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PREFACE

The ICAR-National Research Centre on Pomegranate,
Solapur is about to complete 13 years of its existence in coming
months. The Centre has made several remarkable accomplishments
during this short span. Tremendous increase in pomegranate area

% role this Centre has played in promoting pomegranate cultivation.

Noteworthy contributions by the Centre during 2017-18, include,
release of promising varieties 'Solapur Lal' and 'Solapur Anardana', a novel bio-
formulation for potassium supplementation for which patent has been filed, amino acid
based micronutrient formulations for better fruit size and quality of pomegranate and
value added products including Sparkling Pomegranate wine, Virgin Seed oil and Hi-
fibre cookies from de-oiled seed cake are ready for commercialization.

ICAR-NRCP effectively disseminated its technologies all over India, through
several in-house and on-site training programmes and National Seminar-cum-Farmers'
Fair, consultancy etc..Pomegranate cultivation has played a significant role in doubling
farmers' income hence tribal areas in Anuppur district of MP and Koriya district of
Chhattisgarh have been adopted under TSP to improve farmers' income. The Centre also
took various activities under 'Swachh Bharat"and 'Mera Gaon Mera Gaurav' schemes.

The 'Trainees' Hostel' became functional from September 2018 and is in great demand
since then. New mobile App 'Solapur Anar' has been launched in April 2017 in 6
languages with more than 5000 downloads within a year.

With tremendous increase in area and productivity of pomegranate the Centre has
a challenging task ahead to improve export through breeding large size variety and
pesticide residue free production; work on these aspects have already been initiated. [ am
sure we will continue to move forward with confidence to achieve new milestones.

I wish to place on record my sincere gratitude to Dr. T. Mohapatra, Secretary,
DARE and Director General, ICAR for his constant guidance and encouragement to face
the challenges. I also wish to express my sincere thanks to the Hon'ble DG for entrusting
me with the responsibility of heading this Centre. It is a matter of great privilege to serve
the institute-with which I have been associated since it came into existence-as Acting
Director. I am obliged to Dr. AK Singh, DDG (HS) for his support and guidance. Kind
cooperation and support rendered by all the staff members of SMD (HS) to this Centre is




thankfully acknowledged. I place on record my sincere gratitude to Dr. RB Deshmukh,
former Vice Chancellor MPKV and Chairman, RAC for his guidance and keen interest in
improving the research activities of the institute.

[ express my sincere thanks to our former Director Dr. RK Pal, for increasing the
visibility of this Centre during his tenure till December 31, 2018. The Centre could not
have achieve its targets without constant support and cooperation of all scientific,
administrative, technical and supporting staff as well as senior research fellows, young
professionals in various research projects. I am indebted to one and all for their
unflinching support and place on record my sincere thanks to them with the hope for their
constant co-operation in future, for the betterment of this dynamic Centre.

>

Jyotsana\pharma
Director (Acting)
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INTRODUCTION

Pomegranate (Punica granatum 1.)
attracted mankind since time immemorial,
earlier due to its magical therapeutic use and
now due to alluring returns as well as
consumer awareness towards its innumerable
health benefits. Demand in the international
market has enhanced the scope for earning
higher dividends from this crop. Moreover, it
is an ideal crop for the sustainability of small
holdings because of its adaptability to
topography, soil and agro-climatic condition
prevailing in arid and semi-arid regions of
India. Climate change has resulted in lower
productivity of some high value crops like
apple, forcing the growers to shift to
alternative crops like pomegranate, dragon
fruit, etc. for mitigating the challenges of high
temperatures and water scarcity. Fascinated by
its innumerable health and monetary benefits,
people from not only rural arcas but also
employed urban youth, having uncultivated
ancestral land are venturing into pomegranate
cultivation to taste the benefits of the fruit of
paradise. It is considered an ideal crop for
doubling the farmers' income.

In order to tap the vast potential of
quality pomegranate production in the country,
both for domestic and export market and to
cater the needs of the pomegranate growers
facing challenging biotic problems, the Indian
Council of Agricultural Research, New Delhi
established ICAR-National Research Centre
on Pomegranate (ICAR-NRCP) at Kegaon,

Solapur (Maharashtra) during the Tenth Five
Year Plan.

The Centre since its inception in 2005
is working with the objective to develop
technologies for pomegranate production and
processing through genetic improvement,
plant protection, resource management and
biotechnological tools, ensuring food and
environmental safety as well as economic
development. The major achievements made
by the ICAR-NRCP during the decade
include, successfully managing the bacterial
blight disease of pomegranate through
research and widespread demonstrations,
collection of 375 germplasm lines from
indigenous and exotic sources; development
of protocols for production of tissue culture
plantlets and hardwood cuttings, and their bio
hardening as well as commercialization;
release of two promising  varieties of
pomegranate viz. 'Solapur Lal' and 'Solapur
Anardana'; development of integrated discase
and insect-pest management (IDIPM)
schedule (with constant modifications
depending on promising research results);
developing nutrient norms and biofertilizer for
pomegranate, mapping of pomegranate
growing areas in the country; development of
novel value-added products with the concept
of total utilization; transfer of technology
through demonstrations, trainings and supply
of extension material throughout India.
Further, ITCAR-NRCP has developed

<
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infrastructure and farm facilities with state-of-
the-art facilities for conducting research,
extension and administration. [CAR-NRCP is
a proud recipient of ISO 9001:2008
Certification in 2014 and ISO 9001:2015 in
2018.

The pomegranate cultivation in India

oy
i,

has steadily picked up during the last decade.
The impact of research in handling major
issues in pomegranate cultivation and
popularity of this crop can be witnessed
through tremendous increase in pomegranate
area, production, productivity and export

since 2005 when the centre was established.

Area x1000ha
{93.55% increase)

/ .
111.6

2005-06

Production x1000MT
(222.91% increase)
2613

809.2

2016-17 200506 2016-17

Productivity t/ha Export x1000MT
(66.9% increase) (153.93 % increase)
/ o o
7.25
19.65
2005-06 2016-17 2005-06 2016-17

Increase in pomegranate area, production, productivity and export from
2005-06 to 2016-17 in India (Source: http://nhb.gov.in)

The Centre is moving forward confidently to fulfill its mandate, mission and vision.

Mandate

= Basic, strategic and applied research on genetic resource management, crop

improvement, production and protection technology for enhanced and sustained

productivity of pomegranate

= Transfer of technology and capacity building of stakeholders for enhancing and

sustaining productivity of pomegranate

Mission

= To establish an international repository of genetic resources, develop suitable

technologies for pomegranate production and to improve economic status of

farmers in different regions

Vision

= To transform the ICAR-National Research Centre on Pomegranate to an

International Centre for Pomegranate Research

(2>
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FIABET TS0

YIRA H MR (YT Iiew) & Wl fUse gard
& RM TmER T9 &, PRy AR &7 (93.55%),
gared (222.9 1%), Sagsar (66.9%) ik fFafa
(49.65%) ¥ Wt 9fE 5% B1 SR B vt Rl 1
31T Y [T v iR fhwari Y anfdfes fRufy § gur &
forg eefirar uw o I8 81 Fg 30 AT B H
IR &7 WTHAT &R & forg fAfs ugeeri ww g o o
gyl yffret Frmar 81 R & aga af & SR 1. .
3. U.- AEW R IqEUHE dg A4 10 w=
gRasETe, 15 Tt vu ¥ o aifte aRarssran, 2
weartt ufRarersi iR snfearft Su-aremr & dgd 2
URATSTTISN W HH a1l 37 # 9§ 3 W™ aRarsmred
3R 4 q1Edt WU A fFm ifa aRaTsIs S AhaarEs
=1 & o T B | wRa SuaifRat &1 WRier agt faar ma
gl
TAHATH GHTIH
g Tfafaferdl 7 @ v 21 ve sres davg o wifta "hies
it g6 F wagelt il fageft 375 Srfeemon ard enfer
gl ot 2018 ¥ w.p.3.9.- WS, 7
et & wrem @ wiw q 73 e (45 SiHersy)
ATgA enfae g §l

IR BT §1 e 34 DUS «eron & ferg
farfra fasan a1 argeswr sfitersfiin gaiie & Areas |
g 106 SNP 9rdr dadiRaer sarse (f.4Y) wepmon oiik
971 arehx &ft. . efivar o forg fafere ard

P 45 et ok HeRu MR Swresy
(foret) 1 SUART HXeh 35 SSR ATHRT @1 BT fasan
a1, 20 SSR AR ureHifthe ag 1w ik PGKVR
08 @wem PgSSR 70 3rcaftes STHeeRigul 91g Y1 g
s # PgSSR 25, PgSSR 44, PgSSR 55,
PGKVR 129 siik PgSSR 56 srcaftra uifemifthae
TG Y FAT SHAIETST & of i Forvex J g fasar mam|
T 3o ey #, 280 SSR uTswRY 1 aue v, #fvhh
@1 & forg NRCP sj@erm SSR umgasd & w9 & weofia
3R =rfaa fasar mam NRCP #@er SSR wigaRi & ¢
e B gt &= & forg, $a 120 NRCP-SSR
ATS™RI dI 8 3R SfiHTersy (arforfSus ) w vefefa
T a1 37 9 66 urewRi arfere e iR - 1 7 @

BISHR, 6 IR $I 5wl 3 faghy wu & agwdt Al

S STepavT iR IR ofd qRIdTer Y
IRiell, TTH UG & WY IAHH W@, IR YR
MR & S & gt I9ren 30 & Suerey dey s
& WY SAM 3 BT v@u 80% = de srgH
(Dabenzi GCA _002201585.1 ASM220158
vlgenomic.fna) & w9 9mar T, Sigr 96% usH
#u fg 11 gt SNV /InDels 559045 &, o @
491094 SNVs 3k 67951 InDels g1 [llumi @z, 10
X, PacBio 3R fiR siffesd #ow &1 s 9 A
IUANT U4 fIera eversfis sriget a1E 71 3 JraTaT,
Jernfe gferawier Rivrer st arfeifer (BUSCO) @t
JUANT R go+ i fafdrear & forg wami (scaffolds)
&1 Jeaie et T g, 1257 e quf 3R geiiiied &
EIGCIRE

dFRue wrge wfeRiy 6 oRfes /YT ox B
o fasar mar g1 war (S) x gw-17 (R) 4 &
F 1&fd amart (83 diteil) o1 vai are- 1 7 3§ SftamoRrd
yRRYY ) Frifir @ aret ot/ QTL ¥ faar o <@t
&1 #ftf arferd wa x qre- 17 & e anferdiss agmaar
&1 waeror 108 Ay s faby 1y grswr-aRkgaer SSR
HTSARI BT SULNT b fhar 71 373 | 75 uifermifthes &
3% 33 aiferest & g AHIfthes 2
T GUR

MR FI QW "HigR de’ iR W
IR B 3ta 2017 ¥ SRt &1 Tl wrEr &
FATH AT AT’ TERT 1A &, I uRaewan 15 =
STeal 8, Su A.wa.w (17.6 AmoB), e gFi & |1y
%l Iu, witg, e, s ok Rerffa-dt aenft
afe €, iR sl wiRaRur ok @™, aFT & fre
I gl "sfrergrn’ & ot H R i e wemgR
SRS H S arverat (4.8%), &1.uw. w1, TR,
faerfm- ok 3 Sust & Wy e avf g, S
ARG S52d & forg Sug &1
AR YT4A

UTelETaw UReTuN STdveRIeR ArRIpIffoTer Bad
& IUANT A MR & Gt F IgaR At iR Pt Beferd
arplt @1 ugets fhar| wt Sta-wa Uiyl & wfée g
&1 U 3R FeiRIfther '~ Bl TgaR 1Y Y| T Hies

43
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e 4, At gad= @ iel & Areaw | walRa diel, &
% &b e B Aerd, H.ow.ww, e AR it B
o AIRIHIT HY | Th WA UT¢ T¢| s w9 3
uerer 90 SSR, 26 RAPD 3itik 38 ISSR A1 § 4,
g urar & 28 SSR sk 12 RAPD safies
gifermTithes & 3iR 3¢ "waT’ Tl o 3 fae aten & fArsT
(fidelity) wtaror & S fran o waer g1
A TATEA

IR ¥ uiwe wift A gt afysfierar e
rfeRIeft et wren v §: Wi Y o H g8t Saw!
A UIYS ddl BT RIFTORT WihT W9 | g6 3 § gof
far man o sk @1g § e @@ aRuwar == H gt
Had § g T fd@ e=r dwl-dw@l i gem |
Arf¥raa sad (uptake)STHT AT WRE 3R AT
{ew Ule® g Judery ded B A
Ca>N>K>Mg>S>P ik Fe>Cu>B>Mn>Zn ri
BRI (P) & BIsar, dpI-awl BT 9gad T
fsfRy sraftr Ageawr & SR g ATl FH 3reran, qof
f@em & 0-60 R+ a1 silk guf fae= & 121-180 &=
1% 9IS Al i Hewdqul geias! g3 |

we wpafgy =g (SDI) womeft 30 @t
TETs SR 30 HEhfier gy sad g devd &
WY GY & Fperad s & oy weast srest urg T3l
f3u Riemg yomelt & @ dexer & WM IR Foow giet &
faera & forv Waxt sreor arT @ e miffe &k
JPEAE Toa ¥, T TN (SRS Tew) iR @us
qed (IPEfE) T B AR B Iuw & forg waraw
gRum gof fhe1 arR ®H T yumelt (b Suer 18.1
o /dter) e e ww 2T gumelt (B IUST qu.b
fobur /dte) Suew T womeft aig M, guf sMR A
wafaH Su & forg 3-4 w9 2fH yumrelt & RywRer Hir
ST Al &1
T WA

Fe aRY ImETel A qrau, asf (0.82) & ey
aaRTs weuay (0.82), sk RH (-0.61) & @
APRIHS weaay e ey ¥ Wt dew aeel &
[l AGRIAG Agdey fEmn S aiftet |
ATHYV F A H AR BeA F@aTe "I DI ATH
ufafesar 3k Saxma arer &aeRe A= @t e
R 3 TR s <1 <t 81 RmeERA 12% SCwiv
2 faefieftex / dftex A fires o1 wataw Pegaor (90.32%)
e

ICAR-CIPHET, gftmmm & dur w6l =®

pw,

MU WiHoled  HAmeneT Thew H SiUmEN
JFAmEy did. gFE Fi asg TR F uwTE g
TATAAT UTAIgTS X thies GHauN § 30 g@A i IR
Fiel & fFers mrdt 3@

fgsireeifRan wfiefisr & BRI AR & Ha )
Teh 4T BTel Wie &Y Uga™ Hl T2 §1 gRarD TSI 3R
fRraTiTe Bet Wha B T aRE W A F Tawy guret
o

WeiRifew fhrrger & &R das g+ i
TR (qeafSiord ATgoT UG, 27 3K fogm
Hap) & FaRe ITET & AT ADT AT GHT gl
IMEtE 4 dufese $ 9, Biftegd Al
TP RAfhcadig SUaR  THTEt &1 SHTers Suga
& fog, wEifos s wrfds goma wed s
LM AT IR H Tellve R UIPIEeR Wierdle
100% T s Wy WRefiffed ga@ & s
THTEY &

e AR FFIRT @mge yyilda Saat A
FrafheerT sret & frg ared ToTeET ATt SR.TALY. &
GAHHV & oIy Wi Hiekdla o1 qedia fhar 1
fiTer TR faftr wft v veR & Sae! | e
TUTET 9T Fe MR, UH.T. & GUHHI0T & g 3 aip!
¥ IEAR T T AT WA HH A F Y FEH [
7| siferiaeefter iR wmgelt ufoRreh sMR Shivey &
TrfheIf® 31 & R S &Y srenT—srenT & &1 gl
771 39 fiaferet (in silico) fa=3wor iR SFaW=w &
R S F TR T arev (SSR) e & @e e
419 SSR urgaRi &t ugem 3R R HrE)

HR 44w (CuNP) 9 56.21% &9
FaiRaer wmge (df.4Y) oo fvar oa i WergeeTs
J garTar 7 fa5g 7Y A6 Y germ F 89.73% ww .t oo
11 sitweft gl & R deirde sre fhe o ik
e & R qeaiee AT W W@ uTeitEew
wenr § 2 dadifRae dewEer BE-2 ik BE-4
(e waferfew) 3iiv 9 vfFenaaeism-AE-5 3ix |
Had Teprge FE-8 (erasrsaf vakem) dadifRae
wrge @1 30 91 @ 40-68% TF &7 R T § 3R
Xap 1 ¥ 40 =1 a5 32-51% o &, . 7w e
21 3 GSiwrEed &1 SuAN ties gediee & forg R
ST

IR F WIFAEhER )R Xap fawredt dedifan
grere, O A araefter difttet &t aifar 8, R uga=
i o1 W B fAEa OoEs gRE Ar-gfeRive

©
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W, o, dter sl sgfeRes oRie (BABA) @ik r
s gfeRe tfis (GABA) daiRae =se &
TEeE % forg TuTaeTelt ur M| el 6 WUTe s, otd—
IS 3% givor wetft dvrfter & arg @
agAefieraT &1 Wewdy <@l T B ATBR, TS
affden, pH, N, P @ K & amn @ dtd,
Hdgadhiaar $wy weRAG Wewdy Ao b
TSS, srrar, ot fharer, o1 6 gemamar qur R
PR & AT Tl AHRIHE Agaae I 17|

genfta ghiga A waww (IDM) dgar
(armiReie, SAR geici iR SEedddl FTAR
#Herer w1 @1 fgma-RAmianFes %) &1 Sgan
R a¥ Hohg R faar w3 egerd 11.45 fn/dien
(8.47 T /FaemR) &l vu=t &t st 100% sarse i o
3R HTe Wie /e | THa 2% W g

HEE W WU IR qeaatH: &g IR
IeTEH & qul UL I SFTURVI B HrETf=I I VET &
ey aFR & i1 (3 Freesedor & a1 &1 IwaNTER 99
Hed aTel SedTed R fd gl 1.5% afdesst + 1.5%
Te[eTst & T 3R & F51 1 Jd STaRERR e H waw
& 3afe F 29% & Igaw da axgelt T A 1) T
RSB GHAT Tl GG TG DT IGINT HR B b
AGHID GRT FARS ST FHITA BT HRIeianor & |
ST} SR Wfe R B 1 W A1 SR Urawaf &t
aradl § HeRU W 99 fomce R wrlt sk A
URIERITSS &7 XET &1 3R & e dioT thep 3 I BIgeR
Fhio g & forg sEan fRafeal &1 amdiaso a=
Hehre TR FHA T |
FAATH A T - T

g 3 TR Rt & AR arge, uftm
ST o ST 3R goferdn foret, 780 H3er & ouaR 3R
BRI & BT, f7er & S i & smT
& 3R 4 ufdreror off mem fde &)
st et

g & FHAINGT A oo IfSa™, A7 79 3
TiRa, adar (ffew) waTe ol & g wfhy wu ¥
ym form 1 wfla srfaren ik fFam A, 3

wrienenai /$ies Raw, fami & forg 5 ufdisor sik
Hiersl & BT & forg 2 wifraror smaifora & | |y &
AT reRT-3rer Raure! B ReRa denfifsat @
TR & & forgdhg & wedm ¥ R wwrenl g
amifora 11 weeifai, 14 ufiaor, sriemensti R
waerws /sfdea @ifdn F oft ym o &g
Hrenfifeal o 2 saffal o1 geiaser o 1™l feamEt
IR o= fEaur®i w9 1500 & ifde smige! F gae
& forg &g @1 ST o) et 24 e F @ 38% 7
g AETe AT & aga ufdrerr fomn sitv emrar fFAefor
Tferfaferar & qea 99 SR 4 form

&g & denfret ¥ g wefter affmret & 16
ey o wetfIre fahg, o & 10 NAAS e 6 9 ouR
aqTel Sivel  HIfG §Y | 39 areal | g, 17 o
ey, 14 ey o i 7 AR goifes / wiesw ot
W T Q| FenfAeni ) erawrit Hrgdt gReari &
WY-ATY T ARG IR aras IRex 37arE | i
R fan mam

H1.%.319.9.~ 3181379, &. B 95 ugdl H AlGza
VY P 7Y WRBROT WA 3R’ FI A9 e &, B8
Hrarai (3Rreh, &Y, i, e, Jow v ag) A
wii=g farar a7 3R s drer W) § 5000 sre+edls &
T & afafe 43 IR ufde] sm@E@E™ &1 Iged, ar
A fsem (3ot ailv & wrel §)’ 3FR Feoft oy
il iR ‘Safdar Rem & fw R @
TRIHROT e &1

YI.G.3M.9.-ET MR YN g b
GG ANTGT § GIAIpIehIss et FIegR a3
R & oy fFeraegR sMReET S @R,
el Idve e & fog ga qdle Stla-Rmio &
et 9T B HYET, IENR Bel AHR AR AR 6
e & fog oM tRis smaiRa gew diwe @@
HHieIeE, Hegaftid SwIgl & remar afsi diw1 &1 ad
AT VT b W T -THISER FehIoT I LT &
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EXECUTIVE SUMMARY

Pomegranate (Punica granatum)
cultivation in India has steadily picked up
during the last decade, with tremendous
increase in pomegranate area (93.55%),
production (222.91%), productivity (66.9%)
and export (49.65%). Pomegranate crop is
gaining popularity as a crop for doubling
farmers' income and improving economic
The Centre 1is

mstrumental in taking research on various

status of the farmers.

aspects to meet the challenges of this popular
crop. During the year under report ICAR-
NRCP handled 10 institute projects, 15
externally funded projects, 2 collaborative
projects and 2 projects under tribal sub-plan.
Out of these 3 institute projects and 4
externally funded projects have been
successfully completed. The major
achievements are summarized here.
Germplasm Resources

Conservation of pomegranate
germplasm resources is one of the major
A well established
'Field Gene Bank' has 375 germplasm lines

activities of the Centre.

including indigenous and exotic lines. New
germplasm (45 genotype) lines have been
introduced from France through NBPGR,
New DelhiinJan, 2018.

Twenty pomegranate germplasm were
characterized for 34 DUS traits. Inall 106 SNP
markers were found specific to bacterial blight
(BB) incidence and 971 markers specific to
BB severity through Genotyping-by-

sequencing technique.

Out of 35 SSR markers screened using
45 wild and cultivated pomegranate
genotypes, 20 SSRs were found polymorphic
and PGKVR 08 and PgSSR70 were found
highly informative. In the second study,
PgSSR25, PgSSR44, PgSSR55, PGKVR129
and PgSSR56 were found highly polymorphic
and genotypes were grouped into three
clusters. In a separate study, 280 SSR primers
were selected, got synthesized and named as
NRCP series SSR primers for mapping work.
In order to validate the new set of NRCP SSR
primers, Total 120 NRCP SSR primers were
screened on 8 pomegranate genotypes
(commercial cultivars). Out of these, 66
primers were exclusively polymorphic among
6 pomegranate cultivars excluding mapping
parents Bhagwa and Daru 17.

Genome sequencing and assembly of
the paired end libraries, sequence alignment
with clean reads and alignment of genome
sequence with available reference genome of
Punica granatum 30x of the Indian
pomegranate genome was found to be 80%
similar to the Chinese reference
sequence(Dabenzi GCA 002201585.
1 ASM220158vl genomic.fna ) where 96%
reads mapped. SNV/InDels were 559045, of
which 491094 are SNVs and 67951 are
InDels. The Hybrid assembly was created by
merging the [llumina, 10X, PacBio and then
using Optical Maps comprehensively.

@.
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Further, scaffolds have been evaluated for
uniqueness of reads by using Bench marking
Universal Single Copy Orthologs (BUSCO),
1257 scaffolds were found complete and
single reads which are novel.

Work on genetic mapping of bacterial
blight resistance has been initiated. The F1
mapping populations (83 individuals) of cross
Bhagwa (S) x Daru 17(R) was used to map
genes/QTLs governing resistance to bacterial
blight in Daru 17. Parental polymorphism
between mapping parents Bhagwa x Darul?7
were surveyed, using 108 newly designed
hyper-variable SSR primers. Out of this, 75
were polymorphic and 33 were monomorphic
between the parents.

Crop Improvement

Two pomegranate varieties 'Solapur
Lal' and 'Solapur Anardana' were released in
April 2017. 'Solapur Lal' in comparison to
commercial cultivar 'Bhagwa' is darker red,
has15 days early maturity, has high TSS
(17.6°B), fruit yield, iron, zinc, anthocyanin
and Vitamin C content with bold arils and
hence suitable for both processing and table
purpose. The pomegranate variety 'Solapur
Anardana’' in comparison to 'Amlidana’ has red
acidity (4.8%), TSS,
anthocyanins, Vitamin C and more yield,

arils with higher

making itsuitable for anardana purpose.
Plant Propagation

Arbuscular Mycorrhizal Fungi
inoculated plants exhibited significantly better

height and total phenolic content in

comparison to non-inoculated control in
polyhouse trials. Relative leaf water content
and chlorophyll 'a' of all the bio-hardened
plants were found significantly better than
control. In a field trial, plants propagated
through different propagation methods
exhibited at par fruit features for rind
thickness, TSS, acidity and average fruit
weight. Among 90 publicly available SSRs, 26
RAPDs and 38 ISSR markers, we found 28
SSRs and 12 RAPDs were highly
polymorphic and can be utilized in fidelity
testing of in vitro raised 'Bhagwa' clones.
Crop Production

Seasonal dynamic of nutrient content
in pomegranate share a consistent pattern:
translocation of nutrients from woody tissues
to actively growing organs was recorded at the
beginning of the season and nutrients moved
to woody tissue at the maturity stage.
Maximum uptake was of Ca than any other
macro-elements. The major and minor
micronutrient uptake pattern followed the
order of Ca>N>K>Mg>8>P and
Fe>Cu>B>Mn>Zn respectively. Except P,
majority uptake of macro-elements took place
during rest period to flowering. Besides this,
other two windows i.e. 0-60 DAFB and 121-
180 DAFB have been

considerable uptake of nutrients took place.

identified where

Subsurface drip irrigation (SDI)
system with double inline lateral at 30cm
depth and 30 ¢cm apart was found to be best for

optimum growth of plant. In drip irrigation



system two laterals with four drippers was
found best for plant growth and development.
Among various organic and inorganic
mulches, sugarcane baghas (organic mulch)
and pervious mulch (inorganic) recorded best
results for flowering and fruit yield. Training
system with four stem recorded highest fruit
yield (18.1 kg/plant) followed closely by three
stem training system (17.7 kg/plant), hence 3-
4 stem training system can be recommended
for best yields in pomegranate.
Crop Protection

Fruit borer population, showed
positive correlation with temperature, rainfall
(0.82) and negative correlation with RH(-
0.61). Thrips showed the negative correlation
with all-weather parameters. Nine pheromone
compounds showed good response and
repetitive behavioral orientation of the male
fruit sucking moths towards the source of
attraction and are being evaluated further.
Mustard based formulation formulated at
CIPHET, Ludhiana was found effective in
inhibiting X. axonopodis pv. punicae in dual
culture tests and against sap sucking and borer
pests in polyhouse and field trials.

Anew fungal spot on pomegranate fruits
caused by Rhizoctonia sp. has been identified.
Hexconazole and Difenconazole were most
effective in completely checking fruit scab
incidence.

Fungal wilt due to Ceratocystis fimbriata
could be checked with preventive use of
bioformulations Aspergillus niger AN27 and
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VAM fungi, whereas chemical treatments with
propiconazole, Fosetyl-Al + Tebuconazole
were effective therapeutic treatments. For

nematode infestation, carbolic acid
formulation, Suzaan® was most promising with
11.11 knots/g root in comparison to control
with average 59.23knots/g root. Bayer's
Aliette and profiler protocol was effective in
checking Ceratocystis wilt with 100% control.

Seven protocols were evaluated for
isolation of good quality RNA for
transcriptome studies from healthy and blight
affected tissues. Phenol Chloroform method
was found to be superior over other methods
for isolation of good quality total RNA from
all the seven types of tissues and was cheapest
with shortest duration. Prediction of R genes
among blight susceptible and moderately
resistant pomegranate genotypes revealed
varying number of R genes from the
transcriptomic data. /n silico analysis and
mining of simple sequence repeat (SSR)
motifs in the whole genome of Xanthomonas
resulted in identification and designing of 419
SSR primers.

Copper nano particles (CuNP)
recorded 56.21% less bacterial blight (BB)
whereas streptocycline recorded 89.73% less
BB than untreated check. Thirty endophytes
were isolated from medicinal plants and
evaluated against BB pathogen. In a
polyhouse trial 2 bacterial endophytes BE2
(Bacillus subtilis) and BE-4 (Bacillus subtilis)

and 1 actinomycete isolate AE-5 and 1 fungal

<>
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endophyte FE-8 (Trichoderma asperellum)
reduced BB by 40-68% up to 30 days and 32-
51% upto 40 days after Xap sprays. These
endophytes will be used for field evaluation.

Pomegranate phyllosphere bacteria,
highly antagonistic to Xap have been found to
produce promising volatile compounds which
are being identified. Phenyl propanoid
pathway defence inducers namely, -amino
butyric acid (BABA) and y-amino butyric acid
(GABA) were found promising agents for
management of bacterial blight. Correlation of
BB susceptibility with morphological,
biochemical and nutritional fruit parameters
revealed positive correlation of BB
susceptibility to fruit size, antioxidants, pH, N,
P and K content while a significant negative
correlation was found with TSS, acidity, total
phenol, seed texture and reducing sugar.

The modified integrated disease
management (IDM) schedule (using
bioformulation, SAR agents and need based
pesticides without bactericides) at NRCP was
tested in second year. The schedule gave 100%
blight free yield of 11.45kg/plant (8.47t/ha).
The incidence of fungal spots/ rots was below
2%.

Post-harvest management and value
addition

The Centre is implementing the
concept of total utilization of the produce;
hence use of pomegranate seed, a byproduct
after juice extraction, has resulted in high

value products. Pretreatment of pomegranate

seeds with 1.5 % pectinase+1.5% cellulose
gave highest oil recovery of 29% in shortest
duration of 2 hrs. Pomegranate seed oil was
encapsulated by spray drying technique using
gum acacia with moderate encapsulation
efficiency. Further studies are in progress.
Amber coloured bottles stored in low
temperature, maintain higher linolenic acid
content and lower peroxide. Optimum
conditions were standardized for preparation
of high fibre cookies from deoiled seed cake of
pomegranate.
Tribal Sub-Plan

The Centre has adopted tribal farmers
in  Sironcha Taluk of Gadchiroli District,
Bankura and Purulia district of West Bengal,
Anuppur, Madya Pradesh and Koriya,
Chhattisgarh and also imparted 4 trainings.
Other Activities

The staff actively participated in
ativites under Swachh Bharat Abhiyan, Mera
Gaon Mera Gaurav, Vigilance Awareness
Week etc. The Centre organized one National
Workshop cum Farmer's Fair, three
workshops/field day, five trainings for
farmers, two for college students as well as
participated in 11 exhibitions, 14 trainings,
workshops and interactive meets organized by
different organizations in collaboration with
ICAR-NRCP to disseminate the technologies
developed to different stake holders. [CAR-
NRCP technologies were transferred to 2
More than 1500 visitors

including farmers and other stakeholders

entrepreneurs.
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visited the Centre for information. In addition
out of total 24 staff, 38% underwent trainings
under HRD and attended 11 workshops under
capacity building activities.

The Centre published 17 research
papers in peer reviewed Journals, out of which
10 were in Journals with NAAS rating > 6.0.
In addition 1 book, 17 book chapters, 14
popular articles and 6 extension bulletins/
folders were also published. The scientists
also got recognitions from professional
Societies as well as oral presentation and best
poster awards.

The new initiatives of ICAR-NRCP
include New version of mobile-app: 'Solapur
Anar' launched in six languages (English,
Hindi, Marathi, Kannada, Gujarati and

Telugu) with >5000 downloads within a year;

inauguration of 43 bed trainees hostel with
furnishing, production of two video films viz.,
Pomegranate elite planting material and
Pomegranate processing for entrepreneurship

development, in English and Hindi languages.

The noteworthy contributions of
ICAR-NRCP include, release of promising
varieties 'Solapur Lal' for table purpose and
'Solapur Anardana' for processing (Anardana)
purpose. filing of provisional patent for a
novel bio-formulation for potassium fertilizer
supplement, amino acid based micronutrient
formulation for better fruit size and quality of
pomegranate besides value added products
including Virgin Seed oil, Hi-fibre cookies

from de-oiled seed cake.
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RESEARCH PROGRAMMES AND PROJECTS

Institute Research Projects

; . Principal
Project Title Investigator Co-Pls
Conservation, characterization Dr. Shilpa Dr. Jyotsana Sharma,
and sustainable use of diversity ~ Parashuram Dr. K. Dhinesh Babu,
in pomegranate gr- ]I?J ;r/ zi‘es}il]ram,
r. N. V. Singh,
(01/04/2013 to 31/03/2018) Dt Ashis Maity,
Dr. Nilesh Gaikwad,
Ms. Roopa Sowjanya P,
Mr. Mallikarjun
Genetic improvement of Dr: K. Dhinesh 2 = N. V; Singh,
b Dy S,
(01/04/2013 to 31/03/2018) Ms, Roopa Sowianya, B
Dr. A.Maity,Dr.N.Gaikwad
Development and refinement Dr. D.T. Dr. Ashis Maity
of integrated production Meshram Dr. K. Dhinesh Babu
technologies for improved
productivity
(01/04/2013 to 31/03/2018)
Propagation, bio-hardening and  Dr. N.V. Singh  Dr.K. Dhinesh Babu,
mass multiplication of elite Dr. Jyotsana Sharma,
planting material in pomegranate Dr. Shilpa Parashuram,
(Punica granatum L.) Ms. Roopa Sowjanya

(01/10/2014 to 30/09/2019)

Development and refinement Mr. Mallikarjun Dr. Jyotsana Sharma,
of integrated crop protection Dr. U. R. Sangle
technologies for improved

productivity of pomegranate

(01/04/2013 to 31/03/2020)

Post-harvest management value Dr. Nilesh N. Dr. K Dhinesh Babu
addition and improving Gaikwad Dr. R K Pal
knowledge of stakeholders for

increasing production and

marketing of pomegranate

(01/07/2014 to 30/06/2019)

Biological control of wilt Dr. U. R. Sangle
complex problem in pomegranate
(01/12/2016 to 30/11/2021)

23

Status

Completed

Completed

Completed

Ongoing

Ongoing

Ongoing

Ongoing
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;

Draft genome sequencing and Ms. Roopa
de novo assembly of pomegranate Sowjanya P.
(Punica granatum L.)

(01/02/2017 to 30/11/2022)

Flagship project on integrated Dr. Jyotsana

approach to eradicate bacterial Sharma
blight (01/03/2013 to 31/03/2020)

Genetic mapping of bacterial Dr. Prakash
blight and fruit quality traits in G.Patil

pomegranate

(01/01/2018 to 31/12/2022)
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Dr. N.V. Singh, Ongoing
Dr. Shilpa Parashuram

Dr. Prakash G Patil

Dr. Ashis Maity, o

Dr. N. V. Singh,

Dr. Shilpa Parashuram,
Dr. K. Dhinesh Babu,
Dr. Prakash G. Patil
Dr. Aundy Kumar,

Dr. K.K. Mondal,
ICAR-IARI New Delhi
Dr. Manjunath,

Dr. R.K. Mestha

UHS Bagalkot

Externally Funded Projects

Funding

Agency Project Title

RKVY Horticultural crop pest
surveillance and advisory project
for mango, pomegranate &banana

ICAR-IPTM  Intellectual property management
and transfer/commercialization of
agriculture technology scheme

PPV&FRA,  Establishment of DUS centre at

Gol NRC on Pomegranate

Bayer Crop Contract research project on

Science Ltd.,  Performance evaluation of

Mumbai Fosetyle —Al 80WP (Aliette) and

other protection range chemicals
on pomegranate health and

productivity

Dr. Jyotsana Sharma Ongoing
Dr. Shilpa Parashuram
Dr. N.V. Singh
Dr. K. Dhinesh Babu
Amount
P1/Co-Pls Status  Rs.in
Lakhs
Dr. Jyotsana Sharma, Ongoing 10.76
Sh. Mallikarjun
Director, Ongoing 6.40
ICAR-NRCP
Dr. Nilesh Gaikwad
Director, Ongoing 6.0
ICAR-NRCP
Dr. Shilpa Parashuram
Ms. Roopa Sowjanya,P
Dr. Jyotsana Sharma, Ongoing 11.0

Mr, Mallikarjun
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12

13

Funding
Agency

NHB,
Gurugram, Gol

NHB,
Gurugram, Gol

NMPB,
Ministry of
AYUSH, Gol

M/s. MOSCOS
Food
processing Pvt.
Ltd., Nashik.

M/s.Sanjeevni
Fertilizers and
Chemicals (P)
Ltd.Bhognipur,
Kanpur

ICAR CRP on
Water

ICAR

ADMA India
Pvt. Ltd

Dow Agro
Sciences India
Pvt, Ltd

Project Title

Mechanization in pomegranate
cultivation and its demonstration

Standardization and demonstration

of propagation and production
technologies for protected
cultivation of pomegranate
(Punica granatum L.)

Utilization of pomegranate for
development of functional
medicinal ingredients

Technical consultancy for
establishment of minimal
processing and packaging unit
for pomegranates

Implementation of total orchard
management practices for
pomegranate plantation

Response of pomegranate to
deficit irrigation and partial root
zone drying

All India Coordinated Research
Project on Arid Zone Fruits

Evaluation of MCW-2 (2% GR)

against Root Knot Nematode
(Meloidogyne incognita) in
Pomegranate

Field Evaluation of the bio-

efficacy of Spinetoram 12% SC

against Thrips and fruit borer
in pomegranate

PI/Co-PIs

Dr. N.V. Singh

Dr. N. V. Singh

Mr. Mallikarjun

Dr. Nilesh N. Gaikwad
Dr. D. T. Meshram

Dr. R.K.Pal
Dr. Nilesh N. Gaikwad

Dr. R. K Pal
Dr. Nilesh N.
Gaikwad

Dr. N.V. Singh
Dr. Jyotsana Sharma

Dr. D.T. Meshram

Dr. K. Dhinesh Babu
Dr. N.V. Singh
Mr. Mallikarjun

Mr. Mallikarjun
Dr. Jyotsana Sharma

Mr. Mallikarjun

Status

Completed

Ongoing

Ongoing

Ongoing

Completed

Ongoing

Ongoing

Ongoing

Ongoing

Amount
Rs. in
Lakhs

41.62

16.84

41.77

6.90

2.50

56.00

1.50

1335

10.40
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No.
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Funding Amount
Agency Project Title PI/Co-PIs Status  Rs.in
Lakhs

Nagarjuna Effect of Zetol Select water Dr. Ashis Maity Ongoing 9.45
Fertilizers and soluble fertilizer grades and Dr. RK. Pal
Chemicals ProRise solutions of Nagarjuna Dr. Jyotsana Sharma
Limited Fertilizers and Chemicals

Limited on Pomegranate yield

and quality
ICAR Network Micronutrient management in Dr. Ashis Maity Completed 20.76
Project horticultural crops for enhancing

yield and quality.
ICAR- SNP markers based mapping of Dr. Shilpa Parashuram Completed 37.09
extramural bacterial blight genes in Dr. N. V. Singh
project pomegranate Dr. B. N. S. Murthy,

ICAR-ITHR
Tribal Sub-Plan
Project Title Principal Investigator Status
Introduction of pomegranate cultivation to tribal ~ Dr. R. K. Pal, Ongoing
farmers of Gadchiroli Dt., MS, Anuppur Dt., Dr. D. T. Meshram
M.P. & Koriya Dt., Chhattisgarh for livelihood Dr. Ashis Ma“y
security of tribal population Dr. N.¥. Singh
Inter-institute Collaborative Projects
Project Title Collaborative PI/Co-P1 Status
Institutes
Delineation of potential areas for pomegranate ICAR-NRCP, Dr.D.T. Ongoing
cultivation in India using remote sensing and Solapur, Meshram
GIS techniques NBSSLUP, ICAR-NRCP
Nagpur
Development of a smart sprayer for young ICAR-CIAE, Dr. Nilesh Ongoing
pomegranate orchard Bhopal N. Gaikwad
ICAR-NRCP
(Co-PT)

Development and evaluation of eco-friendly ICAR-CIPHET, Dr. Jyotsana Ongoing

mustard based antimicrobial formulation using
other botanicals for control of bacterial blight
problem and insect pests of pomegranate

<

Ludhiana

Sharma,

Mr. Mallikarjun
Dr. K. Dhinesh
Babu



Annual Report 2017-18

-y ==
ICAR

RESEARCH ACHIEVEMENTS
1. GENETIC RESOURCES

Project: Conservation, characterization and sustainable use of diversity in pomegranate

In addition to 375 indigenous and
exotic germplasm lines in the Field Gene Bank
of the centre, hardwood cuttings of 45 new
genotypes of pomegranate were introduced
from France through NBPGR, New Delhi
during January, 2018. It is under quarantine
check for survivability and presence of
quarantined insect pests and diseases.

1.2. Germplasm characterization

1.2.1 Assessment of genetic diversity in
pomegranate germplasm for various
horticultural traits

Forty pomegranate germplasm were
evaluated for 32 morphological and physico-
chemical traits during mrig bahar, 2017-18.
Highly significant differences were observed
for all the traits except for petiole length (mm),
petiole width (mm), petal length (mm) and
rind thickness (mm). The study indicated the
presence of adequate variability among the
genotypes for the significant characters.

Genetic variation for various horticultural traits among 40 pomegranate germplasm

Traits Mean Min Max CV% LSD
Treeheight ;06 200 437 898 048
(m)

Tesekpiead 25 j08 | 495  io4d  Gel
(m)
Leaf blade
, 503 402 10.08 2220 1.81

length (cm)
Leatblarie 149 131 179 430 0.10
width (cm) - ' ' . '
Petiole

436 356 706 1854 131
length (mm)
Betiple 092 073 155 2508 038
Width (mm) Z ’ ' '
Calyx -

36.12 2568 5075 468 225
length (mm)
Calyx 1266 876 1482 478  0.98
width (mm) ' ' ’ ' '

Traits Mean Min Max CV% LSD
100 aril
A 3758 | lER2 6233 | 1728 10561
weight (g)
100 aril dry
. 200" 436 | 1032, 863 112t
weight (g)
Rind thick

341 237 | %15 | 3838 243
ness (mm)
Aril length

1056 829 11.81 3.64 0(.62%*
(mm)
Aril width

7.25 5.91 830 458 0.54%*
(mm)
TSS
o .. 17.03 1492 2089 2.14 (.59*=*
( Brix)
Acidity 1.33 027 340 934 0.20%*
%) 43 : : : :
100 Seed
s 2.06 1,15 278 243 0.08%*
wight (g)
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Traits Mean Min Max CV% LSD
Petallength 54 co 1636 144.63 13439 5395
(mm)

Pemlwidth oo T 1999 B3 238
(mm)
Fruit _

: 26782 8153 41724 1736 7557
weight (g)
s 740 501 902 683 082
length (cm) °° ’ ’ ’ ’
Frutdiam- ..,  s36 923 679 086
eter (cm)
Fruit
: 21753 S8.17 344.00 2347 82.99
volume(ml)
Crown 1258  9.00 1835 1430 292
length(mm) ’ ’ ’ ’ '
Aril (%) 5846 2745 70.89 5.14 4.88
Fruit Juici- N
ness (%) 686 1527 4927 938 5@
No of arils
perfruit | 43969 15053 985.17 3182 227.44

Traits Mean Min Max CV% LSD
Seedlength 630 485 7.14 412 042%*
(mm)

Seedwidth 270 221 305 | 512 022
(mm)

Fruitcolour 294 1277 8261 689 7.05%*
(L*)

(a*) 2348 419 4254 1024 391**
(b*) 3293 1456 47.58 7.31 3.91%*
Aril colour 4629 19.15 5835 192 1.45%*
(L*)

(a%) 1659 4.82 3297 7.52 2.03**
(b%) 19.09 11.41 2565 6.56 2.04**
Bioyield 650 400 955 1397 1.48%*
N)

Seed

rupturing 6746 2924 10092 7.98 8.75%*
point (N)

*#® Significant at 1% L*+ indicate lightness of sample color;

a*indicates red colour: b*indicates a yellow colour

The Ward's Minimum Variance
Cluster Analysis grouped 40 genotypes into
five clusters at 22.83 similarity coefficient.
The highest numbers of genotypes were
grouped in cluster IT and V with 14 genotypes
in each, followed by cluster I (6 genotypes).
Clusters- IIT and I'V were found to have 4 and 2
genotypes respectively.

Maximum similarity was observed

between KRS and P-13 (0.97) followed by
0.96 similarity coefficient between P -23 & P-
26, IC-318779 & IC-318703, IC-318728 &
IC-318753, IC-318728 & 1C-318762, IC-
318723 & IC-318753, IC-318720 & IC-
318724, Gul-e-Shah Red & Gul-e-Shah Rose
Pink, 1181 and Acc.-1. Minimum similarity
was recorded between Gul-e-Shah Rose Pink
and 1C-318749 (0.40).

&
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Cluster Analysis

Yercaud-1

KabuliYellow
b T
Jalloreseediess — 7 bt

Jyoi

Dholka

GuleShahRed
GRPInk
Ruby

Bhagawa
Arakta -
24685 -

1C-318790 -
1C-318720 -
1C-318707 -
1C318703
1IC-318779 - 1]

1C-318724 - Tal, spreading wid gronth bae,
1C-318706 - smalto-medm size frts, yelow
1C-318754 - o ghe pik arls, ncidie fype, had
1C-318762 -| seeds, cobected from Shimla

1C-318728 -
IC-318734 -
1C-318753 -
1C-318723
1C-318705
1C-318793

1C-318749 | Tl wid b,
1C-318712 - s o Sy
1C-1182 - 1o ght piek ards, sciic Type, hard
Accnol - seeds, colected From Henachal
1181 - Pradesk, Jamem & Kashm

0 100 200

] L
300 400

Between-Cluster Sum of Squares

Dendrogram showing similarity coefficient of 40 pomegranate genotypes

1.2.2. Correlation analysis for horticultural
and biochemical traits

In cultivated types the TSS, acidity, @

total phenol, ascorbic acid, reducing sugar,
total sugar and non-reducing sugar, were
found in lower quantity than that in wild types.

Higher antioxidant activity and anthocyanin ®

concentration were found in cultivated types.
The following important horticultural and
biochemical traits have shown significant

positive correlation in pomegranate.

Horticultural traits °

e Fruit weight vs Leaf blade length,
Leaf blade width, petiole length,

petiole width, Calyx length, Calyx
width, Petal width

Fruit length vs Leaf blade length,
Leaf blade width, petiole length,
petiole width, Calyx length, Calyx
width, Petal width, Fruit weight

Fruit diameter vs Leaf blade length,
Leaf blade width, petiole length,
petiole width, Calyx length, Calyx
width, Petal width, Fruit weight, Fruit
length

Fruit volume vs Leaf blade length,
Leaf blade width, petiole length,
petiole width, Calyx length, Calyx
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width, Petal width, Fruit weight, Fruit
length, Fruit diameter

Aril % vs Petiole length, Calyx length,
Calyx width, petal width, Fruit weight,
Fruit length, Fruit diameter, Fruit
volume

Fruit juiciness vs Leaf blade width,
petiole length, petiole width, Calyx
length, Calyx width, Petal width, Fruit
weight, Fruit length, Fruit diameter ,
fruit volume, Aril %

Number of arils per fruit vs Leaf
blade length, Leaf blade width, Calyx
length, Calyx width, Petal width, Fruit
weight, Fruit length, Fruit diameter,
fruit volume, aril %, Fruit juiciness

100 arils weight vs Petiole length,
Calyx length, Calyx width, Petal
width, Fruit weight, Fruitlength, Fruit
diameter, fruit volume, crown length,
aril %, Fruit juiciness, Number of arils
per fruit

Bioyield / Aril rupturing point vs
Fruit juiceness

Seed rupturing point vs tree height,
tree spread, TSS, acidity, 100 seed
weight, seed width, Fruit colour (*L),
Aril colour (*b), bioyield

Biochemical traits

TSS vs tree height, tree spread
Acidity vs tree height, tree spread,
TSS

pH vs Fruit weight, Fruit length, Fruit

diameter, 100 aril weight, aril length,

aril width

e Phenol vs TSS, Acidity

e Reducing sugar vs Rind thickness,
TSS, acidity

e Non-Reducing sugar vs Rind
thickness

e Total sugar vs Rind thickness, TSS,
acidity

1.2.3.
pomegranate

Molecular diversity analysis in

Nineteen SSR primers reported from
the previous study were screened across the 23
cultivated varieties and wild pomegranate
genotypes to understand their diversity pattern
at molecular level. Out of 23 varieties, 19
were found to be polymorphic and 8 were
monomorphic. Eleven polymorphic primers
have generated 43 SSR marker alleles, with
3.9 average number of alleles per locus. The
maximum number of alleles was observed for
PGKVR 08 and minimum for PGKVR 83.
Polymorphic information content (PIC)
values ranged from 0.79 to 0.27 with an
average of 0.54. Among 19 Polymorphic
primers, SSR primers PGKVR 08 and
PgSSR70 were found to be very informative
and highly polymorphic. These PGKVR 08 &
PgSSR70 informative primers could be used
in future crop breeding programme to aid in
marker-assisted selection of desirable

genotypes.



Annual Report 2017-18 i/

Shn PGKVR 98

-

-

123456 789100NM1213141516171819 202122 23

Amplification of germplasm by using PgSSR primer
(1) Bhagwa (2) Arakta (3) Mridula (4) Ganesh (5) Gul- e- Shah Red (6) Super Bhagwa (7) Surat Anar (8) Nimali
(9)IC-1203 (10) IC-1204 (11) IC-1180 (12) IC-1184 (13) IC-1185 (14) IC-1194 (15) IC-1201 (16) Bassien Seedless
(17) Patna-5 (18)IC-1205 (19) IC-1252(20)IC-1255 (21)IC-1262 (22) Bedana Thinskin (23) 1196

Polymorphic Information content (PIC) and
heterozygosity values of polymorphic SSR

markers
No.of Marker : i : p
Markers alleles Het PIC The binary data derived from
—__—_— 5 it — ampllﬁe’d t.)aITdS .of SSR .prlmers‘were used t.o
—— 2 o s crca.to f.ilSSllmllarlt}’ matrix to estimate genetic
dissimilarity among pomegranate accessions.
PGKVR 98 4 0.6706 0.6158 ‘ e
SETETE 7 i ol Maximum genetic dlelr.Illlal'lty (0.73) was
observed between the variety ' Super Bhagwa'
PgSSR 24 3 0.4821 0.4282 4 'IC. 1104 hical cl 1
and ' 194'. Hierarchical cluster analysis
PGKVR 151 3 0.6040 00.520 _ ‘ Y
separated genotypes into three major clusters I
PGKVR 75 3 0.4953 00.421
cluster Il and cluster I11. Cluster I consisted of
PgSSR 73 S 0.7438 0.7006 .
fourteen genotypes and cluster II consisted of
PgSSR 74 4 0.7423 0.6944 , dcl I b ]
cight genotypes and cluster 111 was the solita
PGKVR 88 3 05975  osn3  Centeenowp 7
. cluster with only one genotype (IC-1201).
PgSSR 70 6 0.7912 0.7577
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Dendrogram showing phylogenetic relationship among 23 genotypes
generated from eleven SSR marker analysis

In another study genetic diversity
among 22 wild pomegranate genotypes were
assessed using 16 simple sequence repeat
(SSR) markers. Out of 16 SSR markers
selected from the previous reports, 12
were found polymorphic which were able to
distinguish the selected genotype and five
(Primer No. PgSSR25, PgSSR44, PgSSR53,

PGKVRI129 & PgSSR56) were found to be
very informative and highly polymorphic.
These markers can be used in future crop
breeding programme to aid in marker-
assisted selection as desirable genotypes. The
variability twenty two

pomegranate genotypes was assessed at 29

genetic among

polymorphic SSR marker loci.

<
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The maximum genetic dissimilarity
was observed between IC-318712 and IC-
318718 aswell as IC-318712 and Acc-8, while
non-significant/lower dissimilarity was
observed between Acc-11 and IC-318707, Acc
-12and IC-1181.

Based on genetic dissimilarity indices,

the genotype were grouped into three major
clusters (cluster I, cluster II, cluster III).
Cluster Iconsisted of maximum number of

genotypes (11
clusters (sub-cluster I with 5 and sub-cluster

numbers) with two sub-

[T with 6 genotypes).

PGKVRS&83

»

Molecular polymorphism among 22 pomegranate genotypes
showed by PGKVRS83 primer
(1) Ace-11 (2) Acc-12 (3) Ace-10 (4) Ace-02 (5) IC-318718 (6) 1C-318720 (7) Acc-04 (8) IC-318793 (9) IC-
318716 (10) Ace-09 (11) IC-318766 (12) 1C-318744 (13) 1C-318735 (14) Acc-09 (15) Acc-09 (16) IC-1181 (17)
IC-318764 (18) IC-318712 (19) IC-318740 (20) IC-318706 (21) IC-318707 (22) IC-318702

Polymorphic Information content (PIC) and heterozygosity values of polymorphic

SSR markers
Markers No. of marker alleles Het PIC
PgSSR02 2 0.32 0.268
PgSSR13 2 0.498 0.374
PgSSR25 5 0.710 0.662
PgSSR28 2 0.50 0.375
PgSSR44 3 0.617 0.543
PgSSR55 8! 0.609 0.536
PgSSR56 3 0.611 0.540
PGKVR64 2 0.244 0.214
PGKVRSE3 2 0.355 0.292
PGKVRI9R 2 0.48 0.364
PGKVR120 2 0.260 0.226
PGKVRI29 3 0.571 0.501



The clustering analysis was well
supported by Principal Component Analysis
(PCA). The firsttwo axes of PCA with positive

1.2.4. Reaction of Seedling population of
exotic and indigenous lines/hybrids to
bacterial blight:

Seedling population of 4 EC accessions, one
ACCI3 and 8 Hybrid lines were screened
using challenge

inoculation with

Xanthomonas axonopodis pv. punicae isolate

Annual Report 2017-18

Eigen values were able to account 46.71% of

the total variations.

Xap130. All the seedling population of 12
germplasm accessions (indigenous and exotic
collections) were found highly susceptible to
BB under challenge inoculation with
incidence ranging from 79.28% to 100.00%
and severity grade of 3.25 to 5.00 on a scale of
1-5.

Reaction of seedling population of different genotypes

Germplasm line

ACC 13
EC-676964
EC-676981
EC-676991
EC-81839
NRCPH-07
NRCPH-09
NRCPH-08
NRCPH-06
NRCPH-04
NRCPH-12
NRCPH-10

1.2.5. Fruit cracking in relation to fruit rind
thickness

The incidence of fruit cracking in
seven commercial cultivars was assessed
during the mrig bahar crop of eight year old

Bacterial Blight

Incidence (%) Severity Grade (Scale 1-5)
91.88 325
89.44 4.11
79.28 4.22
83.14 3.86
100.00 5.00
92.20 3.60
9429 4.40
89.88 3.53
93.50 4.17
92.47 3.93
95.00 4.00
87.00 4.00

orchard. Cracking was lowest in Bhagwa

(2.40%) having highest rind thickness (3.4
mm) and highest in Ganesh (5.60%) with

lowest rind thickness (2.1mm).

<>
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6 1 ® Rind thicknes (mm)} « Fruit cracking (%)

Ruby Arakta

Bhagwa

Mridula

G-137 J.Seedless  Ganesh

Fruit cracking in relation to rind thickness in commercial cultivars of pomegranate

1.2.6. Determination of heat unit
requirement of pomegranate germplasm

Total growing degree days (GDD)
requirement of twelve pomegranate varieties
viz., Bhagwa, Patna-5, P-13, P-16, 1C-1201,
IC-318753, 1C-318779, IC-318740, IC-
318702, IC-318707, Acc-1 and IC-318712
was quantified. The total GDD, photo-thermal
index and heat use efficiency was estimated
for in mrig bahar. Total days for new leaf
initiation to harvesting ranged from 136 to 188
days. Total GDD accumulations of all the
varieties ranged from 2390.30 to 3575.10°D
from defoliation to harvesting period. The

growing degree days ranged from 932.80 to

1753.20°D at flowering stage and 284.90 to
903.50°D at reproductive stage. The lowest
and highest GDD from defoliation to
harvesting period build up of 2390.20°D for
IC-318707 and 3575.10°D for Bhagwa.
Photo-Thermal Index (PTI) and Heat Use
Efficiency (HUE) of twelve varieties ranged
from 18.20 to 19.9°D/day and 0.70 to 73.60 kg
ha' degree’ at flowering and reproductive
stages respectively. The water used, yield and
water use efficiency ranged from 3330 to 5580
Lbahar', 1.88t026.90t ha'and 0.5t0 6.1 kg

= ] .
m’ respectively.
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2. CROP IMPROVEMENT

Project: Genetic improvement of pomegranate

2.1. Hybrids developed at NRCP

2.1.1. Field evaluation of hybrids for quality

fruits

Fruit quality and size of four
pomegranate hybrids developed using Bhagwa,
Ganesh, Kalpitya and Nayana was compared

with ruling variety Bhagwa during third year.

Hybrid

Bhagwa

Bhagwa x
Kalpitiya

Bhagwa x
Nayana

Ganesh x
Kalpitiya

Ganesh x
Nayana

Fruit
weight
()

250.4

260.2

270.5

273.5

273:2

Hybrid Ganesh x Kalpitiya recorded highest
fruit weight, number of fruits, yield, TSS with
red colour; however it had smallest arils.
Hybrid Bhagwa x Nayana had bold arils and
dark red colour with big size fruits but TSS was

lower.

Evaluation of pomegranate hybrids

G
52:5 13.14
51.0 13.27
33.0 14.33
60.0 16.41
53:t 15.02

Prall  100aril  TSS  Acidity Fruit  Aril
(yta’ha} weight (g)  (°B) (%)  colour colour

9.72 352 159 0.48 Red Red
9.82 36.5 158 042 Red Red
10.60 37.5 159 045 Red Darkred
12.14 30.0 16.2 0.40 Red Red
Lili=1ok 30.5 l6.1 0.42 Red Pink

Bhagwa x Kalpitiya

<
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Bhagwa x Nayana

Ganesh x Kalpitiya

Ganesh x Nayana

Evaluation of new pomegranate hybrids
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2.1.2. Solapur Lal vs. Bhagwa 3.4 t/ha higher yield over Bhagwa besides

Evaluation of pomegranate wvariety better fruit colour with bolder arils.Fruit quality
Solapur Lal in comparison to ruling variety was also superior to Bhagwa as it recorded
Bhagwa during the third year of planting in higher TSS (17.6°B), vitamin C (19.4 mg/100g)
mrig bahar recorded 15 days early maturity, and anthocyanin (390 mg/100g) content.

Solapur Lal Characters Bhagwa
1.65 Medium Tree height (m)  1.51 Medium
165.0 Calyx colour 180.0
13.12 Fruit maturity 9.72
(days )

236.4 Fruit weight (g) 250.4
Red Fruit colour Red
33 Rind thickness 34

Medium (mm) Medium
400 100 Aril weight 6.5
()
Dark Red Aril colour Red
Medium Seed Texture Soft

44.5 Juice % 45.0
17.6 TSS (°Brix) 15.9
19.4 Vitamin-C* 14.60

390.0 Anthocyanin * 360.0
0.61 Tron* 0.32
0.64 Zinc* 0.50

*(mg/100g of fresh arils)

Comparative evaluation of Solapur Lal vs Bhagwa during third year of planting

2.1.3 Solapur Anardana vs Amlidana acidity (4.8%), vitamin C (18.2 mg/100g) and

Evaluation of pomegranate variety ,pihocyanin (460.5 mg/100g) showing its

Solapur Anardana in comparison with superiority over Amlidana.
Amildana during third year of planting in mrig

bahar revealed higher yield (12.25 t/ha),

<
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Solapur Anardana

Medium
1.65

Red
148.0

12.25
240.2

Red

Red
Medium
45.0
16.6
18.2

460.5

4.8

od
4

Characters
Tree height
(m)
Calyx colour

Fruit maturity
(days )
Yield (t/ha)

Fruit weight (g)

Fruit colour

Rind thickness
(mm)

100 Aril weight (g)
Aril colour
Seed Texture
TSS (°Brix)
Juice %
TSS (°Brix)

Vitamin-C
(mg/100g)
Anthocyanin
(mg/100g)
Acidity (%)

Amlidana

Small
1.35

Red
150.0

7.81
220.1

Yallow

2.0

Thin
335
Light-pink
Medium
43.0
15.7
14.2

55.0

4.2

Comparative evaluation of Solapur Anardana vs. Amlidana
during third year of planting

2.1.4. Screening seedling population of

hybrids

Seedling population of 31 hybrids

screened under challenge inoculation for

susceptibility to bacterial blight with incidence

of 70.00 to 92.80% except Daru seedlings

bacterial blight reaction, recorded high

which recorded tolerant reaction with 13.44%
incidence, except one with 90% severity.
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Susceptibility of seedling population of pomegranate hybrids

Bacterial Blight

Hybrid lines Severity
Incidence (%)  Grade on scale
of 1-5)
Bhagwa 92.80 4.60
Daru 13.44 2.00
ACC-51 65.00 4.00
H-14 68.00 3.00
KxR 70.00 4.00
HA 70.40 3.20
KxR 72.30 3.60
ACC-50 75.00 4.00
ACC-15 78.00 4.00
Bx318712 79.32 2.90
Amlidana 79.80 3.60
Nayana-3 83.00 4.20
BxPatna-5 84.56 3.52
BxNana 85.70 3.20
H-14 86.20 4.20
BxKRS 87.00 3.59

Bacterial Blight

Hybrid lines Severity
Incidence (%6)  Grade on scale
of 1-5)
BxH-28 87.52 3:53
NxR 87.56 3.78
KRSxB 88.56 311
HA-1 89.00 3.80
1194xG 89.25 4.00
H-12 90.00 5.00
7/10 90.00 4.00
H-4 90.00 4.00
H-24 90.67 422
Arakta 90.80 3.00
Nayana-1 91.00 4.60
H-4 92.73 4.55
(NxR)xB 93.30 3.70
RxKRS 94.50 3.50
KxRxB 94.67 4.00
Jalore Seedless 97.40 4.00

(One plant in Daru showed highly susceptible reaction with incidence of 90% and severity grade of 4,

One plant in H-24 showed moderately susceptible reaction with incidence of 30% and severity grade of 2.
B-Bhagwa, K-Kalpitya. R- Ruby, N- Nayana, G-Ganesh)

Project: Genetic mapping of bacterial blight and fruit quality traits in pomegranate

2.2.1. In silico analysis, development of
hyper variable SSR markers and validation

Draft

pomegranate variety Dabenzi was retrieved

genome sequence of
from the NCBI database and it was surveyed
for microsatellite motifs in 530
(MTKT010000010.1-MTKT01000530.1),
pomegranate whole genome shotgun

sequences representing 36 scaffolds.

Designed, 1009 SSR primers specific to 79%
(D1i), 11% (Tri), 1% (Tetra), 0.39% (Hexa), and
8% (Compound) repeat motifs using Primer 3
tool. The analysis of SSR motif types, repeat
length and their distribution pattern in these
shotgun sequences revealed dinucleotide
repeats were most frequent (79%) followed by

trinucleotide repeats (11.0%)
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Motif types, repeat length and their distribution pattern

Relative frequency and number of selected
microsatellite repeat-motif types in the
pomegranate contigs

prominent in these pomegranate shotgun
sequences. Finally based on track length

The frequency distribution graph for (>25bp), total 280 SSR primers were selected,

dinucleotide and trinucleotide repeats revealed got synthesized and named as NRCP series

AT/TA and TTA/ATT repeats types are more SHR prmeEstanpprg i

eCG mCA mAC uGT =TG =AG mTC mGA uCT sTA =mAT

40
30
20

10

Frequency distribution of classified di-nucleotide repeats with number of selected
microsatellite repeat-motif types.
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H17 m16 w15 ml14 w13 w12 wmil m10 =9 m8 m7 mé6
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Frequency distribution of classified tri-nucleotide repeats with number of selected
microsatellite repeat-motif types

In order to validate these new set of
NRCP SSR primers, the genomic DNA was
isolated from 8 pomegranate genotypes viz.,
Bhagwa, Daru-17, G-137, Ganesh, Arakta,
Dholka, Jodhpur Red and Solapur Lal. Total

5 67 8

(L gt
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-
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120 NRCP SSR primers have been screened
on 8 pomegranate genotypes. Out of these, 66
primers (55%) were exclusively polymorphic
among 6 pomegranate cultivars excluding
mapping parents Bhagwa and Daru-17.

L.12,345678123456738

R S G ——
L L o T ey —

Polymorphism survey for NRCPSSR primers on 8 pomegranate genotypes

(L-50bp ladder, Lanes 1-8- pomegranate genotypes as mentioned in the text, primer number
10,11,12,13,18,19,20 and 2 1mentoined in each gel)

<>
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2. 2. 2. Genetic mapping of bacterial blight
resistance

With objective to map genes/QTLs
governing resistance to bacterial blight in Daru
17, the F1 mapping populations (83
individuals) of cross Bhagwa (S) x Daru [ 7(R)
was used. The leaf samples of these 83 F1
individuals were collected and genomic DNA
was isolated. The quality and concentration of
DNA was checked on 0.8% agarose. In order to
locate genomic regions for resistance to
bacterial blight in pomegranate constructing
saturated linkage map is a prerequisite. So far
there is no report available in pomegranate on

construction of saturated linkage map using

Flpopulation (83 individuals)
of cross Bhagwa (S) x Daru-17 (R)

SSR markers. The possible regions may be
limited information on polymorphic SSRs in
pomegranate. Now the availability of two draft
genome sequences for pomegranate varieties n
public database, has opened the scope for
increasing the SSR markers repository in
pomegranate for genetic mapping. We
surveyed the parental polymorphism between
mapping parents Bhagwa x Darul7 using 108
newly designed hyper-variable SSR primers.
Out of 108 primers screened, 75 were
polymorphic and 33 were monomorphic
between the parents on 3% agarose gel. The
remaining 172 SSRs primers are being

screening for parental polymorphism.

'Tr;-.":-------. ik .:

reeh

| e e et o damy e G0N G DGR o SED G e
- . ..

GRS Sae S Snp GED B o) b = = - - 1 =

Genomic DNA of 83 Fl individuals

Isolation of genomic DNA from Nursery raised F, mapping population

Project : Genome sequencing of pomegranate cv. Bhagwa

2.3 Genome sequence information through
de novo assembly of pomegranate

DNA sample was isolated from cultivar

Bhagwa. Sequencing libraries were generated

<

using Truseq Nano DNA HT Sample
preparation Kit. The genomic DNA was
randomly fragmented to a size of 350 bp by
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Covaris cracker, then DNA fragments were
end polished, A-tailed, and ligated with the
full-length adapter for Illumina sequencing
with further PCR amplification. At last, PCR
products were purified by AMPure XP system
and libraries were analyzed for size
distribution by Agilent 2100 Bio analyzer and

quantified using real-time PCR.
Mapping and annotation

Using Variant Calling (SNV, InDels,
SV and CNV) mapped back all the clean reads
from the multiple libraries to the reference

genome of Dabenzi Cultivar genome.

Reference genome of Dabenzi Cultivar genome parameters

Reference Sequence
Statistics Sample %GC
MTKTO00000000.1 3R.5

The variants were then annotated based
on the Dabenzi Cultivar using Annovar. Raw

variant counts including SNV/InDels were:

u frameshift deletion
frameshift insertion

% nonsynonymous SNV
B Stopgain
= Stoploss

synonymaus SNV

W nonframeshift deletion

B nonframeshift insertion

Pie Chart of the Exonic Variants

Genome Assembly

The reads from all the three insert
libraries were passed on to SPAdes v3.10.1
SPAdes is a de Bruijn. This was chosen based
on the smaller genome size of the pomegranate
genome (~340Mb). The assembly was done

using the Auto-module which performs the

No. of Length of N50
Scaffolds Genome(Mb)
17405 296.383 82310

559045 of which 491094 are SNVs and 67951
are InDels.

10000
E 1000
T 100
g
? ) .
2 I
BND INV DEL DUP

Variant Type

Structural variant types

assembly based on the following kmers: 21,
33, 55, 77 after the reads are error corrected
based on the kmer-profiles. Then the contigs
are corrected for mismatches and then
merged/extended to form scaffolds, using the
pairing information, thus creating a scaffold

level assembly.

<
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2938 9704

Counts

§ | § § & & § | § & s § | & 5
g | 2| 2| B8 | F| 5| B 2| |5 |®
8 | F| 5| 8| 8| F|F| 8| 8| 8|F |8
£ = = o = = = =
AC | AG AT  CA | CG CT G-A| GC | GT | TA | TC | TG
Base Changes and their counts (Ts/Tv ratio: 2.065)
Assembly Statistics at Contig/Scaffold
level Assembly Assembly Statistics for contigs > 1000bp
Parameters Contigs Scaffolds Parameters Statistics
N50 4294 8666 #Contigs 2847
#hases 411987014 312914239 #Races 348667523
#contigs/scaffolds 445232 113677 NS0 542601
Maximum size 101145 101144
N90 34995
Minimum Size 200 500
%GC 4527 423 Maximum Contig length 7248178

The Hybrid assembly was created by unit repeats for a large sequence tract. These
merging the Illumina, 10X, PacBio and then regions are generally abundant in mutations
using Optical Maps to create a comprehensive  leading to high genetic diversity, so these are
assembly for the genome. The statistics values most useful genetic resources. Here we have
are furnished below. used MISA tool to identify the microsatellites,

. . to report the microsatellite's nature.
Identification of SSR from Assembly

Microsatellites are regions, in which a
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Busco Evaluation of Genome Scaffolds

on Hybrid Datasets
o . e . No. of
Misa Statistics Category Scaffolds
Total length of Sequence examined (bp) (MISA) 113677 Complete BUSCOs (C) 1329
Total number of SSR (MISA) 142304 Complete and single-copy BUSCOs (S) 1257
Total length of SSR (bp) 34531 Complete and duplicated BUSCOs (D) 92
Fragmented BUSCOs (F) 30
Relative abundance (SSR/Mb) 454.77
Missing BUSCOs (M) 72
Relative density (bp/Mb) 75337 Total (n) 1440
120000
100000
w
@
@ 80000
@
c
% 60000
3 40000
= |
20000
0| N e
Mono Di Tri Tetra Penta Hexa

Microsatellite length Distribution

|
20 40 60 80 100

o

BUSCO core gene-set analyses at embryophyta lineage resulted in 92.3% conserved gene

I complete (C) and single-copy (S) [l Complete (C) and duplicated (D)
Fragmented (F) B wvissing (M)

o
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3. PLANT PROPAGATION

Project: Propagation, bio-hardening and mass multiplication of elite planting
material in pomegranate (Punica granatum L.)

3.1. Bio-priming of in vitro raised plants

Five beneficial microbial agents were
utilized for bio-priming of in vitro raised
pomegranate plants through rhizospheric
application. Microbial treatments were found
effective in improving most of the attributes of
in vitro raised pomegranate plants. Plants
inoculated with Arbuscular Mycorrhizal
Fungi (AMF) exhibited significantly better
height (84.66 cm) when compared to un-
inoculated control (62.66 ¢cm). Relative leaf
water content (RWC) of all the bio-hardened
plants ranged from 86.093 to 84.48 %) was
found significantly better than the un-
inoculated control (80.66%). The maximum
phenolic content was estimated in plants
inoculated with AMF (61.33) and was
significantly higher than the Aspergillus niger
strain AN 27 and Trichoderma treated plants
and control. Though, chlorophyll 'b' and total
chlorophyll content of the leaves did not show

significant variations among various

treatments and control but chlorophyll 'a’
varied significantly. All the treatments
resulted into enhanced leaf chlorophyll 'a’
content (1.696 to 1.578 mg/g of fresh weight)
when compared to control (1.423 mg/g of
fresh weight).

The increased water uptake by
increasing exploration of soil volume, rapid
colonization by the microbes, improved plant
nutrition and/or regulating stomatal opening
through hormonal biosynthesis, improved
water transport because of reduced root
resistance owing to increased uptake of
phosphorus by AMF, enhanced absorbing area
for water uptake due to growth of fungal
hyphae, thereby reducing or eliminating 'dry
zones', which surrounds the slow growing
rootlets during low moisture period are major
factors responsible for the improved
performance of the bio-hardened/bio-primed
plants.

Morphological, physiological and biochemical performance
of in vifro raised bio-hardened plants

Treatment PRELSEY Rwoen Traneroeatiet SRD
T1- Aspergillus niger strain AN 27 69.00 85.87(67.92) 42.00 42.00
T2- AMF (Glomus intraradices + others)  84.66  85.45(67.59) 61.33 61.33
T3- Penicillium pinophilum 77.00  84.48(66.80) 52.66 52.66
T4- Pseudomonas fluorescens 81.66  85.54(67.67) 3533 53.33
T5- Trichoderma viridae+T. harzianum 79.00  86.09(68.15) 41.33 41.33
Control 62.66  80.66(63.95) 26.00 26.00
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T1- A niger strain AN 27

T2- AMF (G. intrarodices + others)
T3- P. pinophilum

T4- P. fluorescens

75- T. viridae +T. harzionum

T5 Control

mChl.A mChl. B = Total Chl
2.5
i, =
@
E:
<15 -
g
s 17
3
u 1|
T T2 T3 T4
Bio-hardening Treatments

Chlorophyll 'a', 'b' and total chlorophyll content of pomegranate leaves

3.2. Comparative evaluation of fruits in
plants propagated through different
methods

Qualitative and quantitative
evaluation of fruits raised on plants

propagated through different propagation

methods has been carried out for the third year
in 2017-18. The ANOVA results confirmed at
par fruit features for rind thickness, TSS,
acidity and average fruit weight in all the four
types of planting material used for

comparative evaluation.

Qualitative and quantitative evaluation of fruits
from plants propagated through different methods

; Rind Thickness
Sapling type
(mm)

TC Plants under High Density Planting 3.40
Hard Wood Cutting 3.62
Air Layer 3.34
Tissue Culture Plant 3.12
CD (p=0.05) NS

* Average of randomly selected fruits

3.3. Clonal fidelity testing of tissue culture
raised plants

In our quest to find out highly
polymorphic and reliable markers for their
utilization in clonal fidelity testing of in vitro

raised 'Bhagwa' clones, we screened 90

“’;:'g:::;;) TSS (*Brix) Acidity (%)
348.46 15.31 0.46
319,51 15.50 0.55
294.56 15.42 0.57
303.25 15.19 0.56

NS NS NS

publicly available SSRs, 26 RAPDs and 38
ISSR markers and found 28 highly
polymorphic SSRs and 12 RAPDs for their
further utilization in clonal fidelity testing of

in vitroraised 'Bhagwa' clones.

<
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300hp- "__---"---------------—- “EUb]J

Gel electrophoresis images of amplicons using SSR Markers
1. Bhagwa, 2. Super Bhagwa, 3.Bhagwa-1, 4. AnkoliBhagwa, 5. IndapurBhagwa,6. Seedling Bhagwa,
7.Arakta, 8.Mridula, 9.Ganesh, 10. Gul-e Shah Red, 11. Ruby, 12. IC-318720

i 5. 164 ds B8 9 10 1l
3000bp R g 3000bp

~~~&dﬁﬁﬁnﬂa

el L T

300bp

180bp

Gel electrophoresis images of amplicons using RAPD Markers
1. Bhagwa 2. Super Bhagwa 3. Seedling Bhagwa 4. Ankoli Bhagwa 5. Indapur Bhagwa 6. Bhagwa-1
7.Arakta 8. Mridula, 9. Ganesh, 10. Gul-e Shah Red, 11. Ruby, 12. IC-318720

R R B F BB _ B B _ Bl 250bp
170bp TR - S G G G e el G el D S

PgSSR29 PgSSR32

Monomorphic bands obtained using polymorphic markers
(1:Mother Plant Bhagwa, 2-12: In vitro raised Bhagwa clones)
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4. CROP PRODUCTION

Project: Propagation, bio-hardening and mass multiplication of elite planting
material in pomegranate (Punica granatum L.)

4.1. Nutrient management

4.1.1. Seasonal nutrient uptake and
partitioning in mature pomegranate plants

Understanding nutrient dynamics
within the pomegranate plant on a temporal
scale is critical to the development of sound
nutrient management practices. This study
investigated the seasonal patterns of nutrient
uptake and redistribution in whole
pomegranate plant of cv. Bhagwa. The study
was conducted in a 4 years old pomegranate
orchard. Six plants were excavated at before
pruning, flowering, fruit enlargement, fruit
development stages and harvest. Each plant
part was separated, dried and weighed to
determine biomass and then ground and
analyzed for nutrients. The results are
described below.
4.1.1.1. Dry matter

Above-ground biomass of
pomegranate plant increased gradually from
rest period to flowering, followed by gradual
increase upto fruit enlargement stage i.e. 0-60
days after full bloom (DAFB), remained
almost constant during 61-120 DAFB and then
again increased sharply towards fruit maturity.
The highest biomass was recorded at harvest
which is about 3.9 times of that at rest period.
The annual growth from shoots, leaves and
fruits contributed significantly (58.02%)

towards total above-ground biomass of plant at
harvest. Maximum growth took place during
fruit maturity period i.e. 121-180 DAFB
followed by fruit enlargement period i.e. 0-60
DAFB. The least growth occurred during fruit
development period i.c. 61-120 DAFB. While
maximum fruit growth took place during fruit
enlargement stage followed by fruit maturity
stage. The growth of trunk occurred at two
distinct phases, viz. initially at rapid rate upto
60 DAFB, then at gradual rate towards
maturity of the fruits. The stem biomass
remained almost stable upto 120 DAF and then
it increased sharply during fruit maturity stage.
Shoots and leaves biomass got diminished
during fruit development stage, but they grew
rapidly during maturity stage.

4000
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Stage of the plant and Days of the year

Seasonal changes in dry weight of mature
pomegranate plant cv. Bhagwa
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4.1.1.2. Seasonality of macro-nutrients
uptake and partitioning
Nitrogen

Nitrogen concentrations in various
plant parts decreased from bloom to harvest of
fruits. Higher N concentrations were found in
leaves and fruits, while lower N concentrations
were noted in trunk and stem throughout the
growing period. Fruit N concentration dropped
rapidly during bloom to fruit enlargement
stage (0-60 DAFB) and then remained almost
stable during development and maturity stage.
Woody tissue viz., shoot, stem and trunk N
concentrations initially decreased from rest
period to bloom thereafter it remained almost
constant during late growth stage. Nitrogen
concentration in the phloem vessels was
higher than those recorded in the xylem during

rest period while it was reversed during fruit

——Fit ——Leaves ——Shoot ——Stem ——Timk —=—Roat

N concentration (%)

Rest Perlod Fruit Enlagement Fruit Dvelopment Frusit Maturity
15 4] 135 195

Staze of the plant 2nd Daps of the yeat

growth period, xylem N concentrations was
higher than those recorded in the phloem.
Nitrogen content of pomegranate plant
increased slowly from rest period to bloom and
then at moderate rate during fruit enlargement
stage, remained constant during fruit
development stage and then again increased
sharply during fruit maturity stage. Highest
amount of N uptake (43.61% of the total)
occurred during rest period to bloom followed
by that took place during fruit maturity
(41.28% of the total) and then during fruit
enlargement stages (14.84% of the total).
Nitrogen uptake rate was high during fruit
maturity stage than during fruit enlargement
stage. Very meager amount of N was taken up

during fruit development stage.

Frut Flower Leavas  mShoot  mStem = Trunl m oot

100

Nitrogen content {g/plant )

FEIIL P PEPIPOPY
Days of the yeau

Seasonal change in concentrations and contents of nitrogen in
various organs of mature pomegranate plant



During rest period to bloom N content
in woody tissue viz. trunk, stems and shoots
changed little with the exception of cognizable
increase of N content in fruits, leaves and
stems during fruit enlargement stage, while its
content decreased in roots and shoots during
the same period. Nitrogen content continued to
increase in fruit and began to increase in roots
while its content decreased in leaves, shoots
and trunk during fruit development stage.
During maturity stage, N content increased in
all the plant parts except in trunk, however the
extent of increase was much higher in shoots
and leaves. At harvest highest content of N was
recorded in fruits (20.15 kg N ha") followed by
in roots (18.87 kg N ha™). The total amount of

=—Fruit
—t—Leaes
—a—Shaoot
——Stem
e T 1T
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P concentration (%}

Days of year
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N found in different parts of fully grown
pomegranate plant (4 year old) was 84.58 kg
ha'. Approximately, half of N in plant was
found to confine in fruits, leaves and shoots

(45.12kgha™).
Phosphorus

Phosphorus concentrations in woody
tissue viz. shoots, stems, trunk and roots were
highest at rest period and decreased to the
lowest level at bloom. After that P
concentrations in shoots and roots increased
up to fruit development stage and remained
constant thereafter, while in stem and trunk its
concentration increased up to fruit
enlargement stage, thereafter again declined

towards maturity stage.
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Seasonal change in concentrations and contents of phosphorus
in various organs of mature pomegranate plant

Like N, higher P concentrations were
recorded in fruits and leaves while lower P
concentrations were noted in stem and trunk
throughout the fruit growth period.
Phosphorus concentration was highest in fruits
at bloom and declined sharply during fruit
enlargement stage then gradually during
maturity stage. Decreasing trend of P

concentration was noticed in leaves with
highest concentration observed during rest
period and lowest concentrations at 120 DAFB
1.e. end of fruit development stage. It was also
observed that P concentrations in all organs
except fruits got elevated during fruit
enlargement stage (0-60 DAFB).
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Unlike N, phosphorus content
decreased from rest period to bloom and then
increased during fruit enlargement stage.
remained constant during development stage
and again increased sharply during maturity
stage. Majority uptake of P took place during
fruit maturity stage (47.18% of the total)
followed by that occurred during rest period to
bloom (26.46% of the total) and fruit
enlargement stage (25.67% of the total).
Phosphorus uptake rate during fruit maturity
stage was almost 1.4 times of that recorded
during fruit enlargement stage. Phosphorus
content declined in shoots, stems, trunk and
roots during rest period to bloom, while its
content in leaves remained constant. After
bloom, P content increased in fruits, leaves,
shoots and trunk while it continued to decrease
in roots during fruit enlargement stage. Very
little changes in P content were noticed in
leaves (decreased) and roots (increased)
during fruit development stage. During
maturity stage P content increased in all parts
except in trunk. At harvest, highest P content
was recorded in fruits (3.33 kg Pha') followed
by in roots (2.52 kg P ha'), while total P
content of fully grown plant was found to be
11.07kgPha™.

Potassium

At bloom higher potassium (K)

concentration was found in fruits and lower K

concentration was recorded in stem and trunk.

Potassium concentration in fruits declined
sharply during fruit enlargement stage
followed by more gradual decrease during
development and maturity stages, while leaves
K concentration remained almost constant up
to development stage and then increased
during maturity stage. In shoots, K
concentration increased up to fruit
development stage (120 DAFB) followed by
sharp decline during maturity. There was not
much change in woody tissues (stems, trunk
and roots) K concentration with time of
season.

Potassium content in plant followed
similar pattern as that observed with N content
throughout the growing season. Here, also
highest amount of K (40.61% of the total) was
taken up during rest period to bloom and it was
followed by that took place during fruit
maturity (35.78% of the total) and fruit
enlargement (23.60% of the total) stages.
Uptake rate of K was found to be higher during
fruit maturity stage than fruit enlargement
stage. Negligible uptake of K took place
during fruit development stage. Potassium
content in roots, trunk and shoots increased
while it decreased in stems and remained
constant in leaves during rest period to bloom.
After bloom, K content increased in fruits,
leaves and shoots while it decreased in roots up

to fruitenlargement stage.
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The K content in different plant parts
remained almost constantup to 120 DAFB and
then again increased during fruit maturity
stage. Enhancement of K content in fruits and
leaves were predominant during this stage. At
harvest highest amount of K was confound in
fruits followed by in leaves. The total K
content of full grown plant was 78.97 kg ha
‘which closely followed the N content of plant.
Calcium

Calcium was the most concentrated
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nutrient in stem and trunk at bloom. Its
concentration in shoot and leaves significantly
increased from bloom to fruit development
stage, and then declined sharply during
maturity, while fruit Ca concentration declined
gradually until the end of the season. Unlike N,
P and K, higher Ca concentrations were
recorded in woody tissue (stem and trunk) and

lower concentration was found 1n fruits.
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Like N and K, calcium content of plant
increased slowly during rest period to bloom
and then rapidly during fruit enlargement
stage, remained stable during fruit
development stage and then again increased
slowly during maturity stage. Majority Ca
uptake occurred during rest period to bloom
(61.10% of the total) and rest of the uptake
took place during fruit enlargement (24.95%
of the total) and fruit maturity stages (13.04%
of the total). Highest Ca uptake rate was
recorded during fruit enlargement stage which
was followed by that during fruit maturity
stage. Calcium content increased in leaves,
trunk and more prominently in roots and
decreased in stem during rest period to bloom.
After bloom it increased in all plant parts
except roots where it remained constant during
fruit enlargement stage. Contents of Ca were
much higher in woody tissues, particularly in
trunk and stem than in leaves and fruits. It
again increased in stem, shoots and fruits and
decreased in leaves and trunks during maturity
stage. Unlike, N, P and K, higher Ca contents
were recorded in stems (38.82 kg ha'), roots
(33.21 kg ha™) and trunk (30.69 kg ha™) than
fruits, the eatable part (11.78 kg ha") at harvest.
The total amount of Ca content recorded in full
grown plant was 141.91 kg ha' which was
much higher than primary nutrients like N and
K content recorded in this study.

Magnesium
Magnesium concentrations was higher

and most dynamic in leaves, whereas its

concentrations in other plant parts viz. shoots,
stem, trunk and roots were much lower and
showed little changes throughout the growing
season. Like Ca, magnesium concentration in
leaves increased up to fruit development stage
and then declined sharply towards maturity.
While its concentration in fruits increased
during initial growth period (i.e. up to 60
DAFB) and then remained almost constant
during development and maturity stages.
However, in shoot Mg concentration increased
up to bloom and then continued to decline
throughout the fruit growth period.
Magnesium content in plant increased
from rest period to the end of fruit enlargement
stage (60 DAFB), remained constant during
fruit development stage and then again
increased during fruit maturity stage. More
than half of the Mg uptake occurred during rest
period to bloom and rest of the uptake took
place during fruit maturity (28.57% of the
total) and fruit enlargement stage (18.62% of
the total). Among the three fruit growth stages,
Mg uptake rate was highest during fruit
maturity stage followed by that during fruit
enlargement stage. During rest period to
bloom, Mg content increased in leaves, shoots
and roots and decreased in stem. After bloom,
it increased in fruits, leaves, stems and trunk
while decreased in roots during fruit
enlargement stage. Subsequently, Mg content
increased in roots and fruits, while decreased
in trunk, shoot and leave and thus maintained a

stable Mg content in plant during fruit



increased in all plant parts, more prominently
in fruits except in leaves and trunk during fruit
maturity stage. Significantly higher Mg
contents were recorded in fruits (7.92 kg ha™)
and roots (7.97 kg ha ) at harvest sharing more
than half of the Mg content of plant. The total
Mg content of a full grown plant was 30.15 kg
ha' at harvest. and fruits, while decreased in
trunk, shoot and leave and thus maintained a

stable Mg content in plant during fruit
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development stage. Further, Mg content
increased in all plant parts, more prominently
in fruits except in leaves and trunk during fruit
maturity stage. Significantly higher Mg
contents were recorded in fruits (7.92 kg ha')
and roots (7.97 kg ha™) at harvest sharing more
than half of the Mg content of plant. The total
Mg content of a full grown plant was 30.15 kg

ha' at harvest.
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in various organs of mature pomegranate plant

Sulphur

Sulphur concentrations in shoot and
leaves were much higher than in fruits. Its
concentration increased from rest period to
bloom and then declined during fruit
enlargement and development period and
again increased in shoot while sharply

decreased to very low level in leaves during

maturity. Fruit S concentration initially
dropped rapidly followed by more gradual
decrease during fruit maturity. Sulphur
concentrations in stem and roots increased
during rest period and then declined gradually
after bloom, while its concentration in trunk
showed somewhat rising trend throughout the

growth period.
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S
content of plant increased from rest period to

Unlike other macro-elements,

bloom, remained almost constant during fruit
enlargement and development stages and
again increased during fruit maturity stage.
Majority uptake of S occurred during rest
period to bloom (54.93% of the total) and
during fruit maturity stage (42.54% of the
total). Sulphur uptake rate was found to be
highest during fruit maturity stage. Sulphur
content increased in all plant parts during rest
period to bloom. After bloom it continued to
increase in leaves, stem, trunk and fruits but
decreased in roots and shoots during fruit
enlargement stage. However, during fruit
development stage S content increased in
trunk and decreased in shoots while remained
almost constant in other plant parts.
Subsequently, it again increased in all plant
parts except in leaves during fruit maturity

stage. Unlike other macro-eclements, majority

S content was confound in shoots (5.75 kg ha’,
equivalent to 24% of the total) and roots (5.75
kg ha', equivalent to 24% of the total), while
only 9.34% of S was found in fruits at harvest.
Total S content of a fully grown plant at harvest
was 23.96kgha”.

4.1.1.3. Seasonality of micronutrient
concentration

The concentration of micronutrients
(Fe, Mn, Zn, Cu and B) within various plant
parts changed significantly over time. Iron
concentration in fruit decreased during fruit
enlargement stage and then gradually
increased during rest of the fruit growth
period. While in leaves it increased up to fruit
enlargement stage and then continued to
decrease during fruit development and
maturity stage. Iron concentrations in stem and
trunk increased during rest period to bloom
and then declined throughout the fruit growth
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period, while in roots it initially decreased and
then increased during fruit enlargement stage
followed by declining during rest of the fruit
growth period. Highest Fe concentrations were
recorded in roots while lowest Fe
concentrations were noted in fruits throughout
the growth period. Manganese concentration
in fruits, leaves, shoots, stem and trunk
followed similar trend as that of Fe. In contrast,
Mn concentration in roots continued to
increase from rest period to fruit development
stage and then declined gradually during fruit
maturity stage. Highest Mn concentrations
were recorded in leaves while lowest
concentrations were noted in fruits throughout
the growth period. Unlike Fe and Mn, zinc
concentration in fruits and leaves increased
during fruit enlargement stage and then
declined during fruit development stage
followed by slight elevation in fruit and
reduction in leaves during fruit maturity stage.
Zinc concentrations in woody tissues viz.
shoots, stem, trunk and roots also followed
similar trend as that recorded in leaves.
Highest Zn concentrations were found in
shoots while lowest concentrations were
recorded in fruits during the growth period.
Copper concentration in fruit remained almost
constant during fruit growth period while in
other parts, it increased during rest period to
bloom and then declined during fruit growth
period. Like Mn, highest Cu concentrations

were noted In leaves while lowest

concentrations in fruits.

The studies on seasonal nutrient uptake
and partitioning in mature pomegranate plants
have shown that seasonal dynamic of nutrient
content in pomegranate share a consistent
pattern i.e. translocation of nutrients from
woody tissues to actively growing organs was
observed at the beginning of the season and
movement of nutrients to woody tissues at
maturity. Pomegranate takes up more of Ca
than any other macro-elements. The uptake
pattern follow the order of
Ca>N>K>Mg>S>P, and micronutrient uptake
pattern follow the order of Fe>Cu>B>Mn>Zn.
Except P, majority uptake of macro-elements
takes place during rest period to flowering.
Beside this, other two windows 1.e. 0-60
DAFB and 121-180 DAFB have been
identified where considerable uptake of
nutrients takes place. Unlike other
micronutrients, boron concentrations in
various plant parts decreased from bloom to
fruit development stage and then increased
slightly in all parts except leaves where it
continued to decrease during fruit maturity
stage. However, changes in the concentration
of B in various plant parts did not show any
clear differentiation. The fully grown plants
were found to have highest content of Fe
(3348.32 gha ') followed by Cu (322.45 gha"),
B (255.75 g ha'), Mn (198.76 g ha") and Zn
(149.42 gha') at harvest.
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4.2. Water management

4.2.1. Comparison of various irrigation
methods with sub-surface drip irrigation
system for pomegranate production

The experiment was conducted to
compare the performance of various irrigation
methods with sub-surface drip irrigation (SDI)
system and to evaluate its effect on the growth
performance of 5th year pomegranate orchard.
Six treatments were replicated four times in
RBD during 2017-2018. Various micro-

irrigation treatments promoted plant growth,

e RS S

SDI at 30 ¢m x30 cm spacing

Annual Report 2017-18

reduced moisture evaporation and also
regulated soil temperature. Maximum plant
height, flowers, branches and stem diameter
was recorded in SDI with double laterals at
30*30 cm followed by double laterals at 40*40
cm, 50*50 cm, drip irrigation(DI) with double
laterals (4Drippers), SDI with single laterals at
30 cm depth) and DI with single lateral (2D).
Soil moisture holding capacity was also higher
in the SDI with double laterals (30*30 cm).

Root distribution pattern wasalso recorded.

.& _";q

Ring type DI with six drippers

Plant canopy

An experiment with 3 main treatments
and 6 sub-treatments on lateral geometry in
split plot design was conducted to find out its
effect on five year old pomegranate orchard
during 2017-18. The seasonal values of water
requirement to be applied to pomegranate tree
ranged from 1281.25 to 2989.30
liters/year/tree for 5 year pomegranate tree.
The 0.50*ETr is the best treatment having

double laterals with 4 drippers followed by
ring type and single lateral (2D) and maximum
plant height, flowers, branches and stem
diameter was recorded at 0.50*ETr. Monthly
shaded area (m’), wetted area (%), total area
leaves (m’) and leaf area index at solar noon
hours were recorded and shown below in the
table.
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Cumulative growth performance, water use and root distribution pattern in various
micro-irrigation methods (Dec, 2017 — Mar, 2018)

Water use  Plant  Plant spread .
Stem dia. RDP RDP Flowers
Treatments (litre/ height (cm)
Seciensoni|  (eid R (cm) LHS(g) RHS(g)  (Nos.)
SDI Single 1493 128 112 115 2.3 463.53 82.11 139
lateral (30 ¢cm)
SDI Double 2986 138 125 130 3.2 508.85  469.72 166
laterals (30*30 ¢m)
SDI Double 4479 136 130 132 25 48478 44040 147
laterals (40%40 c¢cm)
SDI Double
2 3 9 . 381.

RS (SO i) 497 135 124 120 2 444.05 81.25 141
DI with single
el o) 3313 126 115 113 2.4 384.71 85.21 128
DI with doubl

e s 5627 130 130 125 2.9 337.54  342.88 143

laterals (4D)

Cumulative growth performance in lateral geometry experiment (Dec, 2017 to Mar, 2018)

Treatments Plant height ~ Plantspread (em)  grop diameter Stem Flowers
(0.20 to 0.70 * ETr) (cm) EW SE (cm) girth (cm) (Nos.)
Single lateral 130 130 120 2.8 3.2 130

(2D)

Double laterals

(4D) 142 140 132 42 3.6 155
Ring type

(6D) 132 120 115 3.1 2.9 140

(Plant spacing- 4.5 x 2 m)

——030°ETr DAU*ETr 050°ETr 050°ETr 0.70°ETr Rainfallimm)
10 200
Eoan | N 160
%‘ ’ 120 E

20 =
£ Ny (=3
& 10 | f N -
g o "\/\ ] H'\ﬁ 40

] 4 J W= 0

4 52 “ 10 15 20 28 30 s 40 45

Dletereological week

Pomegranate evapotranspiration, ET, (litre/day/tree) at various irrigation levels
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Monthly shaded area, wetted area and leaf area index

Months APP(m’)  SA (m’)
December 2017 9.0 1.65
January 2018 9.0 1.95
February 2018 9.0 2.10
March 2018 9.0 245

WA (%)  TA(m) LAL,
28.30 6.60 3.25
30.20 7.65 3.45
32.26 7.70 3.56
31.22 7.90 3.88

(APP-Area per plant_(mz), SA — Shaded area (m’), WA-Wetted area(%),
TA-Total area of leaves (m®) and LAIL,- Leaf area index at Solar noon hour (m*/m’))
(Plant Spacing-4.5 x 2 m)

4.2.2. Effect of mulches and irrigation level
on yield, quality and WUE of pomegranate
Climatic Parameters at Experimental site

The daily climatic parameters concerned
with estimation of ETr, are recorded.
Estimation of Reference Crop
Evapotranspiration (ETr, mm)

Reference crop evapotranspiration (ETr,
mm) wasused to describe the atmospheric
“demand” for water. The daily climatic data for
the period of Dec, 2017 to Mar, 2018 were used

to determine daily, weekly and monthly
reference crop evapotranspiration (ETr) by
using Penman-Monteith Method. Figure
below shows the trend of variation of average
ETr values over the year. The yearly reference
crop evapotranspiration (ETr) obtained is
1711.89 mm. The ETr was maximum in May
(19-21 SMW) and minimum in December (49-
52 SMW). The monthly minimum and
maximum ETr ranged from 100.37 to 215.96

mim.

Reference cxop evapotranspiration (mm)

ETr(mm)

Apr  May Jun Jul

Aug Sep Oet

Now Dec  Jan Feb  Mar

Monthly ET, (mm) values from April, 2017 to March, 2018 at experimental site

<
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Development of wetted area(WA) and crop
coefficient (Kc) values

Wetted area and crop coefficients are
needed to estimate pomegranate
evapotranspiration (ETp) with reference crop
evapotranspiration (ETr). Stage-wise crop
coefficient values were computed and
converted on weekly basis. The stage-wise
wetted area and crop coefficient values for
pomegranate tree in 6 year plants are presented
in the table below. Table shows that the values

of wetted area increases from 0.45 to 0.60 and

crop coefficient from 0.32 to 0.95 from new
leaf inititation to maturity, due to increased
number of leaves, foliage, water sprout,
flowers and fruits of the tree during 6th year.
The WA and Kc¢ values increases linearly from
new leaf initiation to maturity phase due to
increases in number of leaves, water sprout,
luxors, flowers, fruits and shaded arca as
observed from the representative trees and
decreases from maturity to harvesting phase

due to removing of water sprout and leaf drop.

Wetted area and Crop coefficient values for 6" year pomegranate tree

Plant Stage Phenophase Indicators Period Wetted area Crop coefficient
I. New Start of new leaves to 25 days from 0.45 032
leaf Initiation 10% ground cover first irrigation : ’
10% ground cover to effective 65 qavs after

I. Development. )] cover, about 60-70% et 0.50 0.75
coverage crops
Effective full cover to maturity, 85 days after

111 Maturity indicated by yellowing of leaves, aoe 1
leaf drop and browning of fruit oS 6.53 s
Maturity to harvest indicated 65 days after

IV. Harvesting ~ Tipe fruits start falling on stage [11 0.60 0.85

the ground

Estimation of pomegranate
Evapotranspiration (ETp, litres/day/tree)
The daily water to be applied through
drip irrigation system at 90 % efficiency from
December, 2017 to March, 2018 ranged from
10-50 litres/day/tree for 6 year old
pomegranate tree at 0.70*ETr. It gradually
increased or decreased during different
development stages of pomegranate tree due to
the wvariation of reference crop
evapotranspiration, pan coefficient, wetted

area and crop coefficient values. The four
months pomegranate evapotranspiration are
9657 litres/tree/season and water to be applied
to pomegranate tree ranged from 980 to 1763
liters/month/tree based on different irrigation
levels from 0.50 to 0.90*ETr. The critical stage
wise water requirement for pomegranate
Bhagwa cv. (i.e. new leaf initiation, crop
development and maturity) have been worked

out and tabulated.

<
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Pomegranate evapotranspiration (liters/day/tree) of 6 year old tree
Critical pomegranate plant stages for irrigation in Hasta Bahar
S. No. Critical stage for Irrigation Nos. of days WR (lit. stage 'tree”)
1 New leaf initiation 22-25 154-275
2 Crop development (Flowering-fruit Setting) 70-80 1500-2200
3 Mid (Fruit development) 60-70 1800-2400

Pomegranate evapotranspiration for inorganic and organic mulches (ETp, litres/day/tree)

An experiment with different organic
(Wheat, Safflower and Sugarcane baggas) and
inorganic mulches (i.e. Black and White,
Black and Pervious) was conducted to find out
the effect of mulches on soil properties and
growth of pomegranate. Various mulching
treatments promoted plant growth, reduced
moisture evaporation loss and also regulated
soil temperature. Depletion of soil moisture

was very high in untreated plants. Maximum
number of fruits was recorded in sugarcane
and pervious mulches at 0.70*ETr, followed
by safflower. Wheat mulch and black
inorganic mulches. Soil moisture retention
was also high under black mulch treated
plants. Development of wetted area(WA) and

crop coefficient (Kc) values.

<
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Organic mulch Inorganic mulch

Growth performance of six year old pomegranate plants under different mulches

Plant  plant spread (cm) Stem Stem Thorn Bisexual

Mulch height diameter  girth length flower Eraltwplant
)y W Sk (cm)  (cm) (cm) (No.) (No)
Organic mulch (0.40 to 0.80*ET))
Wheat 130 130 120 3.8 31 3.0 160 50
Safflower 140 132 142 4.1 33 3.8 185 65
Sugarcane baggas 156 149 142 4.9 33 42 235 89
Control 142 135 138 4.6 2.9 4.0 195 57
Inorganic mulch (0.40 to 0.80*ET))
Black and White 132 156 136 39 3.2 29 196 49
Black 154 166 144 4.1 3.5 33 160 60
Pervious 173 178 142 4.7 38 4.0 252 65
Control 144 150 140 44 39 43 158 56
4.3 Crop Management than five stems/plant during firth year of
4.3.1 Evaluation of pomegranate under planting revealed that the fruitset ranged from
different training systems 45.6 to 58.6%. Fruitset percent was highest

Evaluation of pomegranate cv. undersingle stem trainingsystem (58.6%).The
Bhagwa under different training systemsviz., yield was highest in four stem training system
single, double, triple, four, five stem and more  (18.1 kg/plant).



Training
system
(Stem/plant)

1 Stem
2 Stem
3 Stem
4 Stem
5 Stem

>5Stem
(Control)
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Evaluation of pomegranate under different training systems

N e S Tobn
(No./plant) ’ (No./plant) (%)

101.5 59.5 58.6 60.5 59.6 14.8
121.3 68.0 56.0 66.5 54.8 16.6
137.0 74.3 54.1 70.0 51.0 177
1433 76.5 534 AN 49.7 18.1
149.5 725 48.4 67.2 449 16.3
154.0 70.3 45.6 63.5 41.2 14.7

Triple stem Four stem

Five stem =>5 stem (Control)

Evaluation of pomegranate under different training systems
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5. CROP PROTECTION

Project : Development and refinement of integrated crop protection
technologies for improved productivity of pomegranate

S5.1. Insect pests

5.1.1 Survey of borer and sucking pest of
pomegranate

Survey was conducted in eight
different taluks of Solapur District in 53.4 ha
area, to record the incidence and infestation by
various borer and sucking pests on
pomegranate. Infestation of thrips varied from
to 1.90-70.34 %, aphids 2-8%, whiteflies and
mealy bugs 1.2- 4.7 %, fruit borer incidence
varied from 12-15 % and shot hole borer and
stem borer incidence varied from 1.15-2%.
5.1.2 In vitro evaluation of sex pheromone
compounds against fruit sucking moth

Nine sex pheromone compounds

EAG response in mV (Mean)
.
1.5
1
0.5 A A
0
TIL T2 T3 T4 TS Te T7 T8

identified and procured were tested for
individual response to 5 male moths
(Antennae) both for Electro-antennography
(EAG) and wind tunnel bioassay. Among the 9
pheromone, the compounds which showed
good response and repetitive behavioral
orientation of the male moths towards the
source of attraction were further tested in
different ratios to have improved response.
Among the 6 different ratio treatments, the
treatments T3 and T4 were found promising

compared to control and standard.

Z-9-23H: E-
H (100:50:100:
T2 Z—9-23HE
(100:30:100:

1 Z- H: E-9-25H:1-
=l 100:100)

i H: E-9-25H:1-
T4 6C(100 36:100:75: 100: 100)

T5  Z-9-23H:7Z-9-25H (100:100)

T6 Z-9-23H:E-9-23H:Z-9-25H (100:100)
T7 Hexane (Control)

T8 Honey (Standard)

9-25
3* 12¢ 0:75:
925

e

* 7-9-23H-7Z-9-Tricosene; Z-9-25H-7-9- Pentacosene;
E-9-23H-E-9-Tricosene; E-9-25H-E-9- Pentacosene:
1-12C- 1- Dodecene; 1-16C — 1- Hexadecene

EAG responses of male FSM antenna to different ratio of pheromone compounds



Annual Report 2017-18

5.1.3. Population dynamics of insect pests in
relation to weather conditions

Population dynamics of insect pests
was studied in relation to weather conditions
on cv. Ganesh and Bhagwa. Fruit borer
population showed positive correlation with
temperature, rainfall (0.82) and negative
correlation with relative humidity (-0.61).
Thrips showed negative correlation with
rainfall and positive correlation with RH and
Temperature. Mealybugs showed positive
correlation with temperature and relative

humidity (0.78).
5.1.4. Evaluation of six combi- insecticide
formulation against borer and sucking pests

Among the six products evaluated
against the borer and sucking pests of
pomegranate the treatment TS5
(Chlorantraniliprole 8.80 %-+Thiamethoxam
17.5%) provided the best control of thrips with
53.04 % over control followed by Té6
(52.52%),T2 (50.51%), T1(50.17%) and least
reduction over the control was observed in T3
(48.89%) and T4 (41.89%). The incidence of
the fruit borer and other sucking pest of
pomegranate was too low during the
experimental period hence could not be
evaluated.

Formulations tested against borer and sucking pests

NS .. Formulation Dose (ml/]) *
1 Chlorpyriphos 16% +Alphacypermethrin 1% EC 0.75
2 Profenophos 40%+Cypermehtrin 4% EC 0.75
3 Thiamethoxam 12.6% +Lambda cyhalothrin 9.5 % ZC 0.75
Bl Lambda cyhalothrin 4.6 %+Chlorantraniliprole 9.3% 0.75
5] Chlorantraniliprole 8.80 %+Thiamethoxam 17.5% 0.75
6 Chlorpyriphos 50% +Alphacypermethrin 5% EC 0.75
7 Control 0.75

* along with spreader sticker @ 0.25 ml/]
5.1.5.Evaluation of bio-efficacy of new
insecticide molecules against pest complex
in pomegranate

Among the 4 insecticides and two
different doses of Cyantroniliprole 10.26 %
OD and Lambda cyhalothrin5% EC evaluated
against borer and sucking pests of
pomegranate the Treatment T2 provide the

best control of thrips with 60.67 % over the
control followed by T4 (58.21%) and least
reduction over the control was observed in T6
(50.32%) and T5 (50.40%). The incidence of
the fruit borer and other sucking pest of
pomegranate observed was too low during the
experimental period for satisfactory

evaluation.

<
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Formulationstested against thrips and fruit borer

I;l‘(;' Treatments details Dose (mI/)*
T-1 Cyantroniliprole 10.26 % OD 0.20

T-2 Cyantroniliprole 10.26 % OD 0.30

T-3 Lambda cyhalothrin 5% EC 0.50

T-4 Lambda cyhalothrin 5% EC 1.00

T-5 Fipronil5% SC 1.00

T-6 Spinosad 45% SC 0.25

T-7 Control Water

* along with spreader sticker (@ 0.25 ml/I

5.2. Wilt Management
5.2.1. Nematode wilt

Seven formulations were tested for
nematode wilt. In all 4 applications were made
at monthly intervals. Carbolic acid
formulation Suzaan® was most promising

with 11.11 knots/g root in comparison to

Av No of knots/g Root
60.00 [
50.00
1000 =
30.00
20.00 '
2 LTI R
000 . - : -
T T2 T3 1T 15 16 717 718

control with average 59.23knots/g root.
Formulations having Aspergillus niger-
Kalisena® SA, VAM Fungi- Josh Super®,
Trichoderma harzianum and fipronil were also
promising with more than 50% reduction in

knots in comparison to control.

T1: ASOP Prophite® @4 g/1

T2: T harzianum@, 10g/plant

T3: A.niger Kalisena® (@ 10g/plant

T4: VAM fungi Josh Super® @ 10g/plant
TS: T4+T5

Té6: Fipronil 0.36 @30g/plant

T7: Thiocarbonic Acid Suzaan® @2ml/I
T8: Control

Effect of various formulations on nematode control
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5.2.2. Ceratocystis wilt

In vitro efficacy of 10 fungicides was
evaluated using poisoned food technique
against C. fimbriata. All inhibited C. fimbriata
growth above 50% but carbendazim, propineb,
metalaxyl, difenconazole, hexaconazole,
propiconazole and tebuconazole completely
inhibited in vitro growth of the wilt pathogen.
Formulations evaluated in pot culture trials for
Ceratocytis fimbriata wilt revealed that
bioformulations based on Aspergillus niger
and Trichoderma were effective as preventive
like

propiconazole, tebuconazole, fosetyl-

and Chemical formulations

Aluminium were effective as preventive as

wellas curative treatments.

In field evaluation of different
chemical and bio-formulations, treatments
were given to (i) partial wilted plants, (ii)
replaced new plants in wilt affected pits and
(111) old healthy plants in wilt affected pits.
Bioformulations were promising as preventive
where as chemical treatments with
propiconazole, Fosetyl-Al + Tebuconazole
checked wilt 100% both as preventive and
therapeutic treatments. It was also observed
that in wilt affected plants treatment T12 with
first treatment of chemical propiconazole
followed after a month with biological
treatments of Aspergillus niger Kalisena® and
Aspergillus niger Kalisena® checked wilt
completely as no plant wilted in 9 months of

observations.

Percent Wilt Incidence in Biological & Chemical Treatinents

100 [

@ Treatment of partial wilted plant

90 - u Treatment of replaced new plantin wilt affected pit

80 = Treatment of old healthy plant in wilt affected plot
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Effect of different biological and chemical control treatments
in management of Ceratocystis wilt
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T1-Aspergillus niger Kalisena® (@ Sg/plant with 2 kg FYM/plant

(2 applications, 1 month interval)

T2- AMF Josh Super® (@ 25g/plant with 2kg FYM/plant (2 applications, 1 month interval)
T3- T1+T2

T4- Trichoderma spp. ( UHS Bagalkot) (@ 100g/plant with 2kg FYM/plant

(2 applications 1 month interval)

T5-FE-8 (Fungal endophyte Trichoderma sp.) 3 plates culture with 2kg FYM/plant

(2 applications 1 month interval)

T6- Penicillium pinophilum (@ 100g/plant with 2kg FYM/plant

(2 applications | month interval)

T7- Tilt (Propiconazole 25%) (@2ml/lI+Chlorpyriphos (@ 2ml

(3 drenching at 20 days interval)

T8- Bavistin (Carbendazim 50%WP) @2g/1+Chlorpyriphos @ 2ml

(3 drenching at 20 days interval)

T9- [Tilt @2ml/I+Chlorpyriphos @ 2ml (51 solution)] + [Bavistin (@2g (51 solution)]

(3 drenching at 20 days interval)

T10-[1st drenching TILT (Propiconazole 25%) @2ml/I+Chlorpyriphos (@ 2ml (101 solution)]
[2nd drenching Bavistin (Carbendazim 50%WP) @2g/I+Chlorpyriphos (@ 2ml (101 solution)]
[1st drenching Tilt (@2ml/I+Chlorpyriphos @ 2ml (101 solution)] (20 days interval)

T11-[ st drenching Fosetyl Al 80% WP @6gm/plant (101 solution)] [2nd drenching
(Tebuconazole 25.9% w/w EC ) @3ml/plant (10 1 solution)] [3rd Fosetyl Al 80% WP
(@o6gm/plant (10 I solution)] [4th drenching Folicur (@3ml/plant (101 solution)] (20 days
interval)

T12-[ (1st drenching Tilt @2ml/I+Chlorpyriphos @ 2ml (101 solution). After 30 days of first
application 2nd drenching Kalisena (@ 5gm/plant with 2kg FYM/plant after 30 days of 2nd
application -Josh (@ 25g/plant with 2kg FYM/plant

T13- Untreated Control
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5.3. Fruitspots and Rot
5.3.1. Rhizoctonia diseases in pomegranate

A new fungal spot on pomegranate
fruits caused by Rhizoctonia sp. has been
identified. The fruit samples having symptoms
of greenish white spreading patches with
necrotic patches in later stage were found
associated with fungus Rhizoctonia based on
Koch's postulates.

In addition to this Rhizoctonia sp. was
found to be associated with fruit, root and stem
rots. In all 6 Rhizoctonia isolates (RH-1 to
RH-6) have been collected during the year
from Solan (HP), and different districts of
Maharashtra. The incidence and prevalence
was extremely low.

In order to find effective chemicals

4
il

iy
3
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Rhizoctonia fruit spot

against Rhizoctonia among 13 chemicals
tested, carbendazim, propineb, metalaxyl,
difenconazole, hexaconazole, propiconazole
and tebuconazole completed inhibited in vitro
growth of fruit spot pathogen Rhizoctonia sp.
in poisoned food technique.

Effect of different chemicals on growth of Rhizoctonia sp.
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5.3.2. Factors affecting growth of
Colletotrichum and Cercospora

Fruit spots and rot caused by
Cercospora punicae and Colletotrichum
gleosporioides have been responsible for
qualitative and quantitative losses during last
few years hence efforts to identify
environmental factors responsible for
increased incidence need to be studied. In vitro
studies were conducted with pure cultures.
Growth of pure cultures of Cercospora

punicae and Colletotrichum gleosporioides

Growth of C. punicoe and €, gleosporicides underdifferent
Temperature

w
-

=+={(ercospora pusicoe

w
=

—8—Colletatrichum gleosporioides

Fungal coleny diametar [mm)
- - P L
-~ = L = &

=

10*C Flige 15°C 0C 35°C 40

Effect of different Temperatures on Growth of
C. punicae and C. gleosporioides

5.3.3. Management of fungal fruit spots

In a field trial out of 17 fungicides
tested against various fruit spots and rots,
systemic fungicides Hexconazole and
Difenconazole were most effective in
completely checking fruit scab incidence.

Fungicides propiconazole, thiophanate

causing fruit spots and rots was recorded on
PDA at different temperatures and pH.
Temperatures of 25 C was most congenial for
the growth of both the fungi, however they
recorded faster growth from 20-30 C while
no growth of Cercospora was observed at
35C and of Colletotrichum at growth at
40°C. Both the fungi C. punicae and C.
gleosporioides were able to grow at all pH
tested 5 to 8.5, but pH of 7 was optimum for
both though pH 5.5 to 7.5 was favourable for
growth of'both the fungi.

Growth of C. punicae and C. gleosporioidesin pH

—a—(CErcospora punicae = Coiferotrichum glecs porioites

Fungal eoleny diameter [mm)

30
10
0 -

Effect of pH on Growth of Cercospora
punicae and Colletotrichum gleosporioides

methyl, benomyl, ziram, propineb, copper
fungicides -copper hydroxide, copper oxy
chloride and Bordeaux mixture reduced scab
between 90-98%. All other fungicides were
also effective with 61-84% control. The other
fungal disease incidence was too low in control

hence, could not be evaluated.
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5.3.4. Combi-products in fungal disease

management

In a field trial 10 combi-product
fungicides were tested for management of

various fungal spots and rots. Combi-products

chlorothalonil

12

10
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Incidence of fruit scab in different fungicide treatments

Percent Scah Incidence

m T 1: Chlorothalonil @ 2 g/l 2
BT 2: Carbendazim@ 1 g/
BT 3: Propiconazole @ 1 g/
m T 4: Thiophenate methyl @ 1 g/1
® T 5:Hexaconazole@ 1 ml/l
= T6: Benomyl @ 2 g/l
BT 7:Copper oxy chloride@ 2 g/l
T 8: Bordeauwx mixture (0.5%)
T 9: Ziram @ 2ml/l
T10: Captan@ 2.5¢g/1
mT11:Fosetyl Al @ 3g/l
B T12: Azoxystrobin @ 1 mi/l
u T13: Difenconazole @ 1 ml/l
= T14:Propineb @ 3g/1
u T15: Mandipropamidé@ 1 mi/|
B T16:Mancozeb @ 3g/l
B T17:Kocide@2g/1
mC: Control

Effect of fungicide sprays on control of fruit scab

4%+zineb 68% WP, cropsil +microshield and

pyraclostrobin + xemium recorded no

+ metalaxyl, mexaconazole

evaluation.

incidence of scab, however incidence in

control was only 6.99%, which is too low for

Incidence of fruit scab in different fungicide combination treatments

Percent scab incidence

W TL chlarsthalonil ~Metalacy| * Foliogold) @ 2 ¢/l

m T2 Carbendazim +Mancozeb @ L g/l each

B T3 Tricyclarcle L8%=Mancozeb 62% WP ¥ \Margerd 2.5¢1

B T4 Hevaconazole 4%=Cineb 65% WF * Avtar @ 2.0gm/|

nIs

Cropal +Micrashield@ L ml/l each

Prof

le= Chior I 1gor Lml/l

Propiconazele- Carbendszima Lg or Lml]

Hexacenazole+Proplconaele@ L or Imi/l

m T8 Thiophenate methyl « Carbendaima@ 1gm or Lml/|

T10: Thiophenats methyl = Mancozeble /| sach

" mTi2 Pyraclostrobin + Xemium * Merivon @ 04ml

mT11 Control

Effect of fungicide combinations on control of fruit scab
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5.3.5. Molecular diversity in Colletotrichum
gloeosporioides and Cercospora punicae

Molecular confirmation of fungal
pathogens Colletotrichum gloeosporioides
and Cercospora punicae culture was done
using Internal Transcribed Spacer (ITS)
primers from two different sources

A multiple-sequence alignment were
performed with similar reference sequences of
other Colletotrichum and Cercospora isolates
available in the GenBank database using
CLUSTAL X and a BLAST similarity test
were performed. This study indicated that no
diverse groups existed in C. gloeosporioides
and Cercospora punicae populations
associated respectively with fruit rot and fruit
spot on pomegranate grown in different states
and districts.

Isolates of Colletotrichumgleosporioides
causing fruit rot

Isolate No. Place of collection

Col-N Kegaon, Solapur (MS)
Col-B Beghampur.Mohol (MS)
Col-D Degaon, Solapur (MS)
Col-T Jat, Sangli (MS)

Col-S Sangli (MS)

Based on phylogentic trees generated
using sequences of ITS land ITS 2 regions,
two clusters were evident that corresponded to
the two subgroups previously identified by
morphological and restriction digestion
patterns of ITS region in C. gloeosporioides
where as in Cercospora, all the isolate were
clustered in one group. The results of the
present study show that, C. gloeosporioides
and Cercospora isolates from pomegranate
and same geographical locations of Solapur
district, there is no considerable variation in
restriction digestion patterns and sequencing
of ITS region of r- DNA and phylogenetic
analysis, which mostly correlated with
morphological groups based on different

colony and conidia characteristics.

Col-J 0.1447%

Col-3 002188
Col-NDD1438

Col-B 001649
EFD25246.1 0.03741
CR-810.00192
KYB63547 1 -0.00557
Col-D 0.00585
JN413083.1 000277
KUST7310 1 0.0007T1
KUST7312.1 0.00115
KU977308 1 0.00108
KUST7356 1 0.00117
KC425650.1 -0.00223
KUSTT364 1 0.00017
KUST7366 1000219
KU977359.1 0.0003
KUS77348 1 000159
KJ781339 1 -0 00316
EF672290.1 0.00045
KF768584 1 -0 00072
KXT21067.1 -0 0004
KX721068.1 -0.00022
KCT90837.10
KYD123401 0
25673210
EUGOSE8010
JX268785.1 0
KR445682 10
KJBE3532 10
AF451905.10
JN39086T 10

(=

Phylogenetic tree generated using neighbor joining method, showing the relationship of
present fungal pathogenic isolates from pomegranate (C. gleosporioides) with some
other pathogenic Colletotrichum spp. published in genebank.
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Cors 052168
-8 1

Cot® 001649 Isolates of Cercospora punicae causing
EFO25945 1 003741
vaR3ss7 1 000587 black spot on fruits
13053 1 0 coarr Isolate
KUS77310.1 0.00071 2
e 6001 No Place of collection
KUS773561 0 00117 51
HC428650.1 -0.00233 .
Kus77366.1 060215 CR-23 Bhoganipur (UP)
KUSTT359.1 0.0003
KJ7813391 000318 CR-24 Jalana (MS)
K ressss 1 000072
Kx721067 1 -0.0004 CR-30 Sirohi (Rajasthan).
KCTROE3T.1 0
s CR-31  Malshirus, (MS)

I_I—‘E Sxzsarse 0

| iRidere2 1 CR-H25  Kegaon, Solapur (MS)
AF4519051 0
JN3S08ET 10

Y i

Phylogenetic tree generated using neighbor joining method, showing the relationship
of present fungal pathogenic isolates from pomegranate with some other pathogenic
Cercospora spp. published in genbank.

5.3.6. In-vitro evaluation of bioagents against
leaf/fruit spot of Pomegranate

The competitive ability of antagonists
against Alternaria alternata was studied by dual

culture technique. Maximum reduction in colony

of A. alternata was observed with n Trichoderma
virens (46.25%) followed by T harzianum
(40.25%) over control which was significantly
superior over all other bioagents within 3 days

inoculation of bioagents.

After 3 days

After 7 days

Inhibition of 4. alternata by T. virens

5.3.7. Fungal culture collection

In all 40 new fungal isolates including
13 Ceratocystis fimbriata isolates (Cf-39 to
Cf-50) causing wilt, 6 Sphaceloma punicae
1solate (SB34-SB39) causing scab, 13

Colletotrichum agloeosporioides (CR32-
CR44) causing fruit rot and 2 Alternaria
alternata isolates (Alt-5 to Alt-6) causing heart
rot and 6 Rhizoctonia solani (RH-1to RH-6)

causing spots on pomegranate fruits have been
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Maharashtra. Maximum wilt incidence

(33.06%) was noticed in Jalgaonmabhi,

added to collection from West Bengal,

Himachal Pradesh, Karnataka and
Maharashtra.
5.4. Biological control of wilt complex

problem in pomegranate

Ahmednagar district in 10 years old plantation.
Lowest incidence was in Ichgaon (8.36%).

_ . Older orchards recorded more wilt.
Survey was carried out in western

Status of wilt in Maharashtra

S. No. Place Age of orchard  Percent Wilt incidence
1 Jalgaonmahi, Dist. A. Nagar 10 33.06
2 Ichgaon, Mohol, Dist. Solapur 1 8.36
3 Kamathi, Mohol, Dist. Solapur 7 21.39
- Karkumbh, Dist. Solapur 5-10 22.80
5 Anudur, Dist. Osmanabad 7 21.39

5.4.1 Effect of neem products on the growth
of bioagents Trichoderma spp.

Neem products were mixed with PDA
to get final concentrations 0f 0.1, 0.5, and 1 per

cent. Poured plates were inoculated with

Trichoderma harzianum and T. viride and
observations recorded after 48 hrs. Among all
the treatments maximum effect on growth and
sporulation of Trichoderma spp. was recorded

inneemoil at0.5-1%

Effect of neem products on the growth of bioagent

Colony diameter(mm)

Treatments
T harzianum

T1 Neem cake (1g/1) 65.70
T2 Neem cake (5g/1) 58.50
T3 Neem cake (10g/1) 54.00
T4 Neem powder (1g/1) 70.50
T5 Neem powder (5g/1) 70.83
T6 Neem powder (10g/1) 59.33
T7 Neem oil (1ml/1) 69.50
T8 Neem oil (5ml/l) 63.50
T9 Neem oil (10ml/1) 53.83
T10 Control 79.66

Sporulation (x10" spores /ml)

T viride T harzianum T viride
71.66 1:93 1:27
60.83 2.13 237
65.16 277 433
72.66 2.83 1.97
67.00 2.63 1.50
60.50 227 247
62.00 2.10 1.50
62.83 1.80 1:27
53.50 1.57 1.27
69.66 2.53 2.00
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5.4.2 Antifungal evaluation of potential

bioagents against Ceratocystis fimbriata subtilis. Total inhibition of C. fimbriata was

recorded with 7. harzianum, T. reesei, T.
Fungal and bacterial bioagents were  hamatum, Penicillium sp. and actinobacteria,
evaluated against C. fimbriata in dual culture.  whereas 32.33% inhibition was recorded with

Allbioagents were found effective except B.  withP. fluorescens.

Per cent inhibition of the mycelia growth of Ceratocystis fimbriata by different bioagents

S. No. Bioagents Percent inhibition over control
1 Trichoderma harzianum 100
2 T. viride 100
3 1. reesei 100
4 T. hamatum 100
5 Pseudomonas fluorescens 32.33
6 Penicillium sp. 100
7 Bacillus subfilis 0.00

T hamatum T reesei

Penicillium sp. P fluorescens

Inhibition of C. fimbriata growth by fungal bioagents
(lefi-treated, right-control)
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6. POST HARVEST MANAGEMENT
AND VALUE ADDITION

Project: Post harvest management, value addition and improving knowledge of
stakeholders for increasing production and marketing of pomegranate

6.1. Development of pomegranate de-oiled
Seed cake based cookies

Pomegranate de-oiled seed cake is the
byproduct of oil extraction process and is a
good source of proteins, fats and fibers. The
process for development of nutritious cookies
was optimized by replacement of whole wheat

flour with de-oiled pomegranate seed cake
(PSC). Standard method of American
Association of Cereal Chemist (AACC) with
modifications was followed for preparation of
cookies. The process flow chart for

preparation of cookies is depicted.

Hydrogenated vegetable fat and powdered
sugar mixed thoroughly to form cream

Addition of whole wheat flour +
pomegranate seed cake

Addition of dextrose

Dough framed into sheet
impression cutter

Baking done at 180°C for 22

jolution, water and salt

and cut with
r (55X8 mm)

to 30 min.

Cooling

A\

Packaging

Flow chart for preparation of pomegranate de-oiled seed based cookies

_



6.1.2. Process parameters affecting quality
of cookies

The results of the experiment were
recorded and also plotted as three dimensional
graphs. It revealed process parameters and
response parameters fitted with suitable
models. The effect of fat and PSC on dough
hardness revealed that the increase in fat
content decreased hardness or increased
softness. The increased PSC lead to increased
hardness due to absorption of water by fibre in
PSC and consequently making it readily
available for absorption by wheat flour. The

b ou;i: p:mﬁs

28118

X1= APSC
XZ=HFat

Actual Facior
C:Baling ime = 26.00

Doogh hadness

L -l -

Dough hardness as affected by fat and PSC

W
by

Design-Expen® Scivare
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contribution of fat from higher PSC may be
very negligible as it may not be available in
released form. It was also found that the
increase in PSC increased the fibre content
significantly in cookies. The effect of PSC, fat
and baking time on spread ratio, cookies
hardness and color (lightness) was recorded.
The spread ratio of cookies was positively
related to fat content and PSC. Fat from PSC
might contribute to increase in spread ratio of
cookies. Cookies hardness was reduced with
increase in fat content. The increased PSC was

seen to increase hardness of cookies.

Design-Expert® Softwars
Fibre

931674
40905

X1=APSC
X2=BFa

Actual Factor
C: Baking time=26.00

Fibre

Fiber as affected by fat and PSC

Effect of fat and PSC on dough hardness and Cookies fiber content
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Spread ratio
648578
4 90904
2 X226 Fa %
3 Achual Factor ;
5_} C. Baing time = 26.00 i
xnn
Spread Ratio as affected by fat and PSC
4 3
; i
g ;: %2=C Bakng tme
S 8 Actiss Facty
APEC= 1500
Cookies Hardness as affected by Baking time & fat
DsignEqatSchas
Faftress
B4 8T
X8R
Ca
9 N=EFat E
i X2=C.Eangime B A‘:_.ﬂ_‘a:n_
£ I 5 BFa= Q8
bor AP 500
LB T
Cookies Lightness (L*) as affected Cookies Lightness (L *) as affected by Baking
by fat & Baking time time& PSC

Spread ratio, cookies hardness and color (lightness) as affected by PSC, fat and baking time
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[ esign-Expert® Sotvare
Protein
5873
47780
X1= A PSC
X2=8Fad

Pratein

Achial Fador
¢ Baking tme = 00

e o

Cookies protein as affected by fat and PSC

nu 1m

Overall acceptability as affected by fat and PSC
Cookies fat, protein and overall acceptability as affected by PSC, fat and baking time

6.1.3. Optimum conditions and quality
parameters for cookies preparation

The L* value i.e. lightness decreases
with increased baking time. Further, increase
in fat and PSC both reduced lightness value of
cookies. Increased PSC lead to higher fat in
cookies as it may be contributed from seed

cake. Increase in PSC also lead to increased
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DaignBom® Sotwgs
Fa
b
1EnE
X=APC
X2=C Baing fire

Adual Factr
BFa=2%

EW

€ Bakingtime ¥
SE e

Cookies fat as affected by Baking time and PSC

Dssgr Boer® Sduas

5813
Imr&s

X=C e
e

Protein

Adual Faty
Bfa=£3

' C.Bskingtme

Cookies protein as affected by PSC and Baking time

Design-Exeent® Softae

122 C ey b

AckiaiFacer
PES T

s S

C:Baking time  , ., \/:"

e aew B Fai

Overall acceptability as affected by Baking time & PSC

protein in the cookies. As fat increased the
overall acceptability increased. The increased
PSC improved overall acceptability up to
certain extent and thereafter it decreased. It
was found that 23.92% PSC.,45.27 g fat and 26
minutes of baking time were optimum

conditions for  preparation of cookies.

<
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Cookies developed at optimized conditions

6.2. Effect of enzymatic pretreatment on
pomegranate seed oil extraction

The experiments were conducted to
study the enzyme assisted extraction of
pomegranate seed oil. Effect of two enzymes
viz., pectinase and cellulase was studied
individually and in combination on the yield
and quality of oil. The enzymes were used at
four concentrations (0.5,1.0,1.5 & 2.0%).

B Control  m0.50%

Oil Recovery (%)

“g}f’

oy
i,

_
o |

Fl

6.2.1. Effect of enzyme treatment on oil
recovery

Enzyme treated seeds of pomegranate
showed higher oil yield (25.48-30.06%) at all
concentrations tested, in comparison to
untreated sample with only 23.5% recovery.
Oil recovery was higher in cellulase enzyme
treated samples in comparison to pectinase at
all concentrations. However, samples treated
with combination of both enzymes cellulase
and pectinase were found superior to
individual enzyme treatments, with highest oil
recovery at 1.5% and 2.0% concentrations.
Enzymatic hydrolysis as pretreatment of seeds
was found to be effective for quick softening of
seed coat which opened up oil cell walls. It has
been found that the use of enzymes like
cellulase and pectinase improves release of oil

during solvent extraction.

1.00% m150% m2.00%

Cantrol Pectinass

Cellulase Pectinase+Cellulass

Enzyme Treatments

Effect of enzyme treatment on oil recovery from pomegranate seeds

<
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6.2.2. Effect of enzyme treatment on
biochemical parameters

Effect of enzyme treatment on
biochemical parameters of pomegranate seed
oil is given in the table. Statistical analysis
shows non-significant difference in the

biochemical content of the pomegranate seed
oil except the peroxide value. Peroxide value
of the enzyme treated sample was significantly

lower than the control sample.

Effect of enzyme treatment on biochemical properties of pomegranate seed oil

lodine value Saponifi-

Acid value (no. of

Treatment (mg KOH/g)

Control 0.45 187.42 113.14
Range in 0.45 184.17- 113.6-
different 0.47 187.42 115.94
enzymes

CD @ 5% NS NS NS

6.2.3. Effect of enzyme concentration on
extraction time

Enzyme pretreatment with optimum
pretreatment combination of 1.5 % pectinase

and 1.5% cellulase reduced the extraction time

cation value ty
Todine/100g) (mg KOH/g) (meq /1000g) activity (%) (mg/ml AAE) (Mg/ml GAE)

Peroxide

Antioxidant . ¢a1 phenol
value

A]ltiﬂxida]lt Capaci

6.3 19.84 107.35 13.78

4.6-4.8 18.74 107.35- 13.50-
20.67 107.69 13.97

0.248 NS NS NS

to 2 hours in comparison to control where
highest recovery was in 5 hrs. Thus oil is
subjected to extraction process and consequent

higher temperature for shorter period.

Effect of enzyme concentration on extraction time

Treatment

Control

1.5 % pectinase + 1.5% cellulase
(C.D.:

Extraction time 0.106, Treatment

Per cent oil recovery with extraction time (hours)

2 3 4 2
18.50 20.75 22,25 23.50
29.00 3.0.05 30.00 30.10

0.15)
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7. EXTERNALLY FUNDED / COLLABORATIVE
PROJECTS

Project : Establishment of DUS Centre at ICAR-NRCP, Solapur
(Funded by PPV&FRA, New Delhi)

DUS characteristics of twenty
pomegranate germplasm were recorded for
plant, leaf, flower and fruit morphological and
physico-chemical properties during mrig
bahar 2017-18 as per the DUS guidelines. In
total, 34 characters were recorded in each
accession. All the accessions were found to
have spreading growth habit except in IC-
444204, 1C-444201, 1C-524027, 1C-444200
which have upright habit. Patna-5 and Bedana
Thins kin showed long leaf blade length. Leaf
blade width and calyx length was found
medium in all the accessions. Broader calyx
width was observed in Surat Anar and Patna-
5.Patna-Sshowed elliptic lanceolate leaf blade
shape, while other accessions had lanceolate
shape. Most of the germplasm showed low
level of petiole coloration except in seven
germplasm i.e. Surat Anar, Bedana Thinskin,
IC-524027,1C-444200,1C-524031,IC-
0599595 and IC-0599597 showed medium
level of petiole coloration. Calyx and corolla of
all the accessions were orange in colour with
single corolla type.

Shorter fruit length was recorded in IC-
524027, 1C-524030, 1C-524031, 1C-444200,
1C-444201, 1C-444204, 1C-444208, IC-
0599595, 1C-0599597, 1C-318716, IC-318766
and longer length in G-137,KRS,Patna-5 and
Surat Anar. Fruit diameter was found large in
Bedana Shri, Bedana Thin skin, G-137, KRS,
Patna-5 and IC-318707. Fruit colour varied
from yellow, yellow with red tinge, yellow
with pink tinge to pink colour. Thin rind was
observed in Bedana Thin skin and 1C-444208.
1C-0599597 showed medium crown length
while others had shorter crown. Aril colour
varied from light pink, pink to dark red color.
Except G-137 and KRS other accessions sceds
were found to be hard. TSS (Total Soluble
Solids) was recorded high in all germplasm
except Patna-5which has medium. Acidity
percentage was low in Bedana Shri, Bedana
Thin skin, G-137 and KRS, while medium in
Patna-5 and Surat Anar. Fruit juiciness
percentage was low in all accessions except in

Surat Anar which showed medium percentage.
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Project : SNP marker based mapping of bacterial blight genes in pomegranate
(ICAR-extramural project)

In total, 192 germplasm accessions
were selected for identification of SNPs
associated with bacterial blight disease based
on their bacterial blight reaction under field
and challenge inoculation conditions. These
included highly susceptible, susceptible,
moderately susceptible and moderately
resistant genotypes. Genomic DNA  was
extracted from the leaf samples of all the
accessions. DNA purity, integrity and quantity
was monitored by agarose gel electrophoresis,
Nanodrop and Qubit® 2.0 Flurometer (Life
Technologies, CA, USA). The genomic DNA
of samples was digested by using double
restriction enzymes, and the obtained
fragments were ligated with barcodes, and
then amplified by PCR. Subsequently, the
samples were pooled and choosing the
required fragments for library construction. To
check the prepared DNA libraries, Qubit® 3.0
Fluorometer was firstly used to determine the
concentration of the library. After dilution to 1
ng/ul, the Agilent® 2100 Bioanalyzer was
used to assess the insert size. Finally the
quantitative real-time PCR (qPCR) was
performed to detect the effective concentration
of each library. The qualified DNA libraries
were pooled according to their effective
concentration as well as the expected data
production. Pair-end sequencing was
performed on Illumina HiSeq 2500 platform

using SBS V4 Chemistry, with the read length
of 144 bp at each end. Out of 192, 171 samples
libraries have qualified the criteria and hence
were considered for further processing. Totally
48.387GB raw data were sequenced from this
run, with 48.385GB clean data after filtering
low-quality data with the Q20 and Q30
reached 93.96% and 85.66%, respectively. The
effective sequencing data was aligned with the
reference pomegranate genome data available
in NCBI database (https://www.
ncbi.nlm.nih.gov/assembly/GCA_ 002201585
.1/) to discover SNPs. Total SNPs were

discovered from Upstream, Exonic (Stop gain,

Stop loss, Synonymous, Non-synonymous),
Intronic, Splicing, Downstream, Intergenic,
Upstream/Downstream regions of the genome.
These SNPs were associated with
pomegranate bacterial blight and identified
SNP markers for
consideration. As many as about 5111 and

novel the trait under
5980 SNP markers associated with incidence
and severity of BB disease in pomegranate
were identified from 171 genotypes through
Genotyping-by-sequencing technique. Among
these 106 and 971 markers were found to be
specific to BB incidence and severity. Further
markers can be converted into SNP chips or gel
based markers to aid in marker breeding

programmes in pomegranate.

5>
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Project : Performance evaluation of Fosetyle —~Al 80WP (Aliette) and other protection range
chemicals of Bayer Crop Science Limited on pomegranate health and productivity
(Funded by Bayer Crop Science Limited, Mumbai)

In a field trials conducted at NRCP thrips and borer infestation though to limited
during ambe bahar 2017, Bayer protection extent. Marketable fruit yield was significantly
range chemicals and Alliete protocols were higher in NRCP-IDIPM or Integrated protocol
found ineffective in checking BB, however of Bayer protection range chemicals+NRCP-
Bayer protocol was effective in reducing, IDIPM.

Percent incidence of diseases and insect pests

g0 mT1:Bayer Protocol of Aliette

720 - = T2: NRCP IDIPM Protocol

60 - mT3: Integrated T1-T2

350 - W T4: Bayer protection range chemicals

40 7

30 7

20

Y [
B 4 — e AN

Bacterial Blicht  Fruit Spot Fruit Rot Fruit Borer Thrips

Effect of BCS protection range chemicals on pomegranate diseases, insect pests and
disorders: Ambe bahar season

Percent plants wilted

_.- — — W1: NRCP Propiconazole-carbendazim
80 1

/ protocol
60 1 W2: Bayer Aliette-Folicur
40 | protocol
20 1 | - W3: Bayer profiler protocol
0 ‘ - = . W4: Control

Wi W2 W3 W4

Performance of various wilt management protocols

Bayer's Aliette and profiler protocol was ineffective, both in NRCP field and pot culture
effective in checking Ceratocystis wilt with  trials.
100% control, however profiler protocol was
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Project : Horticulture crop pest surveillance and advisory project for mango,
pomegranate, banana, citrus and sapota
(Funded by State Hort. Department, Commensurate of Agri., Pune)

Surveys were conducted covering 220  (31.63%) and fruit borer (4.13%) Thrips were
acres area of pomegranate orchards in Pune, prevalent in all orchards in fruiting but not in
Solapur, Nagpur, Sangli and Ahmednagar those in stress period. Incidence was however
districts of Maharashtra with prevalence of low as either orchards were in flowering/fruit
wilt (22.22%) and bacterial blight (12%), setting stage or rest period.
fungal spots (36.9%), fruit rot (9.38%), Thrips

Percent Prevalence and Incidence of Diseases and Insect Pests

40 mPercentPrevalence mPercentincidence

Bacterial wilt Fruit spots  Fruit Rot Thrips Fruit borer
Blight

Status of pomegranate diseases and insect pests in surveyed orchards of Maharashtra
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Project : Utilization of pomegranate for development of functional medicinal ingredients
(Funded by NMPB, Ministry of AYUSH, Govt. of India)

Storage study of pomegranate seed oil

In order to understand the storage
conditions on quality of pomegranate seed oil,
the oil of Bhagwa and Ganesh cultivars was
extracted and stored in two types of glass
bottles (transparent and amber colored), two
storage conditions (refrigerated 5°C+1 and
Room temperature). The storage studies were

carried out for six months duration. Effect of

Relative abundance (%) of linolenic acid

G.a G.b G.C

Gd

storage was recorded on linolenic acid and
peroxidase value.

The studies revealed that linolenic acid
content decreased during storage and higher
decrease in linolenic acid content was
observed at room temperature and in
transparent bottle storage. Amber coloured
bottles stored in low temperature maintain

higher linolenic acid content.

mEMonth0 mMonthl mMonth2 mMonth3 mMonthd mMonth5 mMonthé

B.a B.b C B.d

B

Effect of storage conditions on Linolenic Acid Content
(G-Ganesh and B-Bhagwa; a- Room temperature transparent bottle: b- Room temperature amber
bottle; ¢- Low temperature transparent bottle; d- Low temperature amber bottle)

Peroxides have been shown to occur
when oil is exposed to oxygen and/or light,
particularly at elevated temperatures.
Although peroxides are not directly
responsible for the taste and odour of rancid
fats, their concentration as represented by the

peroxide value (PV) is useful in assessing the
extent to which the rancidity has advanced.
Peroxide value increased rapidly at room
temperature and in transparent bottles than at
low temperature and amber coloured bottles.
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Relative abundance (%) of

0 1
G.a G.b G.c G.d B.a

B.b B.c B.d

Effect of storage conditions on peroxide value
(G-Ganesh and B-Bhagwa; a- Room temperature transparent bottle: b- Room temperature
amber bottle; c- Low temperature transparent bottle; d- Low temperature amber bottle)

Microencapsulation of pomegranate seed
oil by spray drying

Freshly extracted pomegranate (cv.
Bhagwa) seed oil was used for encapsulation
experiment using facilities at MPKV, Rahuri.
Maltodextrin and gum acacia were used as
Initial studies show

wall material.

pomegranate seed oil can be encapsulated by

spray drying technique. Gum acacia yielded
low encapsulated powder with moderate
encapsulation efficiency. Further studies are
required with different encapsulation agent,
considering all the aspects such as emulsion
viscosity, emulsion droplet size, particle size

distribution ofthe powder etc.

Project : Response of Pomegranate to Deficit Irrigation and Partial Root Zone Drying
(Funded by ICAR., CRP on Water)

Field experiment was conducted
during 2017-18 on light texture soil at National
Research Centre on Pomegranate, Solapur to
assess the deficit and partial root zone drying
irrigation system at different phenological
stages (i.e. new leaf initiation, development,
maturity and harvesting period) of
pomegranate. The soil of the experimental site
is light texture soil throughout the soil profile.
Experiments were laidoutat4.5 X2.0m; 4.5 X
3.0mand 4.5 X 4.0 mspacing.

Effect of deficit irrigation

The performance evaluation of deficit
irrigation (DI) systems at different plant
spacing and wetted soil volume at 50, 60, and
70 % for 4, 5 & 6 year old pomegranate
orchards was studied. Soil moisture content
varied from 18.30 to 33.35% and relative leaf
water content from 63.10 to 80.26 %.
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Effect of partial root zone drying irrigation
system

The performance evaluation of PRZDI
systems at 40 %*ETc, 60 %*ETc, 80 %*ETc
and 100 %*ETc (control) having 20, 40, and 60
% ASWD (Available Soil Water Deficit) at
drying side showed that less water produced
good performance of vegetative growth, no
water shoot and luxury growth. PRZDI

reduced moisture content with maximum plant
height, branches and flowers at water soil
volume (WSV) 100 % * ETc with 20% ASWD.
Soil moisture content and relative leaf water
content under deficit irrigation were recorded.
The moisture content and relative leaf water
content varied between 25.6to 33.5 and 64.5 to
81.4 %respectively.

W 20%ASWD B 40%ASWD M 60%ASWD —4— 207 ASWD —8— 0% ASWD —e— XF25ND —8— P 250D
e SO ASW s
- - ° o
= 180 3
g S 8o 4 - 80
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£ 150 £ &5 | 65 1
% 140 Ao 3 = € &0 60
>
40 80 @0 100 40 B0 80 100 40 60 80 100
ETe (%) ETe %) ETe (%)
Vegetative plant growth Soil moisture (%) RLWC (%)
Effect of root geometry

Observations on root geometry was
recorded and results showed that, the highest
root length, weight and density (79.40 cm, 90.25
gand 1.57 kg/m3) were recorded at 100 % *ETc.

Root Geometry at 100 % *ETc
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Project: Effect of Zetol Select water soluble fertilizer grades and ProRise solutions of
Nagarjuna Fertilizers and Chemicals Limited on Pomegranate yield and quality
(Funded by Nagarjuna Fertilizers and Chemicals Limited, Hyderabad)

A field trial was conducted with Zetol
select water soluble fertilizer grades 1
(comprising of 6-45-6, 8-21-21 and 8-6-38),
grade II (comprising of 6-40-10, 9-17-21 and
5-10-35) and ProRise package consisting of
Actin, Durmalin and Multi-C of NFCL to
evaluate their effect on pomegranate fruit yield
and quality applied in the fertigation
programme. The results of the trial indicated
that fertigation of pomegranate plants with
Zetol select water soluble fertilizer grade II at
75% of the recommended dose of fertilizers
(RDF)along with ProRise package

significantly increased pomegranate fruit yield
over the farmers fertilization practices. It also
improved fruit quality viz. aril percent,
ascorbic acid and anthocyanin content but it
significantly reduced phenol concentration of
fruit. This combination led to the production of
higher yield (19.23 kg/plant) which is even
higher than that obtained with the application
of'same at 100% of RDF. Low pH grade of the
same did not result any additional yield benefit
over the Zetol select water soluble fertilizer

gradeII.

Project: Development & evaluation of eco-friendly mustard based antimicrobial formulation
using other botanicals for control of bacterial blight problem and insect pests of pomegranate
(Collaborative project lead by CIPHET, Ludhiana)

Effect of Mustard Formulations on
Bacterial Blight

Black mustard formulation was tested
in vitro for inhibition of Xap at 25%, 20%, 15%
and 5% concentrations. Mustard formulation

inhibited Xap with maximum inhibition zone

of of 29.67mm at 25% concentrations. The
zone at 25% concentration was equivalent to
that of Streptomycin sulphate 90% +
Tetracycline hydrochloride (Streptocycline)
and 2-bromo-2-nitro-propane 1,3-diol  at
0.05% (Bactronol-100).

Mustard Formulation 25% Streptocycline 0.05%

Bactronol-100 0.05%

Control (Sterile water)

Effect of mustard formulation on inhibition of X. axenopoedis pv. punicae
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Bactericidal activity of mustard based
formulation

In another trial the pure culture of Xap
was dippedin 25% concentration and streaked
on NGA plates at 1 hour interval starting at 0

Comrol

hours to see bactericidal and bacteriostatic
activity. There was no growth of Xap even at 0
hours even after incubation for 7 days, thereby
indicating bactericidal activity.

Mustard formulation @25%

Bactericidal activity of mustard based formulation at 25%

Performance of mustard based formulation
in pot culture trials under polyhouse
conditions

The
effective in checking bacterial blight in

formulation was not found

preliminary polyhouse trials however, the trial
has been repeated in polyhouse and field in
current season with new formulation sent by
CIPHET for bacterial blight.

7.8.2. Evaluation of mustard based
formulation against insect pests

Dead thrips on tender leaf

7.8.2.1. In vitro evaluation
Thrips

Fresh twigs with thrips infestation
were used for the experiment and formulation
was sprayed in 0.1 to 1.0 g/l doses and data on
dead and alive thrips recorded after 1 hour and
21 hours. Concentrations from 0.4g/1to 1.0 g/l
were found effective in killing 50-80% of the
population within 1 hour.

'
e '

Dead thrips - magnified image
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Mealy bugs and scale insects

Formulation was sprayed in 1.0 to 5.0
g/l doses on mealy bug infested fruits and data
on dead and alive bugs recorded after 1 hour.
Concentrations from 3 g/l was found effective

Annual Report 2017-18

o

in killing 100% of the mealy bugs population
within 1 hour and 5g/l for scale insects.
Mortality of Mealybugs was observed after

overnight treatment.

After treatment

Mealy bugs and scale insects

Pomegranate fruit borer

Mortality of fruit borer larval stage
was observed after]5 minutes of treatment.
Aphids

Formulation was sprayed in 0.1 to 1.0
g/l doses on 10 aphids per leaf and data on dead

and alive thrips recorded after 1 hour.
Concentrations from 0.1to 1.0 g/l doses were
found effective in killing 10-50% of the
population within 1 hour. However, 1.0 g/l
dose was most effective with 50% mortality.

Treated larvae

Field efficacy of mustard based formulation
againstinsect pests

Field evaluation of mustard based
formulations was done for the management of

fruit borer and sucking pests which were found

Dead larva

Fruit borer

infesting pomegranate organic block. Mustard
formulation was sprayed in different doses
however, 3.0 g/l dose alone or 1g/l dose in
combination with other organic formulations

were found effective.
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It was found that thrips damage was
lowest (4%) in treatment combination mustard
formulation (1g/l) +Neem oil (3ml/l) +
Mustard oil (3ml/l) in comparison to control
with 75% damage; Fruit borer damage was
lowest (1.98%) in combination treatment of
mustard formulation (1g/l) + Neem oil (3ml/1)

where as in control damage was 11.32% and

highest damage was in combinations where
along with mustard formulation pongamia,
mustard or castor oil was also used. Highest
percentage (74%) of healthy fruits was in
treatment combination with mustard
formulation (1g/l) +Neem oil (3ml/1) +
Mustard oil (3ml/I) in comparison to control

having only 13.20% healthy fruits.

Project : Delineation of potential areas for pomegranate cultivation in H.P. and

Chhattisgarh states using Remote Sensing and GIS Techniques
(Collaborative project with NBSSLUP, Nagpur Nodal Institute ICAR-NRCP, Solapur)

The potential areas for pomegranate
cultivation in Himachal Pradesh and
Chhattisgarh states of India have been

identified with respect to different categories

in highly suitable, moderately suitable,
marginally suitable and not suitable for
Himachal Pradesh and Chhattisgarh states,

India based on rainfall distribution pattern.

Chhattisgarh
Rainfall

- - oo
i i 1000 - 1200
1200 1400

B - 1400

Himachal Pradesh

Chhattisgarh

Potential areas for pomegranate cultivation based on rainfall
(Rainfall <500mm: Highly suitable: 500-1000mm: moderately
suitable; 1000-1500mm: marginally suitable; >1500mm: unsuitable)
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Anuppur, Madya Pradesh and Koriya, through SRIJAN totribal farmersof14 villages
Chhattisgarh of Anuppur, Madhya Pradesh and 2 villages of

Planting material was distributed Koriya, Chhattisgarh for planting after rains.

Tribal farmers adopted by ICAR-NRCP

: . ST population  Year of Status as on
State District  Sub-District Village ;
No Bl N B B Benefited  adoption  31.03.18

I Maharashtra  Gadchiroli  Sironcha Bamani, 12 farmers 2014-15 First crop
Ranggapalli, ( 100% Tribal) regulated
Mukallikonda,
Pochanpalli
Venkatpura

2 WestBengal Bankura Sironcha Bamunpatri 13 farmers 2015-16 First crop
(100% Tribal) regulated in
Onda Baliguma 57 tribal 2015-16 & one orchard
Makaijuri family 2016-17
Ramsagar
Ratnpur
Simlapal Bamunpatri
Ranibandh  Borgora
Bankura | Puramouli
Sonamukhi  Panchal
Indapur Raghunathpur
Chhatna Chhatna 1
Ghosergram
Purulia Puncha Bahadurpur 100 Tribal 2016-17
Kashipur Tilabani Family
Balarampur  Kumar kanan

3  Chhattisgarh  Koriya Manendragarh  Gudruand  *200 farmers 2017-18  Planting
Bharatpur  (100% Tribal) material
distributed

4 Madhya Anuppur  Kotmaand  Bahiyatola, *200 farmers 2017-18  Planting
Pradesh Budhar, Kharuha,Urtan. (100% Tribal) material
Baskhala. distributed
Baskhala.Chaka
Dhurvasin,
Chouhari,Reula
Chapani,
Kadmaha,
Reula, Jaminiya,
Baskhala,
Baskhali and
Thoudha
*Adopted in collaboration with Self Reliant Initiative through Joint Action (SRIJAN), Madhya Pradesh
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ACTIVITIES UNDER TRIBAL SUB-PLAN

Pomegranate cultivation in tribal areas
Gadchiroli District, Maharashtra

Ten tribal farmers were adopted under
TSP in Sironcha Taluka of Gadchiroli District
in the year 2014-15 where each of the farmer
was given 325 plants of pomegranate variety
'Bhagwa'. Technical support was provided
during the year for various cultural operations.
Pomegranate plantation now 2 years old was
regulated for ambe bahar crop and the plants
are now in fruit bearing stage. Two new farmers
were given planting material for establishing
new orchards Bankura and Purulia district of
West Bengal

The pomegranate planation in both
Bankura and Purulia district of West Bengal are
two years old and have been regulated for ambe
bahar crop. Plant in Bankura district is at
flowering. In Purulia District due vegetative
growth, flowering was low or absent.They
were advised for heavy pruning from which
they produced 10000 pomegranate saplings.
Measures like nipping of tips on new growth
and spraying of ethrel @ 250 ppm have been
suggested to induce flowering in pomegranate

orchards at Purulia district, West Bengal.

Wk N T X e " X B

_i’-- = A

Two years old plantation of tribal farmer at Sironcha of Maharashtra

Orchards established under TSP in Bankura and Purulia, West Bengal



Trainings and Visits

In all, 4 trainings were given to 46 tribal
farmers from Sabarkantha District, Gujarat;
Gadchiroli District, Maharashtra; Tikamgarh

Tikamgarh Dist., Madhya Pradesh

i Annual Report 2017-18

District, Madhya Pradesh and tribal farmers of
Anuppur District, Madhya Pradesh and Koriya
District, Chhattisgarh. Details are given in the

chapter on transfer of technology:.

Gadchiroli Dist. Maharashtra

Trainings imparted on pomegranate cultivation at ICAR-NRCP, Solapur to tribal
farmers from various states

On-site visit of pomegranate orchards of
tribal areas at Tikamgarh

A team of scientists visited ten (10)
tribal framers of Tikamgarh and surrounding
areas for onsite advice to pomegranate farmers.

Advise on various diseases and pest problems

Nematode infestation problem

being addressed

Demonstration of pruning

faced by them were addressed and intercultural
operations like pruning, staking, fertilizer
applications, slurry preparation, Fertigation
etc. were demonstrated. After the visit one
interaction with tribal farmers was also
arranged by SRIJAN, MP.

Interaction with farmers

technique

Onsite visit of ICAR-NRCP staff to Tikamgarh, Madhya Pradesh
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OUTREACH ACTIVITIES

NRCP participated as resource persons to

Trainings / workshops

interactive meets were organized by different
organizations in collaboration with ICAR-

Several trainings, workshops and

NRCP, where several scientists of ICAR-

S. No

Name of the training / workshop

Venue

Nutrient Management in Pomegranate Krishi Utpanna

for Quality Fruit Production

Workshop on Export oriented
Pomegranate Production.

Krishi Divas Mela

Training Programme on Pomegranate

Cultivation

Workshop on Processed Products
From Pomegranate and Their
Marketing

Training on Farm Level Stress and
Innovations- Farm Innovators Meet'
jointly being organized by
ICAR-ATARI, Pune; ICAR-TARI,
New Delhi and Agricultural
Development Trust, Baramati

Kisn Aadhar Sammelon

Stakeholders Meet on Pomegranate
Value chain

Model Training Course (MTC) on
Climate Smart Agriculture for
Enhancing Crop and Water
Productivity under Abiotic Stress
Conditions.

Bazar Samittee,
Pandharpur

Sangola, Solapur

Yeshwantrao Chavan
Sabhagruh, Solapur

Akhil Maharashtra
Dalimb Utpadak
Sangh Saha Sanskriti
Bhawan, Indapur

Sangamner,
Maharashtra

KVK Baramati

MPKYV, Rahuri

NASC Complex,
New Delhi

ICAR-NIASM,
Baramati

Date

18.05.17

20.06.17

01.07.17-

07.07.17

22.08.17

29.08.17

07.10.17-
08.10.18

25.10.17-
29.10.18

30.10.17

211217

disseminate the technologies developed to
different stake holders.

These outreach

activities are summarized below.

Participants

100 farmers

40 farmers

110 farmers

100 farmers of Pune

500 farmers

50 farmers and
staff

50 farmers

53 delegates of
processing industry,
academician and
export houses

50 participants
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S.No  Name of the training / workshop Venue Date Participants
10 Winter School on Understanding ICAR -NRCL, 01.12.17- 70 participants
Flowering Mechanism and Muzaffarpur 21.12.17
Management of Bearing in
Sub-Tropical Fruit Crops
;;  Training to Students on Food TC College 02-02-2018 80 students and
Processing Technology Baramati staff of ]j(’ College
Baramati
12 Workshop on Pomegranate Processing APMC, Sangli Jat, 4.02.18 50 farmers
- and Value Addition Maharashtra
1] Technology Week of KVK KVK Dhule 17.02.18 30 farmers and staff
14 Advances in Pomegranate Processing Maharashtra Institute 07.04.18 150 delegates for
In National Conference on Advanced of Technology workshop
Trends in Agricultural and Food (MIT) Aurangabad
Engineering (ATAFE).
15 Meeting on Finalization of modified ICAR-NRCP, 22.03.18 25 delegates
weather triggers for mrig bahar Solapur

crop of pomegranate

Consultancy

Consultancy was provided by ICAR-
NRCP to M/s. MOSCOS Food Processing Pvt.
Ltd for the MOU signed on *“Technical
consultancy for establishment of minimal
processing and packaging unit for
pomegranate at Nashik for export of minimally
processed arils with an outlay of approximately
6.00 crores. The institute received Rs. 6.90 lakh
as consultancy fees for providing consultancy

for establishment of this business startup. The

scientists, Dr. Nilesh Gaikwad and Dr. R.K.Pal
were the expert consultants.
Scientific agro advisories

In response to the queries of farmers,
information was provided to the farmers
through e-mail and mobile phone. Scientific
1200

pomegranate growers through the “m-Kisan

agro-advisories were sent to about

portal” during the period under report.



Annual Report 2017-18

TRANSFER OF TECHNOLOGY

Trainings

S.No Name of Training Programme
1 Model Pomegranate Production and
Post-Harvest Management Practices
Pomegranate Cultivation for
2 Improving the Livelihood Security
Canopy Management in Pomegranate
3
Skill Development in Water
4 Management for Improving the
Livelihood Security
5 Propagation, Model Production
Practices and Value Addition in
Pomegranate
Workshop/ Field day
S.No Name of Training Programme
I Interactive Meet for Promotion of
Export of Pomegranate
2 Pomegranate filed day and planting
material distribution of new variety
'Solapur Lal',
3 Workshop on Handling Major Issues

in Pomegranate Export Jointly
Organized by ICAR-NRCP, Solapur
& APEDA, New Delhi

Technology of transfer agreement

Entrepreneurs
The ICAR-NRCP technologies were
transferred to 2 entrepreneurs during the

for farmers and field staff to promote

Participants

25 Farmers of Mandi., Himachal
Pradesh

17 Tribal Farmers of Tikamgarh
Regions, Madhya Pradesh.

35 Tribal farmers of Sabarkantha
Gujarat

25 Tribal farmers of Gadchiroli
dist., Maharashtra

28 Tribal farmers of MP and
Chhattisgarh and Staff of SRIJAN,
India.

Participants

37 Heads of APEDA, MSAMB,

ICAR-NRCG, Dept. of Horticulture,

GoM, ATPGRA, Pune, ICAR-NRCP
Scientists and Exporters.

100 Representative from KVK,
Growers Association, State Dept.,
progressive farmers

100 Progressive farmers, exporters,
State Dept. officials, etc.

ICAR-NRCP, Solapur organized eight pomegranate cultivation and livelihood in

in-house training/workshop/interactive meet, differentstates. These are tabulated below.

Date

18.09.17-21.09.17

04.10.17 -07.10.17

05.10.17- 08.10.17

19.02.18- 22.02.18

19.03.18-22.03.18

Date

09.0717

26.12.17

17.03.18

period through memorandum of

understanding (MoU).
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S.No Technology Transferred Beneficiary Date re::::::l] l[l;s)
]  Minimal processing and shelf M/s. Ananya Agro Products, 03.05.2017 1,15,000/-
life extension of minimally At/Post Shevate, Taluka
processed pomegranate arils ~ Pandharpur, Solapur 413 315,
MS
2 Biohardening of In vitro M/s.H. U. Gugle Biotech Pvt. 11.05.2017 43,125/-

propagated pomegranate plants Ltd., Devanahalli - 562110,
Bengaluru Dist., Karnataka.

M/s. Ananya Agro Products, Pandharpur, Solapur

Students
S. No Programme Beneficiary Date
1 Guidance for Students Project Students of SVG Shivdare College of arts, 29.12.17
work commerce & science, Solapur
2 Guidance for Students Project Students of TC College of Engineering 22.02.18
work Baramati, Pune.

MoU with SVG Shivdare college of arts, of Engineering
commerce & science, Solapur, Maharashtra Baramati, Pune, Maharashtra
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Exhibition

S.No.

1

2

10

11

Name of the Exhibition

2" National Seminar-cum
farmers fair — Pomegranate for
health, growth and prosperity

Exhibition of biodiversity
conservation

Science Centre Exhibition

Grapes Pomegranate Krishi
Exhibition

Krushithon Agriculture
Exhibition 2017

Kisan Agrishow 2017

National Seminar cum
Exhibition

Siddheshwar Devsthan Fair
cum Exhibition

ICAR-NIASM Foundation day
and Exhibition

Solapur Krishi Mohotsav
Exhibition 2018

National Horticulture Fair

Organizer

ICAR-NRCP and
SARP, Solapur

PPV&FRA, Pune

Solapur
Science Centre

Agrowon news net,
Solapur

Media Exhibition
Pvt Ltd

Kisan Forum
Pvt Ltd

ZARS, MPKYV,
Solapur

Siddheswar
Devasthan Samithi

ICAR-NIASM,
Baramati

State Dept. of Agri..
Solapur

ICAR-ITHR,
Bengaluru

Venue

ICAR-NRCP
Solapur

College of
Agriculture,
Pune , MS

Solapur . MS

Home Maidan
Solapur

Thakkars Dome,
Nashik , MS.

Moshi, Pune, MS

ZARS,Solapur,
Mulegaon Farm,
MS.

Home ground,
Solapur, MS.
ICAR-NIASM,
Baramati, Pune,

Home Maidan,
Solapur

ICAR-ITHR,
Bengaluru

Participants
(No.)

4400

350

430

1500

3200

4800

470

170

70

370

3000

Date

28.04.17-
30.04.17

20.05.2017

14.08.2017

15.09.17

23.11.17-
27.11.17

13.12.17-
17.12.17

09.01.18

12.01.18

21.02.18

11.03.18

15.03.18-
17.03.18
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. ranale
- l I JCAR - National Research Centre on Pomeg

National Seminar-cum-Farmers fair at  Krushithon Agriculture Exhibition 2017, Nasik
ICAR-NRCP, Solapur

National Seminar cum Exhibition at Krushi Mahostav 2018 Exhibition,
Mulegaon farm, ZARS, Solapur Home ground, Solapur

ICAR-NRCP Stalls at various Exhibitions

Pomegranate growers/ visitors to involving 1692 beneficiaries visited this
ICAR-NRCP, Solapur centre and the details are given below.
During the year, the following visitors

Women Farmers from Raichur, Farmers from Shivmoga,
Karnataka at NRCP Karnataka at NRCP

Visitors to ICAR-NRCP, Solapur
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Visits of farmers and students

S. No.

19

20

21

22

== FaV GBI el (2 (D

During the year, the following visitors involving 1692 beneficiaries visited this centre
and the details are given below.

Date

03.04.2017
03.04.2017
05.04.2017
03.05.2017
13.07.2017
15.07.2017
27.07.2017
11.08.2017
20.09.2017
21.09.2017
22,01.2018
30.01.2018
12.02.2018
23.02.2018
23.02.2018
27.02.2018
22.03.2018

01.04.2017

05.04.2017

03.05.2017

11.05.2017

12.07.2017

Organization/Place of visitors
Farmers

Podali Andra Pradesh
Bidar, Karnataka
Kalburgi., Karnataka
Davangere, Karnataka
Haveri, Karnataka
Zuari fertilizers Pvt. Ltd, Solapur
JD, SDA-Dharwad Karnataka
Food tech. college, Mohol, Solapur
Yavati village, Mohol, MS
Khandala of Satara, MS
Telangana state
Bellary, Karnataka
Raichur, Karnataka
Chickmangluru, Karnataka
SAOQ, Penukonda, Andhra Pradesh.
Yadgir of Karnataka

Shivmoga of Karnataka
Students

SVG Shivdare college of Arts,
Commerce and Science, Solapur

Department of Agriculture, Govt. of
Karnataka, Bellary

Department of Agriculture, Govt. of
Karnataka, Shivamogga

Department of Agriculture, Govt. of
Karnataka, Shivamogga

Arabhavi, Karnataka

Category

Farmers
Farmers
Farmers
Farmers
Women Farmers
Farmers
Farmers
Farmers
Farmers
Farmers
Farmers
Farmers
Women Farmers
Farmers
Farmers
Farmers

Farmers

Students

Students

Students

Students

Students

Beneficiary (No.)

35
45
38
44
16
47
40
38
160
20
30
44
30
22
48
46

18

49

44

49

60



S. No.

25

24

26

2

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

Date

20.09.2017

20.09.2017

27.09.2017

27.09.2017

10.10.2017

11.10.2017

12.10.2017

29.11.2017

07.12.2017

19.01.2018

19.01.2018

19.01.2018

20.01.2018

20.01.2018

31.01.2018

01.02.2018

12.02.2018

22.02.2018

23.02.2018

24.02.2018

L)

Organization/Place of visitors

College of Agriculture.Pune, MS

Lokamangal college of bioteh.
Wadala, MS

Department of Agriculture, Govt. of
Karnataka, Gadag

Department of AgriAculture, Govt. of
Karnataka, Shivamogga

College of Agriculture, Pune

College of Agriculture Junagad,
Gujarat

Jat, Aatpadi, Sangli, MS

Department of Agriculture, Govt. of
Karnataka, Chikkamagalur

Department of Agriculture, Govt. of
Karnataka, Davanagere

Oyester international school, Solapur
College of agriculture Udgir, Latur
College of agriculture Udgir,Latur
College of Agriculture Umerkhed ,

Yeotmal

Shivdare College of Biotech.
Solapur, MS

College of Agriculture Dhule, MS
Solapur University MS

College of Horticulture Shivmoga,
Karnataka

Lokmangal College of Agriculture
Wadala Solapur, MS

TC of college engineering Baramati,
Pune, MS

Sangmeshwar college of Arts and

Science Solapur

Category

Students

Students

Students

Students

Students

Students

Students

Students

Students

Students

Students

Students

Students

Students

Students-Ph.D

Students-PG

Students

Students

Students

Students

Annual Report 2017-18

Beneficiary (No.)

06

74

49

06

12

18

09

100

47

44

50

50

70

150

54

84
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S. No.

43

45

46

47

Date

26.02.2018

27.02.2018

20.03.2018

24.03.2018

28.03.2018

Organization/Place of visitors

Walchand college of Arts and Science,
Solapur, MS

Walchand college of Arts and Science,
Solapur

College of Agriculture, Pune, MS
VNMKYV University, Parbhani, MS

College of Agriculture Dhule

Category

Students

Students

Students

Students

Students

Beneficiary (No.)

70

70

193

52

15
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INSTITUTIONAL ACTIVITIES

1a. RAC meeting valuable suggestions to improve the

The meeting of the eleventh Research
Advisory Committee (RAC) of ICAR-  piock at Hiraj to see newly released variety,
National Research Centre on Pomegranate 'Solapur Lal'. The RAC members were briefed
was held on December 23, 2017 at ICAR- the developments at the Centre during
NRCP, Kegaon, Solapur under the 501217 by Dr. RK Pal, Director. The
Chairmanship of Dr. R.B. Deshmukh, Former
Vice Chancellor, MPKV Rahuri. The geyelopments and research efforts made by the

committee visited experimental sites at ICAR-  c.ptre under the dynamic leadership of Dr. RK
NRCP farm and also in polyhouse. They

experimental output. They also visited the

committee appreciated the infrastructure

Pal, Director during his tenure of S years.
interacted with concerned scientists and gave

Research Advisory Committee of ICAR-NRCP

Chairman
1 Dr. R. B. Deshmukh 5 Dr. K.S. Mohan, *
Former Vice Chancellor Former Biotechnologist,
MPKY, Rahuri Monsanto Research Centre, Bangalore
Member
2 Dr.Vitthal Benagi, 6 Dr. R. K. Pal Director,
Director of Extension, UAS, Dharwad ICAR-NRC on Pomegranate, Solapur
3 Dr. D. P. Waskar,* 7 Shri BaburaoRamchandraGaikwad,
Director of Research, VNMKYV, Parbhani RamkrishnaNiwas, Shivaji Nagar, At. Post.
Sangola, Dist. Solapur
Member Secretary
- Dr. W. S. Dhillon, 8 Dr. (Mrs.) Jyotsana Sharma Principal Scientist,
ADG (HS-1) (Fruits and PI Crop) ICAR-NRC on Pomegranate,
ICAR, KAB-II, Pusa,New Delhi Solapur 413255 (MS)
*Not attended the meeting
Recommendations

*The Pomegranate seed oil and de-oiled cake for use in the production of fibre rich cookies
should be commercialized on priority.

=One project should be proposed to address farmers™ problems related to sudden climatic
changes (untimely rains, drought, temperature fluctuations etc.) on flower/fruit drop, pests
and disorders in pomegranate.

*In future, breeding programmes should be focused to breed varieties for (i) resistance to
bacterial blight (i1) Earliness in popular commercial varieties (iii) fruit size above 500 g
for export.

=Standardize training (including Trellis & Y system.) and pruning techniques in pomegranate

vis-a-vis plant spacing.
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1b.IRC meeting Director, ICAR-NRCP, Solapur. All the
The meeting of the twelfth Institute  Scientists of the Centre attended the meeting.

Research Council (IRC) of ICAR- National The RAC suggestions and recommendations

Research Centre on Pomegranate was held on  were included in respective projects for timely

December 28, 2017, at NRCP, Kegaon, action.

Solapur under the chairmanship of Dr. RK Pal,

Institute Research Council of ICAR-NRCP

Chairman

1 Dr. R. K. Pal (till 31.12.17)
Dr. (Mrs.) Jyotsana Sharma (wef.01.01.18)

Director, ICAR-NRCP
Member
2 Dr K. Dhinesh Babu 7  Dr. N. N. Gaikwad
Principal Scientist (Hort.-Fruit Science) Scientist (AS & PE)
ICAR-NRCP. Solapur ICAR-NRCP, Solapur
3 Dr. U. R. Sangle, 8 Dr. (Mrs.) Shilpa Parashuram
Principal Scientist (Plant Pathology) Scientist (Gen. & PI. breeding)
ICAR-NRCP, Solapur ICAR-NRCP, Solapur
- Dr. D. T. Meshram 9 Mr. Mallikarjun
Senior Scientist (L & WME) Scientist (Entomology)
ICAR-NRCP, Solapur ICAR-NRCP, Solapur
5 Dr. Ashis Maity 10 Ms. Roopa Sowjanya
Scientist (Soil Science-Pedology) Scientist (Gen. & PI. breeding)
ICAR-NRCP, Solapur ICAR-NRCP, Solapur
Member
6 Dr. N. V. Singh 11 Dr. (Mrs.) Jyotsana Sharma
Scientist (Hort.-Fruit Science) Principal Scientist (Plant Pathology)
ICAR—NRCP, Solapur [CAR-NRCP, Sulapur

RAC Meeting RAC Meeting
RAC / IRC meeting of ICAR-NRCP, Solapur
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lc. IMC meeting members of the IMC team interacted and
The 14th Institute Management discussed on several issues concerned with
Committee (IMC) meeting of ICAR-NRCP, institute management aspects.
Solapur was held on 01.07.2017. The
Institute Management Committee of ICAR-NRCP

Chairperson

1 Dr. R. K. Pal (till 31.12.17)
Dr. (Mrs.) Jyotsana Sharma (wef.01.01.18)
Director, ICAR-NRCP, Solapur

Members
2 Dr. (Mrs.) J. Sharma 8 Dr. Prabhakar, Principal Scientist,
Principal Scientist, Centre on Rabi Sorghum (DSR)
[CAR-NRCP, Solapur NH-9, Bypass Road, Shelgi, Solapur 413 006
3 Director of Horticulture 9 Sh. Prabhakar Chandane
Govt. of Maharashtra Po. Ekhatpur, Tal. Sangola,
Dist. Solapur (MS)
4 Dr. R. G. Somkuwar, Principal Scientist, 10 Dr. W.S. Dhillon,
ICAR-NRC for Grapes, The Assistant Director General (HS-I)
Post Box No. 3, Indian Council of Agricultural Research
Manjari Farm, Pune 412 307 (MS) Krishi Anusandhan Bhavan, Phase 11, Pusa,
New Delhi 110 012
5 Director of Horticulture, 11 Sh. Baburao Ramchandra Gaikwad
Govt. of Rajasthan Ramkrishna Niwas,
Shivaji Nagar A/p., Sangola, Solapur
6  Dr. S. Sriram. Principal Scientist 12 The Finance and Accounts Officer
Division of Plant Pathology, Indian Institute of Rice Research,
ICAR- [IHR Bangalore Rajendranagar, Hyderabad
Member Secretary
7 Dr. D. P. Waskar 13 Sh. R. B. Rai
Director of Research, Assistant Administrative Officer
VNMKYV Parbhani ICAR-NRCP, Solapur
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1d. 1JSC Meeting

The Institute Joint Staff Council (IJSC) meeting of ICAR-NRCP, Solapur was held

regularly with the following members.
Chairperson

1 Dr. (Mrs.) Jyotsana Sharma
Director (Acting)
ICAR-NRCP, Solapur

Member (Official Side)

2 Dr. (Mrs.) Jyotsana Sharma,
Pr. Scientist, [CAR-NRCP

3 Dr. N. V. Singh,
Scientist, ICAR-NRCP

4 Dr. D. T. Meshram,
Sr. Scientist, [CAR-NRCP

5 Dr. Nilesh Gaikwad,
Scientist, ICAR-NRCP

6 Officer I/e Accounts
ICAR-NRCP

2 Officer I/c Admin,
ICAR-NRCP

2.Mera Gaon Mera Gaurav

Under
(MGMG) programme, two different teams
involving scientists and technical staff along
with SMS from KVK, Solapur visited the

adopted villages at 2-3 months interval for

'Mera Gaon Mera Gaurav'

conducting training and demonstration
programme.

The programmes were organized in
association with NGO and direct contact of
farmers in different adopted villages.
Interface meetings and demonstration for the
farmers were organized in collaboration with
KVK and NGOs in different adopted villages
organized. In general 25-40 farmers

participated in the meetings. Farmers were

Member (Staff side)

8 Sh. R. B. Rai, Member (CISC)
AAQ, ICAR-NRCP

9 Sh. Y. R. Shinde, Secretary (1JSC)
Sr. Tech. Asstt. ICAR-NRCP

10 Sh. Kiran Khatmode,
LDC, ICAR-NRCP

11 Sh. S. S. Bayas, SSS,
ICAR-NRCP

12 Sh. V. S. Gangan, SSS,
ICAR-NRCP

very much interested to adopt new agricultural
technologies, especially for diseases. In the
villages with severe water shortage, the
farmers were advised to shift to pomegranate
and other arid zone crops instead of sugarcane
which requires large quantity of water.
Baseline survey was conducted for six
villages viz.,Waghdari (Akklakot Tk.),
Karkamb (Pandharpur Tk.) Nimgaon (Madha
Tk.) in Solapur District, Nandgaon (Nalduraga
Tk.) in Osmanabad District of Maharashtra
and Jambaga B., Ambalaga in Kalburgi
District of Karnataka states. All between 70-
100 km distance from the institute. About 218
farmers were benefited in Farmers Scientist

interface and demonstration was organized in



every month in difference adopted villages in
the all discipline. Many farmers was motivated
for cultivation of pomegranate for their
livelihood. Many farmers became aware on the
various schemes of National Horticulture
Board, GOI for establishment of new orchards
and enlightened about importance of
cleanliness and Swachh Bharat Mission of
GOI. Famers were advised not to burn wheat
stubble/straw through this training program

Distrubution of technical bulletins to the
farmers at adopted village, Waghdari

Demonstration on Management of
pomegranate 6 months old crop at Ichgaon

Demonstration of the technology for
management of pomegranate ficld at Nimgaon

W
by
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and taught soil conservation measures and
All

specific and general questions and queries of

practices for soil health improvement.

farmers related to the agriculture were
answered by concerned scientists.

In the every meeting and training
programme, farmers in the villages were also
highlighted about importance of cleanliness
and also administered 'Swachta Shapath' under
Swachha Bharat Mission of GOL.

& ..-;s—"""" " -
Interaction of NRCP Scientists with the
farmers at adopted village Karkhamb

Visit to farm of Shri Baburao Patil.
4 ha sugarcane grower

Field visits/demonstration/ interaction of ICAR-NRCP Scientists with the
farmers at different adopted villages
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3. Hindi Pakhwada

|'—-|"——.. L[]
~
|

Dr.(Mrs). Jyotsana Sharma
addressing the staff during
inaugural programme

Hindi Pakhwada celebrations at ICAR- NRCP

ICAR-NRCP celebrated 'Hindi
Pakhwada' from 14.09.17 to 28.09.17 by
conducting various competitions viz.,
elocution, essay writing, translation, quiz, etc.
for staff members. The importance of Hindi
language in bringing social integrity was
highlighted. Dr. D.T. Meshram, Hindi Officer
coordinated the successful conduct of the
events.In the concluding ceremony, Dr.
R.K.Pal, Director, ICAR-NRCP distributed

the certificates to the active participants.

Date

16.09.17
17.09.17
18-09.17-23.09.17
24.09.17
25.09.17
26.09.17
27.09.17
28.09.17
29.09.17
30.09.17

oy
i,

L

o F,
The NRCP Hindi competition

—
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Mrs. Surya Jahagirdar being
facilitated on the eve of

Hindi PakhwadaCeremony

4.Swachh Bharat Abhiyan

Swachh Bharat Abhiyan (Clean India
Mission) was observed at the institute from
15.09.17-02.10.17 under the theme
"Swachhtha Hi
programme, cleaning of the premises and other

Sewa". As part of the
places were done. Apart from this, various
activities like vermicomposting, tree
plantation, cleaning of stores, laboratories etc.,
were taken throughout the year.

Events conducted under Swachhtha Hi Sewa

Weeding of block B2

Cleaning premises of [CAR-NRCP

Weeding other blocks at Kegaon,

Samagra Swachhta Divas at Shivajinagar Tanda
Sarvaytra Swachhta Diwasby cleaning near by bus stop
Drawing competition for School children

Essay competition for School children

Cleaning of rooms

Cleaning of Laboratories

Weeding at NRCP premises

01.10.17
02.10.17

Swachhta of nearby tourist spot - Siddheswar Temple
Award ceremony to the winners of drawing, essay competition



ICAR-NRCP Staff takes
Swachhata Pledge

| f -
i &
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Dr. (Mrs.) Jyotsana Sharma) Nodal Officer ICAR-NRCP, Solapﬁr, |
administered Swachhata pledgeto the farmers participating in an
Exhibition organised by Sakal - Agrowon daily News paper at

Home Maidan, Solapur

Swach Bharat Abhiyan activities at ICAR-NRCP

5. Vigilance Awareness Week

ICAR-NRC on Pomegranate, Solapur
observed the vigilance awareness week from
30.10.17-04.11.17. Dr. R.K. Pal, Director, ICAR-
NRCP administered the pledge- 'Rashtriya Ekta
Shapat' to uproot corruption in the office. Dr.

Jyotsana Sharma, Vigilance Officer demonstrated

Dr. Arun Deokar, DySP, Anti-Corruption
Bureau, Solapur interacting with NRCP Staff

Nir. VA Shinde AFAO briefing the
staff on the use of Swachhata-Mohua
the official mobile-app of Ministry of
Housing and Urban Affairs (Mohua),
GOL.

the procedure for online pledge, all the staff took
online pledge and submitted the certificate. One
day elocution contest was also organized for the
staff. Dr. Arun Deokar, DySP, Anti Corruption
Bureau, Solapur, interacted with the staff and
replied on their queries related to office corruption

and on line frauds.

Dr. Arun Deokar, DySP, Anti-Corruption
Bureau, Solapur interacting with NRCP Staff

Vigilance awareness week observed at ICAR-NRCP, Solapur

_
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6. Second National Seminar-Cum Farmers
Fair

Second National Seminar cum Farmers
Fair-Pomegranate for health, growth and
prosperity was conducted jointly by ICAR-
NRCP and SARP, Solapur from April 28-30,
2017 at ICAR-NRCP, Solapur. Pomegranate
varieties viz., Solapur Lal and Solapur
Anardana were released. Besides, Trainees

Hostel with a capacity of 43 beds was

/ I{I'r

inaugurated. A book on pomegranate and
Souvenir of the seminar were also released on
this occasion. On this occasion, an Exhibition
was organized with participation of more than
35 renowened agri-input companies and
Government organizations from private
sector, about 3000 delegates, farmers, students

and other stakeholders attended the seminar

and visited exhibition stalls.

Padma Shri Dr. K.L. Chadha at ICAR-NRCP
on the occasion of National Seminar

Farmer-Scientist interactive session

7. Infrastructure Created
7a. Mobile-app

An improved version of the mobile app
“Solapur Anar” was launched by Hon'ble
Director General, ICAR, Dr.
Mohapatra on April 28, 2017. The App is in six

Hindi, English, Marathi,

Trilochan

languages viz.,

Inaugural Ceremony of 2nd National
Seminar on Pomegranate

Exhibition stall of ICAR-NRCP
2" National Seminar on Pomegranate for Health, growth and prosperity

It has all
information related to pomegranate

Kannada, Gujarati and Telugu.
cultivation.The App downloadable from
google play store works both online and
offline. The App has a rating of 4.3 out of max
5, with more than 5,000 downloads during the

year.
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Screen Shots of ICAR-NRCP Mobile App ‘Solapur Anar’ in 6 languages

7b. Trainees' Hostel April 30, 2017. The hostel is in great demand
A well-furnished trainees' hostel since its inception in October 2017 and had

constructed with 43 bed facility was 264 visitorssince Dec 2017.

inaugurated by Shri. Subhash Deshmukh

Hon'ble Cabinet Minister, Maharashtra on
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7¢. Video Films Processing for Entreprencurship
Two video films in Hindi and English Development' for the benefit of farmers and

languages have been prepared on entrepreneurs.

'Pomegranate Elite Planting Material-

Nurturing Prosperity’ and 'Pomegranate

POMEGRANATE

Pomegranate Elite Planting Material- Nurturing Pome granate Processing for
Prosperitv Entrepreneurshinp Development

Video films prepared

8. Distinguished visitors

Dr. S.K. Chaudhari, ADG Soil Science Padma Shri GenabhaiDargabhai Patel at
interacting with the Scientists on his ICAR-NRCP, Solapur

visit at ICAR-NRCP on 31.03.2018
Distinguished visitors at ICAR-NRCP during 2017-18
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HUMAN RESOURCE DEVELOPMENT

1. Trainings attended

scientists, 2 technical staff, 2 administrative &

During the year under report, 5

training as a part of the capacity building. The

finance staff have undergone need based

S.No

Training programme

DST SRB School in chemical
ecology

Recent Advances in Abiotic Stress
Management for Climate Smart
Agriculture

Recent advances of Bioinformatics
in Agriculture :A Practical
Perspective

One day awareness training progr-
amme on Protection of Plant
Variety & Farmers' Rights

CAFT training on Recent Develop-
ments in Conservation and Chara-
cterization of Horticulture Plant
Genetic Resources

Advances in Microscopy

Analysis of experimental data

Training on ISO 2009:2015

Application of Remote Sensing
and GIS in Natural Resource
Management'

Selection, Adjustment, Operation
and Maintenanceof Agricultural
Implements for Field and
Horticultural Crops' from

Date Venue

a. Scientific Staff

03.07.17-

16.07.17 NCBS, Bangalore
08.09.17- ICAR-NIASM,
28.09.17 Baramati.

01-12-17- ICAR-IASRI,
21.12.17 New Delhi

06.12.17 ICAR-NIASM,

Baramati

gj‘?]lfllgg- CoH- UHS campus.

e GKVK, Bengaluru
17.01.18- ;
19.01.18 ICAR-CIRCOT Mumbai
19.02.18- ICAR-NAARM,
24.02.18 Hyderabad
22.03.18 ICAR-NRCP,

Solapur

b. Technical Staft

17.09.17 - HSWC, Dehradun
28.09.17

01.08.17 — ICAR- CIAH,
10.08.17 Bikaner

details of trainings undergone by different

categories of staff are given below.

Participants

Mr. Mallikarjun

Dr. N V Singh

Ms. RoopaSowjanya P.

Dr. Shilpa Parashuram

Ms. Roopa Sowjanya, P.

Mr, Mallikarjun
Dr. K Dhinesh Babu

Mr. Mallikarjun

Mr. Yuvraj Shinde

Mr. Diwakar Sawaji
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S.No Training programme Date

Venue Participants

¢. Administrative Staff

’ Public Financial Management 11.09.17 -
S}’STQI'I"I,GEM,GFRWUI'RS 15.09.17

g Public Financial 17.01.18-
Management System 24.01.18

Organization specific programme ;
g p pag 21.08.17 -

3 " 1 1 L‘-
on "General Financial Rules 53.08.17

2017" for ICAR Officers

2. Conferences, Workshops and Meetings
attended

The scientists of the Centre
participated in conferences / workshops and

meetings conducted by different organizations

S.No Title Date

ICAR-CPRI, Shimla Mr. R.B. Rai

Ministry of Finance,

Mr. R.B. Rai
Fort Mumbai 5 al
ISTM, | |
New Delhi Mr. VA. Shinde

in India in addition to the meetings mentioned
in the chapter on institutional activities.
Workshop/conference and important meetings

attended during the year are tabulated below.

Venue Participants

Conferences / Workshop/Meetings

Meeting on “‘Processing charac-
1 teristics of agricultural produce 16.06.17.
and animal and fisheries breeds™

Workshop on Export

2 Quality Pomegranate 09.07.17
Production

3 QRT meeting of 08.08.17
AICRP-AZF scheme

4 N. D. Krishi Sanjivni 18.08.17
Project Workshop

5 Stering committe meeting of 05.05.17

HORTSAP 2016-17&2017-18

Ministry of

Agriculture, Dr. Nilesh Gaikwad

New Delhi

WariPariwar

ATMA and

Mahaanar, Ms. RoopaSowjanya, P

Mangalwedha,

Maharashtra

MPKYV, Rahuri Dr. J yotsa?aa Sharma,
Dr. K. DhineshBabu

VAMNICOM, Dr, Nilesh Gaikwad

Pune, Maharashtra

VAMNICOM, Dr. Mallikarjun
Pune, Maharashtra



12

13

14

National Symposium on
“Innovative Approaches
for Detection, Diagnosis
and Management of Plant
Diseases™

Stakeholders meet on
pomegranate Value Chain

International Seminar on Global
Climate Change: Implications
for Agriculture and Water Sectors

National Conference on Biodive-
rsity and conservation of nature
and natural resources

National Seminar on Recent
Trends in Plant Science and
Agricultural Science

22nd Research Workers Group
Meet of AICRP on Arid Zone
Fruits

National Conference on
Conservation Agriculture

National workshop on Revisiting
FOCARS : Reflections and
feedbacks of trained Scientists

National Seminar on sustainable
Pomegranate production during
adverse conditions

Farmers workshop on
pomegranate and grapes
cultivation

Research Programme Planning
Meeting 2018-19 in Horticulture
Crops

Intl.Conf. on advances in Agri. &
allied ST for sustainable devt.

15.09.17

311017

14.12.17 -
16.12.17

11.01.18-
12.01.18

11.01.18-
12.01.18

16.02.18-
18.02.18

22.02.18-
23.02.18

15.03.18-
6.03.18

07.01.18
04.02.18

13.03.18

10.01.18-
11.01-18

UHS, Bagalkot

IARI, New Delhi

WALMI, Aurangabad
Maharashtra

MPKYV, Rahuri.

ZARS Solapur

HRS, Dr.YSRHU,
Ananthapuram

ITM University,
Gwalior,
Madhya Pradesh

ICAR- NAARM,
Hyderabad

Maharashtra
Pomegranate Growers
Association, Pune

APMC, Jat, Sangli,

Maharashtra

MPKYV, Rahuri

GUARD Hyderabad
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Dr. Jyotsana Sharma

Dr, R. K. Pal, Dr. Nilesh

Gaikwad,
Sh. Yuvraj Shinde

Dr. Jyotsana Sharma

Dr. U. R. Sangle

Dr. Nilesh Gaikwad,
Dr. D.T. Meshram
Mr. Mallikarjun

Dr. K Dhinesh Babu
Mr. Mallikarjun

Dr. N'V Singh

Ms. Roopa
Sowjanya, P

Dr. Jyotsana Sharma,
Dr. Nilesh Gaikwad

Dr. Jyotsana Sharma,
Dr. Nilesh Gaikwad

Dr. Jyotsana Sharma

Dr. Mallikarjun
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PUBLICATIONS

Papers in research journals

NAAS

Research papers Rating

1 Babu. K.D., Singh, N V., Gaikwad, N., Maity, A., Suryawanshi, S.K. and Pal, R.K. 2017.
Determination of maturity indices for harvesting of pomegranate (Punica granatum L.). 6.22
Indian J. Agricultural Sciences 87 (9) :1225-30

5 Gaikwad, N.N., R. K. Pal, Swati Suryawanshi, K.D. Babu, Ashis Maity and Susheel Sarkar.
2017. Effect of extraction method and thermal processing on retention of bioactive compounds 6.22

of pomegranate (Punica granatum) (cv. Bhagwa) juice. Indian Journal of Agricultural
Sciences 87 (11): 1445-52.
3 Gaikwad. N.N., V.H. Yedle, Govind Yenge, Swati Suryawanshi, K.D. Babu, R.K. Pal and 5131

Susheel Sarkar. 2017. Effect of microwave pretreatment on extraction yield of pomegranate
seed (cv. Bhagwa) oil. International Journal of Chemical Studies 5(4):1291- 1294.

4 Gosavi. A.B, Deshpande. A. N and Maity. A.2017.Diagnosis of nutrient imbalance by
Diagnostic and Recommended integrated system in pomegranate growing soils of
south-western Maharashtra. Indian Journal of Horticulture 74(4): 498-504.

6.15

5 Maity, A.. Jyotsana Sharma, Ananta Sarkar, Amarja K. More, R.K. Pal, and Arnab Maity. 2017.
Sl : : : : : - 7.48
Salicylic acid mediated multi-pronged strategy to combat bacterial blight disease in

pomegranate caused by Xanthomonas axonopodis pv. punicae. European Journal of Plant
Pathology. doi: 10.1007/s10658-017-1333-3

6 Maity. A., Babu. K.D, Sarkar Ananta and Pal, R.K. 2017. Seasonality of nutrients vis-a-vis 6.62
fruit quality of pomegranate cv. Bhagwa on vertisol, Journal of Plant Nutrition, 40:9,
1351-1363
7 Mallikarjun M.H.and Pal, R.K. 2018 Laboratory Rearing Protocol for Pomegranate Fruit Borer 5 38
Deudorixisocrates. International Journal of Current Microbiology and Applied Sciences.
SI-6, 883-8
g Mallikarjun M.H., Sunil Joshi and Ram Krishna Pal.2018. Pomegranate: a new host for the
invasive scale insect Lopholeucaspis japonica (Cockerell, 1897) (Hemiptera: Diaspididae)
from Gujarat, India.Orientallnsects.DOIL: 10.1080/00305316.2018.1451783.
9 Marathe R.A, Jyotsana Sharma, Babu, K.D. and A. A. Murkute. 2017.
Bedding System: A Unique Plantation Method of Pomegranate in Arid and Semiarid Region. 6.37
National Academy Science Letters ISSN 0250-541X Nail. Acad. Sci. Lett,
DOI 10.1007/540009-017-0567-0
10 Marathe, R.A., Babu, K.D., and D T Chaudhari. 2017. Response of pomegranate 6.22
(Punica granatum) to drip irrigation system in light textured soils of semi-arid regions.
Indian Journal of Agricultural Sciences 87 (1): 5661,
11 Meshram D.T., S.D.Gorantiwar, K.D. Babu and R.K.Pal. 2018. Influence of organic mulches
and irrigation level on yield and water use efficiency of pomegranate (Punica granatum L.).

Journal of Agrometeorology (Accepted).

6.24

6.40
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S Research papers NAAS
No. pap Rating
12 Meshram D.T.,S.D.Gorantiwar, S.R., Lad and R.K. Pal. 2018. Effect of organic mulches on 520

yield, quality and WUE of Pomegranate (Punica granatum L.). Indian Journal of Soil
Conservation, 48(1):1-8.

13 Meshram D.T..S.D.Gorantiwar, U.R Sangale, B.K.Nagraj and R K. Pal. 2017. ARIMA model 323
for forecasting reference crop evapotranspiration (ET,) of Solapur region, Maharashtra, India.
Contemporary Research in India,7(2):286-295.

14 Sangle, U.R. and J.S, Mishra. 2017. Cultural diversity of Trichoderma spp. isolated from 4.74
different agro-climatic regions.int. J. of Pure and App. Biosci.5(2):1012-1016,

Sangle, U.R., 8§.8.Chinchure, D.T.Meshram andK.D. Babu 2017. Effect of nutrient combination
of cheaper organic substrates on the mass multiplication of virulent isolates of

Trichodarma species. Journal of Pure and Applied Microbiology, 11(1):359-365.

Shilpa P, S.N. Shendage, N. V. Singh, P. Patroti, P. Roopa Sowjanya, Prakash G. Patil, Vipul

16 Sangnure, Daithankar, Manglaram and R. K. Pal. 2018. /n silico development of EST-SSR 3.23
Markers in Pomegranate (Punica granatum L.). Contemporary Research in India, 4: 155-161.
Singh, N.V., Chandra. R., Awachare, C.M., Babu, K.D. and Pal, R.K. 2017.A novel method of
propagation in pomegranate: Mound Layering. Prog. Hort., 49(1): 92-94
(DOI:10.5958/2249-5258.2017.00020.3).

15 6.00

17

Singh, N. V., Singh, S.K., Babu, K.D., Shilpa, P., Singh, S., Sharma, A., Mishra, D.C., Das, S.
and Pal, R.K. 2018. Arbuscular Mycorrhizal Fungi for improving performance of cutting
derived pomegranate plants. Journal of Pharmacognosy and Phytochemisiry. SP2:204-209

18 5.20

19 Shilpa, P, Singh, N. V., Roopasowjanya, P., Babu, K.D., Sangnure, V., Singh, S., Sharma, J. 5.20
and Pal, R.K. 2018. Germplasm conservation and phenotypic characterization of pomegranate
(Punica granatum L.) germplasm accessions for various morphological and physico-chemical
characters. Journal of Pharmacognosy and Phytochemistry. SP2:114-118

Book
. Pal, R.K. and Singh, N.V. 2017. Pomegranate for nutrition, livelihood security and

entrepreneurship development, Daya Publishing House (A division of Astral International
Pvt. Ltd), New Delhi, 288 p.

Book Chapter

1. Babu, K.D, Chandra, R, Singh, NV, Sharma Jyotsana, Sahu, P, Pal, RK and Murthy, BNS.
2017. Crop improvement strategies in pomegranate (Punica granatum L.). In:
Pomegranate for nutrition, livelihood security and entrepreneurship development (Eds.
Pal, R.K. and Singh, N.V.), Daya Publishing House (A division of Astral International Pvt
Ltd), New Delhi, ISBN 978-93-5124-852-1 (HB),p.11-19.

2. Chandra, R., Sahu Prativa, Singh, N.V., Babu, K.D. and Pal, R.K. 2017. High density
planting: An approach for enhancing productivity in pomegranate (P. granatum L.). In:
Pomegranate for nutrition, livelihood security and entreprencurship development (Eds.
Pal, R.K. and Singh, N.V), Daya Publishing House, New Delhi, p.53-58.

3. Gaikwad, N N., Pal, RK., and Babu, K.D. 2017. Entreprencurship development in

&
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13.

14.

pomegranate through value addition. In: Pomegranate for nutrition, livelihood security and
entrepreneurship development (Eds. Pal, R.K. and Singh, N.V), Daya Publishing House,
New Delhi, p.243-250.

Gorantiwar, S.D. and DT Meshram. 2017. Water Management in Pomegranate. In:
Pomegranate for nutrition livelihood security and entrepreneurship development, Daya
Publishing House, New Delhi, 105-115.

Kumar Aundy, Mondal KK and Sharma Jyotsana. 2017. Tracing the evolutionary origin of
Xanthomonas axonopodis pv. punicae causing bacterial blight of pomegranate using
multilocus sequence typing. In: Pomegranate for nutrition, livelihood security and
entrepreneurship development (Eds. Pal, R.K. and Singh, N.V), Daya Publishing House,
New Delhi, p.157-160.

Maity, A., Ram Chandra, N.V. Singh, D.T. Meshram and R.K. Pal. 2017. Effect of elemental
sulphur on solubility of micronutrients and their uptake by pomegranate. In: Pomegranate
for nutrition, livelihood security and entrepreneurship development (Eds. Pal, R.K. and
Singh, N.V.), Daya Publishing House, New Delhi, p.85-95.

Mallikarjun M.H., Sachin S. Suroshe, and R.K.Pal. 2017. Major sucking pests of
pomegranate and their Integrated Management. In: Pomegranate for nutrition, livelihood
security and entreprencurship development (Eds. Pal, R.K. and Singh, N.V.), Daya
Publishing House, New Delhi, p. 225-228.

Mallikarjun M.H., Sachin S. Suroshe, and R.K.Pal. 2017.Non-insect pests of pomegranate
and their integrated management. Pomegranate for nutrition, livelithood security and
entrepreneurship development (Eds. Pal, R.K. and Singh, N.V.), Daya Publishing House,
New Delhi, p.221-224.

Sachin S. Suroshe, Mallikarjun M.H, and R.K.Pal. 2017. Status of major borer pests of
pomegranate and their integrated management. Pomegranate for nutrition, livelihood
security and entrepreneurship development(Eds. Pal, R.K. and Singh, N.V.).Daya
Publishing House, New Delhi, 215-220.

Meshram DT, SD Gorantiwar, UR Sangale, Nagraj Bake and RK Pal.2017. Use of micro-
irrigation system for optimum production of pomegranate. In: Global Hi-Tech
Horticulture, Astral Intl. Pvt Ltd. New Delhi (Submitted).

Meshram DT, SD Gorantiwar, UR Sangale, Nagraj Bake and RK Pal. 2017. Water use
efficiency in pomegranate. In: Global Hi-Tech Horticulture, Astral Intl. Pvt Ltd. New Delhi
(Accepted).

. Meshram, D.T., Ashis Maity, N.V. Singh, Ram Chandra and R.K. Pal. 2017. Effect of

mulches on yield, quality and WUE of pomegranate .In: Pomegranate for nutrition,
livelihood security and entreprencurship development (Eds. Pal, R.K. and Singh, N.V.),
Daya Publishing House, New Delhi, p 65-67.

Pal, R.K. and Babu, K.D. 2017. Post-harvest management of pomegranate. In:
Pomegranate for nutrition, livelithood security and entrepreneurship development (Eds.
Pal, R.K. and Singh, N.V), Daya Publishing House, New Delhi, p. 235-242
Sharma Jyotsana. 2017. Pomegranate wilt and its management. In: Pomegranate for
Nutrition, Livelihood Security and Entrepreneurship Development (Eds. Pal, R.K. and
Singh, N.V), Daya Publishing House, New Delhi, p. 209-213.

&
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Sharma Jyotsana and Sharma KK. 2017. Pomegranate diseases and their management. In:
Pomegranate for Nutrition, Livelihood Security and Entrepreneurship Development (Eds.
Pal, R.K. and Singh, N.V), Daya Publishing House, New Delhi, p. 169-176.

Sharma Jyotsana. 2017. Integrated pest management in pomegranate In: [PM Handbook
(Eds. Chattopadhyay C et al.), DKMA, ICAR, New Delhi. (Submitted the revised
manuscript).

Singh, N. V., Babu, K.D., Chandra, R., Sharma, J., Sahu, P., Meshram, D.T. and Pal, R.K.
2017. Quality planting material production in pomegranate. In: Pomegranate for nutrition,
livelihood security and entrepreneurship development (Eds. Pal, R.K. and Singh, N.V),
Daya Publishing House, New Delhi p. 69-79.

Popular article
1. Sharma Jyotsana, Ramakant Gharate, Vijay Lokhande and R. K. Pal. 2017. Katekor

Vyavsthapanatun Okhuya Telkat Dag Rogala. Agrowon. July 2017:10-11(Marathi)

2. Singh, N. V., Sharma Jyotsana, Babu, K. D., Kashyap, P., Chandra, R. and Pal, R.K. 2017.

3

4

5

6

Pomegranate —a viable fruit crop for integration. Indian Horticulture, 62 (5): 59-63.

. Meshram D.T., R.K. Paland S.A.Lad. 2017. Dalimbacha Pani Vaprachi Karyshamta Utpadan

Ani Gunvatevar Jaivik Achadanacha Honara Parinam. Dalimbvrut, April, 77 82.(Marathi)

. Meshram D. T., R. K. Pal and S. A. Lad.2017. Dalimbacha Utpadana Ani Unvatevar Jaivik

Achadanacha Honar Parinam. Sheti patrika. September, 3-5. (Marathi)

. Meshram D.T., R.K. Pal, S.A. Lad and Wagmode B. K. 2017. Jamini Khalil Susham Ichan

Padhat, Sheti mitra, April-Jun, 36-39 (Marathi)

. Meshram D.T. and Sharma Jyotsana. 2018. Ambia Bahar Madhe Dalimbacha Jhadana Panya

Che Prabhand. Agrowon, March 15, 2018 (Marathi)

Presentation in Conferences/Symposia/ Seminars/ other fora:

1.

Babu, K.D., N.V. Singh, R. Chandra, J. Sharma, A. Maity, R.K. Pal, V.T. Jadhav, Shilpa,
P., Jalikop, S.H, Sampthkumar, P and Murthy, B.N.S. 2017. Development and assessment
of pomegranate hybrids for processing purpose. Souvenir, 2™ National Seminar — cum —
Farmers' Fair: Pomegranate for health, growth and prosperity (Ed. RK Pal, Jyotsana
Sharma, KD Babu, Ashis Maity, NV Singh.). ICAR-NRCP and SARP, C/o. ICAR-
NRCP, Solapur, April 28-30,2017,p.38-39.

Babu, K.D.,N.V. Singh, R. Chandra, J. Sharma, A. Maity, R.K.Pal, V.T. Jadhav, Shilpa, P.,
Jalikop, S.H, Sampthkumar, P and Murthy, B.N.S. 2017. Development and evaluation of
pomegranate hybrids for table purpose. Souvenir, 2" National Seminar — cum — Farmers'
Fair: Pomegranate for health, growth and prosperity. [CAR-NRCP and SARP, C/o.
ICAR-NRCP, Solapur, April 28-30, 2017, p.39-40.

Babu, K.D., N.V. Singh, Shilpa P, N. Gaikwad, Roopa Sowjanya, P., Swati K.
Suryawanshi and R.K. Pal. 2017. Performance evaluation of pomegranate cultivars
under Solapur conditions of Maharashtra. Souvenir, 2" National Seminar — Cum —
Farmers' Fair: Pomegranate for health, growth and prosperity. ICAR-NRCP and SARP,
C/0.ICAR-NRCP, Solapur, April 28-30,2017,p.38.

&
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11.

14.

Gharate Ramakant, Sharma Jyotsana, Shivkumar C, DilipLakshman, A. Kumar, M
Dongre. 2017. Endophytes and bacteriophages: Novel agents for bacterial blight
management in pomegranate. Souvenir, 2" National Seminar — cum — Farmers' fair:
Pomegranate for health, growth and prosperity, ICAR-NRCP and SARP, C/o. ICAR-
NRCP, Solapur, April28-30,2017,pp.196-197.

Girigowda M. and Jyotsana Sharma. 2017. Recent developments on Management of
Blight and wilt in pomegranate. Souvenir 2" National Seminar-cum-Farmers' Fair :
Pomegranate for health, growth and prosperity, ICAR-NRCP and SARP, C/o. ICAR-
NRCP, Solapur, April 28-30,2017: 157-162.

Lokesh V, P Kumar, G Manjunath, AA Gowda and Jyotsana Sharma. 2017.Comparative
genome sequence analysis of pomegranate isolate of Ceratocystis fimbriatawith
genomes of ceratocysidaceae family. Souvenir, 2" National Seminar — cum — Farmers'
fair: Pomegranate for health, growth and prosperity. ICAR-NRCP and SARP, C/o. ICAR-
NRCP, Solapur, April 28-30,2017,pp. 199.

Maity, A., Babu, K.D. and R.K. Pal.2017. Unveiling the role of nutrients on aril browning
disorder of pomegranate. Proceedings of 3" International Conference on Bioresource and
Stress Management, Jaipur, India during 8-11 November, 2017, p 37.

Maity, A. and Pal, R.K. 2017. Nutritional physiology of flowering in pomegranate in
semi-arid region of India. In: R.K. Pal, Jyotsana Sharma, K. Dhinesh Babu, Ashis Maity,
and N.V. Singh. (Ed.), Proceedings of Souvenir 2" National Seminar-cum-Farmers'
Fair,JCAR-NRCPand SARP, C/o. ICAR-NRCP, Solapur, April 28-30,2017,p 129.
Mallikarjun, M. H., Sarkate, R. and Agarwal R. 2017. Evaluation of different lure and
traps for monitoring of fruit flies in pomegranate ecosystem. Souvenir of 2" National
Seminar-cum- Farmers Fair: Pomegranate for health, growth and prosperity. [CAR-
NRCPand SARP, C/o. ICAR-NRCP, Solapur, April 28-30,2017,

. Meshram, D.T. 2017. SARIMA model and organic mulches used for improving water use

efficiency in Pomegranate (Punica granatum L.). International Conference on
Agricultural Horticulture and Plant Science, June, 24-25, 2017 at Rishikesh,
Uttarakhand.

Meshram, D.T. 2017. Water management in pomegranate (Punica granatum L.).
Souvenir, 2" National Seminar-Cum-Farmers Fair : Pomegranate for health, growth and
Prosperity :, ICAR-NRCP and SARP, C/o. [ICAR-NRCP, Solapur.

. Meshram, D.T. 2018. Efficacy of rainwater harvesting and its utilization for optimum

production of pomegranate (Punica granatum L.). National Conference on Farmers first
for conserving soil and water resources in western region,Feb 01-03, 2018 at Agricultural
University, Anand, Gujarat.

. Sharma Jyotsana, Waghmare, D., Gharate, R.,Shivkumar, C. 2017. Organisms associated

with pomegranate wilt and its management. Souvenir, 2"National Seminar-cum-
Farmers' Fair: Pomegranate for health, growth and prosperity, [CAR-NRCP and SARP,
C/o.ICAR-NRCP, April 28-30,2017: 199-201.

Sharma Jyotsana, Gharate, R., Shivkumar, C. 2017.Fungal flora associated with bacterial
blight stem cankers in pomegranate. Souvenir, 2"National Seminar-cum-Farmers'
FairPomegranate for health, growth and prosperity, ICAR-NRCP and SARP, C/o. ICAR-
NRCP, April 28-30,2017: 188.
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Sharma Jyotsana, Shivkumar, C. and Gharate, R. 2017. Management of fungal fruit spots
and rots in pomegranate. Souvenir, 2™National Seminar-cum-Farmers' Fair
:Pomegranate for health, growth and prosperity, ICAR-NRCP and SARP, C/o. ICAR-
NRCP, April 28-30,2017, p. 205-206

. Shilpa Parashuram, Sangnure V., Jadhav, G., Singh,N. V..BabuK.D., Roopa Sowjanya

Pand R. K. Pal. 2017. Genetic Diversity Study and cluster analysis of pomegranate
germplasm.Souvenir,2" National Seminar-cum-Farmers Fair : Pomegranate for health,
growth and prosperity, ICAR-NRCP and SARP, C/o. ICAR-NRCP, April 28-30, p. 40-41.
Shilpa Parashuram, Sangnure V., Jadhav, G., Singh,N. V., BabuK. D., Roopa Sowjanya
Pand R. K. Pal. 2017. Genetic variability, heritability and genetic advance studies for
varies quantitative traits in pomegranate (Punica granatum L.). Souvenir,2™ National
Seminar-cum-Farmers Fair - Pomegranate for health, growth and prosperity, ICAR-
NRCPand SARP, C/o. ICAR-NRCP, April 28-30,p. 41-42.

. Shilpa Parashuram, Singh,N. V..Roopa Sowjanya, Babu.,K. D.,Sangnure, V,. Singh, S.,

Jyotsana Sharma and R. K. Pal. 2018. Germplasm conservation and phenotypic

various morphological and physico-chemical characters. National Conference on
Conservation Agriculture, School of Agriculture, ITM University, Gwalior, February 22-
23,2018, p. 76.

Shilpa Parashuram, Sangnure, V., Singh,N. V., RoopaSowjanya, Mundewadikar,D. M.,
Jadhav G., and R. K. Pal. 2017. Molecular diversity Study in pomegranate — To
Complement Conventional Breeding. Souvenir, Souvenir, 2" National Seminar-cum-
Farmers Fair - Pomegranate for health, growth and prosperity, ICAR-NRCP and SARP,
C/0.ICAR-NRCP, April 28-30, pp. 44.

Shinde, S.R., Mallikarjun, M.H., Bhowmick, A.K. and Sarkate R., 2017. Screening of
selected pomegranate varieties against thrips (Scirtothrips dorsalis). Souvenir 2"
National Seminar-cum- Farmers' Fair: Pomegranate for health, growth and prosperity.
ICAR-NRCP & SARP, Solapur. April 28-30, p. 208.

Shivkumar Chinchure, Sharma J., Mashal, B., Gharate, R., M Gubyad, Aralimar. 2017.
PCR-based markers for detection of fungal and bacterial blight pathogens causing
disease in pomegranate. Souvenir,2" National Seminar-cum-Farmers Fair - Pomegranate
for health, growth and prosperity, ICAR-NRCP and SARP, C/o. ICAR-NRCP, April 28-
30,p.204.

Singh NV, Roopa SP, Jyotsana Sharma, Babu, K.D., D. Mundhewadikar, VR Sangnure,
A Tripathi, RK Pal. 2017. Different gene expression upon blight infection in moderately
resistant and susceptible pomegranate genotypes. Souvenir, 2" National Seminar-cum-
Farmers Fair - Pomegranate for health, growth and prosperity, [CAR-NRCP and SARP,
C/0.ICAR-NRCP, April 28-30, p. 190

Singh, N.V. 2017. Elite planting material in pomegranate-A key to productive
pomegranate orchard, Souvenir, 2" National Seminar-cum-Farmers Fair - Pomegranate
for health, growth and prosperity, ICAR-NRCP and SARP, C/o. ICAR-NRCP, April 28-
30 (Oral).

Singh, N.V. 2018. Arbuscular Mycorrhizal Fungi for improving performance of cutting
derived pomegranate plants. National Conference on Conservation Agriculture, ITM
University, Gwalior from 22™- 23" February, 2018 (Oral).

&
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23,

26.

27.

28.

29,

30.

21,

32

Singh, N.V. 2017. Horticultural Practices and Propagation Methods and Techniques for
Climate Resilient Pomegranate Cultivation. Model Training Course (MTC) on Climate
Smart Agriculture for Enhancing Crop and Water Productivity under Abiotic Stress
Conditions, Dec'16-23,2017 at ICAR—-NIASM, Baramati.p.46-53.

Singh, N.V., Babu, K.D. and R.K. Pal. 2017. Physiology of flowering and flower
regulation in pomegranate (Punica granatum L.). Training manual, [CAR-Sponsored 21
days Winter School on Understanding Flowering Mechanism and Management of
Bearing in Sub-Tropical Fruit Crops, ICAR —NRC on Litchi, Muzaffarpur, Dec' 01- 21,
2017.p.65-72.

Singh, N.V., Gaikwad, N.N. and Pal, R.K. 2017. Pomegranate - a potential fruit crop for
doubling income and ensuring livelihood security of farmers in natural resource deficit
regions. Training manual, ICAR sponsored Winter School on Doubling Income through
Advance Approaches for Fruit and Vegetables in the Arid Region, [CAR-CIAH, Bikaner,
October 28,2017 to 17Nov 17,2017. p. 418-427.

Sarkate, R.S., Mallikarjun M. H. and Shinde S.R. 2017.Different hyperparasitoid
complex associated with coccinellid predator (Cheilominus sexmaculata) in
pomegranate ecosystem. Souvenir 2"National Seminar-cum- Farmers Fair -
Pomegranate for Health, growth and prosperity, ICAR-NRCP and SARP, C/o. ICAR-
NRCP, April 28-30,208-209.

Roopa Sowjanya P., N. V. Singh, Shilpa, P., D. M. Mundewadikar , Vipul Sangnure and R.
K. Pal, Clonal fidelity of micropropagated Bhagwa and Super Bhagwa plantlets by using
RAPD, ISSR and SSR markers, Souviner 2™ National Seminar cum Farmers Fair
Pomegranate for Health , Growth & prosperity, ICAR-NRCP and SARP, C/o. ICAR-
NRCP, April 28-30,2017 p: 47

Roopa Sowjanya P., N. V. Singh, Shilpa, P., Kalgunde, B. M., Nalini Shinde, Vipul
Sangnure, D. M. Mundewadikar, Walekar, R. L. and R. K. Pal, Genetic diversity analysis
of wild and cultivated pomegranate (Punica granatum L.) by using SSR markers,
Souviner 2™ National Seminar cum Farmers Fair Pomegranate for Health , Growth &
prosperity, ICAR-NRCPand SARP, C/o. ICAR-NRCP, April 28-30,2017 p: 45

N. V. Singh, Roopa Sowjanya P., Shilpa, P., Sartape, K. M., Sabale, T.B., D. M.
Mundewadikar, Vipul Sangnure, Pravin desai, Nalini Shinde and R. K. Pal, Molecular
diversity analysis in pomegranate (Punica granatum L.) by using SSR and ISSR
markers, Souviner 2™ National Seminar cum Farmers Fair Pomegranate for Health |
Growth & prosperity, ICAR-NRCPand SARP, C/o. ICAR-NRCP, April 28-30, 2017 p:43
N. V. Singh, Roopa Sowjanya P., Nalini Shinde, Vipul Sangnure, D. M. Mundewadikar,
Mandave, A., Kurle, S. and R. K. Pal, Identification of efficient protocol for isolation of
high quality RNA from polyphenol rich tissues of Pomegranate(Punica granatum L.),
Souviner 2™ National Seminar cum Farmers Fair Pomegranate for Health , Growth &
prosperity, ICAR-NRCPand SARP, C/o. ICAR-NRCP, April 28-30,2017 p:42

Technical / Extension Bulletin& Folder

1

Pal, RK., Sharma Jyotsana, Babu, K.D. Singh, N.V. and Gaikwad.N.N. 2017.
Pomegranate revolution in India -A Success story of ICAR, ICAR-NRC on Pomegranate,
Solapur, 14p.
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2. Babu, K.D., Singh, NV, Chandra, R. Sharma, J., Maity, A., Pal, R.K. Jadhav, V.T,
Jalikop, SH., Sampathkumar, P., and Murthy, B.N.S. 2017. Bio-fortified pomegranate
hybrid 'Solapur Lal'. ICAR-NRCP, Solapur, 4p.

. Singh, N.V., Chaudhari, D.T. and Pal, R.K.2017. Gunva ktayukt Ropan Samigri Ki
Taiyari. NRCP Ext. Folder2017/1, 4p.

. Singh, N.V,, Sahu, P., Chaudhari, D.T., Goswami, A. A. and Pal, R.K. 2017.AnarKe
Naye Bagichaye Ki Sthapna. NRCP Ext. Folder2017/2, 4p.

5. Suroshe, S.S., Mallikarjun, Singh, N.V.,Chaurhari, D.T, and Pal, R.K. 2017.Anar Phal

KaRas Chusanewala Patanga Avam Uska Prabandhan. NRCP/Ext. Folder2017/5, 4p.

6. Meshram, D.T., Singh, N.V.,Chaurhari,D.T, Goswami,A.A. and Pal, R. K. 2017.Jal

Prabandhan. NRCP Ext. Folder2017/3, 4p.
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Annual Report/ Souvenir

1. R.K. Pal, Babu, K.D., Sharma, J., Maity,A., N. V. Singh and N. Gaikwad. 2017. ICAR-
NRCP Annual Report2016-17, ICAR-NRCP, Solapur, p.103.

2. R.K. Pal, Sharma, J., Babu, K. D., Maity, A., N.V. Singh .2017. Souvenir, 2" National
Seminar-cum-Farmers' Fair, 'Pomegranate for health, growth and prosperity (Ed. RK
Pal, Jyotsana Sharma, KD Babu, Ashis Maity, NV Singh.), ICAR-NRCP and SARP,
C/o. ICAR-NRCP, Solapur, April 28-30, 2017, ICAR-National Research Centre on
Pomegranate, Solapur, pp. 244p.
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AWARDS & RECOGNITION

Awards

S.

Recipient
No

Award

Year

Fellowship/ Associateship/ Young Scientist /Other awards

1 Dr. R.K. Pal

2 Dr. Prakash G. Patil

3 Dr. K. Dhinesh Babu
. Dr. D.T. Meshram

5 Dr. Ashis Maity

6 Dr. N.V. Singh

7 Dr. Nilesh N. Gaikwad

8  Dr. Ashis Maity

9  Sh. Mallikarjun M

10 Dr. U.R. Sangle

11 Dr. D.T. Meshram

12 Dr. D.T. Meshram

13 Ms. Roopa Sowjanya, P

Best poster awards

1 Dr. Ashis Maity

2 Dr. K. Dhinesh Babu

Fellow of SARP (FSARP)

Fellow of the Indian Society
of Pulses Research and
Development (FISPRD)

SARP Associateship
SARP Associateship
SARP Young Scientist Award
SARP Young Scientist Award
SARP Young Scientist Award

Dalimb Ratna Award

Young Scientist Award

Eminent Scientist Award

Outstanding Scientist Award
Best Researcher Award

Hindi Typing Award
Best Poster award (2 no.)

Best Poster award

2017
2017

2017
2017
2017
2017
2017

2017

2018

2018

2017

2017

2017

2017

2017

Awarding organization

SARP, ICAR-NRCP, Solapur

Indian Society of Pulses Research
and Development (ISPRD)

SARP, ICAR-NRCP, Solapur
SARP, ICAR-NRCP, Solapur
SARP, ICAR-NRCP, Solapur
SARP, ICAR-NRCP, Solapur
SARP, ICAR-NRCP, Solapur

Maharashtra Pomegranate Growers
Research Association, Pune

Genesis and Rural Development
Society (GARD), Hyderabad

Society for Educational
Development and Environmental
Research, BHU, Varanasi

5th [JTA International Conference.
June 24-25, 2017, Rishikesh

6th Science and Technology at
Mumbai, Dec.10 , 2017

Hindi Pakwada held during
14-28 Sept, 2017 ICAR-NRCP
Solapur

2nd National Seminar-cum-
Farmers' Fair on Pomegranate,
April 28-30, 2017, SARP,
ICAR-NRCP, Solapur

2nd National Seminar-cum-
Farmers' Fair on Pomegranate,
April 28-30, 2017,

SARP, ICAR-NRCP, Solapur



3 Dr. N.V. Singh Best Poster award (3 no.)
A Shri. Mallikarjun Best Poster award
5 Dr. Nilesh Gaikwad Best Poster award (3 no.)

6 Ms. Roopa Sowjanya, P Best Poster award

7 Dr. Nilesh Gaikwad Best Poster award (2 no.)

Best oral presentation award

1 Dr. D.T. Meshram Best Oral Presentation award
2 Dr. N.V. Singh Best Oral Presentation award
3 Dr. N.V. Singh Best Oral Presentation award
4 Sh. Mallikarjun Best Oral Presentation award
5 Dr. Nilesh Gaikwad Best Oral Presentation award

2017

2017

2017

2017

2018

2017

2017

2018

2017

2017
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2nd National Seminar-cum-
Farmers' Fair on Pomegranate,
April 28-30, 2017,

SARP, [CAR-NRCP, Solapur

2nd National Seminar-cum-
Farmers' Fair on Pomegranate,
April 28-30, 2017,

SARP, ICAR-NRCP, Solapur

21d National Seminar-cum-

Farmers' Fair on Pomegranate,
April 28-30, 2017,
SARP, ICAR-NRCP, Solapur

2" National Seminar-cum-
Farmers' Fair on Pomegranate,
April 28-30, 2017,

SARP, ICAR-NRCP, Solapur

Society For Free Radical Research
India (SFRRI) 2018 at AIIMS,
New Delhi

5th [JTA International Conference
on Agricultural, Horticulture and
Plant Sciences, Rishikesh, June 24-25.

21d National Seminar-cum-Farmers'
Fair on Pomegranate, April 28-30,
2017, SARP, ICAR-NRCP, Solapur

National Conference on
Conservation Agriculture,
ITM University Gwalior,
Feb. 22-23, 2018

Intl. Conf. on Advances in Agril.
and allied science technology for
sustainable development Osmania
University, GUARD Hyderabad
Telangana, Feb 10-11, 2018.

National Conference on Advanced
Trends in Agricultural and Food
Engineering (ATAFE) on 7.4.2017
organized by Maharashtra Institute
of Technology(MIT) Aurangabad
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BUDGET ESTIMATE

Financial Outlay 2017-18

Rupees in lakhs
2017-18
Head of Account
Govt Grant
RE Expenditure
A) Recurring
Establishment Charges 250.00 250.00
TA. 12.00 11.66
Other Charges 465.00 457.00
Total A 727.00 719.29
B) Non-Recurring
Equipment 5.45 5.45
Minor Works 4.05 4.05
Library 0.50 0.38
Furniture 0.00 0.00
Total B 10.00 9.88
C) Loan & Adv 6.00 2.60
D) Pension 65.34 64.56
E) Vehicles & Vessels 0.00 0.00
Grand Total (A+B+C+D+E) 808.34 796.33
Revenue Receipts 2017-18
S. No. Items Amount (Rs)
1. Income from farm produce 764311.49
2% Income from royalty and publications 172857.26
3 Income from other sources 146217.00
4. Interest on loans and advances 217733.11
5 Interest earned on short term deposits 312412.00
6. Recovery of loans and advances 234188.00
7 Training programmes 50000.00
Analytical testing fees 500.00
9. License fee / Guest house 50868.32
Total Revenue Receipt 1949087.18
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STAFF POSITION, PERSONNEL,
JOINING / PROMOTION / RELIEVING

Category

RMP
Scientific
Technical
Administrative
Supporting
Total

RMP

Dr. RK.Pal (till 31.12.17)

Sanctioned during
XIl1th plan

Staff Position
0
1
6
5
3
24
Personnel

Dr. (Mrs.) Jyotsana Sharma (wef.01.01.18)

Director (Acting)

Scientific Staff

Dr. K. Dhinesh Babu
Pr. Scientist
(Hort.-Fruit Science)

Dr. U. R. Sangle
Pr. Scientist
(Plant Pathology)

Dr. D. T Meshram
Sr. Scientist

Mr. Mallikarjun
Scientist
(Agri. Entomology)

Ms. Roopa Sowajanya P.

Scientist

(Genetics & Plant Breeding)

Technical Staff
Sh. D. T. Choudhari

(Land and Water Management Engg.) Tech. Officer

Dr. Prakash G. Patil
Scientist
(Plant Biotechnology)

Dr. Ashis Maity
Scientist

(Soil Scientist-Pedology)

Sh. Yuvraj Shinde
Sr. Tech. Asst.

Sh. Diwakar Sawji
Sr. Tech. Asst.

e

Staff position

Vacant

= R

Administrative Staff
Sh. R. B. Rai
AAO

Sh. Shinde. V. A
AF& AO

Sh. Kiran Khatmode
LDC

Sh. A. S. Babar
LDC

Sh. Vipin Dagar
LDC
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Dr. N. V. Singh
Scientist
(Hort.-Fruit Science)

Dr. N. N. Gaikwad
Scientist
(Agril.Structures and Process Engg.)

Dr. (Mrs.) Shilpa Parashuram
Scientist
(Genetics & Plant Breeding)

Joining
Dr. Prakash G. Patil, Scientist (Plant
Biotechnology) joined ICAR-NRCP, Solapur
on01.07.2017due to transfer from ICAR-IIPR
Kanpur.

Promotion

Dr. U.R. Sangle, Sr. Scientist has been
promoted to Principal Scientist w.e.f.
31.12.2016 through CAS.

Dr. Prakash Patil, Scientist has been promoted
from RGP 6000 to RGP 7000 w.e.f. 07.01.2013
through CAS.

Presentation of momento to
Dr. R.K.Pal, Director, ICAR-NRCP

Sh. M. S. Gogaon
Sr. Technician

Sh. Govind Salunke
Sr. Technician

Sh. Vijay Lokhande
Sr. Technician

Supporting Staff
Sh. Shailesh Bayas
SSS

Sh. Vishal Gangane
SSS

Sh. Shailendrasing Bayas, Skilled Supporting
Staff promoted under MACP w.e.f. 07.06.2017

Sh. Vishal Gangane, Skilled Supporting Staff
promoted under MACPw.e.f. 07.06.2017.

Relieving
Dr. R. K. Pal, Director ICAR-NRC on
Pomegranate, Solapur retired from the service
on 31.12.2017.

>
3 Ll
-

N (A

Dr. R.K.Pal with family and Staff,

ICAR-NRCP

Farewell function of Dr. R.K.Pal, Director, ICAR-NRCP, Solapur

&



OBITUARY
Dr.Vilas Tejrao Jadhav
Oct 02,1950- May 06, 2018

ICAR-National Research Centre on Pomegranate, Solapur mourns the sad
demise of Dr. VT Jadhav, Director (Retd.), ICAR-NRC on Pomegranate, Solapur,
who breathed his last on May 6, 2018 at his home town Aurangabad. NRCP shall
ever remain indebted to Dr. VT Jadhayv, the founder Director (Dec. 5, 2006- Oct. 31,
2012) of this newly established Centre, for his keen interest and benevolent
guidance in establishing the infrastructure facilities of this Centre and handling
major pathological issues in pomegranate during his tenure from 2006-2012. In a
short span of 6 years, the Centre was nationally recognized for its potential in
handling farmers' problems. The magnificent NRCP Office-cum-Laboratory-
Building which came up during his tenure is being highly appreciated even today by
visitors from all over India. Dr. VT Jadhav will always be remembered at NRCP for
giving a strong foundation to this Centre.

The staff of ICAR-National Research Centre on Pomegranate, Solapur,
express heartfelt condolences to the grieved family and pray the Almighty to give
strength to bear the irreparable loss and vacuum created by his sudden demise.

With deepest sympathy
Staff

ICAR-NRC on Pomegranate
Solapur
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Appendix III
Outreach activities of ICAR-NRCP in India
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POPOM- Package of Practices for Pomegranate Orchard Management;
TCP — Tissue Culture Plants; HWCP-Hard Wood Cutting Plants; RTS&J — Ready to
Serve Drink and Juice; MPA — Minimal Processing of Arils and CB — Capacity Building
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ICAR-NATIONAL RESEARCH CENTRE ON POMEGRANATE

NH- 65, Solapur- Pune Highway, Kegaon,
Solapur- 413255, Maharashtra, India

This certificate verifies that the above Organisation has been audited on the above address for scope as under
and found to be in accordance with the requirements of Management system.

ISO 9001:2015

Quality Management System

Augment the Production, Productivity and Utilization of
Pomegranate through Basic, Strategic and Applied Research

Certificate No. : Q-18032101

uic : MSCB-159-3113

Date of initial registration 21-03-2018
Date of this certificate/ Issue No. (5.06-2018/02
Certificate Expiry 20-03-2019
Recertification Due 20-03-2021

After successful completion of Annual Surveillance Audit, New Certificate will be issued.

This Certificate is valid as per Rules and Regulations of ECL & also the surveillance audits conducted atieast once a year.
To check the certification validity please contacl -info@theecl.com

CERTIFICATE OF REGISTRATION

Equalitas Certifications Limited

Accreditation by International Accreditation Service, 3060 Saturn Street Suite 100 Brea, California 92821-1732, USA

512, DDA1, District Center, Janakpuri, New Delhi-110058, India, Ph: +91 11 40204371, 9540751844
Email : info@theecl.com, Website: www.theecl.com
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