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§§, Three times winner of Sardar Patel Outstanding ICAR Institution Award “fl.

Frelr AT

IS 37S TH 3R, U vels,
UTIUOTHY, HINFhIS, wo H dld gl
g Gt AT T IEW@E AT ST TET
g1 dpfous STHTIEH TSe, HUasuy,
AdTeN, Shellceh H 542 3TFRAAT & IW@IET
forar o @1 B

HRA & TAfed 9PN & SFHT B
ITFUASAT HT Tehs aleh STHCITH TIg H
Shrer aran, S Mar ¥ o o oo
Fggwe T 7 enfAe gl

darehw ad= S 3menRa TaTaE3m
AT T 3TN T 22 TR AT
& €T elafe fafdeuar s aeffeor
Hael & faeeyor & gl qrewR genfadar A
ST ATR I 3TT HIT Tl
EENRONIAT T gdT T, S arsmw
HeAfrrd & 56.1% T SHT .
IMERIRTT H 97.6% doh TUTATAROTAT
AT B

Rifeer sraeee fafad 3R
UPGMAS3TIIRA FolEeReT o qBsw
Shetergal @l 3eraT- 3erer HHgh # faenfoa
foram, S 9= sitanforer 3eufar, gefer
3ed 3R TUEH AR & YR
3R Hel & 36%T &) BT YTy &
mmﬁmmm e 3R
ﬁ.%ﬂﬁ'&ﬁ,ﬁ.ﬁ@@mﬁ?ﬂ’r.
AfTAThepa 3R O, weep3mes 3R 1.
PRI & & T foshe ndfas
oY S@T |

Arpl rfEAeforar 3R 3T-TaedT o&ort
& forw 3refaiish gRac=RMerdr & favermor
¥ IaT T B Edee 7211, 3FALAA
1495, 1343 3T 4132 & AT FH TIHTRT
FrEEr, 3Td AT AET, SECIH TISH
oS, Fou AfaT St el &fgeh
3fefeperet 3R WA =l 7 R 3ueT Sl

fadvare &1 & o7 3% g@r gfeRred
Uoledel & folT 3mMemeides 3FAicar da1a &

Frel AT fFEaAT fT 33 fir TueHs 317
RIS TATA3t & Idr =er F
IMEIMETHIR ATFA, IBIETHIR daH,
AR gl & gfades St fr ger ey
31T o, wrafdes 313 7 Jes a9 o«
o, g 310 FASed arfged, e iy
T 3R ufa wig-3eeT & S5 & QAT Y
Fear e 31 oY ¥ {Avare gaad:
3oias 3R SAfds ST dig & dorar &
gfa 3a7ehr Tgaaeierar & faw SFer &

qI¥e& dcal I HHT arel wrell AT & giet
#H DHN 3R soD (cu/zn) STt & fAsies
a@w%%&éwﬁﬁ%ﬁw%ﬁ:
qIveh ceal ¥ 3UETR Gt o= &
3eaETRa gt # DHN (0. 182167) 31k sob
(Cu/Zn) 1(0.276114) gt =l & faw
fAcafFa &1 TR Frdr 3f8s )|

A, Sid TS 3R ST
FeRRIfET fg2avor & 3MUR W AgraT &
39S STeT aTell @9l YouX &7 9gdle gl
dqeligsds &7 # &I TS| eI
A [avdaT, faferse qaafas
NHISe, 3 cuagiar 3T 3caR-%adl
ol & v Iugerdar €. digeissa &
svmé:ﬁvwaﬂamw
BHA & &I H TS HdT gl

T geher arelT Telr fA=r Y Ta frew
'EHRTHAAR g HI 23 IR-faferse
SHTHT FASIET & ATA ¥ @IS
T & T 3ucreyr HIT AT B

TIRE el A SISl & W Hodiche
H SAesT 31, 4226, 1277 3R 1495 o
cfes 3R 39T AMUEST & MR W Fad
3Bl AT HgeTelleldl &1 YGeTe fhar|

U, AT 3T ST 9T Frelr A=
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BISCIFAURT fagfeaar, ot ey fagied
09-03 3iRX . aﬁaﬂﬁvﬁ'&ﬁ——d%lwés
FT THFHTT HeTTT & Ul e 5
AHT W 3 Aerelas o)

HISCIFART Hegrdr 3R d1. it
AT Frell BT & geallerseq #1
faedvor S W AP egaa IR
~gfFeR SNl ¥ Fel 30 RoellesTH Hr
qgdre $T G| T FAI S S EFI-a,
TAST HSP90, Tigd 3R Ura3 3R

TSI fegderoled I8 Cox2 XRNad5H
e goaiesed aifAd giar g, e
EF1-o@e® 310% fafauar fRmrar 2

T, SeErT 3R O efferiow fagied &
T ARl FdEANeT & HeTAT A
sfREAcH (Wil AITi=Ie 0.2%,
M 0.25%, @A HRd 0.2%,
ATTefrde Heplold 0.125%) SASTHSSH
(Fel TR Tor3-UTaTATRTS 0.125%), HITUX
JFAFARSE (0.25%) 3R Sifsar fFsor
(1%) & 9fad Fageeha fears|

HESFIRT T 3R s Tfda &
T Y AT o9l & fAT U ggearsry

Wﬁvmmﬁamm

Tl T (3TRUIU-USUHT) Werhld [ahiad
T |

TIASIA 3EATAT H Hohd THeT TR
STHCATH 3TFALAT 7492, 7445, 7457, 7467,
7439, 7657, 7482, & FISCIFART HFeddT &
ufa gfarer few@mar 3iX 7548,7585, 7492,
7445, 7503, 7563, 7401, 7478, 7577, 8043, 7457
e FALET o O, SiiuehIfoT & i
gfeRrer fe@man|

Freil AT fheA AT & TEdIRs S
Y Fafeld, Fellel 3R gshiaa fohar aram
3R Frel T Shae ST & fasgy urea
3ThA & TARANOT F TR 37elT-37e0T
3MSTRIH T Tgatel HT 75| TTMIR 3
ST 37eIshe T 3UANT CRISPR/Cas &
ATEIH T ST UGl & folT S8 RNA
(gRNA) &I f338 el & farw fRar amm

HRA & Ugell aR el A= fawmoy v
(i) Fr ggarT T TS AT STF
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ot S T 3fgshaoT foham arar|
W@aﬁ%ﬁamﬂa:ﬁvm
YR 3R 3IRE-Jepapiieaeisl QrelldAT
TiFcafthahelel (3RET-3IRYIT) 9T 3meannia
Serferes gdreTor fasrfaa fFar I

s’ Aedll Afcel AR ST IdT o9l &
oI ofeTel Foll SFYAT T iethlel
(TAUH3TET) fasfaa forar smar )

e AfAfew, AafREhmsa
SpIdater 3R wifecdisa TiEw & ufa
AHACHISS Fe3iISaAsi ool & geT fder
BT aa WA, Hifeer, 3R, AT
IR wifeelry TRAE #T Jcg & FAM:
100, 94 3{X 50 gfaea 3ifera fFar amm

Qree] Sicel (ST THSS) & afd 7 didr
% P SNPH dTel hIcARMG Hr ST T

qdr IaT foh FaNcIfafoade 0.3 &, for/fo.
T Fe YTUT FH TATET IR=IT I

ud r gRkftufaar # 5 Al a7
CATATRRE forafaad & gfd &7 @A
aTel ShIeaAerhl & GEY a¥ & Hedihd o
i foar i FRamiaiss 50 WDG @
1g/LF waeT ¥ 3T F aged & Ay
T Fr AfRdH TE&IT H FAT IS, $Th
d1E TATSAIIHATE 15.31 OD @ 1 mL/L FT
T foRar I

LI

3MSIMETTIR &I T, 30T &
TET AfhT STHCATH AEC (TATSITH)
7 o O o= 3RaeEt # @R fhar
ST 3T B

AH-TATT-FIGSI] STl TSIl
HedTehel GOETON & 9T =l & wonfa
584058-3 & W 38+ 39+ &1, g
gt GieT 860 I el 39T 3iR 149 T
qdr 39T At

ST TRY T TIET FHR Sesx<3msar
547219 ¥ g9 3T 39T 3ifehd &,
oo 2784.1 fF.aM./goFex e 3UaT 3R
517.7 . FT./geFeT AT 391 I g,
3% 916 (Sireix a’l—s')xatqmml(lsmo
feh.aIm./geFeT ATem, 285.1 fob. AT/goreX &




399T) T T I

e qof Sefrge-AfRsy] Selersd-3me
349650, 3TTSET 547222, 3SAT 547156,
3MEAT 349649 3R ST 349648, FTARTE
Uk IS, olodllall AT Mes 3T TH
Hacaefier deoheh ATY TETATAT GLIETOT oF
10.6% & 22.8% % AT HT THIT @,
for et 3mSHY 547222 F EY FH 39TT
3R IMSIMETEIR fasar & gow 3
39T AT

BIET Sy &7 FeEA], 3MSIMETHEIR
HIA (Felleeh 3R el F fow 37eifad)
3R IEIETEIR FRAY (FeleF F AT
aaaﬁ?r) H R TR, H N ham=T
FHITUT FHATT GaRI mﬂﬁﬁ forar amam)

ARG ¥ g 3R weard Rse@l .
for./for a1 AeTafaaa+Haioe @1.25 ATH/for.
FT SsHT P T AT H Tehg AT Bl
YT HIHT FHA gl AT

AEA qa hliidioshE (1 fA.fa./f)
IR ATEA TRad, $feE Teeg 3R
o A faFaw@=a (0.5%) Fr
&g 3R SRIT T W Tehe, ITeled I
YT HEH FHH G I, JAT 9T ki
(dE13718) 10% TETI

SFATRIATSIS 5% TH T & H1Y gl W
ar SR B8 el 8, Teh AYA § 5ol
(ST) 3R TF ARTEA F AE

fadsR), gomer & UoT selige 9T AT oIy
% ¥ yEes fRar I

HH ST dTel i (a1,
T SATATSS, FolNclalabel @ 1.0 .
for /T, 3N UF AT MeRE gt
Freamere (3.0 . fo/fa) & swa
ITEET ). STeTa’l-Hey, A3t 3R
Rrcia -3FER AR i) wad-AT 3R
ﬁwwmﬁ?mﬁaﬁﬁraﬁ
FH BT A e

CEHEECIDE]D

IEhT T YT A aTel FEAA R Farh
ey (HETEAT) HT ol ¥ IdT ool &

faT v depifeaaer uleims uiEcafthenersT
(IRAT) @ fawfad $r g ot 3 dr ©
WY IRYRE o7 AT 3R T J=T H 1000

AT 318 Hager R A o, S 93

YA R SSfFETT & T g@ehr Sugerelam

T g2l &l

HeTH

Fros ST I & o dt 359 A= #r
@@ Far S @ E

T Ffgsoy & forw e Hi gonfadl |
e & femma & 3R Fgée 3N
1.25/4 & FaH TS 39T (15.6 ToA/gFeX)
ifra 1, oY fF RAIE0T, 3MSIMESTHIR
T & NR A FEA Eepraor reageT
¥ 9T o § 1 eI FgéT 3N 1.25/4
3R Tadr 0.5/2 & FAT RAfAAA
Fsiafead IR Tarifaar dAle=dRea &
gfd goehl FagaIeieldr Ygfeld &l

zoT fagr giul (Fde Hads & ured) 3R s
faar gt (W-¢ & 3T Iv) & Sfew
YT I 9dr Ior fF det fir o=y i
TTTAT Teh AT oY, dfehed TS
WARSHAT T AleTs, T gedcd, dof
faRor F fAeaar o

it @ gefer, fawm, e ua [T
TeRIehell T 31oifae defra afgsorar #
AT TFASer 23 ST FT TR yae=,
3TRAVT AR FTAATCHS Alstolar fomar
IAT|

et gererer gonferal & Her 9 dea
mwa:mma’r@rwwﬁ:

d 9I¥& ddd JeY« (MSTATH) 3TaR
ﬁmmﬁ%ﬁmww
TR o1, STafeh BIEHRY, HIIR, Hemg AR
e 3o gomfoat & J=y A= A 9
A 75% 3R & 3=9dd s
wIEhe Afafafer gdT 718, Sefh e
WWW@&O%Wﬁ
ey 3 oY

T T-JU IHeIh Al T q3sY AR fmar
I, 3R FHS FRATCHS VT T fF=A6TaTR

q

Q

0-3-
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feTRa foraT /=m: 3mgamnfgar 54.66%,
M 67 AHs, ST H golaeiierdr 84.63%,
STel 3TENYOT Ferehich 0.72, Fargeierdr
14.50 3R FIwERNeAr 1.75 3 &l

o A & fav &I SiifFasraRiss
(0.4%) T YA Fh JFTH HATA Teha-
SfAd T AT TISIAAAHRHA I AT
I H e gamET o1, f5Ed 60% Q9T
HeFd diYr gred gul

g s 3MId" W J9or HT Ay & werra
T T A § T =orl &6 AR H
STedT 90T & &, &3 & (90T T 379eT
9T 39T 3R AfAgFser & ey 7
HTHT FAT ST T

Y R-AYH BT F AT FHSA T h
g TS AT AT W TG & T§ Hevel
e for oifear 3R axat & @ Ao §
oIS JPTOT A gefr g5 AT T HAAA

H g3

75 NEr & FahaARIF ST HANTFTH
Hremge+Hawe, shaifeas
Hrarsa+FaRIdallierel,

FllTUhI o+ PIECSA-UTS 3R WfUaa &1
s e & vfd gRa ¢ afa &
THTAT 9T ITATI

Ag T3 WT & fAT TR I Yefer
W%@Hmﬁm%mﬁ:
30%?3?34?!?!?11??\31231?(&11.8%@?,
. tAgAfafFawiaa iR & 3TRead)
& AN & FY NfeAT IR AET HEA
THOT O AT A RiAwH fr dear 7
ﬁ@maﬂﬁyﬁ Wﬁwzfaﬂ
ﬁ?ﬂgﬂgﬂmﬁwﬁml

IEHAR HATGHIRSTS hash (TTHTH) &
T EHTRIT A T eI 1 gafe,
feeaiiar, 3R dive dca 7B FA A e
g%, 7g Hsel T AU HHA g3 3R T

2

SAFITNET (S1R) & T3 & FHIBY amer 3|

TSIpsiesd SFIRTAT 3% & I 3R
fpw av OY. ARRAfeaH 3R 9. T &
T Soaeid ASHRFT (THSTH)

4 | Annual Report 2024

faReyur & gar Iem & ®uTcHs 9Rada &
Tedl, gileR Aclg, g18thel gea, fawse,
T WA &1 Bolar iR 3@@HT
TIATcHS faeard &1 o7 ueele g3l

ShaT] Eo S, STder AImeRI#, .
mﬂﬁﬁ?a‘r W GAHA AT &
TdeT FT Ad F T 4

FARTH @1250 fA. foI./ZeFeT & wAer o
UH. SAhidaAer 3R wifecaa T &r
STAHEAT FH BT TS

3ETH 3R §odl H THAdE!. gfFemiierd
& gaud & AU Thihd fle geu
msdiTH) Yt F gRa fear i
AR (FaReIA e, e 3
amFasT fagrefde) 3R A7 3cug & I
ARITTH IR & T Bele= &
AT T TAET W SeIh & fatad
I H g 4T

goal

#1371 9.- R AGTNT Bl 31a1<-|u|a1
wm—rr “FNFRE F 1404 TEHAT Fdredrar
¥ STHCAEH AT T @@ T o
T B

I STell goal Siellergdl 9T HART el
W giaa frar & s 751 & "9
e 3uar 3ifeea @

IMEIMETHIN AT, U 3T 39S &l dTelr
Wtﬁﬁfm@rﬁﬁ?@?m@r?ﬂél
g fper &1 fAAvar Igr § F a7 3=ar
A § 3R Siohee, p-AfFathaegle, 1-8
@t 3R « Wé@@%m@ﬁa
AR BT 39T AT A Tl Tg INTAT 29
TA/GFET TSl 39T ST & 3 ETH 2-3%
AT el ¢

falera o 3R A g wanfaar &
foT 61 Shetersdl & Hedisha fhar
3R 39F ¥ 376 AT (3. 636,
3FT.761, ITFW. 979, 37FH.1035, 3.
1037, 31&H. 596, 3/&H.599 3 37FH.612)
P TATSTTR AT AT

R & goor & Wdr & fow el




3UGFAT faRelvor & Tl =eldr & o 2050
d% ALT U, ASRTSE 3R SAeG &
Fo ST #EIH 30gFd § 3cATAF 3TgFd
& gRafda g o), sefe Rame geer
3R 9o & Fo oI gt sugeET @
#egH 39gad # aRafda gr s
faffer Sifaes S gonfot & Feaie &
100% SAfas YaerT & 3ided Ufds Hiethe
ﬁ?ﬂmwﬁﬁﬁaﬁrﬁ?@ﬁﬁ
3ifpd &1 I8, STEfH kchlchd qIYeh ded
TS (75% Sifash+25% 3Toifaeh)F 3iaeia
3Taad fegeseea afafafr sifea &r 78]

srell AT, gedl, IRT Ty, (A3 3, W3
4) 3T, Farr, fem R AT SR
W%Wﬂﬁﬁmﬁm
mﬁ??ﬁlﬁ?ﬂéﬁrmﬁk*s 1.96 Q@
JUT hl olTH SHATTI

goal & Wihicieh $Y gguld Il # ded
3T FIHIAT AT (5.64%) 3ifhed HT 778,
STafeh A TXET & [T Tehlhd ®HT
e (50% Sifdeh+ 50% 3ToiTde) &
IRUTHAEaRT a8 38 AferaR & AT
(11.1%) 3R TIE-TAA3TE geufa &
IR AAATST Uehe, 39T (18.6 ToT / gaeX)
3R A AT (4.9%) 3ifRa T TS|

ﬁasaa@raﬁmﬁmﬁmw
SIS @Nusuﬂ ¥ forT ameer aRfeufaar
ﬁ750w£r$?|m%1%crﬁ?ﬂ
55+1.24 °CF IMH §ATh dTIHTT T 3T
HAT AT ATl 34 gRFEAfaar #,
URYNF €9 H JAE H Jolall A JET HT
AT TITHIT 40% e @I AT

A AT 3ol & fOIT Tsh T@fea
mﬁm?-rﬁ?mw Sad S
AfARAA T 3T Feh Flh HT I

HeIohich, HeleTeield, STol S5 GRAFIr Lo

Wwﬂs%wﬁwﬁ%wﬁr

wﬁﬁ?ﬂ?ﬂ#swﬁmﬁammﬁ
Frer Fr ghT 3fha fhar I, aaﬁ:mﬁa
Hiferar 3R Mool e # Ig 30 &
ALY A fa@rS ur| ercdr goe 3R
3. 849 H HEE 31U YT IHFJaT I
YEITT H QT 3141, STt Joig Aferdr
3R 9fasT & STHT TRA YT Ade) H
g3 foreaAr & &, 3198, 849 H e ifO+
Fre amer 3ifha 9 7S, TEE ol AT
H e FA|

aferar

Tl 77 JFAAT (65 Afelell CelfAmhIferar
3R 12 IfFeT venfaan) #r @fea fear s
T Bl

3T ahd & wATE+0.5 A, I ffor. TATT
& 3T TASH T 3YAET IF 3o faer
SIS 30T A ERIE0T & 60 feal & aTg
31 FEar &7 o5 3R afrar fasefaa g5l
aferell & yo@ Fare At H AET
ReifT a & T o fafr fwfag @
I8, o  afafos, drassieadsess
s, f. gEsliaasssdisgss 3T
dfafos tfas afaa &l

g&T AT
e

SISl & W Sile doh H 163 3TFALAT T
@@ fFar S @ g

AR fr & a=g yonfa, A, s
eltesh & Hisd] forel ¥ 3R TA. HAaTRHT
T Y FAAA N Ho & Felaen el &
Ty fRar I

ar Uil wenfadt (3198, 562, 37F8.590)
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AT TF HAGT YSTlfa (3. 530) dAfgd A
3MRMTSTaTeh 3TFARET T TISAIRIATH &
3TeTd gHfead Terta gdemor & fav
g&ara foRar ara

IR faResr TRiE S8 U#H. FEed,
HATTIAThehT T 37197 T & [oIT
FARICAREE SATH TN TEERHATRRT T
ICEAt:GREXIKIE

ST SIIfaaT T I3 gaT s graaT ared
SRS U= 1 fafer fashfad & g,
S ga= & §77 7 °9¢ d% FA g
I, fSEd AF T AET 55.640.7% T
TeHhT 8.3+0.2% BY TS|

SATFEA & ek & T & 91387 Hl
o & gu= & T gishar AMIEst
gfafshar ddg yeuid &1 3UANET &l
maﬁ:mW|maqﬁﬁaﬁﬁr
H, msqolqm?rqlss( 4 T & AT

3.58% TS ?Iél

SRl STTasT & 3 gH ga= & faw
dFGH 3R (§TAAT : 20-30 TR, M)
39T e [&Affest ag dvHAE
Hediehel fohar I 3R dogH & T 4
& & 37eT Afaar T A58 T AT 55.60%
& URTHE Hed § 7-8% dh HA gl TS|

grerdieY

STTT & Wd SieT d& H 172 3FAeET
FT @@ a1 ST @ 8

FARICATEE SNATH M 3MoTfdes AT
Fr AT dRA 3R I@T. AAEeH FH IR
& forv fosfaa forar |

atar

\;ﬂ'l?omu dter 3R AT offer & 9=
STehicieh HeIOT ol 918, foreeh
yRoTEEERT O G wea gs o
SERSNIE DI CIR ST THUHIR AT T
3UANT FF SNACTE AT feaor

AR eh-Gel dTel, HAF Tlell hr Hhg

Waﬁwﬁﬁﬁm S8 Fell & ToTd
ﬁraﬁa?ﬁrl;l?:ﬁﬁ@rl
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HTAEISH

g fagr 3regge qv Jereifaran
TGEHITHRA & faveer Ma=er
AT

der 1 ShawRrer aifafafer giserer 3R
AR Y SrSaRier Hewt SRR ¥

$ROT giar §, St ShA-taTy faeeyor &
3= Figdl § 9T T |

HTHTT

AT TR TR FAHOT 31T
CISehICSH, Saciasd, saciforedsa 3R
ZISRITSTCHA HT AT & doa &l gura
IR gewshat & fadior #1 glaersas
I & forw fasfaa fohar =)

Fuger 1 (Yeerrarsiugl) R huasT 6
(e a¥w) Sharoy fagf@Faar @ gRa I8
feufaar & afme (&) #r afasier &=
3R dfel @ gefer @ ggEr & A
3TRITSTeTeh 91T I1T|

sdlel Wi 3cumal & fdehd & foIw well
3R afesat & #Awrer 3% 3R wrepfasw
& T HiU Teh FIITRITAT-FAT
dFGH ThA gHS TaHhfAd T TS|

3eXF W SE0] Jo - (BT SR,
IrerT TR, TRReITe T 3R
ot ufRenfafFathfaew) 1 Wq Fedha
33 W 75% 3R 50% TAdhaisUA &
Y TIFA 3R H Yehe, 39T H I
SHT | T IUTART & IROUMATIRT Tehey
IS & IIT H FAT IS 3R
fegregiora arfafafer & ger gam

AT9ATT FgTefiel IShIsIAT fagiaraar &
mmﬁmﬁi‘r@raﬂﬁr
S WET STl A (3TssegH), ﬁTEh_or
aaﬂeﬁamﬁaaswﬁaa%a@mél

TH. UMY Z@RT HHAUT & Fafed
(Tafefafaa - 3 di3m 3k fftas -S9
f13RR) 3R asvw anfAe § Sadr fie
Fgfesre & qRa Afsar 7 Agcaqe & &
a?ﬁrsé’ a‘raa@z ﬁrﬁwm@ramaﬁr




fe@rar gl

et gergmdeerd, dr. dFRbarasissa &
AT-3ECR oraT & favey wH. fierendaedr
3rad arde FigdT (LCso)3iR 4.
qIETTAFHAL: 4.6x10°, 1.7x10° 3R 9.5x10°
Fifafsarea o )

SrAeEdFenfes & faged far v
Tre AU dhash ARG
TaRIFIISR-EPF- 14, TSieh(Zn)ger=eiierar 1
ggrar § 3R diat Fr gefr F FemEr &
arel AU S 3MEVT 3cUTe, AT
HISSUBRE BIEhe Felarellerdl 3R
BISaIaS e USISH AT T Seldr gl

ar &d A arel HIcTreH,
Farcifaferder 3R Tuararg #1 3meis
3R godl T BHAT W 2 x IFATAT AT
(1.0 fA.for/for) 3R el T W
FARGIHATITST T 2 x 3TATAS AT (1.0
fa. ﬁr/ﬁr)wmwﬁrw
qﬂsﬁaﬁaﬁﬁaﬂwmaﬁrml

Freil AT Fr 21 3SEI0T FEAT AT
HFRIs IR dvased, damelr H Tiard
fopam ST BT &1 & Te, 3roderer F
UgE STl 3616V fhTAT HT WA
fopar ST T@T 81 3 AT 3 3R gear
Fr T 3eEI0T [FEAT A WRAETT Fh
Hade foar ST T ¢

3T 3T godt Fr A IFACar fFEAT &
Hodichel fhaT ST TET 1 helicen # ol
A &1 fheAt, TASET 16 (SeiweTg),
o1, for2, fo13 3R A4 FT T/ W
SIYUH GETUT Hedishad AN fohar Iram|

951 ST &7 & THSsegAIT faveryor A
3CANT @l Aol A & fov Hermfad
m:ﬁﬁu‘résmﬁﬁm:rm%maﬁr
FT e, aﬁuﬁaﬁ%ﬁwﬁ
ﬁﬂar mﬁwmﬁﬁm
Wmﬁmmﬁaﬂﬁé?ﬁvaﬁr
miﬁé?éﬁascqlcm OISl ST oITs
381 3R 3curee &= A fawoy 1 gar
M g fohe T IYANT Fe T g
Al

THIT ICIIAT & IT ol & b 313 fir
fored smsamdvasm aAfgar 3 axer 9
3T s 39S Wifed R 3ifde eure dr
9geR A[UIaCl & HROT HAIET fdhed & &
A 3R W ¥ 5 freAT o voga g@
foreaT fr S1g o o &l

St R ik arRifser ghaer &
A 3T [hEA (IMSISTHIN 1)
BIET SATRRT fRTAT (3MSIMSTTR HIoT
3R IMEIMSTHIR AP 3R 313+ e
aﬁmmwm)a:ﬁv:ﬂnmf
RETRRIRT SUR e amT, o
WA THAIRHAT SaRT 3eThT 1T
H A AT

W%ﬁv%aﬁaawﬁ?
oSl Tofehe faenfara foram amam, ot
aﬁaﬁmﬁ?&@r [CERIECNOH
THERHT, Tdieeh APcaiEa faeaor
3R Feday wersiel & gafsord gl

U o BAURS THACrl & fov fafdes
3afT F UiRIEToT FRIwH e U
e 3cUTEehl I 3= TN Hiera 31X
3cATAAT FEIIAT EdIdRd el 9T shigd
Iy

TEETgdr FRIGH & ded, JEA o 5
ierer fasera gferaror @ 3mAfoa faw,
fSOY SETHET 1,000 <ATFAAT T FerFd
FATAT IT| S 3TelhIeh HADell UTelel
foT IR % 6 3R AYHFET F o
S 3UROT YeId Feh [afaer meiiaenr i
oY grar fegam, @ & s @, gan
dives fsor 3R ST SFoge S 3aTE
geiqe o vere fahu|

TASUS e ¥ Aurerd, Rq iR
AR & 30aa NioT foFeT I3 TE3R
el % AT T 3Tqfd s[@erm faw
SshH & fohar |

TTeT e RIS & degd 3197 dfed
el (VhUAST) [126T€T] #T 10 <A
(TS, 3STem, 3MEm weer, IeRId,
AT, 3R e, RIS, ANS,

Annual Report 2024 | 7



AR 3R 3@A) & o) foRar o 3T §,
a’rmaﬁﬁaﬁlﬁﬁm’rzﬁm
AT &7 F Iead ST 39T & T
IR F Fe wensh ¥ oRees #

Te iR ear &l

3 37ATY F R, IMSHTIR-
HTSHSTHIR GART HSAH (3¢) AZHE

SIRT T 71T 3R 58.83 W@ FUT &7 oI
3cHeel 5-3'1T|

#1337 9.- TR AT AT el I
W?ﬂ?r aflﬁcrqols el T HATIT 0T
3R SF T TRETOT TR % o
HATleh IMSUHIN/MEEHT 17025-2017
ITER e TRAETOT 3R 37eriehed
TARTLMTST T 15 (TATSTS) EaRT

H=Iar ured gl

aarer & forv T afse giwe dea
I (FIGH HC) (THSTY-19375/2024)
& fow FidRTse U= foramerar, AaTEr &
forr glc TR 31f8Tes §=FRE 3R
(f3SI8aT WEAT 420100-001) 3R 33—'&??
ST Zlﬁ'c," (420102-001) & foIT %3”37-!'
YT vee T T

8 | Annual Report 2024



BLACK PEPPER

Three thousand five hundred and eleven
accessions are being maintained at the
Experimental Farm, Peruvannamuzhi,
Kozhikode, Kerala. At the alternative
germplasm site at CHES, Chettalli,
Karnataka, 542 germplasm accessions are
being maintained.

Twenty-one Piper accessions were collected
from different parts of India and added to
the germplasm repository including a leaf
tip mutant accession from Goa.

An analysis of genetic diversity and
taxonomic relationships among 22 Piper
genotypes using 47 novel gene-based SSR
markers revealed high cross-species
transferability of these markers across all
Piper species, with transferability ranging
from 56.1% in Piper magnificum to 97.6% in
P. argyrophyllum.

Principal component analysis and UPGMA-
based clustering separated the Piper
genotypes into discrete groups, with
patterns that corresponded to expected
associations based on geographical origin,
growth habit and spike orientation.
Pairwise comparison of relationships
between Piper species revealed closest
genetic relationship between P. longum and
P. hapnium, P.colubrinum and P.magnificum
and P.attenuatum and P.argyrophyllum.

The analysis of genetic variability for
morpho-physiological and yield-related
traits revealed that Accession 7211, along
with Accessions 1495, 1343, and 4132,
exhibited characteristics such as low
stomatal number, high wax content,
optimal spike length, high setting
percentage, efficient physiological
adaptations, and stable yield under water-
limited conditions. These traits make them

" Three times winner of Sardar Patel Outstanding ICAR Institution Award “‘l.

EXECUTIVE SUMMARY

promising candidates for breeding
programs on improving drought resilience.

Root morphological and anatomical
characteristics of varieties revealed that the
[ISR Shakthi, ISR Thevam, and Pournami
had the highest number of secondary roots,
longest primary root length, most xylem
vessels, widest stele, and the greatest
number of root hairs per cross-section.
These features are likely responsible for
their tolerance to both abiotic and biotic
stresses.

Differential expression analysis of DHN and
SOD (Cu/Zn) genes in nutrient-deficient
plants indicated that untreated plants had
significantly higher expression levels for
both the DHN (0.182167), and SOD
(Cuf/Zn)1(0.276114) genes compared to
nutrient-treated plants.

Based on morphological, biochemical, and
DNA fingerprinting analyses, long pepper
cultivated in Meghalaya was Identified as
Piper peepuloides. The unique morphological
characteristics, distinct chemical profile,
economic viability, and suitability for
intercropping systems position P.
peepuloides as a promising alternative crop
for the region.

ISR Chandra', an early-maturing hybrid, has
been made available for commercial
cultivation through 23 non-exclusive
licensing agreements.

Field evaluation of 11 genotypes for
drought tolerance showed that the
genotypes Acc 4226, 1277, and 1495
performed best based on physiological and
yield parameters.

Cross-infectivity studies of Phytophthora
isolates, P. capsici isolate 09-03 and P.
tropicalis isolate 98-177 on arecanut,
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coconut, and nutmeg revealed that they
were highly pathogenic on nutmeg.

Analysis of haplotypes in P.capsiciand P.
tropicalis revealed a total of 30 haplotypes
from the mitochondrial and nuclear genes.
The nuclear genes such as EF1-a, enolase,
HSPgo, TigA and Ura3 and mitochondrial
genes such as Cox2 and Nads incorporates
unique haplotypes with EF1-a showing the
greatest diversity.

Fungicide sensitivity studies with P. capsici
and P. tropicalis isolates showed sensitivity
to dithiocarbamates (iprovalicarb-propineb
0.2%, propineb 0.25%, cymoxanil-
mancozeb 0.2%, metalaxyl-mancozeb
0.125%), benzamides (fluopicolide-
propamocarb 0.125%), copper oxychloride
(0.25%), and Bordeaux mixture (1%).

A duplex Recombinase Polymerase
Amplification-Lateral Flow Assay (RPA-LFA)
protocol for the simultaneous detection of
Phytophthora spp. and Pythium spp. was
developed.

Screening studies indicated that the
accessions 7492, 7445, 7457, 7467, 7439,
7657, 7482 showed resistance against
P.capsici and the accessions 7548, 7585,

7492, 7445, 7503, 7563, 7401, 7478, 7577,
8043, 7457 against P. tropicalis.

The NPR3 gene from the variety, Sreekara
was amplified, cloned and sequenced and
the analysis of the obtained sequence
against the black pepper genome database
identified four distinct isoforms. The NPR3
gene sequence was utilized to design the
guide RNA (gRNA) for genome editing
through CRISPR/Cas.

The occurrence of black pepper virus F
(BPVF) was identified in India for the first
time, and its complete genome was
sequenced.Diagnostic assays based on RT-
PCR and RT-recombinase polymerase
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amplification (RT-RPA) were developed for
the sensitive detection of BPVF.

A Lateral Flow Immunoassay protocol
(LFIA) was developed for the detection of
Piper Yellow Mottle Virus.

Screening of new generation low-risk
insecticides against pollu beetle (Lanka
ramakrishnai) indicated that
chlorantraniliprole @ 0.3 ml/L was effective
in managing the pest.

Second year evaluation of low-risk
insecticides against root mealy bug
Planococcus lilacinus under field conditions
indicated that application of clothianidin 5o
WDG @ 19/L reduced maximum number of
mealy bugs on the 20" day after drenching
followed by spiroteramat 15.31 0D @1
mL/L.

CARDAMOM

Six hundred twenty-five accessions are
being maintained in the National Active
Germplasm Site (NAGS) of IISR, Regional
Station, Appangala.

Evaluation trials of moisture stress-tolerant
lines showed that line 584058-3 produced
the highest yield, with 860 g of fresh yield
and 149 g of dry yield per plant.

CVTon hybrids showed the hybrid Bold x
IC 547219 recorded the highest yield,
producing 2784.1 kg/ha fresh yield and 517.7
kg/ha dry yield followed by (GG x Bold) x
Appangala 1 (1310.0 kg/ha fresh, 285.1 kg/ha
dryyield).

A multilocation trial with five leaf blight-
tolerant genotypes—IC 349650, IC 547222,
IC 547156, 1C 349649, and IC 349648—along
with resistant checks Appangala 1, Njallani
Green Gold, and a susceptible check,
showed disease incidence ranging from
10.6% to 22.8%, with the lowest incidence
in 1C 547222 and the highest in IISR Vijetha.



The varieties, ISR Manushree
(recommended for Karnataka and Kerala)
and lISR Kaveri (recommended for
Karnataka), were notified by the
Government of India, Ministry of
Agriculture and Farmers' Welfare .

Pre and post-monsoon spraying and
drenching with tebuconazole @ 1 ml/L or
metalaxyl + mancozeb @ 1.25 g/L

significantly reduced rhizome rot incidence.

Pre-monsoon spray and drench with
tebuconazole (2 ml/L) followed by a post-
monsoon spray and drench with Bacillus
atrophaeus and B. amyloliquefaciens (0.5%),
resulted in the lowest rhizome rot
incidence, with a percent disease index
(PDI) of 10%.

Application of two rounds of foliar spray
with hexaconazole 5% SC, one pre-
monsoon (June) and one post-monsoon
(September), effectively managed leaf
blight disease.

Spray schedule optimization of low-risk
insecticides (spinosad, flubendiamide,
chlorantraniliprole @ 1.0 ml/L) and a neem
based botanical insecticide (3.0 ml/L) with a
standard check (quinalphos @ 2.0 ml/L)
indicated that the spray schedules)
January-February, March—April, and
September-October, and (ii)
February—March and September—October
were effective in reducing the shoot and
capsule damage.

LARGE CARDAMOM

A recombinase polymerase amplification
(RPA) assay was developed for the rapid
detection of cardamom bushy dwarf virus
(CBDV) causing foorkey disease.The RPA
assay was 1000 times more sensitive and
faster than conventional PCR, indicating its
suitability for large-scale indexing.

o e
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GINGER

Six hundred and sixty-eight accessions are
being maintained in the field gene bank.

CVT for disease tolerance showed that the
mutant R 1.25/4 recorded the highest yield
(15.6 t/ha), which was on par with the
control, ISR Varada. Artificial inoculation
studies revealed that the ginger mutants R
1.25/4 and HP o.5/2 exhibited mild
susceptibility to Pythium myriotylum and
Ralstonia solanacearum.

Anatomical studies of in vitro plants (tissue
culture-derived) with in vivo plants (pro-tray
grown) showed that plants had a similar leaf
structure but differed in spongy
parenchyma thickness, stomatal density, oil
cells, air canals, and vascular bundle
distribution.

PCR amplification, sequencing and
structural modelling of the XET 23 gene
involved in plant growth, development, pest
and disease resistance and abiotic stress
tolerance was conducted.

Soil nutrient availability studies across
different management systems showed
that Integrated Nutrient Management
(INM) treatment had the highest levels of
OC and Ca, while P, Cu, Mn, and Fe were
most abundant in organic systems. The
highest acid phosphatase activity was
observed in the Organic 75% treatment,
while alkaline phosphatase activity peaked
in the INM 50+50% treatment.

Vacuum infiltration using copper
oxychloride (0.4%) for 10 minutes was
found effective in eliminating rhizome-
borne R. pseudosolanacearum yielding 60%
disease-free plants.

The influence of date of planting on soft rot
incidence showed that early planting in
March significantly reduced disease
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incidence and Pythium soil population
compared to late planting.

Influence of crop rotation with non-host
crops like mustard, amaranthus, French
bean, cowpea and sorghum on soft rot
incidence indicated that planting with
cowpea and mustard enhanced seed
germination, and reduced disease
incidence.

New generation fungicides like., kresoxim
methyl +mancozeb, kresoxim methyl +
chlorothalonil, fluopicolide + kosetyl-Al and
propineb were found effective against
Pythium spp under greenhouse conditions

Field evaluation of the integrated disease
management schedule for soft rot disease
demonstrated that crop rotation with
cowpea and mustard, along with bioagent
applications (B. safensis, B.
amyloliquefaciens, and T. asperellum) at 30-
day intervals, significantly reduced the
Pythium soil population, improved
germination, and decreased soft rot
incidence.

Inoculation with arbuscular mycorrhizal
fungi (AMF) enhanced growth, tillering, and
uptake, reduced induced soft rot incidence
and significantly inhibited M. incognita (J2)
penetration into roots.

Scanning electron microscopy (SEM)
analysis of P. myriotylum and P. deliense
treated with endophytic bacterial extracts
showed morphological alterations like
rough and wrinkled surfaces, hyphal
rupture, fragmentation, peeling of the outer
layer, and abnormal structural formations.

Bacterial strains viz., Bacillus megaterium,
B.aryabhattai, and B. cereus were effective
in inhibiting nematode host penetration.

Application of fluopyram @1250 ml/ha
reduced the population of M. incognita and
Pratylenchus sp.
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Integrated Pest Management (IPM) package
for the management of C. punctiferalis
indicated that application of insecticides
(chlorantraniliprole, spinosad and lambda
cyhalothrin) and a neem product in
combination with a liquid formulation of
Metarhizium pingshaense was effective in
controlling shoot borer.

TURMERIC

1404 Curcuma spp. germplasm accessions
are being maintained at ICAR-IISR,
Kozhikode.

CVT on seven black turmeric genotypes
indicated that Acc. 751 recorded highest
yield.

lISR Surya, a high-yielding light-yellow
coloured variety was released.The variety is
distinguished by a unique flavor, with high
levels of minor volatile compounds such as
zingiberene, B-sesquiphellandrene, 1,8-
cineole, and a-humulene. It yields an
average of 29 t/ha of fresh produce and
contains 2—3% curcumin.

Sixty-one genotypes were evaluated for
extra-long and bold turmeric lines and eight
genotypes (Acc. 636, Acc. 761, Acc. 979, Acc.
1035, Acc. 1037, Acc. 596, Acc. 599, and Acc.
612) were found to be promising.

Site suitability analysis suggested that, by
2050, certain districts in Madhya Pradesh,
Maharashtra, and Chhattisgarh are
expected to transition from moderately
suitable to highly suitable, while a few
districts in Himachal Pradesh and Punjab
will shift from highly suitable to moderately
suitable.

Integrated organic farming system model
maintained with crops like black pepper,
turmeric, fodder grasses (CO-3, CO-4),
tapioca, banana, cowpea, and coconut and
dairy unit generated a profit of Rs 1.96 lakhs
per acre.



Natural farming package experiments
recorded the highest curcumin content
(5.64%) whereas Integrated Crop
Management (50% organic + 50% inorganic)
with Neem Astra resulted in the highest
oleoresin content (11.1%) and the AI-NPOF
package recorded maximum fresh rhizome
yield (28.6 t/ha) and oil content (4.9%).

The ideal conditions for drying turmeric
slices with hot-air assisted infrared involved
using an infrared power of 750 W and a hot
air temperature of 55+1.24 °C. Under these
conditions, the drying time was reduced by
about 40% compared to conventional sun
drying.

Turmeric oleoresin-impregnated arrowroot
starch films were developed and evaluated
for several qualitative parameters.

Hot water treatment with vacuum
infiltration effectively controlled lesion
nematodes in turmeric rhizomes.

The impact of plant phenology and varieties
on shoot borer incidence indicated pest
occurrence in early August for Prathibha,
Pragati, and Acc. 849, while in Rajendra
Sonia and Alleppey Supreme, it appeared in
mid-August. Among the varieties, Acc. 849
recorded the highest pest incidence, while
Rajendra Sonia had the lowest.

VANILLA

A total of 77 accessions (65 Vanilla planifolia
and 12 Vanilla sp.) are being conserved.

In vitro seed germination using the media
combination of half strength MS + 0.5 mg L™
NAA resulted in more number of roots and
leaves, 60 days after inoculation.

A method for quantifying key flavor
compounds in vanilla, including vanillin, p-
hydroxybenzoic acid, p-
hydroxybenzaldehyde, and vanillic acid was
developed and standardized.
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TREE SPICES
NUTMEG

The field gene bank consists of 163
accessions.

A wild species of Myristica, M. beddomei and
a new accession of M. malabarica were
collected from Kodagu district, Karnataka
and Idukki district, Kerala respectively.

Three promising accessions including two
monoecious lines (Acc 562, Acc 590) and a
female type (Acc 530) were proposed for
Coordinated Varietal Trial under the AICRP
on spices.

Chloroplast genome-based polymorphic
markers were developed to distinguish four
Myristica species viz., M. fragrans, M.
andamanica, M. malabarica and M.
magnifica.

Hot-air assisted infrared drying ofmace was
carried out with drying time reduced to 7
hours, decreasing the moisture content
from 55.6+0.7% to 8.3+0.2%.

Process parameters for spray drying rind
juice powder were optimized using response
surface methodology. Under the optimized
conditions, the moisture content of the
spray-dried powder was found to be 3.58%.

Vacuum drying of mace using vacuum tray
dryer (capacity: 20—30 kg) was evaluated at
different air temperatures and the moisture
content of mace decreased from an initial
value of 55—60% to 7-8% within 4 hours
under vacuum .

CINNAMON

The field gene bank is being maintained
with 172 accessions.

Chloroplast genome-based molecular
markers were developed to differentiate C.
verum and C. malabatrum.
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CLOVE

Natural crossing was observed between
Zanzibar clove and normal clove, resulting
in progenies that exhibited hybrid vigor.
Genotyping analysis using SSR markers
established the hybrid nature of the early-
flowering, vigorous seedlings, which also
displayed increased bud weight.

ALLSPICE

In vitro studies on anti-bacterial activity of
Pimenta racemosa essential oil against
R.pseudosolanacearum is probably due to
the presence of volatile constituents such as
eugenol and chavicol, which were found in
higher concentrations on GC-MS analysis.

GENERAL

Novel granular lime-based formulations viz.,
Tricholime, Bactolime, Bactogypsum and
Trichogypsum were developed to
ameliorate soil pH and facilitate microbial
delivery.

Bacterial isolates KSB 1 (Pantoea cypripedii)
and KSB 6 (Bacillus cereus) showed
promising results in their ability to mobilize
potassium (K) and promote plant growth
under greenhouse conditions.

A lab-scale vacuum impregnation unit was
developed for the impregnation of spice
extracts and natural colours into fruits and
vegetables for the development of novel
food products.

Field evaluation of bacterial consortia
(Raoultella terrigena, Bacillus safensis,
Acinetobacter sp., and B. amyloliquefaciens)
on ginger demonstrated increased rhizome
yield in treatments with consortia
combined with 75% and 50% NPKZn. These
treatments also resulted in reduced
rhizome rot incidence and improved
dehydrogenase activity.
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Greenhouse evaluation of temperature
tolerant Trichoderma isolates under varying
moisture levels (100%, 75%, 50%, and 25%
FC) resulted in enhanced black pepper
growth with higher relative water content
(RWCQ), proline and total soluble protein
levels.

Production of infection-related enzymes,
including chitinases, proteases (subtilisin-
like Pr1 and trypsin-like Pr2), and lipases by
M. pingshaense was significantly enhanced
in media supplemented with insect cuticle,
indicating substrate-dependent
upregulation.

The median lethal concentration (LCsg) of
M. pingshaense against late-instar larvae of
Chilo infuscatellus, C. sacchariphagus
indicus and C. partellus were 4.6 x 105, 1.7 x
105 and 9.5 x 10°% conidia /mL, respectively.

The entomopathogenic fungus
M.pingshaense lISR-EPF-14, isolated from
C.punctiferalis, enhanced Zn solubilization,
enhanced plant growth through IAA
production, ammonia, siderophores, P
solubilization, and hydrolytic enzyme
activity.

Evaluation of two low risk insecticides,
chlorantraniliprole and spinosad, at their 2x
recommended dose (1.0 ml/L) on ginger
and turmeric and chlorantraniliprole at 2x
recommended dose (1.0 ml/L) on black
pepper, did not express phytotoxicity
symptoms.

Twenty-one example varieties of black
pepper are being conserved at Kozhikode
and CHES, Chettalli. Fifteen cardamom
example varieties are being maintained at
Regional Station, Appangala. Twenty-three
example varieties of ginger and 35 of
turmeric are being maintained and
multiplied.

On site DUS test evaluation was conducted



for the black pepper varieties, MDBP 16
(Chhattisgarh), VJ1,VJ2,VJ3 and Vl4 at
Karnataka.

SWOT analysis of the large cardamom
sector identified strengthening farmer
collectivization, investing in infrastructure
development, exploring nutraceutical
applications, leveraging large cardamom's
organic production profile to secure market
premiums and deploying virus detection
kits in production zones as potential
strategies for strengthening the industry.

Impact studies showed that ginger varieties
[ISR Mahima and Varada emerging as the
preferred choices due to their high dry
recovery and superior visual quality of the
final produce. These varieties have largely
replaced the traditional "Maran" variety in
key dry ginger-producing regions.

DNA fingerprinting and barcoding facility
generated fingerprints for Mango Ginger
variety (IISR Amrit), Small Cardamom
varieties (IISR Kaveri and IISR Manushree),
and Ginger variety (IISR Surasa), aiding their
notification by the CVRC/SVRC.

The Data Analysis and Visualization Toolkit
for NGS equipped with basic statistics,
visualization, normalization, differential
expression analysis, and correlation
profiling was developed.

The institute organized training
programmes of various duration for its
stakeholder communities. The training
programmes focussed on transferring high
end skills and entrepreneurship support to
women, rural youth and primary producers.

Under the SCSP program, the institute
organized several skill development training
sessions, empowering around 1,000
individuals. It also promoted diversified
livelihoods by providing equipment such as
bee hives and FRP tanks for ornamental fish
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farming, along with essential inputs like
seed material, micronutrient mixtures, and
bio-capsules.

As a part of NEH activities, a programme for
Seed supply chain development of
improved ginger variety, ISR Varada was
initiated in three states, Meghalaya, Tripura
and Mizoram.

Under the Tata Trusts project, Front Line
Demonstrations (FLDs) [126 nos]are being
implemented across 10 states (Tamil Nadu,
Odisha, Andhra Pradesh, Gujarat,
Rajasthan, Uttar Pradesh, Uttarakhand,
Nagaland, Mizoram and Assam,
demonstrating the superiority of improved
farming technologies, especially through
integration of advanced bio-inputs and the
refinement of agronomic practices.

During the period thirty-eight (38) licenses
were issued for various technologies
developed by ICAR-IISR and a revenue of
58.83 Lakhs was generated.

The institute was accredited by the National
Accreditation Board for Testing and
Calibration Laboratories (NABL) in
accordance with the standard ISO/IEC
17025:2017 for its Spices quality and Organic
Manure testing laboratories.

The institute was granted with copyright for
Site Specific Nutrient Recommendation for
Spices (Spice Fert) (SW-19375/2024) two
design patents for Hot air assisted Infrared
dryer for spices (Design No - 420100-001)
and Vacuum impregnation Unit (420101-
001).
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INTRODUCTION

HISTORY

Intensive research on spices in the country
was initiated with the establishment of a
Regional Station of Central Plantation Crops
Research Institute (CPCRI) at Kozhikode,
Kerala, during 1975, by the Indian Council of
Agricultural Research (ICAR). This Regional
Station was upgraded as National Research
Centre for Spices (NRCS) in 1986 by
merging with it the Cardamom Research
Centre of CPCRI at Appangala, Madikeri,
Karnataka. The NRCS was further elevated
to the present Indian Institute of Spices
Research (IISR) during 1995.

LOCATION
The laboratories and administrative offices

of the institute are located at Chelavoor (50
m above MSL), 11 km from Kozhikode
(Calicut), Kozhikode District, Kerala, on the
Kozhikode - Kollegal road (NH 212), in an
area of 14.3 ha. The research farm is located
51 km North East of Kozhikode at
Peruvannamuzhi (6o m above MSL), on the
Peruvannamuzhi-Poozhithode road in
Kozhikode District, in an area of 94.08 ha.
The Regional Station (920 m above MSL) is
located at Appangala, Kodagu District,
Karnataka, on the Madikeri-Bhagamandala
road, 8 km from Madikeri, in an area of 17.4
ha.

MANDATE
The mandate of the institute was revised

with effect from 16 May 2016 during the

87th Annual General Meeting of the ICAR
Society held on o4 February 2016 (DARE
vide Letter F.No. 13(102)/2015-Cdn.Tech.

dated 20 May 2016)
* Basic, applied and strategic research on

genetic resource management, crop
improvement, crop production and
protection technologies for enhanced

production of safe spices.
e Transfer of technology, capacity

building and impact assessment of
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technologies.
Coordinate research and validation of

technologies under AICRP on Spices.

The spice crops on which research is being
conducted at the institute include black
pepper (Piper nigrum Linn.), cardamom
(Elettaria cardamomum Maton), ginger
(Zingiber officinale Rosc.), turmeric (Curcuma
longa Linn.), cinnamon (Cinnamomum
verum J. Presl.), cassia (C. cassia Nees ex
Blume), clove (Syzygium aromaticum(L.)
Merrill & Perry), nutmeg (Myristica fragrans
Houtt.), allspice (Pimenta dioica (L.) Merrill
& Perry), Garcinia (Garcinia gummi-gutta (L.)
N. Robson and G. indica Choisy) and vanilla
(Vanilla planifolia Jacks. ex Andrews).

ORGANIZATION
The Director is the administrative head of

the institute. The Institute Management
Committee, Research Advisory Committee
and Institute Research Council assist the
Director in matters relating to management
and research activities of the institute.
Research on various aspects of the mandate
crops is conducted in three divisions,
namely, Division of Crop Improvement and
Biotechnology, Division of Crop Production
and Post Harvest Technology and Division of
Crop Protection and a Social Sciences
Section. The other facilities available at the
institute include Agricultural Technology
Information Centre, Agricultural Knowledge
Management Unit, Bioinformatics Centre
and KrishiVigyan Kendra. The institute also
functions as the headquarters for the All
India Coordinated Research Project on
Spices (AICRPS). The institute has also
linkages with several universities, research
institutes, and developmental agencies for
collaborative research and developmental
activities in spices.

BUDGET
The total budget of the institute was

Rs.3570.60 lakhs during the year. The
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institute earned revenue through sale of and 31 Supporting Staff, of which 37, 24, 17

planting materials, biocontrol agents, and o4 of Scientific, Administrative,
trainings, publications and consultancy Technical and Supporting Staff, respectively
services etc. are in position. The KVK has a sanctioned

strength of o1 scientific, 11 technical, 02

STAFF administrative and o2 supporting staff.

The Institute has a sanctioned strength of
47 Scientific, 35 Technical, 31 Administrative

Staff position of the Institute

. Position
Category Sanctioned [i¢o7hikode [ Peruvannamuzhi | Appangala Total | Vacant
Director 1 1 1 -
Scientist 47 31 01 05 37 10
Technical 35 16 o5 03 24 11
Administration 31 14 o1 01 16 15
Supporting 31 01 01 01 03 | 28
Total 144 62 8 10 8o | 64
Staff position of KVK
Category Sanctioned Pasition Total | Vacant
Kozhikode | Peruvannamuzhil Appangala
Scientific 01 - o1 - 01 -
Technical 11 - 07 - 07 04
Administration 02 - 01 - 01 01
Supporting 02 - o1 - 01 01
Total 16 - 10 - 10 06
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PAST ACHIEVEMENTS

Black pepper

About 4053 accessions are being
maintained at ICAR-IISR, Chelavoor;
Experimental Farm, Peruvannamuzhi as
well as in alternate sites (Appangala and
Chettalli of Karnataka). Sixteen accessions
of various Piper spp., including Piper nigrum,
P. hapnium, P. galeatum, P. barberi (IUCN-
listed endangered species), P. mullesua, P.
velaudhanii, P. hookeri,P. hymenophyllum
and P. argyrophyllum, were newly added to
the collection. A total of 107 hybrid seeds
successfully germinated by hybridization
between five varietal cross combinations.
An early maturing hybrid variety with high
fruit set and long spikes was developed and
released as [ISR-Chandra. Nonexclusive
licence agreements were signed with five
nurseries in Kerala and two from Karnataka
for its commercial production. The most
effective measures for evaluating cultivar
performance were observed to be Average
Yield Relative Environment Maximum
(YREM) and Best Linear Unbiased Predictor
(BLUP). Genotypes withYREM values < 0.41
and BLUP values < 1.50 kg/ vine can be
considered as inferior, while those with
YREM values >0.66 and BLUP values >2.9
kg/ vine can be considered as superior.

Major pests, pathogens, viruses and their
insect vectors and nematodes affecting
pepper were characterized and
documented. Mating type analysis of eight
P. capsiciisolates viz., 98-81, 01-04, 02-20,
05-06, 06-12, 07-03 18-12, 20-05 and eight P.
tropicalis isolates viz., 97-55, 98-93, 03-07,
06-17, 09-01, 11-29, 13-23 and 13-53 with A1
(ATCC 2338) and A2 (ATCC 4034) reference
isolates indicated that the isolates belong
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to the A1 mating type. Sensitivity of P.
capsici (05-06) and P. tropicalis (98-93)
isolates towards new molecule fungicides
showed that fluopicolide-fosetyl-Al and
copper sulphate pentahydrate completely
inhibited the mycelial growth at 0.3% and
0.5%, respectively. A recombinase
polymerase amplification-lateral flow assay
(RPA-LFA) protocol for the detection of
Phytophthora spp. and Pythium spp. was
developed. Differential expression of
effector genes during P. capsici infection
showed that few R x LR effector genes were
up regulated at the early stage of infection.

The structure of two highly up-regulated
RxLR effectors (RxLR2g and RxLR132) was
predicted and protein-protein docking was
performed with the DRB4 gene of
Arabidopsis and CMPG1 gene of Solanum
lycopersicum, respectively. Duplex
recombinase polymerase amplification-
lateral flow assay (RPA-LFA) for detection of
PYMoV and cucumber mosaic virus (CMV)
was developed. The detection limit of RT-
RPA-LFA was 10~ dilution and the assay will
be useful to identify virus-free mother
plants. Pre- and post-monsoon application
of fluopyram@ o.sml/L reduced nematode
population by 95% compared to single
application.

Screening of new generation low-risk
insecticides against pollu beetle (Lanka
ramakrishnai) indicated that
chlorantraniliprole @ 0.3 ml/L was found to
be effective in managing the pest.

Evaluation of low-risk insecticides against
root mealy bug Planococcus lilacinus under
field conditions indicated that application of



clothianidin 5oWDG @ 1g/L reduced
maximum number of mealy bugs on the 20"
day after drenching (83.4%) followed by
spiroteramat 15.31 OD @ 1 mL/L (74.8%).

Cardamom

Six hundred and twenty-eight accessions
are being maintained in the National Active
Germplasm Site (NAGS) of IISR, Regional
Station, Appangala. Hybrid progenies were
developed by hybridization between
(Appangala—1, lISR Avinash, Njallani green
gold and IC 584058) and (IC 349606, I1C
547167, 1C 349364 and 1C 349358). CVT on
farmer's varieties viz., Arjun, Wonder
Cardamom, Panikulangara green bold no.1,
Thiruthali, Elarajan, Pachaikkai, Pappaluy,
Njallani green gold, PNS Gopinathfor three
years revealed that Panikulangara Green
Bold No. 1 (301.65 kg/ha) recorded the
highest yield followed by Thiruthali (273.86
kg/ha).

Multilocation trials with five leaf blight
tolerant genotypes viz., 1C 349650, IC
547222, 1C 547156, 1C 349649, 1C 3496438
along with resistant checks, Appangala 1,
Njallani Green Gold and susceptible check,
[ISR Vijetha showed that the disease
incidence (%) ranged from 11.66 to 23.33,
with maximum incidence in [ISR Vijetha. the
germplasm line IC 584058 (INGR23102) with
compact flowering genotype, bold capsules
(80% of the capsules are >7 mm) and
moisture tolerance was registered with
Plant Germplasm Registration Committee
(PGRC) of ICAR.

An assay based on reverse transcription-
recombinase polymerase amplification
combined with lateral flow assay (RT-RPA-
LFA) was optimized for the specific and
sensitive detection of cardamom mosaic
virus (CdMV) using crude extract from the
plants.

Dose-response studies of arbuscular
mycorrhizal fungi (AMF) (Rhizophagus
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irregularis) showed enhanced plant growth
and nutrient uptake.

A process patent was granted for the
invention 'A micronutrient composition for
cardamom and a process for its preparation’
(Patent No.413017).

Ginger

Six hundred and sixty-eight accessions are
being maintained in the field gene bank.
Differential transcriptome analysis of
Ralstonia infected and uninfected samples
was performed and 446 transcripts were
differentially expressed. Functional
annotation of DE genes using homology
relationship identified 227 annotated
transcripts.

Application of nano urea as foliar spray @
0.4 % combined with 5o % N as RDF
increased the yield and use efficiency of
applied N. Nano urea as foliar spray
combined with 5o % N as soil application
resulted in 33.0 % and 66.9 % increase in
fresh rhizome yield over RDF (100 % N) in
0.2 % and 0.4 % of nano urea treatments,
respectively.

Lac resin-based coating for fresh rhizome to
enhance the shelf life, coupled with
sterilization using sodium hypochlorite
revealed that the fresh rhizomes can be
stored at 20'C up to four months with
market acceptable traits. The operating
conditions for the production of spray dried
ginger-lime juice powder were optimized
using response surface methodology.

R.pseudosolanacearum formed
microcolonies or co-aggregates 2 h post
incubation and biofilm formation was
noticed 3 h after incubation on the rhizome
scales. Bacterial endophytes from wild
relatives of ginger, B.amyloliquifaciens, B.
velenzensis,Pantoea hercicii, Priestia
megaterium, Pseudacidovorax intermedius
were identified and evaluated against P.
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myriotylum and P. deliense. Out of 19
cultivars and germplasm accessions
screened for resistance against root-knot
nematode, M. incognita, cultivars Jamaica
and Queensland and accessions 17, 578, 891,
and go73 were found to be resistant.

Mango ginger

Based on the three-year coordinated
varietal trial (CVT), Acc. 347 recorded the
highest average yield of 31 t/ha and a
potential yield of 45.75 t/ha was released as
ISR Amrit. This genotype is characterized
by a light-yellow core, desirable flavor with
myrcene (55.54%) and B pinene (14.53%)
and with essential oil content of 0.32%.

Turmeric

One thousand four hundred and four
accessions are being maintained at ICAR-
lISR, Kozhikode. CVT on high yield and high
curcumin indicated that CL 272 (23 t/ha) and
the two check varieties (IISR Pragati, ISR
Prathibha) recorded higher yield. CVT on
light yellow colour for specialty market
indicated that Acc 849 had the highest yield
of 36.17 t/ha followed by Acc. 1545 (31.17
t/ha). Flow Cytometry ploidy study of g2
turmeric genotypes indicated that 83 were
triploids and nine were tetraploids. Thirteen
accessions of Salem Local (Erode and Salem
district of Tamil Nadu) and seven accessions
of Mydukkur (Andhra Pradesh) were
evaluated for extra-long and bold lines and
the accession SLs recorded maximum yield
followed by SL3.

Response of genotypes for yield and quality
under different production systems showed
that greenhouse conditions were the best
for fresh yield in the order of IISR
Pragati>Rajendra Sonali>NDH 8>CO-3. Site
suitability analysis in Kerala for 2050 under
various SSP scenarios showed that 28 % of
area were highly suitable; 41% of area were
moderately suitable and 11 % were not
suitable for turmeric cultivation.
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The farming system model consisting of
organic cultivation of crops such as coconut
(65 cents), fodder (15 cents), turmeric (10
cents), tapioca, banana, vegetable cow pea
(2.5 cents each) with livestock (2 HF cows
and calves) yielded a netincome of Rs 1.89
lakhs per acre per year and the model was
found to be economically viable. Cost of
cultivation for the model plot was Rs 2.57
lakhs per acre. Natural farming package
including seed treatments with Beejamrit,
and application (soil drenching) of Jeevamrit
& Ghanajeevamrit at monthly intervals till
120 DAP, intercropping with cowpea and
residue mulching recorded maximum
content of curcumin (5.3 %) and essential oil
(4.6 %).

Chemo-profiling of essential oils showed
that rhizome oil of C. amada was mainly
constituted by myrcene (63 %) and B-pinene
(8.6 %) whereas curzerenone (17.5 %),
germacrone (13.9 %) furanodienone (23 %)
and furanodiene (7 %) dominated in the leaf
oil. C. aromatica rhizome oil was dominated
by camphor (28.5 %), curdione (11.4 %),
furanogermenone (7.5 %), 1,8-cineole (8.6
%) and isoborneol (6.7 %), whereas its leaf
oil was mainly constituted by 1,8-cineole
(16%), camphor (11.0%) curdione (11.9%)
and furanogermenone (6.2%).
Encapsulation of turmeric extract using
ionic gelation showed that highest release
of curcumin was observed in the sample
prepared with 0.5 % chitosan with 0.15%
turmeric extract at 5" hour of incubation. A
non-chemical methodology for identifying
adulteration in spice essential oils using
optical properties was developed.

An interaction study between Pratylenchus
spp and Pythium spp showed that
simultaneous inoculation of nematode and
Pythium resulted in the highest percentage
of rhizome rot (80%) and yellowing of
leaves (90%). Influence of plant phenology
and time of planting on the occurrence of
shoot borer (Conogethes punctiferalis)



indicated that in early planted crop (May),
the incidence of the pest was first observed
in the third week of July and the infestation
reached its peak during last week of
September.

Vanilla

A total of 77 accessions (65 Vanilla planifolia
and 12 Vanilla sp.) are being conserved.
Twenty-two genotypes of accessions (11),
Andaman collection (2), Wayanad collection
(2) and other Vanilla spp. (7) were
characterised using 11 SSR markers. In vitro
seed germination of 150 day old beans in
different media compositions showed
protocorm like bodies (PLBs) in the cultures
with BM/orchid medium+ 2,4-D (2 mg/L ).
BM/orchid medium supplemented with
growth regulators like BAP (1 mg/L) + NAA
(0.5 mg/ L) under dark conditions
regenerated into more shoots, whereas the
same media without any growth regulators
maintained under light got regenerated into
more roots.

Tree spices

A wild dominant species of Myristica
swamps, M. magnifica was collected. The
species is characterised by stilt roots which
emerge from the base of the main trunk
and bend downwards to support the tree. F,
Hybrids were produced in five cross
combinations viz; Keralashree x Konkan
Sanyukta, Keralashree x Acc 590,
Keralashree xAcc 562, Viswashreex Acc 590,
Viswashree xAcc 562. Studies on the effect
of microwave pre-treatments on drying of
mace showed that microwave at optimal
power of 320 W was found to have better
retention of essential oil, oleoresin and
colour of dried mace. A eugenol infused
membrane for packaging chilli and nutmeg
was developed and evaluated.

Eight accessions of cinnamon comprising of
C. verum C. riparium, C. malabatrum and
three unidentified species were collected
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and maintained.

Two accessions of clove including a high
yielding and regular bearer and a pink
flowered variant were collected from
farmer's plot in Kannur district. Studies on
mechanical drying of clove indicated that a
temperature of 55 °C was optimum for
drying with maximum essential oil and
oleoresin content of 11.2 and 16.9 %,
respectively. Plant-hormone based
formulation for chemically induced
harvesting was developed. The cost of
harvesting using this method comes to
around Rs.65/kg on dry weight basis.

Three accessions of garcinia namely G.
morella, G. wightii and G. gummi-gutta were
collected and maintained.

SEM studies on anti-bacterial activity of
Pimenta racemosa essential oil against R.
pseudosolanacearum showed structural
alterations of cell membrane, breakage of
cells, indentation of cellular membrane and
blubbing on bacterial surfaces.

General

A granular lime-based Trichoderma
formulation named 'Tricholime' was
developed and a process patent was filed
after trials under greenhouse and field
conditions. Consortia of Raoultella
terrigena, B. safensis, Acinetobacer sp. and
B. amyloliquefaciens were evaluated on
turmeric plants under field conditions.
Among the six temperature-tolerant
Trichoderma isolates, the isolate T.
harzianum (IISR APT2) recorded highest
production of hydrolytic enzymes viz.,
protease (578.12 pg/mL), glucanase
(1325.61 pg/mL) and chitinase (1325.61
pg/mL).HPLC and LCMS analysis of culture
extracts indicated that three isolates of
APT2 (T. harzianum), KAas (T. lixii) and
NAIMCCoo49 (T. asperellum) produced
peptaibol. LC-MS analysis recorded
maximum alamethicin concentration (14.84
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ppb) for the isolate, ISR APT2 (T.
harzianum).

Combined application of B.safensis with
different levels of ZnSO, significantly
increased the number of tillers, shoot
length, number of leaves, dry root weight,
and shoot weight compared to the
application of 100% ZnSO, and absolute
control.

Compatibility studies of insecticides with M.
pingshaense indicated that, flubendiamide,
imidacloprid, spinosad and
chlorantraniliprole were found to be
compatible, whereas quinalphos,
malathion, lambda cyhalothrin and neem oil
inhibited the growth of the fungus. Among
the fungicides tested, tebuconazole,
metalaxyl, and copper hydroxide were
found to inhibit the growth of M.
pingshaense, whereas mancozeb and
copper oxychloride were found to be less
harmful to the growth and development of
the fungus.

A new species of entomopathogenic
fungus, Metarhizium indicum which derives
its species name after its Indian origin was
found to induce epizootics in garcinia
leafthopper, Busoniomimus manjunathi. The
new species was characterized based on its
distinct morphological features and multi-
gene analyses.

A zebrafish animal facility was established
to undertake research on pharmacological
properties of extracts and compounds
isolated from spices.

Twenty one example varieties of black
pepper are being conserved at Kozhikode
and CHES, Chettalli. Fifteen cardamom
example varieties are being maintained at
Regional Station, Appangala. Twenty-three
example varieties of ginger and 35 of
turmeric are being maintained and
multiplied. A comprehensive database
scheme for drought transcriptome including
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the differentially expressed gene
information from black pepper is being
developed. The database includes 2780
DEGs and 58 DEmiRNA:s.

A Shiny based module of Data Analysis and
Visualization Toolkit for performing PCA
and correlation profiles of samples for
meta-analysis was developed. Also, a Data
Analysis and Visualization Toolkit is under
development in R that enables intuitive
exploration, multidimensional analyses and
visualization of genomic data from any NGS
experiment.

The Kisan Seva Kendra'- Bio Input Resource
Centre facility was established for the sale
of farm bio inputs of various ICAR institutes
as a facilitation service for farmers to access
high end input technologies from ICAR
system

The ITMU cell issued 37 licenses for various
technologies and four license agreements
for utilizing the spice processing facility at
the institute. The institute organized 52
training programmes of various duration for
its stakeholder communities. The training
programmes focussed on transferring high
end skills and entrepreneurship support to
women, rural youth and primary producers.
Socially and geographically vulnerable
groups were supported with training
programmes focussing exclusively on tribal
and scheduled caste beneficiaries and
primary producer stakeholders in NEH
region.

The choice limitations in plant protection,
slow pace of varietal replacement, lack of
effective dissemination of GAP and organic
management strategies and absence of
MRL values for spice crops were identified
as some of the key research-policy gaps in
the spices sector.

A study on the asafoetida sector in the
country was undertaken with focus on the
processing sector, crop introduction, policy
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environment and trade related issues to
identify the constraints in asafoetida

economy and to develop effective policy
inputs.
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BLACK PEPPER

Genetic resources

Germplasm accessions are being
maintained at ICAR-1ISR Experimental
Farm, Peruvannamuzhi, Kerala (3511
accessions) and at alternate germplasm site
at CHES, Chettalli, Karnataka (542
accessions), respectively. A field gene bank
containing 222 accessions and 8o core
accessions are being maintained and
characterized at ICAR-IISR, Kozhikode.
Twenty one Piper accessions were collected
during 2024 from different parts of India and
added to the Piper germplasm repository.
Specifically, a leaf tip mutant accession
from Goa was added to the repository
(Fig.1).

Analysis of genetic diversity among
Piper species

The genetic diversity and taxonomic
relationships among 22 Piper genotypes,
which include 20 wild species and two P.
nigrum land races, were investigated
utilizing 47 novel gene-based SSR markers.
The markers had a medium polymorphism
information content (0.10 t00.38; average-
0.23) and gene diversity (0.10 to 0.5;
average- 0.27). However, these markers had
high cross-species transferability of 87.0%
across all Piper species, which ranged from
56.1% in P. magnificum to 97.6% in
P.argyrophyllum (Fig. 2).

Fig. 1: Leaf tip mutant black pepper
accession established at
ICAR-1ISR, Kozhikode



Genatype

Kuthiravaity
Vadakkan

P. hymenopliylium
P. thomsonii

P. betle

P. colubrinum

P. hookeri
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Fig. 2 Pictorial representation of the extent of cross transferability of gene-based SSR markers in
different Piper species. Green represents transferability and red represents non-transferability.

A total of 295 alleles were found, including
115 unique alleles, with an average of 7.2
alleles per amplified marker locus. The
number of alleles varied significantly
amongst Piper species, ranging from 27in P.
colubrinum to 51in P. hymenophyllum.
Principal component analysis and UPGMA-
based clustering separated the Piper
genotypes into discrete groups based on
geographical origin, growth habit and spike
orientation. The three South American Piper
species, P. colubrinum, P. arboreum, and P.
magnificum, which share a common
morphological trait of erect, bushy growth
habits with erect spikes, were clustered
together in both analyses, indicating shared
genomic regions and evolutionary
relationships. Pairwise comparison of
relationships between Piper species
revealed closest genetic relationship
between P. longum and P. hapnium, P.
colubrinum and P. magnificum and P.
attenuatum and P. argyrophyllum.

Analysis of genetic variability in
elite black pepper genotypes for
morpho-physiological and yield-
related traits

The morphological, physiological and yield-
contributing traits of various genotypes was

investigated to identify potential drought-
tolerant candidates. A significant range of
variability were observed among the traits,
indicating the presence of substantial
diversity within the genotypes. Principal
Component Analysis (PCA) was employed
to determine the proportional contribution
of various traits to drought tolerance, while
UPGMA clustering analysis grouped the
genotypes based on shared characteristics.
Among the genotypes, Accession 7211
(Cluster 2) and Accessions 1495, 1343 and
4132 (Cluster 3) displayed traits like low
stomata number and high wax content
indicative of strong drought tolerance.
These genotypes exhibited favourable
morphological features like spike length and
setting percentage, efficient physiological
adaptations, and stable yield traits under
water-limited conditions, making them
promising candidates for breeding
programs aimed at enhancing drought
resilience.

Root anatomy and architecture of
different Piper species

A study on the root anatomy of four Piper
species, P. colubrinum, P. nigrum, P. betle and
P. longum revealed the presence of
aerenchymain P. colubrinum,
collenchymatous hypodermis in P. longum,
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starch-filled parenchyma in the cortex of P.
betle and bundles of conjoint, collateral
xylem vessels in P. nigrum (Fig.3). Number
of vessels per cross section and steel width
was more in P. nigrum compared to P.

collateral
xylem vessels

aerenchyma

colubrinum and P. betle. The root
architecture studies revealed the presence
of sturdy roots in P. colubrinum as compared
to P. nigrum and P. chaba.

collenchymatous
hypodermis

starch-filled
parenchyma

Piper betle

Fig. 3 Root anatomy and architecture of different Piper species

Root morphological and anatomical
features of black pepper varieties

Root morpho anatomy of 13 varieties was
analyzed at the nursery stage and found
that Panniyurs and Vijay had the highest
root weight (6.709&6.00g, respectively).
The longest root was observed in ISR
Malabar Excel and Pournami (33.10
cm&32.55 cm). The highest primary root
length was observed in ISR Thevam,
Pournami and PLD-2 (28.87 cm; 24.97
c¢cm&23.5 ¢cm) and the highest number of
secondary roots was observed in lISR
Thevam (74.67). The varieties Pournami,
[ISR Shakthi and [ISR Thevam had the
highest number of xylem vessels (95.33;
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92.33 & 88.33).1ISR Shakthi and Vijay had
the largest number of root hairs per cross-
section (71.33&57.66). Widest steel was
observed in IISR Shakthi (58.73 pm). These
root morpho anatomical advantages might
be the reason for the tolerance to abiotic
and biotic stresses in IISR Shakthi, ISR
Thevam and Pournami varieties.

Differential expression analysis of
DHN and SOD (Cu/Zn) genes in
nutrient-deficient plants

To study the differential expression of DHN
and SOD (Cu/Zn) genes, the variety,
Panniyur-1 was grown with the
recommended dose of nutrients (1g urea+2
g SSP+ 49 MOP/ 10kg soil; applied after two



months of crop growth) and without
fertilizer application. After one month of
nutrient application, root length was 4.5
times and the root spread was 1.73 times
higher in nutrient-treated plants compared
to untreated plants. Differential expression
of genes indicated that untreated plants
had significantly higher expression levels for
both the DHN (0.182167) and SOD
(Cu/Zn)1(0.276114) genes compared to
nutrient-treated plants.

Meghalaya's cultivated long pepper
identified as Piper peepuloides

A comprehensive study of long pepper
cultivated in Meghalaya, revealed the
species to be P. peepuloides, distinct from
the commercially cultivated P. longum
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through integrated morphological,
biochemical, and DNA fingerprinting
analyses (Fig. 4). P. peepuloides exhibied
distinctive characteristics, including a
climbing growth habit and unique leaf and
inflorescence morphology. The species
presents a distinct chemical profile lacking
several compounds typical of P. longum,
while containing significant levels of
bioactive constituents such as beta-
caryophyllene and beta-bisabolene. These
properties, combined with its economic
viability and suitability for intercropping
systems, establish P. peepuloides as a
promising alternative crop for the region.
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Commer %lon of hybrid “lISR
Chandra"

ISR Chandra’, an early-maturing hybrid, is
characterized by high fruit set and long
spikes. The variety has been made available
for commercial cultivation through non-
exclusive licensing agreements (Fig.5).
During the year, 23 licenses were issued to
growers across four states: Kerala,
Karnataka, Tamil Nadu, and Meghalaya.

Impact of rainfall on yield
parameters

Yield characters such as spikes per 0.5m’,
spike length, number of berries per spike
and fruit set percentage were recorded
from 25 black pepper plantations in
Karnataka (Kodagu, Hassan, Chikmagalur
districts) and Kulashekaram in Tamil Nadu
under coffee + black pepper and arecanut +
black pepper cropping systems. In the
coffee + black pepper system, the average
spike intensity was 17.8 spikes per 0.5 m?,
and the yield per vine ranged from o.5 to 1
kg. In contrast, the arecanut + black pepper
system showed a significantly higher spike
intensity of 33.9 spikes pero.s m2and a
yield per vine ranging from 2.4 to 2.5 kg.
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Fig. 5 :Licensing of ISR Chandra to a farmer from
Karnataka by RAC committee

Field evaluation of elite genotypes
for drought tolerance

Eleven genotypes identified as drought
tolerant were evaluated in the field for their
tolerance to water stress. Antioxidant
enzyme activity was measured at weekly
intervals in both control and moisture-
stressed plants. The activities of polyphenol
oxidase (PPO) and glutathione reductase
(GR) enzymes were highest in all accessions,
except for Acc 807. Under water stress,
reductions were observed in the number of
spikes (36%), berry size (8.2%), and berry
set percentage (15%). Based on
physiological and yield parameters, the
genotypes Acc 4226, 1277, and 1495 showed
the best performance under drought
conditions.

Chemo-diversity analysis

Atotal of g5 samples were analyzed for key
quality parameters, including essential oil,
oleoresin, piperine, and total phenolic
content. Essential oil content of the
accessions ranged from 1.6% (Acc. 1462) to
5.6% (Acc. 1249), while oleoresin content
varied between 5.5% (Acc. 984) and 10.0%
(Acc. 1266). The piperine content ranged
from 2.9% (Acc. 1199) to 6.8% (Acc. 1000).
Total phenolic content ranged from 2.17 mg
GAE/g (Acc. 4116) to 8.27 mg GAE/g (Acc.

984).



Analyzing the virulence pattern of
Phytophthora isolates

Virulence analysis through detached leaf
assay was carried out with P. capsici (05-06
and 18-02) and P. tropicalis (98-02 and 98-
177) on nine varieties: PLD 2, Sreekara, ISR
Malabar Excel, ISR Thevam, IISR Shakthi,
Panchami, Panniyur 6, Panniyur 8, and
Panniyur 9. Results indicated that all
isolates were virulent on tested varieties.

Cross-infectivity of Phytophthora
isolates

Cross-infectivity studies using detached leaf
assay with multiple isolates of P. capsici and
P. tropicalis on arecanut, coconut, and
nutmeg revealed that P. capsici isolate 09-03
and P. tropicalis isolate 98-177 were highly
pathogenic on nutmeg, resulting in
development of 457.66 mm’ and 526.66
mm’ lesion areas, respectively (Fig. 6).

Phytophthora capsici

Nutmeg

Coconut

Arecanut

05-06 09-10 09-34 09-41 18-02 18-13

Phytophthora tropicalis
98-02 98-93 98-177 11-21 13-23

Fig. 6: Cross infectivity assay of P. capsici and P. tropicalis isolates on nutmeg, coconut and arecanut

Genome content estimation and
analysis of genome size of P. capsici
and P. tropicalis

Genome content analysis using Arabidopsis
thaliana ecotype Columbia (Col-0) as
reference revealed that most P. capsici
isolates had genome content greater than
150 Mbp/2C, except isolates 01-04 and o5-
06. P. tropicalis isolates showed genome

content around 100 Mbp/2C, with isolate 03-

o7 being an exception

Analysis of haplotypes in P. capsici
and P. tropicalis

Haplotype analysis identified a total of 30
haplotypes from the mitochondrial and
nuclear genes. The EF1-a gene showed five
haplotypes, while Coxz, Cox2, Nads, B-
tubulin, enolase, HSPgo, and TigA genes
each showed three haplotypes, and Nad1
and Ura3 showed two haplotypes each.
Haplotype network was also plotted with
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the P. capsici isolates of diverse host and P.
capsiciand P. tropicalis isolates of India
which were isolated from black pepper. It
was observed that the nuclear genes such
as EF1-a, enolase, HSP9o, TigA and Ura3 and
mitochondrial genes such as Cox2 and Nads
incorporates unique haplotypes with EF1-a
showing the greatest diversity (Fig. 7).

Analysis of effector RxLR2g and
RXLR232 in P. capsici and P.
tropicalis isolates

The highly upregulated RxLR genes
following the infection with Phytophthora
spp. was selected for the protein-protein
interaction studies. The DRBy protein
structure displayed four alpha helices and
three anti-parallel beta sheets and the
structure of RxLR2g protein of all the
isolates has 12 alpha helices and that of
PTog-01, PTo6-17 and PT11-29 had 13 alpha
helices. In RxLR132 protein of the isolates
had 5 alpha helices and 1 incipient helix and
the structure of CMPGa had 21 alpha
helices, 1 incipient helix and 2 anti-parallel
beta sheets.

The interaction between RxLR2g and DRB4
was resolved using HADDOCK 2.4. In the

Fig. 7: Gene genealogy analysis of Phytophthora
isolates of Hawaii and some of the contiguous United
States and black pepper isolates from India

diagram, the effector protein RxLR2g is
represented in slate blue and DRB4 protein
in a palecyan tint. In RxLR2g, the isolates
PCos-06, PC18-02, PC23-01, PTo3-07, PT06-
17, PTog-01, PT11-29, PT13-23 and for all
the isolates of RxLR132 the HADDOCK
scores were within the favoured range,
which indicates that the docking model is
reliable and energetically favourable (Fig. 8)

Analysis of Effector RxLR2g and
RxLRa32 in P. capsici and P.
tropicalis Isolates

The highly upregulated RxLR genes
following infection with Phytophthora spp.

Fig. 8: Protein-protein interaction between RxLR2g and DRB4 among the isolates of P. capsici (PC) and P. tropicalis

(PT). Top left shows the 3D surface image, top right displays the cartoon model and the bottom image is the closer

view showing hydrogen bonds between RxLR2g and DRB4 proteins represented by yellow dotted lines
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were selected for protein-protein
interaction studies. The DRB4 protein
structure consists of four alpha-helices and
three anti-parallel beta sheets. The RxLR2g
protein structure across all isolates contains
12 alpha-helices, while isolates PTog-01,
PTo6-17, and PT11-29 have 13. In contrast,
the RxLR132 protein in the isolates has five
alpha-helices and one incipient helix,
whereas CMPG1 comprises 21 alpha-
helices, one incipient helix, and two anti
parallel beta sheets.

The interaction between RxLR2g and DRB4
was resolved using HADDOCK 2.4. In the
diagram, the effector protein RxLR2g is
represented in slate blue and DRB4 protein
in a palecyan. In RxLR2g, the isolates PCos-
06, PCa8-02, PC23-01, PTo3-07, PT06-17,
PTog-01, PT11-29, PT13-23 and for all the
isolates of RxLR132 the HADDOCK scores
were within the favoured range, which
indicates that the docking model is reliable
and energetically favourable (Fig. 8).

Sensitivity of P. capsici and P.
tropicalis isolates towards
fungicides

Fungicide sensitivity studies with P. capsici
and P. tropicalis isolates showed sensitivity
to dithiocarbamates (iprovalicarb-propineb
0.2%, propineb 0.25%, cymoxanil-
mancozeb 0.2%, metalaxyl-mancozeb
0.125%), benzamides (fluopicolide-
propamocarb 0.125%), copper oxychloride
(0.25%), and Bordeaux mixture (1%). The
isolates were insensitive to strobilurin
(penflufen-trifloxystrobino.o4%) and
azoxystrobin 0.3%) and dinitrile groups
(chlorothalonil 0.2%).

Duplex recombinase polymerase
amplification-lateral flow assay
(RPA-LFA)

The optimized duplex RPA-LFA was
validated using DNA from various
Phytophthora species, including P. capsici, P.

o e
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tropicalis, P. meadii, P. palmivora, and P.
nicotianae. Also, ten isolates each of P.
capsiciand P. tropicalis, along with seven
Pythium spp. isolates obtained from black
pepper plants were also included in
validation. Additionally, crude extracts from
black pepper leaves inoculated with
different Phytophthora and Pythium
isolates, as well as root and soil samples
collected from black pepper plantations,
were tested. The developed duplex RPA-
LFA assay demonstrated high specificity,
with no cross-reactions observed with other
pathogens, confirming its robustness.

Screening of germplasm accessions
against virulent P. capsici and P.
tropicalis isolates

A new collection of accessions was screened
for resistance against P. capsici (28
accessions) and P. tropicalis (13 accessions)
using the soil inoculation method. Among
the accessions tested against P. capsici,
seven (7492, 7445, 7457, 7457, 7439, 7657,
7482) survived the infection. Against P.
tropicalis, 11 accessions (7548, 7585, 7492,

7445, 7503, 7563, 7401, 7478, 7577, 8043,
7457) exhibited survival.

Development of black pepper
resistant to Phytophthora through
CRISPR/Cas

The NPR3 gene from the variety Sreekara
was amplified, cloned, and sequenced.
Sequence analysis against the black pepper
genome database revealed four distinct
isoforms. Specific primers were designed
and optimized for each isoform. The NPR3
gene sequence was then used to design
guide RNA (gRNA) for genome editing via
CRISPR/Cas.
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China
(BPVF-ZYP-1) showed 95% and 90%
identity, respectively, while RNA 2 exhibited
96% and 9o% identity. Phylogenetic
analysis of the Pro-Pol region of RNA 1 and
the coat protein region of RNA 2 revealed
that all three BPVF isolates clustered closely
together, distinct from other species in the
Fabavirus genus. Diagnostic assays based
on RT-PCR and RT-recombinase polymerase
amplification (RT-RPA) were developed for
the sensitive detection of BPVF.

Development of a lateral flow
immunoassay (lfia) for piper yellow
mottle virus (pymov)

A lateral flow immunoassay (LFIA) was
developed using polyclonal antiserum
against the PYMoV coat protein. Colloidal
gold nanoparticle (GNP)-Immunoglobulin G
(GNP-1gG) conjugates were prepared with
30 nm GNPs, optimized at pH g with an IgG
concentration of 30 pg/ml.LFIA strips were
assembled using a PT-R5 conjugate release
matrix coated with GNP-IgG, a GFB-Ro4
sample pad, an APos45 absorbent pad, and a
10 pm nitrocellulose membrane laminate
printed with PYMoV IgG (test line) and anti-
rabbit IgG (control line). The strips produced
colored lines at both test and control
positions when tested with homologous
antigen and PYMoV-infected plant extracts,
while only the control line appeared for
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2
symptomatic and 17 asymptomatic) from
black pepper, betelvine, and Indian long
pepper plants.
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