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FOREWORD 

E onomy of spices cultivation is turning round the corner after a couple of years of slump 

ecause of increase in demand and good market price. In this background the Annual Repon 

of Indian Institute of Spices Research for 2006- '07 is very significant besides this being the Annual Repon 

penaining to the last 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, C(lrdamom. 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 

bioinformatics Centre has developed a new database for Phytophthora diseases of horticultural crops. 

In the administration of the institute, ARISoft is a signiflcant achievement in the modernization of the 

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

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

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 RAe Members for their excellent suggestions. To Dr. K. V. Ramana. 

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

Coordinator (Spices) deserves a mention for his support.l appreciate the Editorial Board for bringing out 

the Annual Report in time. 

Calicut, 
June 2007 

VA. PARTHASARATHY 
DIRECTOR 
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Executive Summary 

Blark pepper 

Genetic resources 
One hundred and one accessions (86 wil~ 
and 13 cultivated types) .fro~ Attappadl., 
Siruvani, Wagamon, Vandlpen yar, Erumeli 
(Kerala), Mollem, Walpoi and Canacon~ 
(Goa), Dapoli (Mabarashtra) and farmers 
fields were added to the existing germplasm 
aepository. One hundred accessions w~re 
planted at Kidu Centre of Central Plantatlon 
Crops Research Institute, Kasaragod as an 

L·"" ...... ,"'~tp germplasm repository. Fifty 
,j.t!bCelSsllons were characterized based on 

descriptor thus making total number 
so far to 850. The germplasm 

._nT~lt£)rv at IISR, Calicut has 2337 
_ons (lO75 wild and 1262 cultivated). 

spike proliferating black pepper 
!Oe&SlC)fl collected from a farmer's nursery 
fbw.~red and yielded berries. 

val'leties 

The 23rd Kerala State Variety Release 
Committee has approved four black pepper 
varieties viz., IISR-Shakthi, IISR-Thevam, 
IISR-Girimunda, and IISR- Malabar Excel. 
IISR-Shakthi is tolerant to foot rot disease. 
IISR Thevam is a high yielder with adult plant 
tolerance to foot rot di sease. IISR­
Girimunda is a high yielder with resistance to 
anthracnose disease while IISR- 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 

and 20 percent of them showed early flowering. Molecular 
characterization using ISSR markers indicated genetic 
unifolmity 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 traded black pepper in conformity with the 
country of origin. Defense related chitinase was found to 
increase in Piper coluhrin ul11 after challenge with 
Phylophthof'(J capsici and peak activity was observed at 
60 hours after inoculation. An internal fragment of 313 bp 
of a pu tative chitinase gene correspondi ng to 104 amino 
acids was cloned and showed similarity to known chitinase 
genes from plants. 

peR technique to detect adulterant'; 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 commercial black pepper powder. Earlier. a Sequence 
Characterized Amplified Region (SCAR) marker was 
developed to identi fy 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, application of Sulphate of Potash 
(SOP- l.75g pori) at bimonthly intervals recorded the highest 
yield of295 g por i followed by Muriate of Potash (MOP-
3.5g porr) and SOP (4.5g porI). In a pepper garden, 
maximum yield (3. 16kg vine·l) was obtained with SOP (500g 
plant·I)+ Mg SO (25g planrl), which was on par with 
recommended dos~ 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 Azospirillum 
along with nitrogen (70g), phosphorus (SSg), potash (270g) 
and magnesium (200g) per vine increased yield. of ? lack 
pepper vines (21 %) compared to control and applicatJon of 
NPK (140:55:270g vine-I) alone. 
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Physiological and biochemical basis of productivity 

High yielders had higher photosynthetic rate (2.2-3.86~ moles 
ill" ~ s") than low yielders (2.0-3 .2 11 moles m-1 S·l). High 
yielders recorded slightly lower leaftemperarure (32.6 to 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-
92J m moles of NO, g-l h-' ) and bearing periods (621-1183 
m moles of NO ,- g-I h-l). Low y ielders recorded 
comparatively low activity (453-814 NO~ g-l hi) during prc­
bearing and during bearing period (612-994 m moles ofN0

2 
g-l h-') 

Geographical and climatic influence on biochemical and 
physical quality parameters 

Leaf area. plant height and photosynthetic rate of pepper 
plant.., grown in plant growth chamber for four months at 3°C 
above ambient tem perature (whic h is the projected 
temperature increase due to global warming for CaEcut by 
2050 based on HadCM3 model) was on par wi th the growth 
at ambient temperature. 

The total number of leaf volatile oil components of Piper 
nigrwn leaf varied from 7-15 among the accessions conected 
from Western Ghats and the geographica l effect on 
biochemical parameters wa<; highly significant. The percentage 
of two sesqueterpenes. p-caryophyllenc (2.1-6.81%) and 
Nerolidol ( \ .4 to 66.31)/u) sig,niticantly var~erl among all 
gerrnplasm 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.lISR­
Sreekara,lISR- Subhakara and IlSR-Thevam compared to 
Peruvannamuzhi, Idukki. Yercaud. Dhapoli, Panniyur. 

Value addition and storage condition 
Process for production of white pepper has bee n 
standardized. Dry recovery of about 25.0-26.0 % was 
achieved. Dried black pepper stored in polyethylene covers 
under vacuum, 100% N1 , and 90% N

1
+ 10% CO2 for a 

period of240 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), fo1lowed 
by Garuga-BP (66) and Ailanthus-BP systems (65) than 

l 
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Erwhrina-BP (48 ) or RCC pole-BP ( 
sy~tems. Fungal population was higher un 
Ai/anthus-BP ( 19). while the other syste 
registered signiticantly lower f ungaJ diven;i 
The study i~dicated that the standards us 
a s supports for blac k pepper caus 
distincti ve rhizosphere effects on microbi 
community structure in soils of the syste 

studied. 

Phytophthora foot rot 
Morphological and molecula 
characterization of black pepper isolates 01 

Phytophtl1Ora revealed that isolates share( 
the characters of both P capsid and Jl 
tropicalis. Production of chlamydosport; 
and growth at 30°C matc hed with P. 
tropicalis whereas the sporangial charactel1 
and pathogenicity on capsicum was simila 
to that of P. capsici. The rDNA sequenQ 
shared 98% identity with P. tropicalis 0 

P.capsici. Interestingly the isolate showec 
100% identity with P. tropicalis based tll. 
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 capsid in black pepper were 
identified as Pseudomonas aeruginosa (BP-
35) and P. pulida (BP-25) by analyzing the 
nucleotide sequence of 16s rONA. 
Pseudomonas aeruginosa was found to 
induce density dependent systemic resistance 
in excised single nodal shoot..,. The 16s rDN A 
sequences of these have been deposited with 
Gen Bank. A five-year tield trial conducted 
at PeIUvannamuzhi revealed the potential of 
bioconsortia consisting of bacterial isolates 
IlSR 6 . 8 , 13, 5 1, 151 and 853 fo r 
management of foot rot and slow wilt in cv. 
Karimunda variety of black pepper. 

Anthracnose 
E leven accessions/varieties namely 
comprising ofParmiyur-5. nSR- Girimunda, 
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HP_780.IISR-Panch~.J11i. Aimpiriyan, IIS~­
Subhakara . Kafll11unoa (loul"""I). 
Kottanadan. Jerakamunda (Gudalur). 
Arakalamunda. and Ch~)lll;_ila .~hO\ved 

. tance to Co/leto{rlchllll/ 'S/o('o .\-
r eSlS ' 

porioides. 

Stunted Diseasp 

Sequence analysis of portion of ORF 1 and 
ORF 1IJ from Kozhikode. Idukki and 
Wyanad districts of Kerala a~d Kodagu 
district of Kamataka revealed v<.mable nature 
ofORF [ sequences and highly conserved 
ORF-Ill among isolates. The Badnavirus 
infecting Piper longum and P bette were 
also identified as strains of PYMo Y. DAS­
ELISA based tracking of PYMo V and CMV 
in black pepper varieties at monthly intervals 
indicated that concentration of both the 
viruses wa.o.; higher during October to January. 

Nematodes 
Sequence analysis of ITS region (398bp) of 
rDNA of burrowing nematode (Radop/wlus 
simi/is) population infesting black pepper in 
India revealed 98% sequence similarity with 
known R. similis populations across the 
world. This is the first report of molecular 
characterization of an Indian isolate of R. 
similis. 

Host resi"tance 
Six black pepper lines tolerant to 
Ph.vtop/zthora capsici were screened 
against Radopholus simi/is and Melodogyne 
incognita. All these lines were susceptible 
to R. simi/is while two lines viz Acc. 1578 
and Op~n Pollinated (OP) progeny 041 
1533(2) showed resistant reaction to M. 
incognita in the preliminary screening. 
Among the four Piper spp. screened. only 
Piper colubril1um 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 li nes for 
yield in a four years old garden. 

Bioc ntrol technolog), 
The species identi ty of two promising 
endophytic bactetia was contirmed through 

16S rONA sequencing. The two Radopholus similis inhibiting 
endophytes were identified a.<; Cut10bacteriuni lutel/III (TC-
10) and Bacillus megaterium (BP-17). The bacterial 
endophytes CurtobacteriulI1 /uteum llSRTC- 1 0 signi Ijcanll y 
improved black pepper growth characters such as Ilumber 
of leaves. root weight and total biomass of plants bc .... ides 
suppressing R. similis. When used as a chitin based 
fonnu lation. besides sustaining the population at 107 cfu g I 

after 90 days of storage at 28"C. it succesl>fully reduced the 
nematode infestation in pepper nurseries. The improvement 
of vigour of black pepper is an additional benefit of this strain. 

Root mealybug 
An integrated pest management schedule involving. planting 
of root mealybug-free rooted cuttings in the field. removal of 
wced.., in interspaces of black pepper vines during summer 
c'"'pecially when intercropped with coffee. drenching 
inlidaclnprid (LO I 25(1< or acetamaprid 0.0 125lh or 
caroosulCan O.07YYc or chlorpyriphos 0.075% on severely 
affected vines or drenching tobacco extract 3% on mildly 
affeCled \ int's and adoption of control measures against 
Ph.\ {oph/ho/'({ and nematode lIlfections, was developed for 
the management or root mealybug, based on studies 
conducted for the past three years. 

Cardamom 

Germplasm and promising varieties 
Fifteen accessions were collected from two explorations in 
Kerala (Attappadi and Wagamon), including a vwiant or green 
gold with pubescentlca\ es. Tv"enty six compound panicle 
accessions 'Were charactcri/ed based on IPGRI descriptor. 
The acce.\sions with high hll."k to seed ralio are I\'HY-I , CCS­
!(S) sciI' & NHY-35. The 011 content ranged from 3.9 to 
6(lr . Some of the high oil acccs .... ions are NHY-3. NHY-14, 
NHY- r 5. NHY-35, RR- r x MB-3, VA-I, AMB-2. MA-7. 
and CCS-HOP). 

Chemistry of Indian Cardamom 
GC-MS study confumed the slipeJior inuinsic qualjty oflndian 
cardamom over Guatemalan and Sri Lankan cardamom. The 
essential oil yield of Indian, Guatemalan and Sri Lankan 
cardamom was found to be 10%, 5%. and 14% respectively. 
Chemical profiling has shown a total of33 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 cardamom is rich in 1, 8-cineole and a-terpinyl 
acetate. Indian cardamom recorded comparatively low 
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quantity oflinalool as compared to Guatemalan and Sri 
Lankan. At low concentration, the linalooI gives pleasant taste 
to the cardamom. LinalyI acetate, octyI acetate and trans ~ 
caryophyllene were not identified in Indian and Guatemalan 
cardamoms whereas Z 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 numberofleaves, dry weight, 
total NPK uptake, root colonization and lower disease 
incidence. The N-fixation capacity of the isolates Caz3 was 
7.39 mg g J malate whereas the phosphobacterial strains 
Cpb2 recorded higher solubilisation efficiency of up to 220 
mg per litre. 

Biotic and abiotic resistance 

nSR- Avinash, Green gold and CL-893 were comparatively 
tolerant to moisture stress while CCS-I was susceptible. CL-
893 and its cross combinations recorded better growth and 
yield characters. Natural infection of leaf blight on 72 
accessiom:, was recorded using 0 to 6 disease rating scale 
and 21 accessions were found resistant to Co//etotric!1ulIl 
g/oeosporioides. 

Ginger 

Germplasm, genetic improvement and promising 
varieties 

Among the low fibre lype accessions, Ace. 164, 558,246 
and 537 had more than 2% oil and more than 6.5% oleoresin, 
with less than 3% fibre. Among the high oil types, Ace. 162. 
50,57,411,225,201 and 197 are wlth more than 2% oil. 
Ace. 50 and 57 contained more than 6.5% oleoresin. Ace. 
197, 217,228,411 contained less than 3% fibre. Among the 
exotic ginger collections. accession from Nepal (Acc.58 l ) 
showed potentiality for yield and the accession 420 for high 
oil. Ginger accession-12 (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 ~ 
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 func~on . On validating the 
same under field conditions, the initial leaf P/Zn ratio at 60 
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DAP in the range of [45-223 could 
brought into the thrc:-,holJ range of 69-1 
after foliar ~pray of Zn (O.5{k ) twice du 
August and October. By lowering the 
below 108, increased rhi.wme yield of 
20% could be achieved. Based on the i 
soil fertility levels of N, P, K and Zn, 
fel1ilizerdoses for obtaining yields of 10, 
and 20 kg per bed were applied. Zinc 
supplemented as foliar spray. The achie 
ginger rhizome yield was 10.8, 12.4 and I 
kg per bed with a deviation of +0.5%,- \ 
and -43% from the target. Through targe 
nutrient application increased yield of I 
26% over recommended dose could 
achieved in Varada with reduced fertili 
applicat ion. The effects of nutrie 
management system in ginger such 
Integrated, Organic or Chemical treatme 
on soil microbial community structu 
revealed that the prokaryotic population w 
highest under integrated whereas t 
eukaryotic population was high in bo 
integrated and fully organic treatment 
Interestingly the fungal population was hi 
in chemical treatment. 

Phenology 
First tiller appeared at 646-degree days wi 
a total 11 tillers and the plant attained maturi 
at 3096.8-degree days. Leaf growth along 
the main stem followed the quadratic pattem. 
Total leaf area per clump of 4092 cm2 was 
noted for ginger. 

Soft rot 
In ginger, rhizobacteria (IISR -51 , I1SR -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. 

Promising varieties 

The 23'"J Kerala State Variety Release 
Comrnittee has approved two high quality 
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. varieties ri:::., IrSR Alkppey 
urlJ1C[lC . I . . 

e and IlSR-Kedaram lor Cll tl\ atlnn. 
uprem . I" . I th the varieties are high yrc .L II1g \\ It 1 !ll( Ire. 
() 5C't curcumin and re"l~lance to leal han _ 'C 

loteh disease. 

nology 
F ttiller appeared at It 06-degree da y~ wi th a:W 6 riJIers and the plan~ attained maturity 
at 357 I-degree days. Leat growth along the 

ain stem followed the linear pattern. Total :Uarea per clump of 11867 cm2 was noted 

Chemica) analysis of Curcuma species 

GC-MS ba<;ed qualitative analysis of essential 
oils in Curcuma species revealed highest oil 
pen::entage in C. amrnatica (4.8 %) followed 
by C. cllesia and C. sylvatica (3.6 %) and 
the lowest percentage of oil was recorded in 
c. htzritha (2.4 %). 

J)hrersity analysis of Curcuma s~ies 

benetic di, ersity analysis of 36 popular 
., ...... ::u. es re, ealcd that the improVed varieties 
ffllutered distinctly from the land races/ 

Oaltivars based on Jaccards similarity Index. 
Most of the land races from one geographical 
region clustered together with a few released 
varieties, which were evolved through 
gennplasm selection of material collected 
from this region. 

Soft rot 

PythiuJJl aphanidermatwn vas found to be 
the causal organism of soft rot of turmeric in 
the states of Andhra Pradesh, Tamil Nadu, 
Kerala and Kamataka. Though frequented 
in the isolations along with Pyt/Zium, the fungi 
Fusarium and Rhizoclonia failed to cause 
the disease in twmeric. 

A trial was laid out in the field to evaluate the 
efficacy of mancozcb 0.2%, Metalaxyl­
mancozeb 0.125%, T. har: ianwl1 (P-26) 
(50 g bed I), endophytic bacteria (BP-35), 
and rhizobacteria (llSR-51 and IlSR-6) for 
the management of rhizome rot disease of 
turmeric. However. only stray incidence of 
disease (OCk- I.5o/c) wa~ noticed in the plo!. 

SbootBorer 

Distribution and crop loss 

The incidence of the shoot borer (Conogethes PlIf1Clij('rulis) 
was serious (above 25% incidence) in Wyanad and 
Kozhikodedistricts in Kerala whereas in other states slIneycd 
(Tamil Nadu, Kamataka and Andhra Pradesh) the incidence 
was negligible. The yield obtained was only 262 g clump I 

when 7S%-l 00% of shoots were damaged when compared 
to 378 g clump I when the damage was 0% - 25% ofshool~. 
Studies on seasonal population of shoot borer on lUn11cric in 
the field at Pemvannamuzhi indicated thai the ~ymptoms of 
pest infestation were first observed during August and 
maximum new infestations occulTed during October to 

November. Though the mermithid nematode. the natural 
enemy of shoot borer was observed throughout the crop 
,,~a..,on. their parasitisation was higher dUling August and 
September. 

Nutrient optimization for targeted yield 
Based on thc initial fertility levcl'> of N. p, K and Zn. the 
fcrti lilcr do~e" for ohtai fling 15.20.25 kg per hed yield in 
turmcric \vcrt? \\or{..eL! out and applied. Zinc was 
"uppkll1entctl a .... foliar "pray. The achic\Cd turmeric rhizome 
yield \\ a~ 14.x. 15.X and 16.3 kg per bet! with a deviation of 
-I (,;.. -20( ( and -3-VC from the fi\ed target. Through targeted 
nutrient application 12-2()1t( increa"cd yield over 
recommended do"e could hc achic\ L'd in Pralhiha with 
reduced fcnili/cr application. 

Germplasm collection, conservation and evaluation 
A total of 20 (i(/J'cilli(/ g/llJlJlJig/ll/u and 3:2 G iJlllic(J wild 
c()lkcti(_)!l~ were made from rorc~t arcas in Wc'-,(crn Ghats. 
Out 01'94 nutmeg accc~sion~ cv aluatcd A 9/53 perto1111ed better 
yielding 714 fruits and fruit weight was maximum ( 120 g). 

Marker Assisted Selection in Myristica 
Molecular profiling of elite acce.,>sions of MyristiclIfi'agrans 
revcaled unique amplicon in the acces~ions such as A9/4 (a 
very high yielding epicotyl graft with plagictropic shoot<;),A9f 
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 forming a 
separate cluster distinct from Gymnocranthera, a related 
genera of Myristica. Similarity coefficient ranged from 0.58-
0.8. M. malabarica and M. heddomei showed the highest 
similarity of80%. Unique markers were identified in some of 
the wild species. 

I ,J 
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Chemotypes identified 

Based on leaf oil analysis using GC-MS, two chemotypes of 
Cillluutlotnum verutn viz., eugenol and benzyl ben::.oate 
types were identified in C verum. The related species.C 
sulp!7uratum also contained benzyl benzoate as a major 
constituent 

Chemistry of Garcinia 
Method for quantification of a major organic acid. hydroxy 
citric acid (HCA), using HPLC from rinds of Careinia indica 
was standardized. HCA showed signi1icant variations among 
the four specie~ of Curcini" whereas lycopene did not show 
significant vaIimioll. HCA content varied in various species 
of C(lfCillhl vii. Careillia gHfIlllligl((/(/ (2.6). C. 
m0I1l?os1WIl/ (0.17). G. indica (5.21). G finc/ori{/ (3 . .3). 

Lycopcnc in Carcillitl fruit~ ,,\ere found to be Gorc;lIi{/ 
f!,/(I/llI/igll/fli (0.123). G 1I/{/fIQOI"/(1Il0 «).09H). G indico 

(0.093). and G tillc{oria W.156). 

Vanilla 

Comparative anatomical analysis 

COll1parati\l~ anatomical analy..,io.; of internodal region of 
Val/ilia sp. from Andal1lan and Nicobar Islands and V 
p{wr!l()!i(/ revealed the distinct absence of schlerem:hymatolls 
band o.;eparating the cOltex and ground tissuc in the former. 
which fUJ1her indicates that Vallil/a "'p. from Andall1un and 
Nicobar Islands. is closer to the leafless species of V(/Il i//a. 

Occurrence of Beall com mOil mosaic ~'irus (BCMV) 

A virus associated with necrosis and mosaic on vani lla was 
idcnti fied as a strain or Be{/Il C()IIIIIIOII IIIO.I(/i(" l 'ims (BCMV) 
bao.;ed coat protein gene sequence comparison and 
phylogenetic ..,mdies. 

Paprika 

Germplasm evaluation 

The color value of selected gcrmplasm ranged from 100 to 
216ASTA units. The highest color valueof2 16ASTA units 
was registered with ICBD-17, followed by EC-3 1 ( 193 
ASTA units) . The oleoresin content varied from 9.0-22.0 %, 
the highest being with leBD- IS (22.39 %). The pungency 
(Capsaicin content) varied from 0.0-1 .34 %. The accessions 
with zero pungency were EC-7 1 and LCA-422. 

PCR technique to detect adulterants in commercial cbilli powder 
A Ziziphus nummularia specific band of approximately 350 
bp could be detected in a molecular assay in the market 
samples of commercial samples of chilli powder. 
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Occurrence of Cucumber mosaic Vin!~i ( 

CMV as..,o(lateu \'.ith Paprika 
characteri..,ed based on coat protien 
sequence. 

Since last decade, the average size 
operational farm holdings ha<; reduced 
3.7 to 3.0 in Wyanad District of 
owing to reduction in size of marginal 
small farm holdings and diversion 
agricultural land for non-agricult 
purpose. The estimated Markov's 
matrix indicated that there was a 
of area under coffee and black pepper, 
predominant crops of the region to 
traditional crops like arecanut, cocon 
banana and other vegetable crops due 
the change in socio-economic and ag'[Oi. 

ecological factors in the region. 

New database/software 

PhyDisH, a new database of Plzytophthora 
diseases ofhorticultural crops, which incJud " 
information on all the Phytophthord isolalt .. 
conserved in the National Repository ur 
Phytoplzthora 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 USR using the DSpace open 
source platform. DSpice@lISRholds the 
full text of research articles published from 
IISR summary of theses, project reports 
etc. Bioinformatics center has developed 
new websites for IISR library (SpicE-Lib). 
All India Coordinated Research Project on 
Spices (www.aicrps.res.m). NRC ror Seed 
Spiceo.;. Ajmer and AICRP on Potato. 
Shimla. 



Office Automation 
ARIsoft, the new office automation softww'c 
d vel oped jointly by I1SR and MI. ... Focu/ 
I:foteCh, Kochi was launched by Dr. G 
Kalloo. former DOG (Hort & CS) on 22 
November 2006. 

GenDplasm 
Genetic resources of spice crops have been 
en)Janced with the germplasm holdings of 680 
accessions in black pepper, 273 in 
cardamom, 63 in ginger, 1326 in turmeric, 
77 tree spices and 2540 in seed spices. 

Black pepper 
Management of scale insect: Research 
conducted at AICRP spices center at 
Pampadumpara revealed that the biorationals 
such as Neem Gold (0.5%) and Neem oil 
(0.5% ) were superior to Fish Oil insecticidal 
soap (2.5%) in reducing the population of 
scale insects. 

Cardamom 

Crop 

Crop 

Black pepper 
Cardamom 
Ginger 
Turmeric 
Nutmeg 
Cinnamon 
Clove 
Garcinia 
All spice 
VaniJIa 
Paprika 

numbers (547920 to 547992) for 73 cardamom accessions 
(CRSP L-CRSP 73) from NBPGR. New Delhi. Root ffilb 

. 0 

management tnals conducted AICRP spices center at 
Pampadumpara confirmed the potential of 
entomopathogenic nematodes, Heterorhabditis indicus 
(100 IJ grub'!) applied as drenching for control of root grub 
in cardamom. 

Ginger 

In an integrated management of PythiLllll. Fusarium and 
Ralstonia of ginger, rhizome solarization (45 min) reduced 
the disease incidence and increased the yield significantly, 
followed by hot water treatment. Solarization recorded 
increased sprouting (92.29,), decreased Pwhiul7l rot by 
5.3%, FlIsariulIl yellows by 4.4o/c and Ra/sfOJ1ia wilt by 
3.1 % at Solan center. 

Tunnenc 
In a screening trial at Pundibari center, TCP 198, 93, 104, 
43, 115, J 18, 19,53, 70, were found to be tolerant to both 
leaf blotch and leaf spot diseases. 

Fennel 

Causal organism of a new phyllody disease in fennel was 
found to be PhytopJasma belonging to peanut witches broom 
(16Sr-ll) group by analysis of 16S rONA gene. 

Number of Accessions 

2337 
436 
684 
1040 

Unique character 

484 
408 
233 
86 
2 

93 
130 

Black pepper 
Cardamom 
Cardamom 
Cardamom 
Cardamom 
Chinese cassia 

ICnumber 

I.C 547018 
IC 349541 
Ie 349544 
IC 349599 
IC 349634 
IC 370425 

High caryophyllene (18.2 %) 
Compound panicle type, high yield 
Basal branching of panicle with green bold capsules 
Katte resistance 
Rhizome rot tolerance 
High bark oil (4.9 %); High cinnamaldehyde ('ontent 
(90.5%) 
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Introduction 

Hist()r~ 

Inkn ... l\ e research nn ... pice ... in the country ,.vas inilialed \\lith 
the c ... whli ... hl11cnt ora Regional Station ofCcniral Plantatilln 
Crops Resean.:h In ... lilu(C «(,PCRI) at Cahcul. Kcrala. during 
I <)75. by the Indian Council ol'Aglicuitural Rese<.u·ch (leAR). 

Thi ... Regional Station wa ... upgradeu a ... National Rc:-.carch 
Centre for Spice ... (NRCS) in I <)86 by merging \\ ith it the 

Cardamom Re'\carch Centre of CPCRI at Appangala. 
Karnataka. The NRCS was fUl1her elevated to the present 
Indian Institute of Spices Research (llSR) during 1995. 

Location 

The laboratories and administrative offices of the institute are 
located at Chelavoor (50 m above MSL), II km from Calicut 

(Kozhikode), Kozhikode District, Kerala. on the Calicut­
Kollegal road (NH 2 12), in an area of 14.3 ha. The research 
fa rm is located 51 km North Eas t of Cal icut at 
Peruvannamuzhi (60 m above MSL), on the Peruvannarnuzhi-

Poozhithode road in Kozhikode District, in 
an area of 94 .08 ha.The Carda mom 
Research Centre, Appangala (920 m above 
MSL) is located at Appangala, Kodagu 
District, Karnataka, on the Madi keri­
Bhagamandala road, 8 km from Madikeri, 
in an area of 17.4 ha. 

Mandate 

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

• To develop high yielding and high 
quality spice varieties and slIstainabh: 
production and protection system" 
u'\ing traditional and nun-traditional 
techniques and novel biotechnological 
appn)achc ..... 
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• To develop po~t han ~~t t~chnologi~s or 
spices with empha .... i" Oil product 

development and product di \ cr"i ticatioll 

for domestic and export plllvoses. 

• To act as a centre for training in research 
methodology and technology upgradation 

of spices and to coordinate national 

research projects. 

• To monitor the adoption of new and 
existing technologies to make SUfe that 
research is targeted [0 the needs of the 

fanning community. 

• To serve as a national centre for storage, 
retri eval and dissemination of 
technological information on spices. 

The spice crops on which research is being 

~)J](1111ctt:~d at the institute include black pepper 
-.r'lurl nigrum). cardamom (Elettaria 

:Ift'lmUnJ1l IlIl), ginger (Zingiberojficinale), 

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 inlhree divisions, namely, Division of Crop 
Improvement & Biotechnology, Division of Crop 
Production & Post Han e'>t Technology and Division of 

Crop Protection and Sociill Sciences Section. The other 
facilitie ... a\ ailahlc at th~ in"tilLltc include Agricultural ..... 
Technology Information Centre, Agricultural R~scarch 

In/ormation 5} "tCIll. 8iolnformalic" Centre and Kri!>hi 

Vlg} an Kendra. Thc in"titule al"o function" a.., the 

head4uarters of the All India Coordinated Rc,>carch 
Project on Spice..,. and Indian Society for Spices. The 

in ... titute ha .... linkages ...... ith "c ... eraiuni\er"itie ..... research 
in~ritute,>. and developmental agencic .... ror collahoralive 

rc"carch dnti dc\ elopmcnt.t) 'let;\ ;tie ... In "pice". 

Budget 

The total budget of the in"titute \\<1" R". -FJ).O lakhs = 
during the year. \\llIch included Rs.l)O.O Ia"h" ul1lkr Plan 
and R"AOS.O lakh~ under Non Plan. In addition. Rs. 
I xO.O Iai...h" \\ a" aho recci \ cd <1" rund~ from other 
agellcIC". 

<--.:'---"' __ ....JI .. 

• .... , ... om R.m .. h . .... n ..... " . " ••• '0' (on'",.,,, y,,,,, ",. 

lIJa .... _< ....... o .. 40" .4.10"­r.,.....-_ ........ 
Q 3)00 .1 .. 
(tK. ........ • • 

_ , .. 31.% u.......... .....,..., .. *" 
"'AI ..,....,.., ~ IlM .. ..-.4 .. ,.~Qc;....,.,1 

• ~1...ntJe1 
.. Preu Pf'IMte 

. r~s 

• 11........;'1 

• MSc.A"lOI#:t1ftJ.,~ 

• D,....d'I~ ,... 
. ~ ... ..,.". . P ....... . 

Homepage of www.spices.res.in - The official website of Indian Institute of Spices Research 
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Management Committee r- Headquarters 
- Calicut 

Research Advisory I--
Committee Experimental Farm 

Director Peruvannamuzhi 
Institute Research I---
Committee 

Cardamom Research 
Division / Section I--- Genetics and 

Centre, Appangala 

Cytogenetics 

Crop Improvement and 
Plant Breeding Krishi Vigyan Kendra 
Economic Botany - Peruvannamuzhi - Biotechnology Horticulture 
Biotechnology 

National Informatics 
Centre on Spices 

Agronomy 

Crop Production and Post Soil Science Bioiniormatics Centre -- Harvest Technology Biochemistry 
Organic Chemistry Administration and 
Plant Physiology Accounts 
Agricultural Engineering 

AICRP on Spices 

Plant Pathology H Crop Protection Entomology 
Agricultural Research 
Information System Nematology .----

Economics Agricultural Technology Y Social Sciences Statistics f..-'- Information Centre 
Extension 

Organization of Indian Institute of Spices Research 
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Resource generation: Institute earned a 
towl or R:-.. ~2.X .. UW .. U .. through :-.ale of 
plw1ting matclial:-.. hiocontrol agcnt~. training. 
publication~ and con~ultancy ~ervices. 

Staff: The institute has a sanctioned strength of 42 scicntific. 
19 administrative, 36 technical and 61 supporting start". 

-; Staff position of the institute 
1, 

Category Sanctioned In position Vacant 

Calicut Peruvannamuzhj Appangala 
(HQ) (Farm) (RC) 

Scientific 43 28 3 4 8 
Technical 36 17 13 5 1 
Administration 19 17 1 1 
Supporting 61 27 14 18 2 

Total 159 89 30 28 12 r Staff position of KVK . . . 

Category Sanctioned Vacant 

Calicut 
(HQ) 

In position 
Peruvannamuzhj 

(Farm) 
Appangala 

(RC) 

Scientific 
Technical 7 
Administration 2 
Supporting 2 

Total 11 

PAST AClDEVEMENTS 

Black pepper: Germplasm collections 
obtained over the years through explorations 
are being maintained at IISR as well as in 
other alternate sites for developing improved 
varieties for yield, quality, abiotic and biotic 
stresses. The genetic stock has resulted in 
release of several improved varieties such 
as IISR-Sreekara, IISR-Subhakara. HSR­
Panchami, JISR-Pournami. PLD-2. JJSR­
Thevam. llSR -Girimunda,.I IS R .. Malabar 
Excel and lISR-Shakthi. Some of the unique 
acce~~ion~ arc registered 'Nith NBPGR at 
New Delhi. Putative Lran~genic iliad. pepper 
planh ~ ith oSlllotin gcne conlerring 

2 

4 
1 
2 

7 

2 

2 

re"istance to drought and PhYfofJlirhu/"{[ c(I/}.\ici has becn 
developed. IlIl'ifm and ill l'il'O propagation methods were 
standardi/ed. Plant kts dc\ eloped through Illicroprnpagatioll 
\\>crc c .... (ahlj"hcd jn /;lrJl1er .... {jeld jn KeraJa and Karnalak.a. 
Gene conferring rc ... istance against Phrtophl/lOrlI clI/Hici 

was isolated by targeted gene amplificaliollllsing degenerate 
primers from Piper colllbrillllll1. The spacing. nutrient and 
water req uirements were standardized for different soil types 
of pepper growing regions. High production techno logies 
and mixed cropping systems were developed for increasing 
productivity. Among different fonns of potash, water-soluble 
and available K had significant positive correlation with berry 

yield, oleoresin and piperine. Organic production technology 
for black pepper has been standardized. Cost effective 
method for production of disease free rooted cuttings was 
developed. Mathematical models for optimum cl imatic 

j 

.d 
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factors for high production of black pepper have been 
dc\c1opcd. 

Major pests, pathogens, viruses & their insect vectors and 
nematodes affecting pepper were characterized and 
documented. Morphological and molecular characterization 

of black pepper isolates of Phyrophrf1Ora further revealed 
that isolates shared the characters of both P c(lpsici and P 
tropicalis. A RNA virus. Cucumber mosaic virus (CMV) 
and a DNA virus. Piperrdlmr mo!!}e l'im.v (PYMoV) is 
associated \\ ith stunted disease of black pepper. A method 
for simultaneoll\ i..,olation or RNA and DNA from infected 
black pepper plants ~lI1d multiplex PCR for simultancoll.., 
delCclio)) ofCMV anLl Badnm inls in a single reaction wa.'> 

standardized. Ph_}1opl,l,>ma with phyllLx.!) symptoms \\us most 

c!o..,ely related to member.., of u\,tcr yellem s group ( \ ()Sr 1) 

of Phytoplasma. 

lnteorated 'araleo ie'i involving cu!tural methods, biocontrol o C' "-

agents. plant products and rcsil.,lanl varieties were de\ eloped 
for the m;magement of pests and di"eases including nen)atot.le~ 
tbat resulted in substantial increase in yields and pesticide 
th~e produce. Large-scale multiplication o(biocontrol agents 
such as TrichodemlCl and Pseudo/llonos for distribution to 
farmers for management of disease was also undertaken. 
These orgm1ism\ were deposited in the national repository of 
microorganisms at lMTECH, Chandigarh for future reference. 
Species-specific plimers were developed for detection of R. 
simi/is in soil and plant samples. Black pepper accession 
HP-39 and Acc. 1090 were found to be resistanl to 
nematodes besides being rich in caryophyllene. Endophytic 
bacteria found effecti ve against Phylophl/lOnI c(lpsici and 
R. simi/is in black pepper have been found. An integrated 
pest management schedule for managclllenl of roo! 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. IC numbers have been obtained for all 
the available 436 cardamom gennptasm accessions. Molecular 
profiling of lndian Cardamom revealed existence of two 
genetically distinct clusters such as "Kerala cluster" and 
"Karnataka cluster ' among the germp}asm collections. 
Improved varieties such as IlSR -Vijetha, IlSR-Avinash and 
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[(SR-Suva~ini have heen dc\dopcu.l\\\l of 
then) are mosaic or rhizome rot rc~i:-.tant ant.! 

have been pnpularilcd among. the farmer,. 
Coupled with production technologies, thc,c 
varieties resulted in the productivity increa.'\e 
in cardamom. New high yield ing varieties 
such as APG293, 398, 41 6 and 250 are 
found to be promising. Characterization of 
export grade cardamom from india, Sri 
Lanka and Guatemala based on physical. 
biochemical parameters and molecular 
techniques revealed the superiority of Indian 
produce for the physical parameters such as 
seed to husk ratio, weight of LOO capsules, 
number of capsules in tOOg. bulk density and 
moisture content. High production technology 
has been standardized. Drip irrigation and 
sprinkler irrigation once in 12 days recorded 
significantly higher number of tillers per clump, 
more number of leaves per tiller and more 
number of panicles per plant. Soil-water 
conservation measure has been standardized 
in cardamom based cropping system. 

Cardamom accessions APG 257, APG 414, 
APG 434 have been found to be promising 
for drought tolerance. High qUality (more than 
40% a- terpinyl acetate) cardamom such as 
NHY-14, MB-3, NHY- } 8 and OP-28 have 
been identified. The screening programme 
against leafs pot and leaf blotch resulted in 
several moderately resistant types. 

Ginger: Ginger gercnplasm repository at 

USR 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 vitro gene bank was 
establi shed for conservation of germplasrn. 
Three ginger varieties IISR -Varada, l1SR­
Rejatha and n SR-Mahima were released for 
high yield and quality. Ginger oil components 
have been characterized by GC-MS. A 
relationship between leafPJZn 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 product') such a') salted ginger 

were standardized. Bacterial witt pathogen, 

Ralstonia solanacearum in North Eastern 

States, Sikkim and Kerala were found similar 

in a molecular fingerprinting inrncating strain 

migration from one place to another. Ginger 

strain of R. solanacearum was found to infect 

turmeric, cardamom, Curcuma aromatica, 

C. zedoaria, Kaempferia gaianga, Zingiber 
zerumbet and tomato.lndian Mango ginger 

Curcuma amada was found to be free from 

bacterial wilt even under inoculated conditions. 

The species of Pythium causing rhizome rot 

of ginger in Kerala, Karnataka, Uttar Pradesh 

and Sikkim was identified as P myriotylwn. 

Techniques 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 varieties 

and technologies developed on cropping 

system, nutrient and water requirement, pest 

and disease management and post harvest 

processing techni.ques were disseminated to 

farmers and other agencies through 

publicatjon, training programmes and 

demonstrations. Large-scale mUltiplication 

and distribution of elite planting material were 

also undertaken. 

Thnneric: The germplasm coUected over the 

years have been characterized for yield, 

quality, resistance to pests, diseases and 

drought. Molecular genetic fingerprints of 

sixteen Curcuma species using RAPD and 

Inter Simple Sequence Repeats (ISSR) 

technique revealed hig_h degree of 

polymorphism anlong the accessions. Seven 

high curcumin and high yieJding varieties, 

rrSR-Suvarna, HSR-Sudarsana, llSR­
Suguna, nSR-Prabha, IISR-Prathiba HSR-

Alleppey Supreme and rrSR-Kedaram were released for 
commercial cultivation. Efficient protocol for plant 

regeneration through organogenes is and somatic 

embryogenesis was standardized. Variations in rhizome 

morphology were observed among calli-regenerated 
somac[ones indicating somaclonal variation. Accessions with 

high curcumin and root knot nematode resistance were 

identified. Three different curcllminoids (Clircumin, De 

Methoxy curcumin and Bis De Methoxy curcumin) could be 
separated from oleoresin oftumleric rhizomes by employing 

chromatographic techniques. Turmeric oil components have 

been characterized by GC-MS. A PCR based method was 

developed to detect adulteration of tllrmeric powder with 

wild Curcuma species. The optimum spacing, nutrient and 

water requirement were standardized for different soils. 

Organic farming system was deveJoped for turmeric. Basic 

data on distribulion, bioecology, population dynamics of 

COllogefhes pUflctijeralis & its natural enemies and crop 

loss due to shOOl borer was generated. The improved varieties 

and technologies were disseminated to farmers and other 

agencies through publications and demonstrations. 

Tree spices: The gennp(asm holdings of im po 11an { tree spices 

include nutmeg, clove, cinnamon including cassia, garciniaand 

allspice. Ie Numbers for cinnamon, clove. nutmeg and all 

spice accessions were obtained from NBPGR, New De1hi. 

Cassia C I (lC 3704 15) has been registered as JNGR 05029 

with NB PGR New Delhi for its high oleoresin content ( 10.5%) 

besides a dwali' clove accessions. Two high quality cinnamon 
varieties, IlSR-Navashree and IlSR-Nithyashree and a 

nutmeg variety, llSR-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 

All/25 was found to be promising for high yie ld. Tissue 

culture protocols have been developed for nutmeg. Protocols 

for DNA isolation from nutmeg have been standardized. 

Performance of nutmeg on M. malabarica continued to be 

better than other rootstocks for productivity. 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 

community. 

VaniUa: Vani1la gerrnplasm consisting of 93 accessions are 

being maintained in the repository.1his include a flower colour 

variant collected from Andaman and Nicobar islands. 

Interspecific hybridization was made between Vanilla 
planifolia and V. aphylla. Over 1000 seed progenies of V 
planifolia are being field-tested for yield and disease 

resistance. Protocols for micro propagation through direct 

shoot multiplication as well as callus regeneration were 

standardized. 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 incidence ranged from 2% to 

80%. Cucumber mosaic virus (CMV) of vanilla (Vanilla 
planifolia Andrews) was characteri zed on the basis of 

biological and coat protein (CP) nucleotide sequence 
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properties, which showed that CMV infecting 

vanilla belongs to subgroup lB. A virus 

causing mild chlorotic mottle and streaks on 

reaves of vanilla was identified as a strain of 

Cymbidium 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. 

. 11 
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Black Pepper 

1. GENETIC RESOURCES 

Collection, maintenance and multiplication: One hundred 
and one accessions including 86 wild and ] 3 cultivated types 
were collected from forests of Western Ghats, Attappadi, 
Siruvani, Wagamon, Vandiperiyar & Emmeli in Kerala, Dapoli 
in Maharashtra and Mollem, Walpoi & Canacona in Goa. 
Culti vars such as Chomala, Kuriyilamundi, Muttuchiramunda, 
Jeerakamundi 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 
gennplasm field. Fifty more accessions were planted at Kidu 
center of CPCRI. 

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

Biodiversity: Total chlorophyll, total carotenes, phenol and 
biomass were estimated in 148 accessions of Piper nig rum 
leaves. Total chlorophyll varied from 0.0389- 0.176 mg g-I, 
carotenes from 0.02 1 -0.075 mg g-I, total phenol from 0.3 14-
1.188 mg g-I 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. First component 
extracted 91 and 92% of chlorophyll and carotene percentage 
respecti vely, whereas the second component extracted 77 
and 68% of biomass and phenol respectively. The five clusters 
were in conformity with biomass and phenol concentration, 
the analysis revealed. 

Spike proliferating black pepper: A unique 
black pepper accession with 'proliferating 
spike' collected from a farmer'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 23rd Kerala 
State Variety Release Commi ttee has 
approved four B lack pepper varieties 
viz_, IISR- Thevam, nSR- Girimunda, 
lISR-Malabar Excel and lISR­
Shakthi. Besides being suited to high 
altitudes, nSR - Thevam is high yielder 
and having adult plant tolerance to foot 
rot disease, llSR- Girimunda is high 
yielding and resistant to anthracnose 
disease while IlSR- Malabar Excel is 
good yielder with high oleoresin 
(13.6% ). lISR-Shakthi is found 
tolerant to foot rot disease. 

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

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

Quality attributes of high caryophyllene black pepper lines 

Accession Bulk. density Oil Oleoresin Piperine CaryophyUene 

(gL-') (%) 

CLTP- 122 534 2.3 7.7 3.62 17.0 

CLTP-7 537 3.6 8.3 3.6 15.4 

CLTP-24 569 3".3 8.9 2.57 19.4 

CLTP-123 525 3.3 8.6 3.28 l8 .2 
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crosses between IISR-Subhakara x HP 39 
and thi rty seedling progenies of induced 
Polyploid C5 were maintained for evaluation 
for nematode resistance. The poIlu tolerant 
lines such as Coil. 816, 841 , ] 084, 114 and 
progeni es from llSR-S ubhakara x 
P a ftenuatum were crossed with IISR­
Subhakara. Several progenies obtained were 
raised for preliminary evaluation against poIlu 
beetle infestation. Inter-varietal hybridization 
for drought res istance initiated with IISR· 
Subhakara and ColI. 1435, 937, 813 yielded 
berries in all 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 (3 1 ha). The TC 
plants showed good establishment and 20% 
of them showed early flowering. Twenty nine 
percent of the TC plants were planted on 
Silver Oak followed by Arecanut (27%), 
Coconut (16.4 %) and Erythrina (16.3%). 
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Good establishment was observed in Kasaragod District 
followed by Kannur and Wayan ad. The establishment ofTC 
plants was better in Kerala than Kamataka. Molecular 
characterization using ISSR markers indicated genetic 
unifonnity. Observations on growth characters of tissue culture 
plants supplemented with biocontrol agents revealed that the 
biological control agents were performing well with TC plants 
than that of normal plant.:;. 

Performance of tissue cultured black pepper variety, 
IISR-Panchami in field 

o TC plants • Normal plants 

No. of 
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branches 

Leaf 
length 
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shoots 

Growth parameters of tissue cultured IISR-Panchami 
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l6 o TC plants • Normal plants 
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Growth parameters of tissue cultured IISR- Subhakara 

Early flowering in tissue culture derived plants: Twenty 
percentage of the tissue culture plants produced Jateral 
branches and spikes within a year after planting. Laterals 
emerged after the monsoon and spike formation was noticed 
in the months of July to August. The length of spike ranged 
from 9.8 to 10.7 cminllSR-Panchami and 2.S to 4.2 cm in 
IISR-Subhakara. Only one spike could be observed per 

lateral. Early flowering and production of 
spikes were found to be more in inigated plots 
than the plants under rain fed conditions. The 
inter-simple sequence repeats (ISSR-Primer 
ISIO: 5' -gTgTgTgTgTgTCC-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-3GfI6-300bp, and ISSR-4TfI7-
2000bp). Cluster analysis showed unique nature ofllSR-

M 1 2 3 4 

3000bp ~ .. . -

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

567 

Ilillll 
2000bp ~ 

500bp 
~ 

-
M-Marker (500 bp Jadder), Lane 1-7: Panniyur- 4, Panniyur- 7, llSR-Sbaktbi, 
lISR-Malabar ExceJ, nSR-Pournami, nSR-Sreekna, llSR-Girimunda 

Varietal diScrimination by peR hased method 
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Molecular characterization of traded 
black pepper: Molecular characterization 
(RAPO) of the traded black pepper from 
India, Indonesia, Vietnam and Malaysia was 
completed. One hundred percent 
polymorphism was observed in primers 
OP] 13 and OP] 18. The U PGMA 
dendrogram constructed based on the 
similarity coefficient revealed a distinct 
clustering pattern of the traded commodities 
in conformity with the country of origin. 
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Dendrogram of the traded samples of 
black pepper obtained by UPGMA cluster 

analysis 

Cloning and sequencing of a gene 
confering resistance: PCR based gene 
wa lking in Piper colubrinum by 
amplifications using degenerate random 
primers and R gene specific plimers from the 
cloned fragment of 252 bp was attempted. 
Targeted amplification of chitinase gene was 
achieved from mRNAs isolated from P. 
colubrinum inoculated ~ith Phytophthora 
capsici . Cloning and sequencing of the 
amplified fragment (3 13bp ~ 1 04 aminoacids) 
\vas done using standard protocols. Sequence 
comparison of the deduced amino acid 
sequence of the fragment was done with 

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.inocuJated leaves 
was observed, with maximum activity after 60 hours of 
inoculation 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 mRNA in P. colubrinum leaves inoculated 
with P. capsici. 

Molecular Mapping: 115lines of mapping population of 
nSR-Subhakara X Panniyur I were maintained in the fteld. 
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 IISR­
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 Phylophlhora 
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 
fOJ the glid covering Calicut for A2a scenario, the increase 
in T for Calicut would be about 1. 7 degrees for 2020 

max 

and 2.7 degrees for 2050. Similarly, increase in Tmin would 
be about 0.5 and 1.5 degrees respectively. Based on this, 
an experiment was set up with lO 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 

Quality analysis of black pepper berries collected from 95 
locations covering major black pepper growing regions of 
Keraia, Karnataka and Tamilnadu indicated that oleoresin 
content did not vary significantly in varieties among the 
localities. The mean temperatures (T ) of different coastal max 

districts of Kerala varied from 31 to 34 degrees during the 
collection, which further confirmed that temperature did not 
influence oleoresin content. Interestingly samples from higher 
elevations of Kerala, Kamataka and Tamilnadu showed 
slightly lower oil and piperine content. 

Physiological and biochemical basis for 
productivity = Nitrate reductase (NR) 
activity was assayed in leaves and berries of 
high and low y ielding black pepper 
accessions during pre and bearing periods. 
NR activity was significantly higher in leaves 
compared to the berries in all the accessions 
both in high and low yielders. Further, the 
activity was more in leaves during bearing 
period than pre bearing period. HP 1411 
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showed highest NR ac tivity while lowest 
activity was seen in llSR-Girimunda during 
pre bearing and accession 840 duri ng post 
bearing stages. Among berries, access ion 
1535 showed highest activity and HP 780 
theJeast. Sucrose phosphate synthase activity 
also differed significantly wherein high yielders 
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showed higher activity than the low yielders 
during both the periods. Among the gas 
exchange par a meters, the mean 
photosynthetic rate of high yielders was 
rugher (3. 1 ~ moles) than that of low yielders 
(207 !J moles). The highest photosynthetic rate 
was observed in Panniyur -1 (3.9 ~ moles) 
while accessio n 4 11 2 sh owed lowest 
photosynthetic rate (2.0 ).l moles). The mean 
transpiration rate ( 1.3 and 1.3 m moles in 
high and low yielders respectively), stomatal 
conductance (0 .06 and 0.05 respectively) 
and the mean leaf temperature (33.2 and 
33.6°C respectively) did not vary significantly 
among high and low yielders. Similarly, 
isozy me profiles of SOD, G lucose-6-
phosphatase and Leucine Amino Peptidase 
also did no t show any re lationship with 
productivity. Correlation among productivity 
and different parameters revealed that starch 

content in the berries had significant positive correlation 
(r=O.75) while leaf temperature showed significant negative 
correlation (r=-0.58). Photosynthesi s and SPS activity 
showed weak positive correlation indicating their non­
influence on productivity. 

4. NUTRITIO NAL T RIALS AND ORGANIC 
FARMlNG 

C ompa rison of nutr itional systems: Integrated, organic 
and chemical systerris wttre cdmpared for blap~ pepper 
culti vation. Highest average fresh yield (2.1 kg vine-() was 
observed in integrated system, which was on par with 
chemical system. The organic system recorded the lowest 
yield ( 1.4 kg vi ne-I). MOl1aliry ofb\ack pepper vines due to 
disease incidence was high under organic system. 

E vaJuaHon of Sulphate of Pota sh (SOP) as potassium 
source on yield a nd quality: In bush pepper, application 
of Sulphate of Potash (SOP- I.75g pori) at bimonthly interval 
recorded the highest yield 01'295 g por i followed by MlIliate 
o f Potash (MOP-3.5g pori) and SOP (4.5g pori). In a 
pepper garden, maximum yield (3. 16 kg vtne-I

) was obtained 
with SOP (500g plant-I )+ Mg SO~ (25g planc l

) , which was 
on par with recommended doseof K as SOP and significantly 
higher than control. Among different fOllns ofK water-soluble 
and available K had significant positive con"elation with bell-Y 
yield, oleoresin and piperine. 

The efficacy of organic a mendments in nutrient release 
and its uptake: Efficiency of organic amendments in reducing 
the P fi xation capacity of Peruvannamuzhi soil series was 
studi ed under lab conditions. Addition of organic manures 
like FYM, vermicompost, leaf compost and Neem cake 
increased the availability of organic and residual P fraction in 
soil and the order of availability ofdifferent P fractions was 
ResiduaV Organic P > Ca-bound P - Reductant soluble P > 
Fel AI P> loosely bound P Among the sources, vermicompost 
and FYM applications recorded higher buildup of available 
P in surface and sub surface layers ofPanniyur and Karimunda 
varieties of bush pepper on par with that of chemical fertilizerso 
Ncem cake recorded the lowest Pbui.!dup. Available P content 
showed highly significant positive Gorrelation with Al-P 
(0 .97**) followed by Residual P (0.7 12**) and Ca-P 
(0 .649 **). Significantly higher yie ld was recorded i n 
vermicompost applicatjon ill both Panniyur and Karimunda 
varieties of bush pepper. AI-P showed significant positive 
correlation with yield (0.62**) and P uptake (0.45**). Ste p 
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wise forward regression analysis showed that Fe-P and 
Available P as the best predictor for yield (= 46.25 + J .034 
Fe-P + 0.570AvJ. P) with an R2 ofO.6J 1**. 

5. SOlL QUALITY UNDER SPICES BASED 
CROPPING SYSTEMS 
Soil samples (0-30 cm) coJJected from the rhizosphere of 
Erythrina indica-BP, Garuga pinnata- BP, Glyricidia 
sepium- BP, Ailanthus malaburica- BP and Reinforced 
Cement Concrete (RCC) pole- BP systems were analysed 
for 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 
(CMIC)' ~asal respiration (CO~ evolution), metabolic quotient 
(qCO ), dehydrogenase activity and microbial communilY 
s(ruClure were also analysed. 

Physico-chemical parameters such as pH, available N, and 
DTP.tl,.-Fe d id not vary significantly among various standard­
BP whereas organic C levels were relatively higher under the 
tree supports- BP systems (mean 2.3%) compared to the 
RCC pole- BP system (mean 1.9~). Though variations in 
the levels o r organic C, Bray p, NH.PAc-K exchangeable 
Ca & Mg and DT PA-Zn, -Cu and -Mn were observed 
among the various sites which was no t consistent with the 
type of standards employed as support for black pepper. 

Indian Institute of Spices Research, Calicut 

All biochemica l paramete rs re lated to 
microbial activity in soils showed marked 
variations among the standard-BP sites. 
Microbial b io mass carbon (C MH.,) was 
significantly higher in the GI,vricidia- BP 
rhizosphere (4741lg g-l) and least in the RCC 
poJe- BP rhizosphere (205 I-1g g.l). On an 
average, C

MIC 
levels in soils under the tree 

standards-BP were higher by 5 ! -57% 
compared to tbe leveJ in the rhizosphere of 
the RCC pole- BP system. CO2 evolution 
was higher by 56-64%, qCO., levels by 6-
28% and dehydrogenase activity by 45-48% 
in soils under tree supports- BP systems. 

PCR -R FLP anaiysis of so il microbial 
community structure in the rhizosphere of 
various BP systems revealed that maximum 
n umber of specjes was scored in Glyricidia­
BP system (68), followed by Garuga- (66) 
and Ailanthus- BP systems (65). Erythrina­
and RCC pole- BP syste ms registered low 
levels of di versity of 48 and 50 respectively. 
The rhizosphere soils ofRCC pole-BP system 
showed a reduced microbial population 
compared to tree standards-BP systems. 

Microbia\ biomass- C (C~llJ, -N (N ~llC) ' -p (p ~llJ and ratios of various microbial indices in soils 
under live ( tree species} and non living support (RCC pole) of black pepper 

Parameters 
Ailanthus Glydcidia Gan.iga Erytkrina 

RCC pole maiabllrica sepium pinnata indica 

CMIC (~g tl) 423c 474a 454ab 415cd 205e 
NMIC (~g g-l) 28b 32a 29ab 29ab llc 
PMIC (~g g- l) 14.7a 13.6a 14.2a 14.0a 7.2b 
CO2 evolution Olg 39.0bc 34.0b 39.0a 32.0bc 14.0d 
COz-C g-Idail) 
CMJC: organic C 1.96a 2.10a 2.00a 1.60b l.IOe 
(%) 
CM1C: NMIC lS.lb 14.8b 14.6b 14.3b 18.6a 
CM1C: PMIC 28.8a 34.8a 32.0a 29.6a 28.4a 
qC02 (mg COz-C 92a 72cd 86b 77c 68de 
(g biomass C)-I 
day-I) 

Means followed by the same letter in a row a re not statisticaJJy significant at P < 0.05 
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Relatively higher population of bacteria was 
found under BP systems of Garuga (54), 
followed by Glyricidia (43), while Erythrinll 
(35) , Ailanthus (33) and RCC pole (32) 
registered the lowest. Fungal population was 
high under Ailanthus-BP system ( \9), while 
the other systems registered significantly 
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lower fungal diversity (6~8). The dendrogram generated by 
UPGMA of banding profiles revealed that the rhizosphere 
soils in RCC pole- BP and Glyricidia- BP systems were 
similar by 80%. Soils in the Ailanthus- BP rhizosphere was 
found to be djstinct and showed only 50% similarity with the 
rest of the systems. Thus, soils in the Ailanthus- BP 
rhizosphere appeared to be the most phylogenetica11y distinct. 

RCC pole 

Standard 

Glyricidia Ailanthus 

• Pro IGS/Msp 1 • Euk rRNA ITS/Msp1 0 Pro IGS/Hae III o Euk rRNA ITS/Hae III 

.Pro 16S rONAlMsp1 o Pro 16S rONAlHae III • Fungal ITS/Msp1 o FungallTS/Hae III 

Microbial community analysis of various black pepper rhizospheres 

6. PHYTOPHTHORA FOOT ROT 

Molecula r Characterizat ion of 
Phytophthora capsici: Twelve black 
pepper isolates were characterized by 
analyzing the internally Transcribed Spacer 
(ITS) regions of the nuclearrDNA using the 
primers ITS-6 and ITS-4. The amplified 
products were digested with three restriction 
enzymes for PCR-RFLP analysis. These 
isolates were also characterized 
morphologically based on sporangial 
morphology and caducity. The sporangial 
ontogenies were umbellate and sympodial. 
All the isolates produced papillate sporangia, 
obpyrifonn, ellipsoid or distorted in shape. 
The size of the sporangia ranged from 39.0-
83.2 flIll x 16.2 -27.0 flIll and·a pedicel length 
of82.0-- 138.0 f-Ull. Mating or compatibility 
lype was determined for these isolates by the 
single unknown isolate method of which eight 
were A \ mating type and four were steri Ie. 

These Phytophthora isolates of black pepper exhibited 
significant differences in their pathogenicity on black pepper. 
High levels of intraspecific variability was observed in the 
ITS regions of all the isolates. 
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Morphological and molecular characterization of bJack 
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 capsid. The rONA sequence shared 98% 
identity with P tropicalis or Pcapsici. Interestingly the isolate 
showed 100% identity with P tfopicalis based secondary 
structure of ribosomal RNA. 

A 

S~condary structure of rRNA of P. Iropicalis (A), 
Phytophthora f rom black pepper (B) 

Host Resistance: Twenty-two hybrids shorl -listed as 
moderately resistant against Phytophthof(J in the preliminary 
screening were screened by root inoculation in a sick soil 
artificially inoculated with the pathogen along with IlSR­
Subhakara as a susceptible check. The infection ranged from 
o to J 00% and the number of days taken for mortali ty ranged 
from 4to45 days. Arnong them HP490and HP521 survived 
in Phytophthora sick soil. Hybrids such as HP 1238, HP 
1706, 04-K 17 and HP 1383 showed 30% mortality and HP 
13, HP 820 and HP 920 showed 50% mortality by 
Phytophthora. 

'ndian Institute of Spices Research, Calicut 

Reaction of black pepper accessions 
to PhytophtllOra capsid 

Infection (% ) Accession 

° HP 490, HP 52 l 

lO-30 HP 1238, HP 1706, 
04-K I7 , HP 1383 

50 HP 13, HP 820, 
HP920 

75 HP 987, HP1389, 
HP1357, Sreekara 

100 HP 206, HP 437, 
HP900, HP34 

Multiple Resistance: When evaluated in 
nematode sick soil, the moderately resistant 
lines short-listed earlier in 2005-06 namely, 
P24-04- 1 and 1533(2) and 1533 (3), did 
not show resistance to Radopholus similis 
whereas accessions 04- 1533(2), 1578, 
16 10 and 4077 were resistant to Meloido­
gyne incognita. 

Screening short listed accessions for 
nematode resistance 

Reaction against 
Meloidogyne 

incognita 

04-1 533(2) Resistant 

P24-01-04 Susceptible 

Acc. 95 1 Susceptible 

Acc.1578 Resistant 

Acc. 16 10 Resistant 

Acc.4070 Susceptible 

Acc. 4077 Resistant 

Selection from open pollinated seedlings: 
Ejghty-two out of 32,338 open pollinated 
progenies re presenting 40 access ions 
survived in a sick soil inoculated with 
Phytophthora capsici. 
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Disease Management 

BiocontroJ 

Multiple antagonistic potential of 
biocontroJ agents; The antagonistic 

potential of Phytophthora suppressive 

bioagents such as IISR 6, IlSR 8, IlSR 13, 

IISR 5J, HSR 151, PB 21e, PIAR 6, IJSR 

853, nSR 859 and MTCC 5 178 were 

evaluated against other pathogens such as 

pythium aphanidermatum. Rhizoctonia 

solani and Fusarium oxysporum f. sp. 

vanillae infecting other spices. The isolate 

IlSR 853, a nematode antagonistic 

(Radopholus similis and Meloidogyne 
incognita) bacteria was suppressive to other 

targeted pathogens tested. 

Compatibility of antagonists; As a 
prerequisite to form a consortium 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 llSR 8, llSR 13, PB-21C and 

P IAR- 6 were compatible with Triclwderma 
harzianum, whereas nSR 859 and nSR 51 

were not compatible. Pochonia chlamy­

dosporia was not compatible to any of the 

bacterial antagonists or T harzianum. When 
evaluated in vivo, the combination ofIlSR 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 

nSR Farm, Peruvannamuzhi Pooled data of 

three years on disease sevelity index and 

pathogen population recorded at regular 

intervals showed that plant stand and vigour 

was better in a consortium of llSR 6,8, 13, 

5J , 151 PB2 1C and 853 in the variety 

Karimunda. 

Bacterial endopbytes 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 16s 
rDNA. Pseudomonas aeruginosa was found to induce 
density dependent systemic resistance in excised single 
nodal shoots. The 16s rDNA sequences of these have 
been deposited with Gen Bank The isolates performed 
consistently well for Pcapsici suppression in Karimunda 
and Panniyur varieties in green house uials. 
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Perfomance of bacterial endophytes for 
Phytoplzthora suppression in rooted cuttings 

Bioactivecompounds: Two aromatic carboxylic acids were 
isolated from the fungitoxic fractions of Chromolaena odorata 
kaves. which exhibited 100% inhibition of mycelial growth 
of Phytophthora capsid. When tested individually caused 
35% inhibition of mycelial growth of the pathogen at lOOO 
ppm concentration 

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, nSR-Girimunda 
and HP 780 were highly resistant 
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Disease 
index (%) Category 

0-5.0 Highly 
Resistant 

accession 

Panniyur-5, lISR- Girimunda, 
HP-780 

Resistant accession 

Nil 

5.1-10.0 Resistant llSR-Panchami, Aimpiriyan, 
llSR-Subhakara, Karimunda 
(ldukki), Kottanadan, Jeeraka­
munda (GudaJur), Arakalamunda, 
Chomala 

Panniyur-5, USR- Girimunda, HP-780, 
nSR-Pancharni,Aimpiriyan.lISR­
Subhakara. Karimunda (ldukki). 
Kottanadan, Jeerakamunda (Gudalur) 
Arakalamunda, Chomala 

10.1-20.0 Moderately 
Resistant 

8. STUNTED DISEASE 

Detection 

nSR-Sreekara, Chetalli, rrSR­
Malabar ExceL Vadakan, IlSR­
Thevam, Kalluvally-I , Panniyur -6, 
Panniyur-7, Narayakodi 

Detection of CMV and PYMo V in planting material: A 
RNA virus, Cucumber mosaic virus (CMV) and a DNA 
virus, Piper yellow 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 for the co-isolation of total nucleic acids (both 
DNA and RNA) from black pepper. A single tube multiplex 
RT-PCR (mRT-PCR) was developed for the simultaneous 
detection of both the viruses. Unique PCR primers designed 
for amplifying 650 bp from the coat protein gene ofCMV 
and 450 bp from the open reading frame (ORF) IofPYMoV 
were used in the reaction. The method was successful for the 
detection of both the vimses infecting black pepper in nursery 
and field samples. The method was cost effective, reliable, 
and sensiti ve requiring only small tissue sample for effective 
detection and can aid in rapid screening of large number of 
plants for both the viruses. This is the first report on the 
simultaneous detection of RNA and a DNA vims infecting 
bJ ack pepper. 

Distribution of CMV and PYMo V in plants during 
different seasons: Variati.on in the concentration of PYMo V 
and CMV in five cultivarslvarieties (HP-34, IlSR-Girimunda, 
Karimunda, Panniyur~ I and nSR-Panchami) of black pepper 
during different months was studied through double antibody 
sandwich (DAS) ELISA. Samples were collected from plants 

nSR-MalabarExcel, Vadakan, llSR­
Thevarn, KalluvaUy-l , 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 PYMo V and CMV during different 
months. In 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 nSR-Girimunda. 
Among the differentcultivarslvarieties tested, 
the concentration of the viruses was higher in 
Panniyur I followed by HP-34 and IISR­
Panchami. 

Characterisation 

Comparison ofORF I and ill ofPYMo V 
isolates from different regions: Variability 
in the PYMo Y isolates collected from various 
geographical regions (Calicut, Idukki and 
Wyanad districts of Kerala and Kodagu 
district of Kamataka) were studied. The 
portion of ORF I and ORF m from these 
isolates were amplified using specific primers. 
The products were cloned and sequenced. 
The sequenced region contained 694 to 7LO 
nucIeotides in different isolates for ORF 1. 
Analysjs using ORF I sequences showed high 
vatiability (38.9% to 97.9%) among different 
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isolates. With o ther recogni zed species of 
badnaviruses, the identity ranged from 16.6% 
to 26.9%. The sequence phyJogram 

constructed based on nucleotide sequences 

al so showed s imilar phylogenetic 

relationsh ips. ldukki and Calicut isolates 

showed close relationship with PYMo V from 

Sri Lanka followed by Wyanad. 

In contrast to ORF-I, ORF-I11 sequences 

showed high conservation among isolates. 
The sequenced region contained 596 to 600 

nucleotides in different isolates. Pair wise 

comparison of the nucleotide sequences of 

ORF ill of PYMo V isolates infecting black 

pepper in India showed an identity ranging 

from 95. 1 to 97.8%. Among the four isolates 
compared, Cajjcut and Idukki isolates were 

more close to each other. The identity with 
other badnavuuses used in the comparison 

ranged from 29.8 to 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 ill by PCR. 

The amplicon obtained were cloned and 

sequenced. The sequenced region of ORF 

III contained 597 nucleotides in both the 
isolates. Sequence analysis revealed that 

Badnavirus infecting P belle and P 
Longum had highest sequence identity (> 

89.1 % at nucleotide level and >93.4% at 

amino acid level) with an Indian black 

pepper isolate of Piper yellow mottle virus 

(PYMo V). A relatively low identity of < 
72.8% at nucleotide and < 68.3% at amino 
acid level was observed with ORF ill region 
of other distinct Badnavirus species. Pair 

wise comparison of ORF III nucleotide 
sequences of Badnavirus isolates infecting 
betel vine and Indian long pepper showed 

an identity of 88.7% at nucleotide level and 

93.9 at amino acid level. Phylogenetic analyses ofORF III 

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. 
longum in India is a strain ofPYMoV. 

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 cod ing for 2 18 amino acids. The CP gene was 

then ampl ified from the TA vector and sub cloned in plant 
transformation vector, pBT 12 1 at Bam H I and Sac I sites 

by replacing the GUS gene. The recombinant pBI 121 
harbrouring CMV CP gene was then used to transform E. 
coli DH 50. 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 Agro/Jacterilllll tumefaciens 

through Freeze- thaw method. The plasmid isolated from 
A. tumefaciens was again subjected to resttiction and PCR 
analysis to confirm the presence of recombinant pBIl21 

contai ning CMV CP gene. This transformed A. 
tlfmefac iens was then used in the transformation of black 

pepper tissues. 

9. NEMATODES 

Characterization: The burrowing nematode (Radopholus 

simi lis) infesting black pepper in India was characterized by 
analyzing ITS region of rON A. 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 is done for 

the first time. 

Host resistance: Among the four Piper spp. screened only 
Piper coLubrinum showed resistance to Radopholus simi/is 

and MeLoidogyne incognita both nematodes . The field 

performance of two R. similis resistant black pepper lines, 
HP- 39 and C-820, was superior to other lines even four 
years after planting. 

,;L1J1Ul 
j1 
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Field evaluation of nematode resistant lines 

Accession Yellowmg Dry Yield 
Index (g) R.similis 

HP39 0.00 285.0 0.0 
HP 60 0.50 67.5 12.0 
HP290 1.00 0.0 16.7 
C 812 0.75 0.0 0.0 
C 820 0.75 315.0 7.7 
C 1047 2.75 0.0 0.0 
C 1090 0.00 32.5 27.0 
C 1204 1.25 0.0 0.0 
C 4 103 1.00 0.0 20.3 
Panniyur I 0.75 27.5 25 .6 

Biocontrol 

Molecular characterization and bioefficacy of 
endophytes : The species identity of two promising 
endophytic bacteria was confirmed through 165 rDN A 
sequencing. The two R. simiit's inhibiting endophytes were 
ident ified as CurtobaCferiul17 futeulI7 (TC-IO) and 
Bacillus megaterium (BP- l7). The bacterial endophyles 
Curtobac/eriuln lu/elfln (TC- I 0) significantly improved 
black pepper growth characters such as number of leaves, 
root weight and total biomass of plants besides suppressing 

Nematooe g-1 (toot) 
Incidence M.incognita Incidence 

0/4 0.0 0/4 
2/4 340.0 114 
2/4 0.0 0/4 
0/4 0.0 0/4 
2/4 250.2 2/4 
0/4 0.0 0/4 
2/4 0.0 0/4 
0/4 566.5 2/4 
1/4 20.2 1/4 
2/4 40.6 1/4 

R.similis. When used as a chitin based 
formu lation, besides sustaining the 
population at 107 cfu per gram after 90 days 
of storage at 28°C, it successfully reduced 
the nematode infestatio n in pepper 
nurseries. The improvement of vigour of 
black pepper is an additional beneftt of this 
strain. The bacteria could be tracked inside 
the plant ti ssue as e ndophyte with 
concomitant reduc tion in ne matode 
colonization. 

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

Treatment "'r Kia) Root rot index 

Chitin Talc NB Mean Chitin Talc NB Mean 

BP17 34.0 67.0 19.4 40. 1bc 2.8 1.2 4.7 2.9a 
BP35 27.9 32.0 43.7 34.6c 3.0 3.2 4.0 3.4a 
TClO 87.5 72.5 35.0 65.0a 0.0 2.2 2.4 1.5b 
IISR6 62.5 51.2 46.0 53.2abc 2.2 2.7 3.6 2.9a 
859 52.1 40.8 35.8 42.9bc 2.7 3.5 4.7 3.6a 

Carrier 64.0 75.0 33.3 57.4ab 2.2 2.6 4.8 3.2a 
Control 58.3 55.6 64.6 59.5ab 1.5 2.8 2.9 2.4ab 

Mean 5S.2a 56.3a 39.7b 2. 1b 2.6b 3.9a 
NB: Nutrient Broth. Data with same leiter designation arc not significantly different according to DMRT at P""O.05 

Untreated black pepper rooted Cu"(1obacterium luteum llSRTCIO- Bacillus megaterium IlSRBP17-
cuttings. the bacterium successfully the bacterium successfully 

prevented nematode infection. prevented nematode infection. 
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Treatment 0: 

o R. similis in roots (log N gol) 

• Population of bacteria in roots (log du gol) 

o Population of bacteria in shoot (log cfu gol) 

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 0.0 125% 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 1 % and tobacco 
extract 3%) in the field at Peruvannamuzhi 
indicated that drenching miJd] y 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 
pest management schedule involving, planting 
of rOOl mealybug-free rooted cuttings, 
removal of weeds in inter.spaces of black 
pepper vines during summer, drenching 
tobacco extract 3% on mildly affected vines 
Or drenching imidacloprid 0.0125% or 
acetamaprid 0.0125 % or carbosulfan 

0.075% or chlorpyriphos 0.0750/( on severely affected vines 
and adoption of control measures against Phytophlhora and 
nematode infections. is to be adopted for the management of 
root mealybugs in the field. 

Poilu beetle 

Resistance: Screening of 66 cultivars and 76 hybrids of 
black pepper available in the Germplasm Conservatory 
against poIlu beetle (L()llgifa/~\'us nigripellllis) 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 to 52.6%. 

11. DROUGHT TOLERANCE 

Screening germplasm for drought tolerance as been 
standardi sed. Those accessions which maintained > 70% 
RWC and <9% membrane leakage after 12 days or stress 
were identified a<; 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 slightly higher photosynthetic rate than susceptible 
accessions during the stress period. 



12. QUALITY EVALUATION AND POST HARVEST 
TECHNOLOGY 

Drying and storage: Drying of three black pepper varieties 
n SR-Sreekara, Panniyur-5 and Karlmunda in mechanical 
driers at 55-60°C did not affect the chemical or physical 
quality of the berries. Slight reduction in essential oil and 
mojsture content was observed among different quality 
parameters only after 180 days of storage in polyethylene 
containers under vacuum, j 00% nitrogen and 90% N2 + 10% 
carbon dioxide. 

Geographical influence on biochemical and physical 
quality parameters 

Physical Quality: Pepper berries harvested from 
Ambalavayal was found to be superior for size (4. 2mm) , than 
benies 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· 
I) ofpeppercultivars ranged from 450 to 640 g L-1 at vruious 
locations. Arnbalavayal recorded more bulk density for 
cultivars such as Karimunda, nSR-Sreekara, IISR­
Subhakara and lISR-Thevam. Pepper from Panniyur 
recorded bulk density above 600 g L-1 for Karimunda and 
llSR-Girimunda. Pepper from Yercaud recorded 640 gLI 
for the variety Panniyur-I. 

Chemical Quality: Among the locations, AmbalavayaJ 
recorded maximum oleoresin for various cultivars. Panniyur-
2, Panniyur-4, nSR- Panchami, IlSR-Subhakara and 
Panniyur-I recorded more than 10% oleoresin. lISR­
Sreekara. IlSR-Subhakara, HP-34, HP-105 and llSR­
Gilimunda recorded more than 3% oil at various locations. 
~-caJ"yophyl1ene, the major aroma constituent in black pepper 
oil showed wide variability at various locations for the different 
culti vars. Cu lti vars Panniyur-I recorded 25% ~­
caryophyllene at Peruvannamuzhi, Panniyur and Oapoli, while 
it recorded 9.7% at Yercaud, 14.3% at Pampadumpara and 
16% a\ AmbaJavayaL The Geographical influence was further 
confIrmed through GIS study. The total numberof volatile oil 
components of leaf varied from 7 -15 among the accessions 
collected from Western Ghats and the geographical effect on 
biochemica.l parameters was highly significant. The percentage 
of two sesqueterpenes, ~-caryophyllene (2.1-6.8%) and 
Nerolidol (1 .4 to 66.3%) significantly varied among all the 
germp\asm accessions whereas another component, Pinene 

Indian Institute of Spices Research, Calicut 

(1.53-20.3%) (a common component of 
beny oil) was recorded from specific latitude 
between the latitudes 8°.89 - 9°.39'N and 
10°.58' - LOo.59'N. The study also indicated 
that total number of components is highest in 
the latitllde between 100AO' - 11 °.09' and 
Nerolidol is highest in latitude 11°. 09'N -
l2°.S0'N. 
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Geographical influence on j3-caryopbyUene 
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 signjficant 
superiority oflndian produce. 

Source Black Pepper 

OPln.n. 
.Ltmrlool 
O~tc.". 
• a·t ... p .... "'. 

.hbln.n. 
QT ... p",...a·ol 
DUmon.". 
o~·cary ophy II." • 

GC profile of volatile oil of black Ilepper 
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Production of white pepper and 
quality evaluation: Production 
technology for white pepper was 
scaled up. All the treatments yielded 
compiete 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, oil 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 Caryophyl1ene. Starch 
content wa.s 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 
adulteration 

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 vary ing concentrations of 

powdered papaya seed (2-20%) were screened for SCAR 
marker. A 450 bp band was obtained in all black pepper 
samples adulterated with papaya seed powder. 

lOOOObp --7 

lOOObp --7 

500bp --7 

250bp --7 

M: 1 Kb ladder, Lane 1: black pepper, Lane 2-5: simulated black 
pepper powder with ground papaya seW in different concentrations, 
Lane 6: papaya seed, Lane 7: negative control 

AmpJitication of papaya specific SCAR marker in 
simulated pepper powder conta ining different 

concentrations of ground papaya seed 

Five commercial samples of black pepper powder were 
analyzed for possible presence of adulterants using RAPDI 
ISSR markers. Out of the five samples studied, market 
san1ples two & three consistently amplifIed a papaya specific 
band with a molecular size of approximately 450 bp using 
primerOPJ09. 

lOOOObp -7 

lOOObp -7 

SOObp --7 
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M : Marker 1 kb ladder, Lane 1: Piper nigrum, Lane 2-6: Different 
Market Samples, Lane 7: Piper attenuatllm, Lane 8: Piper 
gaieatum, Lane 9: Papaya 

RAPD analysis of genuine 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 
gemlplasm including large cardamom were 
collected from cultivated and forest areas of 
Idukki, Attappadi, Wagaman and North 
East. The germpJasm incJuded 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 Ie numbers obtained for 
all the available cardamom gerrnplasm 
accessions. 

Characteristic cardamom germplasm 
registered with NBPGR, New Delhi 

Regn. No. 

IC 349541 

Ie 349544 

IC 349599 

IC 349634 

Unique Characters 

Compound panicle type, 
highyieJd 

Basal branching of 
panicle with green bold 
capsules 
Katte resistance 

Rhizome rot tolerance 

Characterization of germplasm: Twenty­
six compound panicle accessions have been 
ch:.U'acterized for morphological, panicle and 
yield characters based on IPGRT descriptor. 
More variability was observed in plant and 
panicle characters than that of capsule 
characters. Variahility was fOllnd to be 
maximulll for number ofhranches per panicle 

(49.4 %) followed by flowers per panicle (47.5%) and 
minimum for seed weight percent (4.7%). Two promising 
accessions (APG 445 and APG 250) were identified with 
desirable yield contributing characters. Accession APG 260 
was found to braJ1ch extensjveJy at the telminaJ portion of the 
panicle whereas APG 411 was found to retain its dark green 
capsules even after processing. SixlY other accessions have 
been characterized for morphological characters. Natural 
incidence or leaf blight and leaf blotch was recorded in 49 
accessions. 

APG 260 - a unique accession \\ i(h branching at terminal 
portion of panicle 

2. CROP IMPROVEMENT 

Cardamom being a vegeta tively propagated crop, the 
heterosis can be exploited at F, generation. Large number of 
hybrids bel ween high yielding and disease resistant selection 
have been evaluated under variolls trials for yield and disease 
resistance. Based on preliminalY evaluation trials (1995-
20(2),59 selections and 11 hybrids were short listed for 
evaluation under Comparative Yield Trials (CYT). 
MorphologicaJ, yield and quality characters have been 
recorded in four CYT's (CYT I, II, III and IV). The 
genotypes with significantly high yield compared to local 
checks and green gold were short listed and promoted for 
Multi Location Trials ~fLTs). 

CYT I (2004-07): The trial was laid out during the year 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 I (S), MA 18 and MA 28 
with 1 037. l1 , 907.8,898.4 and 883.6 kg ha" respectively. 
The yield level was significantly higher than RR I, CCS I (Local 

checks) and the popular Green Gold. 
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CYT II (2004-07): The CYT If was laid out durina 2002 I::> 

with the objective to evaluate the performance of hybrids 

and open pollinated progenies for yield and disease resistance_ 

Among the 18 hybrids and four open pollinated progenies, 

three hybrids (NHY 35, NHY ] 4 and Hy 3) out yielded checks 

over the cumulative yield of three cropping seasons. The hybrid 
between katte resistant and high yielding accession , NHY 
35 has recorded significantly high yield of 975.5 kg ha" 
compared to green gold (343.5 kg ha-'). 

CYT IV (2005-07): Popular varieties of cardamom such 
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as Green gold, Wonder cardamom and 
Palakuzhi selection were compared with 
AMB2 and VA 1 in CYT IV to understand 
the performance of these varieties in high 
altitude regions of Karnataka. Among the 
three farmers varieties, high yie ld was 
recorded in Palakuzhi selection with mean 
dry yield of 1086 kg ha" . Among the other 
promising selections, AMB 2 and VA 1 
recorded the highest yield of 1297 and ll79 
kg ha-'respectively. 
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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 (APG-259), evaluated in PET led 
to the identi f ication of tw o h y br id 
combinations with high yield (MB 5 x NKE 
19 and NKE 19 x GG). 

3. DROUGHT TOLERANCE 

Biochemical mechanism: Physjologica1 
(relati ve water content, specific leaf weight 
and chlorophyll fluorescence) and enzymatic 
changes (catalase, peroxidase and SOD) due 
to moisture stress were studied in selected 
tolerant (RRl, green gold, CI-893, APG-
18) and susceptibJelines (CCS-I, NKE-19, 
NKE-12, NKE- 19). No significant variation 
was recorded for many parameters except 
catalase and peroxidase activity, which was 
high under stress. SOD showed lower activity 
under stress. 

Breeding: Three genotypes (RR 1, CL-893, 
green gold) relatively tolerant to moisture 
stress and CCS-l, a susc~ptib le genotype 
were crossed to develop drought tolerant 
varieti es with good yield and quality 
characters. Growth parameters such as plant 
height, number of tillers per clump. number 

of bearing tillers per clump and total number ofleaves per clump 
of the progenies showed significant variation. Plant height 
ranged from 201 em (CCS 1 seJf) - 261 cm (GG op), number 
of tillers per clump ranged from 23.7 (CL 893 x CCS-l)-38.7 
(CCS-l x 893), number of bearing tillers per clump ranged 
from 8.5 (CL 893 x RRl) - 23.8 (CCS 1 x 893) and total 
number of leaves per clump ranged from 163.6 (893 x RRl)-
248.5 (CCS I x 893). CL-893 and its cross combinations 
recorded better growth characters. Yield parameters also 
recorded signi ficant variation. Number of panicles per clump 
ranged from 10.8 (RRI self) - 40 (CCSI x 893), panicle 
length (cm) ranged from 34.1 (RRl- OP) - 51 (893 self), number 
of capsule per clump ranged from 276.7 (RR I self) - 1018.9 
(CCS I x 893) and capsule dry yield (g clump-I) ranged from 
48.8 (RR I self) - 207.5 (893 OP). 

Cardamom hybrid - high yield with 
tolerance to drought 
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Evaluation offour cross combinations of cardamom (hybrids and seJfed seedlings) 
for yield parameters 

8930P 
893 self 
CCSI self 
GG x CCSI 
CCSI x 893 

35.7 
30.1 
32.7 
30.9 
40.0 

Oil yield ranged from 3.9% (893 x RRl) - 6.0% (CCS I 
OP), chlorophyll tluorescence yield ranged from 0.64 (893 x 
RRl ) - 0.78 (893 OP) and stomatal count ranged from 5.57 
(CCS I x 893) - 12.07 (CCS I x RR I). CCS I x GG 
recorded 62 panicle, 2696 capsule and 2520 g fresh capsule 
yield perclump with 70 percent bold capsule with synchrony 

4. QUALITY EVALUATION 

Analysis of the Cardamom essential oil: GC-MS 
study confirmed the superior intrinsic quality ofIndian 
cardamom over Guatemalan and Sri Lankan cardamom. 
The essential oil yield ofIndian, Guatema1an and Sri 
Lankan cardamom was found to be 10%, 5% and 14% 
respectively. Cherrtical profiling has shown a total of33 
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 
cardamom is rich in 1, 8-cineole and a-terpinyl acetate. 

Sri Lankan Cardamom Indian Cardamom 

966.9 
953.4 
965.8 
734.2 
1018.9 

in flowering while GG x 893 recorded 2] 
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 oflinalool as compared to 
Guatemalan and Sri Lankan. At low 
concentration the linalool gives pleasant 
taste to the cardamom. LinaJyl acetate, 
octyl acetate and trans ~ caryophyllene 
were not identified in India n and 
Guatemalan cardamoms whereas Z citral, 
methyl cinnamate, nerot, and 2-decenoic 
acid were present only in Indian 
cardamom. 

Guatemalan Cardamom 
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4.22 NO 0.33 

2 a-pmene 4.36 2.30 2.50 

3 Sabinene 5.23 4.93 4.61 4.32 

4 Myrcene 5.64 2.62 2.56 2.34 

6 Octanal 5.95 0.14 0.14 0.17 

7 a-terpinenel,8-cineole 6.32 0.28 0.24 0.22 

S I ,S-eineole 6.86 27.59 26.99 26.85 

9 Trans ~-ocjmene 7.25 0.09 0.17 0.19 

10 y-terpinene 7.56 0.62 0.51 0.19 

II Cis sabinene hydrate 7.82 0.29 0.10 O.IS 

12 Tri eydo heptane 8.00 ND ND 0.17 

13 a-terpinolene 8.46 0.36 0.49 0 .37 

14 Linalool 8 .87 1.23 6.99 5.44 

15 4,8-dimethyl-l ,3,7-nona triene 9.44 0.20 NO 0.15 

16 2-eyc1ohexen- l -ol 9.59 0.20 0.20 0.19 

17 &-terpineol 11 .27 0.13 0.19 0.17 

¥ 18 Terpineol-4 11.67 2.78 2.98 2.70 

19 ~ -fenebyl a lcobo l 12.2 1 2.97 6.6L 4.23 

20 Oetyl acetate B.15 NO NO 0.11 
~ 

21 Z-citra] 14.19 0.36 ND ND 

22 Neral 14.25 ND 0.33 0.36 

23 Nerol 14.84 2.56 ND NO 

24 ~ -ocimene 14.90 ND 4.44 ND 

25 Linalyl acetate 14.94 NO NO 5.60 

26 Geranial 15.46 0.56 0.51 0.69 

27 De1ta-terpinyl acetate 17.3 1 0.44 0.25 0.36 

28 2,6--octadienoieacid 17.61 0.37 ND 0.28 

29 a-terpinyl acetate 18.89 41.65 35.18 35.27 

30 Neryl acetate 19.3 1 ND 0.30 0.45 

31 2-decenoicacid 19.54 0.17 ND ND · 

32 Methyl cinnamate 19.87 0.14 NO ND 

33 Geranyl acetate 20. ]0 0.86 1.50 1.42 

34 Trans -~ caryophyllene 2 1.29 ND ND 0.13 

35 Camphene 22.05 0.30 0.23 0. 17 

36 B -selinene 23.90 1.55 0.30 1.29 

37 a -selinene 24.26 0.51 NO 0.37 

38 a -amorphene 25.02 0.32 ND 0.27 

39 Germaerene 26.58 0. 14 ND 0.12 

40 NerolidoI 27.08 1.78 1.88 1.97 

ND: No/ De/ee/ed 
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1.GERMPlASM EVALUATION 

A comparative yield and quality evaluation 
oial on exotic col1ections from Nepal revealed 
that none of the accessions were superior to 
other accessions. Yield ranged from 4.4 to 

8.3 kg bed-l
, crude fiber ranged from 2.1-

4.0%, Oleoresin ranged from 2.2-4.0% and 

I/) 4.5 
'E 4 

Ginger 

oil ranged from 1.0-1.7%. Among the exotic ginger 
collections, accession from Nepal (Acc.581) performed 
superior to other varieties for quality parameters. 

A comparative yield and quality evaluation trial on high oil 
type ginger revealed that none of the accessions was superior 
to the others. Yield ranged from 3.8-8.5 kg bed~ ', crude fiber 
ranged from 2.1-4.5%, Oleoresin ranged from 3.2-7.4% and 
oil ranged from 1.3-2.3 %. 
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2. CROP IMPROVEMENT 

Variety suitable for germination: Ginger accession-12 
(ErattupeUa) was found to be unique for its colour pattern of 
the floral JabelJum, high poDen stainability (27.5%), high in. 
vitro germination of pollen grains (lO.4), better pollen tube 
growth (mean length of 1209 jJmafter24 h of culture) and 
germination of pollen grains on the stigma on self-poll i nation. 
This accession appears to be suitable for future studies to 
induce seed set. 

Polyploidy induction and mutagenesis: Juvenile buds of 
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fOllr cliltivars were treated with 0.1 % 

colchicine for three days and planted. The 
survival of [he sprouts ranged from 55-

86.7%. Similarly sprouting buds offiveginger 
cultivars were treated with four doses of 
gamma radiation ranging from 0.5 to 4.0 kr. 
At higher dose none of the sprouts 
germinated indicating the lethality of the high 
dose of gamma rays. Few surviving sprouts 
were found to be chlorophyU variant. 

PoJlen fertility assessed by stainability, in vitro and in vivo germination in ginger cultivars 

Accession Cultivar Pollen fertility PoIIeB fertility based Status of in vivo germination 
bawd 011 OIl ill J1iIro on self pollination 

stainabiUty germination 
(%) (%) 

2 Baharica 7.8 <1 .0 Nil 
5 Biturkatta 5.2 <1.0 Njl 
9 China 5.0 d.O Nil 
J2 Erattupetta 27.5 10.4 Few pollen germinated 
24 Maran 11.5 4.0 Nil 
25 AmbaJavayal 12.4 4.6 Nil 
26 Maran Pottangi 9.5 2.4 Nil 
31 Nadan L 1.6 5.0 Nil 
38 PGS-6 5.9 <1.0 Nil 
49 PGS-IS 11.8 3.4 Nil 
74 PGS-3! 7.3 <I Nil 
76 ThinJadium 18,4 2.8 Nil 
91 Vengara 2.2 <1.0 Nil 
106 Bokalia 12.6 3. 1 Nil 

Jamaica 23.0 Not tested Not tested 
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Rejatha Varada Mahima 

Variety 

10 Control . 0.5Kr 01 .0 Kr 02.0 Kr . 4.0 Kr I 
Effect of varying doses of gamma rays on survival of sprouts 
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3. NUTRITIONAL TRIALS AND 
ORGANIC FARMING 

Optimum P/Zn nutritional ratio for 
increasing produ ctivity: The threshold 
value of leaf P/Zn ratio was confirmed to be 
90 through second order response function 

(R2:::().499**). On validating the same under 

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

Optimization ofP/Zn ratio for 
increasing the ginger productivity 

LeafPlZn SoiJPIZn YieJd 
(kg bed"l ) 

69.7 4.9 8.4 
77 5.7 9.1 

101 4.4 9.5 
108 4.0 10.6 
136 5.4 7.8 

Nutrient requirement for targeted 
yjeld; Based on the initial soil fertility 
levels ofN, 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 wa') '0.8, 
1 2.4 and J L4kg bed-I 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 nSR-Varada with reduced 
fertilizer application. 

Organic ~Farming: Ginger was cultivated 
organically by applyingFYM. verrni compost, 
ash, rock phosphate, A ~ospirif{um. 

phosphobacteria as nutrient source. 
Trichoderma & Pseudolllollas sp. as bio 
control agents for disease control. The mean 

yield recorded in ginger (var. nSR-Yarada and Mahima) 10.2 
kg bed-lwas high under integrated system, which is 29.7% 
and 1 ~.5% higher. over chemical and organic farming, 
respectively. Orgaruc farming resulted ina mean yield of8.8 
kg bed-'recording 13% higher yield over chemical practices. 
Foliar j.nfecti.on with. Phyl(ostict~ sp. disease was the major 
constramt noticed. SOlI nutnent buildup and microbial biomass 
carbon were observed to be high in organic and integrated 
managements as compared to conventional system. FYM+ 
NC+ VermicompostiCoir pith compost application recorded 
higher yield on par with FYM application alone. 

Microbial community structure on r hizosphere under 
differ ent nutrient management regimes 

The data on soil physico-chemical parameters revea1ed 
considerable variations in the levels of organic C, available N, 
Bray P, NH

4
0Ac-K exchangeable Ca & Mg, DTPA-Zn,­

Cu, - Mn and - Fe among integrated, fully organjc and chemical 
treatments. Available N level was markedly higher in the 
chemical and integrated treatments, while Bray P and 
exchangeable K was higher in the organic and integrated 
treatments respectively. Among the secondary nutrients, 
exchangeable -Ca and -Mg levels and among the micronutrients 
DTPA-Zn and -Cu levels were markedly higher in the integrated 
treatment The chemical treatment, however, favored the 
accumulation ofDTPA-Fe and DTPA-Mn in soils indicating 
vaIiable effects on nutrient accumulation in soil. 

Soil microbial bioma<;s carbon (C~{«) vaIied significantly aITIong 
the treatmenL". with the maximum levels in integrated treatment 
(480 mg g-') foJlowed by organic treatment (460 mg g-I). 
Contrruy to C~!lC levels, microbial biomass N (N~lIc) and 
microbial biomass P (P M1C) did not vary markedly among the 
treatments (3 (-33 and 11 - 14 mg g-I respectively). However, 
the control treatment registered significant) y lower NM(C' and 
P Mlc- Ievels (24 and 7mg g-I) compared to the treated soils. 

Soil basal respiration (measured as CO, evolution) ranged 
from 25-36 mg C0

1
-C g"day-' and was-greatest in organic 

and integrated treatments (35 and 36 mg CO,-C g-lday-I 
respectively). Contrarily, basal respiration (qC0 2) was 
relatively lower in the organic and integrated treatments (61 
and 60 mg CO

2
-C (g biomass ey{ day-I respectively) 

compared to the chemical and control treatments (65 mg 
C0

1
-C (g biomass C)-I day" ). 

The effects of nutrient management system on soLl microbial 
community structure revealed that the prokaryotic population 
was highest under integrated whereas the eukaryotic 
population was high in both integrated and fully organic 
treatments. Interestingly, the fungal population was high in 
chemical treatment. 
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4. GROWTH AND PHENOLOGY 

Growth characteristics of ginger were observed and analysed 
stati8licaHy. Firs! !iJJer appeared at 646-degree days with a 
total II tilJers and the plant attained maturity at 3096.8-degree 
days for ginger. Leaf growth along the main stem followed 
the quadratic pattern in ginger. Total area of 4092 cm2 per 
clump was noted. There were 174 leaves per clump in total 
and the last leaf emerged on I 50th days after planting (DAP). 
The total leaf area of a clump was 4886. 7 cm~. There existed 
a positive relation between leaf emergence and Growing 
Degree Days (GDD) as well as leaf area development and 
GOD. Tiller, an important yield contributing factor, first 
appeared after 51 DAPand there were 11 tillers in total. The 
last tiBer emerged on 117 DAP. The main shoot produced a 
maximum of23 leaves and subsequent tillers produced less 
leaf. The last two tillers had each three leaves. Similar to leaf 
production per tiller, total leaf area per tiller also decreases. 
The main shoot had a maximum leaf area of91 0.2 cm2 and it 
declines gradually in the tillers produced later reaching the 
minimum of 14.0cm~. The shareoflotalleaf area of individual 
shoot to the total leaf area of a clump varied. Main shoot 
contributed maximum (18.5%) and the last two tillers 
contributed minimally. 
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Contribution of individual shoots for total leaf area 

5. INTEGRATED DISEASE MANAGEMENT 

Biological and chemical control: A field trial consisting of 
treatments such as bacterial antagonists IISR 5 I, lISR 6 & 
BP 35 and fungal antagonists TrichodemUl 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 Metalaxy]-mancozeb recorded 
less disease incidence with maximum yield among the 
treatments. 
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Integrated management of rhizome rot 

Effect of agrochemicals on Ralstonia 
solanacearum: Four agrochemicals namely, 
potassium phosphonate, cheshunt compound, 
copper oxychloride, 2-bromo 2-nitropropane 
1,3, diol (commercial SAR inducer) at different 
concentrations and bordeaux mixture were 
tested under in vitro and in pLanta conditions 
against R. solanacearum. All 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 germpJasm accessions 
CI 465,43 1, 434,493,445 contain above 
2% oil. Accessions with high oleoresin are 
CI- 431 (7%), CI- 434 (6.9%), CI- 445 
(6.6%), CI- 436 (6.2%) and CI~ 486 
(6.0%). Access ions CI- 445 , 489, 447, 
443, 429,472 contain above 3.5% fibre and 
the rest are low fibre types. Ginger from 
AICRP centres ACC-35, V IS 1-2, SG-682, 
ACC-17 and VIC 1-8 from Solan were 
relatively low in oil, oleoresin and fibre 
content. Acc IG-2, ACC-35, VlS l -2, IG-
1 and SG-554 grown at Raigarh recorded 
more oleoresin and fibre. 

.. ~ ...... 
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Turmeric 

1. GERMPLASMEVALUATION 

Characterization of Curcuma germ plasm 

Cytological analysis: Number of chromosomes were found 
to be in the range of78-84 among the seedling progenies of 
twmeljc. 

Chemical Fingerprinting: Chemical fingerprinting by Ge­
MS based qualitati ve analysis of hydro-distilfate and 
volatile di stillate of fresh rhizomes of e leven Cu rcuma 
spec ies such as C. aromatica, C. amado, C. caesia, C. 
comosa, C. haritha C. malabarica, C. montana, C. 
pseudomontana, C. raktakanta, C. sy/vatica and C. 
zedoaria revealed that C. aromatica recorded highes t 
oil percentage (4.8%) followed by C. caesia and C. 
sylvatica (3.6%) and the lowest percentage of oil was 
recorded in C. hari tha (2 .4% ) . Other compo unds 
detected from the analysis are furnished be low. 

Molecular fingerprinting: Genetic 
di versity analysis of 36 popular varieties and 
cultivars oftwmeric (Curcuma longaL.) viz, 
Alleppey, Nandyal type, Ama}apuram, 
Rajapuri, Amrithapani, Sugandham, Annoor. 
Vondimitta, l abedi, Wynad local , Dhagl , 
Aiswal, Katergia, Ayur, Chayapasupu, Basar 
Along, Avanigadda, Gaspani, Dindigam. 
Hajo, Ethamkula, Jorhal., GL Puram, IlSR­
Suvama, Karhadilocal, nSR-Sudarsana, 
Kasturi, IlSR-Kedaram, Kod ur, lISR­
S ug una, Kuchipudi , llSR -Prathi bha , 
Manonthody, IlSR-Prabha, Muvatupuzha 
and IISR-AlIeppey Supreme was done using 
ISSRlRAPD markers. A total of four major 
clusters were produced by the UPGMA 
dendrogram according to Jaccards similarity 
Index. Most of the improved varieties 
clustered distinctly fro m the land races! 
cultivars. Further, most of the land varieties, 
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 methyl xanthotoxin 27.17 
Curcuma haritha 6 methylxanthotoxin 56.59 

Curcuma malabarica Xanthorrhizol 39.20 
Curcuma montana Epicurzerenone 25.83 

Curcuma pseudomontana 6 rnethylxanthotoxin 6\,73 
Curcuma raktakanta 6 rnethy!xanthotoxin 3),30 
Curcuma sylvatica Epicurzerenone 49.87 
Curcuma zedoaria Xanthorrhizol 38.13 

UPGMA dendrogram constructed based on the J accards 
Similarity Index indicated that the eleven Curcuma species 
studied formed a single cluster and showed maximum 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 coUected from the same 
regIon. 
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2. CROP IMPROVEMENT 

Varieties released: The 2Jrd KeraJa 
State Variety Release Comminee has 
approved two high quality turmeric 
varieties viz., nSR-Alleppey Supreme 
and nSR-Kedaram for cultivation. 
Both the varieties are high yielding with 
more than 5% curcumin and resistance 
to leaf blotch disease. 

3. NUTRITIONAL TRIALS AND 
ORGANIC FARMING 

Organic Farming: Turmeric (IlSR­
Alleppey Supreme and IISR -Prathiba) was 
cultivated organically by applying FYM, 
venni-compost, ash and rock phosphate, 
Azospirillum & Phosphobacteria and 
Trichoderma & Pseudomonas sp. as 
biocontrol agents for disease control. 
Integrated system recorded a higher mean 
yield of 15 kg bed·!, which is l2.8% higher 
compared to the organic system. Organic 
system showed on par yield as that of 
conventional (chemical) farming. Soil nunient 
buildup and microbial biomass carbon were 
observed to be high in organic and integrated 
managements as compared to conventional 
system. FYM + Neam Cake+ Vermicompost 
I Coif pith compost application recorded 
higher yield on par with FYM application 
alone. All the biocontrol agents were equally 
effective in controlling rhizome rot of turmeric 
and produced yield on par with chemical 
control. 

4. GROWTH AND PHENOLOGY 

The leaf area of first leaf was 47.1 cmz and 
area of subsequent leaf graduaJJy increased 
reaching a maximum of753.0cm2 (12th leaf). 

The ttmTIclic leaf growth along the main shoot 
followed a linear trend. There were 33 leaves 

in total"and the first leaf was produced at [8 DAP and last 
produced at 160 DAP. The Growing Degree Days (ODD) 
had positi ve association with leaf production. The cumulative 
ODD required for fuJJ maturity was 3570-degree days. There 
were six. tillers in total. Main shoot emerged at J 8 DAP and 
last tiBer appeared at l36 0 AP. The logarithmic growth model 
fits weU to describe the growth of tiller emergence in turmeric. 
The reJative contribution of total leaf area of shoots to the tot.:'ll 
leaf area of a clump varied. The maximum contJibution (50.0%) 
was noted from main shoot. 
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S. INTEGRATED DISEASE MANAGEMENT 

Etiology of rhizome rot: Surveys conducted in turmeric 
growing areas ofAndhra Pradesh, Kamataka, Tamil Nadu 
and Kerala revealed the predominance ofPytlziufIl spp. as a 
causal organism for rhizome rot of turmeric. Pythium spp 
domlnated the isolations from Andhra Pradesh, Tamil Nadu, 
Kerala, Karnataka (72.9%) followed by Rhizocronia spp. 
(30.5%) and Fusarium spp. (27.1 %). 
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The pathogenicity of 12 isolates of Pythium spp. was 
establ ished on tunneric. Among them nine were identified as 
P aphanidermatum. Though frequented in the isolations 
along with Pythium, the fungi Fusarium and Rhizoctonia 
failed to cause the disease. 

Integrated management: A field trial was conducted at 
llSR Fann, Pel1lvannamuzhi for management of softrot. The 
treatments cons isted of mancozeb (0.2%), Metalaxyl­
Mancozeb (0 . 125%), T harzianum (P26-50 g bed·)), 
endophytic bactelial isolate BP 35, and bacterial isolates llSR 
51 and rrSR 6. However, only negligible incidence of soft rot 
disease was noticed. 

6. SHOOT BORER 

Host resistance: Screening of 9 15 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 surveyed (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. 
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Bioecology 

The incidence of shoot borer was recorded in various turmeric 
growing areas in Kerala, Kamataka, Tamil N adu and Andhra 
Pradesh. T he pest incidence was serious (above 25% 
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incidence) in Wyanad and Calicut districts in 
Kerala. The pattern of di stribution of shoot 
borer in the field during various seasons was 
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 
field was studied at Peruvannamuzhi . The 
symptoms of pest infestation were first 
observed during August (l.7% new shoots 
infested) and were high during October to 
November (7.7% and 10.2% new shoots 
infested). 

Merrnithid nematodes were recorded as the 
most common natural enemy of the shoot borer 
in the field. Parasitisation oflarvae 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 likeIISR-Prathiba, llSR­
Sudarsana and USR-Kedaram contained 
higher content of curcumin II and 1.IISR­
Alleppey supreme, IISR-Kedaram and 
IISR -Prathiba had lower content of curcumin 
III. 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 for ms of 
curcurninoids. 
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Tree Spices 

1. GENETIC RESOURCES 

Germplasm collection: A total of29 Garcinia gummigutta 
collections, 23 G indica colJections, three Myristica sp. and 
seven col lections of CinnamomUI11 sp. were collected from 
forest areas in Western Ghats and added to the germplasm 
repository. Eleven M. malabariea accessions, 10M. 
beddomei, 22 IISR-Viswashree, 36 Garcinia, one Konkan 
Amruta and one Sediapur were newly planted in the field 
germplasm. The gem1pla<;m holding consisLs of 484 Myristiea, 
408 Cinnamomum, 233 Sy-::ygium, 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). 

Areas surveyed 

Kidu (Dakshina Kannada) 
Badiadkka (Kasaragod) 

Attappadi (Palakkad) 

Erumeli, Wagamon ( Kottayam); 

Vandiperiyar, Elappara, (Idukki) 

Dapoli (Ratnagiri) 
Canacora, Mollem (Goa) 

Maniyoor (Cali cut) 

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 wereA11125 (581 
fruits) A 11129 (553 fruits) A 1115 (520 fruits) andA9/18 (495 
fruits). Other characters such as fruit weight was high for A91 
53 (120 g); followed by A9/86 (110 g), seed weight was 
high in All/12 (15 g), followed by All/21 (14 g), All/8 
(13.5 g),A9/20(13 g),A9/53 (13 g) andA9176 (13 g). With 

regard to aril weight, A9/150 recorded the 
maximum (7.4g), followed by A9/69(6.Ig). 
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 

Species collected 

G. gummigutta - 9 
G. indica -14 

Myristica sp.-2 
G.gummi-gutta-ll 

Cinnamomum sp.- 3 
Myristica sp. 1 

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 g rafts was good in the initial 
years, whereas early flowering was observed 
in plagiotropic grafts. 

• "" .... ""111 ',. " iii ..... ~ ~ al." j 
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Clonal evaluation of elite lines of nutmeg 

Marker Assisted Selection in Myristica: 
ISSR, RAPO and 18 s rDNA RFLP based 
molecular profI] ing 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 fruits and A4122 with 
unique character of high number of erect 
shoots. The study f Ulther revealed two m,~or 
clusters with all Myristica species and 
Knema and(lrnanica fonning a sepamte 
cluster distant from Cymnocranthera, a 
related genera of Myrislica. Simi larity 
coefficient ranged from 0.58-0.80. M. 
malabarica and M. beddomei showed the 
highest similarity of80%. Unique markers 
were identified in some of the wild species. 
An average genetic distance of25.5% was 
observed among the accessions. 

Garcinia 

Evaluation of Garcinia: Flowering was 
observed in 19 accessions at Chelavoor 
Farm, among them fruits were harvested from 
Garcinia tinctoria, G. indica a nd C. 
gurnrnigutla. The Mizoram co llection 
yielded 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 
habiLlnterestingly G hombroniana flowered 
after 4-5 years of planting of which three 
were female and one was male flower. 

Agrotechiques in Garcillia: Grafting of 
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Dendrogram showing the genetic relatedness of the ten 
elite nutmeg accessions based on ISSR and RAPD 

G indica on G cowa was standardi zed with 30 % success. 
Soft wood grafting of G gummigu/ta was confirmed as 
possible on G. cowa rootstock with 92% success. 

Cassia 

Clonal evaluation of elite lines: Morphological 
observations like plant height, width, girth and number of main 
branches were recorded for the progenies of four eli te lines, 
viz. A2, CI, and Dland 03. Significant difference was 
observed only for number of branches per plant, with A2 
recording the maximum of7.6 branches per plant. 

Effect of age of tree on yield and quality: A trial on 
effect 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. Q UALITY EVALUATION 

Nutmeg 

Storage of nutmeg and mace in different atmospheres: 
Quality evaluation of nutmeg and mace stored in polyethylene 
covers under lOO% vacuum, 100% N1 and 90% N~ + lO% 
CO for about 120 days showed reduction in of eo resin 

2 
content 

Cinnamon 

Evaluation of leaf oil content and composition: Eighty­
eight access ions were evaluated for leaf volatile oil 
constituents. The leaf oil content of Cinnamomum gennp\asm 
ranged from 0.25% to 4.2%. Accession 461 recorded the 
highest oil yield. Based on the Jeaf ojJ composition two 
chemotypes such as eugenol and benzyl benzoate were 
identified. Majority of the accessions contained eugenol as 
the chief constituent. Among the accessions the eugenol 
content ranged from 2% to 92.9%. In eugenol type oil , the 
eugenol content ranged from 55% to 92.9%. Accessions 
predominated by benzyl benzoate (42.9%) were accessions 
3, 7, 67, 68 and 88. The related species C. sulphuratum 
leaves collected from Appangala yielded 0.11 % oil which 
was found to contain 45 .9% benzyl benzoate as the major 
constituent. Other constituents were y-elemene, 2-methyl 
benzyl benzoate, 2-hydroxy phenyl methyl benzoate. 

Evaluation of bark oil and oleoresin contents: The oil 
content of accessions of Cinnamamum verum varied from 
0.33% to 3.34% whereas the oleoresin content ranged 
between 3.4% and 11 .7%. Majority of the accessions yielded 
0.3% to 0.8% volatile oil. Accession number 199 recorded 
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the highest oil yield. Accession 199 was 
fou nd promising based on high oil and 
oleoresin contents. The chief constituent of 
the bark oil namely cinnamaldehyde varied 
from 30% to 64%. Other major constituents 
were eugenol (0.6-23%), benzyl benzoate 
(0.8- 19%), p-caryophyllene (2- 14%) and 
linalool (0.9- L4%). 

Cassia 

The oil yield was determined in the leaves, 
petiole, and twigs of C. cassia. Petiole 
contai ned h igher o il (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 
showed significant variations among four 
species of Garcinia whereas lycopene did not 
show significant variation. HCA content varied 
in various species of Garcinia viz. 
G gummigutta (2.6) , G. mangos tana 
(0.27), G indica (5.21 ), Gtinctaria (3.3). 

Lycopene in Garcinia fruits were found to be 
Garcinia gummigutta (0.1 23), G. 
mangastana (0.098), G indica (0.093), and 
G tinctaria (0.156). 

Elite Chinese Cassia D3 - r egistered witb NBPGR, New Delhi for high bark oil and Cinnamaldehyde 
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Vanilla 

1. GENETIC RESOURCES 

Ninety-three coUections of vanilla including 80 cultivars and 
l3 wild were maintained. The colJection consisted of species 
such as Vanilla planifolia (80) . v. andamanica (8), V. 
pilifera (1), V aphylla (I), V. tahitensis (l), v. vatsalae 
(1), v. sp. (leafless) (1). Twenty-nine seedling progenies of 
vanilla were at~o multiplied vegetatively and planted in the 
field. 

2. CHARACTERIZATION 

Cytological analysis: Twenty accessions were cytologically 
analysed to determine the chromosome numbers. The most 

frequent chromosome number in aJJ of them found to be 
2n=28. Preliminary results indicate that the chromo&ome 
number in Vanilla pifiJera is 2n=40. 

Anatomical studies: Sections of the internodes of Vanilla 
planifolia and Vanilla sp. from Andaman and Nicobar 
Islands were stained w ith Heidenhain 's l ron-Alum­
Hematoxylin as well as saffranin. The most contrasting 
difference found was the presence of sclerenchymatous layer 
separating conex from the ground tissue in V. planifolia and 
its absence in Vanilla sp. from Andaman and Nicobar Islands. 
This indicates that the latter is more close to the leafless species 
of Vanilla. 
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In vitro pollen germination and pollen 
tube growth in Vanilla planifolia: 
Germination of the pollen col1ected from 
fresh ly opened flowers of accession 4777 
studied indicated that pollen grains of vanilla 
germinated in distilled water in vitro. Sucrose, 
a common ingredient in gennination studies, 
is found not essential for germination. Good 
germination and poIlen tube growth was 
observed in Brewbaker and K wack medium 
without sucrose. However, addition of 
sucrose enhanced the germination and pollen 
tube growth. Frequency of pollen 
gennination and tube length was higher after 
6 hours of culture. 

3. DISEASE MANAGEMENT 

Management of root rot: A field experiment 
revealed the effecti veness of fungicides and 
bioagents for management of root rot disease 
caused by F. oxysporum f. sp vaniLLae. 

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

ecoc • Carbendazim 

D Carbendazim + Mancozeb 

• Trichoderma harzia num (P-26) 

.IISR6, 8,13, 51 , 151 , PB21C 

• IISR 6, 8, 13, 51, 151 , 853 

o Paecilomyces sp. 

O IiSR 13, 51, 152, 909 

D IISR 6, 8, 13, 51, 151 , P1AR6 

. IISR6, 8, 13, 51,151 , 859 

O IlSR, 6, 8,13,51,151, PB21C, P1AR6, 853, 859 o Control 

Management of Root rot disease of vanilla 
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metabisulphite were inhibitory to the pathogen 
at varying concentrations. NaCl and KCI 
were inhibitory at 2.25 M and its combination 
was inhibitory at 1.75 M. NaNO} was 
inhibitory at 0.75 M and NaZSZ0 5 at 0.05 
M. The concentrations inhibitory to the 
mycelial stage were inhibitory to conidial 
(Termination also. Only 3.3% germination 
t:> 

could be observed in] .75 M of NaCl when 
compared to 44.3% in control. Germination 
was totally absent in 2.25 M in 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 humidity. Under 
these circumstances the causal organism 
Colletotrichum was found to be infecting the 
beans. 

Viral Diseases 

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

Rean common mosaic virus is one of the virus 
associated with stem necrosis in vanilla 

of a PotJvirus with the disease. The amplifIed fragment was 
purified from the gel, ligated to a TA vector and its nucleotide 
sequence determined. Sequenced region contained 1033 
nucleotides comprising part of NIb 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 compallson clearly showed that the vanilla potyvirus 
is a strain of Bean common mosaic virus (BCMV) as it 
showed an identity of> 90% with strains of BCMV. Identity 

,..-___________ ppV - l.3 

Br1f\'-1J - 22C 

L...-__ BYMV-S 

,...--______ SnF1ChHo 

L-____ P\ry -C 

'----- """"·B 
..-_ _______ CABMV- SA-i tb 

BCMNV- Max 

BCKNV-TJrfl 

0 . 1 

Phylogram drawn by neighborhood joining bootstrap method 
in clustal X (1.81) illustrating phylogenetic relationships 
based on the multiple sequence alignment of the coat protein 
amino acid sequence of isolates of distinct potyviruses and 
vanilla isolate of potyvirus (Vanilla-Ind) 

with other potyvirus species was < 82%. Phylograrn illustrating 
phylogenetic relationship of vanil1a potyvirus with other 
potyvirus species also clearly showed that the virus is a strain 
ofBCMV as potyvirus from vanilla clearly clustered together 
with several BCMV strains. This is the first report of 
occurrence of BCMV on vaniJJa from India. 
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1. GENETIC RESOURCES 

Nineteen accessions of paprika obtained 
from IIVR, Varanasi were added to the 
repository. With this addition the strength of 
paprika germplasm is \ 30. 

2. GERMPLASM EVALUATION 
The new germp\asm accessions were purified 
for 'True to Type" and their quality analysed. 
The color value ranged from 100 to 216 
ASTA um ts. The highest color val ue of 2 J 6 
ASTA units was seen in ICBD-17, followed 
by EC-31 (193 ASTA units). The oleoresin 
content varied from 9.0 to 22.0%, ICBD-
15 (22.4%) recorded high colour value. 
Be7l and LCA422 recorded zero pungency 

(capsaicin content). 

Among the hybrids of paprika, proge nies 
ofB.Kaddi x KTPL-19, B. Kaddi x 0107-
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7011 and PBC-574 x 9852-173 were found to be promising 
as they recorded high colour value, (218, 183.4, 171. J 
ASTAcolourvalue), high oleoresin (17.2, 15.5 and 15.7%) 
and minimum pungency (0-0.02%). 

3. VIRAL DISEASES 

Detection, identification and characterization of CMV: 
Cucumher mosaic virus (CMV) causing mosaic , leaf 
distortion and stunling on paprika (Capsicum annuum L.) 
was detected by DAC-ELISA and RT-PCR. CP gene of the 
virus was amplified, cloned and sequenced. Sequenced region 
contained a single open reading frame of 657 nucleotides 
potentially coding for 2 18 amino acids. Amino acid and 
nucleotide sequence analyses ofCMV CP with members of 
subgroup lA, ill and 11 revealed that CMV infecting paprika 
showed maximum identity with members of subgroup IB. The 
identities of amino acid and nucleotide sequence ranged from 
95% and 9 \ %-92% with members of subgroup lA, 94%-
99% and 91 %-97 % with subgroup lB isolates and 78%-
82% and 75%-76% with members of Subgroup II, which 
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Promising paprika hybrids with high colour and low pungency 
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was further confirmed through phylogram based on multiple 
sequence alignments of coat protein gene sequence. 
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Phylogram drawn by neighborhoodjoining 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 (subgroup I 
and II) and paprika isolate of' CMV (IN-Pa). Boot strap 
values are given at the nodes. PSV was used as outgroup 

4. POST HARVEST TECHNOLOGY 

Molecular methods for detection of adulte.·ation: Six 
branded commercial samples of chilli powder were analyzed 
using RAPO/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 lonnes of turmeric seed rhizomes and 6500 nutmeg 
grafts were produced for distribution to farmers and 
augmentation of production. 

'ndian Institute of Spices Research, Calicut 

~AGEMrnNTOFMYCOTO~ 

Samples of black pepper, turmeric, 
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.f7avus 
and A. parasiticus. Aflatoxin could be 
detected in these samples. In order to 
s tandardi ze optimum storage 
conditions, for preventing mycotoxin 
contamination in dried samples of black 
pepper, ginger, turmeric, nutmeg and 
mace, various storage conditions such 
as (i) different moisture regime (8 .0 to 
18.0%) in the product , (ii) packing 
materials, (iii) plant products, (iv) plant 
materials and (v) various atmospheres 
like Vacuum, Nitrogen and Carbon 
dioxide were ev aluated. Quality 
parameters such as moisture, oleoresin, 
and essential o il did not show any 
significant difference during the first three 
months among different s torage 
conditions, which further recorded low 
fungal contamination. Internally 
Transcribed Spacer (ITS)-PCR based 
method for charac te ri zation of 
Aspergillus was standardized. 

Detection of aflatoxin in market 
samples of spices 

Spices 

Standard 
Chillies 
Mace 
Nutmeg 

Aflatoxin (B I ) in chillies, 
mace & nutmeg 

Retention Time Concentration 

22.850 
23.192 
22.425 
22.750 

(ppm) 

1.000 
0.198 
0.098 
0.046 

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

The average size of operational far~ 
holdings reduced from 3.7 to 3.0 In 

district of Wyanad in Kerala owing to 
reduction in size of marginal and small farm 
holdings and diversion of agIiculturaJ land for 
non-agricultural purpose. The estimated 
Markov's transition matrix. indicates that, there 
was a Iransition of area under coffee and black 
pepper, the predominant crops of the region to 
non-traditional crops like arecanut, coconut, 
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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 

I C Past . Present 0 Future I 
Percent share of crop area during different periods 

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

There was a marked change in the land use 
and land cover in the spice district (Wayanad) 
of Kerala with area under forest cover 
remains unchanged. (While there was a 
marginal increase in number oflarge (> 1 0 
acres) and medium (4~ 10 acres) holdings, 
number of semi-medium (2-4), small ( 1-2 
acre) and marginal « I acre) holdings was 
decreased in the fast changing agricultural 
landscape.) There was a transition of area 

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 of94% with a sharp fall in price. 

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 ofFYM. 
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All India Co-ordinated Research Project on Spices 

The All India Co-ordinated R esearch 
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 
(SA Us). In addition, folli' Voluntary Centres including Indian 
Cardamom Research Institute (Spices Board) are 
collaborating with this project. The X Plan budget of A I CRPS 
was Rs. 700 lakhs with an Revised Estimate (RE) ofRs, 
115.461akhs (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 of20 proven technologies in spices are 
being operated in 13 AICRPS centres. At present, eight 
ICAR ad-hoc schemes are being operated at SAUs/other 
organizations under AICRPS. The major achievements and 
the technologies developed under AICRPS during the period 
are smnmarized 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 in seed spices. At present, a total of 5529 
accessions of spices germplasm are being conserved at various 
centres of AICRPS. The promising spices gennplasm are 
being evaluated through Initial Evaluation Trials (lETs) and 
Comparative Varietal Trials (CVTs) at various centres. 

1. Black pepper 

Performance of Varieties 

In black pepper germplasm evaluation, the variety Karimunda 
III recorded the maximum spike yield of 4.570 kg vine-I, 
followed byTMBIV (4.090 kg vine-I) at Panniyurcentre, 
whereas PN-57 recorded the highest yield of2.95 kg vine-) 
at Yercaud centre. Under CVT, HB 813 recorded the 
:maxllnUill average spike yield of8.01 kg vine-I 'and the highest 

dry yield of 3.220 kg vine-I at Panniyur 
centre. 

Organic farming 

In organic farming triaL themaximwnaverage 
spike yield was obtained with fully organic 
treatment (22.17 kg vine-I), followed by 
inorganic(15.88 kg vine-I) atPanniymcentre. 
Inorganic N 100% + Azospirillum50g+ 10 
kg FYM recorded the maximum spike yield 
of3.767 kgvine-I. 

Pest and Disease management 

Among the biorationals evaluated, neem gold 
(0.5%) and neem oil (0.5%) were found to 
be superior to fish oil insecticidal soap (2.5%) 
in reducing the population of scale insects in 
black pepper at Pampadumpara centre. 
Solarized potting mixture fortified with 
Trichodelwa harzianum @I g kg-I and 
vesicular arbuscular mycorrhiza (V AM) @ 
100cc kg-I potting mixture was found 
effective for the management of 
Phytophthora infections in black pepper 
nursery in Pampadumpara, ChintapalIe and 
Dapoli centres. Application of Potassium 
phospho nate (Akomin, 3 to 5 ml VI) as 
spray and drench during pre- monsoon (fIrSt 
week of June) and post-monsoon (second 
week of August) periods along with soil 
application of Tnchodennaharzianwn (1 07 

cfu, @ 50g vine-I) with I kg of neem cake is 
recommended by the Sirsi, Mudigere, 
Pampadumpara, PanniymandAmbalavayal 
centers for the management of 
PhytopiJtiJora foot rot _ 

2. Cardamom 

Promising varieties: Five promising 
cardamom types (Mohini 1, Mohini 2, SB 
I,SB2andElapara l)and a Vazhukkatype 
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with bold capsules and more number of 
seeds (Elapara I ) were collected from 
Idukki District. High yielding cardamom 
cultivars namely Panikulankkara 1 and 2 
were collected from VattiyarkaLlar, (selected 
from open pollinated seedlings ofYazhukka 
type) Idukki District by Pampadumpara 
centre. These accessions were found to be 
performing even under less shade condition 
with least incidence offoliar 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 
Pampadumparacentre. 

Pest and Disease management: Early 
stages of the cardamom root grub, Basi1epta 
fulvicome(lacoby) that are usually present 
in soil during April/May and September/ 
October can be managed by soil drenching 
ofImidaclopridO.015%(5liters plant') or 
Chlorpyriphos @0.07%(5litersplantl) or 
application ofCarbofuran@3.0 g a.i. clump­
I (10-15 cmaround the plant). Removalof 
mulch/weed cover and forking of soil prior 
to application of insecticides produced better 
results at Pampadumpara. The local strains 
of Heterorhabditisindicusfrom 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 entomopathogenicnematodes, 
Heterorhabditis indicus(l 00 D grub' I) and 
Imidacloprid 0.01 % at Pampadumpara 
centre. Shoot and capsule borer was 
parasitized by Ichneumomdand dipteran 
parasitoids. Predatory mites are found to be 
associated with phytophagous tetranychid 
mites. 

3. Ginger 

Promising varieties: In ginger germ plasm 
evaluation, out of286 collections, SG 705 
and SG 933 gave maximum rhizome yield 
(9-10 kg bed-I) at Solan centre. 

Disease management: In an integrated management for 
Pythium, Fusan"umand Ralstoma, rhizome solarization (45/ 
min) reduced the disease levels and increased the yield 
significantly, followed by hot water treatment. Solarization 
increased sprouting (92.2%), decreased Pythjum rot by 
5.3%, Fusarium yellows by 4.37% and Ralstonjawilt 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 4 @ 2.5 kg ha­
I and borax @ 20 kg ha-' produced maximum rhizome yield 
in ginger at Solan centre. 

4. Turmeric 

Promising Varieties: In turmeric highest fresh rhizome yield 
of 41.4 t ha-I was recorded with PTS-59, followed by RH-
5 (39.1 t ha-') at Jagtial. In a screening trial, TCP 198,93, 
104,43, 115, 11 8, 19, 53, 70 were found to be tolerant to 
both leafblotch and leaf spot diseases at Pundibari centre. 

Disease management: Seed treatment as well as spraying 
with mancozeb + carbendazim (0.2% each) was found 
effective against leaf blotch and leaf spot in Pundibari centre. 
Seed treatment as well as soil application of Tnchodenna 
vindeand PseudomonasOuorescens@ 12.5 kgha-' and 
25 kg ha-' as basal & top dressing along with application of 
recommended NPK + FYM was the best treatment against 
rhizome rot in Coimbatore. 

5. Coriander 

Promising Varieties: In coriander, LCC - 216 recorded 
significantly highest yield of563 kg ha-', followed by LCC-
170 (554 kg ha-1) and JCO-340 (554 kg ha-1

) at Guntur. 
Coriander D H -228 gave highest leaf yield, which was closely 
followed by DH-202, when compared to Pant Haritima 
(check) at Hisar. 

Crop Production: Two sprays at 40 and 60 days after sowing 
(D AS) with N AA 10 ppm recorded significantly higher yield 
(600kgha-1) along with Triacontanol@ lml (580kgha-')at 
Gtmtur. 

6. Cumin 

Disease Management: Trich oderma + F YM and 
Mancozeb spray @0.25%was foundeffectiveagainstwilt 
withmaximumseedyield475 kgha-1 atJobner. 
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7. Fenugreek 

Promising Varieties: Fenugreek accessions, UM-352 and 
UM-351 were found free from powdery mildew disease and 
RTP-9, RTP-I0 and RMT-l were found resistant to root 
knot nematode under field conditions atJobner. 

In fenugreek, LFC-84 recorded maximum grain yield of 1069 
kg ha-I , followed by LFC-87 (994 kg ha-I ), which were 
significantly superior to check, Lam Seln.-l (826_0 kg ha-I) 

atGuntur. 

Disease management: Soil application of TIichoderma 
wde@5kgha-l 20 days before sowing and soil application 

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

PhylJody disease of Fennel 

analysis of I6S rONA gene sequence revealed that the 
phytoplasma infecting fennel belong to peanut witches 
broom (16Sr-II) group. 

9. Clove 

Promising Varieties: In CVT , among the ten accessions 
evaluated, Se1. 10 was found to be promising with the highest 
yield of 1.325 kg tree-) at Pechiparai centre. 

Indian Institute of Spices Research, Calicut 

ofneemcake@ l50kgha-' is recommended 
for biocontrol of root rot in fenugreek. 

8. Fennel 

Promising Varieties: Out of 117 accessions 
of fennel, 13 accessions yielded better than 
the check variety RF-125. Some of the 
promising accessions identified on the basis 
of yield performance were UF-II4, UP-I 57, 
UF-136, lJF-177,UF-189,UF-20, UF-79, 
UF-138, UF-145, UF-153 and UF-I87. 

r----- -"" 

Phylogram drawn by Neighborhood Joining 
Bootstrap method in Clustal X (l.81), illustrat­
ing phylogenetic relationships based on the 
multiple alignments of 16S rDNA sequences 
from 29 distinct isolates of phytoplasma includ­
ing fennel isolate (FP). A.laidlawii was used 
as the outgroup 
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Krishi Vigyan Kendra 

A total of 1575 farmers visited KVK 
during the period for consultation, 

purchase of planting materials and other inputs 
from KVK. 

'Iraining programmes 

The Kendra has conducted 100 training 
programmes on various subjects during the 
period under report. A total of 271 0 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 of 
farm implements' The programmes were ofttu'ee months 
duration organised in collaboration with the Government 
Community Polytechnic College, West Hill , Ca}jcut. A total 
of 39 unemployed rural youth have benefited out of the 
trainings. 

Revolving Fund Programme 

The Kendra has a strong revol ving fund programme to generate 

Discipline-wise training programmes conducted . 

Discipline Number of Participants SC/ST 
courses Male Female Total participants 

Crop Production- 50 841 514 1355 128 
Horticulture 11 145 75 220 73 

Animal Science 38 676 425 110 1 17 
AgrL-Engineering 2 22 17 39 9 

Total 101 1684 1031 2715 227 

lln~L!.Bl 
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income for productive uses. Under this programme, high 
quality planting materials of various crops were produced 
and made available to public at affordable rates. At present 
all spice seedlings, Coconut seedlings, Pathimukam 
seedlings, Bush pepper plants, Garcinia graft, Mango graft, 
Guava layer, Arecanut seedlings etc. are available for sale. 
An amountofRs. 6.621akhs has been realised through this 
scheme. 

The Kendra operates a Plant and Animal clinic offering 
various services to the farmers. An artificial insemination 
facility is also maintained at the centre to upgrade the genetic 
stock oflivestock. The centre offered consultation, treatment 
and doorstep services charging nominal fee. Tn addition to 
the various treatments, the centre also provided vaccination 
facility and organised animal health camps in association 
with the state animal husbandry department. The various 
activities taken up by the Clinic during the period are as 
follows: 

Indian Institute of Spices Research, Calicut 

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

~ Synchronisation of estrus using PGF2 
alpha-II 

~ Birds immunized against Ranikhet 

disease-1061 Fouls 

Kisan mela and exhibitions 

KVK regularly participated in exhibitions 
and seminars within the dis trict. In 
addition, the Kendra also participated in 
exhibitions and seminars outside the 
district in association with the host 
institute. During the period under report, 
KVK has participated in the follow ing 
exhibitionslKisan melas. 

1. At IISR, Calicut in connection with 
AICRP (Spices) Workshop from 24 
to 27 ib May 06 

¥~ 
Animals treated and advisory services provided - 817 

Artificial Insemination carried out in cattle using exotic 

frozen semen- 289 

2. At Acharya Ranga Agric ul tural 
University, Hyderabad in connection 
with Second National Conference on 
KVKs from 26 to 27ib November 06 . 

_ ... 
• CAR Animal Health Campaign! Infertility camps organised- 5 

~ Vaccination against Foot and mouth disease: 1060 

~ Ksheerothsavam programme attended: Block level: 3, 

District level: I 

~ Rumenatomy performed: 2 

~ Surgical correction of chronic luxation of patella: 5 

~ Dehorning of calves using electric dehorner-28 

Place of ddt Date ( ) 

3. At Calicut in connection with Calicut 
flower show 2007 from 8th to 14ib 

February 07. 

Farmers' study tours: 

Five study tours were arranged for the 
farmers during the period. The details are 
given below. 

Sikkim and West Bengal 2.5.06 to 17.5.06 30 

Goat Farm, Kommery 20.7.06 17 

KLDB, Dhoni, Palakkad 17.2.07 28 

KLDB, Dhoni, Palakkad 20.2.07 30 

CPCRI, Kasaragod 15.3.07 31 
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Maintenance of demonstration blocks/units 

The KYK maintained model demonstration 
blocks/units in its farm for "Seeing is 
Believing" by the farmers. The details of the 
units are shown below: 

2. Introduction of high yielding varieties of ginger 
3. Introduction of a hig h y ie ld ing variety of 

Amorphophallus namely Sree Padma 
4. Demonstration on milk production performance in dairy 

cattle by feeding with silage under scarcity conditions. 

Areca nut garden 
Homestead garden 
Medic inal plants 

Anthuriums 
Cashew 

1 
0.75 
0 .50 

200 No. 
3 

0.50 Black pepper varietal collection 
Sapota I 
Guava 
Vanilla 

0 .50 
1 

Poultry unit 
Mushroom production unit 

Quail unit 

1 
1 
I 

Dairy unit 

Other Activities 

Collabor ati ve activities : K VK i s 
conducting its many mandatory activities in 
association with NGO's such as Centre for 
O verall Development (COD), Vik a s 
Volunteer Vahini Club (VVV), and lNFAM. 

Fr ont L ine Demonstra tion (FLD) 
Programme 

FLD programmes conducted by the Kendra 
during the period are detailed below: 

1. Dem onstration of Apiculture as a 
profitable enterprise in Homesteads 

5. Introduction of Chinci11a rabbits in cage rearing for meat 
with balanced ration. 

On Farm Testing (OFT) Programmes 

T he major OFT programmes carried out during the period 
are listed below: 

1 . Testing the efficiency of organic composting of coir pith 
by TNAU method 

2. Management of Sigatoka leafspot of banana using 
Pseudomonas j luorescens. 

3. Broiler goat production 
4. The effect of treatment with a GnR H analogue on 

conception rate in repeat breeder cows. 

Training on organic waste management- a session 
in progress on compost preparation. 

Silage preparation to tideover the feed crisis for 
cattle- an alternate feed for dairy animals 
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Agricultural Technology Information Centre 

The AT1C at lISR started functioning in the year 1999 as 
an NATP project. With the cessation ofNA TP funding in 
2003, the center became an institute project. As per mandate, 
the centre is involved in technology dissemination functions 
through a single window ,coord1nating with various divisions 
of IISR. The major activities carried out by the center are 

~ Production and distribution of quality planting material 
~ Production and distribution of Plinted literature 
);> Farm advisory services including crop diagnostic 

serVlces 
)..- \_nfonnation dissemination through multimedia, video 

and interactive databases 
~ Providing audio visual aid support to the institute 

activities 
~ Organizing technology dissemination services like 

exhibitions, seminars to fam1ers and other users 

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 %. Tnchoderma formulation for Rs 
8692 and Psel1domonasfonnulation worth 
Rs 18,503 were distributed to fanners. There 
is 51 % decline in thesaleofbiocontrol agents 
as compared to distri bution over past three 
years, which could be attributed to the 
establishment of entrepreneurs across the 
spice growing regions. The total income 
generated from the centre registered an 
increase of25 % over the average income 
during the past three years. 

PIIInIIng PubIIcIIIIona 8IocontroI DIIIganIatIc 
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Resource g~neration through ATIC 
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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 visits to the 
institute as compared to the average over past 
three years. 

2. Extension Services 

OutReach 

The centre participated in following 
seminars! exhibitions 

• National conference of KVKs at 
Hyderabad & Exhibition 26-271h 

November 2006. 

• North East Agriculture Fair atICAR 
Research Complex for NEH Region, 
Barapani 5-71h March 2007 

Localprogr~es 

The centre participated in following 
seminars! exhibitions. 

• National seminar on Organic spices 
and aromatic crops at Calicut froml-
2nd February 2007. 

• Fruits and Flower show Calicut from 
8-141h February 2007. 

• Farmers meet at Sholayur, Palakkad on 19th 

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 partnership 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 leAR Institutes and State Agricultural 
Universities (SAU). The modules for these training 
programmes are prepared based on technologies developed 
by the institute and research achievements. The topics covered 
included spices production technology, nurse!)" pest and disease 
management in major spices, post harvest technology and 
computer and statistical applications in research and 
development. 

Participation of IISR in North East Agricultural Fair at Barapani, Meghalaya 

JL'jlj DJi! 
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Technology Mission for Integrated Development of 
Horticulture for Northeastern states including Sikkim 

Releases were made by the Department of Agriculture and 
Cooperation, Government of India through rCAR 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 

Training on Post harvest techology 
for ginger at Sikkim 

Indian 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 techno logy in g inger we re 
organized in collaboration wjth Department 
of Horticulture, Sikkim at Gangtok and 
Jorethang districts in Sikkim during 12-16th 

March 2007. 

Demonstration of planting methodology in 
ginger at Sikkim 

Training programme organized during the year 2006-07 

Good Agricultural Practices 05-07 22 Rural youth 
June 2006 

Production management and 22-29 13 National level extension 
value addition in major spices August 2006 officers 

Spices research and development 25-27 7 Field officers of Spices 
November 2006 Board 

Production management and 20-22 16 North Eastern States 
value addition in major spices November 2007 

Production management in 27-29 12 National Horticulture 
ginger) turmeric and chillies December 2006 Mission for 

Uttar Pradesh 

Production management in 10-12 14 National Horticulture 
ginger, tunneric and chillies January 2007 Mission for 

Uttar Pradesh 
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Education and Training 

Postgraduate studies M.Sc projects 

Ph.D 

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

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 institute. 

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

Six M.Sc graduates were trained on various tec}mjques of 
Microbiology and Biotechnology under Post MSc Training 
programme of the institute. 

MoU between lISR, CaliCDt and TNAU, 
Coimbatore for Ph.D degree 

Summer training for M.Sc students 

Under this MoU, staff members ofllSR, after 
securing admission to PhD, will be allowed 
to do research work at IISR after completing 
their course work at TNAU. 

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

S. Shanmughavel 

D. Prasath 

S. Harnza 

M. K. Sachidanandan 
V. L. Jacob 

C. K. Sushama Devi 

K. Jayarajan 

A. I. Bhat 

T. J. Zachariah 

Training programmes attended by staff 

or 

Action Plan Meeting of 
KVKs of Zone VITI 

Awareness course on 
intellectual property rights 

Managerial skills for 
technical officers 

1T sensitization 

Institutional Repositories 

PERMISnet and intelligent 
reporting system 

Intellectual Property rights 
and World Trade 

Organization related issues 
Vision 2015 - Strategy and 
action plant for Food 
processing) 

TNAU, 
Coimbatore 

IGNOU, New 
Delhi 

ISTM,New 
Delhi 

CMFRI, Koehl 

IIM, Kozhikode 

IARl, New 
Delhi 

ASCI, 
Hyderabad 

KINFRA, 
Calicut 

-----' 
April 07-08, 
2006 

May- July 
2006 

May 22-26, 
2006 

June 26-30, 
2006 

July 17-19, 
2006 

July 21-22. 
2006 

July 31- August 
04,2006 

September 02, 
2006 
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jj T. K. Jacob Sensitization workshop on KVK, September 12-15, 
J process of knowledge Trivandrum 2006 
2tltltl.'tlJ management 

K. Jayarajan Information security for DOEEACC September 18-22, 
Government officers Centre, Cali cut 2006 

K. N. Shiva Breeding for resistance to CPCRI,RS, October 16-
disease and insect pests in Kayarnkulam Novermber 10, 
plantation crops 2006 

N.K. Leela IPR and WTO related ASCI, October 30-
issues Hyderabad November 03, 

2006 

K. M. Prakash Annual Review Meeting of CPCRI, November 01- 04, 
KVKs of Zone VITI 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 IISR, Cali cut December 1-21, 

characterization of 2006 
pathogens of horticultural 
crops and their biocontrol 
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 
production 
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Training / Meetings organized b~ the 
Institute 

).- Summer training programme 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 19-23, 
2006. 

>- Library resource sharing meeting, 
July 26, 2006. 

>- B ioinformatics : 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 
the ir biocontrol organism s , 
December J -21, 2006. 

Distinguished visitor 

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

Summer training programme on Techniques in 
Biochemistry and Biotechnology 

Visits Abroad 

M. Anandaraj : Visited Sri Lanka to de liver a keynote 
address on IPM at the 34th annual meeting of IPC, 04-
07 September 2006 

M. Ana ndaraj : Visited IPe Secre tariat, lakarata , 
lndonesia to participate in the group meeting on drafting 
good agricultural practices (GAP) for pepper, 15-1 7 
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 L.)" (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 capsid 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 

A s a part of contract service, the consultancy processing 

cell took up various analytical services for the public 

and private entrepreneurs. Services included analysis of 

chemical and organic ferti1i zers, plant and soil samples for 

nutrients, analysis of commercial samples for Trichoderma, 

Pseudomonas, Azospirillum, Phospho-bacteria, analysis of 

samples tor biochemical 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 cultivation and improvement. Sale of 

cultures, contract research, field visits based on planter's 

requests and organization of training programmes were some 

of the other activities of the cell during the year. 

During 2006-07, the total revenue generation through 
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consultancy activities was around 10.00 

lakhs. 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 w~(I, 32%. 

International 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 anal ysis lab for 

KVK personnel were organized under 

consultancy mode. 

.2005-06 200&07 

Income generation through consultancy service at llSR, 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. 

• Database for Phytophthora 
Diseases of Horticultural crops 
[PhyDislil 

(hl1p://www.spices.res.inlphydisbL) -
Phy DisH, includes information on all 
the Phytophthora c ultures 
conserved in the National Repository 
of Phytophthora at the institute. 

• Sign-O-Bacteria, a tool for 
identifying the species-specific 
s ignatures in plant-associated 
bacteria. 

• Phylogeny ofBadna viruses. 

Training 

• Summer training programme in 
Biotechnology and Bioinforrnatics, 
05 May to 03 June 2006, 20 
trainees. 

• Trainingprogramme 'Bioinforrnatics: 
Tools & Applications, 14th - 18th 

November 2006, 19 trainees. 
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Bioinformatics tool- PhyDisH- A database for 
Phytophthora researchers 

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

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

• Three M.Sc. Bioinformatics students carried out their 
project work at the Centre. 

• Two candidates were given post M.Sc. training. 

Services 

• Computational and Information support to various 
R&D projects of the institute. 

• Maintenance and updating of the institute website . . 
www.splces.res.m. 

• Designing and developing customized databases and 
software. 

• Sustaining the intranet 'SPICENET' and the email 
facility 'SpicemaiJ', Ejournals etc. 

• Providing round the clock access to Internet, 
BioinfolTIlatics tools through the facility caJJed E-Lab. 

• Designing, development and hosting of websites 

• E-publishing - online joumals, institute repositories 
etc. 

II{, 
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Bioinformactic tool-Sign 0 bacteria - An unique 
software for guiding microbiologiSts 
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Agricultural Research Information System 

During 2006-07, ARIS center has spearheaded the 
development of an office automation software called 

'ARISoft'. It is a fully integrated system, which automates 
multifarious functions of llSR that hetps the management of 
day-to-day operations and decision-making process. The 
software guides the Document flow, Personnel , Activities 
of Administrative, Finance & Accounts, and Stores such as 
Purchase, Distribution, Contracting. Tour m~Ulagement, File 
Tracking system, Intranet Messaging etc. and it was 
launched by Dr. Goo Kalloo, former DDG (Hort.& CS ), 
ICAR on 22 November, 2006 As a regular endeavor of 
imparting computer awareness among the staff, AR1S 
continued training programme this year too. It provided 
training to all staff of IlSR for using ARlSoft. Bes ides, 
necessary actions were taken for the proper functioning of 
Local Area Network in the institute. ARIS maintained and 
updated on regular basis inf01111ation on al l the staffs of the 
Institute by accessing and editing PERMIS net. It serves as 

'. 
". '. 

a service centre for various purposes like 
Internet browsing, Statistical analysis of 
data , documenting and multimedia 
programes developed on various activities 
of the Institute. 

Besides, ARIS has developed 

(i) E~book for ' Complet ed 
Projects-Salient Findings' 

(ii) E-book of Indian Institute 
Spices Research 

(iii) Modified the software INSTInfo 
(l nstitute Jnformation Bank - A 
software for storing and retrieving 
institute details) and distributed it 
to a11 horti cultura l and crop 
science institutes of ICAR 

l "I"ItCHN1CAl. 
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~e 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, 3345 1 bound volumes 2298 reprints, 
898 technical reports, 167 CDs, 124 theses 
and 139 project reports. The library is 
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 journal portal. 
The library provides bibliographic services 
(published in Journal of Spices and Aromatic 
Crops and database services apart from 
publishing "Agri-Science Tit Bits" at quarterly 
intervals. The additions drning the year inc1ude 

Library 

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

Sharing of resources between the libraries of Central 
Plantation Crops Research Institute, Kasaragod, National 
Research Center for Cashew, Puttur and IISR, Calicut, was 
continued. Access to online journals and content page 
service was provided through 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 online journals and open 
access journals in the web site. Hands on training are given 
on information retrieva l and documentation to the 
participants of various training programmes organized by 

j~J~J U~H 
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the institute. During the year National Agriculturallnnovation " 
Project, ICAR provided free 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 

I nternational Women's day was observed on 9th March 
2007. Dr. Irene Hunt ex-Principal Malabar Christian 

College, Cal icut 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 ofwomen's cell 
visited a private farm involved in processing white pe~p~r at 
Wayanad on February 2007. The Women 's c~l1 also J~l~ed 
hands with the Recreation club of the institute m orgaruzmg 
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 TOLlC Sub 
Committee meeting on 17. 4. 2006 at State Bank of 
Travancore, Zonal Office, CaJicut. Sri. B. Krishnamoorthy 
attended TOLlC meeting on 26.4.2006. Sri. B. 
Krishnamoorthy, Smt. N. Prasannakumari , Sri. V.C. Sunil , 
Smt. P.V Sali , Sri. P. S. Harish and Sri. B. T. Velayudhan 
have attended TOLlC meeting and Hindi Fortnight 
valedictory function on 19.10.2006 at Hotel Asma Tower, 
Calicut. 

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

Hindi word/phrase and the equivalent English 
word/phra<;e weredispfayed both in the white 
board and in the IISR 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 
nomlnated Sri. R. N. Subramanian, Assistant 
and Sri. K. Ananda, Technical Assistant. 
Cardamom Research Centre, Appangala for 
Hindi Computer training from 8 to 12 January, 
2007 at Bangalore. 

Sri A. P. Sankaran, Assistant Administrative 
Officer was nominated for attending Hindi 
Workshop conducted b y TOLle 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, IISR, Calicut, Member 

Mr. PA Mathew, Principal Scientist, I1SR, Calicut, Member 

Dr. George V Thomas, Head, Crop Production, CPCRI, Kasaragod, Member 

Dr. K V Nagaraja, Principal Scientist, NRC For Cashew, Puttur, Member 

Sri. Sanjay Mariwala, Kochi, Member 

Sri. K Mukundan, Wyanad, Member 

AssistantAdministrative Officer, n SR, Calicut, Member Secretary 
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Research Advisory Committee 

Dr. S. Kannaiyan. Chairman 
National Biodiversity Authority, Chennai 

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

Emeritus Scientist, 
Banaras Hindu University, Varanasi 

Dr. A. Manickam, Member, 
Professor, 
Centre for Plant Molecular BioLogy, 
Tamil NaduAgricultural University, 
Coimbatore 

Dr. Narayan Rishi, Member, 

Dr. A. K. Misra, Member, Consultant 
Small Farmers Agribusiness ConsOltium, 
Ministry of Agriculture, 
New Delhi 

CCS Haryana Agricultural University, Hisar 

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

Recommendations and Action Taken 
Report of RAe - 2006 

SL.No. Recommendations- 2006 Action taken 

l. 

2. 

A ho listic approach to manage 
Phytophthora foot rot problem in 
black pepper must be made. In this 
regard, it was suggested to form a 
worki ng group led by Dr M . 
Anandaraj. 

A strategy to identi fy factors 
responsible for curcumin synthesis 
and ways to increase its synthesis 
in turmeric by means of genetic 
manipulation and agro technique 
sho uld be evolved. A working 
group led by Dr V.A. Parthasarathy 
may be fonned to address the same. 

The progress of work on Phy lophlhora foot rot disease of black pepper was reviewed 
at regular intervals. TIle work under progress include: cbaracterization of PhyJOphlhora 
spp.; Identification of genotypes with multiple resistance to Phylophlhora and 
nematodes; assay for mulliple antagonistic potcntial against soiJ-borne pathogens of 
black pepper including P. capsici; compatibility of promising antagonists; evaluation 
of promising antagonists under greenhouse conditions against P capsici; development 
of consonium of bioinoculants for management of Phyropillhora fOOL rot disease; 
varietal reaction of black pepper to biocontrol agents; rool stock interventions for 
managing PhYlopi1 lhora 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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3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11 . 

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

[n 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 inOucncing 
productivity. A wo rking group 
with Dr B. Chempakam as leader 
may be formed to research into all 
aspects. 

Impac t anal ys is in cluding 
economics of selected technologies 
developed by llSR and its transfer 
to farmers need to be studied. Dr 
M. S. Madan and Or P. Rajeev may 
discuss with concerned scientists 
and evol ve a time bound 
programme to address the issue. 

Tn order to get variability in spices, 
somaclonal variation and mutation 
breeding may be attempted. 

In view of superiority of Indian 
cardamom, the unique RAPD band 
obtained with Indian cardamom 
may be cloned and sequenced in 
order to develop in to a SCAR 
marker to differentia te Indian 
cardamom from the rest. 

Micro nutrients s hould also be 
taken into account (in addition to 
NPK) in nutri ent targeting 
experiments. 

A few more parameters may be 
added to refine the yield prediction 
formula in black pepper to get 
better 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 enzy mes 
responsible for curcurnin I, 2, & 3 
syntheses may be carried out. 

The progress of work under IPM strategies 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 greenhouse evaluation of mustard leaf macerate. 
potassium phosphonate, commercial systemically acquired rcsistance inducer such 
as 2-bromo-2-nitropropane- I.3, diol , cheshunt compound. copper oxychloride and 
Bordeaux mixture against Ra!stonia so!anacearuJII and Pythium myrioty!um; and 
evaluation of root exudates of Curcuma amada in inhibiting the growth of R. 
so!anacearum 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 (813): Evaluation of legumes as 
intercrops in black pepper plantation . Agr.xXVll(81 3) : Enhancing the productivity 
in black pepper by intercroppingiii) Physiological and climatic factors influencing 
producti vity. The objectives will be met ill the already existing externally funded 
project on Climate change. 

A project entitled ' A Study on diffusion, adoption and impact of varieties released 
from rrSR and scientific crop managcment practices' has been proposed by Dr.P.Rajeev 
and data collection process is in progress after completing the questionnaire and 
sampling. 

Utilization of mutagenesis and somaclonal variation to induce and enhance variability 
in spices is being taken up.Ginger- Sprouting buds of fi ve ginger varieties were 
treated with different doses of garnma radiations starting from 0.5kR. M 1 generation 
raised from these buds had shown chlorophyll variegation in a few pl ants. M2 
generation will be raised. 

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

It is included under project "SSC IV (8 13) Nutrient budgeting for improved varieties 
of spices" as along term objective. 

More weather parameters viz., temperature, relative humidity are included and models 
are developed with site specific actual data of yie ld and weather obtained from 
RARS, Ambalavayal, Wynad Dist. Kerala, one of the efficient black pepper producing 
district under the project "Agr.xXII(8 13): Biometeorological investigation and 
modeling in black pepper". 

Compatibility studies of Azospirillum with micronutrients assigned to Ph 0 Student. 

The prograJlUne has been included under the existing project 0 11 'Characterization of 
turmeric germplasm for curcuminoids'. 

Conte!... .. 
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SL.No. Recommendations- 2006 Acti()n taken ' . 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

A detaaled study on the pos t 
monsoon soi I moi sture 
management and its impact on the 
yield in spices may be taken up. 

An in depth study to isolate and 
characterize all Aspergillus spp. 
from s pice produce need to be 
taken up. 

Surface flora of black pepper 
berries need to be studied. Further, 
quality analysis of white pepper 
produced using different organisms 
may be studied . ln addi ti on , 
cultivars amenable for while 
pepper production keeping in view 
uniform maturity of berries may 
ruso be taken up. 

Maj or factors respo ns ible 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 all 
promising materials obtained after 
screening against biotic and abiotic 
stresses in improvement 
programmes. 

A detailed study on the bas ic 
characterization of e ndophytic 
bacteria controping nematodes 
should be taken up. 

Earher expenments In black pcpper showed that dnp Irrigation (gl 7 lilres J day J vine 
dunng October to May proved better for black pepper. .Drip irrioation Qi> 8 I' . 
d / I d · . d 0 lues I 

ay c ump unng post monsoon peno recorded higher yicld Sprinkler " . . ' . . . Imgauon 
once 111 12 days IS also equally effective. In cardamom. trench system of planting 
reduced the mn off and conserv~d mor~, moisture -'han other system, of planting 
Based on ~hese ~bse.rvallons.' a p:oJe~l. on ProductiVIty enhancement in black pepper 
by managmg Irngatlon and lendlzer (s presented to Kerala State Council for Science 
Technology and Environment for consideration. 

Isolation and Characterization of all Aspergillus spp. is an ongoing programme under 
the lCAR 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 
toxigenici!)'. 

When initial isolation is made, we have isolated 45 bacteria and 8 fungi from black 
pepper pericarp surface, decomposed 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. 
In order to rectify tbe problems of immature berries 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 (len different organisms) did not show any variation 
in oleoresin, Piperine, starch and essential oil content. Starch content in white 
pepper is about 30% more when compared to black pepper. Among the essential oil 
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 102 to 23 x 102 cfulgm and in oven dried the same ranged from 8 x 10! 
to 10 x [0' cfulgm. 

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 inoculated onto healthy black 
pepper seedl ings. Appearance of symptoms and presence of virus (es) were confirmed 
through PCRlRT-PCR. Regarding search for additional viruses, nucleic acid isolated 
form virus infected plants were subjected to RT-PCRlPCR for presence of Sobemo, 
Luteo and Nano viruses. However, none of these three viruses were present in 
infected black pepper samples. 

Following promising lines were identified as sources of tolerance/resistance to biotic 
and abiotic stresses: 
Phylophlhora : P24, Col 1.1 04 I 
R.similis : C820, HP39 
Poilu: ColI. 8 16,841, 1084, IJI4 
High caryophyllene : Call. 122, 123, 7 
Drought: CoI1.8l3,1495,931 

The above materials are being incorporated in the breeding programme.Rhizome rot 
resistant & katte resistant types in cardamom are used as donors in cardamom breeding. 
The promising endophytic bacterial strains were ident~fied based on species-specific 
primers. [solate BP35 was identified as Pseudomonasfluorescens, BPl7 as Bacillus 
sp. and BP25 as Pseudomonas sp. Nematode suppressive isolate TClO 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 Xl Plan. 

Conld ..... 
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SL~o. Rt'l'OOlOlt' lldatiolls- 2006 .\CtiOIl takl'll T 

19. 

20. 

2 1. 

22. 

23. 

24. 

l. 

2. 

3. 

Salicylic acid Olay also be included 
as one o f the treatment s in 
management experiments as it is 
known to induce resistancc. 

Based on the previ ous data, 
futuristic trading software may be 
developed for al l spice c rops 
keeping in view of its potential for 
commercialization. 

In view of low variability in some 
of the spice crops, efforts may be 
made to obtain germplasl11 from 
other producing countries. 

Before initiating organic farming 
experiments, site characterization 
need to carried out. 

Farmers may be educated on lPR 
and Farmers rights, seed act etc . 

In order to· get prec ise data, yield 
loss on turmeric shoot borer need 
to be conducted in different 
geographical locations 

A trial on effect of methyl salicylic acid (MeSA) was initiated in the green house with 
various concentrations namely, 10 gl" , 1.0 g l" , 0.1 g lo'. 0.0 I g 10' and 0.00 I g I' for 
their inhibitory activity against Phytophrhora capsici infection and mycelial growth 
of the fungus in vitro. MeSA @ 10g10' caused phytotoxic symptoms on the leaf 
instantaneously. In general P. capsici infection could be seefl in all the treatments 
irrespective of conce)1trations of MeSA used. However, MeSA per se was toxic to 
the fungus and as the concentration increased there was a proportional decrease in the 
mycelial dry weight. Trials on the effect of MeSA on P. capsici infection in rooted 
c uttings and excised shoots (single nodal cuttings) is in progress. 

An attempt would be made as and when the vacancies of scientists in 'Agricultural 
statistics ' and 'Computer application' are filled. 

NBPGR New Delhi has been contacted for introducing germ plasm from exotic sources. 
List of spices materials to be introduced from foreign countries has been sent to 
NBPGR. 

Site characteristics of soils like physico che mical and biological properties are done 
as suggested. 

Farmers/students are educated on IPR Seed Act through fanners' seminar/trainings 
as invited speakers. Lectures /c1asses taken: by Dr. B.Sasikumar l. IPR issues in 
Agriculture. Nagarjuna University, Guntur J 0 Nov.20052. Seed Bill- boon or bane. 
Agriculture seminar. St.loseph's College, Devagiri .3. Seed Bill- An appraisal Fam1ers' 
seminar, KVK, Peruvannamuzhi.4. lPR issucs in agriculture- Farmcrs and agricultural 
officers. KVK, Peru vannamuzhi. 

The incidence of the shoot borer was recorded in various turmeric growing areas in 
Kerala, Kamataka, Tamil Nadu and Andhra Pradesh. The pest incidence was serious 
(above 25%) in Wyanad and Kozhikode districts only in Kerala. 
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List of Projects 

I. 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] 

L Gen. I (813): Collection, conservation, 
cataloguing and evaluation of bJack 
pepper gennp1asm [1 972-2008] [K. 
V Saji, Johnson K. George and Utpala 
Parthasarathy] 

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

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

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

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

6. Gen. XVI ( 81 3 ): M a intenance, 
enhancement and characterization of 
genetic variability in vanilla (Vanilla 
planifalia Andrews) (2005-2010) [R. 
Ramakrishnan Nair and P. A. Mathew) 

7. Hort. ill (8 13): Collection, characteriza­
tion, evaluation and maintenance of 
paprika and pa prika alike chillies 
[2004 -2009] [ KN S hiva, T.1. 
Zachariah and M . Anandaraj) 

Mega Project-2: Breeding improved varieties of spic 
crops ~or yield, qu~lity, drought and resistance to pes~ 
and diseases [Project Leader: B. Krishnam oorthy] 

1. Gen .. XV~ (8.13): Breeding black pepper for high yield, 
quallty, blOtlC and abiotic s tress [2006-201 J] [V A . 
Parthasarathy B. Sasikumar, T. John Zachariah 
K. Nirmal Babll, R. Sliseela Bhai, Johnson. K. George: 
Santhosh . .J. Eapen, K. V. Saji , S. Devasahayam, 
K. S. Knshnamurth y, R . Ramakrishnan Nair and 
T.E. SheejaJ 

2. Gen. X. (813): Breeding cardamom for high yield and 
res istance to 'kane' disease. [ 1976-2007J [M. N. 
Venugopal and D. Prasath) 

3. Gen.xv. (8 13): Investigati ons on the reasons and 
solutions for the absence of seed set in ginger (Zingiber 
officinale Rose.) [2005-2010] [R Ramakrishnan NairJ 

4. ~iotech. VII (813): ISSR markers for black pepper 
Improvement [2004-2007] [Johnson K. George and 
B . Sasikllmar] 

5. Biotech. Vlll (8 13): Molecular characterization and in 
vitro propagation in Myristica sp. [2004-2007] [T.E 
Sheeja and B. Krishnamoorthy 1 

6. Hort . TV (8 13): Rootstock-scion interactions in tree 
spices [J 998-2008J [J. Rema, P. A M athew K. S. 
Krishnamurthy and T. E. Sheeja] 

7. Biotech. IX (8 13): Development of transgenics for 
resistance to Phytophthora and drought in Black pepper 
[2006-2011) [K. Nirmal Babu] 

Mega Project-3: System a pproach fo r sustainable 
production of spices [Proj ect Leader: K. Kandiannan] 

1. SSe. IV (813): Nutrient Budgeting For Improved 
Varie ties of Spices [2005-2010] [Y. Srinivasan, R. 
Dinesh, e.K. Thankamani, K. Kandiannan, SJ. Anke 
Gowda and S. Harnza] 

2. SSC. ill (8 l3): Assessment of quality of soils under 
spices based cropping systems [2005-2008] [R Dinesh, 
B. Chempakam, V. Srinivasan, T.E. Sheeja, and S. 
Harnza) 

3. A gr. XXIV (813): Phenology studies in ginger and 



turmeric [2006-2009] [K. Kandiannan and Utpala 
Parthasarathy] 

4. Agr. XXV (813): Evaluation ofJegumes as intercrops in 
black pepper plantation [2006-201 OJ [K Kandiannan, 
R. Dinesh andS. Hamza) 

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

I. Phy. VII (813): Physiological and biochemical basis for 
productivity in black pepper [2003-2008HK. S. 
Krishnamurthy and B. ChempakamJ 

2. Phy. VIII (813): Mechanism of drought tolerance in 
cardamom and black pepper f2005 -2008j [S.1. Anke 
Gowda and K.S. Krishnamulthy j 

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

1. PHT.lll (813): Studies on drying and storage parameters 
in black pepper, ginger, turmeric and nutmeg l2004-
2007] [E. Jayashree and T. John Zachariah] 

\1
2 PHT. IV (813): Evaluation for physical and biochemical 

quality of spices. [2005-2009] [T. John Zachariah, 
N.K Leela and K.N. Shiva] 

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

1. Agr. XX (8 13): Production of nucleus planting materials 
of improved varieties of spice crops [2005-20 I OJ fC. 
K. Thankamani, P. A. Mathew, K. Kandiannan and S. 
1. Ankegowda, K S. 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 (81 3): Investigations on diseases of vanilla 
[2003-2008] [A. Ishwara Bhat, R. Suseela Bhai and 
M. N. Venugopal] 

Mega Project-8: Conventional and molecular 
approaches for developing pest, pathogen and nematode 
resistance in spice crops [Project Leader: R. Suseela 
Bhai] 

1. Crop Prot. 1.4 (813): Identification of Black pepper 
genotypes with multiple resistance against Phytophthora 
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and nematodes [2006-2009 J I R. 
Suseela Bhai and Santhosh. 1. Eapen] 

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

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

2. Org. Chern. II (813): Characterization 
ofbioactive compounds with pesticide 
properties [2002-2009] [N. K. Leela] 

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

4. Ent XII (813) : Bioecology and 
integrated management of shoot borer 
Conogethes punctiferalis Guen. 
infesting turmeric f2005- 2009] [So 
Devasahayam and T. K. Jacob] 

5. Hort V (813): Rootstock intervention 
to manage root infection of 
Phytophthora and nematodes in black 
pepper [2006-2oo9J [p. A. Mathew, R. 
Suseela Bhai and Santhosh. 1. Eapen] 

6. Path. XVII (813): Characterization, 
epidemiology and management of 
Colletotrichum spp. Infecting black 
pepper, cardamom and turmeric [2006-
2009] [M . N. Venugopal and D. 
Prasath] 

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

1. Econ. III (8l3) : Remote sensing and 
GIS in evaluating the impact on socio­
ecological changes on spices production 
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in Western Ghats region 12003-2008] 
tM. S. Madan and Utpala Partha­
sarathy] 

Mega Project·U : Extension and training 
[Project Leader: P. Rajeev] 

I. Ext-IV (813): Training of research and 
extension workers [2005-20 10][P. 
Rajeev and T K. Jacob] 

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

3. Ext. VII (8 J 3): A study on diffusion, 
adoption and impact of varieties 
released from IlSR 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. I (8 13): Development of databases 
and software [2004-2007J [Po 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. EapenJ 

2. DBT- CP 2: Endophytic bacteria for 
biological system management of 
Radopholus simiLis, the key nematode 
pest of black pepper (Piper nigrum L.) 
[2003-2008J [Santhosh J. Eapen, R. 
Ramakrishnan Nair and A. Kumar 1 

3. DBT- CP 1 (813): Molecular characteri­
zation of viruses causing stunted disease 
in black pepper and development ofPCR 
based methodology for their detection 
[2003-2006) LA. Ishwara Bhat and R. 
SuseelaBhai] 

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

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

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

6. DBT -crn 3: Development of microsatellite markers 
and characterization of Curcuma spp [B. Sasikumar 
and TE. Sheeja) 

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

ii. Indian Council of Agricultural Research, New Delhi 

1. ICAR-Ext-l: Central Sector Scheme: Technology 
mission for integrated development of NE "States 
including Sikkim [2005-2008] [P. Raj eev ] 

2. 

3. 

4. 

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

lCAR - CP 2: Molecular characterization and maintenance 
of National RepositoJY of Phytophthora [2004-2007] 
[M. Anandaraj , R. Suseela Bhai and A.I. Bhat] 

ICAR- CP 1: Identification and development of 
diagnostics for the viruses causing stunted disease in 
black pepper l2003-2006J fA. lshwara Bhat and R. 
SuseelaBhai] 

5. ICAR- CPPHT- 5: Prevention and management of 
Mycotoxin contamination in commercially important 
Agricultural commodities l2004-2007] lB.Chembakam, 
M. Anandaraj, T John Zachariah, N.K. Leela and E. 
JayashreeJ 

6. 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 -20(7) [Co-PIs- K.S . 
Krishnamurthy, K. Kandiannan and B.Chembakam, Main 
Centre- CPCRI, Kasaragod, Sub Centre- IISR, Calicut] 

7. ICAR - CPPHT- 1: Network Project on Organic 
Farming [2004-2007] [V Srinivasan, C. K. 
Thankamani , A. Kumar and T. John Zachariah] 

8. 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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9. ICAR-CPPHT- 4: Chemical characterization of 
Cinnamomum gennplasm [2005-2008J [N. K. Leela 
&1. Rema] 

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

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

12. ICAR-CP4: Application ofMicrorganisms in Agriculture 
and Allied sectors: N utlient management, Bio control 
and PGPR f2006-07 J fM . Anandaraj , R. Dinesh and 
A. Kumar] 

iii. Kerala State Council for Science, Technology and 
Environment project 

1. Kerala State Council for Science, Technology and 
Environment project: Production of white pepper through 
fermentation technology (KSCSTE- CPPHT-I ) f2005-
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2008J IT John Zachariah, A. Kumar 
and E. JayashreeJ 

iv. Indian Potash Limjted 

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

v. Ministry of Environment and Forest 

1. MOEF. 1 (813) Biodiversity in Piper 
and Garcinia and Identification of spots 
of species richness in Western Ghats 
(Using GIS and molecular markers) 
[2006-2009] [P. A. Mathew, Utpala 
Parthasarathy, Johnson. K. George and 
K. V. Saji] 

vi. National Horticultural Mission 

1. NHM-CPPHT-l : Production of 
planting materials of improved varieties 
of spice crops [2005-20 10] C.K. 
Thankamani and SJ. AlIke Gowda] 

Personnel 
HEADQUARTERS 

I. SCIENTIFIC 

Name and Designation 

] . Dr. VA. Parthasarathy, 
Director 

2. Dr. M. Anandaraj, 
Project coordinator (Spices) 

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

4. Dr. S. Devasahayam, 
Principal Scientist (Entomology) 

5. Mr. B. Krishnamoorthy, 
Principal Scientist (plant Breeding) 

6. Dr. K. Nirmal Babu, 
Sr. Scientist (plant Breeding) 

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

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

9. Dr. B. Sasikumar, 
Sr. Scientist (plant Breeding) 

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

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

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

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

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

15. Dr. R. SuseelaBhai, 
Sr. Scientist (Plant Pathology) 

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

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

18. Dr. P. Rajeev, 
Sf. Scientist (Agril . Extension) 
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19. Dr. K.S . Krishnamurthy, 
Sr. Scientist (Plant Physiology) 

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

21. Dr. Santhosh J. Eapen, 
Sr. Scientist (Nematology) 

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

23. Dr. A. Kumar, 
Sr. Scientist (plant Pathology) 

24. V. Srinivasan, 
Sr. Scientist (Soil Science) 

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

26. Dr. K.Y Saji, 
Scientist (SG) (Economic Botany) 

27. Dr. K.N. Shiva, 
Scientist (Sr. Scale) (Horticulture) 

28. Dr. T.E. Sheeja, 
Scientist (Sr. Scale) (Biotechnology) 

n. TECHNICAL OFFICERS 

1. Dr. Johoy A. Kallupurackal , 
Technical Officer (T9) 

2. Dr. Harnza Srarnbikkal, 
Technical Officer (Lab) (1'7-8) 

3. Mr. Azgar SheriffP., 
Technical Officer (Lib.) (1'7-8) 

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

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

6. Mr. K. Jayarajan, 
Technical Officer (Stat.) (TS) 

7. Mr. M. Vijayaraghavan, 
Technical Officer (TS) (Workshop) 

8. Mr. K.T. Muhammed, 
Technical Officer (TS) (Farm) 

9. Mr. V. Sivaraman, 
Technical Officer (TS) (Farm) 

10. Dr. C.K. Sushama Devi, 
Technical Officer (TS) (Lib.) 

n. 

nSR EXPERIMENTAL FARM, 
PERUVANNAMUZm 

I. SCIENTIFIC 

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

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

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

n. TECHNICAL 

1. Mr. YK. Aboobacker Koya, 
Farm Supdt. (T7) 

2. Mr. N.A. Madhavan, 
Technjcal Officer (TS) (Farm) 

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

KVK TECHNICAL 

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

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

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

nSR CARDAMOM RESEARCH CENTRE, 
APPANGALA 

I. SCIENTIFIC 

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

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

3. Dr. R. Senthil Kumar, 
Sr. Scientist (Horticulture) 

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

Cardamom Research Center, Appangala, Kodagu District, Karoataka 
Month Maximum Minimum Rainfall No. of rainy 

temperature temperature (mm) days 
("C) (Oe) 

January 28.8 11.1 0.0 00 
February 31.3 11.9 0.0 00 
March 3l.4 14.3 15.0 02 
April 3l.8 16.4 46.5 07 
May 30.0 \7.4 527.0 16 
June 26.5 16.8 467.0 19 
July 23.8 16.4 653.6 27 
August 24.9 17.9 446.1 20 
September 26.8 16.0 235.2 20 
October 27.5 16.8 126.0 13 
November 27.1 14.2 68.9 08 
December 28.0 12.7 0.0 00 

Indian Institute of Spices Research, Maio Campus, Calicut, KeraJa 
Month Maximum Minimum Rainfall No. of rainy 

temperature temperature (mm) days 
(0C) (0C) 

January 32.8 23.3 0.0 0 
February 32.9 22.9 0.0 0 
March 33.9 32.0 80.0 2 
April 34.2 27.0 11.0 1 
May 32.7 25.8 680.0 11 
June 30.5 24.4 983.1 21 
July 30.1 23.9 621.2 28 
August 30.0 23.9 448.3 17 
September 29.7 24.0 657.5 19 
October 31.4 24.1 301.0 15 
November 31.6 24.6 153.4 10 
December 32.7 22.5 0.0 0 

Indian Institute of Spices Research, Farm, Peruvannamuzhi, Kerala 
Month Maximum Minimum Rainfall No. of rainy 

temperature temperature (mm) days eC) (0C) 

January 34.2 19.9 8.0 2 
February 35.3 17.4 0.0 0 
March 35.8 21.5 47.2 2 
April 35.4 23.5 81.8 4 
May 32.8 23.8 802.8 14 
June 30.2 22.6 1240 24 
July 28.7 22.7 1001.2 29 
August 29.7 22.7 689.4 23 
September 29.7 22.0 792.6 21 
October 30.9 22.6 565.8 24 
November 31.7 22.5 274 .2 15 
December 33.0 18.5 6.6 0 
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Abbreviations & Acronyms 

AICRP All India Coordinated Research Project ISTM Institute of Secretariat Training and 
on Spices Management 

ARlS Agricultural Research Information System ITS Inte rnally Transcribed Spacer Region 
ASCI Academic Staff College of India 
ASTA American Spices Testing Association KINFRA Kerala State Industrial Infrastructure 

ATIC Agricultural Techno logy Information System Development Corporation 
KVK Krishi Vigyan Kcndra 

BCMV Bean Common Mosaic Virus 
BLAST Bas ic Local Algorithm Search Tool MLT Multilocation Trial 

M o P Muriate of Potash 

CMV C ucumber Mosaic Virus 

CoD Centre for Overall Development NAARM National Academy of Agricultural" Research 

CPCRI Central Plantation Crops Research Institute Management 

CP-gene Coat Protein- gene NBPGR Nat ional Bureau of Plant Genetic Resources 

CV Coefficient of Variation NCBI Nat io nal Centre fo r Biotechnology Infonnation 

CYT Comparali ve Yield Trial 
OFT On farm T rial 

DAC-ELlSA Direct Antigen Coated-Enzyme Linked ORF Open Read ing Frame 

Immunosorbent Assay 
DAS ELlSA Double Antibody Sandwich Enzyme Linked PET Preliminary Evaluation Trial 

Immunosorbent Assay PYMoV Piper Yellow Mottle Viru s 

DMRT Duncan's Multiple Range Test 
DOEACC Department of Electronics for Accreditat ion of RAC Research Advisory Committce 

Computer Courses R A PD Randon1. Amplified Polymorphic DNA 

RCC Reinforced Cement Concrete 

FLO Front Line De monstratio n rONA Ribosomal Deoxyribo Nucleic Acid 

F YM Farmyard Manure RFLP Restric tion Fragment Length Polymorphi sm 

RRL Regional Research Laboratory 

GC-MS Gas C hromatog raphy-Mass Spectrometry RT-PCR Reverse Transcr iption- Polymerase 

GDD Gro wing Degree Days C hain Reaction 

GIS Geographical Information System RWC Relative Water Content 

HCA Hydroxy Citric Ac id SCAR Se{\~\e\1Ce Ch"'ru:~eriLed Amplified Regio\\ 

HPLC Hig h Performance Liquid Chromatography SD Standard Deviation 

SE Standard Error 

IA RI Indian Agricultural Research Institute SoD Super Oxide clisl11utasc 

ICAR Indian Council of Agricultural Research SoP Sulphate of Potash 

ICBD Indigenous Collection of Bydagi Dappi SPSS Statistical Package for Social Sc iences 

IGNOU Indira Gandhi National Open University 
11M Indian Institute of Management T C Tissue Culture 

flSR Indian lnstitute o f Spices Research TNAU Tamil Nadu Agricuhural Uni versity 

lPC lntcfnat10nat l'eppeT COmmUn1\Y 

IPGRl International Plant Genetic Resources Institute VW Vikas Volunteer Vahini C lub 

ISSR Inter Simple Sequence Repeat 
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Priced publication of Indian Institute 
of Spices Research 

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 Twmeric 

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 
Publications 

1991 

1999 

2001 

2001 

2001 

1991 

1996 

1997 

1982 

1982 

1979 

1980 

1982 

1997 

2002 

1979 

1979 

2001 & 2005 

2001 

2006 

Rs.125/-

Rs.300/-

Rs.300/-

Rs. 1251-

Rs.300/-

Rs.3OO/-

Rs. 150/-

Rs. 180/-

Rs. 60/-

Rs.75/-

Rs.IO/-

Rs.23/-

Rs. 23/-

Rs.300/-

Rs.350/-

Rs.40/-

Rs.30/-

Rs. 101 each 

Rs. 5/ each 

Rs 350/-

For obtaining the above books please send DD in favour of "ICAR UNIT IlSR" Payable al SBI, Calicut to : 

Scientist lncharge, Agricultural fechnology Information Centel~ Indianlnstitllte of Spices Research, 
P B. No-170t , Marikunnu Po, CaliclIt-673012, Kerala. e-mail : mail(a spices.res.in call : 04952731410 



Indian Institute of Spices Research 
Post bag No. 1701, Marikunnu P.O., 

Calicut-673 012, Keraia, India. 
Phone: 0405~2731410, Fax: 0405-2730204, 

e-mail: mail@spices.res.in, Web site: www.spices.res.in 

ISBN 81-86872-29-9 




