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FOREWORD

E:om)my of spices cultivation is turning round the corner alter a couple of years of slump
ecause of increase in demand and good market price. Inthis background the Annual Repon
of Indian Institute of Spices Research for 2006-"07 is very significant besides this being the Annual Repori
pertaining 1o the fast year of Tenth Plan. India’s strength as gene centre for spices has been kept in mind
to conserve a large number of germplasm of black pepper. cardamom. ginger, turmeric, vanilla. tree
spices etc. With the advise of the Research Advisory Committee {(RAC) more focused research

programmes have been initiated to develop black pepper varieties tolerant to various biotic and abiotic

stresses. Studies have indicated the superiority of Indian cardamom based on the GC-MS study. The

bicinformatics Centre has developed a new database for Phyvtophthora diseases of horticultural crops.

I

\% if In the administration of the institute, ARISoft is a significant achievement in the modermizaton of the
ag

g

AR (Hort). Dr. G Kalloo. The AICRP on Spices has consolidated the achievements, which would go along

administration of the institute. The new software was launched by the then Deputy Director-General

way in developing technologies for transfer to farmers.
I place on record my heartfelt gratitude to our respected Director-General, Dr. Mangala Rai and to

the former and present Deputy Directors General of Horticulture. Dr. G Kalloo and Dr. H.P. Singh,

respectively. We are grateful to the RAC Membery for their excellent suggestions. To Dr. K.V, Ramana,

Assistant Director-General (Hort.Il), I owe a great deal for his support. Dr. M. Anandaraj, Project | |

Coordinator (Spices) deserves a mention for hus support. | apprectate the Editorial Board for bnnging out
the Annual Report in time.
\ “& :
Calicut, V.A. PARTHASARATHY
June 2007 DIRECTOR
\. J

T

AP - NE*AN 0 AAPERP - B@ar



E Institute of Spices Research, Calicut

e drel) @ 9he fasar T
.mﬂmﬁmﬁﬁzﬁmﬁﬁ

WWWH%

a@ﬁwwpﬁmma@mfm
R BN B | ATSIETHeR gtk
Ge e T & Ul wfEe) ¥ sndemEuRe
B e Yo 3 T T TES I9ED
G e e @ e iR ¥ ndnsuEeR
@ el & Taft SSanduaRe qremR gae
Fafee UeraN & SRR 9w anferinfar
(136 uftge) & arehl &1 & e ol |
m%ﬁqﬁ—wowvﬂﬁsmaﬁ
i e e el 3 TS g
T &

EEEREEICH
@l §IR e e | 26 BaeR W A et
g% &) |t w0 81 100 ThET H fag

N@w - BERH-

HIURA

EAaPEP s B@r

-

BEER UGUE B Thics qoia fhar T R wea e
Fﬁaﬁnaﬁﬁmﬁwmwm%awmﬁﬁzonﬁrmﬁm
WWW|WWWWHW?:W§Q
st AfaeriiesT & feg foas drt & srgaiae weeaar
waﬁmaw fora=m, aafdm g gEhfEm &

¥ B T el e @ aruis smniE anfaw diege

%—rm b Ioihd &9 @ A UH B9 FaweRn el & ue
HIEET WS T |

EEE HEgE WeeY § Gamae & @8 3
fae drhar doiis

ST e & UTesy & arerd T A UTEER s
09 @ IATT g IR smenfve Areteer B ¥ G
W U qU (HRET ) gE dmT a0 ) ® fadm &8
arET AT §6E I ST uraey & qrens A0 4 g @
do @ Memae w1 @i & fov e ey avaeviges
CRETEISe o (QHHIUSIR) e s s )

ol e @t geEear 4 How

zﬁ%m, GUR WBIEhe, ey T FEEn et RiE geg
o] =i W@ 4:3:2:0 F S ¥ vleRiges e ReEw &
AT YRR FA { BN @ G 9w g e gt
@1 Ui g2 | g9 IR A Woethe o orEia (Teeiil.7s wH
ufey ofe) & 21 A o T g uftr dte 205 g @ waifis
Ty wifty 53 wrefd g9 %0 # "Re 3w e (TR,
5 ) W AT (45 ure wfR i) waw gER e 9
W OR U T | heniEE & qrme # oasird oo o gfe
) Fen HTIEEA weme(500 WH Bfa dEn) @ warr & waihd
9ud (396 feh G argd) ura g2 W B w7 o
& o H AR ST & R ol e wle 6 ger # W
S o | 0dis & R w07 § uefl # gemde qen e
gIETs w1 wlentid & wEl Afaniom dun i & am
RN HEHRHS HENdS UEm A | Argenee (70 ),
BIERTRAT (55 M), GIETe (270 TH) do dEitEEE (200 01H)
@ e YO RER @ B welel aul UAN® (140:55:270
a7 G arge) g W FeNhE @ orarll | geet g8 9ud
o<l 89 |
FEIGHAl T DIAS] T4 GaeHETD AT
mﬁmsﬁ?%ﬁ#miﬁﬁf@@%mﬂ (2.2-3.86p mole
s1) @ HH Iuwdiel el § wH B ® y
?Zumolesrn s) g 13 | Aifdres Suet 89
m#mﬂﬂmtﬁzﬁma&
T A W S [ A aE (32




araT T | S Sueidie et # E erTRTer T Hedbiel
¥ wrzee Regew afpgar Aivs U 78 W % a9 9
RaeR Ui IR Mg ATTFHIES $1 429-9217H HiTH a9l
Ui g gty I7H ATSEd ATIAISS BT 621.1183 UH AleH
off T &y sywde ot § a8 aieaer &8 wg 1% 9
5 ufy Radwy ufd O ATSgH ATHATES DI 453.814TUH
Hrew g ui gaedy Ui UTH i3S ATFAES &) 612.994
TH Hred o |

wre fd # Sevmrafis gwn s o uEs
HiAfa® aul Wadadid YHTE

G @uER W 3 I wfvmw & B oaellece H
THUSTITHS ATSa @ MR UX 2050 & TeAldel arfi & @ivf
EEfiT T &) Sifae SR AHM W GR HIE 9 Elic a1
TR H I MO erenfid @ gt & mof s, gy Sarg
T UBIY FIATY[ T AHI TOHH U 9Tg 718 Hletliid &
TG UTE T

MR A5YH el & 9o et Iya o B B e
gfg® o & wufts wiatesl o 7—15 & 9= u 1S g
SRS gewl W AMTos THE sTaE e o ¢
o .-.'] i}'.:-_':r 1211
The BY (@ 39 © Iwed & ufEw @ gaeiet
faan o 2 { T 25 9§ 26 SO T ) OSh W O g8
i gyl o deieE TR § wuld B 8 g weimE
# 100 wRIS TH2 TR 90 wiawd UA2 10 Tfaw ez gamel
¥ 240 AN g & g fyarg 15 wieg 9 & 9 B
e dor, anferanfo § 1 /v =81 <@ T |

HAET] BT

r|_|"'-TT ¥ ISR OY e B AFG ¥ AEsiead
""_3' g A
qﬁ@m—é‘fﬁr (48) 2 WW i 481 (s0) B qor 3

RaRfafea-arefad @) ugfa (68) @M 39« gyawd
M4 (66) T a4 ugforal (85) R HE
eEfead HRIAS § ave Rfdear og ¢ | venrerd—aid
(19) H wire ™A 3t off wafd o ugfoat | fae
HITel fAfdRraT S TS | anyEs ¥ gad far 6 wrenfyE d
HeTdd AP & el § Hgelad srgel |eadl W
AgAHIN & AR 9@ S 2

TS '?.""-L-‘."'f ?;.-___ T‘F

Fren" B WWHS‘H‘%?&EH B ARBIETET AR
WW&W%WW%W##W
N PR A B T AT Y TRy @
Feare, 30 f30 dfowrew w° g O dawr ff SR@forw R
e w7y Safd dTEs = YR qur wWnfe
TGO ) P/Re $ AN qIT Y|

ey as0s
BE ¥ wrely dfted) @ fwg g 9w Ty

Indian Institute of Spices Research, Calj

1\ >\f S Spr \-
i ?C{

—\- e
the i $EI G b IR Gr

'\x_,"*-! tH Tl
fardy 35) o o} gfder (@fi-28) & W §
TR H1 Tg & [0 16 THAR ST 3
qﬁaﬁ@wﬁrﬁ‘ﬂm R Rvar ey
I TG Bl UaRIgee RTe )
e # SR fedse faefas afoRifimn
T YT T |

wes el
%WWEF\;WE 2T 9gT+ 18]
wm—ﬁmmﬂaﬂm
R MU A @ sy A Wi Aeemorg
T el B SRS U Hiand 7 ol
waf & Wafd angaeed ¥ iRNTs
arcafers T 2

e RRARRT X 98 TR A i 1 1
T8 v Riffere & v sgdeed B
anftgs affeerT & Tgan ROE &

sive it

9. farv @ Wi |few] 6 Frenfid sy &
Y. [fBferer Qe UF FHEUET & Aee
Sid Bl 8 | 3 W g IR, Rifters # ufy
FHCTA UIg TS SafS WRfie geaied § |
W, SAPIMST B AR T e TR 1578
IR 3T ST 04/1533(2) = Wk widfesar
g | IR geaifea wEsw wwfadt § |
PHact @ HIETT 7 THE! ARSrS Bl
o eals ) ar e afRed @ &
fod o) engw Tod 3o dem W 820 B AU
A9 A B IR qY UgETd A 3 F BT
Y8GY 9 AT |

T ite

16Wmﬁaﬁf‘mma‘rwmm
Tewigfes Y@ Rar & TR yzaE @

il R TPV BT 2 R T



ndian Insticute of Spices Research, Calicut

o faior 1 Asfm e an @
Ll g &7 ATV ":'".‘ o

@—m_mJ aeiT e AR (i "’) @
=y ¥ gEEr @ g |
we el

e 4 aut 7 Ty 10 IemEE & R 99
we Bcla @ U @ forg gw et e
W&T-‘f{[ﬁ frmida & T f%ﬂm e eiET
o e BTG BT Bies § Wl disy ¥

g g el & el f“—ﬁ?a?mﬂ_of
& wu A B mar B e fid Y sl @
om @ W wR W ERUGAR] @ g,
e Ui @l H siveraaniis 0.0125
ar ufiemie 0.0125 wftera 4r
; 0.075 wfeTa = FARYSR®E
gieweTa @7 U A7 Fegy WU 9 afd
# 3 Afereid dJare, f 9l foser a2
ofRT T FHErS Shae & PR &
e fSas IR SrATT |ftAfer &

15%%&@%

ﬁkmnmlsﬂﬁéaaxaragﬁﬁufésm
9 uRy T SR O aren ufdfiet
H GUEa—3, TAUgAE—14, UAUGATE--15,
USUEATS 35, JMRATR—1 TAAI-3, dg—1,
UTHE-2, THU—7 o A g1 i
wfeafera ¥

AT goradr 31 dHe)

SR gl 3 TS 3N sfeals
ST ) o # MR e & S
ISR vracr 1 gt Y | R, T
AN Aem B sorad ¥ sefiims O B
IO BHEE 10, 5 d 14 ufdgd wg T |
BEmd Urergd § URAE saradt § 33
FEITEE, TCHIAT &) SATdD | 26 T2 AN cidbi
BT SATTH H 36 BUNSS T MU T2 390 U
Wit T Fregt § 22 BT o O @ SR
WEEE A udl wAr fb wRA™ gorrEr
18-Fmsiiel oen ool evfoTse veee #§
G § | TS| g Selsl B gEradr o)

A®a - n@Eenns

IHAPEP s @

el § HREY e 3 wn A | e o ey
ferTegel @1 @ Winen gonaa & W@ie B et &
gagdl & fae 2 diue FifReefin e
TARTR A 7 (e 3) SR wIERdTeNgr (@G 2) % T
a7 fteal & I, @ot TG D E, We dreg i 8§
Ui W@ de W A § B g0l B TS | o 3
yrgwere & Ao Reeeen &wer ufemme 739 s
Hole s TR weih g ¥ uft efer 220 et ey
Seaa” faeae sard Rard & 1)

dg e arcta ufawrEe

.M. TH.AR, A, 0 Mes iR Hovho—so3
3P @ AR goAeTE w1 G ARw] 8wl 9 -
g & | Wloudo-893 SR $Wd Wikt GOSN & dgew
g3 3R YeTar 1 R iU 1T | g7 W e e ﬁm‘éi il
SUGT FNe 72 yiafedy g gof WT‘P T WIHT ¥

¥ gﬁdl T T 21 gl FEeeeEs | -;ﬂhm"r““"»m
T %’l\‘ el "JT§ TF:;F

L et =0

SR, FFANS HUR AR Swreas e

w7 W arell ufafei | ufafte 184, 558, 246 3R 537 H 3 |

Tfcrgd ¥ &4 9 ® Wi 2 uiaed W AR T 7oy 6.5 Ufdwa
¥ RIS SRt o | S dd arely fevr 5 ufafe 162,
50, 57. 411, 225, 201 30X 197 ® 2 Uiqqe ¥ ifd e urd
g, wfafte 50 o 57 # 65 ufdwd O sl afornfim arm
2 ufafee 197, 217, 228, 411 & 3 W@ F B Yo FHam | At
JERE B AagAl # Gura d ufdfte @fafte s81) 79U 3R
gfafee 420 5 S=g o B gy AT JWG&Q@@G%Q
(FTUECT) B gD WaANel Sdad & T Gud I W
AR (27.6 FFYSIST), TR TR BT LTS wTd ST (10,
44) S TR el 9egi¥ ( WaH & 24 U< 91¢ 3Ed g
1209 FOUH) 3R TI—gETOT & afiawm o¢ TRAT gl BT
SR WIS U M | g R A S @1 aRe B By
A SeFEAl & fOTU Iuyed g1 Hepdl € o

FovE § witm 999 o @ o umwdde @ §eod
FAT

ot 2 & i dah & & A A BN / S
ST BT SAETeS Aoy 90 UrdT AT | WS QR B
P! dUd B 145223 B GRER ¥ 60 SLUML TR URMAS
T & BRERE /e & FEaa B AR 3R IR @
2R Q1 TR i (o.suftgd) @1 Uity fSdE B B A
69~150 SRS @ UREx ¥ oIl Off Wbl | U BT 108
I 9 TF B NS US B 9 @I 20 UHE 9 Ifire
g f o W | SN, BIepRY, We 4R e @
TrRfRTE FaT SERT WRT W SR 10,15 3R 20 fsowo /@0

l{"-.



iﬂtqﬁﬂ fosar T | aETEs &

w?ﬁwmg,1z43ﬁ?114ﬁmﬂmﬁﬁmﬂﬁ
i e )6 w17 uftvad der—q3 vl o | arar A
mmmﬁwwwnwmﬁam
& Aoy A 1426 WOAT SRS ST WS @ 9 OAD |
aravd H Y T T 9O W HET SaiteEs wE
Ta UR HHih, ifd® A7 SERE SuEl | 9 g9 b
wAfET gorell @ araia whREiREE wen affwas of
wWate waiha AR o w96 sy § gaRuiee
wey st oy | faeeey Wy " wEe SaurR § sam
e e A7 |

FEXHm @ WATedl (EeAraea)

eV H wel Ve [oe W e TEen TR 646 W B o
IFIRReT Hefr UTET 30988 e Al § 0@ v AEeE |
TN H W R T guar @ 4 g e B setw 8
IR T 409z 77 WH T e g A8 e fE o)

Hg fame

HEEF H, UG [FTeH YA UaeA & Ty rEeiade i
(QHTE.ATTS TH SR —51.WF HTE U o —6), geerersfes faim
(@1 ¥ —35) & Fare [Wi-28) HeTddTE-E=ETON 0,125
G S ERETSTE 0.2 gfie @ g T T | 3 E
WT1W‘WW¢MWﬁW“‘TW
&g uT | 3O Sfafan AT §uR o ST e
N@TE W |

CINIE |

T T W Aged e e wfai S ol & fay ged
&l B A qUEe Al e AT ang ang od -
U 37 STE0S0TA0NT—HaTen SFATGT @1 & | S e
5ﬂ??rm?ﬁ&rﬁzﬁrﬁﬁ{ﬁ=fﬁwwrﬁrm~w=ﬂﬁmcm
I @ wiEEEe aren 2

el B WAl (g

Boul W @A 6 Joo @ Wiy ueel Ruwtiee sy fGawl W
fehelt Ten dren 3571 sy fREwl § 9@ T | wed) A gEN O

& T Ul B Gean % AE S sen) Ges e ) ge 8
ufet @i 11867 avf WA @1 qme ued é= e fEar T

FYgHr wanta @1 vwmtE ey

FVHH oA & arerdiel O w1 oA i ey smnfRa
HERES ey v 4 oA wen 5 o ovdRE | a9 9
ifEmER wfieRr (@8 o), U aw o Wiforr sl ot
AT ¥ {36 Witere) 9o e @) W o gftyed o

E’t& trd .

gegH wwng @ fatdew gad
fFrasterm
36 WAHWA R & Mt i
fyreren | e wEn 9 e Oiomrg
GERRUT Sei UY ST WA e g
T YRR & | R B U of
el e i s R R
BN & fore g1 e O TR T & e
e oA 9§ ey R o
qg famers
fferem Ypfevaes @) = He9, aibem
FREA G e Wl A g B UG A
W ARSI Wid O T | e A
& T GG § AN § BT 8
# I07 B B ® Y FEw GO a
wgwFelaar e § )
godl & g @rem (e de) & od
& forg #aro 0.2 witem, HerteTe—deh
0.125 wfee, &1 &verE (i-26) (s07m /4
T Ee @ smper o font wie H e
w:wﬁwﬁmgmﬂ Br
ST |

m m mﬁr mﬁ
EEs {ﬁhﬁhﬁ?‘ T I I
TR (26% W I TeBI) o1 WAl A X
# fib 10 e @ SRR (AT, Fled
Hﬂlmu‘&z}ﬁuﬁmwm;?aﬂ
wftwa Wg 9w ¥ wifta #1 72 wae fad
262 O uiT 9 A | FHH geren d 025
ufetee wE w1 A Bl & S v 78 T
WA e o | UmETET § wa e ov
R E B EEa e w
R U @ B e usdt e @
A W AT D SN GRS Ao T
2 | vl wefifde ANEE i ueE 9ee B
TFRfee 473 T QY TS A @GR g
T O T FAET Santear S o (e
& ARME TR e |

Tl § g v F fav gtam
FRe

g=at | 15 20, 25 Thomm /8= 4 temw
oI ] & eI FIZETEE, FIERRE, WEW

- AOR v REEM 0 A A+RP < 2@



e of Spices Research, Calicu

& apeis SOV TR SR R
@y au @Y WA fEE T
geftg fsed@ @ w0 A
ﬁqgfraumc T TETER 14
63 froT0 /5 o | T £
AT —1 Hfded, —20 BT
F 277 | T WP W g A
gy temam § 12-20
Bifer FT & WH— A
ﬁm ST S % |

mmrmﬁ@aﬁﬂf@
H ug A g @ 8 e owh

£ | g UM 0.58-0.8 @ AlE

HremafeaT e vr dsras 80 uitwd
THEIAI UTE T | 9 g Haforat
e A B gEEE W@ T |

-|Mﬁwmm
TE-TH U H IR F FY A S
Tt & amyR o W=TEEE 9 6 gl

AEteTE Al qufieter g defiel doiiTe
CT4Y @ TEETT o HewE @ w q @ 0 |

WHag wAf o wowgees 7 W dage deine
U U Hed B wd H oAl |
TR @ Fae

i'???ﬁrﬁmg?%aﬁerﬁ mﬂﬁwﬁr@gﬁ F
AT Tt §Y WA HRmE—NTS, FEga

s - RBra B A RP s 8@

e e [EAY) & = & oo &5 5
A fhar 7| THEIEE R e oo i §
I SR UL AT Rl AREE W AReyl sro g
a5 & | eitfen & AR g 4 e aw lﬂr-ﬂr
o Sl iR aF
{5.21), w fC@zifar (33)/ | A war #i ﬂrsmﬁ‘m,
it e (0.123), oft Fmver (poos) e (
003) T W fSaeiN (0156) @ w9 W GrE |

afyen & gaaee R Hyaw fase dE
Fyget oy

'||'|.l "’J-ll 1 -

'!'-i_e.%‘-ﬁ aAl @ S ® A

{ARAA F gEEE a8 A wad) e

AR IR
DTS SEeE

FTseTior 31 91 @ ? & TR 4 ® AT a
T P AW W 'F*‘ig YR ETE & | 3T oy FYRTE O
Haar gl & !:”i' e B waliie @ w981

e W A9 &EA AE e {f‘l.%‘-'l‘r A &
gHa

AfFE 9 ST e ArE g e fem @ gga di

FIHH Ao AN SR BIE HIE Wi T meee W

T WE w9 W B N8 AR wEaneRe s i g

WAAEE] WTHHA

T TG a1 B Y 100 § 216 UTHAY gFE &
dra M| 216 COR AT YFE T I o e B
A B1-17 @ ®U o [ T gwe ag 34131 (103 T
iy gfie) o ) eifermfes o= go—22 wim & 4w
AT | WEE SR ATAE-15 (2239 W) o1 | B T
0.0—1.34 Wiowa =1 | = Sl qua ufafen £t 71 den
U HIU—42 9@ |

aregifas d gose § feme & o @ &
fon L dar awfE

@ 350 LR ® forafted e e 9w ua
fird wIsy @ angwfde TR @ Ao T A aEaT o
1.5 10 BT FEIAIA @vd §Y IMiides e & gar eerar =l
HAHAT & |

W‘Fﬂﬂmﬁlﬂimﬁﬂi\ﬂ?‘ﬂjﬁ
uRRaftein WRedwt & o

fIsd gae & AT 3N B¢ B Aidl & IR geH 3R 37
TR e A R g @ fafadeer & sre @ @

,j JI.IJ '..Li.‘d! "

ETT (2.8), Wt Five T (0.27), oSS

qarre forer ¥ wftaes B wiE @ olwg omeR H 37 °




3.0 <1 A1 g & | SRR Frentel S AR ¥ Ut e
2 & 5o &/ P oA well oIk Bl SR el A B SFie
IS arer &5 @7 yRada 39 89 § wAtue e, iR @i
TRy ged § oRads & PR iR- TR
SRY TR, ARAE, HT AR HRY Heodl ot & W H g & |

S g 3% ( A SERARS FeX)

T EfeEd / FEedi

TG TG D FIETIHYRT SRR W T AT STy
5oy daw & war & foRey W W) W BEeine
H AT WUE U WIS wrgeipeiy angdieid] W watad
e et B gt & fo uuntt Shawpel 8 wardia
faftre @ frear ® g9 &9 &g UH JUDIV
Argd--3FE e A RERia g war) ardosndoTTiodRo
o F—TEy o WA e © onnm ¥ udh 3R
wreenti®d wag fearfag (sar sar | &1 wWIgy
@ ATS.UH.AR. 1 LWL (AR, ¥ TP FT
@l uRgren (uiet anfe @ 9wl Suder
grgTREiEeRT as 7 A= sl @ fog A3 dawEe
faremfid 1 & SIY oI o178, U, IR, RAFIeId {Rgd §-fera),
olwa windia wubaa warer sgaaE glvaiem
I twww.aicrps.res.in), T 5T WAAT SITERTT B+, 3OTHY
e s, e e gRier, e |

ifew  afetdia=

w0 3 Gl = diftey affemy oReme & fadm@ 22
AT, 2006 T BTG Pool, STHRITAAE (ARETAET UA B
fagma) grov fear |

S TR TRl O FAEE qRA

[ B -

TR B! & AIE HHREAT ¥ H1a! A 8 680 nfdfte]
273 JERIE] P, 63 ISP PI 1326 Beal P 77 GeT HAAT DY
3l 2540 1 wemar Wit o gfg @ T T

@Tell e
T@Hol BT BT YEEE UTGAURT H AW, HAE SREETT

Indian Instituce of Spices Research,

IRETAAT A T T SR WO 3
A1 TreE (0 suiaa) AR T O (05 afy
T AT qel] el Biea Hig f
Tee) W1 G | Thel et B Ty g
#3A & foru sifge Iwa we Ty |

garaHl
GUIGHART s O A U S @R, Y fig
¥ 73 gATT ghaftedt (1 3R T 47 1=
IR GF b 73) & [T 7€ ¥ WTT (5478
H 547592 TH) WS B ¥ | W U Hie
TEEA B H=H A GIGAYT 7 3I0HI0T0 FR
AT AR P 7 Ry Ty wRe
sa'm—zﬂzﬁﬂaewzsﬁuwa%
(1003ﬂ3‘tr‘r/ua)251m‘m$ﬁﬂas\
IO T T |
HEVEH

® Uyl uaue # weem SR
) & ugeEm WEE § STEfd R W
BT FIT HH g SR O H sy gt
B2 ) Aie bew § anR & werafe § (g
2 wlowe) @ o ﬁarra‘ﬁ?fﬂ‘a‘qrsﬁw
¥ 5.3 yfad @1 HA U
44 ﬁﬁaﬂm{'ﬂﬁmﬁﬁaﬁm SIRE
o Bl g 2|

Eoh]
TEE s B U e HEEs H & 6 g
198, 93, 104, 43, 115 118, 19, 53, 79 P SF
i 3l Anp wife ¥ o oy wiRwy e
ol

diF ¥ 16 THARITE 7 9 & fAvemo
gRT v A% AR fasT e @y Jwedt

DA 16 T AR— || WHE W wefeE
WTGSTEARHAT ¥ Faferd gra 7ar |

NP« BP0 A d8P « 3 @ur



s of Spices Research, Calicut

ck | wpper

¢ resources
od and one accessions (86 wild
3 cu uvaled types) from Attappadi,
i, Wagamon, Vandiperyar, Erumeli
viollem, Walpoi and Canacona
. (Maharashtra) and farmers’
ere added to the existing germplasm
ry. One hundred accessions were
1 Centre of Central Plantation
ssearch Institute, Kasaragod as an
' f:rmplasm repository. Fifty
s were characterized based on

g at IISR. Calicut has 2337
s (1075 wild and 1262 cultivated).
e spike proliferating black pepper
o collected from a farmer’s nursery
d and yielded berries.
varieties
Kerala State Variety Release
ee has approved four black pepper
viz., IISR-Shakthi, IISR-Thevam,
rimunda, and [ISR- Malabar Excel.
akthi is tolerant to foot rot disease.
ievam is a high yielder with adult plant
olerance to foot rot disease. IISR-
‘Girimunda is a high yielder with resistance to
anthracnose disease while 1ISR- Malabar
- Excel is good yielder with high oleoresin
- {13.6%). Two promising foot rot resistant
black pepper hybrids namely, HP-490 and
HP-521 were identified.

Biotechnology

Field evaluation of Tissue Cultured (TC)
Plantlets in 100 trials covering over 25 ha in
the states of Kerala and Karnataka indicated
that the TC plants showed good establishment

@z - @Eeap -0 4485~ 2@

Executive Summary

and 20 percent of them showed early flowering. Molecular
characterization using ISSR markers indicated genetic
uniformity among the TC plants. RAPD based molecular
profiling of traded black pepper from India, Vietnam,
Malaysia and Indonesia revealed a distinct clustering
pattern of the iraded black pepper in conformiiy with the
country of origin. Defense related chitinase was found to
increase in Piper colubrinum after challenge with
Phyvtophthora capsici and peak activity was observed at
O howurs after inoculation. An internal fragment of 313 bp
of a putative chitinase gene comesponding to [04 amino
acids was cloned and showed similarity 1o known chitinase
genes from plants.

PCR technique to detect adulteranis in commercial black
pepper powder

A papaya (Carica sp) specific band of approximately 450
bp was found in PCR based method in the market samples
of commercijal black pepper powder. Earlier. a Sequence
Characterized Amplified Region (SCAR) marker was
developed to identify papaya seed adulteration in powdered
market samples of black pepper.

Productivity improvement

Application of plant nutrient solution consisting of urea. super
phosphate. potash, and magnesium sulphate in 4:3:2:1
proportion at monthly intervals along with use of solarized
potting mixture recorded vigorous and healthy black pepper
plants. In bush pepper, apphcation of Sulphate of Potash
{SOP-1.75g pot ") at bimonthly intervals recorded the highest
yield of 295 g pot followed by Muriate of Potash (MOP-
3.5g pot’) and SOP (4.5g pot'). In a pepper garden,
maximum yield (3.16 kg vine ') was obtained with SOP (500g
plant)+ Mg SO, (25g plant”), which was on par with
recommended dose of K as SOP and significantly higher than
control. Among different forms of potash (K), water-soluble
and available K had significant positive correlation with berry
yield, oleoresin and piperine. Application of Azospirilium
along with nitrogen (70g), phosphorus (55g), potash (270g)

pepper vines (21%) compared to control and applical i
NPK (140:55:270¢ vine™') alone.
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Physiological and biochemical basis of productivity
High yielders had higher photosynthetic rate (2.2-3.86p moles
m? s} than low yielders (2.0-3.2 ¢ moles m” s”'). High
yielders recorded slightly lower leaf temperature (32,6 t0 33.7
°C) than the low yielders (32.9 to 33.8°C). Nitrate reductase
activity was high for high yielders during pre-bearing (429-
921 m moles of NO, g* h") and bearing periods (621-1183
m moles of NO, g h'). Low yielders recorded
comparatively low activity (453-814 NO,g' by during pre-
bearing and during bearing period (612-994 m moles of NO,
g‘l hl)

(Geographical and climatic influence on biochemical and
physical quality parameters

Leaf area, plant height and photosynthetic rate of pepper
plants grown in plant growth chamber for four months at 3°C
above ambient temperature (which is the projected
temperature increase due to global warming for Calicut by
2050 based on HadCM3 model) was on par with the growth
at ambient temperature.

The total number of leaf volatile o1l components of Piper
nigrum leaf varied from 7-15 among the accessions collected
from Western Ghats and the geographical effect on
biochemical parameters was highly significant. The percentage
of two sesqueterpenes, B-caryophyllenc (2.1-6.8%) and
Nerolido! (1.4 to 66.2%) significantly varied among all
germplasin accessions whereas another component. Pinene
(1.53-20.3%) (a common component of berry oil} was
recorded from specific latitude 9°29 N'-9°40°N. Pepper
harvested from Ambalavayal in Wyanad district recorded
high bulk density and oleoresin for Karimunda.JISR-
Sreekara, ISR~ Subhakara and [ISR-Thevam compared to
Peruvannamuzhi, Idukki, Yercaud. Dhapoli, Panniyur.

Value addition and storage condition

Process for production of white pepper has been
standardized. Dry recovery of about 25.0-26.0 % was
achieved. Dried black pepper stored in polyethylene covers
under vacuum, 100% N,. and %0% N,+ 10% CO, for a
penod of 240 days did not show any significant variation for
oil, oleoresin, except for a reduction of 15% moisture content.

Microbial community analysis of rhizosphere soils of
standards used in black pepper

Greater diversity in soil microbial community was identified
under Glyricidia-black pepper (BP) system (68), followed
by Garuga-BP (66) and Ailanthus-BP systems (65) than

Indian Insticuce of Spices Research, Ca,

Ervthring-BP (48) or RCC pole-BP ¢
systems. Fungal population was higher up,
Ailanthus-BP (19). while the other sysie
registered significantly lower fungal diversi
The study indicated that the standards us
as supports for black pepper caus
distinctive rhizosphere effects on microbj
community structure in soils of the syste
studied.

Phytophthora foot rot

Morphological ~ and molecula
characterization of black pepper isolates o
Phytophthora revealed thatisolates share
the characters of both P. capsici and B
tropicalis. Production of chlamydosporg
and growth at 30°C matched with P
tropicalis whereas the sporangial characten
and pathogenicity on capsicum was simila
to that of P. capsici. The TDNA sequena
shared 98% identity with P. tropicalis a
P.capsici. Interestingly the isolate showex
100% identity with P, fropicalis based on
secondary structure of ribosomal RNA,
Further PCR-RFLP analysis revealed high
levels of intraspecific and interspecific
variability in the ITS regions among the
Phytophthora isolates from Black pepper.

Biocontrol technology

Endophytic bacteria found effective against
Phytophthora capsici in black pepper were
identified as Pseudomonas aeruginosa (BP-
35)and P, putida (BP-25) by analyzing the
nucleotide sequence of 16s rDNA.
Pseudomonas aeruginosa was found to
induce density dependent systemic resistance
in excised single nodad shoots. The L6s IDNA
sequences of these have been deposited with
Gen Bank. A five-year field trial conducted
at Peruvannamuzhi revealed the potential of
bioconsortia consisting of bacterial isolates
IISR 6. 8, 13, 51, 151 and 853 for
management of foot rot and slow wilt incv.
Karimunda variety of black pepper.

Anthracnose

Eleven accessions/varieties namely
comprising of Panniyur-5. ISR~ Girimunda,
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HSR-Panchami. Aimpirivan, [ISR-
a.  Karimunda (Tdukkil.
an, Jerakamunda (Guodualur).
amunda, and Chonrala showed
'i; 1o Colletorrichum gloeos-

alysis of portion of ORF ] and
Cfrom Kozhikode. Idukki and
stricts of Kerala and Kodagu

ataka revealed variable nature
snces and highly conserved
ng isolates. The Badnavirus
iper longum and P betle were
as strains of PYMoV. DAS-
tracking of PYMoV and CMV
¢ varieties at monthly intervals
concentration of both the

er during October to January.

v 501’ ITS region (3981'!p} of

pupulanﬂﬂs across the
is the first report of molecular
ion of an Indian isolate of R.

k pepper lines tolerant to
hithara capsici were screened
Radopholus similis and Melodogyne
ter. All these lines were susceptible
similis while two lines viz Ace.1578
id Open Pollinated (OP) progeny (04/

‘tcognita in the prt,lmunnr_f screening.
Mﬂﬂgthe four Piper spp. screened, only
Piper colubrinwn showed resistance to both
nematodes. The field performance of two R.
similis resistant black pepper lines. HP-39
and C-820 was superior to other lines for
yieldin a four years old garden.
Biocontrol technology

The species identity of two promising
endophytic bacteria was confirmed through

Ul LY TOWEL REVE 2 EEF T 1T

165 rDNA sequencing. The two Radopholus similis inhibiting
endophytes were identified as Curtobacterium e (TC-
Iy and Bacillus megaterium (BP-17). The bucterial

endophytes Currobacterivnn lutermn DSRTC- 10 significantly

improved black pepper growth characters such as number
of leaves. root weight and total biomass of plants besides
suppressing R, similis. When used as a chitin bused
formulation. besides sustaining the population at 10V cfu ¢!
after 90 days of storage at 28°C. it successiully reduced the
nematode infestation in pepper nurseries. The improvement
of vigour of black pepper is an additional benelit of this strain,
Root mealybug

An integrited pest management schedule involving, planting
al root mealybug-free rooted cuttings i the field, removal of
weeds in imterspaces of bluck pepper vines during summer
especially when intercropped with coffee, drenching
imidacloprid 0.0125% or acetamaprid 0.0125% or
carbosulfun 0.073% or chiorpyriphos 0.075% on severely
affected vines or drenching wbuaceo extract 3% on mildly
alfected vines mnd adoption of conirol measures against
Plrvtophthora and nematode infections, was developed for |
the management ol root mealybug, based on studies
conducted for the past three veurs

Cardamom

Germplasm and promising varieties

Fifteen accessions were collected trom two explorations in
Kerala (Atappadi and Wagamon . including a variant of green
gold with pubescent leaves.
aceessions were characterized based on IPGR1 deseniptor.
The aceessions with high husk w seed ratic are NHY- 1. CCS-
LSy sell & NHY-35. The oil content ranged from 3.9 to
0%. Someof the high oil accessions are NHY-3, NHY- 4.
NHY-13, NHY-35, RR-1 x MB-3. VA-1. AMB-2. MA-7
and CCS-1(OP).

Twenty-six compound panicle

Chemistry of Indian Cardamom
GC-MS study confirmed the superios infrinsic quality of Indian
cardamom over Guatemalan and Sri Lankan cardamom. The
essential oil yield of Indian, Guatemalan and Sri Lankan
cardamom was found to be 10%, 3% and 14% respectively.
Chemical profiling has shown a total of 33 compounds in
Indian, 26 in Guatemalan and 35 in Sri Lankan, and 22 of
them are common among all three. GC profiling of oil indicated

that Indian ::ardamnm isrichin 1, E«-mnen:sle and o-terpinyl
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‘same under field conditions, the initial leaf P/Zn ratio at 60

quantity of linalool as compared to Guatemalan and Sri
Lankan. At low concentration. the linalool gives pleasant taste
to the cardamom. Linalyl acetate, octyl acetate and trans fi
carvophyilene were not identified in Indian and Guatemalan
cardamoms whereas 7 citral, methyl cinnamate, nerol. and
2-decenoic acid were present only in Indian cardamom.

Indigenous nutrient mobilizing bacteria for cardamom

Application of Azospirillum (Caz3) and Phosphobacteria
{Cpb2) recorded maximum number of leaves, dry weight.
total NPK uptake, root colonization and lower discase
incidence. The N-fixation capacity of the isolates Caz3 was
7.39 mg g' malate whereas the phosphobacterial strains
Cpb2 recorded higher solubilisation efficiency of up 1o 220
mg per litre.

Biotic and abiotic resistance

IISR- Avinash, Green gold and CL-893 were comparatively
tolerant to moisture stress while CCS-1 was susceptible. ClL-
893 and its cross combinations recorded better growth and
vield characters, Natural infection of leaf blight on 72
accessions was recorded using 0 10 6 disease ruting scale
and 2[ accessions were found resistant to Collefotrichun
gloeasporivides.

Germplasm, genetic improvement and promising
varieties

Armong the low fibre type accessions, Acc. 164, 558, 246
and 537 had more than 2% o1l and more than 6.5% oleoresin.
with tess than 3% fibre. Amiong the igh oil types. Acc. 162.
50,57, 411,225,201 and 197 are with more than 2% oil.
Acc. 50 and 57 contained imore than 6.5% oleoresin. Acc.
197,217,228, 411 contained less than 3% {ibre. Among the
exotic ginger collections, accession from Nepal (Acc.581)
showed potentiality {or yield and the accession 420 for high
oil. Ginger accession- 1 2 (Erattupetta) was found to be unique
for its colour pattern of the floral labellum, high pollen
stainability (27.5%), high in vitro germination of pollen grains
(10.4), better pollen tube growth (mean length of 1209 pm
after 24 h of culture) and germination of pollen grains on the
stigma on self-pollination. This cultivar appears to be suitable
for future studies to induce seed set.

Nutrient optimization for targeted yield

The threshold value of leaf P/Zn ratio was found to be 90
through second order response function. On validating the

Indian Institute of Spices Researc h,

DAP w the runee of 143223 coyld
hrought into the threshold ringe of 693
after foliar spray of Zn (0.5% ) twice dyg
Auguost and October. By lowering theg
below 108, increased rhizome yield of
2% could be achieved. Based on Lhe {
soil fertility levels of N, P. K and Zn,
fertilizer doses for obtaining yields of 1§
and 20 kg per bed were applied. Zinc
supplemented as foliar spray. The achies
ginger rhizome vield was 10.8, 2.4 and |
kg per bed with a deviation of +0.5% -3
and -43% from the targel. Through targg
nutrient application increased yield of |
26% over recommended dose could
achieved in Varada with reduced fertili
application. The effects of nutrie
management system in ginger such
Integrated, Organic or Chemical treatimen
on soil microbial community structy
revealed that the prokaryotic population w;
highest under integrated whereas f
eukaryotic population was high in bo
integrated and fully organic treatment
Interestingly the fungal population was hig
inchemical treatment.
Phenology

First tiller appeared at 646-degree days will
atotal 11 fillers and the plant attained raturil
at 3096.8-degree days. Leaf growth along
the main stem followed the quadratic pattern,
Total leaf area per clump of 4092 cm? was
noted for ginger.
Soft rot

In ginger, rhizobacteria (IISR-51, IISR-6),
endophytic bacteria (BP35), Trichoderma
harzianum (P-26), Metalaxyl-mancozeb
0.125% and mancozeb 0.2% were evaluated
for the management of rhizome rot disease.
The incidence of the disease was less in the
chemical treatments when compared to
biological treatments. Besides chemical
treatment recorded maximum yield.
Mormeris :

[ 8 :'1. rz_g' : -:':5;1_'—':.

- =

Promising varieties

The 23 Kerala State Variety Release
Commitree has approved two high quality
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varicties viz. HISR-Ajleppes
lb. -Kedaram for cultivation.
a5 are high vielding with more
cumin and resistance o leal

ared at | {(06-degree davs with
the plant attained maturity
days. Leaf growth along the
wed the hinear pattern. Total
imp of 11867 em® was noted

lysis of Curcuma species

o qualitative analysis of essential
a species revealed highest oil
aropmatica (4.8 %) followed
nd C. sylvatica (3.6 %) and

i aphanidermarum was found 1o be
organism of soft rot of turmeric in
s of Andhra Pradesh, Tamil Nadu,
pand Kamataka. Though frequented
isolations along with Py, the fungi
iem and Rhizoctonia fatled to cause
he disease in turmernic.

- Adtrial was luid out in the field to evaluate the
efficacy of mancozeb 0.2%, Metalaxyl-
mancozeb (0.125%. 7. har-ianum (P-26)
(30 g bed ), endophytic bacteria (BP-35).
and rhizobactena (11ISR-51 and HISR-6) for
the management of rhizome rot disease of
turmeric. However. only stray incidence of
disease (D% - 1.59% ) was noticed in the plit.
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Shoot Borer
Distribution and crop loss

The incidence of the shoot borer ( Conagethes punctiferaliy)
was serious (above 25% incidence) in Wyanad and
Kozhikode districts in Keraly whereas in other states surveyed
(Tamii Nadu, Karnataka and Andhra Pradesh) the incidence
was negligible. The yield obtained was only 262 g clump '
when 75%—100% of shoots were damaged when compared
(0 378 g clump’’ when the damage was 0% - 25% of shoots.
Studies on seasonal population of shoot borer on tunmeric in
the field at Peruvannamuzhi indicated that the symploins ol
pest infestation were first observed during August and
maximum new infestations occurred during Oclober to
November. Though the mermithid nematode, the nutural
enemy of shoot borer was observed throughout the crop
seuyon. their parasitisation was higher during August and
September.

Nutrient optimization for targeted yield

Based on the jnitial fertility levels of N, P. K and Zn. the
fertilizer doses torobtaining 15, 20 25 ke per bed yield in
turmeric were worked oul and apphed. Zine was
supplemented us Toliar spray. The achieved tirmeric rhizome
vield was 1.8, 15,8 and 16.3 ky per bed with a deviation of
- 1% - 200 and - 344 from the fised trget. Through targeted
nutrient application 12-20% increased yield over §
recommended dose could be achieved in Prathiba with
reduced fertilizer apphication.
Germplasm collection, conservation and evaluation
Actoral of 20 Garcinda gimmmeenttg and 32 G indicn wild
cotections were imade [rom forest areas in Western Ghas,
Cutof 94 nutmeg accessions evaluated A9YS3 performed berter
yielding 714 fruits and fruit weight was maximum (120 g),

Marker Assisted Selection in Myristica

Molecular profiling of elite accessions of Myristiva fragrans
revealed unigue amplicon in the accessions such as A9/4 (a
very high yielding epicotyl graft with plagictropic shoots), A%
150, possessing very thick mace and apple shaped bold fruits
and A4/22 with unique character of high number of erect
shoots. The study further revealed two major clusters with all
Myristica species and Knema andamanica fﬂl‘ming- a
separate cluster distinct from Gymnocranthera, led
genera of Myristica. Similarity coefticient ran
0.8. M. malabarica and M. beddomer:




Chemotypes identified

Based on leafoil analysis using GC-MS, two chemotypes of
Chneanomm vérum viz., eugenol and benzyl benzoate
types were identified in C. verum. The related species C.
sulphuratum also contained benzy| benzoate as a major
constituent.

Chemistry of Garcinia

Method for quantification of g major organic acid. hvdroxy
citric acid (HCA ). using HPLC from rinds of Garcinida indica
was standardized. HCA showed sigmificam variations among
the four species of Gareinia whereas lveopene did not show
significant variation. HCA content varied [n vartous species
of Garcinia vie. Goreinta cuanmmignifa (2.60, G
mangostang W27, G indieca (520, G Hinelpria 13.3)
Lycopenc in Crarcinda fruits were Tound to be Gereinia
gttt (01230 G waneostana (00980, G indica
(O0.093). and G tineerrig (1), 136,

Vanilla

Comparative anatamical analysis
Comparative anmomical analvsis of internodal region of
Vamitla sp. from Andaman and Nicobar Islands and V)
planifidia revealed the distinct absence ol schicrenchy mtous
hand separating the cortex and ground rissue in the former,
which further indicates that Vandlla sp. from Andamagp and
Nicobar [slunds. is closer (o the leafless species of Vanifla,
Oecurrence of Bean common mosaic virus (BCMYVY)
A virus assoctated with necrosts and mosaic on vamba was
identilied as a straan of Becr commmen) presedie vivey (BCMV)
bused coat prolein zene sequence comparison and
| - | ]
phviogenatic studies,

Germplasm evaluation

The color value of selected germplasm ranged from 1000
216 ASTA units. The highest color value of 216 ASTA units
was registered with ICBD-17. followed by EC-31 (193
ASTAunits). The aleoresin content varied from 9.0-22.0 %,
the highest being with ICBD-15 (22.39 %). The pungency
(Capsaicin content) varied from (.0-1.34 %, The accessions
with zero pungency were EC-7| and LCA-422.

PCR technique to detect adulterants in commercial chilli powder

A Ziziphus nummularia specific band of approximately 350
bp could be detected in a moleculir assay in the market

Indian Institute of Spices Research, @§

Occurrence of Cucumber mosaic virus
CMV

chardctertsed based on cout profien py

assoctated with Paprika

SeCuence,

Since last decade, the average sizel
operational farm holdings has reduced i
3.7 io 3.0 in Wyanad Disirict of Kes
owing to reduction in size of marginal
small farm holdings and diversio
agricultural land for non-agriculty
purpose. The estimated Markov's transitig
matrix indicated that there was a transitig
of area under coffee and black pepper,
predominant crops of the region to ng
traditional crops like arecanul, coconl
banana and other vegetable crops due
the change in socio-economic and ag
emulqgm.lfacmtsmﬁwmg:un.

Bioinformatics Center

New database/software

PhyDisH, a new database of Phytophthon
diseases of horticultural crops, which includes
information on all the Phyrophthora isola
conserved in the National Repository of
Phytophthora at the institute. Sign-O-
Bacteria, a tool for identifying the species-
specific signatures in plant-associated
bacteria was also developed. A digital
Institutional Repository has also been
implemented at ISR using the DSpace open
source platform. DSpice @ 1ISR holds the
full text of research articles published from
IISR. summary of theses, project reports
elc. Bioinformatics center has developed
new wehsites for 1SR library (SpicE-Lib).
All India Coordinated Research Project on
Spices {www.aicrps.res.int, NRC for Seed
Spices. Ajmer and AICRP on Potatn.
Shumla,
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ber 2006.

Aufomation
S the new affice automation soltware
jointly by ISR and M/s Focuz
Kochi was launched by Dr. G
er DDG (Hort & C5) on 22
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. List of registered unigue germplasm accessions

Crop

Black pepper
Reciamcn
Cardamom
Cardamom
Cardamom
Chinese cassia
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resources of spice crops have been
with the germplasm holdings of 680
ms in black pepper, 273 in
n, 63 in ginger, 1326 in turmeric,
ices and 2540 in seed spices.

of scale insect: Research
AICRP spices center at
evealed that the biorationals
eem Gold (0.5%) and Neem oil
e superior to Fish Qil insecticidal
%) in reducing the population of

“center has obtained 1C

Genetic resources of spices at [ISR, Calicut

Crop

Black pepper

Cardamom
Ginger
Turmeric
Nutmeg
Cinnamon
Clove
Garcinia
All spice
Vanilla
Paprika

1C number

IC 547018
1C 349541
1C 349544
1C 349599
IC 349634
IC 370425

numbers (34792010 547992) for 73 cardamom accessions
(CRSP 1-CRSP 73) from NBPGR, New Delhi. Root grub
management trials conducted AICRP spices center at
Pampadumpara confirmed the potential of
entomopathogenic nematodes, Heterorhabditis indicus
(100 [T grub ') applied as drenching for control of root grub
in cardamon.

E—mowmmes

o=
=
o

Ginger
In an mtegrated management of Pythium, Fusarium and
Raistonia of ginger. rhizome solurization (45 min) reduced
the disease incidence and increased the yield significantly,
followed by hot water treatment. Solanzation recorded
tcreased sprouting (92.2%5 ). decreased Pyihitn rot by
5.3%. Fusarinm yellows by 4.4% und Ralstesria wilt by
3. 1% w Solan center.
Turmeric

In a screening trial at Pundibari center, TCP 198, 93, 104,
43, 115, 118, 19. 533, 70, were found to be tolerant 10 both
leal blotch and leaf spot diseases.
Fennel

Causal orgamsim of a new phyllody disease in fennel was
found to be Phytoplasma belonging 1o peanut witches broom
(16Sr-11) group by analysis of 165 rDNA gene.

Number of Accessions

2337
436
684
1040
484
408
233

86
2
93
130

Unique character

High caryophyllene (18.2%)

Compound panicle type, high yield

Basal branching of panicle with green bold capsules
Katte resistance

Rhizome rot tolerance o
High bark oil (4.9%); High cinnamaldehyde content
(90.5%) . :



Indian Institute of Spices Research, Calig

Introduction

[ntensive research on spices i the country was initiated witl
the establishment aof o Regionad Staton of Ceniral Plantation
Crops Research Insntute (CPCRT al Cabicut. Kerak during
P75 b the Indiwn Couneil of Agricu g Rescarch (CAR L
This Regional Station was upgraded as National Research
Centre for Spices (INRCS) in 1986 by merzing with it the
Cardumom Research Centre of CPCRI at Appangala.
Kamatiaka. The NRCS was further elevated to the present
Indiun lostitate of Spices Research (ISR ) dunng 1995.
Location

The laboratories and administrative offices of the institute are
located at Chelavoor (50 m above MSL), 11 km from Calicut
(Kozhikode), Kozhikode District, Kerala, on the Calicut-
Kollegal road (NH 212), in an area of 14.3 ha. The research
farm is located 51 km North East of Calicut at
Peruvannamuzhi (60 mabove MSL), on the Peruvannamuzhi-
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Poozhithode road in Kozhikode District. if
an area of 94.08 ha.The Cardamom
Research Centre. Appangala (920 m above
MSL) is located at Appangala, Kodugy
District, Karnataka, on the Madikeri=
Bhagamandala road, 8 km from Madikeri,
in an area of 17.4 ha.

Mandate
. Toextend services and technologies 1o
congerve genetic resources of spices

as well as soil. water and air of spices
AEIOECOsyslems.

. To develop high yielding and high
quality spice varieties and sustpimable
production and protection svstems
psing traditional and non-traditional
|',_".'|'r|||lli'li."‘- and novel b nechioh :':'T::L'i:! l

ApproRe les

)
Wl PRI LAY BLTt: t.BF L 10 l



=

o develop post laryes| wehnologies ol

pices with cmphisis on product

glopment and product diversitication
for domestic and export purposes
setas a centre for troiming mn rescairch
adology and technology upgradation
ices and 1o coordinate national
h projects.

monitor the adoption of new and
5r, technologies to make sure that
arch is targeted to the needs of the
wnity,

srve as 2 national centre for storage,
jeval and dissemination of
logical information on spices.

:»;n ps on which research is being
atthe i:munamdudahiadtpupper
im), cardamom {Elettaria

fragrans), allspice (Pimenta
cinia (Gareinia gunmimi-gutta
lic), vanilla (Vanilla planifolia)yand
({(Capsicum annim).
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Homepage of www.spicesoresin - The official website of Indian Institute of S

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

Research on various aspects of the mandate crops is
conducted in three divisions. namely, Division of Crop
tmprovement & Biotechnology, Division of Crop

Productiom & Posi Harvest Technology and Division of

Crop Protection and Social Sciences Section. The other

Facilities avallable ar the mstitute include Agricultural

Fechnolooy Information Centre. Agricultural Research

lelormiation System. Biotnlormatics Centre and Krishi

Viavan Kendra. The wmstitute also fundtions as Lhe

headguarters of the ANl India Coordinated Research
Progect on Spices. and Indian Society for Spices. The

mstitate has linkages with several universities. research

insttutes: and developmemul agencies for collabharative

reseireh and developmental activities in spices.

Budget
- . R B = T [l
Mhe rotal budeet of e institute was Ry 4950 [akhs |
during the vear. which ineluded Rs. 90.0 Likhs under Plan
and RA05.0 Jakhs under Nop Plan. In addition, Rs.

PSOLO Takhs was alse received as Tunds from other

ARUTICILS.
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i_r'u"l anagemeani Commiltes | Headauarters
Calicut

Research Advisary
Committee Experimental Farm

Director FPeruvannamuzin l
[7in stifute Hesearch |

Committes
— l Cardamom Research
[ Division / Sechian Centre, Appangala

{Genetcs and

Cytogenetics

Plant Breeding Krishi Vigyan Kendra
Crop Improvement and Economic Botany Peruvan%amuzhi
Biotechnology Horticulture

Biotechnology

l' National Informatics

Cenire on Spices -
Agronomy
Crop Production and Past SQ" f C'e,”ce b i A
Harvest Technology 106 me'sw . . .
Organic Chemistry Administration and
Plant Physioiogy Accounts

J | Agricultural Engineering

| AICHP on Spices

Plant Pathology

’—l Crop Protection Entomology :lﬁng}ncul.h{n.ral gestearoh
| Nematology | Information System
Economics Agricuftural Technology
—l Social Sciencas Statistics . Information Centra

.____ L

r Extansian

Organization of Indian Institute of Spices Research

Plan Non-plan
Total Rs 405 Lakhs
2.5%
36.7% 75.3%
Bra B Contingencies B Establishment charges  BTA
| B Fguipments B works i Contingencies B Byuipments

e , Rudget of the institute
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Resource generation: Instilute carned a Staff: The institute has a sanctioned strength of 42 scicnilic,
total 0f Ra, 22848047 through sule of 19 administrative, 36 technical and 61 supporting stutl.
planting matenals. biocontrol agents, training,

publications and consultancy services.

Staff position of the institute

Category Sanctioned In paosition Vacant
Calicut Peruvannamuzhi  Appangala
(HQ) (Farm) (RC)
Scientific 43 28 3 4 8
Technical 36 17 13 5 |
Administration 19 |7 - I 1
Supporting 1 27 14 18 2
Total 159 89 30 28 12

Category Sanctioned In position Vacant
Calicut Peruvannamuzhi  Appangala
(HQ) (Farm) (RC)
Scientific - - - - -
Technical 7 I 4 - 2
Administration 2 | ! - =
Supporting 2 z 2 B :
Total 11 2 7 - 2
PAST ACHIEVEMENTS |Vl._'}||‘\|‘_..,|”l._.tl:|" “I‘,“'I:Tllﬂ II,”,IE Pl .f.alr.'r".'.r.".'-f.'rf el ‘-' |I:?‘1 been
developed. T vitre and i vive propagation methods were
Black pepper: Germplasm collections standardized. Plantlets developed through micropropagation
obtained over the years through explorations were estublished m farmers held in Kerala and Karmataka.
are being maintained at [ISR as well as in Gene conferring resistance against Phyviophthora capsic
other alternate sites for developing improved was isolated by targeted gene amplification using degenerate
varieties for yield, quality, abiotic and biotic primers from Piper colubringan, The spacing, nutrient and
stresses. The genetic stock has resulted in water requirements were standardized for different soil types
release of several improved varieties such of pepper growing regions. High production technologies
as [ISR-Sreekara, [ISR-Subhakara. 1ISR- and mixed cropping systems were developed for increasing
Panchami, HSR-Pournami, PLD-2. lI5R- productivity. Among different forms of potash., water-soluble

Thevam. HSR-Girtmunda, HHSR-Malabar  and available K had significant positive correlation with berry
Excel and [ISR-Shakthi. Some of the unigue yield, oleoresin and piperine. Organic production technology
accessions are registered with NBPGR o for black pepper has been siandardized. Cost effective
New Delhi. Putative transgenic black pepper method for production of disease free rooted cuttings was
plants with osmotin gene conferring developed. Mathematical models for optimum climatic
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fuctors for high production of black pepper have been

developed.

Major pests, pathogens, viruses & their insect vectors and
nematodes affecting pepper were characterized and
documented. Morphological and molecular characterization
of black pepper isolates of Plrviophtfiora further revealed
that 1solates shared the characters of both P capsiciand £
rropicaliv. A RNA virus, Cucumber mosaic virus (CMV)
and a DNA virus, Piger vellow morle vieny (PYMoV) is
associated with stunted disease of black pepper. A method
For simultaneous isolation oF RNA and DNA o infected
black pepper plants and multiplex PCR for simuitaneous
detecnion of CMY and Badnavirus in a single reaction was
stunidardized. Phytoplasima with phyllody symptonss wias most
closely related to members of aster vellows group (165 1)
of Phvtoplasmi.

Integrated strategies mvolving cultupal methods. biocontrof
agents, plant procducty and resistant vaneties were developed
for the managemment of pests and diseases meluding nemaodes
that resulted in substanual increase in vields and pesticide
free produce. Large-scale multiplication of bioconnol ugents

Vsuch as Trichoderma and Peewdomenas for distribution to

s

farmers for management ol disease wius also undertaken,
These organisms were deposited in the national repository of
mieroorgamsms at IMTECH. Chandigarh for [uture reference.
Specics-specitic primers were developed tor detection of R.
similis in sl and plant samples. Black pepper accession
HP-39 and Acc. 1090 were found to be resistant to
nematodes besides being rich in caryophyllene. Endophytic
hacteria found effective against Phviophihera cupsicr and
R. similis in black pepper have been tound. An ntegraied
pest management schedule for management of root mealy
bug has been developed. Post harvest technologies for drying,
processing and production of value added product like white
pepper production were standardized.

Cardamom: Four unique accessions were registered with
NBPGR, New Delhi. [C numbers have been obtained for all
the available 436 cardamom germplasm accessions. Molecular
profiling of ladian Cardamom revealed existence of two
geneticaily distinct clusters such as "Keruia dueﬁat" md

HSR-Suvasini have been deveioped. Two ol
them are mosaic or thizome 1ot resestant and
have been popularized among the armers.
Caupled with production technologies, these
vaneties resulted in the productivity increase
in cardamom. New high yielding varieties
such as APG293, 398, 416 and 250 are
found to be promising. Characterization of
export grade cardamom  from [ndia, 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 ratio, weight of 100 capsules,
number of capsulesin 100g. bulk density and
moisture content. High production technology
mmmmm Drip irrigation and

fumm High quality (nmr&ﬂlﬁn
40% u- terpiny] acetate) cardamom such as
NHY-14, MB-3, NHY-18 and OP-28 have
been identified. The screening programmnie
against leafspot and leaf bloteh resulted in
several moderately resistant types.

Ginger: Ginger germplasm repository at
1ISR is one of the largest collections with
several exotic collection and high quality
accessions. These accessions have been
routinely used in the genetic improvement
programme. An in vifre gene bank was
established for conservation of germplasm.
Three ginger varieties IISR-Varada, 1ISR-
Rejatha and IISR-Mahima were relensed for
high yield and quality. Ginger oil components
have been characterized by GC-MS. A
relationship between leal PI7n ratio and soil
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p/Zn ratio to rhizome yield of ginger has been
established. Post harvest technologies for
processing and technologies for preparation
of value added products such as salted ginger
were standardized. Bacterial wilt pathogen.
Ralstonia solanacearwm in North Eastermn
States. Sikkim and Kerala were tound similar
in a molecular fingerprinting indicating strain
mugration from one place to another. Ginger
strain of R. solanacearum was found to infect
turmeric, cardamom, Curcuma aromaticd,
C.zedoaria, Kaempferia galanga, Zingiber
zerumbet and tomato. Indian Mango ginger
Curcuma amada was found to be free from
bacterial wilteven under tioculated conditions.
The species of Pythinm causing rhizome rot
of ginger in Kerala, Kamataka, Uttar Pradesh
and Sikkim was identified as P myriotylum.
Technigues for ginger seed rhizomes treatment
(forelimination of bacterial wilt pathogen) and
integrated disease management strategy for
soft rot & bacterial wilt diseases and shoot
borer were developed. The improved vaneties
and technologies developed on cropping
system, nutrient and water requirement, pest
and disease management and post harvest
processing techniques were disseminated to
farmers and other agencies through
publication, tralning programmes and
demonstrations, Large-scale multiplication
and distribution of elite planting material were
also undertaken.

Turmeric: The germplasm collected over the
years have been characterized for yield,
qualtty, resistance to pests, diseases and
draught. Molecular genetic fingerprints of
sixteen Curcuma species using RAPD and
Inter Simple Seguence Repeats (ISSR)
technique revealed high degree of
polymorphism among the accessions. Seven
high curcumin and high yielding varieties,
{{SR-Suvarna, [ISR-Sudarsana, {ISR-
Suguna, 1ISR-Prabha, [ISR-Prathiba [ISR-

Ve - SETAh B A4+EP - 20w

Alleppey Supreme and (ISR-Kedaram were released for
commercial cultivation. Efficient protocoi for plant
regeneration through organogenesis and somatic
embryogenesis was standardized. Variations in rhizome
morphology were observed among calli-regenerated
somaclones indicating somaclonal variation. Accessions with
high curcumin and root knot nematode resistance were
identified. Three different curcuminoids (Curcumin, De
Methoxy curcumin and Bis De Methoxy curcumin) could be
separated from oleoresin of turmeric rhizomes by employing
chromatographic techniques. Turmeric o1} components have
been characterized by GC-MS. A PCR based method was
developed to detect adulteration of turmeric powder with
wild Curciana species. The optimum spacing, nutrient and
waler requirement were standardized for different soils.
Organic farming system was developed for turmeric. Basic
data on distribution, hioecology, population dynamics of
Conogethes punctiferalis & its nacural enermies and crop
loss due to shoot borer was generated. The improved varieties
and technologies were disserninated to farmers and other
agencies through publications and demonstrations.

Tree spices: The germplasm holdings of important tree spices
inctude nuimeg, clove, cinnamon including cassia, garcuua and
allspice. IC Numbers for cinnamon, clove, nuimeg and all
spice accessions were obtained from NBPGR, New Delhi.
Cuassia C1 (IC 3704 15) has been registered as INGR 05029
with NBPGR New Delhi for its high oleoresin content (10.5%)
besides a dwart clove accessions. Two highquality cinnamon
varieties. [ISR-Navashree and {ISR-Nithyashree and a
nutmeg variety, lISR-Viswashree were released. Various
improved lines with high yield and quality were developed
that had a great impact in increasing the production and
productivity of these crops in the country. Nutmeg accession
A11/25 was found o be promising for high yield. Tissue
culture protocols have been developed for nutmeg, Protocols
for DNA isolation from nutmeg have been standardized.
Performance of nutmeg on M. malabarica continued Lo be
better than other rootstocks for productivity. Drying and
processing methods for cinnamon, nutmeg and mace have
been developed. Vegetative propagation techniques were
standardized for nutmeg, cassia and cinnamon. Major pests
and pathogens of tree spices were documented. The improved
varieties and technologies developed on propagation and post
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harvest processing were disseminated to the farming
COMIMuNIty.

Vanilla: Vanilla germplasm consisting of 93 accessions are
being maintained in the repository. This include a flower colour
variant collected from Andaman and Nicobar islands.
Interspecific hybridization was made between Vanilla
planifolia and V. aphylia. 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. Root rot and wilting were found to be a major
problem 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 inctdence ranged from 2% (o
80%. Cucumber mosaic virus (CMV) of vanilla (Vanilla
planifolia Andrews) was characterized on the basis of
biological and coat protein (CP) nucleotide sequence

ndian Institute of Spices Research, Calicut

properties. which showed that CMV infecting
vanilla belongs to subgroup 1B. A virus
causing mild chlorotic mottle and streaks on
[eaves of vanilla was identified as a strain of
Cymbidivin mosaic virus (CymMV) based
on coat protein gene sequence comparison
and phylogenetic studies.

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

A0 2 REBEM B AAPEP . u @
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Genetic Resources (P. 28)
Crop Improvement (P. 28)

Climatic and Physiological Factors in Relation
to Productivity (P. 31)

Nutritional Trials and Organic Farming (P 33)

Soil Quality under Spices Based Cropping
Systems (P. 34)

: Phyiophthora Foot Rot (P. 35)
Anthracnose (P 37)

Stunted Disease (P 38)
Nematodes (P. 39)

Pest Management (P. 41}
Drought Tolerance (P. 41)

Quality Evaluation and Post Harvest
Technology (P 42)
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Black Pepper

1. GENETIC RESOURCES

Collection, maintenance and multiplication: One hundred
and one accessions including 86 wild and 13 cultivated types
were collected from forests of Western Ghats, Attappadi,
Struvani, Wagamon, Vandipeniyar & Erumeli in Kerala, Dapolt
in Maharashtra and Mollem, Walpot & Canacona in Goa.
Culiivars such as Chomala, Kunyilamundi, Muttuchiramunda,
Jeerakarmundi and Vadakkan found surviving in farmers field
were collected and added to the repository. At present, the
germplasm holdings of the conservatory include 2337
accessions. New planting was carried out in the wild
germplasm field. Fifty more accessions were planted at Kidu
center of CPCRI.

Registration of germplasm: Fifty accessions were
characterized morphologically based on IPGRI descriptor.
A black pepper accession rich in caryophyllene was registered
as a unigue germplasm (INGR 06026).

Biodiversity: Total chlorophyll, total carotenes, phenol and
biomass were estimated in 148 accessions of Piper nigrum
leaves. Total chlorophyll varied from 0.0389- 0.176 mg g/,
carotenes from 0.021-0.075 mg g, total phenol from 0.3 14-
1.188 mg g and biomass from 15.25-29.5%. It was found
that phenol and biomass gave significant relation with
environment. Cluster analysis using SPSS soft ware gave five
clusters. Factors responsible for the segregation of the cluster
were found by principal component analysis. Pirst component
extracted 91 and 92% of chlorophyl} and carotene percentage
respectively, whereas the second component extracted 77
and 68% of biomass and phenol respectively. The five clusters
were tn conformity with biornass and phenol concentration,
the analysis revealed.

Spike proliferating black pepper: A unique
black pepper accession with ‘proliferating
spike’ collected from afarmer’s field flowered
and spiked in the black pepper repository at
Indian Institute of Spices Research farm,
Peruvannamuzhi,

2. CROP IMPROVEMENT
Conventional approaches

Varieties Released: The 237 Kerala
State Variety Release Committee has
approved four Black pepper varieties
viz., ISR~ Thevam, [ISR- Girimunda,
IISR-Malabar Excel and 1I1SR-
Shakthi. Besides being suited to high
altitudes, IISR- Thevam is high yielder
and having adult plant tolerance to foot
rot disease, JSR- Ginmunda is high
yielding and resistant to anthracnose
disease while LISR- Malabar Excel is
good yielder wilh high oleoresin
(13.6%). IISR-Shakthi is found
tolerant to foot rot disease.

Breeding for high quality: Crosses
between IISR-Subhakara as female and the
short-listed high caryophyliene lines such as
CLTP 123,122, 24 and 7 were carried out.
The quality attributes of the high caryophyllene
Jines are furnished below.

Breeding for resistance to biotic and
abiotic stress: Seedlings obtained from the

Quality attributes of high carvophyliene black pepper lines

Accession Bulk density Oil Oleoresin Piperine Caryophyllene
gLh (%)

CLTP-122 534 2.3 7.7 3.62 17.0

CLTP-7 537 36 8.3 3.6 15.4

CLTP-24 569 F3 8.9 2.57 19.4

CLTP-123 525 33 8.6 3.28 18.2
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crosses between 1HISR-Subhakara x HP 39
and thirty seedling progenies of induced
Palyploid CS were maintained for evaluation
for nematode resistance. The pollu tolerant
lines suchas Coll. 816, 841, 1084. 114 and
progenies from [ISR-Subhakara x
P attenuatum were crossed with HSR-
Subhakara. Several progenies obtained were
raised for preliminary evaluation against pollu
beetle infestation. Inter-varietal hybridization
for drought resistance initiated with IISR-
Subhakara and Coll. 1435, 937, 813 yielded
berries inall the crosses. About 100 seedling
progenies of natural polyploid *Vadakkan’
were raised using the seeds collected from
Sandalkad Estate. Mercara.

Biotechnological approaches

Evaluation of tissue cultured black pepper
plants: Tissue Cultured (TC) plantlets
{10,000) were field evaluated in 100 trials
covering over 25 ha in the states of Kerala
(69 ha) and Karnataka (31 ha). The TC
plants showed good establishment and 20%

R
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Good establishment was observed in Kasaragod Disirict j
followed by Kannur and Wayanad. The establishment of TC i
plants was better in Kerala than Karnataka. Molecular 1
characterization using ISSR markers indicated genetic M‘l}",”

uniformity. Observations on growth characters of tissue culture
plants supplemented with biocontrol agents revealed that the
biclogical control agents were performing well with TC plants
than that of normal plants.

\y/

i

g/
W i/ /

5
of them showed early flowering. Twenty nine
percent of the TC plants were planted on
Silver Oak followed by Arecanut (27%), Performance of tissue cultured black pepper variety,
Coconut (16.4 %) and Erythrina (16.3%). I1SR-Panchami in field
25 9
[J TCplants [ Normalplants
Plant  Internodal  No. of No. of Leaf Leaf No. of
height length leaves lateral length breadth main
(m) (cm) branches (em) (cm) shoots
Growth parameters of tissue cultured IISR-Panchami
e
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U [ TCplants [ Normalplants
1 _Ij 14 = 1
Wy
1) 12

height length leaves laterad

(m) (cm) branches

Plant  Internodali  No. of No. of

[eaf | Leaf N. of
length breadth main
{cm) {cmy) shoots

Growth paramefers of fissue cultured IISR- Subhakara

Early flowering in tissue culture derived plants: Twenty
percentage of the tissue culture plants produced lateral
branches and spikes within a year after planting. Laterals
., emerged after the monsoon and spike formation was noticed
#/ " inthe months of July to August. The fength of spike ranged
from 9.8 to 10.7 cm in [ISR-Panchami and 2.5t0 42 cm in
IISR-Subhakara. Ounly one spike could be observed per

lateral. Early flowering and production of
spikes were found to be more in irrigated plots
than the plants under rain fed conditions. The
inter-simple sequence repeats (ISSR-Primer
IS10: 5°-gTgTegTgTgTgTCC-3") based
genetic stability analysis revealed that the TC
black pepper plants were genetically stable.

Molecular tools for varietal discrimination

Three primers such as ISSR-20T/16, ISSR-16/14,
ISSR-02T/16, among the twenty ISSR primers used for
molecular analysis of seven released varieties, yielded
good number of polymorphic bands. Unique bands were
obtained in IISR-Shakthi with various primers (ISSR-
07-2800bp, ISSR-3G/16-300bp, and ISSR-4T/17-
2000bp). Cluster analysis showed unique nature of [ISR-

Shakthi, which showed 93% identity with
IISR-Malabar excel. PCR based
identification of hybrids has been
standardized. The ISSR based molecular
profiling could clearly distinguish four of
the released varieties.

5 Wl S S TN T B

3000bp ——
2000 bp 5

500 bp

M-Marker (500 bp ladder), Lane 1-7: Panniyur- 4, Panniyur- 7, IISR-Shakthi,
BSR-Malabar Excel, ISR-Pournami, IISR-Sreekara, IISR-Girimunda

Varietal discrimination by PCR based method
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nolecular characterization of traded
black pepper : Molecular characterization
(RAPD) of the traded black pepper from
India. Tndonesia, Vietnam and Malaysia was
completed. One hundred percent
polymorphism was observed 1n primers
QP113 and OPJIB. The UPGMA
dendrogram constructed based on the
similarity coefficient revealed a distinct
clustering pattern of the traded commodities
in conformity with the country of origin.

Dendrogram of the traded samples of
hlack pepper obtained by UPGMA cluster
analysis

Cloning and sequencing of a gene
confering resistance: PCR based gene
walking in Piper colubrinum by
amplifications using degenerate random
primers and R gene specific primers from the
cloned fragment of 252 bp was attempted.
Targeted arplification of chitinase gene was
achieved from mRNAs isolated [rom P
colubrimum inoculated with Phyiophthora
capsici. Cloning and sequencing of the
amplified fragment (313bp ~104 aminoacids)
was done using standard protocols. Sequence
comparison of the deduced amino acid
sequence of the fragment was done with

@z -2@enm 08 ritBP - 2@

NCBI-BLAST 2 and revealed to be closely related to
different classes of chitinase genes isolated from other
plants.

A marked increase in chitinase activity in the inoculated Jeaves
was observed, with maximum activity after 60 hours of
incculation and gradually decreased thereafter. Older leaves
showed more chitinase activity than young leaves, The level
of chitinase in black pepper upon inoculation was found to
be substantially high when compared to P. colubrinum. RT-
PCR using chitinase specific primers revealed differential
accumulation of MRNAIn £ colubrinum leaves inoculated
with P capsici.

Molecular Mapping: 115 lines of mapping population of
TISR-Subhakara X Panniyur } were maintained in the field.
Additional 70 lines were also planted in the field this year. 97
progenies of first set were analysed by ISSR profiling. A
block of mapping population was developed with [ISR-
Shakthi and IISR-Sudhakara for crossing.

Transgenic black pepper: One hundred transgenic black
pepper lines carrying transgene. Osmotin, was developed and
is being multiplied for large scale screening for Phytophthora
and drought resistance.

3. CLIMATIC AND PHYSIOLOGICAL FACTORS
IN RELATION TO PRODUCTIVITY

Response of black pepper to increased temperature:
Based on HadCM3 RCM predictions for 2020 and 2050
for the grid covering Calicut for A2a scenario, the increase
in T for Calicut would be about 1.7 degrees for 2020
and 2.7 degrees for 2050. Similarly. increasein T, would
be about 0.5 and 1.5 degrees respectively. Based on this,
an experiment was set up with [0 varieties of black pepper
in growth chamber with set temperatures of 2.7 and 2
degrees increase (over 20 years average) in day and night
temperatures respectively. The percentage variation in
growth parameters (plant height and leaf area) was less
than 10 after 4 months of growth at elevated temperatures.
Growth parameters such as height of the plant and leaf
area were not affected by elevated temparature. When
assayed for photosynthetic rate there was very little
deviation between plants grown at normal and elevated
temperatures indicating that elevated temperatures of 2-3
degrees may not have much impact on the growth of black

pepper.
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Effect of elevated temparature on growth of black pepper I
Quality analysis of black pepper berries collected from 95 Physiological and biochemical basis for |
locations covering major btack pepper growing regions of productivity : Nitrate reductase (NR} |
Kerala, Karnataka and Tamilnadu indicated that oleoresin activity was assayed in leaves and berries of
content did not vary significantly in varieties among the high and low yielding black pepper
localities. The mean temperatures (T} of different coastal accessions during pre and bearing periods.
districts of Kerala varied from 31 to 34 degrees during the NR activity was significantly higher in Jeaves
collection, which further confirmed that temperature did not compared to the berries in all the accessions
influence oleoresin content. Interestingty samples from higher both in high and low yielders. Further, the
elevations of Kerala, Karnataka and Tamilnadu showed activity was more in leaves during bearing
f slightly lower otl and piperine content. period than pre bearing period. HP 1411
<«
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showed hishest NR activity while lowest
activity was seen in IISR-Guimunda during
pre bearing and accession 840 during post
bearing stages. Among berties, accession
1535 showed highest activity and HP 780
the least. Sucrose phosphate synthase activity
afso differed significantly wherein high yielders
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Photosynthetic rate of Pannivur 1
and ISR - Sreekara at varying
temparature

showed higher activity than the low yielders
during both the periods. Among the gas
exchange parameters, the mean
photosynthetic rate of high yielders was
higher (3.1 p moles) than that of low yielders
(2.7 pmoles). The highest photosynthetic rate
was observed in Panniyur -1 (3.9 pmoles)
while accession 4112 showed lowest
photosynthetic rate (2.0 1 moles). The mean
transpiration rate (1.3 and 1.3 m moles in
high and low yielders respectively), stomatal
conductance {0.06 and 0.035 respectively)
and the mean leaf temperature (33.2 and
33.6°C respectively) did not vary significantly
among high and low yielders. Similatly,
isozyme profiles of SOD, Glucose-6-
phosphatase and Leucine Amino Peptidase
also did not show any relationship with
productivity. Correlation among productivity
and different parameters revealed that starch

(Il YO, FUNOR KPP 5B T T

content in the berries had significant positive correlation
(r=0.75) while leaf temperature showed significant negative
correlation (r=-0.58). Photosynthesis and SPS activity
showed weak positive correlation indicating their non-
influence on productivity.

4. NUTRITIONAL TRIALS AND ORGANIC
FARMING

Comparison of nutritional systems: Integrated, organic
and chemical systems were compared for black pepper
cultivation. Highest average fresh yield (2.1 kg vine'*) was
observed tn integrated system, which was on par with
chemical system. The organic system recorded the lowest
yield (1.4 kg vine'"). Mortality of black pepper vines due to
disease incrdence was high under organic system.

Evaluation of Sulphate of Potash (SOP) as potassium
source on vield and quality: [n bush pepper, application
of Suiphate of Potash (SOP-1.75¢ pot”} at bimonthly interval
recorded the highest yield 0f 295 g pot™ followed by Muriate
of Potash (MOP-3.5g pot™) and SOP (4.5g poth). in a
pepper garden, maximum yield (3.16 kg vine ™’} was obtained
with SOP (500¢g plant ')+ Mg SO (25g plant'), which was
on par with recommended dose of K as SOP and significantly
higher than control. Aimong difterent {orms of K, water-soluble
and available K had significant positive correlation with beiry
yield. oleoresin and piperine.

The efficacy of organic amendments in nutrient release
and its uptake: Efficiency of organic amendments in reducing
the P fixation capacity of Peruvannamuzhi soil series was
studied under lab conditions. Addilion of organic manures
like FYM, vermicompost, leal compost and Neem cake
increased the availability of organic and residual P fraction in
sai] and the order of availability of different P fractions was
Residual/ Organic P> Ca-bound P ~ Reductant soluble P >
Fe/ Al P> loosely bound P. Among the sources, vermicompost
and FYM apptications recorded highes buildup of available
P in surface and sub surface layers of Panniyur and Kartmunda
varieties of bush pepper on par with that of chemical fertilizers.
Neem cake recorded the fowest P buildup. Available Pcontent
showed highly significant positive ¢orrelation with Al-P
(0.97%*) followed by Residual P (0.712*%*) and Ca-P
{0.649%*), Significantly higher yield was recorded in
vermicompost application in both Panniyur and Karimunda
varieties of bush pepper. Al-P showed significant positive
correlation with yield (0.62**) and P uptake (0.45**). Step
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i) wise lorward regression analysis showed that Fe-P and
i Avaifable P as the best predictor for yield (= 46.25 + 1.034
I FeP+0.570Avl. P)withanR? of 0.611%%
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5. SOIL QUALITY UNDER SPICES BASED
CROPPING SYSTEMS

Soil samples (0-30 cm) collected from the rhizosphere of
Ervthrina indica-BP, Garuga pinnata- BP, Glyricidia
sepium- BP, Ailunthus mulabarica- BP and Reinforced
Cement Concrete (RCC) pole- BP systems were anaiysed
tor physico-chemical parameters such as pH, organic carbon,
available N, Bray P, exchangeable K, DTPA-extractable Zn,
-Cu. -Mn and -Fe. Biochemical (microbial biomass carbon
(C,,c). Basal respiration (CO, evolution), metabolic quotient
WCO ). dehydrogenase activity und microbial community
structure were afso analysed.

Physico-chemical purameters such as pH. available N. and
DTPA-Fe did not vary significantly among various sfandard-
BP whereas orgunic C levels were relatively higher underthe
tree supports- BP systems (mean 2,3%) compared to the
RCC pole- BP system {mean 1.9%). Though variations in

|ndian Institute of Spices Research, Calicut

Al]l biochemical parameters related to
microbial activity in soils showed marked
varjations among the standard-BP sites.
Microbial biomass carbon (ch)
significantly higher in the Glyricidia- BP
rhizosphere (474 ug g'yand Jeast in the RCC
pole- BP rhizosphere (205 pg g'). On an
average, C, _levels in soils under the tree
standards-BP were higher by 51-537%
compared (o the level in the thizosphere of
the RCC pole- BP system. CO, evolution
was higher by 56-64%, qCO, levels by 6-
28% and dehydrogenase actjvi:cy by 45-48%
in soils under tree supports- BP systems.

PCR-RFLP analysis of soil microbial
community structure in the rhizosphere of
various BP systems revealed that maximum
number of species was scored in Glvricidia-
BP system (68), followed by Garuga- (66)
and Ailanthus- BP systems (65). Erythrina-

Wils

{7 and RCC paole- BP systems registered low
;{3;.'- ﬁ the levels of organic C, Bray P. NH OAc-K. exchangeabte levels of diversity of 48 and 50 respectively.
N/ Ca & Mg and DTPA-Zn, -Cu and —Mn were observed  The rhizosphere soils of RCC pole-BP system
o unmng‘f}if i‘:;u‘iuu% sites which was not consistent with the showed a reduced microbial population
type of stundards employed as support for black pepper. compared 1o tree standards-BP systems.
Microbial biomass- C (C ), -N AN ), -P (P ) and ratios of various microbial indices in soils
under live {tree species) and noen living support (RCC pole) of black pepper
Caic(Ug g 423¢ 474a 454ab | 415cd | 205e
Nuic (ug g™ | 28b 32a 29ab 29ab 1 1e |
Puvic (ug g'r)— [ 14.7a 13.6a 14.2a 14.0a 7.2b W
CO; evolution (ug | 39.0bc 34.0b 39.0a 32.0bc 14.0d
5 CO,-C g''day™) J J
Cwmc: organic C 1.96a 2.10a 2.00a 1.60b {.10¢ '
(%) 1 { ’
CM](jZ NMIC JlSlb T 14.8b AIL 14.6b 14.3b [ 18.6a [
CMICZ Pumic LZSS& 34.8a 4( 32.0a 29.6a _[_2843 _,
gCO; (mg CO»-C | 9Na 72cd 86b 70 68de
(g biomass C)’
day™) J W
Means followed by the same letter in a row are not statistically significant at P < 0.05
=
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Relatively higher population of bacteria was
found under BP systems of Garuga (54).
followed by Glvricidia (43). while Enthrna
(35), Atfantfurs (33) and RCC pole (32)
registered the lowest. Fungal population was
high under Ailanthus-BP system (19), while
the other systems registered significantly

ANNLRLS
g

fower fungal diversity (6-8). The dendrogram generated by
UPGMA of banding profiles revealed that the thizosphere
soils in RCC pole- BP and Glyricidia- BP systems were [
similar by 80%. Soils in the Ailanthus- BP rhizosphere was EUU:}.’IJ
found 1o be distinct and showed only 50% similarity with the
rest of the systems. Thus, soils in the Ailanthus- BP

Number of
Microbial species

Erythrina Garuga

W Pro IGS/Msp1 W Euk rRNA ITS/Msp1 [ Pro IGS/Hae NI O Euk rANA ITS/Hae Il
B Pro 16S rDNA/Msp1 ElPro 16S rDNA/Hae Il BFungal ITS/Msp1 O Fungal 1TS/Hae 1l

Microbial community analysis of various black pepper rhizospheres

6. PHYTOPHTHORA FOOT ROT

Molecular Characterization of
Phytophthora capsici: Twelve black
pepper isolates were characterized by
analyzing the Internally Transeribed Spacer
(ITS) regions of the nuclear IDNA using the
primers ITS-6 and ITS-4. The amplified
products were digested with three restriction
enzymes for PCR-RFLP analysis. These
1solates  were also characterized
maorphologically based on sporangial
morphology and caducity. The sporangial
ontogenies werc umbellate and sympodial.
All the isolates produced papillate sporangia,
obpyriform, ellipsoid or distorted in shape.
The size of the sporangia ranged trom 39.0-
83.2umx 16.2 -27 0 um and-a pedicel length
of 82.0~ [38.0 um. Mating or compatibility
type was determined for these isolates by the
single unknown isolate method of whicheight
were Al mating type and four were sterile.
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rhizosphere appeared to be the most phylogenetically distinct.

Ll

RCC pole  Glyricidia  Ailanthus
Standard

These Phytophrhora 1solates of black pepper exhibited I
significant differences in their pathogenicity on black pepper.

High levels ol intraspecific variability was observed in the

[TS regions of all the isulates.
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2tp Kerala
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Phylogenetic relationships among Phytophthora isolates
based on PCR-RFLYP




= -
e L

o laa

b
T

Lo ey

D)

Morphological and molecuiar characterization of black
pepper isolates of Phytophthora further revealed that isolates
shared the characters of both Phytophthora capsici and P,
tropicalis. Characters like production of chlamydospores,
growth at 30°C matched with P, tropicalis whereas the
sporangial characters and pathogenicity on capsicum was
similar to that of P, capsict. The rDNA sequence shared 98%
identity with P. tropicalis or Peapsici. Interestingly the isolate
showed 100% identity with P. tropicalis based secondary
structure of ibosomal RNA.
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Secondary structure of rRNA of P. fropicalis (A),
Phytophthora from black pepper (B)

Host Resistance: Twenty-two hybrids shori-listed as
moderately resistant against Phvtophithora in the preliminary
screening were screened by root inoculation in a sick soil
artificially inoculated with the pathogen along with [1SR-
Subhakara as a susceptible check. The infection ranged from
(to 100% and tiie number of days taken for mortality ranged
from 4 to 45 days. Among them HP 490 and HY 521 survived
in Phytophthora sick soil. Hybrids such as HP 1238, HP
1706, 04-K17 and HP 1383 showed 30% wmortality and HP
13, HP 820 and HP 920 showed 50% mortality by
Phytophthora.

Indian Mnstitute of Spices Research, Calicut

Reaction of black pepper accessions

to Phytophthora capsici

Infection (%) Accession

0 HP 490, HP 521

t0-30 HP 1238, HP 1706,
04-K17, HP 1383

50 HP 13, HP §20,
HP920

75 HP 987, HP 1389,
HP1357, Sreekara

100 HP 206, HP 437,
HP 900, HP 34

Multiple Resistance: When evaluated in
nematode sick soil, the moderately resistant
lines short-listed earlier in 2005-06 namely,
P24-04-1 and [533(2) and 1533 (3), did
not show resistance to Radopholus similis
whereas accessions 04-1533(2), 1578,
1610 and 4077 were resistant to Meloido-
gyne Incognita.

Screening short listed accessions for

nematode resistance

Reaction against

Meloidogyne

04-1533(2) Resistant
P24-¢1-04 Susceptible
Acc. 951 Susceptible
Acc. 1578 Resistant
Acc. 1610 Resistant
Acc. 4070 Susceptible
Acc. 4077 Resistant

Selection from open pollinated seedfings:
Eighty-two out of 32,338 open pollinated
progenies representing 40 accessions
survived in a sick so1l inoculated with
Phvtophthora capsici.
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pisease Management
Biocontrol

Multiple antagonistic potential of
piacontrol agents: The antagonistic
potential of Phytophithora suppressive
bicagents such as [ISR 6, LISR 8. [ISR 13,
SR 31, ISR 151, PB2IC, PIAR 6, IISR
253, ISR 8359 and MTCC 5178 were
evaluated against other pathogens such as
Pythium aphanidermatum, Rhizoctonia
solani and Fusarium oxysporum f. sp.
vaniliae infecting other spices. The isolate
[ISR 853, a pnematode antagonistic
{Radopholus similis and Meloidogyne
incognita) bacteria was suppressive (0 other
targeted pathogens tested.

Compatibility of antagonists: As a
prerequisite to form a consortizm of microbial
candidates, an assay for compatibility of
promising bacterial isolates was conducted.
The data revealed that all bacterial isolates
were compatible with each other. Bacterial
isolates ISR 8, 11SR 13, PB-21C and
PLAR- 6 were compatible with Trichoderma
harzianum, whereas 1ISR 859 and [ISR 51
were not compatible. Pochonia chlanty-
dosporia was not compatible to any of the
bacterial antagonists or T. harzianum. When
eviluated in vive, the combination of IISR 6
and MTCC 5178 performed better than the
other combination.

Field evaluation of bioconsortia: A field
experiment on effect of bacterial consortium
on foot rot and slow decline is underway at
ISR Farm, Peruvannamuzhi. Pooled data of
three years on disease seventy index and
pathogen population recorded at regular
intervals showed that plant stand and vigour
wits better in a consorttum of 1SR 6, 8. 13,
51, 151 PB21C and 853 in the variety
Karimunda.

@ - BEaf -0 AAPEP -~ 2@

Bacterial endophytes against Phytophthora capsici |

Endophytic bacteria found effective against
Phytophthora capsici in black pepper were identified |
as Pseudomonas aeruginosa (BP-35) and P. putida
{BP-25) by analyzing the nucleotide sequence of 165
rDNA. Pseudomonas aeruginosa was found to induce
density dependent systemic resistance in excised single
nodal shoots. The 165 rDNA sequences of these have
been deposited with Gen Bank The isolates performed
consistently well tor Pcapsici suppression in Karimunda
and Panniyur varieties in green house trials, \

lisease Suppression (%)
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Perfomance of bacterial endophytes for
Phytophthora  suppression in rooted cuttings

Bioactive compounds: Two aromatic carboxylic acids were
isolated from the fungitoxic fractions of Chremolaena odorata
leaves. which exhibited 1% inhibition of mycelial growth
of Phytophihora capsici. When tested individually caused
35% inhibition of mycelial growth of the pathogen at 1000
ppriconcentration

7.ANTHRACNOSE

Host resistance: The natural incidence of anthracnose

disease caused by Colletotrichum gloeosporioides was
recorded in 26 accessions of black pepper including 4 hybrids,
10 selections and 18 cultivars. Panniyur-5, OSR-Girimunda
and HP 780 were highly resistant
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Disease Field tolerant

Category

index (%) accession
0-5.0 Highly Panniyur-5, IISR- Girimunda,
Resistant HP-780
5.1-10.0  Resistant USR-Panchami, Aimpuiyan,
[ISR-Subhakara, Karimunda
(1dukkiy, Kottanadan, Jeeraka-
munda (Gudalur), Arakalamunda.
Chomala
10,1200 Moderately 11SR-Sreekara, Chetalfi, [TSR-
Resistant  Malabar Excel. Vadakan, 1IISR-

Thevam. Kalluvally-1, Panniyur-6,

Panniyur-7, Narayakodi

8. STUNTED DISEASE
Detection

Detection of CMV and PYMoV in planting material : A
RNA virus, Cuciunber mosaic virns (CMV) and a DNA
virus, Piper vellow mottle virus (PYMoV) are associated
with stunted disease of black pepper. Since both viruses differ
in the nature of their genome, a reliable protocol was
developed {or the co-isolation of total nucleic acids (both
DNAand RNA) from black pepper. A single tube multiplex
RT-PCR (mRT-PCR) was developed for the simultaneous
detection ol both the viruses. Unique PCR primers designed
tor amplifying 650 bp from the coat protein gene of CMV
and 450 bp from the open reading frame (ORF) L of PYMoV
were used i the veaction. The method was successiul for the
detection of both the viruses infecting black pepper in nursery
and field samples. The method was cost effective, retiable.
and sensitive requinng only small tissue sample for effective
detection and can aid in rapid screemng of large number of
piants for both the viruses. This is the first report on the
simultaneous detection of RNA and a DNA virus infecting
black pepper.

Distribution of CMV and PYMoV in plants during
different seasons: Variation in the concentration of PYMoV
and CMV in five cultivars/varieties (HP-34, IISR-Girimunda,
Karimunda, Panniyur- I and IISR-Panchami) of black pepper
duning different months was studied through double antibody
sandwich (DAS) ELISA. Samples were collected from plants

Resistant accession
INil

Panniyue-3. ISR- Gieemunda, HP-780,
HSR-Panchami, Aimpiriyan. [ISR-
Subhakara. Karimunda (Tdukki).
Kotlanadan, Jeerakamunda (Gudalur)
Arakalamunda, Chomala

ITSR-Malabar Excel, Vadakan, ]ISR-
Thevam. Kalluvally-}. Panniyur-6,
Panniyur-7, Thevanmundi

of these varieties at monthly intervals (April
to March) and subjected to DAS-ELISA.
The results showed varying concentrations
of both PYMoV and CMV during different
months, fn general, the concentration of both
the viruses was found to be higher during
October to January. During March no virus
could be detected through ELISA in two
cultivars namely, HP 34 and ISR-Girimunda.
Among the different cultivars/varieties tested,
the concentration of the viruses was higher in
Panniyur | followed by HP-34 and IISR-
Panchami.

Characterisation

Comparison of ORF 1 and 111 of PYMoV
isolates from different regions : Varability
in the PYMoV isolates collected from various
geographical regions (Calicut, Idukki and
Wyanad districts of Kerala and Kodagu
district of Karnataka) were studied. The
portion of ORF T and ORF III from these
isolates were amplified using specific primers.
The products were cloned and sequenced.
The sequenced region contained 694 to 710
nucleotides in different isolates for ORF .
Analysis using ORFI sequences showed high
variability (38.9% to 97 949 ) among different
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isolates. With other recognized species of
badnaviruses. the identity ranged from 16.6%
to 260.9%. The sequence phylogram
constructed based on nucleotide sequences
also showed similar phylogenetic
relationships. [dukki and Calicut 1solates
showed close relationship with PYMoV from
Sri Lanka followed by Wyanad.

[n contrast to ORF-I, ORF-11I sequences
showed high conservation among isolates.
The sequenced region contained 596 to 600
nucleotides in different 1solates. Pair wise
comparison of the nucleotide sequences of
ORF Il of PYMoV isolates infecting black
pepper in India showed an identity ranging
from 95.1 to 97.8%. Among the four isolates
compared, Calicut and Idukki isolates were
more close to each other. The identity with

- other badnaviruses used in the comparison

~ ranged from 29.8 10 60.1%.

~Identification of Badnavirus infecting

Piper longum and P. betle : Badnavirus
infecting betel vine (Piper betle L) and
Indian long pepper (P. longum L.) were
identified using primers designed for
amplifying a portion of ORF I by PCR.
The amplicon obtained were cloned and
sequenced. The sequenced region of ORF
HI contained 597 nucleotides in baoth the
1solates. Sequence analysis revealed that
Badnavirus infecting P. betle and P
longum had highest sequence identity (>
89.1% at nucleotide level and >93.4% at
amino acjd level) with an Indian black
pepper isolate of Piper yellow mortle virus
(PYMoV). A relatively low identity of <
72.8% at nucleotide and < 68.3% at amino
acid level was observed with ORF Tl region
of other distinct Badnavirus species. Pair
wise comparison of ORF Il nucleotide
sequences of Badnavirus isolates infecting
betel vine and Indian long pepper showed
an identity of 88.7% at nucleotide leve] and

0w - c@esn 8 WA+EP -~ 28

93.9 atamino acid level. Phylogenetic analyses of ORF 111
nucleotide and amino acid sequences revealed close
clustering of Badnavirus infecting betel vine and Indian long
pepper with PYMoV black pepper isolate. Based on the
sequence identity and phylogenetic relationship studies, it
was concluded that Badnavirus infecting P. betle and P.
fongum in India is a strain of PYMoV.

Disease management

Preparation of CMV CP gene construct in plant
transformation vector : Coat protein gene of Cucumber
mosaic virus (CMV)infecting black pepper was amplified
through RT-PCR. cloned in TA vector and its nucleotide
sequence determined. The CP gene consisted 657 bases
potentially coding for 218 amino acids. The CP gene was
then amplified from the TA vector and sub cloned in plant
transformation vector, pBI 121 at Barn H1 and Sac | sites
by replacing the GUS gene. The recombinant pBJ 121
harbrouring CMV CP gene was then used to transform E.
coli DH 5w cells. The presence of the transgene (CMV
CP)in recombinant pBI 121 was confirmed through both
restriction and PCR analysis. The positive recombinant pBI
121 was then mobilized into Agrobacterivin tumefaciens
through Freeze- thaw method. The plasmid isolated from
A. tumefaciens was again subjected to restriction and PCR
analysis to confirm the presence of recombinant pBI1121
comaining CMV CP gene. This transformed A.
tumefuciens was then used in the transformation of black
pepper tssues.

9. NEMATODES

Characterization: The burrowing nematode (Radopholis
similis) infesting black pepper in India was characterized by
analyzing ITS region of IDNA. The size of the PCR fragment
was of 398 bp and it showed 98% sequence similarity with
known R. similis populations across the world. Molecular
characterization of an Indian isolate of R. similis 1s done for
the first time.

Host resistance: Among the four Piper spp. screened only
Piper colubrinum showed resistance to Radopholus similis
and Meloidogyne incognita both nematodes. The field
performance of two R. similis reststant black pepper lines,
HP- 39 and C-820, was superior to other lines even four
years after planting.
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Field evaluation of nematode resistant flines

Accession| Yellowing [ DryYield | Nematode g1 (rool)

l Index i2) R.similis | Incidence | M.incognitu)| Incidence |
HP 39 0.00 285.0 0.0 0/4 [ 0.0 0/4
HP 60 0.50 67.5 12.0 2/4 340.0 1/4
HP 290 L.00 0.0 16.7 2/4 0.0 0/4
C 812 0.75 0.0 0.0 0/4 0.0 0/4
C 820 0.75 315.0 77 2/4 250.2 2/4
C 1047 | 2.75 0.0 0.0 0/4 0.0 0/4
C 109 | 0.00 32.5 27.0 2/4 0.0 0/4
C 1204 1.25 0.0 0.0 0/4 566.5 2/4
C 4103 1.00 0.0 20.3 1/4 20.2 1/4
Panniyur I | 0.75 27.5 25.6 J_zm 40.6 1/4

Biocontrol

Molecular characterization and bioefficacy of
endophytes : The species identity of two promising
endophytic bacterta was confirmed through 168 rDNA
sequencing. The two 8. simifis mhibiting endophytes were
identified as Currobacterivm luteum (TC-10) and
Bacillus megaterium (BP-17). The bacterial endophytes
Curtobacterium luteum (TC-10) significantly improved
black pepper growth characters such as number of leaves,
root weight and total biomass of plants besides suppressing

R.similis. When used as a chitin based
formulation, besides sustaining the
population at 107 cfu per gram after 90 days
of storage at 28°C, it successfully reduced
the nematode infestation in pepper
nurseries. The improvement of vigour of
black pepper is an additional benefit of this
strain. The bacteria could be tracked inside
the plant tissue as endophyte with
concomitant reduction in nematode
colonization.

Effect of different formulations of endophytic bacteria on growth of black pepper rooted cuttings

Treatment e - '
BP17 34.0 670 194 40.1bc
BP35 279 320 437 34.6c
TCI10 87.5 72.5 350 65.0a
1ISR6 62.5 51.2 46.0 53.2abc

859 521 40.8 358 42.9b¢
Carrier 64.0 75.0 33.3 574ab
Control 58.3 55.6 64.6 59.5ab

Mean 55.2a 56.3a 39.7b

Root rot index
Chitin Talc NB Mean

2.8 1.2 4.7 2.9a
3.0 12 4.0 3.4a
0.0 2.2 24 1.5b
2.2 2.7 3.6 2.9a
27 3.5 4.7 3.6a
2.2 2.6 4.8 32a

1.5 2.8 29 2.4ab
2.1b 2.6b 3.9a

NB. Nutrient Broth. Data with same leiter designation are not sigmficantly different according to DMRT at P=0.05

Untreated black pepper rooted Curtobacterium futenm MSRYC10-  Bacillus megaterium HUSRBP17-
cutlings. the bacterium successfully the bacterinm successfully
prevented nematode infection. prevented nematode infection.
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BP-17
BP-25§
BP-35
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@ R. similis in roots (log N g}
Bl Population of bacteria in roots (log cfu g}
[J Population of bacteria in shoot (log cfu g*)

Endophytic colonization of black pepper shoots and roots by promising bacteria

10. PEST MANAGEMENT
Root mealybug

Management of root mealybug: Evaluation
of promising insecticides (imidacloprid
0.0125%, acetamaprid 0.0125% and
carbosulfan 0.075%) in the field at
Peruvannamuzhi indicated that drenching
affected vines with imidacloprid 0.0125% or
acetamaprid 0.0125% or carbosulfan
0.075% was promising in reducing the
population of root mealybugs up to 60 days
after treatment. Evaluation of promising
organic products (neem leaf extract 2%,
custard apple seed extract | % and tobacco
extract 3%, in the field at Peruvannamuzhi
indicated that drenching mildly affected vines
thrice at 21 day intervals with tobacco extract
3% was promising in reducing the population
of root mealybugs.

IPM package for mealybug: An integrated
pesi management schedule involving, planting
of root mealybug-free rooted cuttings,
removal of weeds in interspaces of black
pepper vines during sumumer, drenching
tobucco extract 3% on mudly affected vines
or drenching imidacloprid 0.0125% or
acetamaprid 0.0125% or carbosulfan
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0.075% or chlorpyriphos 0.075% on severely affected vines
and adoption of control measures against Phvtophthora and
nematode infections. is o be adopted lor the management of
root mealybugs in the field.

Pollu beetle

Resistance: Screening of 66 cultivars and 76 hybrids of
black pepper available in the Germplasm Conservatory
agamst pollu beetle (Longitarsus nigripennis indicated that
all the accessions were susceptible to the pest. The percentage
of berries infested in the cultivars ranged from 1.6 to 30.6%
and in the hybrids from 3.3 t0 52.6%.

11. DROUGHT TOLERANCE

Scrcening germplasm for drought tolerance as been
standardised. Those accessions which maintained »70%
RWC and <9% meinbrane leakage after 12 days of stress
were identified as tolerant. Among the 70 accessions screened
three viz., 4216, 4226 and 873 were identified as tolerant.
In order to tag the drought tolerance to certain biochemical
parameters, super oxide dismutase was analysed in tolerant
and susceptible accessions. No specific band representing
tolerance could be identified. Photosynthesis and gas
exchange parameters were also analysed among the tolerant
and susceptible lines. Photosynthesis, transpiration and
stomatal conductance reduced drastically while leaf
temperature increased due to stress. Tolerant accessions
maintained shightly higher photosynthetic rate than susceptible
accessions during the stress period.
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12. QUALITY EVALUATION AND POST HARVEST
TECANOLOGY

Drying and storage: Drying of three black pepper varieties
IISR-Sreekara, Panniyur-5 and Kartmunda in rmechanical
driers at 55-60°C did not affect the chemical or physical
quality of the berries. Siight reduction (n essential oil and
moisture content was observed among different quality
parameters only after 180 days of storage in polyethylene
containers under vacuum, 100% nitrogen and 90% N_+ 10%
carbon dioxide. i

Geographical influence on biochemicaf and physical
quality parameters

Physical Quality: Pepper berries harvested from
Ambalavayal was found tobe supenor for size (4.2mm), than
bermes obtained from other locations such as Pampadumpara
{(Idukki), Yercaud (TN), Panniyur (Kannur) and Dapoli
(Maharashtra} which indicated the geographical influence on
the physical quality of black pepper. Bulk density (weight L
" of pepper cultivars ranged from 450 to 640 g L' at various
locations. Ambalavayal recorded more bulk density for
cufuivars such as Karimunda, {ISR-Sreekara, [ISR-
Subhakara and 1ISR-Thevam. Pepper from Panniyur
recorded bulk density above 600 g L' tor Karimunda and
IISR-Girirmunda. Pepper from Yercaud recorded 640 gL
for the variety Panniyur-1{.

Chemical Quality: Among the locations, Ambalavayal
recorded maximum oleoresin for various cultivars. Panmayur-
2, Panniyur-4, 1ISR- Panchami, [ISR-Subhakara and
Panntyur-1 recorded more than 10% oleoresin. 11SR-
Sreekara. [ISR-Subhakara, HP-34. HP-105 and 1ISR-
Girimunda recorded more than 3% oil at various locations.
B-caryophyllene, the major aroma constituent in black pepper
oil showed wide vanability at various locations for the different
cultivars. Cultivars Panniyur-1 recorded 25% B-
caryophyilene at Peruvannamuzhi. Pannivur and Dapoli, while
itrecorded 9.7% at Yercaud, 14.3% at Pampadumpara and
16% at Ambalavayal. The Geographical influence was further
confumned through (IS study. The total number of volatile o1l
components of leaf varied from 7-15 among the accessions
collected from Western Ghats and the geographical effect on
btochemical purameters was highly significant. The percentage
of two sesqueterpenes, B-caryophyllene (2.1-6.8%) and
Nerolidof (1.4 to 66.3%4) significantly varied among all the
germplasm accessions whereas another component, Pinene

(%}

OO® « AEEA L0 ANSRE

Indian Institute of Spices Research, Calicut

(1.53-20.3%) {a common component of
berry oil) was recorded from specific latitude
between the latitudes 8%.39 - 9V 39'N and
109,58~ 107 59'N. The study also indicated
that total number of components is highest in
the latitude between 10°.40" - 11°.09" and
Nerolidol is highest in latitude 11% 09'N -
120 50'N.

Geographical influence on B-caryophyllene
content (%) in leaf of P. nigrum

GC analysis of essential oil : GC profile

of the essential oil of export grade black

pepper from India, Vietnam, Indonesia and

Malaysia did not reveal any significant

superiority of Indian produce.
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Production of white pepper and
guality evaluation: Production
technology for white pepper was
scaled up. All the treatments yielded
complete decortication into white
pepper in five days. The recovery of
white pepper was in the range of
19.6-26.8%. There was no variation
on the quality parameters such as
piperine, oleoresin, ol and starch and
also in the oil profile among the white
pepper produced by fermentation.
However, slight decrease in these
quality parameters is observed in the
white pepper when compared to
black pepper. The reduction of quality
parameters in white pepper is 20.1%
for Oleoresin. 8.9 % for Piperine, 26.6
% for Oil, 11.5 % for Limonene and
26.6% for Caryophyllene. Starch
content was high (26.9%) in white
pepper when compared to black
pepper. The promising fermenting
bacterial isolates were identified based
on nucleotide sequence of conserved
16s rDNA.

Molecular methods for detection of
adualteration

Development of SCAR marker :
Sequence characterized amplified region
(SCAR) marker was developed to detect
papaya seed powder as adulterant in
powdered market samples of black pepper.
The papaya specific amplicon was identified
using RAPD analysis with the primer OPJ-
09. Earlier the specific amplicon of 450 bp
was cloned and sequenced which was used
for designing primers for detection of the
adulterant. Black pepper powder samples
mixed with varying concentrations of

L TR TR R Y E R T T
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powdered papaya seed (2-20%) were screened for SCAR i)
marker. A 450 bp band was obtained in all black pepper i
samples adulterated with papaya seed powder. I
W)
10000bp —
[000bp ——
00bhp ——

250bp

M: 1 Kb ladder, Lane 1: black pepper, Lane 2-5: simulated black
pepper powder with ground papaya sced in ditferent concentrations,
Lane 6: papayvaseed, Lane 7: negative control

Amplification of papaya specific SCAR marker in
simulated pepper powder containing different
concentrations of ground papaya seed

analyzed for possible presence of adulterants using RAPD/ |
ISSR markers. Out of the five samples studied, market
samples two & three consistently amplified a papaya specific
band with a molecular size of approximately 450 bp using
primer OFJ 09.

Five commercial samples of black pepper powder were ,\;.-.\_%’I.H
=y

1000bp —> gl
S00bp T

250bp ——>

M : Marker 1 kb ladder, Lane 1: Piper nigrum, Lane 2-6: Different
Market Samples, Lane 7: Piper attenuatum, Lane 8: Piper
galeatum,lLane 9: Papaya

RAPD analysis of genuinc pepper powder, market
samples of pepper and possible adulterants amplified by
primer OPJ 09
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Cardamom

1. GENETIC RESOURCES

Collection, conservation and registration
of germplasm: A total of 17-cardamom
germplasm including large cardamom were
collected from cultivated and forest areas of
[dukki, Attappadi, Wagamon and North
East. The germplasm included a variant of
green gold with pubescent leaves, wild
cardamom collection and lower elevation
adapted accessions. The large cardamom
varieties are Green golsey, Bharlangay and
Seremna. The present ex-situ gene banks
consists of 436 collections, hybrids and
disease resistant selections. Four accessions
were registered with national repository at
NBPGR, New Delhi. Passport data have
been compiled and IC numbers obtained for
all the available cardamom germplasm
ACCESsIons.

Characteristic cardamom germplasm

registered with NBPGR, New Delhi

Regn. No. Unique Characters

IC 349541 Compound panicie type,
high yield

1C 349544 Basal branching of
panicle with green bold
capsules

IC 349599 Katte resistance

IC 345634 Rhizome rot tolerance

Characterization of germplasm: Twenty-
six compound panicle accessions have been
charactenized for morphological. pamcle and
vield characters based on IPGRI descriptor.
More variability was observed in plant and
panicle characters than that of capsule
haracters. Variabiliiy was found to be

A for number f -'.'|‘.-."'|-."~]‘r'.'1 ',‘-.'.‘."n'i.l.i
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(49.4 %) followed by flowers per panicle (47.5%) and
mimimum for seed weight per cent (4.7%). Two promising
accessions (APG 445 and APG 250) were 1dentified with
desirable yield contnibuting characters. Accessian APG 260
was found fo branch extensively at the tlerminal portion of the
panicle whereas APG 411 was found to retain its dark green
capsules even alter processing. Sixty other accessions have
been characterized lor morphological characters. Natural
mcidence of feaf blight and [eaf bloteh was recorded in 49
ACCESSIoNS,

APG 260 - a unigue accession with branching at terminal
porfion of panicle

1. CROP IMPROVEMENT

Cardamom being a vegetatively propagated crop, the
heterosis cun be exploited at F| generation. Large number of
lybrids between high yielding and disease resistant selection
luve been evaluated under various trials for yield and disease
resistunce. Based on preliminary evaluation trials ( 1995-
2002}, 59 selections and 1} hybrids were short listed for
evaluation under Comparative Yield Trials (CYT).
Morphological, yield and quality characters have been
recorded in four CY'T’s (CYT 1, II, Ul and IV). The
genotypes with significantly high yield compared o local
checks and green gold were short listed and promoted for
Multi Location Trials (METS).

CYT1(2004-07): The trial was laid out during the vear 2002
and among the 16 accessions, the highest mean yield per
hectare over three crop seasons was recorded in the
accessions, SAM followed by RR 1(5), MA 18 and MA 28
with 1037.11,907.8, 898 4 and 883.6 kg ha ' respectively.
The yield level was significantly higher than RR 1, CCS 1(Local
checks) and the popular Green Gold.
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Comparaiive performance of promising Malabar accessions for yield (kg ha')
CYT IT (2004-07): The CYT II was Jaid out during 2002~ as Green gold, Wonder cardamom and
with the objective (o evaluate the performance of hybrids ~ Palakuzhi selection were compared with
and open pollinated progenies for yield and disease resistance. AMB% and VAlin CYTIV to u_nc.ic?rsle.md
: . Among the 18 hybrids and four open pollinated progenies, tflleltpe(tiltorm.ame c;f};hesutvzsle:eb g hiih
LU R . L [Co h ¢ .
\Wlesl/  threchybrids (NHY 35, NHY Jdand Hy 3)out yielded checks & o © Lo£10nS OF Aarnataka, Amang e

three farmers varieties, high yield was
recorded in Palakuzhi selection with mean

Ly |I| |lr
s '\{%}" ) overthe cumulative yield of three cropping seasons. The hybrid
dry yield of 1086 kg ha'. Among the other

between katte resistant and high yielding accession, NHY

#5135 has recorded significantly high vield of 975.5kgha' Lo iGine selections, AMB 2 and VA |
compared 10 green gold {343.5 kg ha'). recorded the highest yield of 1297 and 1179
CYT 1V (2005-07): Popular varieties of cardamom such kg ha’'respectively.
1000
900
B0O Y
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Comparative performance of promising hybrids for yield
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Comparative performance of farmer’s varieties for yield

Preliminary Yield Evaluation trials (PET
I and II): Progenies of direct & reciprocal
cross between two mosaic resistant selections
(APG-306 and APG-310) and high yielding
green gold (AP(G-259), evaluated in PET led
to the identification of two hybrid
combinations with high yield (MB 5 x NKE
19 and NKE 19 x GG).

3. DROUGHT TOLERANCE

Biochemical mechanism: Physiological
(relative water content, specific leaf weight
and chtorophyll fluorescence) and enzymatic
changes (catalase, peroxidase and SOD) due
to moisture stress were studied in selected
tolerant (RRI, green gold, CI-893, APG-
18) and susceptible lines (CCS-1, NKE-19,
NKE-12, NKE-19). No significant variation
was recorded for many parameters except
calalase and peroxidase activity, which was
high under stress. SOD showed lower activity
under stress.

Breeding : Three genotypes (RR1, CL-893.
green gold) relatively tolerant to moisture
stress and CCS-1, a susceptible genotype
were crossed to develop drought tolerant
varieties with good yield and quality
characters. Cirowth parameters such as plant
height, number of tillers per clump. number

i .,p ST TSN RS RE YT 3§ F-R _\.’_-.ll

of bearing tillers per clump and total number of leaves per clump
of the progenies showed significant variation. Plant height
ranged from 201 em (CCS 1 self) - 26t em (GG op), number
of tillers per clump ranged from 23.7 (CL 893 x CCS-1)-38.7
(CCS-1 x 893), number of bearing tilfers per clump ranged
from 8.5 (CL 893 x RRI) - 23.8 (CCS1 x 893) and total
number of leaves per clump ranged from 163.6 (893 x RR1} -
248.5 (CCS1 x 893). CL-893 and its cross combinations
recorded better growth characters. Yield parameters also
recorded significant variation. Number of panicles per clump
ranged from 10.8 {RR1 self) — 40 {CCS1 x 893), panicle
length (cm) ranged from 34.1 (RR 1- OP)- 51 (893 self), number
of capsule per clump ranged {rom 276.7 (RR 1 self}- 1018.9
(CCS1 x 893) and capsule dry yield (g clump™) ranged from
48.8 (RR 1 self) - 207.5 (893 OP).

Cardamom hybrid - high yield with
tolerance to drought
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B!
1) Evaluation of four cross combinations of cardamom (hybrids and seffed seedlings)
iji for vield parameters
3930P 3.7 53.9 966.9 207.5
893 self 30.1 51.0 953.4 200.6
CCS1 seif 32.7 38.5 965.8 178.4
GG x CCSI 20.9 34.6 734.2 174.3
CCS1 x 893 40.0 38.9 1018.9 188.7

Oil yield ranged from 3.9% (893 x RR1) - 6.0% (CCS1
OP}, chlorophyll luorescence yield ranged from .64 (893 x
RR1)-0.78 (893 OP) and stomatal count ranged from 5.57
(CCS 1 x 893y - 12,067 (CCS1 x RR1). CCS1 x GG
recorded 62 panicle, 2696 capsule and 2520 g fresh capsule
yvield per clump with 70 per cent bokd capsule with synchrony

N\g/|  4.QUALITY EVALUATION

Nag Analysis of the Cardamom essential oil: GC-MS
==z study confirmed the supenior intrinsic quality of Indian
cardamom over Guatemalan and Sr1 Lankan cardamom.

The essential oil yield of Indian, Guatemalan and St

Lankan cardamom was found to be 10%, 3% and 14%

respectively. Chemical profiling has shown a total of 33

compounds in Indian, 26 in Guatemalan and 35 in Sri

Lankan, and 22 of them common among all three

samples. GC profiling of oil indicated that Indian
cardamomis richin 1, 8-cineole and a-terpiny! acetate.

in flowering while GG x 893 recorded 21
panicles, 633 capsules and 730 g fresh weight
of capsule with bold green colour. GG self
plant recorded multiple branching with good
capsule setting.

Indian cardamom recorded comparatively
low quantity of linalool as compared to
Guatemalan and Sri Lankan. At low
concentration the linalool gives pleasant
taste to the cardamom. Linalyl acetate,
octyl acetate and trans [3 caryophyllene
were not identified in Indian and
Guatemalan cardamoms whereas Z citral,
methyl cinnamate, nerol, and 2-decenoic
acld were present only in Indian
cardamom.

OO0

Sri Lankan Cardamom ' Indian Cardamom Guatemalan Cardamem
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GC-MS based comparison of essential oil chemistry of Indian, Guatemalan

and SriLankan cardamom

a-phellandrene

@ -pinene

Sabinene

Myrcene

Octanal

i -terpinenel,§-cineole
1 ,8-cineole

Trans 3-ocimene
y-terpinene

Cis sabinene hydrate
Tri cyclo heptane

o -terpinolene
Linalool
4.8-dimethyl-1,3.7-nona triene
2-cyclohexen-1-ol
o-terpineol
Terpineol-4

f -fenchyl alcohol
Octyl acetate
Z-citral

Neral

Nerol

B -ocimene

Linalyl acetate
Geranial
Delta-terpinyl acetate
2, 6--octadienoicacid
a-terpinyl acetate
Neryl acetate
2-decenoicacid
Methyl cinnamate
Geranyl acetate
Trans B caryophyliene
Camphepe

{3 -selinene

a -selinene

@ -amorphene
Germacrene
Nerolidol

NI - Nor Detected
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422
4.36
.23
5.64
et
6.32
6.86
725
7.56
7.82
8.00
8.46
8.87
9.44
90
127
11.67
49, G
1345
14.19
14.25
14.84
14.90
14.94
15.46
17.31
17.61
18.89
19.31
19.54
19.87
20,10
2129
22.05
23.90
24.26
25.02
26.58
27.08

0.37
2137
493
2.62
0.14
0.28
27.59
0.09
0.62
0.29
ND
0.36
1.23
0.20
0.20
0.13
2.78
2.97
ND
0.36
ND
2.56
ND
ND
0.56
0.44
0.37
41.65
ND
0.17
0.14
0.86
ND
0.30
1.55
0.51
0.32
0.14
.78

ND
2.30
4.6]
2.56
0.14
0.24
26.99
0.17
0.51
0.10
ND
0.49
6.99
ND
0.20
0.19
298
6.601
ND
ND
0.33
ND
444
ND
0.51
0.25
ND
35.18
(.30
ND
ND
1.50
ND
0.23
0.30
ND
ND
ND
1.88

0.33
2.50
432
2.34
0.17
0.22
26.85
0.19
0.19
0.18
017
037
5.44
0.15
0.19
0.17
2.70
4.23
0.11
ND
0.36
ND
ND
5.60
0.69
0.36
0.28
35.27
0.45
ND -
ND
1.42
0.13
0.17
1.29
0.37
0.27
0.12
197
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Ginger

Germplasm Evaluation (P. 51)

Crop Improvement (P. 52)

Nutritional Trials and Organic Farming (P.53)
Growth and Phenology (P. 54)

Integrated Disease Management (F. 54)
Quality Evaluation (P. 54)
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. Ginger

1. GERMPLASM EVALUATION oll ranged from 1.0-1.7%. Among the exotic ginger
collections, accession from Nepal (Acc.581) performed

A comparative yield and quality evaluation superior to other varieties for quality parameters.

trial on exotic collections frons Nepal revealed

_ ; A comparative yield and quality evaluation trial on high oil
that none of the accessions were superior 1o

: : : type ginger revealed that none ol the accessions was superior
other accessions. Yield ranged from4.410 1 the others. Yield ranged from 3.8-8.5 kg bed ™', crude fiber
8.3 kg bed", crude fiber ranged from 2.1 ranged from 2.1-4.5%. Oleoresin ranged from 3.2-7.4% and
4.0%, Oleoresin ranged from 2.2-4.0% and oil ranged from 1.3-2.3 %.

4.5

Quality Constituents
(%)
%]
O—=-MNWapo-Joow

Rhizeme Yield (kg bed')

552
553
573
574
578
581 !
589
591
582
593
597
598
Varada

Accessions

B O} EE=3Crude fibre T——10leoresin +Yieuﬂ

Performance of exotic germplasm

O =R NWH T~ m©
Rhizome Yieid (kg bed'}

Quality Constituents
(%)
O - NN W s TN D

50 57 95 99 158 162 197 209 217 225 228 411 420

Accessions

3 Crude fibre C—IOieoresin L1 Qif —I——Yieroj

Performance of high oil type

&
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1 2. CROP IMPROVEMENT

-JE Variety suitable for germination: Ginger accession-12
1) i) (Erattupetta) was found to be unique for its cofour pattern of

the floral labellum, high polien stainability (27.5%), high in
vitro germination of potien grains (10.4), better polien tube
growth (mean length of 1209 pm atter 24 h of culture) and
germination of pollen grains on the stigma on self-pollination.
This accesston appears to be suitable for future studies to
induce seed set.

Polyploidy induction and mutagenesis: Juvenife buds of

Pollen fertjlity assessed by stainability, in vitro and in vivo germination in ginger cultivars

¥
ndian Institute of Spices Research, Calicyt

four cultivars were treated with 0,19
colchicine for three days and planted. The
survival of the sprouts ranged from 55-
86.7%. Similarly sprouting buds of five ginger
cultivars were treated with four doses of
gamma radiation ranging from 0.5 0 4.0 ks,
At higher dose none of the sprouts I
germinated indicating the lethality of the high 1
dose of gamma rays. Few surviving sprouts
were found to be chlorophytl variant.

2 Baharica 7.8 <1.0 Ni
5 Biturkatta 5.2 <14 Nil
9 China 5.0 <1.0 Nii
12 Erattupetta 27.5 104 Few pollen germinated
\'-."-.I'!-I| | 24 Maran 113 4.0 Ni}
At 25 Ambalavayal 12.4 4.6 Nil
\ %%f/ 26 Maran Pottangi 9.5 2.4 Nil
w 3 Nadan [1.6 5.0 Nif
=kia 38 PGS-6 5.9 <10 Nil
49 PGS-5 11.8 34 Nil
74 PGS-3t 7.3 <l Nil
76 Thinladium {84 2.8 Nil
9] Vengara 22 <1.0 Nil
106 Bokalia 12.6 3 Ni
Jamaica 23.0 Not tested Not tested
g
g
2
=
3]
LISR- 1ISR- Himachal Suprabha #iSR-
Rejatha Varada Mahima |
Variety |
|3 Control MO.5Kr 1.0 Kr O2.0 Kr M4.0 Kr
P Effect of varying doses of gamma rays on survival of sprouts
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3. NUTRITIONAL TRIALS AND
ORGANIC FARMING

Optimum P/Zn nuiritional ratio for
increasing productivity: The threshold
value of leaf P/7Zn ratio was confirmed to be
90 through second order response function
(RZ=0.499**) On validating the sarme under

field conditions, the ininal leaf P/Zn ratio at
60 DAP in the range of 145-223 could be
brought down to the threshold range ot 69-
150 after foliar spray of Zn (0.5%) twice
during August and October. By lowering the
ratio below 108, tncreased rhizome yield up
to 20% could be achieved.

Optimization of P/Zn ratio for
increasing the ginger productivity

8.4
77 5.7 9.1
101 4.4 9.5
108 4.0 10.6
136 54 7.8

Nutrient requirement for targeted
yield: Based on the initial soi fertility
levels of N, P, K and Zn, the fertilizer
doses for obtaining yields of 10, 15 and
20 kg bed were applied. Zinc was
supplemented as foliar spray. The
achieved ginger rhizome yield was 10.8,
124and 11.4kg bed' with a deviation
of +0.5%, -17% and -43% from the
target. Through targeted nutrient
application increased yield of 14-26%
over recommended dose could be
achieved in H{SR-Varada with reduced
fertilizer application.

Organic Farming: Ginger was cultivated
arganically by applying F'Y M. verrmi compost,
ash. rock phosphate, Azospirifiim,
phosphobacteria as nutrient source.
Tvichoderma & Psewdowmonas sp. as bin
control avents Tor disease control. The mean

O& - REEAN E APERF - 2@ 0

yield recorded in ginger (var. IISR-Varada and Mahima) 10.2
kg bed'was high under integrated system. which is 29 79
and 14.5% higher over chemical and organic farming,
respectively. Organic farming resulted in a mean vield of 8 8
kg bed 'recording 13% higher yield over chemical practices.
Foliar infection with Phyllosticia sp. disease was the major
constraint noticed. Soi nutrient buildup and microbial biomass
carbon were observed (o be high in organic and integrated
managements as compared to conventional system. FYM+
NC+ Vermicompost/Coir pith compost upplication recorded
higher vield on par with FYM application alone,

Microbial community structure on rhizosphere under
different nutrient management regimes

The data on soil physico-chemical parameters reveaied
considerable variations in the levels of organic C, available N,
Bray P, NH,OAc-K, exchangeable Ca & Mg, DTPA-Zn, -
Cu,~Mn and —Fe araong integrated. fully organic and chemical
trealments. Available N level was markedly higher in the
chemical and integrated treatments, while Bray PP and
exchangeable K was higher in the organic and integrated
treatiments respectively. Among the secondary nutrients.
exchangeable -Caand -Mg fevels and among the micronutrients
DTPA-Zn and -Cu levels were markedly higher in the integrated
treatment. The chemical reatment, however, favored the
accumulation of DTPA-Fe and DTPA-Mn in soifs indicating
variable effects on nutrient accumulation in sotl.

Soil microbial biomass carbon (C, ) varied significantly among
the treatiments. with the reaximum levels in integrated treatment
(480 mg gy followed by organic treatment (460 mg g').
Contrary to CM[(' levels, microbial biomass N (NW(.) and
microbial biomass P (P, ) did not vary markedly among the
treatments (3{-33 and {{- (4 mg g "' respectively). However,
the controt treatment registered significantly lower N _and
P, levels (24 and 7Tmg ¢') compared to the treated soils.
Soil basal respiration (measured as CO, evolution) ranged
from 25-36 mg CO,-C g''day ' and was greatest in organic
and integrated treatments (35 and 36 mg CO,-C g 'day
respectively). Contrarily. basal respiration (qCO,) was
relatively lower inthe organic and integrated treatments (61
and 60 mg CO,-C (g biomass Cy* day "' respectively)
compared to the chemical and control treatments (65 mg
CO.-C (g biomass C}' day').

The effects of nutrient management system on soil micrabial
community structure yevealed that the prokaryotic population
was highest under integrated whereas the eukaryotic
population was high in both integrated and fully organic
freatments. Interestingly, the fungal population was high in
chemical treatment.
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4. GROWTHAND PHENOLOGY

Growth characteristics of ginger were observed and analysed
statistically. First tiller appeared af 646-degree days with a
total 11 tillers and the plant attained maturity at 3096.8-degree
days for ginger. Leaf growth along the maimn stem fo)lowed
the quadratic pattern in ginger. Total area of 4092 cm-” per
clump was noted. There were 174 leaves per clump in total
and the last leaf emerged on 150" days after planting (DAP).
The total leaf area of a clump was 4886.7 cmr™. There existed
a positive relation between leat emergence and Growing
Degree Days (GDD) as well as leaf area development and
GDD. Tiller, an important yield contributing factor, first
appeared atter 51 DAP and there were 11 tillers in total. The
last tiller emerged on 117 DAP. The main shoot produced a
maximuin of 23 leaves and subsequent tillers produced jess
Jeaf. The last two tillers had each three leaves. Sunilar to Jeaf
production per tiller, total leaf area per tiller also decreases.
The main shoot had a maximum leaf area of 910.2 cm” and it
declines gradually in the tillers produced later reaching the
minimumof t4.0cny. The share of total leaf area of individual
shoot to the total leat area of a clump varied. Main shoot
contributed maximum (18.5%) and the last two tillers
contributed minimally.

N,

\

Tiller 2 _'ﬁz
Tiieray 020

Main stem
Tiller 1
Tifler 4
Tiler 5 [
Tiller 6
Tiler7 [~
Tiller 8
Tiller 9
Tiller 10
Tiller 11

Contribution of individual shoofs for fotal {eaf area

5. INTEGRATED DISEASE MANAGEMENT

Biological and chemical control: Afield trial consisting of
treatments such as bacterial antagonists IISR 51, [ISR 6 &
BP 35 and fungat antagonists Trichoderma harzianum were
compared with Metalaxyl mancozeb, mancozeb and a check
in IISR Farm, Peruvannamuzhi for field control of soft rot of
ginger. The chemicals were applied thrice at 30 days interval
between them starting from the day of the planting. The trial
indicated that treatment with Metalaxyl-mancozeb recorded
less disease incidence with maximum yield among the
treatments.

Indian Institute of Spices Research, Calicutw
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Integrated management of rhizome rot

Effect of agrochemicals on Ralstonia
solanacearum: Four agrochemicals namely,
potassium phosphonate, cheshunt cormpound.
copper oxychloride, 2-bromo 2-nitropropane
1.3.diol (commercial SAR inducer) at different
concentrations and bordeaux mixture were
tested under ir vitro and in planta conditions
against R. solanacearim. A} the chemicals
affected the growth of R. solanacearum under
in vitro conditions but no appreciable reduction
in disease could be achieved with any of the
chemical at any tested concentrations

6. QUALITY EVALUATION

Among the low fibre type accessions 164,
558, 246 and 537 are accessions with more
than 2% oil and 6.5% oleoresin. Among the
high oil types, accessions 162, 50, 57,411,
225, 201 and 197 have above 2% oil.
Accessions 50 and 57 contained above 6.5%
oleoresin where as accessions 197, 217,
228, 411 contained below 3% fibre.

Among the 47 ginger germplasm accessions
C1465,431, 434, 493, 445 contain above
2% oil. Accessions with high oleoresin are
CI- 431 (7%), Cl- 434 (6.9%), CI- 445
(6.6%), Cl- 436 (6.2%) and CI- 486
{6.0%). Accessions Cl- 445, 489, 447,
443,429 472 contain above 3.5% fibre and
the rest are low fibre types. Ginger from
AICRP centres ACC-35, VIS1-2, SG-682,
ACC-17 and V1CI1-8 from Solan were
relatively low in oil, oleoresin and fibre
content. Ace [G-2, ACC-35. VISI-2, IG-
I and SG-554 grown at Raigarh recorded
more oleoresin and fibre.
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Turmeric

1. GERMPLASM EVALUATION
Characterization of Curcuma germplasm

Cytological analysis: Number of chromosomes were found
to be in the range of 78-84 among the seedling progenies of
turmetic.

Chemical Fingerprinting: Chemical fingerprinting by GC-
MS based gualitative analysis of hydro-distilfate and
volatile distillate of fresh rhizomes of eleven Curcuma
species such as C. aromatica, C. amada, C. caesia, C.
comosa, C. haritha C. malabarica, C. montana, C.
pseudomontanu, C. raktakanta, C. sylvatica and C,
zedoaria revealed that C. aromatica recorded highest
oil percentage (4.8%) followed by C. caesia and (.
sylvatica (3.6%) and the lowest percentage of oil was

i)/ recorded in C. haritha (2.4%). Other compounds

detected from the analysis are furnished below.

Molecular fingerprinting : Genetic
diversity anaiysis of 36 popular vaneties and
cultivars of turmenic (Curcima longa L) viz,
Alleppey, Nandyal type, Amalapuram,
Rajapuri, Amrithapani, Sugandham, Armoor,
Vondimitta, Jabedi, Wynad local, Dhagi,
Aiswal, Katergia, Ayur, Chayapasupu, Basar
Along, Avanigadda, Gaspani, Dindigam,
Hajo, Ethamkula, Jorhat, GL Puram, ISR

Suvama, Karhadilocal, 11SR-Sudarsana,
Kasturi, [1SR-Kedaram, Kodur, 1ISR-
Suguna, Kuchipudi, 1SR -Prathibha,
Manonthody, [ISR-Prabha, Muvatupuzha
and [TSR-Alleppey Supreme was done using
ISSR/RAPD markers. A total of four major
clusters were produced by the UPGMA
dendrogram according to Jaccards similanty
Index. Most of the improved varieties
clustered distinctly from the land races/
cultivars. Further, most of the land varnieties,
collected mainly based on vernacular names,

Chemical characterisation of selected Curcuma species

Curcuma aromatica L camphor 22.24
Curcuma amada Myrcene 74.97
Curcuma caesia 1,8 cineole 20.60
Curcuma comosa 6 methyi xanthotoxin 27.17
Curcuma haritha 6 methylxanthotoxin 56.59

Curcuma malabarica Xanthorrhzol 39.20
Curcuma montana Epicurzerenone 2583
Curcuma pseudomontana 6 methyixanthotoxin 61.73
Curcuma raktakanta 6 methylxanthotoxin 31.30
Curcuma sylvatica Epicurzerenone 4987
Curcuma zedoaria Xanthorrhizol 38.13

UPGMA dendrogram constructed based on the Jaccards
Similarity Index indicated that the eleven Curcuma species
studied formed a single clusier and showed maximurn similarity
(0.615) between C. montana and C. comosa. C. caesia
formed a separate cluster.

from one geographical region clustered
together along with few released varieties,
which were evolved through germplasm
selection of materials collected from the same
region,

MNPE -RBEAF B 202280~ 28
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2. CROPIMPROVEMENT

Varieties released: The 23™ Kerala
State Variety Release Commuttee has
approved two high quality turmeric
varieties viz., ISR-Alleppey Supreme
and IISR-Kedaram for cultivation.
Both the varieties are high vielding with
more than 5% curcumin and resistance
to leaf blotch disease.

3. NUTRITIONAL TRIALS AND
ORGANIC FARMING

Organic Farming: Turmeric (1ISR-
Alleppey Supreme and IISR -Prathiba) was
cultivated organically by applying FYM,
vermi-compost, ash and vock phosphate,
Azospirillum & Phosphobactenia and
Trichoderma & Pseudomonas sp. as
biocontrol agents for disease control.
Integrated system recorded a higher mean
yield of 15 kg bed”’, which is {2.8% higher
compared to the organic system. Organic
system showed on par yield as that of
conventional (cherical) farming. Soil nutrient
buildup and microbial biomass carbon were
observed to be high in organic and integrated
managements as compared to conventional
system. FYM + Neam Cake+ Vermicompost
/ Coir pith compost application recorded
higher yield on par with FYM application
alone. All the biccontrol agents were equally
effective i controlling rhizome rot of turmenc
and produced yield on par with chemical
control.

4. GROWTH AND PHENOLOGY

The leaf area of first leaf was 47.1 cm?® and
area of subsequent leaf gradually increased
reaching a maximum ot 753.0em* (12" leaf).
The twrmenc leaf growth along the main shoot
followed alinear trend. There were 33 leaves

r.l..ﬂ'_
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in total and the first leaf was produced at {8 DAP and last
produced at 160 DAP. The Growing Degree Days (GDD)
had positive association with leaf production. The cumulative
GDD required for full maturity was 3570-degree days. There
were six tillers in total. Main shoot emerged at 18 DAP and
last tiller appeared at 136 DAP. The logacithimic growth model
fits well 1o describe the growth of tiffer emergence in twrmeric.
The relative contrjbution of total leaf area of shoots to the total
teat area of a clump varied. The maximum contmbution (50.0%)
was noted from main shoot.

ﬂ'§§“ %

Contribution of individual shoots for leaf area

-

5. INTEGRATED DISEASE MANAGEMENT

Etiology of rhizome rot: Surveys conducted in turmeric
growing areas of Andhra Pradesh, Karnataka. Tamil Nadu
and Kerald revealed the predontinance of Pyt spp. as a
cavsal organism for rhizome rot of turmeric. Pythium spp
dormnated the isolations from Andhra Pradesh, Tamil Nadu,
Kerala, Karnataka (72.9%) followed by Rhizoctonia spp.
(30.5%) and Fusarium spp. (27.1 %).
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The pathogenicity of 12 isolates of Pythium spp. was
established on turmeric. Among them nine were identified as
P aphanidermatum. Though frequented in the isolations
along with Pythium, the fungi Fusariwm and Rhizoctonia
failed to cause the disease.

Integrated management: A field trial was conducted at
ISR Farm, Peruvannamuzhi for managementof softrot. The
treatments consisted of mancozeb (0.2%), Metalaxyl-
Mancozeb (0.125%), T. harzianiom (P26-50 g bed'),
endophytic bacterial isolate BP 35, and bactenal isolates IISR
S1and ISR 6. However, only negligible incidence of soft rot
disease was noticed.

6. SHOOT BORER

Host resistance: Screening of 915 accessions of turmeric
maintained in the Germplasm Conservatory for the incidence
of shoot borer showed that 170 accessions were free of pest
infestation.

Distribution and crop loss

The incidence of the shoot borer (Conogethes punctiferalis)
was serious (above 25% incidence) in Wyanad and Calicut
districts in Kerala whereas in other states surveved (Tamil
Nadu, Karnataka and Andhra Pradesh) the incidence was
negligible. The yield obtained was only 262 g per clump when
75-100% of shoots were damaged when compared to 378
g per clump when the damage was 0- 25% of shoots.

200"
3504 |
300-
250-
200{ |
1501
100
501
0

Rhizome yield
{g clump 1)

75-100%

0-25%

Percentage infestation
Yield loss due to shoot borer infestation

Bioecology

‘The incidence of shoot borer was recorded in various turmeric
growing areas in Kerala, Karnataka, Tamil Nadu and Andhra
Pradesh. The pest incidence was serious (above 25%

Indian Institute of Spices Research, Calicy

incidence) in Wyanad and Calicut districts in
Kerala. The pattern of distribution of shoot
borer in the field during various seasons wag
studied at Peruvannamuzhi. The pattern of
distribution was random during August to
October and became more aggregated during
November and December. The seasonal
population of shoot borer on turmeric in the
freld was studied at Peruvannamuzhi. The
symptoms of pest infestation were first
observed during August (1.7% new shoots
infested) and were high during October 1o
November (7.7% and 10.2% new shoots
infested).

Mermithid nematodes were recorded as the
mostcommon natural enemy of the shoot borer
in the field. Parasitisation of larvae of the pest
was higher during August and September
(42.9% and 37.5% larvae parasitised).
7.QUALITY EVALUATION

Analysis of curcuminoids: Distribution of
curcuminoids in the released varieties and a
few high curcumin accessions showed
variation. Varieties like [ISR-Prathiba, IISR-
Sudarsana and IISR-Kedaram contained
higher content of curcumin II and 1. 1ISR-
Alleppey supreme. IISR-Kedaram and
IISR-Prathiba had lower content of curcumin
L. Accession from Manipur (Acc. 119) and
Assam (Acc.77) had higher total curcumi-
noids, while accession 117 from East Sikkim
had low levels of all three forms of
curclminoids.

3.5, 0 Corcumin | B wrcemin b [ Curcurmin B |
34
254
24
1.5
1
0,54
o4

Curcuminoid [%]

EEEERE

Curcuminoids in turmeric varieties
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Tree Spices

1. GENETIC RESOURCES

Germplasm collection: A total of 29 Garcenia gumemigiutta
collections, 23 G indica collections, three Myristica sp. and
seven collections of Cinnamornugm sp. were collected from
forest areas in Western Ghats and added to the germplasm
repository. Eleven M. malabarica accessions, 10 M.
beddomet, 22 11SR-Viswashree, 36 Garcinia, one Konkan
Amruta and one Sediapur were newly planted in the field
germplasm. The germplasm holding consists of 484 Myrisfice.
A8 Cinnamomum. 233 Svzyeium, 86 Garcinia and two
Pimenta accessions.

Germplasm registration: In Chinese cassia, elite line D3
(IC number 370425) has been registered (Registration number
06031) with NBPGR, New Delhi for its high bark oil content
(4.9%) and high cinnamaldehyde content (90.5).

regard to aril weight, A9/150 recorded the
maximum (7.4g), followed by A9/69(6.1g).
A9/53 was found to be a good yielder.

Clones of elite lines : In another trial
significant difference for plant height was
observed among the seven clones of elite
lines. A9/185 recorded the maximum height
(343 cm). A9/20 was found to be a good
performer for yield.

Grafts: The performance of nutmeg scions,
A9-4 and A9-69, grafted on Myristica
malabarica performed better than other
rootstocks, M. fragrans and M. beddomeii.
The growth of M. malabarica rootstock was
faster than other rootstocks evaluated. The

Areas surveyed

Kidu (Dakshina Kannada)
Badiadkka (Kasaragod)

Attappadi (Palakkad)

Erumeli, Wagamon ( Kottayam);
Vandiperniyar, Elappara, (Idukki)
Dapoli (Ratnagiri)
Canacora, Mellem (Goa)
Maniyoor (Calicut)

2. CROP IMPROVEMENT
Nutmeg
Evaluation of germplasm, clones of elite lines and grafts

Germplasm : Ninety-four nutmeg accessions have been
evaluated for yield and out of these A9/44 and A9/53
recorded the maximum of 729 and 714 fruits per tree
respectively. Other promising accessions were A11/25 (581
fruits) A11/29 (553 fruits) A11/S (520 fruits) and A9/18 (495
fruits). Other characters such as fruit weight was high for A9/
53 (120 g); followed by A9/86 (110 g), seed weight was
high in A11/12 (15 g), followed by A11/21 (14 g), A11/8
(13.5 g), A9/20(13 g), A9/53 (13 g) and A9/76 (13 g). With

Species collected

G. gummigutta - 9
G. indica -14
Myristica sp.-2
G.gummi-gutia-11
Cinnamomum sp.- 3
Mpyristica sp. |
G. gummi-gutta- 9
Cinnamomum sp.-3

Garcinia indica- 9
Cinnamomum verum -1

scion had an influence on the shape of the
canopy as evident by the growth of the graft.
A9-69 had an upright growth when
compared to A9-4, which had more of a
spreading canopy.

Evaluation plagiotropic and orthotropic
grafts: The morphological observations on
various growth parameters of orthotropic
and plagiotropic grafts and seedlings of the
elite line A4-20b revealed that the growth
of orthotropic grafts was good in the initial
years, whereas early flowering was observed

in plagiotropic grafts.
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Clonal evaluation of elite lines of nutmeg

ISSR,RAPD and 18 s iDNA RFLP based
molecular profiling revealed unique amplicon
in the accessions such as A9/4 (a very high
yielding epicotyl graft with plagiotropic
shoots), A9/150, possessing thick mace and
apple shaped bold [ruits and A4/22 with
unique character of high number of erect
shoots. The study [urther revealed two major
clusters with alt Myristica species and
Knema andumanica forming a separate
cluster distant from Gymnocranthera. a
related genera of Myristica. Similarity
coeflicient ranged from 0.58-0.80. M.
malabarica and M. beddomer showed the
highest similarity of 80%. Unique markers
were identifed in some of the wild species.
An average genetic distance of 25.5% was
observed among the accessions.

( | Marker Assisted Selection in Myristica:
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Dendrogram showing the genetic relatedness of the ten

elite nutmeg accessions based on 1SSR and RAPD
S

(Garcinia

Evaluation of Garcinia: Flowering was
observed 1n 19 accessions at Chelavoor
Farm, among them fruits were harvested from
Garcinia tinctoria, G indica and G.
gummigutta. The Mizoram collection
vielded two female flowers and one male
flower two years after planting The fruits are
red in colour, acidic and ripened in March.
The plant has small reddish leaves with bushy
hahit. Interestingly G hombroniana llowered
after 4-5 years of planting of which three
were female and one was male flower.

Agrotechiques in Garcinia: Grafting of

NP - ABEAA 0 AAPERP <~ 2@

G indica on G cowa was standardized with 30 % success.
Soft wood grafting of G gununigutta was confirmed as
possible on G cowa rootstock with 92% success.

Cassia

Clonal evaluation of elite lines: Morphoelogical
observations like plant height, width, girth and number of main
branches were recorded for the progenies of four elite lines,
viz. A2, CI, and Dland D3. Significant difference was
observed only for number of branches per plant, with A2
recording the maximum of 7.6 branches per plant.

Effect of age of tree on yield and quality : A trial on
cifect of age of tree on yield and quality of cassia revealed
that three-year-old bark was better than five-year-old
tree.
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3. QUALITY EVALUATION

Nutmeg

Storage of nutmeg and mace in different atmospheres:
Quality evaluation of nutmeg and mace stored in polyethylene
covers under 100% vacuum, 100% N, and 90% N + 10%
CO, for about 120 days showed reduction in oleoresin
content.

Cinnamon

Evaluation of leaf oil content and compeosition: Eighty-
eight accessions were evaluated for leaf volatile oil
constituents. The Yeaf oll content of Cinnamomum germplasm
ranged from 0.25% to 4.2%. Accession 401 recorded the
highest o1l yield. Based on the leaf o1l composition two
chemotypes such as eugenol and benzyl benzoate were
identified. Majonty of the accessions contained eugenol as
the chief constituent. Among the accessions the eugenol
content ranged from 2% t0 92.9%. In eugenol type oil, the
eugenol content ranged from 55% to 92.9%. Accessions
predominated by benzyl benzoate (42 .9%) were accessions

the highest otl yield. Accession 199 wag
tound promising based on high oil and
oleoresin contents. The chief constitueni of
the bark oil namely cinnamaldehyde variad
from 30% to 64%. Other major constituents
were eagenol (0.6-23%). benzyl benzoate
(0.8-19%), B-caryophyllene (2-14%j} and
linalool (0.9-14%;).

Cassia

The o1l yield was determined in the leaves,
petiole, and twigs of C. cassia. Petiole
contained higher oil (1.12%) and
cinnamaldehyde contents (74.80%)
compared to the leaves and twigs.

Garcinia

Chemistry of Garcinia: Method for
quantification of a major organic acid, hydroxy
citric acid (HCA), using HPLC from leaf and
fruits of G. indica was standardized. HCA

W m;,:/ 3, 7,67, 68 and 88. The related species C. sulphuratum
}'-;::f: -:f',-; leaves collected from Appangala yielded 0.11% o1} which

N was found to contain 45.9% benzyl benzoate as the major

showed significant variations among four
species of Garcinia whereas lycopene did not

constituent. Other constituents were y-elemene, 2-methyl
benzyl benzoate, 2-hydroxy phenyt methyl benzoate.

Evaluation of bark oil and oleoresin contents: The oil
content of accessions of Cinnamomum verum varied from
(L33% to 3.34% whereas the oleoresin content ranged
between3.4% and 11.7%. Majority of the accessions yielded
(.3% to 0.8% volatile oil. Accession nuinber 199 recorded

Elite Chinese Cassia D3 - registered with NBPGR, New Delhi for high bark oil and Cinnamaldehyde

show significant variation. HCA content varied
in various species of Garcinia viz.
G. gummigutta (2.6). G. mangostanda
(0.27), G indica (5.21), Gtinctorig (3.3).
Lycopene in Garcinia fruits were found to be
Garcinia gummigutta (0.123), G
mangostana (0.098), G indica (0.093), and
G tinctoria {0.156).
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Vanilla

1. GENETIC RESQURCES

Ninety-three collections of vanilla including 80 cultivars and
13 wild were maintained. The collection consisted of species
such as Vanilla planifolia (80). V. andamanica (83, V
piifera (1), Vo aphylla (1), V. tahitensis (1), V. vatsalae
(1). V. sp. (leafless) (1). Twenty-nine seedling progenies of
vanilla were also multiplied vepetatively and planted in the
Geld.

2. CHARACTERIZATION

Cytological analysis: Twenty accessions were cytologically
analysed to determine the chromosome numbers. The most
frequent chromosome number in all of them found to be
2n=238. Preliminary results indicate that the chromosome

|ndian Institute of Spices Research, Calicyg

In vitro pollen germination and pollen
tube growth in Vanilla planifolia:
Germination of the pollen collected from
freshly opened flowers of accession 4777
studied indicated that pollen grains of vanifta
germinated in distilled water in vitro. Sucrose,
acommon ingredient in germination studies,
1s found not essental for germination. Good
germination and pollen tube growth was
observed in Brewbaker and Kwack medium
without sucrose. However, addition of
sucrose enhanced the germination and pollen
tube growth. Frequency of pollen
germination and tube length was higher after

6 hours of culture.
3. DISEASE MANAGEMENT

Management of root vot: A field experiment
revealed the effectiveness of fungicides and
bioagents for management of root rot disease
caused by F. axysporum f. sp vanillae.

number in Vanilla pilifera is 2n=40.

W . Anatomical studies: Sections of the internodes of Vanilia
"-.:-_f-.l:.i,i.:{?_f planifolia and Vanilla sp. from Andaman and Nicobar
gx [slands were stained with Heidenhain's lron-Alum-
& Hematoxylin as well as saffranin. The most contrasting
difference found was the presence of sclerenchymatous layer
separating cortex from the ground tissue in ¥ planifolia and
its absence in Vunifla sp. from Andaman and Nicobar Islands.
This indicates that the latter is more close to the leafless species

emim
1CA M

Inorganic salts for management of root
rot: Under in vitro conditions, the inorganic
salts such as sodium chloride, potassium

of Vantiia. . Y . \
chloride, sodium nitrate and sodium
£
w Nt
28
[ =
£ 8
o3
£
OcCoC B Carbendazim
OCarbendazim + Mancozeb Q Paecifomyces sp.
B Trichoderma harzianum {(P-26) @ISR 13, 51, 152, 909
BUSRE, 8, 13, 51, 151, PB21C OISR 6, 8, 13, 51, 151, P1ARG
WIISR 6, 8, 13, 51, 151, B53 mIISR 6, 8, 13, 51, 151, 859
EHSR, 6.8, 13,51, 151, PB21C, P1ARS, 853, 859 O Controt
‘.' Management of Root rot disease of vanilla
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metabisulphite were inhibjtory to the pathogen
at varying concentrations. NaCl and KC]
were inhibilory at 2.25 M and its combination
was inhibitory at 1.75 M. NaNO, was
inhibitory at 0.75 M and Na,§,0, at 0.03
M. The concentrations inhibitory (o the
mycelial stage were inhibitory to conidial
germination also. Only 3.3% germination
could be observed in 1.75 M of NaCl when
compared to 44.3% in control. Germination
was totally absent in 2.25 M 1n all the
chemicals.

Immature bean shedding: A study on
immature bean shedding indicated that the
disease was predisposed by high atmospheric
temperature and low relative humudity. Under
I these circumstances the causal organism
[ Colletotrichum was found to be infecting the
beans.

Viral Diseases

Detection and characterization of
Potyvirus: The diseased vanilla plants
I showing typical symptoms were subjected to
RT-PCR using primers designed for the
conserved region of NIb and coat protein
(CP) region of Potryvirus. A ~1000 bp RT-
PCR amplified fragment was consistently seen
in infected plants suggesting the association

4' ‘%:-
Bean common nosaic virus is one of the virus
associated with stem necrosis in vanilla

Npa - SEEah 8 AAPED -~ B@

of a Poryvirus with the disease. The amplified fragment was
punified from the gel, ligated to a TA vector and its nucleotide
sequence determined. Sequenced region contained 1033
nucleotides comprising part of N1b and coat protein gene of
the virus.

The CP gene sequence of the potyvirus from vanilla was
compared with CP gene of other potyviruses from diverse
geographical areas at nucleotide and amino acid levels.
Pairwise comparison clearly showed that the vanilla potyvirus
is a strain of Bean cornunon mosaic virus (BCMV) as it
showed an identity of > 90% with strains of BCMV. Identity

7 T

PRV-1 3

'——— BYMV-5-220
\___anfs

SnFlchMe

CABMY-BA-1th

WY - Texl

| EWV-Thl
BWV-GTE

DeMY -Caldm

BHAT - Spm

BCMY - THL
BCHV-5TE-97
Vanilla-Ind
CRBNV-TH
Phylogram drawn by neighborhood joining bootstrap method
in clustal X (1.81) illustirating phylogenetic relationships
based on the multiple sequence alignment of the coat protein
amino acid sequence of isolates of distinct potyviruses and
L vanilla isolate of potyvirus (Vanilla-Ind)
~

with other potyvirus species was < 82%. Phylogram illustrating
phylogenetic relationship of vanilla potyvirus with other
potyvirus species also clearly showed that the virus is a strain
of BCMV as potyvirus from vanilla clearly clustered together
with several BCMYV strains. This is the first report of
occurrence of BCMV on vanilla from India.
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| Paprika

1. GENETIC RESOURCES 7011 and PBC-574 x 9852-173 were found to be promising
as they recorded high colour value, (218, 183.4, 171.1
ASTA colour value), high oleoresin (17.2, 15.5 and 15.7%)
and minimum pungency (0-(.02%).

. Nineteen accessions of paprika obtained
from VR, Varanasi were added to the
repository. With this addition the strength of

} paprika germplasmis 130, 3. VIRAL DISEASES
2. GERMPIL.ASM EVALUATION Detection, identification and characterization of CMV:
. The new germplasm accessions were purified Cucumber mosaic virus (CMV) causing mosaic, leaf
for “True to Type’ and their quality analysed. distortion and stunting on paprika (Capsicim amuasn L.)

The color value ranged from 100 to 216 was detected by DAC-ELISA and RT-PCR. CP gene of the
| ASTAunits. The highest color valoe of 216 virus was amphfied. cloned and sequenced. Sequenced region

ASTA units was seen in ICBD-17, followed contained a single open reading frame of 657 nucleotides
by EC-31 (193 ASTA units). The oleoresin potentially coding for 218 amino acids. Amino acid and
content varied from 9.0 to 22.0%, ICBD- nucleotide sequence analyses of CMV CP with members of

15 (22.4%) recorded high colour value. subgroup IA, 1B and II revealed that CMV infecting paprika
EC71 and LCA422 recorded zero pungency showed maximum identity with members of subgroup IB. The
(capsaicin content). dentities of amino acid and nucleotide sequence ranged from  \\\|___|//

% and 91%-92% with 15 Of AL 94%- sl
Amiong the hybrids of paprika, progenies 95% and 91%-92% with members of subgroup [A, 94% \%

99% and 91%-97 % with subgroup 1B isolates and 78%-  \\
of B.Kaddi x KTPL-19, B. Kaddi x 0107- cand YlVe-77 Yo with subgroup LB 1S0141ES an .

82% and 75%-76% with members of Subgroup I, which m

225 e e -
18

ASTA Colour Value
o
Oleoresin and Pungency (%)

SM » 9852-173
173
Arka Abhir x KTPL-
19
7011

SM-20 x 100-604
SM x 0107-7011
PBC-574 x KTPL-19
Arky Abbir x 9852-
B. Kaddi x 0107-7011
B Kadd x KTPL-1%
B.Kaddi x PBC-53%
007.25-59 x 0107~
7011
PBC-574 x 9852-173
CO-4806 x 9852-173
CO-4896 x PBC-535
PBC-374 X 9852-173
SKAUP-7 x 0107
O007-2247 x KTPL-19

Promising paprika hybrids with high colour and low pungency

N TTELT T8 BEYL BT 17
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was further confirmed through phylogram based on multiple
sequence alignments of coat protein gene sequence.
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—— Al

L= Pt

o

Phylogram drawn by neighborhood joining bootstrap method
in clustal X (1.81} illustrating phylogenetic relationships
based on the multiple sequence alignment of the coat pro-
tein amino acid sequence of isolates of CMV (subgronp 1
and I1) and paprika isolate of CMY (IN-Pa). Boot strap
values are given at the nodes. PSV was used as outgronp

4. POST HARVEST TECHNOLOGY

Molecular methods for detection of adulteration : Six
branded commercial samples of chilli powder were analyzed
using RAPD/ISSR markers for detection of adulteration. Out
of the six samples studied, market sample five consistently
amplified a Ziziphus nummularia, specific band with a
molecular size of approximately 350 bp using primer OPA 10.

NATIONAL HORTICULTURAL MISSION

Production and distribution of planting material :
Eighty thousand rooted black pepper cuttings, 5000
cardamom seedlings. 1000 cardamom suckers, 2.5 kg
cardamom capsules, five tonnes of ginger seed rhizomes,
six tonnes of turmeric seed rhizomes and 6500 nutmeg
grafts were produced for distribution to farmers and
augmentation of production.

lndian [nstitute of Spices Research, Caliqnw

MANAGEMENT OF MYCOTOXIN

Samples of black pepper. turmerie,
ginger, nutmeg, mace and chillies
collected from warehouses, markets,
farm houses and godowns in different
places of Kerala were found to be
contaminated predominantly with
Aspergillus niger followed by A flavus
and A. parasiticus. Aflatoxin could be
detected in these samples. Inorder o
standardize optimum storage
conditions, for preventing mycotoxin
contamination in dried samples of black
pepper, ginger, turmeric, nutmeg and
mace, various storage conditions such
as (1) different moisture regime (8.0 to
18.0%) in the product, (il) packing
materials, (1i) plant products, (iv) plant
materials and (v} various atmospheres
like Vacuum, Nitrogen and Carbon
dioxide were evaluated. Quality
parameters such as moisture, oleoresin,
and essential oil did not show any
significant difference during the first three
months among different storage
conditions, which further recorded low
fungal contamination. Internally
Transcribed Spacer (ITS)-PCR based
method for characterization of
Aspergilius was standardized.

Detection of aflatoxin in market
samples of spices

i Aflatoxin(B1) inchillies
Retention Time  Concentration
{ppm)
Standard 22850 RLT]
Chillies 2310 (. 198
Mace RA435 0,008
Nutmeg 77150 (1046

Detector A (Ex: 365 nm, Em: 464 nm)
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Influence of Socio-Economic and Agro-Ecological
changes on Spice Production

the average size of operational farm
T holdings reduced from 3.7 to 3.0 in
district of Wyanad 1n Kerala owing to
reduction in size of marginal and small farm
holdings and diversion of agricultural land for
non-agricultural purpose. The estimated
Markov’s transition matrix indicates that, there
was d fransition of area under coffee and black
pepper. the predominant crops of the region to
non-traditional crops like arecanut, coconut,

354
30-
254
20J

154

104

Pod

Turmeric

AP 4P P,

under one crop to another due to the impact of socio-
economic and agro-ecological factors. The matter of concern
in the observed transition was the fall in area under coffee
and black pepper, the predominant crops of the region and
increase in area under non-traditional crops like arecanut,
coconut and banana.

Major factors found responsible for changes in spices
production were:

There was less fluctuation in prices of major agricultural inputs

Vanilla

Arecan
Coffea
Others

g 5
8

‘EI Past M Present O Future

Percent share of crop area during different periods

banana and other vegetable crops due to the
change in socio-economic and agro-ecological
factors in the repion.

There was a marked change in the land use
and land coverin the spice district (Wayanad)
of Kerala with area under forest cover
remains unchanged. (While there was a
marginal increase in number of large (=10
acres) and medium (4- 10 acres) holdings,
number of semi-medium (2-4). small (-2
acre) and marginal (<1 acre) holdings was
decreased in the fast changing agricujtural
landscape.) There was a transition of area

AP - HBEAN 0 AA+ERP =~ QN

like chemicals. fertilizers and pesticides etc. with a positive
growth rate over the period, while there was a high instability
(>33%) in prices of agricultural outputs.

Prices of major spices have shown a negative trend in the
post-economic liberalization period. Prices of predominant
spice crop of black pepper registered maximum instability
index of 94% with a sharp fall in prce.

While more than 26% farmers do not apply chemical fertilizer
for their pepper vines, among others, there was a reduction
of around 68 kg acre”’ in fertilizer application. However, there
is a substantial increase in application of FYM.
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All India Co-ordinated Research Project on Spices

he All India Co-ordinated Research

Project on Spices (AICRPS) is vested with the
mandate to conduct and coordinate research in 12 spice crops
with its headquarter at Indian Institute of Spices Research.
Calicut. AICRPS has at present 19 Coordinating Centres
spread over 14 states in 15 State Agricultural Universities
(SAUs). Inaddition, four Voluntary Centres including Indian
Cardamom Research Institute (Spices Board) are
collaborating with this project. The X Plan budget of AICRPS
was Rs. 700 lakhs with an Revised Estimate (RE) of Rs.
[15.46 lakhs (ICAR share) during 2006-07. About 110
Research Programmes covering 12 mandate spice crops are
being conducted at various centres.

Under the programme on assessment of technology in
farmer’s field, a total of 20 proven technologies in spices arc
being operated in 12 AICRPS centies. At present, eight

ICAR ad-hocschemes are being operated at SAUs/other

organizations under AICRPS. The major achieverments and
the technologies developed under AICRPS durning the period
aresummarized below:

Spice Genetic Resources

Genetic resources of spice crops have been enhanced with
the germplasm holdings of 680 accessions in black pepper.
273 in cardamom, 63 in ginger, 1326 in turmeric, 77 in tree
spices and 2540 1n seed spices. At present, a total of 5529
accessions of spices germplasm are bemg conserved at vanous
centres of AICRPS. The promising spices genmplasim are
beingevaluated through Initial Evaluation Trials (IETs) and
Comparative Varietal Trials (CVTs) at various centres.

1. Black pepper
Performance of Varieties

Inblack pepper germplasm evaluation, the vanety Karmunda
I recorded the maximum spike yield of 4.570 kg vine??,
followed by TMB IV (4.090 kg vine') at Panniyur centre,
whereas PN-57 recorded the highest yield of 2.95 kg vine’
at Yercaud centre. Under CVT, HB 813 recorded the
maximum average spike yield of 8.01 kg vine™ and the highest

dry yield of 3.220 kg vine" at Panniyur
centre.

Organic farming

Inorganic farming trial, the maximum average
spike yield was obtained with fully organic
treatment (22.17 kg vine'), followed by
morganic(15.88 kg vine') at Panniyur centre.
Inorganic N 100% + Azospirifiun S0g+10
kg FYM recorded the maximum spike yield
of3.767 kg vine'.

Pest and Disease management

Among the biorationalsevatuated, neem gold
(0.5%) and neem oil (0.5%) were found to
be superior to fish oil insecticidal soap (2.5%6)
in reducing the population of scale insects in
black pepper at Pampadumpara centre.
Solarized potting mixture fortified with
Trichoderma harzianum @1 g kg' and
vesicular arbuscular mycorrhiza (VAM) @
100cc kg'! potting mixture was found
effective for the management of
Phytophthoramfectionsin black pepper
nursery in Pampadumpara, Chintapalle and
Dapolicentres. Application of Potassium
phosphonate (Akomin, 3 to Sml L") as
spray and drench durning pre- monsoon (first
week of June) and post-monsoon (second
week of August) periods along with soil
application of Trichoderma harzianum(10’
cfu, @ 50g vine") with 1 kg of neem cake is
recommended by the Sirsi, Mudigere,
Pampadumpara, Panniyurand Ambalavayal
centers for the management of
Phytophthoratfootrot.

2. Cardamom

Promising varieties: Five promising
cardamom types (Mohini |, Mohini 2. SB
1,SB2 and Elapara 1)and a Vazhukka type

A& - RBEAF B2 MA+ERP =~ @i
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with bold capsules and more number of
seeds (Elapara 1) were collected from
Idukki District. High yielding cardamom
cultivars namely Panikulankkara 1 and 2
were collected from Vattiyarkallar, (selected
from open pollinated seedlings of Vazhukka
type) Idukki District by Pampadumpara
centre. These accessions were found to be
performing even under less shade condition
with least incidence of foliar infection. IC
numbers (547920 to 547992 ) were obtained
for 73 cardamom accessions (CRSP 1-
CRSP 73) from National Bureau of Plant
Genetic Resources (NBPGR), Delhi by
Pampadumpara centre.

Pest and Disease management: Early
stages of the cardamom root grub, Basilepta
fulvicorne(Jacoby) that are usually present
in soil during April/May and September/
October can be managed by soil drenching
of Imidacloprid 0.015% (5 liters plant™) or
Chlorpyriphos @ 0.07% (5 liters plant™) or
application of Carbofuran @ 3.0 g a.i. clump
'(10-15 cm around the plant). Removal of
mulch/weed cover and forking of soil prior
to apphication of insecticides produced better
results at Pampadumpara. The local strains
of Heterorhabditis indreusfrom Cardamom
Research Station (CRS), Pampadumpara
were found to infect cardamom root grub
under field condition. Highest mortality of
cardamom root grub was observed in plants
drenched with entomopathogenic nematodes,
Heterorhabditis indicus (100 1J grub 'y and
Imidacloprid 0.01% at Pampadumpara
centre. Shoot and capsule borer was
parasitized by Jchncumonidand dipteran
parasitoids. Predatory mites are found to be
associated with phytophagous tetranychid
mites.

3. Ginger

Promising varieties: In ginger germplasm
evatuation, out of 286 collections, SG 705
and SG 933 gave maximum rhizome yield
(9-10 kg bed')at Solan centre.

NPz - SEBEAM -0 AA+EP ~ BREW

Disease management: In an integrated management for
Pythium, Fusariurnand Ralstonia, hizome solarization (45/
min) reduced the disease levels and increased the yield
significantly, followed by hot water treatment. Solarization
increased sprouting (92.2%), decreased Pythiumrot by
5.3%, Fusariumyellows by 4.37% and Ralstoniawilt by
3.1%at Solan centre. A survey for ginger disease incidence
carried out in the hill region of West Bengal (Three blocks of
Kalimpong) has revealed heavy loss of up to 80% in some
places due to rhizome rot - wilt complex

Nutrient mangement: Application of ZnSO, @ 2.5 kg ha-
"and borax (@ 20 kg ha"' produced maximum rhizome yield
in gingerat Solan centre.

4. Turmeric

Promising Varieties: In turmeric highest fresh rhizome yield
of 41 4 tha"' was recorded with PTS-59, followed by RH-
5(39.1 tha'yatJagtial. In a screening trial, TCP 198, 93,
104,43, 115,118, 19, 53, 70 were found to be tolerant to
both leafblotch and leafspot diseases at Pundibari centre.

Disease management: Sced treatment as well as spraying
with mancozeb + carbendazim (0.2% each) was found
effective against Jeaf blotch and leaf spot in Pundibari centre.
Seed treatment as well as soil application of Trichoderma
virideand Pseudomonas fluorescens(@ 12.5kgha' and
25kg ha' as basal & top dressing along with application of
recommended NPK + FYM was the best treatiment against
rhizomerot in Coimbatore.

5. Coriander

Promising Varieties: In coriander, LCC - 216 recorded
significantly highest yield of 563 kg ha”’, followed by LCC-
170 (554 kgha") and JCO-340 (554 kg ha') at Guntur.
Coriander DH-228 gave highest leaf vield, which was closely
followed by DH-202, when compared to Pant Hantima
(check) at Hisar.

Crop Production: Two sprays at40 and 60 days after sowing
(DAS)with NAA 10 ppm recorded significantly higher yield
(600kg ha') along with Triacontanol@, lml (580 kg ha') at
Guntur.

6. Cumin

Disease Management: Zrichoderma + F YM an_d
Mancozeb spray @ 0.25% was found effective against wilt
with maximum seed yield 475 kgha™ at Jobner.
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1) 7. Fenugreek of neemcake @ 150kgha' is recommended
:J_? Promising Varieties: Fenugreek accessions, UM-352and for biocontrol of root rot in fenugreek.

) ) UM-351 were found free from powdery muldew disease and 8. Fenmnel

RTP-9. RTP-10 and RMT-] were found resistant to root

knot nematode under field conditions at Jobner. Promising Varieties: Out of L17accessions

of fennel, 13 accessions yielded better than

In fenugreek, ILFC-84 recorded maximum grain yield of 1069 the check variety RE-125. Some of the

k'g ha [j followed .by LFC-87 (994 kg ha'"), which Weie promising accessions identified on the basis
significantly superior to check, Lam Seln.-1 (826.0 kgha') of yield performance were UF-114, UF-157.
L Cuntur, UF-136, UF-177, UF-189, UF-20, UF-79.
l Disease management: Soil application of Trichoderma UF-138, UF-145, UF-153 and UF-187.

f vatde@ Skgha'! 20 days beforesowing and soil application

/ T
New disease in fennel: A Phyllody disease in fennel is
described for the first time. The symptoms range from
vellowing and stunting of the vegetative phase of the plant
to malformation of inflorescence, flowers and floral parts.
The Phytoplasma etiology was confirmed by PCR and the

Phylogram drawn by Neighborhood Joining

; o : Bootstrap method in Clustal X (1.81), ilustrat-
Phyllody disease of Fennel ing phylogenetic relationships based on the
multiple alignments of 165 rDNA sequences
from 29 distinct isolates of phytoplasia includ-

analysis of 16S rDNA gene sequence revealed that the

phytoplasma infecting fennel belong to peanut witches ing fennel isolate (FP). A. laidlawii was used
9 broom (16Sr-11) group. as the outgroup
A
9. Clove

Promising Varieties: In CVT, among the ten accessions
evaluated, Sel. 10 was found to be promising with the highest
yield of 1.325 kg tree” at Pechiparai centre.

N@® = SBEAN 8 AAPEP ~ 2@ s |



pdian Institute of Spices Research, Calicut

Krishi Vigyan Kendra

A total of 1575 farmers visited KVK
during the period for consultation,
purchase of planting materials and other inputs
from KVK.

Training programmes

The Kendra has conducted 100 training
programmes on various subjects during the
period under report. A total of 2710 persons
have benefited out of the programmes.

Long duration vocational training programmes: The
Kendra has conducted two long duration vocational training
programmes for rural youth on ‘Repair and maintenance ot
farm implements’ The programmes were of three months
duration organised in collaboration with the Government
Community Polytechnic College, West Hill, Calicut. A total
of 39 unemployed rural youth have benefited out of the
tranings.

Revolving Fund Programme

The Kendra has a strong revolving fund programme to generate

Discipline-wise training programmes conducted

Discipline Number of
courses
Crop Production 50
Horticulture 11
Animal Science 38
Agrl.-Engineering %
Total 101

A - A Besh 8 A4 PRP -~ @ an

Participants SC/ST
Male Female Total participants
841 514 1355 128
145 75 220 73
676 425 1101 17
22 17 39 9
1684 1031 2715 227
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income for productive uses. Under this programme, high
quality planting materials of various crops were produced
I and made available to public at affordable rates. At present
2”%’”] all spice seedlings, Coconut seedlings, Pathimukam
seedlings, Bush pepper plants, Garcima graft, Mango graft,
Guava layer, Arecanut seedlings etc. are available for sale.
An amount of Rs. 6.62 lakhs has been realised through this
scheme.

The Kendra operates a Plant and Animal clinic offering
various services to the farmers. An artificial insemination
facility 1s also maintained at the centre to upgrade the genetic

ndian Institute of Spices Research, Cali.cut’

Controlled Intra-vaginal Drug Release
(CIDR) treatment-3

Y

Synchronisation of estrus using PG
alpha-11

» Birds immunized against Ranikhet
disease-1061 Fouls
Kisan mela and exhibitions

KVK regularly participated in exhibitions
and seminars within the district. In
addition, the Kendra also participated in

stock of livestock. The centre offered consultation, treatment ~ ¢Xhibitions and seminars outside the
and doorstep services charging nominal fee. [n additionto ~ district in association with the host
the various treatments, the centre also provided vaccination institute. Dur in_g.the P CI?Od under repf)rt,
facility and organised animal health camps tn association % VK has.participaied ip, the falliwisy

with the state animal husbandry department. The various exinbilons/Kisan melaz.

activities taken up by the Clinic during the period are as 1. At HSR, Calicut in connection with

follows: AICRP (Spices) Workshop from 24
to 27" May 06

»  Animals treated and advisory services provided — 817

2. At Acharya Ranga Agricultural

"'-f;;:f;-'ité';i-;'-"‘ » 1/:\mﬂcua.l 1nsem;léz;uon carried out in cattle using exotic University, Hyderabad in connection
sz ¢ rozen semen-= with Second National Conference on

- ¥ Animal Health Campaign/ Infertility camps organised- 5 KVKs from 26 to 27" November (6.
»  Vaccination against Foot and mouth disease: 1060 3. AtCalicut in connection with Calicut
| th th

»  Ksheerothsavam programme attended: Block level: 3, Hlower show 2007 from 8% to 14

o February 07.
District level: |

armers’ study tours:
»  Rumenatomy performed: 2 K ylours

Five study tours were arranged for the

»  Surgi i “hronic luxati clla: . . .
urgical correction of chronic luxation of patella: 5 farmers during the period. The details are

»  Dehorning of calves using electric dehomer-28 given below.

Sikkim and West Bengal 2.3.06 to 17.5.06 30

Goat Farm, Kommery 20.7.06 17

KLDB, Dhoni, Palakkad 17.2.07 28

KIL.DB, Dhoni, Palakkad 202.07 30

CPCRI, Kasaragod : 15.3.07 31
=
‘?4
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Maintenance of demonstration blocks/units 2. Introduction of high yielding varieties of ginger

3. Introduction of a high yielding variety of
Amorphophalius namely Sree Padma

Demonstration on milk production performance in dairy
cattle by feeding with silage under scarcity conditions.

The K VK maintained model demonstration
blocks/units in its farm for “Seeing is 4
Believing” by the farmers. The details of the

uniis are shown below:

Areca nut garden 1
Homestead garden 0.75
Medicinal plants 0.50
Anthuriums 200 No.
Cashew 3
Black pepper varietal collection 0.50
Sapota ]
Guava 0.50
Vanilla 1
Poultry unit 1
Mushroom production unit 1
Quail vnit 1
Dairy unit 1
Other Activities 5. Introduction of Chincilla rabbits in cage rearing for meat

Collaborative activities: KVX 1s with balanced ration.
conducting its many mandatory activities in
association with NGO’s such as Centre for . _ . _
Overall Development (COD), Vikas The'major OFT programmes carried out during the period
Volunteer Vahini Club (VVV), and INFAM,  arelisted below:

1. Testing the efficiency of organic composting of coir pith

On Farm Testing (OFT) Programmes

Front Line Demonstration (FLD) by TNAU method

Programme 2. Management of Sigatoka leafspot of banana using

FLD programmes conducted by the Kendra Pseudomonas fluorescens.

during the period are detailed below: 3. Broiler poat production

I. Demonstration of Apiculture as a 4. The effect of treatment with a GnRH analogue on
profitable enterprise in Homesteads conception rate in repeat breeder cows.

\a

Training on organic waste management- a session Silage preparation to tideover the feed crisis for
in progress on compost preparation. cattle- an alternate feed for dairy animals
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Agricultural Technology Information Centre

The ATIC at IISR started functioning in the year 1999 as

a9
l\{i

EIE,

an NATP project. With the cessation of NATP funding in
2003, the center became an institute project. As per mandate,
the centre is involved in technology dissemination functions
through a single window, coordinating with various divisions

ol HSR. The major activities carned out by the center are

5
5
>

v

Productionand disttbution of quality planting matenal
Production and distribution of pnnted literature
Farm advisory services including crop diagnostic
ServICes

Information dissernation through multimedia, video
and mteractive databases

Providing audio visual axd support to the institute
ACTALIES

Organizing technology dissemination services like
exhibitions, senunars to fammers and othey users

#.I “ ._ ..H

1. Products, Services and Information
dissemination

Sale of planting material registered an increase
of 42 3% compared to the average sale over
past three years whereas for publications it is
45.2 %, Trichodermatormulation for Rs
8692 and Pseudomonasiormulation worth
Rs 18,503 were distnibuted to farmers. There
18 51 % dechine in the sale of biocontrol agents
as compared to distribution over past three
years, which could be atiributed to the
establishment of entrepreneurs across the
spice growing regions. The total income
generated from the centre registered an
increase of 25 % over the average income
during the past three vears.

Resource generation through ATIC

AP R EBEAN B MA+EP « 2@



f lndi.sn Institute of Spices Research, Calicut

: During 2006-07. ATIC was frequented by
farmers, students and research workers from
kerala and other states. There is an increase
of 21.7 % in the number of visiis to the
institute as compared to the average over past
three years.
2. Extension Services
Out Reach
The centre participated in following
serrinars/ exhibitions
e National conference of KVKs at

Hyderabad & Exhibition 26-27"
November 2006.

e North East Agriculture Fair at [CAR
Research Complex for NEH Region,
Barapani 5-7% March 2007

Local programmes
The centre participated in following
serninars/ exhibitions.

¢ National seminar on Organic spices
and aromatic crops at Calicut from!-
2 February 2007.

e  Fruits and Flower show Calicut from
8-14* February 2007.

e Farmers meet at Sholayur, Palakkad on 19®
February 2007

3. VSAT- Village Resource Expert Center Project

The Satellite Technology based Village Resource Centre
(VRC) Scheme sponsored by the Kerala State Planning
Board has been commissioned by ISRO. The scheme
envisages interactions between experts in identified
knowledge centers and farmers enrolled in resource
centres in Wyanad district of Kerala through Video
conferencing. Four resource centres are functioning in
Wyanad district.

4. Training for Development

The partmership services offered by the institute include Training,
Consultancy and Contract research. The Institute offers training
programme on demand from various agencies targeted for field
extension functionaries of line departments and research
workers of other ICAR Institutes and State Agncultural
Universities (SAU). The modules for these training
programmes are prepared based on technologies developed
by the institute and research actuevements. The topics covered
included spices production technology, nursery, pest and disease
management in major spices, post harvest technology and
computer and statistical applications in research and
development.

Participation of HSR in North East Agricultural Fair at Barapani, Meghalaya
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Technology Mission for Integrated Development of
Horticulture for Northeastern states including Sikkim

Releases were made by the Depariment of Agriculture and
Cooperation, Government of India through ICAR to the Indian
Institute of Spices Research under the Central Sector Scheme
Technology Mission for Integrated Development of
Horticulture for NE state including Sikkim. The identified
component was training on Spices production management

—
-

v
)
3

Training on Post harvest techology

ndian Institute of Spices Research, Calicut

for the NE states for the benefit of extension
functionaries and farmers. Accordingly, two
workshops on Production management and
Post harvest technology In ginger were
organized in collaboration with Department
of Horticulture, Sikkim at Gangtok and
Jorethang districts in Sikkim during 12-16"®
March 2007.

Demonstration of planting methodology in
ginger at Sikkim

Training programme organized during the year 2006-07

for ginger at Sikkim
Good Agricultural Practices 05-07
June 2006
Production management and 22-29
value addition in major spices August 2006
Spices research and development 25-27
November 2006
Production management and 20-22
value addition in major spices November 2007
Production management in 27-29
ginger, turmeric and chillies December 2006
Production management in 10-12
ginger, turmeric and chillies January 2007

22 Rural youth
13 Natjonal level extension
officers
i Field officers of Spices
Board
16 North Eastern States
12 National Horticulture
Mission for
Uttar Pradesh
14 National Horticulture
Mission for
Uttar Pradesh
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Education and Training

Postgraduate studies

Ph.D

K. Maya, Biochemical variability in
nutmeg (Myristica fragrans) and related
taxa. University of Calicut.

K. V. Saji, Taxonomic and genetic
characterization of black pepper and
related species. University of Calicut.

MoU between IISR, Calicut and TNAU,
Coimbatore for Ph.D degree

Under this MoU, staff members of ISR, after
securing admission to PhD, will be allowed
to do research work at [ISR after completing

M.Sc projecis

Nineteen students from various universities carried out their
M.Sc project work in Biotechnology, Biochemistry,
Microbiology and Plant Pathology under the guidance of the
scientists of the insttute.

Post M.S¢ Training
Si1x M.Sc graduates were trained on various techniques of

Microbiology and Biotechnology under Post MSc Tralmng
programme of the institute.

Summer training for M.Se students

Thirty students from various umversities attended the one-
month summer training programme on Techniques in
Biochemistry and Biotechnology.

their course work at TNAU.

Training programmes attended by staff

Name  Trsining/Workshop  Instiute  Period =

S. Shanmughavel Action Plan Meeting of TNAU, April 07-08,
KVKs of Zone VIII Coimbatore 2006

D. Prasath Awareness course on IGNQU, New May- July
intellectual property rights  Delhi 2006

S. Hamza Managerial skills for ISTM, New May 22-26,
technical officers Delhi 2006

M. K. Sachidanandan IT sensitization CMFRI, Kochi  June 26-30,

V. L. Jacob 2006

C. K. Sushama Devi Institutional Repositories M, Kozhikode July 17-19,

2006

K. Jayarajan PERMISnet and intelligent  IARI, New July 21-22,
reporting system Delhi 2006

A. I Bhat Inteilectual Property rights  ASCI, July 31- August
and World Trade Hyderabad 04, 2006
Organization related 1ssues

T. J. Zachariah Vision 2015- Strategy and  KINFRA, September 02,
action plant for Food Calicut 2006

processing)
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production
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! Name  TesisingWorkshop  fmwitwte  Peried
,J,j, T K. Jacob Sensitization workshop on  KVK, September 12-15,
p— process of knowledge Trivandrum 2006
W3] management
K. Jayarajan Information security for DOEEACC September 18-22,
Government officers Centre, Calicut 2006
K. N. Shiva Breeding for resistance to CPCRI, RS, October 16-
disease and insect pests in  Kayamkulam Novermber 10,
plantation crops 20006
N.K. Leela IPR and WTQO related ASCI, October 30-
1ssues Hyderabad November 03,
2006
K. M. Prakash Annual Review Meeting of CPCRI, November 01- 04,
KVKs of Zone VIII Kasaragod 2006
Dr. T.K. Jacob, Second National Acharya Ranga November 26 -27,
K.M. Prakash Conference on KVKs Agricultural 2006
University,
Hyderabad
T. K. Jacob Training on ICT MANAGE, October 30-
Hyderabad November 3,
2006
K. Abhirami Diagnostics and molecular ISR, Calicut December 1-21,
characterization of 2006
pathogens of horticultural
crops and their biocontroi
organisms
D. Prasath DUS testing for plant IARI, New February 19-24,
variety protection- Delhi 2007
principles and procedures
T. E. Sheeja IPR workshop RRL, March 1-2, 2007
K. N. Shiva Trivandrum
Utpala Parthasarathy  GIS based decision NAARM, March 1-21, 2007
support system for Hyderabad
sastainable Agriculture
C. K. Thankamani Advanced irrigation IARI, New March 15-25,
systems for intensive crop  Delhi 2007
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Summer Uaining programne on
Techniques in Biochemistry and
Biotechnology for M.Sc students.
May 05 to June 03, 2006.

Summer training programme on
Bioinformatics for M. Sc students,
May 05 to June 03, 2006.

National Biennial group meeting of
research workers of AICRP on
spices, May 25-27, 2006.

Good agricultural practices for Rural
Youth, June 5-7, 2006.

Soil, plant and water analysis to
technical officers/ training associates
of south zone, KVK, June [9-23,
2006.

Library resource sharing meeting,
July 26, 2006.

Bioinformatics: tools and
Applications, November 14-18,
2006.

Group meeting of cardamom
research workers, February 8, 2007.

Winter school on Diagnostics and
molecular characterization of
pathogens of horticultural crops and
their biocontrol organisms,
December 1-21, 2006.

Distinguished visitor

The Union Minister of State for
Commerce, Shri. Jairam Ramesh visited
the Indian Institute of Spices Research,
Calicut on 23 March 2007. The Minister
also visited the Agricultural Technology
Information Centre of ISR and had a
close interaction with the scientists of the
[nstitute.

[Pg - SBEan -0 A4+EF < 2@

Summer training programme on Techniques in
Biochemistry and Biotechnology

Visits Abroad

M. Anandaraj: Visited Sr1 Lanka to deliver a keynote
address on IPM at the 34" annual meeting of [PC, 04-
07 September 2006

M. Anandaraj: Visited IPC Secretariat, Jakarata,
Indonesia to participate in the group meeting on drafting
good agricultural practices (GAP) for pepper, 15-17
November 2006

Awards

Dr.J.S.Pruthi Award 2006 for the best research paper
entitled “Evaluation of composted coir pith with chemical
and biofertilizers on nutrient availability, yield and quality
of black pepper (Piper nigrum 1..)" (Srinivasan, V.,
Hamza, S. and Sadanandan A K. 2005, Journal of Spices
and Aromatic Crops, Vol. 14: 15-20.

Dr.J.S.Pruthi Award 2006 for the best research paper
entitled “Antagonistic mechanisms of fluorescent pseudo-
monads against Phytophthora capsici in black pepper
(Piper nigrum L.)” (Diby Paul, Anandanraj, M and
Kumar, A. 2005, Journal of Spices and aromatic Crops,
Vol. 14; 122-129.
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Consultancy Processing Cell

s a part of contract service, the consultancy processing
Acell took up various analytical services for the public
and private entrepreneurs. Services included analysis of
chemical and organic fertihzers, plant and soil samples for
nutrients, analysis of commercial samples for Trichoderma,
Pseudomonas, Azospirillum, Phospho-bactenia, analysis of
samples for biochermical constituents etc. Based on the request
by Government of Grenada, West Indies, two Principal
Scientists were deputed to Grenada to provide technical
consultancy on nutmeg cuttivation and tmprovement. Sale of
cultures, contract research, field visits based on planter’s
requests and organization of raining programines were some
of the other activities of the cell during the year.

f,",:'_.” Durtng 2006-07, the total revenue generation through
1200 - 996.8
1000 -

g _
= 800 598.9
2]
< 600-
2
3 400
= 143.5
200 | !
o)
2002-03 2003-04 2004-05

consultancy activities was around 10.00
Jakhs. The major share (55 %) came from
analysis of samples for nutrients from Kerala
State Land Use Board, Krishi Bhavans and
private entrepreneurs. Some of the other
samples analysed were biocontrol agents,
biochemical constituents etc. The share of
revenue through contract research was 32%.
Intemational consultancy contributed around
11%. Two training programmes each on
Techniques on Bioinformatics and
Biotechnology for M.Sc. Students and
efficient use of soil and plant analysis lab for
KVK personnel were organized under
consultancy mode.

2005-06

2006-07

Income generation through consuvltancy service at IISR, Calicut

during 2002-'07
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Bioinformatics Centre

Research .
During the reporting period the major
research initiatives of the Bioinformatics
Centre were the following. .

s Database for Phytophthora

Diseases of Horticultural crops
[PhyDisH|

The Centre has also actively supported the Winter
School on Diagnostics organized at the Institute from
1-21 December 2006.

Biomformatics Centre collaborated with NIT, Calicut
and offered Bioinformatics as an elective subject for
M.Tech. {Computer Science) students.

' . _ e Three M.Sc. Bioinformatics students carried out their
(hﬁp:/_/www.so.lces:res.m/mvdish/) - project work at the Centre.
E?gD]SE?E?Eii;ﬁi%magg?t?ﬁzg * Two candidates were given post MLSc. training.
conserved in the National Repository Services
of Phytophthora at the mstitute. ¢ Computational and Information support 1o various

o Sign-O-Bacteria, a tool for R&D projects of the institute.
identifying the species-specific ¢ Maintenance and updating of the institute website
SignaFUfeS in plant-aSSOCiated \yww_gpices_res‘in‘
bacteria. _ »  Designing and developing customized databases and

¢ Phylogeny of Badna viruses. soffware.

Training _ o Sugtaining the intranet ‘SPICENET” and the email

¢ Summer [raining programme in facility *Spicemail’, E jounals etc.
g;ombggnoltog%e;m}?u;m;%rgéau;% » Providing round the clock access to Internet,
Lra'meesy 0 . : Biomformatics tools through the facility called E-Lab.

e Training pro e ‘Bioinformatics: ¢ Designing, development and hosting of websites
Tools & Applications, 14" — 18" e E-publishing — online journals, nstitute repositories
Navember 2006, 19 trainees. elc.
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Bioinformatics tool- PhyDisH- A database for
Phytophthora researchers
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Bioinformactic tool-Sign O bacteria - An unigue
software for guiding microbiologists
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Agricultural Research Information System

uring 2006-07, ARIS center has spearheaded the a service centre for various purposes like

development of an office automation software called Internet browsing, Statistical analysis of
‘ARISoft’ 1tis a fully integrated system, which automates data, documenting and multimedia
muttifarious functions of ISR that helps the management of programes developed on various activities

day-to-day operations and decision-making process. The of the Institute.
software guides the Document flow, Personnel, Activities
of Admintsirative, Finance & Accounts, and Stores such as
Purchase, Distribution, Contracting, Tour management, File D E-book for ‘Completed
Tracking system, Intranet Messaging etc. and it was Projects-Salient Findings’
launched by Dr. G.. Kalloo. former DDG (Hort.& CS ).\ () E-book of Indian Institute
%CAR on 22 November, 2006 As a regular endfaavor of Spices Research

imparting computer awareness among the staff, ARIS

continued training programme this vear too. It provided () Modified the software INSTInfo
training 1o all staff of ISR for using ARISoft. Besides, {Institute Jnformation Bank - A
necessary actions were taken for the proper functioning of software for storing and retrieving
Local Area Network in the institute. ARIS maintained and mstitute details) and distributed it
updated on regular basis information on all the staffs of the to all horticultural and crop
Institute by accessing and editing PERMIS net. It serves as science institutes of ICAR

ARISoft

ool Lebary for At e e AL ke

Besides, ARIS has developed

v

£

Lmoum

| VEHLCLE

CUEST HOLUSE

-
fitp bt

ARISoft - a portal towards paperless office
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F i he library of the institute was set up to

provide support to research activities of
the Institute and to function as a national
information storage, retrieval and
dissemination system for spices and related
areas. At present, it has a collection of 4188
books, 33451 bound volumes 2298 reprints,
898 technical reports, 167 CDs, 124 theses
and 139 project reports. The library i1s
subscribing to 36 foreign journals and 84
Indian journals in addition two CAB CD
databases (Horticultural database and Plant
protection database) and J Gate (Agricultural
and biological sciences), the e joumnal porta).
The library provides bibliographic services
(published in Jounal of Spices and Aromatic
Crops and database services apart from
publishing “Agri-Science Tit Bits™ at quarterly
intervals. The additions during the yvear include

Library

111 books, 800 bound volumes of journals 43 technical
reports, three theses, 11 project reports and six reprints.

Sharing of resources between the libraries of Central
Plantation Crops Research Institute, Kasaragod, National
Research Center for Cashew, Puttur and TISR, Calicut, was
continued. Access to online journals and content page
service was provided through institute website to respective
users. Internet facility is provided in the library for literature
search, web search. checking e-mails etc. SpicE-Lib, the
library website, was launched during this year, wherein
access points are provided to various library resources and
services. Links are also provided to oniine journals and open
access journals in the web site. Hands on training are given
on information retrieval and documentation to the
participants of various traintng programmes organized by
the institute. During the year National Agncultural Innovation
Project, ICAR provided [ree access of three databases
SCOPUS. Science Direct and Annual Reviews.

Women Empowerment Programme

Visit to private farm in Wyanad involved
in the production of white pepper

NP® - SEEFAM B AAPEP ~ R@

nternational Women's day was observed on 9% March
12007. Pr. Irene Hunt ex-Principal Malabar Christian
College, Calicut was invited as chief guest. She delivered a
talk on mother hood and related issues confronting women in
the modern era. The KVK organized a training programme
on processing of vanilla and pepper for women employees
of the institute at Wayanad. The members of women’s cell
visited a private farm involved in processing white pepper at
Wayanad on February 2007. The Women’s cell also joined
hands with the Recreation club of the institute in organizing
the Communal Harmony week during November 2006.
Classes on Glass painting and doll making were also arranged
for the staff.
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Official Language
Implementation Activities

Quarterly meetings of Official Language Implementation
Committee were held four times during the year 2006-07.
During this period we have conducted four Hindi Workshops
on Noting and Drafting, Spoken Hindi, Basic Knowledge of
Hindi Computer for the benefit of staff members. Smt. N.
Prasannakumari, Hindi Translator attended TOLIC Sub
Committee meeting on 7. 4. 2006 at State Bank of
Travancore, Zonal Office, Calicut. Sri. B. Krishnamoorthy
attended TOLIC meeting on 26.4.2006. Sri. B.
Krishnamoorthy, Smt. N. Prasannakumart. Sti. V.C. Sunil,
Smt. P.V. Sali, Sti. P. S. Harish and Sri. B. T. Velayvdhan
have attended TOLIC meeting and Hindi Fortnight
valedictory function on 19.10.2006 at Hotel Asma Tower,
Calicut.

Hindi Week was celebrated with various Hindi Programmmes.
On 14.9.2006 Hindi Day / Hindi Week was inaugurated. A
film show was presented for the staff members after the
mauguration. Various competitions such as Hindi song,
elocution, essay writing, paragraph reading and calligraphy.
noting and drafting, extempore speech were conducted during
this week. Prizes and certificates were distributed in the
valedictory function on 21.9.2006.

Hindi word/phrase and the equivalent English
word/phrase were displayed both in the white
board and in the [ISR web site daily. During
this period we have nominated nine staff
members for Hindi Pragya Examination
November 2006 conducted by Hindi
Teaching Scheme, Calicut and all of them
passed the examination. Hindi section has
nominated Sri. R.N. Subrarmaman, Assistant
and Sri. K. Ananda, Technical Assistant.
Cardamom Research Centre, Appangala for
Hindi Computer training from 8 1012 January,
2007 at Bangalore.

Sri A. P. Sankaran, Assistant Adrninistrative
Officer was nominated for attending Hindi
Workshop conducted by TOLIC on
18.7.2006 at SBT, Calicut. Hindi version of
the half yearly publication of Spices News
volume 17(1) January—June 2006 was
published separately. Executive summary of
Project Coordinator’s report and executive
summary and preface of Annual Report were
translated in Hindi and incorporated in both
annual reports.

Institute Management Committee

Director, IISR, Calicut, Chairman

Assistant Director General (PC), ICAR, New Delhi, Member

Dr. S Devasahayam, Principal Scientist, HSR, Calicut, Member

Mr. P A Mathew, Principal Scientist, IISR, Calicut, Member

Dr. George V Thomas, Head, Crop Production, CPCRI, Kasaragod, Member
Dr. K V Nagaraja, Principal Scientist, NRC For Cashew, Puttur, Member

Sti. Sanjay Mariwala, Kochi, Member
Sri. K Mukundan, Wyanad, Member

Assistant Administrative Oﬁ'lcer,' ISR, Calicut, Member Secretary
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Research Advisory Committee
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Dr. S. Kannaiyan. Chairman

National Biodiversity Authority, Chennai

Dr. A. N. Mourya, Member
Emeritus Scientist,
Banaras Hindu University, Varanasi

Dr. A. Manickam, Member,
Protessor,

Centre for Plant Molecular Biology,
Tamil Nadu Agricultural University,
Coimbatore

Dr. Narayan Rishi, Member,

(CCS Haryana Agricultural University, Hisar

Dr. Kuruvina Shetti, Member
Professor & Head, Biotechnology,
University of Agricultural Sciences,
Dharwad

Dr. A. K. Misra, Member, Consultant
Small Farmers Agribusiness Consortium,
Ministry of Agriculture,

New Dethi

DR. M. Anandaraj, Member (Secretary)
Project Coordinator, AICRP (Spices),
Indian Institute of Spices Research,
Calicut

Recommendations and Action Taken
Report of RAC - 2006

SL.No. Recommendations- 2006

l. A holistic appreach ro manage
Phytophihora foot rot problem in
black pepper must be made. [n this
regard, it was suggested to lorm a
working group led by Dr M.
Anandaraj.

2. A strategy to identily factors
responsible for curcumin synthesis
and ways to increase its synthesis
in turmeric by means of genetic
manipulation and agro technigue
should be evolved. A working
group led by Dr V.A. Parthasarathy
may be formed to address the same.

Action taken

The progress of work on Phytophthora foot rot disease of black pepper was reviewed
at regular intervals. The work under progress include : characterizalion of Phviophthora
spp.: 1deniification of genotypes wiih multiple resistance to Phytophthora and
nematodcs; assay for multiple antagonistic potenlial against soil-borne pathogens of
black pepper including P. capsici. compatibility of promising antagonists, evaluation
of promising antagonists under greenhouse conditions against P, capsici; developmest
of consortium of bicinoculanis for management of Phytophifiora foot vol disease:
varietal reaction of black pepper to biocontrol agents; root stock interventions for
managing Phyrophithora foot rot disease; induction of systemic resistance using
salicylic acid: and integrated strategy.

Action has been initiated and a working group was formed.

Contd.....
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1.

Kecommendations- 2006

A working group on IPM sirategies
for the management of pests and
diseases in ginger to be formulated
with Dr S. Devasahayam as leader
of the group.

In view of low productivity in spice
crops, it was suggested to look into
various soil factors such as soil
nutrients including micronutrients
and weather factors influencing
productivity. A working group
with Dr B. Chempakam as leader
may be formed 1o research into all
aspects.

Impact analysis including
economics of selected technologies
developed by ISR and its transfer
to farmers need to be studied. Dr
M. S. Madan and Dr P. Rajeev may
discuss with concerned scientists
and evolve a time bound
programme to address the issue.

In order to get variability in spices,
somacional variation and mutation
breeding may be attempted.

In view of superiority of Indian
cardamom, the uniqug RAPD band
obtained with Indian cardamom
may be cloned and sequenced in
order to develop in to a SCAR
marker to differentiate Indian
cardamom fromni the rest.

Micro nutrients should alse be
taken into account (in addition to
NPK) in nutrient targeting
experiments.

A few more parameters may be
added to refine the yield prediction
formula in black pepper to get
betier yield prediction. Model may
be developed based on site specific
actual data.

Basic studies with Azospirillum and
micronutrients may be taken up in
spice based cropping system

A detailed study on the enzymes
responsible for curcumin 1,2, & 3
syntheses may be carried out.

|ndian Institute of Spices Research, Calicyt

Action tnken

The progress of work under IPM sirategies for the management of pests and diseases
of ginger was reviewed at regular intervals. The work under progress include : field
trials for the management of soft rot disease with promising rhizobacterial strains and
chemical fungicides; in vitro and gresnhouse evaluation of mustard leal macerate.
potassium phosphonate, commercial systemically acquired resistance inducer such
as 2-bromo-2-nitropropane-1,3, diol. cheshunt compound. copper oxychloride and
Bordeaux mixture against Rafstonia selanacearum  and Pythiwm myrioiviunt;, and
evaluation of rool exudates of Curcima amada in inhibiting the growth of R.
solanacearim in vitro.

Programmes were chalked out based on the following three thrust areas : i) Budgeting
of major and micronutrients for targeted yield production and organic farming in
major spices-Included as one of the technical programme in the ongoing project.ii)
Sustainable spices based cropping systems for enhancing productivity and soil
qualityTwo new projects were proposed:Agr. XXV (8§13): Evaluation of legumes as
intererops in black pepper plantation. Agr. XXVII(813) : Enbancing the productivity
in black pepper by intercroppingiii) Physiological and climatic factors influencing
productivity. The objectives will be met in the already existing externally {unded
project on Climate change.,

A project entitled ‘A Srudy on diffusion, adoption and impact of varieties released
from HSR and scientific crop management practices” has been proposed by Dr.P Rajeev
and data collection process is in progress after completing the guestionnaire and
sampling.

Utilization of mutagenesis and somaclonal variation to induce and enhance variability
in spices is being taken up.Ginger- Sprouting buds of five ginger varieties were
treated with different doses of gamma radiations starting from 0.5kR. M1 generation
raised from these buds had shown chlorophy!l variegation in a few plants. M,
generation will be raised. i

A band of size 400bp & 700bp (OPA 19) specific to the traded /Indian cardamom is
being eluied and cloned.

It is included under project “SSC IV (813) Nuirient budgeting for improved varieties
of spices™ as along term objective.

More weather pararncters viz., temperature, relative humidity arc included and models
are developed with site specific actual data of yield and weather obtained from
RARS, Ambalavayal, Wynad Dist. Kerala, one of the efficient black pepper producing
district under tbe project “Agr.XXII(813): Biometeorological investigation and
modeling in black pepper”.

Compatihility studies of Azospirillim with micronutrients assigned to Ph D Student.

The programme has been included under the existing project on “Characterization of
turmeric germplasm for curcuminoids’.

Contd....
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15.

16.

Recommendations- 2006

A detailed study on the post
MERE0oN sail moisture
management and its impact on the
vield in spices may be taken up.

An in depth study to isolate and
characterize ull Aspergilius spp.
from spicve preduce need to be
taken up.

Surface flora of biack pepper
berries need to be studied. Further.
guality analysis of white pepper
produced using different organisms
may be studied. In addition,
cultivars amenable for white
pepper praduction keeping in view
uniform maturity of berries may
also be taken up.

Major factors responsible for
increased cost of production and
strategies to reduce the same in
spices may be worked out.

Studies on the effect of single virus
alone and synergistic effect of both
the viruses associated with stunted
disease in black pepper may be
taken up. Search for other
additional viruses in black pepper
may also be looked into.

The RAC suggested to engage ali
promising materials obtained after
screening against biotic and abiotic
stresses  in improvement
programmnes.

A detailed study on the basic
characterization of endophytic
bacteria controlling nematodes
should be taken up.

Action taken

Farlier experiments in black pepper showed that drip irrigation @ 7 hm}m i
during October 10 May proved better for bluck pepper. .Drip irrigation @ 8 lir
day / clump during post monsoon period recorded higher vild, Smﬂf' - LA
once in 12 days is also equally effective. In cardamom., trench system Gf“m .m'_
reduced the run off and conserved more moisture than other systems of planting
Based on these observations. a project on “Productivity enhancement in black pepner
by managing irrigation and fertilizer” is presented o Kerala Stte Council for Science
Technology and Environment for consideration.

isolation and Characterization of all Aspergillus spp. is an ongoing programme under
the ICAR Net work project on Mycotoxins 92 isolates collected from spice samples
during the survey in spice growing areas are maintained and are being tested for
Loxigemcity.

When initial isolation is made. we have isolated 45 bacteria and 8 fungi from black
pepper pericarp surface, decomnposed black pepper, soil used for decomposing the
pepper and the white pepper itself. These isolations have significantly contributed
good isolates with multiple hydrolytic enzymatic potential, Four of the isolates
produced four well known hydrolytic enzymes such as Pectinase, cellulase, amylase
and protease. These isolates are being evaluated in large-scale trials now.

Ip order to rectify the problems of immature berrics being fermented, the pepper
berries were sieved through standard berry sieves and the trial is being conducted.
Another varietal trials is in progress. Chemical quality white pepper developed
using different microorganisms (ten differcnt organisms) did not show any variation
in oleoresin, Piperine, starch and essential oil content. Starch content in white
pepper is aboul 30% more when compared to black pepper. Among the essential pil
constituents Limonene and B-caryophellene showed a reduction of about 25%
compared to black pepper control.  In sun dried white pepper the surface flora
ranged from 15 x 107 to 23 x 1G° cfuw/gim and in oven dried the same ranged from 8 x1("
to [0 x [0 efu/gm.

To address the problem a new project entitled ‘Assessing Sustainability of Cropping
System Involving Spices’ has been proposed as an institute project.

CMV and PYMV alone and in combination were inocuiated onto healthy black
pepper seedlings. Appearance of symptoms and presence of virus (es) were confinned
through PCR/RT-PCR. Regarding search for additional viruses, nucleic acid isolated
form virus infected plants were subjected to RT-PCR/PCR for presence of Sobemo,
Luteo and Nanc virnses. However, nobe of these three viruses were presenl i
infected black pepper samples.

Foliowing promising lines were identified as sources of tolerance/resjstance to biotic
and abiotic stresses:

Phyiophthora : P24, Coll 1041

R.similis : C820, HP39

Pollir : Coll. 816,841, 1084, L1114

High caryophyilene : Coll. 122, 123, 7

Drought : Coll.813,149593]

The above materials are being incorporated in the breeding programme. Rhizome rot
resistant & katte resistant types in cardarom are used as donors in cardamoin breeding.
The promising endophytic bacterial strains were identified based on species-specific
primers, [sclate BP35 was identified as Pseudomonas fluorescens, BP17 as Bacillus
sp. and BP25 as Pseudomonas sp. Nematode suppressive isolate TC10 is yet to be
identified. Identification based on sequencing of 16s ribosomal DNA is in progress.
Biolog System has been proposed for purchase in the X1 Plan.
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Recommendations- 2006

loss on turmeric shoot borer need
to be conducted in different
geographical locations

Indian Institute of Spices Research, ciﬁtﬂl‘T

Action taken

I 19. Salicylic acid may also be included A trial on effect of methyl salicylic acid (MeSA) was initiated in the green house with
Ay ! as one of the treatments in  various concentrations nam_ely. 10er, 1.0 gl 0.1. g.l'.‘. 0.0.l g 1" and O.UQI o1 for
_).U”U‘ Ul management experiments as it is  their inhibitory activity against Phviophthora capsici inlection and mycelial srowth
known to induce resistance. of the fungus in vitro. MeSA @ 10gl" caused phytotoxic symploms on the leaf
instantaneously. In general £ capsici nfection could be seen in all the freatinents
irrespective of concentrations of McSA used. However, MeSA per se was toxic (o
the fungus and as the concentration increased there was a proportional decrease in the
mycelial dry weight. Trials on the effcet of MeSA on P capsici infection in ronied

cultings and excised shoets (single nodal cuttings) is in progress.

20.  Based on the previous data, An attempl wouid be made as and when the vacancies of scientists in “Agricuitura)l
futuristic trading software may be  statistics’ and ‘Computer application” are filled.
developed for all spice crops
keeping in view of its potential for
commercialization.

21 In view of Jow variability in sorne  NBPGR New Delhi has been contacted for introducing germplasm from exotic sources
of the spice crops. efforts may be  List of spices materials to be introduced from foreign couniries has been sent to
made to obtain germplasm from  NBPGR.
other producing countries.

22 Belore initiating organic farming  Site characteristics of seils like physico chemical and biological properties are done
experiments, site characterization  as suggested.
need to carried out.

(! .'Ilfr.-'ra". 23, Farmers may be educated on [PR Farmers/students are cducated on IPR Seed Act through fanmners * seminar/trainings
'I.'__.’_.f' and Farmers rights. seed act etc. as invited speakers. Lectures /classes taken: by Dr. B.Sasikumarl. IPR issues in
Agriculture. Nagarjuna University. Guntur J0 Nov.20052. Seed Bill- boon or bane.

p Py Agriculture seminar. St. Joseph’s College, Devagini.3. Seed Bill- An appraisal Farmers’

e 3 senmtinar, KVK, Peruvannamuzhi 4. IPR issues in agricuiture- Farmers and agricultural
officers. KVK, Peruvannamuzhi.

24. In order to.get precise data, yield The incidence of the shoot borer was recorded in various turmeric growing areas in

Kerala, Karnataka, Tamil Nadu and Andhra Pradesh. The pest incidence was serious
(above 25%) in Wyanad and Kozhikode districts oaly in Kerala.

List of Publications 2006-'07

1. Anil Kumar, R., Velayudhan, K.T., Vasu, K.,
Ramachandran, V., Suseela Bhai, R. and Unnikrishnan
(2006) Interaction of potassium phosphonate in laterite
sol. Journal of Environ. Science & Engg. 47: 276-285

2. Balaji, S, Kalpana, R. and S. J. Eapen (2006) PIR
Pairwise Alignment — A slip up for signal peptides.
Bioinformation 1: 188-193

3. Dhirendra, S., Jain, U.X., Rajput, S.S., Khandelwal,
V. and K.N. Shiva (2006) Genetic variation for seed
yield and its components and their association in

coniander (Coriandrum sativum L.)
germplasm. Journal of Spices and
Aromatic Crops 15:25-29

4. Elizabeth, T, Jaleel, K., Zachariah, T.
I., Syarnkumuar, S. and B. Sasikumar.
(2006) Comparative quality character-
zation of [ndian, Sri Lankan and
Guatemalan cardamoms. Journal of

Food. Agriculture and Environment
4:129-134
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black pepper (Piper nigrum L).
Indian Joumal of Agricultural Sciences
75:735-737.
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50 - 62.
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markers for genetic diversity analysis
in spices. An appraisal. Indian Journal
of Horticulture 63: 302-304.
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(2006) Influence of varieties dates of
planting, spacing and nitrogen levels
on growth, yield and quality of tarmeric
(Curcuma longa). Indian Journal of
Agricultural Sciences 76: 432 -434.

Krnshnamoorthy, B., Rema, J., Leela, N.
K., Mathew, P. A., John Zachariah, T,
Minoo, D. and K. Jayarajan (2006)
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Blume for yield and quality. Joumal of
Non-Timber Forest Products, 13: 61-62.

Krishnamoorthy, B., Rema, J.,
Mathew, P. A., Zacharah, T.J. and
K.N.Kurup (2006) Clonal progeny
evaluation in Chinese cassia
(Cinnamomum cassia). Preliminary
study. Journal of Medicinal and
Aromaiic Plant Sciences, 28: 9-10.

Krishnamoorthy, B., Mathew, P. A
Rema, J., Minoo, D. and K. Jayarajan
(2006) Soft wood grafting of Garcénia
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tinctoria (Wight)), Journal of Spices
and Aromatic Crops 15: 63-64.
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of Piper species to water stress. Indian Journal of
Horticulture 63: 433-438.

Kumar, A (2006) Methods for screening ginger
(Zingiber officinale Rosc) for bacterial walt resistance.
Indian Phytopathology 59: 281-286
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List of Projects

Institute Projects

Mega Project-1: Collection, conserva-
tion, characterization and cataloguing of
germplasm of spice crops for yield and
other economically important characters.
[Project Leader: P. A. Mathew]

.

h
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Gen. 1{813): Collection, conservation,
cataloguing and evaluation of black
pepper germplasm [1972-2008] [K.
V. Saji, Johnson K. George and Utpaia
Parthasarathy]

Gen. IX (813): Collection, conserva-
tion, cataloguing and evaluation of
cardamom germplasm [ 1976-2007] [D.
Prasath and M.N. Venugopal]

Gen. I1 (813): Collection, conservation,
cataloguing and evajuation of germplasm
of ginger and turmeric [1976-2007) [B.
Sasikumar, Johnson K. George, K. V.
Saji and R. Ramakrishnan Nair]

Gen. XIV (813): Characterization of
turmeric germplasm for curcuminoids
[2004-2007)/B. Chempakam and N.
K. Leela]

Gen. VI (813): Collection, conserva-
tton, cataloguing and evaluation of
germplasm of tree spices [1976—2007]
[B. Krishnamoorthy. J. Rema, P. A.
Mathew and D. Prasath)

Gen. XVI (813): Maintenance,
enhancement and charactenization of
genetic variability in vanilla (Vanilla
planifolia Andrews) (2005-2010) [R.
Ramakrnshnan Nair and P. A. Mathew)

Hort. 11 (§13): Collection, characteriza-
tion, evaluation and maintenance of
paprika and paprika alike chillies
[2004-2009] {KN Shiva, T.J.
Zachanah and M. Anandaraj}

Mega Project-2: Breeding improved varieties of spice
crops for yield, quality, drought and resistance to pests
and diseases [Project Leader: B. Krishnamoorthy]

l.

>

Gen. XVIL(313): Breeding black pepper for high yield,
quality, biotic and abiotic stress [2006-2011) [V, A.
Parthasarathy B. Sasikumar. T. John Zachariah,
K. Nirmal Babu, R. Suseela Bhai, Johnson. K. George,
Santhosh J. Eapen, K. V. Saji, S. Devasahayam,
K. §. Krishnamurthy, R. Ramakrishnan Nair and
T.E. Sheeja)

Gen. X. (813): Breeding cardamom for high yield and
resistance to ‘katte’ diseasc. [1976-2007] [M. N.
Venugopal and D. Prasath]

Gen.XV. (813): Investigations on the reasons and
soJutions for the absence of seed set in ginger (Zingiber
officinale Rosc.) [2005-2010] [R Ramakrishnan Nair |

Biotech. VII (813): ISSR markers for black pepper
improvement [2004-2007) [Johnson K. George and
B. Sasikumar]

Biotech. VI (813): Molecular characterization and in
vitro propagation in Myristica sp. [2004-2007) [TE
Sheeja and B. Krishnamoorthy )

Hort. TV (813): Rootstock-scion interactions in tree
spices [1998-2008] [I. Remma, P. A. Mathew K. S.
Krishnamurthy and T. E. Sheeja]

Biotech. 1X {813): Development of transgenics for
resistance (0 Phayiophthora and drooght in Black pepper
[2006-2011] [K. Nirmal Babu]

Mega Project-3: System approach for sustainable
production of spices [Project Leader: K. Kandiannan]|

L.

SSC. TV (813): Nutrient Budgeting For Improved
Varieties of Spices [2005-2010] {V. Srinivasan, R.
Dinesh, C.K. Thankamani, K. Kandiannan, S.J. Anke
Gowda and S. Hamza]

SSC. 1I (813): Assessment of quality of soils under
spices based cropping systems [2005-2008] {R. Dinesh,
B. Chempakam, V. Srinivasan, T.E. Sheeja, and S.
Hamza]

Agr. XXIV (813): Phenology studies in ginger and
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turmeric |2006-2009] |K. Kandiannan and Utpala
Parthasarathy]

4. Agr. XXV (813): Evaluation of legumes as intercrops in
black pepper plantation [2006-2010] [K. Kandiannan,
R. Dinesh and S. Hamza]

Mega Project-4: Production physiology of spice crops
[Project Leader: B. Chempakam]

1. Phy. VII(813): Physiological and biochemical basis for
productivity 1n black pepper [2003-2008]K. S.
Krishnamurthy and B. Chempakam)]

2. Phy. VIIL (813): Mechanism of drought tolerance in
cardamom and black pepper [2005-2008] [S.J. Anke
Gowda and K.S. Krishnamurthy |

Mega Project-5: Value addition and post harvest
processing of spices [Project Leader: T, John Zachariah]

I PHT LI (813): Studies on drying and storage parameters
in black pepper, ginger, turmeric and nutmeg [2004-
20077 {E. Jayashree and T. John Zachariah)

2. PHT.IV{813): Evaluation for physical and biochemical
quality  of spices. [2005-2009] [T John Zachariah,
N.K. Leela and K.N. Shiva]

Mega Project-6: Production of nucleus planting
materials of improved varieties of spice crops  [Project
Leader: C. K. Thankamani]

1. Agr. XX(813): Production of nucleus planting materials
of improved varieties of spice crops [2005-2010] [C.
K. Thankamani, P. A, Mathew, K. Kandiannan and S.
J. Ankegowda, K. §. Krishnamurthy and R. Dinesh]

Mega Project-7: Identification, characterization and
development of diagnostics against pests, pathogens
nematodes of spice crops [Project Leader: M. N,
Venugopal]

1. Path. XV (813): Investigations on diseases of vanilla
[2003-2008] [A. Ishwara Bhat, R. Suseela Bhai and
M. N. Venugopall

Mega Project-8: Conventional and molecular
approaches for developing pest, pathogen and nematode

resistance in spice crops [Project Leader: R. Suseela
Bhai]

I. Crop Prot. 1.4 (813): Identification of Black pepper
genotypes with multiple resistance against Phytophthora

ndian Institute of Spices Research, Calicut

and nematodes |2006-2009] |R.
Suseela Bhai and Santhosh. J. Eapen|

Mega Project-9: Developing integrated
pest and disease management strategies
in spice crops [Project Leader: S.
Devasahayam]

L.

Path XVI1 (813): Etiology and
management of rhizome rot complex in
ginger and turmeric [2004-2009] [ A.
Kumar, R. Suseela Bhai, S.J. Eapen and
K.N. Shiva]

Org. Chem. 11 (813): Characterization
of bioactive compounds with pesticide
properties [2002-2009] [N. K. Leela]

Biocontrol 1. (813): Development of
consortium of bioinoculants for
management of pests, diseases
and nematodes in spices [2004-2008]
(M. N. Venugopal, S. Devasahayam.
R. Suseela Bhai, Santhosh J. Eapen and
A. Kumar]

Ent XII (813): Bioecology and
integrated management of shoot borer
Conogethes punctiferalis Guen.
infesting turmeric [2005-2009] {S.
Dewvasahayam and T. K. Jacob]

Hort V (813): Rootstock intervention
to manage root infection of
Phytophthora and nematodes in black
pepper [2006-2009] [P. A. Mathew, R.
Suseela Bhai and Santhosh. I. Eapen]

Path. XVII (813): Characterization,
eptdemiology and management of
Colletotrichum spp. Infecting black
pepper, cardamom and turmeric [2006-
20097 [M. N. Venugopal and D.
Prasath]

Mega Project-10: Economics, statistics
and modeling [Project Leader: M. S.
Madan]

1.

Econ. 11 (813) : Remote sensing and
(1S in evaluating the impact on socio-
ecological changes on spices production
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in Western Ghats region {2003-2008]
[M. S. Madan and Utpala Partha-
sarathy]

Mega Project-11: Extension and training
[Project Leader: P. Rajeev]

1. Ext IV (813): Training of research and
extension workers [2005-2010][P.
Rajeev and T. K. Jacob]

2. Ext. VI(813). Agricultural Technology
Information Centre [2004-2007]
[P. Rajeev]

3. Ext. VII (813): A study on diffusion,
adoption and impact of varieties
released from [ISR and scientific crop
management practices [2006-2009]
[Rajeev. P]

Mega project-12: Developing
customized software and expert systems
on spices [Project Leader: K. N. Kurup]

1. Stat. 1(813): Development of databases
and software [2004-2007] [P. Rajeev.
Santhosh. J. Eapen and K. Jayarajan]

II. Externally Funded

i. Department of Biotechnology, New
Delhi

1. DBT- SS I: Distributed Information
Sub-Centre (Bioinformatics Centre)
[2000-2007] [Santhosh .J. Eapen]

2. DBT- CP 2: Endophytic bacteria for
biological system management of
Radopholus similis, the key nematode
pest of black pepper (Piper nigrumL..)
[2003-2008] [Santhosh J. Eapen, R.
Ramakrishnan Nair and A. Kumar]

3. DBT-CP 1 (813) Molecular characteri-
zation of viruses causing stunted disease
in black pepper and development of PCR
based methodology for their detection
12003-2006] [A. Ishwara Bhat and R.
Suseela Bhai]

4. DBT-CIB 2: Determination of purity of
powdered market samples of major
spices using PCR techniques, protein

(PR - ABear 0 Aa+EP -~ 2O

[

profiling and/ or HPLC technigues. [2004-2007] [B.
Sasikumar and B. Chempakam]

DBT-CIB 1: On farm evaluation of tissue culture derived
black pepper plants [2002-2006] [K. Nirmal Babu,
M. Apandaraj, V. Srinivasan and R. Ramakrishnan Nair]

DBT -CIB 3: Development of microsatellite markers

and characterization of Curcuma spp [B. Sasikumar
and T.E. Sheeja]

DBT-CP 3: Genetic transformation of black pepper to
confer resistance against viruses [2006-09) [ Al Bhat
and R. Suseela Bhai]

Indian Council of Agricultural Research, New Dethi

ICAR-Ext-1: Central Sector Scheme: Technology
mission for integrated development of NE ‘states
including Sikkim [2005-2008] [P.Rajeev]

[CAR —CP 3: Bioecology and integrated management of
root mealybug (Planococcus sp.) infesting black pepper
[2003-2006] [S. Devasahayam and M. Anandaraj]

[CAR-CP2: Molecular characterization and maintenance
of National Repository of Pliyiophtfiora (2004-2007]
[M. Anandaraj, R. Suseela Bhai and A 1. Bhat]

ICAR-CPIL: Idenuification and development of
diagnostics for the viruses causing stunted disease in
black pepper [2003-2006] [A. tshwara Bhat and R.
Suseela Bhai]

ICAR- CPPHT- 5: Prevention and management of
Mycotoxin contamination in commercially important
Agricultural commodities { 2004-2007] | B.Chembakam.
M. Anandaraj, T. John Zachariah, N K. Leela and E.
Jayashree]

ICAR- CPPHT-2: Impact, Adaptation and Mitigation of
Climate Change Effects on Growth and Productivity of
Plantation Crops with Special Reference to Coconut and
Black pepper. [2004 -2007] [Co-Pls- K.S.
Knshnamurthy, K. Kandiannan and B.Chembakam, Main
Centre- CPCRI, Kasaragod, Sub Centre- TISR, Calicut]
ICAR ~ CPPHT- 1: Network Project on Organic
Farming [2004-2007) [V. Srinivasan, C. K.
Thankamani, A. Kumar and T, John Zachariah]

ICAR-CPPHT- 3: Development of chilli (Capsicum

annuum L.) hybrids for paprika (oleoresin) production
[2004-2007] [T. John Zachariah and K. N. Shiva]
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1.

1.

10.

ICAR-CPPHT- 4: Chemical characterization of
Cinnamomum germplasm [2005-2008] [N. K. Leela
& J. Rema|

ICAR-CIB 2: Cloning of Phytophthora resistance and
defense genes from Piper colubrinum [2004-2007]
[Johnson George K and M. Anandaraj]

ICAR- CIB 1: Strengthening the cause of Geographical
Indication of major spices using molecular, morphological
and quality profiling techniques. [2004-2007) [B.
Sasikumar and T. John Zachariah]

. [CAR-CP4: Application of Microrganisms in Agriculure

and Allied sectors: Nutrient management, Bic control
and PGPR [2006-07] [M. Anandaraj, R. Dinesh and
A, Kumar]

Kerala State Council for Scieuce, Technology and
Environment project

Kerala State Council for Science, Technology and
Environment project: Production of white pepper through
fermentation technology (KSCSTE- CPPHT-1) {2005-

ndian Institute of Spices Research, Calicut

iv.

Personnel

HEADQUARTERS

SCIENTIFIC

Name and Designation

Dr. V.A. Parthasarathy,
Director

Dr. M. Anandaraj,
Project coordinator (Spices)

Dr. (Mrs.) B. Chempakam,
Head, Div. Crop Production

Dr. §. Devasahayam,
Principal Scientist (Entomology)

Mr. B. Knshnamoorthy,
Principal Scientist (Plant Breeding)

Dr. K. Nirmal Babu,
Sr. Scientist (Plant Breeding)

Dr. M.S. Madan,
Sr. Scientist (Agril. Economics)

Dr. T. John Zachariah,
Sr. Scientist (Biochemistry)

9.

10.

11.

1144

13.

14.

15.

16.

17.

1&.

2008) [T. John Zachariah. A. Kumur
and I Jayashree]

Indian Potash Limited

IPL - CPPHT 1: Evaluation of Sulphate
of Potash (SOP) as Potassium Source
on Growth, Yield and Quality of Black
pepper [2004-2007] (K. Kandiannan
and V. Srinivasan]

Ministry of Environment and Forest
MOELF. | (813) Biediversity in Piper
and Garcinia and Identification of spots
of species richness in Western Ghats
(Using GIS and molecular markers)
[2006-2009} [P. A. Mathew, Utpala
Parthasarathy, Johnson. K. George and
K. V. 8aji]

National Horticultural Mission

NHM-CPPHT-1 : Production of
planting materials of improved varieties
of spice crops [2005-2010} C.K.
Thankamani and S.J. Anke Gowda]

Dr. B. Sasikumar,
Sr. Scientist (Plant Breeding)

Dr. (Mrs.) J. Rema,
Sr. Scientist (Horticulture)

Dr. T.K. Jacob,
Sr. Scientist (Entomology)

Dr. Johnson K. George,
Srt. Scientist (Genetics & Cytogenetics)

Dr. (Mrs.) C.K. Thankamani,
Sr. Scientist (Agronomy)

Dr. R. Dinesh,
Sr. Scientist (Soil Science)

Dr. R. Suseela Bhai,
Sr. Scientist (Plant Pathology)

Dr. A. Ishwara Bhat,
Sr. Scientist (Plant Pathology)

Dr. R. Ramakrishnan Naxir,
Sr. Scientist (Genetics & Cytogenetics)

Dr. P. Rajeev,
Sr. Scientist (Agril. Extension)
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19.

20.

2].

22.

23.

24.

25.

26.

27.

28.

10.

Dr. K.S. Krishnamurthy,
Sr. Scientist {Plant Physiology)

Dr. K. Kandiannan,
Sr. Scientist (Agronomy)

Dr. Santhosh 1. Eapen,
St. Scientist (Nematology)

Dr. N.K. Leela,
Sr. Scientist (Org. Chemistry)

Dr. A. Kumar,
Sr. Scientist (Plant Pathology)

V. Snmvasan,
Sr. Scientjst (Soil Science)

Dr. (Mrs.) A. Shamina,
Sr. Scientist (Bio chemistry-PS)

Dr. K.V. Saji,
Scientist (SG) (Economic Botany)

Dr. K.N. Shiva,
Scientist (St. Scale) (Horticulture)

Dr. T.E. Sheeja,
Scientist (St. Scale) (Biotechnology)

TECHNICAL OFFICERS

Dr. Johny A. Kallupurackal,
Technical Officer (T9)

Dr. Hamza Srambikkal,
Technical Officer (Lab) (T7-8)

Mr. Azgar Shenff P,
Technical Officer (Lib.) (T7-8)

Dr. (Mrs.) Utpala Parthasarathy,
Technical Officer (T7-8)

Mr. M. M. Augusthy,
Technical Officer (T6)

Mr. K. Jayarajan,
Technical Officer (Stat.) {T3)

Mr. M. Vijayaraghavan,
Technical Officer (T5) (Workshop)

Mr. K. T. Muhammed,
Technical Officer (T5) (Farm)

Mr. V. Sivaraman,
Technical Officer (T5) (Farm)

Dr. C K. Sushama Devi,
Technical Officer (T5) (Lib.)
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IISR EXPERIMENTAL FARM,
PERUVANNAMUZHY

I. SCIENTIFIC

1. Mr P.A. Mathew,
Principal Scientist (Horticulture)

2. Ms. E. Jayashree,
Scientist (Sr. Scale) (AS&PE)

3. Dr. K. Abhirami,
Scientst (Horticulture)

. TECHNICAL

{. Mr VK. Aboobacker Koya,
Farm Supdt. (T7)

Mr. N.A. Madhavan,
Technical Officer (T3) (Farm)

3. Mr. K. Kumaran,
Technical Officer (T3) (Farm)

[

KVK TECHNICAL
1. Mr. P.S. Manoj
(T7) (Hort.)

2. Mr. S.Shanmugavel
(T7-8) (Veterinary Science)

3. Mr. K.M. Prakash
(T7-8) {Agronomy)

IISR CARDAMOM RESEARCH CENTRE,

APPANGALA
I. SCIENTIFIC
I. Dr. M.N. Venugopal,
Principal Scientist (Plant Pathology)

2. Dr. ST Anke Gowda,
Sr. Scientist (Plant Physiology)

3. DrnR. Senthil Kumar,
Sr. Scientist (Horticulture)

4. Dr. D. Prasath,
Scientist (Sr. Scale) (Horticulture)

A
“

D
+
97

4



Weather data

Indian Institute of Spices Research, Calicut
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Cardamom Research Center, Appangala, Kodagu District, Karpataka

January ; 1.1

February 3 313 11.9 0.0 00

March f 314 4.3 15.0 02

April 318 16.4 465 | 07

May 300 174 5270 | 16

June ! 26.5 16.8 { 467.0 L 19

Tuly [ 238 164 | 6536 | 27
August 7 249 179 | 4461 { 20
September 26.8 16.0 ! 2352 { 20
October 775 68 | 1260 | 3
November 27.1 142 i 689 | 08 \
December 28.0 127 | 0.0 f 00 I

; I 0
[ February 32.9 '3 0.0 [ 0
| March 339 [ 800 K 2
(Apdl 1 342 [
May 32.7 6800 | 11 L
Jane 30.5 983.1 1 B
“Tuly 30 . 621.2
August [ 300 239 7 T4483
September | 79.7 i 240 637.5
LOCtOber 31.4 i 24.1 301.0
November 31.6 24.6 0 1534 | 10 ]
| December 32.7 22,5 1 40 | 0 |

4

“October 309 336 565.8 24
' November U-— 8L.7F . 22.5 274.2 15
| December i 330 [ 7 1IR3 66 ] 0 |
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AICRP

ARIS
ASCI
ASTA
ATIC

BCMV
BLAST

CMV
CoD
CPCRI
CP-gene
cv
CYT

DAC-ELISA
DAS ELISA

DMRT
DOEACC

FLD
FYM

GC-MS
GDD
GIS

HCA
HPLC

TART
ICAR
[CBD
IGNOQU
M
ISR
PC
IPGRI
1S8R

&

SEeMN L8

Abbreviations & Acronyms

+ All India Coordinated Research Project

on Spices

. Agricuhtural Research Informanon System

: Academic Staff College of India

: American Spices Testing Association

- Agricultural Technology Information Systent

: Bean Commeon Mosaic Virus
. Basie Locat Algorithm Search Tool

: Cucumber Mosaic Virus

: Centre for Overall Development

. Central Plantation Crops Research Institute
: Coat Protein- gene

. Coefficient of Varation

: Comparative Yield Trial

: Direct Antigen Coated-Enzyme Linked

Immunosorbent Assay

: Double Antibody Sandwich Enzyme Linked

immunosorbent Assay

: Duncan’s Multiple Range Test
. Department of Electronics for Accreditation of

Computer Courses

; Front Line Demonstration
: Farmyard Manure

. Gas Chromatography-Mass Spectrometry
: Growing Degree Days
1 Geographical Information System

. Hydroxy Ciiric Acid
: High Performance Liquid Chromatography

: Indian Agricultural Research Institute

. Indian Council of Agricultural Research

. Indigencus Collection of Bydagi Dappi

. Indira Gandhi National Open University

. Indian Institute of Management

: Indian Institute of Spices Research

© International Pepper Community

. International Plant Genetic Resources Institute
: Inter Simple Sequence Repeat

T .08 L I

ISTM

TS

KINFRA

KVK

MLT
MobP

NAARM

NBPGR
NCBI

OQFT
ORF

PET
PYMoV

RAC
RAPD
RCC
tDNA
RFL.P
RRL
RT-PCR

RWC

SCAR
SD

SE
SoD
SoP
SPSS

TC
TNAU

o Institute of Secretariat Training and

Management

: Inernally Transcribed Spacer Region

. Kerala State Industria} Infrastiuciure

Development Cerporation

- Krish: Vigvan Kendra

. Multlocation Trial
- Nhriaie of Potash

: National Academy of Agricullural Research

Management

. National Bureau of Plant Genetic Resources
. Nationa! Centre for Biotechnology Information

o Onfarm Trial
: Open Reading Frame

. Preliminary Evaluation Trial
. Piper Yellow Motlle Virus

: Research Advisory Commitlee

- Random Anplified Palymgrphic DNA

o Reinfurced Cement Concrete

. Ribosomal Deoxyribo Nucleic Aad

. Restriction Fraginent Length Polymorphism
. Regionat Research Laboratory

. Reverse Transcription- Polymerase

Chain Reaction

: Relative Water Content

- Sequence Characerized Amplified Region
. Standard Deviatien

: Standard Error

: Seper Oxide disinutase

. Sulphate of Potash

: Statistical Packuage for Socia) Sciences

. Tissue Cullure
: Tamil Nadu Agrivultural University

. Vikas Volunieer Vahini Club
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Priced publication of Indian Institute

of Spices Research

Title

Spices Varieties

Bio diversity conservation and utilisation of Spices
Medicinal and Aromatic plants

The Saga of Spices Research

Varieties of Spices

Spices Indica

Diseases of Black Pepper

Biological Control in Spices

Protocols for Micro propagation of Spices and Aromatic Crops
Ginger and Turmeric

Phytophthora diseases of Tropical cultivated plants
Bibliography on Cashew

Bibliography on Cardamom

Arecanut Bibliography

Biotechnology of Spices Medicinal and Aromatic plants
Problems and Prospects in Spices Production and Export
Cashew

Coconut palm

Package of Practices of Black Pepper, Ginger, Turmeric,
Cinnamon, Nutmeg, Clove, Vanilla

Folders on Bush Pepper, White Pepper, Storage of ginger seed
rhizomes, Rapid multiplication of Black Pepper

Major Spices — Production and Processing

Year of Price
Publications

1991 Rs. 125/-
1999 Rs. 300/-
2001 Rs. 300/- -
2001 Rs. 125/-
2001 Rs. 300/-
1991 Rs. 300/-
1996 Rs. 150/-
1997 Rs. 180/-
1982 Rs. 60/-
1982 Rs. 75/-
1979 Rs. 10/-
1980 Rs. 23/-
1932 Rs. 23/-
1997 Rs. 300/-
2002 Rs. 350/-
1979 Rs. 40/-
1979 Rs. 30/-

2001 & 2005  Rs. 10/ each

2001

2006

Rs. 5/each

Rs 350/-

For obtaining the above books please send DD in favour of "ICAR UNIT [ISR " Payable at SBI, Calicut tv :

Scientist Incharee, Agricultural Technology Information Center, Indian Institute o

P B No-1701, Muarikunno Po, Calicut-673002, kKerala. e-mail : mailispices.res,in

spices Research,
call: 049521731410
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