, M., Santra, P., Singh, S.K., Raina, P., Kar, A., Ram,
B. and Moharana, P.C. 2018. Identifying sensitive soil
properties as a function of land use change in Thar
desert of India. Agricultural Research 7(2): 187-199.

Kumar, P., Khapte, P.S., Saxena, A. and Kumar, P. 2019.
Evaluation of gynoecious cucumber (Cucumis sativus)
hybrids for early-summer greenhouse production in
western Indian arid plains. Indian Journal of
Agricultural Sciences 89(3): 545-550.
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Kumar, R., Kumar, D., Datt, C., Makarana, G., Yadav, M.R.
and Birbal 2018. Forage yield and nutritional
characteristics of cultivated fodders as affected by
agronomic interventions: A review. Indian Journal of
Animal Nutrition 35(4): 373-385.

Kumar, S. and Verma, S.K. 2018. Crop establishment
methods and zinc fertilization affects nutrients content
and their uptake of direct-seeded rice. International
Journal of Current Microbiology and Applied Sciences
DOI:10.20546/ijcmas.2018.712.081.

Kumar, S. and Verma, S.K. 2019. Influence of crop
establishment methods and zinc fertilization on soil
parameters under direct-seeded rice. International
Journal of Chemical Studies 7(1): 68-70.

Kumar, S., Azam, M.M., Venkatesan, K., Pancholy, A. and
Kulloli, R.N. 2019. Morphological and biochemical
variability in aloe germplasm in hot arid region of
India. Journal of Herbs, Spices & Medicinal Plants
https://doi.org/10.1080/10496475.2019.1579147.

Kumar, V., Mehta, R.S., Meena, S.S., Parsoya, M., Rajveer
and Sidh, C.N. 2018. Study on coriander (Coriandrum
sativum L.) based intercropping system for enhancing
system productivity. International Journal of Current
Microbiology and Applied Science 7(6): 3509-3514.

Kumawat, R.N., Santra, P. and Sinha, N.K. 2018. Effect of
different cultural practices and fertilization on the
regeneration of degraded Lasiurus sindicus grassland
in extreme arid conditions of Jaisalmer, India. Annals of
Arid Zone 56(3&4): 89-95.

G., Metha, R.S., Singh, R., Choudhary, M.K. and
Mabheria, S.P. 2018. Effects of sowing dates on plant
growth and seed yield of Ajmer green coriander-1 in
winter season. International Journal of Seed Spices
7(2): 14-18.

Louhaichi, M., Kumar, K., Tiwari, S., Islam, M., Hassan, S.,
Yadav, O.P., Dayal, D., Moyo, H.P., Dev, R. and Sarker,
A. 2018. Adoption and utilization of cactus pear in

South Asia-smallholder farmers' perceptions.
Sustainability DOI: 10.3390/su10103625.

Machiwal, D., Cloutier, V., Giiler, C. and Kazakis, N.2018. A
review of GIS-integrated statistical techniques for
groundwater quality evaluation and protection.
Environmental Earth Sciences 77: 681. DOI:
10.1007/s12665-018-7872-x

Machiwal, D., Gupta, A., Jha, M.K. and Kamble, T. 2019.
Analysis of trend in temperature and rainfall time series
of an Indian arid region: Comparative evaluation of
salient techniques. Theoretical and Applied
Climatology 136(1-2):301-320.
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Machiwal, D., Jha, M.K., Singh, V.P. and Mohan, C. 2018.
Assessment and mapping of groundwater vulnerability
to pollution: Current status and challenges. Earth-
Science Reviews 185:901-927.

Machiwal, D., Kumar, S. and Dayal, D. 2018. Evaluating
cost-effectiveness of rainwater harvesting for irrigation
in arid climate of Gujarat, India. Water Conservation
Science and Engineering 3(4): 289-303.

Machiwal, D., Kumar, S., Meena, H.M., Santra, P., Singh,
R.K. and Singh, D.V. 2018. Clustering of rainfall
stations and distinguishing influential factors using
PCA and HCA techniques over western dry region of
India. Meteorological Applications DOIL: 10.1002/
met.1763.

Machiwal, D., Kumar, S., Sharma, G.K., Jat, S.R. and Dayal,
D. 2018. Understanding a successful indigenous
rainwater harvesting system in Banni area of Kachchh,
Gujarat. Indian Journal of Traditional Knowledge
17(3): 559-568.

Mahla, H.R., Sharma, R. and Bhatt, R.K. 2018. Effect of
gamma irradiations on seed germination, seedling
growth and mutation induction on clusterbean
[Cyamopsis tetragonoloba (L.) Taub.]. Indian Journal
of Genetics & Plant Breeding 78:261-269.

Mangalassery, S., Dayal, D. and Jat, S.R. 2018. Potassium
fractions under different land use systems in Kachchh
region of Gujarat, India. Journal of Environmental and
Agricultural Systems 1: 1-6.

Manjunatha, B.L., Hajong, D., Tewari, P., Singh, B.,
Shantaraja, C.S., Nikumbhe, P.H., Jat, N.K., Shiran, K.
and Parihar, R.P. 2018. Quality seed accessibility
index: A case study from a village in western
Rajasthan. Indian Journal of Extension Education
54(1):33-43.

Manjunatha, B.L., Shamsudheen, M., Sureshkumar, M.,
Tewari, P., Dayal, D. and Yadav, O.P. 2019.
Occupational structure and determinants of household
income of pastoralists in Banni grasslands in Gujarat.
Indian Journal of Animal Sciences 89(4): 453—458.

Manjunatha, B.L., Sureshkumar, M., Tewari, P., Dayal, D.
and Yadav, O.P. 2019. Livestock population dynamics
in Banni grasslands of Gujarat. Indian Journal of
Animal Sciences 89(3):319-323.

Mathur, M. 2018. Magnitude of temporal fluctuations of
composite environment and their impacts of Cassia

auriculata (Linn.) performance. Tropical Ecology
59(1): 145-156.



Mathur, M. and Sundaramoorthy, S. 2018. Appraisal of arid
land status: A holistic assessment pertains to bio-
physical indicators and ecosystem values. Ecological
Processess 7(41): 1-15. DOI: https://doi.org/10.1186/
s13717-018-0148-2.

Mathur, M., Sharma, K., Tak, A. and Gehlot, P. 2018.
Application of nano-technology in plant pathogen
managements: Knowledge and gaps. Infternational

Journal of Current Microbiology and Applied Sciences
7(7): 4246-4258.

Mathur, M., Tak, A. and Gehlot, P. 2019. Distance based
analysis of soil mycoflora communities of hot arid
region of the India. International Journal of Ecology
and Environmental Sciences 45(1): 45-58.

Mawar, R. and Tambe, A.B. 2018. Estimation of quantitative
and qualitative losses due to major pests of lucerne.
Forage Research44:105-110.

Mawar, R., Singh, B., Tomer, A.S. and Singh, D. 2018.
Demonstration of bio-formulated products of bio
agents against disease incidence and seed yield of crops
in Indian arid region. Indian Phytopathology 71:1-6.

Meena, H.M., Jadon, K.S. and Singh, D.V. 2018.
Significance of weather forecasting on oilseeds crop
production in India: A review. Agricultural Reviews
39(2):157-162.

Meena, H.M., Machiwal, D., Santra, P., Moharana, P.C. and
Singh, D.V. 2018. Trends and homogeneity of monthly,
seasonal and annual rainfall over arid region of
Rajasthan, India. Theoretical and Applied Climatology
DOl.org/10.1007/s00704-018-2510-9.

Meena, H.M., Singh, R.K. and Burman, U. 2019.
Determination of actual evapotranspiration for summer
clusterbean (Cymopsis tetragonoloba) using mini
lysimeter in hot arid region. Legume Research DOI:
1018805/LR-4095.

Meghwal, P.R. 2018. Collection, evaluation and
improvement of some underutilized fruits in hot Indian
desert. Indian Journal of Arid Horticulture 13(1&2):
59-64.

Meghwal, PR., Kumar, P. and Singh, D. 2018. Climate
variability during flowering and fruiting reduces fruit
yield of ber (Ziziphus mauritiana) in western
Rajasthan. Journal of Agriculture and Ecology 6: 31-
38.

Meghwal, P.R., Kumar, A. and Kumar, S. 2018. Performance
of cactus pear at two geographical locations in
Indian arid zone. Indian Journal of Horticulture 75(1):
157-160.
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Meghwal, P.R., Kumar, S. and Bhatt, R.K.2018. Response of
jujube cultivars to natural climatic variability under
rain fed condition in arid zone. Journal of
Agrometeorology 20 (Special Issue-1): 52-57.

Mehta, R.S, Meena, S.S. and Lal, G. 2018. Effect of
intercropping seed spices with vegetable for enhancing
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Date

April 28-29, 2018

April 28-30, 2018

May 2, 2018

May 5-7, 2018

May 6-8, 2018

May 11-13,
2018

May 12, 2018

May 28-29 , 2018

May 28-31, 2018

June 11-15, 2018

June 21-22, 2018

June 25-26 , 2018

July 21, 2018

Annual Report 2018-19

A / BRIt / AfFERT /
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Participation in Conferences/Seminars/
Symposia/Workshops

Details of Program Participants

Workshop on Annual Group Meeting of All India Coordinated H.R. Mahla
Research Network on Potential Crops held at CSKHPKV, Palampur

Group Meet on MULLARP and Arid Legumes at SDAU, S.K. Nagar Ramavtar Sharma

Kisan Kalyan Karyashala organized by Govt. of Rajasthan and KVK, R.S. Tripathi
Jodhpur

Annual Zonal Workshop of KVKs, MPKV, Rahuri Devi Dayal, Traloki Singh

7% International Food legume Research Conference, ICARDA, S.P.S. Tanwar
Marrakesh, Morocco

3 International Conference on Nanomaterials: Synthesis, R.C.Kasana
Characterization and Applications organized by Mahatma Gandhi
University, Kottayam

Stakeholder Consultation Workshop on Draft Tree Outside Forests R.R. Meghwal
Certification Standard at AFRI, Jodhpur

National Seminar on Agriculture and Ecosystem Services organized by P.C. Moharana
ICAR- NIAP, New Delhi

National Conference on Intensification and Diversification in A.K. Shukla
Agriculture for Livelihood and Rural Development, DRPCAU, Pusa
Bihar

Powdery Mildew Taxonomic and Diagnostic Workshop held at K.S. Jadon
University of Southern Queensland, Centre for Crop Health
Toowoomba, QLD, Australia

National Conference on Strategies and Challenges in Doubling Akath Singh
Farmers Income through Horticultural Technologies in Subtropics

organized by Society for Development of Sub Tropical Horticulture,

Lucknow at CISH, Lucknow, India

Farmers Scientists Interaction Workshop on Anar Utpadan Produogiki ~ Ritu Mawar, Subbulakshmi V.
evam Utpadan main aa Rahi Samasyaye organized by CAZRI RRS, Sheetal K.R., Renjith P.S.
Bikaner and ATMA, Bikaner

Workshop on Tribal Sub Plan at ATARI-II, Jodhpur M.L. Meena
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Date

August 7-8, 2018

August 12-16, 2018

August 12-17, 2018

August 24, 2018

August 30-31, 2018

September 5-8, 2018

September 7, 2018

September 12, 2018

September 28, 2018

October 3-4, 2018

October 3-6 , 2018

October 4-6, 2018

October 22-26 , 2018

October 24-26, 2018

October 24-26, 2018

October 25-27, 2018

! / BRI / ARFART / GMieat & wrierd .

Participation in Conferences/Seminars/Symposia/Workshops

Details of Program
NICRA Annual Review Workshop, NASC, New Delhi

30" International Horticulture Congress (IHC 2019) organized by
International Society of Horticultural Sciences (ISHS, Belgium) at
Istanbul, Turkey

21* World Congress on Soil Science (21" WCSS) organized by IUSS
at Rio-de-Janeiro, Brazil

Elsevier Empowering Agriculture Research in India held at CCS HAU,
Hisar

Regional Conference on Motivating and Attracting Youth in
Agriculture organized by TAAS, New Delhi at NASC complex, New
Delhi

International Conference on Evolving Agriculture and Food - Opening
up Biodynamic Research held at Dornach, Switzerland

National Seminar on Aravalli Hills-Unlocking the Potential organized
by Federation of Mining Association of Rajasthan (FMAR) at Jaipur

IWMI-TATA Policy Consultation Workshop on Making KUSUM
Work, held at India International Centre, New Delhi

Workshop on Assessment of Biological Diversity and People’s
Perception for Developmental Plan and Awareness Generation in
Community Reserve Areas in Jodhpur District, organized by AFRI,
Jodhpur

Pearl Millet Scientist’s Field day organized by ICRISAT at
Patancheru, Telangana

International Conference on Global Water Security for Agriculture and
Natural Resources organized by ASABE and ISAE at Hyderabad

International Biodiversity Congress (IBC 2018) organised at ICFRE
Dehradun

Asian Regional Conference on Goats (ARCG-2018) organized by
Amity University and International Goat Association at Amity
University, Jaipur

National Symposium on Doubling Farmer's Income Through
Agronomic Interventions under Climate Change Scenario at MPUAT,
Udaipur

International Conference Asia Pacific Federation for Information
Technology (AFITA)/World Congress on Computers in Agriculture
(WCCA 2018) at IIT, Mumbai

27" National Conference on Sustainable Management of Soil and
Water Resources for Doubling Farmers Income jointly organized by
SCSI, New Delhi and AAU, Johrat at AAU, Jorhat
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Participants

B.K. Mathur

Pradeep Kumar

P. Santra

Kailash Detha

Prashant H. Nikhumbe
Pramendra

Dheeraj Singh

P.C. Moharana

P. Santra

R.S. Tripathi

R.K. Kakani
R.K. Solanki

N.D. Yadava
V.S. Rathore

Shiran K.

B.K. Mathur

M. Patidar
S.P.S. Tanwar

Dipika Hajong

N.R. Panwar
Mahesh Kumar
H.M. Meena
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Date

October 27-29, 2018

October 30-31, 2018

November 1-2, 2018

November 2-3, 2018

November 5, 2018

November 14, 2018

November 16-18,
2018

November 17-18,
2018

November 17-19,
2018

November 19-20,
2018

November 21-24,
2018.

November 27-30,
2018

November 27-29,
2018
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Details of Program

National Conference on Arid Horticulture for Enhancing Productivity
and Economic Empowerment organized by Indian Society for Arid
Horticulture and ICAR-CIAH, Bikaner at ICAR-CIAH, Bikaner

10™ Annual Workshop of All India Network Project on Harvesting,
Processing and Value Addition of Natural Resins and Gums organized
at ICAR Research Complex for NEH Region, Barapani

Annual Meeting of the Project Evaluation of Stress Tolerant Orphan
Legumes for Dryland Farming System Across sub-Saharan Africa and
India organized by the Federal University of Agriculture, Makurdi in
collaboration with Kirk House Trust at Abuja, Nigeria

Regional Workshop of ENVIS Centers: National Environment Survey-
A Grid Based Decision Support Systems (GRIDSS) for Sustainable
Management of Natural Resources organized by HIMCOSTE, Shimla

Regional Ambassador Training Programme of Agriculture organized at
MPUAT, Udaipur

Workshop on Status and Strategies for Enhancing Crop Water
Productivity in IGNP Areas at ICAR-CAZRI RRS, Bikaner

ISMPP 39" Annual Conference & National Symposium on Plant and
Soil Health Management: New Challenges and Opportunities held at
ICAR-IIPR, Kanpur

International Conference on Impact of Climate Change & Abiotic
Stresses on Agriculture and Management Strategies organized by
Institute of Science, BHU, Varanasi

Training Workshop on Participatory Approaches for Mainstreaming
Crop Diversity on Farm and Policy Issues for PGR Conservation and

Use organized by ICAR-NBPGR, New Delhi

Training Workshop on Urban Rodent Pest Management organized by
PMPWAM, Mumbai

ISWS Golden Jubilee International Conference on Weeds and Society:
Challenges and Opportunities organized at DWR, Jabalpur

83" Annual Convention of Indian Society of Soil Science and National
Seminar on Developments in Soil Science-2018 organized by ISSS,
New Delhi at AAU, Anand

International Conference on Emerging Issues

SHUATS, Allahabad, India

150

in  Agricultural,
Environmental & Applied Sciences for Sustainable Development,

Participants

A K. Shukla, P.R. Meghwal
G.L. Bagdi, Birbal

Akath Singh, P.S. Khapte
M.B. Noor Mohamed
Shiran K.

Saurabh Swami

Ramavtar Sharma

J.P. Singh

Kailash Detha

O.P. Yadav, R K. Bhatt
Praveen Kumar, R.K. Kaul
C.B. Pandey, J.P. Singh

N.D. Yadava, G.L. Bagdi

M.L. Soni, R.K. Goyal

V.S. Rathore, N.S. Nathawat
Birbal, R.K. Singh

Sheetal K.R., Subbulakshmi, V.

Ritu Mawar

Sushil Kumar

R K. Kakani

R.S. Tripathi

N.K. Jat

P. Santra
Mahesh Kumar
R.S. Yadav

Sushil Kumar



Date

December 2-5, 2018

December 4-5, 2018

December 4-5, 2018

December 6, 2018

December 8-9, 2018

December 14-15, 2018

December 26-27, 2018

December 31 to
January 5, 2019

January 10, 2019

January 15, 2019

January 28-30, 2019

February 1-3, 2019

February 4-5, 2019

February 7-9, 2019

! / BRI / ARFART / GMieat & wrierd

Participation in Conferences/Seminars/Symposia/Workshops

Details of Program

4™ International Plant Physiology Congress organized by CSIR-NBRI,
Lucknow and ISPP, New Delhi

National Workshop on Land Degradation Neutrality, Target Setting
organized by UNCCD/MoEF&CC at Paryavaran Bhawan, New Delhi

Third National Workshop of Officer Incharge, Data Management
(ICAR Research Data Repository for Knowledge Management
Initiative/ KRISHI), ICAR-IASRI, New Delhi

Review Meeting of NMSHE (Task Force 6) organized at NASC, New
Delhi

National Conference on Managing Natural Resources for Sustainable
Agriculture, organized by GKV Society, Agra at RBS College, Agra

Zonal Workshop-cum-Training Program on Pulses under NFSM at
SKNAU, Jobner

District Level Seminar organized by NRCSS, Ajmer at Jaisalmer

Workshop on Video Production Technology at EEI, Anand, Gujarat

Seminar on Climate Change and Desertification: Renewable Energy
Solutions for Enhancing Mitigation Potential in Rajasthan jointly
organized by ENVIS-CAZRI and ENVIS-TERI at Jaisalmer

DBT Project Meeting on Mission Programme on Genetic Enhancement
of Pulses organized at ICAR-NBPGR, New Delhi

53" Annual Convention and International Symposium on Engineering
Technologies for Precision and Climate Smart Agriculture organized
by Institute of Agricultural Sciences, BHU, Varanasi

1¥ Vegetable Science Congress on Emerging Challenges in Vegetable
Research and Education (VEGCON-2019) organized by Indian Society
of Vegetable Science (ISVS), ICAR-IIVR, Varanasi at Agriculture
University, Jodhpur

ICAR-Regional Committee meeting No 6, Organized by ICAR-
CAZRI, Jodhpur at AAU, Anand

Golden Jubilee International Salinity Conference on Resilient
Agriculture in Saline Environments under Changing Climate:
Challenges & Opportunities organized by Indian Society of Soil
Salinity and Water Quality, Karnal, Haryana
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ICAR-RI
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Participants

N.S. Nathawat
P.C. Moharana

B.L. Manjunatha

P.C. Moharana
Vipin Chaudhary
M.L. Meena

S.C. Meena, Abhishek Kumar

P.K. Tomar

N.D. Yadava, J.P. Singh

M.L. Soni, V.S. Rathore

P. Santra, S.C. Meena

Dileep Kumar, Abhishek Kumar

R.K. Kakani

Deepesh Machiwal
Soma Srivastava

Pradeep Kumar
Vipin Chaudhary

O.P. Yadav, R.S. Tripathi
Devi Dayal, N.D. Yadav
J.P. Singh, R.K. Kaul
P.K. Roy, D.V. Singh

Rahul Dev
Ankita Trivedi
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Date Details of Program Participants

February 11-14, 2019 13™ International Conference on Development of Drylands (ICDD) organized by International Dryland
Development Commission (IDDC) & Arid Zone Research Association of India (AZRAI), Jodhpur and

hosted by ICAR-CAZRI, Jodhpur

O.P. Yadav R.K. Bhatt C.B. Pandey Praveen Kumar

B.K. Mathur Dilip Jain Pratibha Tewari Devi Dayal

A.K. Shukla J.P. Singh N.D. Yadava R.S. Tripathi

R.K. Kaul Bhagwan Singh U. Burman P.C. Moharana

D. Mishra S.K. Singh R.S. Mehta A K. Patel

M. Patidar P.R. Meghwal M.P. Rajora S.K. Singh

Anjaly Pancholy Nisha Patel Rajwant K. Kalia G.L. Bagdi

R.K. Goyal M.L. Soni R.K. Kakani A.K. Singh

R.N. Kumawat V.S. Rathore Vipin Chaudhary Birbal

S.P.S. Tanwar H.R. Mahla N.S. Nathawat Dheeraj Singh

Akath Singh N.R. Panwar P. Santra R.K. Singh

R.C. Kasana Vijay Avinashilingam Mahesh Kumar M.K. Gaur

S.K. Sharma R.S. Yadav Ritu Mawar Surendra Poonia

P.L. Regar N.K. Jat Pradeep Kumar H.M. Meena

K.S. Jadon R.K. Solanki S.R. Meena Soma Srivastava
Archana Verma B.L. Manjunatha Shiran K. Prashant H. Nikhumbe
D.K. Gupta P.S. Khapte Dipika Hajong M.B. Noor Mohamed
Saritha M Kamla K. Choudhary Rakesh Pathak R.R. Meghwal

Hari Dayal M.K. Choudhary S.C. Kachhawaha M.L. Meena

A.S. Tomar Poonam Kalash Chandan Kumar Aishwarya Dudi

February 19-23, 2019

February 25 to March
2,2019

March 1-2, 2019

March 1-2, 2019

March 7-8, 2019

March 12-13, 2019

March 15-17, 2019

March 26, 2019

14™ Agricultural Science Congress organized by NAAS and IARI at
NAAS, New Delhi

International Conference on Hidden Hunger and the Transformation of
Food Systems: How to Combat the Double Burden of Malnutrition?
held at Stuttgart, Germany

Annual Action Plan Workshop of KVKs held at NAU, Navsari,
Gujarat

All India Group Meeting of AINP on Soil Arthropod Pests organized
by AINP and UAS, Bangalore

Workshop on ICAR-KRISHI Geoportal: A Digital Platform for
Sustainable Agriculture held at ICAR-NBSS&LUP, Nagpur

National Seminar on Entrepreneurship and Innovation in Agriculture
for Socio-Economic Empowerment of Farmers organized at SK
Rajasthan Agriculture University, Bikaner

54™ Annual Group Meeting of AICRP on Pearl millet held at ICAR-
TARI, New Delhi

Farmers Scientists Interaction Workshop on Gum Production in Trees

using CAZRI Gum Inducer - Principles and Techniques organized by
ICAR-CAZRI RRS, Bikaner
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O.P. Yadav, P. Santra
Julius Uchoi

Dheeraj Singh

Devi Dayal
Ramniwas

R.S. Tripathi

B.L. Manjunatha

S.P.S. Tanwar
Subbulakshmi, V.
Sheetal K.R.

R.K. Kakani
S.K. Singh

G.L. Bagdi, Subbulakshmi V
Sheetal KR
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Meetings and Events Organized in the Institute

2891 T TEUT. T Aredt AHIRTS ATEA/28" S.P. Roy
Chaudhary Memorial lecture was organized by Jodhpur
Chapter of Indian Society of Soil Science (ISSS) at the
institute on April 6, 2018. On this occasion, Dr. P.C. Sharma,
Director, ICAR-CSSRI, Karnal delivered a lecture on
'Enhancing crop productivity in saline soils'. President of
ISSS, Jodhpur Chapter underlined the importance of
innovative technologies and new species for sustainable
agricultural production. He also highlighted various
activities of the Jodhpur chapter of the society.

e 5ol & J9e Y W HEE/Brain Storming
Session on Groundwater Management of Bikaner
District was organized by Central Ground Water Board for
discussing the current scenario and management of ground
water resources of Bikaner district on April 17, 2018 at the
institute under the chairmanship of Director, CAZRI. The
main objective of the meeting was to create a long-term plan
for Nokha, Kolayat and Sri Dungargarh tehsils of Bikaner
district in collaboration with various departments for
reduction of groundwater use and increased production of
crops. Shri K.C. Nayak, Director CGWB, Dr S.K. Jain,
Regional Director (Western Region) CGWB and many
officers of Regional and Central Ground Water Board and
other Departments participated.

Mg & ATl H SFIE TAY g TRIgR U
HTIITET/ Field Workshop on Revival of Village Ponds
through Scientific Intervention was organized at Baorli
village on April 19, 2018 under DST Network Project. The
Director stressed upon the need of revival of village ponds
under future water scarce situation and also pointed out the
need for adoption of rainfed technologies developed by the
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institute. Dr. A.K. Singh, Principal Scientific Officer,
NRDMS, DST, Gol presented the objectives of the project
and stressed upon the need of participatory actions for
revival of village ponds. Fifty farmers and twenty one farm
women participated in the workshop.

HEIT YT URug ( 3ME.SMTHE. )/ Institute Research
Council (IRC) meeting was held during April 23-28, 2018.
In this meeting, annual progress of various on-going institute
projects was discussed. Fifteen new projects were approved
while reports of 12 concluding projects were also presented
by the scientists. Similarly, achievements of 06 concluded

and 27 ongoing externally funded projects were discussed on
March 16,2019.

UM WS AT/ Gram Swaraj Abhiyan programme
was organized by ATMA, Jodhpur in Luni, Pipar, Bilada,
Bhopalgarh, Bawari, Mandor, Balesar, Sekhala and Shergarh
panchayat samitis of Jodhpur district on May 2, 2018. The
programme of Luni Panchayat Samiti was organized at the
institute. The Chief Guest of the programme was Shri
Gajendra Singh Shekhawat, Hon'ble Minister of State for
Agriculture, Ministry of Agriculture and Farmers Welfare,
Gol. He emphasized to increase agricultural income by
adopting latest agricultural technologies. Shri Joga Ram
Patel, MLA, Luni was Special Guest of the programme. The
programme was chaired by Dr. O.P. Yadav, Director.

Similar programmes were also organized at different
Panchayat Samities by agriculture department where
specialists from KVK appraised the farmers about improved
agricultural technologies and livestock management. A
Kisan Kalyan Karyashala was also organized by KVK, Pali
on May 2, 2018 where Shri P.P. Chaudhary, Hon'ble Minister
of State, Ministry of Law, Justice and Corporate Affairs, Gol
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was the Chief Guest. On this occasion, Shri Chaudhary
motivated the farmers for adopting advanced techniques for
sustainability and profitability. Mr Madho Singh, AD (Hort.)
and Dr Manoj Agarwal, AD (Agril. Ext.) also graced the
occasion. In this program, 145 progressive farmers from
different villages of Pali district participated.

Bl THa g a1ea ot G SR1/Dr Jaswant Singh
Yadav visited institute: Dr Jaswant Singh Yadav, Hon'ble
Minister of Labour Employment and Skill Development,
Government of Rajasthan visited the experimental field on
agri-voltaic system at the institute on May 8, 2018. Dr Singh
appreciated the work done by the institute on developing
animal feed solar cooker, solar candle making device, solar
distillation unit, solar water heater, etc., which are very
useful for providing employment to the youth.

STAT&eRal TTAT/ Awareness campaign was organized at
Khardung village, Leh during May 25-26, 2018 regarding
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improved techniques of crop cultivation. Seeds of different
crops were distributed among the framers and they were
appraised about the use of seed drill for line sowing rather
than traditional broadcasting method.

Another interaction with farmers in Ankung village, Nyoma
Block (Chnagthang region) was arranged on June 19, 2018
where farmers were appraised about the benefits of adopting
improved technologies including latest released varieties of
different crops.

#it T THE Prared 1 i faa s, e, Sy sl
Tfataterai @ &OT  fRAT/Sh. Gajendra  Singh
Shekhawat monitored the activities of CAZRI KVK,
Jodhpur: Sh. Gajendra Singh Shekhawat, Hon'ble Minister
of State for Agriculture, Ministry of Agriculture and Farmers
Welfare, Gol, visited KVK at CAZRI, Jodhpur on June 1,
2018. He appreciated the activities conducted by the KVK
and also interacted with farmers on all issues related to
technology adoption, increased production and marketing
skills. He especially emphasized the use of crops providing
high yields with less water inputs.

it g fiT oETad 7 @SR UET w0 aeieh (At

Sh. Gajendra Singh Shekhawat visited date palm
orchard: Sh. Gajendra Singh Shekhawat, Minister of State
for Agriculture, Ministry of Agriculture and Farmers




Welfare, Gol visited date palm orchard at the institute, on
June 18, 2018. He appreciated the efforts of CAZRI in
diversification of horticulture in one of the most challenging
production system.

AT YW ol USRI oh foh@mil & §mg

HaTd/Interaction of Hon'ble Prime Minister with
farmers of Rajasthan: Shri Narendra Modi, Hon'ble Prime
Minister of India interacted with farmers of arid zone of
Rajasthan through video conferencing in the institute on June
20, 2018. More than 120 farmers including farm women
interacted live with hon'ble Prime Minister and listened the
experiences of farmers from various parts of country.
Farmers shared how adoption of new technologies and
Government schemes has helped them to increase the
productivity of crops and commodities, and in increasing
their income for improving livelihood. Smt. Vimla Siyag
(Jodhpur district) and Shri Gowardhan Singh (Pali district)
shared their experience in arid fruit production technology
with assistance from the institute.

MR ST Wenfirent o Saute U 3 W aue fawa uv
o foadia feam-aafier @t/ Two day Farmer-

Scientist Sanghoshti on 'Pomegranate production
technologies and problems' was organized during June 25-
26, 2018 at CAZRI RRS, Bikaner which is sponsored by
ATMA, Bikaner. Thirty seven farmers having pomegranate
orchards in Bikaner district participated in this programme.
The farmers were provided information on various aspects of
pomegranate cultivation viz., improved cultivation methods,
plant protection, varieties suitable for this region, nursery
raising and propagation techniques, soil, nutrient and water
management, irrigation, pest, disease and nematode
management, post-harvest management, utilization of
cracked fruits and marketing of fruits. Field visits were also
conducted for the participants along with scientists.
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gRa whivial faaera 9f¥1eruT/Green Skill Development

training course on “Plantation techniques and utilization of
renewable energy in arid zone” under Green Skill
Development Programme, Ministry of Environment, Forest
& Climate Change, New Delhi from July 11 to August 10,
2018 by CAZRI-ENVIS Centre on Combating
Desertification Dr. I.D. Arya, Director AFRI, Jodhpur was
the chief guest on the inaugural function on July 11, 2018.
The programme was attended by 15 candidates. The
participants also visited innovative farmers of Dantivada,
Deora nursery, Mandore, AFRI, Jodhpur, KVK, Pali and
CAZRIRRS, Pali and GRAVIS, Phalodi.

WTHITY GRT WTAISTA ISHehTeiT WioTeruT FfeR/ICAR

sponsored Summer School on “Designing farming systems
for enhancing income and resilience in low rainfall areas
under climate change scenario” was organized in the
institute from August 28 - September 17, 2018. A total of 19
scientists from State Agricultural Universities & ICAR
institutes over 6 states attended the school which was
inaugurated by Dr. Balraj Singh, Vice Cahncellor,
Agricultural University, Jodhpur. In the training, more than
45 lectures were delivered on various aspects on
designing farming systems for enhancing income and
resilience under climate change scenario, practicals on
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systems modelling etc. The participants also visited
pomegranate growing belt in Barmer district, KVK, Pali,
progressive dairy and organic farm, Polyhouses, local
entrepreneurs etc.

T Tl WES WeviHl WX & feew/A field day on
kharif legume crop demonstration was organized at Bavdi
village of Senkhla Panchayat Samiti on September 7, 2018
by KVK, CAZRI, Jodhpur. Awareness and knowledge about
improved mung bean and moth bean cultivation was
increased through frontline demonstration in village. The
programme was attended by more than 160 farmers and farm
women from Senkhla Panchayat Samiti.

WTH3T GT WrHAINSTa Jiidehren™ WoTeror ¥1fet/ICAR

sponsored Winter School on “Solar photovoltaic and
thermal applications for energy-water-food security in
agriculture” was organized in the institute from September
19 — October 9, 2018. A total of 17 scientists from State
Agricultural Universities & ICAR Institutes over 6 states
attended the school. The Inaugural function was graced by
Dr. K.D. Sharma, Ex Director, National Institute of
Hydrology, Roorkee. Both theoretical and practical aspects
of solar photovoltaic and thermal technology were discussed
in detail during the training programme along with field visit
to Solar Power Plant at Lathi, progressive farmers' field at
Osian and Wind Power Station at Tejwa, Jaisalmer.
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<. fireirem weTurs, wfe, SO Td WIHST WETRyTs
W SEe 3R SR & g srEu™ et

2RT/Dr. T. Mohapatra Secretary, DARE and DG, ICAR
visited RRS, Jaisalmer and Bikaner on 29-30 September.
He was accompanied with Dr O.P. Yadav, Director. At
Jaisalmer, he visited experimental areas and provided critical
suggestions. He also visited Solar Power Plant of LANCO at
Lathi and discussed various issues related to solar power
generation. Dr J. Jena, DDG (Fisheries Science) also
accompanied them on 2 October during RRS, Bikaner visit.
The DG expressed his happiness after visiting experimental
areas and seeing the maintenance of the farm under
challenging agro-climatic conditions.

Eeh Odl Wehel @ Wi SeREdl ol 3EaTesT/Diamond
Jubilee Circle and three facilities (Seed Processing Unit,
Animal Experimental House Unit and Solar Rooftop
System) were inaugurated by Shri Gajendra Singh
Shekhawat, Hon'ble Minister of State for Agriculture and
Farmers Welfare, GOI in the institute on October 1, 2018 in
the presence of Dr. Trilochan Mohapatra, Secretary, DARE
and DG, ICAR; Dr O.P. Yadav, Director CAZRI and other
dignitaries. He also laid the foundation stone of the institute's
auditorium. During his visit to the institute on the occasion of




its foundation day celebrations, Shri Shekhawat also
released special issue of Indian Farming on Arid Agriculture,
Coffee Table Book depicting development and achievements
of CAZRI and Diamond Jubilee Logo of the institute.

faga Fitenfet &g & B Wag Reet & w@eum
2RT/Dr. Javed Rizvi, Regional Director of World
Agroforestry Centre visited the research areas of the
institute on October 4. He was briefed about the activities of
the institute by Director. Dr. Rizvi described the usefulness
of agroforestry practices for the dry areas of different
countries.

WTHIT T Wiy e (uf¥=m & )/ICAR Zonal
Sports Meet (West Zone): A contingent from the institute
participated in ICAR Zonal Sports Meet (West Zone), 2018
at ICAR-IGFRI, Jhansi during October 5-8. Team-CAZRI
stood II and bagged 15 medals which included four gold,
seven silver and four bronze in various team and individual
events.

WTFEAT ITE frema & wes sft g wiqd
YHUT/ICAR Governing Body member Shri Suresh
October 25 and
acquainted himself with the ongoing research activities of
the institute. Mr. Chandel showed interest in agri-voltaic
model. He also visited aonla, karonda, pomegranate and date

Chandel visited research areas on
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palm fields and appreciated the AZP-1 variety of date palm.
Institute Director gave information about the ongoing
research projects and achievements of the institute.

SEA & IAEA  ddhieRl R IFR WAl W
ATh-hd ‘Jﬁ)T&:I'UT/Off-campus training on 'Improved
rabi Production Technologies and Pomegranate
Cultivation' was organized on October 25, 2018 at
Padasala, Jodhpur in which 30 farmers participated. Various
aspects of organic farming including development of
nutrient rich compost, role of animals, agroforestry trees,
beneficial insects and birds, preparation of organic manure
and disease management were discussed in detail. Farmers
also took keen interest in arid horticultural crops such as ber,
gonda and pomegranate. Management aspects of
pomegranate orchards and date palm were also addressed in

detail. The participants also visited progressive farmers'
fields.

WTH3TT GRT WTEITSIa YiaenretiT wioneror Rifat/ICAR

sponsored Winter School on 'Recent approaches in
horticultural development for enhancing farm income in
environmentally constraints ecosystem' was organized at the
institute from November 27 to December 17, 2018. A total of
18 scientists from State Agricultural Universities, ICAR
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institutes and KVK from 5 states attended the winter school
which was inaugurated by Dr. O.P. Pareek, Former Director,
ICAR-CIAH, Bikaner. The training comprised of lectures on
various aspects on recent technological advances in
horticulture crops, protected cultivation, export oriented
seed spices production, horticulture based IFS, processing
and value chain management. The participants also visited
KVK, Pali; RRS, Pali; RRS, Jaisalmer; Agriculture
University, Jodhpur; Centre of Excellence on Date palm,
Jaisalmer and progressive farmers' fields in Jodhpur district.

FTHIT HATGHRR w|fafqa i 93h/Research Advisory
Committee met on December 13, 2018 under the
chairmanship of Dr. J.S. Samra. RAC members Dr. D.K.
Benbi, Dr. H.S. Balyan, 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 on-going
research programs for the year 2018-19. RAC team also
visited the research farm of the institute.

AR oot & foramt & fotg strsiifaehr §eem 3q I

AATETT U 1J'['\ST?.fl"JT/Training on Arid Horticulture for
Livelihood Security was organized for 30 farmers of Jalore
district during December 18-22, 2018 which was sponsored
by Project Directorate, ATMA, Jalore. Farmers were

exposed to improved production technologies and
management practices of arid horticulture crops like ber,
pomegranate, gonda, date palm, kair and karonda, protected
cultivation of vegetables, nursery raising and organic
farming at the institute and University of Agriculture,
Jodhpur. Hands-on practical exercises were conducted on
soil sample collection and processing, and value addition to
arid crops.

T W i & ge wey v @ e
T/ Chief Managing Director of National Seed
Corporation Mr. V.K. Gaur visited institute's research fields
and deliberated with scientists of the institute on December
23,2018. He advised the regional managers that they should
remain in touch with the scientists and produce quality seeds
of good varieties so that farmers can get good seeds across
the country. Director briefed about the achievements and
activities of the institute. He also advised to use the
techniques developed by the institute to get rid of the

problem of rats in warehouses.

“STererg aREdT TaH AU e § 9T
qUAT S & o et Set g quee T fawa w
AR TS /Seminar on “Climate Change and
Desertification: Renewable Energy Solutions for
Enhancing Mitigation Potential in Rajasthan” was
organized jointly by ENVIS RP on Combating
Desertification, ICAR-Central Arid Zone Research Institute,
Jodhpur and The Energy and Resources Institute (TERI),
New Delhi on January 10, 2019 at Jaisalmer. Dr. Anandi
Subramanian, Principal Advisor, MoEF&CC, GOI, New
Delhi was the Chief Guest. 100 representatives from ICAR,
AFRI, Departments of Forest, Agriculture, Animal



Husbandry (Government of Rajasthan), Non-Governmental
Organizations, Educational Institutions, experts and farmers

actively participated.

WIFHIET i @Fg  |fufd  9@h/ICAR  Regional

Committee Meeting: XXV" meeting of ICAR Regional
Committee No. VI, comprising the states of Gujarat and
Rajasthan; and UTs of Dadra & Nagar Haveli and Daman &
Diu, was jointly organized by ICAR-Central Arid Zone
Research Institute and Anand Agricultural University at
Anand during February 4-5, 2019. The meeting was chaird
by Dr. T. Mohapatra, Secretary, DARE and DG, ICAR. Shri
Parshottam Rupala, Hon'ble Minister of State for Agriculture
and Farmers Welfare, and Panchayati Raj was the Chief
Guest and Shri Jaydrathsinghji Parmar, Hon'ble Minister of
State for Agriculture, Government of Gujarat was Guest of
Honour. Padma Shri awardee Shri Valabhbhai Marwaniya,
96-years old carrot-farmer from Junagadh district was
felicitated during the inaugural function. The meeting was
chaired by Dr. T. Mohapatra, Secretary, DARE and DG,
ICAR, New Delhi and attended by MR. Sushil Kumar, Addl.
Secy. (DARE) & Secy. (ICAR); Mr. Sanjay Prasad,
Additional Chief Secretary of Agriculture, Cooperation and
Farmers Welfare Department of Gujarat, Dr. K.
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Alagusundaram, DDG (Agril. Engg. and NRM), Dr. A.K.
Singh, DDG (Agri. Ext. and Horticulture), Dr. J.K. Jena,
DDG (FS); Mr. B. Prahan, AS&AF, Animal Husbandry
Commissioner; ADGs at ICAR HQ, Vice Chancellors from
SAUs of Rajasthan and Gujarat, Directors of ICAR Institutes
and officers from line departments of Gujarat and Rajasthan.
Two members of ICAR governing body viz., Sh. S.K.
Bhargava and Sh. Suresh Chandel and Mr. Ratan Lal Daga,
Member, AGM Farmers also participated in the meeting. Dr.
O.P. Yadav, Director CAZRI and Member Secretary,
Regional Committee presented the Action Taken Report on
the proceedings of the last meeting held at Jodhpurin 2016.

sk 9 fowm W 13a iRl wWer
(ATZHTETET ) /13" International Conference of
Development of Drylands with the theme of 'Converting
Dryland Areas from Grey into Green' was organized from
February 11 to 14 by the International Dryland Development
Commission (IDDC) and Arid Zone Research Association of
India at Jodhpur. The conference was inaugurated by Hon'ble
Minister of State for Agriculture and Farmers Welfare, Sh.
Gajendera Singh Shekhawat on February 11,2019. This 13"
conference in the series, was held for the first time in India as
a part of Diamond Jubilee Celebrations of ICAR-Central
Arid Zone Research Institute, Jodhpur. Dr. Adel El-Beltagy,
Chairman of IDDC; four Director Generals of CGIAR
Institutes viz., Dr Peter Carberry of ICRISAT, Dr Martin
Kropff of CIMMYT, Mr Aly Abousabaa of ICARDA, Dr
Claudia Sadoff of IWMI, and two former Director Generals
of the ICAR, New Delhi, Dr R.S. Paroda and Dr Panjab
Singh were Guests of Honour on this occasion. Dr. M.S.
Swaminathan Award for Leadership in Agriculture was
given to Dr. John Dixon of ACIAR, Australia during the
conference by TAAS, New Delhi. The Arid Zone Research
Association of India presented honorary fellowship to Dr.
R.S. Paroda, Dr. Panjab Singh, Dr. B. Venkateswarlu; Dr.
Gurubachan Singh and Dr. Rajeev K. Varshney. The
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conference was attended by over 379 delegates from 80
international and national organizations representing 37
countries. In this conference, 5 plenary sessions having 17
lectures from global experts were organized. In addition two
evening lectures by highly reputed international experts
were also delivered. A total 55 theme-wise oral lectures and
242 e-poster presentations were organized concurrently in 11
technical sessions. Likewise, five half-day satellite symposia
(as concurrent sessions) were also organized on topics of
contemporary importance in drylands. The
recommendations emerged out of the 4 days scientific
deliberations were brought out in the form of 'Jodhpur
Declaration'.

gt foRaT T fAfer Fetr o SEETeT e Y
Wl'ﬁ'é‘/]nauguration and Launching of PM-Kisan
Yojana was telecasted and Rabi Sammelan 2018-19 was
organized by Krishi Vigyan Kendra, CAZRI, Jodhpur on
February 24, 2019. 348 farmers and farm women from 16
blocks of four districts of Rajasthan along with 47 officials
participated in the programme. Hon'ble Member of
Parliament (Rajya Sabha), Shri Narayan Lal Panchairya was
the Chief Guest of the programme and Hon'ble MLA,
Soorsagar, Jodhpur Smt. Suryakanta Vyas was the Special
Guest of Honor.

Pradhan Mantri Kisan Samman Nidhi programme was also
celebrated at KVK, Pali to make farmers aware about the
scheme started by government for small farmers holding less
than 2 ha of land. The programme was also celebrated by
KVK, Bhuj at Laxmipur village in which 80 male and 69
female farmers participated.

hI9TeT faehre UvTaTuT/Skill Development Programme for
25 skilled support staff was organized at the institute during
January 15-17, 2019 under the national training policy. The
programme comprised of lectures and group interactions
covering the subject areas of motivation, team work, positive
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thinking, interpersonal skills and stress management. The
trainees also visited ICAR-National Research Centre for
Seed Spices, Ajmer.

9ok &t ® Sfager @t T 11'[':‘?T&:|"JT/Training Programme

on Organic Farming in Arid Zone was organized for 30
farmers of Jalore district from January 29 to February 2,
2019, which was sponsored by Project Directorate, ATMA,
Jalore. Lectures on various issues related to organic farming
were delivered by experts in this training. Trainees also
visited organic farm of Shri Ratan Lal Daga, Tiwri, Jodhpur.

eyl URTSIUT UIGA®H/Model Training Course on
“Recent Approaches in Pre and Post Harvest Management of
Horticultural Crops for Enhanced Farm Income” was
conducted during February 20-27, 2019 at the institute.
Twenty participants from 4 states viz., Rajasthan, Uttar
Pradesh, Himachal Pradesh, and Uttarakhand participated.
The participants were exposed to various aspects on pre and
post harvest management.

FUE IR WAlg TS UY] WReA faR/Farmers
Scientist Interface cum Animal Health Camp was
organised on February 25 with special emphasis on
importance of livestock in arid region at Popawas under
Farmer FIRST Programme. More than 75 farmers from four
villages viz., Popavas, Gantiyala, Sirodi & Rajwa of Popavas
Panchayat, Mandor block of Jodhpur district participated.



Interaction of experts and farmers happened on the issues
related to livestock farming viz., breeding problems, feed
and health management and the preventive measures to be
followed in animal husbandry. Animal health camp was also
organized in which 185 animals were examined and treated
for various ailments.

AT W I IART WENAewRdt W e

YfYTeTuT/ Farmers Training Course on Improved
Production Technologies in Horticulture for Arid Region
was organized for 30 farmers from Gujarat during February
26 toMarch 2,2019, which was sponsored by Department of
Horticulture, Ahmadabad, Government of Gujarat. The main
objective of the training was to learn and adopt improved
horticulture production technologies practiced in arid region.
Apart from training, a field trip was also arranged for the
visitors to interact with progressive farmer of the region and
CAZRI Krishi Mitr Mr. Lalit Deora on his farm.

TS, THAHT | TET st el UX 9&rT fea¥/ Field day

on Mustard Crop at Chandan, Jaisalmer was organized to
showcase the improved production technology of mustard at
RRS, Jaisalmer on March 3, 2019. More than 40 farmers
from Chandan, Sodakore and Karma-ki-dhani villages
participated. Farmers were briefed on various aspects of
improved production technology of mustard.
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g’ ATHEHIUT/Road between ITI circle and Pal Road
named as CAZRI Road: Hon'ble Minister of State for
Agriculture and Farmers Welfare, Shri Gajendra Singh
Shekhawat unveiled the plaque "CAZRI Road” and
inaugurated the new name of the road between ITI Circle to
Pal Road as CAZRI Road on March 5. Speaking on the
occasion, Shri Shekhawat appreciated the contributions
made by the institute in the field of arid agriculture. He
complimented the Mayor, Shri Ghanshyam Ojha, Jodhpur
Municipal Corporation and the district administration for
their efforts in naming the road in the name of CAZRI. Smt.
Suryakanta Vyas, MLA (Sursagar) and Shri Ghanshyam
Ojha, Mayor, Jodhpur Municipal Corporation were also
present on the occasion.

\

helleh hl 34°l AFATMeh TR AMHfa ol Sdeh/

34" Scientific Advisory Committee Meeting of KVK
Jodhpur was held on March 14 to discuss annual progress
and action plan for KVK activities. PC, KVK, Jodhpur
presented annual progress report of 2018-19 and highlighted
the activities conducted during the year. The meeting was
attended by all SAC members including Heads of Divisions
of CAZRI, officials of line departments and progressive
farmers. During the meeting, Dr S.K. Singh, Director,
ATARI, Zone-VI gave his recommendations and valuable
suggestions for the Action Plan 2019-20.
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Important Days Celebrated

TSiren faad/ Azolla day was celebrated by KVK, CAZRI
Jodhpur at Sarecha village (Luni) on April 12, 2018 to create
awareness among farmers and to promote Azolla in the arid
region. Importance of Azolla as a green fodder substitute for
animals especially during the fodder scarcity period being a
rich source of protein, minerals and vitamins was
highlighted. A total of 265 farmers and farm women
participated in this programme. All participants visited
Azolla, vermicompost, dairy unit and custom hiring centre at
the field of one of the progressive famers, Shri Paburam
Patel.

JJAUET  Siafataradr  fea@/International Day  for

Biological Diversity was celebrated on May 22, 2018 under
the aegis of ENVIS Centre on Combating Desertification,
ICAR-CAZRI, Jodhpur on the theme “Biodiversity 25 years
of Action”. Chief Guest of the function Professor S.
Sundaramoorthy, Department of Botany, Jai Narain Vyas
University, Jodhpur delivered a lecture on the theme and
addressed the status of biodiversity in context to national and
global scenario.
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faya uaiawur fea@/World Environment Day was
celebrated on June 5, 2018 on theme “Beat the Plastic
Pollution”. A drawing and essay competition was organized
for school children at Jodhpur to create awareness on how to
avoid and beat plastic pollution. World Environment Day
was also celebrated at Stakna School, Leh by RRS Leh.
Painting competition, swachhta campaign and tree
plantation were carried out on the occasion.

fava wewrer FReur fge@/ World Day to Combat
Desertification was celebrated on June 19, 2018. Dr. O.P.
Yadav, Director, ICAR-CAZRI, was the Chief Guest. He
delivered a lecture on “Sand Dune Stabilization and
Ecosystem Services” by linking with the theme of the year
“Land has True Value - Invest in it”. He also highlighted
about the ecosystem services, its relevance on desert
ecosystem and presented an in depth economic valuation of
this very important landscape of the country.




31v_c|'{'f'€j?3[ It fee¥/ International Yoga Day was

celebrated at the institute on June 21, 2018. Scientists,
officers and employees of the institute enthusiastically
practiced yoga asanas under the guidance of Yog Guru Shri
Chetan Prakash Sen. Shri Sen highlighted the importance of
yogic postures and pranayama in keeping the body and mind
in excellent condition and enlightened about few asanas
which if practiced daily, can keep us healthy and energetic.

A ﬁaﬂ/lndependence Day was celebrated in the
institute with vivacity and fervor. On this occasion Dr. O.P.
Yadav, Director, hoisted the National Tricolour Flag and
addressed the staff. He touched upon the achievements made
in science and technology by the country as well as ICAR. He
urged CAZRI staff to work with renewed zeal for the
development of the country, society and for the benefit of the
farmers. An interesting rope pulling match was also
organized on the occasion. Later he gave awards to the
winners of different games.

gyl fiaw @1 e
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f&=<t ¥@TE / Hindi Week: 14—22 RIawR & IRM weer #
el AwE &I M fhar a7 | Hrisd &1 Igere
e Sf. Sl aed g1 far AT | SqETed W9 @
QIR Bfd G Y AT garm forad Sf. 8RR a9 e,
RN, = a S HauT AR HIUM, MHeR, B, 5
ARV AT fqeafdened, SegR Iy & w9 3 IuRerd
R | S UGHSIT ¥MI, Sf. XY G, 1. Sl AR Td 0 T4
IR =1 37T SRl BAA FGATHh FHNTR H IuRed
AT SIS BT H3 g B [T | 3] Aie & SR <]
<ot i wfaarfarn, e afoaifiar, | 2= =

AT iR R TR &1 SIS g3l | AWiE &
SR IS AR IS TR’ favy R Ydh ASTHIT FIIst
BT A1 AT T T3 |

fava 7= fga®@/World Ozone Day was celebrated on
September 16, 2018 at Jawahar Navodya Vidyalaya,
Kalandri, Sirohi on the theme “Keep Cool and Carry on the
Montreal Protocol”. Lectures, quiz and extempore
competitions were organized for the students during the
event.

HIATT AT 60T TATIAT fea@ THRIE/Sixtieth Foundation
Day of the institute was celebrated on October 1,2018. Shri
Gajendra Singh Shekhawat, Hon'ble Minister of State for
Agriculture and Farmers Welfare, Government of India was
Chief Guest and Dr. Trilochan Mohapatra, Secretary DARE
and DG ICAR was Guest of Honour on this occasion. They
congratulated for the Golden Jubilee Year of the institute.
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The Foundation Day Lecture was delivered by MoS Shri
Shekhawat on “Future of Indian Agriculture: Challenges and
Opportunities”. Vice Chancellor of Jodhpur University,
Directors of ICAR institutes in Rajasthan, Former Directors
and retired employees of CAZRI along with other invited
dignitaries graced this occasion. Director presented the
highlights of the previous year. On this occasion employees
from scientific, technical, administrative and supporting
category were awarded for their outstanding contributions in
institute development.

fge Fuah fgad/ Mahila Krashak Diwas was celebrated
by KVK, Pali. More than 65 farm women from nearby
villages attended the programme. They were guided for
kitchen gardening, dairy farming, beekeeping, fruit and
vegetables processing, cushion making, goat farming etc.
Mabhila Krashak Diwas was also celebrated on October 15,
2018 by Krishi Vigyan Kendra, Bhuj at the Chapredi village
inwhich 32 farm women participated.

HeAchdal ST&ehdl HWTE/ Vigilance week was celebrated
during October 29 to November 3, 2018. Two lectures on
'Use of IT in Eradicating Corruption in Modern India' by Sh.
H.C. Sharma, SP, CBI, Jodhpur and 'Points to Ponder during
Purchase' by Sh. G.P. Shama, CF&AcO, CAZRI were
delivered on November 2, 2018. The program was attended
by more than 100 scientists, technical and administrative
staff of the institute.

T TehdT fqa®/National Unity Day was celebrated on
October 31, 2018 to observe the 143" birth anniversary of
Sardar Vallabhbhai Patel. An oath was taken by all the staff of
the institute to uphold the unity, integrity and safety of the
nation.

SIHt Tehal WTE/National Integration Week was
celebrated during November 19-25, 2018. National
Integration Pledge was taken by the institute staff along with
the Director to preserve and strengthen the liberty of India on

November 20. Flag Day was observed on November 22,
2018.
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wfaem  faa®@/Constitution Day was celebrated on
November 26, 2018. At this occasion, Institute Director
administered oath to all the officers and employees of the
institute for fulfilling the purpose of the constitution,
upholding the dignity of the constitution and sovereignty of
the nation and for the protection of the constitution with
dedication.

fava weidia faa®/ World Mountain Day was observed at
Nyoma on December 11, 2018 by CAZRI RRS, Leh in
collaboration with KVK, Nyoma. 30 students and staff of
RRS and KVK were appraised about the importance of
mountains in environment and biodiversity.

EIdl q@argl/Cleanliness Fortnight was celebrated
from December 16-31, 2018. Director In-charge,
administered the oath of cleanliness to scientists, officers and
employees of the institute. During this week, a cleanliness
drive was launched by the officers and employees to clean
the office premises and area outside the main gate.
Swachhata Pakhwada was also organized by KVK, Pali
during September 15 to October 2, 2018. KVK staff and
others participated in the cleaning of office road, nursery and
hostel premises.

P



fava war fea@@/Soil Health Day was celebrated on
December 5, 2019 by KVK, Bhuj at Moti Virani village, in
which 125 farmers participated. Soil health day was also
celebrated on December 21, 2018 at KVK, Pali. Shri
Mahendra Bohra, Chairman, Nagar Parishad, Pali was the
Chief Guest of this event and about 100 farmers and
farm-women participated in this event.

forem fee@/Kisan Diwas was organized at KVK, Pali on
December 23, 2018 to make farmers aware about changing
trends in agriculture and its adoption. 90 progressive farmers
participated in the event. Kisan Diwas was also organized by
KVK, Bhuj at Vadva village in which 25 farmers of the
village participated.

e fead/ Republic day was celebrated in the institute on
January 26, 2019 with vivacity and enthusiasm. Dr. O.P.

Yadav, Director hoisted the National Tricolour flag. He
highlighted the national agricultural scenario and significant
role of the institute in arid agricultural development. In his
address, he appreciated the entire staff and urged them to
work for the development of the country, society and
farmers. Later during the programme, awards were
distributed to children and CAZRI staff members for
winning in different games organized in the campus.

Tt faam faa@/National Science Day was celebrated
on February 28, 2019 by ENVIS RP on Combating
Desertification, CAZRI on the theme “Science for the People

165

gyl fiaw @1 e

Important Days Celebrated -

1959 - 2019

and People for Science” at KVK, Gudamalani, Barmer. On
this occasion Coordinator, ENVIS RP, ICAR-CAZRI,
Jodhpur briefed contribution of science for the people
specially its importance in agricultural sector. Head, KVK,
Gudamalani highlighted impact of science and technology in
transforming the agricultural scenario of Barmer district
from barren to arable dunes.

31’T-|Ti'Ef|'€[ ufge fga®/ International Women's Day was
celebrated at the institute on March 8, 2019. All women
employees of the institute participated in the National

Livelihood Conference held in Varanasi, through video
conferencing and watched live telecast of address by Hon'ble
Prime Minister Shri Narendra Modi. The main theme of the
programme was “Think Equal, Build Smart and Innovate for
Change”.

International Women Day was also celebrated at KVK, Pali
to motivate the farm women for income generating activities
and latest agriculture technology. 85 women participated in
this programme. The programme was also organized by
KVK, Bhuj at Kotda Chakar village in which 16 farm women
participated.

CAZRI-RRS, Leh also celebrated women's day at Khardong
village in Nubra valley. The Head, CAZRI-RRS, Leh shared
the detailed activities of the station and importance of the
role of women's in agriculture.
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Linkages and Collaborations

AU A/ International

United Nations Convention to Combat Desertification

International Crops Research Institute for Semi-Arid
Tropics (ICRISAT)

International Centre for Agricultural Research in the
Dry Areas (ICARDA)

Bioversity International

Kirkhouse Trust

I/ National

Ministry of Agriculture and Farmers Welfare, Govt. of
India

Ministry of Environment, Forests and Climate Change,
Govt. of India

Ministry of Mines, 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

National Bank for Agriculture and Rural Development

National Institute of Hydrology, Roorkee

National Medicinal Plant Board, New Delhi
National Institute of Agricultural Marketing, Jaipur

ICAR-Central Research Institute on Dryland
Agriculture, Hyderabad

ICAR-Indian Institute of Soil & Water Conservation,
Dehradun

ICAR-Indian Institute of Pulse Research, Kanpur
ICAR-Central Institute for Arid Horticulture, Bikaner

ICAR-Central Sheep & Wool Research Institute,
Avikanagar

ICAR-National Research Centre on Seed Spices,
Ajmer

ICAR-National Bureau of Plant Genetic Resources,
New Delhi

ICAR-Indian Institute of Natural Gums and Resins,
Ranchi

State Line Departments of Rajasthan, Gujarat and
Jammu & Kashmir

GEER Foundation

Cairn Foundation




Period

April 09-October
08,2018

June 04-15, 2018

September 04-24,
2018

September 24-
October 14, 2018

October 25-27,
2018

November 13-
December 03, 2018

November 27-
Decemberl7, 2018
November 20, 2018
- February 19, 2019

November 20, 2018
- February 19, 2019

January 16-19,
2019

June 11-28, 2018

June 21-27, 2018

July 2-7, 2018

July 17-23, 2018

September 20-22,
2018

gferetor 3iR &rar fHmfor
Training and Capacity Building

Name of Training Course and Venue
A5 / Scientist

Endeavour Post-Doctoral Research Fellowship at USQ, Toowoomba,
Queensland, Australia funded by Department of Education and Training, Govt.
of Australia

MDP on Leadership Development (a pre-RMP programme) at NAARM
Hyderabad

Winter School Training Programme on Advances in Salinity and Sodicity
Management Under Different Agro-Climatic Regions for Enhancing Farmers
Income at ICAR-CSSRI, Karnal

Winter School Training Programme on Current and Emerging Trends for
Conservation and Sustainable Utilization of Forest Genetic Resources at
Navsari Agriculture University, Navsari, Gujarat

Socio Economic Impact Assessment of Research Program at NAARM,
Hyderabad

Soft & Entrepreneurial Skills for Development of Agriculture Science at
SKRAU, Bikaner

Winter School on Recent Approaches in Horticultural Development for
Enhancing Farm Income in Environmentally Constrained Environments at
ICAR-CAZRI, Jodhpur

3 month Attachment Training for Probationers at ICAR-IARI, New Delhi
3 month Attachment Training for Probationers at ICAR-IARI, RRS, Karnal

Hands on Training on Advances in Pesticide Residue Analytical Techniques at
ICAR-IIHR, Bengaluru

dd-idl BIffd / Technical Personnel

International Training on the 21 Century Challenge-Improving Production of
Animal Husbandry at Israel

Training Programme on Motivation, Positive Thinking and Communication
Skills for Technical Officers at ICAR-NAARM, Hyderabad.

National Training Programme on Solar PV Grid Connected Power Plant at
National Training Centre for Solar Technology, Karnataka Power Corporation
Limited, Bangalore

and

Training Programme on Automobile Maintenance,

Behavioural Skill at ICAR-CIAE, Bhopal

Road Safety

Skill Development Training of Trainer at SKRAU, Bikaner

167

ICAR-CAZRI

Tes- 201

Name of the Participants

K.S. Jadon

Dilip Jain

Kamla K. Choudhary
M. Suresh Kumar

Pramendra
Dipika Hajong

Noor Mohamed M.B.
Mahesh Kumar
S. M. Mansuri

Reena Saharan
Archana Sanyal
Ankita Trivedi

Saritha M.

Subhash Kachhawaha
Ramesh Chandra Joshi

Sumer Singh Gehlot
Sanjay Purohit

Kesha Ram

Chandan Kumar
Aishwarya Dudi



% aiffe gferaes 2018-19

AP
ICAR

Period

October 01-10,
2018

November 24-
December 1, 2018

November 27-
December 17,
2018

December 31, 2018
- January 05, 2019

January 2-11, 2019

January 14-23,
2019

February 20-27,
2019

February 19-25,
2019

January 16-22,
2019

June 11- July 06,
2018

August 6-31,
2018

October 8-12, 2018

January 15-17,
2019

Prem Kanwar
Subhash Chandra
Arjun Singh
Goverdhan Ram

Sri Ram

Ram Singh Rajpurohit
Jodha Ram

Banni Lal

Rajendra Choudhary

Annual Report 2018-19

Name of Training Course and Venue

Short Course Training Programme on Advances in Micro irrigation for
Enhancing Crop and Water Productivity in Water Scarce Areas at HPKV,
Palampur

Model Training Course on Rapid Bio-waste Management Technologies:
Options for Recycling, Reuse and Recovery at ICAR-IISS, Bhopal

Winter School on Recent Approaches in Horticultural Development for
Enhancing Farm Income in Environmentally Constrained Environments at
ICAR-CAZRI, Jodhpur

Workshop on Video Production Technology, EEI, Anand, Gujarat

Good Agricultural Practices for Enhancing Resource Use Efficiency & Farm
Productivity at ICAR-IARI, New Delhi

Layout & Maintenance of Field Experiments and Recording Observation at
ICAR-IARI, New Delhi

Pre and Post Harvest Management of Horticultural Crops for Enhanced Farm
Income at ICAR-CAZRI, Jodhpur

Training Programme on Automobile Maintenance, Road Safety and Behavioural
Skills at ICAR-CIAE, Bhopal

Training Programme on Automobile Maintenance, Road Safety and Behavioural
Skills at ICAR-CIAE, Bhopal

yemafe vd @ aifife / Administrative & Accounts Personnel

Organization Specific Programme (OSP) for Newly Recruited Assistants of
ICAR Institutes at ISTM, New Delhi

Training Programme on 4" Batch of Organization Specific Programme (OSP)
for Newly Recruited Assistants of ICAR Hq./Institutes at ISTM, New Delhi

Training Programme on ICAR-ERP for Technical & Administrative Officers of
ICAR at ICAR-TASRI, New Delhi

FHIA WE—AP HHARI / Skilled Supporting Staff

Name of the Participants

Jigmat Stanzin

M.K. Choudhary

Chandan Kumar
Ram Niwas

P.K. Tomar

Randhir Singh Gill

Stanzin Landol

R.P. Singh
P.S. Bhati
Savita Singhal

Anil Kumar Chaudhary
Zakir Hussain

Rajendra Kumar

Mrs. Anita Shekhawat
Mrs. Varsha Pidwa

Sh. Hema Ram

Sh. K.L. Meena

Short term training for improving efficiency of Skilled Supporting staff at ICAR-CAZRI, Jodhpur

Sunder Nabab Khan

Suresh Kumar Vithal Prakash Vyas

Gopi Ram Govind Ram

Guman Singh Kanhaiya Lal

Pappa Ram Ram Singh /Rani Dan Singh
Ganga Ram Mangi Lal

Jagdish ND Himmat Singh

Devendra Singh Kalu Singh
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Date

April 19,2018

July 11 - August 10,
2018

July 23 - 24, 2018

July 25 - 26, 2018

August 1 -2, 2018

August 9 - 10, 2018

August 28 -
September 17, 2018

September 19 -
October 9, 2018

November 14, 2018

November 27 -
December 17, 2018

January 10, 2019

January 15 - 17,2019

February 11 - 14, 2019

February 20 - 27, 2019

RN AMRSTT T Gf3&Ior BRIy

Workshops and Trainings Organized

Details of Training Program

Workshop on “Revival of Village Ponds through Scientific
Interventions”

A Green Skill Development Programme on "Plantation
Techniques and Utilization of Renewable Energy in Arid
Zone”

Officers training on “Oilseed Production under National
Food Security Mission (NFSM)”

Officers training on “Oilseed Production under National
Food Security Mission (NFSM)”

Officers training on “Oilseed Production under National
Food Security Mission (NFSM)”

Officers training on “Oilseed Production under National
Food Security Mission (NFSM)”

Summer School on “Designing Farming Systems for
Enhancing Income and Resilience in Low Rainfall Areas
under Climate Change Scenario”

Winter school on “Solar Photovoltaic and Thermal
Applications for Energy-Water-Food Security in Agriculture”

Workshop on “Status and Strategies for Enhancing Crop
Water Productivity in IGNP Area Phase-1I"

Winter School on “Recent Approaches in Horticultural
Development  for  Enhancing Farm  Income in
Environmentally Constraints Ecosystem”

Seminar on “Climate Change and Desertification: Renewable
Energy Solutions for Enhancing Mitigation Potential in
Rajasthan”

Specialized Short- term training for improving efficiency of
skilled supporting staff

13™ International Conference on Development of Drylands:
Converting Dryland Area from Grey into Green

Model Training Course on “Recent Advances in Pre and Post
Harvest Management in Horticultural Crops for Enhanced
Farm Income”
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Sponsored by

DST

MoEF&CC, GOI

Assistant Director
(Agriculture), Pali

Assistant Director
(Agriculture), Sojat

Assistant Director
(Agriculture), Pali

Assistant Director
(Agriculture), Sojat

ICAR-Education
Division
ICAR-Education
Division
ICARDA

ICAR-Education
Division

MoEF&CC, New Delhi
and TERI, New Delhi

ICAR -CAZRI, Jodhpur

IDDC and AZRAI,
Jodhpur

DOE, MoA & FW,
GOIv

ICAR-CAZRI

Tes- 201

Number of
Participants

47

15

20
20
20
20

20

17
80

18
100

25
379

20



AP
ICAR

Name of Division /
KVK / Unit

KVK, Jodhpur

KVK, Jodhpur

KVK, Jodhpur

Division of Transfer
of Technology &
Training

KVK, Pali

KVK, Jodhpur

KVK, Pali
KVK, Jodhpur
KVK, Jodhpur

KVK, Jodhpur

Division of Transfer
of Technology &
Training

KVK, Jodhpur

KVK, Jodhpur
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Participation in Meetings and Programs Organized by

State Line Departments

Name of Participant

Haridayal

S. Kachhwaha

R.R. Meghwal
Haridayal
A.S.Tomer
Poonam Kalash
Savita Singhal
R.P. Singh

S. Kachhwaha
P.S. Bhati

Pratibha Tewari

Dheeraj Singh

S. Kachhwaha

M.L. Meena

S. Kachhwaha

S. Kachhwaha

S. Kachhwaha

Pratibha Tewari

S. Kachhwaha

S. Kachhwaha

Department /
Stakeholder / Agency

Dy. Dir. (Horticulture)

ICICI - Rural Self
Employment Training
Institute (RSETI)

Dy. Dir. (Agriculture)
& PD ATMA

MPOWER

ATMA

ICICI - Rural Self
Employment Training
Institute (RSETI)

ATC

ICICI - Rural Self
Employment Training
Institute (RSETI)

Deptt. Animal
Husbandry

ICICI - Rural Self
Employment Training
Institute (RSETI)

ATMA

ICICI - Rural Self
Employment Training
Institute (RSETI)

Deptt. Animal
Husbandry
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Subject of Meeting / Program

NHM meeting

Dairy Management and Vermi-

composting

Gram Swaraj Abhiyan for
Doubling Farmers Income

MPOWER Stakeholder’s

Workshop on Project

Completion Report Validation

by IFAD

District Action Plan

Dairy Management and Vermi-

composting

Monthly Technical Workshop

Dairy Management and Vermi-

composting

Dairy Management

Dairy Management and Vermi-

composting

Governing Body Meeting

Dairy Management and Vermi-

composting

Dairy Management

Date

April 5, 2018

April 26,
2018

May 2, 2018

May 14, 2018

May 17, 2018

May 23, 2018

May 25, 2018

May 28, 2018

June 6, 2018

June 8, 2018

June 26, 2018

Tuly 3,2018

July 7, 2018

Place

Jodhpur

Jodhpur

Jodhpur

Jodhpur

Pali

Jodhpur

Sumerpur

Jodhpur

Jodhpur

Jodhpur

Jodhpur

Jodhpur

Jodhpur



Name of Division /
KVK / Unit

Division of Natural
Resources

KVK, Jodhpur

KVK, Jodhpur

KVK, Jodhpur

KVK, Jodhpur

KVK, Jodhpur

KVK, Jodhpur

KVK, Jodhpur

KVK, Pali

KVK, Pali

RRS, Bikaner

KVK, Jodhpur

RRS, Pali

Division of Transfer
of Technology &
Training

KVK, Jodhpur

KVK, Jodhpur

KVK, Jodhpur

Name of Participant

R.K. Goyal

S. Kachhwaha

S. Kachhwaha

Haridayal

S. Kachhwaha

S. Kachhwaha

S. Kachhwaha

S. Kachhwaha

M.L. Meena

Dheeraj Singh

N.D. Yadava
V.S. Rathore

S.K. Sharma
R.R. Meghwal

R.S. Mehta

D.K. Gupta

S.R. Meena

P.L. Regar

M.B. Noor Mohd.
Kamla K. Chaudhary

Pratibha Tewari
A.K. Sharma
B.L. Manjunatha

S. Kachhwaha

S. Kachhwaha

S. Kachhwaha

AT B A F9FTT gRT o So@! § wrier

Participation in Meetings organized by State Line Departments

Department /
Stakeholder / Agency

GWD & PHED

ICICI - Rural Self
Employment Training
Institute (RSETI)

Pashupalan
Prashikshan Sansthan

Dy. Dir. (Horticulture)

Deptt. Animal
Husbandry

Deptt. Animal
Husbandry

Pashupalan
Prashikshan Sansthan

Pashupalan
Prashikshan Sansthan

Agriculture
Department & ARS

ATMA

Agriculture
Department & ARS

Agriculture
Department & ARS

ATMA

Small Farmers
Agriculture
Cooperative & Gram
Vikas Seva Sansthan

Deptt. Animal
Husbandry

Deptt. Animal
Husbandry

Pashupalan
Prashikshan Sansthan
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Subject of Meeting / Program

Impact Assessment of MJISA
works on Changes in
Groundwater Table and
Availability of Drinking Water

Dairy Management and Vermi-

composting

Dairy Exposure Visit

Jila Udyan Vikas Samiti

Meeting

Dairy Management

Dairy Management

Dairy Exposure Visit

Dairy Exposure Visit

ZREAC Meeting (Rabi)

Governing Board Meeting

ZREAC Meeting (Rabi)

ZREAC Meeting (Rabi)

Scientist Farmers Interaction
Meeting

Equity Grant Funds for
FPO/FPC and District Level
Workshop for Directors and
CEO’s of Farmer Producer
Organizations

Dairy Management

Dairy Management

Dairy Exposure Visit

Date

July 24, 2018

July 30, 2018

August 8,
2018

August 8,
2018

August 17,
2018

September 6,
2018

August 8,
2018

September 26,
2018

September 10,
2018

September 11,
2018

September
17-18,2018

September
17-18, 2018

September
26-27, 2018

October 3,
2019

October 3,
2018

October 26,
2018

October 31,
2018

ICAR-RI
Tese-2019_
Place

Jaipur

Jodhpur

Jodhpur
Jodhpur
Jodhpur
Jodhpur
Jodhpur
Jodhpur
Sumerpur
Pali
Bikaner
Jodhpur

Pali

Jodhpur

Jodhpur
Jodhpur

Jodhpur



AP
ICAR

Name of Division /
KVK / Unit

KVK, Pali
Division of Transfer

of Technology &
Training

KVK, Jodhpur

Division of Transfer
of Technology &
Training

KVK, Jodhpur
KVK, Jodhpur
KVK, Jodhpur
KVK, Pali
KVK, Jodhpur
KVK, Pali
KVK, Jodhpur
KVK, Pali
KVK, Jodhpur

Division of Transfer
of Technology &
Training

Division of

Integrated farming
Systems

Division of Transfer
of Technology &
Training

RRS, Bikaner
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Name of Participant

M.L. Meena

Pratibha Tewari

S. Kachhwaha

Pratibha Tewari

B.S. Rathore

S. Kachhwaha

S. Kachhwaha

Dheeraj Singh

S. Kachhwaha

M.L. Meena

S. Kachhwaha

M.K. Choudhary

S. Kachhwaha

Pratibha Tewari

Archana Verma

Pratibha Tewari

V.S. Rathore

Department /
Stakeholder / Agency

Agriculture
Department & ARS

Rural Self
Employment Training
Institute (RSETI)

Pashupalan
Prashikshan Sansthan

ATMA and District
Agriculture
Department

ATMA & District
Agriculture
Department

Pashupalan
Prashikshan Sansthan

Deptt. Animal
Husbandry

ATMA

Pashupalan
Prashikshan Sansthan

Agriculture
Department & ARS

Pashupalan
Prashikshan Sansthan

ATMA

Pashupalan
Prashikshan Sansthan

Rural Self
Employment Training
Institute (RSETI)

RWFTI

RSETI & ICICI

Agriculture
Department & ARS
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Subject of Meeting / Program

ZREAC Meeting (Rabi)

District level RSETI Advisory
Committee Meeting

Dairy Exposure Visit

Governing Body Meeting and
District level Advisory
Committee Meeting

Governing Board Meeting and
District level Advisory
Committee Meeting

Dairy Exposure Visit

Dairy Management

Fortnight Agriculture Magazine
Dairy Exposure Visit

ZREAC Meeting (Kharif)
Dairy Exposure Visit

District Action Plan

Dairy Exposure Visit

District level RSETI Advisory
Committee Meeting

Possibilities of Collaborative
Forestry Research with
Universities and Research
Institutions

RSETI-ICICI officials

ZREAC Meeting (Kharif)

Date
November 10,
2018
December 28,
2018

December 28,
2018

January 9,
2019

January 9,
2019

January 10,
2019

January 16,
2019

February 05,
2019

February 14,
2019

February 27,
2019

February 28,
2019

March 1,
2019

March 8,
2019

March 13,
2019

March 15,
2019

March 18,
2019

March 25-26,
2019

Place

Keshwana

Jodhpur

Jodhpur

Jodhpur

Jodhpur

Jodhpur

Jodhpur

Pali

Jodhpur

Keshwana

Jodhpur

Pali

Jodhpur

Jodhpur

Jaipur

Jodhpur

Bikaner
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Training Programs Sponsored by State Line Departments

Name of Program Participants (Nos.)

Male

By Division of Transfer of Technology and Training

Organic Farming in Arid Zone 30
Livelihood Security through Arid Horticulture 30
Improved Production Technologies for Horticulture Crops in 30
Arid Region
By RRS, Bikaner

IH &1 H PiY SATGT 9T BY THIPA Wl HTTedl 60
EECE]
I &3 F P ST 9e &G THIPd Wil Fomet 30
UECE]
IR JeaTe W] d Sedras d 377 I8 FHWY 30

By RRS, Pali
Intra-district Farmers Training 27
Horticultural Crops 76
Oil Seed Production under National Food Security Mission 102
Improved Technology of Crop Production 79
Oilseed Production under National Food Security Mission 34
(NFSM)
Oilseed Production under National Food Security Mission 36
(NFSM)

By KVK, Pali
Cultivation Practices of kharif Oilseeds 26
Cultivation Technology of Cotton Crop under ISOPOM 25
Production Technologies of Pulses Crops in Rainfed Area 78

173

Female

30

03

14

18

11

06

04

04

05

12

Total

30

30

30

90

30

30

90

120

90

40

40

30

30

90

Sponsored by

PD, ATMA, Jalore
PD, ATMA, Jalore

Deputy Director
(Horticulture)

ATMA, Bikaner

ATMA, Jaipur

ATMA, Bikaner

Deputy Director
(Agriculture), Pali

Assistant Director
(Horticulture), Pali

Assistant Director
(Agriculture), Pali

Project Director, ATMA, Pali

Assistant Director
(Agriculture), Pali

Assistant Director
(Agriculture), Sojat

Project Director, ATMA, Pali
Project Director, ATMA, Pali

Project Director, ATMA, Pali
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Name of Program Participants (Nos.)
Male Female
Pod Borer Management in Pulses 60 --
Adoption Technologies of Seed Spices 52 08
Balanced Diet of Farm Women - 100
KVK, Jodhpur
Organic Farming 21 --
Nutritional and Health Management in Dairy Animals 30 -
Animal Husbandry & Agriculture Technology in Arid Region 46 --
Dairy Entrepreneur 25 1
Management of Nursery and Orchard 30 --
Horticultural Crops and Organic Farming 40 --
Management of Cumin Crop 30 ==
Skill Development Training for Assistant Gardener 20 --
Health and Hygiene -- 30
Scientific Cultivation and Value Addition of Oilseed Crops -- 30
Women Empowerment through Value Addition of Food Items -- 33
Food Processing and Marketing 30 --
Insect pest and Disease Management in Mung bean and Moth 24 --
bean
Plant Protection Measures in Arid Crops 28 --
Seed Production in Mung bean and Moth bean 30 --
Improved Production of Mustard 26 --
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Total

60

60

100

21

30

46

26

30

40

30

20

30

30

33

30

24

28

30

26

Sponsored by

Project Director, ATMA, Pali
Project Director, ATMA, Pali

ICDC, Pali

ATMA, Jodhpur

ATMA, Jodhpur

ATMA, Pali

ASCI, New Dehli

ATMA, Sawai Madhopur
ATMA, Amareli (Gujarat)
ATMA, Jodhpur

ASCI, New Dehli
HUMANA, Jodhpur
ATMA, Jodhpur

ATMA, Jodhpur
Marketing Board, Jodhpur

ATMA, Jodhpur

ATMA, Nagaur
ATMA, Jodhpur

ATMA, Jodhpur
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Awards

Central Arid Zone Research Institute has been
conferred with the prestigious “Sardar Patel
Outstanding ICAR Institution Award” for the year 2017
for the Large Institute Category at ICAR-IARI, New
Delhi.

Dr. Saritha M. was given with 'Jawahar Lal Nehru
Award' for Best Ph.D. Thesis in Natural Resource
Management during 90" Foundation Day of ICAR at
IARI, New Delhion July 16,2018.

Dr. A K. Shukla was conferred with 'Fellow of the
Indian Society of the Arid Horticulture' at ICAR-
CIAH, Bikaner on October 28,2018.

Dr. A.K. Shukla was conferred with 'Fellowship of
International Society for Noni Science' in the

Workshop at University of Madras, Chennai on March
24,2019.

Dr. Akath Singh was conferred with 'SDSH Fellow-
2018" by Society for Development of Sub Tropical
Horticulture, Lucknow.

Dr. Vipin Chaudhary was conferred with “Fellow of
GKYV Society” for outstanding research contribution in
the field of Entomology by GKV Society at RBS
College, Agra during December 8-9,2018.

ICAR-CAZRI

1959 - 2019

Mr. G.P. Sharma was awarded for excellent work in
administrative category with '[CAR Cash Award'
during 90" Foundation Day of ICAR at IARI, New
Delhion July 16,2018.

Dr. Ritu Mawar was given with 'Smt Guman Devi
Verma Memorial Best Woman Scientist Award 2018’
during Prof'Y.L. Nene Memorial Celebration in ISMPP
39" Annual Conference and National Symposium on
Plant and Soil Health Management: New Challenges
and Opportunities organized by ISMPP, Udaipur and
ICAR-IIPR, Kanpur at ICAR-IIPR, Kanpur during
November 16-18,2018.

Dr. Mahesh Kumar was conferred with 'Leadership
Award-2018" in field of Natural Resources
Management in Arid and Semi-Arid Region by Soil
Conservation Society of India during 27" National
Conference on Sustainable Management of Soil and
Water Resources for Doubling Farmers Income held

at AAU, Jorhat during October 25-27,2018.

Dr. Deepesh Machiwal was conferred with

“Commendation Medal Award” by the Indian Society
of Agricultural Engineers (ISAE), New Delhi in 53"
Annual Convention of ISAE held at Banaras Hindu
University, Varanasi during January 28-30,2019.
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Dr. Dipak Kumar Gupta was given 'Best Young
Scientist Award 2018' by Science & Tech Society for
Integrated Rural Improvement, in 2" National
Conference on Doubling Farmers Income for
Sustainable & Harmonious Agriculture 'DISHA-2018'
at Thorrur, Warangal during August 11-12,2018.

Dr. Arvind Singh Tetarwal was given 'Young Scientist
Award' in National Conference on Smart Agriculture
and Food Security (SAFS-2019) at Jaipur National
University, Jaipur during January 18-20,2019.

Dr. M.B. Noor Mohamed was given 'Innovative
Scientist Award-2017" in 3" International Conference
on Bioresource and Stress Management, organized by
RKM Foundation, Visva Bharati University
Santiniketan, Kolkata, West Bengal at SIAM, Jaipur
during November 8-11,2017.

Dr. R.K. Singh was given 'Award for Excellence in
Research-2018' in Agricultural Research Category
organized by Education Expo TV's Research Wing for
Excellence in Professional Education & Industry,
Greater Noida (Delhi NCR) in June, 2018.

Dr. R.S. Mehta was awarded with 'Krishi Vigyan
Gaurav-2018' by Bhartiya Krishi Anusandhan Samiti
and Agricultural Research Communication Center,
Karnal.

Dr. M.L. Soni was awarded with “Krishi Vigyan
Gourav -2018” by Bhartiya Krishi Anusandhan Samiti
and Agricultural Research Communication Center,
Karnal.
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Distinguished Visitors

Shri G.S. Shekhawat, Hon'ble Minister of State,
Ministry of Agriculture and Farmers Welfare, Govt. of
India, New Delhi

Shri P.P. Chaudhary, Hon'ble Minister of State,
Ministry of Law, Justice and Corporate Affairs, Govt.
of India, New Delhi

Shri Narain Lal Panchariya, Member Parliament
(Rajya Sabha)

Shri Jaswant Singh Yadav, Hon'ble Minister of Skill
Development, Labour and Employment, Govt. of
Rajasthan

Smt. Suryakanta Vyas, MLA (Soorsagar) Jodhpur

Shri Tsering Wangdus, EC Agriculture Leh Council,
Leh

Shri Jogaram Patel, MLA (Luni)
Shri Mahendra Vishnoi, MLA (Luni)

Shri Rajendra Gehlot, Former Minister, PHED, Govt.
ofRajasthan, Jaipur

Dr. Trilochan Mohapatra, Secretary, DARE, Govt. of
India & DG, ICAR, New Delhi

Dr. Ashok Dalwai, Chief Executive Officer, NRAA,
New Delhi

Dr. Adel El-Beltagy, Chair IDDC and Professor,
ALARI, Cairo, Egypt

Dr. Aly Abousabaa, DG, I[CARDA, Beirut, Lebanon

Dr. Martin Kropff, DG, CIMMYT, Texcoco, México
Dr. Peter Carberry, DG, ICRISAT, Hyderabad

Dr. Claudia Sadoff, DG, IWMI, Colombo, Sri Lanka

Dr. Ismail Serageldin, Founder President, Bibliotheca
Alexandrina, Alexandria, Egypt

Dr. Panjab Singh, Chairman, NAAS and Former DG,
ICAR, New Delhi

Dr. R.S. Paroda, Chairman, TAAS and Former DG,
ICAR, New Delhi

Shri Ghanshyam Ojha, Mayor, Nagar Nigam, Jodhpur
Shri Suresh Chandel, Member, ICAR Governing Body
Sir Ed Southern, Kirkhouse Trust, U.K.

Dr. A.S. Faroda, Former Chairman, ASRB, New Delhi
& Former VC, MPUAT, Udaipur
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Dr. Gurbachan Singh, Former Chairman, ASRB, New
Delhi

Dr. Dennis Garrity, Dryland Ambassador for UNCCD,
Nairobi, Kenya

Dr. J.S. Samra, Chairman, RAC, CAZRI, Jodhpur and
Former CEO, NRAA, New Delhi

Dr. Alok K. Sikka, IWMI, New Delhi and Former DDG
(NRM), ICAR, New Delhi

Dr. N.K. Krishna Kumar, Former DDG (Horticulture),
ICAR, New Delhi

Dr. Arvind Kumar, VC, Central Agricultural
University, Jhansi

Mr. Nazeer Ahmed, VC, SKUAST-K, Srinagar
Dr. Balraj Singh, VC, Agriculture University, Jodhpur

Dr. B. Venkateshwarlu, Former VC, VNMKYV,
Parbhani

Dr. A K. Singh, Secretary, NAAS, New Delhi and
Former DDG (NRM), ICAR, New Delhi

Dr. K. V. Peter, Ex VC, Kerala Agricultural University,
Munnthy, Kerala

Dr. Pratap Narain, Former Director, [CAR-CAZRI and
Former VC, SKRAU, Bikaner

Dr. A K. Gehlot. Former VC, RAJUVAS, Bikaner

Dr. K.P.R. Vittal, Former Director, ICAR-NIASM,
Baramati and ICAR-CAZRI, Jodhpur

Dr. Ravi Prabhu, DDG (Research), ICRAF, Nairobi,
Kenya

Dr. Tek Bahadur Gurang, Executive Director, Nepal
Agricultural Research Council, Kathmandu, Nepal

Er. K.C. Nayak, Chairman, Central Ground Water
Board, Faridabad

Dr. Winston Yu, Principal Researcher and Senior
Advisor, World Bank, Washington DC

Dr. S. Bhaskar, ADG (AAF&CC), ICAR, New Delhi
Dr. D.K. Yadav, ADG (Seeds), [CAR, New Delhi

Dr. A K. Vyas,ADG (HRD), ICAR, New Delhi

Mr. SujitK. Mitra, Director (Admn.), ICAR New Delhi

Mr. B.K. Gaur, Chief Manager, National Seed
Corporation, New Delhi
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Dr. Ch. Srinivasa Rao, Director, ICAR-NAARM,
Hyderabad

Dr. Kuldeep Singh, Director, ICAR-NBPGR, New
Delhi

Dr. Suresh Pal, Director, ICAR-NCAP, New Delhi
Dr. P.C. Sharma, Director, ICAR-CSSRI, Karnal
Dr. N.P. Singh, Director, ICAR-IIPR, Kanpur

Dr. P.L. Saroj, Director, ICAR-CIAH, Bikaner

Dr. Gopal Lal, Director, ICAR-NRCSS, Ajmer

Dr. Ravinder Chary, Director, ICAR-CRIDA,
Hyderabad

Dr. P.R. Ojasvi, Director, ICAR-IISWC, Dehradun
Dr. A K. Tomar, Director, ICAR-CSWRI, Avikanagar
Dr. N.V. Patil, Director, ICAR-NRCC, Bikaner

Dr. Rajbir Singh, Director, ICAR-ATARI, Ludhiana
Dr. 1.D. Arya, Director, AFRI, Jodhpur

Dr. J. Rizvi, Regional Coordinator - South Asia,
ICRAF, New Delhi

Mr. R.K. Thanvi, Chief General Manager, NABARD,
Jaipur

Er. S.K. Jain, Director, Central Ground Water Board,
Western Region, Jaipur

Dr. J.R. Sharma, Ex Chief General Manager, ISRO,
Govt. of India

Dr. D.K. Benbi, ICAR, National Professor, PAU,
Ludhiana and Member RAC, CAZRI

Dr. H.S. Balyan, Professor-PBG, CCS University,
Meerut and Member RAC, CAZRI

Dr. John Dixon, Former Principal Advisor-Research/
Manager CS&EP,ACIAR, Australia

Mr. Richard China, Director, Strategic Partnerships and
External Engagement, BI, Rome, Italy

Prof. Ayman F. Abou-Hadid, Ex-Minister, Egypt and
Professor, ALARI, Cairo, Egypt

Dr. Rattan Lal, Director, Carbon Management and
Sequestration Center, The Ohio State University,
Columbus, USA

Ms. Maria Beatrix Giraudo, Sr. Advisor, Govt. of
Argentine

Prof. A. Gurum Aleksidze, President, GAAS, Tibilisi,
Georgia

Dr. Michael Baum, Director, BCI Program and
Morocco Platform, ICARDA, Morocco
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Prof. Wang Tao, President, Chinese Academy of
Sciences, Lanzhou Branch, Lanzhou, China

Prof. Michael Reid, Emeritus Professor, UC Davis,
CA,USA

Prof. Ahmad Amri, Deputy Director, BCI, ICARDA,
Lebanon

Prof. Hisashi Tsujimoto, Professor, ALRC, Tottori
University, Japan

Prof. Atsushi Tsunekawa, Professor, ALRC, Tottori
University, Japan;

Dr. RK. Tyagi, Coordinator, APCoAB, APAARI,
Thailand

Dr. Mohan Saxena, Executive Secretary, IDDC, Egypt

Dr. Aliaa Rafea, Chair, Human Foundaton, Cairo,
Egypt

Dr. B.M. Prasanna, Director, CIMMY T's Global Maize
Program, CIMMYT, Kenya

Dr. Ashutosh Sarkar, Coordinator,
ICARDA, India

Dr. O.P. Pareek, Former Director, ICAR-NRCSS,
Ajmer

Prof. PK. Aggarwal, Director, South Asia, CGIAR-
CCAFS, New Delhi

Dr. Rajeev Varshney, Director, Genetic Gain, [ICRISAT,
Hyderabad

Dr. A K. Bawa, Executive Director, NAAS, New Delhi
Dr. Rodomiro Ortiz, Faculty Chair, SUAS, Sweden

Dr. Jan Debaene, Global Head of Breeding, ICRISAT,
Hyderabad

Mr. Anil Paliwal, IG, BSF, Rajasthan Frontier
Mr. Ravi Gandhi, DIG, BSF

South Asia,

Mr. Lalit Kumar Gupta, Divisional Commissioner,
Jodhpur

Mr. Ajayvardhan Aacharya, Regional Director,
IGNOU, Jodhpur

Dr. JN. Swami, Dy. Director (Agril.), Govt. of
Rajasthan, Jodhpur.

Dr. N.S. Bhati, Dy. Director (ATMA), Govt. of
Rajasthan, Jodhpur.

Mr. S.S. Shekhawat, Executive Officer, RSETI,
Jodhpur
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Personnel
Director Cell 4. Dr. D.V. Singh, Sr. Scientist (Agronomy)
1. Dr. O.P. Yadav, Director 5. Dr. R.S. Yadav, Sr. Scientist (Soil Science)
2. Mrs. Sreedevi Mohanan, PS to Director (up to 6. Dr. Mahesh Kumar, Sr. Scientist (Soil Science)
28.02.2019) 7. Dr. M.K. Gaur, Sr. Scientist (Geography)
3. Mr. Prem Prakash Mishra, PS to Director (from 8. Mr. Dipankar Saha, Scientist (Sel. Grade)

18.02.2019)

Priority Setting, Monitoring and Evaluation Cell (PME)

Dr. R.K. Kaul, Incharge

Mrs. Madhu Bala Charan, Asstt. Director (OL)
Mr. S.B. Sharma, ACTO

Dr. Rakesh Pathak, ACTO

Mr. Harish Purohit, ACTO

Mr. B.S. Sankhla, ACTO

Dr. Manish Mathur, STO

Mr. Hanuman Ram, TO
Administrative Officers

Mr. K.L. Meena, CAO

Mr. Ramesh Kumar Panwar, AAO
Mr. Karan Singh Gehlot, AAO
Mr. Prem Chand Panwar, AAO
Mr. Bahadur Singh Khichi, AAO
Mr. Om Prakash Jayal, AAO

Mr. Prem Prakash Mishra, PS to CAO
(up to 17.02.2019)

8. Mr. A.K. Gupta, AAO (up to 31.08.2018)

9. Mr. P.D. Soni, AAO

10. Mr. Bhupendra Giri, AAO (from 26.12.2018)
Audit and Account Officers

1. Mr. G.P. Sharma, CFAO (up to 14.03.2019)
2. Mr. K.S. Tanwar, FAO

3. Mr. Sunil Choudhary, AFAO

4

5

ARG e

Nk Wb =

Mr. P.K. Mathur, AFAO

Mr. Anil Bhandari, AFAO
Division of Natural Resources and Environment
1. Dr. C.B. Pandey, Head I/c

2. Dr. J.P. Singh, Principal Scientist
(Economic Botany & PGR)

3. Dr. P.C. Moharana, Principal Scientist (Geography)

4. Dr. R.K. Goyal, Principal Scientist
(Soil & Water Conservation Engineering)
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(Economic Botany & PGR)
9. Dr. H.M. Meena, Scientist (Agril. Meteorology)
10. Dr. Saurabh Swami, Scientist (Agril. Chemicals)
11. Mr. Jagdish Singh Chouhan, CTO
12. Mr. Mukesh Sharma, CTO
13. Mr. Abhey Singh, TO
14. Mr. R.S. Rajpurohit, TO
15. Mr. Girdhari Lal, TO
16. Mr. Narain Ram, TO
17. Mr. Veer Singh, TO
18. Mr. Narsingh Ram, PS to HD I (up to 31.08.2018)

Division of Integrated Land Use Management and
Farming Systems

1. Dr. Praveen Kumar, Head

2. Dr. Uday Burman, Principal Scientist
(Plant Physiology)

3. Dr. Anurag Saxena, Principal Scientist (Agronomy)
(up to 21.03.2018)

Dr. P.R. Meghwal, Principal Scientist (Horticulture)
Dr. S.P.S. Tanwar, Principal Scientist (Agronomy)
Dr. Akath Singh, Principal Scientist (Fruit Science)

Dr. N.R. Panwar, Principal Scientist (Soil Science-Soil
Fertility / Chemistry / Microbiology)

NS e

8. Dr. R.C. Kasana, Principal Scientist
(Agril. Microbiology)

9. Mr. AK. Sharma, Scientist (Sel. Grade) (Agronomy)
(up to 08.06.2018)

10. Dr. N.K. Jat, Scientist (Agronomy) (from 03.06.2018)
11. Mr. Pradeep Kumar, Scientist (Vegetable Science)

12. Dr. Archana Verma, Scientist (Forestry)

13. Mr. Shiran Kalappurakkal, Scientist (Agroforestry)

14. Dr. Pratap Singh Khapte, Scientist (Vegetable Science)
15. Dr. Saritha M., Scientist (Agril. Microbiology)

16. Mr. R.K. Mathur, ACTO (up to 30.09.2018)

17. Mr. S.R. Bhakar, TO



18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
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Mr. S.R. Choudhary, TO

Mr. Khet Singh, TO

Mr. PK. Bhardwaj, TO

Mr. Gulab Singh, TO

Mr. B.N. Sharma, TO

Mr. N.S. Chouhan, TO

Mr. P.R. Bishnoi, TO

Mr. Kumbh Singh, TO

Mr. P.R. Choudhary, TO

Mr. Meetha Ram, TO

Mr. Megh Singh, TO (up to 30.09.2018)
Mr. Naveen Singh, TO (from 12.03.2018)
Mr. Latit Kumar Choudhary, TO

Mr. H.C. Sharma, PS to HD II

Division of Plant Improvement, Propagation and Pest
Management

1.

2.
3.
4

10.

11.

12.
13.

14.
15.

16.

17.

18.

19.

Dr. R.K. Bhatt, Head I/c
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)

Dr. P.X. Roy, Sr. Scientist (Plant Breeding)

Dr. H.R. Mahla, Principal Scientist
(Genetics/Cytogenetics)

Dr. R.K. Kakani, Principal Scientist
(Genetics & Plant Breeding)

Dr. Ritu Mawar, Sr. Scientist (Plant Pathology)

Dr. R.K. Solanki, Scientist
(Genetics &Plant Breeding)

Dr. Kuldeep Singh Jadon, Scientist (Plant Pathology)

Mr. Shantharaja C.S., Scientist (Seed Technology)
(On Study Leave)

Mr. Khushwant B. Choudhary, Scientist
(Genetics & Plant Breeding) (On Study Leave)

Mr. Mahesh Kumar, Scientist (Plant Bio-Chemistry)
(from 23.07.2018)

Dr. Reena Rani, Scientist (Genetics & Plant Breeding)
(from 9.10.2018)

Mr. M.S. Solanki, TO (up to 31.07.2018)
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20.
21.
22.
23.
24.
25.
26.
27.
28.

Mr. Ramu Ram, TO

Mr. N.L. Chouhan, TO

Mr. Jera Ram, TO

Mr. M.R. Bhati, TO

Mr. M.L. Bajrolia, STO

Mr. Nara Ram, TO (up to 20.12.2018)
Mr. Jugal Kishore, TO

Mr. Jalam Singh, TO

Mr. N.L. Purohit, PS to HD III

Division of Livestock Production Systems and Range
Management

1.
2.

A

8.

Dr. B.K. Mathur, Head I/c

Dr. Mavji Patidar, Principal Scientist (Agronomy)
(up to 24.03.2019)

Dr. A.K. Patel, Principal Scientist (LPM)
(from 23.04.2018)

Dr. R.N. Kumawat, Principal Scientist (Agronomy)
Mr. Madan Lal, TO

Mr. Hanuman Ram, TO

Mr. N.S. Charan, TO

Mr. D.K. Nanda, TO

Division of Agricultural Engineering for Arid Production
Systems

1.
2.

O X =

Dr. Dilip Jain, Head

Er. Dinesh Mishra, Principal Scientist
(Farm Machinery & Power)

Dr. A.K. Singh, Principal Scientist
(Farm Machinery & Power)

Dr. Priyabrata Santra, Principal Scientist
(Soil Physics / Soil & Water Conservation)

Dr. R.K. Singh, Principal Scientist
(Land & Water Management Engineering)

Dr. Surendra Poonia, Sr. Scientist (Physics)
Dr. Soma Srivastava, Scientist (Food & Nutrition)
Mr. Om Prakash, Scientist (AS&PE)

Mr. Shekh Mukhtar Mansuri, Scientist (AS&PE)
(from 23.07.2018)

. Mr. S. Ansari, CTO

. 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



18.
19.
20.
21.
22.
23.
Division of Transfer of Technology, Training and

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

Production Economics

I.
2.

10.
I1.
12.
13.
14.
15.
16.
17.
18.

Dr. Pratibha Tewari, Head

Dr. Bhagwan Singh, Principal Scientist
(Agril. Extension)

Dr. Vijay Avinashilingam N.A., Principal Scientist
(Agril. Extension)

Mr. A.K. Sharma, Scientist (Sel. Grade) (Agronomy)
(from 09.06.2018)

Dr. N.K. Jat, Scientist (Agronomy) (up to 02.06.2018)
Dr. B.L. Manjunatha, Scientist (Agril. Extension)

Dr. Prashant Hiraman Nikumbhe, Scientist
(Fruit Science)

Dr. Dipika Hajong, Scientist (Agril. Extension)

Mr. O.P. Meena, Scientist (Agril. Entomology)
from 04.07.2018

Mr. Pramendra, Scientist (Agril. Economics)
Mr. R.P. Parihar, STO (up to 31.01.2019)
Mrs. Mamta Meena, STO

Mr. M.S. Mertia, TO (up to 31.12.2018)

Mr. M.R. Karela, TO

Mr. Rupendra Singh, TO

Mr. Suraj Prakash, TO

Mr. G.S. Jodha, TO

Mr. Vinod Purohit, TO

All India Network Research Project on Vertebrate Pest
Management

1.

S kW

Dr. R.S. Tripathi, Principal Scientist
(Agril. Entomology) & Nodal Scientist
(Rodent Control)

Dr. Vipin Chaudhary, Principal Scientist
(Agril. Entomology)

Mr. R.C. Meena, ACTO
Dr. K.M. Gawaria, ACTO
Mr. Surjeet Singh, STO
Mr. Zakir Hussain, TO

Agriculture Knowledge Management Unit

1.
2.
3.

Mr. V.K. Purohit, ACTO
Mr. Mukesh Gehlot, ACTO
Mr. Ramesh Chandra Joshi, TO
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4. Mr. Rajendra Kanojia, TO (up to 28.02.2019)
5. Mr. Arvind Varma, TO

Library

1. Mr. Tirth Das, ACTO & I/C

2. Mr. Kailash Detha, ACTO

3. Mr. K.K. Sharma, STO

4. Dr. RK. Dave, TO

C.R.Farm

1. Mr. R.S. Rathore, TO

2. Mr. Fateh Singh, TO

Maintenance Unit

1. Mr. S.K. Vyas, CTO

2. Mr. Khem Singh, ACTO (up to 30.09.2018)
3. Mr. M.L. Choudhary, STO

4. Mr. AJ. Singh, TO

5. Mr. S.N. Sen, TO

6. Mr. B.L. Bose, TO

7. Mr. Sanjay Purohit, TO

8. Mr. Bhawani Singh Rathore, TO

9. Mr. M.S. Nathawat, TO (up to 31.07.2018)
10. Mr. S.R. Daiyya, TO

11. Mr. VK. Harsh, TO

12. Mr. M.S. Moyal, TO

Security Section

1. Mr. Surjeet Singh I/c Security Officer

2.  Mr. Kishna Ram Dewasi, TO

Regional Research Station, Pali Marwar

1.
2.

10.
11.

12.
13.

Dr. A.K. Shukla, Head

Dr. B.L. Jangid, Principal Scientist
(Agril. Extension) up to 31.08.2018

Dr. R.S. Mehta, Principal Scientist (Agronomy)

Er. P.L. Regar, Scientist (Sel. Grade)
(Land & Water Management Engineering)

Ms. Keerthika A., Scientist (Forestry)
(On Study Leave)

Dr. Dipak Kumar Gupta, Scientist
(Environmental Science)

Mr. Noor Mohammad M.B., Scientist (Agroforestry)
Dr. Kamla Kumari Choudhary, Scientist (Soil Science)
Dr. Seeta Ram Meena, Scientist (Agronomy)

Ms. Suman Beniwal, Scientist (Fruit Science)
(upto 12.05.2018)

Mr. B.S. Jodha, ACTO
Mr. S.K. Dashora, ACTO
Mr. V.S. Nathawat, TO
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Regional Research Station, Bikaner

1.
2.
3.

10.

11.
12.
13.
14.
15.
16.
17.
18.

Dr. N.D. Yadava, Head I/c
Dr. G.L. Bagdi, Principal Scientist (Agril. Extension)

Dr. M.L. Soni, Principal Scientist (Soil Sciene-Soil
Fertility / Chemistry / Microbiology)

Dr. Birbal, Principal Scientist (Fruit Science)
Dr. V.S. Rathore, Principal Scientist (Agronomy)

Dr. N.S. Nathawat, Principal Scientist
(Plant Physiology)

Ms. Seema Bhardwaj, Scientist (Soil Science)
(up to 5.07.2018)

Ms. Subbulakshmi V., Scientist (Agroforestry)

Dr. Sheetal K. Radhakrishnan, Scientist
(Environmental Science)

Mr. Renjith P.S., Scientist (Agronomy)
(On Study Leave)

Mr. J.C. Joshi, CTO (up to 30.09.2018)
Mr. N.P. Singh, CTO (up to 31.10.2018)
Mr. Pratul Gupta, ACTO

Mr. B.M. Yadav, STO

Mr. Jogeshwar Ram, STO

Mr. Rajeev Kumar, STO

Mr. Sunil Kumar, TO

Mr. Mool Singh Gahlot, TO

Regional Research Station, Jaisalmer

1.
2.

NS n kW

9.

10.
11.
12.

Dr. Mavji Patidar, Head I/c (from 25.03.2019)

Dr. S.C. Meena, Scientist (Agril. Entomology)
(from 18.07.2018)

Dr. Dileep Kumar, Scientist (Agri. Extension)

Mr. Abhishek Kumar, Scientist (Agroforestry)

Dr. Julius Uchoi, Scientist (Fruit Science)

Mr. Anil Patidar, Scientist (Economic Botany and PGR)

Dr. Archana Sanyal, Scientist
(Seed Science Technology) (from 8.10.2018)

Ms. Ankita Trivedi, Scientist (Soil Science)
(from 9.10.2018)

Mr. D.S. Mertia, STO
Mr. K.S. Rambau, STO
Mr. Govind Parihar, TO
Mr. Ubed Ullah, TO

Regional Research Station, Bhuj

1.
2.

Dr. Devi Dayal, Head I/c

Dr. Deepesh Machiwal, Pr. Scientist
(Soil & Water Conservation Engineering)
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3
4
5
6.
7
8

Dr. Sushil Kumar, Scientist (Agronomy)
Dr. Rahul Deyv, Scientist (Economic Botany & PGR)

Mr. M. Suresh Kumar, Scientist (Agroforestry)
Mr. Mohar Singh, CTO

Mr. R.C. Bissa, ACTO

Mr. Kumpra Hargovind Ram, TO

Regional Research Station, Leh

1.
2.
3.

4.

Dr. Sanjeev Kumar Chauhan, Head (up to 17.12.2018)
Dr. Anurag Saxena, Head I/c (from 22.03.2019)

Dr. M.S. Raghuvanshi, Sr. Scientist (Agronomy)
(up to 31.08.2018)

Mr. Jigmat Stanzin, STO

Kfrishi Vigyan Kendra, Jodhpur

1.

o x® N kW

Dr. Sushil Kumar Sharma, Senior Scientist cum Head
- KVK, Jodhpur (up to 22.12.2018)

Dr. Bhagwat Singh Rathore, Senior Scientist cum
Head - KVK, Jodhpur (from 21.12.2018)

Mr. R.R. Meghwal, CTO

Dr. Hari Dayal, CTO

Dr. A.S. Tomar, ACTO

Dr. R.P. Singh, ACTO

Dr. Savita Singhal, ACTO
Dr. Poonam Kalash, ACTO
Dr. S.C. Kachhawaha, ACTO

10. Mr. P.S. Bhati, ACTO

Krishi Vigyan Kendra, Pali

1.

2
3
4,
5
6

Dr. Dheeraj Singh, Principal Scientist cum Head -
KVK, Jodhpur

Dr. M.K. Choudhary, CTO
Dr. Aishwarya Dudi, ACTO
Dr. M.L. Meena, ACTO

Dr. Chandan Kumar, STO
Dr. L.P. Balai, STO

Krishi Vigyan Kendra, Bhuj

1.

2
3.
4

Dr. Devi Dayal, I/c Programme Coordinator
Dr. Traloki Singh, STO

Dr. Ram Niwas, STO

Dr. A.S. Tetarwal, STO
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