
Annual ~r.eport 
2009·'10 

('Jlltti1il pfft ~ qRl'li() 
casd8lee -673012 , lNR, '41ld 

Indian Institute of Spices Research 
(~uIuurt ce~Of A~ g(~) 

Calicut - 673012, Kerala, India 



• • 
II I· 

~ ~ ~ 3W cUMCfi Rq)d 
2009 ... 10 

IISR Annual Report 
2009 - 10 

~H fflll "fffiMi If)ffH ~Hct'£I ~ . . 
~qR~~ ~~ 

cf)jr~Cf)l ~ R<+11 

Indian Institute of Indian Council of 
Spices Research AgriculturaJ Research 
Calicut New Delhi 

¥ 
\11,-"1" 
ICAR 



Indian Institute of Spices Research 
~------------ -------------

ANNUAL REPORT 2009-10 

Correct citation 
Indian Instit.ute of Spices Research, Annual Report 2009-10, Calicut 

Publisher 
Director 
Indian Institute of Spices Research 
Calicut - 673 012, Kerala, India 
Phone: 0495-2731410, Fax: 0495-2731187 
Website: www.spices.res.in. E-mail: mail@spices.res.in 

Editorial board 
v. Srinivasan 
A.1. Bhat 
R.Dinesh 
D. Prasath 
Utpala Parthasarathy 

Hindi translation 
Rashid Pervez 
N. Prasanna Kumari 

Type setting 
Shyna K.S. 

Cover design 
A. Sudhakaran 

ISBN: 13 - 978 - 81 - 86872 - 33 - 8 

June 2010 

Printed at 
Modern Graphics 
Malu's Complex 
Kaloor 
Cochin-682 017, Phone: 0484-2347266 



ANNUAL REPORT 2009-10 

Contents 

Preface (Hindi) ................... .................. ... .. .... ... ....................... ................................ ..... .. ...... .... ........ 5 

Preface .. ................... .. .... .. ........ ....... ........... .................... ............ .... ..... ...... ...... .. .......................... ..... 6 

Executive Summary (Hindi) ..... .................................................................................................. ...... 7 

Executive Summary ...... .. ....... .... .. ............ ....... ...... ..... .. ........... .. .... ..... .. .......... ...... ............ .............. 17 

Introduction .. .. .... .. ........ .. ... .... .. .. ...... ... ........ .......... .. .............. .................. ..... .. .................................. 26 

Past achievements ..... .. .................................................................................................................. 28 

Black pepper ....... .. .... ... .... .... .............. ············ ···· · ........................................ ... .. ... ... ·.· .. ···· ........... ..... 32 

Cardamom .... .... .. ....... ..... .... .. ... ..... ..... ......... ................ ... .............................................. '.' ............ ..... 39 

Ginger ................. ..... ......... .......... .......................... ........................ ... .. ....... ...... ..... ........................... 43 

Turmeric ....................................................................................... .. ............... ....... .. ......................... 46 

Vanilla ........................ ...... ........ .......... ............... .. .. .... ....... ...... ....... ..... ...... ....... ................... ........... ... 51 

Tree spices ................ .... .. ..... ....... ... ... ............. ... ....... ... .... .. ... ..... .. .............................. ...... ...... ....... .. 52 

Studies on the Mycotoxins and Nutraceutical Properties of Bioactive Compounds in Spices .... 54 

Outreach Programmes ................................................ .... .. .......... .. ............. ............ .............. .......... 56 

Extension and Impact Assessment .... .. .............................. ........................................................... 58 

All India Coordinated Research Project on Spices ................................................. ............. ......... 60 

Bioinformatics Centre .... ... .. ...................... ...... .. .. .. .......................... ...... ...... ................. .. ....... .......... 63 

ARIS Cell ......... ......... .. .. .... .... .. ....... ........ ... .. ........ .. .......................... ....... ..... ....... ...... ...... ................. 65 

Library ......................... ............. ..................................................... ........................... ..... ............. ..... 66 

Agricultural Technology Information Centre .......... .. .... ..... ............... .... .............. ..... ........................ 67 

Krishi Vigyan Kendra ......... ...... .. .......... ...... ................. ..... ...... .. ....................................................... 68 

Education and Training ... .. .. ....... ...... ...... ... ...... .... ... .................................... ..... .. ..................... ... .. .... 72 

Consultancy Processing cell ........ ............................. .... ....... ....... ... ....... ........ .. .............. ....... ... ...... 74 

Official Lan J J t t' C 'tt A t' 't' 75 guage mp emen a Ion omml ee c IVI les .................................. .. .... .. ..................... . 

Institute Management Committee ..... ..... ........ ...... ..... ...................................................................... 76 

Research Advisory Committee (2007-10) .. ............ ...... ............. ...... ...... ........................................ 77 

Recommendations of RAC 2010 ... ....... ...... ........... ... .................................. ............. ...................... 78 

Research Public~tions .. ................................... .... .................................. ...... .... ... ... ....... ....... ...... .... 81 

List of Projects .................. ....... ..... .............................. ........ ............................................. .. ... .......... 84 

Personnel ........ ................. .. ...... .............................................................. ..... .... ... ....... ..... ................. 87 

Weather Data 2009 .. .. .. ... ... .... .. ............ ................ ...................... .................................................... 90 



ANNUAL REPORT 2009-10 



ANN U A l REP 0 R T 2 009·- 1 0 

mfttcp ~ .q CJ1l 2009 - 10 '$T ~ Cf}f fclcRur ~ ~ I ~ ~ ~ ~ ~ ~ 
\i'I+l~c4i cpT m ~ ~&11{1'4'1 ~ ~, ~ 3tR ~ xTqur ~ 3ljfiE11'1 m~, 
~ .q CRl ~ ~f?lfll Cf}f x=Re:ruT ~ ~ ~ ~ ~¢~¢ \JFH~&1 ~ em ~ ~I 
~ ~ ~ ¢ikrH-n .q qlJt~lfq5fPi Cf}f xiCfl&1dlg:4¢ 'Q(TI wWr ~ ~ ~ ~'lfllXi ~ ~ 
lf1jiFpH~ ~&11 ~ <Xi em ~ ¢ Ri d ~ I ~ Ll'hl -ctRl ~ 3tR 3! 1 &1 cfl A {11 ctT 'ffift ~ f?rft 
\3(t1I G'i .q 3Rf: ~ ~ ~ .q ~ ~ I ~3lT .q ~ fii:4 '$T ~¢Ffid 1'l\Jl1~q) .q -qT 

~ 3lR ~ &RT ~ ~ xTqur XiJlif?l<Ji em ~ ~ ~ 51§1iU1d Wm "\J1T ~ ~ I 
~<'II{1~ ~ 'Gl3!I~II\Jl'i¢ 3lCN~~I;:?i (~ 'tTl' 547146 3fR ~ 'tTl' 349630) em ~ ~ ~ ~ 
~ -q)m ~ cfiLf'l{C1 ~ 3lT'tl'TX' LR ~ .q ~~i¢'i ~ ~ ~ ~ Wml . 

~ cGr 13 1'l\Jl1 ~ III '$T 'ffcfR \3 q \Jl1 ~ ll'i .q Ii 1 ~ <'Pl ~ c&11 ~ c: ~ Cf}f 31UflR fcpm Tf<TI I l:fIC1 ~ 
'" '" <fi 3lTfucn Xilerq "{"1 em ~ ~ I ~ ~e:ruT ~ 3lT'tl'TX' LR ~ ~ ~ Cf}f wITrT ~ LR 

~ cGr m ~ cmT ~ ~ * ~ ~ ~ ~ \3q'gCf(i ~ I ~ '1 1~~1ffq)1l'1 ~ 
~C:'i I ~I¢ titlCfifi:llll em ~~Ft)¢,<OI fclRn I ~ fii:4, ~, ~ ~ GI&1if1..fj ~ xm .q 
3fJcM'J CJ) xoJ ~ a1llffi (l)T 3!UT<A fcn<n 1'fm Cim ~ ~ \3q'1l~ ~ ~ .q ~ ~ ~ 
~ ~ I ~ * ~ ~ ~ * ~ 'ffi;:ft ~ cMliT Ullfll~Gill .q ' I- fCp&1h~'i cGr 
~ ~ 3l~RCf(i ~ ~ 3RR;:ffif ~I ~ '$T ~ qx ~ ~f&1Cf)) lJH41'i ~ ~ 
tR lfl l ~ <::1 J>fi:l ¢cti Cf}f ~ fu>m 'Tm I 

~ ~ '$T ~$1IA¢ ~ ~ f.1mfuf ~ ~ * ~ Cf}f ~~i¢'i ~ LR ~ W'd' s3lT 
fcl; Fcb*i 1 '11' &RT ~ ~ dCJ)41Fcblll' ctT 3Ne1T ~ 'C1"ri ~ ~ mt<l 'SJIT I m ~$IIACj?) Gffi 

Cf)'1'i 1 Of) ~ ~ ftrR .q ~ 16,000 ~ .q cpr-c;ft fif4 ctT 'ffift .q ~ ~ ~ ¢Ffid 

dCf)o:rI Fcb<Ji Cf}f *ilfl&1d l~4¢ ~ fcl5<n-1 ~ ~ ~ ~ ~ ~ RnXiI'11 ctT 3!ICl~{1¢dl31T cnT 
tili$lCf)'! 4000 ~ ~ RhxiHI coT -qfumur )RR fcfK:rr I ~ ffRT fclCf)~d dCf);::T)Rhdi cnT 
~ ~ ~ ~ dCJ)--1'lr5l ~ ~ ~ ~ 3l1ll'I~d fu>m I 

Jffi tRlf ~ ~ fcn, tl '\ST. ~. 31 £(WLJ 'i, li 6 IA~~I¢ ~ ~ ~ ~ &RT ~ ~ 
~1ct116'i ~ Xigl{1dl ~ fc;nl \R'CflT ~ {I ~ '\ST. ~. -qT. ftfg, \3"Y' li61f.i~~I¢ (51111 ClI.-?i) ~ 
~ Ul('fl16'i ~ lillfqf'i ~ ft:Rr 511 <:['g' ~ ;:ffif q)'(" ~ ~! '6l1 '\ST. ~ ">l1CllfdClI 

tit(I{1Cf) lit(I f.i~~ICf) (511 1 1 Cllo:rl) '¢l ~ &RT ~ Tf<tt 'fMT Xi61{1d13lT ct- Wcl3ltRt Cfid$ldl ~ ~ 
t il) ~ Xi<'116Cf)1,< ~ ct- ~a:T ~ ~ coT m cwit coT ~'ilffdd m o:m ~ mr ~ 
l']<) ~ ~ ~ fu<) 3llRT 3-TJ1ffi' ClfCffi ~ t I ~ ¢ 14cplfj coT ~ ~ ~ * ~ 
~ ~ ~$11f.1Cf)1 ~ 3FXl ¢B'ilJRlli c#t XixJ6'iJ <JffiIT t l 4 ~ ~ 'CJ)T fiCf)C1'i 'fl'1i<l LR ~ 
<fi ~ fiQI GCfil cGr Xi'116'i1 m tl 

~\,~ 
(eft. ~. ~) CJ)J~CJ)c 

~: 16.06.2010 



Indian Institute of Spices Research 
~------------------ -------------___ 

ANNUAL REPORT 2009-10 

PREFACE 

The Annual report for the year 2009-10 presents the details of our achievements. The institute enriched its 

germplasm on all the mandate crops with an alternate germplasm block for conserving the wild Piper species 

established at CRC, Appangala and CPCRJ, Kidu. Microsattelites developed for Piper species was successfully 

used to detect polymorphism in black pepper cultivars. PCR technique is being used to identify virus-free 

nucleus materials of all released varieties of black pepper for further multiplication in nurseries. Two promiSing 

cardamom accessions (lC547 146 and IC349630) with high yield and more capsules per plant were shortli sted 

for further evaluation. 

Cross species amplification studies of microsatellite markers were carried out in 13 Curcuma species. Partial 

sequence of pal gene was determined. Targeted application of nutrients based on soil test results increased 

yield in ginger and var. Mahima was more suitable for organic cultivation. Potential entamopathogenic nematodes 

were isolated from rhizosphere soils of ginger. Antioxidant potentials of black pepper, ginger, turmeric and 

cinnamon extracts were studied and no change in the activi ty potential was noticed on storage. Chemo-profi ling 

of curry leaves essential oil showed no major changes except a decrease in l-phellandrene over storage. In 

silica screening on drugability of spices based phytochemicals was studied. 

Impact assessment studies to assess the level of adoption of scienti fic cultivation practices in black pepper 

revealed an increased benefit: cost ratio realization with technology adoption by farmers. Our scientists have 

been able to successfully demonstrate technologies in black pepper in about 16,000 ha in Kodagu District of 

Karnataka. The KVK and ATlC conducted programmes to the farmers' need and trained more than 4000 

beneficiaries. Technology week and Media meet were also conducted for showcasing the technologies developed 

by the institution. 

J consider it a privilege to place on record the encouragement and support given by Dr. S. Ayyappan, Director 

General, leAR. But for the strong encouragement and guidance we received from Dr. H.P. Singh, Deputy 

Director General (Horticulture) we would not have made such achievements. We are also grateful to Dr. 

Umesh Srivastava, ADG (Hort. II) for all the support given to us. I am equally thankful to the Chairman and 

members of Research Advisory Committee for their suggestions to reorient our research programmes. I 

appreciate the efforts taken by the staff of this Institute for their support in running our programmes. I appreciate 

the editors for having compiled and brought out thi s compilation . 

Calicut 

Date: 16.06.2010 

V.A. Parthasarathy 

Director 
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>rW llTID B ~ s<) ~ lITff cfl ~ -q ~ ~ 
~ fctq;-m ~ 31 Fc'! RCff! fctrrn:1 ~ fB\r ~ 1[ff ~ 
-$T 3IT'< ~ H i t1 R t1 fcpm \ifTCTI t I Tl Pc) Cf) ~ t1 ~ 

em ~ ~ ~ -q -c;<P -c;<P ~ ~ 1'1 it1Rt1 fcpm 

T)""llli Tl fc) ¢ ~ t1 <lim ~ ~ ~ cgc;r \iT) '11 ~ ¢ ~ 

~~q;T ~~~~-mx~~qft 

7f<lT1 ~~"*~nR~~if qr 
~ 3m 'tl~~ilt1 -q)t) ~ ~ ~ I 

~ ~ ct ~ \jH '1 ~ CllY Cf)l f4 f4 <ttll ct>,<OI 

~ ~ (~?/I"fCk:wJ/) ~ ~ -c;<P ~ ~ 

~ Pi-ci 3lcffi!;!I'1'i cfl fc)Pc)Cful¢'l°! fcpm I ¢fkClx'i 

-tt, ~ 78 3tR 4044 ~~-q~~ ~ 

3lTCPlM ~ :1'ffi x-g I ~ ~ ~ ctfr 61"f.1 
(36.5%), 3lcRhl'1 1484 4, t1i;4!;!illC"t ~. 1611 

(34.3%) if ~( ,<i·¢,<\J'({ if~. 1055, 1069, 1769 

3TR 1752 ~ ~ ~ mf.1 ir ~ % I 3TCffi. 
1339 if 100% ~ cfiJ ~ 3lfc}m ~ 1T<lT (ji;4~il!C"t 

31cM. 807 (73.5%) -q t I 

'~14f4} 

~ci1ftrq; ~~R 

~ ~ ~!liilRli~~ arm ~ tITiT 3l cffi~I'1'i em ~ 
~ ~ ~ ,jFl 'iS;CL1 me101~11 C11 ~ ~ 447 , ~ 

(~ 278, ~ 78, ~ 63 3TR ~ 28) m 
'Til l -q-:qm 31 eM ~I;fi ctfr ~ q?T "C'1"afUT m fcpm 

IT<lT [ 3lcM~l'l ~ x:1T 547146 3tR ~ ~ 349630 

em ~ \3lT\i1 ~ cf5G\!"'1C1 ctfr ~ ~ ~ ~ 
FcPm 7fm I 

~ -J (19 ,<iGl1\J1'1) 3tR ~ t it - ll (10 fi~'>I\J1oi) 
"* ~1 ~ fi\ifc)GI'i q?T ~ 'iC"Qi¢1 LftrafUT 

f$m Tf<n ~ en-~ ~ ~~ cnT ~~ 
'ic>"4i¢'1 ~ ~ ~ f$m I ~ ufi\Jft x \9" "* 
t - 19 ~ TTC1-1 ~ lluT CIT'T ~ ~ "ffif if ~ ~ 
70 mmm -B ~ -q)'Cl) if 8 fi'r. ~. m q?T 

"$~C1 m I ~~ -qfjeTUT ~ fu<T "fi'~ 

~ -i:t, \f1 ~ cn% 10, ~ ~ 18 ~ ~ ~ ~ 
~~~m~~[ 

~ ~ \ifr;:fi ~ ~ 31lol~<$ ~ 
~ qt;ill'1 

GT ~ "dffi ~ ~ (~ ~) 31R ~ <f> 
~ 12 (~ ~) ~ ~ -cpr ~ P1Cf1IC'l1 ~ ~ 
~ ~ -3lR ~ (834 ~, 841 ~, 854 ~, 866, 867, 

812 3tR 815) "* WTff M"* W2:f ~ 4}A')JfJ~RhfiY 
q?T 31ur<:A ~ ~ -3lR &TIT fch III P<m fcpm I ~ 

~ (866, 815) ~ 4\I~P:fI,<f\b'{iii GM I ~ ~ 
\JtI ~ ~ ~ 866 ~ cnm ~ ~ cf; ~ 12 

~ ~ ~ 815 ~ ~ ~~I4'l1 

~~ fl ~ lSOJ) i.1T 

<tr.1 \J11;:ilcl~q 3lR -3lR 1 (3lTt ~ 349591), ~ ~ 

893 (3ITt ~ 349537) ~ ~ (3ITt ~ 349550) 

~ ~ t cr.m -al-alC!fH (3ITt x:1T 349589) 

-c;<P ~ cl)"ik l ~q t ~ ~ ~ ~ 
~, ~ j OIClctiIClIc41 ~ 3ffifm ~ ~ "* 
fctcnm ~ ~ ~ I ~ ~-893 am ~ ~ 
fi GIl \J1 '1 -q \mf11 ~ om 3lfucp \jq\Jf em ~ 
~ \ ~ ~ -q 20-37 CiCP (jC'l~I(~(3TI c#r ~ 
~G\!"'1C1 -$T ~ ~ ~ 29 WP ~ ~ ~u 

12.9-32.2 (~ 20.7) ~ I ~ ~ -i:t ~ c5T 
~ 20.6-37.4 WP 3fR \Nl<f>T 3ftw 28.5 (f2.lT ~ 

-q 11.4-20.8 (3ffi:m 16) t I 
~ ~ ctt {ijq~&1 

~ <lC1 ctfr liTID ~ ~ ~ C'l ill ill GH '1 ~ C4 cf> 
~ 31 cffl ~ I ;:fi "CfIT 'iC"Q i ¢'1 fcnm 11m I ~ B ~ 
ctfr llTID ~ Cf\J)'1" LR 31l'ClTfuf 3.5-6.7% 3lR vfivft 
~ -q ~ (fi;4~-illd ~-3TI ~ (6.0%) I ~ , , 
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c#t ~ ~ 'R1 ~~c'lt'lOI "B m "§;3lT fct ~ Il'ft 
3lCflt~~I'1) -q ~: 26.2% ~ 27.7%, 1,8 ~ ~ 
45.8% ~ 46.2% a-c'i~~C1 ~ 6Tm % 1 ~cifiTCP "fl~"A 
~Cll' CJ5T f?lf4Cfu~Cf)'iOI ~ \il11~c;q ~ -q, 1173 3lctfl~l;:fj ClJT ~ 

fcpm '\i1T ~ t 1 ~ (7 ~\illfd41) c#t ~ ~\illfdlll 
qof 'Gl'T ~ 'il~'i"llli ~ cf> ~ ~ ~ cf> ~\il1Cf11 cf> ~ ClJT 61§~fUli.i fcnm 1 

cf> ~ 'ffiIT -q mtT ~C1I<1~ cf> ~ ~ 
~ ~ 20 ~ 'Cf>T ~~Cfu~Cf)'iOI fcnm 'l'Tm 1 ~ 3lT 1:fi ~ fidRi<1i 

tJ: ~'i'lcl~q ~ 'il~'iilli ~ cf> >ffil 3lfu'ct> ~ 
TCPdT >fCf)"C c#t 1 g: lJfI'ilcl~q ~, ~ ~ 547222, 

~ ~ 547223, ~ ~ 349645, ~ ~ 349649, ~ 
~ 547158 ~ ~ x:ft 349637 quf 'Gl'T ~ ,(I~«rli 
~ cf> ~ l1Ull1 ~ 01 

~ ~ "$T WiI'R 

Cf)'i1IcCf) (5 ~gfcR1) ~ cRC1' (1fctgfcm)"B t9: ~ 
~gfcR111) em ~ ~ <trc ~ 1(1ffi ~ -q 
~ fctmT 1 ~h1'11'<"l1'i6lrc: ~ (~ ~ ~ 'R1 \!) 
~ ~ ~1\i1 I Pi 1R 3lT'mfur ~C1I<1-41 ~lfil~Cf) 
~ 'Cf>T lRfT 'C1'l'TR c#t ~ em Ii 11 cfi1 "ti.i fcnm ~ 
~;:thi~'ili 'Cf>T ~ 1 :250 m 1 ~C1I<1't:l~ xl' ~ 'lR \! 
~Cf)IC1;i cf> fB[r ~ 'Cf>T ~ CRcf> ~ iil~~11 
41c{j4)~fi ~ R~cr.!11 (~ tt 'QT ~ ~) ~ ~ 

~ ~ cfr em ~ m c#t ~ cf> '{t)qiCf)1 fuRn' 
(fey mtr.=r JTICf'f ~ emr cf> ~ Ii 1'1<$l Clio 
fuRn' 1 Cf)'i 11 c Cf) 'd'm cRC1' cf> ~ '41 111 f(;) Cf) x~ 

"B ~ -.p) ~ C11 <1~ * 50 '&i.i' ~ -q tRTafOT CRcf; 
~ iT 'QT ~ ~ fclfu cp) ~ If'1Tm 1 

Cf)x'1lcCf) ~ GT ~ ~ FclgfcR1111 'd'm '<i4~C"C1~ 
(cRC1', ~ furC1T) ~ 'i~ C1 fTl ~ ~ CIMfi '{i WT fcrgfcffi 
cp) ~ ~ c#rc ~ l(qffi ~ -q ~ 
fctmT 1 Cf)'i 11 cCf) ~ cRC1' cf> ~ ~ C11 <1 ~ \Jl'TR 
~ efW -q ~ "B <rg m "§;3lT fcn ~ (furC1T-

) 
,,, ~~ 

~ Cf)"'1I'iSI, Cf)'i1IcCf), \3 cg)o'il Cl?1 "'1i.i-51 Vii '( 

4('t'ictiCi C1 <J111 (ftrc;rr -~, cBx(1) -q ~ WCfC 

lilfil~Cf) ~ (~ ~ ~ ~ cfr) c#t ficpf?lCf)i.i 1 ~ 

TCf> ~ 1 ~C1I<1't:l~ cf> Lftm -q ~ ~ ~ ~ cfr cf> ~ 

'C1'elUIT -q ~ 3l2lClT 31 ~'i'i1'i ~ * m c#t 
~ ~ '1TBt I ~ ~ 1RT 3l2lClT ~ <lIc'l' trr 
'$T ~ ~ tmT 'd'm ~ (FIT '('RIT qR:ll'lC'l -q 
3l~'i'i1'i ~I 

~ cf> 256 fu fi·i.ifddi ~ 23 ~ Lftm 'Cf>T 

~C'{IiCf)'i m 1R ~ -q 3lfuq) ~ ~ ~ 1 

\31ct'lfi fii.ifd41 -q 20 :fIT 61§2ol'i 0 ~ ~ ) 

'CJi'if fu '{i i.i fflll1 c#t 68 ~ 1fufi c#t ~ fi i.i fd 41 

-q ~ ~ fi i.i fd di ~ ~ 3lfu'ct> Tf"i' 0 >fCf)"C c#t 1 

'f<I' ~ Q)T 3l~ 

~~cf>~~~~'R1~-2* 

1 00 ~ 3lfu'ct> ~ 'Cf>T x:q ~ m 1R '4T ~ 
lfi"C1' ~ ""1tt "§;3lT 1 ~ c#t \3 q \ill \3 q '1 'Cf>T ~ 

Fcl~c'lt'lOI ~ 1R ~ ~ -q 60.4 % ~ ~ 

'R1 ~ - 2 -q 55% \3q\ili.i1 ~ 7ft 1 lffl1TOT cf> 4 

eft 61TG '4T fk-nrr 1R ~ ~ fc/cir ~ mcrr 
% 1 3l"d': ~ ~\i11 fd 111 -q x:q ~ 'CI?T4 ~ ~ 
~%I 

lil~CP1~~C1I~c ~ qft ~ fqh~hi cf> ~ * 

~ 13 cg'icglil ftl~'<fl«i 'Cf>T ~ ~ fcnm 1 GT 
m cg'i cgli 1 ftl"I'iflfi ~ ?ft vfMRm ~ ?ft 
Jf(>fi/1Rcbl -q 40 lil~CP1,{~~C1I~c ~ cf> ~ 'R1 'R1 

~ !>llCj)l~cti -q filil1i.i1 ~ ~ 1 

:rm ctT '\j'"q'\;l 'd"m ~ ~ 1R '!:J1WT 

~ cf> ~ 'd"m ~ ~ Lftm -q ~ \3Q\ili.iJ o/t 
~ ~ c#t gc;RT c#t 1 ~ Lftm"B ~ 
\3'G\il 504 lXr=f / ~ 'd"m 'CJj'lf6I'tf -q 298 "B 956 

1fIl1 / 1:fim 'Cf>T 3RR ~ fctmT 'd'm x:ft cfr 41 .9 % 

t Cltt gtq'i~i.i 1:fim c#l ~ ~ 524 1fIl1 / 

-q)t) rrm 321 ~ 861 1JT11 / -q)tT ~ fctfcmm 3TFcPo 
c#t 'd"m ~ cfr 31.1 % m 1 ~ Wl)R 1:fim c#t 3TRm' 



~ \3ll\i'f 15.9% (f~ ~ fctfutrm 1 0.0 ~ 19.2% 

~ 21.1% Cf>T ~ eft; qtf ~ti1x~d qhl ~ 17.5% 

~ 12.7 ~ 19.8% ~ fctfutrm 3ffilm -$T ~ 
~ 17.2 % ~ eft ~ I it m cF ~ cF ~ 
LR ~ ~ ~ ~ ctrcn -$T \3ll\i'f ~ ~ 
~~~3RR~~1 

-&0 \i1'"'1 '1 ~ ell Xl £h:; I C'l""1 ~ ~ cF tp": x:tT 31 eM ~ I 'il 
em ~e1UT ~ \J1T xgr ~ I ~ ~ Fc:IlfiRm 

~~ (~ q\i1I~£t1) cF ~ q;l is!§~fUld fcm:rr 
7flIT I ~ -if ~ cF JiI~cp'r~eC1l~c'<i ct ~ 
~ em w:rcf.1 x=rcfJ(1' ~ ~ fctm 'l<TI I ~ 

l:JTC'l" -ciJ.:r ~ ~ em ~ ~ ~ ~ 3lR ~ cF -cRTelUT m LR om wrc.f1 \10lTG fi1<;rr I 

31cR~3lT cF ~ ~ '<ild\i1f.iCf) qJT<f efaT ~ ~ ti"C'l" ~ ~ (filfT ~~ ~lJm qfr 

~ l'fC'l"'i" cF ~ X I '<i 1""1 Pi 4» em t(Y'l1 i CfH 

~ 1TC'l"'i" xT<r cF ~ cF ~ ~ 3f1 <ffi'I Cfc11 '< I ~ '5 

0.25%, ~ <t)f1'r-cp ~ 0.3%, ~ Pi-'>TUT 1 %, 

~cl c>lFcRiC'l + ~'iCf11~iS! 0.125%, ~'iCf11~iS! 0.3%, 

qie~(4J"i q71'<"4J«k 0.3%, C(j(,<~~'S(~ + 4«t<tJiJ!6l 
0.3%, ~ + gCRilCf11'iI\JjlC'l 0.3% 3lR (hlx~~'5Ift11i 
0.5% (f~ ~ f.i ""1"tl 01 ~ (~ 'Cfc'f iT 102 3lR 
~ 'Cfc'f it 11 0) -$T m3lT em 1C'"l1 i Cf) '1 m cF ~ 
~~c~ctt\( (Cf1I""1'iS!dlx ~) -q ~ -cRTefUT m LR 

<T6 m '§3lT fcp ~clc>lRRiC'l-~'iCf1'I ~iS! 0.125% ~ 

'Cfc'f it 110 -$T 31Q~ ~clc>lFcRiC'l-~'iCf11~iS! o. 
125% <:IT ~ 'Cfc'f it 110 ~ ~ m tR ~: 
69.7% ~ 69.1 % xTllT ctT ~ ~ -$T ~ I 

~ ~ m LR 13.4% ~ ~ ~ 
m tR 12 %\3ll\i'f >ll'(f rt I 
~ ~qcp ctt is!! ""1) 'i) fB Cffi ~ ~ 'Q'ii~ 

~~, ~ qfcl:c~xlR:l'<i cF ~ "ifCP em 
~ 1iUfl1 ~ (f~ -qM ~ 31 eM~ 1 '11 tR 3ft

<::r<Ff fctm 'l<TI I 1iUfl1 ~ 31 eM ~ 141 tR 3fimf 
~ CfiT('l', ~ 3lCTfu (f~ ~ ~ ~ -$T 

3WJ ~ CfiTC'l' ~: 2.9, 12.4 (fm 7.5 ~ ~ 
~ 3lCf'<~~1'1) tR <T6 ~: 2.8, 15.7 (f~ 7.8 ~ 

l2l1 ~ <TI5' 3RR fiR-cZl c6I -$T ~ ~ 3l'~ ~ 
l2l 1 -cRTefUlT ~ <T6 m '§3lT fcp ~ c#lc'iI~ l dL 
~ ~ 0.0125% >Rlm ~ 3lTCJ511UT m 
~ ~ ~ '$t q~~ldd l ~ ~ 'C'lR ~ om 
WiICl~IIc1"1 ~ I 

m Cf>T t(Y'l1 i Cf) '1 

~ ~ ~ ~ ~Clx,{i l""1f.iCf) cF Iilq~o\5'i Cf>T 

Fc:I~c>ltjol m CR c:fc;r -$T lffin' -q 1.2 ~ 2.8 % -$T 
fcrfcrcruT 2ft I 31 Cf'<~ ~ I'i 162 +1 ~ d tG ~ill q 

3leM~I'i 95 -q ~ 1=fTW ~ -$T ~, ~ 
~~ -$T 11TW -q 2.0 ~ 4.6% em ~ ~ 
cBt lffin' ~ 1.87 ~ 5.13 ~ em 3RR m I ~ 
~ (~) ~ ~ c:fc;r ctT lffin'3lT ~ 1.2 "() 2. 

4%, ~~ ~ 3.3 ~ 4.8% ~ ~ -$T 
lffin'3lT +1 2.50 ~ 5.11 % 3RR m I 

~ ~ ~ ~ qft m Cf>T t~iCf)'i 

~ '$t 3lTG ~ q;l ~ ~Clxl'<iI""1f.1Cf) 

Iilq~o\5) cF ~ 1C'"l1 iCf) 'i fctm I ~ 3leM~14'i ~ -&C1-

ctT 1i'IW3IT -if 1.2 ~ 2.0% ~ ~~ -if 1.8 

~ 3.6% 3RR m I ~ -$T 11TW3lT ~ 3.54 ~ 5. 

15% -$T fctfclm;r 'CfCf ~ ~ lffin' ~ 239 

+1 dcq~illq ~ 91 (4.0%) ~ ~ I 

~ lRTlT <_!Cffi' cfI c11 ~ fu J) ~lJ6 

Tffi crtt ~ fcp<) 3lGXCf)' * ~ ~ 195 ~ 
~ol'<ict'i -$T ~ 3lf$n tRl1T \3dxdlgCfd 'QCf)R q;l 

~ cF 3m ~ tR SOJI!? C) feCf) ~cl~'<i W xl '<iC'l1lfCld 

fctm 'l<TI I ~clR:Cf) ~cl~'<i w cF Fc:I~c>ltjol ~ 
m '§3lT fcp <T6 ttlm ~ e(iI(~M"lI'5 ~ '\iTT fcp 2n=44 

~ ~ ~ ~ I ~ ~ ~ ~ol'<ict) c#t ~ 
Cf>T 31 CI c11 Cf) '1 fctm 1Tm I 

~ ~ cf> ~ ~ ~ qft 31liHQCf)d l;Q 

~ ~ ~ \3ll\i'f >ll'(f m cF fWl ~ 
~ «'R cF 3lltlR LR 'i1~~'I\i1'i, q;'1'{tI)lx'<i, 41~~IQIi 
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25, 35 ~ 45 frn. "ID11 / 6 ~.2 ~ ~ l1IClT3lT em 
~ ~ xm ~ ~ ~ 3-5 'lfl1lT ~ ~ , f.1itefUT 

m 'R 21 .7, 28.2 3lR 35.8 frn. ~/6 ~2 ~ 

\JlT\Jf mt{f ~ ~~: ~ 25, 35 JiR 45 frn. "W11 

xl Cf>l:r cit, ~ \JCI\Jl 35.8 frn."ID11 / ~ ~ 

\iCl\Jl 45 frn. "ID11/~ llfi ~ ~ ~ ci> 25, 35 

3lR 45 frn. "ID11 ci> ~ 'R ~ ~ ~ 
~ ~: -13, -19 3lR -20 CflT 3R'R ~, 

lfGT qft 1° I q ct11 31'R \W\jf lR "ctfq ~ 

qxA:fxl'lt1 , ~c#lilit1 ~ ~ ~ fclfBn:r ~ 
>lollfc;jdi ci> 3Rflfc; '11~c_'I\l'Fl ~ 4'1~~11I1i ~ 311? 
TCf> ~ ~c#I(/')t1 ~ ~ ~ ~ ~, ~ 

c 

~ ~ $~11I1i ~ ~''i~~llIli ~ ~ om: 
TCf> llfi, xfilll~(/,) ~ 1i1~¢l~lIC"l 61ll'llilxi-~, 

Wffl fi Fch 1I t11 Cf2lT 4 c I ~ fc;j (/') 3TjmTI ~ ~ xl 
~ ~, ~ ~ ~ ~ 61lll'llilfi-~,-~, "¥J 
-m ~$ I ~'$l\Ji~fi , ~ q;"{'qjlefi, B-'CiCf)lfil~~fi 
~ ~ ~ llfi, ~ <:ffi ~ men t frn 

"Gffclcp ~ ci> ~ ~ \J4\i1 8.1 frn. 

"ID11/3~ 2 "\liT ~ ~ >101 I fc;j di (7.4-7.7 frn. 

"ID11 /~) ci> ~ ~ ~ , ~ ~ ci> 3Rflfc; 

~ >I \Ji I fc1 di ~ ~ \iCl\Jl (9.5 frn. "ID11 /~) Cf2lT 

m it, QlxA1RCfl ~ it ~ ~ \JlT\Jf ~ I CRGT 

~ cp)- ~¢1ilit1 ~ ~ (7.4 frn. "ID11/~) 
t1~~ijI1 QxA1xl'lt1 ~ ~ ~ &RT ~ 
\iCl\Jl ~ ~ <nfr , 

~ 3lR ~ 68 rft. 31wAJ'!'i/cJOf ci> ~ ~ xT<T 
~ e:rlill ~, xl~\i11~cR)RlIl em "ffif ~ ~ 1~i(/')'1 
m 'R, ~ 3lR ~ 68 ~ t1~~ijI1 ~ 3lR ~ 

35 JfR vfi 3TR ~ 70 ~ ~ ~ ~ xT<T ~ 
e:rlill ~, 

X I ~ \ill ~ eft! R 1I1 &m >PTIfcro "TIT ~ CJ '! 'Ii III PI q) ~ 

~ ~ CflT 1~i(/')'1 ~ LJlc ~ ~efUT ~ 
f$m ll<lT' ~ 3lR ~ 25, ~ 3lR ~ 36, ~ 3lR ~ 

38 3lR ~ 3lR ~ 70 R1gRkldi &RT ~ \3qijIRt1 

m 'R Xi~ ~ ~ ~ ~ lig~l!0f 
wnq ;:ffiT ~ ~, ~ 75% '11~c_l\Ji'1 + 100% 

q;' I'&ll,!fi + 100% $~11I1i ci> -wwr ci> XWl \3qijIRt1 

m 'R Xi~ 61ll11i1'li ~ CflT l1R ~ ~, "clT 
3lR ~ 36 3fi\r \#t 3m" ~ 38 fcI~Rkl.di em 75% 

'11~c_'I\Ji'1+100% q;'I'&llxfi + 100% $~11I1i * XWl 

~ m 'R ~, ~ Q)lfiQ)lefi, ~('¢fc;j'1 

q;lf4'llefi 3lR tlg l~'$'IiJ1~~'1i ~ ~ ~ 'l<fi, 

~ -ijercp em ~ 11I1 ~1 ~ Cffi ~ \3"'I1Cf)T ~.£R 

'4Ti!' ~ "ffif ~ Cf2lT '4Ti!' 'Ij~ I ~1I (/') 31 cffi ~ l;:fj 
it 31u:r<:R fcn<rr <r<Tr I 'ljW~<:jCfl ~ 3lcffi~l;:(i 'R 

~ ~ ~ ~ 'CJ'lTC'1', ~ ~ Cf2lT ~ 

~ ~ ~ ~ ~ ~: 2.9, 12.3 Cf2lT 6.4 

~ ~ Cf2lT 'Ij~ l~lICfl ~<tfl~I'il 'R <:ffi ~: 3.0, 11. 

3 C1~ 6.8 ~ ~, fclfBn:r c#l c'1I~llll -q ~ 
~ 0.0125% ~ # 31fCP11Uf m ~ ~ 
~ q5T ~fc1~Jt1(1J # ~ c;rR # ~ >r'lJCJ~Jlcf) m I 

~CfR l'fCi"f ~ ~fu ~MCfe1RlIC'1 ~ftfm' fuc;rr CJlI'1I'§, ~v:rq, ~m (ctm), ~ 
em 1C"l1i(/')'1 ((/')x'1 I c(/'»), lJ~ (3TW1) Cf2lT 61lxIQI..fl (4tllC"l1l1) 

ci> fclfBn:r ~ xl ~ "¥J ~ CflT ~ ~ 
3l1~II\Ji'1<'h xl~\i1'I~CJi)RlIC"l R1gRk1ll1 em '!I(>Ik)f.12// ,)(>i)JRm QITi)f.1ITi/ ~ CflT ~ ~ c#lc'1I~~ 
flJ(>fJ·NfJi(JOfCf2lT ~ 3Iljj7f.1JI?'i/cJOfci> ~ ~ '<itjilif?tlll em 1p'lc#lCfl,!OI f$m I ~ '¥T ~ xl ~ 
'dfq ~lI'"{:jOI e:rlill3lT \fCi cfcG CflT 1~i(/')'1 "rtR ~ U: ¢~c'1I~~ '<itjilif?tlll em ~ f$m I Cf)'l fGCfCP1'S, 

~ f$m ll<lT I \#t 3lR ~ 35 3lR ~ 3nx ~ 36 cr<:RT'§ 3lR ~ ftlc;IT ci> fclfBn:r ~ xl 'iIR m 
R1gRkllll 3fR. 'H)(>I/'1#)I?JOf ci> ~ ~ xT<T ~ ~ >RT6 ~ c;rrciT CflT ~ ~ ~ xl 3TTO 

e:rlill WR ~ t1~~ij I1 ~ 3ffi ~ 70 3lR ~ 3lR x~61'S I ~Fe:fi Cf2lT ~ ¢1c'1 I ~~ '1itjilif?tlll ci> ~ ~ 
~ 91 it t I \#t 3TR ~ 35 3fR 'c#r 3TR #r 91 (1 ~ ~il11 fErf%TI fcn<:rr ll<lT , 



3lR~)fq-cp ~ ~ ~f7nIT~)-ftrcp cpc;fll <PT 

~l-T 

VllllLf)C'I m 3lR~~1R1q) 3tR ~fTl~;r~lR1q) ~ cA 
~ ~ ~ -q ~ \;Ct flr~c;'tq)r~~'1 cpr 

~ m 1R <l5 ~ ~q)IC'l1 fcp ~fTl~k\IR1q) 

>RIm cA ~Cff11~~ ~ -q ~ cA lfRlT ~ 

M t ~ ~~~1R1q) ~ CX~'1C'1 q)fc;jCl'JI3TI 

-q ~ cA 11TW ~ ~I ~ qft ~en 

3lR~k'l R1 q) 3TR ~ fTl ~1 ~1 R1 q) >Rlm cA ~ -q 
fll~e.l q)I~~'1 ~ ~ I 

71°ICl ct11 

~ cf> ~ 3'l ffi ~1'1'j cnT ~ cA 11TW3TI * ~ 
fc)~~ flOI fcnm 'l<IT I 3'lCR~~I'1 ~ ~ -548917 -q <ffi 
cA ~ +fin (33%) Cicq~i1IC'! ~ ~- 548922 

~ ~ ~-548932 (30%) # ~ cA TT<lT I 

cttftm 
q'<"lCl ""lj~ -q ~ ~ m 1'lFc1 '<"lqol cpr ~~iq)'1 

m 1R ~1 (~~ 370423) # ~ ~ (320. 

6 ~. ~) (f.l.lf ~ ~ ~ \3lNf (92 IDlf) ~ 

cA TT<lT I ~ C'l i 1l'4l ~ ~, ~ -q <:RTafOT 
fc)R) 15 cMfrm ~ # ~ 1 (~x:ft 370415) cA 
~ ~ (545 ~. ~) 3ffim; qft ~ ~ 
~ -q "W&3lT qft xmm, m, lKfIl cA ~ 3TR 
~ it ~ lii5Cill£of 3RR -.=nft 2IT I ~ ~ 370406 

# ~ ~ (1290 "IDl1 / CJaT) 3tR ~ (405.3 

"IDl1 / CJaT), Cicq~i1ltt ~ x:ft 370425 ~ ~ ~ 
370427 -q ~ cA TT<lT I ~ ~ ~ "C'Il11 

(56.25%) ~ m w:r1 ~ it ~ x:t1370401 # 
~ cA TT<lT I ~ ~ 370410, 370423 3tR 370425 

# ~ <ffi ~ 11TW (4% ) ~ cA TT<lT I ~ 
x:ft 370415 # 21.5"7 % m~ ~ fcnm 'l<IT I 

Gl~+fI;ft 

~ IC'I-r:(j ;{) cA ~ cnT ~ # ~ CfR ~ ~ ~ 

~ m~ ~q)IC'I ~ m ~ ~ il1c;r -q ~ 
~ ~ I ~flic;f ~ ~~ m~cnTcfR LR(l 

Cl"TB en f?;j II 'R "i cj) 3TJCRUT # 'Wi1 # ~ ~ t I 

~~-q~~-q<ffi, ~~~ 
~ m cf> ~ fc)~~flol fcf;<:rr I ~ m 
Cf>RUT <ffi cA lfRlT -q 3l"ifiTcp ~ m ffrcmr 3RT ~ 
~ ~ -q qRClct'1 -.mT ~ I 

alRfff:tcu 

~'tlffi3lT <PT 3AlfOT 

~ ~ cfr ~ ~lnfc;jq) ~ ~ m ~ ~ 
~ cA fI~I{jC11 ~ \1cffi ~ f%~IC'lm ~ -q 
1I1fft~{jr * ~ cnT 'iC/fjlir~(1 fqurr I 1l1fft~llr 
cA TlR ~~, vft. CJ51$(\g2//· (cgRrr i'rcRT), vft. 
c4rtfwtfJ)#!217 (~ &cRT), vft. Q§'1C(jH1C:l (~ 

~) 3tR vft. CNfl'f1)CJ5I$'1f! (~ -vn) ~t1IC'1111 

3tR 3RfI1 -q ~ ~ I 

vft. ~ :JC(CT, vft. g )'id)P!41'17, vft. ~ 3tR vft. 
i2'1CfdRm m -q;c;r <n ~ cnT ~ fcnm (f.l.lf 

~ ~q)I C'I~ cf> ~ ~ fcnm I Cl'J'<1R"i1fll~fI 
ll~ fTl Chl ~ lllin vft. !Jfri:P7~cl--q 0.013 vft. i2'ctcm 
~ 0.065 Pi."IDl1/ 100"IDl1 (f.l.lf 3'l<f11R111 If.H ~;lfTI Chl 

cA lllin vft. g)tWA217'11 # 0.007 (f.l.lf vft. ~-q O. 

053 ~:mll/ 100 "IDll ~ I C'l1~Chlft)~ ~. lllW lift. 
i2'ctcm # 3.72 3tR vft. $PsCJ5/ # 4.95 1l1. m+1 / 100 

"!fill cpr 3R'R t I 

aPt~1 

eft. 011P!tfJ)fA217 3TR eft. a&2'1ffNi (W ~ xl<T 
m ~ ~) cf> ~ Qlxf4RCfJ ~ 3l1~lr~1d 
fcnm I GFIT xiCl'Jxon # ~ ~ ~ ~ ~ I eft. 
d&2'1ffm qft ~ fqq"ilfTlCi xiCiFc1~) Cl~ eft. 
0flf.itfJ)fA<!J1 X eft. rtflJd rtffM $T "fflO xiCiffi~) q?r 

~ ~ # ~~ fcf;<:rr I 

1fmi 

311 CRfl Cf) "i ° I -xlt.-ft ~ 

cRT ~ #, 'iql'iC1~ ~ cf> ~~ cfR ~ 
:rxA ~ # ~ cB m ~ -qr -qr ~ ~l nfc;j q), 
fl l~IJq) ~ m ~ ~ t ~ ~~ 
~ # 50% 3tR q)11 m-~ ~ I \i'I(>f Cl~ ~ 
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-mx~~cf>~~xgcl~1 tTm~c#t 
TI~ ~ t9: ~ flTG PiCf)Ic'l ~ ~~ ~ 
Q)l'&i'(lif~f&s~~ fctfq m ~ t (III) ~ ~ ~ (IT) 

~ eflfOT3IT em cpl1 ~ ~ ~ ~ ~ 
~~~ ~I Cf1ft~cf>~~ 
c#t c#r1T Ul4"i I ~ fc;j 11 -q -mx PI Cf) I C'1 ~ cf> ~ ~ 

~ 3lTt jtpC'1I'i~'i -q 50% ~ cf> 3l~RCR1 ~ 

3RR~~~1 

~ 'ttq CbI4 ... 

~cT~<lXT 

4"i1~C:l~~ c#t 241 fcl~Rk"F~'i em ~~ ~ 
'{i~51C'1~ -q ~1!'fUT M ~ ~ * ~ ~ 
~ Cf)'i'ilcch cfi <R'T ~ ~ 43 -;:p) l{71$c:14"i~ 

~ , 

fcl gFck14i em ~ ~ f1 ~ 51 C'1 ~ -q \i'fl1T fcR:rr 

~ ~ c#t ~ -msm 284 "6T ~ ~ I ~ 1:fUt 
f1ill\(01 ~ IDXT 4"i1~c:1qJ~ c#t x=tT fclgFck1G11 (fiT 

3if.':lCCCfJ,<ul CfJT 0 ~ qftaJUT f$<:rr ~ 0 ~gf4ct4i 

em clR ~ -q ~ ~ 3lf$p \31KIT, \nrffi 3tR "Cf)11 

\nrffi I 

126 cprc;Tt fi1-a ~ 4"i I ~ c:1 qJmxr fcl gFck1 GIl cf> \Il) '11 ~ Cf) 

~~"C("em~fcR:rrC1m~~~ 
GTCTGCGC TGTCGG AACT (113F)f 

TRATGATGCGGTfCA TCTCG(1 14 R) cf> "ffm ~ 

~ 3lR s:l14"i1~fc;j11 fcm:n Tfm I 3lR. R1Pi~f1 * ~ 
it ~ am (fiT fcl~ClClII4~ ~ ~ ~ ~ fcl?<n I 
rft. CfJ/qf)'<fI3tR 3TR. fflfiffc:m em AAo m C1m 

\RCGr ~ ~ * ~ \JfTfcr ~ ~ em 
\(i)qiFcPd ~ PlGl1~d fcm:n I 

~ x:ft ffr ~ ci> J)6()$C!fltl ~ ~ qJll?clqJ~ 
$Lf1~'{:fl cf> ~qf1e)GI'i (56, 457) em \S1\:He'1'I\S fcm:n, 
"fT11lJ M 3tR 5966 Cf)lf?olf1 (fiT w:WT ~ ~3 
Cfl14cpJ:j -q x~ f$m I ~ Cf)'jf?olf1 * ~ 
~ czrmm ~ ~ mw ~ fcn >RMo $C!fl2:Jq'j cf> 

84.73% ~ ~ -q ~ 3l1~f?dGll cf> ~ {1~Hdl 

~ ~ I C'fll111T 3.57% (213) ~C!f1e)~ i ~ cmm 
ci> qRCfJ~m mtR * ~ f.i<:Rr ~ ~ 699 

( 11.7%) coT ''";:fr ~"~ I rft. cj)qf)#) * ~ 
~1~f?d4i -q"C'1'fl1lT 223 lil$cp'l{1 eC'1 l ~c (fiT mrr"C'1'lT<lT 

3tR ~ ~ ~ (fiT \(i)q iCfl'1 fcm:n Tfm I rft. 

</iqf)?f) \J1l'11~Cfl ~ ~ ~ 250 ~ ~ coT 
~ fcR:rr1 

ll>~cTcffl 

~ qJl~~~1 em qRClc=l'i ~ qJl~c:1 ~61, ~ 1) 

(;jilIClH~ ~ cf> qJl~clqJ~ xTrT 'R "C("Cf) ~ 

~ fcl Cf) R1 d fcR:rr I 4"i I $ c: f f2;r 61, 4"i n~ C:14"i~ "CR ~ 

T >lCf)I~I'il * $c'lCf~JPlcp ~ em ~ Rlcpffm ~ 
Tfm d"2:IT ~ ~ IDXT 1leWKr f¢m I 

lfUfGfiT~ 

-quf -zyr m * ~ ciT C!¢R:id m * fWJ 
cp'i'ilcCfl, ~ d"m dfJ=lC'1'i I'§ -q ~ fcn<:rr I ~, 
~ fltq~ ~, ~, 3RXcf), ~ C1m ~ cf> 150 

~ 11 ~ 100 Cf)lckkl~Cfl~ f4'lf1~f1 ~ f1cp fJ=l(j ~ I 
o ~ cp'1 Cf)fe'11~ ~ Cf)'r~~~C'1 ~ ~ * 3l1t1R 1R ~ c#t ~ I ~ ~ em 6JlG 1) 

~ fcom d"2:IT 3lT1T cf> ~' * fu<) ~ ~ 
fcom ~ ~ ~ "CflT Cf)1C'l141 il RCliCfl'i ~ 
Cf) I PI ~ ~ C'1 3tR 31 ~ Nil R~ C'1 3lTCBfc1 fctw:r cf> \3l1'tlN 

<. 

"QX ~ ilRtljf(pd fcpm Tfm I 

~q\.q;t1~ 

~ R1 fc>1 Cf») 3r-l~m;:r 

~ f1G11\Ji'i ~ GT cMc'il~~ ~t1C1tfJ=l 41, fC "<Rm 
tfh422J7{ (83), C1m gbNEI/$asf2w ~Cfi!tR2r)lb)?/ 
(53614), <#t ~ ctt I ~;s)0)(>fJW ffI/it#m {'f2IT 

3Rl '{ftl CIt ~ ~1" ctT Ri '1 e f.i Cfl W.tf (fiT 3l~ 

lil~clChlf.';$~C'1 ~ ~ IDXT M Tfm I 

4"i I ~ cl c6 Pi Cfl Ri "$I Cl i 'Hi ~ Cf) \J I '1 Ji '1 -m. ~~q; 
4"i1~C:1c6f?1cpC'1 ~ "C("~F11511cIPlCf)C'1 ~, ~ 
~, GT"C("~~~C1m"C("~~ t/cTcffi 
t9R "#R "fr 56 3l1~IIUj'iCfJ w:nc1T GllfTlChl em Wrrfclo 
~liR;'{i$\SC'1 WRIT cf> ~ ~ ~ I ~ ~ 
3lun:R ~ ~ mm ~ fct <.ffi t9: 4"i I $ c1 c6~CflRl
cgxcgfJ=l 'i, ~-~ 3ilCff1I~\S, Cf)l(j~'1, ~, ~R8H. 
,JlHl'&I$CfJf.i'i C1m '<=?; I~ cp'i I~'1 ciT ~ 611$~ 
~ (~311C!C'1-s1Cfl ffix) ~ ~ C1m WTrm ~ * 5 1 ~~lJH ~ ~ ~ ~ cfi ~ 
~~. a1<'{i~~f1 (\Jlr ~ it) ~ clT 13m: 
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Ff t6lfie)$fJ!Cf5 A1 em ~, ~ &RT if;) ~ 
1IiI1i(ij1~1lIRl \9' ~ ~ ~ 3MII,i'F1Cfj wrrclT ~ 
"fl ~qiuRff CR ~ ~ I ~ fc«tr ~ <ffi ~ 
~ ~ til> t(il tlC)~f?lCf5C"f1 ~ ~'<l[tpC1IRql 
..".~~ cf; ~ ~ ~ WldIClI'i ~ 3TR ~ 
~ it ~'1I Ci(>'f , ~ ~, fWCf5f.i'i, ~ cfi ~, 
~CfR't'1'1', Q1tlQR'i, 3TItltfPifui rflC1, 'hx'hf?l 'i, W 
1fAA'tI'fil>~'1, ffHlfllCf?~, Cf51q:jI~ffI'i, ffl~l~"""lC1 
lI'i ~'(IPldlC1 ~ cplf ~ mer ~ I 
~ ~cl~~ 

~ "'~T ~ cT ~ 'ff, vfi-C;XfiT ;:f Cl ~q ~ 'ff 
(www.spicebioinfo ,res.inlgstleadbase) '¢l fclCf)ff{(1 

1fRCt; qR:qI'(en ~ I ~ ~ # 'Hi IQf,1Cfj ~ 

tIIU 't'f411 fa ct ~ Si I e1 fil ~ \S C1 <:t~ f?I 411 cf; 3RT fctcRuT 
~ ~ \iIT titlCflfllq\ Tf ~- Iffl- ~ 1 "'flq5~~i 
~"il1m~ ~I 

1l'AT ~ til ~J c6) 

• ~~, ~ ctT ~, \3c;q I G 'i (f~ f.1<:rTTI 
~~fijR!A cf» tR~cm~~ 

q) 'ffm ¥: ~ fc))m I 

• ~;p) ~ '+fT1T '¢T fclCb RiC'1 ~ ~ 
~ 3fJe4111'i tfrlf) c~ll\( ,!R'tilQ)c # fi~f(;1C1 
fct;m , 

• ~ ~ ~ cf; ~ 3ITcP I'll Cli1 fifi tR -c;cP 

1r'mft ~ 'ct>T Rl en fflC1 fc))m I 

$ ~~~~*lWf~* 
~ ~, ~ ~ 'R1 f11Q)dQ"{ Cf5T mWr 
CIRcti ~ 3l& \ffl 3lN ~\i.1fi l~C ~ * 
~~~I 

"filii( 

N lfi:1'iI2R ~ If)1\3~~~I'i , ~ &Rf I'lI<Mtm 

~ ~ tR 3lTq) ~ c::T ~~ enl4iPSi ~ 

~ # 31141Rild fcn<) I m~ -;) ~ m<PR * 
\JR~ fiM';:r * 3Rflffl \fcP ~ ~, ~ 
~ lR 'Cffq (f2IT etfm ~ tR "ETR >l G ~H~ II i / ~ 
irc>rrJif ~ WI' fBm I ~ ~ ~ ~ ~ 
W"C1- * ~ 'f1Rf cft1m:IT fi ~c'l'i W 31 r m ft1 C'1 ~ 
~ 389 Rh'{ir"il ~ 1WT fBm I 

~ ~ 3lTt -q) QR4'1\i'1'i1 * ~ J{r~C1Il?Rill lffi1 

~ w:ITi 115R ~ ~ l?'i~\(4~J'i cf; ~ ~ 
~ Blc 9 ~ 2009 cp1 31141 ftlC1 fcpm I '(1'lTl1lT 

6Tffi ~ filla...,) cfi <fm xr 3TfWn ~ ~ 
<f ~ fB<11 ~ ~ ~ '<itl<ilti ~ ~ # 
!'lCbr~lC'1 ~ I ~ ~ Cbr4iPli 3l r enr~wlluft, Cfjr(&enc 

# Cf~ ~ ~ crrc=rf<T ~ st I 
'tAfiTafUT mC5'l1 

~ fcmA ~ -;{ Tf(1' crf 73 ~alUT enl4iPSi 

31 I ql~C'1 fctit ftA'ti 3024 ~~ ~ s<ll 

~ qm;r # ~ 400 Rhfi I 'i' j 'ct>T ~ 

~, ~ fi1Si~4'i cp) ~ (RTI ~ 31IcW'ICbdl3lT 

<f> fu<) ~ ~ R # 3Wl1 ~ ~ Tf fchfiHl * fB<1 cfR ~ ~ 31lql~d ~ ftA'ti 96 

~ ~ S<) I 3lTCi lii5fClg:ol !>l~~lf.i<Oli ~ 
"tl'R ~ 'Tffi ~8fUT ~ ~ ) 

~ ~ ~ ~ m~, <tJ 1f&Cfic, 

~ fctmR R ~ ~ -c; 31Tt q't ~ fi:1C1Cbx 8-12 

~ 2010 em q'(i)CI"ilj~ # ~ "(i)'q xr qi':q 

RClfl"I<OI Fchfil'i" Cf5T '<iSilxli5 '~ fii~RrCfj ~ 
2010' ~llllRilC'1 fcpm I 1:l'f'q ~\(~C'1 Fch~il'1'i em ~ 
ctt I U: ~ ~ ~jfi'tll'i ~, ~ mew 
3tR 14 ~ \3£'1fl'141 (RTI f.1mT ~3lT ~ 311R 
~ m fclCfjff1 d C'1 <tJ;fl Rh41 em ~ ~ cfi 
~ ~ ~ ~ I (1Tf+fTf 250 Rh'<il'" -;{ 
ctCfj...,"lcM ~ # 1WT ~ ~ 1500 C'1en;flcM ~ 

'Wn<) ~ ~ ~ ~ ~ I Rh'<i I<1T -cnT >lfuefUT 
~ * fu<) d Cfj 4) cf» fcl ~'Il'i ~) CfJl 3l1Si Ptl d ~ ~ 
cf; ~ Lft:Cj3!T ~ ~ ~, ~ 'ClT(Y1""i", TT 
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~. cgcg~j<fll ~. ~ <R:f ~ ~ ~ LR 

d ¢;fI eM x=rID cnT 311~' ~ d fclurr I 

(1 <t5 ;fj f4> ~ir cf> ~11fCf "<t5T ~cra i <t5 '1 

¢\('1fc¢ ci> ~ fuc;rr ci> 1615 ~ ~ fl1-cf 
6lfliT # ~afUT fcRrr ~ ~ ~ ~ 3TR cGr 
~$1IP1cp ~ !>lUII~~'j cf; x:ffi" Cf5T ~C"lli¢'1 -m cf; 
lh C1 f<l {i) q <ffi ~ S3lT fclJ PI kf ~ fuld d ¢ '11 fch ~'j 
cit 3flRf.t LR ~ ~ ~ ~; tf<flT # ~ 
P1J3.TUT fU;SCP'11 -100%, 'fIT # Cf)CJCf)'i)~)~ -80%, 

~JiR:f{l~;S,f{ Cf5T -60%, ~ # (fC lR ~ -70%, 

\('filllf.iCf) ~ em ~ -.20%, "d)q Plll"tlUI 

~ Cf5T ~ -20 % ~ I 

;{ilC'\~~ll ~ # ~ \3lf\Jf (63%) 3.24 fclJ. 
~/~ ~( ~ Plll~d ~ # q~qxllid 
~ 3iq'iICf)~ 1.9 f¢.TI"Tlf/~ 0J, 'H)q:~~lj 

~ # ~ cf; ~ 3ffilm C1f1T(f >ffi1 ~ 80 ~ ~ 
~ 3l1¢~d ~ 3tR "(1l1{ Cf5T ~ dCf)'11Rbdi 
em 3l1RA lR 3.025 m I ~ cf> q~q'<llld cprc;fi f?Rf 

\3 ~ I ~ q;' j 11 fcp<) 1T7) ~ ~~ -q ill1f<1 3TR (>IN 

cpr ~ 2.4 3ffilm fcnm l"TlIT I 

l1fYfCT 'ftm~R fcrcprn 

• "$ ~ i1 ~~c);~ul # ~ ~ 3tR ~ 
ClTRS<IT LR ~ JlCJxtil'il3lr Cf5T mr~ cfll4Cfilq 

20-23 ~ 2009 em 311111~d fcnm ~ 
~ ~/Fcl~qFcl~IC141 ~ 17 mwri -;f 

~fBml 

• ~ ~ x:lt tm:IT cf> ~ 6 ~ ~ 5 \iff 2009 "Cf5T 

JI q '< 'HI II 'i. JI cgt) Ell fi'l eM cmT JI q xi i1 'i 1311 lR \fCfJ 
~ em U'lNiCf) lC~\H ~~ 3tllllftm fcRrr I 

• ~ CfC6l 'fi ~. ~. tm:IT -;f 3JLf'iT ~ cm<f 
Fc@F:J ~ -B ~ fcpm) cyq tffiIT ~ ~. 

~. cf> ~ mr~. \fCfJ ~ -;f ~. fitc;r. 
q)f ~ cm<f fcnm cmT \fCfJ "Cf5T -qr. ~. cGr 
~ mc<l ~I 
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EXECUTIVESU~RY 

BLACK PEPPER 

Genetic resources 
Surveys were conducted to collect black pepper 
accessions (cultivars) in Thodupuzha ofTdukki district, 
Poonjar and Yalamukku of Kottayam district, 
Perumbavoor, Malaytoor and Kunn athunadu of 
Emakulam district. Altogether LOS accessions were 
collected and planted at Experimental Farm, 
Peruvannamuzhi. A Piper species from Dimapur, 
Nagaland was also collected. In the black pepper 
germ plasm conservatory, 2595 accessions are being 
conserved (Wild pepper- 1286, Cultivars- 1300, Exotic 
species- 9). The unidentified Piper species collected 
from North Eastern Region was identified with the 
help of Central National Herbarium CBSI), Kolkata. 
Herbarium specimens were prepared, mounted and 
preserved in the phenomics facility. Microsattelites 
developed for Piper species were successfully used 
to detect polymorphism in black pepper cultivars. 

Root stock studies 
Screening studies helped to identify Piper ornatum, a 
wild species related to black pepper, resistant to 
Phytopthora caps ici , Radopholus simi/is and 
Meloidogyne incognita involved in quick and slow 
wilt of black pepper. Hence, grafting was attempted 
with variety Sreekara as scion and the above species 
as rootstock. Since the growth was poor, other Piper 
species compatible with black pepper was tested as 
possible interstock for further testing using P ornatum 
as rootstock. P belle, P longum, P argyrophyllum, 
P chaba, P atlenuatum and P colubrinum were 
found to grow satisfactorily and appeared compatible. 

Development of core ESTs and cloning of genes 
Homology searches for three genes were undertaken 
and primers were·designed. The specific genes include 
Betaine aldehyde dehydrogenase, Glutathione S
transferase and Superoxide Dismutase for ampli fication 
from mRNA of field grown black pepper plants. 
Transcript based cloning attempts for WRKY 
regulatory gene resulted in the amplification of a 
fragment of size of approximately 100 bp. 

i ntercropping ill j uvenile garden 
Intercropping medicinal plants in juvenile black pepper 
garden recorded a maximum net return of Rs. 46,225 

per ha from black pepper + Veti veria zizanoids 
followed by black pepper + Alpinia calcarata (Rs. 
44,600) with a Benefit: Cost ratio of 2.3 and 2.2, 
respectively. 

Nutriellt alld plant hormone levels in relation to 
bearing 
Quantification of nutrient and plant hormone levels in 
the alternate bearers showed that the stem and leaf 
nutrients leve ls were low during the bearing year 
compared to non-bearing year. Carbohydrate to 
cytokinin ratio was more during the bearing year 
compared to non-bearing year. 

Influence oj'storage on quality 
Storage of black pepper powder prepared by hammer 
mill and manual glinding showed reduction in oil and 
oleoresin content after five months of storage. Profound 
reduction was observed in manually ground sampJe. 

MedicinaJ value of pepper was analysed for examining 
the antioxidant property using alcohol extract, water 
extract and petroleum ether extract. Three tests viz., 
DPPH radical scavenging assay, phosphomolybdenum 
assay and ferri c reducing power were carried out for 
the antioxidant test. Five months storage of powdered 
sample did not show change in antioxidant property. 
Black pepper oil constituents were monitored using 
GC-MS for the fi ve months storage period. Significant 
changes were observed for pinene, myrcene, limonene 
and linalool contents. 

Phytophthora foot rot and slow decline diseases 
Evaluation of chemicals 
Three chemicals such as captan hexaconzole, benzoic 
acid and salicyclic acid were tested in vitro and in 
vivo against P. capsici. Among them, 100% inhibition 
of mycelial growth was obtained at 100 ppm caplan 
hexaconzole and benzoic acid and at 200 ppm saJicyclic 
acid. In vivo experiments with these chemicals 
indicated disease inhibition of 46.2%, 46.2% wd 16.4%, 
res pec ti ve I y. 

Among the fo ur new chemicals such as Seetin 
(Fenamidone 10% + Mancozeb 50%), Equation Pro 
(Famoxadone 16.6% + Cymoxanil 22.1 %), Curzate 
M8 (CymoxaniJ 8% + Mancozeb 64%) and Acrobat 
50 (Di methomorph 50%) tested in vitro against P 
capsici, Acrobat 50 showed 100% inhibition at 50 ppm 
concentration. Sectjn and Equation Pro showed 100% 
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inhibition of mycelium at 400 ppm and >500 ppm, 
respectively. 

Metalaxyl sensitivity of Phytophthora isolates was 
tested with different concentrations of Metalaxyl
mancozeb in comparison with Mancozeb. Metalaxyl
mancozeb could inhibit (100% inhibition) the growth 
of Phytophthora isolate at 5 ppm whereas Mancozeb 
could inhibit the growth of the same isolate only at 200 
ppm. 

Evaluation of promising antagonists 
Among eighty endophytic fungal isolates isolated from 
black pepper and evaluated in vitro against P capcisi, 
four isolates (EFP II , 73, 81 and 83) were promising 
with >80% inhibitory effect on mycelial growth of P 
capsici. Observations on growth parameters indicated 
that application of Curtobacrerium luteum (TC- I 0) + 
Metalaxyl-mancozeb and Pseudomonas j7uorescens 
(IISR- 853) + Metalaxyl-mancozeb were promising 
with increased height and canopy of the plant. 

Integrated management in the nursery 
An experiment was conducted in the nursery for the 
production of healthy disease free planting material 
with four different soil disinfection methods followed 
by integration of plant protection chemicals and 
biocontrol agents. All the disinfection methods and 
integration of chemical application such as copper 
oxychloride (0.2%) + phorate and potass ium 
phosphonate (0.3%) + phorate were promising in 
reducing Phytophthora infection under challenge 
inoculated conditions when the moisture content of the 
potting mixture was maintained below 15%. 

Resistance 
The resistance of open pollinated progeny of IISR 
Shakthi 04-P24-1 to root infection by P capsici was 
confirmed even after 4 years after planting in the field. 
Selfed progenies of Piper colubrinum, a species 
known to be resi stant to Phytophthora infection , 
segregated for Phytophthora resistance. 

The activities of cinnamic acid-4-hydrolase (C4H) and 
caffeic acid-O-methyltransferase (COMT) increased 
in the susceptible black pepper variety Sreekara than 
in the resistant hybrid (HP 39) and wounded samples 
on inoculation with R. similis. Lignin content was 
comparatively low in HP 39 compared to Sreekara. 
But in HP 39, it increased to double the control values 
in a month after inoculation with R. similis. 

Establishment of virus-free mother villes 
PCR technique was used to identify virus-free nucleus 
materials of all released varieties of black pepper. They 
are being maintained under insect proof conditions and 
used for further multiplication in nurseries. 

Trallsformation of black pepper 
Two constructs each of Piper yellow mOllie virus 
(PYMoY) and Cucumber mosaic virus (CMY) in 
Agrobacterium tumefaciens EHA 105 were used for 
transformation. The embryogenic mass was infected 
with Agrobacterium harbouring respective constructs 
and cultured on basal SH medium for 48 h. The co
cultured embryogenic mass was transferred to selection 
medium and growing points were removed onto the 
same medium with a higher kanamycin concentration. 
The prolife rated embryogenic mass was then 
transferred to basal SH for further deve lopment into 
fully developed plantlets. Fully developed plantlets 
were transferred individually to WPM. Total genomic 
DNA isolated from leaves of fully developed plants 
was used to confirm the presence of inserts through 
PCR. The PCR positive plants were hardened under 
green house for challenge inoculation with viruses. 

Screening of black pepper germplaslIl against 
Poilu beetle 
One hundred and eighty five accessions of black 
pepper were screened against poilu beetle (Lanka 
ramakrishnai). Among the cultivars, Acc. 78 and 4044 
were free from poilu beelte attack. The highest berry 
damage (36.5%) was recorded on Acc. 1484 followed 
by Acc. 161 1 (34.3%). Among hybrids, Accs. 1055, 
1069. 1769 and 1752 remained free from poilu beetle 
damage. Acc . 1339 recorded 100% berry damage, 
followed by Acc. 807 (73.5%). 

CARDAMOM 

Genetic resources 
Five accessions were collected from Sabarimala area 
of Kerala making the total germ plasm repository to 
447 (Malabar 278, Mysore 78, Yazhukka 63 and others 
28). Morphological characterization has been recorded 
in SO accessions. Accessions IC547 146 and lC349630 
were short listed for high yield with more number of 
capsules per plant. 

Evaluation of hybrids 
Evaluation of F) hybrid progenies of Preliminary 
Evaluation Trial-I (PET-I) ( J 9 combinations) and PET
II ( 10 combinations) was carried out and two high 
yieldin g se lections were short li sted for further 
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evaluation . Hybrid GG x NKE- 19 was promising with 
more than 70 per cent 8 mm capsules and showed 
field tolerance to rhizome rot and leaf blight. Among 
the entries evaluated in Multi Location Trial, NHY- I 0, 
MA- 18 and SAM performed better compared to check. 

Identification of molecular markers linked to Katte 
resistance genes 
DNA was extracted from two parents namely, Green 
Gold (GG) (kalfe susceptible) and NKE 12 (katte 
resistant) and PCR was performed with seven sets of 
ISSR primers (834a, 841a, 854a, 866, 867, 812, and 
8 15) to study parental polymorphism. Two primers (866, 
81 5) have shown polymorphi sm, primer 866 for 
susceptible parent- Green Gold and primer 815 for 
resistant parent- NKE 12. 

Drought tolerance 
Th ree ge notypes RR I (lC34959I ), CL-893 (IC 
349537), Green Gold (IC 349550) relatively tolerant to 
moisture stress and CCS -1 (IC 349589) a susceptible 
genotype were crossed to develop drought tolerant 
variety wilh good yield and quality characters. CL-
893 and its cross combinations recorded better growth 
and yield parameters whi ch were reduced under stress. 

Essential oil profile 
Twenty accessions of cardamom germ plasm were 
evaluated for essential oil content. Oil content in 
capsules ranged from 3.5-6.7% on dry weight basis, 
with highest in GG-self followed by GG-OP (6.0%). 
GC- MS analysis of the oil indicated that th ese 
accessions contained 26.2% and 27.7% 1,8- cineole 
a nd, 45.8% and 46.2 % (X- terphe nyl acetate, 
respecti vel y. 

~creening of germplasm 
Thirty eight breeding lines and 20 co llections of 
cardamom were screened under natural field conditions 
to identify resistant sources against leaf blight and 
rhizome rot. Six genotypes each of breeding lines and 
collections exhibited highly resistant reaction to rhizome 
rot. Six genotypes namely, IC- 547222, IC-547223. IC-
349645 , IC- 349649, IC-547 158 and IC- 349637, 
exhihited moderately res istant and highl y resistant 
reactions against leaf blight and rhizome rot. 

Development of diagnostics for viral diseases 
Six kane isolates were collected from Karnataka (5 
isolates) and Kerala ( I isolate) and established under 
insect proof g lass house conditions. Enzyme Linked 
Imm unosorbent Assay (ELISA) based detection of 
Cardamom mosaic virus (CdMV) was standardi zed 

Research 

and the titre of the antiserum was found to be 1 :250. A 
procedure for total RNA isolation from cardamom and 
detection of CdMV through reverse transcription
polymerase chain reaction (RT-PCR) using primers 
designed for the conserved region of coat protein was 
standardized. The RT-PCR method was validated by 
testing more than 50 cardamom field samples 
representing diffe rent geographical locations of 
Karnataka and Kerala. 

Two kokke kandu isolates from Karnataka and one 
Nilgiri Necrosis disease isolate from Suryanelli (Idukki 
District, Kerala) were collected and established under 
insect proof glass house conditions. Su'rveys conducted 
in major cardamom growing areas of Karnataka and 
Ke rala, revealed the prevalence of Banana bract 
mosaic virus (BBrMV) infection. The symptoms 
induced by BBrMV in cardamom included 
discontinuous or continuous spindle shaped streaks 
along the veins, continuous light green or li ght yellow 
streaks along the midrib and discontinuous mottling 
along the pseudostem and petiole. 

. TURMERIC 

Genetic reSOllrces 
One thousand one hundred seventy three accessions 
are being maintained in the field germplasm 
conservatory. The breeder's seed of released varieties 
of turmeric (7 varieties) was multiplied. 

OP seedling progenies 
Pol culture evaluation of 256 seedling progenies and 
23 mother plants of turmeric showed high variability 
with respect to yield. Twenty nine progenies showed 
multiplication rate above 20 times. Of the 68 second 
generation seedling proge nies of five seedling 
progenies, many showed very high multiplication rate. 

Self incompatibility studies 
Sixty five flowers of Rajendra Sonia and more than 
100 flowers of BSR-2 were manually self pollinated 
but no fruit set was observed. Pollen fertility analysis 
by staining showed 60.4% fertility in Rajendra Sonia 
and 55% in BSR-2. In vivo gennination on stigma was 
found to be sparse after 4 h of pollination. Se lf 
incompatibility mechanism in these varIeties is 
suspected. 

Microsatellite markers and characterization 
Cross species amplification studies of microsatellite 
markers were carried out in 13 Curcuma species. Two 
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synonymous Curcuma species viz., C. zedoria and 
C. malabarica showed identical SSR profiles for 40 
microsatellite loci. 

Flowering 011 yield alld dry recovery 
The flowering and non-flowering plants of turmeric 
were compared for yield and dry recovery. On an 
average, flowered plants recorded fresh yield of 504 
g/plant with a range of 298 to 956 g/plant and CV of 
41.9%, whereas, non-flowered plants yielded 524 gl 
plant with a range of 321 to 861 g/plant and CY of 
31.1 %. The flowered and non-flowered plants did not 
differ in yield and dry recovery. 

Cloning of pal gene 
Partial sequence of pal gene was isolated with PCR 
conditions optimized using pal gene specific primers, 
designed based on sequences available in the public 
domain. A 522 bp product amplified by PCR was 
isolated, cloned and sequenced. BLAST analysis 
revealed that the sequence showed 94.3% identity with 
the pal gene from ginger. 

Evaluation of chemicals against rhizome rot 
The field experiment to evaluate the efficacy of copper 
oxychloride 0.25 %, Cheshunt compound 0.3%, 
Bordeaux mixture 1 %, metalaxyl + mancozeb 0.125%, 
mancozeb 0 .3%, potass ium phosphonate 0.3%, 
carbendazim + mancozeb 0.3%, captan + hexoconazole 
0.3% and carbendazim 0.5% and biocontroJ agents 
(CLT 102 and CLT 110) for the management of 
rhizome rot disease indicated that application of 
metalaxyl-mancozeb 0.125% + CLTlIO was at par 
with individual application of either metalaxyl
mancozeb 0.125% or CLT ItO with a di sease reduction 
of 69.1 % compared to 69.7% in individual treatments. 
There was an increase in yield of 12% in the combined 
treatment when compared to 13.4% in individual 
treatments. 

Bionomics of shoot borer and its management 
The life cycles of shoot borer, Conogefhes 
panett/eralis were studied on five moderately field 
resistant and five susceptible accessions. The average 
adult longevity, pupal period and fifth instar larval period 
were 2.9, 12.4 and 7.5 days, respectively on moderately 
res istant accessions and 2 .8 , 15 .7 and 7.8 ~ays , 

respective ly, on susceptible accessions. However, the 
differences were not statistically significant. The trial s 
indicated that among the various insecticides, lamda 
cyhalothrin 0.0125% was more promising in reducing 
the percentage of shoots infested by the shoot borer. 

GINGER 

Genetic resources 
Six hundred accessions of ginger are being maintained 
at the field germplasm conservatory. The breeder's 
seed of released varieties of ginger were multiplied. 
Cross species amplification of rice microsatellites was 
successfully done in ginger. Three of the primers tested 
gave good amplification products 

Yield evaluation of high oil type and exotic 
collections 
Among 13 genotypes analysed for biochemical 
parameters, oil content varied from J.2 to 2.8%, while 
the oleoresin content ranged from 2.0 to 4.6% and 
fibre from 1.87 to 5.13%. Of the 12 exotic (Nepal) 
lines, the oil content ranged from 1.2 to 2.4%, oleoresin 
frOIll 3.3 to 4.8% and fibre from 2.50 to 5.11 %. 

Yield evaluation of low fiber lilles 
Eight ginger accessions were evaluated for their 
biochemical parameters, of which the oil content ranged 
from 1.2 to 2.0%, while the oleoresin from 1.8 to 3.6%. 
The fibre content varied from 3.54 to 5.15%. 

Polyploidy in ginger collection with high pollen 
fertilil]' 
Chromosome number of ginger collection No.195 
which was identified during last year as high pollen 
fertile line was verified from mitotic metaphase plates 
at the root tips. Analysis of mitotic metaphase plates 
showed that the plant is a tetraploid having 2n=44 in 
majority of the cells. 

Nutrient requirement for targeted yield 
Based on the initial fertihty levels ofN, P, K, the fertilizer 
doses for obtaining 25. 35 and 45 kg/6m2 bed yield 
targets in ginger were worked out and applied in 3-5 
splits at Appangala on variety Rio-de-genero. The yield 
levels observed were 2 1 .7,28.2 and 35.8 kg/6m2 bed 
for the targets 25, 35 and 45 kg, respectively. The 
highest yield of35.8 kglbed was obtained for the target 
45 kgl bed and the deviation from the target was -15 
to -40%. A mean deviation of - J 3, - 19 and -20% at 25, 
35 and 45 kg target levels , respectively was observed. 
The farmers practice has recorded a yield of 35.6 kgl 
bed. 

Organic management on soil quality and yield 

Under different management systems like conventional, 
integrated and organic the soil nutrient availabi lity of 
Nand K were higher in integrated system on par with 
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that of organic system. The Ca and Mg availability 

was hig her under organic system. The foliar 

concentration of P and Zn was observed to be highest 

in fully organic management followed by integrated 

and conventional systems. 

The mean yield recorded was 8. 1 kg! 3 m2 under 
organic system which was on par to other management 

systems (7.4- 7.7 kglbed). Under organic management. 

var. Mahima yielded highest (9.5 kglbed) and Rejatha 

yielded on par with conventional system. Highest yield 

in Varada was recorded in integrated (7.4 kg/bed) 

followed by conventional and organic systems. 

Evaluation of rhizobacterial strains against rhizome 
rot 
The promising rhizobacterial isolates were evaluated 

fo r their biocontrol potential against Ralstonia 
solanacearum and Pythium aphanidermatum and 

growth promotion in green house. The isolates GRB 

35 and GRB 36 showed highest disease suppression 

fo llowed by GRB 70 and GRB 91 agains t R. 
soianacearwn. GRB 35 and GRB 91 foll owed by 
GRB 68 showed highest disease suppression against 

P. aphaniderma tum . 

Soil biochemical and microbial indices as influenced 

by rhizobacteria were eval uated in a pot cu lture 

experiment. The isolates GRB 25, GRB 36. GRB 38 

and GRB 70 applied alone, did not significantly 
influence microbial activity. However, when applied in 

combination with 75% N + 100% P + 100% K, gave 
significantly higher microbial biomass C values. The 
activities of urease , ac id phosphatase, alkaline 

phosphatase and dehydrogenase were hig hes t in 
treatments involving the isolates GRB 36 and GRB 38 

applied in combination with 75% N + 100% P + 100% 

K. 

Bionomics oj shoot borer and its management 
The life cycle of shoot borer, Conoge/hes fJunctiferalis 
was studied on five moderately fIeld resistant and five 

susceptible accessions. The average adult longevity, 

pupal period and fifth instar larval period were 2.9 , 
12.3 and 6.4 days, respectively on moderate ly resistant 

accessions and 3 .0, 11 .3 and 6.8 days, respectively, on 

susceptible accessions. Howe ver, the differences 

were no t statis ticall y s ignific anL Amon g varioll s 

insecticides. lamda cyhalothrin 0.01 25% was mo re 

promising in reducing the percentage of shoots infested 
by the shoot borer. 

Elltomopathogenic nematodes 
Sixty two rhizosphere soil samples were collected from 
different locations of Wayanad, Kottayam, Idukki 
(Kerala), Kodagu (Karnataka), Guwahati (Assam) and 
Barapani (Meghalaya) and baited us ing Galleria 
meflonella larvae. Out of 62 soil samples baited, 6 
strains of e ntomopathogenic nematodes were 
recorded. Four hundred and twenty four shoot borer 
larvae were collected from various sites in Kozhikode, 
Wayanad and Kodagu Districts among which eight 
were associated with rhabditids nematodes and one 
with EPN. 

NUTMEG 

Induction of orthotropic shoots in plagiotropic 
grafts 
The auxins and cytokinins in the leaves and buds of 
orthotropic and plagiotropic shoots of nutmeg were 
studied and it was observed that the auxin content was 

highest in the axi llary buds of the plagiotropic shoots, 
whereas the terminal buds contained more auxins in 
orthotropic shoots. Cytoki nin was high in the leaves of 

both orthotropic and plagiotropic shoots when compared 
to the buds. 

Quality 
Twenty access ions of mace were analysed for oil 
content. The oil content ranged from 12-33%, with 
highest oi l yield in TC-548917 (33%) followed by IC-
548922 and IC-548932 (30% each). 

CASSIA 

In the c lonal evaluation of e lite lines at 
Peruvannamuzhi , DI (LC 37042}) recorded 

significantly higher height (320.6 ern) and dry bark yield 
(92 g). Among the 15 cassia lines tested a t CRC 

Appangala, C l (IC 370415) recorded significantly 
higher height (545 cm), while no siginificanrdifference 
was observed among the lines for number of branches, 
girth, leaf length and breadth. IC370406 recorded the 
maximum fresh ( 1290 g/tree) and dry weight (405.3 
g/tree) followed by lC370425 and JC370427. But the 
highest dry recovery of 56.25% was recorded in 

IC3 7040 I at Appangala condition on first coppicing. 
IC 370410,370423 and 370425 recorded maximum oil 
yield of 4%. IC 3704 15 recorded 2 1.57 % oleoresin. 

. CINNAMON 

Cinna mon bark was e xtracted in the month of 
November and powdered in hammer mill for oil and 
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oleoresin. Hammer mill ground sample was stored in 
three layered polyester cover. Samples were drawn 
at monthly interval s and analysed for oil, oleoresin and 
antioxidant activity. Except for slight reduction in oil 
content, no profound change was noted for antioxidant 
activity due to storage. 

GARCINIA . 

Diversity exploration 
With the help of BIOCLIM models (Altitude and 
Rainfall) of DIVA GIS, the existence of Garcinia in 
the North Eastern Himalayan states was predicted. 
Four species of Garcinia viz., 0. kydia (Kuji Thekera), 
G lancifolia (Rupohi Thekera), 0. pedunculala (Bor 
Thekera) and 0. xanthochymus (Tepor Tenga) were 
located in Meghalaya and Assam. 

Natural food colors and pigments 
The fruits or rinds of 0. g ummi -gutta, 0. 
hombroniana, 0. indica, 0. tinctoria and nutmeg 
(Myristicafragrans) were collected and used for color 
extraction. The total carotenoids content varied from 
0.01 3 (C. g ummi-g utta ) to 0.065 mg/lOOg (0. 
tinctoria) and anthocyanin content from 0.007 (0. 
hombroniana) to 0.053 mg/lOOg (0. indica). The 
lycopene content ranged from 3.72 (0. tinctoria) to 
4.95 mg/IOOg (0. indica), among the garcinia species. 

VANILLA 

Reciprocal crosses wer'e cond ucted between V 
planifolia and V tahitensis (species reported as 
resistant to root rot disease). High percent of fruit set 
was observed in both the crosses . Fifty five cultures 
of selfed progenies of V tahitensis and 60 cultures of 
V planifolia X V tahitensis were established in vitro. 

. SPICES 

Antioxidant activity 
In cun'y leaves, the DPPH radical scavenging activity 
of essential oil was reduced by half by the 3rd month 
of extraction compared to the fresh samples and by 
another 50% by the next quarter. The water and 
ethanol extracts were relatively stable in this property 
over thi s period. No s ignificant c hange in total 
a nti ox ida nt capacity, as measured by th e 
phosphomolybdenum method , or Fe(lIT) to Fe(ll) 
reducing activity was observed in any of the extracts 
in s ix months after ext."action compared to the fresh 
samples . Chemo-profiling of curry leaves essential o il 
showed no major changes except a 50% decrease in 
I-phellandrene by the 3rd month after extraction 

OUTREACH PROGRAMMES 

PhytoFuRa 
Phytophthora isolates (241 isolates) maintained in the 
repository have been revived and was enriched with 
43 new Phy fophfhora isolates collected from different 
parts of Kerala and Kodagu district of Kamataka. The 
virulence of 100 Phy fophfhora isolates was tested in 
vitro. 

Genomic DNA was isolated from 126 black pepper 
Phytophthora isolates and SSR profiling was done. 
ITS region of R. similis was amplified with universal 
primers. Genomic DNA isolation from 75 Panniyur- l 
x Subhakara progenies was c arri ed out and ISSR 
profi ling is in progress to develop a linkage map. 

PhytoWeb, a comprehensive portal on Phytophthora 

diseases of hOlticulturai crops in India was developed 
by modifying the ex isting PhyDisH. PhytoLib, an 
e lectronic database of research publications on 
Phytophthora has also been developed and launched. 

Leaf spot diseases 
Surveys were carried out in Karnataka, Kerala and 
Tamil Nadu for assesing leaf spot diseases. Out of 
150 samples inc luding cardamom, black pepper, 
arecanut, turmeric, ginger, chill i and clove, 100 were 
infected with Colletotrichum spp. The cultures were 
identifi ed and characterized based on colony and 
conidial morphology. 

BIOINFORMATICS 

In silico research 
EST assembly and annotation of two 
entomopathogenic nematodes, Steinernemafeltiae (83 
nos.) and Heterorhabditis bacteriophora (536 14 
nos.) was also attempted. Syntenic re lationship between 
Radopholus simi/is and other nematodes was studied 
using mitochondrial genome sequences. 

A vi[tual screeningofphytoche micals from Dr. Duke's 
phytochemical and Ethnobotanical database, literature 
search. PASS prediction and ADME/Tox screening 
has identified 56 promis ing lead compounds with 
potential nematicidal acti vity. Flexible docking studies 
revealed that phytochemicals - curcumin , brucine-n
oxide, colubrine, brucine, vanillin, genoslrychnine and 
strychnine, had good binding score (Mo lDock score) 
and favorable hydrogen bond interaction with 
g lutathione-S-transferase (GST) of Brugia malayi. 
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\leU' Database 
A new database, GST Lead Base (www.spicebioinfo. 

res .in/gstleadbase) was developed and hosted. The 
database includes chemical propelties and other details 
of potential nematicidal compounds that inhibit 
glutathione-S-transferase in nematodes. 

IT initiatives 

• SpiceS/at, the database on vital statistics of spice 
c ultivati o n , production and export was 
relaunched with additional features. 

• A new accounts module was developed and 
integrated in ARISoft, the ex isting office 
automation software. 

• An interactive CD on g inger and turmeric 
package of practices was developed. 

• As per the guidelines received from TCAR, the 
llSR website was modified by using Joomla, an 

open source CMS software, and it is under trial 
run. 

EXTENSION 

During the year, 1111 farmers (24 1 from within district. 
157 from the state and 7 13 from outside the state) 

availed farm advisory services from ATIC and 1275 
fa rmers v is ite d the Experimental Farm, 
Peruvannamuzhi. More than 1000 students visited the 
institute on study tour. The institute conducted one on

campus training programe (5 days) for the State 
Department extension functionaries, sponsored by the 
Kerala State Horticulture Mission. Two off-campus 
training programmes on black pepper for farmers 
sponsored by M S Swamintahan Research Foundation, 

Wayanad were organized in Wayanad District. The 
institute also participated in one farmers' seminar under 
the Janasree miss ion of the Kerala Government, five 

exhibitions/farmers fairs at national level and four at 

regional level. Seven video conferencing sessions with 
village resource centers in Wayanad District were 
organized in which '389 farmers participated . 

A Media Meet was also organi zed to mobili ze mass 
media support for sharing Agro-Information, under 

NAIP project. Over 30 media persons from around 20 
various media organizations attended. Over 20 news 

items appeared in various print media, one audio item 
in AIR-Calicut and news in channels. 

Training programmes 

The KYK has conducted 73 training programmes on 
various subjects during the period and trained 3024 

benefic iaries. About 400 farmers visited for 

consultation, purchase of planting materials and other 
inputs from KYK. Three study tours were arranged 

for the fanners during the period, benefiting 96 farmers. 
Eight Front Line Demonstrations and four On-farm 

trials were undertaken. 

Technology Week / Kisall mela - 'Karshika 
Sankethika Darshanam 2010' 
A five day farmer 's festival ' Karshika Sankethika 

Darshanam -2010' was jointly organised by the Indian 

Institute of Spices Research (llSR), Calicut, Krishi 

Yigyan Kendra (KVK) and NAIP, at Peruvannamuzhi 

during 8-12 February 2010. Five progressive award 

winning farmers were felicitated. Exhibition stalls 

were put up by six TCAR, Central government and 14 

pri vate entrepreneurs and input agencies for 

showcas in g the technolog ies d eve loped by the 

institutions. About 250 farmers partic ipated in the 

technical sessions and about 1500 in the exhibition and 

benefited by the technological inputs/services provided. 
Technical sessions on different aspects of agriculture 

like organic farming, animal husbandry, floriculture, 

mushroom culture, farm machinery and pisciculture 

were arranged by inviting technical experts to train 

and interact with the farmers. 

Impact assessment of technologies 
Survey of 1615 ha of black pepper plantations 111 

Kodagu Di strict (Karnataka) where IISR had 

technology intervention programmes to assess the level 
of adoption of scientific cultivation practices revealed 

the fo llowing level of adoption of technology inputs in 

the purposive samples: foliar spray of Bordeaux mixture 

- 100%, soil drenching of fungicides - 80%, application 

of nematicides - 60%, basin irrigation in summer - 70%, 

application of chemical fertilizers - 20% and application 

of bioagents - 20%. 

The average yield (with an average of 63% yielding 

vines) in the purposive sample was 3.24 kg/standard 

compared to 1.9 kg/standard in the control plots where 

conventional practices where followed. The recorded 

cost of c ulti vation in the purposive sample was Rs 80 
per vi ne and the estimated cost: benefit ratio at the 
given level of adoption of technologies was 3.025. In 



Indian Institute of Spices Research 
~------------------ ------------------~ 

ANNUAL REPORT 2009-10 

conventional black pepper growing tracts of Kerala, a 
previous survey recorded a cost benefit ratio of 2.4. 

HUMAN RESOURCE MANAGEMENT 

• 

• A bioinformatics training programme on 'Recent • 
advances in EST analysis and their annotation' 
was organi zed during 20-23 Oct., 2009 in which 
17 trainees from various institutes/universiti es 
participated. 

One month summer training on Biochemistry, 
Biotechnology a nd Bioinformatics was 
conducted for M.Sc. students during 6'h May -
5'It June 2009. 

Twenty-one M.Sc. students carried out project 
work in various disciplines. Five students have 
undergone Post M.Sc. training and one for M. 
Phil project work a nd five students were 
awarded Ph.D. 



INTRODUCTION 

Histol'Y 
Intensive research on spices in the country was initiated 

with the establishment of a Regional Station of Central 

Plantation Crops Research Institute (C PCRI) at 

Calicut, Kerala, during 1975, by the lndian Council of 
Agricultural Research (lCAR). This Regional Station 

was upgraded as National Research Centre for Spices 
(NRCS) in 1986 by merging with it the Cardamom 

Research Centre of CPCRI at Appangala, Madikeri, 

Karnataka. The NRCS was further elevated to the 

present Indian Institute of Spices Research (IISR) 

during 1995. 

Location 
The laboratories and administrative offices of the 
institute are located at Chelavoor (50 m above MSL), 

11 km from Calicul (Kozhikode), Kozhikode District, 

Kerala, on the Calicut- KoJlegal road (NH 212), in an 

area of 14.3 ha. The research farm is located 51 kill 

North East of Cali cut at Peruvannamuzhi (60 m above 

MSL), on the Peruvannamuzhi-Poozhithode road in 

Kozhikode Dis trict, in an area of 94.08 ha. The 

Cardamom Research Centre, Appangala (920 m above 

MS L) is located at Appan ga la , Kodagu District, 
Karnataka. on the Madikeri-Bhagamandala road, 8 km 

from Madikeri , in an area of 17.4 ha. 

Vlandate 
• To extend services and technologies to conserve 

genetic resources of spices as well as soil , water 

and air of spices agroecosystems. 

• To develop high yielding and high quality spice 
varieties and sustainable production and 

protection systems using traditional and non

traditional techniques 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 training in research 
methodology and technology upgradation of 

sp ices and to coordinate national researc h 
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, 
retrieval and dissemination of 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 
(Sy zygium aromaticum), nutmeg (Myristica 
!ragrans), allspice (Pimenta dioica), Garcinia 
(Garcinia gumm i-gutfo and G. indica), vanilla 
(Vanilla planifolia) and paprika (Capsicum annuum). 

Organization 
The Director is the administrative head of the institute. 
The Institute Management Committee, Research 
Advi sory Committee and lnstitute Research 
Committee assist the Director in matters relating to 
management and research activities of the institute. 
Research on va.rious aspects of the mandate crops is 
conducted in three divisions, namely, Division of Crop 
Improvement and Biotechnology, Division of Crop 
Production and Post Harvest Technology and Division 
of Crop Protection and a Social Sciences Section. The 
other facilities available at the institute include 
Agricultural Technology Information Centre, 
Agricultural Research Information System, 
Bioinformatics Centre and Krishi Vigyan Kendra. The 
institute also functions as the headquallers for the All 
India Coordjnated Research Project on Spices, and 
Indian Society for Spices. An outreach project on 
Phytophrhora. Fusarium and Ralstonia diseases of 
horticultural and field crops was sanctioned in the XI 
plan (2007-12) with lISR, Calicut as the lead centre 
and 17 coordinating centres at different ICAR 
institutesl SAUs across India. The institute has also 
linkages with several uni versities, research institutes, 
and developmental agencies for collaborative research 
and developmental activities in spices. 

Budget: The total budget of the institute was Rs. 1287 
lakhs during the year, which included Rs. 450.0 lakhs 
under Plan and Rs. 837.0 lakhs under Non Plan. 
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Resource generation: Institute earned a total of Rs. 
19.99 lakhs through sale of planting material s, 
biocontrol agents, trainjng, publications and consultancy 
services. 

Staff; The institute has a sanctioned strength of 43 
scientific, 18 administrative, 36 technical and 61 
supporting staff, of wruch 36, 14,33 and 50 of scientific, 
administrative, technical and supporting staff, 
respectively are in position. The KVK has a sanctioned 
strength of 2 administrative, 11 technical and 2 
supporting staff. 

Staff Position of the Institute 

Category Sanctioned 

I 

! 

191.5 

• V\brtcs 
. 1-fID 

New facilities 

Seed storage unit 

19 

22
5 

.~ . • ~ry 

Seed Storage Unit for storing turmeric and ginger seed 

rhizomes was established at IISR ExperimentaJ Farm, 

Peruvannamuzru. 

Post harvest technology Lab 
Post Harvest Technology lab was established at USR 

Experimental Farm, Peruvannamuzhi with equipments 
like driers, graders and cleaners for processing spices. 

Position 
Total Vacant 

Calicut Peruvannamuzhi Appangala 

Scientist 43 29 2 5 36 7 
Technical 36 16 14 3 33 3 

Administration 18 12 2 14 4 
Supporting 61 21 11 18 50 11 

Total 158 78 27 28 133 25 
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Staff position of KVK 

position 

Category Sanctioned Total Vacant 
Calicut Peruvannamuzhi Appangala 

Technical 11 I 10 - Jl -
Administration 2 1 1 - 2 -

Supporting 2 - 2 - 2 -

Total 15 2 13 - 15 -

Institute Management committeer-- Headquarters 
- Calicut 

Research AdviSOry Committee -

- Experimental Farm 

Director 
Peruvannamuzhi 

-
Cardamom Research 

~ Division / Section ---I Centre. Appangala 
Genetics and 
Cytogenetics 

Crop Improvement and 
Plant Breeding 

'---
Krishi Vigyan Kendra 

r-- Economic Botany Peruvannamuzhi 
Biotechnology Horticulture 

Biotechnology 
National Informatics 
Centre on Spices 

I-

Agronomy 1-Soil Science Bioinformatics Centre 

r-- Crop Production and Post 
Biochemistry HaNest Technology 
Organic Chemistry Administration and r-
Plant Physiology Accounts 
Agricultural Engineering 

AICRP on Spices J-
Plant Pathology ~ Crop Protection Agricultural Research 
Entomology .--- Information System 
Nematology 

Economics --i Social Sciences Agricultural Technology 
Statistics ~'---

Information Centre 
Extenstion 

Organization of Indian Institute of Spices Research 
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PAST ACHIEVEMENTS 

Black pepper: Germplasm coJJections obtained over 
the years through explorations are being maintained 
at ITSR as well as in other alternate sites viz., Madikeri 
and Kidu of Karnataka state for developing improved 
varieties for yield, quality, abiotic and biotic stresses. 
GIS is being employed to identify specjes richness. 
The genetic stock has lead to release of improved 
varieties such as nSR-Sreekara, llSR-Subhakara, 
rrSR-Panchami , lISR-Pournami, nSR-PLD-2, lISR
Thevam, nSR-Girimunda, IISR-Malabar Excel and 
lJSR-Shakthi. Front-line demonstration programme 
was undertaken using the released varieties in the 
farmers' field. Some of the unique germplasm have 
been registered with NBPGR at New De lhi. Two 
accessions, INGR 8099- Piper thomsonii (TC-
398863) - for its unique character for sex change and 
INGR 8100- Piper nigrum (IC- 563950) - A novel 
spike variant with proliferating spikes, were registered 
with N8PGR for their unique characters. 

Putative transgenic black pepper plants with osmotin 
ge ne confe rring res istance to drought a nd 
Phytophthora capsici has been developed. In vitro 
and in vivo propagation methods were standardized. 
Plantlets developed through micropropagation were 
established in farmers' fie ld in Kerala and Karnataka. 
Portion of gene conferring resistance against 
Phyrophthora capsici was isolated by targeted gene 
amplification using degenerate primers from Piper 
coluhrinum. The spacing, nutrient and wa ter 
requirements were standardized for different soil types 
of pepper grow ing regions. Irrigating pepper vines 
once in a fortnight from March to May months @ 50 
Iitres/v ine enha nced yie lds substanti a lly. High 
production technologies and mixed cropping systems 
were developed for increasing productivity. Among 
different forms of potash , water-soluble and available 
K had significant positive correlation with berry yield, 
oleoresin and piperine. Organic production technology 
for black pepper has been standardized. Crops such 
as ginger, tapioca, coleus, amorphophallus and hybrid 
napier were found suitable for intercropping in black 
pepper garden~ that are more than 15 years old. Cost 
effective method for production of disease-free rooted 
c uttings was developed . Mathematical models for 
optimum climatic factors for high production of black 
pepper have been developed. Major pests, pathogens, 
viruses and their insect vectors and nematodes 

affecting pepper were characterized and documented. 
Morphological and molecular characterization of black 
pepper isolates 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 yellow mOffle virus (PYMoV) are 
found to be associated with stunted disease of black 
pepper. A method for sim ultaneous isolation of RNA 
and DNA from infected black pepper plants and 
mUltiplex PCR for simultaneous detection of CMV and 
PYMoV in a s ingle reaction was stand ardized. 
Phytoplasma with phyllody symptoms was most closely 
related to members of aster yellows group ( 16Sr 1) of 
Phytoplasma. Integrated strategies involving cultural 
methods, biocontrol agents, plant products and resistant 
varieties were developed for the management of pests 
and diseases including nematodes lhat resulted in 
substantial increase in yields and pesticide free produce. 
Large scale. mu]tipJication of biocontrol agents such as 
Trichoderma and Pseudomonas for distributi on to 
farmers for management of di sease was also 
undertaken. Open pollinated progeny of llSR Shakthi 
(04- P24 - 1) continued to show resistance to root 
infection by P capsici with repeated inoculations. 
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 accessions, HP-39 and Ace. 
1090 were found to be resistant to nematodes besides 
being rich in caryophyll ene . Endophytic bacteria 
effective against Phylopi1lhora capsici and R. similis 
in black pepper have been isolated. Basal application 
of T harziallum and aerial spray with I % Bordeaux 
mixture was found effective in controlling anthracnose 
disease. An integrated pest management schedule for 
management of root mealy bug has been developed. 
peR based techniques were developed for 
identification of traded black 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. 

Impact studies on adoption of nSR varieties of black 
pepper in farmers' fie lds indicated that the mean yield 
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for high yielding varieties was I! 60 kg/ha with the 
adoption of scientific packages as compared to 620 
kg/ha for traditionaJ varierjes. The estimated cost 
benefit ratio was 2.48. The level of adoption studies of 
recommended technologies indicated that the adoption 
[evel for aerial spraying of Bordeaux mixture for the 
control of fungal diseases was 57. J 4 % and for 
application of bio control agents was 64.2%. The 
adoption leve) for application of soil fungicides, fertiJisers 
and pesticides were very low at 21.14%, 7.7% and 
7.6 % respectively. 

Cardamom: for all the available germplasm, lC 
numbers have been obtained. Meanwhile. gennplasrn 
bearing unique characters have been registered with 
NBPGR , New Delhi. 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 
distinct clusters such as "Kerala duster" and 
"Karnataka cluster ' among the germplasm coBections. 
The improved varieties such as IlSR-Vijetha, USR
Avinash and rrSR-Suvasini have been developed. Two 
of them having mosaic or rhizome rot resistance have 
been popularized among the farming community. 
Coupled with production technologies, these varieties 
resulted in increasing productivity of cardamom. New 
high yielding varieties such as APG 293 , 398,416 and 
250 are found to be promising. Characterization of 
export grade cardamoms from India, Sri Lanka and 
Guatemala based on physical, biochemical parameters 
and molecular techniques revealed the superiority of 
Indian produce for the physical parameters such as 
seed to husk ratjo, weight of 100 capsules, number of 
capsules in IOOg, bulk density and moisture content. 
High production technology has been standardized. 
Drip in'igation and sprinkler in'igation once in 12 days 
signjficantly improved yield attributing characters. Soil 
and water conservation measures have been 
standardized in cardamom based cropping system. 
Cardamom accessions APG 257, APC 414 and APG 
434 were found to be promising for drought tolerance. 
Crosses 893 x RRI . GG x RRI , CCS I x GG, GG x 893 
and CCS 1 x GG showed more drought tolerance as 
they took more time to fold leaves (leaf rolling) under 
open light than othe r crosses. High quality (more than 
40% a- terpiny l acetate) cardamom such as NHY- !4, 
MB-3, NHY- 18 and OP-28 have been identified . The 
screening programme against leaf spot and leaf blotch 
resulte d in several mode rate ly resistant types. 
Protocols for RNA isolation CRT-PCR) fo r de tecting 

MacJJ/rovirus from the leaves obtained from Katte 
affected cardamom plants have been standardized. 

Ginger: GermpJasm repository at llSR is the largest 
with severa! exotic collections and high quality 
accessions. Seven hundred accessions of ginger are 
being maintained in field germp!asm conservatory. 
These accessions have been regularly utilized in the 
genetic improvement programme. An in vitro gene 
bank was established for conservation of germplasm. 
Three ginger varieties namely, USR Varada, LISR 
Rejatha and IISR Mahima were released for high yield 
and quality. Ginger Acc. No. 195 showed mean pollen 
fertility of 67,73 % by glycero-carmine staining and 
60.3\ % by in vitro germination and is suitable for future 
studies on induction of seed set. Gin'ger oil components 
have been characterized by GC-MS. A relationShip 
between leaf P/Zn ratio and soil PIZn ratio to rhizome 
yield of g inger has been e stablished. Post harvest 
technologi es for process ing and tccn!lologies for 
preparation of value added products such as salted 
ginger were standardized. Comparison of essential oil 
constituents offresh and dry ginger rhjzomes indicated 
that fresh rhizomes contained higher level of 
monolerpenes namely, Z-citral and E-citral whereas 
the dry rhizomes were predominated by the 
sesquiterpene hydrocarbons namely, zingiberene, 
farnesene and sesquipheUandrene. Bacterial wilt 
pathogen, Ralstonia solcmacearum in North Eastern 
states, Sikkim and Kerala were found simiiar in a 
molecular fingerprinting indicating strain migration 
from one place to another. Ginger s train of R. 
solanacearum was found to infect turmeric, 
cardamom, C. aromatica. C. zedoaria, Kaempferia 
galanga, Zingiber zerumbet and tomato. Indian 
Mango ginger, Curcuma amada 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 
identified as P. myriotylum. Technique for ginger seed 
rhizomes treatment (for elimination of bacterial wilt 
pathogen) and integrated disease management strategy 
for soft rot & bacterial wilt diseases and shoot borer 
was developed. The improved varieties and 
technologies developed on cropping system. nutrient 
and water requirement, pest and disease management 
a nd pos t harvest process ing techniques we re 
disseminated to farmers and other agencies thro}.lgh 
publication, training programmes and demonstrations. 
Large scale mUhiplication and distrjbutjon of elite 
planting material were also undertaken. 
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Thrmeric: The germ plasm collected over the years 
have been conserved in the field gene bank and they 
were characterized for yield, quality, and resistance to 
pests, diseases and drought. OP seedling progenies 
generated over the years are being evaluated for their 
yield and quality characters. Molecular genetic 
fingerprints of sixteen Curcuma species using RAPD 
and Inter Simple Sequence Repeats (ISSR) technique 
revealed high degree of polymorphism among the 
accessions. A total of 140 microsatellites containing 
genomic DNA fragments were isolated from turmeric 
(Curcuma fonga L.) adopting the se lective 
hybridization method with di and trinucleotide 
biotinylated probes. Seven high curcumin and high 
yielding varieties, Suvama, Sudarsana, Suguna, Prabha, 
Prathibha, IlSR-Alleppey Supreme and IISR-Kedaram 
were released for commercial cultivation. Efficient 
protocol for plant regeneration through organogenesis 
and somatic e mbryogenesi s was s tandardized. 
Variations in rhizome morphology were observed 
am(mg callt-ce.ge.nexate.d s,()macl(me.s, i.ndi.cati.ng 
somaclonal variation. Accessions with high curcumin 
and root knot nematode resistance were identified. The 
natural enemies of shoot borer (Conogethes 
punctiferalis) infesting turmeric were docume nted. 
Three different curcuminoids (curcurnin, de methoxy 
curcumin and bis de methoxy curcumin) could be 
separated from oleoresin of turmeric rhizomes by 
employing chromatographic techniques. 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. Processing with or without boiling or different 
drying methods did not lead to variation in oil, oleoresin 
and curcumin contents. The optimum spacing, nutrient 
and water requirement were standardized for different 
soils. Organic farming system was developed for 
turmeric. Bas ic data on distribution, bioecology, 
population dynamics of shoot borer (Conogethes 
punctiferalis) and its natural enemies and crop loss 
due to shoot borer was generated. The improved 
varieties and technologies were di sseminated to 
farmers and other agencies through publications and 
demonstrations. 

Tree spices: The germplas m ho ldings of three 
important tree spices, nutmeg, clove, cinnamon 
inc luding cassia, garcinia and allspice are being 
conserved. IC Numbers for cinnamon, clove, nutmeg 
and allspice accessions were obtained from NBPGR, 
New Delhi. Cassia C l (IC 370415) has been registered 

as INGR 05029 with NB PGR, New Delhi for its high 
oleoresin content ( 10.5%) besides a dwarf c love 
accession. The cassia elite line A I (Ie No. 370400) 
has been reg istered with NBPGR for hi g h 
ci nnamaldehyde content in bark oil (81.5%) and leaf 
oil (80.5%). Two high quality cinnamon varieties, 
Navashree and Nithyashree and a nutmeg variety, 
Viswashree were released. Nutmeg accession, AlII 
25 was found to be promising for high yield. Tissue 
culture protocols have been developed for nutmeg. 
Protocols for DNA isolation from nutmeg have been 
standardi zed. Perform ance 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 verum. Drying 
and processing methods for cinnamon, nutmeg and 
mace have been developed. Antioxidant properties and 
food color value are being studied in tree spices. GC
MS analysis of the chemical constituents of essential 
oils in leaves of Cinnamomum sulphuratum, C. 
g{aw;:es{:ens, C. g!and«!ifenuH, C. macro{:arp«m 
and C. perrottetti revealed that the major chemical 
constituents in these oils were a-phellandrene, a
phellandrene, camphor, t-caryophyllene and 
germacrene-D respectively. Vegetati ve propagation 
techniques were standardized for nutmeg, cassia and 
cinnamon. M ajor pests and diseases on tree spices 
were documented. The improved varieties and 
technologi es developed on propagation and post 
harvest processing were disseminated to farming 
community. 

Vanilla: Vanilla germplasm are being maintained in 
the repository. Comparative anatomical analysis of 
different vanilla species was carried out. 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. Protocols for micro propagation through 
direct shoot multiplication as well as callus regeneration 
were standardized. Rool rol and wilting were found to 

be the major problems in most of the plantations. Root 
rot incidence ranged from 5 to 100%. Mosaic and 
necrosis were also observed in all the plantations and 
the inc idence ranged from 2 to 80%. Cucumber 
mosaic virus (CMV) of vanilla was characterized on 
the basis of biological and coat protein (CP) nucleotide 
sequence properties, which showed that CMV infecting 
vanilla belongs to subgroup lB. A virus causing mild 
chlorotic mottle and streaks on leaves of vanilla was 
identified as a strain of Cymbidium mosaic virus 



Indian Institute of Spices Research 
~------------------ -----------------~ 

ANNUAL REPORT 2009-10 

(CymMY) based on coat protein gene sequence 
comparison and phylogenetic studies. Another virus 
associated with necrosis and mosaic on vanilla was 
identified as a strain of Bean common mosaic virus 
(BCMV) based on coat protein gene sequence 
comparison and phylogenetic studies. 

Paprika: The germplasm collected from various places 

of cu ltivation were characterized for various 

morphological, yield and quality characters such as 

oleoresin, pungency and colour value . Considerable 

variability was observed in capsaicin content 

(pungency) of selected paprika accessions. The lines 

ICBD-IO, Kt-pl- 19 and EC-lS were found promising 

with high colour value and low pungency. PCR based 

technique was developed to detect adulterants In 

commercial chilli powder. 
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Conservation and characterization of germ plasm 
The germplasm assembled at the conservatory are 
conserved in the nursery and field genebank with 2595 
accessions (Wild pepper- 1286, Cultivars- 1300, Exotic 
species- 9). In addition, 100 more accessions were 
planted at CPCRI, Kidu during this year. One hundred 
and fifty accessions of germpJasm planted at CRC, 
Appangala were c haracterized for morphological 
characters . Surveys were conducted in Thodupuzha 
(Arakulam, Vannapuram, Karikunnu, Mundan mudi, 
Pattayakudi) area of Idukki district, Poonjar and 
Valamukku of Kottayam district, Perumbavoor, 
Malaytoor and Kunnathunadu Taluks of Ernakulam 
district. The major areas surveyed were farmer 's fie ld 
and tribal hamlets and 105 accessions were collected. 
The accessions are planted at the germplasm 
conservatory at Peruvannamuzhi. One Piper species 
from Dimapur, Nagaland was also co llected. 
Herbarium specimens of 75 black pepper accessions 
were prepared and mounted and preserved in the 
herbarium facility. 

Breeding for high yield and caryophyJlene 
Four hundred and fifty seedlings raj sed from different 
cross combinations were maintained periodically in the 
germplasm nursery. Sufficie nt numbers of eac h 
combination were multiplied for further planting. Leaf 
oil constituents viz., ~- Caryophyllene, Germacrene
D, Elimol and Nerolidol were analyzed from the 
identified lines such as Malabar Excel , HP-785, HP-
111 7, Sreekara, Subhakara, Panchami , Pournami , 
Pan niyur-I , ITSR Thevam and IlSR Girimunda. 
13- Caryophyllene was highest in HP-846. 

Breeding for resistance to 'poilu ' beetle 
Six hundred and fifty hybrid progeny combinations are 
being maintained and multiplied vegetatively for planting 
them in the field for further evaluation. Fifteen hybrid 
progenies from each of the combinations, Subhakara 
x Acc. 1114, Subhakara x Acc. 841, Subhakara x Acc. 
1084, Subhakara x Acc. 8 16 were planted in the fie ld. 
Observations showed that a ll the plants were free of 
poilu infestation on the leaves. 

Breeding for Phytophthora resistance 
One hundred and forty lines from Panniyur- I x 
Subhakara mapping population were maintained in the 
field and in the nursery (Fig 1.1 ). Data on floral and 
other morphological characters showed segregation 
among progenies. 

Fig. 1.1. Maintenance of mapping population in 
field 

Fifty new crosses were made and 75 progenies were 
developed between Subhakara x IISR Shakthi for 
increasing the mapping population size for tagging 
Phytophthora resistance. 

Screening of SSR primers against black pepper 
A set of nine mi crosate llite marke rs reported by 
Menezes el al. , (2009) were screened against black 
pepper genotypes. Of these, four were found to be 
polymorphic among genotypes tested (Fig. 1.2). 

Fig. 1.2. SSR profiling of released varieties of 
black pepper 
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Lanes ,-, 6: Panniyur 1, Panniyur 2, Panniyur 3, 
Panniyur4, Panniyur 5, Panniyur 6, Panniyur 7, IISR 
Subhakara. nSR Sreekara, TISR Pa nchami. lISR 
Pournami. FLD 02, IlSR Sakthi, IlSR Thevam, IlSR 
Girimunda, lISR Malabar Excel, Lane M: IOObp ladder 

Screening of lines from germ plasm and hybrids 
for resistance to Phytophthora 
Among 50 lines selected for association mapping from 
germ plasm, ten were screened using leaf, stem and 
root inoculation techniques. Cultivar 1324 was the best, 
showing resistance reaction (Fig. 1.3) for both stem 
and leaf screening (Table I . I ). 

Development of transgenics for resistance to 
Phytophthora and drought 
About 80 transgenics were regenerated with osmotin 
and 12 putative transgenic plants (with osmotin) were 
hardened. The putative trasgenics with osmotin were 
multiplied for screening. The transgenics which showed 
resistance reaction in last year's screening were kept 
for multiplication. 

Cloning of genes 
Homology searches for three genes were undertaken 
and primers were designed. The specific genes include 
Betai ne aldehyde de hydrogenase, Glutathione 

Fig. 1.3 Reaction of black pepper lines to Phytophthora by leaf screening (a) HP 365 (b) con. 1324 

Table 1.1 Reaction of black pepper cultivars a nd hybr ids for PhytophtilOra 

Acc.No. Name 
Leaf Stem 

LL (mm) LL(mm) DP(mm) 

984 KalI uvally 5 .2 3 1.2 

1050 - 13.4 13.3 2.5 

1109 Vellanamban 10.4 9 3.J 

1324 Aimpiriyan No Lesion 4 1.4 

HP 117 Narayakodi X Neelamundi 12 10.7 3.0 

HP 127 Neelamundi X Karimunda 13.6 10.6 2.33 

HP344 Narayakodi X Karimunda [3.2 [ I. [ [ 2.6 

HP365 Perumkodi X Karimunda 12.8 J8.15 2.35 

HP427 Panniyur J X Balankotta [3.8 10.3 3.18 

HP441 Perambramunda X Panniyurl 12.5 8.43 2.92 

LL=Lesion length ; DP=Depth of penetration 
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S-transferase and Superoxide Dismutase. The primers 
are being tested for amplifying specific sequences from 
black pepper mRNA population. Primers were 
designed from the WRKY domain, a 60 amino acid 
region that is highly conserved amongst the family 
members. Amplification from black pepper and Piper 
colubrinum RN A using these primers resulted in the 
PCR product of different lengths (110 bp, 125bp, 500 

bp and 850 bp). The products are being cloned for 
sequencll1g. 

Rootstock intervention to manage r oot infection 
of PhytophtilOra and nematodes 
The wild species Piper magnificum, P. hamiltoni P. 
peepuloides, P. hymenophyllum were screened 
against Phytophthora capsici, Radopholus simi/is 

and Meloidogyne incognita. Prelimary results 
indicated that P. hamiltoni is resistant to Phytophthora 
capscici. 

Screening of grafts of Sreekara variety of black pepper 
using IISR-Shakthi and C-l 090 as rootstocks (tolerant 
to Phytophthora capsid) indicated that root rot can 
be controlled to below 10% with the use of phorate 
alone to control nematodes. Growth studies showed 
that the growth of Sreekara is not influenced by grafting 
on IISR Shakthi and C-I090. Since growth of pepper 
grafted on P. ornatum, a species resistant to major 
pathogens is very slow, other species were tried as 
interstock. Out of seven species tested. P. colubrinum, 
P. argyrophyllum, P. attenuatum, P. chaba. P. 
longum, and P. betle are compatible with P. ornatum 
but P. galeatum is not compatible. Black pepper variety 
Sreekara formed good union and expressed good 
growth on P. hamiltoni. 

Nutrition and Cropping system 

Nutrient requirement for targeted production 
Dry yields of 5, 7.5 & 10 kg was targeted and fertilizer 
doses for the same based on soi l fertility was calculated 
and imposed in two splits at Mrigarajendra Estate, 
Madapur, Madikeri. The recorded yield levels were 
5.9, 5.4 and 6.6 kg/vine in the targets of 5,7.5 and 10 
kg/vine, with a deviation of + 17 .8, -28.3 and -33.5 
respectively. Through targeted equation, nutrient 
requirement for 5 kg/ vine yield could be predicted 
with a positive deviation of + 17%. The recorded yield 
at higher targets was negative due to the lean crop 
during this year after a good crop in last year. 

Organic farm ing 
The pru1icle size distribution and aggregate analysis 
studies of soil samples from different management 
systems namely, organic, chemical and integrated 
systems in black pepper showed that the organic 
carbon content in finer fractions of soil particles was 
significantly high under organic management system 
as compared to conventional system. It also increased 
significantly with the decreasing particle size. highest 
with 0.25 mm followed by 0.75 and 1.25 mm. 

Similarly, available N, P, Ca and Mg were found to be 
significantly high in finer soil fractions of organic and 
integrated systems compared to conventional system. 
Moreover their availability increased significantly with 
increased fineness at both the depths (0-15 cm & 16-
30 em) studied. 

Studies on allelopa thy in tree species-b lack 
pepper interactions 
The alcohol extracts of tree species like ailanthus, 
garuga, gl iricidia, and erythrina were analysed for 
allelochemicals using TLC. The solvent used was ethyl 
acetate: petroleum ether (1: 1) with MeOH- H

2
S0

4 
and 

CHCI)-MeOH (90: 10 and 95:5) as the spray reagents. 
No spots could be detected. In the pot study on the 
allelopath ic effect of tree standards on growth of black 
pepper, the leaf and stem extracts of these standards 
were applied at varying rates (0, 12.5%, 25%, 50%. 
and 100%) to three-month old rooted black pepper 
cuttings (IISR Thevam). The extracts were applied at 
monthly intervals. Data on growth parameters (no of 
leaves and plant height) were recorded at 120 DAP. 
The results revealed that increasing concentration of 
extracts did not significantly influence plant height. 
Among the tree species, gliricidia extract consistently 
registered greater plant height (range 56.5-69.0 cm), 
fol lowed by garuga (45.3-67.3 cm). ailanthus (44.0-
61.0 cm) and erythrina (4 1.0-61.0 cm) extracts. The 
number of leaves did not vary markedly between tree 
species and extract concentration. However, at all 
concentrations, relati vel y greater number of leaves was 
registered by gliricidia (range 7- 11). 

Impact of irrigation on spike setting and yield 

Vines which recei ved irrigation (@ 50 litres/vine) from 
March II fortnight (FN) to May n fortnight at fortni ghtly 
intervals recorded significantly higher number of spikes, 
increased spike length, uniform spiking and higher berry 
yield than those which did not receive irrigation during 
this period. 
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Treatment Old spikes New spikes Spike length Dry yield 
(July) (September) Total (cm) (kg/vine) 

Irrigated 
(March II FN to 3 1.2 3.0 34.2b 12.0b 7.5b 

May II FN) 

Rainfed 2.7 17.5 20.2" 9.5" 2.8" 

(Values in a column followed by d ifferent alphabets indicate significant difference between the treatments) 

Hormones and nutrients in relation to alternate 
bearing 
Leaf carbohydrate, IAA and cytokinin levels have been 
quantified in alternate bearers . Carbohydrate to 
cytokinin ratio was more during the bearing year 
compared to non -bearing year. The alternate bearers 
had lower level of stem nutrients while there was not 
much difference in leaf nutrient content during the 
bearing year compared to non-bearing year. 

To investigate if spiking can be regulated by providing 
nutrients during spike initiation period, three rounds of 
sprays (April II week, May I week and May IV week) 
of 19: 19: 19 NPK complex fert ilizer (0.5. 1.0, 1.5 and 
2.0 % nutrient solution) were given. Among the nutrient 
sprays, 2.0 % spray recorded the max.imum berry yie ld 
(5.8 kg dry yield/vine) fo llowed by 1.5 % spray (4 .9 
kg/vine). Control (water spray) recorded the least (3.8 
kg/vine) indicating that yield levels can be enhanced 
during the poor bearing year through nutrient sprays 
during spike initiation period. 

Post ha rvest technology 

Black pepper powder and chemical quality 
Black pepper powdered using hammer mill to fine 
mesh and stored in laminated polyester packs for fi ve 
months were drawn at monthly intervals and analysed 
for chemical quality (oil , oleoresin, piperine and oil 
constituents) and medicinal property (antioxidant 
property). Antioxidant property of water, alcohol and 
petro leum ether extract were analysed for DPPH 
scavenging assay, phospho molybdenum assay and 
fcrric rcducing powcr. Maximum activity was obscrvcd 
for alcohol extract ' and all the three methods gave 
consistent activity. Five months of storage of powdered 
sample did not give any change in medicinal activi ty. 
Gradual reduction of o il , oleoresin and piperine was 
observed during the storage period . Low boiling oil 
constituents such as pinene, sabinene, myrcene and 
terpinolene showed reduction during the course of 
storage. 

Storage of black pepper 
Black pepper stored in 90% nitrogen and 10 % carbon 
dioxide in three layered laminated polyethylene packing 
and analysed for oi l, oleoresi n and piperine. The data 
was statistically analysed and compared with that of 
fresh samples of Panniyur- 1. The results indicated 
that storage for 480 days, re tained the chemical quality 
equivalent to that of fresh sample, except for a mild 
reduction in moisture content. 

Management of Phytophthora foot rot 

Evaluation of new chemicals 
Three chemicals namely, captan hexaconzole, benzoic 
acid and salicyclic acid were tested in vitro and in 
vivo against P capsici. Among them, 100% inhibition 
of mycelial growth was obtained at 100 ppm captan 
hexaconzoJe and benzoic acid and at 200 ppm salicyclic 
ac id . In vivo expe rime nts with these chemicals 
indicated disease inhibition of 46.2%, 46.2% and 16.4%, 
respectively. 

Four new c he micals namely, Dimethomorph 50% 
(Acrobat 50), Fenamidone 10% + Mancozeb 50% 
(Sectin), Famoxadone 16.6% + Cymoxani I 22.1 % 
(Equation Pro), Cymoxanil 8% + Mancozeb 64% 
(Curzate M8) reported effective against Phytophthora 
spp. were evaluated in vitro against P capsici. Among 
the four chemicals tested, Dimethomorph 50% showed 
100% inhibition at 50 ppm concentration. Fenamidone 
10% + Mancozeb 50% required 400 ppm and 
Famoxadone ] 6.6% + Cymoxanil 22. 1 % required 500 
ppm for 100% inhibition of mycelium (Table 1.2). 

In silico screening of nematicidal compounds 
from Strychnos nux-vomica 
The biological activity of 62 compounds from Strychnos 
nux-vomica co llected from literature and web 
resources was predicted using SAR (structure- activity 
relationships) method based on a training set containing 
35000 known biologically active compounds with 565 
types of biological activity. However, none of the 
compounds was known to have nematicidal o r 
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Table 1.2. Evaluation of chemicals against Phytopht/tora capsid 

Cone. 

ChemicaJ (ppm) 

Capatan hexoconazole 100 

Benzoic acid 100 

Salicylic acid 200 

Fenamidone 10% + Mancozeb 50% 400 
(Seetin) 

Famoxadone 16.6% + Cymoxanil 22.1 % 500 
(Equation Pro) 

Cymoxanil 8% + Mancozeb 64% >2000 
(Curzate M8) 

Dimethomorph 50% (Acrobat 50) 10 

Control -

antihelmintic activity, but Strychnine. Pseudostrychnine, 

N-oxystrychnine, Geissoschizine. Brucine-N-oxide and 
Secologanin were known to have antibacterial, antiviral 
and antifungal activity. Therefore synthetic strychnine. 
its hydrochloride and brucine sulphate were procured 
and tested against M. incognita at 1000, J 500 and 
2000 ppm concentrations. Strychnine hydrochloride 
showed 97% ne mati c ida l activity at 2000 ppm 
whereas, strychnine showed 75% activity and Brucine 
sulphate 74% activity over control at 2000 ppm. 

Evaillation of biocontroi agents 
The efficacy of endophytic bacteria (BP-35, 25, t 7 
and TC-lO) and rhizobacteria (USR-853 and lISR-6) 
against P. capsici, R. simi/is and M. incognita was 
eva luate d in the f ie ld. Observations on growth 
parameters indicated that application of TC- I 0 + 
M etalaxyl-mancozeb and IISR- 853 + Metalaxy l
mancozeb were promising with increased height and 
canopy of the plant. No disease incidence was noticed 

during the period. 

Evaluation of resistant lines and biocontrol agents 
A fi eld trial was in progress with three promising 
disease/nematode resistant lines (HP 39, USR Shakthi. 
C 1090) a nd biocontrol age nts (Tric hoderma 
harzianllm. Pseudomonas fluorescens (llSR. 6 a nd 
n SR 853) and Pochonia chlamydosporia ). The 
establishme nt and growth of plants was higher in C 
1090 + I[SR 6 fo llowed by IISR Shakthi + T. 
haf"::.ianum and HP 39 + LI SR 853. No di sease 
inc idence was observed during the year. 

In vitro % disease % disease 
inhibition (%) incidence reduction 
of pathogen (In vivo) 

100 35.0 46.2 

100 35.0 46.2 

100 55.0 15.4 

100 0.0 0.0 

100 0.0 0 .0 

100 0.0 0.0 

100 0.0 0 .0 

- 65.0 -

Integrated mallagement of P. capsid, R. simi/is 
and M. incognita in tlllrseries 
An experime nt was conducted in the nursery with 
solarized potting mixture, with J 2 treatments including 
che mica ls and biocontrol agents. Observations on 
disease inc idence indi cated that a ll the disinfection 
methods and integrated and chemical methods were 
equal ly e ffective in checking di sease inc ide nce. 
Besides. soil moisture content was maintained below 
15% by irrigating the pl ants once in two days. Among 
the integration of plant protection chemicals, copper 
oxychloride 0.2% + phorate was comparati vely be tter 
in reducing the infection (54% disease reduction over 
control) under challenge inoculated conditions followed 
by potassium phosphonate 0.3% + phorate (44.95 %). 
No difference in di sease inc id ence was noticed 
be tween NPK treated and non-treated plants. 

Role of phenyl propanoids in black pepper -
burrowing nematode interactions 
Estimation (~f' COMT (illd C4H (lctil'itie.\ 
Caffeic acid-O-me th yltrans fe rase (COMT) and 
c innamic acid-4-hydrolase (C4H ) of the roots of the 
s usceptible Sreekara and resistant HP-39 were 
estimated at 48 h. seven days and one month after 
inocu lati o n. C4H activity inc reased in HP39 on 
inoculation with R. simi/is and reached almost three 
times by seven days after inocula tio n compared to 
control. The c han ges in C4H activity were o nly 
margina l in wounded samples. T he activity declined 
by one month after inoculation in both cases. However. 
in the susceptible Sreekara there were no discernible 



changes in the enzyme ac ti vity. COMT activity 
increased within 48 h after R. similis inoc ulation in 
both Sreekara and in HP-39. compared to the activi ty 
in <:antrol plants and decreased thereafter. 

I ,timatiol1 of phel1yl propalloids 
Lignin content of the roots was comparatively Jow in 
res istant HP-39 th a n th e s uscep ti bl e Sreekara . 
However. it decreased significantly in Sreekara within 
48 hours of inoculation. but increased to control values 
in a week. In HP-39. whjch had on ly 1/3 r

" the lignin 
content of the susceptible variety. the decrease in lignin 
content continued up to the I st week after inocu lation 
and increased to double the control values in a month. 

iral disease 

Indexil1g and maintenance of virus-free motller 
l'illes 
peR based method was used for indexing black pepper 
plants of popu lar varieties against Piper yellow mottle 
virus (PYMo V). The identified virus-free material was 
then maintained and multiplied under insect-proof 
conditions. 

Trans/ormation of black pepper with virus 
constructs 
Two construc ts each of Piper yellow mottle virus 
(PYMo V) and Cucumber mosaic virus (CMV) in 
Agrobacteriwn tUlIlefaciens EHA 105 were used for 
transformation. The embryogenic mass was infected 
with Agrohaclerium harbouling respecti ve constructs 
and cultured on basal SH medium for 48 h. The co
cultured embryogenic mass was transferred to selection 
medium and growing points were removed onto the 
same medium with a higher kanamycin concentration. 
The pro liferate d e mbryoge ni c mass was the n 
transferred to basal SH for further development into 
fully developed plantlets. Fully developed plantlets 
were transferred individually to WPM. Total genomic 
DNA isolated f rom leaves of fully developed plants 
was used to confirm the presence of inserts through 
PCR. The peR positive plants were hardened under 
green house for challenge inoculation with viruses (Fig 
l.4). . 

Screening of transgenic plants for the presence of 
transgene 
Total genomic DNA isolated from 100 mg leaves o f 
h ardened plants were used for PCR and dot blot 
hybridization. All PCR positive plants were used for 
dot blot hybridization. About Illg of DN A was dotted 
in to nitrocellulose membrane and fixed by heating at 

Fig. 1.4 Transformation of black pepper with viral 
constructs (a) Plantlets of 2-3 leaves in 
liquid medium (b ) Well developed 
putative transformants in WPM medium 
a nd (c ) Puta tive transgenic pla nts 
hardened in the green house 

sone for 2 h. A 940 bp DNA fragment cOlTesponding 
to the kanamycin gene was labeled wi th digoxigenin 
and used as a probe for hybridization according to the 
manufac turer 's instructions (Roc he Mo lecu lar 
Biochemicals. Mannheim, Germany). The hybridized 
me mbra ne was was hed. subjected to 
chemilluminescent development using CSPD substrate, 
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and then exposed to X-ray film. Plasmid pBll21 (250 
ng) was used as a positive control while genomic DNA 
from a non-transformed plant served as a negative 
control. Of the 99 plants tested from different 
constructs, 78 showed positive reaction in dot blot. 

Screelling of Piper spp against PYMo V 
Four hundred sixty accessions of Piper spp including 
wild Piper species. cultivated and wild species of P. 
nigrum were screened for PYMo V under glass house 
conditions through mealybug, Ferrisia virgata. After 
60 days of inoculation, the plants were scored both 
visually (based on symptoms) and through peR test 
using PYMoV specific primers. The results showed 
that all the 460 accessions tested were susceptible to 
PYMoV. 

Poilu beetle 

Identification of resistant sources 

One hundred and eighty five accessions of black 

pepper avajJabJe in the germpJasm conservatory were 

screened against poilu beetle in the field. Among the 

cultivars, Accs. 78 and 4044 remained free from poilu 

beetJe attack dwing the year. The hjghest berry damage 

(36.5 %) was recorded on Acc. 1484 followed by Acc. 

1611 (34.3%). Among the hybrids, Accs. 1055, 1069, 

1769 and 1752 remained free from poilu beetle damage. 

Acc L339 recorded 100 % berry damage, followed by 
Ace 807 (73.5%). 
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Characterization of germpJasm 
From the present ex-situ gene bank collection of 447 
accessions! hybrids and disease resistant selections, 
50 accessions have been charac terized for 
morphological and yield characters based on TPGRI 
descriptor. Variability was found to be the maximum 
(Table 2. J) for capsule wet weight (91.22 %) followed 
by number of capsules (80.80 %) and minimum for 
capsule characters (capsule length 0.15% and capsule 
width 0.09%). Two promising accessions (IC349630 
and IC547 146) were identified with desirable yield 
contributing characters. During thi s year five 
accessions were collected from Vandiperiyar block of 
Sabarimala area. 

Characterization for biotic and abiotic stress 
During the year fifty e ight cardamom accessions were 
screened for leaf blight and rhizome rot resistance 
under field conditions using \ -6 and 1-5 disease rating 
scales, respectively, and the percent di sease index 
(POI) was calculated. The accessions were further 
grouped into different categories based on the ir 
reaction to the disease. 

Breeding for high yield and disease resistance 
Considerable extent of heterosis for yield and yield 
contributing characters in cardamom has been 
demonstrated and cardamom being vegetativeJy 
propagated crop, the heterosi s advantage can be 
exploited at Fl generation. Large number of hybrids 
between high yielding and disease resistant selection 
have been evaluated to exploit the heterosis for yield 
and disease resistance. The PET I was laid out with 
16 hybrids, the highest three year mean yield was 
recorded in the hybrid combinations RRI x CCSI and 
CCS Ix RR I with 868 and 765 kg/ha respectively. 

To get desirable recombinants having high yield, 
superior quality and mosaic resistance, hybridization 
was carried out between two mosaic resistant 
selections (NKE 12 and NKE 19) and most popular 
hi gh yie lding farmer variety Green Gold (GG) in 
PET 11. The crosses were effected in four combinations 
(both direct and reciprocal). Among them ASH and 

GG x. NKE 19 recorded significantly higher mean yield 
of 1119 and 833 kg/ha, respectively (Table 2.2). 

Table 2.1. Variability of morphological and yield characters recorded in cardamom germ plasm. 

Characters Range Mean S.D C.V Promising genotype 

Plant height (cm) 128~323 198 0.42 20.99 IC 547218 

Total tillers 5.80-42.20 J9.35 6.69 34.56 TC547142 

Bearing tillers 4.25-23 1[,29 4.08 36.10 IC 547142 

Leaf length (cm) 40-63.40 49.72 5. L8 10.42 IC 547222 

Leaf width (cm) 5.60-12. 10 8.05 1.19 14.78 IC 547165 

No. of panicles 1.50- 30.60 11.72 6.10 52.03 IC547146 

Panicle length (cm) 24.5 - 56.2 36.28 6.95 19.17 IC 547144 

Inter node length (cm) 2 - 5.48 3.56 0.78 21.96 IC 547146 

Capsule length (em) 1.14-1.9 1.47 0. 15 10.00 IC 349653 

Capsule width (em) 0.99-1.38 1.1 7 0.09 7.33 IC 349627 

No. of seeds/capsule 9.4-24.2 15.83 3.31 20.89 IC547147 

No. of capsules/plant 23-819.46 2 12.47 17 1.68 80.80 IC 547 146 

Capsules wet weight (g) 5-754.25 188.90 172.32 91.22 IC 349630 & IC 547146 
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Table 2.2. Performance of cardamom hybrids for 
yield 

Entries Dry yield (ke ha·1) 

2007 2008 2009 Mean 

GG x NKE12 934.76 174.5 1 213.16 440.81 

GG xNKE 19 1635.35 479.83 384.99 833.39 

NKE1 2 x GG 1746.75 157.29 320.81 741.62 

NKE I9 x GG 12 12.23 355.54 235.67 601.15 

GG Seedling 14l3.03 295.04 236.97 648.35 

GG Suckers 1206.93 94.44 124.91 475.43 

NKEJ2 75.00 43.50 46.00 54.83 

NKE I9 11 20.04 43.56 101.08 421.56 

CCSI 1723.38 190.85 326.19 746.81 

ASH 1930.90 825.21 601.78 1119.30 

Mean 1299.83 265.98 259.16 608.32 

CY% 4 1.23 29.95 52.99 

CD (p=0.05) 168.89 7.57 235.24 

Morphological characterization of selected 
germplasm accessions 
Cardamom genotypes. 100 numbers dep icting 
maximum diversity (including eight released varieties. 
10 fanner's varieties and seven related genera) were 
selected for morphological characterization and 
preparing a descriptor with about 46 taxonomically and 
agronomically important characters based on IPGRI 
cardamom descriptor and DUS guide lines (PPY & 
FRA 2009). Ava il able morpho logical and floral 
characters were recorded as per the proforma devised 
in the se lected lines. 

Molecular characterization 
DNA was isolated from 109 accessions using the 
protocol standardized at IlSR for molecular profi ling. 
ISSR profiling of cardamom genotypes and related 
genera is in progress (Fig 2.1 ). 

Fig. 2.1. ISSR profiling of 20 genotypes of 
cardamom using ISSR primer, UBC 807 

Give lane infirmation - Lane 1-20: PV I. CCS. RR I. NKE 12. 
lCRI 2, ASH J, ASH, AMB 2. CP 10, MB 3, Go, Sampaji. 
Palakuzhi local. Vander cardamom. KaJarickal White. Pink 
stem. Narrow leaf, VA [ , MY I. MA 29: Lane M: I kb ladder 
(Fermentas) 

Microsatellite development 
EST database searches of cardamom did not reveal 
SSRs. But EST data base searches for sequence 
information containing micro satellites from ginger. a 
closely related species revealed over 900 SSR 
containing regions. Twelve rice SSRs were tested in 
small cardamom for cross generic amplification and 
three of them gave amplification in card ,lInom 
(Fig 2.2). 

Fig 2.2. Profiling of five genotypes of cardamom 
using four rice SSR primers 

Lane 1-5: RR I , Go. ICRT 3. Mudigere I. PV I ; Lane 
C: Negative control, Lane M: 100 bp Ladde r 
(Fermentas), Primers: A - RM 0 I: B - RM 72; 
C - RM J 17; D - RM J 3 1. 

Identification of molecular markers linked to 
Katte resistance genes 
DNA was extracted from two parents namely Green 
Gold (katte susceptible) and NKE 12 (katie resistant) 
and PCR was performed with seven sets of ISSR 
primers (834a, 841a, 854a, 866, 867, 812 and 815) to 
study parental polymorphism. Two primers (866, 8 15) 
have shown polymorphism, primer 866 for susceptible 
parent-GG and primer 815 for resistant parent-NKE J 2. 

Drought tolerance in cardamom 
Three genotypes RR I (IC 34959 1), CL-893 (lC 
349537), Green Go ld (fC 349550) which is relatively 
tolerant to moisture stress and CCS - I (IC 349589) a 
susceptible genotype were crossed to develop drought 
tolerant variety with high yield and quality characters. 
CL- 893 and its cross combinations recorded better 
growth and yi eld parameters which were reduced 



under stress. Plant height ranged from 204-296 cm 
with a mean of 262 cm in control and in stress it ranged 
from 201-280 cm with a mean of 257 cm. Number of 
panicles per clump ranged from 20.6-37.4 with a mean 
of 28.5 and in stress it ranged from 11.4-20.8 with a 
mean of 16. Dry capsule yield (kg/ha) ranged from 
220.6 to 521.7 with a mean of 402.9 kg/ha in control 
and in stress it ranged from 38.6 to 267.7 with a mean 
of 164.1 kg/ha. Cross CCS I x 893 recorded max imum 
yield (521. 7 kg/hal in irrigated condition followed by 
CCS I OP (519.7 kg/ha). In stress conditions. GG x 
CCS I recorded maximum yield (267.7 kg/ha) followed 
by 893 self (2]0.7 kg/ha). GG x 893 recorded 183.9 
kg/ha and 893 x GG yielded) 87 kg/ha with bold green 
capsules (Fig 2.3). 

Enzyme assays in selected drought tolerant and 
susceptible genotypes 
Superoxide dis mutase (SOD) as well as glutathione 
reductase (GR) activities differed significantly among 

capsules ranged from 3.5-6.7% on dry weight basis, 
with highest in GG-self followed by GG-OP (6.0%). 

GC-MS analysis of the oil indicated that these 
accessions contained 26.2% and 27.7% I ,g- cineole 

and 45.8% and 46.2% a- terpinyl acetate, respectively. 

Leaf spot 

Screening oj germplasm 
Thirty eight breeding lines and twenty collections of 
cardamom were screened under natural field conditions 
to identify resistant sources against leaf blight and 

rhizome rot. Six genotypes each of breeding lines and 
collections exhibited highly resistant reaction to rhiZome 
rot. Six genotypes viz .. lC-547222. lC- 547223 , 

IC-349645, IC-349649, IC-547! 58 and rC-349637, 
exhibited moderately resistant and highly resistant 

reactions against leaf blight and rhizo me rot , 
respectively. 

Fig 2.3. Hybrid combinations with yield and quality traits 

(a) GG x 893 (high yield with green capsule); (b) 893 x GG (high yield with compact setting) 

cardamom accessions both under control and stress 
conditions. But the accessions showed similar activity 
between control and stress treatments indicating that 
these enzymes may not be useful as markers for stress 
tolerance. Ascorbate peroxidase activity was 
inconsistent and accession to accession variation in 
activity was high. 

Flavour profiling of essential oil 
Twenty accessions of cardamom germplasm were 
evaluated for essential oi l content. Oil con tent in 

Viral diseases 

Developmellt of diagnostics 
Six katie isolates were collected from Kamataka (5 

isolates) and Kerala (I isolate) and established under 

insect proof glass house conditions. Enzyme Linke,d 

Immunosorbent Assay (ELISA) based detection of 

Cardamom mosaic virus (CdMV) was standardized 

and the titre of the anti serum was found to be 1 :250. A 

procedure for total RNA isolation from cardamom and 
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detection of CdMV through reverse transcription

polymerase chain reaction (RT-PCR) using primers 

designed for the conserved region of coat protein was 
standardized (Fig 2.4). The RT-PCR method was 
validated by testing more than 50 cardamom field 
samples representing different geographical locations 
of Karnataka and Kerala. 

Two kokke kandu isolates from Karnataka and one 
Nilgili Necrosis disease isolate from Suryanelli (ldukki 
District, Kerala) were collected and establi shed under 
insect proof glass house condjtions. Surveys conducted 
in major cardamom growing areas of Karnataka and 

Fig. 2.4. Detection of CdMV by RT-PCR. 

Lane M: DNA molecular size mark.ers; Lane 1-9: 
cardamom samples from different regions; Lane 
10: Positive control (known infected plant); Lane 
II: Negative contro l (known healthy plant) 

Kerala, revealed the prevalence of Bal1o/1o bract 

mosaic virus (BBrMV) infection in Sirsi (Uttara 

Kannada District, Karnataka), Upputhara, Konnathady 

and VeHathooval villages (Idukki District, Kera(a). The 

symptoms induced by BBrMV in cardamom included 

discontinuous or conti nuous spindle shaped streaks 

along the veins. continuous light green or light yellow 

streaks along the midrib and discontinuous mottling 

along the pseudostem and petiole (Fig. 2.5). An RT

PCR method using virus specific primers designed for 

the coat protein gene was developed for the detection 
of BBrMV infecting cardamom. 

Fig. 2.5. Symptoms of Banana bract mosaic virus 
(BBrMV) infection in cardamom 



Conservation, characterization, evaluation and 
improvement 

Aboul 680 accessions of ginger are being maintained 
in the field germplasm conservatory. Herbarium 
specimens of 50 ginger accessions were prepared and 
mounted and preserved in the herbarium facility. In 
ginger, 500 kg ofIlSR-Varada, 250 kg ofUSR-Mahima 
and 125 kg oflISR-Rejatha were produced as breeders' 
seed. Fifty accessions were characterized based on 
quality parameters in which the oil content varied from 
1.2 to 2.0%, oleoresin from 1.6 to 3.4% and fibre 
content from 2.7 to 7.6% with minimum variation of 
9.08% in moi sture, fonowed by oil content (15.02%). 

1n a trial laid out with \ 3 high oil ginger accessions 
along with a check (IlSR Varada), oil content varied 
from 1.2 to 2.8%, the maximum being in Acc.162, 
followed by Acc.95, while the oleoresin content ranged 
from 2.0 to 4.6% and fibre from 1.87 to 5.13%. Of the 
12 exotic (Nepal) lines evaluated for quality 
parameters, the oil content ranged from 1.2 to 2.4%, 
oleoresin from 3.3 to 4.8% and fibre from 2.50 to 5.! r, 
the lowest in Acc.239. followed by Ace. 91 (4.0%). 

Multiplication of high pollen fertility line and 
poJlination studies 
The Acc. 195 was multiplied and morphological 
characters were recorded. In vivo and in vitro 
pollination studies were performed lIsing Aces. 3, 4, 7, 
12, 25 and 77. No seed set was obtained so far. Ovule 
development was observed in case of in viTro 

pollination using flowers of Ace. 7. 

Maintenance of M3 and M4 generations of 
irradiated plants 
One hundred and seventy seven M3 generation plants 
and 123. M4 generation plants derived from irradiated 
buds of different ginger cultivars were maintained. 

Morphological observations and yield were recorded. 
Variation depending upon the radiation dose and 
varieties was observed. Pollen fertility analysis was 

completed in 11, M3 generation plants one, M4 
generation plant and 10 cu\tivars. Pollen fertility was 
low « 25%) in all of them. 

Cytological studies 
Analysis of mitotic metaphase plates of high ponen 
fertile line, Acc. No. 195 showed that the plant is a 
tetraploid having 2n==44 in majority of cells. Cytological 
analysis of ! 5 plants of M4 generation derived from 

irradiated buds showed normal chromosome number, 
2n==22. 

Optimum P/Zn ratio requirement 
Tn earlier studies the optimum leaf P/Zn level for ginger 

was worked out as 90 through response functions. To 
validate this, soi l Zn and P levels were analyzed at the 

time of planting and leaf/ soil samples were taken for 
analysis at 60 DAP. The soi{ P!Zn ratio was in the 

range of 8.8 to 15.3 and that of leaf was 168 to 228. 

To adjust the ratio into the optimum range, soil 
application of Zn as well as foliar application were 
given and the soil and leaf samples were analysed on 
120 DAP and yield data was recorded. The soil Zn 
ratio has lowered to 3.4 (varying from 1.2 to 4.9) and 

the leaf P/Zn ratio was brought down to 73 (varying 
from 49 to 86) by the supplementation. The P/Zn ratjo 

of the control was 1 10. The rhizome yield in Zn 
supplement treatment was 7.76 kg/ bed as compared 
to 5.7 kg/bed in control with an increase of about 35 

% over the control. 

Organic Farming 
Ginger was grown organically by applying FYM, vermi 
compost, ash and rock phosphate, Azospirillum and 

phosphobacteria and Trichoderma & Pseudomonas 

sp. (fISR-6 & 853) as bio control agents for disease 

control. The mean yie ld recorded was 8.1 kg! 3 ':12 

under organic syste m which was on par to other 
management systems (7.4-7.7 kg/bed). Under organic 
management var. Mahima has yielded higher (9.5 kg/ 
bed) and Rejatha has yielded on par with conventional 



system. Hi ghest yield in Varada was recorded in 

integrated (704 kg/bed) on par with conventional and 
o rga nic systems. So il mi crobial para meters )liz., 

phosphodiestrase and dehydrogenase were higher 

under organic system. FYM ( 1St), neem cake (2t) and 

vermicompost (4t) application suppl emented with 
P a nc hagavya a nd BD (50 I ) s prays recorded 

significantly highest yie ld ( 11. 16 kg/bed) on par with 
FYM + NC + VC application (9.7 kg/bed). 

Quality 

Variability in germplasm 
Among the 13 high oil types Acc. 162 had high oi1 of 
2.8%,4.6% oleoresin and 4.2% fibre. Accs. 95, 50, 197 
and 99 also reta ined high oil prope rty. Among the 
identified low fibre types Accs. 9 1, 239 retained low 
fibre and high quality. Among the Nepal collections, 
Acc. 59 ] with 204% oil, 4 .8% oleoresin and 3.5% fibre 
possessed hi gh qu ality. A mong the 35 germplasm 
samples Acc. 605 had 2% oil and 3.4% o leoresin. 

Essential oil profile 
Thirty one accessions o f ginger were evaluated for 
essential oil content and it ranged from 0 .7% - 2.3% 
with the highest yield in Acc. 566 fo llowed by Acc. 
730 (2%). GC - MS analysis of essential oil of ten 
accessions indicated composi tional variations among 
the accessions and the chief components namely, 
ar-c urc um e ne , z in g ibere ne, fa rnesene and 
~-sesquiphellandrene ranged from 6- 15%, 13-26%, 
5- 11 % and 8- 16%. respectively. Acc. 29 (26%) and 
2 1 (23 %) were superior in zingiberene content. 

Effect of micronutrients 011 flavour 
Pre liminary stud ies indicated that application ofZn had 
no significant effect on essential oi l content in ginger 
and turmeric. The application of Zn in soil resulted in 
higher levels of c itral-a, c itral-b and zingiberene in 
ginger. 

Studies on nOll-volatiles 
Ten accessions were analysed for gingerol composition. 
Total gingeroJ content in these accessions varied from 
1.28-5.83% whereas 6-gingerol, 8-gingerol and 10-
gingerol were in the range 0 .6 -5 .3%, 0 .11 -004 1 % and 
0.06-0.26%, respecti vely. 

Shoot borer 

Life cycle 
The life cycles of shoot borer were studied on six fie ld 
resis tant and susceptible accessions of g inger. The 

average adult longevity. pupal period and fifth instal' 
larval period were 2.9. 12.4 and 7.5 days, respectively 
o n resistant accessions and 2.8. 15 .7 and 7.8 days. 
respectively on susceptible accessions. However. the 
differences in days taken to complete each stage were 
not statistically significant. 

Isolatioll of EPNs 
Sixry two soil samples were collected from gi nger 
rhizosphere fro m different locatio ns of Kozhikode. 
Waya nad. Ko ttayam, Idukki (Ke rala) and Kodag u 
(Karnataka) d istricts, Guwahati (Assam ), Faizabad 
(Uttar Prades h) and Bara pa ni ( Meg ha laya) for 
detection of entomopathogenic nematodes (EPNs). 
EPNs were extracted by insect-baiting and whi te trap 
method. Out of 62 soil samples baited out. only two 
strain s of EPNs were obtained. Among the two strains 
o f E P N s , o ne stra in each was fo un d f ro m 
Peru vannamuzhi , and Fa izabad. 

Four hundred twenty four shoot borer larvae were 
collected from pseudostem of ginger from Kozhikode. 
Wayanad and Kodagu districts . Out of these, 11 2 larvae 
were found dead. Among these dead larvae, 11 were 
assoc iated with mermithids, e ight with rhabditids and 
only one was EPN. 

Rhizome rot 

Evaluation of rhizobacteria 
The promising rhizobacte rial stra ins we re evaluated 
for their biocontro] and growth promotjon potential on 
g inger in the green house. T he stra in s GRB 35 
(Bacillus sp.) and GRB 36 (Klebsiella sp.) showed 
hi ghest disease suppressio n fo llowed by G RB 70 
( Unide nti fied ) a nd GRB 9 I (U nidentified ) against 
Ra{sfv nia so[anacea rum . The isolates G RB 35 and 
GRB 9 I followed by GRB 68 (Seraria sp) showed 
highest disease suppression against PyrhilIIn sp. GRB 
70 followed by GRB 35 and GRB 68 were more 
p romising for obtaining higher germination (Table 3. 1). 

The levels of mi crobial substrates (dissolved organic 
C a nd N; DOC a nd DON, re s pec ti ve ly) were 
signi ficantly greater in treatments in volving PGPR 
strains (GRB 25, GRB 36. GRB 38 and GRB 70) 
appli ed in combination with chemical fert il izers. The 
PG PR stra ins applied a lo ne d id not signif ic antl y 
influence soil microbial activity. Ho wever, when applied 
in combination w ith 75% N + 100% P + 100% K, the 
PGPR strains pos iti vely influenced microbial biomass
C , -N, -P, soil respiration and N mineralization. Also, 
the acti vities of urease, acid- and - alkaline phosphatase 



and dehydrogenase were highest in treatments 
in volving PGPR (GRB 36, GRB 38) applied in 
combination with 75% N + 100% P + 100% K. The 
metabolic quotient (qC0

2
) , which has been used as a 

bioindicator for environmental stress, was markedly 
lower in treatments involving PGPRs. 

The selected rhizobacteria were also evaluated in field 

on ginger and the rhi1.obacterial isolate, GRB 68 

s howed good germination percentage, disease 

suppression and higher yield followed by GRB 35 and 
GRB70. 

Table 3.1 E"aluation of rhizobacteria against bacterial wilt and rhizome rot in ginger in the 
greenhouse 

Treatment Germination (%) Bacterial wilt (%) Rhizome rot (%) 

Burkholderia sp. GRB 25 81.3 (64.6*) 96.3 (78.9) 96.3 (78.9) 

Bacillus sp. GRB 35 96.3 (78.9) 35.2 (36.4) 48. '1 (43.9) 

Klebsiella sp. GRB 36 69.9 (56.7) 44.4 (41.8) 66.7 (54.7) 

Unidentified GRB 38 96.3 (78.9) 88.9 (70.5) 6 1.1 (5 1.4) 

Unidentified GRB 57 88.9 (70.5) 8],5 (64.5) 92.6 (74.2) 

Set'atia sp. GRB 58 88.9 (70.5) 88.9 (70.5) 92.6 (74.2) 

Seratia sp. GRB 68 96.3 (78.9) 66.6(54.7) 57.4 (49.3) 

Unidentified GRB 70 100 (90.0) 48.1 (43.9) 70.4 (57.0) 

Unidentified GRB 71 96.3 (78.9) 88.9 (70.5) 70.4 (57.0) 

Unidentified GRB 91 85.2 (67.4) 53.7 (47. 1) 44.4 (41.7) 

Pseudomonas aeruginosa -IISR 5 I 88.9 (70.5) 81.5 (64.5) 62.9 (52.5) 

Streptomycin sulphate I giL 
(seed treatment) 88.9 (70.5) 72.2 (58.2) 74.1 (59.4) 

Metalaxyl- Mancozeb 1.25g/L 
(Seed treatment + Soil drench) 88.9(70.5) 88.9 (70 .S) 5l.8(46.1) 

Control 66.6 (54.7) 100 (90.0) 100 (90.0) 

CD (p=0.05) 18.4 16.87 21.93 

*Va]ues in parenthesis are Arcsine transformed 
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Conservation and characterization of germ plasm 
About I 173 accessionsoftunnetic are being maintained 
at field germplasm conservatory. Herbarium specimens 
of 50 turmeric accessions were prepared and mounted 
and preserved in the herbarium facility. In turmeric 
lOS? kg Prabha, 1571 kg Prathibha, 1250 kg llSR
Alleppey Supreme, 1000 kg IlSR-Kedaram were 
produced as breeders' seed. 

Maintenance and evaluation of seedling 
progenies 
Two hundred and fifty six seedl ing progenies and 23 
mother plants were recorded with morphological 
observations and yield. High variability with respect to 
yield was observed. Twenty nine progenies showed 

multiplication rate above 20 times. Sixty eight second 

generation seedling proge nies of five seedling 

progenies were also maintained. Many of these second 

generation progenies showed very high multiplication 

rate. 

Chromosome number analysis was also completed in 

25 progenies . All of them showed deviation from 

normal number of 2n=63. Most frequently occurring 

number was 2n:::::84 (Table 4.1). 

Percentage of curcumin, oil and oleoresin was analysed 

from 12 mother plants and 150 seedling progenies of 

last year harvest. Wide variation was observed between 

seedling progenies of different mother plants as well 

as among the progenies of the same mother plant 

(Table 4.2). 

De,,·elopment 01' microsatellite markers alld 
characterization of Curcuma 
Characterization of the 30 geographically dis tinct 

turmeric accessions using microsatellite markers 

indicated the exi stence of limited genetic diversity. 

Grouping of accessions within the cluster was 

independent of geographical area, except in a few 

cases . The identification of identical allelic flllgerprints 

generated by geographically di stinct accessions 

jnclicated the movement of turmeric within the length 

and breadth of the country and subsequent 

popularization and acquiring of a different vernacular 

name. From this study, it is evident that accessions 

collected on the basis of vernacular identities may not 

be genetically distinct (Fi g. 4.1). 

Pollination studies in cultivars 
Sixty five Dowers of Rajendra Sonja and more than 

144 flowers of BSR-2 were manually self pollinated 

and observed for fruit se tting . No fruit set was 

observed. Pollen fertility analysis by staining showed 

60.4% fertility in Rajendra Sonia and 55% in BSR-2. 

In vivo germination on stigma was found to be sparse 

Table 4.1 Chromosome number of 25 seedling progenies 

Chromosome 
Number (211) 

82 

84 

86 

78 

76 

Seedling Progeny Number 

126/2, 138/29 

126/10. 126/1 2, 12611 3, 12611 5, 138/8, 138/24, 138/35, 138/36. 138/39, 138 
64, J 38/66, J 38170. 138176, 4 151 1, 4 15/4.434111. 43411 3, 447/1 , 449/3 

126116, 4 15/1 0 

138/68 

138/17 



Research 

Table 4.2 Comparison or quality parameters among few mother plants and their progenies 

r Mother Number Quality in mother plants Range among seedling progenies 
Plant No. of Oil Oleoresin Curcumin Oil Oleoresin Curcumin 

progenies (%) (%) (%) (%) (%) (%) 

analyzed 

18 20 4.00 7.66 1.73 2.67-6.0 5.38-12.09 0.88-3.71 

! 20 3 3.87 7.63 1.70 3.6-4.8 7.29-10.79 1.03-1. 77 

65 8 4.40 7.32 1.85 3.2-5.2 5.7-9.89 1.05-3.13 

69 6 4.00 8.67 1.99 4.4-5.6 7.92- 10.88 1.02-1.9] 

126 14 5.20 14.40 5.67 3.2-6.0 6.43- 10.9 0.90-3.24 

138 66 4.00 10.70 3.71 2.0-7.2 6.09- 13.34 0.64-3.6\ 

300 4 5.20 9.76 1.58 3.6-4.8 5.8-11.49 0. 19-3.00 

415 10 4.40 8.66 2.73 2.67-6.4 5. 19-11.55 0.98-2.97 

M 1 2 3 4 5 M 6 7 8 9 10 hI 11 12 13 14 15 hI 16 17 18 19 20 L M 21 22 23 24 2S M 26 21 28 29 30 !ll 

Fig. 4.1. The amplification pattern of SSR markers in 30 turmeric accessions. 

Lane N - 10 bp DNA ladder. Lane M- 20 bp DNA ladder, Lane 1- 30- turmeric accessions collected fro m 
di verse geographical locations from India. 

after 4 h of pollination . Operation of self incompatibility 

mechanism in these varie ties is suspected. 

Nutrient requirement for targeted production 

Based on the initi al soil availabi lity of major nutrients, 

nutrient required for targeted yield production (NR), 

contribution of nutrient from soil (CS), contributjon from 

FYM (CFym) and contribution from fertilizer (CF) 

were cafcufated for turmeric var. Prathiba and fertilizer 

doses to obtain yield targets was calcul ated and applied . 

The highest yielel up to 22.0 kg/beel was obta ined for 

the target levels 15 & 20 kg/bed. Through targeted 

equation, nutriem requirernent for 15 & 20 kg/beel yield 

could be predic ted wilh minimum deviaLion o f -5.8 to 

+ 14.8%. At highest target leve l of 25 kg/bed there 

ex isted a deviation of -44% which might be due to the 

excess of ferti lizer nutrients causing imbalance. The 

y ie ld increase as compared to the norma l 

recommenda Lion was in the range of 42-75%. 

Yield N P 20 S K 20 Realized Deviation 
kg/bed (g/bed) yield % 

(kg/bed) 
15 30 60 17.2 + 14.8 

20 60 130 18.8 - 5.8 

2S 90 15 2\0 L3.8 - 44.6 

Recom-
mended 3S 2S 60 9.75 

Micronutrient on quality 

Application o f o ne foliar spray of 0.25% Zn and soil 

app! ication of S kg/ha Zn have recorded higher rrnzome 

yieJd of 14.5 and /3.7 kg/ bed, respectively. They were 

o n par wi th 10 kg Zn soil application and two foliar 

sprays. All the Zn application treatments recorded . 

significantl y superior yield than control. Oil, curcumin 

and oleoresin contents were s ignificantly higher in two 

foliar sprays of Zn @ 0 .25%. Application of B as two 

foliar sprays (0.2%) has increased the yie ld significantly 

up to 16.3 kg/bed o n par with lime application alone 
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( 14.7 kglbed), indicating the benefits of correcting the 
soil pH in increasing the B availabi lity. Boron showed 
no influence on oi l and c urc umin contents. But 
oleoresin content increased significantly with two foliar 
sprays @ 0.2% B application ( 11.5%). 

Organic Farming 
Turmeric was grown organicall y by applyi ng FYM, 
vermicompost, ash and rock phosphate, Azospiri llul11 
and phosphobac te ri a and, Trichoderma and 
Pseudomonas sp. (USR-6 & 853) as bio control agents 
for disease contro l. Organic system recorde d 
significantly highest rhizome yield of 13.7 and 12.0 kg/ 
bed in Alleppey Supreme and Prathiba, respectively 
as compared to conventional system, which recorded 
10.5 and 9.7 kg,lbed. The integrated system recorded 
on par yield levels of organic system. Soil enzyme 
activities under integrated system was significantly 
higher than conventional system but was on par with 
organic sys tem. FYM + neem cake (NC) + 
vermicompost (YC) application yielded significantly 
highest rhizome yield ( ! 4.98 kgtbed) on par with FYM 
+ NC + YC supplemented with Panchagavya (13.0 
kg) and FYM (30t) application alone (12.7 kg). 

Effect of flowering on yield and quality 
Eleven varie ties of turmeric viz ., Rajendra Sonia, 
Suranjana TCP, Kedaram, BSR 2, Roma, Prathibha, 

Alleppey Supreme, Resmi, Duggirala red , Mega 

turmeric 1 and Narendra Haldi were evaluated for two 

years in the field . Out of these, Ouggirala red and Mega 

turmeric I did not flower in both the years (2008-09 

and 2009-( 0), Narendra Ha!di flowered during second 

year (2009- 10) on ly. The two year mean indicated that 

on an average flowered plants recorded fresh yield ot' 

504 gJclump with a range 298 to 956 g and CV of 

43.9%, whereas, non-flowered plants yieJded 524gJ 

clump with a range 32 1 to 86 1 g and CV of 3 1. 1%. 

Similarly, mean dry recovery of flowered plants was 

15.9% with a range of 10.0 to 19.2% and CY of 2 1.1 %; 

whereas, non-flowered plants recorded 17 .5% with a 

range of 12.7 to 19.8% and CY of 17.2%. The study 

indicated that flowered and non-flowered plants did 

not differ in yield and dry recovery (Table 4.3) . 

Cloning of pal gene 

Partial sequence of pal gene was isolated with PCR 

conditions optimized using pal gene specific primers, 

designed based on sequences available in the public 

domain. A 522 bp product amplified by PCR was 

isolated, cloned and sequenced. BLAST analys is 

Table 4.3. Comparisons of yield and curcumin content of tTowered and non-flowered plants 

Fresh yield Dry recovery Dry yield Curcumin 
Varieties (glclump) (%) (gfclump) (%) % plants 

F* NF** F NF F NF F NF flowered 

Rajendra Sonia 956 861 10.0 12.7 95.9 109.0 4.44 4.36 2.00 

Suranjana TCP 604 576 14.7 17.7 88.6 101.9 4.05 3.73 1.50 

Kedaram 325 393 16.4 19.8 53.4 77.8 4.05 5.10 0.88 

BSR2 525 554 12.1 12.8 63.6 7 1.1 5.17 4.57 1.50 

Roma 298 321 19.2 19.5 57.2 62.7 4.06 4.75 \.50 

Prathibha 419 486 18.8 19.8 78.9 96.l 4.09 5.06 0.56 

Alleppey Supreme 524 438 18.3 18.4 95.9 80.5 4.38 4.35 0.74 

Resmi 383 561 17.6 19.2 67.4 L08.0 4.54 4.64 1.88 

Mean 504.1 523.8 15.9 l7.5 75.7 88.8 4.23 4.57 1.32 

SD 2 ll.1 163.0 3.4 3.0 15.2 15.7 O.2J 0.48 

CY (%) 4 1.9 31.1 2 1.1 17.2 20.0 17.7 5.06 10.43 

CD (p:::::O.05) NS NS NS NS 

*Flowered plants; ** Non-flowered plants 
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revealed that the sequence showed 94.3% identity with 

the pal gene from ginger. 

Iniluence of biochemical factors on curcuminoid 
le\Cls 

A.nay of downstream enzymes 
A~say of Hydrox y c innamate: CoA ligase (4CL; 
E.C.6.2.1.12) (using two substrates - p-coumaric acid 

and ferulic acid) in 4. 5 and 6 month old roots and 

rhizomes and curcuminoid sy nthase (CS) in 5 and 6 

\'nonth old roots and rhizomes of high and (ow curcumin 

tunneric accessions was completed. The 4CL activity 

was negligible during the later phase of rhizome 

developmenl. CS actjvity in the roots of high curcumin 

varieties - Prathibha. Suguna, Sudarsana and Alleppey 

Supreme (66%) - and the low curcumin accessions -

170, 279, 384 and 390 - increased significantly from 

5th to 6th month after pJanting. In rhizomes, the CS 

activity in the high curcumin varieties was either on 

par or increased slightly; while in the low eurcumin 

accessions, the CS activity decreased from the 5th to 

6th month. 

Secondary metabolites ill turmeric accessiolls 
Lower concentration of oleoresin and essential oil was 

seen in accessions with low levels of curcumin 

indicating a pmtia\ involvement of these metabolites in 

the synthesis of curcumin precursors. GC and GC MS 
analysis of the essential oils from representative 

samples of high and low EO types indicated higher 

levels of tum1erone, ar-turmerone and zingiberene in 

the accessions with high essential oil content. These 

components have been conclusively proved for its 

varied medicinal and pharmacological properties. 

Starch. the major reserve carbohydrate in turmeric 

rhizome, ex.hibited an inverse relationship with curcumin 

levels among the turmeric accessions screened. This 

shows that the primary metabolite is being utilized for 

the formation of the very early precursors of cucumin 

biosynthesis, thus supporting the phenyJ propanoid 

pathway accepted for the pigment synthesis. HPLC 

analysis to find out rhe di stribution of the three 

curcuminoids was also done during the study in a few 

turmeric accessions. Among the II high curcumin types 

analysed, all the accessions except Accn 608 had higher 

levels ofcu[cumin I. Accessions 366, 608 and 702 had 

e levated levels of curcumin n, while Accs 227 and 

883 possessed higher level s of curcumin III. Among 

the low curcumin accessions, Aces 5,38 ,48,83 and 355 

were having high levels of curcumin 1, which were 

also rich in curcumin [f. Highest range of variation 

was seen in the case of curcumin W , which showed a 

range from 4.74 to 23.8%. 

Post Harvest Technology 

Storage studies 

Turmeric variety Prarhiba stored in 90% nitrogen and 
10% carbon dioxide in three layered laminated 

poJyethylene packing was analysed for oil, oleoresin 

and curcumin. Mild reduction in moi'sture content and 

oil was noted by 480 days and the study indicated that 
storage for 480 days retains the curc umin and oleoresin 

equivalent to freshly s tored sample. The sample had a 
moisture content of 8.5%, 2.80% oil, 13.2% oleoresin 

and 5.2% curcumin. 

Shoot borer 

Life cycle 
The life cycle of shoot borer was studied on five field 

resistant and susceptible accessions of turmeric. The 
average adult longevity, pupal period and fifth instar 
larval period were 2.9, 12.3 and 6.4 days, respectively 

on resistant accessions and 3.0, 11.3 and 6.8 days, 
respectively, on susceptible accessions. However, the 

differences in days taken to complete each stage were 
not statistically significant. 

Evaluation of insecticides 
Four insecticides namely, malathjon O. i %. carbosulfan 

0.075 %, imidac\oprid 0.0 \ 25% and lamda cyhalothrin 
0.0125% found promising in the greenhouse were 

evaluated against the shoot borer in the field. The 

insecticides were sprayed at three week intervals 
durin g Jul y to November and the incidence of 

infested shoots was recorded at crop maturity during 

December. The trials indicated that among the 

various treatments lamda cyhaJothrin 0.0125% was 
significantly more e ffectiv e in reducing the 

percentage of shoots infested by the shoot borer. 

Disease management 

Evaluation of chemicals 
The field tJiaJ at Settiputhur (Coimbatore District) to 
evaluate the efficacy of copper oxychloride 0.25%. 

B d Mixture 1%. Cheshunt compound 0.3%, or eaux 
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metalaxyl + mancozeb 0.125%, mancozeb 0.3%. 

potassium phosphonate 0.3 %, carbendazim + 
mancozeb 0.3%, captan + hexoconazole 0.3% and 

carbendazim 0.5% for the management of rhizome rot 

disease indicated maximum disease reduction with 

metalaxy l-mancozeb (69.7%) fol lowed by copper 

oxychloride (63 .7%) when compared to control 

(Table 4.4). 

Evaluation of biocontrol agents 
The field trial at Settiputhur (Coimbatore District) to 

evaluate the efficacy of six short listed Trichoderma 

isolates (CLT-J02, CLT-107, CLT-I I0, CLT- 114, CLT-

118, and CLT- 121 and IlSR-6) showed that CLT-I 07 
and ClT-liO application recorded significantly lower 

incidence of the disease (7.71 % and 7 .75 %, 
respectively) when compared to control (21.44%). 

Integrated management 
A field trial was conducted at Settiputhur (Coimbatore 
District) , w ith 11 treatments including different 
combinations of promising chemicals (metalaxyl
mancozeb 0. 125% and copper oxychloride 0.25%) and 
biocontrol agents (CLT 102 and CLT I J 0). The results 
showed that application of metalaxyl-mancozeb 
0. 125 % + CLT 11 0 was at par with individual 
application of either metalaxy l-mancozeb 0.125% or 
CLT 11 0 with a disease reduction of 69.1 % compared 

to 69.7% in individual treatments. There was an 

increase in yield of 12% in the combined treatment 
when compared to 13.4% in individual treatments. 

Table 4.4. Evaluation of chemicals for the management of rhizome rot 

Treatments Disease incidence (%) 

2007-08 2008-09 2009-10 Pooled 

Copper oxychloride (0 .25%) 16.48 .17 .49 9. 17 9.04 

Cheshunt compound (0.3%) 22.90 20.90 14.72 12.60 

Bordeaux Mixture (1 %) 26.06 23.60 16.8 1 15.78 

Meta1axyl-Mancozeb (0. 125%) 19.63 16.13 7.09 7. 18 

Mancozeb (0 .3%) 26.30 25.24 13.01 15.63 

Potassium phosphonate (0.3%) 26.63 24.69 18. 19 16.22 

Carbendazim- Mancozeb (0.3%) 26.54 25 .58 19.58 17.52 

Captan + HexoconazoJe (0.3%) 24.1 4 25.34 17.22 16.85 

Carbendazim (0.5%) 22.64 22.47 18.06 15.51 

Control 30.49 28.96 23.33 22.00 

CD (p::0.05) 3.05 4. 17 3.93 4.39 



\ Iaintenanee of germplasm, seedling progenies 
and interspeeitic hybrids 
Ninety three germplasm collections were maintained 

at nSR Experimental Farm , Peru vannamuzhi. Fifty 

seedling progenies, 50 interspecific hybrids and 150 

mutants were establi shed ex vitro. A total of 544 in 

vitro cultures of selfed seedling progenies, interspecific 

hybrids involving different species and plants derived 

from irradi ated fruits were also maintained. 

Maintenance of evaluation trials and recording 
morphology 
Fie ld trials of germplasm collecti ons and seedling 

progenies were maintained. Observation on fruit length 
was r ecorded from ] 5 germplas m access ions 
po llinated last year. Data on morphology and flowering 

Research 

were recorded from 29 accessions and vari ation in 

morphological character~ was observed. Seventeen 

collections fl owered during the period from January

March 2010. Number of inflorescence ranged from 

1- 15 in different coll ections. 

In vitro establishment of inters·pecifie hybrids 
between V. Plallifolia and 1.-; Tahite"sis 
Seventy cultures of V. plonifo/ia x V. tahitensis and 

I I I cultures of selfed progenies of V. tai7itensis were 

established (Fig. 5.1 ). Fruit setting was achieved in 

crosses between V. lai7itensis x V. plan~folia and 

germination cultures were initiated. As V. tahitensis 
is another culti vated species of vanilla having tolerance 
to root di seases these hybrids are important for 
resistance breeding . 

Fig 5.1. Progenies from (a) Vanilla tahitensis (b) V. planifolia x V. tahitensis grown in vitro 
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Tree spices 

Cassia 

In the c lona l evaluation of cass ia e lite lines at 

Peruvannamuzhi , IC-370423 recorded sign ifi cantly 

higher height (320.6 cm) and IC-37041 5 highest dry 

bark yield (2 18 g). 

Among the 15 cassia lines tested at e RC, AppangaJa. 

IC-370415 recorded s ignificantly greater hei g ht 
(545cm) , while no significant difference was observed 
among the lines for number of branches, girth, leaf 
length and breadth. lC-370406 recorded the maximum 
fresh weight ( 1290 g/tree) and dry weight (405.3 g/ 
tree) foll owed by lC-370425 and IC-370427. But the 

highest dry recovery of 56.25% was recorded in IC-
37040 I at Appangala condition at I" coppicing which 
was performed two years after main harvest. IC-
370410.370423 and 370425 recorded max imum oil 
yield of 4%. lC-3704 15 recorded 2 1.57 % oleoresin 
yield (Table 6. I). 

Nutmeg 

Herbarium spec imens of 25 nutmeg accessions were 
prepared, mounted and preserved in the herbarium 
facility. In the trial on clonal evaluation of high yielding 
nutmeg lines, A9/185 was found to have significantly 
more hei ght (597.1 cm), canopy (548.6 cm), gi rth 
(206.25cm) and number of primary branches (74.5). 

Table 6.1. Clonal evaluation of cassia lines at Appangala (yield data-I" coppicing, quality) 

Acc. No IC No. Fresh Wt Dry Wt Dry Recover y Oil (%) Oleoresin 
(g/tree) (g/tree) (%) (% ) 

A2 370401 355.0 200.0 56.25 3.3 13.20 

A6 370404 65 1.0 2 13.0 32.68 2.6 12.96 

A7 370405 96.9 54.5 56.20 2.6 19.20 

A8 370406 1290.0 405.3 31.40 3.3 14.90 

B2 370408 580.0 106.6 18.35 2.0 17.87 

B4 3704 10 144.0 35.0 24.30 4.0 17.72 

B8 370414 696.3 152.5 21.90 2.6 15.99 

C l 3704 15 758.5 173.7 22.90 2.0 21.57 

C4 3704 18 358.9 120.6 33.60 3.3 20.68 

D I 370423 331.0 108.7 32.83 4.0 16.90 

D2 370424 736.8 210.0 28.50 2.6 18.5 1 

0 3 370425 810.2 263.3 32.50 4.0 15.97 

05 370427 758.6 220.0 29.00 2.0 17.45 

06 370428 606.6 165.0 27.20 3.3 18.76 

D7 370429 623.8 169.3 27. 14 3.3 17.84 

Mean 586.5 173.2 31.65 3.0 17.30 

CV (%) 50.9 51.8 34.55 23.7 14.05 

CD (p",0.05) 43.1 5.7 



en the trial on clonal evaluation of nul meg lines having 
high myristicin and elcmicin, A9/4(3) recorded 
significantly higher height (47.6 cm). canopy (28 cm) 
and girth (0.705cm). while A9/4( II) recorded 
" i g n i fi can t I Y hi g her he i g h t (45.9 c 111) and girt h 
(0.705 cm). 

In the trial on clonal evaluation of nutmeg lines having 
low myristicin and elemicin and high sabinene, A9/95 
had a significantly higher girth (0.99 em). while A91 
102 had a significantly higher number of primary 
branches (2.69). 

Inductioll oj orthotropic shoots ill plag;otropic 
grafts 
Fifteen different treatment combinations, including 
pruning. bending, spraying of three different hormones 
namely, fAA. Kinetin and GA at different 
concentrations and combinations, were carried out in 
plagiotropic grafts of two nutmeg accessions, A4-22 
and A-I I- J O. Though large number of branches was 
induced in the graft none of them were orlhotropic. 
The grafts would be observed for one year. 

Budding for production oj orthotropic grafts 
Budding was done with orthotropic and plagiotropic 
buds of nutmeg o n M. fragrans rootstock. Patch 
budding with brown and green buds on M. Jragralls 
rootstock and chip budding with green buds on M. 
fragrans and M. malabarica rootstocks with buds 
from orthotropic shoots . In 60% of the plants. initial 
union was observed after a period of 30 days from 
budding in chip budded plants. The percentage success 
was low on patch budding. 

Man;pulation ;11 trees and orthotrop;c shoots to 
produce large fllll1lber of orthotropic shoots for use 
as scions 
Various treatments like de-topping of Irees and de
toppi ng of orthotropic grafts were carried out to 
produce large number of orthotropic shoots in nutmeg. 
which in tum could be used for graftinglbudding purpose 
as there is a constrai nt in the availability of orthotropic 
shoot production 111 nutmeg. Large numbers of 
orthotropic shoots were produced. The height at which 
pruning to be done need to be slandardized. 

Factors responsible for ortllOtropic alld piagiotropy 
ill Ilutmeg 
The auxins and cytokinins in the leaves and buds of 
orthotropic and plagiotropic shoots of nutmeg were 
studied and it was observed that the auxin content was 
highest in the axillary buds of the plagiotropic shoots 

whereas the terminal buds contained mOre auxins in 
orthotropic shoots. Cytokinin was high in the leaves of 
both onhotropic and plagiotropic shoot<; when compared 
to the buds. The protein, total carbohydrate, reducing 
sugars. starch, phenol and nitrate reductase in leaves 
ancl twigs were also detennined in nutmeg. 

Allalysis of Illltmeg germplasm samples 
Mace samples of twenty accessions were analysed 
for oil content. The oil coment ranged from J 2 to 33%, 
with highest oi I yield in IC-5489- 17 (33%) followed by 
IC- 5489-22 and IC-5489-32 (30% each). GC- MS 
analysis indicated IC5489-45 had hig~ safrole of 23% 
and IC- 5489-22 had high myristicin of24.1 %. 

Garcinia 
North Eastern States of India was surveyed according 
(0 the prediction of BIOCLIM model of DIVA GIS 
for garcinia species and six species were collected. 
Of which. three species , Garcinia lanceaefolia 
(Rupahi thekara), G. pedullculata (Bor thekara) and 
C. oxyphy lla (Mahi thekara) arc not reported in 
Western Ghats. Rupahi thekara and Bor thekara 
showed a HCA content of 4 .5% and 2.8%, respectively 
and no HCA was found in Mahi thekara. 

Fig 6.1 Garcinia species collected from North 
Eastern India; (a) Garcinia lanceaefolia; 
(b) G oxyphylla; (c) G pedunculata 
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STUDIES ON THE MYCOTOXINS AND 
NUTRACEUTICAL PROPERTIES OF BIOACTIVE 

COMPOUNDS IN SPICES 

Identification of bacterial antagonists against 
Aspergillus sp. 
Four endophytic and two rhizosphere bacteria were 
evaluated for their antagonistic property against 
Aspergillus spec·res . Among these bacterial angonists, 
JJSR 853, Bp 35, Bp 25, Bp 17, TC, spec ies of 
Pseudomonas (lISR 6) was highl y effecti ve in 
preventing the growth of the fungus in vitro. Extracts 
from seven plant species were also evaluated for their 
antagonistic property. Plant extracts (leaves) from 
Ixora sp, Nutmeg, Polyalthia longijolia, Tecfonia 
grandis, Garcinia indica, Garcinia gummigufla and 
Acassia sp. were tried. No detectable antagonism was 
seen with alcohol and aqueous extracts. 

Identification of potelltial aflatoxin inhibitory 
isolates 
Using six different mycological media, morphological 
characterization of l5 isolates from toxigenic and non 
toxigenic species of Aspergillus was done, among 
which six were identified as toxigenic and nine as 
nontoxigenic. Molecular characterization of toxigenic 
and non toxigenic strains from the existing cultures of 
Aspergillus sp. are in progress. 

Nutraceuticals 
The antioxidant property of water and ethanol extracts 
of Garcinia indica, G gummi-gutta , tamarind and 
curry leaves, and essential oil of curry leaves were 
compared at different time periods - immediately after 
extraction (J quarter), after three (II quarter) and six 
months (111 quarter) - and quantified using the in vitro 
methods: to tal a ntio xidant capac ity by th e 
phosphomolybdenum method , DPPH radi cal 
scaveng ing ability and Fe (I II) to Fe(lI) reducing 
activity; the total phenols of the extracts were also 
quantified. The chemoprofiling of the essential oils was 
done using GC-MS. 

Garcinia indica 
• The total phenol content of water and ethanol 

extracts were stable up to three months after 
extraction; after which it decreased to half in the 
water and ethanol extracts 

G gummi-glltta 
• The total pheno l content of water and ethanol 

extracts were stable for three months after 
extraction and decreased thereafter by 1/3'd the 
original value in the water extract, and by half in 
the ethanol extract 

• The DPPH radical scavengi ng activity decreased 
in water extract. from 65% to 40% within three 
months after extraction 

Tamarind 
• The total phenol conte nt of water and ethanol 

extracts were stable for three months after 
extraction; after which it decreased , by l/3rd in 
water and ethanol extracts 

• The DPPH radical scavenging ability of tamarind 
water extract decreased from 54% in fresh extract 
to 37% by the 3rd month after extraction and in 
the ethanol extract it decreased from 62% to 4 1 % 
in the same period 

Curry leaves 
• No signifi cant change in total phenols was 

recorded in essential oils, water and ethanol 
extracts, in the first three months after extraction. 
But by the sixth month, it reduced from 2.3 to 

0.03 mg/ml essential oil and by half in the water 
and ethanol extracts. 

• 

• 

• 

• 

The DPPH radical scavenging acti vity of the 
essential oil decreased signi ficantly by half the 
original value with every quarter of storage. 

The main component of cun-y leaf essential o il 
was ~-caryophyllene; the minor components being 
a -pinene, a-humulene, a-guaiene and epiglobulol. 

All the above extracts were either on par with or 
superior to the synthetic phenols BHA and BHT, 
in their antioxidant potential, even on storage 

No significant difference was observed in the total 
antioxidant potential and the Fe(IIl) to Fe(Tl) 
reducing ability in the samples up to six months of 
storage. 



PASSCom - GST lead DB: In silico and in vitro 
s tudies reveal ed that the s pice phytochemical s 
c urcumin, brucine-n-oxide, ~-co l ubrine, brucine, 
vanillin, genostrychnine, lina!ooL a-pinene, strychnine, 
NVA, piperine, isoeugenol, ~-caryophyllene, cinnamic 
acid, capsaicin, citronello! and geraniol showed promise 
as lead compounds that can bind with the greatest 
inhibitory potential, the detoxifying enzyme, glutathione
S-transferase (GST) of both human lymphatic filariasi s 
ca us ing nematode Bru/?ia malayi and canine 
Dirofilaria immitis GST. 

III silico screening of nematicidal compounds from 
Strychnos IlIlXvomica 
Using in silico tools and SAR (structure-activity 
relationships) method biological activity of sixty two 
compounds isolated from Strychnos nux-vomica was 
predicted. None of them were reported to have 
nematicidal or antihelmintic activity. Among these, two 
chief compounds that possessed antibacterial, antiviral 
and antifungal activity, strychni ne and brucine were 
subjected to bioassay against the second stage juveni les 
of M. incognita at 1000, 1500 and 2000 ppm 
concentrations (Table 7. 1). In vitro bioassay showed 
that brucine possessed higher nematic idal activity 

Research 

compared to strychnine. But the efficacy of strychnine 
increased in the hydrochloride form where as in the 
casc of brucine, the activity decreased in the sulphate 
form. 

Exploration of spices for natural food colors and 
pigments 
The fruits (rinds) of G gummi-gutta, G hombroniana, 
G indica. G tinctoria and nutmeg were subjected to 
biochemical analysis in order to know pigment contents. 
The total carotenoids content varied from 0.013 (G. 
gummi-gutta) to 0.065 mg/l OOg (G tinctoria) and 
anthocyanin content from 0.007 (G hombroniana) to 
0.053 gIl OOg (G. indica). The Iycoperie content ranged 
from 3.72 (G tinctoria) to 4.95 mg/lOOg (G indica), 
among the Garcinia species with minimum variation 
of 20%. However, nutmeg-mace yielded 91.50 mgt 
IOOg of !ycopene. 

A total of 130 accessions of paprika and paprika like 
chi ll ies including hybrids are being maintained and 
evaluated for color value. The color value varied from 
230 to 510 ASTA units, the highest being with EC-35, 
followed by EC-65 with a mean value of 300 ASTA 
units and variation of 33%. However. okGresin content 
ranged from 9.0 to 13.0% with a variation of 11.48%. 

Table 7.1. Efficacy of compounds from Strychnos nuxl'omica leaf against root-knot nematode 

Concentration % Mortality of nematodes over control 

(ppm) Tl (Strychnine) T2 (Strychnine T3 (Brucine) T4(Brucine 
bydrochloride) sulphate) 

1000 41 (39.7*) 66 (54.1) 67 (55.0) 32 (34.0) 

1500 48 (42.7) 78 (62.5 ) 85 (67.6) 44 (41.2) 

2000 58 (49.8) 97 (82.5 ) 87 (69.7) 74 (60.57) 

Mean 48 (44.1) 80( 66.4 ) 80 (66.1) 50 (45.2) 

*Values in parenthesis are Arcsine transformed 
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OUTREACH PROGRAMMES 

PHYTOFURA (113 F)I TRATGATGCGGTICA TCTCG (114 R ). ITS 

PhytophtllOra characterization 
Phytophthora isolates (241 isolates) maintained in the 
repository have been revived and was enriched with 
43 new Phytophthora isolates collected from different 
parts of Kerala and Coorg district of Karnataka, 
bringing the total to 284. The virulence of 100 
Phytophthora isolates were te sted in vitro by 
detached leaf inoculation method and were grouped 
the isolates into three viz., highly virulent. virulent and 
less virulent. 

Genomic DNA was isolated from 126 black pepper 
Phytophthora isolates and SSR profiling was done 
with one primer pair GTCTGCGCTGTCGGAACT 

region of R. simi/is was amplified with uni versal 
primers. Species specific markers for detection and 
quantification of P capsici and R. simi/is have been 
designed and employed. Putative Phytophthora 
isolates containing e/icitill genes were identified 
through custom designed primers. Two SCAR markers 
developed for Phytophthora resistance were tested 
and validated in black pepper. 

Genomic DNA isolation of75 Panniyur I x Subhakara 
progenies was completed and lSSR profiling is in 
progress to develop a linkage map. ESTs (56,457 
numbers) of Phytophthora capsici available from 
dbEST of NCBI were downloaded, cleaned and 
assembled into 5966 contigs using CAP 3 program. 

.. " y , 0 l' " , "0 ~ • •••• C> i .......... i" ..... K 0 ~, i I:' U [t U ~. !.. .. C ~ 0 p s 
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confusion 10 the characters used to define speCies, but general features such 

as colony morphology, and the production of structures such as sporangia and 
... oospores are the basis of the taxonomy. It IS likely that molecular techniques 

will become the best method for identification In the future. 

I.h:Ier lhe auh:irlty of IISR, developed by lI18 81OnforlTliltlCS C.we 

Fig. 8.1. Phytoweb a portal on Phytophthora diseases 

pathogen Phytophthora 

Infestans. 
(Sop 200') 

Global Phytophthora Networi: 

coming soon. 

Externel Links 

other Resources 

New Disease Reports 



Functional annotation of these contigs revealed that 

84.73% of the EST!; di splayed significant similarity to 

known sequences in GenBank. About 3.57% (2 13 

numbers) ESTs were assigned to hypothetical proteins 

of unknown function whi Ie 699 ( 11 .7%) had "no hit". 

About 223 mi crosate llites were detected in EST 

sequences of P. capsici and primers were designed 

for them. Based on the EST annotation made using 

bioinformatics tools, a virulence-associated protein has 

been identified. Sequence information from reported 

Elicitin genes from NCBT database was aligned and 

three sets of primers were designed. 

P hytoWeb. a comprehensive portal on Phy fophfhora 

diseases of horticultura l crops in India was developed 

by modifying the ex istin g PhyD isH. Phytolib, an 

e lectronic database of research publications on 

Phytophfhora has also been developed and launched 
through this portal. 

Fig. 8.2. Typical colonies of Ralstonia 
solanacearum Biovar 3 causing 
bacterial wilt of solanaceous 
vegetables and ginger 

Ralstollia characterization 

Ralstonia solanClcearum caus ing bacterial wilt of 
ginger was isolated fi'om major ginger growing regions 
of the country such as Kerala and Sikkim (Fig 8.2). 
Ralstollia solanocearwlI wilted ginger plants in 7-10 
days upon soil inoculation. All isolates were found to 
be Biovar 3 of Hayward 's biovar c lassification. 
Iso lates could be ide ntified by Ralstonia 
solanacearllll1 spec ifi c primers in PCR. Primer 
sequences specific for 65 different virulence genes 
and housekeeping gene for DNA repair protein (RecN) 
was designed from full genome sequences of 
GMIl 000 for genome wide analysis of Ralstonia 
solanacea rum. 

LEAF SPOT DISEASES 

Collection of isolates 
Surveys were carried ou t in Karnataka, Kerala and 
Tamil Nadu for collection of samples of leaf spot 
diseases. Out of ISO samples including cardamom, black 
pepper, arecanur, turmeric, ginger, chilli and clove, lOO 
were infected with Collelotrichum spp. The cultures 
were ide ntified based on co lo ny and conidi al 
morphology. The identified cultures were subsequently 
pure cultured and maintained for further studies. The 
cultures were further characterized based on colony 
c haracter istics and conidial and appressorial 
morphology. 

SUCKING PESTS IN HORTICULTURAL CROPS 

Molecular systematics of cardlunom thrips 
(Sciotizrips cardamom) 
Sixty eight samples of cardamom thrips were collected 
from 4 8 locations, coveri ng fi ve major cardamom 
growing districts in Kerala and Karnataka for studies 
on molecular diversity using mitochondrial cytochrome 
oxidase as marker, in collaboration with Indian Institute 
of Horticultural Resea rch , Bangalore. The study 
indicated that there were no s ignificant genetic 
differences in various populations of cardamom thrips. 
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EXTENSION AND IMPACT ASSESSMENT 

Mobilising Mass Media Support for S/lOril1g Agro 

- Information 

A Media Meet was organized to mobilize mass media 

support for sharing Agro-Information, under NA~P 

project (Fig. 9.1). Over 30 media persons from around 

20 media organizations attended. Over 20 news items 

appeared in various print media, one audio item inAlR

Caljcut and news in channels. 

Dissemination of Innovative Technologies through 

Media 

• Over 56 news items have come in print. Two 

success storie s printed in The Hindu and 

Theekathir (Tamil ). 

• A video mm based on the success story on nSR 

intervention in black pepper gardens at Kodagu 

was made. 

• Twelve Audio capsules on technologies , high 

yielding varieties and integrated management of 

pest and di sases were prepared and broadcast 

through AIR CaJicut. 

Diffusion and impact surveys 

The survey carried out in 48 farmers' field on adoption 

and impact of improved varieties of black pepper in 

four districts of Kerala yielded the fo llowing results : 

• The mean area under black pepper as a mixed 

wholesale price of black pepper during 1998-2007 

was 2.48. 

• The major constraints as perceived by the farmers 
were disease incidence, high cost of cultivation 

especiaIJy labour, and non availability of quality 

planting material. 

• The comparisons of yield data of adopter and non 

adopter categories indicated that three technologies 

name ly, aerial spraying of Bordeaux mixture, 

irrigation durin g summer and applicatian of 

biocontro[ agents and growth promoters are major 

determinants of yield. 

The survey ta study impact of scientific technological 

interventions in 1615 ha of black pepper gardens 

covering 14 estates in Kodagu di strict where the 

institute had already launched intervention programmes 

yielded following results: 

• The level of adoption of critical technology inputs 

was as follows: Foliar spray of Bordeaux mixture-

96%, soil drenching of fungicides-80%, application 

of nematicides -60%, basin irri gation in summer-

70%, application of chemical ferti lizers- 20% and 

appl ication of bioagents-20%, 

• The mean yield with an average of 63% yielding 
vines was 3.24 kg/vine. The yield recorded in the 

contro l sample was 1.9 kg/vine. 

• The mean cost of cultivation was Rs 80 per vine. 

crop was 0.73 ha with an average number of 250 • The estimated cost benefit ratio was 3.025 ( in 

vines. 

• The ratio of bearing to non bearing vines was 3:2. 

• The extent of coverage of improved varieties was 

65.36%. 

• The mean yie ld for HYV was 1160 kg/ha as 

compared to 620 kg/ha for traditional varieties 

• The estimated cost bene fit ratio from the primary 

data on cost of culti vation, yield and average 

conventional black pepper growing tracts of 

Kerala, the previous survey recorded a cost: 

benefit ratio of 2.4). 

Secondary data pertai ning to the number of black 

pepper cuttings distributed over the years from the 

institute as nuclear planti ng material was collected and 

compiled. Based on this, estimate on the probable extent 

of spread of these varieties based on the number of 

cuttings distributed for direct planting and the rate of 

diffusion or spread rate were worked out. (Table 9. I). 
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Fig. 9.1. Media meet organjzed to mobHize mass media support 

Table 9. L Estimated spread of released black pepper varieties 

No. of Estimated Estimated 
Year of cuttings area covered Potential Expected total 

tvariety release distributed @ 850 nos/ha yield (dry) yield @ 60% production 
(ha)* (kglha) of potential (tonnes) 

Panniyur-l 1971 48457254 57009 1242 745 42483 
Panniyur-2 1989 565616 665 2570 1542 1026 
Panniyur-3 1989 565616 665 1953 U72 779 
Panniyur-4 1989 5656J6 665 1277 766 509 

Sreekara 1990 185240 2 \8 2677 1606 345 
Subhakara 1990 190145 224 2352 1411 315 

Panniyur-5 1993 322783 380 1826 1096 416 

Panniyur-6 1999 195412 223 2127 1276 293 
Panniyur-7 1999 195414 230 141O 846 194 

Panchami 2001 56863 67 2828 1697 113 

Poumami 2001 83646 98 2333 1400 138 

USR Thevam 2005 5{'()() 7 2148 1289 9023 

nSR M. Excel 2005 2H2 3 1440 864 2592 
]]SR Girimunda 2005 2671 3 2880 1728 5184 

nSRShakthi 2005 63 0 2253 1352 O. 

Averagel Total 2088 1253 63410 

(* The average stand combinjng mixed or pure cropping systems is assumed as 425 per ha and two vines/ 
standard) 
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ALL INDIA COORDINATED RESEARCH 
PROJECT ON SPICES 

The All India Coordinated Research Project on Spices 
(AICRPS) is vested with the mandate to conduct and 
coordin ate research in 12 spice crops with it 's 
headquarter at Indian Institute of Spices Researc h, 
Calic ut. AICRPS has at present 34 centers which 
include 19 regular. 8 co opting and 7 voluntary centres 
located in 21 states of India under 2 1 State/Central 
Agricultural Universities/Research Institutes. The Xl 
Plan budget of AICRPS is Rs. 1400 lakhs with Rs 
250.00 lakhs (lCAR share) during 2009-10. About 110 
research programmes covering the mandate spice 
crops are being conducted at various centres. These 
programmes are carried out under the major disciplines 
of genetics and crop improvement, crop production and 
crop protection. The salient findings in the mandate 
crops are presented here. 

Black pepper 
Black pepper germ plasm consisting of c ultivated, 
exotic, wild and related species are maintained under 
different ArCRPS centres. The characterization of 
germplasm resulted in identification of high yielding 
accessions. Amo ng 22 accessions evaluated at 
Chintapalli, Panni yur- I recorded highest fresh yield of 
7 .6 kg/vine followed by Neelamundi (6.84 kg/vine). 
Among the new germplasm accessions evaluated at 
Panniyur, Anga maly, Chalakudy, lCP 48 and 
Vattamunda were promising during the year 2009 with 
a spike yield more than 3 kg/vine. The number of spikes I 
vine were maximum for Angamaly ( 1300) followed 
by Chalakudy (854). In a CYT in black pepper at 
Panniyur max imum g reen berry y ieldfv ine was 
recorded by CuI 1041 (2.5 kg/v ine) followed by Cui 
5489 (2 kg/vine) whereas at Sirsi dry berry yield was 
maximum in Paniyur- I (963 g/ine) followed by HP-
105 (747 g/v ine) and HP-34 (383 g/v ine). At 
Ambalavayal maximum setting percentage was shown 
by PRS 22, followed by CuI 5489, CoIl. 1041 , 
Karimunda OP (98%). Among the intervarietal hybrids 
in black pepper, P6 x P5 was found to be promising 
with green berry yield of 5 kg/vine. In a fertilizer trial , 
black pepper vines treated with the integrated methods 
recorded significantly higher dry berry yield ( j .20 kg/ 
vine) compared to those with fully organics ( 1.0 I kg/ 
vine) and fuUy inorganic (0.94 kg/vine) methods at Si rsi, 

where as at Pechiparai, the highest yield of 3.78 kg/ 
vine was recorded in the fully inorganic trial and it 
was on par with integrated which recorded an yield of 
3.54 kg/vine. Application of Potassium phosphonate + 
Trichoderma har-::.ianuin and Bordeaux mixture + 
COC were eq ually efficient in reducing foot rot 
incidence by 70.47 and 56.85 per cent respectively, 
compared to farmers' practice. 

Cardamom 
Among the germplasm evaluated during 2009-10 at 
Pampadumpara, hi ghest fresh and dry yield was 
recorded in C RSP- 147 (5550 g/plant & 1055 g/plant 
respectively) followed by CRSP 145 (3035 g/plant & 
575 gJpl ant) . PY-2 registered the highest dryin g 
percentage (23.4%) among the accessions. 

The open pOllinated progeny 4Cs recorded maximum 
no. of capsules/plant (58.50) at Mudigere. In a CVT 
at Pampadumpara, highest dry yield was recorded in 
PS 27 (1016.58 g/plant) followed by MHC 26 (33S.42g/ 
plant). The damage caused by thrips ranged from 26 
to 48%. Thrips attack was the lowest for CL 722 and 
highest for MCC 246. The damage due 10 azhukal 
disease was highest for MCC 246 and GG and lowest 
for MCC 309. The percentage loss due to capsule 
borer was least for MHC 26 and CL 722 and highest 
for MCC 73 and GG. At Mudigere, clone CL-722 was 
found superior for dry capsule yield (34 1.00 kg/ha) in 
the CYT trial. 

Large cardamom 
Five accessions vi::;. , SCC 213 (Golsey). SCC 2 14 
(Golsey), SCC 215 (Golsey), SCC 2 16 (Ram la) and 
SCC 2 17 (Ramla) were collected from Middle Singhik, 
Sentam and Nung village of N0l1h Sikkim and planted 
at Sikkim. Characterizations of the collected gennplasm 
were made as per descriptor. 

Ginger 
Among the promising accession evaluated at Dholi , 
RG-J 4 and RG-24 gave maximum yield (8.00 kg/7 .2m~) 
followed by RG-1 3 (7.30 kg/ 7.2m2). Hi ghest rhizome 
yield/plant was recorded in GCP-I (672.33 g) followed 
by GCP-28 (502.00 g), GCP-48 (355.00 g) and GCP-
9(350.67) at Pundibari. The accessions SG 962, SG 



976. and 2612004 were found superior for dry matter 
and essential oil content in comparison to check Himgiri 
at Solan. In an lET at Dholi, RG-3 was found to be a 
promis ing accession with a yield of 21.34 tlha as 
compared to check variety Nadia (17.81 tlha) and could 
be promoted to CVT. In a trial to study the influence 
ofenvironment on genotypes of ginger it was observed 
that the variety Surabhi recorded highest yield (32.60 
t/ha) of fresh rhizome followcd by variety Nadia (2 1.13 
t/ha) at Phasighal. In ginger application of fully organic 
fertilizers gave highest yield (12.90 t/ha) followed by 
integrated tertilizer (11.62 elha) at Dholi centre. Ginger 
planted in soil treated by biofumigation using cabbage 
gave highest yield and registered lowest incidence of 
,>oft rot at Dholi and Kumarganj. 

Turmeric 
Among the 180 accessions evaluated at Pundibari 
centre, TCP-88, TCP-36 and TCP-2S were found to 
be promising with respect to yield. At JagtiaL JTS-
3 1S and JTS-14 were found to be promising. In a 
CVT of rurmeric at ChintapalJe PTS-39 recorded 
maximum yield of 36.37t/ha where as at Raigarh. 
Narendra Ha\di- \ gave the highest yield of 2 1.49 t/ha. 
TCP- J 29 recorded the highest yield (21.24 tiha) in an 
lET on turmeric at Pundibari. The performance of the 
varieties Rajendra Sonia at Dholi, Roml1 at Chintapalle, 
Suprabha at Kanke, Narendra Haldi at Pundibari. 
Duggirala. rrSR Pratibha. Roma and RCT- l in Mizoram 
were superior to other varieties. At Dholi application 
of integrated fertilizer of organic and inorganic resulted 
in maximum yield 01'54.93 tlha followed by fully organic 
(SO.30 t/ha). The cost: benefit ratio of integrated 
fertilizer management gave the maximum re turn of 
RsAA6 per unit cost (I :4A6) followed by fully 
inorganic i.e. , Rs.3.80 per unit cost (I :3.80). Application 
of J 00% of the recommended dose of fertilizer of 
turmeric through drip irrigation at fortnightly interval 
gave highest y ield (39.34 kg/plot). Mechanical 
harvesting indicated that the time taken by the tractor 
mounted harvester is less when compared to power 
tiller mounted harvester. The percentage of damaged 
rhizome is also minimum (1.7%) and cost for operating 
the tractor mounted harvester was low in comparison 
with power tiller mounted harves ter and manual 
harvesting. 

Tree spices 
Tree spices germplasm is maintained at Dapoli and 
Pechparai centre. Among the four selections of cassia 
evaluated in a CVT, D3 was found to be promising at 
Pechiparai . 

Coriander 

Among the 275 accessions evaluated at Coimbatore, 
the coriander grain yield ranged from 360 kgJha to 1080 
kg/ha. The highest mean yield was registered by the 
accession CS- 121 (L080 kg per ha). In a CVT, COR-
31 at Oholi and Raigarh and COR-30 at Guntur were 
identified as promising. At Guntur. LCC-200 (594 kg 
ha \) and LCC-143 (S47 kg ha'\) recorded significantly 
higher yield than the best check Sadhana (484 kg ha· l ) 

and were found suitable for growing under drought 
conditions. At Jobner, genotype UO SIO was found 
suitable for growing under in'igated conditions while 
UD 277 and UD 324 were su itable for drought 
conditions. Irrigation at 30 and 60 DAS recorded 
highest yield (995 kg/ha) followed by irrigation at 30 
and 4S DAS (883 kg/ha) at Guntur. The entry COR-
34 recorded a high volati Ie oil yield (7. 17 Ilha) followed 
by COR-31 (6.94 I/ha) , COR-27 (6.75 )Jha), and RCr-
4JS (6.49 lIha). 

Cumin 
Genotypes. UC -239, UC -274 and UC -225 were 
identified as suitable for growing under limited moisture 
conditi()J1s. The enlry, CUM- J 3 recorded maximum 
seed yield of 667.71 kg/ha at Jobner. The entries GC-
4 (4.4S%) and CUM-II(4.2%) recorded very high 
volatile oil at Jobner. 

Fennel 
Among the fifty three collections evaluated at Dholi , 
twelve accessions, namely, RF-31. RF-2 1, RF-23, RF
S, RF- I t , RF- 15, RF-J6, RF-33, RF-444-J , GF-2, RF-
10 and RF-38 gave the maximum yield ranging from 
I.OS kg to 0.70 kg/5.4m2 as compared to high yielding 
variety Rajendra Saurabh (check). Among promising 
lines, RF-3 J produced maximum yield (1.OSkgIS.4m2

) 

followed by RF-21 i.e. , I .OOkgIS.4m2. The entry FNL-
40 gave maxirnum yield of 12\6.67 kg/ha in a CVT 
trial at Ruigarh. Two entries FNL-26 and FNL-25 were 
identified as promiSing and proposed for release from 
Jobner centre. The highest mean volatile oil content of 
2.89% was recorded in FNL-26 fol lowed by 2.78% in 
FNL-30 at Jobner. 

Fenugreek 
Among the one hundred seventy seven germplasm 
evaluated at Dholi, RM-190 gave a maximum yield of 
0.92 kg/4.S m2 followed by RM- 19 I (0.91 kg/4.5 m2

). 

None of the entries screened against powdery mildew 
at Jagudan were found to be free from the incidence 
of powdery mildew and the incidence ranged between 
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24.50 to 84.75 %. Among the accessions screened, 
minimum incidence was noticed in JFG-212 (24.50%) 
followed by IFG-217 (28%). Among the thirteen 
genotypes evaluated at Coimbatore, the CVT line 
FGK- 28 recorded the highest grain yield of 348.33 
kg/ha followed by FGK-34 & HM-57 of 335.00 kg/ 
ha. At Raigarh and Jabalpur accessions FGK -27 and 

FGK 28 performed better than lines. At Jobner the 
entry UM-126 recorded maximum seed yield of 
2 163.43 kglha in an lET. In a large scaJe demonstration 
it was observed that, seed treatment and soil application 
with the rizobacteria FK -]4 + FL-18, resulted in a 
very high yield of 1800 kg/ha followed by seed 
treatment with FL- 18 alone (seed yield 1630 kg/ha). 
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BIOINFORMATICS CENTRE 

Functional annotation of Phytopht!tora capsici 
ESTs 

glutathione-S-transferase (GST) of Brugia malayi. 
Thus, these phytochernicals can be taken as promising 
lead compounds to treat fi lariasis caused by B. malayi. 
In vitro assay confirmed that the phytochernicals with 
the g reatest inhibitory potential against canine 
Dirofilaria immitis GST were linalool, a-pinene, 
strychnine, NVA, van illin , piperine, isoeugenol, 

curcumin, ~-caryophyllene, ci nnamic acid, capsaicin, 
citronellol and geraniol, in descending order. 

Functional annotation of Phytophthora capsid EST 
resources was carried out and putati ve transcripts were 
identified. EST assembly and annotation of two 
entomopathogenic nematodes. SteinernemaJeltiae (83 
nos.) and Hete rorhabditis bacteriophora (536 14 
nos.) was also attempted. Syntenic relationship between 
Radopholus similis and other nematodes was studied 
using mitochondrial genome sequences. GST Lead Base, a new database 

Virtual screening of phytochemicals A new database, GST Lead Base 
(www.spicebioinfo.res.in/ gstleadbase), was developed 
and hosted (Fig. 11 .1). The database includes chemical 
properties and other details of potential nematicidal 
compounds that inhibit glutathione-S-transferase In 

nematodes. 

A virtual screen ing of phytochemicals from Dr. Duke's 
phytochemical and Ethnobotanical database, li terature 
search, PASS prediction and ADMErrox screening 
has identified 56 promising compounds with potential 
nematicidal activity. Flexible docking studies revealed 
that phytochemicals - c urcumin, bruc ine-n-oxide, 
~-colubrine, brucine, vanillin, genostrychnine and 
strychnine, had good binding score (MolDock score) 
and favorable hydroge n bo nd interaction wi th 

Bioinformatics training programmes 

The Bioinfonnatics Centre has organized the fo llowing 
training prograrnmes during the year . 

• 

:: Main Menu :: 

~ 
~ 
Phvt ochemicals O,t,ils 
Filarial petails 
Cootact us 

GST Lead Base 

Filanasis is a helminthic infection found prinCipally in tropical and subtropical 
ireas in Afnci, ind in the South Picific regions, it is c.used by infec t ion with 
members of the Phylum Nemata WUcherena bancrofti, BllJ9iil malayi and Bn.KJia 
timori. The disease is t ransmitted from man through several genera and species 
of mosquitoes. The acute disease is manifested by recurrent chills and fever and 
by visible swelling or nodules of the lymphatic system and redness of the 
overlaying skin due to parasitic involvement. 

The human filarial parasite Brugia malilyi is an arthropod-bome nematode which 
causes lymphatic filariasis, an infection afflicting more t han 120 million people 
wortdwide . Glut.thions S-tr.nsferase(s) (GST) enzyme from Brugi. ~/ilyi has 
been exploited as a target in lymphatic filariasis therapeutics. An active CST is a 
homodimer of a 209 residue long monomer consisting of two domains, smaller alB 
domain and larger a domain. The component s of the glutathione <<>SH) system 
mainly GST enzymes are critical antioxidant and detOXificat ion system responsible 
for the long-term existence of filarial worms in mammalian host hence they are 
major chemotherapeutic targets in filarial species. In the present stUdy, fifty-five' 
phytochamicals from ten plants predic ted .nd rsported to have potential 
nematicidal activity along with AOMET satisfaction have been docked to B. 
~i CST enzyme to .ccess their binding . nd consequently, their inhibitory 
activit y. 

L ' . 1 'Il' I ,'. I', . I 1 I , 

! II I I 11 III , !'1 I ~ '. !,. II I ! .I I'! L I .. : I I I: • I d. 1'1 1 " 

Fig. 11.1. GST Lead Base - data base on potential nematicidal compounds 
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• Training programme on 'Recent advances in EST 
analysis and their annotation' during 20-23 Oct. 
2009. 17 trainees. 

The Centre also assisted in other training programmes 
organized by the Institute. These include 

• Summer Training on Biochemistry, Biotechnology 
and Bioinformatics. 06 May to 05 June 2009 for 
nine trainees. 

• The rrSR Bioinformatics Centre and Regional 
Science Centre, Calicut jointly organized a 
Bioinfoll11atics camp for higher secondary students 
during 20-25 Apli12009. 

During the period, two scientists (one each from NRC 
Citrus and NRC Banana) were given special training 
in Bioinformatics during 27 Jan - 2 Feb 2010. The 

trainees hip was offered to two candidates while 

students hip was offered to four Bioinformatics 

students. 

• PhytoFuRa. the web portal of the LCAR outreach 

project on Phylophthora, Fusarium and 

Ralstollia Diseases of Horticultural and Field 

Crops was created and hosted. The portal has a 

public domain consisting of databases and external 

links. All the participating centres can access the 

portal with a user name and password for online 

submission of reports and for accessing varioLls 

custom made resources. Phytolib, a web based 

bibliography service, was made available in this 

portal. The portal facilitates speedy dissemination 

of information, exchange of ideas and online 
monitoring of research progress. 



ANNUAL REPORT 2009-10 

ARIS CELL 

• SpiceSlal. the duwbase on vilal statistics of spice cultivation. production and expol1 was relaunched with 
additional features. 

• A new accoLlllls l1Iodule was developed and integrated in ARISoft. the existing office automation software. 

• An illferaclil'e CD on ginger and turmeric package of practices was developed (Fig. 12. \ ). 

• As per the guidelines received from lCAR. the HSR website was modified by using loom/a , an open 
source CMS software. and it is under trial run . 

• An expert system on black pepper pests and diseases was developed. 

D ... ~ -

- '- , _ _ I~...._._ ........... ~ _. __ '_ 

(a) 

Fig. 12.1. Interactive CDs on package of practices: (a) Ginger (b) Turmeric 
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LIBRARY 

nSR library significantly improved its technical 
resources by procuring new books. databases and 
journals. About 162 books have been procured during 
the period whi Ie 91 books, four technical reports, four 
theses and 14 project reports were received on gratis. 
To facilitate this, a book exhibition was organized during 
1-2 March 2010. New computer systems (6 Nos.) were 
added. The library software, LlBSYS, was upgraded. 
Biometric access control system along with CC TV 
and camera were introduced in the library to ensure 
better security. An LCD TV facility was installed to 
help in multimedia presentations. The library continued 

to be a part of CeRA, the E- journal consortium of 

lCA R. The online bibJiography database, CAB 

Abstracts, was procured directly from CAB}. The Agri 

Tit Bits being pub li shed from library was made 

electronic since Aug. 2009 and seven issues were 

brought out (Fig. 13.1). The di gital ins titutional 

repository, DSpice. was updated with more research 

publ ications of scientists. A new bibliography service, 

PhytoLib, was conceived, developed and launched. 

Simjlarly a tool to locate appropriate journals in each 
subject domain (Journal Finder) was also developed. 
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AGRICULTURAL TECHNOLOGY 
INFORMATION CENTRE 

Techl1ology inputs and ad"i,wry services 
The technology inputs distributed from the centre 
include planting material of improved varieties of 
spices. biocontrol agents, vermicompost, spice products 
and scientific publications including extension literature. 
During 2009-10 planting material worth Rs 59,479 was 
distributed from the centre. The proceeds from sale 
of publications amounted to Rs 18,492. Trichoderma 
and Pseudomonas formulations worth RS.17 ,688 were 
distributed to farmers. The sale of bio agents also 
showed an increase of 49.6% over last year. The total 
income generated from the centre was Rs.98,5 to. 

Ollt reach extension services 
The partnership services offered by the institute include 
training, co nsultancy and contract research. The 
institute offers training programmes on demand from 
various agencies targeted for fi e ld extension 
functionaries of state departments, research workers 
of other rCAR institutes and Slate agricultural 
universities. During the year, I III farmers (241 from 
within district, 157 from the state and 71 3 from outside 
the state) availed farm advisory services from AT1C 
and J275 farmers visited the Experimental Farm, 
Peruvannamuzhi. About 1050 students visited the 
institute on s tudy tour. The total visits to ATIC by 
various stake holders registered an increase of 25% 
over 2008-09. The information seeking behavior of 
farmers showed the following trend: Direct visits -
11 86; Phone calls - 281; Letters - 153; Email - 119. 

The Hindi version of the package of practices of black 
pepper, ginger and turmeric were printed for free 
distribution to farmers. Front line demonstration 
programmes on performance of improved varieties of 
black pepper released from LISR laid out in 18 farmers' 
plots in Anakkampoyil , Koorachund and Thalayad in 
Kozhikode district were continued and multi disciplinary 
team of scientists visited these plots as per a schedule 
to follow up and provide advisory services. 

The institute conducted one on-campus training 
programe (five days) for the state department extension 
functionaries , sponsored by the Kerala State 
Horticulture Miss ion. Two off-campus training 
programme on black pepper for farmers sponsored by 
M S Swamintahan Research Foundation, Way anad 
were organized in Wyanad District. The institute also 
participated in one farmers' seminar under the Janasree 
mission of the Kerala Government, five exhibitions/ 
farmers fairs at national level and four at regional level. 
Seven video conferencing sessions with village resoun::e 
centers in Wayanad District were organized in which 
389 farmers partiCipated. 

A training evaluation methodology of academic training 
programmes organized at the institute was developed, 
tested and used. The analyisis showed that the gain in 
knowledge by the trainees was statistically significant 
and the calculated training effectiveness index was 
above 0.83. 
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Training programmes 
The Kendra has conducted 116 tTaining programmes 
on various subjects during the period under report. A 
tota l of 3837 pe rsons have benefited o ur of the 
programmes. T he details of the training programmes 
are furni shed in tables 15.la & b. 

bio products. chicks and the activities of Plant & Animal 

Health Centre. 

The Kendra operated a Plant and Animal Clinic oftc ring 
vari o ll s serv ices to the farmers. A n artifi c i al 
insemination fac ility is also maintained at the cen tre to 

Table lS.la. Training programmes conducted during 2009-10 

Category No. of No. of participants No. of SC/ST 
courses Male Female Total participa n ts 

Practising farmers, 
Farm Women and 
Rural Youth 112 2280 1440 3720 611 
Extension 
functionaries 4 L02 15 117 13 

Total 116 2382 1455 3837 624 

Table 15.\ b. Discill(ine-wise training programmes conducted 

Discipline No. of 
courses Male 

Crop production 22 661 

Horticu I ture 12 184 

Animal science 77 1M! 

Soil Health & FertuEty 
Management 2 18 

Plant Protection 3 78 

Total 11.6 2382 

Revolving Fund Programme 
The Kendra has a revo lv ing fun d programme to 
generate income for produc ti ve uses. U nde r thi s 
programme, quality planting materials of various crops 
are produced and made available to public at af fordable 
rates. Presently, bush pepper. a llspice seedlings , 
garcini a grafts , mango grafts, g uava layers. arecanut 
see dlings. anthurium plants, min or fruit pl a nts . 
miscellaneous o rnamental plants e tc. are produced 
under this program me. A to ta l of 289 1 ' fa rme rs 
vis ited KV K d uring the pe riod fo r consulta tion . 
purchase of planti ng mate ri als and other inputs from 
KV K . Duri ng the period an amount of R..,. 4.56 lakh 
has been rea li sed throug h sa le of p lanting mate ri als. 

No. of participants No. of SC/ST 
Female Total participants 

372 1033 41 

51 235 8 

968 2409 557 

46 64 5 

18 % 13 

1455 3837 624 

upgrade the genetic stock of livestock . T he centre 
offe red consultation. treatment and doorstep services 
charging nominal fee. The various activities taken up 
during the period are as follows : 

1. Cases treated! advisory ser vices provided : 683 

2. Al in cattle using exotic frozen semen- 276 

3. AI in goats - 109 

4. Animal Hea lth Campaig nl fn fe rt ili ty camps 
organised- S 

5. Animals vacc ina ted against Foot and M o u th 
disease: 20756 

6. Ksheerothsavam attended: Block leve l: 3 
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7. Cattle show and calf rally: 3 

H. No. of layer c hicks produced: 3386 

9. Broiler chicken (vcncob): 456 kgs. 

10. Sale of pregnant heifer: 4 nos. 

exhibitions outside the district in association with the 

host institute. During the period under report. KYK 

has participated in the following exhibitions. 

Farmers' study tours 
Other extension activities 

Kisan mela and exhibitions 
KVK is regularly participating in exhibitions within the 
distric t. In addition, the Kendra also participares in 

A team of 30 progressive farmers visited the Livestock 

Farm at Veterinary College, Pookkode as a part of 

post exposure farmers' study tour programme on 

23.09.09. 

Date/period In connection with! organised by Venue 

07.7.09 Kisan Gosthi- ATMA at Nalanda Auditorium, Calicu{ Cali.cut 

08.7.09 Kisan Gosthi- ADA KoiIandy K oilandy 

16.7.09 Kisan Gostru- ADA Peram bra Perambra 

25.8.09 to 31.8.09 Exhibition -Farm and Home-Subiksha Trade Fairs Perambra 

06. 10.09 Exhibition- N National Conference of KVK TNAU Coimbatore 

18. 1. I 0 to 26. I .10 Exhibition - Gandhiji Study Centre Thodu puzha 

1l.3.10 to 14 .3. 10 Exhibition- National Conference on Quality 
Planting Materials- Health Management New Delhi 

23.02. to Field day (Silage making and feedin g of silage) Kalpathur 

Table 15.2. Seminars conducted by K VK during the period 

Date Topic Organised by Venue No. of 
partjcipants 

16.7.09 Diseases of cattle and their KVK Meppayyur J JO 
control measures 

20.7.09 Preservation and feeding KVK Changaroth S9 
of fodder crops 

17.8.09 Organic farming Dept. of Agri. Thiruvalloor 92 
17.8.09 Organic farming Dept. of Agri. Changaroth 103 

17.8.09 Diseases of cattle and their Dept. of Agri. Perambra 7S 
control measures 

17.8.09 Preservation and feeding of KV K Perambra 97 
fodder crops 

06.10.09 Calf management and ecto and KYK Pillapperuvanna 86 
endoparasites control measures 

24. 10.09 Heifer management and Animal Balussery 97 

postpartum care of cows Husbandry 

JO.02. JO Backyard poultry rearing KVK KVK, 112 
Peruvannamuzhi 

11.02. 10 Oestrus synchronisation and KYK KVK, 75 
artific ia l jnseminatjon jn catt le Penlvannanluzhi 

12.02.10 Broiler goat rearing KYK KYK. 92 
Peruvannamuzhi 



ANNUAL REPORT 2009-10 

Parmer's Mela for showcasing Agricultural 
Techn%gies 

A five day farmer's festival 'Karshika Sankethika 

Darshanam -20 10' wasjointly organised by the Indian 
Institute of Spices Research (IISR), Calicut, Krishi 
Vigyan Kendra (KVK) and NAIP, at Peruvannamuzhi 
during 8- /2 February 2010. Five progressive award 
winning farmers were felicitated. Exhibition stalls 
were put up by six lCAR, Central government and 14 
private entrepreneurs and input agencies for 
showcas ing the technologies deve loped by the 
institutions. About 250 farmers participated in the 

technical sessions and about 1500 in the exhibition and 
benefited by the technological inputs/services provided. 
Technical sessions on different aspects of agriculture 
like organic farming, animal husbandry, floriculture, 

Fig. 15.1. Farmer's Mela for showcasing 
AgricuJutraJ TechnoJogies 

mushroom culture, farm machinery and pisciculture 
were arranged by inviting technical experts to train 
and interact with the farmers (Fig. 15.1 ). 

Table 15.3. Staff deputed for Training( Workshop 

Name of the Title of the Period of Place of training 
person programme training 

P. A. Mathew Convergence Meeting 04.04.09 KVK, Kannur 
K.M. Prakash of KVKs, ATMA 
Dr. S. Shanmugavel and Department 

P. A. Mathew Workshop on Jack fruit- 28.05.09 to KVK, 
The under exploited frui t 29.05.09 Patbanamthitta 
of Kerala - Challenge in 
supply chain management 

K.M. Prakash Special training on water 27.07.09 ZPD, Bangalore 
harvesting 

K.M. Prakash Watershed Development - 3.08.09 to CRIDA, Hyderabad 
New Guidelines 11.08.09 

K.M. Prakash Creative writing in 5.10.09 to Indian Institute of 
AglicuJture 9.10.09 Mass Communication, 

New Delhi 

P.S. Manoj IV National 06.11.09 to TNAU, Coimbatore 
K.M. Prakash Workshop of KYKs 08.11.09 

K.M. Prakash Sensitisation Workshop on 12.02. 10 National Bureau of 
coconut leaf beetle, Agrjcultural Important 
Brontispa Ion gissima Insects, Bangalore 

K.M. Prakash Cl imate change 23.03.10to Central Training 
25.03.10 Institute, KA U 

Dr. S. Shanmugavel National Seminar on 12- 13 Veterinary College 
Wealth from Livestock and November, and Research 
Agriculture Waste 2009 Institute, Namakkal 
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\Iaintenance of Demonstration blocks/units 
The KVK maintains model demonstration 

blocks/units in its farm for 'seeing and learning' by the 
farmers. The details of the units are shown below·. 

• 
• 
• 

Medicinal plant unit 

Model Homestead garden 

Demonstration plot of improved varieties in black 

pepper 

• Model arecaout seed garden 

• Nutmeg scion bank 

• Guava block 

• Sapota block 

• Vermicompost unit 

• Poultry demonstration unit 

• Dairy demonstration unit 

• Mango scion bank 

• Goatary unit 

Technologies transferred 

Front Line Demonstrations 
These programmes are carried out with the co
operation and complete participation of progressive 
fanners under the direct supervision of K V K scientists. 
A part of the expenditure of this demonstration is met 
by KVK. The results of various FLD programmes 
conducted by the Kendra during the period are detailed 
below: 

• 

• 

• 

• 
• 

Popularization of pepper production through bush 
pepper production technology 

Farmer participatory bud rot management in 
coconut (ATMA sponsored) 

In situ green manuring in coconut garden using 
grain cowpea 

Feed management in goat for meat production 

Demonstration on milk production performance 

in dairy cattle by feeding with silage under scarcity 

conditions 

• Popularization of hormone treatment for fertility 

management in cows 

• Popularization of hormone treatment for fertility 

management in goats 

OFT Programmes 

These programmes are done by testing a released 

technology in real farm situation with the partic ipation 

of farmers. The problems faced by the farmers in the 
adoption of new technologies can also be fed back to 

the research station>. by this programme. KVK bears 

the cost of critical inputs in this programme (Fig.lS.2), 

The major OFT programmes canied out during the 

period are listed below: 

• 

• 

• 

Control of foot rot disease of black pepper using 

biocontrol consortium 

Assessment of mixed crop of nutmeg variety 

Vishwashree grafts in coconut garden 

Management of coconut stem bleeding using 

Hexaconazoie 

• Demonstration ofHYVs ofbJack pepper with high • Fertility in anoestrus cows followin g C1DR 
intrinsic qua~ities. treatmerH 

Fig. 15.2. OFT programmes of KVK (a) Azolla cultivation (b) BroiJer goat production 



ANNUAL REPORT 2009-10 

EDUCATION AND TRAINING 

Post graduate studies 

Ph.D 
Jayashree E. 'Studies on mechanization of field level 
post harvest operations in ginger (Zingiber officina/e) 
with reference to washing, peeling and drying', Tamil 
Nadu Agricultural University, Coimbatore. 

Bhadra Murthy Y, ' Identification, molecular 
characterisation and development of diagnostics for 
the viruses associated with vanilla (Vanilla p/an(/o/ia 
Andrews)" Mangalore University 

Hareesh P. S, ' Molecular characterization and seed 
transmission of the Badnavirus infecting black pepper 
(Piper Nigrum L.) in India'. Acharya Nagarjuna 
University 

El izabeth Thomas, 'Biochemica l and molecular 
characterization of major traded spices to augment the 
trade through geographical indication ', Mangalore 
University 

Gobinath P 'Biochemical a nd molecular 
characterization of chilli (Capsicum annuum L) for 
variability with special emphasis o n co lour and 
pungency', Mangalore University 

Balaji S, ' In silica analysis and drugability of the 
compound s from the family Zingiberaceae', 
Mangalore University 

Visits abroad 

M.Sc.lM.Phil projects 
Nineteen students from various universities undertook 
their M.Sc. project work in Biotechnology. 

Bioc hemistry. Microbiology. Bioinformatics and 

Plantation Management and one student has joined for 

M.Phil project work in Biotechnology. 

Post M.Sc. training 
Three students undeltook Post M.Sc. training in various 

techniques of Microbiology and Biotechnology. 

Summer training for M.Sc. students 
Nine students participated in the one month summer 

training course on Biochemistry. Biotechnology and 

Bioinformatics.jointly organized by HRD Cell and CPC 

during 6,11 May to 5'h June 2009. 

Awards 
J.S. Pruthi award for the best research paper published 

in Journal of Spices and Aromatic Crops. 2008 , Yol 17 

(3): 215-222, entitled 'Development of SCAR marker 

for Phyrophrhora resistance in black pepper (Piper 

nigrum L.)' authored by Anandaraj. M .. Chandran. 

S., George, R.S., Bhat, A.l. and Bhai, R.S. 

The H S Mehta memorial best poster award for the 

paper "A SCAR marked based method for sex 

determination in dioecious betel vine" authored by T.E. 

Sheeja, K. Himabindu, P. Anto, K. Dhanya, S. Siju 
and T. Yasantha Kumar. 

Name of the 
staff 

Year of visit 
and duration 

Name of country visited 
and type of visit 

Remarks 

Dr. B Sasikumar 2008-20 10 (2 years) 

Dr. D Prasath 2009-2010 ( I year) 

Dr. A Kumar 2009-2010 ( I year) 

Dr. Santhosh J Eapen 2009 ( 15 days) 

Guyana as Spice technology 
expert 

University of Guelph, Canada 
under DST-BOYSCAST 
programme 

Wageningen University, 
The Netherlands under DBT
Overseas Associateship 

Vietnam, FAO consultancy 

Spice technology expert 

Applied genomics (isolation 
and characterization of 
disease resistant genes) 

Biotechnology and 
Molecular Biology and 
Bacterial genornics 

First hand information abou 
black pepper cultivation in 
Vietnam 
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Training programmes/ workshops attended by the staff 

Name of the staff' Name of the training Duration Organized by 

Dr. S J Ankegowda Right to Information Act, 2005 29-30 May 2009 Institute of Public 
Administration, 
Bhubaneswar 

Dr. C K Thankamani IPR - Patents 22-26 June 2009 NIIPM, Nagpur 

Dr. M S Madan Public-Private Partnerships 1-7 July 2009 NAARM, Hyderabad 
for Innovation in Agriculture 

Dr. T R U sharan i Perl scripting for genome 10-14 August 2009. CPCRI, Kasaragod 
analysis 

Dr. S Shanmugavel Right to Information 19-20 August 2009 ISTM, New Delhi 
and Mr. V L Jacob Act - 2005 

Dr. P Rajeev Impact Assessment of 26-28 August 2009 NCAP, New Delhi 
Improved Agricultural 
Technologies 

Mr. V L Jacob and Special Programme on 05-09 October 2009 ISTM, New Delhi 

Mr. C Venugopalan Pension and other Retirement 
benefits 

Dr. S Hamza Natural Resource Management 5-11 October 2009 Indian Institute of 
of S & T Departments, Govt. Public Administration, 
of India New Delhi 

Dr. S Devasahayam Vigilance administration 29-3 1 October 2009 NAARM, Hyderabad. 

Dr. T John Zachariah Technical aspects of 16-20 November 2009 lIM, Lucknow 

and Dr. T K Jacob Agricultural Communication 
and Knowledge Management 

Dr. T R Usharani Application of Molecular Tools 2-22 December 2009 SBI, Coimbatore 

for Crop Improvement 

Dr. C N Biju Recent advances in production 05-25 January 2010 Dr. PDKV, Akola 

and delivery system of biopesti-
cides, bioagents and 
bi ofertilizers 

Mr. K Jayarajan {T-based Decision Support 20-30 January, 2010 NAARM, Hyderabad. 
Systems for Multimedia Content 
Development 

Mr. C Padmanabhan Technical and Administrative 22-27, February 2010 NAARM, Hyderabad 

and Mr. V L Jacob Support for Consortia based 
Research in Agriculture 

Dr. K N Shiva Priority Setting, Monitoring 22-26 March 20 I 0 JIM, Lucknow 

and Evaluation for Innovation 
in Agriculture 
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CONSULTANCY PROCESSING CELL 

During 2009-10, the Consultancy Processing Cell 
(CPC) took up variolls analytical services such as 
analysis of soil. plant, manures, analysis for biochemical 
properties, analysi s of samples for microbes like 
Trichoderma, Pseudomonas , Phosphoba c feria , 
A::ospirillum etc. for both public and private 
entrepreneurs. Based on planter's requests, scientists 
provided technical guidance on cultivation and 
management aspects of spices on consultancy basis. 
One month summer training course on Biochemistry, 

Biotechnology and Bioinformatics for 9 M.Sc. students 

was jointly organized by HRD Cell and CPC during 
6th May to 5 th June 2009. During the year. the total 
receipt through consultancy was around Rs 2.75 lakh 
with a major share of 47% from analysis of samples 
for nutrients (NPK) and 16% each from biochemical 
and bio control agents (mainly Trichoderma and 
Pseudomonas). Other consultancy services like 
Summer Training to MSc students (18%), visits of 
scientists to private farms based on requests (4%) etc., 
also contributed to the CPC revenue. 



OFFICIAL LANGUAGE IMPLEMENTATION 
COMMITTEE ACTIVITIES 

The Official La nguage Implementation Committee 
(OLJC) meets once in every quarter and reviews the 
offic ial language implementation activities of the 
institutes. Quarterly, half yearly and an nual reports on 
official language activities of the institutes prepared 
and sent to ICAR. New Delhi. TOLle. Calicut and 
Regional Implementation Office , Cochin. Four 
workshops were cond ucted on Rule s of offi c ial 
language and its imple mentation, noting and drafting 
and use of computer in the implementation of official 
language. 

Dr. Unnila Harith, Asst. Director (OL), DARE. New 
Delhi visited thi s CnstilUte on 05.02.20 I 0 and inspected 
o ffic ia l language implementation ac ti vit ies of the 
institute. DajJy a word/ phrase in Hjndj and its 
transliteration in Malayalam and English were displayed 
on the board. 

Hindi week was celebrated during 14-19'h September 
2009. During the week various compe titions viz., 
ex tempore speech, song, debate, noting and draftjng, 
calligraphy, memory test, anthakshari for the staff 

members ano priLes were distribu ted to the winners 
in the va ledictory functio n. Dr. A. Achuthan, 
Professor, Depal1ment of Hindi. Calicut University. 
Cali cut was the chief guest. 

Ms. N. Prasannakumari. Hindi translator attended 43rd 
and 44'h meeting of TOlle. Sri. B. Krishnamoorthy 
and Dr. K. N. Shiva attended the workshop conducted 
by TOLlC o n 30. 11.2009 and 16 .02.20 I 0 , 
respectively. Dr. Rashid Pervez. Hindi officer and 
N. Prasannakumari attended TOLlC subcommittee 
meeting at SBT. Calicut on 20. 10.2009. 

During the year, Hindi vers ion of the half yearly 
publication of Spices News volume 20 (I) 1anuary-
1une. 2009 and 20 (2) Jul y-December, 2009 were 
published as M asala Samachar. Summary of annual 
report and project coordinator cell (Spices) were 
translated in to Hindi and incorporated in nSR and 
AICRPS annual re port. Also published Anusandhan 
ke Mukh)'a Ansh (2008-09) and pamphlets in Hindi 
on g inger (Adarak), turmeric (Haldi) and black 
pepper (Kalimirch) . 
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INSTITUTE MANAGEMENT COMMITTEE 

1. Dr. V A Parthasarathy, Director, lISR, Calicut 

2. Dr. Umesh Srivastava, Assistant Director General (Hort.Il), lCAR, New Delhi 

3 . Dr. M. Ananadaraj , Project Co-ordinator (Spices), IISR, Calicut 

4. Dr. R.P. Shukla, Principal Scientist (Entomology), CISH, Lucknow 

5. Dr. M. Unnikrishnan, Principal Scientist, CTCRJ, Thiruvananthapuram 

6. Dr. Jagdish Singh, Principal Scientist, lIVR, Varanasi 

7. Add!. Director of Agricultural (C.P), Directorate of Agriculture, Vikas Bhavan, Thiruvananthapuram 

8. Dean. HC &RI, Periyakularn, TNAU, (TN) 

9. Director of Research, Kerala Agricultural University, Thrissur 

10. Mr. M J Ummen, Mangalath Parambil House, ArivilanjapoiI PO, Alakkode (Via), Kannur 

11. Sri. G Rathikumar, Deepthi, Kizhakkekara, Kattarakkara, Kallam 

12. Sr. Finance & Accounts Officer,CMFR1, Kochi 

13. Assistant Administrative Officer, IlSR, Calicut 
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RESEARCH ADVISORY COMMITTEE (2007-10) 

Dr. N. Mohanakumaran 
(Formerly Director of Research, KAU) 
Chirakkara Palace 
Pappanamcode 
Thiruvananthapuram - 695018 

Dr. Umesh Srivastava 
Asst. Director General (Hort. H) 
ICAR, Kri shi Anusandhan Bhavan- II 
New Delhi- l 100 I 2 

Dr. I. lrulappan 
(Formerly Dean, Horticulture, TNA U) 
28, Abhirami Nagar, Narayanapuram, I " Main Road 
Narayanapuram West, Madurai - 625014 

Dr. M. Udaya Kumar 
Formerly Professor & Head 
Department of Crop Physiology 
University of Agricultural Sciences 
G. KV K. Campus, Banga\ore - 560065, Karnataka 

Dr. K.U.K. Nampoothiri 
Director, Biju Patnaik Medicinal Plants Garden and 
Research Institute 
M. S. Swaminathan Research Foundation, Phulbad 
Jeypore R.S. (P. 0.) 764 002, Koraput Dt. Orissa 

Dr. N.S. Rao 
(Formerly Principal Scientist) 
N- 109, Innovative Natura, Vinayaka Layout, 
Puttanahalli, Yelahanka, Bangalore - 560064 

Dr. V.A. Parthasarathy 
Director, Indian Institute of Spices Research 
Calicut - 673 012, Kerala 

Mr. M.J. Ummen 
Mangalath Parambil House, Arivilanjapoil PO, Alakkode (Via), 
Kannur - 67057 1 

Sri. G. Rathikumar 
Deepthi, Kizhakkekara, Kottarakkara, 
Kollam 

Dr. B. Chempakam 
Head, Di vision of Crop Production in PHT 
Indian Institute of Spices Research 
Calicut - 673 01 2, Kerala 

Mr. B. KIishnamoorthy 
Acting Head, Division of Crop Improvement & Biotechnology 
Indian Institute of Spices Research 
Cal icut - 673 01 2, Kerala 

Chairman 

Member 

Member 

Member 

Member 

Member 

Member 

Member 

Member 

Me mber Secretary 
(upto May 2009) 

Me mber Secretary 
(from June 2009) 
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RECOMMENDATIONS OF RAC 2010 

SI.No. Rl'l'OIllIllClldatioll COlllments of the Dircctor 

I Core coJJections may be worked out using different Core collections would be identified based 

models available for other crops and elimination of on morphological, biochemical and 

duplicates in black pepper germplasm need to be molecular characteristics. as being 

taken up in a phased manner. (Action: K.Y. Saji) followed in other crops. 

2 Unexplored areas may be surveyed and collections Systematic collection surveys are made 

may be made to fill the gaps in germplasm (if any) to unexplored areas. 

in planned manner before it is eroded. 

(Action: K. Y. Saji) 

3 Development of black pepper with mUltiple resistance As extension of the present project on 

may be given priority as extension of present breeding multiple lines, a new project on 

project on breeding multiple lines. Phytofura was initiated with developing 

(Action: B. Kri shnamoorthy) black pepper lines resistant to 

Phytophfhora and nematodes as one of 

the objectives. 

4 Breeding programmes may be concentrated on In all the breeding programmes, quality 

genotypes with high quality parameters. aspects are kept in mind and all varieties 

(Action: B. Kri shnamoorthy) released are having high quality 

parameters. 

5 Tn targeted yield experiments, econom ic optimum level The economic optimum level of nutrients 

of nutrients may be worked out. The reason(s) for will be worked out using the existing data 

the negative response observed at the higher levels and will be validated during the current 

of fertilizer need to be investigated year. 

(Action: V. Srinivasan) 

6 Results of quality parameters may also be included. Data on quality parameters will be 

(Action: K.S. Krishnamurthy) included 

7 Packaging studies under modified/controlled Suggestion is noted and results will be 

atmosphere may be conducted presented in the coming IRe. 

(Action: T.J Zachariah) 

8 Modified patch budding may be tried in nutmeg. Will be carried out in the project "Induction 

The reasons for failure of "bud take" need to be of orthotropic shoots in nutmeg" 

investigated(Action: J Rema) 

9 General Comments 

• In long term experiments, pooled data may be These suggestions are noted and will be 

presented especially for yield and quality. followed. 

• Fm alternate bearers, yield of six years may be 
considered (instead of 3 years). 

• Efforts may be made to identify better performers 
under changed c limatic conditions. 
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Two technolog ies developed ( I . Chemical contro l o f 

turmeric shoot borer 2. Chemical and biocontrol of 

turmeric rhizome rot) may be transferred to KYK for 

field testing. (Action: Programme Coordinator, KYK) 

Vis itors to KVK and the Farm at Peruvannamuzhi 

may be included in the total number of visitors to 

HSR, Calicut. (Action: P. Rajeev) 

Training programmes organized at KVK, 

Peruvannamuzhi may be included in the total number 

of training programmes of llSR. Calicut. 

(Action: P. Rajeev) 

Farmer to farmer spread of varieties released 

from nSR need to be further studied. 

(Action: P. Rajeev) 

Work on investment and returns in research may 

be confirmed utilizing KVK staff (Consequent on 

the transfer of the PI) (Action : P. Rajeev) 

Antioxidant potential of curry leaf may be studied 

at different maturity stages. (Action: A.Shamina) 

Collaboration with suitable institutes under ICMR 

may be explored for validation of neutraceutical and 

antifilarial potential of spice compounds. 

(Action: A. Shamina) 

Neutraceutical properties may be furnished when 

varieties are recommended for release. 

(Action : A.Shamina) 

These will be incorporated in the KVK 

training/demonstration programme 

Records are being maintained pertaining 

to all visitors at KVK which would be 

compiled periodically for inclusion in the 

compilation of total visitors to lISR, 

Calicu!. 

Records of all training programmes are 

being maintained at KVK and evaluation 

of the programmes will be carried out 

under the institute project on 'Training of 

research and extension personnel'. The 

training programmes conducted at KVK 

would also be included in the compilation 

of total programmes conducted at nSR, 

Calicut. 

Case study method will be adopted based 

on secondary data available w here bulk 

material of seeds has been supplied to 

farmers in recent years and where there 

is report or evidence of farmers partici

pation in seed distribution. The seed village 

concept to be implemented by KVK will 

also be used to collect the necessary 

infonnation. 

Since there is no economist in position at 

nSR. Calicut. this aspect of study will be 

undertaken after an economist joins. 

This program will be carried out in the 

current year in the project: Studies on the 

nutraceutical properties of bioactive 

compounds in a few spices. 

This collaborative work will be taken up 

as a separate project, preferably with 

externa l funding . 

Nutraceutical properties will be assayed 

in re leased varieties. 
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18 High quality planting material s and the improved Planting materials of spices are produced 

technologies developed at nSR need to reach under NHM and seed project and sold 

farmers through the State Department of Agriculture, through the farmlKYKI ATIC. For others 

NHB and Spices Board who are in touch with the such as fruits , flowers, etc. KVK 

farmers. KVK may take a lead in this in this regard. Revolving Fund is involved. KYK is 

(Action: Programme Coordinator, KVK) involved to develop seed villages to produce 

certified seeds . 

19 Infonnation/data on varietal/technology spread need Estimates of varietal spread of black 

to be collected. KVK staff may be utilized for the pepper have been worked out based on 

study and compilation. (Action: P.Rajeev) the secondary data on distribution of 

nuclear planting material from IISR, 

Calicut. The work will be continued in 

ginger and turmeric under the institute 

project 'A study on diffusion, adoption and 

impact of varieties released from llSR and 

scientific crop management practices' in 

association with AJCRPS. 

20 The Database on Spices may be linked with that of The KYK website will be hyper linked with 

TNAU (Dr. Anandaraja of TNAU) to get daily TNAU website to obtain daily updates of 

updates of price of spices. (Action: P. Rajeev) price of spices. 

21 For mechanization of farm operations, selection of The suggestion will be considered along 

instruments/small equipment / designs available in the with the list circulated by Head (Engin.) 

internet may be explored. (Action: E. Jayashree) IIHR. 

22 Identification of varieties suited to the changing A new project on Evaluation of cardamom 

cl imatic conditions need to be given importance. genotypes for yield and quaJity attributes 

Varieties and technologies to meet moisture stress under moisture stress condition has been 

need to be developed. Breeding for drought tolerant initiated during 20 lOIRe. 

varieties should be given priority. 

23 Effective collaboration with leAR complex NEH Under AICRPS, new centres have been 

Region is needed for developing location-based sanctioned at ICAR Complex as well as 

technologies. AICRP centers in this region may at CAU. 

also be involved. 

24 Production of nucleus planting materials needs further Same as Point 18 

emphasis. Programmes may be initiated for 

multiplication by certified nurseries, with the help 

of State Agriculture Department/Spices Board. 

(Action: Head, Crop Production) 

25 Linkages with spice industries need to be This suggestion will be followed when next 

strengthened through continuous and persistent interface with stake holders is held. 

efforts. Scientist-industry interface meeting may be 

arranged to get feedback on research requirement 
from industry people. 



ANNUAL REPORT 2009-10 

RESEARCH PUBLICATIONS 

1. Anil Kumar R, Vasu K, Vetayudhan K T, Ramachandran V, Suseela Bhai Rand Unnikrishnan G. 2009. 
Translocation and distribution of 32P-Iabelled potassium phosphonate in black pepper (Piper nigrum. L), 
Crop Protection, 28: 878-888. 

2. Anil Kumar R, Velayudhan K T, Ramachandran V, Suseela Bhai R, Unnikri shnan G and Vasu K. 2010. 
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EnvironmenT Research , 82: 62-68. 
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stress. journal of Spices and Aromatic Crops, 17: 172-176. 
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14. Devasahayam S, Koya K M A, Anandaraj M, Thomas T and Preethi N. 2009. Distribution and ecology 
of root mealybugs associated with black pepper (Piper nigrum Linnaeus) in Karnataka and Kerala, 
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15. Dhanya K, Syamkumar Sand Sasikumar B. 2009. Development and application of SCAR marker for 
the de tection of papaya seed adulteration in traded black pepper powder. Food BiotechnoLogy, 23: 97-
106. 

16. Dhanya K and Sasikumar B . 20lO. Molecular marker based adulteration detection in traded food and 
agricultural commodities of plant origin with special reference to spices. Current trends in Biotechnology 
and Pharmacy, 4: 454-489. 
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nigrum L.). Journal of Plantation Crops, 38: 62-65. 
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LIST OF PROJECTS 

I. Institute projects 

Mega Project I: Collection, conservation, characterization and cataloguing of germplasm of spice 
crops for yield and other economically important characters [Project Leader: P A Mathew] 

1. Gen. XXVIII 813: Conservation and characterization of Piper germplasm (2008-2014) [K V Saji and R 
Senthil Kumar] 

2. Gen. XIX (813): Conservation, characterisation, evaluation and improvement of Zingiber and Curcuma 
Spp (2007-2012) fK N Shiva and K V Saji] 

3. Gen. IX (813): Conservation and characterization of cardamom germplasm (2007 -2012) [R Senth i I Kumar 
and C N BijuJ 

4. Gen. XXVI (8 13): Evolving high yielding and high quality nutmeg clones by selection (2007-2011) [B 
Krishnamoorthy and J Rema] 

5. Gen. XXVlJ (813): Improvement of Chinese cassia (Cinnamomum cassia) by selection (2007-2010) [B 
Krishnamoorthy and R Senthil Kumar] 

6. Gen. XVI (813): Maintenance, enhancement and characterization of genetic variability in vanilla (Vanilla 
planifolia Andrews) (2005-2010) [R Ramakrishnan Nair and P A Mathew] 

7. Gen. XXIX (813): A comparative study of molecular and bio-chemjcal diversity of garcinia of Eastern 
Himalayas and Western Ghat ranges with GIS (2008-2011) [Utpala Parthasarathy and K Nimlal Babu] 

Mega Project II: Breeding improved varieties of spice crops for yield, quality, drought and resistance 
to pests and diseases [Project Leader: B Krishnamoorthy] 

l. Gen. XVII (813): Breeding black pepper for high yield and caryophyllene (2007-2010) [K V Saji and T 
John Zachariah) 

2. Gen. XVIII (813): Breeding black pepper for Phytophthora resistance (2007-2011) fK Nirmal Babu 
and T E Sheeja] 

3. Gen. XXI (813): Breeding black pepper for resistance to "poilu" beetle (2007-20 I 0) [K V Saji and S 
Devasahayaml 

4. Gen. xxn (813): Breeding black pepper for tolerance to drought (2007-2010) [T E Sheeja and K S 
Krishnamurthy J 

5. Gen. XXIII (8 I 3): Breeding black pepper for developing resistance to Radopholus similis and its molecular 
genetic analysis (2007-2010) [Johnson K George and B Krishnamoorthy] 

6. Gen. X (8 13): Breeding cardamom for hjgh yield and disease resistance (2007-2012) [R Senthil Kumar 
and M N Venugopal] 

7. 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] 

8. Biotech X (813): Development of core ESTs and cloning of genes from Piper nigrum and P. colubrinum 
(2008-2011 ) [Johnson K George and K S Krishnamurthy] 

9. Biotech. IX (813): Development of transgenics for resistance to Phytophthora and drought in black 
pepper (2006-201 J) [K Nirmal Babu and T E Sheeja] 

10. Gen. XXV (813): Genetics of seedling progenies of turmeric (Curcuma longa L.) (2007-20 11 ) [R 
Ramakrishnan Nair and K N Shiva] 



ANNUAL REPORT 2009.-10 

Mega Project III : System approach for sustainable production of spices [Project Leader: K 
Kandiannan] 

1. SSe. IV (813): Nutrient budgeting for improved varieties of spices (2005-2010) [V Srinivasan, R Dinesh, 
S J Ankegowda and S Hamza] 

2. Agr. XXVIII (8 J 3): Tnput use efficiency in turmeric in relation to quality (2007-2010) [K Kandiannan 
and V Srinivasan] 

3. SSC V(813): Studies on allelopathy in tree species-black pepper interactions (2009-2013) [R Dinesh and 
S Hamza] 

Mega Project IV: Production physiology of spice crops [Project Leader: B Chempakam] 

I. Phy. Vlll (813): Mechanism of drought tolerance in cardamom and black pepper (2005-2010) [S J 
Ankegowda and K S Krishnamurthy] 

2. Phy. IX (813): Investigation on factors controlling spiking in black pepper (2008-2011) [K S Krishnamurthy 
and S J Ankegowda] 

3. Biochem VI(813): Influence of biochemical factors on curcuminoid levels in turmeric (2008-2011 )[B 
Chempakam and A Shamina] 

Mega Project V: Value addition and post harvest processing of spices [Project Leader: T John 
Zachariah] 

I. 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 (2005-2010) IT John Zachariah, 
K N Shiva and N K Leela] 

3. Biochem vn (813): Management of mycotoxins in black pepper, ginger, turmeric and nutmeg (2008-
20 II) [B Chempakam and R Suseela Bhai] 

Mega Project VI: Propagation studies in spice crops [Project Leader: C K Thankamani] 

1. Hort. V (81 3): Rootstock intervention to manage root infection of Phytophthora and nematodes in black 
pepper (2006-09) [P A Mathew J 

2. Hort. VI (813): Induction of orthotropic shoots in plagiotropic grafts of nutmeg (2008-2011) [J Rema and 
P A Mathew] 

Mega Project XIII: Investigations on nutraceutical and pharmacokinetic aspects of spices [Project 
Leader: A Shamina] 

1. Biochem. III (813) : Studies on the nutraceutical properties of bioactive compounds in a few spices 
(2007-2010) [A Shamjna and N K Leela] 

2. Biochem. IV (813): Exploration of spices for natural food colours and pigments (2007-2010) lK N Shiva 
and T J Zachariah] 

3. Biochem. V (81 3): Cloning of pal gene from turmeric (Curcuma Long a L.) (2008-2011) [A Shamina] 

4. Org. Chern. 1lI (8 13): Flavour profiling of Zingiberaceae spices (2008-201 2) [N K Leela and S Hamza] 

Mega Project VII: Identification, characterization and development of diagnostics against pests, 
pathogens and nematodes of spice crops [Project Leader: M N Venugopall A Ishwara Bhat] 

I . Path. X1X (813): Development of diagnostics for viruses infecting small cardamom (Elettaria cardamomum 
Maton) (2008 - 201 2) [C N Biju and A Ishwara Bhat] 
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Mega Project Vlll: Conventional and molecular approaches for developing pest, pathogen and 
nematode resistance in spice crops [Project Leader: R Suseela Bhai] 

I . Ent. xm (813): Screening of germplasm accessions of spices and evaluation of antibiosis resistance (0 

major insect pests (2006-2011 ) [T K Jacob and S Devasahayaml 

2. Path. XX (8 13): Screening o f Piper germplasm accessions against Piper yellow mottle virus (PYMoV) 

(2008-20 12) lA Ishwara Bhat and T K Jacob] 

Mega Project IX: Developing integrated pest and disease management strategies in spice crops 
[Project Leader: S Devasahayam] 

1. Crop. Prot. I.S (813): Integrated management of Phytophthora foot rot and slow decline diseases of 
black pepper (2008-20 II) I R Suseela Bhai, Santhosh J Eapen, A Kumar and Rashid Pervez] 

2. Org. Chem.ll (8 I 3): Characterization of bioactive compounds with pesticide propelties (2002-20 I 0) [N 

K Leela and Rashid Pervezj 

3. Nema. IV (8 13): Ro le of phenyl propanoids in black pepper - burrowing nematode interactions (2008-

20 II ) [Santhosh J Eapen and A ShaminaJ 

4. Path. xvm (8 13): isolation and evaluation of antimicrobial compounds from bacterial endophytes against 
major pathogens of spice crops (2008-201 I ) [Kumar and Santhosh J Eapen1 

5. Ent. XII (8 13): Bioecology and integrated management of shoot borer Conogethes pUl1ctiferalis Guen. 
infesting turmeric (2005-2009) IS Devasallayam and T K Jacob 1 

6. Path. xvn (8 13): Characterization, epidemiology and management of Colle tot ric hum spp. infecting black 
pepper. cardamom and turmeric (2006 - 2009) (M N Venugopal and C N Biju] 

7. Nema V (813): Survey and identification of efficient entol1lopathogenic nematodes (EPNs) against major 
insect pests of ginger and turmeric (2008-201 2) [Rashid Pervez, Santhosh J Eapen and S Devasahayam I 

Mega Project X; Economics, statistics and modeling [Project Leader; M S Madan] 

I . Econ. IV (8 13): Assessi ng sustainabiljty of cropping systems invo lving spices (2007-20 10) [M S M adan, 
A K Johny and K Jayarajan} 

Mega Project XI: Extension and Training [Project Leader: P Rajeev J 

I. Ext. IV(8 13) : Training of Research and Extension Personnel (2005-2010) [P Rajeev] 

2. Ext V(8t 3): A Study on diffusion, adoption and impact of varieties released from IISR and scientific c rop 
management practices (2006-09) [P Rajeev and M S Madan] 

Mega Project XII: Developing Customized Software and Expert-System on Spices [Project Leader: 
S J Eapen, K JayarajanJ 

1. Stat. I (81 3): Development of databases and software (2004-2010) [K JayarajanJ 

n. Externally aided projects 

i) Department of Biotechnology, New Delhi 

1. DBT-CIB-3: Developmen t of microsatellite markers a nd c harac te ri zation of Curcuma spp. 
(2006-20 10) IT E Sheeja] 

2. DBT-Cm 4: Development of Microsatt~lite markers, Molecul ar characterization of small (Elettaria 
cardamomum Maton) & large cardamom, (Amomum subulatum Roxb.), identify core collections and 
developing data base of important genotypes (2009-2012) [K N irmal Babu. R Senthil Kumar, T E Sheeja 
and T R Usha Rani] 
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3. DBT-CP 4: Accredited Test Laboratory (ATL) under the national certification system for tissue culture 
ra ised plants (NCS-TCP) (2008-2011 ) lA Ishwara Bhat and K Nirmal Babul 

4. DBT-CP 3: Genetic transformation of black pepper to confer resistance against viruses (2006-20 10) [A 
fshwara Shat and R Suseela BhaiJ 

5. DBT-SS I: Distributed information sub-centre (2000-20 12) rSanthosh J EapenJ 

ii) Indian Council of Agricultural Research, New Delhi 

1. ICAR-CP 4: Apphcation of Microorganisms for Agriculture and Allied Sectors (AMAAS) : Nutrient 
management, PGPR and biocontro l (2006-2010) 1M Anandaraj and R Dinesh, N K Leela and A Kumar) 

2. ICAR-CPPHT- l : Network Project on Organic Farming (2007-20 \2) IV Srinivasan, C K Thankamani, A 
Kumar and T John Zachariah1 

3. ICAR Mega Seed Project: Seed production in agricultural crops and fisheries (2006-20 I 2) I K Kandiannan 
and P A Mathew1 

4. Outreach Project on Phy /ophthora. Fusarium & Rats/onia Diseases of Horticultural and Field crops 
(2008-20 12) [M Anandaraj , K Nirmal Babu, A Kumar, R Suseela Bhai, Santhosh J Eapen and Johnson K 
George] 

5. Outreach Programme on Management of slicking pests in Horticultural Crops: (2009-20 12) [TK Jacob 
and S DevasallayamJ 

6. Outreach Programme on Diagnosis and Management of Leaf Spot Diseases in Field and Horticultural 
Crops (2009-201 2) [C N Biju and R Praveenal 

iii) Ministry of Environment and Forests, New Delhi 

I . MOEF. I (8 ] 3): Biodiversity in Piper and Garcinia and identification of spots of species richness in 
Weste rn Ghats (using GIS and molecular markers) (2006-2009) [P A Mathew, Utpafa Parthasarathy, 
Johnson K George and K V Sajij 

iv) National Horticultural Mission, New Delhi 

I . N HM-CPPHT-I: Production of nucleus planting materials of improved varieties of spice crops (2005-
20 10) [C K Thankamani, S Hamza and S J AnkegowdaJ 

2. Collaborati ve project: Development of potting machine for spices nursery (2009-20 I 0) l C K Thankamani 
and M Muthamil SelvanJ 

v) National Agricultural Innovation Project, New Delhi 

t. NAIP-CPPHT-l: Studies on cryogenic grinding for retentio n of flavour and medicinal properties of some 
important indian spices (2009-2012) [T John Zachariah and N K Leelal 

2. NAIP-SS-l: Mulli-enterprise farm ing models to address the agrarian crisis of Wayan ad district of Keraia" 
Under Component-3: (Sustainable Rural Li velihood Security) of NAlP (2008 - 2012) [K N Shiva) 

3. NAIP SS-ll: Mobilizing Mass Media Support for Sharing Agro-Information (2009-201 2) [M S Madan, P 
Rajeev, T K Jacob1 
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PERSONNEL 

Headquarters 

Scientific 

SI.No. Name Designation 

Dr. VA. Parthasarathy 

2 Dr. M. Anandaraj 

3 Dr. B. Chempakam 

4 Dr. S. Devasahayam 

5 Mr. B. Krishnamoorthy 

6 Dr. K. Nirmal Babu 

7 Dr. M.S. Madan 

8 Dr. T. John Zachariah 

9 Dr. B. Sasikumar 

10 Dr. T. K. Jacob 

11 Dr. J . Rema 

12 Dr. Johnson K. George 

13 Dr. c.K. Thankamani 

14 Dr. R. Dinesh 

15 Dr. R. Ramakrishnan Nair 

16 Dr. R. Suseela Bhai 

17 Dr. K. Kandiannan 

18 Dr. P. Rajeev 

19 Dr. K.S. Krishnamurthy 

20 Dr. Santhosh 1. Eapen 

21 Dr. N.K. Leela 

22 Dr. A. l shwara Bhat 

23 Dr. A. Kumar 

24 Dr. V Srinivasan 

25 Dr. A. Shamina 

26 Dr. K.V Saji 

27 Dr. K.N. Shiva 

28 Dr. T.E. Sheeja 

29 Dr. D. Prasath 

30 Dr. Rashid Pervez 

Technical Officers 

I 

2 

3 

Dr. Johny A. KaUupurackal 

Dr. Hanlza Srambikkal 

Dr. Utpala Parthasarathy 

Director 

Project coordinator (Spices) 

Head, Crop Production 

Head, Crop Protection 

Principal Scientist (Plant Breeding) 

Principal Scientist (Plant Breeding) 

Principal Scientist (Agri . Economics) - up to July 09 

Principal Scientist (Biochemistry) 

Principal Scientist (Plant Breeding) - on deputation 

Principal Scientist (Entomology) 

Principal Scientist (Horticulture) 

Principal Scientist (Gen. & Cytogenetics) 

Principal Scientist (Agronomy) 

Principal Scientist (Soil FertiChemlMicrobiol) 

Sr. Scientist (Gen. & Cytogenetics) 

Sr. Scientist (Plant Pathology) 

Sr. Scientist (Agronomy) 

Sr. Scientist (Agril. Extension) 

Sr. Scientist (Plant Physiology) 

Sr. Scientist (Nematology) 

Sr. Scientist (Org. Chemistry) 

Sr. Scientist (Plant Pathology) 

Sr. Scientist (Plant Pathology) - on deputation upto Feb 20 10 

Sr. Scientist (Soil Soil FertiChemlMicrobiol) 

Sr. Scientist (Bio chemistry-PS) 

Sr. Scientist (Economic Botany) 

Sr. Scientist (Horticulture) 

Sr. Scientist (Biotechnology) 

Sr. Scientist (Horticulture) - on deputation from May 2009 

Sr. Scientist (Nematology) 

Technical Officer (T9) 

Technical Officer (Lab) (T7-8) 

Technical Officer (T7 -8) 
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4 Mr. M.M. Augusthy 

S Mr. K Jayarajan 

6 Mr. M. Vijayaraghavan 

7 Mr. KT. Muhammed 

8 Mr. V Sivararnan 

9 Dr. CK. Sushama Devi 

10 Ms. N. Prasannakumari 

11 Mr. A. Sudhakaran 

Administration 

1 

2 

3 

4 

Mr. V.L. Jacob 

Mr. CP. Padmanabhan 

Ms. P.V Sali 

Mr. K.G. Jegadeesan 

Technical Officer (T6) 

Technical Officer (Stat.) (TS) 

Technical Officer (TS) (Workshop) 

Technical Officer (TS) (Farm) 

Technical Officer (TS) (Farm) 

Technical Officer (TS) (Lib.) 

Technical Officer (TS) (Hindi Translator) 

Technical Officer (TS) (Artist-cum-Photographer) 

Asst. Fin. & Accts. Officer 

Asst. Admn. Officer - wef July 09 

Private Secretary 

Asst. Fin. & Accts. Officer 

IISR Experimental Farm, Peruvanamuzhi 

Scientitic 

1 

2 

Mr. P.A. Mathew 

Dr. E. Jayashree 

Technical Officers 

I Mr. Y.K. Aboobacker Koya 

2 Mr. N.A. Madhavan 

3 Mr. K Kumaran 

Technical Officers 

I Mr. P.S. Manoj 

2 Dr. S. Shanmugavel 

3 Mr. K.M. Prakash 

4 

S 

Dr. B. Pradeep 

Ms. A. Deepthi 

Principal Scientist (Horticulture) 

Scientist (Sr. Scale) (AS&PE) 

Farm Supdt. (T9) 

Technical Officer (TS) (Farm) 

Technical Officer (TS) (Farm) 

Krishi Vigyan Kendra 

(T7) (Horticulture) 

(T7 -8) (Veterinary Science) 

(TI-8) (Agronomy) 

T6 (Fisheries) 

T6 (Home Science) 

IISR Cardamom Research Centre, Appangala 

Scientific 

1 Dr. M. N. Venugopal 

2 Dr. S.J. Ankegowda 

3 Dr. R. Senthil Kumar 

4 Dr. CN. Biju 

S Dr. T.R. Usha Rani 

6 Dr. R. Praveena 

Administration 
Mr. V. Vijayan 

Principal Scientist (Plant Pathology) - upto Oct 09 

Sr. Scientist (Plant Physiology) 

Sr. Scientist (Horticulture) 

Scientist (Plant Pathology) 

Scientist (B iotechnology) 

Sceintsit (Plant Pathology) 

Asst. Admn. Officer 
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WEATHER DATA - 2009 

Cardamom Research Centre, Appangala, Madikeri. 

Month Temperature (0C) Rainfall (mm) Rajny days (no.) 
Maximum Minimum 

January 29.2 12.2 0.0 0 

February 30.9 15.4 0.0 0 

March 3l.0 17.4 80.2 6 

April 30.8 20. 1 49.9 3 

May 30.6 19.7 72.5 9 

June 25.5 18.7 228.8 18 

July 22.6 18.3 1589.3 28 

August 24.7 18.7 364.0 25 

September 25.0 18.5 288.8 ]7 

October 26.5 17.3 206.5 7 

November 26.6 17.8 89.6 10 

December 26.4 16.9 39.2 2 

Averagerrotal 27.5 17.6 3008.8 125 

IISR Experimental Farm, Peruvannamuzhi, Calicut. 

Month Temperature (0C) Rainfall (mm) Rainy days (no.) 

Maximum Minimum 

January 34.1 19.5 0.0 0 

February 34.2 19.7 0.0 0 

March 34.8 22.7 1 J 2.0 5 

April 34.6 23.6 J 19.6 9 

May 32.9 23.9 398.4 14 

June 29.9 23.2 680.8 19 

July 26.6 22.4 1986.6 29 

August 28.5 22.7 587.6 29 

September 28.9 23. 1 676.0 24 

October 3 L6 22.6 42 1.6 1 I 

Nove mber 3 1.9 22 .6 301.2 12 

December 32 .9 2 1.2 136.6 6 

Average/Total 3 1.8 22.3 5420.4 158 
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