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A ICE

ATSATSVHINR & BIIGATI ¥ 9§ 2007- 08 Yeb HEeqqVl a9 By &) B8 SUCTRIIT B 37elaT T SeoRgH1a
w14 98 & & 7ot & fog ey’ (fftredr, vawuar ik Reran) artess RAsiia o= & g ey
yRarE B iy gl @ e vd el @ itierR wiftieee @Rt WEia ura a2 o ga =t
4. T gfuRel], FAoue o 9ew R g9 TG B VI IS Bl goel, 3fERd, dlel fid ai
& fog Soar gien & vanad @ fay wWigw = @ w9y ¥ "rar ww @ T 8! ey W) Ted
0d ¥ 909 AT B U FEIS AT B Hedidd YT WX I BT bH B H T diel BT 9 v
 RegediRae w9 o7 smaraesa giea fFar! w8 72, S0 il 4 ereseeiRr R e b 9 god
e w9 Rgr! gonadl B, UF Hawa (Sl X UHds 19) 59 Syegad Ud Iseid Terd
AR ool Rl @ forg W |fgw] SR e ! ITa gedl & A @ & g @m |y
ol &) oI 381 A # Ot Ud fraRRE Wit # sga @ sidi &1 A, eredrd oik s @1 ot
tel amernenaa (aflatoxin) @ SeaTeH &1 7T fhal! WEEId gite 9 < 1, S Aefaaed (€16)
AR JRIGIAA, WA T-avT IgHEnT vd WH & Y 0 Ue a3 7dF & Igaed b Ho=1 g1l

TEaroral S IR e @ forg, dwm # Refid 93 vl @ a1 wrel i 9 oeRe seayl
el Biefl e & Qgr o @ Faeger @ fog wane (Y ugufaal & @ e ol a9 sl
P I FIAT B Y TR & W gofiqd ! Sugd SE U9 SuEifiar &g oY idRe
Hawhl oy 1 SR & M ddeieet yeeE Sl (g & wa W) 3 I sl e S e
7! e B oA, € . AR HaIge ARy oTTaE, 36 Y [Avafdedred o sregewn
§ T Y gorseR AR 1T @7 3R TP YTl 995 FAR Y FRRH St a9 B forg wu=T
ge! Y A9 d= 1 7o uRe FRiew fhaml 3 savasmarR @ IR Ser & AfdRed e
BiiPeeR e @ smfd wiferdl & Pierd & Aefia o9 & oy Sive [9eRia X 51 BRI TS
fesan!

¥ 9 JGEX DI YT AEAR ARIRES S Hwer 7 R FAR AR U FIfews (81E7) @l e
e & g fady wf W @ 99a uft e saeer ffa w9 @ for Sugas wvan ) gAR gd Har
frRwe (8781 -I1) S &, 9. o vg < 93y 2Nadar, 89 geiesd (B1e) -I) & 99 7 & fog
o) 3T Gasial yhe dear & F o o vH aR, diforde @ W B! B 8URT SRS fEE
m%mmwﬁﬁmmﬁ%ﬁwdﬂzﬁmmmwmﬁ

o5 n

EJIE (¢ tmhﬂimﬂ)
28-06-2008 freers

m Indian Institute of Spices Research n

5



Annval Report 2007-08

PREFACE

The year mm,mb@ﬂ significant one in the activities of IISR. Besides many achievements

- r:l‘.-r‘

-
18

:'b"“ heen the acceptance of our proposal for developing the DUS (Distinctness,
Wﬁr? guidelines for Spices by the Protection of Plant Varieties and Farmers’
v and it constituted the Task Force VII with Dr. V.A. Parthasarathy, Director,
" tm-y The DUS guidelines for turmeric, ginger, black pepper and cardamom
_jaunt:hed The institute has been recognized as the test centre for accreditation of
culture facility for spices by Department of Biotechnology, GOI. Evaluation of
T tium against Phytophthora foot rot and slow decline diseases indicated the efficacy of
a'.bacterial consortium in reducing the disease as well as survival of the plants. Alse,

e évu']uation of bacterial endophytes against Phytophthora foot rot and slow decline diseases in

pepper and rhizome rot in ginger resulted in some promising strains for disease management.
In cardamom, one hybrid (GG x NKE 19) is promising with bold capsules and field tolerance to
rhizome rot and leaf blight. Cured turmeric samples took less time for drying but there was a
considerable reduction in oil and oleoresin recovery in these samples. Clove, cinnamon and
turmeric leaf oils inhibited the production of aflatoxins. In terms of infrastructure, a new block
each for library, biocontrol research and farm have been inaugurated by the Deputy Director
General (Hort.).

In order to refine the technologies, 18 front line demonstrations on black pepper have been laid
out with new varieties developed at the institute along with the practices for control of foot rot
of black pepper. Three accessions have been registered with NBPGR for their novelty.
Patentable research on niche and utility area are underway with a strong Institute Technology
Management Committee (ITMC). New Research Advisory Committee under the chairmanship
of eminent horticulturist Dr. N. Mohanakumaran, Retd. Director of Research, KAU, was
constituted and held its first meeting to fine tune our research programmes. The KVK has
intensified its training programme to the farmers’ need besides operating the programme for
developing skills to develop skilled gardeners under the State Horticultural Mission.

I take this opportunity to thank our honorable Director General Dr. Mangala Rai and our
respected DDG (Hort.) for their interest in our institute. The help rendered by Dr. K.V. Ramana
formerly ADG (Hort.1I) and Dr. Umesh Srivastava, ADG (Hort.IT) is gratefully acknowledged. 1T
am grateful to all the staff of IISR, Calicut for the united support in running our programmes

W

Calicut V.A. Parthasarathy
28-06-2008 : Director

for the welfare of farmers.
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ARIA

WFEe WUEUI, 6YEU 3R Houied

Uddd g 54 IR HSE SfTguOTeyT ¥, 24
fdder Tre STe W AN 32 BNAR N & grEee
877 4l ylerges ) cigdreEre dl sieyarcy
MR sy | W wfad fean e
feam & @Wg O dfag §F RNy siecad 41
IS BT 8! U Bl STdT9] & ITeATdl 31STTed
STRTIAT Bl SMEUTeRaTs feees & ammr w
Afycterdieeor far !

FEEE]

Tiee, dled, dAAclis A AT 3
aeRE®ar @ fag @ g Gw gonfa ang ang
U 3R MG Bl ATET TR @ Wy H e 3N
‘Uiee] WRAAIgead gl (AUE W 816, 841,1084
11T 1114) ~TICTS AT gl &AlgHl (Il 820
v ug W 39) oY WO HEUAIgE oArgHl
(3rereeTT 1495, 931 3R 813) HI A% TR & W A
WdY Uh HBUT @ife wifud fean!l sl e
A & fawfaa dorder Wa # e w1 @ fog
AEAHROT D faveqT g 2

e Suoar vd e wIROffoT &
N . o fomes gevs B 114 dafeal B
S fban, fores o anE UH AR IS (e
AR #fEe SRS &% () Wi By gl
NS AT (AN AT B Bl H SIRAB waes
Bt At b fAvewn o W fafrsar gfua
fbar! srga@ae, URea=THY, UfSTRR SR Ers
ol o HUfed FH1 # o oNg U AR IHH @
d1eT SR HWaed uR = yqrd & e
fepan!

wrgeipeir aiREdm @ oy @ ecwyr
faefrd & @l ang ang v IR Wik x 38 g
UH R IMHT @ 41 50 T WHRS GART #liR

Adferdl &1 s & oy wfda fFarl yedg 3
qedia grrsiiie (iEed) 31w & forg
HART e 1T

qryor

Tt fad 3 Iuorar &R A w® e
Afe drerwr - aul @ digur Refdy, Stavrarates
IRrfiesd 3 uorr SR aefRm & 50% Tsiidr
& W W gled T vl W fge s g
YRV YA U AT B W A F A 2y 2
TR & WU H HET a1 | areREd & wier 2%
Yol fesgmrg |1 e U alfdadd SysTar aifdsd ol
Sl gl & w0 H Gegd el @ 50% oA
TR SR UHTdl @ Wy H g aelem @ e
TR gothe IUER B WA IUoiar w4
B &) veitdl SUAR # 974 e & faran @,
Al e Tt A1 SudT 50% UHIId & w9 4
UUT fisgchld & A1 AT I fd-T FoH IUSf Hifed
difhd @ iR @ A w1 Ui (1.73 -2.10)
THIA SYER B 9 B ! o s
O affersinf o urgaf wrard g sumRy o
e a2l

Ry fEs W aRaifhe 'R
FH IR 0.611 & R2E 1Y IUIdl (= 46.25+1.034
Fe-P+0.570 Av P) & fou Scd @S @ w9 4§ Fe-
P 3R SUdel B < forar!

ar afgey

THANE! SATEH F Ui 9id d¢ fewrar, Wl
HEYTT UG QUG ARTIA, T & fau andor~a
A1 21 &y saqeEl 4 sfdRad tqend § @ o
Y e al U a1l urg faq & gt g @ are
HEGAGH ARl 7 AR B amen fdw
Yebl¥l [eedwur &Y Y siftre Yl w@reree
fergra!
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Jqredar &1 ofed AN
olavraTaf e ATEN

T T4 Tl § BH I9F SAGTAT DY e
P IS SaTel H TN 3N HH gESIvd
o < foran! R e Suet geaTel
$9 @l § B IUSl SaId] D e 3ffeih
IRARTFSCH AR R UaH F «d fordr!

TUTacT

. T ¥ ARReRm | vl siv arar W
G &, Arsum @ uof g @ qof ded Al e
ARRFT &t 3 M@y 3 & Gy o1l AIgher
FT vp WA wyed & v W ASUA ¥ 39 I
g5 siida T8 Idar 81

I g g | el (4E ST a9, ufR
we iRl ¥ <iferr el o agH @ o e
3R e H HINAGEA qranst &1 Jeuih fhar
T} EREiseE 39 B 139 ¥ 185% dF AR
grr 21 v @ 1411 H 36% dd, 9.8% N
AW 42% TrguRe gar g

frery ammEReT § @91 ©E pEe
UFTER-1 @ G WY Gl 120 1S40 9% O oxaaret
TR G YIfAUER dd? ¥, $a¥ IR, 100%
MR 3R 90% ATgela + 10% aIfeRTa
Ry fpan, ! ardon, veaiEnre s, anferenwfig
3R arzufeT &1 A e0 AT © R H HERA
fepar oy |yoT arafey % 3= W¥E well § PIg 3
BRI

wIgCIer QR A AN "R FAFD A

i o o T T ) Y o L
fEfafere & ar sl & W, Bl (FUTRY,
QRUIETH AR DRITIS) AR RIS (HaHde)
A wfEe 8 gdow — dileny ugad i
fafers wiswel garT afceroieor el

AR : sorei o, o wfeead (omfie
O & H ARV FEIaad & W H gdl g

&) il S grgTe I B BrECIENT B
&1 qe1 [Aderd fdar warl Sre fda @i Bieeaw 13
—21 faqi & [Fgem & 3 100% AT (e 2
g faaeAl § w3177 () earicey ) @)
Frefidl & alaRys (!

@ 2005— 06 H T Gl IRIATT HAlGAT S, 04—
4y 24~1, 04 —VAUT1533 —2 37X 04—Tdd 1533—3
€ w1 A § e 99 & P oA oy
A g D Ud-Tq¥ & IMENEd wic ¥ 3T
T HIESIHIIT 3N IS YR & Jodld
& forv Afua fRa) =51 uent § wrgerwerer &1 W
grr el fewrs wEl!

il T ;

Fau v Sfaiw fgRifear Sk @sifFar
FARETIIT 33 33 TH IR 859 X 3T 3me
U 3R 853 @1 WA graw Refd #§ geansq fhar
TSR 30 T A O Frdie! ann @& e
2 37TE 3T TH 37N 853 A 31 318 U 311 859 &l
TS i RO 2 3R 7 IR AfTeNIgS $
9 B[ B

qE-EIedd 1 @ JDA

E T @ WET B BRawY N AT FH
BT FAqT derf bl FeoRonadr g H g ang u
AR 6, 8,13,51,151, 853 (Nugaciiyan) + 9y 2130
(@ AgfensaR) o RuiidaiNgs 49 & yHid
e gar!

dfecdes AT A1 820 3% 1041 3NN 47 3
31T 3177( 41 Neai/eaa) ik 3 5225 (4
Ryenfrs) anfe and ong w@ IR uaify sfima &
AT HelA 4 @ for 7a Wd & By H o @
ueel wETwelT AW Amere fraw B e
AT 1T STRTI 3177 Q11 TSRSl SN, 77/ ®)ordd
Rifaferd AR genfaralfirr g7aiftacr & Ty serd
qaIEa 3w forn mRr ) e & fau ufokue
A BT & wEld SIaRTeA 5225 ddd USIBIio
Fafsterg & ol srea=a gaTsaen et

M Indian Institule of Spices Research E
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repgfes daiRar

ATISTAD U-SIhTfed JaciRIT BT & arefivh
A Y 35), wgErTe gi2er (g olg g IR
A1t 25), FTere FEleTH (31 HIE TA 3R @Y
17) , iR @veRedvaR Ficgd (s Als UA AR
Aa110) BT geIURe L) @ rd IMEUASISIE
FEMTE @ Wy Iollad feear!

1 Amrefoa (A amd v 3R AT 17 ofiv ang
AT U AR 522) & @1 w H AN 17 H @
Hels ATYIE ETAAT def a3k Ivg & Swd
gl 2! 5@ A eraa A ggET @
fory qeutd a0 o 4 35, 911 25 iR gy 17
oo fogfeaal gonfoal @1 amen o 70% ¥
Sfdad I gre sifbd fdar

Sufraer=

o) TwslarTer g SuN 3R AT 35 & OF o)
<Y & [AQ eTaedd =pAa™ HIEIg 10" — 107
el /M for 2 wRig wR AE & Th & fou Siiang
fererT @1 =gAaw am@fe 15— 20 firge @1
guaEN T

a1 STTEl d wrell e & Ut I ve ool R
@ UAEE H OY B 9he Bl 2 B AAgE B
ORI el (SA) W aul ey 7ar e 87 4 gaT
# TRl @) et ga nfd @ e feard vl

SiEE AT

TR Yoo Wi anwd WA # AR wel
firel 3 anfer arzuR Fewl Hifee areRE (drangTHai)
@ oy AfET wH S v40s HIEN &g w
feaRimare®, didlamgi21 HIgT ofiv wdgT fed
RIS H U TRNEIERY e 9 b
JA & forg myeR fdbar ol

Ulee, ded
Hlcodos PRI H STRTI 4052, 1472, 4093 3iT%
4095 ®V¢ anRfRe fowrd udl! Wawsl 8§ gad
1357 &T Pl aeIRfed <@ ferarl

Gi9ed @1 HU8Y

B Y WUB ® el GEdT H oSie 2l
NFFe AqTS W1 547146 SN 3N AV 547219 B
e uordl, & ol u dwyge B faw oy
ety fban!

‘LF&TT'ET“[

el | 3R dige! || & U1 Hadwa Hl adfaar @
HeAh & W@y 12 IMWE Iusdiet Herdr= i
3R e Tebeat (ol X T -19 ) &1 oy g
geu foar, s 70 wioed @ offt® & $ww 8
fr. Al w1 8 oiR 4 IR g T ud gof e
& e wa wgaage )

A ard & N SR IV & A<id doldR HeTaert &
A1 e Suorard iR angeT et & Q) A
YATel, I8d g e (N1 iR
oAl o) D el I wEAl § Fol
10 3R 35 wfcrerd yg=n— @1 714!

qa HiEs]

T AR R @1 QSR wxn @ forg e 7
SRR W AR IR 1 X 893 ] &I I[0Tacar 3
FUolr (4200 & PR /dH) H R STearra
Mles X 893 BT UP a9 AYdd JoT=e 3R 83 °4
dRyel @ forg IwH <@ TAT! I Teb TG H,
&1 Ifq seqred (T 91 97 497 3 498 W1 uferde
4800 3N 4008 drgerara ¥) T 80% W st
o HeRd B 2, afdRew qees @ forn
gy fhar warl

YEYH Tad WaH

2 [32) ouiwA W, ZI5HIevE] §5ISH B golTgel
& A Teid (9RrFF davr ik Rorigeifar
wardl) & iy 3t W S T W 9w
Flerr R @ arg a3 wRefifdar & ufd
gl BHICH Al d B dga aH H I Ty T
FRAT BIPRACE @ BISY, BWEA AN IR
foremart danm arawRig (AfMerrg) @ gomrrft @

m Indian Institute of Spices Research n
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RIS

—h
o

uRdd @ wiod gemge, Sren o, geal X 3
U P e A @ Feciesey
e e gt # sufray BIfsad
(conidial) 3. smiifave (appressoiral) fergreye
¥ R ffear sai! W Fafkd @1 @
FBRRE RSy & w # ugar &l

HYEUT U SAfeerofi@vor

waw e gt Remye d 1040 HREET SRRl
P TR0 Ud SR fhar o vEr gl
ifewa gygw wf &1 aRaieA
& Sf3Ta pvgw WART & 18 TR STRUAV
® o A faeeryor 9 i s €
ART ol A | g@vgar siaEer . Gl R
A el ® w9 H AT U B Hed] STHT
T oaRg R oo H o JeleNer & WU o
HT=IAT 9IS bl T §H4E 81 o7 ofdfd ofiT @
H Gelaar vRd iR FaE @ Jr 9 e
Bl gl

aRgie @ fau AEemcaEe Aoy

ASH! Weage Jao BrH< [Asid gy 9
WA 700 FFAA BT BIAT URIGIR TR B 4T
fpar 2R o {5 Fea @1 Wi fdar T iR
e woraey 82 Agdl Wicage H odlw H
faf~er <iews 72 2 3 aal @y @ fou
IUFT WGHH @) ®RET W @ ol I8l !
¥ Ry

ONE HIG U B SrRaeEl B Srmaid 10 SaRierEr W
2n = 63 B BEEH W@ AR A sEdeE H
2n=84 <@l Ty, wald dividl wafdal @ ar
Tl H 2n=84 afF T e i 2n=77 <
forzm!

g AR e Fou

T g diordie wafadl § guur sifdbd fdar
S A gl H e il g2 ek 9 diorde
Fofear B A= OE wnfig ev & forg afdeo

m Indian Institute of Spices Research

v @ f&ar am & 100 o9 9re @ died Sria
g !

qiyoT

A Sud Wiy [ A § e, BIemRd,
R Eodl H Ue 98 ¥ 15, 20, 25 b, UTH B =X A
JET QUG U HRe @ forT Sdve @ Hre
FETTT Bh 1 1 Judel godl TSOIE B
IS 141, 19.4 3R 209 & 1MW /95 & RoraH
e -5-8 %, -3.0 % IR -16 % Afde gidr 2
| a1Tg &g T sii ufd gofer i afee arer e
A A WG ¥ SE SUST 4-54 % TF ayey
ge!

RUEGH

AT TS aRgied | st & A= gorfaar
W efibyr 3 gee @ B f& argd
evAlRe (T uw &) § awa®T @ 5idl rgs) (2,
26%) AR QTS (2.42%) okl dI Aer drfir
gl g

ISR TRy § R g g 5Am
(3n1g 3 T Qi uforn) WY A wwarel dien angd
dieltavey Fav 120 faAl T&6 Y@ ¥ O TR
fald, 100% g™ ik 90% AREET + 10%
N3NNI e gRBET BT 60 37T & arrrer &
e fhar e aiv eyl et i @1 ufRads w8
i

gifdd gopur R AfeemT [ codl @
gl S e arrg T AR afe(Suenia i
quaIRd) @1 TRA a1y g offgs, Rad welr
SR, Ad%e gaR vy udsrer W @R i 2
SR [ha F7 wff TR & gErT & STan #
Al A% @ (10% b # alled]) & oy aA
THT (40.50%) ear 2! fhe Al SyaR g Tt
del uifed § 40% iR onfesieRe & wifir
25% ®HI BT gl
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=T ¥ ool ® =T J&T B AVRS
wHed axan (Ageifeud CaOAR
GEERL)

ars F1 U 1, % € UH2, it o of vy
217 16UH 3R SIUAT WIEHT @ [ gaTehsd S
¥ Hffpan F @l wifd g2l ams <1 T wa
yreel & forg arferaaw dst # YT &1 e
TR gonad [ R avg SREe SRR &
el H wrEgifes anEgsiva gead © v
afferaeant g8 &1 (e b marl smEfiuaes 3
gl TRE SNTMe IwaRl § sAfepdd THErS @
awar

7g fawre=

iEm TR & gl Sl AT e 8§ afaa
fafergy S @ 81 fagfadal @ a5 [Ayfdeal o
wreEddal 9@ ofll g9 32 fayfdadl w1 47
HEIEVEIET 3R 8 B o ARG & w0 W
vl fhar! YR (evAred), ST (s
vee ) iR fae (@vet ) © wfad o srgrfrsvae
aifdres faurea &1 Tar!

SHAT[®  FATH

qg ety 01 (fOferem srprfaevies & dIROT) @
ufei gvapar WRN ©T Jediehel B3 4 I8 [
T 2 5 gvagar T o srmew o S
o amer iR A @y W oIrman A8 faarh
Ul

WNIE d°F

TR =| 4 Wi e @ ufy S B god
SR SR BT Bie A1 B o gferd Fea
2 T 109 et Fie qwn ARy 2y 2

e —
e B Bt (genfw)

AR T, TaTD b Yolfadl T and ong vy ame
AT, IS AT UH AR ARAL g M Ty am
Toret, HIRA SR Tt anfe w1 30 s, 15 72, 30
TS IR 15 [ | 90T BT UR SFHROT b fory e
27, 23, 17 AR 12 fa form B! wgergde ey fe
H fl 3R BIaT & T ugel 20T § 4129 T3 fan
I a7 3w <mer § RS 1 1436 530 faq gl 2
TEal feo Swrfed &= & ang ) iy ®iar &
S 30 IS, 15 73, 30 93 AR 15 A H Agoy fHy
Bl H BRI 73, 61, 51 3 42 37 § Scarfed
grar & ueld arl & fear 91 faeft 10208, 8333,
650.1 3l¥ 501.6 BT &! 3ifaA feere w99 30 ol
15 HS 30 7% R 15 S Pl 991 f&a) diedi & gy
& 140, 144, 121 3R 114 &= & gr¢ Sanrfed fear
AT B 3R UT 18495, 1854.3, 1518.7 3iR 14036
oy f&=i & = 2

aofae aRaies

YS! 3N METHCHHR HidHH AT SA-THBR]
DT SN dud AR W sl fordn off Wl 2
JENE B USRI H TR A= Tal H gy
fagetyor (b & forad, yedia a=1 usr & @
A SIFUGR @I U7 BT TR e g qor
AR e wicead & e ¢ Flddewit @
srafdfed gar 8! s @ o faceh o wgam

AquiRRefE | Twa=mfy 3 S anm &1 ggen
FETT 3P (AN TR H 0.47% Dle qiffd) 3 dw
T AR fewdar | sferds (79 wiEh § 10.9% T
arfara) gy 2!

Srgrcere RN (¢ ey ) (FTlAE ) @l
gdE el B GTAId oG & S H ifehd fha, e
TRSHTAAT BT W) STE¥d H BRaIel a 31Uer &7 (2
1 %)Eﬁ?ﬂ%‘i

T H [ THR W WA BN 8 g aE
g Ul & A 9gd 9gY el gl

TLoTacl

9w dd VPR Jed od USRdle JagIHl H
3G 209, 50, 57, 162, 99,156 197 ¥ 2% I A&
el BIAT & e araEe 50, 156 AR 57 § 7%
3t anforsiefia giar 8! srawed 57 3R 162
T B e A B1ar &) Aure 9 g arerd
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TUE 4 15-19% def W 38- 6.1% iR
ErdT &) S1aRTY 592, 593 31 598 H 1.9% el 2 3R
SIS 578 1 6.1% sifereirfa gram gl

TR O @ SR UATH WiwrsieiT

$fgad (@f#m) srave 7 Fer 20 T € 3R T
3E¥d | BTl 18 "l BT SIRITTHY TAIRT Ul
eTaT! s 3 v Ted B Pw, o fheete,
1, 8 e, femree RifSad, weia, siv
JufFaeesrrsa anfe! gfeam Iudl (23.75%) &
ARl I ATaNd (27.14%) W et fSivav e
fopar |

EL G T G |

TTCT 3EE & g T 12 ATl Bl IUSTAT Pl
Hedieh T YT YR JRA 581 (16.6 fdh. 019 /3 Hew
IE) Bl A SfeRTEEl W AT e i gan!

& vaeH

T T a9y AIfSAH aHarel Ul wie a3 0.8%
3R, 30 WM /ey gelv & 9y WmfTd o
arguarl gfey Framel @1 fefhd fearl a8
@ AT Bl HH BT YR 3 fdel e & fory
g grar gl

®q1 gRweer

Hexed & Yy ded /EHICH e H ulRvged
AR AMELTHI0 Jf AR HA1 gRRET UeThia 70
% T ffer el & el Hiddidad [ wefé

AT Srorfdd rergiel AR S ReRar
arfad 1!

g fare=

faferrs AR 2ers ey vd gedl & Hg fAvTerd &
et datkg gl ARy & o s dial &
sfeead ) devir1, 4wl 3R O @
WRd W oeRd @ g favter A dafwd 2!
SfamE  wAT

Sars = @ aRREET & for Hedied e

fifsraafiar & wirdmat ® S g e orer
ViR SR v eIy IeRe & Vevef9ar
Vg B A B WUl 3 wu H 3
forar! o ey sleaq dm iR siargs =
& wfoRrd 2

TeIwElecd ARINGT &1 i

TG 3R HifadTs Sreret | T s Tgam
1 Qe I=IRT Tremhislom daIRar @1 wodeiis
afir o ufdfdar garr sifdcerfigmrur fdar 1
A wig T RN qo & wihe gt § eiR e
oY wel A1 2l g fagfaadt 3 SEd 7, onsdt o,
SEdl 13, SRl 17, ilsdl 18 3R 4l 19 &)
SfrarE W wd qg frad I gE @ g
TGS dvg fora|

IR qd A Al a1y dlewr i aifdres Tmarel ven
IFFR T Wb S T | Wre fear!
9 STt H, angeidE) 10 W 31t 7 o
(302.12 TUHEIY Uhd) Golld &, msidrs! 11
3R NSl 23 gD q1g e ! fady drgH
H 3t 171 # afagan 1 g9y it feart gad
SR @ 39 ¥ 0.0071 W 0.166 T AT BT
2! anddidrsiio |, B4 Giang 19 aiiv 230 71 B pH
dlevran vd dfe ITEeayge anemoEe oW fora!
aftgen (dfasa w-fw) wusl &1
ST WIwTRieT

A SfRIEn VUL @ g HE TH AR GHEFA I
ot frar afik S99 =1 10 W™ 7 e 5y
ATEIAT $ AR THAT b (v fAeadg ofm
yerA

v fafire weg

T ©nwiRE & afbes @ defwer ek
SFHT PR G W W dfer @) @
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g -fafdre wawr & worawy @ Her AT WA B v, aig S@aifte wend 3 o e 9"

# @iy Hifufefaferd) W=a & I we Woa
yihe &S

AT BT

10% YERT BHaTe & v & HigaH uara bl

R fRwrr v ar wrgmd (ahdruuErs,
AMUUH1e, SfivUEe 3R vums) 3 fF ke
Fgedl dg @1 fowmn!

T W § afile Welii

SETHTS PR 8 dild 2522° W Wb W Hedid
@l U Sifeorr (58 %) W oMb JeRIT
Fiftra [ iR TR we e @ defiwer (91.250m)
# IRET 9 od B8R Rl

HaT T

FATEd P A T Al e grl o AR
3 ot faresuor o1 A9 @eror fovgrarer & 99 g2
Tra A= oidlaeeEl @ e e — dRiem
grgad e gary 4 dielr ARmgE argead
(frargradn) & fafdre wgAd & @ wads el
Wil Sudll ®Y goye (ban, o fiar afiR
Wag~r a1l faeaezs gfowd o SSgvs
feET virs &1 ugard aik fhasmies fAvemu &
MR W laa =y (Jealsuy oo uv weda died
wval & fop afyen fogfeaal 3 Sadued @1 ws
gral 8!

GBS @ Hodiad

fafe= SiMueRl @1 S8 & JSTed S iy
B T e W, U 4-17 B Iad B afEe

JFO(g0), MW SR T UiRIT HAR FRIT Bl
ARl Wl 8U <@ fora!

WAhH @ deF B AT

= gfeaeas wdoEl W9 ger o arse
UhAgUH (2:1:1) I 9R ot | g iy
86% ¥ for!

wawd @ fom oy

Sk (fARfemr ey ) @ T diug Sy
B AL Y Ul HIGT IS B BT 4 B RIe 1es
IRTGTS Wsad 3R 25 378 TAUMRIR UgHs &l

AETEVAAN 3R IRUUIE STEBT & HRW g
ST wavar J A i it @ gy
frar! da Bomes A1 sEvavEsR e ailv
gE ANRUGST s 3 9Y® Us=T § Thedr
qre il

R~ veaREa e &1 HaeE

. dIRA Sk W) FAAGIEH B Wl H Bard tERge
31T D1 TR Aued YRS sfaver 3 fefrde 8!
faerr @ arrell SR W, [T elel @l afe @w
BT 2 3T g4t a1 O-HIfe~ ZaRT (A 19.6%
& 24.9%) wrrd) & !

ATl & 9R A I AT @1
WX

TR es -4 XIRT AT f4gerol &= W) 7rvdifar
TR e @ TRl MU 3 et 3N gHell &
el AR Bl Wad e oifdee qEarE o
T BTN W @ AR ST, Bl 7, hdl
U oY gHAT & ueHid o9 7 1, 1- fewiaad - 2-
fufdereseifoad Tfeea 1A ervar ifdre g1
2l gedt @ vyl gR S up ¢ 1 9 ud ¢ 1l F
T B g ARET Bd B

HOTAl & UEAREd JTg9d gaNT
IFATCIfedd & WEE

TR orey ) RIS @] UHARIIe SiRTe ol 9ud
3 WY Fedh! G Ha fauTeRy SR @il Fifrery
TaTT @ fAedr GaRT ST A & e H
A aed) TN S A, R e iR ged oo
e H srherefTT SeureT e Wyl graRky 81 SR
arpereife (S sk @) e wia da 3R
S ypR Rrmdfyegs & oy ufEa vew & wu
o YRty fgen St el gl
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Il d (50) U9 o/exa (89) W Uep ®I A
RAeaiRaet ®1 RQyed oy Tl g8 | 83
fergferrall & ey @, 3 Wigfiengars BRWT
F1, o ddet 4 fAgfaael 3 yediga &1 S
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ey F MR R ofg wAl @b & R T 7
prediedt A 3R EeRys @& Ui 50% W HAferd
TfeReE AT SUE !

oy d@ar d= F fEaEl @ wars @ oy
ffer e o fFurl WS wa i B
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Rty TR AR TR FRAH SUH Uer e
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o froFnTei= ufdieron erded s ffhan e
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forq a1 yRan u¥ {-Th 12 -13 TdaR 2007 Bl
el s, wiferbe @ WA W AR uh
wferene smaiioTa [ha! Ymeel Waey Wem @ aTid
ferfors Ala Sw” Y@ wodi H @i arrar
faeprar & qaresil e 7 SEr gd et 7w
TATAT @1 IUIGH Ud TEHT U Up I W9d
wRiTe RAamgR, Anmets H swifoa @ fra
TSI @ 10 TRl @1 ufafiea dRedrer 60
=t / favan et = o ot

IFfge AR e wETEr SEE
LIRS B

SRt e wafga Hare srwaE aRASE &
o BT BT IR T daad (XIX & @rtema)

23- 25 A, 2007 &I IS HY FHAlCTo]
feafqurera (SIgUel)  Havar, geiEr H ys
ge! gl & 9o UeR GIg 228 BT AHET B
@ e WS vEey, fRar T R we
Rellor & fau wega fear! fafrs aqdam
aRETsERl A fAded aneneie 11 deidfora
M qermr & faw ggemr [y wd! Al
TNl el U dRE T8 JddETdl Hradd bl
Farss fhar warl

ga¥EaT SfeeEd

Wd B H RAE & el Slaygam &= 7
Stery @ s fear 2
eneies: 98 9l 9 wahia vaigd i @
3CTY ¥ W @y AR SR Arads duree, wgs
fageiyor anfe @ ey S 2

TS : FHT Fa= & gaiga Bl o) fasi
STy & gui wrel i a1 Argee g faar el

9 g AR R fh—fem: S wisdBe
P N WU B &Y A wal SO D [AY gigd
far  arar!

T Aq9Igee ok g § —wemE @ e
BN denfe Ffa dea 9 Reh & fow us a8
dawisT A @ & HTen W, weihee,
TR Y 3= uRee | {397 5 Fdar 2007
@1 A3 fooell o 3@ Wige & weifud fearl awd
Arge faeRia oxd e ! W @ g
fehd g uRarTel (3RdTs 1) & forg us
g% Jar feart oRdime sndosmgovioao
I 3ffeHe Ahcde &8 A favmari & amy
uRega !
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Executive Summary

Black pepper

Germplasm collection, conservation and
evaluation

During the year, 54 accessions from
Shendurney WLS, 24 from Bisle Ghats forests
and 32 from Karwar district were collected
from the species Piper nigrum, P. galeatum, P.
trichostachyon, P. attenuatum and P. hapnium
including two local cultivars from farmers’
fields.
characterized based on IPGRI descriptor in
addition to 1000 accessions.

Ninety eight accessions were

Breeding

For pollu beetle, nematode and drought
resistance: A hybridization block was
established with bush pepper var. 1ISR
Subhakara as female parent and ‘pollu’ tolerant
lines (Coll. No. 816, 841, 1084 and 1114),
nematode tolerant lines {Acc. 820 and HP 39)
and drought tolerant lines (Acc. No. 1495, 931
and 813) as male parents. Seedlings raised from
these
multiplication for field planting.

cross combinations are under

For high yield and high caryophyllene: A
total of 114 progenies of crosses involving ISR
Subhakara (female)} and high caryophyllene
lines (male) were produced. Analysis of berry
caryophyllene content of the elite lines {male
lines) indicated variation. Location effect on
beta caryophyllene content of IISR Subhakara
was also observed in the samples collected
from Ambalavayal, Peruvannamuzhi, Panniyur
and Yercaud centres.

For Phytophthora resistance: To develop a
second mapping population to
Phytophthora resistance, b0 new crosses were

tag

made between IISR Shakthi x 1ISR Subhakara
the progenies were planted for
germination. Twenty five new putative
transgenics containing osmotin were hardened
for testing.

and

Nutrition

Sulphate of Potash (SOP) on yield and
quality : The leaf nutrient status, biochemical
parameters and yield were found to be on par
in 50% of recommended K as SOP with or
without foliar spray and SOP with magnesium
supptementation. Recommended dose of K as
SOP + 2% foliar spray recorded highest yield
that was on par with 50% of the recommended
K as S0P and recommended K as SOP + MgS0,
treatments. When a premium price for the SOP
treatments 1s considered, the recommended K
or 50% of it as SOP with or without foliar spray
recorded better net returns and B:C ratio (1.73-
2.10) as that of MOP treatment. Quality
parameters like oleoresin and piperine
contents were also high in these treatments.

Organic manures on P release: Step wise
forward regression analysis of P fractions
showed Fe-P and Available P as the best
predictors for yield (= 46.25 + 1.034 Fe-P + 0.570
Av P) with a R? of 0.611%%,

Drought tolerance

SOD isozyme showed five prominent bands,
which was common both for tolerant and
susceptible accessions. Water stress induced
an additional SOD band in some accessions.
Tolerant showed  higher
photosynthetic rate and higher stomatal
conductance than the susceptible ones after

accessions

five days of stress induction.
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Executive Summary

Physiological and biochemical basis of
productivity

High yielders had higher NR and lower MDH
activities compared to low yielders during pre-
bearing period. High yielders in general, had
higher carbohydrates and starch during this
period than low yielders.

Quality

Myristicin in P. Leaf oil
composition of P. nigrum Jeaf samples collected
from Dapoli and Karwar, showed myrisficin in
good concentration, which is a general

nigrum:

component of nutmeg and was not recorded so
far in P. nigrum.

Location and quality: Black pepper samples
from PRS, Panniyur and Sirsi were evaluated
for quality constituents and caryophyllene in
oil. Caryophyllene content varied from 13.9 to
18.5%. HP-1411 had 3.6% oil, 9.8% oleoresin and
4.2% piperine.

Modified atmospheric storage and quality:
Dried berries of Panniyur-1 was stored in
three layered metallised polyester cover under
vacuum, 100% nitrogen and 90% nitrogen + 10%
cxygen for a period of 120 days. Moisture,
essential oil, oleoresin and piperine contents
monitored at 60 days interval in the berries
remained unchanged throughout the period.

Phytophthora foot rot and slow wilt
diseases

Molecular characterization of nematodes:
Four populations of Radopholus similis,
collected from banana (Kayamkulam,
Ernakulam and Kasaragod) and coconut
(Kayamkulam), were characterized through
ITS-PCR using species-specific primers.

Resistance: Forty one hybrids, six cultivars
(short-listed as moderately telerant in the
preliminary screening) and three Piper spp.

were subjected to root inoculation of
Phytophthora capsici. All the cultivars tested
showed 100% mortality within 13-21 days of
inoculation. Among the wild accessions, Acc.
3177 (P. svlvaficum) showed resistance to P.

capsict.

Three open pollinated progenies namely, 04-
P24-1, 04-HP 1533-2 and 04-HP 1533-3 that
were short-listed based on all methods of
screening during 2005-06 were planted in a
sick plot at Peruvannamuzhi for evaluating
their field reaction to Phytophthora and
nematodes. No Phytophthiora infection could
be noticed in these plants.

Evaluation of antagonists

The promising isolates of fungal and bacterial
antagonists namely, Pochonia chlamydosporia,
IISR-859 and 1ISR-853 were evaluated under
green house conditions and the study indicated
the efficacy of IISR-853 and IISR-859 in
controlling P. cepsici infection and it was on
par with copper oxychloride.

Field evaluation of bioconsortium

The results of five yvears trials indicated the
efficacy of the rhizobacterial consortium
containing IISR-6, 8, 13, 51, 151, 853
{rhizobacteria) + PB-21C (P-solubilizer) in
reducing the disease incidence as well as
increasing the survival of the plants.

The cultivated accessions C 820 and 1041 and
wild accessions Acc. 3177 (P. sylvaticum) and
Acc, 5225 (P. ribusoids) were subjected to
Phytophthora and nematode inoculation prior
to being used as root stock for grafting with
var. ISR Sreekara. Acc. 3177 was highly
susceptible to both the nematodes wviz.,
Radopholus similis and Meloidegyne incognita
but was resistant to P. capsici while Acc. 5225
showed high susceptibility to R. simifis alone.

Indian Institute of Spices Research
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Endophytic bacteria
Evaluation: The
promising against P. capsiel and nematodes

endophytic bacteria
viz.. Pseudomonas acruginosa (115K BP35),
Pseudomonas puticda (11SR BP25). Bacillus
mesaterinm (IISR BP17) and Curtobacterium
futeum (IISK TC10) have been registered with
IMTECH. Chandigarh. under Budapest Treaty.
Among the two strains of B. megaterium (IISR
BP17 and 1ISR 522} BP17 possessed higher
nematicidal activity and better adaptability to
temperature and pH, When evaluated in the
greenhouse for disease management, the
isolates BP35, BP25 and BP17 recorded over
T0% digsease suppression irrespective of the
variety.

Colonization : Minimal concentration of P.
aeruginosa JISR BP35 required for suppression
ol P. capsict was 10'%- 10" cells ml'. The
duration of bacterization for
suppression of lesion on shoot was 15-20 min.

minimum

Anthracnose disease

Monitoring of anthracnose disease of black
pepper and leaf blight in three locations
revealed the rapid spread of disease during
early monsoon period (June) through rain
splash of the pathogens in the soil.

Viral diseases

Preparation of Piper yellow mottle virus
construct : A 409 bp coding region from open
reading frame (ORF) 111 of Piper yellow mottle
virus (PYMoV) infecting black pepper was used
for the preparation of plant transformation
vector construct in the binary vector, pBI 121
both in sense and antisense crientation.

Pollu beetle

Among the cultivated accessions, Accs. 4052,
1472, 4093 and 4095 were free from the pest
attack. Among the hybrids, HP 1357 was free
from pest infestation.

Germplasm colleetion
S1x
rermplasm. Accessions, [C - 547146 and IC -

o
u
)

new collections were added Lo the

17219 were short listed for high vield, green

and bold capsules.

Evaluation

Evaluation of F1 hybrid progenies of PET T and
PET II resulted in short-listing of 12 high
yielding selections and one hybrd (GG x NKE
— 19} with more than 70 per cent capsules
having 8 mm size and field tolerance to rhizome
rot and leaf blight.

Under CY'T III and [V, three high yielders of
Malabar selections and 2 high yielders of
Vazhukka selections yielding 10 and 35 per cent
higher crop than their respective checks (CCS
1 and Njallanil Gold! were identified.

Drought tolerance

In a study to evaolve drought tolerant type, RR1
x 893 was found superior for both quality and
yield (4200 green capsules/ plant) and one of
the selections in Njallanil Gold x 893 for
compound panicles and green bold capsules.
In another trial, two best yielders (APG 497
and 498 with 4800 and 4906 capsules per plant)
with more than 80% bold capsules were short
listed for further evaluation.

Rhizome rot management

Under in vitre evaluation, Trichoderma
fAamatum was found more effective against
rhizome rot (Pythium vexans and Rhizoctonia
solani) of cardamom. which is evident from the
tropical movement of T. hamatum hyphae
towards R. solani [ollowed by penetration and
parasitization. Considerable diversity was
observed in Colletotrichum glocosporioides
isolates with regard to colony, conidial and
appressoiral characteristics from the infected
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Executive Summary

Specimens
turme

i “f cardamom, black pepper,
(_Hrdm\:::ni::l ::t‘her clrops, collected frun}
Uhit‘kmuga-l ‘Hj'.‘w'l?em—ul Kc}da;fu, Hassan and
Valparaj [’T-.L\:r .d}StT‘itTtS Of [\a.u'n‘atlakal and
. . 9mil Nadu). All 1solates were
aentified as C. gloeosporioides.

Conservatj ,
Aton gnd characterization

canservatory, 1040 Curcuma

7 are being conserved
characterize

In the ex-sis,

accessions i

t.h:n:a{-tnri;.dti!m of Indian Curcuma
species

Comparative
rRNA regiong
indicated th

Curcuma ¢,

sequence analysis of the 18 S
of three Indian Curcuma species
at the entities recognized as
Geruginosa in'qufﬁca, C‘.. tonga and C.
The entity g Indfa and China are‘th.e same.
and Japan mCOgmzed as (, zedf)arm n Ind%a

Ay be the same, while C. zedoaria

of Chi IS - .. '
) A 38 dictinet from the Indian and
apanese popy|ations.

Microsatelliy,,
A total of 700
{

markers for characierization
microsatell; f:lones frc?m. the gnriched libraries
screened by Fe containing fragments) were
were SeunQolony PCB and selected .clones
microsatellifhced which resglted in 82

€ repeats of variable length.

Suitab] i ,
hes ¢ pnmeTS to amplify these regions are
emng designgy

Cytological
Chromosome
In 3 was obse
while fg
2n=84

analysis

humber of 2n=63 in 10 and 2n=84

tved in 13 mother plant accessions

W 8Ctessions of seedling progenies had

and ong pug ono77.

;llgwe:"ing And seed set
wer . _ .

proo-enl'ng Wag recorded in about 50 seedling
prules, S'E‘-(-:-ds were recovered from 11 of

them and were put for germination to establish
advaneced generation of seedling progenies.
CGermination started 1 two lots after 100 days
of sowing.

Nutrition

Targeted yield response: Buased on the initial
soil fertility levels of N, P. K and Zn, the
fertilizer doses for obtaining 15, 20 and 25 kg/
bed yield targets in turmeric were worked out
and applied. The achieved turmeric rhizome
yvield was 14.1, 194 and 20.9 kg/bed with a
deviation of -5.8%, - 3.0% and -16% {rom the
target. Through targeted nutrient application
4-54% increased vield over recommended dose
could be achieved in IISR Prathibha.

Quality

Biochemical characterization: Biochemical
characterization of different traded varieties
of turmeric (‘Alleppey’, ‘Rajapuri’ and
‘Wyanadan’) revealed a high content of
curcumin (3.11%) in Alleppey finger turmeric
(AF'TY, as compared to Rajapuri (2.26%) and
Wyanadan (2.42%) turmeric.

Modified atmospheric storage: Dried
turmeric rhizomes (IISR Prathibha) were
stored in three lavered metallised polyester
cover under vacuum, 100% nitrogen and 90%
nitrogen + 10% oxygen for a period of 120 days.
Moisture, essential oil, oleoresin and curcuinin
levels monitored at 60 days interval remained
unchanged throughout the period.

Mechanical drying and curing: Turmeric
var. IISR Prathibha (cured and raw)} was dried
in hot air oven, reverse flow drier, agriwaste
drier and also sun dried. Cured sample took
less time (40- 50%) for completion of drying in
all the drying treatments compared to raw
sample. However, cured samples showed a
reduction of 40% in oil recovery and 25%
reduction in oleoresin recovery.
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Soil microbial community structure in
goils under turmeric

Maximum bands were obtained in integrated
treatment for ITS1, ITS2, prokaryotic 1GS and
165 rDNA primers. Chemical and control
treatments registered maximum bands for ['TS
fungal primers. In case of fully organic
treatment maximum bands were ohserved for

prokaryotic IGS primers. Maximum number of

nematodes was found in case of IPNM and fully
grganic treatments.

Soft rot

Forty five of the 81 1solates of Pyihiwm sp.
collected from different turmeric growing
regions of South India showed pathogenicity.
Among them 32 isolates were identified as P.
aphanidermatum, and 8 as P. myriotylum. P.
aphanidermatum collected from Gulburga
{Karnataka), Jagtial (Andhra Pradesh) and
Chittoor (Keralal were the most virulent.

Bacterial wilt

Evaluation of Curcuma sp. against soft rot
disease (caused by Pythium aphanidermatum)
indicated that Curcuma longa, C. aromatica,
C. zedoaria and Z. officinale were susceptible
while C. amada and C. caesia did not take up
the infection.

Shoot borer

Bicecology: The symptoms of pest infestation
were first observed during August (0.17% new
shoots infested) and was high during December
{10.9% new shoots infested) in Peruvannamuzhi.
Apanteles sp. (A. taragammae?) (Braconidae)
was recorded to parasitize larvae of shoot borer
but level of parasitism was low (2.1%) when
compared to that on ginger.

Resistance: Screening of 891 turmeric
germplasm accessions against shoot borer in
the field indicated that 109 accessions
remained free from pest infestation.

Phenology of ginger

On an average, ginger varieties viz., 1ISR
Varada, ISR Mahima, ISR Rejatha, Maran
and Himachal took 27, 23, 17 and 12 days for
germination in 30 Apnl, 15 May, 30 May and
15 «June planted respectively.
Correspondingly degree davs also varied from

CTORS,

412.9 degree days at first planting to 143.6
degree days for last planting. The time taken
to produce first tiller was 73, 61, 51 and 42 days
in 30 April, 15 Mayv, 30 May and 15 June
planted crops, respectively. The degree days
for the events were in the order 1029.8, 833.3,
650.1 and 501.6. The last tiller was produced
140, 144, 121 and 114 days after planting in 30
April, 15 May, 30 May and 15 June planted
crops respectively and this event happened at
1849.5, 1854.3, 15618.7 and 1403.6 degree days.

Molecular characterization

Genotypes could be easily discriminated using
RAPD and ISSR markers. Cluster analysis
placed the ginger genotypes into four separate
groups, in which the grouping of elite
genotypes with the putative wild types implies
some phylogenetic relationship between the
putative wild types and modern cultivars. The
exotic type from Japan, resembling the putative
types in rhizome features, shared high
similarity with the four indigenocus putative

types.

Quality

High oil types: Among the high oil types Acc.
209, 50, 57,162, 99, 156 and 197 had above 2%
oil and Acc. 50,156 and 57 had more than 7%
oleoresin. Ace. 57 and 162 contained high
limonene in oil. Nepal ginger collections had
1.5-1.9% oil and 3.8-6.1% oleoresin. Acc. 592,
593 and 598 contained 1.9% oil and Acc. 578
contained 6.1% oleoresin.

178 Indian Institute of Spices Research B

=
©



N
o

Annval Report 2007-08

GCMS profiling of essential oil

A total of 20 compounds in Indian (Cochin)
ginger and 18 in Chinese ginger were detected
through GCMS. The major compounds
identified were camphene, « phellandrene, 1,
8 cineole, linalool, zingiberene, farnesene, anl
| sesquiphellandrene. High zingiberene was
recorded in Chinese ginger (27.14%) compared

to the Indian produce (23.75% ).

Yield evaluation

Yield evaluation of 12 selected Nepal ginger
accessions revealed the superiority of Acc.
581(16.6 kg per 3 m” bed! aver others.

Micropropagation

A method using petri plates containing M5
basal medium with 0.8% agar, 30g/l sucrose
with minimal or no use of growth regulators
was developed. It 1s ideally suitable for in citro
studies on disease progression and reducing
the effect of growth regulators on the
somaclonal variation.

Cryo preservation
Cryo
standardized in ginger shoot buds/somatic

preservation protocols were
embryos using encapsulation and nitrification
methods with over 70% success. The conserved
materials are genetically stable as evident by
molecular profiling.

Sofi rot

Eythiuvm myriotvlum  was associated with soft
rot of ginger. Four other species of Pyvthium
namely, P. wltimum, P. vexans, P. splendons
and P. delaines were also associated with
ginger soft rot in India.

Bacterial wilt

Among the species of zingiberaceae evaluated
for resistance to bacterial wilt, A. galanga,
Globba sp. and C. caesia were found to be the

hosts for ginger strain of Ralstonia

solanavearum. C. amada, the Indian mango

ginger was resistant to bacterial wilt.

Evaluation of endophytic bacteria
Mineteen endophytic hacteria  isolated from
ginger rhizomes collected from Wavanad and
Kozhikode districts were characterized using
morphological criteria such as colony
character, shape, elevation, motility and gram
reaction, and all of them belonged to gram
negative group and were short rods. Among the
isolates GEB 7, GEB 9, GEB 13, GEB 17, GEB
18, and GEB 19 were promising for suppression

of bacterial wilt and soft rot diseases.

Paprika and paprika like chillies

Collection, evaluation and maintenance
A high pungent and high colour accession from
North East ‘Bhut Jolokia’ was added to the
germplasm. Among the indigenous germplasm,
ICBD-10 registered the highest colour value
(302.12 ASTA units). The EC-171 recorded the
highest colour value. among the exotic lines.
The capsaicin content varied from 0.0071 to
0.166. The lines, ICBD-10, Kt-P1-19 and EC-71
were found promising with low pungency and
high colour value.

DNA profiling of capsicum (Capsicum
spp.) collections

[SSR profiles have been developed for nine
Capsicuni collectinns and 10 of the primers gave
distinction of the

reitable markers for

accessions tested.
Vanilla

Inter-specific crosses

Inter-specific crosses performed between
Vanilla planifolia, V. aphylla, V. pilifera and
V. sp. from A&N islands revealed succesaful
fruit in all combinations

setting Cross

indicating cross compatibility.
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Pollen germination

Culturing fresh pollen by sitting drop method
at 25+2°C under light using B&K medium
containing 10% sucrose gave maximum
germination in V. aphylla (568%) and longer
pollen tube in V. pilifera (91.25 im) after 4

hours.

Viral disease

Vanilla plants showing typical symptoms of
chlorosis and leaf deformation collected from
Madikeri district of Karnataka when subjected
to RT-PCR using primers specific for five
different potyviruses, gave amplification with
primers specific to Bean yellow mosaic virus
(BYMV). The PCR product was eluted, cloned
and sequenced. Sequence analysis based on per
cent nucleotide and deduced amino acid
identity, and phylogenetic analysis clearly
showed that vanilla isolate is a strain of
BYMV.

' Tree spices - ]

Evaluation of nutmeg

In a study to evaluate the performance of
various genotypes, A4-17 was found to be the
best with high germination (80%}, growth and
cent per cent grafting success.

Growing media for nutmeg
Among the growing
combinations, seedling growth was best in the
combination of soiligranite:FYM (2:1:1) with
86% germination.

VATIQUS media

Sex determination in nutmeg

Out of 165 RAPD primers and 25 ISSR primers
used for screening sex pooled DNA from male
and female Myristica fragrans, seven random
primers showed polymorphism between them
and four primers (OPAM 13, OPAF 16, OPAM
16 and OPAF 5) showed sex specific
polymorphic bands.

Molecular profiling in Garcinia species

Nine species of Garcinia were used in DNA
profiling based on [SSR and RAPD markers. A
total of nine ISSR primers and twelve RAPD
primers could successfully distinguish them.

Composition of Cinnamomum essential oil
The chief constituent of the essential oils of
fruit of C. verum and C. malabatrum was
linalool during the initial stages. During the
later stages of development, linalool content
decreased and both the oils were dominated
by &-cadinene (19.6% and 24.9% respectively).

Antioxidant levels in spice extracts
Ethanol extracts of Garcinia gummi-gutta and
water extracts of turmeric and tamarind had
the most total antioxidant capacity as analyzed
by the phosphomolybdenum method. The 1,1-
diphenyl-2-picrylhydrazyl radical scavenging
ability was greater in the essential o1l of black
pepper and ethanol extracts of black pepper,
curry leaves and tamarind. Fe (IIl) to Fe (I}
reducing activity was highest in the ethanol
extracts of turmeric and the two Garcinia
species.

Inhibition of aflatoxin production by spice
essential oils

Extent of fungitoxic and fungicidal effect by
spice essential oils and their major components
on Aspergillus has been quantified in terms of
aflatoxin B1l. Clove oil, cinnamon oil and
turmeric leaf oil had complete inhibition of
aflatoxin production. Both the aflatoxins (Gl
and B1) could be inhibited by cinnamon bark
well as the active

o1l as ingredient,

cinnamaldehyde.

Rhizobacteria in spices

One hundred and nineteen thizobacteria have
been isolated from black pepper (50) and ginger
(69). Out of these, 53 produced IAA, 3
solubilized phosphate and only 4 isolates
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produced HCN. Twelve rhizobacterial isolates
were shortlisted based on in vitro tests and
those showing more than 50% inhibition against
P. capsici, Pythium and Fusarium.

Extension and training

Village Resource Centre conducts video
conferencing sessions for the benefit of the
farmers. During the period, six conferencing
sessions were held involving experts from the
institute and other institutions in Calicut. Four
institute on campus training courses sponsored
by various schemes under the Spices Board and
State Horticulture Mission (SHM)
organized for the benefit of extension personnel
in which 60 trainees participated. A summer
training programme
Biotechnology and Bioinformatics was
organized from 07 May to 06 June 2007 in
which 42 M.Sc. students participated. Another
training course on “Information Security for
Government Officers” was conducted during
12-13 November, 2007 in collaboration with
DOEACC Centre, Calicut. Under the Central
Sector Scheme, Technology Mission for
Integrated Development of Horticulture in
North Eastern states including Sikkim, one
state level workshop on ‘production and
processing in major spices in NE states was
organized in Dimapur, Nagaland in which 60
farmers/extension personnel representing 10
districts of Nagaland participated.

were

on Biochemistry,

All India Coordinated Research

Project on Spices

The National group meeting (XIX workshop)
of research workers of AICRP on Spices was
held at Orissa University for Agriculture and

Technology (OUAT), Bhubaneswar, Orissa
during 23-25, November 2007. The varietal
release proposal of leafy type coriander DH —
228 from CCS HAU, Hisar was recommended
for Haryana state release. The promising 11
technologies emanated from different research
projects were identified for adoptive trials.
Twelve new technical programmes were
formulated on different spice crops.

Bioinformatics databases
The bioinformatics centre has developed two
databases during the period under report.

PLASBID: A database on plant associated
bacteria integrated with several tools like
sequence editing, primer analysis etc.

PASSCOM: A database on predicted activities
of spice compounds is being developed. The
module on black pepper has been completed.

The databases PIR and PHYDISH were
integrated to serve as a National Repository

of Phytophthora.

Development of new websites and other
e-resources: A new website for Agriculture
Scientists Recruitment Board, New Delhi was
developed. The site was launched by Dr.
Mangala Rai, DG, ICAR on 5 November 2007
at New Delhi. HortWeb, the website of
Horticulture Division of ICAR was developed
and updated. An e-book on completed research
projects of the institute (RPF IIl) was prepared.
ARISoft, the IISR office automation software
was fine tuned and modified to incorporate
several new features.
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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 Calicut, 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
The NRCS
was further elevated to the present Indian
Institute of Spices Research (IISR) during 1995.

Appangala, Madiken, Karnataka.

Location

The laboratories and administrative offices of
the institute are located at Chelavoor (50 m
above MSL), 11 km from Calicut {(Kozhikode),
Kozhikode District, Kerala, on the Calicut-
Kollegal road (NH 212), in an area of 14.3 ha.
The research farm is located 51 km North East
of Calicut at Peruvannamuzhi (60 m above
MSL), on the Peruvannamuzhi-Poozhithode
road in Kozhikode District, in an area of 94.08
ha. The Cardamom Research Centre,
Appangala (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

® To extend services and technologies to
conserve genetic resources of spices as
well as soil, water and air of spices

agroecosystems.
a To develop high yielding and high quality
spice varieties and sustainable

production and protection systems using

traditional and non-traditional

technigques and novel biotechnological

approaches.

® To develop post harvest technologies of
spices with emphasis on product
development and product diversification
for domestic and export purposes.

® To act as a centre for lraining in research
methodology and technology upgradation
of spices and to coordinate national
research projects.

® To monitor the adoption of new and
existing technologies to make sure that
research is targeted to the needs of the
farming community.

@ To serve as a national centre for storage,

dissemination  of

retrieval and

technological information on spices.

The spice crops on which research is being
conducted at the institute include black pepper

(Piper nigrum), cardamom (Elettaria
cardamomum), ginger (Zingiber officinale),
turmeric (Curcuma [longa), cinnamon

(Cinnamomum verum), cassia (C. cassia), clove
(Syzygium aromaticum), nutmeg {(Myristica
fragrans), allspice (Pimenta dioica), Garcinia
(Garcinia gummi-gutta and G. indica), vanilla
(Vanilla planifolia) and paprika {Capsicum

NN,

Organization

The Director is the administrative head of the
institute. The
Committee, Research Advisory Committee and
Institute Research Committee assist the
Director in matters relating to management

Institute Management

and research activities of the institute.

Research on various aspects of the mandate
crops 1s conducted in three divisions, namely,

Division of Crop Improvement and
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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 Research Information
System, Bioinformatics Centre and Krishi
Vigyan Kendra. The institute also functions as
the headquarters of the All India Coordinated
Research Project on Spices, and Indian Society
for Spices. The institute has linkages with

Management Committee

Research Advisory

several universities, research institutes, and
developmental agencies for collaborative
research and developmental activities in
spices.

Budget: The total budget of the institute was
Rs. 576.38 lakhs during the year, which
included Rs. 135.88 lakhs under Plan and
Rs. 440.5 lakhs under Non Plan. In addition,
Rs. 56.9 lakhs was also received as funds from
other agencies.

Headquarters
Calicut

Committee

[
4
Experimental Farm
i Director
—
I

Peruvannamuzhi

Institute Research
. Committee

Cardamom Research
= | Centre, Appangala

| wasm_m / Section Genetics and
Cytogenetics
TS Plant Breeding
Crop Improvement and Economic Botany
Biotechnology | Horticulture

— Biotechnology

Krishi Vigyan Kendra
| Peruvannamuzhi

| National Informatics
Centre on Spices

Agronomy |
Sail Science
Biochemistry

Organic Chemistry
Plant Physiology

| Agricultural Engineering

Bioinformatics Centre

| Crop Production and Post |
| Harvest Technology I=

Administration and |
Accounts .

1 AICRP on Spices | ]
Piant Pathology

Agricultural Research ‘

| Crop Protection | Entomelogy :

| = = | Nematology | Information System
Economics | | Agricultural Technology

| Social Sciences | Statistics = | Information Centre

= Extension

Organization of Indian Institute of Spices Research
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Plan : Rs 135.88 lakhs Non-plan : Rs 440.5 lakhs

21 50%

1 80%

46.4 76.70%

mTA

m Contingency
o Equipments

O Works | @ Estabiishment

m HRD | BTA
i@ Library | O Others
Nt | | S

Budget distribution of the Institute (total Rs 576.38 lakhs)

Resource generation: Institute earned a Staff: The institute has a sanctioned strength
total of Rs. 2660141/- through sale of planting of 43 scientific, 18 administrative, 36 technical
materials, biocantral agents, training, and 61 supporting staff.

publications and consultancy services.

Staff position of the institutle

In position Vacant
Category Sanctioned Calicut Peruvannamuzhi  Appangala
(HQ) (Farm) (Regional Center)
Scientific 43 27 5 4 7
Technical 36 17 14 4 1
Administration 18 14 - 2 2
Supporting 61 25 13 18 5
Total 158 83 32 28 15
Staff position of KVK
In position __ Vacant
Category Sanctioned Calicut Peruvannamuzhi  Appangala
(HQ) (Farm) {Regional Center)
Scientific - - - . .
Technical 7 1 4 - 2
Administration 2 1 1 - .
Supporting 2 - 2 - -
Total 11 2 7 - 2
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New facilities

Accreditation of Test Laboratory: The
Institute test laboratories under the Division
of Crop Protection and Division of Crop
Improvement and Biotechnology have been
accredited for virus indexing and quality
testing of spices respectively for a period of
two vears by the Accreditation Unit of DBT
established at Biotech Consortium India
Limited, New Delhi as per the criteria laid
down under “National Certification System for

Tissue Culture Raised Plants (Registration No:
TL200605; Accreditation No: TL2007001).

Infrastructure: New library building with
5000 sq ft. and biocontrol laboratory with 1700
sq ft. plinth area were established at Chelavoor
campus. New office building with 2000 sq ft.
plinth
Peruvannamuzhi campus.

area was established at

H.P. Singh DDG (Hort.) with Director, IISR and Peruvannamuzhi staff - front of the newly constructed
office building at ITSR Farm, Peruvannamuzht after inaugurating it.

(Inset : H.P. Singh, DDG (Hort.) inaugurating the new office building at IISR Farm, Peruvannamuzhi)

Front view of the new biocontrol lab
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Past Achievements

Black pepper: Germplasm collections
obtained over the years through explorations
are being maintained at IISR as well as in other
alternate sites for developing improved
varieties for yield, quality, abiotic and biotic
stresses. The genetic stock has resulted in
release of several improved varieties such as
IISR-Sreekara, IISR-Subhakara, IISR-
Panchami, IISR-Pournami, IISR-PLD-2, II5R-
Thevam, IISR-Girimmunda, IISR-Malabar Excel
and IISR-Shakthi.

accessions are registered with NBPGR at New

Some of the unique

Delhi. Putative transgenic black pepper plants
with osmotin gene conferring resistance to
drought and Phytophthora capsici has been
developed. In vitro and in vivo propagation
methods standardized. Plantlets
developed through micropropagation were
established in farmers field in Kerala and
Karnataka. Gene conferring resistance against
Phytophthora capsici was isolated by targeted
gene amplification using degenerate primers

were

from Piper colubrinum. The spacing, nutrient
and water requirements were standardized for
different soil types of pepper growing regions.
High production technologies and mixed
cropplng
increasing productivity. Among different forms

systems were developed for
of potash, water-soluble and available K had
significant positive correlation with berry
vield, oleoresin and piperine. Organic
production technology for black pepper has
been standardized. Cost effective method for
production of disease free rooted cuttings was
developed. Mathematical models for optimum
climatic factors for high production of black

pepper have been developed.

Major pests, pathogens, viruses & their insect
vectors and nematodes affecting pepper were

characterized and documented. Morphological
and molecular characterization of black pepper
1solates of Phytophthora further revealed that
isolates shared the characters of both P. capsici
and P. tropicalis. A RNA virus, Cucumber
mosaic virus (CMV) and a DNA virus, Piper
vellow mottle virus (PYMoV) is associated with
stunted disease of black pepper. A method for
simultaneous 1solation of RNA and DNA from
infected black pepper plants and multiplex
PCR for simultaneous detection of CMV and
Badna virus in a single reaction was
standardized. Phytoplasma with phyvllody
symptoms was most closely related to members
of aster yellows group (16Sr I) of Phytoplasma.

Integrated strategies involving ecultural
methods, biocontrol agents, plant products and
resistant varieties were developed for the
management of pests and diseases including
nematodes that resulted in substantial increase
in yields and pesticide free produce. Large-
scale multiplication of biocontrel agents such
as Trichoderma and Pseudomonas for
distribution to farmers for management of
disease was also undertaken. These organisms
were deposited in the national repository of
microorganisms at IMTECH, Chandigarh for
future reference. Species-specific primers
were developed for detection of R. similis in
soil and plant samples. Black pepper accession
HP-39 and Acc. 1090 were found to be resistant
besides
carvophyllene. Endophyvtic bacteria found

to nematodes being rich in
effective against Phytophthora capsici and R,
stmilis 1n black pepper have been found. An
integrated pest management schedule for
management of root mealy bug has been
developed. PCR based technigues were

developed for identification of traded black
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pepper and to detect adulterants in
commercial black pepper powder. Post harvest
technologies for drying, processing, storage
and production of value added product like
white pepper production were standardized.

Cardamom: Four unique accesslons were
registered with NBPGR, New Delhi. IC
numbers have been obtained for all the
available 436 cardamom germplasm accessions.
GC-MS study confirmed superiority of Indian
cardamom over Guatemalan and Sri Lankan
cardamom. Molecular profiling of Indian
cardamom revealed the existence of two
genetically distinet clusters such as “Kerala
cluster” and “Karnataka cluster’ among the
germplasm collections. The improved varieties
such as IISR-Vijetha, IISR-Avinash and IISR-
Suvasini have been developed. Two of them
have mosaic or rhizome rot resistance and have
been popularized among the farmers. Coupled
with production technologies, these varieties
resulted in the productivity increase in
cardamom. New high yielding varieties such
as APG293, 398, 416 and 250 are found to be
promising. Characterization of export grade
Lanka and
Guatemala based on physical, biochemical

cardamoms from India, Sri

parameters and molecular techniques revealed
the superiority of Indian produce for the
physical parameters such as seed to husk ratio,
weight of 100 capsules, number of capsules in
100g, bulk density and moisture content. High
production technology has been standardized.
Drip irrigation and sprinkler irrigation once
in 12 days recorded significantly higher
number of tillers/clump, more number of leaves
per tiller and more number of panicles per
plant, Soil and water conservation measures
have been standardized in cardamom based
cropping systemn. Cardamom accessions APG
257, APG 414 and APG 434 were found to be
promising for drought tolerance. High quality

(more than 40% o- terpinyl acetate) cardamom
such as NHY-14, MB-3, NHY-18 and OP-28 have
been identified. The screening programme
against leafspot and leaf blotch resulted in
several moderately resistant types.

Ginger: Ginger germplasm repository at IISR
is one of the largest collections with several
exotic collections and high quality accessions.
These accessions have been routinely used in
the genetic improvement programme. An in
gene established for
conservation of germplasm. Three ginger
varieties IISR Varada, IISR Rejatha and IISR
Mahima were released for high yield and
quality. Ginger oil components have been
characterized by GC-MS. A relationship
between leaf P/Zn ratio and soil P/Zn ratio to
rhizome yield of ginger have been established.

vitro bank was

Post harvest technologies for processing and
technologies for preparation of value added
products such as salted ginger
standardized. Bacterial

Ralstonia solanacearum in North Eastern

were
wilt pathogen,

states, Sikkim and Kerala were found similar
in a molecular fingerprinting indicating strain
migration from one place to another. Ginger
strain of R. solanacearum was found to infect
cardamom, C.
zedoaria, Kaempferia galanga, Zingiber

turmeric, aromafica, C.
zerumbet and tomato. Indian Mango ginger
Curcuma amadae was found to be free from
bacterial wilt even under inoculated
conditions. The species of Pythium causing
rhizome rot of ginger in Kerala, Karnataka,
Uttar Pradesh and Sikkim was 1dentified as P.
myriotylum. Technique for ginger seed
rhizomes treatment (for elimination of bacterial
wilt pathogen) and integrated diseasec
management strategy for soft rot & bacterial
wilt diseases and shoot borer was developed.
The improved varieties and technologies

developed on cropping system, nutrient and

m Indian Institute of Spices Research u




Annval Report 2007-08

water requirement, pest and disease
management and post harvest processing
technigues were disseminated to farmers and
nther agencies through publication, training
programmes and demonstrations. Large scale
multiplication and distribution of elite planting

material were algo undertaken.

Turmeric: The germplazm collected over the
years have been characterized for yield, quality,
rezistance to pests, diseases and drought.
Muolecular penetic fingerprints of sixteen
Curcuma species using RAPD and Inter Simple
Sequence Repeats (ISSR) technique revealed
high degrec of polymorphism among the
accessions. Seven high curcumin and high
vielding varieties, Suvarna, Sudarsana,
Suguna, Prabha, Prathibha. TISR Alleppey
Supreme and ISR Kedaram were released for
commercial cultivation. Efficient protocol for
plant regeneration through organcgenesis and
somatic embryvogenesis was standardized.
Variations in rhizome morphology were
abserved among calli-regenerated somaclones
indicating somacional variation. Accessions
with high curcumin and root knot nematode
resistance were identified. Three different
curcuminoids (curcumin, de methoxy curcumin
and bis de methoxy curcumin) could be
separated from oleoresin of turmeric rhizomes
by employing chromutographic technigques.
Turmeric oil components have been
characterized by GC-MS. A PCR based method

was developed to detect adulteration of

turmeric powder with wild Curcuma species.
The optimum spacing, nutrient and water
requirement were standardized for different
soils. Organic farming system was developed
for turmeric. Basic data on distribution,
hioecolegy, population dynamics of Conogethes
punctiferalis & its natural enemies and erop
less due to shoot borer was generated. The
improved varieties and technologies were

disseminated to farmers and other agencies
through publications and demonstrations.

Tree spices: The germplasm holdings of
important tree spices include nutmeg, clove,
cinnamon including cassia, garcinia and
allspice. 1C Numbers for cinnamon, clove,
nutmeg and allspice accessions were obtained
from NBPGR, New Delhi. Cassia C1 (IC
370415) has been registered as INGR 05029
with NBPGR, New Delhi for its high oleoresin
(10.5%)
accessions., Two high guality cinnamon
varieties, Navashree and Nithvashree and a

content besides a dwarf clove

nutmeg variety, Viswashrer were released.
Various improved lines with high vield and
quality were developed that had a great impact
in increasing the production and productivity
of these crops in the country. Nutmeg
accession A11/25 was found to be promising for
high vield. Tissue culture protocols have been
developed for nutmeg. Protocols for DNA
isolation from nutmeg have been standardized.
Performance of nutmeg on M. malabarica
continued to be better than other rootstocks
for productivity. GC-MS study revealed the
presence of two chemotypes in Cinnamomum
verupt. Drying and processing methods for
cinnamon, nutmeg and mace have heen
developed. Vegetative propagation techniques
were standardized for nutmeg, cassia and
cinnamon. Major pests and pathegens of tree
spices were documented. The improved
varieties and technologies developed on
propagation and post harvest processing were
disseminated to farming community.

Vanilla: Vaniila germplasm consisting of 93
accessions are being maintained in the
repository. This included a flower colour
varignt collected from Andaman and Nicobar
island. Comparative anatomical analysis of
different vanilla species was carried out.
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Interspecific hybridization was made between
Vanilla planifolia and V. aphylla. Over 1000
seed progenies of V. planifolia are being field-
tested for yield and disease resistance.
Pratocols for micro propagation through direct
shoot multiplication as well as callus
regeneration were standardized. Root rot and
wilting were found to be the major problems
in most of the plantations. Rool rot incidence
ranged from 5 to 100%. Mosaic and necrosis
were also observed in all the plantations and
the incidence ranged from 2 to 80%. Cucumber
mosaic (CMV) of
characterized on the basis of biological and coat
protein {CP) nucleotide sequence properties,
which showed that CMV infecting vanilla
helongs to subgroup IB. A virus causing mild

DITiLS vanilia was

chlorotic mottle and streaks on leaves of vanilla
was identified as a strain of Cymbidium mosaic

virus (CymMV) based on coat protein gene
sequence comparison and phylogenetic studies.
similarly, a virus associated with necrosis and
mosalc was identified as a strain of Bean
commoin mosaic virus (BCMV) based on coat

protein gene sequence studies.

Paprika: Several accessions including hyhrids
were added to the repository mainly through
the network project on paprika. The
germplasm was characterized for yield and
quality such as oleoresin, pungency and colour
value. Substantial amount of variability was
observed in capsaicin content (pungency) of
selected paprika accessions. Accessions with
high yield and colour values were also
identified. PCR based technique was developed
to detect adulterants in commercial chilli

powder.
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Black-pepper

Grenetic resources
and
Twenty four

maintenance
multiplication of germplasm :
accessions comprised of 22 Piper nigrum (wild),

Collection,

two accessions of P. galeatum and two local
cultivars including an unigue germplasm
accession of Piper nigrum with ovate
lanceolate leaves were collected from Bisle
Ghats’ field at
Subramanya, another
exploration, P. nigrum (50). P. attenuatum (2),
FP. guleaium (3), P. trichastachvon (3) and P
hapnium (1) including an unusual type of P.
with

colouration on the stem as well as on the leaf

section and farmers’

Karnataka. In

nigrum (wild) very dark purple
venation were collected from Shendurney WIS,
Thenmala, Rose mala nf Aryankavu range and
Kattalappara of Kulathupuzha division. The
forests surveyed were Kerodi, Kadra, Kaiga,
Kadra- Ansi Road, Goabsitta. P. nigrum (wild)-
26, P. attenuatum- 6, P. argyrophyllum-1 and
three accessions of Piper species with
camphylodromous venation were collected
from Karwar district. Germplasm accessions
were multiplied and maintained. A new
germplasmn block of 250 accessions for
cultivated germplasm was established. Ninety

eight accessions  were characterized

morphologically based on IPGRI descriptor.

In addition to the fifty accessions established
earlier, one hundred new accessions were
planted at CPCRI, Kidu, Karnataka. IC
numbers for 251 accessions were allotted
recently by NBPGR., New Delhi in the new
revised proforma.

Application of GIS in black pepper:
Latitude and longitude of all the collection
sites were recorded and plotted using GIS
software. Biomass percentage and total phenol
concentration of 148 accessions (100 from
germplasm of Peruvannamuzhi farm and 48
recent collections) of P. nigrum collected from
Karnataka and Kerala were studied. The
results were plotted in SPSS software and
similarity cluster was drawn using centroid
method.

Breeding

For high yield and caryophyllene: In the two
different vield trials planted in 2002 and 2005,
maximum fresh yield was recorded in OpKm
(4.45 kg per vinel, followed by HP 780 (3.6 kg
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Table 1.1. Location effect on beta
caryophyllene content

Ambalavayal 12.6
Peruvannamuzhi 226
Panniyur 23.4
Yercaud 8.3
Dapoli 17.7

with 1.0 kg as mean yield per plot. A total of

114 progenies of crosses involving I[ISR
Subhakara (female) and high caryophyllene
lines {male) were produced. Analysis of berries
of the elite lines {male) and IISR Subhakara at
{(Table 1.1)
variation for caryophyllene content. However,

various locations indicated
relatively low level of caryophyllene was

observed in the leaves.

For resistance to pollu beetle: A crossing
block of bush pepper plants of ISR Subhakara
(female parent) and pollu resistant lines (Coll.
Nos 816, 841, 1114 and 1084) as male parents
was established and hybridization was
performed, which resulted in a total of 108
inter-cultivar hybrids for further evaluation.

For resistance to Phytophthora: Data on
morphological characters like leaf shape and
size, shoot tip colour, which are segregating in
Panniyur 1 x IISR Subhakara mapping
scored. The 1napping
population was screened with 5 RAPD primers

population were

and 2 ISSR primers. Twenty fresh crosses were
made to develop a second mapping population
between [ISR Subhakara x [1SR Shakthi. Fifty
other
progenies were collected and multiplied to

collections from germplasm and

develop a population for association mapping,
field planting and screening to detect
characters.

assoclation between target

Planting of 30 muore lines from mapping
population 1 (1 c¢ach) was done to increase the
population size. About 70 new plantlets were
developed as ‘transgenics’ with ‘osmotin’ and
hardened. Five putative

twenty were

transgenics containing osmotin  werse

multiptied into 30 each for screening.

For resistance to Radopholus similis:
Inter-cultivar hybridization was taken up
between IISR Subhakara and Ace. 820 and HP
39. The seedling progenies raised were planted
in polybags and maintained in the nursery for
multiplication and planting in the field.

In DNA Profiling of resistant/suceptible
parents, a total of 16 primers produced good
reaction products in RAPD - PCR. Among
various RAPD primers, OPA-08 (800bp), OPE
- 18 (800, 250bp), 5-32 (500bp}, 5-38 (1400bp)
and among [SSR primers, ISSR 02C-16 (10600bp),
and ISSR 15G/19 (1450bp) produced unique
bands corresponding to either or both of the
resistant cultivars. Amplification with another
random primer HT/R2 resulted in a band at
approximately 900 bp position to distinguish
them from the susceptible cultivar, ISR
Subhakara.

For drought tolerance: Inter-cultivar
crossing and inter-specific hybridization using
IISR Subhakara and drought tolerant lines and
raising progenies have resulted in about 160
seedlings, which were raised 1n polybags for
transfer to field and for further evaluation.

On-farm evaluation of tissue cultured
plants of black pepper

Twenty five thousand tissue cultured plants
(TCP) of black pepper were multiplied and
fortified with Trickhoderma harzicnum and
VAM while hardening and planted in 25 ha of
area in farmers field in Kerala and Karnataka.
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TC'P had better root growth and establishment
(869 ) while, it was 70% for the conventional
plants. Twenty percent of the TCP showed
carly flowering. In general, TCP showed better

crowth, early flowering and better yield
compared to control. Field trials in farmers
field helped to demonstrate the superiority of
TC plants over conventionally propagated
black pepper plants. DNA profiling of TCP
demonstrated that the TC plants
genetically stable.

are

Nutrition and cropping system

The efficacy of organic amendments in
nutrient release in soil and its crop
uptake: The efficiency of organic amendments
in reducing the P fixation capacity of
Peruvannamuzhi soil series was studied under
lab conditions. Addition of organic manures
like FYM, vermicompost, leaf compost and
neem cake increased the availability of organic
and residual P fraction in pepper soil and the
order of availability of different P fractions was
residual/ organic P > Ca-bound P ~ reductant
soluble P > Fe/ Al P > loosely bound P. Among
the and FYM
applications recorded higher buildup of

sources, vermicompost
available P in surface and sub surface layers of
Panniyur and Karimunda varieties of bush
pepper which was on par with that of chemical
fertilizers. Neem cake recorded the lowest P
buildup. Available P content showed highly
significant positive correlation with Al-P
(0.97%%) followed by residual P (0.712%*%) and
Ca-P (0.649%%). Significantly higher yield was
recorded in vermicompost application in both
Panniyur and Karimunda varieties of hush
pepper. Al-P showed significant positive
correlation with yield (0.62%*} and P uptake
(0.45%*). Step wise forward regression analysis
showed that Fe-P and available P as the best
predictors for yield (= 46.25 + 1.034 Fe-P + 0.570
Av. P) with R? value of 0.611%%

Sulphate of Potash (SOP) as potassium
source on growth, yield and quality: The
effect of munate of potash (MOP) and SOP on
the yield of pepper was analyzed by comparing
the fresh yield of pepper. In bush pepper, the
treatment receiving 50% recommended K as
SOP recorded the highest yield of 295 g/pot
followed by recommended K as MOP and 125%
of recommended K as SOP. Under field
condition, maximum yield (3.16 kg/vine) was
obtained in recommended K as SOP + MgSO,,
which was on par with recommended dose of
K as SOP and was significantly higher than
control. Among different forms of K, water
soluble and available K had significant positive
correlation with berry yield, oleoresin and
piperine contents. The nitrate reductase
activity was highest in leaf and berry during
berry maturity and harvesting stages in SOP
+ Mg8O, application. Other biochemical
parameters like carbohydrate, reducing sugars
and starch in different plant parts of bush
pepper like leaf, stem and berry did not show
any definite trend with the application of
sources and doses of potassium.

Organic farming: Black pepper was grown
organically by applying FYM, vermicompost,
ash and rock phosphate, azospirillum and
phosphobacteria and Trichoderma and
Pseudomonas sp. (1ISR-6 & 853} as biocontrol
agents for disease control. Highest average
fresh yield of 2.06 kg vine’ was observed in
integrated system which was on par with
chemical system. The organic system recorded
the lowest yield of 1.39 kg/vine. Mortality of
black pepper vines due to disease incidence
was high under organic system.

Intercropping: Cowpea, black gram, horse
gram, amorphophallus, coleus, yam, turmeric
and ginger were planted in replicated trial as
Medicinal such as

intercrops. plants
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Desmodium gangeticum, Pseudarthria viscida,
Adathoda vasica, Plumbago rosea, Piper
longum, Gymnema sylvestre, Hemidesmus
indica and fodder crops such as congo signal
grass, guinea grass, hybrid napier grass-CO3
were also planted. In the evaluvation of legumes,
the maximum shoot mass noted in Mimosa
(25.81g/plant) whereas root mass was more in
Crotalaria stricta (11.3g/plant} after six months
of growth. Nitrogen content was maximum in
Clitoria spp (2.44 %).

Yield recorded for ginger, turmeric, coleus,
amorphophallus and tapioca in 5 year old black
pepper garden was Skg/bed, Tkg/bed, 3kg/bed,
1kg/plant, and lkg/plant respectively. In the
case aof vegetahles, vield obtained was,
amaranthus green 200g/plant, amaranthus red
80g/plant, Brinjal 100g/plant and chillies 50g/
plant under rain fed condition planted during
January. Average vield recorded for black
pepper at RARS Ambalavayal was 5kg/plant.

In juvenile black pepper garden, vield recorded
was higher than that in 5 year old garden.
Recorded yields in juvenile garden were 7Tkg/
hed, 8kg/bed, 4kg/bed, 1.5kg/plant, 1.5kg/plant
and 1.7kg/plant respectively for ginger,
turmeric, amorphophallus, tapioca, coleus and
yam. In the case of vegetables, yield ohtained
was amaranthus green 500g/plant, amaranthus
red 300g/plant, brinjal 750g/plant, chillies 200g/
plant and bhendi 150g/plant for the crop
planted during December.

Physiological and biochemical basis of
productivity

NR activity (n moles NO, g' h") during pre-
flowering period: High yielders maintained
higher NR activity than that of low yielders
during both preflowering and hearing (at
harvest) periods. The mean activity of high
vielders was 819.1 and 270.1p moles NO, g' h”

while that of low vielders was 556.3 and 89.8 p
moles NO, ¢’ h' during pre-flowering and
hearing periods respectively.

MDH activity (dA/min) during pre-
flowering period: MDH activity was also
higher during pre-flowering period (April-
May) compared to bearing period (Dec-Jan) in
both high and low wielders. Though the mean
activity was higher in high yielders (0.42 and
0.33) than that of low yielders (0.38 and 0.26),
the difference was negligible and there was lot
of inconsistency. Some of the high yielders
exhibited very low activity while some low
vielders exhibited very high activity. Hence,
MDH
distinguishing high and low yielders.

activity may not be useful in

Starch and carbohydrates: Pre-flowering
leaf and stem carbohvdrates and starch content
were analysed in both high and low yielders.
Both leaf and stem carbohydrates and starch
were higher in high yielders compared to low
yvielders indicating the usefulness of this trait
in distinguishing high and low yielding black
pepper accessions.

Mechanism of drought tolerance in black
pepper

Isozymes of SOD: Native PAGE (10 % gel) was
conducted to investigate if there exists
variation 1 isozyme pattern between tolerant
and susceptible accessions. Electrophoresis
was conducted at a constant current of 45 mA
for 3 hrs in a few selected accessions (20
tolerant and 20 susceptible accessions). Five
major bands were obtained in all the samples
(Em values: 0.19, 0.48,0.53, 0.70, 0.74). An extra
hand with Em value of 0.6 was obhtained in a
few accessions under stress conditions. No
significant change in banding pattern between
tolerant and susceptible accessions could be
seen.
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Protein profile: SDS PAGE (10 % gel, carried
out at a constant current of 45 mA) of the
samples yvielded eight common bands and a
maximum of 14 bands (Em values : 0.10, 0.14,
0.20, 0.27, 0.35, 0.58, 0.65, 0.78). However,
tolerant and susceptible accessions could not
be distinguished based on the electrophoretic
pattersn.

Photosynthetic and gas exchange
parameters: Mean photosynthetic rate was
higher in tolerant accessions compared to
susceptible accessions under stress condition
though the difference was very less under
control condition. There was no significant
difference in transpiration rate and stomatal
conductance between tolerant and susceptible
accessions both under control and stress
conditions while leaf temperatures were
slightly lower in susceptible accessions
compared to tolerant accessions.

Quality

Controlled atmospheric storage and
quality: Black pepper variety Panniyur-1 with
a moisture content of 10.5% was stored for 120
days in three layered metallised polyester
cover under vacuum, 100% N and 90% N, + 10%
O, atmosphere and the sample was compared
with that of black pepper stored in ordinary
gunny bag. Samples collected at 60 days
interval were powdered and evaluated for oil,
oleoresin and piperine. Oil content was 2.0%,
oleoresin 6.7% and piperine 2.2%. Moisture
content varied between 10-11%. Quality
parameters were found to be on par with
control values. The appearance of the sample
was cleaner in metallised containers compared
to normal gunny ba_g packing,

Location and quality: Chemical quality of
cultivars and hybrids grown at Panniyur as
well as at Sirsi was compared. Chemical

quality of Panniyur-1 was comparahle both at
Sirst and at PRS, Panniyur (Fig. 1.1).
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Fig. 1.1. Qil, piperine and oleoresin content of pepper
varieties grown at Panniyur and Sirsi

Studies on market samples and post
harvest technology

Determination of purity of powdered
market samples of black pepper: A viable
protocol for isolation of DNA (modified CTARB)
from the recalcitrant materials was developed
and amplified. Qut of the five branded
commercial samples of black pepper powder
analyzed for detection of adulteration using
RAPD/ISSR markers, market sample II{
amplified two papava specific bands of
approximately 830bp and 470bp with RAPD
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primer OPA 18 (5-AGGTGACCGT- 3" (Fig.
1.2). All the five market samples tested were
free from Piper attenuatum and Piper galeatum
specific bands.

M- 1 &b DRA ladderiBugene, USA), Lane 1- genuine black popper, Lanes
2 to - market samplics, Lime 7 < papava seced Arrows imdicate the piapasa

spicilic band.

Fig. 1.2. RAPD profile of genuine black pepper,
commercial samples of black pepper powder
and papaya seed amplified using OPA 18.

GC MS analysis of essential oil of traded
black pepper: GC MS profiling showed a total
of 18 compounds in Indian, 16 in Vietnam, 17
in Indonesian and 135 in Malaysian peppers of
which 14 are common for all the four produces.
The identified
o-thujene, «-pinene, sabinene, myrcene,

main compounds were
o-phellandrene, -caryophyllene, [J-selinene,

and a-humulene,

Value addition in black pepper through
microbiological process: The bacteria used as
a principal active ingredient in the white
pepper production process vLz.,
Microbacterium barkert IISRWP25
(MTCC5H404), Bacilius subtilis [ISRWP33
(MTCC5405), Bacillus subtilis IISRWP34
(MTCC5406), Bacillus subtilis YISRWP38
(MTCC53407) and Bacillus licheniformis
IISRWP43 (MTCC5408) were deposited in
IMTECH, Chandigarh. Bacterial fermentation

process for production of white pepper did not

leave significant population of bacterial cells
on the finished product (Fig. 1.3). The
persistence of microorganisms ranged between
1x 10" to 5 x 10! cells per gram of white pepper
which 1s equivalent to 0.5-2.5 cell per white
pepper seed (1g of white pepper~20 white pepper
seeds). A PCR based a=say gyvsiem was devised
to detect the bacterium on the finished product
which is based on specific nucleotide sequence
isolated from the above said bacteria, Primers
specific for M. barkeri l1ISR WP 25 (FP 5 GGT
CTG TGG TGG GAA AGA TTT3', RP 5’'ATC
CCA TGA GTT CCC ACC ATA ACG 3
produced an amplicon of size 940; specific
primers for B. subtilis 1SR WP 33 (FP 5 GGT
GGC TTC GGC TAC CAC TTA CAG 3 RP &
GGA TTG GCT TAA CCT CGC GGT TTC 3)
produced an amplicon of size 1100; specific
primers for B. subtilis IISR WP 34 (FP 5-ATA
CAT GCA AGT CGT ATC GGA-3 RP 5-TTC
GCT CCT CAG CGT CAG TTA-3) produced an
amplicon of size 725H; specific primers for B.
subtilis 1ISR WP 38 (FP 5-TGC CTA TAC ATG
CAA GTC GAG-3 RP 5-TTC AGA CCA GAG
AGT CGC CTT-3) produced an amplicon of size
708 and specific primers for B. licheniformis
ISR WP43 (FP 5 GTC CAC GCC GTA AAC
GAT CGA GTG 3 RP 5GTG GGA TTG GCT
TAG CCT CGC GGC 3% produced an amplicon
of size 480.

Production of white pepper through
fermentation technology: The following arc
the salient achievements of the study:

# Eight of the 52 microorganisms 1solated
were found to decorticate 60-90% of black
pepper into white pepper in 5 days. More
than 95% conversion of green pepper to
white pepper was achieved with eight
bacteria within five days. The white berries
were creamy in colour but sizeable

quantities of wrinkled berries were found
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Fig. 1.3. Production of white pepper from green pepper by bacterial fermentation

among the white pepper indicating their
immaturity.

e Optimum concentration of microbes for
conversion of green pepper to white pepper
was found 10? cfu ml!.

¢ Morphological and molecular profiling
indicated that the isolates were of different
species.

s Bulk conversion of green pepper in to white
pepper using short listed microorganisms
vielded 98 to 100% conversion with good
guality such as colour and appearance.

e Quality evaluation of white pepper preduced
by microbial fermentation of matured green
pepper reveals that there i1s no difference in
the quality parameters of white pepper.

# The persistence of microorganisms in dried
white pepper ranged between 10 to 50 cfu per
gram of white pepper.

s Among the six varieties evaluated, Panniyur
1 was found to be most suitable followed by
Karimunda and IISR Subhakara for white
pepper production.

e Short listed eight bacteria were identified
using 16s rDNA amplification and sequencing.

Phytopthora foot rot

Characterization: Forty five Phytophthora
collected from hosts
representing different geographical locations
were added to the repository thus making the
total collection to 447. These isolates were
maintained at room temperature in agar slants
overlaid with liquid paraffin and sterile
distilled water kept in small screw cap bottles.

i1solates various

Colony morphology, growth rate on agar,
caducity, type
pathogenicity test, in-vitro screening against

mating determination,
the biocontrol agent and fungicide resistance
were studied for different Phytophthora
isolales in order to understand the intra
specific and inter specific diversity. Carrot agar
was used to study colony morphology, growth

rate at different temperatures, sporangial

characters and mating type determination. The
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phenotypic characters of these isolates varied
intra specifically and inter specifically. The LB
ratio of the isolates ranged from 1.7- 2.7 and
mean pedicel length ranged from 38.2-209mm.
Mating type determination of Phytophthora
isolates was done by the single unknown
isolate method in which a pure culture of each
isolate was paired with known Al and A2
tester on carrot agar plates containing
b-sitosterol (30mg/l} 30 mm from each other.

Pathogenicity test was conducted to study the
intra specific variability of the isolates in their
virulence. Stem inoculation technique was
used for evaluating the aggressiveness of 78
isolates on a susceptible black pepper variety
IISR Subhakara in green house condition.
Disease severity was rated after 72h of
incubation, as lesion length in millimeter and
depth of penetration as index in a scale of 0-4.
Based on the disease severity, the isolates were
grouped into three, viz., less virulent,
moderately virulent and highly virulent.
Lesion length of the isolates ranged from 3.7
to 55.0mm and depth of penetration from 1 to
4. In vitro screening of black pepper isolates
against the biocontrol agent, fluorescent
pseudomonads, IISR6 indicated that there was
no correlation of virulence variability of
isolates with their reaction to biocontrol
agents.

Molecular characterization of Phytophthora
involves characterization of the species to
reveal the intra and inter specific variations
among the isolates. The ITS region of the
1solates was amplified using the primers I'TS 6
(5-GAAGGTGAAGTCGTAACAAGG-3") and
ITS 4 (5-TCCTCCGCTTATTGATATG-3"). The
PCR amplified a product of ~800bp to 1200bp,
from the 1solates as routinely observed in the
amplification of ITS region using ITS 4 and 6
universal primers. The ITS amplicons were

digested with restriction enzymes to reveal the
species identity and the intra and inter specific
variations among the isolates. High levels of
itraspecific and interspecific variability in the
ITS regions were observed among all the
isolates. RFLP fingerprints clearly showed the
existence of four genetic groups on black
pepper and supporting the existence of
subgroups within P. capsici from black pepper.
Genetic distances and cluster analysis
revealed high level of intraspecific variation
among these isolates. Results indicated that
disease of black pepper is caused by numerous
and distinct strains of P. capsici that are
genetically variable. Variation occurs within
and between different geographical locations.
For the confirmation of the species identity,
ITS amplicons were sequenced. The entire
sequence of ITS 1, ITS 2 and 5.8S partial
sequences of 28 5 and 188 regions were
obtained for P. capsici, P. palmivora and P.
meadii. These sequences were deposited with
Genbank (Accession Numbers: AM422703,
AMA422704, AM422705, EU515167, EU515168,
EUBH169, EUS1H170, EUBISLTL, EUS15172,
EUB15173, EUS515174, EUb515175
EU515176).

and

Cloning of Phytophthora resistance and
defense genes from Piper colubrinum:
Ligation mediated walking on ¢cDNAs from
plants challenged with Phytophthora resulted
in the amplification of fragement of size of
approximately 400 which was cloned.

Host resistance

Forty one hybrids and six cultivars short-listed
as moderately tolerant in the preliminary
screening were subjected to root inoculation
with P. eapsici. The mortality of the plants
ranged from 20-100% in 100 days. Hybrid HP
449 showed the least mortality (20%) followed
by HP 1375 (30%) which indicated the
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tolerance of the hybrids towards P. capsici
infection. Six cultivars tested showed 100%
mortality in 13-21 days of inoculation showing
the highly susceptible nature.

Screening wild and related species of
Piper: Three wild species viz., P. ribusoids
{Acc. 5225), P. sylvaticum (Acc. 3177) and P.
sarmentosa (Acc. 4381} were evaluated for P.
capsict resistance. Of these, P. sylvaticum {Acc.
3177 showed resistance against the pathogen
(Fig. 1.4).

Y | )

Fig. 1.4. Acc 3177 — a wild accession resistant to P.
capsict

Selection from open pollinated seedlings:
Seedlings raised from 27 accessions were
subjected to preliminary evaluation for P.
capsict resistance. None of the seedlings
survived infection.

Multiple resistance

Three open pollinated progenies viz. 04- P24 -
1, 04- HP 1533 -2 and 04-HP 1533 -3 that were
short- listed from all the methods of screening
during 2004-2006 were planted in a sick plot
at [ISR Farm, Peruvannamuzhi for evaluating
their field reaction to P. capsici and nematodes.
The progeny 04-P24-1 (Fig. 1.5) showed a

Fig. 1.5. Open pollinated progeny 04- P24 -1

survival rate of 77.78% and no P. capsici
infection was noticed in these plants.

Screening of root stocks and their grafts

against P. capsici and nematodes:
Accessions, C 820, 1041 and, wild accessions
3177 (P, sylvaticum) and 5225 (P. ribusoids)
were subjected to P. capsici and nematode (R,
similis and M. incognita) inoculation prior to
being used as root stock for grafting with TISR
Sreekara. Of these, the Acc C 820 was found
resistant to E. similis and susceptible to M.
incognita while its reaction to P. capsici 1s
under evaluation. The Acc. 1041 (ITSR Thevam)
was found susceptible for both the nematodes
and P. capsici. The Acc. 3177 (P. sylvaticum)
was found susceptible to both the nematodes
while it was resistant to P. capsici. Acc. 5225
showed high susceptibility to R. similis but was

resistant to M. incognita.

Black Pepper
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Disease management
Biocontrol

Evaluation of pro _
promising isolates of fungal and bacterial

antagonists viz. Pochonia chliamydosporia and
Pseudomonas fluorescens (1ISR-859, 11SR-853)
were evaluated under green house conditions

mising antagonists: The

in comparison with recommended fungicides
viz. copper oxychloride {0.25%), potassium
phosphonate (0.3%)) and biocontrol agents (7.
harzianum + P. fluorescens) against P. capsici.
The study showed that 1ISR-853 and 1ISR-859
were effective in checking P. capsici infection
and was on par with copper oxychloride (Table

1.2).

Field evaluation of bioconsortia: A field
trial to evaluate the effect of five different
combinations of rhizobacteria, in the form of
consortia, against foot rot and slow decline
diseases in two varieties of black pepper, was
conducted for five years from 2003-2007 in
comparison with 7. harzianum alone and
copper oxychloride. The pooled data after five
years indicated that the rhizobacterial
consortium containing [ISR-6, 8, 13, 51, 151,
853 (rhizobacteria) + PB-21C (P-solubilizer) was
effective in reducing the disease incidence and

enhancing the survival of the plants in IISR-
Subhakara (Table 1.3). Among the eight
treatments, the mortality of vines was lower
in this treatment. But no significant difference
was observed among the treatments in the
variety Panniyur 1.

Isolation and characterization of
rhizobacteria : Fifty rhizobacterial strains
were isolated from healthy black pepper vines
from different geographical regions in Kerala
and Karnataka. Five cultivars of black pepper
were used for isolation of rhizobacteria. The
samples were serially diluted upto 10" and
isolations were made using Tryptic Soy Agar
(TSA), Nutrient Agar (NA) and bhasal medium
amended {glucose, mannitol, sorhitol, inositol
and
abundance of rhizobacteria were obtained in
TSA followed by NA. The individual bacterial
colonies were selected and subcultured on NA
and cryopreserved at -80°C in 20% glycerol.
Isolates were tentatively grouped based on

and sucrose). Maximum diversity

phenotypic characteristics such as colour,
form, elevation, margin, diameter, surface,
opacity and texture. Motility, cell morphology,
size, gram reaction and spore formation were
also recorded using standard procedures.

Table 1.2. Evaluation of promising antagonists against P. capsici

Copper oxychloride, 0.25%
Potassium phosphenate, 0.3%

T. harzianum (P26), 50g/pot

P. chlamidosporia, 50g/pot

P. fluorescens 1ISR 8563, 50g/pot

P. fluorescens TISR 859, 50g/pot

T. harzianum (P26) + P. fluorescens
(IISR 6), each @ 50g/pot

Control {P. capsici alone)

LSD 0.05%

0.00 100.00
14. 81 81.82
44. 44 45.46
11.11 86.78
0.00 100.00
7.41 90.91
18.52 .27
81.48 -
12.71
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Table 1.3. Evaluation of bioconsortia against foot rot and slow decline diseases

1ISR 6, 8, 13, 51, 151, PB21CI

ISR 6, 8, 13, 51, 151, P1ARG6

IISR 6, 8, 13, 51, 151, 853

ISR 6, 8, 13, 51, 151, 859

ISR 6, 8, 13, 51, 151, 853, 859, PB21C, PIARG6
T. harzianum

Copper oxychloride

Control

Gen. Mean
LSD 0.05

Rhizobacterial isolates were screened using

dual plate culture technique against
Phytophthora, Pvthium and Fusarium. Isolates
showing more than 50% inhibition were short-
listed (Table 1.4). Five isolates inhibited all the
three pathogens. These isolates were also
tested for their ability to promote plant
growth, production of indole acetic acid,
HCN, nitrogen fixation, and phosphate

solubilization.

Bacterial endophytes

Identification: Promising endophytic bacteria
against foot rot were identified as
Pseudomonas ceruginosa 1ISR BP35 (MTCC
5410), P. putide 1ISR BP25 (MTCC 5411),
Bacillus megaterium I1ISR BP17 (MTCC 5412)
based on 16s rDNA analysis. The percentage
nucleotide identity was more than 99% for both
the species. Pseudomonas aeruginosa IISR
BP35 (MTCC 5410) is deposited under
Budapest Treaty at IMTECH, Chandigarh.

Field trials: A field trial is in progress on the
performance of endophytic bacteria for foot rot

27.16* 41.87 3451
35.14 41.22 40.18
14.98 60.57 37.78
33.03 54.20 43.62
33.97 43.24 39.11
40.79 33.98 37.38
36.29 24.56 30.43
36.75 32,71 31.73
32.39 42 .05%* NS
Variety x

Treatment = 22.51

management. The experiment consists of seven
treatments such as P. aeruginosa 1ISR BP35,
P. putida IISR BP25, B. megaterium IISR
BP17, Curtobacterium luteum I1ISR TC10,
metalaxyl-mz (1.25g/1), phorate 10g/vine and a
check. Three varieties {IISR-Thevam, OPKM
and 1I5R-Sreekara) are being evaluated. The
bacterized rooted cuttings were planted and
observations on establishment and disease
incidence are being monitored at bimonthly
intervals. The initial data revealed that the
bacterial endophytes could enhance the
establishment of the vines. The percentage
establishment recorded for the endophytic
bacteria are: B. megaterium IISR BP17 (82%),
P. putida 1ISR BP25 (72%), P. aeruginosa 1ISR
BP35 (82%) and C. luteum ISR TC10 (88%). The
chemical check recorded 85% and the
untreated check recorded 78% establishment.
The trial is in progress for observations on
disease incidence and yield.

Endophytic colonization of P. aeruginosa
ITISR BP35 in cut shoots and rooted cutting:
A green house trial is in progress on the
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Table 1.4. Antagonistic activity of short-
listed rhizobacterial isolates

BRB-5 50.73 75.17 84.40
BRB-21 74.80 TL:83 76.57
BRB-24 83.67 69.63 80.37
BRB-28 84.40 67.43 71.83
BRB-35 83.67 71.70 80.73
BRB-49 81.33 78.90 42.20
BRB-50 70.73 0.00 51.10
BRB-7 5.60 11.10 57.43
BRB-13 51.87 11.10 42.57
BRB-15 22.20 34.07 50.00
BRB-18 83.67 0.00 10.73
BREB-19 60.00 0.00 17.43
BRB-22 76.30 0.00 5.20
BRB-34 50.00 0.00 17.80
BRB-36 50.00 0.00 5.4h7
BRB-39 51.47 0.00 36.70
BRB-41 6147 0.00 30.73
performance of endophytic bacteria P.

aeruginosa IISR BP35 for P
management. When evaluated in the green house

capsict

for disease management, the isolates endophytic
BP35, BP25 and BP17 recorded over 70% disease
suppression. Though performed well in
Karimunda and Panniyur-1 varieties of black
pepper, disease suppression was marginally
better in Pannivar-1 (80%) when compared to
Karimunda (60-70%). The endophytes could offer
protection even with the pathogen population
size of 6-7 log cfu g' of soil which showed the
role of endogenous population size for
protecting the plants. The endogenous
population and spatiotemporal colonization of
the bacterium in bacterized shoeoot was
analysed. Minimal concentration of bacterium
required for suppression of P. capsici was

found to be 1072-10'% cells mi*. At this
concentration the endogenous population of
the bacterium was 10°-10° cells g'' of tissue.
Duration of bacterization vis-g-vis endogenous
population of bacteria and suppression of P.
capsici was optimized. The minimum duration
of bacterization for suppression of lesion on
shoot was 15-20 min. At this duration
endogenous population of P. aeruginosa was
10% celis g!' of tissue with significant lesion
inhibition (96-100%) on the excised shoots.
Ascending movement of Pseudomonas
aeruginosa [ISR BP 35 in rooted cuttings of
black pepper was confirmed by plate assay and
PCR assay using specific primers. The
population size of the bacterium was more in
root (5-6 log units g of tissue when compared
to stem (4-5 log cfu g! of tissue) and leaf (3-4
log cfu g' of tissue). Duration of bacterization
positively the
population size (Figs. 1.6 & 1.7).

influenced endogenous

Mode of action of P. aeruginosua: P.
aeruginosa was found to secrete a bicsurfactant
belong to cyclic lipopeptide in Kings B and
Pseudomonag agar medium (88ug ml'). The
cyclic lipopeptide showed biocidal activity
and

against mycelium  of

Phytophthora capsici in vitro. The critical

ZOOSPOTES

concentration for the inhibitory activity was
500ug ml*. The biosurfactant inhibited the
lesion development con stem cutting of black
pepper cultivar IISR Panchami (Fig. 1.8). RP-
HPLC the
established the identity of the compound as
Massetolide A.

analysis  of biosurfactant

Anthracnose

Characterization of Colletotrichum spp.
infecting black pepper and other spices:
Thirty six
gloeosporiotdes and four isolates of C. capsict

1solates  of Colletotrichum
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Fig. 1.6. Density dependent endophytic movement by Pseudomonas aeruginosa in stem cutting of hlack pepper

vis-a-vis lesion inhibition by P. capsici.
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Fig. 1.7. PCR based optimization of concentration of
bacterial cells for endophytic colonization of
Pseudomonas aeruginosa

were obtained from the infected specimens of
black pepper, cardamom, turmeric and other
crops of cardamom ecosystem collected from
Kodagu, Hassan and Chickmagalur districts of
Karnataka and Valparal (Tamil Nadu). C.
capsici was isolated from turmeric, chilli, bird’s
eye chilli and bell pepper. All isolates from
cardamom and black pepper were identified
as C. gloeosporioides. Considerable diversity
was observed in C. gloeosporioides isolates
with regard to colony (Fig. 1.9a), conidial (Iig.
1.9b) and appressoiral characteristics (Fig.
1.9¢&d). The study of 48 isolates comprising

13 1solates from black pepper, 10 isolates from
cardamom and 25 isolates from other hosts,
revealed wide variation in appressoiral
character which ranged from simple to 8-lobed
structure (Table 1.5). The colonies of different
isolates appeared light grey, white and dark
in purified culture on potato dextrose agar
medium. There was considerable variation in
the size and shape of conidia.

Pathogenicity
Pathogenicity trials were conducted under
controlled conditions with six predominant
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Fig. 1.8. Prophylactic of biosurfactant on lesion
development on stem cutting
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Table 1.5. Colony, conidial and appressorial characteristics of black pepper isolates
of Colletotrichum gloeosporioides

Nelliahu- Grey, with orange slime, 12.18 4.12 Cylindrical with Multi lobed
dikeri reverse side black obtuse ends (2-3 lobes)
Magalu White and dark grey 17.81 4.12 Cylindrical with Unlobed
mycelium slightly tapered
base and obtuse
apex
Ave Maria White and light grey with 14.75 3.6 Cylindrical Multi lobed
orange slime. Reverse side (3-4 lobes)
orange centre region
surrounded by black region
Appangala Dark grey puffy mycelium, 17.6 3.75  Cylindrical with Multi lobed
reverse side black and obtuse ends (2-3 lobes)
- dark grey
. Hakathur Dark grey mycelia with a  14.6 4.5 Cylindrical with Multi lobed
narrow white margin, slightly tapered (3-4 lobes)
‘ reverse side black and base and obtuse
. dark grey apex
Cooverkolly White myecelium with 10.31 3.75 Cylindrical with Multi lobed
. orange slime, reverse slightly tapered (3-4 lobes)
side creamy with light base and obtuse
. grey spots apex
Kodlipet White and light grey 10.68 3 Cylindrical with Multi lobed
obtuse ends (3-4 lobes)
.- Haleri Grey with a narrow 14.12 3.75  Cylindrical with Multi lobed
creamy margin, reverse a slightly (2-3 lobes)
. side black tapered base
and obtuse apex
. Byakar- Dark grey, reverse 17.81 3.93  Cylindrical with Multi lobed
avally side black Obtuse ends (3-4 lobes)
. Sakleshpur White and orange 17.43 3.75  Cylindrical with Slightly lobed
obtuse ends
- Thithimathi Grey, reverse side 15.75 413 Cylindrical with Multi lohed
obtuse ends

(2-3 lobes)

Indian Institute of Spices Research
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Pollibetta Light grey, reverse 15.37
side orange
Chettalli White, grey and orange, 15

reverse side grey

isulates of C. gloeosporioides from black pepper
and cardamom and €. capsici from turmeric.
A set of susceptible varieties of black pepper,
cardamom and turmeric were used for
pathogenicity and cross inoculation studies. All
the seven test izolates infected black pepper
cardamom and turmeric were
selectively Out  of ftour C.
glovosporioides black pepper isolates tested,

whereas,

infective.
three infected turmeric.

Monitoring of anthracnose disease of black
pepper and leaf blight in three locations
indicated the rapid spread of disease during
early monsoon peried (June). Exposure of black
pepper rooted cuttings in polybags to rain
splash with 8 month old crop residue indicated
that the pathogen survives in soil and spreads
through splash during early monsoon period.

Stunted disease

Indexing through PCR and establishment
of virus-free mother vines: PCR based
method was used in indexing 702 plants

a. Colletotrichum colony b. Colletotrichum conidia

c. Colletatrichum hilubed
appressorium.

4 Cylindrical with Slightly lobed
obtuse ends

3.76  Cylindrical with Slightly lobed

slightly tapered
base and obtuse

apex

representing 14 popular varieties of black
pepper showing no visible external symptoms
(apparently healthy) for Piper yellow mottie
virus (PYMoV). Total DNA isolated from 50 mg
leaf tissue (from first fully opened leaf) was
used as template in the PCR. Primers designed
for the amplification of either 450 bp region of
ORF 1 or 400 bp region of ORF 11l were used.
PCR was performed using two template
volumes (0.5 and 1.0 pull. A plant was declared
infected 1if it showed expected =ize amplicon
in the PCR using either 0.5 or/fand 1.0 pnl
template (Fig. 1.10). Results showed that of
these, 567 plants were positive (81%) for the
virus. The per cent infected plants ranged from
59-100¢% in different varieties. Many of the
indexed PCR positive plants exhibited visible
symptoms such as mild chlorosis, yellow specs
and mottling within 1-3 menths. Results
showed that indexing by PCR successtully
detected PYMoV in infected plants showing no
visible symptoms and hence can be used in
nursery The
identified virus-free plants of all released

certification programme,.

d. Calletotrichumun lebed
appressoriugm

Fig. 1.9. Dversity in C. gloeosporioides 1solates
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varieties served as mother vines for further

propagation and distribution.

M 1 2 3 4 5 46 7 8 ¢ 1011 12

o oo

o oD~

[.ane M 1 kbiadder. Lane 1 Positive control (known infeeted planty, Lanes
2.11- Test plants of var, ISR Sreekara. Lune 12 Negative control thnown
healthy black pepper plant) {a¥ PCR performed with 10 ul template, thy

PCR performed with 0.5 pl template

Fig. 1.10. Indexing black pepper plants for Piper
yellow mottle virus (PYMoV) through PCR.

Preparation of Piper vellow mottle virus
(PYMoV) ORF III construct in sense and
antisense orientation in a binary vector:
A 600 bp region corresponding to open reading
frame (ORF) IIT of PYMoV infecting black
pepper was amplified through PCR using
badnavirus specific primers and total DNA
isolated from infected black pepper as
template. The amplicon was cloned in a TA
vector and its nucleotide sequence determined.
From this, a 409 bp region was subcloned at
Bam HI1 site in the binary vector, pBI 121.
Plasmid DNA
recombinants were then subjected to PCR
analysis to identify PYMoV sense and
Each of the
1dentified sense and antisense clones were
then mobilized into A. fumefaciens strain KHA
105 by triparental mating with the help of
helper plasmid pRK 2014. The presence of
recombinant pBI 121 with PYMoV ORF 1III
insert was further confirmed by isolating

isolated from positive

antisense oriented clones.

plasmid from A. tumefaciens and subjecting
them to restriction analysis and PCR. The
sense and antisense constructs were
designated as pBl 121-PYMoVS and pBI 121-
PYMoVAS respectively.

Transformation of black pepper explants
with Cucumber mosaic virus (CMV) coat
protein (CP) gene construct: Explants
harvested from fully grown in vifro plants of
Panniyur [ and [ISR Subhakara were used in
transformation. Explants (leaf, internode and
petiole) were treated in Agrobacferium
harbouring CMV CP construct {pBI 121-
CMVAS) for 15 min, blot dried and kept in basal
MS medium at 28°C for 48 h. Explants were
washed in cephataxime (50 pg ml*) and kept
in basal MS containing cephataxime for 2-4
days to kill Agrobacterium. Then, the explants
were transferred to regeneration medium (SH
and MS) containing different concentrations of
BAP, NAA and TDZ along with selective
marker, kanamycin. Among the two media, SH
with BAP 3mg 17! and NAA Img 1 gave better
response.

Nematodes

Molecular characterization

Four populations of Rudopholus similis, collected
from banana (Kavamkulam, Ernakulamn and
Kasaragod) and coconut (Kayamkulam), were
characterized through ITS-PCR using species-
specific primers. Extraction of nematode genomic
DNA from formalin fixed specimens preserved
for more than 10 years was standardized (Fig.
1.11).

Host resistance

Screening of root stocks and their grafts
against nmematodes: Seven germplasm
accessions, to be used as root stocks, were
screened against Meloidogyne incognita and
Radopholus similis. Acc. 692 and Acc. 3177

Indian Institute of Spices Research E




e 1100 bp marker, Lane 2,4 & 5: Samples from Wayanagl, Lane 3 & 6.
Surnples from Peruvanoamurhe Calicut, Lane 7: Negatrve control and

Lane 8 Positive control

Fig. 1.11. Amplification of rDNA from formalin fixed
nematode samples collected during 2000-01.

were susceptible to both R. similis and M.
incognita while Acc. 3357 and Ace. 5525 showed
high susceptibility to R. similis alone. Six OP
progenies of the polyploid were screened
against nematodes, out of which C5/12 was
resistant to R. similis. The material is being
multiplied for confirming the results obtained.

Field testing of nematode resistant black
pepper lines: The ongoing field evaluation
using nine short-listed black pepper accessions
was continued for the fifth year. Out of the nine
accessions only one accession, HP 39, continued
to show resistance to R similis {Table 1.6).
Similarly Acc. 1090 too persisted against M.
incognita infection even after four years of
planting.

Biocontrol

Studies on Bacillus megaterium: Two strains
of B. megaterium (BP17 and IISR 522) having
nematicidal properties were studied for the pH
and temperature requirements for their optimum
growth. It was found that the optimum pH
ranged between 5 to 9 for both BP17 and 1ISR
522. BP 17 had a better multiplication rate across
a pH range of 5 (o0 9. Highly acidic or alkaline pH
was detrimental to both bacterial strains.
Similarly, the optimum temperature for both
strains was 25° C. In general BP 17 had a better
multiplication rate than IISR 522.

Table 1.6, Incidence of plant parasitic nematodes in short listed accessions

HP 39 0 0/4
HP 60 68.75 1/4
HP 290 200 2/4
C 812 0 0/4
C 820 62.5 1/4
C 1047 12.5 1/4
C 1090 0 0/4
C 1204 56.2 1/4
C 4103 62.5 2/4
Panniyur 1 43.7 2/4

0 0/4

0 0/4
1393.7 2/4
1687.5 1/4
31.2 1/4

0 0/4

0 0/4

0 0/4
1031.2 2/4
237.5 1/4
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Culture filtrates of both isolates were toxic to R.
similts and caused >60% mortality. However,
BP17 was slightly more efficient when compared
with [ISR 522. Similarly, the volatile metabolites
produced hy both isolates too were toxic to K.
sirulis and the mortality was significantly high
in the case of IISR 522. Both the isolates
moderately caused repellence of R. similis.

BP17 and ISR 522 have the ability to decrease
the length of primary roots of tomato plants.
There was significant difference in root hair
production and root architecture of tomato
plants indicating the crucial role of endophytes
in growth promotion.

Pest management

Pollu beetle (Lanka ramakrishnai)
Field screening of germplasm: Sixty-one
black pepper hybrids and 57 cultivars were
field screened against pollu beetle at IISR
Farm, Peruvannamuzhi. Among the hybrids,
the maximum incidence of 33.33% was recorded
on Acc. 946; Acc. 1357 remained free from pollu
heetle attack. Among the cultivars, Acc. 1449
recorded the highest incidence (34.4%). Acc.
1472, 4052, 4093 and 4095 were free from pest
attack.

m Indian Institute of Spices Research u




Genetic resources
Collection, characterization and
conservation: Six new landraces namely
Pulikal Elam-1, Pulikal Elam-2, Madhunivas,
Cheruparambil, Panikulangara and PNS-
Vaigal were added to the germplasm. At
present ex-siftu gene bank consists 442
collections; hybrids and disease resistant
selections which have been maintained in field
germplasm repository. Fifty accessions
characterized for morphological and yield
characters based on IPGRI descriptor revealed
wide variability for capsule wet weight (71.84
%) followed by number of panicles (56.69 %).
Three accessions viz., IC 547146, IC 547161 and
IC 349631 for yield attributing characters and
two accessions viz., IC 349633 and 1C 349627

for boldness are shortlisted.

Characterization of germplasm for biotic
stress: Of the 58 accessions screened against
natural incidence of leaf blight, none of the
exhibited highly

accessions resistant

reaction. However, one accession (IC 349646)
and Amomum subulatum were found to be
resistant to leaf blight infection.

m Indian Institute of Spices Research n

Crop improvement

Large numbers of hybrids (high yielding x disease
resistant selection) have been evaluated
under varicus comparative yield trials (CYT)
and preliminary yield evaluation trial (PET)
for yield and disease resistance, to exploit the
heterosis for yield and disease resistance.

CYT III (2005-07): The
performances of Malabar accessions (MA 28
and MA 29) were on par with checks in the
trial laid out during 2003.

mean vield

CYT IV (2005-07); In vazhukka types, among
the farmers varieties, maximum yield was
recorded in Palakuzhi selection with mean dry
yield of 899.17 kg ha', while AMB 2 and VA 1
recorded the highest yield of 1140 and 1100 kg
ha'!, respectively, among the other promising
selections (Table 2.1).

PET I: Among the hybrids, highest yield per
hectare was recorded in the hybrid
combinations, NKE 12 x MB 5 and MB 5 x NKE
19 with 1499 and 1461 kg ha', respectively in
the trial laid out during 2004.

Cardamom
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PET II: Among the crosses, NKE 12 (mosaic
resistant selection) x GG (Green gold)
recorded significantly higher yield of 1746 kg
ha' in the trial laid out during 2005.

Somaclonal variation: A simple technology
for micropropagation using petri plate system
was developed without the use of growth

regulators.

Evaluation of bold capsule types : Five bold
capsule plants were selected from farmers field
and also from NATP trials. The seedlings were
raised in polybags and planted in replicated
trial in the field. Growth and yield parameters

were recorded and two plants were selected

(Fig. 2.1) based on growth and yield parameters
with 80 % bold capsules

%

L B |

Fig. 2.1. APG 498, an accession with 80% bold capsules

Table 2.1. Comparative performance of farmers’ varieties

VA1 1487.68
VA8 1013.46
NHY 10 1283.59
NHY 24 652.91
CP 3 1029.99
CP 10 1250.79
CP11 1206.48
] ok 4 948.75
AMB 2 1770.75
CP 4 1152.58
IISR Suvasini 1085.84
Green gold 1076.11
Vander cardamom 1165.69
Palakuzhi selection 1500.95
Mean 1187.54
SEd 438.54
CV (%) 46.71
CD (p=0.05) 901.44

872.2 941.1 1100.33
769.64 484.6 755.9
525.78 744.48 851.28
388.81 531.34 524.35
535.58 366.5 644.02
472.37 491.74 738.3
3567.44 480.61 681.51

441 566.7 652.15
823.94 826.94 1140.54
603.14 583.82 779.85
610.62 767.37 821.28
649.62 82647 860.73
492.13 530.17 729.33
671.05 525.5 899.17
586.67 619.1

89.5 63.31

21.14 18.05
149.54 130.14
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Cardamom accessions with high guality
Cardamom accessions were analysed for oil
content and the percentage of 1, 8 cineole and
- terpinyl acetate in oil. Accessions with high
oil of 6.0% (including husk) are Acc. NHY- 3,
14, 15, 35, RR-1 x MB-3, VA-1, AMB-2, MA-7
and CCS-1(OP). Accessions with high terpinyl
acetate of above 45% are Acec. RR1 x OP, RE-1
(selld, CCS-1 (self), RR-1 x CCS-1 and VA-1.
High 1,8 cineole accessions are CP-10, MA-7,
NHY-3, CCS-1 x 893, RR-1 x GG and RR-1 x
893.

Drought tolerance

Enzyme activity in selected drought
tolerant and susceptible genotypes:
Enzymes such as catalase, peroxidase and
super oxide dismutase were assayed in control
and moisture stress treatments. There was no
consistent pattern for catalase and peroxidase
activities between tolerant and susceptible
stress. Super oxide

genotypes during

dismutase activity decreased under stress.
Susceptible genotypes had more decrease than
the tolerant ones. CL-893 recommended for
registration recorded increased activity of
catalase, peroxidase and super oxide
dismutase during stress compared to other
genotypes,
Photosynthesis and gas exchange
parameters: Photosynthetic rate, stomatal
conductance and transpiration rate reduced
under water stress. Tolerant and susceptible
genotypes had similar values for these
parameters (Table 2.2} '

Evaluation of four cross combinations for
drought tolerance in field: Three genotypes
(RR1, CL-893 and Green gold) relatively
tolerant to moisture stress and CCS -1, a
susceptible genotype were crossed in an
attempt to develop drought tolerant variety
with good yield and quality characters. Crosses

Table 2.2, Photosynthesis and gas exchange parameters

Tolerant

CL-893 0.45 0.14 1.64
Green gold 0.33 0.08 2.45
LR 1 0.27 0.07 2.26
APG 149 0.34 0.09 1.46
Susceptible

CCS1 0.54 0.19 5.9
M1 - 04 0.11 3.14
NKE 19 0.37 0.09 1.83

232.2 0.31 0.07 1.08 338.6
279.5 0.36 0.07 0.82 279.6
293.6 0.12 0.02 1.26 259.6
325.6 0.2 0.05 1.845 280.6
257.2 0.45 0.16 1.31 269.3
2754 0.15 0.03 0.3 280.6
265.4 0.3 0.07 1.09 329.6

A= Photosynthetic rate (u moles), E = Transpiration (m moles), g, = Stomatal conductance

(ecm g}, Ci = Internal CO, concentration (ppm)
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were evaluated for growth and yield
parameters after withholding two irrigations
compared to control. Growth parameters such
as plant height, number of tillers per clump,
vield parameters such as number of panicles
per clump, panicle length (cm), no of capsules
per panicle, number of capsules per clump and
dry capsule yield {kg/ha) were recorded (Table
2.3). CL-893 and its cross combinations
recorded better growth and vield characters.
CCS1 x RR1 recorded maximum yield (790.2kg/
ha) followed by CCS-1 x 893 (699.4kg/hal. RR1
x 893 was found superior for both quality and
yield (4200 green capsules/ plant) and one of
the selections in Njallanil Gold x 893 for
compound panicles and green bold capsules
(Fig. 2.2).

Leaf rolling test: Fourth and fifth cardamom
leaves from about twenty crosses were
collected and exposed to open sunlight on
concrete ground to find out time taken by
different genotypes for leaf folding. Genotypes
893 OP, RR1 X 893, 893 x GG, CCS1 x RR1,
CCS8 1 x 893 and CCS1 x GG took longer time
to fold than other genotypes, indicating their
drought tolerance ability.

Diseases

Characterization of Colletotrichum spp.
The study of ten isclates of Colletotrichum
gloeosporioides obtained from cardamom and
other isolates obtained from other crops of
cardamom ecosystem collected from Kodagu,
Hassan and Chickmagalur districts of
Karnataka and Valpari (Tamil Nadu) showed
wide variation in appressorial character,
colony morphology such as shape, colour and
size {Table 2.4).

Fig. 2.2, G x 893, hybrid having compound panicles
Development of consortium of
biocinoculants for management of C,
gloeosporioides

Bioassays with two each of promising fungal
and bacterial antagonists viz., Trichoderma
harzianum, T. hamatum and Pseudomonas
fluorescens (IISR-6 and 1ISR-853) indicated
that, the C. gloeosporioides isolates were
sensitive to all four-test antagonists. The
1solates differed in their interaction with
antagonists. Marked differences were
observed in their inhibition and sensitivity
towards antagonists. Among the four
antagonists tested, 7. hamatum was more
effective in suppressing the growth of all 14

predominant pathogenic isolates (Fig. 2.3).
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Table 2.3. Growth and yield parameters of selected cross combinations

10
11
12
13
14
15
16
17
18
19
20

RR1 (OP} 265.2

893 (OP) 268.8
GG (OP) 255.6
CCS1(0P) 2354
RR1 (self) 275.0
893 (self) 278.3
GG (self) 255.9
CCS1 (self) 221.1
RR1x 893  244.2
RR1x GG 2816
RR1 x CCS1 280.0
893x RR1 2546
893 x GG 253.2
893 x CCS1  230.0
GG xRR1 2531
GG x 893 279.8
GG x CCS1 2549
CCS1 x RR1 235.1
CCS1x 893 2435
CCS1 x GG 2246

S5E 21.3
CV % 10.25
CD at 5% NS

289

40.0
46.6
27.4
48.4
31.8
39.5
29.8
44.9
31.1
40.7
30.0
40.5
442
46.1
31.6
207
31.7
53.4
48.9
43.5

6.5
20.7

13.4

Indian Institute of Spices Research

58.2
67.3
45.2
53.6
56.3
67.8
454
48.4
477
51.3
57.6
a7
56.8
60.7
58.1
55.5
50.1
53.4
62.1
47.8

9.7
21.8

NS

514
46.7
48.2
40.7
48
37.9
57.5
36.6
50.4
49.4
43.3
41.6
33.4
37.2
56.9
63.2
49.9
43.9
87.7
33.3
8.7
22.7

17.5

5.0
5.0
6.0
6.5
6.0
5.0
5.0
5.5
4.5
5.5
4.25
5.0
5.75
6.0
5.5
5.5
6.0
6.5
6.5

6.25

1366.3
1427.3
905.6
1472.7
1437.3
1111.3
1327.2
1405.4
14548
1522.8
13567
1011.7
1443 .4
1331.7
12829
1324.7
1535
1802.2
1604
945.7
156.1
32.2
NS

576.8
663.8
3974
679.9
632.3
452.8
565.6
612.8
647.2
6734
604.7
451.9
617.2
575.9
574.4
555.5
653.3
790.2
699.4
421.2
354.6
32.07

NS

5.31
5.03
5.44
4.70
5.24
4.69
5.44
4.28
4.79
4.83
5.50
5.42
5.42
5.87
6.07
4.85
5.42
5.94
4.86
5.80
0.15

6.04

0.31
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Colletatrichum gloeosparioides

Appangala

Sakleshpur

Pollibetta

Siddapur

Chettalli

Nelliahudikeri

Hakathur

Byakaravally

Ave Maria

Thithimathi

White, light grey and
orange slime, reverse
side cream

Dark grey with white
margin with
pink slime

White and grey,
reverse side cream
and orange

White and black with
orange slime, reverse
is black

Dark grey and orange,
reverse side black

Grey and orange slime

White and light grey
mycelia with light
orange slime in the
center

White puffy mycelia
with light grey spoets

Gray and orange

White and dark grey
and reverse side
dark grey and cream

16.12

15.75

15.18

12.75

15.75

12.56

16.13

17.25

15.75

15

4.28

4.5

3.75

3.75

Cylindrical with
obtuse ends

Cylindrical with
obtuse ends with
narrowing of the center
{Pea nut pod shape)

Cylindrical with
obtuse ends

Ovoid

Cylindrical with
obtuse ends

Cylindrical with a
slightly tapered
base and obtuse
apex

Cylindrical

Ovoid

Cylhindrical with
obtuse ends

Cylindrical with a
slightly tapered
base and obtuse apex

Tahble 2.4, Colony, conidial and appressorial characteristics of ecardamom 1solates of

Mult: lobed
(3-4 lobes)

Unlobed

Multi lobed
(2- 3 labes)

Multi lobed
(3-4 lobes)

Multi lobed
(2-3 lobes)

Multi lobed
(3-4 lobes)

Multi lobed
(3-4 lobes)

Unlobed

Multi lobed
{3-4 lobes)

Unlobed
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i), Rinzoctonia solani x Trichoderma hamaium by Rhizoctonia solant x Pseudomenas fluorescens

Fig. 2.3. Trichoderma hamatum, an effective organizm against rhizome rot
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Genetic resources

Conservation of germplasm: In the ex-situ
conservatory, 700 Zingiber accessions are
conserved.

Performance of Nepal selections and high
oil types: Twelve selected Nepal ginger
selections along with control (Varada) were
evaluated in replicated trial (RBD). Yield
evaluation of high oil type revealed variation
in o1} content due {o season.

Molecular characterization of primitive,
elite and exotic genotypes: Molecular
fingerprints of elite (Varada), exotic (‘Kintoki’)
and primitive/ putative wild types (‘Ellakallan’,
Kakkakalan’, ‘Kozhikkalan’, ‘Sabarimala’ and
‘Pink ginger’) were developed using RAPD and
ISSR markers to characterize and protect the
accessions (Figs. 3.1 & 3.2). Among the 30
molecular markers studied, 13 could easily
discriminate the genotypes.

Cluster analysis of data using UPGMA
dendrograin some phylogenetic
relationship between the putative wild types

implied

and modern cultivars. The exotic type from
Japan, resembling the putative types in
rhizome features, shared high similarity with
the four indigenous putative types.

Screening germplasm for pollen fertility
and pollination: Pollen fertility based on
stainability, in vitro and in vive germination
in 12 accessions revealed that there was no in
vive germination of pollen on self pollination.

Crop improvement

Performance of M1 and M2 generations
derived from irradiated (gamma) buds:; in
M1 generation of three ginger varieties
irradiated with five doses (0.5, 0.6, 0.7, 0.8 and
0.9 kr) of gamma irradiation, maximum
sprouting {100%)} was recorded in variety IISR
Varada @ 0.5 and 0.8 kr, while maximum
percent chlorophyll mutants were noticed in
IISR Rejatha @ 0.7 kr. Variation in plant height
and number of tillers was evident among M2
plants treated with specific dose of radiation.

Variation in the lobes of floral labellum:
Of the 12 cultivars examined, Acc nos. 53, 50

m Indian Institute of Spices Research n
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a) OPJ-07 (5CCTCTCGACAR), bl OPA-08 (5°GTGACGTAGGE Y, ¢ OPD-08 (3'GTGTGCCCASN, di OPD-07 (5" TTGGCACGGGS)
respectively. M-Marker (1kb ladder), Lanes 1 to 7 - Varada. Pink ginger, Kintoki, Kozhikkalan, Kakkakalan, Ellakkallan and

Sabarimala, respectively.

Fig.3.1. RAPD profile of the DNA isolated from ginger genotypes amplified with primers

(PGS-33), 45 (PGS-26) and 165 showed
unilobate labellum while Acc nos. 26, 38, 31,
91, 12, 147, 125 and Jamaica showed trilobate
labellum.

Somaclonal variation: An improved efficient
technology was developed for micro rhizome
induction in ginger for production of disease-
free planting materials and these micro-
rhizomes can directly be planted in the field
without hardening. A simple technology for
micropropagation without the use of growth
regulators using petri plate system was
developed (Fig. 3.3). The micropropagated

plants of ginger through direct and indirect
organogenesis as well as microrhizome
pathway did show wvariations in varying
degrees Iin morphological, cytological,
biochemical and molecular characters. In
general, the highest variations were observed
among callus regenerated plants and minimum
variations among microrhizome derived
plants. One promising polyploid somaclone
with bold rhizomes was identified. The
resultant somaclonal variation can effectively
be used to compensate the lack of variability
through reproduction

recombination in ginger.

sexual and

m Indian Institute of Spices Research n
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a) ISSR 5 IAGC) , GTh, b) IS8R 9 RAD), G, ¢ 1SSR 13 1 GA),CH, &) ISSR 8 KCTCLGC .
M- Marker (1kb ladder), Lanes 1 to 7 - Varada, Pink ginger, Kintoki, Kozhikkalan. Kakkakalan, Ellakkallan and Sabarnmala,

respectively.

Fig. 3.2. ISSR profile of the DNA isolated from ginger genotypes amplified with primers

Phenological events in ginger

The ginger varieties viz., IISR Varada, 1ISR
Mahima, IISR Rejatha, Maran and Himachal
took on an average 27, 23, 17 and 12 days with
corresponding degree davs of 412.9, 348.5,
241.9, 143.6 for emergence, to produce first
tiller 1t took 73, 61, 51, 42 days with degree
days in the order of 1029.8, 833.3, 650.1, 501.6
and for last tiller it took 140, 144, 121, 114 days
and 1849.5, 1854.3, 1518.7, 1403.6 degree days
in 30 April, 15 May, 30 May and 15 June
planted crops, respectively (Table 3.1). The
vartations among varieties for emergence, first
tiller production and last tiller production in
terms of days were 27,7 11, 6; 12,9, 16, 9; §,
27,34 and 9 respectively for 30 April, 15 May,

Fig. 3.3. Micropropagation of ginger using petri plate
system
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Table 3.1. Days and degree days required for different events in ginger

Time of Emergence
planting Days GDD Days GDD Days GDD Days GDD Days GDD
30-April 18 288.8 17 2674 25  389.1 29 456.8 44 662.3
15-May 27 406.0 22 3449 20 308.8 24 364.7 27 318.3
30-May 13 199.3 15 2248 23 3182 12 174 .4 21 292.8
15-June 8 103.0 14 167.3 14 166.8 10 122.3 13 168.8
First tiller appearance
30-April 79 10897 79 10948 69  980.7 73 1026.3 67 9575
15-May 62 8346.9 60 8254 60 B244 66 889.9 57 780.0
30-May 57 716.8 b6  7058.3 55 7014 46 5922 41 534.9
15-June 37 4365 40 4753 42 502.3 46 548.7 46 5451
Last tiller appearance
30-April 141 1857.8 137 1805.6 144 1896.1 135 1778.8 145 1909.3
15-May 136 1755.6 149 1829.3 148 1913.7 129 16575 156 20153
30-May 126 15837 114 1421.7 117 1463.6 107 13409 141 1783.8
16-June 117 14447 115 14117 116 1430.0 116 14118 108 13200

30 May and 15 June planted crops respectively.
There exists a positive association between degree
day’s requirement for different events and
vield {emergence r=0.66, first tiller appearance
r=0.017, last tiller appearance r=0.34).

Nutrition

Validating the optimum P/Zn ratio
requirement for increasing the yield in
ginger: The threshold value of leaf P/Zn ratio
was confirmed to be.-90 through second order
response functton (R*=0.499"%), On validating
the same under field conditions, the initial leaf
P/Zn ratio at 60 DAP in the range of 145-223
could be brought down to the threshold range

of 69-150 after foliar spray of Zn (0.5%) twice
during August and October. By lowering the
ratio below 108, increased rhizome yield up to
20% could be achieved (Table 3.21.

Table 3.2.Relation between leaf P/Zn, soil
P/Zn and yield

69.7 4.9 84
77 5.7 9.1
101 4.4 9.5
108 4.0 10.6
136 5.4 7.8
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Nutrient requirement for targeted
production of ginger: Based on the fixed yield
targets and initial soil availability of major
nutrients, nutrient required for berry
production (NR), contribution of nutrient from
soil (CS) and contribution from fertilizer (CF)
were calculated for ginger from the earlier data
and fertilizer doses to obtain yield targets of
10, 15, 20 kg/bed were calculated and applied.
Zinc was also supplemented as foliar spray to
bring the leaf P/Zn ratio in the threshold range.
The achieved ginger rhizome yield was 10.8,
12.4 and 11.4 kg/ bed with a deviation of +0.5%,
-17% and -43% from the target. Through
targeted nutrient application 14-26% increased
yield over recommended dose could be
achieved in IISR Varada with reduced fertilizer
application.

Organic farming: Ginger was grown
organically by applying FYM, vermicompost,
ash and rock phosphate, azospirillum and
phosphobacteria. Trichoderma and
Pseudomonas sp. (IISR-6 & 853) were applied
as biocontrol agents for disease control. The
mean yield (10.2 kg/3 m?) recorded (var. IISR
Varada and IISR Mahima) under integrated
system was 29.7% and 14.5% higher over
chemical and organic farming, respectively.
Organic farming resulted in a mean yield of
&.8 kg/ bed recording 13% higher yield over
chemical practices. Soil nutrient buildup and
microbial biomass carbon were observed to be
high in organic and integrated managements
as compared to conventional system. FYM +
neem cake + vermi/coir pith compost
application recorded higher yield on par with
FYM application alone. All the PGPR
combinations applied were equally effective in
controlling rhizome rot of ginger and produced

yvield on par with chemical control.

Quality

Ginger accessions with high quality: Acc
nos. 209, 50, 57,162, 99, 156 and 197 recorded
high oil (above 2%). Acc 57 and 162 contained
high limonene in oil compared to other
accessions. Among the Nepal collections, o1l
content ranged from 1.5 to 1.9% and oleoresin
from 3.8 to 6.1%. Acc. 592, 593 and 598
contained 1.9% oil and 578 contained 6.1%
oleoresin. Among the Sikkim collections,
Bhaise contained 1.5% oil, 6.2% oleoresin and
12 % crude fibre with 16% dry recovery.
Gorubathani contained 1.5% oil, 4.7% oleoresin
and 5.2% fibre.

GC MS analysis of essential oil of traded
ginger: GC MS profiling has shown a total of
20 compounds in Indian ginger and 18 in
Chinese ginger, which were common for both
the produces. The main compounds identified
are ¢ -pinene, camphene, f-myrcene, o -
phellandrene, geranyl acetate and zingiberene.
Zingiberene (27.14%) and o phellandrene
(10.89%) are high in Chinese ginger.

Molecular characterization of traded
ginger from India and China: Out of 80
random decamer primers screened, 30 primers
which gave consistent amplification pattern
were selected for RAPD analysis. Amplication
pattern for some of the primers is given in Fig.
3.4.

Etiology of soft rot

Pythium myriotylum and P. aphanidermatum
were found associated with soft rot. Four other
species of Pythium such as P. wltimum, P.
vexans, P. splendons and P. deliense were also
found associated with soft rot. Among them,
P. myriotylum was predominant and PCR
based method was found
identification of P. myriotylum.

suitable for
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OPA 1l

OrcC 11

(MPE 12

a) OPA 20, by OPB11, ¢} OPA11, d) OPE 07, e) OPCL] and OPE
12 respectively. M-Marker (1kb ladder), Lanes 1 to 5- Cachin
ginger, Chinese ginger, Varada, Rejatha and Himachal,
respectively.

Fig. 3.4 RAPD profile of the DNA isolated from traded
ginger amplified with primers

Host resistance

Screening for soft rot resistance: Five
accessions viz. Acc nos. 2, 97, 98, 554 and 558
that showed resistance against P. myriotylum
under green house conditions were evaluated
in the field for resistance. Soft rot incidence
was less in these accessions as compared to
susceptible check Himachal.

Resistance against bacterial wilt in related
genera: Among the species of Zingiberaceae
such as Globba sp, Alpinia galanga, Maranda

spp, Costus sp, Curcuma caesia, Amomum

Indian Institute of Spices Research E

subulatum and an unidentified Curcumc
species, only three of them viz., Alpinia
galanga, Globba sp, Curcuma caesia etc. were
found to be the host for ginger strain of
Ralstonia solanacearum (Fig. 3.5). Curcuma
amada, the Indian mango ginger was found to
be resistant to bacterial wilt. This is in
addition to other susceptible hosts such as
Curcuma longa, Curcuma aromatica, Curcuma
zedoaria and Kaempferia galanga.

Biocantrol

Isolation of endophytic bacteria from
ginger rhizomes: Nineteen endophytic
bacteria were isolated from ginger rhizomes
collected from Wayanad and Calicut in Kerala
using modified protocols for isolation of
endophytes. An enrichment mmethod was
adopted where the rhizome was incubated in
the nutrient rich medium. The necessary
sterility check and other confirmatory assays
were adopted in order to isoclate true
endophytes. These bacteria
characterized using morphological criteria

were

such as colony character, shape, elevation,
motility and gram reaction. All of them
belonged to gram negative group and were
short rods. Five of them were highly motile.
These isolates are being evaluated in the
green house for their potential against soft rot
and bacterial wilt disease of ginger. Among
the isolates GEB 7, GEB 9, GEB 13, GuB 17,
GEB 18, and GEB 19 showed promise for
suppression of wilt and soft rot under green
house conditions {Fig. 3.6).

Isolation of rhizobacteria from ginger
roots: Rhizosphere soils were collected from
different varieties of healthy ginger plants. Six
varieties/accessions of ginger were used in this
study. They were IISR Varada, [ISR Mahima,
Himachal, Suprabha, Maran and IISR Rejatha.
Rhizobacteria of ginger isolates that showed

inger
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Fig. 3.5, Alpinia galanga (a), Globba spp (b) - hosts for ginger strain of Ralstonia solanacearum Biovar 3

more than 50% inhibition against any of the
three pathogens namely P. capsici, Pythium
and Fusarium were short-listed. Six 1solates
namely GRB 25, GRB 35, GRB 36, GRB 57, GRB
58 and GRB 68 inhibited all the three
pathogens by more than 50% (Table 3.3).

i"lxl'lll':!!"d management strategies for
control of diseases

Chemical control: A disease management
trial consisting of copper oxychloride (0.25%),
cheshunt compound (0.3%), Bordeaux mixture
(19), potassium phosphonate (0.3%) and an
immunomodulater (bromo propane diol) was
laid out at IISR Farm, Peruvannamuzhi. The
disease incidence ranged from 6.0-23.5%
among the treatments and minimum incidence
was recorded in cheshunt compound (0.3%).

Biocontrol trial: In a trial on management of
soft rot using biocontrol agents Pseudomonas
aeruginosa (IISR BP35), P. fluorescens 11SRb1,
(GTH7) and P.
fluorescens 1ISR6 were compared with the
chemicals such as mancozeb or metalaxyl

Trichoderma harzianum

Table. 3.3. Antagonistic activity of short-
listed rhizobacterial isolates
from ginger against pathogens

GRB-25 78.53 79.63 83.30
GRB-35 64.83 72.93 72.20
GRB-36 80.00 64.07 50.00
GRB-57 85.97 31.01 70.73
GRB-58 85.93 '18.53 '70.37
GRB-68 84.03 77.80 70.00
(GRB-63 75.93 0.00 74.03
GRB-67 5.60 72.20 54.47
GRB-21 0.00 35.17 51.47
GRB-22 0.00 45.17 54.07
GRB-38 256.53 51.10 43.67
GRB-64 7.80 41.10 62.97
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Fig. 8.6. Endophytic bacteria from ginger rhizome
found effective against Pythium (a) GEB17;
(b) GEB 18

mancozeh, The treatment was given on 0, 30,
60 and 90" day of planting as seed treatment
as well as soil application. The rot incidence
ranged from 5-19% under various treatments.
The results indicated that the mancozeb or
Pseudomonas application performed better
than other treatments.

(IS studies on land suitability

Secondary data of area, production and
productivity of ginger have consistently shown
an increasing trend during the last 3 decades.
Increase in area 1s not always in proportion
with the increase in production. Thirty years
area and production curves of the important
ginger growing states were compared with the
Eco-crop  suitability model which indicated
that suitability has direct impact on production.
Orissa, West Bengal, Mizoram and Kerala are
very highly suitable while North western states
like Gujrat, Rajasthan, Uttar Pradesh and
Madhya Pradesh are marginally suitable or
unsuitable. North eastern and South western

states are ideal and have high suitability for

Annual Report 2007-08

ginger cultivation. Future prediction of Eeco-
crop model shows that if the temperature
increases by 1.5 to 2°C, the suitability of Orissa
and West Bengal will reduce drastically from
high suitability to marginal suitability,
indicating the effect of climate change (Fig. 3.7).

Gingar sutability
W vy vargng

£ hargnw

O sunabie

any Surati
eselamt

ol .

Fig. 3.7. Future prediction of land suitability changes
(as per Eco crop model) if temperature
inereases by 1.5°C to 2°C

Growth and instability of
production in India

Change in area has contributed a maximum to

ginger

change in production in period-1I except in few
states (Table 3.4). The recorded highest
instability (towards the negative side} in major
producing states like Kerala is the cause for
poor export performance by the country.
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Table 3.4. Changes in average production and components of change in average
production of ginger (1985/86 - 1994-95 to 1995/96 - 2002/03)

Kerala 45733
Meghalaya 33434
Orissa 13969
Sikkim 12028
West Bengal 10395
Mizoram 8815

Andhra Pradesh 7968
Arunachal Pradesh 7563
Tamil Nadu 7311
Madhya Pradesh 3602
Karnataka 3199
Tripura 1336
Himachal Pradesh 760
Others 7987
India (total) 164099

Annual Report 2007-08

43738
46526
24673
17824
18522
26805
7065
30376
12272
5492
8707
2256
5256
34950
284462

-4.4
39.2
76.6
48.2
78.2

204.1
-11.3
301.7
67.9
52.5
172.2
68.9
592.0
337.6
73.4

470.1
78.8
69.8

124.6
60.3

109.1
47.1
67.6

-713.0

115.2
99.9
772

11
346
59.8
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-473.7
19.6
16.4

-40.6
27.7
-2.9
46.0
10.9
222.9
-7.2
0.1
19.3
813
410
275

96.9 6.8
6.1 -4.4
8.6 5.2

-23.2 39.2
12.4 -0.3
-5.9 -0.3
-2.4 9.3
23.7 2.2
88.4 38.5
-4.3 -3.7
0.1 -0.1

10.5 -7.0
5.0 126

50.1 -28.7

12.1 0.5

-17

10.9
8.9
4.8
6.5

15.0

-0.7

19.0
4.0
16
5.3
0.8
3.7

224

100.0
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Genetie resources
Conservation of germplasm: In the ex situ
conservatory, 1040 Curcuma accessions are

conserved.

Crop improvement

Performance of seedling progenies and
their mother plants: One hundred and
seventy six seedling progenies and 14 mother
plants were multiplied in pots, in addition to
the maintenance of 84 seedling progenies in
poly bags. Morphological characters and yield
were recorded for the plants maintained in
pots. The yield level varied from less than 50 g
to more than one kg. Twenty eight progenies
produced more than one kg rhizome yield.

Cytological analysis of seedling progenies
and their mother plants: Cytological analysis
of 14 mother plants indicated a chromosome
number of 2n=63 in 11 and 2n=84 in 3 of them.
Cytological analysis.of five seedling progenies
showed 2n=84 in four of them and 2n=77 in one
(Fig. 4.1).

Flowering and seed set in seedling
progenies: Flowering was recorded in 50
seedling progenies. Seeds were recovered from
11 of them and put for germination to develop
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Fig. 4.1. Chromosome number variation among
turmeric seedling progenies
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advanced generation of seedling progenies.
Germination started in two lots after 100 days
of sowing. 52 advanced generation seedling
progenies were recovered so far. Maximum
number of seeds (94 and 92) were recovered
from 138/23 and 138/74 seedling progenies. The
germination of seeds has already started.

Somaclonal variation: An improved efficient
technology was developed for micro rhizome
inductijon in turmeric for production of disease-
free planting materials. These micro rhizomes
can directly be planted in the field without
hardening. One turmeric somaclone with very
close nodes was also identified.

Single nucleotide polymorphism (SNP) in
Indian Curcuma species: The single
nucleotide polvmorphism in 185 rRNA gene
sequence in Indian Curcuma species was
analysed and the sequence data was compared
with the nucleotide sequences of 185 rRNA
gene from the different species of Curcuma
deposited at the NCBI GenBank. The single
nucleotide polymorphism at the 234'™ position
of partial 188 rRNA gene of C. aromatica, C.
longa and C. weruginosa agreed with the
already reported sequences of these species
from China (cytosine residue at 234" position
of 18S rRNA gene}, while the sequence of
Indian C. zedoaria showed the similarity with
Japanese populations of C. zedoaria (thymine
nucleotide at 234" position) rather than
Chinese population. The Indian C. zedoaria
showed similarity with the C. xanthorrhiza
reported from China. The rest of the species
studied are the first time reports and the
species viz., C. raktakanta, C sylvatica, C.
montana, C. haritha and C. comosa showed
cytosine as the nucleotide at 234" position
while C. malabarica and C. amada showed
thymine as the nucleotide at 234" position. The
bootstrap analysis of the nucleotide sequences

of 185 rRNA gene placed the fifteen Indian
Curcuma species studied in five different
groups (Fig.4.2).
C.cassla-ISR
€ morana-Sh
G onga s
C.sytmiica-liSA
T raklakanta- SR
+ Cohadtha ISR
S
© aromaticaSh
C.astuginass-IISA
C radoaria uSR
l G malabanca-1Iish

CT.amaaa-uSA

C.pueudomontana-1I5 R

G 0oT

Fig. 4.2. Dendregram showing the clustering of
different Curcuma species based on the 183
rRNA sequence analysis

Development of microsatellite markers
and characterisation of Cureuma spp.:
Good quality genomic DNA was isolated and
purified from 15 Curcuma species available in
the field genebank and the yield ranged from
63 ~110 ng per gram fresh leaf tissue. Among
the ten restriction enzymes screened, Rsa |
produced a smear ranging from 2.5 kb to 100
bp with more fragments centered at around
500 hp, which was selected for further study.
The optimized reaction mix for digesting 500ng
DNA contained 1X assay buffer, 20 Units
enzyme {Rsa 1) in a reaction volume of 20 ul
with 4 hour incubation at 37°C. A smear of
fragments (1.0kb — 250bp) centered at ~500 bp
was obtained as successful linker ligation (Fig
4.3). A total of 700 clones from the enriched
libraries {microsatellite containing fragments)
were screened by colony PCR and selected
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[.ane M: 1.0 kb DNA Ladder. Lanc 1. M=a¢ [, Lane 2: Hae 111
Lane 3: Hind 111, Lane 4: Sau 3AI, Lane : Nco [, Lane 6: Rsa [,

Lane 7: Eco RI. Lane 8. Bsr Bl, Lane 9. Bst Ul Lane 10- Alu |

Fig. 4.3. Restriction digestion profiles of 10 different
restriction enzymes,

clones were sequenced which resulted in 82
microsatellite repeats of variable length.

Suitable primers to amplify these regions are
being designed.

Phenologieal events in turmeric

The turmeric varieties viz., TISR Prabha, IISR
Prathibha, [ISR Alleppey Supreme, IISR
Kedaram and Suguna took on an average 31.9,
32.2, 23.5 and 24.2 days with corresponding
degree days of 4985, 480.1, 326.7, 295.6 for
emergence, to produce first tiller it took 80.5,
71.3, 62.8, 53.7 days with degree days in the
order of 1115.1, 947.1, 787.3, 578.0 and for last
tiller it took 156.4, 139.4, 122 .3, 109.7 days and
2064.5,1794.3, 1528.1, 1342.1 degree days in 30
April, 15 May, 30 May and 15 June planted
crops, respectively (Table 4.1). The variations
among varieties for emergence, first tiller

Table 4.1. Days and degree days required for different events in turmeric

Emergence
Days GDD Days GDD Days GDD Days GDD Days GDD
30-April 26.7 420.1 29.3 4617 323 503.5 347 537.9 36.7  569.3
15-May 21.0 324.1 33.0 4933 317 4777 383 561.0 370 5445
30-May 237  329.5 230 3223 260 356.1 217 304.5 23.0 3208
15-June 26.3 3208 26.0 316.9 227 2776 227 2774 23.3 2854
First tiller appearance
30-April 73.7 1036.3 84.0 11554 84.0 11554  81.7 11287 79.3 1099.7
15-May 70.3 936.3 73.0 9673 717 9519 720 9554 69.3 9245
30-May 59.0 7437 627 7863 6577 821.1 63.3 792.8 63.3 7926
15-June 50.7  589.8 61.3 667 593 5678 52.0 532.8 45.3 B32.8
Last tiller appearance
30-April  155.0 2036.2 156 2049.7 157.7 2071 157.0 2061.8 156.3 2053.7
15-May 131.3 16914 137.3 1767.8 142.0 1826.7 1433 18456 143.0 1839.8
30-May 121.3 14971 1243 1558.3 119.3 14947 1233 15454 1233 15452
15-June  110.3 13495 112.7 1379.9 109.0 1332.8 1083 13247 108.3 1323.7
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production and last tiller production in terms
of days were 10.0, 17.3, 4.3, 3.0; 10.3, 3.7, 6.7,
16.0; 2.7, 12, 5, 4.4 respectively for 30 April,
15 May, 30 May and 15 June planted crops.

Nutrition

Nutrient budgeting: Based on the fixed yield
targets and initial soil availability of major
nutrients, nutrient rvequired for berry
production (NR), contribution of nutrient from
soil (CS) and contribution from fertilizer (CF}
were calculated for turmeric from the earlier
data and fertilizer doses to obtain yield targets
of 15, 20 and 25 kg/bed was calculated and
applied. The achieved turmeric rhizome yield
in IISR Prathibha was 14.8, 15.8 and 16.3 kg/
bed with a deviation of -1%, -20% and -34% from
the fixed target. Through targeted nutrient
application 12 - 20% increased yield over
recommended dose could be achieved with
reduced fertilizer application by considering
the FYM’s nutrient contribution also.

Organic farming: Turmeric was grown
organically by applying FYM, vermi compost,
ash and rock phosphate, azospirillum and
phosphobacteria. Trichoderma and
Pseudomonas sp. (1ISR-6 and 853) were applied
as biocontrol agents for disease control. In
turmeric (IISR Alleppey Supreme and IISR
Prathibha), integrated system recorded a
higher mean yield of 15 kg/3 m? which was
12.8% higher compared to the organic system.
Organic system showed on par vield as that of
conventional (chemical) farming. Soil nutrient
buildup and microbial biomass carbon were
observed to be high in organic and integrated
managements as compared to conventional
system. FYM + neem cake + vermi/coir pith
compost application recorded higher yield on
par with FYM application alone. All the PGPR
combinations applied were equally effective in
controlling rhizome rot of turmeric and

produced yield on par to chemical control

measures.
Assessment of quality of soils under spice
based cropping systems involving

turmeric

The organic and INM treatments favored the
accumulation of nutrients especially organic C,
dissolved organic C {DOC) and N (DON} in soil.
The data on parameters indicating microbial
activity in soils indicated that microbial
blomass-C (C,, ), -N (N3, =P (P ) and CO,
production levels under the integrated and
organic treatments were markedly higher than
the level under the chemical and control
treatments. The qCO, (metabolic quotient)
levels were greater in the chemical and control
treatments. The activities of dehydrogenase,
phosphodiesterase casein—protease, urease,
arylsulphatase and f-glucosidase were
markedly higher in the integrated and/or

organic treatments.

The results further revealed diversity of
microbial composition in soils under various
management regimes using PCE RFLP and
denaturing PAGE (Fig. 4.4). The community
profiles resolved better under denaturing
conditions and the touch down protocol
improved the resolution and number of bands
detected. When all the primers are taken
together, maximum number of bands was
obtained in case of integrated {60) in case of
denaturing PAGE. Maximum bands were
obtained in integrated for ITS1, ITS2,
prokaryotic IGS and 168 rDNA primers.
Chemical treatment and control registered
maximum for ITS fungal primers. In case of
fully organic treatment, maximum bands were
observed for prokaryotic 1GS primers. The
control registered the lowest population in all
the cases. Maximum number of nematodes was
found in case of integrated and fully organic
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Fig 4.4. PCR amplification of soil DNA using various primers under different nutrient management practices

of turmeric

treatments. In general prokaryotic population
was highest under integrated treatment.
Maximum eukaryotic population was observed
under integrated and fully organic treatments.
The banding profiles when analyzed showed
that based on the presence or absence of bands
maximum similarity of 66% was observed
among chemical and control treatments. The
banding profiles of fully organic and IPNM
treatments showed a close similarity with each
other and clustered together showing a
stmilarity of 60%.

Post harvest technology and guality

Quality under controlled atmospheric
storage: Turmeric variety IISR Prathibha was
stored for 120 days in three layered metalised
polyester cover under vacuum, 100% N, and
90% N, + 10% O,. The turmeric samples were
analysed for oil, oleoresin and curcumin
content. No signiﬁcanf variation was observed
in the quality constituents compared to control
which was stored in ordinary gunny bag.

Mechanical drying and quality changes:
Turmeric is traditionally dried in sun after
boiling for 45 to 90 minutes. In the present
study, one set of turmeric sample was cured
normally and another was not cured. Both were
kept for drying under drying systems such as
hot air oven (1), RRL-T reverse flow drier (2),
agri waste (CPCRI) drier (3) and sun drying
(4). In all drying systems, drying was conducted
for 6 hrs every day. The drying time varied
between 18 hrs {3days) to 84 hrs (lddays). Sun
drying of raw sample took 14 days of six hour
duration while it took only 10 days for cured
sample. Cured samples took less time in ail
systems. Hot air oven took minimum time for
both cured and raw samples. Curing resulted
in a reduction of 40 % in oil and 15% in
oleoresin content compared to raw samples
(Fig. 4.5}, The curcumin content was not
affected due to curing.

Analysis of curcuminoids in germplasm:
HPLC analysis of the curcuminoids in 200
accessions of turmeric revealed that in low
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Fig. 4.5. Relationship between drying methods and quality

curcurminit accessions, curcumin I was at lower
concentration {0.027-0.38%). Average ratio of
curcuminoids I, II and III was found to be 43.5:
45.5:11.0. In high curcumin accessions,
curcumin 1 ranged from 17,1 to 27.9 % while
curcumin Il showed lower levels as compared
to low curcumin accessions. Ratio of curcumin
I II: 1] was 43.4: 32.8: 23.8 respectively.

Downstream enzymes in curcumin
biosynthetic pathway: Enzyme assay for
major biosynthetic enzymes viz., cinnamate
hydroxylase in high and low curcumin
accessions revealed that low cuarcumin
accessions had higher activities towards
maturity (244-351units) than high curcumin

accessions (110-154 units).

Determination of purity of powdered
market samples: A viable protocol for
isolation of DNA (modified CTAE) from the
recalcitrant inaterials was developed (Fig. 4.6).
This DNA could be successfully amplified using
RAPD markers (Fig. 4.6}

Diseases and Pests
Etiology of soft rot
P. aphanidermatum was found associated with
soft. rot. Forty five of the 81 isolates of Pythium
sp. collected from different turmeric growing

regions of South India showed pathogenicity.
Among them, 32 isolates were identified as
P.aphanidermatum and eight belonged to P.
myriotvium. P. aphanidermatum {rom
Gulburga (Karnataka), Jagtial (AP) and
Chittoor (Kerala) were found to be most
virulent.

M- Marker (Jico RI Hind TIT double digest:, Lane 1-Curcuma
longa. Lane 2- Curcuma zedoama, Lane 3-Market =ample 1,

Lane 4-Market sample 2, Lane A-Market sample 3

Fig. 4.6, PCR amplified products of DNA isolated from
turmeric powder / market samples of
turmeric using RAPD primer.
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Host resistance

Sereening for soft rot resistance : Fifty one
turmeric accessions were screened for soft rot
resistance caused by Pythium
aphanidermatum. Twenty two accessions viz.,,
77,79, 81, 85, 87, 93, 94, 100, 102, 103, 106, 114,
116, 117, 118, 125, 127, 129, 132, 133, 134 and

139 did not show any disease.

Resistance against soft rot in related
genera: Curcuma (onga, C. zedoaria, C.
amada, C. aromatica, Z. officinale and C. caesia
were inoculated with a turmeric 1solate of
Pythium aphamidermatum. Curcuma longa, C.
aromatica, C. zedoaria and Z. officinale
succumbled to infection. C. amada and C.
caesia remained unaffected.

Integrated management strategies for
control of diseases

Chemical control

Tamil Nadu: A disease management trial was
conducted at Settiputhur in Coimbatore
district of Tamil Nadu where the disease
pressure was high on turmeric. The results of
the i{rial after 90 days showed that the disease
incidence was comparatively less in copper
oxychloride (7.2%) which was on par with
metalaxyl- mancozeb (10.8%) when compared
to contrel which recorded an incidence of
24.4%,,

Kerala: A disease management trial consisting

of capper oxychloride (0.25%), cheshunt
compound ((1.3%), Bordeaux mixture (1%,
potassium phosphonate (0.3%), and an
immunomaodulator (hromo propane dioll was

laid out at ISR Farm, Peruvannamuzhi. There
was very negligible disease incidence during

the sea=on.

Shoot borer (Conogethes punctiferalis)
Seasonal population of shoot borer: Studies
on seasonal population dynamics of shoot borer
on turmeric were conducted in the field at
Peruvannamuzhi. The symptoms of pest
infestation were observed through out the crop
scason (July to December). The symptoms were
first observed during August (0.2% shoots
infested) and maximum new infestations
occurred during December (10.9%).

Natural enemies of shoot borer: Apanteles
taragamme ? (Braconidae) was observed to
parasitize the larvae of the shoot borer for the
first time but the level of paraéitization wasg
low (2.1% during December).

Evaluation of plant products and
insecticides against shoot borer: Four plant
products namely, neem oil 0.5%, Neemgold
0.5%, Neemazal 0.25%, Nimbicidine 0.5% and
four insecticides namely, malathion 0.075%,
dimethoate 0.075%, carbosulfan 0.075%,
imidacloprid 0.01256% and lamda cyhalothrin
0.0125% were evaluated against the pest under
green house conditions. The plant products
were sprayed at 2 week intervals during July
to November and the insecticides at 3 week
intervals during July to November. The trials
indicated that among the plant products and
imidacloprid 0.0125%
carbosulfan 0.075% were promising.

insectlicides, and

Field screening of germplasm of turmeric:
Eight hundred and ninety accessions of
turmeric were sereened in the field against the
shoot horer, Conogethes punctiferaits. Acc. No.
733 recorded maximum incidence of shoot
borer (757%). One hundred accessions remained
free from the pest attack.

m Indian Institute of Spices Research

Turmeric

~l
-



~J
N

Annval Report 2007-08

Genetic resources

Collection and maintenance of germplasm
and seedling progenies: One cultivar was
collected from Anakkampoyil of Wynad district
of Kerala. Ninety four accessions of vanilla
including 81 cultivars and 13 wild species were
maintained at Peruvannamuzhi. Alternate
germplasm site is also being established at HQ
Chelavoor One hundred seedling progenies
were maintained and 180 seedling progenies
were planted in the field for preliminary
evaluation. 350 cultures of seedling progenies
and hybrids were maintained. One Hundred
seedling progenies and 50 hybrids/colchicine
treated plants were transferred ex vitro.

Crop improvement

Inter-specific crosses: Inter-specific crosses
were performed between Vanilla planifolia, V.
aphylla, V. pilifera and Vanilla sp. from A&N
islands, Successful fruit setting was observed
in all cross combinations. Out of 53 flowers
pollinated, fruit set was observed in 51 flowers.
The seeds were put under in vitro cultures for
germination.

Pollen germination: Pollen germination
studies have been initiated in V. aphylla, V.
pilifera and Vanilla sp. from A&N islands.
Culture of fresh pollen by sitting drop method
at 25+2°C under light using B&K medium
containing 10% sucrose resulted in 58%
germination in V. aphylla with 62um pollen
tube length after 4 hours. However, maximum
pollen tube length of 91 nm was recorded in V.
pilifera.

Viral diseases

Production of antiserum against Potyvirus
associated with vanilla: Potyvirus associated
with vanilla identified based on particle
morphology through eleciron microscope
propagated on cowpea under insect proof
conditions were used for purification.
Purification involved extraction with borate
buffer, clarification (using organic solvents)
and precipitation of the virus particles by
ultracentrifugation. Further purification was
achieved through 10-40% sucrose density
gradient centrifugation. The light scattering
virus layer was identified by passing light
vertically from the top of the tube and virus
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fraction was collected from the centrifuge tube
with the help of a syringe. Purified virus
preparation was injected into New Zealand
rabbit
production. Five intramuscular injections at 10

white for polyclonal antiserum
days interval were given and serum containing
antibodies were collected after 15 days from
the last injection. Serum was centrifuged after
overnight incubation and stered in equal

volume of glycerol at -20 °C.

Preparation of IgG-enzyme conjugate and
development of ELISA method for
detection of the virus: From the crude
polyclonal antiserum, immunoglobulin G (IgG)
was purified through affinity chromatography.
The affinity column contained protein A linked
to cyanogen bromide. The crude antiserum was
passed through the column and washed with
wash buffer to remove all contaminants. The
Ig(s bound to the column was then eluted using
elution buffer. IgG was quantified by taking
spectral reading at 280 nm and 1mg of this [gix
was then used for the preparation of IgG-
alkaline phosphatase conjugate by one step
glutaraldehyde method. After conjugation, the
unused glutaraldehvde was removed by
dialysis. Double antibody sandwich (DAS)
ELISA was standardized using Ig(G as coating
antibody and conjugate as detecting antibody
for the reliable detection of the virus in
diseased vanilla samples collected from
different regions.

Occurrence of Bean yellow mosaic virus

Vanilla plants showing typical symptoms of
chlorosis and leaf deformation collected from
Madikeri district of Karnataka when subjected
to RT-PCR using primers specific for five
different  potyviruses, gave specific
amplification with primers specific to Bean
yellow moseic virus (BYMV). The PCR product
was eluted, cloned in a TA vector and
sequenced. The cloned region contained
portion of NIb and coat protein gene. The
sequenced region of coat protein contained 778
bases potentially coding for 259 amino acids.
Sequence analysis based on per cent nucleotide
and deduced amino
phylogenetic analysis clearly showed that
vanilla isolate is a strain of BYMV (Fig. 5.1).

acid identity and

Fig. 5.1. Occurrence of Bean yellow mosaic virus on
vanilla
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Paprika
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Genetic resources

Collection, evaluation and maintenance: A
high pungent and high colour type from North
East ‘Bhut Jolokia’ was added germplasm. Fifty
four germplasm accessions including 21 Bydag
collections and six exotic collections were
raised and multiplied. Twenty seven new
germplasm accessions were purified by single
plant selection and by selfing. Moderate to high
variability was recorded for plant characters.
Among the indigenous germplasm, ICBD-10
registered the highest color value (302.12
ASTA units), followed by ICBD-11 and ICBD-
23. The EC-171 recorded the highest color

4 5 6

value, followed by EC-71 and EC-490, among
the exotic lines. The capsaicin content among
germplasm accessions varied from 0.0071 to
0.166 (Table 6.1). The Jlines ICBD-10, Kt-pl-19
and EC-71 were promising with low pungency
and high colour value.

Determination of purity of powdered
market samples: A viahle protocol for
isolation of DNA (modified CTAB method)
from the recalcitrant materials was developed
{Fig. 6.1) and the DNA could be successfully
amplified using RAPD markers (Fig. 6.2).

7 g @ 1.1 A2 19

riNriqur‘rirqri'l

Lane M -Marker (Human gevande DNA - Lane 1 -Genwine chillt powder, Lane 2-Red beet pulp, Lane 30 Almand <hell dust. Lane

4- Zizephus nusimuderin, Lane 5
- Market samples.

Simulated sample A, Lane 6 Simulated sample 3 Lane 7

- Simulpted sumple O Loney & o 13

Fig. 6.1. Genomic DNA isolated [rom dried chilli powder, market samples of chilli powder, simulated samples

and prohable adulterants.
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Table 6.1. Variability for morphological and quality characters in paprika accessions

Plant height (em) 71.63 -184.83 112.10
Fruait length (¢cm) 5.12-16. 45 12. 01
Fruit girth (cm) 3.38-8.45 7.35
Wt. of pericarp (g} 3.11-21.33 6.4
Seeds/ fruit 39.00-104.0 78. 80
Yield/plant (g) 176.45 — 890.95 455.65
Color(ASTA units) 86.20 - 306.50 185.2
Capsaicin (%) 0.0061-0.153 0.0845

PCR based detection of adulterants in the
commercial samples of chilli powder: Using
RAPD/ISSR markers, Ziziphus nummularia
{‘Jhather’ or ‘Choti ber') was identified as
adulterant in chillh powder with a molecular
size of approximately 400 bp using the primer
OPA10 (5-GTGATCGCAG- 3.

Characterization: Eighteen ICBD (Bydagi
coliections) lines and four exotic collections
have been characterized using twenty RAPD
primers. The threc primers (OPA 4, OPA 5 and
OPA 11) generated 21 bands, of which 14 were
polymorphic. The number of fragments per
primer varied from 6 (primer OPA 4) to 10
(primer OPA 11) with an average of 7 bands
per primer. The grouping analysis allowed the
separation of 22 germplasm accessions into two
major groups.

91.46 EC-1, ICBD-18, EC-2, ICBD-15

175  ICBD-20, ICBD-2, EC-2, ICBD-3,
ICBD-7

19 ICBD-13, LCA 427, ICBD-2, EC 1,
ICBD-11

31.96 ICBD-20, Kt-pl-19, ICBD-10,
ICBD-8

91.82 ICBD-2, ICBD-7, Sel.2, ICBD-11,
ICBD-1

32.86 Sel.2, ICBD-20, ICBD - 8,
ICBD-10, Kt-pl-19

24.65 1CBD-10, EC-1, ICBD-11,
Kt-pl-19, ICBD-18

63.13 ICBD-3, ICBD-19, ICBD-14,

ICBD-15, ICBD-4, 1ICBD-20, EC 1

Protein profiling of chilli powder using
SDS PAGE analysis: A representative gel
picture of the SDS PAGE analysis of protein
isolated from different market samples of chilli
powder indicated beet root as a possible

adulterant.

M - Marker 1 kb ladder. Lane 1- Genuine chilli powder, Lanes
2 to 7 -Market samples, Lane 8 -Zwiphus nummularie, Lane 9
-Red beet pulp, Lane 10- Almond shell powder.

Fig. 6.2. PCR amplified products of DNA isolated from
chilli powder {Capsicum annuum), market
samples of chilli powder and their probable
adulterants using RAPD primer OPA15.
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Tree spices
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{~“Tree spices

Genetic resources

Chinese cassia

Germplasm registration: Chinese cassia
accession Al (IC370400) has been approved for
NBPGR, New Delh:
(Registration no. INGR08045) for high
cinnamaldehyde content in bark oil (81.5%) and
leaf o1l (80.5%). Already two more Chinese
cassia accessions C1 (10370415) and D3
{IC370425) have been registered.

registration at

Crop improvement

Nutmeg

Field evaluation of elite lines: Among the
seven lines, A%9/185 recorded the maximum
height (438 cm), canopy (459 ¢cm) and girth (37.8
cm) and A9/25, A9/150 and A4/22 were found to
be better in bearing.

Evaluation of grafts for productivity:
Among the grafts on three rootstocks, the
performance of nutmeg on M. malabarica
continued to be better than other rootstocks.
Phystological parameters like carbohydrates,
starch, amino acids, NR activity, etc. did not
show any definite trend among different

rootstocks. However, the values were higher
for A9-69 scions on all the rootstocks when

compared to A9-4 scion.

Evaluation of grafts (plagiotropic v/s
orthotropic grafts): The growth was better
in orthotropic grafts but early flowering was
observed (for the second year) in plagiotropic
grafts, followed by that of seedlings.

Pruning: Shoots of nutmeg trees were pruned
at monthly intervals from August to January
retaining 25%, 50%, 75% and 100% shoots to
study the effect of pruning on nutmeg growth
and productivity. New shoots were produced
from all the pruned shoots but no flowering on
any of the newly produced shoots was
observed.

In vitro multiplication of clonal rootstocks:
Shoot tips of Myristica malabarica were
cultured on SH media supplemented with
various hormones for shoot proliferation. Cent
percent bud break was observed on SH + 1%
TDZ. Callus formation was also observed from
stem explants.
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Effect of media on germination and
seedling growth: Maximum germination
percentage was recorded with the treatment
combination, soil:igranite:FYM (2:1:1), followed
by soil.granite:FYM (1:1:1) and granite alone
indicating that sand can be substituted with
granite powder for raising seedlings of nutmeg.
Karly germination and initial growth was also
highest in the same media combination
(soil:granite:F'YM at 2:1:1).

Effect of genotype on germination,
seedling growth and graft uptake: A4-17 was
found to be the best with highest germination
(80%), growth and graft success (100%), among
the various accessions studied on its own
rootstock. Dipping the seeds in GA increased
their germination. In another experiment, the
graft uptake ranged from 90- 76% on the wild
rootstock, Myristica malabarica and the
accessions, A4-22, A9-71 and A9-95 recorded
90% success.

Chinese cassia

Progeny evaluation: At Peruvannamuzhi, no
significant difference was observed for
morphological and yield characters, among the
four elite lines (A2, C1, D1, D3) evaluated.
However, C4 recorded the maximum bark(dry)
yield (1000g/plant) followed by D5 (717g/plant)
at Appangala (Table 7.1).

Cinnamon

Chemical characterization of
cinnamomum germplasm

Eighty two accessions of Cinnamomum verum,
collected from IISR Experimental Farm,
Peruvannamuzhi, were evaluated for bark oil
and oleoresin contents and oil composition.
The oil content varied from 0.3% to 3.0%,
whereas oleoresin content ranged from 3.3 -
15.23%. Maximum oil content was obtained
from the accession No. 290 (3.09%) which was

followed by accession No 309 (2.3%). Accession
nos. 265, 290, 301, 309, 363, 376, 378, 490, 492
and 507 contained more than 10% oleoresin.
The chief constituent of the bark ojl was
cinnamaldehyde, which varied from 4.5% (Acen
No 210) to 59.3% (Acen No. 311). Other major
constituents were eugenol (.99 - 15.26%),
benzyl benzoate (1.7-48.7%), t-caryophyllene
(2.7-27.7 %) and linalool {1.2-26 1%). Accn Nos.
290 and 309 contained 48.4% and 51.6%
cinnamaldehyde respectively.

Eighty seven accessions of Cinnamomum
germplasm were analysed for leaf oil
composition by GC-MS analysis. The major
constituents of the oil were eugenol (75-98%)
and eugenyl acetate (0.11-35.6%) in all the
accessions except Acc. no 405, Accession no.
405 was identified as the benzyl benzoate
chemotype of (. verum. which contained about

76.8% benzyl benzoate.

Essential oil yield and composition of fruits of
C. verum and C. malabatrum indicated that
both the oils were dominated by linaloo! during
the initial stages of fruit development.
However, the concentration of linalool was
higher in C. malabatrum (60.5%) compared to
that of C. verum (25%). Subsequently the
concentration of linalool declined with the
advancement of fruit maturity. The essential
oils from ripened fruits were rich in cadinene
and its analogues (43% in C. verum and 54% in
C. malabatrum).

Garcinia

DNA profiling of Garcinia spp

About 20 species of garcinia are found in India
of which some important spp. like Garcinia
gummi-gutta, Garcinia indica, Garcinia
mangostana, Garcinia tinctoria, Garcinia
hombroniana etc. are maintained in the tree
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Table 7.1. Yield and its attributes of promising cassia lines at Appangaia

——

Tree spices

i A2 444 .3 22 19.25
2 A6 3925 16338 145
3_ AT 410 16.5 17.58
4 A8 4114 1842 1642
5} B2 465.0 2, 17.71
6 B4 40714 2085  16.57
7 B8 387 19.8 15.2
8 1 416.25 19.36 18
9 C4 407.14 15.86 15.8
10 D1 3956 20.17 19.5
11 D2 340.71 13.43 14.86
12 D3 347 14 16.43 14.43
13 D5 399.3 21.83 18
14 D6 375.7 16.29 17.86
15 D7 369.38 18.63 16.88
Mean 398.12 18.46 16.84
SD 57.23 3.01 2.66
CcV 28.75 32.71 3161
(%)
CD NS NS NS
(P=0.1)

spices germplasm at IISR. Nine of these
species of Garecinia were used in DNA profiling
based on ISSR and RAPD (Fig. 7.1) markers. A
total of nine ISSR primers and twelve RAPD
primers could efficiently amplify all the
genotypes used in the experiments. Among the
nine primers used in the profiling the following
primers ISSR-02T, ISSR-3G, ISSR-20T/16
ISSR-17/17, ISSR-20/15, ISSR-24 were able to

20.13 H.65 6.26 1268 Bl1ZD
2353 603 473 12166 41667
22.93 5.76 3.84 2380 348.3
20.77 626 5 1285 450
20.34 5.95 6.85 2082.5 850
20.23 574 339 16138 623.75
19.62 5.68 4924 1076.3 450
20.6 6.08 573 2040 608.34
19.63 TR 4.24 1971.6 1000
21T 5.9 4.47 1233.3 450
19.63 5.82 4.31 1438.8 583.3
20.4 5.91 T 1163.3 400
20.47 6.02 3.98 2150 716.67
20.23 5.99 5.14 2583 960
21.27 6.19 3.75 1405 750
20.7 b.89 4.67 1645.1 626.25
1.85 0.68 1.25 49951 163.89
17.88 23,20 53.73 60.73 52.34
NS NS NS 1312.2 430.53

produce unique bands in PCR. Out of 19 RAPD
primers tested 12 gave polymorphic bands in
all the species. The study based on RAPD or
inter-simple sequence repeat (ISSR) variations
revealed close relationship between G
gummi-gutia and G. indica.

Isozyme studies in Gareinia gummi-guito

Twenty four natural populations of G. gummi-
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l.ane 1- G. malabarica, Lane 2- G. mangostena. Lane 3-

G hombronfanall). Lane 4- G hombromanai2), Lane 5- G.
tenctoria, Lane 6- Collection AC11a, Lane 7- Collection GMSIL,
Lane 8- & indwea, Lane 9- G, gumniguife, Laoe 10- Marker.

Fig. 7.1. RAPD profiling of Garcinia species

gutta were analysed for four isozymes viz.,
peroxidase, poly phenol oxidase, esterase and
super oxide dismutase. The study showed that

the mean percentage of polymorphic loci was
52.5%, which indicate that genetic variability
within the population of G. gummi-gutta was
not much higher than out crossing wind
pollinated woody plants which is 53%, and the
result is consistent with the average of tropical
tree species which is 60.9%.

Cluster analysis revealed low level of genetic
separation between the studied populations.
There was no significant pattern related to
geographic distance, although a tendency was
clearly seen. The dendrogram showed that
from the
geographic locations were the first ones which
grouped themselves together (Fig. 7.2}

most of populations similar
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Fig. 7.2. Similarity cluster analysis based on isozymes using NTSYS PC2 software

Tree spices
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Spices - micotoxins, nutraceuticals and economics

Management of mycotoxin contamination
in wl}ir.‘vﬁ

Storage of spices :@: Variations in the
biochemical parameters associated with
aflatoxin contamination in black pepper, ginger
and turmeric in relation to existing drying and
storage practices were studied. Among the
packing materials, minimal fungal population
was noticed in 300 gauge polypropylene bags
and 3 layer metallised polypropylene bags

stored under 100% N, and 100% vacuum (Table
8.1). No significant changes were noticed in the
essential oil, oleoresin and molsture contents
between the storage treatments, indicating
their effectiveness.

Fungi toxic effects of spice essential oils:
Extent of inhibition by various plant essential
oils, their major components and agueous
fractions of spices on the growth of Aspergillus

Table 8.1, Effective treatments in different spice crops that reduce aflatoxin

contamination

Black Pet Jar 2L MP 100% V
pepper 300 g PPB 3L MP 100% N,
Turmeric Pet jar 2L MP 100% V
100 g & 300g PPB 3L MP 100% N,
2L&3L MP 300 PPB
Ginger 300 ¢ PPB 2L MP 100% V
(upto 6m) 3L MP 100% N,
3L MPB 300 PPB (100% V,
(upto 6m) 100% N,)
Nutmeg  Pet jar 2L MP 100% V
2L & 3L MP 3L MP 100% N,
300 PPB (100% V,
100% N, )
Mace 300 g PP 2L MP 100% V
2L MP 3L MP 100% N,

Allspice oil
Cinnamon oil
Clove oil

Allspice oil
Cinnamon oil
Turmeric leaf oil

Clove oil

Turmerie leaf oil

No treatment

No treatment

Curry leaves
Cinnamon
Garlic

Curry leaves
Allspice
Garlic
Cassia

Curry leaves
Neem leaves
Garlic

No treatment

No treatment

MP-Metallised Polyester; PPB-PolyPropylene Bag; N, Nitrogen; V-Vacuum; L-Layer
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was quantified in terms of aflatoxin B . Clove

oil, cinnamon oil and turmeric leaf o1l had
complete inhibition of aflatoxin production.

Isolation and characterisation of
aflatoxigenic microorganisms: Bioassay
using chillies and groundnut could identify
toxigenic and non toxigenic strains using
ammonia exposure method. Out of 70 cultures
of Aspergillus sp. collected so far, 36 were
found to be non-toxigenic and 34 toxigenic. ITS
primers, I'TS-1 and ITS-2 were used to identify
different species of Aspergilius. Amplicon sizes

ranging from 500 — 1000 bp were obtained.

Nutraceutical properties of hioactive
compounds in a few spices

Black pepper (IISR Thevam), ginger (IISR
Rejatha), turmeric (IISR Alleppey Supreme),
curry leaves (Sengambu), Garcinia indica,
Garcinia gummi-gutta and tamarind (PKM 1)
were extracted for their water and ethanol
fractions. Only black pepper, ginger, turmeric
and curry leaves yielded essential oil. The
parameters to assay the antioxidant property
of essential oil, water and ethanol extracts of
spices in vitro have been standardized and the
analysis was carried out. The total antioxidant
analyzed by the Phospho
molybdenum method was maximum in the

capacity as

ethanol extracts of Garcinia gummi-gutta and
water extracts of turmeric and tamarind. The
1,1-diphenyl-2-picrylhydrazyl radical
scavenging ability was greater in the essential
o1l of black pepper and ethanol extracts of black
pepper, curry leaves and tamarind. Fe (III) to
Fe (II) reducing activity was highest in the
ethanol extracts of turmeric and the two
garcinia spectes, much more than in the food
additives BHA and BHT; black pepper
essential oil exhibited the most Fe (1)
chelation activity. Ethanol extracts of Garcinia

gummi-gutta and turmeric had higher phenol

content. The essential oil was also studied for
its composition by GC-MS and no significant
difference was found in the quality and
quantity of the major constituents. A database
of black pepper compounds titled ‘PassCom’
(Predicted Activity Spectrum of Spice
Compounds) has been created for accessing
data on structures, MOL formats, activities,
effects and mechanisms of cornpounds.

Spices as natural food colours

Rinds of Garcinia cowa, G. gummi-gutta, G.
hombroniana, G. indica and nutmeg and mace
of nutmeg (0.1 g) were used to extract color in
two solvents — acetone and ethanol (100 ml).
The absorption maxima were read (330 — 346)
in a spectrophotometer for acetone extract.
The two extractions were subjected to pH (by
addition of 1N HCI and 1N NaOH) and
temperature (heat), where the heat did not
alter the color of the extracts.

Impact of socio-ecological changes on
spices production

Analysis of transition in agricultural landscape
in Wayanad district of Kerala reveals that, the
traditional crops like black pepper, coffee,
cardamorm, ginger, rice etc. have last their area
to other non-traditional crops like coconut,
arecanut, banana etc. (Table 8.2).

Owing to the changes in socio-economie factors,
there is a marked change in the ownership of
agri-land and farm size. The average size of
holding and share in the total land has come
down in the case of large (>10 acres) and
medium (4-10 acres) farms. Though there is no
change in the size of holding, marginal (<lacre),
small (1-2 acre) and semi-medium {(2-4 acre)
farm categories have improved their share in
total number of holdings and total land
occupled (Fig. 8.1).
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Table 8.2. Percent share of crop area during different periods

As per statistics:

1990-91 189 46 0.1 -
2003-04 228 24 0.1 n
2005-06 21.5 25 na na
As per survey data:

1 (Past) 318 86 1.1 0.1
II (Present) 289 13.1 2.8 2.9
I (Future) 216 11.2 3.4 3.9

* Includes paddy, banana, tapioca etc.

3.1 0 424 34 244
2.2 47 864 36 218
1.97 289 323 81 27

0.1 05 335 7 175
1.7 22 248 39 205
2.8 157 168 46 199

® Income through agriculture is highest in is highest in large farms because of more
medium size farms in both the periods, number of workers per unit area.
while the per capita expenditure is
maximum in small farms. Production of nueleus planting materials
® The partial productivity of land (output per of spices
acre) is highest in marginal farms followed During the year, the institute produced 80,000
by small farms and is lowest in large farms.  rooted black pepper cuttings, 5000 cardamom
® Irrespective of farm size, there is a decline seedlings,1000 cardamom suckers, 11 tonnes
in partial productivity of land in all turmeric seed rhizomes, 10 tonnes ginger seed
category of farms between the periods. rhizomes and 6000 nutmeg prafts. These were
® The partial productivity of labour (ouput distributed to farmers and other
per worker) is lowest in marginal farms and  developmental agencies.
00 — —
35.0 ~—8— Past —&—Present 33.8
£ 3o 20.3 /.\'
S 293 272
£ 250
H 26.0
200
2
T 150 139 166
3
10.0
64 1.1
5.0
0.0 L
Marginat Small Sem. med Medium Large

Ferin size categart

Fig. 8.1. Agricultural land distribution by farm size-wise
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All India Coordinated Research Project on Spices

(Grenetic resources
The AICRPS centers are maintaining 6831
accessions of spices germplasm (major spices -
2926, seed spices —3841 and other spices - 64)
assembled from indigenocus and exotic sources
in ex-situ gene bank.

Black pepper

A total of 691 black pepper germplasm
accessions have been maintained under
different AICRPS centres. Dapohi
Pundibari centres have collected two and

and

seven new germplasm accessions from

Ratnagiri and Sub-Himalayan region,
respectively. Trials at Panniyur and Sirsi
revealed maximum yvield per vine with the
application of biofertilizers (Azospiri/ium @
50g/Phosphobacteria @ 50g) + FYM 10 kg along

with recommended dose of NPK.

Cardamom

Pampadumpara and Mudigere centers
together maintain 305 germplasm accessions
of cardamom. Biofertilizer trial conducted in
cardamom revealed superior performance of
the treatment, inorganic N (100%) +
Azospirtllum (50 gy + 5 kg FYM, for vield.
Application of neem cake @ 0.5 or 1.0 kg/plant
significantly reduced the shoot and capsule
horer damage and resulted In significant yield

increase both at Pampadumpara and Mudigere.

Ginger

A total of 660 ginger germplasm accessions are
maintained under AICRPS centers. The CVT
trial at Pundibari showed maximum yield of
20.34 t/ha in Gorubathan compared to the check
Acc. 117 (12.95 t/ha). The experimental results
at various centers revealed that soil and foliar
application of Zn, Bo and Fe recorded

significant increase in yield and quality
parameters. At Pundibari, the treatment
combination of soil application of 10 kg borax,
25 kg zinc sulphate and 10 kg ferrous sulphate
per hectare recorded highest fresh rhizome
yield of 35.17 t/ha, 1.33% essentiaf oil and 6.52%
oleoresin. Study on rhizome rot of ginger
revealed the effectiveness of seed treatment
(mancozeb 3 g/l + carbendazim Ig/l +
chlorpyriphos 2 m¥/l for 30 min) and soil
application of thimet 10G (1 kg ai/ha) for
highest fresh rhizome yield (17.96 t/ha).

Turmeric

Turmeric germplasm (2280 accessions) 1s
maintained by eight centers under AICRPS.
The biofertilizer experiment at Coimhbatore
revealed inorganic N (50%) + Azospirillum (b
kg/ha) + 5 t FYM recorded the highest yield.
50%
recommended dose of inorganic fertilizer
(60:40:40 keg/ha NPK) + 50% FYM (10thai + 5
kg/ha Azospiriiium + seed treatment and soil
application of Pseudomonas fluorescens and
Trichoderma @ 50 g/m* recorded maximum
fresh rhizome yield (34.01 t/ha). Recommended
dose of NPK + FYM + seed treatment and saoil
application of consortia of Trichoderma viride

At  Kumarganj, application of

and Pseudomonas fluorescens @ 4g/kg and 125
kg/ha and 25 kg/ha as basal and top dressing
respectively was found to be effective for
control of rhizome rot of fturmeric with cost :
benefit ratio of 1:2.8 at Coimbatore.

Tree spices
A total of 37 clove, 119 nutmeg, 39 cinnamon
and 6 cassla germplasm accessions arc
maintained under AICRPS centres, Dapoll and
Peechiparai.
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National group meeting (XIX workshop)

of research workers of AICRPS on spices
The National group meeting (XIX workshop?
of research workers of AICRP on spices was
held at Orissa University for Agriculture and
Technology (OUAT), Bhubaneswar, Orissa
during 23-25 November 2007. It was
inaugurated by Prof. D. P. Ray, Vice Chancellor,
QOUAT, Bhubaneswar. The group meeting was
attended by over 100 scientists from 19 AICRPS
centers. Dr K.V. Ramana, ADG (Hort. 11), ICAR,
New Delhi, Dr V.A. Parthasarathy, Director,
IISR, Dr B.B. Vashistha, Director, NRCSS and

Dr M. Anandaraj, Project Coordinator, Spices
led the three day delebrations on genetic
resources, crop improvement, crop production
and crop protection of different mandate spice
crops. The varietal release proposal of leafy
type coriander variety DH - 228 from CCS
HAU, Hisar was recommended for Haryana
state release. The plenary session was chaired
by Dr H.P. Singh, DDG (Hort.), ICAR, New
Delhi on 25 November 2007 and highlighted the
roadmap for future sptces research in the
country.
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Krishi Vigyan Kendra

I'raining programmes

The KVK conducted 68 training programmes
on various subjects during the period under
report. A total of 2056 persons have benefited
from the programmes. The details of the
training programmes are furnished in Table
10.1 & 10.2.

In addition, training programmes were
organised for women SHG members on
vermicompost production and utilisations and
also on mushroom cultivation.

Vocational training programmes

Repair of farm implements: The Kendra
conducted one long duration {three months)
vocational training programme for rural youth
on ‘repair and maintenance of farm
implements’. The programme was organised in
collaboration with the Government Community
Polytechnic College, West Hill, Calicut. A total
of 20 unemployed rural youth were benefited
from the training.

Gardeners’ training programme: A

Gardeners training programme of six month

Table 10.1. Training programmes conducted during the year 2007-'08

1 Practising farmers, a0 1348 641 1989 192
farm women and
rural youth
2 Extension 8 127 66 193 0
functionaries
Total 68 1475 707 2182 192
Table 10.2. Discipline-wise training programmes conducted
1 Crop Production 32 749 185 934 59
2 Horticulture 3 40 26 66 11
3 Animal Science 23 490 410 900 36
4 Agricultural 10 196 86 282 36
Engineering
Total 68 1475 707 2182 192
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duration was started with the assistance of
State Horticulture Mission in two batches of
25 each.

Coconut Development Board scheme on
integrated farming in coconut holdings on
cluster basis
The KVK is
Development Board to implement a scheme on

associating with Coconut

integrated farming in coconut holdings on a
cluster basis at Koothali panchayat. Twenty
five hectare area was selected under the
scheme covering 56 farmers.

Revolving fund programme

The Kendra has a revolving fund programme
to generate income for productive uses. Under
this programme, quality planting materials of
various crops are produced and made available
to public at affordable rates. Presently, bush
pepper, allspice seedlings, garcinia grafts,
mango grafts, guava layers, arecanut seedlings
etc. are produced under this programme. The
closing balance of revolving fund as on 31.3.2008
was Rs.1.34 lakh. During the period an amount
of Rs. 2.58 lakh has been realised through sale
of planting materials, chicks and the activities
of Plant & Animal Health Centre.

Other extension activities

Kisan mela and exhibitions: KVK is
regularly participating in exhibitions and
seminars within the district. During the period
under report, KVK participated in the
following exhibitions; a) Dist. Agrl. Meet, Dept.
of Agriculture, Koduvally, Calicut. b) Agri-Fair
2007, Gandhiji Study Centre, Thodupuzha. ¢)
Exhibition at Govt. VHS, Vadakara. d) Calicut
Flower show 2008, Agri-Horti Society, Calicut.
e} National Biodiversity Exhibition, Malabar
Botanical Garden, Olavanna.

Farmers' study tours: A team of 30

progressive farmers of volunteers vikas vahini
(VVV) club, Chakkittapara visited Assam,
Meghalaya, Tripura and Nagaland during
3.6.2007 to 18.6.2007 under financial assistance
from National Horticulture Board.

Seminars: The KVK conducted 4 seminars
during the period. The topics covered were
organic farming, value added products from
coconut, diseases of cattle and control

measures and infertility management.

Maintenance of demonstration blocks/
units

The KVK maintained model demonstration
hlocks/units in its farm for ‘seeing and learning’
by the farmers. Some of the demonstration
blocks maintained are medicinal plant unit,
model homestead garden, demonstration plot
of improved varieties of black pepper, model
arecanut seed garden, nutmeg and mango scion
banks, dairy, poultry and quail demonstration
units etc.

Human resources development
HRID activities undertaken by KVK 1s listed
in Table 10.3.

Technologies transterved

FLD programme: This is a new concept of
field demonstration and the main ohjective is
to demonstrate
production and protection technologies and its

newly released «crop
management practices in farmer’s fields under
different agro-climatic regions and farming
sttuations. In this programme, technologies are
demonstrated for the first time by the
scientists themselves, before being fed into the
main extension system of State Department of
Agriculture. These programmes are carried out
the

participation of progressive farmers under the

with co-operation and complete

direct supervision of KVK scientists. A part of

Indian Institute of Spices Research




Table 10.3. Staff deputed for training/ workshop

K M. Prakash Action plan 12.4.07 tp KAU, Trichur

and meeting of KVKs 13.4.07

S. Shanmugavel

K.M. Prakash One day workshop 31.5.07 TNAU, Coimbatore

and on documenting

S. Shanmugavel achievements of KVK

K.M. Prakash Training cum 20.11.07 to KAU, Trichur
workshop on 22.11.07
Agmark network

K.M. Prakash Seminar on medicinal 4.12.07 Aryavaidyasala,
plants-strategies for Kottakkal
conservation

S. Shanmugavel Hygienic meat 12.3.08 to TANUVAS, Chennai
handling system 14.3.08

K.M. Prakash Workshop on 19.3.08 to IISR, Calicut
zingiberaceous spices 20.3.08

the expenditure of this demonstration is met OFT programmes: The major OFT
by KVK. programmes carried out during the period are
listed below:

1. Effect of Pseudomonas fluorescens and

vermicompost in foot rot management of
black pepper.

2. Management of sigatoka leafspot of banana
using Pseudomonas fluorescens.

3. Broiler goat production.

4. The effect of treatment with a GnRH
analogue on conception rate in repeat

breeder cows.
Fertility management in repeat breeder
cows following double PGF2 alpha

[wa]

Bush pepper production technique-training to injection.
women SHGs

3
e
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Agricultural Technology Information Centre

The Agricultural Technology Information

Centre {ATIC) is coordinating the extension

and training functions of the institute. It 1s

involved in technology dissemination functions

through a single window, coordinating with

various divisions of [ISR. The major activities

carried out by the cenftre are

® Production and distribution of quality
planting material and printed literature

® Farm advisory services including crop
diagnostic services

® Information dissemination through
multimedia, and interactive databases

e Providing audio visual aid support to the
institute activities

® Organising technology dissemination
services like exhibitions and seminars to
farmers and other users

Milestones and Achievements

Technology inputs and Advisory services:
The technology inputs distributed from the
centre include quality planting material of
improved varieties of spices, bio control agents,
vermi compost, fresh whole spices and
sclentific publications including extension
literature. During the vear 2007-08, planting
material worth Rs 51415 was distributed from

250000 —
e A 17500NYL (R
200000

1 SO0

10000

Amount (Rs)

SiMHM}

0 — i

2002-07

JO03-0 204 1S

CO0S-(e 200607 2{KIT-0s

Yoy
11.1. Income generation through ATIC from
2002-203 to 2007-08

Fig.

the centre. The proceeds from sale of
publications amounts to Rs 36843, The details
of income generation from the centre over the
years is furnished in Fig. 11.1. Eight hundred
and twenty seven farmers who visited the
centre were benefited from advisory services,
This includes 273 farmers from within Calicuf
district, 170 farmers from cutside Calicut
district and 384 farmers from outside the state.
Pattern of advisory services is given in the
Table 11.1. The total visits recorded in the
centre over the vears is furnished in Fig. 11.2.
One thousand and one hundred and forty four
students from varicus educational institutions
vigited the centre. Arn amount of Rs 5750 was
realized through soil and manure sample
analysis. Trichoderma and other bio agents
formulations for Rs 16478 were distributed to
farmers.

Table 11.3. Pattern of advisory services

Planting material 192
Scientific information 514
Bio inputs 49
Diagnostic services 13
Publications 54

ARYHTH
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Fig. 11.2. Number of farmers vizsiting ATIC from
2002-03 to 200708




Education and Training

Post graduate studies

Ph.D
P. Sumathi, Studies on somaclonal variations
in zingiberaceous crops. University of Calicut.

A.K. Liney, Investigations on direct in vitro
shoot regeneration from pseudostem explants
of ginger and its field evaluation. University
of Calicut.

M.Phil

V. Vinod, Biochemical and Molecular
characterization of black pepper (Piper nigrum
L.} pericarp degrading bacteria. Acharya
Nagarjuna University.

M.Se projects

Twenty two students from various universities
undertook their M.S¢ project work in
Biotechnology, Biochemistry, Microbiology and
Plant Pathology under the guidance of the
scientists of the institute.

Fost M.S¢ Training

Four post M.Sc candidates under went hands

Trainees hstening to lecture by IISR scientists at
Nagaland

on training in various techniques of

Microbiology and Biotechnology.

M.Phil projects

Two students undertook their M.Phil project
work in Biotechnology under the guidance of
the scientists of the institute.

Summer training for M.S¢ students

Twenty nine students from various universities
attended the summer training programme cn
and
Biotechnology. Thirteen students from various

Technigues in Biochemistry
universities attended the summer training
programme on Techniques in Bioinformatics.

Trainings / Meetings organized by the

Institute

Summer training programme on Techniques in
Biochemistry and Biotechnology for M.Sc
students, May 07 to June 06, 2007

Summer training programme on
Bioinformatics for M.Sc students, May 07 to
June 06, 2007

at Nagaland
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| Training programmes attended by staff

=
[ =
T —
| Nemeofihesaft Nameof e raning  Duraion  Organized by
-
" E T J Zachariah IPR and WTO July 30- Aug 03, ASCI, Hyderabad
| ol related issues 2007
1
| [ — D Prasath Intellectual property May 19-22, 2007 ISTM, Goa
g management and
[~ -] technology transfer
]
— | T E Sheeja First training cum May 28-30, 2007 NAARM,
E workshop on intellectual Hyderabad
Property and technology
management in ICAR system
Senthil Kumar Capacity building for risk July 23 to Aug 02, ANGRAU,
+ analysis and modeling 2007 Hyderabad
to promote trade
- C N Biju Capacity building July 23 to Aug 02, ANGRAU,
\ for rigk analysis and 2007 Hyderabad
modeling to promote trade
M Anandaraj Management development Aug 24-30, 2007 NAARM,
programme in agricultural Hyderabad
research
K Jayarajan Networking essentials for Oct 16-25, 2007 NAARM,
information management Hyderabad
in agriculture
Utpala Climate change, crop yield Feb 15 to March 07, IARI, New Delhi
Parthasarathy and sustainability 2008
T E Sheegja IPR and WTO related issues  Feb 18- 22, 2008 ASCI, Hyderabad

B Chempakam Capacity building for IP
protection and technology

licensing in agriculture Feb 18-20, 2008 KAU, Thrissur
D Prasath Advances in biometrics Feb 8 -22, 2008 TASRI, New Delhi
| A I Bhat Protection of transgenic 13-Feb-08 {IS¢, Bangalore
K N Babu crops under PPVFRA with
a focus on Bt cotton
A I Bhat Management and monitoring 29-Mar-08 EPTRI,
of field trials of genetically Hyderabad

modified crops
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Internet security in Government offices, 12-13
November 2007,

XIX National group meeting of research
workers of AICRP on spices held at OUAT,
Bhubaneswar, 23-25 November 2007.

National Symposium on Spices, Medicinal and
Aromatic Crops (SYMSAC IV) held at OUAT,
Bhubaneswar, 25-26 November 2007.

First meeting of the Technical Advisory Group:
“Task Force 7/2007” to finalize the draft of
DUS test guidelines for black pepper,
cardamom, ginger and turmerie, 29-30 October
2007.

Second meeting of the Technical Advisory
Group: “Task Force 7/2007” for preparation of
DUS test guidelines for spice crops -
cardamom, black pepper, turmeric and ginger,
5-6 December 2007.

National Workshop on Zingiberaceous Spices:
Meeting the growing demand through
sustainable production, 19-20 March 2008

Workshop on Spices Production Technology at
Nagaland under technology mission for
integrated development of spices in North
Eastern States from 25-27 March 2008

S Test Centre for Spices at IISR

Inauguration of D

Visits Abroad

S. Devasahayam

First Meeting on Integrated Pest Management
for Pepper, Jakarta, 26-27 April 2007
Second Meeting on Good Agricultural
Practices for Pepper, Jakarta, 24-25 April 2007

Awards

Dr. H.S. Mehta Memorial Award for Best
Research Paper- awarded to Utpala
Parthasarathy, Jayarajan K., Johny, A K. and
Parthasarathy, V.A. for best Oral presentation
entitled © Identification of Sutiable areas and
effect of climate change on ginger-A GIS study”
presented at National Symposium on Spices,
Medicinal and Aromatic Crops on ‘“Threats and
solutions to spices and aromatic crops
industry’, held OUAT, Bhubaneswar, 25-26
November 2007.

Alapati Prasada Raoc Award 2007 was
awarded to Bhadramurthy, V., Bhat, A1,
Jasmine George, Thankamani, C. K. and
Mathew, P.A. for the best poster entitled
‘Variation in the concentration and indexing
black pepper plants for viruses through DAS-
ELISA’ presented at National Symposium on
Spices, Medicinal and Aromatic Crops on
‘Threats and solutions to spices and aromatic
crops industry’, held OUAT, Bhubaneswar, 25-
26 November 2007.

Dr J 8 Pruthi Award 2007 was awarded to
Venugopal, M.N., Prasath, D. and Ravindra
Mulge for the best research paper entitled
“IISR Avinash — a rhizome rot resistant and
high cardamom  {(Elettaria
cardamomum Maton}’ in the Journal of Spices
and Aromatic Crops 15:14-18 (2006).

yielding
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Bioinformatics Centre

Research activities

Development of daotabase of plant
associated bacteria and software

PLASBID: A database on plant assoclated
bacteria integrated with several tools like
sequence editing, primer analysis efe. was
developed and launched. This database is

available online {www.spices.res.in/plasbid).

Druggabiliity of spice compounds :
Biological properties and druggability of
compounds in black pepper essential oil were
described using in silico tools. PASSCOM, a
database on predicted activities of spice
compounds 1s being developed. The module on

EST analysis of ginger and turmeric :
Expressed Sequence Tags (ESTs) available in
public databases were compiled, clustered and
their functional annotation was attempted
using in silico tools. Microsatellites and SNPs
available in both the crops were also found out
using the EST clusters. Quality primers were
designed for identifying microsatellites in
ginger and turmeric,

Training activities

Summerv training : A summer training
programme in Bioinformatics was organized
from 07 May to 06 June 2007 in which 13 M.Sc.
students participated.

black pepper has been completed.

__ &P PLASBID

i l Welcome to PLASMID
-~ pr W R ; TRy
i " Lant rTOsocsated Dacterial [fentification Datafase
.o, . U ' \ -
e' A ; Bactena associated with plants ace dverse in theur abiliry to affect plant health, their genotypic and phenotypic
B i“’ characterstics and their phylogeny These bactens are typically members of complex microbul communiues,
i with only a few establishing pure clonal populations within & plant. Majonity of research on plant associmted
i bacters has Focused on phytopathogens and dizotrophic photosymbions Increased interest in the dioecsity of
= organums msccated with piant has induced developement of seven! tools 0 assess thew dwersday Tt s clear
 p——— that many plant assocuted microbes, even those that comprie only & small proportion of 2 commumity, can
f = have functisns that are of agricultunal oc eaviconmental mpoctance Technical advances i microbal ecology
| and genomics have been panalleled by advances in our understanding of the structuze and dynamics of these
P mictobial communities and in the moleguiar basis of plant microbe and microbe- microbe nternchions
Farssyictionn Artashyrin
SeupamiC e ARalyTer :
Em,m PLASBID s an attempt to consolidate information svailsble on bactena reported to be msocuted wnth plants It

contams nuclestde scquences belonging to 165 (RNA The sequence information, G + C content of exh
sequence ate green, and alus a link w NCBL databane for saddinonal informaton You can sleo see the bacternl
taxonomy and their salient Features in brief

The sequence level dentification of the bactenal species can be done wnth the Bactenal Idennfication Tool Tt
dosi a sequence mmilanty search uning BLAST and outputs the results based on the percannge of simdanty
The sequence provaded by the user is searched agmnat PLASBID 165 fRNA nucleotide database and idenufies

Home page of PLASBID, the database on plant associated bacteria
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Agricultural Research Information System (ARIS)

As per the mandate given to ARIS cell, the cell
at this Institute has routinely attended to the
proper maintenance of the computers and local
area network. It has established a new
wireless/optic fiber connectivity to the silver
jubilee hall, bio control lab, scientist hostel and
guest house. It serves as a service centre for
various purposes like internet browsing,
statistical analysis of data and documentation.
It also extended its technical support for
conducting video conferencing in satellite

enabled village resource expert centre.

ARIS maintained and updated on regular basis
information on all the staffs of the institute by
accessing and editing PERMISnet of ICAR and
given training to all the dealing officials for
using the IRS software and regularly updating
the intelligent reporting system of ICAR.

Besides ARIS has developed the following.

‘Research Project File ’ : An e-book for

completed research projects of the Institute
(RPF 1I1).

T T A s

RERTTT TS A Ayr—_—"
e IR e W
e TR L P

Website: Developed the Horticulture Division
(ICAR, New Delhi) website.

" WORTICULTURE DIVISION ¢ P

Engagement diary: Prepared an engagement
diary for Dr. H.P. Singh, DDG (Hort.)

Software: As per the instruction of RAC
members, a software providing information
about Technological inputs and services from
ATIC was developed and installed it in the
kiosk.

PUBLICATION LIST
TECHNOLOGICAL INPUTS AND SERVICES FROM ATIC
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The library of the institute was set up to
provide support to research activities of the
institute and to function as a national
information  storage, retrieval  and
dissemination system for spices and related
areas. At present, it has a cellection of 4311
books, 3451 bound volumes, 2305 reprints, 906
technical reports, 183 CDs, 127 theses and 153
project reports. The library is subscribing to
36 foreign journals and 84 Indian journals in
addition to CAB CD databases

(Horticultural database and Plant protection

two

database) and J Gate (Agricultural and
biological sciences), the e journal portal. The
bibliographic
published in Journal of spices and Aromatic
Crops and database services apart from
publishing “Agri-Science Tit Bits” at quarterly

library provides Services

intervals. The additions during the year
include 133 books, 8 technical reports, three

theses, 15 project reports and six reprints.

Sharing of resources between the libraries of
Central Plantation Crops Research Institute,
Kasaragod, National Research Center for
Cashew, Puttur and IISR, Calicut, was
continued. Access to online journals and
content page service was provided through
library website (SpicE) to the respective users.
Links are also provided to online journals and
open access journals in the web site. Internet
facility 1s provided in the library for literature
search, web search, checking e-mails ete.
During the year National Agricultural
Innovation Project, ICAR provided free access
of three databases SCOPUS, Science Direct and

Annual Reviews. The institute library was

shifted to the new library building and was
maugurated by H.P. Singh, DDG (Horticulture)
on 18" March 2008.

H.I. Singh, DDG (Hort.) inaugurating the new library building
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Consultancy Processing Cell

During 2007-08, the Consultancy Processing
Cell (CPC) took up various analytical services
such as analysis of soil, plant, manure and
fertilizer samples for major, secondary and
micronutrients, analvsis of samples for
microbes like Trichoderma. Pseudomonas,
Phosphobacteria, Azospirillum ete. for both
public and private entrepreneurs. Based on
planters requests. scientists provided technical
guidance on cultivation and management
aspects of spices on consultancy basis.
Technology for large scale multiplication of
Trichoderma and Pseudomonas were sold to
entrepreneurs. One month summer training

course on Biochemistry, Biotechnology and
Bioinformatics for M.Sc. students was Jjointly
organized by HRD Cell and CPC during 07 May
to 06 June 2007, During the vear, the total
receipts through consultancy was around Rs
4.12 Jakhs. Like previous years, this year also
the major share was from analysis of samples
for nutrients (NPK) and biocontrol agents
(mainly Trichoderma and Pseudomonas).
Sample analysis for NPK (for neemcake and
bone meal) for Coconut Development Board
through CDB clusters formed the main source
of revenue during the year.

Women Empowerment Programme

International women’s day was observed on 14'®
March 2008. Mr.Vinish, Art of Living Course
was the chief guest. His speech focused on
tension free life. Women’s cell also joined hands
with recreation club during annual day

celebration by arranging food stall and fun
games. During Onam celebration organized in
the month of September 2007, a get together
was organized by the women's cell.

international women's day celebrations
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Official Language Implementation Activities

Quarterly meetings of official language
implementation committee (OLIC) were held
four times, during the year 2007-08. During this
period, four hindi workshops were conducted
on noting and drafting. Four quarterly progress
reports and one annual report on official
language implementation were prepared.

Dr. V. A. Parthasarathy. Director attended the
orientation programme in hind) for the heads
of member offices of TOLIC, Kozhikede on
30.05.2007. Sri. B. Krishnamoorthy, and Ms,
N. Prasannakumari attended TOLIC meetings
held on 31.05.2007 and 17.12.2007.

Hindi Day/Hindi Week was inaugurated on
14.09.2007. Various hindi competitions (hindi
song, extempore speech, fun games, memory
test, paragraph reading, noting and drafting,
calligraphy, anthakshari, quiz efc.) were
conducted during the Hindi Week. Prizes and
certificates were distributed during the
valedictory function on 24.09.2007. Dr. K.
(Impl.)

Balakrishnan, Deputy Director

Regional Implementation Office, Cochin visited
the institute on 02.11.2008 and inspected the
official language implementation activities.
IISR Experimental Farm and Krishi Vigyan
Kendra, Peruvannamuzhi, also have been taken
under the
implementation.

scheme of official language

During the year, nine staff members passed
Pragva examination in May 2007 conducted
by Hindi Teaching Scheme, Calicut. Hindi
versions of the half yearly publication of Spices
News volume 18(1) January — June 2007 and
18(2) July-December 2007 were published as
Masala Samachar. Executive summary of
project coordinator’s report and executive
summary & preface of annual report were
translated in hindi and incorporated 1n annual
reports of AICRPS and IISR, Calicut.
Research Highlights 2006-07 was translated
and published in hindi separately. Hindi word
/phrase and the equivalent english word/
phrase were displayed both on white board and
in the IISR website.

Indian Institute of Spices Research u




Annval Report 2007-08

Institute Management Committee

1. Dr. V A Parthasarathy 8. Dr. KV Nagaraja
Director Principal Scientist
1ISR, Calicut — 673 012 NRC for Cashew, South Kanara !

Puttur — 574 202, Karnataka

2. Dr. S Devasahayam 9. The Additional Director of
Head, Division of Crop Protection Agriculture (CP) |
IISR, Calicut — 673 012 Directorate of Agriculture

Government of Kerala
Thiruvananthapuram — 33

3. Sri. P A Mathew 10. The Finance & Accounts Officer '
Scientist-in-Charge Central Rice Research Institute
I[ISR Farm, Peruvannamuzhi Cuttack — 753 006, Orissa

4. Sri. Sanjay Mariwala 11. The Commissioner of Horticulture &
26/2802,Vidya Vihar Road ' Plantation Crops
Thevara, Cochin — 682 013 Government of Tamil Nadu

Chennai - 600 009

5. The Associate Director of Research 12. Dr. Umesh Srivastava
Kerala Agricultural University Asst. Director General (Hort. II)
Regional Agrl. Research Station ICAR,
Mele Pattambi (Post) Krishi Anusandhan Bhavan — 11
Palakkad — 679 306, Kerala Pusa, New Delhi — 110 012

6. Sri. K Mukundan 13. Sri A P Sankaran,
Kadaly House, Kadalamad P O Asst. Administrative Officer
Vaduvanchal, Wayanad — 673 581 IISR, Calicut — 672 012

7. Dr. (George V Thomas
Director, CPCRI
Kasaragod - 671 124, Kerala
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Research Advisory Committee (2007-10)

Dr. N. Mohanakumaran

(Formerly Director of Research, KAU)
Chirakkara Palace

Pappanameode

Thiruvananthapuram — 695 018

Dr. Umesh Srivastava

Asst. Director General (Hort. 1)
ICAR, Krishi Anusandhan Bhavan — 11
New Delhi — 110 012

Dr. 1. Irulappan, Formerly Dean
Tamil Nadu Agricultural University
4-1-121A, Rammunni Nagar
T-Kallupatti — 625702 (Tamil Nadu)

Dr. M. Udaya Kumar

Formerly Professor & Head
Department of Crop Physiology
University of Agricultural Sciences
G.K.V.K. Campus

Bangalore — 560065 (Karnataka)

Dr. K UK. Nampoothiri

Project Director

M.S. Swaminathan Research Foundation
(Formerly Director, CPCRI)

Community Agro-Biodiversity Centre
Puthoavayal P.O.

Kalpetta — 673 121

Dr. N.S. Rao (Formerly Principal Scientist)
N-109, Innovative Natura

Vinayaka Layout, Puttanahalli

Yelahanka, Bangalore - 560 064

Dr V.A. Parthasarathy

Director

Indian Institute of Spices Research
Calicut - 673012, Kerala
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Members of IMC (Two)

Dr B. Chempakam

Head, Division of Crop production & PHT
Indian Institute of Spices Research
Calicut 673012, Kerala

RAC meeting in progress
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Recommendations of RAC 2008

Areas from which eollection of spices germplasm
are to be specified and carried out after making
a gap analysis. Time frame for completing
cataloguing work need to be indicated.

Characterization of existing spices germplasm
(2007-08) has to be completed in three years,
using minimal descriptor. While presenting,
range and notables may be given.

The range of ginger oil content has to be
indicated into three categories (low, medium,
high) and then the genotypes are to be grouped

Germplasm for spices may be established at
alternate site in IISR- main campus, as bush

pepper.

Donors for specific characters from the
germplasm are to be listed for f{urther
utilizalion.

Unexplored areas for black pepper:

1. For Piper species: Goodrickal forest range of
Pathanamthitta district, Periyar WLS and Western
Ghats forest of Kasaragod district {(Subject tu
approval from the forest department, Govt. of Keralal,

2.  For cultivated black pepper: Coastal regions of
Alleppey district, Perumbavur, Kunnathunadu,
Vellidippara, Arakulam.

3. For wild species: Karwar, Bababudin hills, Yellapur,
Bandipur, Bhadravathi and Kudhremukh
(Karnataka), subject to approval from forest
department).

4. Tamil Nadu: Kolli hills, Kodaikanal, Yercaud and
Sheveroy hills (Subject to approval from forest
department).

This will be taken up and completed in three years. Range
and notables will be given.

The genotypes will be grouped into Low: < 1% , Medium:
1.1-2%, High: >2%.

The work so far done has identified 13 ginger accessions
(Acc. B0, 57, 95, 99, 156, 162, 197, 209, 217, 225, 228, 411
and 420} as having above 2% oil. An elite accession 246 is
registered as high oil type (above 3%). The released variety
1ISR Rejatha is also having >2% oil. Other collections like
Kakkakalan, Kozhikalan and Ellakallan are also rich in
0il {>2%). However year to vear fluctuation in oil content is
also noticed.

Bush peppers of important accessions will be established
from bearing vines at main campus.

1.  Accessions 4216, 4226, 1228, 1343, Koltanadan 1495
and 1315 were found to be relatively tolerant to
drought during initial screening.

Four cujtivated (Acc. C 4163, 4175, 1080 and 334)

and 4 wild {(Ace. 3219, 3286, 3287 and 3311)

accessions to root knot nematode and 5 wild (3141,

3200, 3283, 3291 and 3299) and 1 hybrid (HP 309

were resistant to Radopholus similis in preliminary

screening.

3. P24, hybrid lines HP-1, HP-3, HP-780, Coll. 339 and
P-1534 showed a tolerant reaction to P. capsicer. Four
accessions of cultivars (Acc. 816, 841, 1084,1114}, six
wild Piper species and one wild P. nigrum {(Ace.270)
were resistant to pollu beetle.

[
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A list of elite germplasm material in each crop
which needs to be procured from other countries
may be prepared and sent to NBPGR for further
action.

A status report may be prepared to ascertain
the availability of germplasm materials in each
of the mandate spice crops along with place,
status of collection and gaps in collection.
Characterization/evaluation and conservation
may also be indicated in the status report.

Mega Project II: Breeding improved varieties of
spice crops for yield, quality, drought and
resistance to pests and diseases.The project title
may be modified as “Breeding improved varieties
of spices for vield, quality and tolerance to biotic
and abiotic stresses”.

Target yield should be specified for breeding high
yvielding spice varieties. Also indicate the
expected yield from the first year of bearing to
the yield stabilization in the case of perennial
Spices.

The exact nature of sexual incompatibility
between P. nigrum x P, colubrinum needs to be
defined and reasons for the same may be
investigated.

The performance of released varieties in high
altitude conditions in Wayanad and Idukki
districts may be evaluated with the help of
willing NGOs in these two districts.

The possibility of defining ideotypes for black
pepper and cardamom may be presented as a
status paper in the next RAC.

Reasons for alternate bearing in black pepper

may be worked out.

Screening of ginger and turmeric for disease
resistance should be taken up in “sick plots”.

4.. CLTP 122, CLTP 07, CLTP 24 and CLTF 123 are lines
having high caryophyllene content.

The list of various spices materials to be procured from
different countries, along with the addresses from where
these can be procured has been sent to NBPGR, New Delhi.

A status report will be prepared regarding the genetic
resources of spices, inciuding status of collections and gaps
in collection, conservation, characterization and evaluation
of the mandate spice crops.

The title will be modified as suggested.

Black pepper:

First year of bearing (400g- 1kg, fresh)

Yield at stabilization (fifth year of bearing) (4-5 kg, fresh).
Cardamom:

Yield starts from second year after planting (500 kg/ha)
and stabilizes on fourth year (1000 kg/ha).

Clove:;

The tree starts bearing from 6" year after planting (300g
dry} and stabilizes at 15 year (8kg dry).

Nutmeg:

Starts bearing from 6% year after planting {160 fruits) and
stabilizes at 20 years (2000 fruits/tree).

Reasons for incompatibility between P. nigrum and P.
colubrinum would be investigated.

Suitable NGOs will be tracked and the performance of
released varieties in high altitude conditions in Wayanad
and Idukki districts would be evaluated with the willing
NGOs.

The available data on black pepper and cardamom will be
compiled to ideniify crop and environmental factors
influencing yield for defining ideotypes for these crops.

This will be included as one of the technical programme
under the new project “Investigations on factors controlling
spiking in black pepper”.

A ‘sick plot’ would be established during the current year
for screening germplasm of ginger and turmeric for disease
resistance.
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15.  The project on Rootstock scion interaction in tree Will be shifled to Mega Project VI: “Propagation studies
spices may be shifted under the Mega Project in spice crops”.
V1: Propagation.

16. Efforts may be made to redefine the genus Molecular genetic fingerprints of sixteen Curcuma species
Curcuma. were developed using Inter Simple Sequence Repeats
(ISSR) and Random Amplified Polymorphic DNA (RAPD)
markers to elucidate the genetic diversity/relatedness
among the species. Cluster analysis of data using UPGMA
algorithm placed the sixteen species in seven groups that
are somewhat congruent with classification based on
morphological characters proposed by earlier workers.
However, the study also warrants the limitations of the
conventional taxonomic tools for resolving the taxonomic
confusion prevailing in the genus and suggests the need of
molecular marker in conjunction with morpho — taxonomic,
cytologic studies while revising the genus, which is
currently in progress. The maximum molecular similarity
observed between two of the Curcuma species namely C.
rakiakanta and C. moniane is suggestive of the need for
relooking the separate status given to these two species.
Further, the status of C. montana and C. pseudomontana,
the two species mainly discriminated bhased on the
presence of sessile tubers also needs to be reassessed.
More studies using 18 S rRNA is in progress.

RAC Recommendations

17. The performance of released varieties in high The data generated at AICRPS centre Pampadumpara
altitude conditions in Wayanad and Idukki will be used for this purpose for Idukki. For Wayanad, a
districts may be evaluated with the help of separate study has to be taken up.
willing NGOs in these two districts.

18.  Cost benefit ratio of organic farming in spices The cost benefit of different management systems were
has to be worked out. worked out. The total costs of cultivation for ginger are Rs.
163996, Rs. 125031, Rs. 148564 under organic, inorganic
and integrated systems respectively. The integrated
system recorded the highest B/C ratio of 2.05 with a profit
of Rs. 156236 equal to that of chemical system that
recorded a B/C ratio of 2.02 with a profit margin of Es.
126969, when the fresh produce is considered with a price
of Rs. 15 per kg. The organic system recorded the lowest B/
C ratio of 1.67. If a 20% premium price is considered for
the organically grown produce, the B/C ratio of organic
system will be 2.01, comparable to other two systems. When
the returns and profit based on dried produce are
calculated, the returns are worked out to be very less as
the prevailing product price is very low (Rs. 60.00 per kg of
dried ginger) and hence the B:C ratio was low under all the
three systems like 1.34, 1.61 and 1.64 for organic. chemical
and integrated systems, respectively. Similarly, for
turmeric the cost benefit ratios were 1.6, 1.87 and 1.83
under organic, inorganic and integrated systems
respectively on fresh hasis (with a price of Rs. 10 per kg). If
a premium of 20% was considered for the organic system,
it showed a benefit up to 1.92. The returns and profit based
on dried produce are calculated and the B: C ratio was low
under ajl the three systems like 0.96, 1.12 and 1.10 for
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Studies on rhizosphere competition, nutrient
removal and recycling of different standards in
black pepper may be carried out. Allelopathic
effects may also be investigated.

Develop sustainable production system with
minimum cultural interventions for maximum
returns.

The number of accessions to be screened for
drought tolerance in the next year may be
specified.

Collect information on the value added products
of spices with commercial value.

Formulate research projects for developing
machinery for post harvest handling and
processing of spices in collaboration with
CIPHET, CIAE & Spices Board.

Develop dryers that do not lead to reduction in
oleoresin and oil content.

Moadify project title of Mega Praoject VI as
“Propagation studies in spice crops”.

Explore the possibility of establishing a progeny
pepper plantations among those farmers who
have taken the nucleus planting materials from
[ISR.

Collect data about distribution of IISR varieties
and their performance from those who have
taken more than 500 cuttings.

Survey for viral diseases of black pepper should
be undertaken in farmers’ fields who took virus-

organic, chemical and integrated systems, respectively (Rs.
30.00 per kg of dried turmeric).

This has been included as a technical programme for the
current year in the project on “Nutrient budgeting for
improved varieties of spices”.

The microbial diversity and structure in the rhizosphere of
standards like erythrina, gliricidia, ailanthus, garuga and
dead standard (RCC pole} have been investigated.
Rhizosphere competence and studies on allelopathy have
been inciuded as a technical programme for the current
year in the project “Assessment of soil quality in spices
based cropping systems”.

Experiments on sustainable production system have been
initiated under the ongoing Mega Project TII: “System
approach for sustainable production of spices”. Vegetahlas,
pulses, tuber crops, medicinal plants and fodder crops are
under test in the inter-space of pepper garden.

Annual legumes (cowpea, horse gram, green gram and black
gram} and a perennial legume Mucuna are included to
enhance s0il productivity in the pepper garden.

About 200 accessions of black pepper will be screened for
drought tolerance next year.

Major products with commercial potential are white pepper,
dehydrated green pepper, green pepper in brine, sterilized
black pepper, pink pepper in brine, dry ginger, ginger
powder, dry turmeric, turmeric powder, curcumin, clnnamon
powder efc. Market potential of these products as well as
other additional products will be collected.

A project will be initiated as scon as the Agricultural
Engineer returns from study leave. Discussions are on with
ITHR, Bangalore to collaborate with the project on
mechanization in horticulture.

Detailed evaluation of the available dryers will be taken
up in the coming season.

Mega Project title will be modified as “Propagation studies
in spice crops”.

Farmers will be contacled for the above purpose during
February 2008.

The plantaticns of farmers who have taken more than 100
black pepper cuttings from the institute during 2006 and
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free planting material from IISR in order to
understand the status of the diseases.

Life cycle of shoot borer may be studied in highly
resistant and susceptible accessions of ginger
for comparison.

All the accessions have to be screened against
all key pests.

A compiled table showing accessions resistant
to different pests need to be prepared.

For screening of ginger and turmeric against
Pythium, identified sick plot may be used to
ensure enough pathogen load.

Use of phorate in trials may be discontinued.

Status report on the Erytihrine gall wasp
infestation may be prepared before May 2008
and sent to Director, PDBC and ADG (Plant
Protection) for necessary action.

Impact analysis on the usage of biocontrol agents
may be taken on priority basis with the
collaboration from Extension/Economics
scientists.

Mass multiplication of quality biocontrol agents
may be taken up by KVK for commercial purpose
and if necessary one or two persons may be
trained at PDBC, Bangalore.

Studies on the incidence of pests and diseases
in relation to climate change may be initiated in
existing projects.

Cost of cultivation and marketing of major
spices have to be updated.

Economic evaluation of technologies developed
and transferred by the institute has to be
completed.

Development and maintenance of data bases of
spices is recommended.

The survey data should be analysed and impact
on spread of IISR varieties and technologies
must be submitted as an Interim Report by May,

2008 jointly by Drs. M.5. Madan and P. Rajeev

as advised by earlier RAC.

2007 would be visited to check the incidence of the disease.

The life eycle of shoot borer would be studied in highly
resistant and highly susceptibie accessions during the
current season.

All the accessions of black pepper are being screened
against Phytophthora, nematodes and pollu beetle.

A compiled table of black pepper accessions resistant/
tolerant to Phytophthore, nematodes and pollu beetie would
be prepared by April 2008.

A ‘sick plot’ would be established during the current year
for screening germplasm of ginger and turmeric for disease
resistance.

Phorate would be replaced with carbofuran in the existing
trials.

The survey for the incidence of Erythring gall wasp has
been initiated in Wayanad district in Kerala and the status
report of the pest in major black pepper areas would be
prepared by May 2008,

This programme will be taken up in the new project to be
taken up by scientists of social science section.

The KVK is already multiplying and selling the biocontrol
agents identified by the institute. Newer organisms also
would be taken up.

The incidence of Phytophthora, viruses, nematodes and
pollu beetle on black pepper in Kozhikede district would
be studied from the current year onwards to study the
influence of climate change.

This work will be taken up in the Mega Project X:
“Economics, statistics and modeling”.

The evaluation has been done for production of
Trichoderma by entrepreneurs. The same will he done for
other technologies during 2008-09.

Data bases on marketing, export and prices will he
developed and maintained by the Extension scientist.

Another set of study with the following scientists will be
undertaken to see the impact of our technologies on ginger,
turmeric and cardamom.

Ginger: V. Srinivasan and A. Kumar
Turmeric: K. Kandiannan and K.S. Krishnamurthy
Cardamom: S.J. Ankegowda and C.N. Biju
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Extension bulletins may be updated and
published immediately.

Touch screen facility may be upgraded with more
details like available facilities to farmers, price
list and more user friendly information systems
to farmers.

The areas where training that the institute
could offer have to be Indicated and given wide
publicity.

Varletal variation of the antioxidant potential
may be studied as an offshoot of this project in
future.

While assessing the antioxidant potential the
parameters may be restricted to the minimum.

RAC made the following suggestions to make
the “computerized information dissemination
system” more effective:

{i) Inclusion of FAQ {questions that would
be frequently asked by the farmers and
the answers there of)

(1} Maps indicating the areas of cultivation
of different spices; hot-spots of diseases,
pests, eic.

(iii) Data on markets, price levels, efc.

RAC was very appreciative of the efforts put up
for office automation system. The committee
felt to highlight this effort and bring this to the
notice of nther Heads of Institutions, SAUs,
ICAR, etc. so that “paper-less office functioning”
can become a reality in a wider area.

RAC felt that it will be highly desirable to adopt
a wider area and enthuse the farmers in the area
to adopt 1ISR technologies so that farmer groups
from other parts of the state and other states
can visit and get first hand information.

The process has been initiated and would be completed in
about 3 months.

The information on facilities available has already been
included in the touch screen kiosk. Periodic up dates will
be added.

Training schedule will be prepared and placed in the
website.

Based on the results of the curren{ programme, studies on
varietal variation will be taken up in subsequent yvears.

This recommendation will be incorporated in the current
technical programme,

{1} This is included in the website. The same will be
done for touch screen.

(it} This would be done with the help of the scientists
concerned.

This may be taken up after obtaining permission from
ICAR.

The technologies developed by TISR will be demonstrated
through KVK,
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QRT Recommendations

SCIENTIFIC
Crop Improvement and Biotechnology

IISR has the largest germplasm collection of black
pepper, ginger and turmeric. It is also identified as
the nodal agency for germplasm exchange in spices.
In order to function effectively as the national centre
for collection, conservation, documentation and
exchange of germplasm, the National Repoesitory of
Spices Germplasm may be strengthened with the
following infrastructure facilities : net-houses with e-
Jet irrigation {for multiplication and conservation of
collections), green house with humidity control (for
conserving unique collections and high elevation
specieg), and electric fencing of germplasm
conservatories (Lo protect from wild animal attack).

Most of the black pepper growing areas and forests in
South india have been explered so far. However,
explorations may be carried out in the following areas
that are yet to be explored :

Kerala: Shendurney Wildlife Sanctuary, parts of
Kulathupuzha, Goedrical Forest Range, coastal
regions of Alleppey District, Perumbavur,
Kunnathunadu, Vellidippara, Arakulam in
Ernakulam District, and parts of Kasaragod District.
Karnataka: Karwar, Bababudin hills, Yellapur,
Bandipur, Bhadravathi, Kudhremukh.

Tamil Nadu: Kelll hills, Kodaikanal, Yercaud and
Shevaroy hills.

Conservation of germplasm in in vifro repositories is
an effective and safe way of conserving vegetatively
propagated spices. The in vitro gene bank needs to be
strengthened with sufficient manpower on a priority.
A technical assistant (T3) may be provided on
Permanent or on contract basis with a contingent
funding of Rs 50,000/- per vear. The feasibility of in
sefw conservation of germplasm should alsa be
explored.

A large collection of spices germplasm is maintained
at a huge cost and work load. A good beginning on
molecular characterisation has beenr made and
molecular profiling of about 100 collections each in
black pepper, cardamom, ginger, turmeric and about
50 lines of vanilla has been completed. This has to be
extended to all the genotypes (abeut 3000 in black
pepper, 400 in cardamem, 1000 in turmeric and 800
in ginger). The molecular data for the remaining
genotypes at least in hlack pepper and cardamom,
should be generaled and this coupled with the
marphological data alreadv available can be used to
short list core collections. This may be undertaken

10
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with external/contingent funding and the core
collections should be safely conserved for future
utilisation.

All the released and promising varieties and
genolypes with unique characteristics must be finger
printed and registered. Attempts may be made to
barcode important and unique genotypes and species.
The crop-wise priority for undertaking this work can
be in the following order : black pepper. cardamom,
ginger, turmeric, nebmeg, garcinia, clove, cinnamon
and vanilla.

(IS bas tremendous potential for genetic diversity
estimation and identifying ecological niches [or in sifu
conservation. GIS coupled with remote sensing data
alzo help in predicting newer areas suitable for spices
cultivation. The good beginning made wn this direction
may be intensified.

Gene tagging, especially for QTLs, major biotic and
abiotic stresses, will help in marker assisted selection
(MAS). Molecular profiling of about 100 collections
each in black pepper, cardamom, ginger, turmeric and
about 50 lines of vanilla, 10-20 lines of cinnamon,
garcinia, nutmeg and clove has already been done. A
mapping pepulation has been developed for preparing
molecular maps in hlack pepper and about 200
polymorphic markers scored. Populations have been
assembled for tagging genes by assoclation mapping
in black pepper and cardamom. The additional data
required may be generated and MAS fechnology made
available [or black pepper and cardamom by the end
of the XI Plan peried.

Developing black pepper varieties resistant to
Phyvtophthora, nematodes, pollu beetle and drought,
katte and drought resistance in cardamom, rhizeme
rot resistance and low {ibre content in ginger and high
curcumin contenl in turmeric should be given a high
priority.

Black pepper cultivars that mature early like
Arakulam munda may be used as parents in breeding
programmes to develop varieties to reduce the period
and time of harvest in black pepper. The cardamom
genotypes with synchrony in flowering may also be
used in breeding programmes to synchronize the period
of flowering and harvesting.

[n breeding and developing new varieties, survey and
selection should be given a high prionity and a core
group comprising of breeders, horticulturists,
physiologists and plant protection scientists should
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be constituted te undertake the work.

Developing novel genotypes especially for pest, disease
and drought resistance may be given priority.
Chloroplast transformation approach may be ideal
to avoid gene flow, as spices are native to India.

Biotechnology has an important role in spices research
and it is necessary to strengthen this unit
considerably. An auto radiographic facility and green
house Lo maintain transgenic plants and virus {ree
mather plants may be provided. Though most of the
instrumentis needed are available many of them are
over 10 years old and need to be replaccd. The
feasibility of providing a one time grant of aboul Rs.
50 lakh may be examined for upgrading the
cquipments, periodic calibration of all analytical
equipments and maintaining them with service
contract for next 5 years. This is all the more important
to get the laboratories accredited with 1SO standards.

Sufficient linkages should be built up with other
natienal/international organizations in biotechnology.
Though reasonable linkages with a few national
laboratories have been established, the institute is
handicapped by restrictions in collaboration especially
with the best labaratories abroad. This may be relaxed
for improving the exposure, calibre and standards of
scientists.

More emphasis may be given to develop short duratian
varieties in ginger and turmerc. Studies on lack of
seed set in the crop may be intensified. Specific
recombinant breeding programme in turmeric may be
initiated to bring the characters ol interest together
which was not attempted so far.

Tree spices need introduction of germplasm from
centres of origin. Introducing sweet nutmeg (low
mytisticing from West Indies and their evaluation will
help the food industry.

Indian nutmegs are rich in myristicin, an anti-
carcinogenic compeund. This property may he further
verified and exploited in collaboration with CSIR
laboratories to give value addition to Indian nutmeg.

Garcinia 1s the source of important anti-obesity
compound, hydroxveitric acid (HCA). Efforts should
be made to identify genotypes with higher HCA
content and the possibility of isolation and purification
af this compound as a major nulraceutical product
should be explored.

Vegetative propagatien remains the most effective
methed of multiplying elite genotypes of tree spices.
The efficiency of this method may be enhanced using
raotstocks at seedling stage without damaging their
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tap root system and root stocks with known drough
tolerance,

The effect of growth regulators in increasing vicld
may be studied in tree spices. Pruning studies may be
undertaken to remove unpreductive branches, doctor
the canopy and increase flowering.

Crop Production and Post Harvest Technology

The demand for organic products is increasing in the
western markets at about 20% every year. IISR may
strengthen research in organic farming in black
pepper, cardamom, ginger and turmeric. Use of
vermicompost and FYM/compost/eil cakes/green
manure in INM may be encouraged. Linkages may be
developed with Spices Board in this aspect since it is
the nodal agency to promote organic farming in spices
in the country.

IISR has done good work in developing management
schedules against black pepper diseases
incorporating so0il amendments. These studies may
be advanced further to determine critical soil pH, soil
profiling and soil health levels (including rhizosphere)
in black pepper and cardamom especially in organic
farming systems.

Programmes on biological nutrient management in
black pepper may be intensified, especially on
microbial diversity and community structure in the
rhizosphere and soils of black pepper. This would help
in identifying strains of microbes beneficial for
enhancing soil nutrient availability for black pepper.
It is also important to understand the effects of
applied higcontroel agents on populations of indigenous
beneficial bacteria, which commonly occur in the
rhizosphere. Comprehensive studies on these aspects
are possible through molecular approaches. This will
aid in formulating INM package utilizing heneficial
microbesg,

The crop-weather relationship for black pepper
established by {ISR based on the weather and yield
data from Regional Agricultural Research Station
{KAU), Ambalavayal, cannet be extrapolated to other
regions due to inherent limitations in the statistical
model. Hence, similar relationships lor different black
pepper producing centers may be oblained with the
help of SAUs/AICRPS to arrive location-specific
COHCluSir‘)ns_

Same of the popular standards of black pepper like
Erythring sp. are susceptible to new insect pests
resulting in their mortality. Efforts should be made
to identify more suitable standards for black pepper.
New agro-forestry species need to be evaluated before
popularization.
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Climatic change is drastically altering the
environment including rainfall patterns in all spice
growing reglons, Some spice crops like black pepper
and cardamom grown primarily in forest ecosysterns
are greatly affected by this climate change. The effect
ol these changes on performance of genotypes may be
monitored with an objective of identifving better
performers in changed conditions, Facilities such as
open top chamber/ greenhouse with light, temperature
and CO, control may be provided to undertake such
studies.

[n view of the changing climate, water will be a limiting
factor in fulure. Studics on drought resistance and
tolerance may be given high priority in black pepper
and cardamom. Various agronomic practices to
miligate water shortage may be tried to identify cost
effective technologies for drought management. Basic
studies and evaluation of drought resistance has to
be taler up on priority,

Studies on crop phenology will help in planning crop
management strategies so as to schedule the field
operations o enhance the yvield with available
resources. A programime may be initiated to see the
relationship of flowering with yield and curcumin
content in turmeric. Leafl area of turmeric may be
carrelated with rhizome yield in the on-going crop
phenology study.

Quality of produce is one of the important factors for
spices export. Breeding programines rnust concenlrate
on genotypes with high quality parameters, especially
high p-caryophyllene in black pepper, high zingiberene
and shagoals in ginger, high «-terpinyl acetate in
cardamom and high cinnamaldehyde in cinnamen, in
addition o yield trait.

A majority of the spices and their active principles
are excellent antioxidant nutraceuticals which play
significant role in the prevention of a number of age-
related discases. 1ISR may initiale studies on the
identification and characterization of these bicactive
companents in spices, with a leng term objective of
inclugion of Lthese constituents in various drug
formuiations.

Exploitation of natural food colours in spices is an
area worth exploring. Programimes may be initiated
to wsolate the natural coleur compenents in potential
spice crops.

Research on post harvest technelogy and processing
needs immediate attention. Cost elfective primary
processing technologies for important on-farm
operations like harvesting, grading, packaging and
storage which can improve the quality of the produce
may be developed in collaboration with CSIR

32

33

34

35

36

m Indian Institute of Spices Research u

laboratories. Studies on mechanization of farm
operations may also be initiated. Processing and
product diversificatien are extremely important in
spices. Equally important is indigenous technology to
develop new products. Establishment of an
Agroprocessng unit ai 1ISR is to be given priority,
taking into consideration the recent trends in the field
of value addition.

Studies on use of molecular markers for detecting
adulteration in spice products that is being undersaken
at present may be intensified.

Studies on various factors involved in improving
vanillin content through processing and identifying
efficient microbes involved in fermentation and
conversion should be mitiated.

Pesticide residue analysis is mandatory in the area
of guality improvement and safety assessment of
spices. The QRT recommends that the institute build
up the required expertise and mfrastructure facilities
for the same. The Spices Board's IS0 9002 certified
Quality Laboratory may be utilized for pesticide
residue and microbiclogical analysis (particularly for
aflatoxing, till such facilities are built up at the
institute, as the certificates issued by them are
accepled by the international trade agencies.

Crop Protection

The institute has large collections of Phaytophthora
isolates from different bhosts including black pepper.
Morphological and molecular studies on these isolates
have been initiated. The work must be continued to
understand the variability existing in different
Phytophthera species and for the identification of
races. Molecular diagnostics to differentiate species
also need to be taken up.

Phvitophthora capsici and nematodes (Melowdogyne spp
and Radopholus similis) are the predominant
organisms associated with foot rat and glow decline
disease of black pepper. However, in certain arcas
especially at higher altisudes occurrence of Fusarium
sp. is also reporfed. Hence the role of Fusarium in the
slow wilt of black pepper needs to be established and
suitable control measures evolved.

The institute has 2 large collection ol biocontro) agents
and a few of them which have shown promise against
Phvtophthora capsicr and Meloidogyne spp. have
already been commercialized. Besides, several
endophytes alsa have shown promising results against
fungi and nematodes. In depth studies on the ecology
of these organisms, their efficacy especially multiple
efficacy in controlling more than one pathogen and
their commercialization needs to be dene.
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Major spread of the pathogens (viruses, bacteria, fungi
and nematodes) takes place through seeds/rhizomes
and nursery planting material. Hence it is important
to develop and employ sensitive techniques to detect
all the pathogens early in the soil/rool system. Though
the institute has developed ELISA and PCR based
diagnostics for certain viruses, bacteria and fungt, they
need to be extended to all pathogens infecting spice
crops. Wherever possible multiplexing should also be
attempted.

Efforts should be intensified to characterize fungi
asszociated with rhizome rot of ginger and turmeric in
various regions and develop strategies [lor
management including development of resistant
varieties through conventional and biotechnological
approaches,

Unlike cyst and root-knot nematodes, the genes
associated with the parasitism/resistance of the
endoparasitic nematode Radopholus similis are not
clearly understood. There are reports on involvement
of phenolics and phenyl propancid pathway
contributing to R. simulis resistance in banana. Studies
on mode of parasitism may be undertaken to develop
resistani black pepper lines.

Changes in nematode community in soll reflect soil
and ecological processes. Nematode diversity tends
to be greatest in ecosystems with least disturhance,
and bacterial-feeding nematodes make the greatest
contribution to the decomposer food web in more
intensively managed ecosystems. Studies on the role
of nematodes In these processes will help in
understanding the relationship between plants and
s0il nematode communities especially in perennial
CTOPS.

Infestations of new insect pests such as root
mealybugs on hlack pepper and Erythrina gall wasp
on Erythring sp. have reached alarming proportions
in seme hilly districts of Kerala and Karnataka. Since
adequate manpower is not available in the Entomology
Section, research work on these ingect pests may be
initiated through external funding.

Little information is available on the microhial
pathogens affecting insect pests of spice crops.
Systematic efforts may be made to document, evaluate
and develop mass production technologies for utilizing
microhial pathogens for the management of insect
pesls.

Social Sciences

Agro-ecosystem analysis of spices production in
different farming situations, prohlem prioritization,
technology intervention and participatory on-farm
assessment of newly developed techoologies should
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be planned and undertaken by the Social Sciences
Section of the institute.

A study of the present level of demand and supply of
spices, jts projection both for domestic and export,
cost of production vs import cast is required to be made
on priority.

Extension

The north castern India provides excellent
opportunities for expanding and developing spices
cultivation in the region. Production, processing,
adoplion and marketing constraints of spices in north
eastern hill states should be studied critically and
promolien programmes need to be prepared and
executed in the next Plan. Collaboration with Spices
Board, ICAR Research Complex at Shillong, CPCRI
Research Centers at Mohitnagar (Wesl Bengal) and
Kahikuchi {Assam) may help in bridging the gap.
Improved varieties of ginger and turmeric may be
introduced in larger scale in the region. Arecanut and
tea-based cropping systems may be used o introduce
black pepper in this region,

The research efforts of IISR must be complimented
with the elforts of AICRPS, SAUs, DASD and Spices
Board. [t is also important to utilize the expertise
and resources at RRLs, APPEDA, NABARD, NHM
and state agricultural/horticultural departments in
a synergistic effort for aggressive production, product
developmeni, market and trade strategies. Hence
partnership arrangement with these agencies arve to
be encouraged.

Production and distribution of high quality and
disease [ree planting material is the most important
inpul in increasing producticn and productivity in
spices. The facility at IISR may be strengthened and
developed as a separate unit with funds fro.a
Technology Mission on Horticulture. Protected mother
gardens of improved varieties need to be huilt in black
pepper and cardamom and scion banks in tree spices.
The planting materials should be fortified with
efficient bio control agents at the nursery level. This
programme may be supplemented by encouraging
certifled nurseries and biocontrol units in farmer’s
fields in different regions. Micro propagation
techniques may be used where ever possible for initial
bulking up of disease-free stocks.

Dissemination of information and technologies
developed at [ISR must be aggressive and effectively
involve ATIC, KVK, Spices Board, DASD, state
agriculture/horticulture departments and farmers.
This should be enterprising, and conducted using
medern audiovisual Lechniques. The institute should
also lay front line demonstrations (FLDs} in major
spice growing regions with the help of KVK to
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demonstrate the feasibility of the lechnologies
developed at the institute.

Impact assessment of technologies transferred iz an
important input to develop [uture strategies [or the
institute. Utilizing the 1n house ATIC and KVK
facilities, inputs froin the Department of Agriculture/
Horticulture may be periodically obtained,
documented and analysed for deciding future
strategies of the institute.

ITKs available in spices need to be verified, refined
and documented so as te promote them through FLDs
in farmers fields for increasing the sproduction.

The Institute Village Linkage Programme (IVLP) of
[CAR implemented by many institutes has been
successful 1 iesting and modifying technologies in
order to make Lhem most switable for local conditions
of the farmers in different regions. This programme
has now been discantinued. The QRT recommends to
start the IVLP again during the XI Plan and the
institute should propose adequate budget for the
same.

KVK

The availability of KVK staff is not according te
norms and all the posts should be filied up on priority.
The functioning of the KVK is affected due to the
vacant posts of Programme Coordinator and SMSs in
Plant Protection, Fisheries and Home Science.

The SMS (Home Science) should be encouraged to
perform the twin rele as support personnel for women
programmes in adoption of improved farming
technotogies such as dairying and animal husbandry,
production of vermicompost and post harvest
management of spices, food grains, fruits and
vegetables.

The Scientific Advigory Committee meeting of KVK
should be held twice in a year regularly. Half vearly
achievements of KVEK should be reviewed critically
and suggestions be made 50 as to enable KVK to make
mid-term corrections in the programnme and reorient
the same to make it demand driven.

In the KVK programme emphasis was found tilted
towards training and FLDs ignoring the importance
of on-farm trials. The annual and five yearly
programme of KVK should be reoriented giving equal
emphasis on all the four mandates namely. training
of farmers, on-farm trials, froni-line demonstrations
and training of field level extension [unctionaries.

The process of coliection, documentation and use af
field feed-back [lor reorientation of research and
extension programmes n the KVK was found to be
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weak. This needs to be given due importance in the
KVK activities.

The KVK Farm and its demonstration units should
be maintained scientifically to have the desired
‘demonstration effect’ on the visitors. Each
demonstration unit should be labeled giving full
technological information about the demonstration.
On farm trial plots and FLDs should also be well
labeled to give full information about the treatments/
interventions.

All important and critical agricultural operations in
the FLDs need to be made in presence of KVK /IISR
scientists in order to fully realize the production
potential of technologies included as interventions.
Only newly released technologies or the technologies
which are likely to be released in near future should
be the interventicns in all FLDs.

The Dr. Mohan Singh Mehta Cormmittee, while
conceptualizing the KVK, suggesied to identily
innovalive/progressive farmers including farm women
who should be given comprehensive training and
designated as ‘key communicaiors’ in the villages.
Their services should be utilized for transfer of
technologies in the villages. Further, the Committee
suggested that school drop-outs should be trained n
technical knowledge and skills in agriculture and
allied fields by them under the close supervision of
KVK scientists. This needs to be implemented in
selected areas by the KVK.

Training need analysis should be done by the extension
sclentists of KVK and 1I5R in order to uncover training
needs of different target groups which should form
the basis to develop need-driven traiping courses [or
different target groups. Emphasgis in KVK/ISR
training should shift (rom quantity te guality.
Development of lesson plan’ for each course is sine-
qua-non for imparting quality training. lmpacl points
in ‘tesson plan’ helps in objective evaluation of
training. Bvery training course needs to be evaluated
against the specific ohjectives of the course.

The programme for capacity building of the SMSs of
RVK and scientists of 1{SE specially in the field of
participatory training methods and exiension
technigues requires special attention. Their knowledge
and skills should be progressively improved in these
areas. They need training in training need analysis
techniques, training evaluation, audio visual aids
preparation and use of socio-metric techniques.

The need and urgency of forging linkages and
collaborative functioning of KVK with development
departments of the siate, SAUs and nearby ICAR
institutes need to be recognized and followed by well
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planned concrete action. The Director, IISR in
consultation with the Coordinator of Zone VIII need
to do strategic thinking and work out details for
establishing working linkages and alse guide and
assist the KVK to achieve them.

The following facilities may be provided to the KVK
so that it can effectively fulfil all its mandates -
bigeontrol production unit; Information and
Communication Technology laberatory; mobile-agro-
veterinary clinic.

Sufficient funds may also be provided to the KEVE for
development of KVK farm and demonstration units,
conducting kisan melas and field days and POL
charges for vehicles.

HED

Excellence requires highest level of HRD at all levels-
administrative, technical, and scientific. Phased
training programmes need to be imparted in improving
the quality of personnel who understand and meet
the requirement of globalised and technology savvy
waorld. The list of institutions where Lraining
programmes can be undertaken by scientists have been
listed in Chapter 6. The opportunities available with
va-isus agencies including international institutes
may be utilized for HRD. ISR may encourage
utilization of sabbatical leave by scientists for
continued education and upgrading of knowledge.

Access to information is an important input in any
activity of excellence. The bisinformalics and the
lihrary facilities of the institute may be integrated
into National Informatics Centre for Spices with state
of art facilities Emphasis may he given for
development of a digital library including electronic
collection and digitizing the most consulted reference
sources for which appreprate softwares and CD-DVD
mirror servers may be procured. The library websile
has to be further developed as a gateway to
information resources available in the library. A
nation wide open access movement’ should be
developed and linkages strengthened with similar
institutes in sharing their institute repositories.

Infrastructure

As post harvest technology is an emerging area of
research, it has to be strengthened. The institute has
also identified several microorganisms for the
management of pests and diseases of various spice
crops. However, adequate facilities are not available
for their mass multiplication, quality evaluation and
distribution. Varigus research labaratories of
molecular biclogy and hiotechnology are scattered and
congested and have to be integrated inlo a common
unit. The institute alse draws considerable visitors
such as students, researchers and farmers and
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adequate space 15 not available in the ATIC for
heusing various live and preserved specimens of spices
and also exhibits of significant achievements and
technologies transferred from the institute Hence the
QRT recommends the construction of the following:
Post Harvest Technology Block
Biocontro! Production Unit
Molecular Biology and Biotechnology Block
Spice Museum

At present, the Project Coordinator’s office is housed
in the main building which is very congested and
insuflicient to keep records and samples received from
centres [or analysis. Hence the QRT strongly feels the
need for a separate Project Coordinator’s Office at
Calicut.

The institute has bullt up excellent instrumentation
facilities over the years to cater to the needs of research.
However, many of the existing equipments are more
than 10 years old and need replacement and some
new equipments are needed to carry out the envisaged
programmes. Hence, the QRT recommends the
purchase of'the following cquipments during the next
Plan period:

Spice Museum

Herbarium facility

Autoradiography and radioactive facility

Automated protein purification unit

Liquid chromatography mass spectrometer

Gas chromatograph

Atomic absorption spectrophotometer with

graphite analyser

Infra red spectrophotometer

Spectrofluorimeter

CHNS analyzer

Amon analyzer

Stereomicroscope

High and ultra speed refrigerated centrifuge-

Fioor model

Dieep freezer

PCR / Real Time PCR units

Microwave digester

Dienaturing gradient gel electrophoretic unit

BIOLOG System

Internet connectivity and wide area rietworking

of Calicut, Peruvannamuzhi and Appangala

Computers/servers for office automation at

Calicut, Peruvannamuzhi and Appangala

Pre-cleaners, separators and driers for post

harvest processing

Cryo grinding and super critical extraction unit

Solar water heating system

Adequate supply of wa*“er is essential for the
laboratories throughout the year and the
experimenial fields during the pest mensoon and
sumimer seasons. Since the rains are becoming errant
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year-by-year it is imperative to develop water harvesting
structures and water sheds to meet this growing need.
Hence the QRT suggest the development of watersheds
at Calicul, Peruvannamuzhi and Appangala.

Since the entire Kodapgu District is of tourist interest,
gelting satisfactory accommodation is very difficult
egpecially during the peak tourist season at
Appangala, for scientisis and trainees who visit the
centre. Hence, the QRT feels the necessity of
construction of a Training cumn Scientists Hoste] at
CRC, Appangala.

Posting of adequale number of scientists is crucial for
the overall development of the Experimental Farm at
Peruvannamuzhi. Hence the QRT proposes that
additional facilities such as residential quarters and
scientis{s hostel may be provided at Peruvannamuzhi
for the same.

The minibus, jeep and staff car available at the
headquarters are more than 10 years old leading te
frequent breakdowns and repairs and demand high
expenditure for their maintenance. The QRT feels that
all the existing vehicles should be replaced. A new
bus/minibus is essential al the headquarters for
comfortable transportation of staff to the farm and
also at KVK, Peruvannamuzhi for transportation of
farmers for training programmes.

The present area of CRC, Appangala is only 17.4 ha,
This is inadequate to meet the present requirements
since cardamom is raised as an under storey crop under
forests and only a fraction of the gross area is available
for cultivation. Moreover a duplicate set of germplasm
available at Peruvannamuzhi may have to be
maintained at Appangaia. The QRT suggests that the
ICARAISE may approach the Karnataka Government
to make available at least 25 ha additional land
preferably contiguous Lo the existing farm to augment
the land facilities at Appangala te meet the increased
demand.

The present area of the headquarters of the institute
al Chelavoer {Calicut) is only 17.4 ha. The institute is
facing acute shortage ol land for further expansion of
physical facilities (laboratory, administrative and
other buildings) and for essential [ield
experimentation. The QRT suggests that the ICAR/
IISR may approach the Kerala Government to make
available at least 25 ha additional land preferably
contiguous to the existing land Lo meet the increased
demand.

The CRC at Appangala under IISR mainly conducts
regearch on cardamom and also to a imited extent on
black pepper and tree spices. The centre may be
upgraded as a Kegional Station with necessary
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manpower and facilities {0 intensify research on
cardamom and other crops as envisaged in the next
Plan period.

Spice crops such as black pepper, ginger, turmeric and
tree spices are grown to a large extent in the north
eastern region. There is also great potential to increase
the area and the productivity of these crops in this
region. Hence there is an urgent need to start a
Regional Station of IISR in the north eastern regian
to overconie the probiems in cultivation of these crops
and to tap the potential available in the region.

The institute has proposed numerous programmes to
tackle issues relaled to spices research and
development. However, sufficient scientific manpower
is needed to fulfi) the objectives and to achieve the set
goals. The sanctioned scientific cadre strength of the
institute has remained unchanged at 43 both during
IX and X Plan periods. There is an urgent need to
create a post of Head, Division of Crop Improvement
and Bistechnology at Calicut. Additional manpower
is also required in Entomology, Plant Pathology,
Computer Applications, Bioinfor.naties and Food
Technology/Post Harvest Technology in the grade of
Senior Scientist. A post of Instrumentation Engineer
in the grade of Senior Scientist is also required at
Calicut for maintenance and repair of sophisticated
equipments.

A Principal Scientist position in Plant Breeding/
Horticulture 1s required at Cardamom Research
Centre, Appangala, to carry out various research
activities envisaged in the next Plan period and also
to head the station when it is upgraded as a Regional
Station. Similarly, another Principal Scientist
position in Plant Breeding/Horticulture would be
required when a new Regional Station of JISR is
sanctioned mn the north eastern region.

Administration

21

82

m Indian Institute of Spices Research E

The institute has made tremendous progress in
automation of office and is perhaps the only one of its
kind in the entire ICAR. Sufficient funds may be
sanctioned to provide networking of the headquarters
at Calicut with its Experimental Farm at
Peruvannamuzhi and Research Centre at Appangala.

The institute handies a large number of externally
funded projects besides regular institute projects. The
administration is headed by a lone Assistant
Administrative Officer and there are no senior
positions in adiinistration such as Administrative
Officer/Senior Administrative Officer. Hence the QRT
recommends sanctioning of lwo administrative
positions, one at Calicut and another at CRC,
Appangala, in the rank of at least Administrative
Officer.

ORT Recommendations
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List of Projects

I. Institute projects

, conservation, characterization and cataloguing of germplasm

qtawn wﬁmﬁﬂd and other economically important characters [Project Leader:
P.A. Mathew]

1

Gen. I (813): Collection, conservation, cataloguing and evaluation of black pepper germplasm
{1972-2008) [K.V. 8aji and Utpala Parthasarathy]

Gen. XIX (813): Conservation, characterisation, evaluation and improvement of Zingiber and
Curcuma Spp (2007-2012) [B. Sasikumar and K. Abirami]

Gen. IX (813): Conservation and characterization of cardamom germplasm (2007-2012) [R.
Senthil Kumar and C.N.Biju]

Gen. XIV (813): Characterization of turmeric germplasm for curcuminoids (2004-2008) [B.
Chempakam and A. Shamina]

Gen. XXVI (813): Evolving high vielding and high quality nutmeg clones by selection (2007-
2011) [B. Krishnamoorthy and J. Rema]

Gen. XXVII (813): Improvement of cassia by selection (2007-2010) [B. Krishnamoorthy and
R. Senthil Kumar]

Gen. XVI(813): Maintenance, enhancement and characterization of genetic variability in vanilla
(Vanilla planifolia Andrews) (2005-2010) [R. Ramakrishnan Nair and P.A. Mathew]

Hort. 111 (813): Collection, characterization, evaluation and maintenance of paprika and paprika
alike chilies (2004-2009) [D. Prasath and K.N. Shiva]

Mega Project II: Breeding improved varieties of spice crops for yield, quality, drought
and resistance to pests and diseases [Project Leader: B. Krishnamoorthy]

Gen. XVII (813): Breeding black pepper for high yield, quality, biotic and abiotic stress. (2006-
2011) [V.A. Parthasarathy, B. Sasikumar, T. John Zachariah, K. Nirmal Babu, R. Susecela
Bhai, Johnson K. George, Santhosh J. Eapen, K. V. Saji, S. Devasahayam, K.S. Krishnamurthy,
R. Ramakrishnan Nair and T.E. Sheeja]

Gen. XVII (813): Breeding black pepper for high yield and caryophyllene (2007-2010) [B.
Sasikumar and T. John Zachariah]

Gen. XVII (813): Breeding black pepper for Phytophthora resistance (2007-2010) [K. Nirmal
Babu and T.E. Sheejal

Gen. XXI (813): Breeding black pepper for resistance to “pollu” beetle (2006-2010) [K.V. Saji
and 8. Devasahayam]

m Indian Institute oPSpices Research u




10

Tl

Gen. XXII (813): Breeding black pepper for tolerance to drought (2006-2010) {T.E. Sheeja and
K.S. Krishnamurthyl]

Gen. XXIII (813): Breeding black pepper for developing resistance to Radopholus similis and
its molecular genetic analysis (2007-2010) [Johnson K. George and B. Krishnamoorthy]

Gen. X (813): Breeding cardamom for high yield, disease resistance and drought (2007-2012)
[R. Senthil Kumar, M.N. Venugopal and D). Prasath]

Gen. XV (813): Investigations on the reasons and solutions for the absence of seed set in ginger
(Zingiber officinale Rosc.) (2005-2010) [R. Ramakrishnan Nair and D. Prasath]

Biotech. VII(813): ISSR markers for black pepper improvement (2004-2007) [Johnson K. George
and B. Sasikumar]

Hort. IV (813): Rootstock-scion interactions in tree spices (1998-2008) [J. Rema and K. Abirami]

Biotech. IX (813): Development of transgenic for resistance to Phyfophthora and drought in
black pepper (2006-2011) [K. Nirmal Babu and T E. Sheeja]

Gen. XXV (813): Genetics of seedling progenies of turmeric (Curcuma longa L.) (2007-2011)
[R. Ramakrishnan Nair and K.N. Shival

Mega Project 111: System approach for sustainable production of spices [Project Leader:
K. Kandiannan]

1

SSC. IV (813): Nutrient budgeting for improved varieties of spices (2005-2010) [V. Srinivasan,
R. Dinesh, C.K. Thankamani, K. Kandiannan, S.J. Ankegowda and S. Hamza]

SSC. 111 (813): Assessment of quality of soils under spices based cropping systems (2005-2008)
[R. Dinesh, V. Srinivasan and S. Hamza]

Agr. XXIV (813): Phenology of ginger and turmeric {2006-2009) [K. Kandiannan and Utpala
Parthasarathy]

Agr. XXVII (813): Enhancing the productivity in black pepper by intercropping (2006-2009)
[C.K. Thankamani and K. Kandiannan]

Agr. XXVIII (813): Input use efficiency in turmeric in relation to quality (2007-2010} [K.
Kandiannan and S. Hamza]

Mega Project IV: Production physiology of spice erops [Project Leader: B. Chempakam]

1

Phy. VII (813): Physiological and biochemical basis for productivity in black pepper (2003-
2008) [K.S. Krishnamurthy and B. Chempakain]

Phy. VIII (813): Mechanism of drought tolerance in cardamom and black pepper (2005-2008)
[S.J. Ankegowda and K.S. Krishnamurthy]
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Mega Project V: Value addition and post harvest processing of spices |[Project Leader: T.
John Zachariah]

1 PHT. III (813): Studies on drying and storage parameters in black pepper, ginger, turmeric
and nutmeg (2004-2009) [E. Jayashree, T. John Zachariah and K.N. Shiva]

2 PHT. IV (813): Evaluation for physical and biochemical quality of spices (2005-2009) [T. John
Zachariah, K.N. Shiva and N.K. Leelal

Mega Project VI: Production of nucleus planting materials of improved varieties of spice
crops [Project Leader: C.K. Thankamani]

Mega Project XIII: Investigations on nutraceutical and pharmacokinetic aspects of spices
[Project Leader: A. Shaminal]

1 Biochem. TII (813): Studies on the nutraceuatical properties of bioactive compounds in few spices
(2007-2010) [A. Shamina and K. Abirami]

2 Biochem. IV (813): Exploration of spices for natural food colours and pigments (2007-2010)
[K.N. Shiva and A. Shamina]

Mega Project VII: Identification, characterization and development of diagnostics against
pests, pathogens, nematodes of spice crops [Project Leader: M.N. Venugopal]

1 Path, XV (813); Investigations on diseases of vanilla (2003-2008) [A. Ishwara Bhat and C.N.
Biju)
Mega Project VIII: Conventional and molecular approaches for developing pest,

pathogen and nematode resistance in spice crops [Project Leader: R. Suseela Bhai]

1 Crop Prot 1.4 (813) Identification of black pepper genotypes with multiple resistance against
Phytophthora and nematodes (2006-2009) {R. Suseela Bhai and Santhosh J. Eapen)

2 Ent. XJII (813): Screening of germplasm accessions of spices and evaluation of antibiosis
resistance to major insect pests (2006-2011) [T.K. Jacob and S. Devasahayam|

Mega Project IX: Developing integrated pest and disease management strategies in spice
crops [Project Leader: S. Devasahayam]

1 Path. XVI (813): Etiology and management of rhizome rot complex in ginger and turmeric
{2004-2009} [A. Kumar and R. Suseela Bhai]

2 Org.Chem. [1(813): Characterization of bicactive compounds with pesticide properties (2002-
2008) [N.K. Leela]

3 Biocontrol II. (813) Development of consortium of bioinoculants for management of pests,
diseases and nematodes in spices (2004-2008) [M.N. Venugopal, Santhosh J. Eapen and C.N.
Bijul :
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4 Ent. XII (813): Bioecology and integrated management of shoot borer Conogethes punctiferalis
Guen. infesting turmeric (2005-2009) [S. Devasahayam and T.K. Jacob]

5 Hort. V (813): Rootstock intervention to manage root infection of Phytophthora and nematodes
in black pepper (2006-09) [P.A. Mathew and K. Abirami]

6 Path. XVII (813): Characterization, epidemiology and management of Colletotrichum SpD.
infecting black pepper, cardamom and turmeric {2006 — 2009) [M.N. Venugopal and C.N.
Biju]

Mega Project X: Economics, statisties and modeling [Project Leader: M.S. Madan]

1 Fcon. T (813): Remote sensing and GIS in evaluating the impact on socio-ecological changes
on spices production in Western Ghats region (2003-2008) [M.S. Madan and A.K. Johny)

2 Econ. IV (813): Assessing sustainability of cropping systems involving spices (2007-2010)
[M.S. Madan, A K. Johny and K. Jayarajan]

Mega Project XI: Extension and training [Project Leader: P. Rajeev]

1 Ext. IV (813): Training of research and extension personnel {2005-2010) [P. Rajeev and T.K.
Jacobl

2  Ext. V{(813): A study on diffusion, adoption and impact of varieties released from IISR and
scientific crop management practices (2006-2009) [P. Rajeev and M.S. Madan]

Mega Project XII: Developing customized software and expert systems on spices [Project
Leader: Santhosh J. Eapen]

1 Stat. 1(813): Development of databases and software (2004-2007) [P. Rajeev and K. Jayarajan]
[1. Externally aided projects
i) Department of Biotechnology, New Delhi

1 DBT-CIB-3: Development of microsatellite markers and characterization of curcuma spp. [B.
Sasikumar and T.E. Sheejal

2 DBT-CP 3: Genetic transformation of black pepper to confer resistance against viruses (2006-
2009) [A. Ishwara Bhat and R. Suseela Bhail

3 DBT-CP 2: Endophytic bacteria for biological system management of Radopholus similis, the
key nematode pest of black pepper (Piper nigrum L.) (2003-2008) [Santhosh J. Eapen and A.
Kumar]

4 DBT-SS1: Distributed Information Sub-Centre (Bioinformatics Centre) {2000-2008) [Santhosh
J. Eapen]
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Indian Council of Agricultural Research, New Delhi

B

=

ICAR-CIB 2: Cloning of Phytophthora resistance and defense genes from Piper colubrinum
(2004-2007) [Johnson K. George and M. Anandaraj]

ICAR-CIB 1: Strengthening the cause of geographical indication of major spices using molecular,
morphological and guality profiling techniques (2004-2007) [B. Sasikumar and T. John
Zachariah]

List of Projects

3  ICAR-CPPHT-4: Chemical characterization of Cinnamomum germplasm (2005-2008) [N.K.
Leela and J. Remal]

4 ICAR-CPPHT-1: Network project on organic farming (2007-2012) [V. Srinivasan, C. K.
Thankamani, A. Kumar and T. John Zachariah)

5 ICAR-CPPHT-5: Prevention and management of mycotoxin contamination in commercially
important agricultural commodities (2004-2007) [B. Chempakam, M. Anandaraj and N.K. Leela]

6 ICAR-CP 2: Molecular characterization and maintenance of National Repository of
Phytophthora (2004-2007) [M. Anandaraj, R. Suseela Bhai and A. Ishwara Bhat]

7 ICAR-CP 4: Application of microorganisms for Agriculture and Allied Sectors: Nutrient
management, PGPR and biocontrol (2006-2008) [M. Anandaraj, R. Dinesh and A. Kumar]

ili) Ministry of Environment and Forests, New Delhi

1 MOEF. I(813): Biodiversity in Piper and Garcinia and identification of spots of species richness
in Western Ghats (using GIS and molecular markers) (2006-2009) [P.A. Mathew, Utpala
Parthasarathy, Johngon K. George and K. V. Saji]

ivl Kerala State Council for Science, Technology and Environment, Trivandrum

1  KSCSTE-CPPHT-1: Kerala State Council for Science Technology and Environment Project:
Production of white pepper through fermentation technology (2005-2008) [T. John Zachariah
and A. Kumar]

v) National Horticultural Mission, New Delhi

1 NHM-CPPHT-1: Production of nucleus planting materials of improved varieties of spice crops
(2005-2010) [C.K. Thankamani and S.J. Ankegowda]
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Personnel
Sk Name Designation
No.
[. Headguarters

1 Dr. V.A. Parthasarathy Director N

2. Dr. M. Anandaraj Project coordinator (Spices)

3. Dr. B. Chempakam Head, Crop Production Div.

4. Dr. 5. Devasahavam Principal Scientist (Entomology)

b Mr. B. Krishnamoorthy Principal Scientist (Plant Breeding)

6. Dr. K. Nirmal Babu Principal Scientist (Plant Breeding)

7. Dr. MS. Madan Principal Seientist (Agri. Bconomics)

8. Dr. T. John Zachariah Principal Scientist (Biochemistry)

9. Dr. B. Sasikumar Principal Scientist (Plant Breeding)

10. Dr. T K. Jacob Principal Scientist (Entomology)

11. Dr. Johnson K. George Sr. Scientist (Gen. & Cytogenetics)

12. Dr. C.K. Thankamani Sr. Scientist (Agronomy)

13, Dr. R. Dinesh Sr. Scientist (Soil Science) .

14. Dr. A. Ishwara Bhat Sr. Scientist (Plant Pathology)

15. Dr. R. Ramakrishnan Nair Sr. Scientist (Gen. & Cytogenetics)

16. Dr. P. Rajeev Sr. Scientist (Agril. Extension) .

17. Dr. K.S. Krishnamurthy Sr. Scientist {Plant Physiology)

18. Dr. Santhosh J. Eapen Sr. Scientist (Nematology) .

19. Dr. N.K. Leela Sr. Scientist (Org. Chemistry)

20. Dr. A, Kumar Sr. Scientist (Plant Pathology!

21. Dr. V. Srinivasan Sr. Scientist (Sotl Science) .

22. Dr. A. Shamina Sr. Scientist (Bio chemistry-PS)

23. Dr. K V. Saji Sr. Scientist (Economic Botany)

24. Dr. K.N. Shiva Sr. Scientist (Horticulture) .

25, Dr. T.E. Sheeja Scientist (Sr. Scale) (Biotechnology)

26. Dr. D. Prasath Scientist (Sr. Scale) (Horticulture) .

27. Dr. K. Abirami Scientist (Horticulture-FS)
.

1. Dr. Johny A. Kallupurackal Technical Officer (T9)

2. Dr. Hamza Srambikkal Technical Officer (Lab) {T7-8)

3. Mr. P. Azgar Sheriff Technical Officer (Lib.) (T7-8) .

4 Dr. Utpala Parthasarathy Technical Officer (T7-8)

5 Mr. M.M. Augusthy Technical Officer (T6) -

o
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6. Mr. K. Jayarajan Technical Officer (Stat.} {T5)

7. Mr. M. Vijayaraghavan Technical Officer {T5) (Workshop)
8 Mr. K. T. Muhammed Technical Officer (Th) (Farm)

9. Mr. V. Sivaraman Technical Officer (T5) (Farm)

10. Dr. C.K. Sushama Devi Technical Officer (T5H) (Lib.)

1. Sri VL. Jacob Asst. Fin. & Accts. Officer

2. Sr1 AP. Sankaran Asst. Admn. Officer

3. Smt PV, Sali Private Secretary

2, IISR Experimental Farm, Peruvanamuzhi

1. Mr. P A. Mathew Principal Scientist (Horticulture)
2. Dr. J. Rema Principal Scientist (Horticulture)
3. Dr. R. Suseela Bhai Sr. Scientist (Plant Pathology)

4. Dr. K. Kandiannan Sr. Scientist (Agronomy)

5. Ms. E. Jayashree Scientist {Sr. ScaleAS&PE)

(on study leave)
Technical Officers

1. Mr. V.K. Aboobacker Koya Farm Supdt. (T9)
2. Mr. N.A. Madhavan Technical Officer (T5) (Farm)
3. Mr. K. Kumaran Technical Officer {T5) (Farm)

3. Krishi Vigvan Kendra

Technical Officers

1. Mr. P.S. Manoj (T7y (Hort.) (on study leave)
2, Dr. S. Shanmugavel (T7-8) (Veterinary Science)
3. Mr. K.M. Prakash (T7-8) (Agronomy)

4. 1ISR Cardamom Research Centre, Appangala

1. Dr. M.N. Venugopal Principal Scientist (Plant Pathology)
2. Dr. S.J. Ankegowda Sr. Scientist (Plant Physiology)

3. Dr. R. Senthil Kumar Sr. Scientist (Horticulture)

4. Dr. C.N. Biju Scientist (Plant Pathology)

Administration
1. Sri B. Sathish Asst. Admn. Officer (on deputation)
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Annval Report 2007-08
Weather Data - 2007

IISR Experimental Farm, Peruvannamuzhi

Month TMax. TMin. Rainfall (mm) Rainy days (no.)
January 33.46 18.38 4.0 01
February 34.87 18.80 3.0 01
March 35.77 22.35 10.0 01
April 35.63 23.15 282.0 11
May 33.25 23.61 313.2 12
June 29.95 23.13 946.6 25
July 26.77 22.38 1987.2 31
August 28.17 22,22 1059.0 26
September 2893 2273 1060.4 26
October 30.46 22.19 644.8 22
November 32.63 20.50 61.8 06
December 33.54 20.25 1.0 00
Mean /Total 31.95 21.64 6413.0 162
Cardamom Research Centre, Appangala, Madikeri !
Rainfall (mm) Rainy days (no.) .
January 29.8 NR 0.0 00
February 31.2 NR 0.0 00 .
March 32.2 15.9 2.1 01
April 32.1 17.0 922.2 07
May 294 16.4 65.9 06 .
June 242 16.6 794 .4 20
July 24.4 16.3 1083.3 25 .
August 24.8 16.5 862.8 22
September 25.0 15.7 454 .4 26
October 27.1 15.7 162.4 13 .
November 27.7 11.4 63.2 02
December : 27.2 10.3 0.0 00 .
Mean/Total 27.9 3510.7 122 Y
-

NR - Not recorded
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