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Preface 

I have great pleasure in presenting the An
nual Report of the Indian Institute of Spices 
Research, Calicut, for 2002-03. We are in the 
beginning of the X Five Year Plan and a large 
number of steps have been initiated by the 
institute for improvement of spices, which 
would go a long way in benefiting spice 
growers and entrepreneurs in the country. 

The year saw a very active HRD programme 
at the institute and six training programmes 
were cond ucted for scientific, administra
tive and supporting staff, research scholars 
and students. The Krishi Vigyan Kendra 
and the extension wing of the institute also 
cond uc ted a large number of training 
programmes for rural youth and women, 
farmers and extension personnel. Two high 
yieJding ginger varieties namely, 'Mahima' 
and 'Rejatha' and a clonal selection of nut
meg, 'Vishwasree' were recommended for 
release in Kerala. In addition, three bl.eck 
pepper lines were also recommended fOT 
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release by the Staff Research Council of the 
insti tute. Based on the recommendations 
of the Research Advisory Committee, all the 
projects in progress at the institute were re
oriented and grouped into 11 mega projects 
with interdisciplinary and p roblem oriented 
approaches. The meetings of the Institute 
Management Committee and Institute Joi.nt 
Staff Council were conducted regularly and 
the decisions taken in these meetings were 
implemented. 

All these developments wou ld not have 
been possible but for the strong support and 
encouragement given by the Honourable 
Director General, Dr. Mangala Rail and the 
Deputy Director G_>nera-i (Horticu lture and 
Crop Scienses), Dr. G. Kanoo, to whom I 
place on record my grateful thanks. I com
pliment Dr. J. Rema and Dr. S. Devasahayam 
for the fine editing of the Annual Report. I 
express my gratitude to aU the employees of 
institute for their support and cooperation. 

V. A. Parthasarathy 
Director 



'E~ecutive Summary 

The Indian Ins titute of Spices Research, 
Calicut, has been serving as a nodal research 
institute for spices for over a quarter cen
tury. The year under report marks the be
ginning of the X Five Year Plan period and 
the tentative budget allocation for the insti
tute is 75% more under Plan and 30% more 
under Non Plan. The institute has initiated 
steps for a strong human resource develop
ment programme for staff, a multi-disciplin
ary approach to research programmes, ef
fective inter-institutional collaboration and 
problem-oriented approaches instead of di
vision-oriented projects. The research high
lights and other major activities of the insti
tute are summarized here. 

Genetic resources 

Ninety- three accessions of Piper species and 
cultivated black pepper types were collected 
from Kerala and Andaman Islands. One 
hundred and ten accessions were character
ized and catalogued based on IPGRI 'CleC' 
scriptor. Twenty-six accessions of carda
mom and 11 accessions of related genera 
were added to the germplasrn. Seventy-two 
accessions were evaluated for yield and veg
etative characters based on !PGRI descrip
tor. Twenty-four Zillgiber and 20 ClIrcuma 
accessions were added to the germplasm. 
Seven collections of Garcinia species, a col
lection of Cil1l1a11l011111111 sulplwrnt!ll1l and six 
.vild species of Myristica were added to the 
germplasm . Twenty accessions of black pep
per, 18 accessions of turmeric, 15 accessions 

of ginger and 100 accessions of vanilla were 
added to the in vitro gene bank. 

Characterization of germptasm 

RAPD profiles of 14 major cultivars and 10 
released varieties of black pepper indicated 
that the Phytophthora tolerant lines among 
them formed a duster of their own. Mor
phological and cytological studies indicated 
that there was no difference between 
micropropagated and conventionally propa
gated black pepper plants. RAPD p rofiles 
of 13 species of Eletteria and 24 promising 
genotypes revealed very low polymorphism 
among them . Genetic fidelity analysis of 
micropropagated somaclones in ginger us
ing RAPD indicated variations among them. 
RAPD profiles of microrhizome derived 
plants wer~ uniform. Analysis of chromo
some number of 16 accessions of turmeric 
revealed that it ranged from 2n = 61 to 
2n = 80. 

Crop improvement 

Analysis of data on cumulative mean yield 
for 7 year s at Valparai (Tamil Nadu) indi
cated the s uperiority of the black pepper 
lines ColI. 1041, HP-I0S and HP-813. The 
black pepp er lines OPKm, Coll. 1041, HP-
780 and HP-1411 per form ed well a t 
Peruvannamuzhi. Two high yielding, high 
quality ginger varieties, IISR Mahima and 
IISR Rejatha and a high yielding, high qual
ity nutmeg clonal selection , IlSR Viswashree, 
were released for cultivation in Kerala. 



2 

Two mapping popuLations of black pepper 
were d eve loped us ing Panniyur-l x 
Subhakara (Ka rimunda) and P-24 (tolerant 
to Phytopil tilOra) x Subhakara to prepare 
molecular maps. DNA was isolated from 12 
accessions of Piper spp. and 8 accessions of 
cultivated black pepper for determination 
of parental polymorphism. Differential dis
play RT-PCR was done with RNA isolated 
from leaves of black pepper plants for iden
tification of genes involved in piperine bio
synthesis and other quality attributes. 

Fifteen hybrid combinations were identified 
in cardamom as promising for yield and 
tolerance to leaf blight based on per se per
formance, heterosis and specific combi.ning 
ability. 

Evaluation for quality 

The cultivated wild Piper germplasm were 
analysed for quality and Acc. 5411 recorded 
31 % oleoresin and 6.2% piperine, followed 
by Acc. 5442 wi th 21 % oleoresin and 6'Yo pi
perine. There was no variation in quality of 
black pepper grafted on to P. J1 iX rtllJl and P. 
coiubrilllll11 adopting various grafting meth
ods. 

Among the 150 card amom accessions evalu
ated for quality, Accs. 60, 63, 75 and 273 had 
more than 8% volatile oil. Accs. 257, 258, 
259, 277 and 325 had about 30% a-terpinyl 
acetate an d about 25% l ,B-cineole. Among 
the 60 ginger accessions evaluated for qual
ity, Gurubathani, Kozhikkalan and Accs. 
121, 260, 340 and 342 had above 5.5% oleo
resin; Kozhikkalan and Gurubathani had 4% 
crude fibre. Enhanced ac tiv ity of 
phenylaL1ine ammonia lyase (PAL) was as
sociated with curcurnin levels during ea rl y 
stages of rhizome development in turmeric 
confirming the key role o f PAL in initiation 
of curcumin biosynthesis. 
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Among the 30 nutmeg accessions evaluated 
for quality, the essential oil content in nut
meg ranged from 7.67% to 13.89% and that 
in mace from 7.48% to 20.99%. A9-49 re
corded the highest oil content in both nut 
and mace. Myristicin content in nutmeg 
ranged from 2.26% (All-25) to 29.60% (All-
21) and in mace from 1.70% (All-25) to 
28.68% (A9-4-11). Elemicin content in nut
meg ranged from 1.51°/.) (A9-37) to 29.71% 
(All-26) and 1.05% (A9-49) to 29.85% (A9-
4-11) in mace. The colour value of paprika 
accessions ranged from 42 to 171 ASTA units 
and 33 to 176 ASTA units for indigenous and 
exotic germplasm collections, respectively. 

Plant nutrient management 

Studies on effect of Zn application on gin
ger indicated that application of Zn @ 5 kg/ 
ha resulted in significant yield increase. In 
experiments on IPNM in ginger, higher rhi
zome yields were recorded in the treatments 
where farm yard m anure, neem ca keL 

phosphobacteria and rock phosphafe were 
applied along with hal£.. the recommended 
dose of urea. 

Drought management 

One 'hl..\ndred black pe ppe r lines were 
screened for drought tolerance and among 
them, HP-23, HP-29, HP-301 and HP-328 
were identified as promising. Six cardamom 
genotypes were screened for drought toler
ance and APG-18 was superior in Withstand
ing stress. Screening of 28 genotypes for 
relative water content, specifi.c leaf weight 
and stomatal count revealed significant 
variations. Evaluation of various soil and 
water conservation measures in cardamom 
based cropping sys tems indica ted tha t 
planting of pineapple as live barriers in be
tween cardamom was promising. 
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Disease management 

Phytophthora foot rot 

Studies on morphological and pathogenic 
variability of 46 Phytophthorn capsici isolates 
indicated significant differences in their 
pathogenicity and five isolates, namely, 98-
3,98-59,98-146,98-173 and 02-51 were less 
virulent. 

Seventy hybrids were screened against P. 
capsici in the greenhouse and seven acces
sions (HP-9, HP-117, HP-477, HP-528, HP-
561, HP-599 and HP-1660) showed tolerant 
reaction. Among the 25 cultivars subjected 
for secondary screening, 3 accessions (C-888, 
C-1199 and C-1204) showed tolerant reac
tion. Sixteen Kottanadan selections were 
screened to confirm their tolerance and nine 
selections (Accs. 2420, 2425, 2426, 2428, 2432, 
2433, 2466, 2535 and 2575) were tolerant. 

The performance of black pepper grafts of 
P. l1igrLlI1l (cv. Karimunda) on rootstocks of 
P. col llbril1unL (resis tant to P. capsici) in 
farmer's field during the fifth year was sat
isfactory with no incidence of foot rot dis
ease and an average yield of 1.062 kg/vine 
(dry) was obtained. 

Evaluation of fungal and bacterial isolates 
(14 each ) against P. capsici in ill vitro studies 
indicated that three fungal (IlSRF-559, n SRF-
563 and IISRF-567) and three bacterial iso
lates (IISR-526, IlSR-632 and IISR-655) ex
hibited >50% growth inhibition of P. capsici 
and also suppressed the disease under 
greenhouse conditions. Molasses (0.5%) was 
suitable for multiplication of PGPRs for field 
application. Decomposed coir pith compost 
could be effectively used as carrier media 
for biocontrol agents such as Trichoderma 
ltarZinlTLtll1 and Pseudomonas fiuorescens. 
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StUllt disease 

The association of a badnavirus with Stw1t 
disease affected leaf samples collected from 
Kozhikode and Wyanad districts (Kerala) 
was established on the basis of symptoma
tology, vector transmission, electron micros
copy and serology. The virus was transmit
ted from diseased to healthy black pepper 
plants by grafting and by the striped mea
lybug (Ferrisia virgata). The cucumber mo
saic virus (CMV) infecting black pepper was 
easily transmitted on to N icotiana 
benthamiana and N. glutinosa by sap inocu
lation. A protocol was standardized for pu
rification of CMV from tobacco. 

Spike shedding 

Observations on prod uction of bisexual 
flowers in spikes of Panniyur-l revealed 
very low percentage of bisexual flowers 
during August (3.9%), which could be one 
of the reasons for sparse setting and spike 
shedding in this variety particularly at h igh 
altitudes. Panniyur-1 was the most suscep
tible and Panniyur-5, Subhakara, Panchami, 
Balankotta and Kottanadan were tolerant to 
natural infection of anthracnose. 

Rhizome rot 

Two hundred and five germplasm acces
sions were screened against PytlliunL spp., 
the causal organism of rhizome rot disease. 
Thirty-three accessions that escaped infec
tion in the preliminary screening were sub
jected to secondary screening and five ac
cessions (Accs. 6, 17, 130, 155 and 208) were 
prorrusmg. 

Bacterial wilt 

Six new collections of Raistonia solanacearLln-t 
were added to the Repository of Plant Patho
gens. Rep-PCR analysis grouped the isolates 
(28) into four major haplotypes with a simi-
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Jarity coefficient of 0.70 among which, two 
clusters caused bacterial wilt in ginger. ITS
peR and RAPD analysis further confirmed 
the narrow genetic base of the bacterial wilt 
pathogen. A protocol was refined for isola
tion of DNA of R. soJonacearum from soil. 
The thermal death point and time of R. 
SolaJ1llCeanflll was determined as 45.8 "C at 
30 min of exposure. The time and duration 
of rhizome solari.zation was optimized. The 
effect of rhizome solarization on h eat build 
LIp in rhizomes and consequent heat reten
tion was also studied . Studies on storability 
of solarized rhizomes indicated that 1 month 
of storage soon after rhizome solarization 
did not affect germination. Over 250 ginger 
accessions were screened for bacterial wilt 
resistance and a ll the accessions wilted 2 
months after inoculation. A few accessions 
that regenerated were maintajned for fur
ther screening. 

Millor diseases 

Mncrophom inn sp. was i.d entifie d as tl)e 
ca usal organism of dry rot disease and 
FusariulIl QXySp01'!IIIl, the ·causal organism of 
eye rot disease of ginger occurring during 
the post h arvest period. Colletotrichlll1l s p., 
PllOJlw sp. and Pestaiotiopsis sp. were associ
ate~ with leaf spot disease affected samples 
collected from Peruvannamuzhi, Wyanad 
and Kannur areas respectively, and their 
pa thogenicity proved. Carbendazi.rn and a 
combination of mancozeb-carbendazim 
(mancozeb 63% + Carbendazim 12%) were 
found to be inhibitory to Mocrop/tol1linn sp. 
and Fusariul1I sp. even at 50 ppm. 

Nematode management 

Twenty-four accessions of g inger and 59 
accessions of turmeric were screened against 
root-knot nematode, Meioidogyl1e incognita 
dmong which, four ginger (Aces. 79, 197,216 
and 219) and four turmeric accessions (Aces. 
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54, 56, 57 and 106) were promising in the 
preliminary screening. 

Five isolates of rhizobacteria (IISR-522, IISR-
528, IISR-658, llSR-853 and IISR-859) hav
ing dual nematicidal action (suppressing 
both RadoplJolus sil1l i/is and M . incognita) 
were short-listed as promising from a col
lection of 291 isolates. Field evaluation of 
promising fungal (T. IlOrzinllulIl and Vertici/
li1l11l ch/amydosporiulII ) and bacterial 
(Pasteuria penetrans) isolates indicated that 
black peppe r vines treated with V. 
chlomydosporiLlI11 yielded the highest w hen 
compared to other treatments . The four 
promising fungal i~;o l a tes (V 
clllanrydosporiun1, T i1arZiartL!dl, Pnecilon1lfces 
Ii/acinus and Scopula r iopsis sp .) ~nd 
rhizobacteria (IISR-853 and IISR-B59) also 
reduced foliar yellowing in black pepper 
vines. Studies on mass multiplication of V 
c11lalllydosporiLlI11 on solid substrates sh owed 
that rice bran was the best. 

Insect pest management 

Screening of cultivars, h ybrid s and 
somaclones of b lack pepper accessions avail
able in the germplasm against p O}/ll b eetle 
(LoI ,gitarsllS nigripellnis), indicated that three 
cultivars had less than 1% infestation on the 
berries. 

"-
Surveys conducted a t 13 locations in 
Kodagu District (Karnataka), to study the 
distribution of root mealybug (PJanococclls 
sp .) on black pepper indicated that black 
pepper vines in 7 10ca tions were in fested by 
the pest. Evaluation of microbial pathogens 
and e ntomomopathogenic nematodes 
(EPNs) against root mealybug indicated tha t 
EPNs caused up to 32% mortality of the pest 
in laboratory bioassays. 

Fortnightly spra ys of n eem oil 1% or 
Nimbicidine 1 % during July to October was 
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promising for red ucing the infestation of 
shoot borer (Collogetlles pllnctiferalis) on gin
ger. Screening of 485 gerrnplasm accessions 
of ginger against the pest indicated that 8 
accessions had less than 5% shoots infested 
by the pest. 

Evaluation of dried leaves of various plants 
as storage material for prevention of infes
tation by rhizome scale (Aspidielln hartii) in
dica ted that storage of ginger rhizomes in 
dried leaves of Strychnos lIux-vomica after 
dipping in quinalphos 0.075% was effective. 

Evaluation of dried leaves of various plants 
for prevention of infestation by ciga rette 
beetle (Lnsioderl11e serricorne) indicated that 
storage of dried rhizomes in leaf powder of 
Clerodelldroll illfortullatum in polypropylene 
containers was promising. Dried rhizomes 
of 9 1 accessions of ginger were screened for 
damage by cigarette beetle and 22 access ions 
were free of pest infes tation. 

Post harvest technology 

Ten isolates of Bacillus sp. and Pseudomonas 
sp. were isolated from black pepper berries 
that were effective in conversion of black 
pepper to white pepper. Evaluation of vari
ous containers for storage of fresh ginger 
indicated that zero energy chamber (a 
double walled brick s tructure filled with 
sand between the walls, frequen tly moist
ened) was ideal for storing fresh ginger. 

Transfer of technology 

The institute organised fo ur train ing 
programmes for field extension functionar
ies and research workers on production 
technology of spices. Three short-term train
ing programmes on computers / 
bioinformatics and a training programme on 
'Molecular Biology Techniques for Horticu l
tural Crops' were also conducted. Sixty
seven short-term research projects carried 
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out by post graduate students from various 
universities were also supervised by scien
tists. The institute participated in 16 exten
sion programmes organized by various in
stitutions. Kisan divas was celebrated on 23 
December 2002 and progressive farmers 
were honoured. 

Fifty five thousand rooted cuttings of black 
pepper, 11,100 grafts of nutmeg, 28,000 seed
lings and 50 kg seed capsules of cardamom 
were produced and distributed to farmers 
and other agencies. About 850 kg of Tricho
derma was also sold to farmers and other 
agencies. An on-line version of extension 
literature was regularly updated at the in
stitute web site on the internet. 

Krishi Vigyan Kendra 

The Krishi Vigyan Kendra (KVK) conducted 
78 training programmes for farmers, unem
p loyed youth and women, school drop outs 
and extension functionaries. The KVK con
ducted fron tline demonstrations in farmers' 
fields on cultivation of high yielding coleus 
and composting of coir pith. The KVK 
organised six kisan melas for farmers. The 
Animal Clinic took up consultancy, advisory 
and home services. Several rural youths 
generated self-employment in agri-nurser
ies, vermi-composting, fruit processing and 
goatary with the help of the KVK. 

Information services 

A web page, <www.spicestat.org> giving 
details of area, p roduction, export and other 
s tatistics of major spices was launched and 
two softwares were developed. A web en
abled intranet information hub, SPICENET, 
with interactive user-friendly menus and 
links was developed and launched for the 
benefit of the institute staff. Networking of 
libraries of Central Plan tation Crops Re
search Institute, Kasaragod, and Indian In-
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s titute of Spices Research, Calicut, was also 
initia ted for sharing of resources and facili
ties. 

All India Co-ordinated Research 
Project on Spices 

The AICRPS centres strengthened their ge
netic resources and new gennplasm collec
tions were made in ginger, turmeric, cori
ander and fenugreek by the Pundibari and 
Dapoli centres. The cardamom clones CL-
629, CL-681 and CL-730 and OP progenies 
0 -237, CL-730, 8-4-D-11 and 7-24-D11 were 
identified as promising at Mudigere. The 
promising clones P-6, D-237 and CL-746 
were dro ught to le rant a t Mudige re. 
Germplasm accessions tolerant to various 
diseases were identified in ginger, turmeric, 
coriander and cumin. Evaluation of qual
ity of turmeric accessions indicated that the 
SG-685 gave high dry recovery. In corian
der, Jco-331 had high oil (0.45%). 

Micronutrients such as boron and m olyb
d enum influen ced capsule yield in card a
mom at Mudi.gere. A package of practices 
for ginger and turmeric production was 
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s tandardized at Chintapalli. A fertilizer 
package, including a pplication of 
biofertilizers, was s tandardized for clove 
and nutmeg at Yercaud. The yield and qual
ity of coriander and fennel were increased 
by application of Zn, Fe, Mn and Cu. Opti
mum sowing periods were determined in 
cumin and fenugreek. 

Irrigation @ 2 1 wa ter / day resulted in in
creased spike number, green berry yield and 
spike length in black pepper at Panniyur. 
Applica tion of micronutrient Fe as foli ar 
spray @ 1% significantly increased the yield 
of ginger at Dhoh. In vegetative propaga
tion of nutmeg, the percentage of success 
was high in approach grafting (90%) than in 
epicotyl grafting (70%). 

Metalaxyl Gold M~ and Trichoderma sp . 
were effecti ve for the managem ent of 
Phytoplzthora foot rot of black pepper. Two 
sprays of either m onocrotophos (0.05%) or 
dirnethoate (0.05%) at fortnightly intervals 
after harvest of berries was effective fa r the 
management of mussel scale (Lepidosaphes 
piperis) on black pepper at high ranges af 
Idukki District. 



Introduction 

History 

Intensive research on spices in the country was 
initiated with the establishmcnt of a Regional 
Station of Central Plantation Crops Research 
Institute (CPCRI) at Calicut, Kerala, during 1975, 
exdusively for conducting research on spices by 
the Indian Council of Agriculhlral Research 
(lCAR). This Regional Station was upgraded as 

ational Research Centre for Spices (NRCS) in 
1986 by merging with it the Cardamom Research 
Centre of CPCRJ at Appangala, Karnataka. The 
NRCS Was further elevated to the present 
Ind ia n Institute of Spices Research (IlSR) 
during 1995. 

Location 

The laboratories and administrative officcs 
of th e ins titute are located a t Chelavoor (50 
m above MSL), 11 km from Ca licut 
(Kozhikode), Kozhikode Dis trict, Kerala, on 
the Calic:u t-Kollegal road ( H 212), in an 
area of 14.3 ha (Fig. 1). The research farm is 
located 51 km North East of Ca licut at 
Peruvannamuzh i (60 m above MSL), on the 
Peruvannamuzhi-Pooz hithodc road in 
Kozhikode District, in an area of 94.08 ha. 
The Ca?damom Rcsea rch Centre, 
Appanga la (920 m above MSL) is located at 
Appanga la, Kodagu District, Karnataka, on 
the Maaikeri-8hagamanaa}a roaa, 8 km 
from Madike ri, in an area of 17.4 ha . 

Mandate 

• To cxtend services and technologies to 
conserve genetic resources of spices as 

Fig. 1. Labora tory and ad ministrative 
bu ild ings of the institute 

well as soil, watcr an d air of spices 
agroecosystem s. 

• To develop high y ie lding and high qual
ity spice varie ties and sustainable pro
duction and protection systems us ing 
tra ditiona l a nd non-traditional tech 
niques and n ovel biotechnological ap
proaches. 

• To develop pos t ha rvest techno logies of 
spices w ith emphasis on product devel
opment and prod uct d iversification for 
domestic and export p urposes. 

• To act as a centre for training in research 
methodology a n d technology 
upgradation of spices and to coordinate 
national research projects. 

• To monitor the adoption of new a nd ex
isting technologies to make sure tha t re
search is targeted to the needs of the 
farming community. 
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• To serve as a national centre for storage, 
retrieval and dissemination of techno
logical information on spices. 

Organization 

The Director is the administrative head of 
the institute. The Ins titute Management 
Committee, Research Advisory Committee 
and Staff Research Council assist the Direc
tor in matters relating to management and 
research activities of the institute (Fig. 2). 

The spice crops on which research is being 
conducted at the institute include black pep
per (Piper nigrum), cardamom (Ele ttaria 
cardamonlllm), ginger (Zingiber o/ficinale), 
turmer ic (Curcuma longa), cinnamon 
(Cilll1al7l0lllWIl Verlll1l ), cassia (C cassia), clove 
(Syzygium aromaticum), nutmeg (Myristica 
fragrn lls), aUspice (Pimenta dioica), garcinia 
(Gnrcil1ia gummi-gl.ltta and G. indica), vanilla (Va
nilla planifolia) and paprika (CapsicLim m1/'lLlllnl). 

Research on various aspects of mandate 
crops is conducted in three division s, 
namely, Division of Crop Improvement and 
Biotechnology, Division of Crop Production 
and Post Harvest Technology and Division 
of Crop Protection and a Social Sciences Sec-

Management Committee 
- Headq ua rters 

Research Advisory 
Calicut 

Committee I Director I 
J - Experimental Farm 

Staff Research Council Peruvannamuzhi 

Divison / Section Cardamom Research Centre 
I--i Appangala Genetics and 

Cytogenetics 

:-i Crop Improvement ~ 
Plant Breeding Krishi Vigyan Kendra 

and Biotech nology Economic Botany - Peruvannamuzh i 
Horticulture 

. Biotechnology • National lnformation Centre 

Agronomy 
for Spices 

Soil Science ~ Crop Prod uction 
Biochemistry 

Bioinformatics Centre 
r-- and Post Harvest ~ 

Technology Organic Chemistry 
Administration and Accounts f-Plant Physiology 

Agricultura l Engineering 
AICRP on Spices ~ 

Plant Pathology 

rl Crop Protection ~ Entomology H Agricultu ra l Technology 
Nematology Information Centre 

Economics y Agricultural Research 

~ Social Sciences ~ Sta tis tics Information System 
Extension 

Fig. 2. Organization of nSR 



Illtroduction 

tion. The other facilities available at the in
stitute include Agricultural Technology In
forma tion Cen tre, Na tional Informa tion 
Centre for Spices, Agricultural Research In
forma tion System, Bioinformatics Centre 
and Krishi Vigyan Kendra. The institute also 
functions as the headquarters of the All In
dia Coordinated Research Project on Spices, 
and Indian Society for Spices. The institute 
has linkages with several universities, re
search institutes, and developmental agen
cies for collaborative research and develop
mental activities in spices. 

Budget 

The total budget of the institute was Rs. 460 
lakhs during the year which included Rs. 
190 lakhs under Plan and Rs. 270 lakhs un
der Non Plan and the expenditure under 
Plan and Non Plan was 190 lakhs and 260 

Table 1. Budget of the institute 

Particulars Plan 
(Lakh Rupees) 

Establishment 
Travell ing allowance 5.0 
Works 23.0 
Other charges 162.0 
Total receipts 196.0 
Expend i tu re 190.0" 

Table 2. Funds received from external agencies 

Particu la rs 

AICRP Spices 
KVK 
ICAR Cess Fund Schemes 
NATP 
DBT schemes 
lPDS 
Pension and gra tuity 
Total 

Amount 
(Lakh Rupees) 

157.00 
19.85 
8.44 

23.30 
33.03 
5.55 

14.00 
261.17 
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lakhs, respectively (Tables 1 and 2). In addi
tion, Rs. 261.17 lakhs was also received as 
funds from external agencies. 

Staff 

The institute has a sanctioned strength of 
42 scientific, 21 administrative, 37 technical 
and 69 supporting staff (Table 3). 

Past achievements 

Surveys were conducted for collection of 
germ p lasm that were conserved in 
germplasm con servatories and in vitro gene 
banks. The collections include 3211 black 
p epper, 386 cardamom, 670 ginger, 800 tur
m eric, 482 nutmeg, 227 clove, 302 cinnamon, 
30 cassia, 32 garcinia, 180 allspice, 35 paprika 
and 35 vanilla accessions. The germplasm 
was characterized for yield, quality and re
sistance to p es ts, diseases and drought. 

Amoun t 

Non Plan Total 
(Lakh Rupees) (Lakh Rupees) 

222.0 222.0 
4.5 9.5 

23.0 
43.5 205.5 

270.0 460.0 
260.0 450.0 

Molecular characterization of germ plasm 
was also initiated. 

Various improved varieties with high yield 
and quality were developed that had a great 
impact in increasing the production and 
productivity of spices in the country. Four 
high yielding and high quality varieties of 
black pepper, Sreekara, Subhakar a, 
Pournami and Panchami were released, 
among which Pournami is tolerant to root 
knot nema tode. Suvasini, a high yielding 
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Table 3. Staff position of the institute 

Category Sanctioned 

Chelavoor 

Scientific 42 27 
Technical 37 19 
Administration 21 15 
Supporting 69 27 
Total 169 88 

variety suitable for high density planting, 
Avinash, a variety resistant to rhizome rot 
d isease and Vijetha, a variety resistant to 
katte disease were released in cardamom. 
Three ginger varieties, Varada, Rejatha and 
MahLma with high yield and quality, and 
five high curcumin and high yielding tur
meric varieties, Su varna, Sudarsana, 
Suguna, Prabha and Pratibha were released. 
Two high quality c innamon vari eties, 
Navashree and Nithyashree and a nutmeg 
variety, Viswashree were also released . 

Protocols for micropropagation of several 
spice crops and improved vegetative propa
gation methods were standardized in black 
pepper, cardamom, clove, nutmeg, cinna
mon, cassia and aUspice for rapid d onal 
multiplication of spices. The optimum spac
ii\, nutri.ent and water requirements for 
bJack pepper, cardamom, ginger and tur
meric were standardized for different soils. 
Mixed cropping systems were developed in 
black pepper and cardamom for increasing 
the productivity from wlit area of land. Or
ganic farming systems were developed in 
ginger and turmeric. High production tech
nologies were developed in black pepper 
and cardamom, which resulted in substan
tial increase in yield. 

Eco-friendly integrated strategies involving 
cultural methods, biocontrol agents, plant 
products and resistant varieties were devel
oped for the management of pests and dis-
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In position Vacant 

Peruvannam\lzhi Appangala 

1 3 11 
13 5 

2 4 
17 19 6 
31 29 21 

eases of spice crops that resulted in substan
tial increase in yields and pesticide-free pro
duce. Integrated management schedules for 
Phytophfhorn foot rot disease was we ll 
adopted by farmers resulting in significant 
increase in production of black pepper. A 
Repository of Biocontrol Agents of bacteria, 
fungi and nematodes affecting spice crops 
was established to conserve, characterize 
and document the variability and potential 
of biocontrol agents. Large scale multipli
cation of biocontrol agents for distribution 
to farmers for management of diseases was 
also undertaken. 

Post harvest technologies for processing of 
black pepper, cardamom, ginger, turmeric, 
nutmeg, mace, clove, cinnamon and cassia 
were developed. Technologies for prepara
tion of value added products such as salted 
ginger and white pepper were also stan 
d'ardized. 

The improved varieties and technologies 
developed on propagation, cropping sys
tem s, nutrient and water requirement, pest 
and disease management and post harvest 
processing techniques were disseminated to 
farmers and other agencies through publi
cations, training programmes and demon
strations. Large scale multiplication and dis
tribution of elite planting material was also 
undertaken. The institute also served as a nodal 
agency for dissemination of information on all 
aspects of spice research and development. 



2\g,searcli YLcliievemen ts 

l. Mega project: Collection, conservation, characterization and cataloguing of 
germplasm of spice crops for yield and other economically important characters 

(Project leader: P. A. Mathew, 

1. Collection, conservation, cataloguing 
and evaluation of black pepper 
germplasm 

(K. V. Saji, B. Sasikumar, Johnson K. George, 
K. Nirmal Babu, D. Prasath and R. 
Ram a krishna" Nair) 

Collection and conservation 

Explorations were conducted in Kasaragod 
District, Peppara Wi Id U fe Sanctuary, Neyyar 
Wi ldlife Sanctuary and Achankovil forests 
in KeraJa; Cooch Behar and Jalpaiguri in 
Wes t Bengal; Mizoram and Andaman and 

icobar Islands and 93 accessions compris
ing of 71 wild accessions and 22 culti"flted 
accessions were collected. In Peppara and 
Neyyar, the popu lation of Piper atten uatullI 
was high w hen compared to o ther areas, 
probably due to the low elevation of these 
areas. P. tllOlI1soni (a shrub with g lobose 
spikes) and P. peepllioirles (a climber resem
bling P. /IIul/esua, but w ith fused cylindrical 
spike at every node) were collected from 
Totopa ra forests (West Benga l) near Indo
Bhutan border. The other important collec
tions made were P.lOllgllln with light purple 
coloured spikes from The nmala i and P. 
haplli rrlll (m a le) from Manala r area of 
Achankovil forests (Fig. 3). 

The germplasm comprising of 862 wild ac
cessions and 1200 cultivated accessions were 
maintained; 235 wild accessions and 1100 
cultivated accessions were established in the 
field genebank and 1200 hybrids were main
tained in the germplasm nursery. 

Cataloguing 

One hund red and ten accessions were char
acterized for 22 vegetative and 9 reproduc
tive characters us ingMSAccess Software. _. 

Multiplication 

The germ plasm accessions were mu ltiplied 
and supplied to various d ivisions fo r screen
ing against pests, diseases and drought and 

Fig. 3. Piper hnpniulIl collected from 
Achankovil forests in Kera la 
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also to various centers of Alllndia Coordi~ 
nated Research Project on Spices and Pep
per Technology Mission for field evaluation. 

2. Collection, conservation, cataloguing 
and evaluation of cardamom 
germplasm 

(D. Prasath, M. N. Vettugopal and K. V. Saji) 

Collection and conservatiOtl 

Twenty-s ix new accessions were col
lected from Idukki (15), Silent Valley (9) 
and Kodagu (2). The collections include 
a low elevation high yielding type (wan
der cardamom), high biomass types and 
local types. The field genebank at present 
possesses 386 accessions, which includes 
11 access ions of related taxa of 
Zingibe raceae. 

Cataloguing 

Seventy-two accessions were evaluated 
for yield and its attributing characters 
(17 quantitative characters and 3 quali
tative cha racters ) based on IPGRI de
scrip tor and two high yie lding acces
sio ns n amely, APG-277 and APG-279 
w-4fe identified (Table 4). 

Table 4. Characterization of cardamom accessions 

Character Mean Range 

Plant height (cm) 201 .2 125.0-351.7 

Tota l tillers / plan t 26.6 13.5-69.7 

Bearing tillers/plant 15.3 8.0-47.7 

Leaves/ plant 206.7 70.0-646.3 

Panicles/ plant 19.8 1.0-68.0 

Panicle length (cm) 35.9 19.0-94.0 

odes / panicle 19.8 14.0-37.5 

Cap sules/ panicle 88.4 33.0-208.0 

Yie ld / plant (g) 188.3 0.0-803.0 

Seeds/capsu le 15.8 9.9-21.8 
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3. Collection, conservation, cataloguing 
and evaluation of germplasm of 
ginger and turmeric 

(8. Sasikumar, Johnson K. George, K. V. Saji, 
K. M. Abdulla Koya and R. Ramakrishnan 
Nair) 

Collection and cotlservatiotl 

Surveys were couducted at Allappady Meth 
(Achankovil), Neyyar, Thiruvananthapuram 
(Ker ala); Cooch Beh ar, Phung Suiling, 
Jalpaiguri (Wes t Bengal) and Tikamgarh 
(Madhya Pradesh) and 24 Zillgiber officinate 
accessions including a putative wild type 
and a primitive cultivar from Kani tribes of 
Neyyar were collected. A Zingiber sp. with 
nutmeg rind flavour was collected from 
AUappady Meth. An exotic Zingiber species, 
Z. officinale var. rubens (Kintoki) was obtained 
from Japan. This accession is characterized 
by small lemon yellow rhizomes, compara
tively d warf stature, very less fibre (0.6%), 
early maturity and slight bitter taste of rhi
zomes. 

Twenty Clircuma fonga accessions were col
lected including 19 cultivated accessions 
from Cooch Behar, Phunt Shling and 
Jalpaiguri and 1 accession from Allappady 
Meth. At present, 691 accessions of Zingiber 
spp. and 802 accessions of Curcuma spp. are 
maintained in the field genebank. 

Multiplication of released varieties 

About 1000 kg seed rhizomes of Varada, 
1200 kg of Mahima and 600 kg of Rejatha 
(ginger varieties) and 1300 kg seed rhizomes 
of Prabha, 1650 kg of Prathi.bha, 250 kg of 
Suguna, 275 kg of Sudarsana and 60 kg of 
Suvama (turmeric varieties) were produced 
under nucleus seed production and distri
bution programme. Seed rhizomes of gin~ 
ger varieties were also produced at farmer 's 
plots at Thrissur and Wyanad. 



Research Achieve111ellts 

Mllitiplicatioll of g illger accessions 

The putative wild ty pe of Z. officillnle 
namely, Sab arimala (Ace. 296), Kakkakalan 
(1\cc. 558) and Kozhika lan (Ace. 557), popu
lar cultivars of ginger such as Rio-de-Janeiro, 
Himachal, Maran and Suprabha and 17 se
lected accessions of ginger with bold rhi
zomes collected from Nepal, were multi
plied for further evaluation for yield and 
quality. 

El'n lllntioll of high CIIrClimin lilies of tur
lIIeric 

Eleven high curcumin lines of turmeric in
duding seven AUeppey Finger Turmeric se
lecti ons and the varie ties Prabha and 
Prathibha (controls) were eva lua ted a t 
Peruvannamuzhi for the fifth consecutive 
year. Accs. 126, 584 and 657 were at par 
with controls for fresh yield during the year 
and Accs. 126 and 691 recorded good dry 
recovery (Table 5). 

Effect of locntiolls all curclllllin content of 
t llrllleric 

The turmeric varieties/ lines namely, Prabha, 
Prathibha, AUeppey, Sudarsana, Suguna and 
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Table 5. Evaluation of high curcumin turmeric 
lines at Peruvana muzhi 

Line Mean fresh Dry 
yield recovery 

(kg/3m2 bed) (%) 

Acc. 126 16.25 ]7.6 
Acc.295 15.30 ]6.3 
Acc.584 16.75 16.1 
Acc. 585 15.25 17.6 
A cc.591 13.75 16.3 
Acc.593 H .75 17.5 
Acc.656 13.25 16.3 
Acc.657 16.25 17.5 
Acc.691 16.00 18.7 
Prabha (Control) 14.50 18.4 
Prathibha (Control ) ]4.00 21.0 
CD (P<0.05) 5 

Suvama and Accs. 126, 584 and 585 were 
evaluated along with controls BSR-1 and 
BSR-2 at d ifferent loca tions in Kamataka 
(Nyamati, Harveri and Bhramasagar) and 
Kerala (Peruvannamuzhi) to study the ef
fect of locations on curcumin contet1t of tur
meric. Prabha, Pra thib11a and Acc. 126 
showed c_gl1sistency for curcumin content 
across two or th ree diffe rent loca tion s 
(Table 6). 

Table 6. Effect of locations on curcumin content of turmeric va rieties / lines 

Variety/ Lin!;' 

Acc. 126 
Acc.58-1 
Acc.585 
Suguna 
sudar~ann 

Suva rna 
Allcppey 
Prabha 
Prathlbha 
BSR-l 
BSR-2 

" 
Kerala 

Peruvannamuzhii 

5.5 
5.5 
6.0 
5.1 
5.0 
3.8 
6.0 
6.5 
6.2 

Curcumin (%) 

Karnataka 

Nyamati Harveri Bhramasagar 

6.4 
4.9 
4.9 
3.6 
6.0 

5.7 
5.6 
5.2 5.3 
6.4 4.9 
4.8 
4.2 
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Evaluation of qualitt) of g inger accessions 

Sixty accessions of ginger were evaluated 
for quality parameters. The oleoresin con
tent ranged from 3.0% (Aces. 154 and 264) 
to 7.5% (Ace. 537-Kozhikalan) and the es
sential oil content ranged from 0.8% to 2.0%. 

Shelf life of dn) ginger and turmeric 

Dry ginger of 91 accessions were screened 
against the storage pest Lasioderma serricorne 
and Aces. 162 and 220 were promising w ith 
low levels of infesta tion. Among the three 
released ginger varieties, [lSR Mahima was 
more tolerant to storage pest attack. Among 
the two turmeric varieties Prabha and 
Prathibha, Prathibha was more tolerant to 
the storage pest attack. 

New varieties of ginger 

The 21 · t State Seed Subcommittee, Kerala, 
approved for release and notification the 
new ginger varieties USR Mahima and IISR 
Reja tha, based on its superiority fo r y ield 
and quali ty. lISR Mahima is resis tant to root 
knot nematode also. 

4. ~HectlOn, conservation, cataloguing 
and evaluation of germplasm of treE 
spices 

(B. Krishnamoorthy, J. Rema, P. A. Mathew, 
D. Prasath, K. P. M. Dhamayanthi, T. John 
Zachariah, S. Devasahayam, S. S. Veena and 
M. N. VenugopaO 
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Collection 

Seven collections of kokum (Garcillin indica) 
including var. Konkan Amrutha were col
lected from Kasaragod Dis trict (6) and 
Vengurla (1) (Table 7). One collection of 
Cill l1nlllOIllUm sulpllllratul11 from Pe ppara 
Wildlife Sanctuary and six wild collections 
of Myris tica s p ecies from Neyyar a nd 
Achankovil were a lso collected. 

Conservation 

Three hundred a nd two accession s of 
Cil1llnl/lOl/lUm spp ., 482 o f Myristicn spp., 223 
of Syzygium spp ., and 49 of Gnrcillin spp . 
were main tained in the fi eld conservatory 
and nursery at Peruvannamuzhi (Fig. 4). At 
Chelavoof, cinnamon clones (including tis
sue cultured and seedlings o f 10 elite lines 

Fig. 4. A collection of Garcillia i l7dica from the 
germplasm 

Table 7. Fruit characters of kokum collections from Kasaragod District 

Acc. no. Av. fruit Av. fruit Av. frui t Av. rind Av. rind Av. seed wl. Seed no. / fru i t 
wt. (g) length b readth thickness w t. (g) / fruit (g) (Range) 

(cm) (cm) (cm) 

ICGG-l 31.10 3.44 4.31 0.34 16.9 2.4 1-4 
ICGG-3 35.10 3.28 4.57 0.35 18.0 4.1 2-6 
ICGG-4 16.17 3.00 3.07 0.28 8.9 3.2 2-4 
ICGG-5 31.38 3.45 4.19 0.35 16.6 4.0 2- 6 
ICGG-6 20.57 3.04 3.71 0.22 11.6 3.7 2- 7 



Resen rcil Acil ievel1len ts 

and 5 species), 12 cassia accessions, 19 
garcinia accessions, seed lings and clonal 
progenies of All /70 (a high yielding nut
meg selection), 70 nuhneg grafts, 20 clove 
trees and 20 aUspice trees were maintained. 
In trials on ill situ grafting of promising six 
G. gll11ll1li-gllttn accessions (ICGG-2, 4, 5, 6, 
7 and 9) on G. gLll1!mi-glitta carried out dur
ing 2001-02, 44 plants have established. 

Cata loguillg and evaluatioll 

Cnss in 

Coppicing and bark extraction were carried 
out in 35 progenies of 4 elite cassia lines (A-
2, C-l, 0-1 and 0 -3), in the progeny evalua
tion trial of e lite cassia lines laid out at 
Peruvannamuzhi in 1997. Morphological 
characters such as, height, number of main 
shoots, number of branches, canopy width 
and shoot thickness were recorded for all 
the plants, while yield characters such as, 
number of h arvested shoots and fresh and 
dry weight of bark were recorded for the 35 
coppiced plants. In the progeny evaluation 
tri al of 15 cassia accessions laid ou t at 
Appangala in 2001, plant height was re
corded, which ranged from 19.4 to 68.7 cm. 

Clove 

Forty-nine accessions of clove from the 
germp lasm fi o\>vered durin g the year at 
Peruvalm am uzhi. The yield data for 22 ac
cessions (negligible yield was obtained in the 
remaining accessions) were recorded and 
Ace. 58 recorded the h ighest yield (980 g 
fresh weight). 
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Nutmeg 

The y ield of 92 accessions from the 
germplasm was recorded (Table 8) . 

In the progeny trial of nutmeg e lite lines, 
characters like height, canopy, girth, num
ber of primary branches, number of fl ow
ers per plant and yield per plant were re
corded. Progenies of elite nu tmeg lines A9 / 
20 and A9/25 performed better. 

In crossing studies of nutmeg using Aces. 
0-3 and A9-13 (males) and A9-4-12 and A9-
4 (females), only two fruits could be ob
tained in A9-4-12. 

Release alld productioll of high yielding 
v arieties 

A high yielding, high qua lity nutmeg clonal 
selection (A9-4) IlSR ViswC\shree was ap
proved for release by the 215

• State Seed Sub
committee, Kerala. Around 12,000 grafts of 
the released vari ety and other elite lines 
were distributed to farmers. Elite Lines of 
cassia and cinnamon were also multiplied. 

Evaluation of quality in nutmeg 

Among the 30 nutmeg accessions evaluated for 
quality, the oil content ranged from 7.67% to 
13.89% and that in mace from 7.48% to 20.99%. 
A9-49 had the highest oil content in both nut
meg and mace. Myristicin content in nutmeg 
ranged from 2.26% (All-25) to 29.60% (All-21) 
and that in mace from 1.70% (All-25) to 28.60% 
(A9-4-11). Elimicin content in nutmeg ranged 
from 1.51% (A9-37) to 29.71% (All-26) and in 
mace, 1.05% (A9-47) to 29.85% (A9-4-11). 

Table 8. Yield of nu tmeg accessions from the germplasm 

Pk1 t No. of Yield/ Acc. H igh yielding accessions and y ield 

A--l 
A-9 
A-l1 

accessions (No. of fru its-range) (No. of fruits) 

24 
42 
26 

6-286 
20- 583 
10-5] 5 

113 (240), 41 (285), 12 (286) 
20 (528), 18 (573), 1 (460), 63 (467), 13 (477), 95 (493) 
5 (305), 10 (410), 29 (515) 
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Floral biology of allspice 

The floral biology of allspice was studied. 
Flower: cyme with 73-105 flowers per cym e; 
days to first to las t flowering in inflores
cence: 17-38 days. Sepals: 4, tiny, green; 
petals: 4, white; anthers: numerous (68-81); 
stigma: sing le, style with one ovary. N um
ber of fruits: 7-25 per inflorescence; dry re
covery: 14.3%. 

S. Collection, conservation and 
improvement of vanilla 

(K. Nirmal Bnbll, K. V. 5nji, S. S. Veel1a and 
R. RamakrisJ111an Nair) 

Production of somaclotles 

More than 500 somaclon es of Vanilla 
pla/lijo/ia were produced and are being hard
ened for field planting. 

Production of intersp ecific hybrids 

lnterspecific hybrids between V. apilylla (?) 
and V planifolia (?) were produced. Among 
the 50 progenies generated, none expressed 
the leaf character of the male parent. All 
ute progrenies of aphylla types had only 

Fig. 5. RAPD profiles of vanilla collections 
(J. Kb ladder, 2. Yesloor, 3. Betelmana, 

4. Coimbatore, S. Saklespur, 
6. lCRl, Myladumpara, 7. Calicut University, 
8. Ni lambur, 9. II. lIIarginntn, 10. CoIl. 471 5, 
11 . CoIl. 4716, 12. Coli. 4717, 13. CoIl. 4718, 
14. CoIl. 4719, 15. CoIl. 4720, 16. CoIl. 4723, 
17. Coil. 4726, ]8. CoIl. 4727, 19. CoIl. 4728, 

20. Coli . 4729, 2]. Madagascar, 22. Mauritius, 
23. V. pI I]C, 24. V. pI IISR) 
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scale leaves and none exhibited the normal 
leaf character of V planifolia. 

Molecular characterization 

Molecular profiles of vanilla germplasm , 
induding exotic and indigenous collections, 
seedlings, somadones and interspecific hy
brids were developed and their interrela
tionships were studied (Figs. 5 and 6). Stud
ies on 23 different collections of vanilla from 
farmers gardens indicated certain d egree of 
variability in their RAPD profiles. Mos t of 
the genotypes showed slight differences 
(0.17 coefficient of variation) and they 
formed two broad but distinct clus ters. 
Among them, the collection from Madagas
car was distinctly different followed by col
lections from Yesloor (Kamataka). 

Screening against Phytophthora and 
Fusarium 

Thirty-two accessions including various col
lections and progenies of II. plnllijoi.in and 
rela ted species were screened agains t 
PhytophtllOrn sp. and FlisariUIlI sp. Thirteen 
accessions showed to lerant reaction to 
Pllytoplltltora sp., wh ile 19 accessio n s 
showed tolerance to FlIsnriuni sp . All the 
eight collections of V. alzdamonica and three 
seedling progenies of V planifolia namely, V-
8, V~24 and V-55 showed tolerant reaction 
to Phytophthorn sp ., while vanilla collection 
from Mauritius, progenies V-48 and V-120, 
V. nphylla and all th e collections of V. 
alldn11lallica exhibited tolerant reaction to 
Fusariutll sp. 

6. Development of paprika for warm 
humid tropics 

(K. P. M. Dhamayalltlzi, P. A. Mathew, N. 
K. Leela, A. [sJl1vara Bhat and K. N. Shiva) 

Collectioll and conservation of germplaslll 

five accessions of paprika namely, Selection-
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Fig. 6. Cluster analysis of vanilla germplasm 

2, SS~ IMI-5, Caynne and Kt-pl-19 were col
lected from Indian Agricultural Research 
Ins titute, Region a l Statio n, Ka tra in 
(Himachal Pradesh ) a nd add ed to the 
germplasm; 40 accessions are now avail able 
in the germ plasm (Fig. 7). Forty accessions 
including 5 new collections of paprika were 
raised for purifi cation . 

Analysis of quality 

Colour value of 31 paprika accessions was 
analysed, which ranged from 42 ASTA units 
(Kt PI-19) to 171 ASTA units (fCBD-13) in 
indigenous collections (Bydagi Dabbi-ICBD 
lines), and from 33 ASTA units (EC-18) to 
176 ASTA units (EC-490) in exotic collections. 

fig. 7. A .collection of paprika from the 
germplasm 
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Externally Funded Projects 

1. NATP: Collection, characterization 
and conserv ation of spices genetic 
resources 

(Johnson K. George, K. V. Saji, B. Sasikul'ttCl1, 
D. Prasath and B. Krishnamoorthy> 

Exploration and collection 

Explorations were u ndertaken in Neyyar 
and P eppara Wildlife Sa nctuaries and 
Acha n kovil in Kerala; Andaman and 
N icobar Is lands; Kolasib, Aizawl, Serchip 
and Chempai districts in Mizoram and 158 
collections were made. Seventy-nine acces
sions collected from Neyyar and Peppara 
Wi ldJjie Sanctuaries and Achankovil include 
collections of Piper, CillnfllllOl1llll11, Zillgiber, 
CUrCI/ lila, Myristica, Vallilla and Garcinia spe
cies (Figs. 8 and 9). Specia l collections from 
these areas include P. attemwtultl with her
maphrodite spikes, V. va tsa laJ10 from Ncyyar 
forests, P. IOl1gtlln with light purple coloured 
spikes from Kulathupuzha and a collection 
of wild ginger fromAl1appady Meth and 49 
ginger collections with h igh variabili ty for 
inner core colour and fibre content from 
Mizoram . The im portan t collections from 
Andaman and Nicobar Is lands include C. 
hambronialla, Curcuma sp., a first collection 
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Fig. 9. Gnrcillin hOlllbrollinlln collected from 
Andaman and Nicobar islands 

of wild Curcuma, Hornstedtia !enzlii-a bee 
repe ll ent plant belong ing to the 
Zingiberaceae family and V anrinlllnnica with 
self setting nature and potential for use in 
breeding programmes. 

Characterization 

Black pepper 

One hundred black pepper germplasm ac
cessions maintained under field conditions 
were characterized for various g_wtIitati~e 
and quantitative ch~Table 9). 

Cardamom 

Seventy accessions of cardamom were char
acterized and hi gh variability for all major 
cl1{Iracters including quality was observed 
(Tables 10 and ll). 

Ginger 

Vegetative and yield characters of 100 ac
cessions of ginger germplasm were recorded 
and high variabil ity for the characters was 
noticed (Table 12). 

Turllleric 

One hundred and fifty gennplasm accessions 
of turmeric were assessed for variability for 

Fig. 8. Pippr peepII/oides collected from West Bengal vegetative and yield characters (Table 13): 
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Table 9. Characterization of black pepper accessions 

Character 

Vine column height (m) 
Vine column diameter (m) 
Latera l branch length (cm) 
No. of nodes/lateral branch 
Leaf petiole length (cm) 
Leaf length (cm) 
Leaf width (cm) 
Spike length (em) 
Peduncle length (cm) 
No. of spikes / lateral branch 
r-.;o. of spikes/vine 
Fruit setting (%) 
No. of berries in 10 spikes 
No. of fu lly developed berries 
No. of under developed berries 
Fresh wt. of 100 berries (g) 
Volume of 100 fresh berries (ml) 
Dry wt. of 100 berries (g) 
Fresh yield / standard (kg) 
Fresh wt. of berries in 10 spikes 
Oleoresin (%) 
Essential oi l (%) 
Piperine (%) 

Mean 

3.0 
3.0 

34.3 
12.6 
1.6 

13.6 
8.3 
7.6 
1.2 
2.9 

90.6 
65.2 

321.7 
45.1 
16.0 
12.8 
11.9 
4.9 
0.6 

39.3 
9.3 
3.5 
2.7 

Table 10. Characterization of cardamom accessions 

Character Mean 

Range (n = 100) 
Minimum 

1.4 
0.5 

12.5 
4.7 
0.9 
8.7 
4.9 
3.0 
0.3 
1.0 
1.0 

10.0 
95.0 
]7.0 
3.0 
6.5 
6.0 
2.0 

0.01 
12.0 
5.7 
2.0 
1.2 

Range (n = 70) 

Maximum 

9.0 
5.3 

60.8 
37.0 

1.0 
22.8 
14.2 
15.5 

2.7 
8.0 

282.0 
98.0 

690.0 
110.0 
52.0 
21.0 
19.0 

6.5 
2.9 

75.0 
13.7 
6.2 
5.8 
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Minimum Maximum 

Plant height (em) 
Total ti llers/plant 
Bearing tillers/ plant 
No. of leaves/plant 
j o. of panicles/plant 
Panicle length (cm) 

o. of nodes /panicle 
o. of capsules/panicle 

Fresh yield /plant (g) 
o. of seeds/capsule 

201.2 
26.6 
] 5.3 

206.7 
19.8 
35.9 
19.8 
88.4 

188.3 
15.8 

125.0 
13.5 

8.0 
70.0 

1.0 
19.0 
14 .0 
33.0 

0.0 
9.9 

Table 11. Analysis of q uali ty of cardamo m accessions 

Malabar Mysore 
Mean Range Mean Range 

E!>sential o il (%) (v/w) 6.16 3.6-8.3 6.43 3.6-8.8 
1.8-cinelole (%) 25.96 16.0- 3] .2 21.53 15.0-35.1 
Terpinyl acetate (%) 27.41 23.6-34.4 26.81 23.1- 36.8 

351.6 
69.7 
47.7 

646.3 
68.0 
94.0 
37.5 

208.0 
803.0 

21.8 

Vazhukka 
Mean Range 

5.91 3.7-7.5 
23.89 19.1-31.9 
27.20 23.2-31.4 
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Table 12. Characterizat ion of ginger accessions 

Character 

Plant height (em) 
Pseudostem girth (em) 

'0. of tillers 
In. of leaves 

Average leaf length (em) 
Average leaf breadth (em) 
No. of mother rhizomes/clump 
Yield / clump (g) 
Essentia l oil (%) 
Oleoresin (%) 

Crude fib re (%) 

Mean 

96.1 
3.1 

15.9 
22.6 
28.0 

3.0 
1.0 

461 .9 
1.7 
4.3 
2.5 

Table 13. Cha racterization of turmeric accessions 

Characte r Mean 

Seedling height (em) 53.5 
Sedling girth (em) 11.2 

o. of leaves in main shoot 8.6 
o. of tillers 2.5 

No. of leaves in tillers 11.7 
Average leaf leng th (em) 63.8 
Average leaf bread th (em) 16.4 
No. of mother rh izomes 2.5 
Wt. of mother rhizome (g) nO.8 

o . o f primary rhizomes 7.4 
197.6. 
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Range (n = 100) 

Minimum Maximum 

72.0 130.0 
2.5 4.3 
5.0 39.0 

11.0 35.0 
21.1 32.3 
2.8 4.0 
1.0 1.0 

433.0 700.0 
1.0 2 .8 
2.5 6.6 
1.4 4.4 

Range (n ::: 100) 

Minimum Maximum 

31.0 75.5 
7.0 17.5 
5.0 12.0 
1.0 9.0 
3.0 57.0 

38.8 
____ ---- ~O.2 

10.5 20.8 
1.0 7.0 

20.0 4~0.0 
2.0 16.0 

40.0 465.0 Wt. of primary rhizome (g) 
No. of secondary rhizomes 24.1 .... 

" 4.0 63.0 
Wt. of secondary rhizome (g) 222.5 
Internode length (em) 2.6 
Yield / clump (g) 520.0 
Cureumin (0;',) 5.6 
Essential oil (%) 2.8 
Oleoresin (%) 9.7 

Cinnalllon 

One hUlldered accessions of cinnamon were 
characterized and Significant varia tions 
\,,'erC observed for morphological and qual
ity characters (Table 14). 

15.0 860.0 
1.1 3.5 

70.0 1340.0 
],4 8.5 
1.4 3 .5 
7.0 12.9 

2. DBT: Conservation of sp ices genetic 
reso urces in ill v itro gene banks 

(K. N irmal Babll ann P. N. Ravindran) 

Meristems of black pepper, cardam om, gin
ger and turmeric were were isolated from 
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Table 14. Characterization of cinnamon accessions 

Character Mean 

Leaf 
Average length (cm) 12.9 
Average breadth (em) 5.3 
A\'erage ratio of LL to LB 2.7 
Average size index 0.7 

Yield of bark 
Fresh weight (g) 228.5 
Dry weight (g) 67.5 
Bark recovery (%) 31.5 

Qllality 
Oleoresin (%) (bark) 8.] 
Essential oil (%) (bark) 2.3 
Essential oil (%) (leaf) 1.8 
Cinnama ldehyde (%) 77.7 
Eugenol (%) 67.3 

ill vitro cultures and cu ltured on standard
ized specific medium for regeneration; 50% 
success was obtained in cardamom, ginger 
and ~Llrmeric, bu t in bJack pepper, phenolic 
exudates resulted in death of isolated mcr
istems. 

Cryopreservation of ginger embryoids and 
vanilla protocorms was carried out using 
three different techniques namely, encapsu
lation dehydration, encapsulation vitrifica
tion and vitrification. Among these, vitrifi
cation was the best for ginger embryoids and 
encapsulat ion deh ydra tion for vanilla 
protocorms. 

Cryo preserved pollen of Vall ilia planifolin 
and V. nphylla could result in successfulfruit 
set and seed germination. For cryo preser
vation of vanilla pollen, fresh pollen was 
collected, desiccated for 10 min and treated 
with 10% DMSO for 10 min and cryo pre
served in liquid nitrogen. The cryo preserved 
pollen after thawing retained its viability as 
seen by ill (Iiiro germination and pollination. 

Range (n = 100) 

Minimum Maximum 

8.8 20.6 
3.3 8.3 
1.9 7.9 
0.3 1.8 

30.0 ]520.0 
8.0 305.0 

10.7 80.0 

0.6 19.9 
0.3 20.0 
0.0 4.8 

61.5 91 .0 
40.7 86.0 

The ill vitro gene bank was enriched with 
new varieties and cultivars of black pepper, 
cardamom, turmeric, ginger and vanilla and 
700 genotypes are being ma.intained . Ge
nomic DNA wa...s. isolated from nutmeg and 
150 acce~si.ons of black pepper and 100 ac
cessions of cardamom were added to DNA 
bank. 

3. DBT: A digitized inventory of p lant 
resources. Part II- Other economically 
important species 

(K. Nirmai Babll and P. N. Rav il1dran) 

Compilation of information was completed 
in 33 spices namely, black pepper, ginger, 
cardamom, turmeric, large cardamom, va
nilla, long pepper, nutmeg, cinnamon, cas
sia, bay leaf, aniseed, star anise, angelica, 
caper, greater galangal, horse radish, hys
sop, basil, rosemary, parsley, saffron, sage, 
sweet flag, tarragon, caraway, black cumin, 
ajowan, coriander, cumin, fennel, fenugreek, 
d ill and celery. 
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The compiled information contains details 
on taxonomy induding valid name, classi
fication, synonyms, common names and 
other biological details, namely, habit and 
habitat, diagnostic fea tures, reproductive 
biology, b reeding system, m ajor d iseases 
and pests, economic potential and uses. 

4. DBT: On-farm evaluation of tissue 
culture derived plants of black pepper 

(K. N irmal Babu, M . Anandaraj, V. 
Srillivasan and R. Ramakrishnan Nair) 

Mul tiplication of primary wltures 

Fi\'e hundred ill v itro cultures of black pep
per varieties, Sreekara and Subhkara, were 
established for supply to Biotechnology and 
Model Flo ricu lture Centre, 
Thiruva nanthapu ram, and Spices Board, 
Kochi, for further multip lication and field 
evaluation. 

M ultiplication of biocontrol agents 

Glol1lllS / ascicufatlll1l, an efficient strain of 
VAM for growth promotion and suppres-
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transfer of p lants to the soiL Another effi
cient fungal biocontrol agent, Trichoderl1la 
harziallLIIJI, was multiplied on sorghum and 
on liquid medium (molasses) and mixed in 
sterilized decomposed coir pi th. 

Field evaluatioll' 

A yie ld evaluation trial w ith 
micropropagated plants was laid out a t 
Calicut with 170 p lants. T. harzial1t1111 was 
applied at the time of planting and the es
tablishment was good. 

5. leAR: Organization of ginger 
and turmeric germplasm based on 
molecular characterization 

(B. Sasikumar and T. John Zachariah) 

A simp le and rapid method for isola ting 
good quality DNA from matured rhizome 
tissues of turmeric and ginger, which are rich 
in polysaccharides, polyph enols and alka
loids was standardized. The isola ted DNA 
proved amenable to PCR amplification and 
restriction dissection. 

sion of root pathogens such as, Phytophthora DNA was isolated from leaf tissues of 200 
capsici, Radophoills sil1lilis and MeioidoglJne turmeric accessions and 81 ginger accessions 
IIcog llita was multiplied on graminaceous for ch aracterization of ginger and turmeric 

h os ts (Zea /IIays) for application during ' , germplasm by RAPD (Fig. 10). Sixty ran

Fig. 10. peR amplified DNA from turmeric 
rhizomes 

dom decamer p rimers were screened dur
ing the study among which 34 gave good, 
dear consistent bands. 

Final Reports 

1. NATP: Molecular characterization 
and preparation of molecular maps in 
black pepper 

(K. Nirma l Babu, M. Anandaraj, Johllson K. 
George, B. Sasikllmar and P. N. Rav indrnl1) 

Objectives 

• Molecular profiling of important Piper 
species and cultivars of black pepper to 
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study their interrelationships and genetic 
diversity. 

• Development of mapping populations of 
black pepper and preparation of prelim i- . 
nary molecular maps. 

Moleclliar profiling of germplslII 

RAPD profiles of Piper species 

RAPO profiles of Piper species were devel
oped using polymorphic primers namely, 
OPA-09, OPA-1S, OPB-07, OPC-07, OPC-13, 
OPO-02, OPD-03, OPE-II, OPF-09 and OPF-
14. The Piper species used for the study 
included P. 101lglllll, P. Itnpl1illl1l , P. IIIL/llesl/n, 
P allellllntlll1l , P. n rgyrop/lyll 11111 , P. 
hy11lell opltyllulIl , P. babbudnni, P. 
Irichostnchyoll , P. gnlen tll17l, P. slIgnndlti, P. 
p~lIcdolligrtllll , P. Iligrum, P. sc/ml idtii, P. 
wightii, P. bnrberi, P. betle, P. c/laba-l, P. chnba-
2, P. I/lag II ificlllII , P. colli bri nil m-l , P. 
cl1lllbrillll//I-2, P. arboreul1l and P. omntllm. The 
RAPD profile data was analysed by NTSYS 
50ftwarc to study the interrelationships be
tween the species. The analysiS indicated 
that P. allenllatlllli alld P. argyrophylllll1l were 
close to each other. P. pseLidolligntl1l was clos
c!>t to P. lIigntlll followed by P. galenttlm. P. 
schlllidti, P. wig/ltii and P. hymel/ opltylhl/II 
were farthest to P. lIigYil/1I followed by P. 
;(lillbrilllllll. P. cnltba was in a distinct g~oup 
separated both from P. Iligrtll1l and P.lollgl17u .. 

RAPD profiles of black pepper CIIltilmrs alld 
i'Mlclies 

RAPD profiles of 14 major cultivars namely, 
Karimunda, Kottandan, Balancotta, 

celamundi , Kuthira va ll y, Kallu va lly, 
Araku lam munda, Na ra yakodi, 
Thomankodi , Perambramunda, 
Poonjaranmunda, Valiakaniakadan, 
Cheriyakaniakadan and Uthirancotta, and 
10 released varieties namely, Panniyur-l, 
Panni yur-2, Panniyur-3, Panniyur-4, 
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Panniyur-S, Sreekara, Subhakara, Pancharni, 
Pournami and Palode-2 were developed 
us ing 30 polymorphic primers. The interre
lationships between the cultivarsl varieties 
were studied utilizing the RAPD profile 
data. The analysis showed the similarity 
between Subakara and Sreekara. Palode-2, 
a selection from Kottanadan-2, showed simi
larity to Kottanadan, and Panniyur-3 with 
both Valiakan iakadan and 
Cheriyakaniakadan. However, Panniyur-l 
was clearly placed in a separate group. 

RAPD profiles of Phytophthora tolerallt and 
sLisceptible ellitivars 

RAPD profiles of 11 each of Pl1ytopllthora 
susceptible and tolerant cultivars were de
veloped using polymorphic primers namely, 
OPA-03, OPA-09, OPA-134, OrA-IS, OPC-
02, OPA-07, orA-IS; OPD-03; OPE-ll, OPE-
14 and OPf-09 and their interrelationships 
were studied. The study indicated that, in 
general, the tolerant lines formed a cluster 
of their own. However, no specific marker 
was found conSis ten tly associated with 
Phylophthora tolerance. 

Development ofmappillg poplliation 

Two mapping populations were developed 
us ing Pann iy ur- l and Subhakar a 
(Karimunda ) and P-24 ( toleran t to 
Pl1ytop/ltllOra) and Subhakara. Out of 1000 
hybrids, 21S of the firs t cross were trans
ferred to the field. As the percentage of fruit 
set was very low in P-24, few hybrid seeds 
were produced and around 20 hybrids of P-
24 x Karimunda were transferred to 
polybags. Two hundred selfed progenies of 
parents n amely, Paruuyur-1, Subhakara and 
P-24 were established in order to study the 
residual heterozygosity of parents. Data on 
segregation of important qualitative char
acters like sh oot tip coloUl~ leaf shape, base 
and tip, root variation, growth and branch-



24 

ing pattern of the progenies were recorded. 

RA PD and AFLP profiles of mapping popula
tion 

DNA was isolated form 100 hybrid prog
enies of Panniyur-l x Subhakara using modi
fied method of Ausubel et al. (1995) and 
RAPD profiling was done using 40 random 
primers. Data was collected on about 150 
loci for preparing molecular maps. Work is 
in progress as part of the ins titute project to 
collect data on another 300 loci before the 
preliminary map is prepared. A protocol for 
developing AFLP in black pepper was stan
dardized. 

2. DBT: Field evaluation of tissue 
cultured pla nts of s pices and 
assessm ent of th eir genetic stability 
using molecular markers 

(K. Ninnal Babu, E. V. Soniya*, B. 
SasikulIlnr and P. N. Ravil1dra1l) 

"'Rajiv Gandhi Centre for Biotechnology, 
Thiruvananthapuram 

Objectives 

• Evaluation of field performance of tis
sue cultured plants of major spices. 

• Estimation of genetic fidelity of tissue 
cultured plants using molecular markers. 

• Development of micro satellite markers 
in black pepper. 

Black pepper 

Field evaluation and morphological charac
terization of micro propagated bJack pepper 
plants were conducted with 1000 plants at 
4 locations. The morphological data (on 28 
characters) was collected from 2, 3 and 4 
year old plants separately. Analysis of data 
indicated that there was no significant dif
ference among the micropropagated and 
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conventionally propagated plants. The 
micropropagated plants flowered early in 
th e case of cv. Karimunda and ClI. 

Aimpiriyan showed vigorous growth. Early 
flowering in 3-year old plants can be attrib
uted to the residual effect of BA used for 
multiplication of black pepper in in vitro and 
the vigorous growth to the branching habit 
of micropropagated plants. 

Standardization of RAPD protocols in black 
pepper was carried out at Rajiv Gandhi Cen
tre for Biotechnology (RGCB), 
Thiruvananthapuram, and IISR, Calicut, 
and 70 operon primers were tested for ran
dom amplification in two genotypes namely, 
Panniyur-l and Karimwlda. Genetic s tabil
ity of 20 randomly selected 
micropropagated p lants of two released va
rieties namely, Pancharni and Subhakara 
was analysed. RAPD profiles showed uni
formity in the micropropagated plants ex
cept in one or two genotypes. 

Development of micro satellite markers 
-

Simple sequence repeats for micro satellite 
detection in black}"epper was identified at 
RGCB. Micro satellite (CA and TC) enriched 
libraries of Piper nigmm genomic fragments 
were constructed in p GEM - T vector using 
th~ method adopted by White and Powel 
(1997). Clones of CA repeats were analysed 
for their sites through plasmid isolation and 
PCR amplification using SP6 and T7 univer
sal primers. The size of the inserts were de
termined which ranged from 118 bp to 850 
bp. A few of the clones were sequenced and 
the primers were designed from the se
quenced information. These primers were 
used to screen a few genotypes in the black 
pepper germplasm to detect polymorphism. 

Ginger 

Field evaluation of 300 plants developed 
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Fig. 11. III L'llro de\'eloped nucrorhizomes of 
ginger 

through micropropagation and 500 plants 
of microrhizhome-derived plants (vnrs. Ja
maica and Aus tralia ) was conducted at 
Cali cut (Fig. 11). [n vitro d eve loped 
microrhizomes with a fresh weight of 5-10 
g were directly planted in the field without 
hardening with 70% establishmen t. Data 
was collected for morphological characters 
such as number of tillers, plant height, lea f 
number, leaf Jength, leaf breadth, internodal 
distance and petiole length. Microrhizome
derived plants although slow in fi eld estab
lishment, were on par with control plants 
within 2-3 months. Microrhizome-derived 
plants were observed to produce more num
ber of ti ll ers per plant than t he 
micropropagated and control plants. The 
microrhizomes gave a fresh rhizome y ie.ld 
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of 100-800 g per plant and with an average 
yield of 10 kg/bed (3 m2

) of fresh ginger. 
Plants developed from microrhizomes were 
more stab le than micropropagated plants. 
Genetic fidelity analysis indicated variations 
in micropropagated plants even without cal
lus phase. 

Turmeric 

Field eva luatio n of micropropagated and 
microrruzhome-d erived p lants (500) was 
conducted at Ca licut. Data was collected 
for morphological characters such as num
ber of tillers, plant height, leaf number, leaf 
length, leaf breadth, inter nodal distance and 
petiole length. Analysis of data indicated 
that there was no significant variation be
tween micropropagated and control plants. 
Microrhi zomes of turmeric with a fresh 
weight of 2-8 g were d irectly planted in the 
field, as in the case of ginger, without hard
ening w ith 90% es tablis hme nt. The 
microrhizomes gave a fresh rhizome yield 
of 320-750 g per plant and with an average 
yield of 14 kg/ bed (3 m 2

) of fresh turmeric. 
The results of genetic stability analysis were 
similar to that of ginger. T-he RAPD profiles 
of microrru?<ome-d erived plants did not 
show anJ-noticeable polymorphism. The 
banding patte rn indicated th a t 
microrruzhome-derived plants were more 
stable when compared to micropropagated 
plants. 
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II. Mega project: Breeding improved varieties of spice crops for yield, quality, 
d rought and resistance to p ests and diseases 

(Project leader: B. Krishhamoorthy) 

1. Breeding black pepper for high yield, 
quality, drought and resistan ce to p ests 

(B. Sasikumar, Johnson K. George, K. v. Saji, 
T. John Zachariah, K. S. Krishnamurthy, S. 
Devasahayam, Sallthosh J. Eapen and M. 
Anandaraj) 

Eva luation of new lines 

ColI. 1041, a clone of black pepper cv. 
Thevanmundi continued to exhibit disease 
tolerance at Valparai (3000 ft MSL) (Tamil 
Nadu) in the collaborative trials with Tata 
Tea Ltd. (Fig. 12). Cumulative mean yield 
(row trial) for 7 years at Valparai indicated 
the superiority of CoIl. 1041, HP-105 and 
HP-813 over control Panruyur-l (Tab-Ie 15). 
These lines perform ed superior to Panniyur-
1 in large block trials (blocks of 20-55 plants) 

Fig. 12. Collection 1041, a promising line of 
black pepper 

also. OPKm, CoIl. 1041, HP-780 and HP-
1411 performed better at Pcruvannamuzhi 
(Table 16). 

Table 15. Evaluation of promising black pepper lines at Valparai 

Line/Control Mean fresh Bi 

Coil. 1041 
HP~05 
HP-813 
Panniyur-l (Control) 

yield / vine (kg)* 

5.17 
6.40 
2.78 
1.08 

'" Mean of 7 years; "'* P < 0.01 

1.59 
0.92 
1.0$ "' 

. 1.61 

Remarks 

Tolerant to disease 
1.96"" 
0.76"" H igh oleoresin 
0.26*" 

Table 16. Evaluation of promising black pepper Lines at Peruvannamuzhi 

Line /Control Mean fresh Dry recovery Remarks 
y ield/vine (%) 

(kg) 

OPKm 2.29 32.0 
Coli. 1041 2.32 31.2 
HP-141J 2.87 30.4 
HP-780 2.69 39.5 Early bearing and high dry recovery 
Sreekara (Con trol) 2.16 32.8 
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Th,' promising lines planted in farme r 's 
pic ts in four northern districts of Ke rala 
thr:)Ugh Technology Mission on Black Pep
pe· was a lso m onitored. Data on vine 
height, number of spikes, number of ber
rie .;/spike, number of laterals/vine and 
yield per vine were recorded. 

EVllluation of promising hybridsllilles 

A few of the hybrids/ open pollinated (OP) 
lines identified during 2001-02 based on firs t 
year's yield data (3rd year of planting) con
tinued to yield better (Table 17). 

Table 17. haluation of promising black pepper 
hybrids at Peruvannamuzhi* 

lIybrid / Control 

HP-127 
HP-1262 
HP-1264 
HP-1293 
or 'eelamundi 

* Firs t year data 

Mean fresh yield / vine 
(kg) 

1.00 
1.36 
0.90 
0.90 
1.36 

Evaluation of cv. Neelal1l1mdi 

Seventeen clonal p rogenies of black pel(per 
and seven OP lines of black p epper cv. 
Neelam undi were evaluated for yield. The 
yield of the clonal progenies ranged from 
0.50 kg (Ace. 1446) to 1.36 kg (Ace. 4116). 
As compared to clonal lines, OP progenies 
showed more variation in yield and the yield 
per \'ine ranged from 0.081 kg to 1.360 kg/ 
vine. 

Intervarietal crosses 

Sixty-seven intervarietal cross combinations 
and 13 in terspecific combinations were at
tempted in black pepper and the number of 
seed s harvested varied from 10 to 140 per 
cross. 
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2. Breeding cardamom for high yield 
and resi s tance to katte disease 

(D. Prasath and M . N. Vetlllgopal) 

Evaluation of hybrids and selections 

Growth and yield parameters were recorded 
in 56 dia llel hybrids. Based on per se perfor
mance, he terosis and specific combining 
ability over 3 years, 15 hybrid combinations 
were short-lis ted for yield and susceptibil
ity to leaf blight. The short-listed hybrid 
combinations were planted for clonal mul
tiplication. 

Standard he terosis for yield ranged from -
23.22 to 150.33 and 25 h ybrids recorded sig
nificant positive heterosis. Wherever katte 
resistant lines were u sed as fema le parents 
in the h ybrids, there was positive relation
ship between seedling vigour (nursery) and 
yield (main field). However, a similar rela
tionship did not exist in other parental com
binations. 

Evaluation of open poll-inated seedlings 

Evaluation.of op en pollinated progenies of 
14 high yielding and katte resistant acces
sions led to the identification of 9 plants with 
high yield and resistance to leaf blight. 

Molecular citaracterization 

DNA w as isolated from a number of 
Malabar, Mysore, Vazhukka types and other 
accessions with distinct morphological char
acters. However, initial studies of RAPD 
showed very little polymorphism. 

Comparative evaluation trials 

Two new comparitive yield trials (CYTs) 
were laid out comprising of 19 and 16 short
lis ted hybrids, selections and compound 
panicle types. These treatments are being 
compared with promising released, pre re
leased and popular varieties (Green Gold) 
(Tables 18 and 19). 
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Table 18. Evaluation of p romising hybrids of 
cardamom in clonal multiplication block 

Hybrid No. of tillers/ 
plant 

Hybrid-l 97 
H ybrid -2 102 
H ybrid-3 123 
H ybrid-5 106 
NKE-27 x NKE-12 154 
N KE-27 x RR-1 100 
NKE-34 x CCS-l 110 
MB-3 x RR-l 115 
OP (NKE-ll) 155 
Green Gold 90 

Increase over 
Green Gold (%) 

7.7 
13.3 
36.7 
28.9 
71.1 
11.1 
22.2 
27.8 
72.2 
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Medium with BAP 1 mg/ l + kinetin 1 mg/ I 
+ cephotaxime 250 mg/ l + kanam ycin SO 
mg/ l) for selection and regeneration. Plant
lets could be successfully regenerated from 
black peppe r leaf explants treated with 
Agrobncterium strain containing osmotin con
s truct. 

4. D evelopment o f DNA marke rs for 
marker ass is te d se le ction in black 
pepper 

(Johnsoll K. George and B. Sasiklllnar) 

D A was isola ted from 12 accessions of 

Table 19. Performance of paren tal lines and their F, hybrids in cardamom 

Character 

Per se performance 

Plant height (cm) 
Ti llers/plant 
Be.aring tillers I plant 
Panicles/ p lant 
Yield /plant 

Parents 

140.56- 175.00 
18.67-25.57 
7.47-10.50 
18.00-39.00 

203.70- 629.00 

3. Bio technological a pp roaches for crop 
it1tp rovem ent in black pepper 

(K. N i rmn/ Babu1 K. V. Saji and M. 
Ana/ldaraj ) 

Genetic trans/ormation 

Va rious va riables such as co-cultivation pe
riod, preculture of explants, temperature 
and pH were tested for genetic transforma
tion and co-cultiva tion with Agrobacterilll1l 
for 48 h was found to be best. Leaf explants 
from both juvenile and mature tissues and 
zygotic embryos were used as explants for 
transformation. 

The Agrobacteriul1l treated tissues were cul
tured in the selection medium (Woody Plant 

Range 
Heterosis (%) 

No. of hybrids 

shOWing 

desirable 
heterosis 

Crosses (F,) Standard 

85.00-203.67 
10.00-34.33 
4.42.-15.80 
8.67-61.33 

41 .00-1954.00 

heterosis 

-51.54-16.38 7 
-61.17-33.33 17 
-60.44.-50.00 2.6 
-70.11-111.49 _]4.. 
-93.48-210.65- - 20 

....... 

Piper includirlg 8 accessions of cultivated 
black pepper for determination of parental 
.polymorp hism. The RAPD analysis was 
d~ne to identify male parent specific RAPD 
bands for identiiication of true hybrids in 
crosses invo lving cultivated and w ild 
germplasm . The male pa rent specific band 
OPE 01600 in P. lligml1l (wild) was useful in 
iden tification of true hybrids in the popula
tion derived from the cross with cu ltiva ted 
black pep per. 

Differential display RT- peR was done with 
total RNA isolated from leaves of black pep
per p lants (var. Sreekara) having spikes with 
developing berries and juvenile p lants for 
identification of genes involved in quality 
attributes. Two cDNA fragmen ts (300 bp 



Research Achievements 

approx.) corresponding to differentially ex~ 
pressed genes were tagged using two random 
13 mer primers in second strand synthesis. 

5. Large scale multiplicatio n of released 
v arieties of black pepper through 
som ati c e mbryogenes is and gen e ti c 
f ide lity tes tin g 

(R . R nlllakris lllla ll N air n ll d J O /zIl SO Il K. 
George) 

Embryogenic cultures of cv. Subhakara were 
mainta in ed and p lants were regenerated. 
Cytological analysis of 40 regenerated plants 
indicated normal chromosome number of 
2n=S2. 

Four rand om operon primers namely, OPD-
16, OPD-3, OPE-02 and OPF-OS were used 
to develop RAPD profiles of som atic em
bryo-derived plants of b lack p epper cv. 
Subhakara in comparison with th e m other 
plant. Profiles generated by operon primers 
OPD-16, OPE-02 and OPD-03 prod uced a 
wliform pattern among the 22 soma tic em
bryo-derived plants in comparison w ith the 
mother plant indica ting genetic uniformity. 
H owever, the banding patterns developed 
by operon primer OPF-OS sh owed som e 
polymorphism in four of the regenerated 
plants. Analysis of another set of 19 p lants 
using OPE-ll indicated d ifferences in few 
bands in 4 of the regenerated plants. 

6. Cy t ogen e ti cs a nd reprodu c tive 
biology of m a jo r s pi ces 

(R. Ramakrislm all N air alld K. V. Saji ) 

Chromosome indexing was d one in 10 ac
cessions of g inger and 16 accessions of tur
meric. All the ginger accessions ana lysed 
had a ch romosome number of 2n=22. In tur
l"neric, 14 accessions had 2n=63, one (Acc. 
30) had 2n =61 and another (Ace. 768) had 
2n=80. 
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Studies on flora l biology of ginger indicated 
that the flowers opened between 2.4S pm to 
3.00 pm and anthesis occurred 15 min after 
flower opening. The flowers dropped by 
next day morning. Self-pollination of 309 
flowers from 32 accessions of ginger did not 
result in seed set. 

Seeds from fruits of d ifferent developmen
tal stages of Curcullla longa were histologi
ca lly analysed to study the embryo devel
opmentalstages. Six d ifferen t d evelopmen
ta l s tages sta rting from early g lobular to 
cotyledonary s tages were identified. The 
cotyledonary embryo resembled tha t of car
damom. 

7. R o ots tock-scio n inte ractio n s in tree 
s pices 

(J. R ema, P A . Ma thew, K. S. Krislll1a1llll rthy 
alld B . Krislllln llloorth y ) 

Nutmeg 

Stalldardizatioll of graftillg 

Seedlings of MY)'ishca - l11 alabarica, M. 
beddomeii a1}.d M. fragra lls were raised in the 
nursery for grafting. Preliminary trials on 
softwood grafting were carried out w ith two 
differen t scions namely, A9-4 and A9-69 on 
K. (llIdall/allica and a s uccess of 28% and 36%, 
respectively was achieved. Softwood graft
ing of n u tmeg with scions from three d iffer
ent rootstocks nam ely, M . fragralls, M. 
lIlaiabarica and M. beddo/lleii, was carried ou t 
and success was highest on M. fragra lls (90%) 
foHowed by M. lIIalabarica (76%) and M. 
beddollleii (68%). 

Evaluation of grafts for prodllctivih) 

The grafts on three different rootstocks us~ 
ing two differen t scions namely, A9-4 and 
A9-69 were p lan ted in the f ie ld a t 
Peruvannamuzhi for yield evaluation . Mor
phological observation s such as, height, 
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gjrth and number of branches were recorded 
on the g rafts a nd it w as obser ved that 
g rowth was hi gh est on M. beddo/lleii 
rootstocks for both A9-4 a nd A9-69 scions, 
followed by M. malabaricn and M. frngra lls. 
In general, it was observed that the growth 
of g rafts with A9-69 scions was s uperio r to 
that of A9-4. Field trials for evaluating the 
g rafts a re a lso in p rog ress in farmer 's 
plo ts a t Kolli Hills and PolJachi in Tam il 
Nadu. 

Evalllntion of grafts for drought 

The grafts on three different rootstocks us
ing two different scio ns namely, A9-4 and 
A9-69 we re pl a nted fo r in the fi e ld a t 
Peruvannamuzru for eva luation fo r drought 
tolerance. 

BlIdding 

Budding was ca rrie d o n th ree d ifferent 
roo ts tocks o f My ris t ica s p . name ly, M. 
frn8,ra lls, M. mnlabarica and M. beddomeii an d 
only 3()% su ccess was obtained (rig. 13). 

Clove 

.valuati on of gra fts of clove o n SyZygill l1l 
heyn itl 11 II 111, S. cllmillii and S. aroll1nticulI1 in
dica ted th a t they ar e performing well 
(growth) in the fie ld at Peruvanna muzru. 

Fig. 13. Patch bl.ldding in nl.ltmeg 
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Final Reports 

1. In vitro selection for resistance to 
')oft rot and bacterial wilt in ginger 

(K. Nirmal Babu, M. J. Ratnambal, M. S. K. 
Shetty, C. N, Dake, T. C. Nagesw ara Rao, 
A. Kumar and N. K. Leela) 

Objectives 

• Development of callus and cell culture 
systems in ginger to p roduce somaclonal 
variations. 

• Eva lu a tio n of regene ra ted pl ants for 
somaclonal varia tion. 

• Isola tion of patho toxin from Pseudol/lo
liaS spp. and PythiLl Il1 spp. 

• Screening o f somaclones agai nst rhj zome 
rot and bacterial wilt. 

• 111 vitro selection against pathogens a t cul
ture level to obtain disease resis tant I)1U 

tants. 

Micropropagationl:znd direct plal1tregenera
tion 

Ginger plants could be s uccessfully regen-
~rated from vegeta tive bud explants w ith 
ab'out 10 multiple shoots, when they were 
cultured on Murashige and Skoog (MS) 
medium supplemented w ith 1 mg/ I NAA. 
The shoots developed roots in the same 
medium. This system could be used fo r pro
duction of disease-free mater ia l. 

Indirect plant regeneration 

Callus was induced from vegeta tive bud, 
lea f and ovary explants on MS medium 
supplem ented w ith 2 mg/l 2,4-0. Plants 
cou ld be regenerated fro m all the explants 
tried on MS medium supplemented w ith 10 
mg/ l BAP and 0.2 mg/ l 2,4-0 . Regenera
tion was by organogenesis and embryogen
esis and in some cases both were seen in the 
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same culture. Plant regeneration from ovary 
derived caIJus was the mos t efficient f or 
plant recovery (over 150 p lants per culture 
tube) foll owed by calli derived from leaf, 
cln ther and vegetative buds. This rugh re
generation system was ideal for large scale 
production of somaclones and for il1 vitro 
selection to develop tolerant lines to biotic 
and abiotic stresses. 

Til v itro cllltllre offloral bllds 

When immature inflorescen ces of ginger 
we re cultured on MS m edium supple
mented with 10 mg/ l BAP and 0.2 m g/ 12,4-
D, development of plantlets was noticed in 
38% of the cultures by the conversion of flo
ral buds into vegetative buds. But when in
dividua l flowers were separated and cul
tured on the same m edium, the ovary de
veloped into a tri-Iocular capsule and sub
sequently plantle ts could be recovered from 
the fruits probably due to chance in vitro 
pollination. 

Plallt regelleratioll from anther derived cal
IllS clIl ture 

Anthers at the uninucleate microspore stage, 
after cold treatment (O°C) for 7 days, cul
tured on MS medium supplemented with 
2.0 mg/ l 2,4-D, developed profuse callus. 
Plantlets could be regenerated from.,t!1is calli 
on MS m edia supplemented with 6.0 mg/l 
BAP and 0.2 mg/l 2,4-D. 

Iso[(ltioll of protoplasts 

Protoplasts could be successfully isolated 
from leaf mesophyll tissue collected from il1 
vitro grown plantlets . The enzyme comb i
nation was macerozyme RIO (0.5%) + 
onozuka cellulase RIO (3%). The protoplast 
yield was 3.5 x 10· ml and were viable and 
could be successfully plated on culture m e
dia and made to develop up to microcalli 
s tage. Successful isolation and culture of 

31 

protoplast is an important step in gene trans
fer protocols and also for somatic hybrid
ization. 

Cell suspellsioll cultures 

Cell susp ension cultures were successfully 
established when callus was cultured in liq
uid medium supplemented with 0.5 mg/ l 
2,4-0 and kept on gyratory shakers at 80 
rpm. The cell suspensions were maintained 
for over 2 years by repeated subcultures. A 
few oil cells were n oticed among these sus
pension cultures. 

Isolation of DNA 

DNA could be su ccessfully isolated from 
sprouting buds and leaf tissues of ginger 
using CTAB m ethod . The amount of DNA 
was estimated to be 120 Ilg / ml. The DNA 
was free of RNA and protein and was of 
good quality. 

Transient expression of GUS in embryoge/lic 
callus 

Transient expression of ~-glucuronidase 
gene was su ccessfullyihduced when ginger 
embryo_g.erric calli were bombarded with 
microprojectiles coated with plasmid based 
on pUC 19 vector, using Biolistics Par ticle 
Delivery Sys tem . This vector has two chi
m e ric gen es, ubiquitin- ~-g l u curonidase 
(Ubi-GUS) and ubiquitin-phosphinothricin 
acetyl tran sferase (Ubi-bar) as selectable 
m arkers. High level of GUS expression was 
noticed in the bombarded calli. 

Field establishment and evalua.tioll 

The micropropagated plantle ts could be es
tablished in soil wi th 80% success, when 
they were planted in a potting mixture of 
garden soil, sand and vermicu lite in equal 
prop ortion and kept in humid chamber for 
30 days. Subsequently, they were transferred 
to pots and were evaluated for various mor-
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phological characters. The micropropagated 
plants performed li ke seedlings of similar 
Zingiberaceous crops and only very small 
rhiwmes (1 cm in diameter) were formed 
during the first year. The size of the rhizomes 
increased over the years and developed into 
normal size comparable to that of mother 
plants after the third year. This indicates that 
tissue cultured plants cannot be directly 
used for commercial cultivation and need 
at least three crop seasons in the nursery or 
field before they develop rhizomes of nor
mal size suitable for commercial planting. 

Variations itr somac/ones 

Variations were observed in somaclones 
produced d irectly as well as through inter
vening caUus phase for plant height, nwn
ber ot tillers, rhIzome yield, rhi zome size, 
etc. (Fig. 14). Biochem ica l evaluation indi
cated variability in important quality at
tributes like dry recovery, oleoresin and es
sential oil. RAPD profi les of the 'variant 
soma clones' showed polymorphism indicat
ing variabi li ty. 

Isolation of crude toxin from Ralstonia 
solanacearum 

:"he crude toxin produced b y R. 
solanacenrulIl, the causa l organism of bacte-

Fig. 14. Variations in rh izomes of ginger 
somaclones 
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rial wilt disease was isolated and tested for 
its bioassay with cut shoots of ginger. This 
crude toxin was effective even after steril
ization at l20nc for 15111in and can be added 
in the culture medium before s teriliza tion. 
The crude toxin was incorporated in the 
culture medium at various concentrations 
and embryogenic cultures were cu ltured in 
the medium containing toxin. The survi v
ing p lantlets were transferred to the fie ld for 
further screening. Though reduced growth 
rate was noticed, the concentration of toxin 
had no deleterious effect on the culture. 

Extraction of culture filtrate from Pythium 
aphanideramatum 

Culture filtrate (CF) was extracted from P. 
np/lnllidernlllatlllll, the causual organism of 
rhizome rot disease and was used on callus 
and embryoid cultures at various concen
trations. Though CF extracted on second 
day appea red more effective in reducing the 
growth rate, the concentration of CF was 
insufficient to have any significant effec!. 

In v itro screenitrg for b(Uteria [ wilt 
,./ 

An easy ill vitro screening technique was 
developed by d irectly inocul ating the bac
terial wilt pathogen R. solnnncenrum in cul
/;!;Jres of small plantlets maintained asepti
cally in culture bottles. The di ease reaction 
could be noticed in 15 days where the sus
ceptible plants showed typica l yellowing 
symptoms of bacterial wilt. 

Screening for reaction to diseases 

About 1000 soma clones establ ished in 
polybags were screened for their reaction to 
P. aphall iderlllatlllN and R. SOinllGCearlllll iniec
tions by d irect application of the pathogen 
to the collar region of the young shoots. The 
disease development was manifested as yel
lowing and curling of leaves with water 
soaked patches at the collar region. 
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Twenty-two somaclones were planted (in 
both greenhouse and field) in endemic ar
eas of R. solanacearum Biovar III. All the 
plants succumbed to the disease after 120 
days of inoculation. 

Eleven somaclones, which escaped infection 
to P. apJionideramatum in the polybag screen
ing were found to be susceptible after 120 
days of inoculation in a pot culture experi
ment with virulen t strain of the pathogen 
when blended mycelial mats were used as 
inoculum. 

Identif ication of prondsing lines 

A few promising lines (with regard to yield, 
and other quality attributes) were identified 
from the somaclones. Lines MP-61-9, MP-
69-3, CR-67 and CR-1 222 were promising 
with yields of 870 g, 685 g, 536 g and 431 g 
of fresh rhizome per plant, respectively. Line 
CR-1222 had bold rhizomes. When these 
somaclones were indexed for their suscep
tibility to P. apltanidermatum by direct inocu
lation of the pathogen, seven lines namely, 
MP-61.9, MP-70, MP-72, MP-76, CR-I0, CR-
816 and CR-822 though sUSceptible survived 
the firs t cycle of inoculation, indicating a 
very Low Level of tolerance. Among them, 
MP-61-9, CR- I 0-1, CR-816 and CR-822 
yielded 870 g, 367 g, 373 g and 358 g fresh 
rhizome per plant, respectively. MP .14-15 
and CR-1222 were high yielders with 780 g 
and 600 g of fresh rhizomes per p lant re
spectively. MP-74-15 with a fresh rhizome 
yield of 780 g and CR-818 with a fresh rhi
zome yield of 398 g also had bold rhizomes. 
In addition, the rhizomes of CR-1222 were 
attractive with extra bold fingers. Based on 
biochemical assays, CR-818 (3.6%), MP-49-
7, MP-70-4, MP-97 and CR-IO-l (all with 
3.8%) were identified as low fibre types. 

Though a high degree of somac1onal varia
tion was found in ginger with regard to vari-
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ous morphplogical and quality characters, 
and a few promising lines were identified, 
no significant variation could be found with 
regard to resis tance to P ap/zanidemlatum and 
R. solanacearum. 

Externally Funded Projects 

1. DBT: Improvement of selected spice 
crops through biotechnological 
approaches 

(K. Nirmal Babu, Johnson K. George, M. 
Anandaraj, M. N. Venugopal and R. 
Ramakrishnan Nair) 

Genetic transformation in black pepper 

Leaf explants from juvenile and mature tis
sues and zygotic embryos were used as ex
plants for transformation. The explants were 
co-cultured with Agrobacterium s train GV 
2260 containing osmotin for 48 h . The treated 
tiss ues were in the selection medium 
(Woody Plant's Medium with BAP 1 mg/l 
+ kinetin 1 mg/ l + cephotaxime 250 mg/ l + 
kanamycin 50 mg/ I) . Four piantlets were 
regenerated from leaf discs treated with 
Agrobacteri1l11l containing osmotin. 

Isolatioll oj disease resistant gene candi
dates 

, 
Amplification of cilitinase and glucanase genes 

AmplWcation of chitinase gene from Piper 
colubrinurn was achieved using chitinase 
specific primer designed at the institute. 
Chitinase sequences (both pro tein and 
nucleic acid) were obtained from SWISS
PROT and TrEMBL (Protein Knowledge 
Base) in ExPASy (Expert Protein Analysis 
System) Molecular Biology Server. Barley 
chitinase structure was taken as a model to 
the design primers. Sequence homologues 
was obtained by FASTA search in POB. The 
chitinase sequences were subjected to 
BLAST search . The chitinase sequences 
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were then submitted for multiple alignment 
programme provided by the online software 
CLUSTAL-W by Genebee Software. 

The total RNA isolated from P. colubril1unI 
(control and challenged with P capsici) were 
used to study gene specific amplification. 
First strand cDNA synthesis was done with 
oligo d (T) 15 mer primer using standard
ized methods. Second strand (crutinase spe
cific) amplification was done by a chitinase 
gene specific 15 mer primer. A 600 bp band 
was found to be differentially amplified 
from RNA sample of P. colllbrimcnl chal
lenged with P. capsici. The conserved amino 
acid sequence SHETTGG was used to de
sign degenerate primers using primer Pre
mier 5 Software. A similar approach was 
followed for designing primers for amplifi
cation of a-I, 3 glucanase from P colL/bril1lml. 
Experiments are in progress to amplify a -I, 
3 glucanase specific gene fragments using 
15 mer primer designed based on partially 
conserved amino acids of glucanase genes. 

Amplificatiol1 of gel1es frolll P. colubrinum 

Late blight resistance protein identified in 
50lal/II111 species was used to identify se
quence homologues from p ublic database. 
Multip le alignmen t was done using 
CLUSTAL-W software. Two 15 mer prim
ers were designed based on partially con
served amino acid sequences of these dis
ease resistance genes. Multiple bands were 
amp lified in RNA samples from P. 
coillbrilllllll challenged with P. capsici. Se
quencing of the cDNA fragments are to be 
done for further confirmation. 

Differel1tial display al1lplification frol1l I1IRNA 

First strand syn thesis of mRNA isolated 
from P. col"brilllm, leaves (control and chal
lenged with P. capsici) was done using oligo 
d (T) 15 mer primers. Second strand ampli-
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fication was performed using 10 mer operon 
primers OPE-1 (S'CCCAAGGTCC3') and 
OPE-8 (5'TCACCACGGT3') and a differen
tially expressed band of approximately SGO 
bp was amplified in the sample from chal
lenged plant. 

A similar experiment done with 13 mer rc.n
d om p rimer seque[1 f:e 
(5' AAGCTTCGGCATA3') resulted in difft'r
ential amplification of more than 1000 br 
size in challenged plant sample in compari
son with total RNA sample from control 
plant. 

Isolation of disease resistant gene 

Differential display RT-PCR was carried out 
using RNAs isolated from P. colubril1 UIII (re
sistant to PllytoplltllOra) to tag genes ex
pressed in P.. colubril1l1l1l in response to 
Phytophflzora inoculation. The cDNAs were 
resolved in agarose gel. Two cDNA bands 
corresponding to differentially expressed 
genes in P. colubril1ul1I were eluted and 
reamplifi.ed for cloning and sequencing. 
DDRT-PCR was done with total RNA iso
lated from P. colubril1ulII leaves challenged 
with Phyfophfhora capcisi and normal leaves 
from uninoculated plants as control (Fig. 15). 
Gene specific primers were designed for am
plification of disease resistance and disease 
response genes. cDNAs corresponding to a 
putative chitinase gene (- 600 bp) and dis
ease resistance gene (2 cDNAs of - 250 bp) 
was amplified using one chitinase specific 
primer. 

Molewlar characterization of cardamom 

RA PO profiles of related species 

RAPD profiles were d eveloped in 13 related 
general species of Elettaria (E. cardalllOmU11l, 
A IIIO/1/l/I11 slIbuiatulII , A. gha ticllnl , A . 
lIIicrostephan1l11l , A . l1Ieleg ueta , A. 
illvomcratum, Alpinia purpureae, AI. gaial1.ga, 
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M 1 2 

Fig. 15. Amplification of chitinase specific 
c DNA from Prper coiubrit/tlm 

(M. Maker, 1. Amplification from plant sample 
challenged with Phytophthora capsici, 2. 

Amplification wi th RNA sample from Piper 
cOlJbril1l1111 (control) (Anow ind icates a 600 bp 

eDNA band in '1') 

AI. IIII/f ica and HedychiwlI coronarilllll .) with 
25 primers. All the primers showed high 
pOlymorphism. AI. galrznga was found to be 
nearest to cardamom while the farthest was 
A. gJlOticum and A. microcarpul1l, among the 
genera studied. 
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RAPD profiles of released varieties and promis
ing lines 

RAPD profiles were developed , using 25 
random primers, in 24 promis ing genotypes 
of cardam om, namely, JCRI-I , ICRl-2, 
RR-I, N KE-9, NKE-12, NKE-19, CCS-I, 
PV-I , PV-2, Mudigere-l, Mudigere-2, 
Sampaji Clone, MCC lines 12, 21, 40,85 and 
346,5-1, PS-27, SKP-165, SKP-170, MHC-26, 
MHC-27 and Hybrid-3. Most of the RAPD 
profiles developed had monomorphic pat
tern between genotypes and only a few poly
morphic bands were detected. A pattern 
unique to SKP-170 and MCC-40 could be 
detected with primer OPF-5 and OPB-13, re
spectively. Multi Branch Steri le differed 
from other 95 genotypes in the absence of a 
distinct band at 1 kb region, whereas Mini 
Pink could be distinguished from rest of the 
genotypes with aJ."I absence of a prominent 
band at 1.4 kb region with the primer, OPC-6. 

RAPD mark ers linke d to katte di sease 
resis tance 

RAPD profiles were dev eloped using 8 
primers in 22 Malabar types (11 each re.sis
tant and susceptible to cardamom mosaic 
virus). Though consIstent markers associ
ated with kntfe resistance could not be iden
tified, a few RAPD loci seem to be associ
ated with resistant genotypes. 
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III. Mega project: System approach for sustainabJe production of spices 

(Project leader: K. Kandiannan) 

1. Nutritional requirement of improved 
varieties of spices 

(v. Srinivasan, K. S. Krishnamllrthy, C. K. 
Tluwkamani and S. Hamza) 

Black pepper 

Evaluation of micronutrients 

The effect of foliar application of Zn on yield 
and quality of black pepper was evaluated 
at farmer's plots in comparison with soil 
application of Zn. The number of laterals 
produced was marginall y high er in 2 n 
treated plots. But the mean yield recorded 
at all the locations were similar to no Zn 
application except a t Kasaragod where Zn 
application recorded higher yieJds (TabJe 
20). The quality (oleoresin content) of black 
pepper berries was also on par among trea t
ments . 

Effect of Mg nlltrition 

The effect of Mg @ 0, 50, 75 and 100 kg/ ha 
was studied in black pepper. Soil availabil
ity of Mg increased with application of dif
ferent doses of Mg ferblizers. The available 
K was on par among levels of Mg fertilizers 
added along with uniform application of N, 
P and K. No clear influence on yield and 
chlorophyll content was observed by appli-

cation of Mg fertilizers in all the three vari
e ties studied, since the yields were very low. 

Nutrient requirement for targeted production 

Field experiments were' laid out at Madikeri 
by fixing the targets of production of black 
pepper at three levels namely, 7.5, 10.0 and 
14.0 kg/ vine. Soil samples were collected 
from plots with different yield targets and 
based on their initial soil test value the N, P 
and K requirement for the fixed targets were 
applied. At the first target level of 7.5 kg / 
vine, the recorded yield varied from 4.1 to 
11.0 kg/ vine. Under the target level of 10 
kg / vine, the recorded y ield varied from 5.0 
to 9.2 kg/ vine and under the target level of 
14 kg/ vine, it varied from 6.3 to 14.8 kg/ 
vine and the deviabon from the targets (7.5, 
10 and 14 kg) were 11.1%, 32.4% and 39.9%, 
respectively (Table 21). 

Ginger and turmeric 

Evaluation of microrwtrients 

The effect of application of Zn at different 
levels in combination with or without coir 
compost was studied in ginger and turmeric 
for the second year. Soil availability of Zn 
and P were estimated at harvest. The avail
able P content was low due to higher rate of 
P fixation. SoH 2 n availability increased sig~ 

Table 20. Effect of zinc application in black pepper 

Location No. of laterals/ 0.25m2 Fresh yield (kg / vine) 

Control 5 Zn F Zn Control S Zn F Zn 

Peruvannamuzhi 20.0 29.0 25.0 1.44 0.80 1.26 
Kasaragod 22.0 25.0 23.0 1.53 2.69 2.05 
Kannur 15.0 12.0 15.0 2.22 2.74 2.66 
Kozhikode 6 .1 6.3 6.8 2.34 2.24 2.05 
Wyanad 6.9 9.0 8.3 1.15 1.02 1.06 

S Zn = Soil z inc; F Zn = Foliar z inc 
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Table 21. Fertilizers recommended and yield recorded under different yield targets in black pepper 

Fertilizer (g/vine) Targeted fresh Actual fresh Deviation from 

N P K yield (kg/vine) yield (kg/vine) target (%) 

156 20 7.5 6.7 11.1 
258 104 10.0 6.4 32.4 
378 107 53 14.0 8.1 39.9 

nificantly with levels of Zn applied . Addi
tion of coir compost did not influence soil 
Zn and P availability. Leaf Zn level also fol
lowed the pattern of levels of Zn applied 
and foliar treatment recorded the highest 
concentration. 

Fresh yield of ginger rhizomes was highest 
in Zn application @ 5 kg/ha; all the other 
levels were on par with control and foliar 
application of Zn. Fresh yield of turmeric 
was on par among treatments (Table 22 and 
23). 

Table 22. Effect of Zinc and coir compost on zinc availability and yield of ginger 

Zn (kg / ha) Soil Zn (mg/kg) Yield (kg/3m2 bed) 

Without CC WithCC Mean Without CC With CC Mean 

0 0.9 1.0 1.0 9.1 9.1 9.1 
5.0 1.7 2.1 1.9 12.7 11.9 12.3 
7.5 3.8 3.6 3.7 11.8 7.9 9.8 
10.0 8.3 7.4 7.8 7.8 9.0 8.4 
15.0 14.4 16.0 15.2 7.5 8.2 7.9 
Foliar 2.3 1.9 2.1 9.0 7.9 8.5 
Mean 5.2 5.3 9.7 9.0 
CD (p<0.05) f OT Zn levels 1.4 1.4 
CD (P<0.05) for CC NS NS 
CD (p<0.05) for Zn x CC 1.9 1.9 

CC == Coir compost 

Table 23. Effect of zinc and coir compost on soiJ and leaf zinc ava ilabiUty and yield in turmeric 

Zn (kg/ha) Soil Zn Leaf Zn Yield (kg/3m2 bed) 

With- With Mean With- With Mean With- With Mean 
out - c._C out CC out CC 
CC CC CC 

0 0.74 0.67 0.70 14 12 13 9.8 13.2 11.5 
5.0 1.23 2.23 1.73 20 15 18 10.9 12.4 11.7 
7.5 1.99 2.40 2.44 27 20 24 10.9 11.7 11.3 
10.0 2.98 3.64 3.3] 40 24 32 10.4 11.4 10.9 
15.0 6.67 6.13 6.40 42 41 41 11.4 13.0 12.2 
Foliar 1.67 1.67 1.67 45 40 43 11.0 11.3 11.1 
Mean 2.55 2.87 31 25 10.7 13.2 
CD (P<0.05) for Zn levels 0.68 5.0 NS 
CD (P<0.05) for CC NS 2.9 1.2 
CD (P<0.05) for Zn x CC 0.96 7.1 2.9 

CC == Coir compost 
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Orgallic farming 

Trials on organic cultivation of ginger and 
turmeric were initiated to develop a pack
age for organic farming. The beds were so
larized and the biocontrol agent Tricltoderma 
harzialllll1l was applied to control rhizome 
rot. Organic inputs like 10 kg FYM, 1 kg 
neem cake, 2 kg vermicompost, 0.5 kg ash 
and 150 g rock phosphate were applied per 
bed of 3 m 2 and top dressed with 2.5 kg of 
enriched coir pith compost and 
vermicompost. The incidence of rhizome 
rot disease was very high in ginger and was 
controlled by periodical removing of in
fected plants along with infested rhizomes. 
The yield recorded was low with an aver
age of 8 kg/ bed in ginger and 10 kg/bed in 
turmeric. 

[PNM schedules 

An IPNM experiment to scale down fertil
izer use was laid out with sources like neem 
cake (NC) and phosphate solubilizing bac
teria (PSB) to supplement the nutrients. The 
soil K, Ca and Mg availability significantly 
increased with application of neem cake, 
phosphobacteria and P as rock phosphate. 

The increased level of P application up to 2 
P dosage and PSB application did not in
crease the available P in the soil beyond 3';7 
mg/ kg, probably due to higher degree of P 
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fixation in the soil. The lower pH (5.1 to 
5.3) in the soil probably did not support 
phosphobacterial dissolution during the 9 
month duration of the crop. 

In turmeric, a higher rhizome yield of 12.8 
kg/bed was recorded in plots applied with 
higher dose of P along with half the recom
mended dose of N with NC and FYM + PSB. 
H owever the rhizome yield was on par 
among the treatments (Table 24). 

In ginger, significantly high rhizome yield 
of 10.9 kg / bed was recorded in the treat
ment where FYM, neem cake, PSB and rock 
phosphate were applied along with half the 
recommended dose of urea, which was on 
par with recommended NPK. The oleoresin 
content was also highest (4.73%) in this treat
ment (Table 25). 

2. Efficacy of biofertilizers on nutritional 
management of black pepper 

(c. K. Thankamani, K. S. Krishnamurthy, V. 
Srinivasan and K. Kandiannan) 

The field trial to study the influence of 
Azospirillum sp . on growth and yield of black 
pepper was continued. Soil samples were 
collected and analysed for nutrients and 
Azospirillul1I population before and after 
imposing treatments. Initial nutrient status 
of soil was deficient in available phospho-

Table 24. Effect of IPNM on soil nutrient availability and yield of turmeric 

Treatment pH N P K Ca Mg Zn Yield 

(mg/ kg) (kg/3m2 bed) 

T1 4.80 60 3.30 173 241 112 0.57 10.250 
12 5.10 67 3.70 204 215 158 0.71 11 .830 
T3 5.20 69 2.50 227 328 164 0.69 12.850 
T4 5.30 67 2.80 197 334 175 0.83 12.930 
CD (P<0.05) 0.07 55 0.97 49 28 19 0.12 NS 

Tl = Recommended package of practice (POP); T2 = Half N & P of POP + Phosphate solubilizing 
bacteria (PSB) + Neem cake (NC); T

J 
= Half N of POP + PSB + NC; T4 = Twice POP + PSB + NC 
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Table 25. Effect of IP M on soil nutrient availability and yield of ginger 

Treatment p H Yield N P K Ca Mg Zn 
(kg / 3m2 bed ) (mg/ kg) 

T1 5.07 10.970 103 0.62 59 219 56 0.93 
T2 5.29 8.380 107 1.70 83 320 90 1.03 
T3 5.49 10.940 108 2.30 97 366 101 1.05 
T4 5.39 9.720 98 1.70 71 274 75 0.88 
CD (P<0.05) 0.02 2.500 7 0.72 32 85 22 NS 

TI = Recommended package of practice (POP); T2 = Half N & P o f POP + Phosphate solubilizing 
bacteria (PSB) + eem cake (NC); T3 = Half N of POP + PSB + NC; T4 = Twice POP + PSB + C 

rous and high in n itrogen and potash . Pre 
treatment Azospirilluni popu1ation was 10w. 
Azospirillum popu1a tion gradually increased 
and highest Azospirill LlI1l counts were re
corded in the treatment where inorganic ni
trogen 50% + Mg were applied. Nitrogen 
and p hosphorous contents were more in 
plots in which Azospirillw11 was applied but 
no significant d ifferen ce was observed. Po
tassium availability increased significantly 
in plots in which Azospirillllnt was ap plied. 

3. Biometeorological investigations and 
modelling in black pepper 

(K . Kandiannan, C. K. Thankamani, K. S. 
Krishnamurthy, V. Sriniv asan and Utpala 
Parthasarathy) 

Weather is one of the key components that 
con trols agricultural production ana in some 
areas as much as 80% of the variability in 
yie1d is due to variability in weather condi
tions. This p roject was initiated with the 
objectives of surveying and summarizing 
the existing knowled ge and data on the ef
fect of meteorological factors on black p ep 
per yield, making u se of m eteorological in
formation in order to relate meteorological 
elements to yield response of black pepper 
and studying the quantita tive dependence 
of black pepper yield on meteorological vari
ab les. The available publish ed information 
on the role of climate/weather on produc-

tion of black pepper was collected for fu r
ther ana1ysis. 

Final Reports 

1. Investigation on spices based 
cropping systems 

(v. S. Korikanthimath, A. K. Sadanandan, 
K. Siva raman, M. N. Venugopal, Rajendra 
Hegde, S. J. Ankegow da, C. K. Thankamani, 
K. Kandiallnan and V. Srinivasan) 

Objectives 

• Compatibility of various crop combina
tions in spices based cropping systems. 

• Organic recycling of crop residues and 
farm wastes in the system . 

• Impact of crop combinations on YAM 
and other associated micro organisms. 

• Minimizing cost of cultivation by shar
ing common cultural operations. 

• Generating gainful employment to small 
and marginal farmers and agricultural 
labourers, round the year. 

• Building up of con genial microclimate 
with various crop combinations. 

• Econ omic analysis. 

Soil nutrient status 

On-farm trials on mixed cropping of carda-
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mom und er two agroecological cropping 
situations namely, Robusta coffee in Kodagu 
and arecanut in Uttar Kannada districts 
(Karnataka) were monitored. Soil samples 
were collected at two d epths (0-15 cm and 
16-30 cm ) in cardamom based cropping sys
tem and analysed for pH, organic carbon, 
major and micronutrients. The soils were 
acidic and the pH ranged from 5.0 to 6.1; in 
gen eral the surface soil h ad higher pH than 
the sub-surface layer. The soil was high in 
organic carbon content w hich was m axi
mum in coffee (3.3%) followed by carda
mom (3.0%) in mixed cropping of carda
mom + coffee combination. Interestingly 
lowest organic carbon content of 1.3% was 
noticed in sole crop of coffee. P content was 
higher in nutmeg (22.6 ppm) cultivated in 
combination with cardamom, while lowest 
P content was observed in cardamom (3.2 
ppm) cultivated along with cinnamon. The 
highest K content (498 ppm) was noticed in 
clove cu ltivated with cardamom, while low
est K content (105 ppm) was observed in car
damom grown with black pepper. 

Ca and Mg contents in surface soil were 
higher in cardamom as sole crop than cof
fee alone. H owever, highest Ca content (1238 
ppm) was observed in coffee grown with 
cardamom followed by nutmeg (967 pp~), 

allspice (920 ppm) and cardamom (900 ppmr 
with clove, which were higher than sole crop 
of cardamom. The highest Fe content (26.8 
p pm) was observed in clove and allspice 
grown in combination with cardamom and 
lowes t was with black pepper (14.3 p pm). 
Allspice, cinn amon and clove recorded 
higher content of Mn than the sole crop of 
cardamom. In general, Zn and Cu availabil
ity in soil was not influenced by cardamom 
based cropping system. However, slightly 
high er availability of Zn was observed with 
clove (1.0 ppm) and allspice (0.9 ppm) than 
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sole crop of coffee. In general, Cu content 
was higher in mixed cropping system than 
sole crop of cardamom. Nutrient availabil
ity was generally higher at surface than sub
surface layer and availability of major and 
micronutrients was higher in cardamom 
based cropping system than sole crop of 
cardamom and coffee. 

Leaf nutrient con ten t 

Leaf N (3.50%) and P contents (0.21 %) were 
highest in coffee m ix cropped with carda
mom. Cardamom in combination w ith black 
pepper as well as mono crop recorded high
est K (3%) content. Allspice leaves contained 
highest Ca content (3.4%) whereas Mg was 
m aximum in nutmeg leaves (0.42%). Fe con
tent was m aximum (237 ppm) in coffee mix 
cropped with cardamom . Mn conten t was 
highest (805 ppm) in ca rdamom mix 
cropped with coffee. Zn content was high
est in nutmeg mix cropped with cardamom. 
It was interesting to note that Cu content 
was highest (119.9 ppm) in black pepper mix 
cropped with cardamom. 

Microclimate and-physiological parameters 

In all the crop combinations, humidity in
side the leaf chamber was lower than inside 
the crop canopy. Crop combinations involv
ing cardamom + cinnamon and cardamom 
+ black pepper allowed better infiltration to 
photosynthetically active radiation com
pared to other combinations . Among the 
various crop combinations, tran spiration 
ra te was highest in cinnamon and lowest in 
clove and cardamom as sole crop (Table 26). 
Leaf temperature was highest when coffee 
and cardamom were grown as sole crops. 
Highest stomatal conductance was recorded 
in black pepper when grown along with car
damom. Allspice recorded highest ph oto
synthetic rate. Intercellular CO2 concentra
tion was highest in coffee as m ixed crop. 
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Table 26. Physiological parameters in ca rdamom based cropping systems 

Crop combination Transpira tion Leaf Stomatal Photosynthesis Inter 
(~mole temperat- cond uctance (pmol cellular CO

2 
Hpm·2) ure (0C) (pmol C02m·2) conc.(pmol 

Nutmeg + Cardamom 0.8 31.6 
Clove + Cardamom 0.4 33.2 
Allspice + Cardamom 1.0 32.4 
Cinnamon + Cardamom 2.1 32.6 
Black pepper + Cardamom 1.4 31.7 
Coffee + Cardamom 0.9 31.9 
Coffee (sole crop) 1.8 34.7 
Cardamom (sole crop) 0.4 33.4 

Ligl1t distribution 

Light availability in cardamom based crop
ping systems was studied by measuring 
photosynthetically active radiation (PAR) in 
open, below shade trees, above and below 
cardamom p lants. PAR in open condition 
ranged from 1296.0 to 1559.7 pmol m·2sec·1. 

The light avai lable to component crops 
ranged from 64.5 to 610.2 pmol m·2sec·1. 

Light intercep ted by shade trees ranged 
from 58.0% to 97.5%. The leaf area index of 
shade trees ranged from 0.84 to 2.66, which 
indicated the need for shad e regula tion. 
Light received by cardamom in various 
cropping systems ranged from 54.2 to 906.4 
Ilffiol m·2sec·1 with a mean of 265.92 pmol 
m·2sec·1• The available light, which .i.iltered 
through cardamom canopy and which reached 
nearer to grolUld ranged from 15.00 to 111.35 
Ilmol m·2sec·1 with a mean of 63.94 pmol 
m '2sec l

. Light intercepted by cardamom canopy 
ranged from 28.0% to 89.5% and leaf area 
index of cardamom ranged from 0.65 to 2.08. 

C02m
2) CO~m·2) 

0.03 3.30 88.4 
om 0.91 179.9 
0.04 6.80 178.0 
0.10 4.33 174.3 
1.30 4.58 157.5 
0.04 2.86 216.2 
0.06 2.70 187.0 
om 2.05 79.8 

Rhizosphere microflora 

Initial soil samples were collected at three 
locations and at two horizontal zones from 
p lant base (0- 15 and 16-30 cm) for study
ing the rnicrobialload (Table 27). The myc
orrhizal spore COlUlt was 21.33/ 100 cc of soil. 

The populations of commonly occurring 
fW1gi, bacteria and actinomycetes were also 
enumerated in the rhizospheres of compo
nent crops lUlder study. N itrogen fixers, 
phospahte solubilizing. bac.teria (PSB) and 
phosphate soLubilizing fungi population 
were als..o analysed . Bacterial population in 
the rhizosphere of cardamom lUlder mixed 
crop was lower compared to its sole crop 
but higher than the control plot (unculti
vated check). However, lUlder mixed crop 
situations, cardamom rhizosphere contained 
consistently higher pop ulations of fungi, 
phosphate solubilizers and nitrogen fixers 
when compared to sole crop and control 
plot. Actinomycetes population did not 
show much variation in various systems. 

Table 27. Initia l microbial population (other than VAM) in the soil 

Depth 

1- 15 cm 
15- 30 cm 

Bacteria 
(x 105) 

18.35 
9.97 

Fungi 
(x 103) 

14.10 
7.18 

Actinomycetes 
(x l OS) 

5.56 
3.81 

N2 fixers 
(x ] 03) 

8.71 
16.77 

P-solubilisers 
(x ] Ql) 

5.93 
43.73 
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Disease incidence 

The inciden ce of various diseases of main 
and com ponen t crops w as record ed during 
mid and p ost-monsoon p eriods. Mosaic 
infection in cardamom occured randomly in 
only two blocks depending on access to in
oculum source and viruliferou s aphids. Leaf 
bligh t of cardamom, anthracnose of black 
pepper and leaf spot of clove and cinnamon 
caused by Col/etotrichl1l11 gleosporiodes were 
also observed . 

Grow th and yield param eters 

Among the various crop combinations, car
damom + clove recorded maximum ground 
coverage (9200.4 m2), leaving only 799.6 m2 

of the ground area uncovered. Least ground 
coverage was obser ved in crop combination 
with cardamom and coffee (6552.3 m 2). Car
d amom exhibited better grow th in terms of 
its height in combina tion w ith allspice, 
whereas its growth was reduced in combi
nation with black pepper. Sole crop of car
damom recorde d maximum number o f 
bearing tillers and total tillers. Among the 
mixed crop treatments, cardamom in com
bination w ith clove showed better tillering 
(Table 28). 

All the component crops (coffee, black p ep- " 
per, c love and cinnamon) except nutmeg 
have commenced yielding (Table 29). 
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2. Management e fficiency of whole 
farm approach in farming-a s tudy on 
spices based farming system 

(V. S. Korikantlti11lath, Rajel1dra Hegde, S. 
J. A 1Ikegow da and P. R ajeev) 

Objective 

The project was initia ted to study th e man
agement efficacy of whole farm app roach 
in spices based farming systems. 

Pilot s tudy 

A pilot study was conducted by interview
ing a group of farmers, adopting rapid ru
ral appraisal technique, to decide the choice 
of enterprise to be included in the system . 
The study indicated that, there was a sys
tem of integra ted farming earlier and cattle 
were considered an important componen t 
of it. As the area under various plantation 
crops was less, the available forest land and 
common village land served the purpose of 
grazing for animals. However, with the ex
pansion of area under p lanta tion crops later, 
th e area available for anjmals to g raze 
gradually disappeared. With the availabil
ity of ready to use ch emical fer tilizers, the 
system changed to specialized farming of 
plan ta tion crops . The plan ters ob tai~ed 
adequate quantity of manures from neIgh
boring d istricts a t a cheaper cost earlier. But 

Table 28. Growth characters of cardamom in various cropping systems 

Crop combination Height No. of til lers 

(cm) Bearing Non-bearing Total 

Cardamom + Nutmeg 169 21.0 14.3 35.3 

Cardamom + Clove 172 26.7 19.3 46.0 

Cardamom + Allspice 174 18.9 16.7 35.6 

Cardamom + Cinnamon 167 19.2 16.8 36.0 

Cardamom + Black pepper 154 15.2 11 .3 26.5 

Cardamom (sole crop) 165 25.3 19.2 44.5 
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Table 29. Yield of cardamom in various cropping systems 

Crop combination 

1993 1994 1995 

Cardamom + Nutmeg 1066 292 498 
Cardamom + Clove 1138 271 521 
Cardamom + Allspice 1031 304 477 
Cardamom + Cinnamon 853 273 368 
Cardamom + Black pepper 770 147 336 
Average of cardamom in 
crop combinations 972 257 440 
Cardamom (sole crop) 1235 398 593 

i.n recent times, extensive cultivation of gin
ger in the neighbouring districts and expan
sion of area under various plantation crops 
have made organic manures a scarce com
modity. In Uttara Kannada and parts of 
Shimoga where a majority of the planters 
are small holders, integrated system of cul
tiva ting arecanut, cardamom, ban ana , 
paddy, coconu t and animal husbandary 
make farming viable and sustainable. Hence 
in Kodagu District also, the need for an in
tegrated wh ole farm approach is being felt 
by many progressive farm ers. 

Compollellt crops 

Various component crops such as, card a
mom, a recan ut, ba n a na, Garcinin 
glllllllligutta, Artocarpus lakoocha, black pep
per, coffee and vanilla along with bee keep
ing were included in the wh ole farm fann
ing system. 

Biomass production and recycling 

Biomass production was assessed in vari
ous cropping systems. Co-1 grass produced 
an average of 67.33 t/ ha per year biomass, 
which was used as mulch and also sold as 
fodder. Biomass production in coffee and 
cardam om gardens were 13.88 and 6.94 t/ 
ha per year. In freshly p lanted card am om 
gardens, sunhemp (Crotniaria ju ncea) and 

Yield (kg/ha) 

1996 1997 1998 1999 2000 Average 

831 346 584 492 510 577 
240 512 840 817 830 646 
226 454 744 709 726 584 
]63 179 294 328 338 350 
181 297 487 402 410 379 

208 358 590 550 518 487 
346 657 912 833 842 727 

dhaincha (Sesbania aculeata) were sown sepa
ra tely in between rows of cardamom and 
14 t/ h a of fresh biomass (3.7 t/ h a of dry 
matter) was harvested in 50 d ays and uti
lized for composting. 

Growth parameters 

Various growth parameters of component 
crops were m easured (Table 30). 

Table 30. Growth parameters of component 
crops 

Crop Height (m) No. of 
branches/ 

~- leaves/ 
.---- tillers 

Robusta coffee 1.00 9.5 
Arabica coffee ],00 10.9 
Garcinia 3.00 24.8 
Allspice 3.67 3],0 
Arecanu t 3.08 6.4 
Cardamom 1.56 12.3 

Micro climate 

Air temperature and relative humidity in 
canop y area of component crops were re
corded (Table 31). 

Lig ltt transmission 

Photosynthetically active radiation received 
in open conditions, below the shade tree 
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Table 31. Microclimatic conditions in component 
crops 

Crop Air Relative 
temperature humidity 

("C) (%) 

Robusta coffee 29.8 56.2 
Arabica coffee 29.4 55.0 
Garcinia 29.8 54.0 
Allspice 29.8 55.2 
Arecanut 30.4 55.6 
Cardamom 30.4 52.0 

canopy, above and below component crops, 
light transmission / interception and leaf area 
index of shade trees and component crops 
were determined (Table 32). The canopies 
of shade trees permitted better light trans
mission in coffee plots. In other crops maxi
mum amount of light was intercepted by 
shade trees itself indicating the n eed for 
shade regulation. 

Table 32. Light availability to component crops 
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and to study the influence of vermicompost 
on soil properties and growth and yield per
formance of cardamom. 

Vermicomposting 

During the first year of study (1994-95), a 
sp ecies of local earthworm collected from 
Sirsi (Uttara Kannada), Sagar (Shimoga) and 
Appangala in Kamataka and an introduced 
African earthworm species (Elldrillus 
eugenia) were multiplied on a mixture of 
sh ade tree leaf litter and cow dung (10:1). 
The initial observations revealed that the 
introduced earthworm was efficient in con
version of organic wastes and its multipli
cation rate was also considerably high when 
compared to the local earthworm. But the 
local earthworm could not survive in the 
conditions at which E. eugenia p erformed 
very weU. Studies on composting of wastes 
initia ted during 1994-95 indicated that cof-

Crops PAR (J.lffiol m·2sec-l ) 

Open Below Transmission 
shade tree (%) 

Arabica Coffee 1160 470 40.5 
Robusta Coffee 1127 470 41.7 
Areca nut 1157 30 2.6 
Banana 1158 34 2.9 
Garcinia 1157 91 7.9 

3. Vermicompost production using 
organic wastes available in cardamom 
areas 

(v. S. Korikanthimath, Rajendra Hegde and 
S. ,. Al1kegowda) 

Objective 

The project was undertaken to study the ef
ficacy of vermicomposting in comparison 
with traditional methods of composting of 
organic was tes in cardamom growing areas 

Above Below Transmission Shade Crop 
crop crop (%) tree 

189 168 89.0 1.4 0 .3 
262 102 38.9 1.5 1.9 
44 30 68.2 4.9 0.7 
44 13 29.6 4.7 3.3 
91 30 33.0 4.9 1.0 

fee husk alone was not a good food for earth
worm (Table 33) and its population de
creased in this medium. When various or
ganic wastes were m ixed with leaf litter, the 
composting rate increased alon g with earth
worm population . The composting rate in
creased substantially when all the wastes 
were mixed in equal proportion with 
cowdung slurry. 

The nutrient (P, K, Mg and Ca) and organic 
carbon contents of the cardam om rhizo-
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Table 33. Vermicomposting of organic wastes 

Waste Conversion 
(%) • 

Coffee husk 22.6 
Coir d ust 56.2 
Arecanut husk 30.8 
Leaf litter 41.3 
Coir d ust + Leaf litter 46.3 
Areca husk + Leaf li tter 37.6 
Coffee husk + Leaf litter 20.1 
Coir dust + Areca husk + 80.7 
Coffee husk + Leaf litter 

Weight 
gain of 
worms 
(g)" 

-31.7 
200.0 
135.0 
211 .0 
100.0 
300.0 

25.0 
150.0 

• After 3 months; •• Initial worm wt. = 100 g 

sphere soil almost doubled when it was sup
plied with vermicompost or farm yard ma
nure (FYM) for two seasons. The pH of soil 
changed towards neutrali ty. However, the 
contents of mos t nutrients were only mar
ginally higher in vermicompost compared 
to normal compost (Table 34). 

Table 34. utrient content of vermicompost and 
compost from organic resid ues of cardamom 
plantation 

Nutrient Vermicompost 

J (%) 1.2 
P (%) 0.5 
K (%) 0.1 
Ca (%) 0.9 
Fe (ppm) 4179.0 
Mn (ppm) 401.0 
Zn (ppm) 78.0 
Cu (ppm) 56.0 
S (%) 0.9 

Grow tll and yield of cardamom 

Growtll parameters 

Compost 

],1 
0.2 
0.4 
0.8 

4119.0 
400.0 
78.0 
50.0 

0.5 

The effect of vermicompost on growth of 
cardamom was s tudied in comparison with 
neem cak e, FYM and NPK applied in vari
ous combinations (Table 35). 
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Table 35. Details of treatments in the experiment 
to study the effect of verrnicompost on carda
mom 

Tl ·Control 
T2 PK (50:50:100 g/plant in two splits) 
T3 FYM (10 kg/ plant in two splits) 
T4 Neem cake ( C) (1 kg/plant in two 

splits) 
T5 Vermicompost (VC) (3 kg / plant in two 

splits) 
T6 I PK + NC 
T7 NPK + VC 
T8 PK + VC 
T9 Half VC+ Half PK 
n o Half VC + Half NC + Half NPK 
n1 Half FYM + Half NC 
T12 Half FYM + Half NC+ Half PK 

Observations on number of tillers per plant, 
number of leaves per ti ller and plant height 
were recorded at 6 months after treatment 
(Table 36). There was no significant differ
ence among the treatments in number of 
tillers per plant and plant heightr however 
there was signifjs9nt-<iifference between the 

Table 36. Effect of vermicompost on growth of 
cardamom (6 months after trea tment) 

Treatment Height 
(em) 

n 
T2 
T3 
T4 
T5 
T6 
T7 
T8 
T9 
n o 
T11 
T1 2 
CD (P<0.05) 

130.6 
135.0 
127.8 
136.1 
133.9 
123.3 
127.2 
138.3 
126.1 
137.8 
124.6 
137.2 

S 

16.1 
20.8 
18.3 
21.6 
16.9 
20.1 
21.7 
20.8 
18.0 
21.9 
15.2 
19.3 
NS 

Refer Table 35 for details of treatments 

o. of 
leaves/ 

tiller 

36.0 
36.9 
35.1 
37.6 
37.7 
33.2 
34.3 
35.8 
35.8 
37.7 
36.4 
37.4 

3.9 
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treatments in number of leaves per tiller. 
The number of leaves per tiller was higher 
(37.7) in trea tments w hich rece ived 
vermicompost alone (Ts) and 50% V C + 50% 
N C + 50% NPK (T

10
), which was signifi

cantly higher than T. (100% NPK + FYM), 
which recorded lowest number of leaves per 
tiller (33.2). 

Observations on plant height, number of 
tillers, number of bearing tillers, number of 
non-bearing tillers and fresh yield recorded 
during 2001 indicated that there was no sig
nificant difference between treatments for 
growth and yield characters (Table 37). 

Nutrient contellt in soils 

The application of organic and inorganic 
fertilizers significantly influenced nitrogen 
and phosphorus contents in the soil. How
ever, there was no significant difference 
among the treatments on the K content of 
soil. The highest contents of 241.67 kg/ ha 
of N, 88.93 kg/h a of P and 737.67 kg/ ha of 
K were observed in the treatments Ts' T6 and 
T

b
, respectively. The lowest contents of N 

(135.33 kg/h a), P (14 .33 kg / ha) and K 
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(165.00 kg/ ha) were observed in the treat
ments T9, Tl (control) and Ts' respectively. 
Relatively higher build up of nutrients in soil 
was observed when the recommended dose 
of fertilizer + organic fertilizers were ap
plied . 

Secondary micronutrients 

The highest contents of Ca2+ (585.33 ppm), 
Mgl' (204.67 ppm), Fe (43.67 ppm), Mn 
(43.00 ppm), Zn· (2.6 ppm) and Cu (7.93 
ppm) were observed in the treatments TH. 

T3• T 9• T6 and Ty respectively. The lowest 
contents of Zn (1.67 ppm) and Fe (27.67ppm) 
were observed in con trol while that of Ca2+ 

(404.33 ppm) and Mg2
• (111.0) in T10' Mn 

(14.33) in Ts and Cu (4.50 ppm) in Ts 
(Table 38). 

The secondary micronutrient content (ex
cept Mn) in soil was not significantly influ
enced by application of organic and inor
ganic fertilizers. 

Microbial population 

Bacterial population ranged from 140.19 x 
105 to 274.93 X 105 in v arious treatments with 

Table 37. Effect of vermicompost on growth and yield of cardamom 

Treatment Plant height No. of No. of No. of non- Fresh yield 
(cm) tillers beanog tillers bearing tillers (g / plant) 

Tl 166.0 22.9 13.9 9.1 129.1 
T2 150.3 21.9 12.5 9.3 114.7 
T3 165.7 22.7 13.4 9.3 59.1 
T4 205.3 34.0 1S.5 15.6 230.3 
T5 174.7 23.0 13.7 9.S 410.S 
T6 169.0 21.4 10.4 10.3 7S.0 
T7 176.0 26.4 15.1 11.5 176.7 
TS 155.7 IS.9 9.S 9.1 64.7 
T9 170.0 25.0 14.5 11.2 106.S 
TlO 192.0 30.2 1S.6 11.6 194.3 
T1l 193.3 20.1 17.6 9.S 134.9 
Tl2 IS3.7 26.1 16.9 12.2 1S1.~ 

CD (P<0.05) NS NS NS NS NS 

Refer Table 35 for details of treatments 
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Table 38. Effect of vermkompost on micronutrient content in soil (after 6 months) 

Treatment Caz+ Mgz+ Fe Mn Zn Cu 
(ppm) 

T1 512.00 121.00 27.67 
T2 460.00 121.00 42.67 
T3 498.67 204.67 43.67 
T4 553.67 199.00 38.33 
T5 449.00 112.00 32.67 
T6 425.00 136.33 38.03 
T7 427.67 129.67 09.33 
T8 437.67 120.33 31.33 
T9 542.67 542.67 138.33 
no 404.33 111.00 32.00 
Tll 585.33 189.33 40.00 
Tl2 418.33 158.67 35.67 
CD (P<0.05) NS NS NS 

Refer Table 35 for details of treatments 

a mean of 195.63 x 105. Fungal population 
ranged from 58.41 x 104 to 135.70 X 104 with 
a mean of 80.21 x 104

• Actinomycetes ranged 
from 28.46 x 103 to 76.26 X 103 with a mean 
of 43.78 x 103. Beijerinckia population ranged 
from 15.33 to 71 .64 with a mean of 37.7 
(Table 39). 

17.00 1.67 5.03 
29.00 2.10 7.13 
23.67 2.17 7.93 
23.00 2.10 6.33 
24.33 2.07 6.43 
22.00 2.60 5.37 
30.67 2.23 5.50 
15.67 2.20 4.50 
43.00 2.10 4.57 
21.17 2.43 5.47 
21.33 2.57 6.80 
24.67 2.17 6.23 
24.63 NS NS 

Light interception 

Light availability (PAR) in various treat
ments w as studied. Light availability in the 
plot was 1520.78 pmol m ·2sec·1. Almost 
70.7% of light was intercepted by shade trees 
and the mean leaf area index of shade trees 
was approximately 1.4. Cardamom crop 

Table 39. Effect of vermicompost on microbial population in soil (1 year after planting) 

Treatment Bacteria Fungi Actinomycetes Beijeril1ckia 
(x 1O~) (x 104

) (x 1Ql) (x 102) 

T1 186.88 
..... 

,97.55 45.84 43.45 
T2 209.55 72.18 36.09 36.09 
T3 195.92 66.87 43.01 35.20 
T4 183.45 86.47 42.07 18.70 
T5 150.94 62.50 57.78 15.33 
T6 274.93 83.19 76.26 71.64 
T7 209.13 93.87 35.65 57.03 
T8 140.19 58.41 40.89 58.41 
T9 153.85 69.82 36.69 50.89 
no 211 .75 135.70 31.59 19.89 
Tll 219.23 68.44 51.04 20.87 
Tl2 211 .79 67.59 28.46 24.90 
Mean 195.63 80.21 43.78 37.70 

Refer Table 35 for details of treatments 
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received a mean of 335.36 }~mol m'~sec" light 

(PAR) and intercepted 62.9%. 

Externally Funded Projects 

1. NATP: Development and evaluation 
of soil and water conservation 
measures and land use system for 
sustainable crop production in Western 
Ghats of coastal regions 

(5. ,. A nkegowda) 

Four field experiments namely, assessmen t 
o f soil and water conservation measures in 
cardamom; system s of planting for effici ent 
utilization of rainwater in ca rdamom; as
sessm ent of frequency and d u ra tion of irri
gation in card amom and assessment of soil 
and water conserva tio n in coffee based 
multi-storeyed cropping system were laid 
out (Fig. 16). Soil and wa ter conservatio n 
treatments were imposed during 2001-02. 
Soil properties and nutrient s ta tus were re
corded during initiation of experim ents. 
Data on growth of main crop and vegeta
tive barrie rs were recorded at six monthly 
interva ls. 

The tria ls ind icated that conto ur s taggered 
trenches of 2.00 m x 0.30 m x 0.45 m in a lter
nate rows o f ca rda m om and coffee p re-

Fig. 16. lnlercropping of pineapple in 
cardamom planta tion for soil conservation 
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vented water and soil loss by restricting soil 
movement and a lso improved soil moisture 
s tatus. The con tour staggered trenches along 
with vegetative ba rrie rs li ke p ineapple, 
french bean and ginger a lso restricted soil 
and water loss. Though ginger performed 
well d u ring the firs t year of pla nting, the 
incidence of d iseases was higher during the 
s ubseq uent yea rs . Pineapple and french 
bean performed well when g rown between 
two rows of cardam om or coffee. In the ex
periment o n irrigation schedules, drip irri
gatio n and s p rinkler irrigation treatments 
were better than control in term of growth 
parameter? A farm pond was constructed 
which would be s ufficient to meet the wa
ter requ irement of the whole farm in future. 

2. Government of Kerala: Technology 
mission on black pepper 

(V. Sriniv as all, B. Sasik ll ltlnr, C. K. 
Thanka marti, 5. 5. Veena alld Y. R. Sa rma) 

The research experiments under Technology 
Mission on Black Pepper were Initiated in 
2000 in fa rme rs fields in northern dis tr icts 
of Kerala with tl{e objective of identi fy in g 
and popularizing high yield ing va rieties, 
evolving technolOgies for sustainable pro-

"' du ction and developing cost effective tech
ne logy fo r management of d iseases of black 
pepper. 

Eva/ ua t ion of v arieties 

Under iden tification of location s pecific va
r ie ti es prog ramme a t Kasa ragod a nd 
Kozhikode d is tricts, the new black pepper 
lines and varieties/ hybrids from Pepper 
Resea rch Station, Panniyur (P-1 to P-S) per
form ed superior to local varie ties as well as 
S reek ara, Subhakara, Pa n chami a nd 
Pournami in terms of plant height, num ber 
of laterals and spikes produced. However, 
among th e new lines, OPKm was superior 
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in terms of growth and earliness in bearing. 
In Wyanad District, the new lines, Panniyur 
varieti es a nd Sreekara p e rform ed well 
(Fig. 17). 

Evaluation of organic nutrition 

In the experiment on effect of organics on 
yield and quality of black pepper, the treat
ment farm yard manure (FYM) + neem cake 
(NC) + phosphobacteria (PB) recorded maxi
mum yield (2.32 kg/vine) and was on par 
with all other treatments except check. Ap
plication of biofertilizers (Azospirillum and 
phosphobacteria) a long w ith FYM or with 
half the recommended Nand P doses helped 
in increasing soil fertility and yield. Under 
the experiment on standardi zation of low 
input practices for black pepper, th e yield 
was maximum (2.24 kg/ vine) in standard 
package of practices (POP) treatment that 
wason par with Y2 POP+Zn, !h POP+ BF and 
lh POP+NC. 

Evaluation of biocontrol agents 

In the experiment on adoption of biocontrol 
schedules for checking Phytophthora diseases 
in the nursery, the efficacy of fungicid es 
name ly, potassium phospho nate and 
metalaxyl alone and in combination with the 
biocontrol agent (BCA) Trichodenlla 
harziollum was tested in comparison with the 
standard practice of drenching coppel'Oxy
chloride and spraying Bordeaux mixture. 
BeA along with chemicals had positive ef
fect on growth parameters and disease sup
pression. Under field conditions also, yel
lowing was least in BCA and potassium 
phosphonate treatments. 

Evaluation of propagation methods 

Under standardization of rapid metllod of 
generation of planting materials of hi gh 
yielding varieties, the performance of con
ventional method of propagation was eva lu-
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Fig. 17. Evaluation of promising lines of black 
pepper in farmer's field 

ated in farmer's plots at Ka nnu r a nd 
Kozhikodc districts. At Kannur, the suc
cess rate varied from 68% to 70% whereas, 
a t Kozhikode it was 78%. Among the vari
e ties, maximum su ccess was obtained in 
Panniyur-2 at both the locations. 

3. leAR Emeritus Scientist Scheme: In
tegrated plant nutrient management 
s trategy for breaking black pepper 
yield plateau and quality up gradation 

(A. K. Sadanandan) -
Objective~ 

The objectives of the project was to study 
the impact of integra ted Plant Nutrient 
Management System (IPNS) on improving 
soil and crop quality and breaking the yield 
plateau in black pepper. 

Introduction 

Studies on effect of IPNS in increasing nu
trient ava ilability in soil, crop uptake of nu
trients, yield and quality improvement in 
black p epp er was taken up for two years 
(2000-02). The greenhouse experiments/ 
fie ld tria ls were conducted in four major 
black pepper growing agro-ecologlcal situ
a tio ns in Ca licut, Wya nad (Kerala), 
Pollibetta (Karnataka) and lower Palanis 
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(Tam il adu). The treatments comprised 
of application of soil conditioners, diHerent 
sources of plant nutrients such as organic, 
inorganic (including micronutrients) and 
biofertilizers in balanced proportion. 

Nutrieu t availability and yield respollse 

Liming black pepper growing acid soi ls @ 

half the lime requirement of the soil en
hanced dehydrogen ase en zym e ac tivi ty, 
microbial population and nutrient availabil
ity in soil and crop productivity. Applica
tion of inorgan ic N at half the recommended 
d ose (50 kg N / ha) and the balance N (50 kg 
N / ha) as organic form (FYM and d e-oiled 
neem / groundnut cakes) in conjLU1ction with 
biofertilizer s (A zospirill ul1l and 
phosphobacteria) each @ 10.9 cfu per vine 
and micronutrients (zinc, boron and molyb
d enum @ 5, 2, 1 kg / ha) enhanced spiking 
intensity, nutrient uptake, yield and b erry 
volume of b lack pepper. Significant increase 
in leaf , for indi\'id ual years as well as over 
the years, was also noticed due to adoption 
of IPNS. The bulk density of the soil de
creased d ue to the adoption of IPNS. FYM 
application significantly decreased the bulk 
density irrespective of the soils. 

Soil quality 

Improving and maintaining soil quality pro
vided economic benefits in increasing pro
du ctivity. Among the soil quality a t
tributes, organic carbon and cation exchange 
capacity (CEC) were the most discriminat
ing attributes in all areas. The soil organic 
matter and CEC contributed subs tantially 
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to the ability of the soil to accept, hold, and 
release nutrients to black pepper vines at 
Wyanad, Pollibe tta and lower Palanis. 
Adoption of IPNS decreased Pl7ytoplitliora 
disease incidence to around 2% over the 
years in all areas. 

Crop quality 

Piperine and oleoresin contents of black pep
p er significantly increased due to adoption 
of IPNS. At Calicut and Pollibetta, maxi
mum piperine and oleoresin contents were 
recorded when inorganic N was applied at 
half the recommended dose and the balance 
N as organic form supplemented w ith 
biofertilizers and micronutrients. However, 
in Wyanad and lower Palanis, maximum 
piperine and oleoresin contents were ob
served when FYM and inorganic fertilizers 
were supplemented with micronutrients. 

Yield targetillg 

To attain a targeted yield of 3 kg/vine from 
the soiJs of Wyanad, the nutrient require
ment based on soil test value, yield and nu
trient uptake of the berry; was N: PO,: K

2
0 2 _ 

@ 128:206:136 kg/ ha. For a ttaining a tar-
geted yield of 8 kg / vine for the soil of 
Pollibetta, the N: P2 Os: ~O requirement was 
151:60:212 kg/ha.. 

" Economics 

The overall beneficial effect of lPNS was re
flected in cos t-b~nefit analysis. For every 
rupee invested, the benefit was Rs 5.59 at 
Wyan ad, Rs 6.76 at lower Palanis and Rs 
16.70 at PoUibetta. 
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IV. Mega project: Production phy siology of spice crops 

(Project leader: B. Chempakam) 

1. Biogenesis of pigments in spice crops 

(B. Chell1pakam and T. John Zachariah) 

PAL activ ittj and curculII ill levels 

The activity of phenyl alanine lyase (PAL) 
was studied in 20 accessions of turmeric 
with low (>2%) and high « 5%) levels of 
curcumin to study the rela tionship between 
PAL activity and curcumin levels (Tables 40 
and 41). There was a direct correlation be
tween PAL activity and curcumin levels, 
which confirmed its role as the rate-limit
ing enzyme. 

Table 40. Phenyl alan ine lyase activity in high 
curcumin accessions of turmeric 

Acc./Var. 

Alieppey 
Suguna 
Sudarsana 
Acc. 38 
Acc. 126 
Acc.290 
Ace. 325 
Acc.329 
Acc.356 
Ace. 583 
Ace. 585 

Curcumin 
(%) 

7.0 
6.5 
6.8 
7.5 
7.2 
8.5 
7.1 
7.5 
7.6 
7.0 
7.0 

PAL activity (pM 
trans-cinnamic 
acid released/ 

min / mg 
protein x 10.2) 

105.4 
58.9 
79.9 
20.0 
76.0 
66.7 
21.3 "-
49.0 
26.6 
28.2 
72.6 

Tra ce,. s tudies w ith 14C-C0 2 

One month old turmeric p lants were ex
posed to HC-C02and samples were taken a t 
24,48,72 and 96 h intervals and afterwards 
at monthly intervals to study the incorpo
ration of the labeled compow"ld, using liq
uid scintillation counter. Incorporation of HC 

Table 41. Phenyl alanine lyase activity in low 
curcumin accessions of turmeric 

Acc. 

Acc.64 
Acc.88 
Acc.257 
Acc.303 
Acc.310 
Acc. 335 
Acc.367 
Acc.656 
Acc.672 
Acc.673 

Curcumin 
(%) 

2.7 
3.8 
3.3 
2.8 
2.4 
3.4 
3.0 
3.1 
2.9 
2.5 

PAL activity (11M 
trans-cinnamic 
acid released / 

min / mg 
protein x 10-2) 

6.1 
7.4 
4.6 

15.3 
16.7 
11.9 
6.5 
5.9 
8.3 
1.] 

was maximum in leaves up to 96 h, which 
was then tran slocated to the roots, which 
indicated that roots were the probable site 
for later s tages of curcumin biosynthesis. 

2. Characterization of d rought tolerance 
in black pepper 

(K. S. Krishllamurtlzy alld S. J. Ankegowda) 

One hundred black pepper germplasm lines 
were screened for drou ght tolerance and a 
few rela tively tolera nt accessions (HP-23, 
HP-29, HP-301 and HP-328) were identified 
which were fur ther screened under potted 
conditions. 

Relative water con tent and m embrane dam
age 

The tolerant and susceptible accessions had 
similar values for rela tive water content and 
membrane dam age up to 5 days after stress 
induction (DASI), but the differences were 
more pronounced a t 10 DASI. 
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Ascorbate peroxidase activity 

Ascorbate peroxidase activity increased 
under stress condition and varied among the 
hybrids. The increase was pronounced af
ter 5 DASI but a t 10 DASI, the activity 
s tarted declining and reached below control 
(without wa ter stress) levels (Table 42). 

Table 42. Ascorba te peroxidase activity in black 
pepper hybrid s 

Hybrid Control With stress 
(without stress) ----- ---

HP-23 3.9 
HP-29 3.5 
HP-37 3.0 
H P-42 3.6 
HP-58 4.0 
HP-I09 3.7 
HP-192 3.4 
HP-301 3.6 
HP-303 3.9 
HP-328 4 .2 
CD (P<O.OS) 5 

5 DASI 

5.7 
5.0 
4.9 
4.7 
5.0 
4.3 
4.8 
5.0 
5.1 
5.8 
0.6 

] 0 DASI 

3.3 
2.9 
3.0 
2.6 
3.2 
3.1 
2.7 
3.2 
3 .1 
3.7 
0.4 

Values indicate units/mg protein; DASI:::Days 
after stres!> induction 

Table 43. Superoxide d ismutase activity in black 
pepper hybrids 

~brid Control With stress 
(without stress) 

5 DASI 10 DASI 

HP-23 5.1 5.0 5.0 
H P-29 6.2 6.5 5.9 
HP-37 4.7 5.2 5.0 
H P-42 5.0 5.3 4.7 
HP-58 5.4 5.6 5.2 
HP-I09 5...1 5.9 5.1 
HP-192 5.3 5. 1 4.8 
H P-301 5.7 6.0 5.2 
HP-303 5.6 5.4 4.9 
HP-328 4.9 4.7 4.6 
CD (P<O.OS) NS 5 5 

Values indicate units/mg protein ; DASI:::Days 
after st ress induction 
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5uperoxide distnutase activ ity 

Superoxide dismutase activity did not alter 
much due to s tress and the differences 
among the hybrid s was not Significant. The 
increase in activity was minimal and was 
m ore or less s table even after 10 DASI 
(Table 43). 

GLutathiolle reductase activ ity 

Gluta thi one reductase activity a lso in
creased during water stress and significant 
differences were noticed among the hybrids. 
But after 10 DASI, the activity reached back 
to con trol (without stress) levels (Table 44). 

Table 44. Gluta thione reductase activity in 
black pepper hybrid s 

Hybrid Control With stress 
(w ithout stress) ------ --

5 DASI 10 DASI 

23 23.0 3 1.0 24.0 
29 19.0 24.0 21.0 
37 20.0 26.0 21.0 
42 16.0 21.0 18.0 
58 19.0 23.0 19.0 
109 21.0 27.0 22.0 
] 92 22.0 26.0 22.0 
30] 19.0 26.0 21.0 
303 16.0 20.0 16.0 
328 18.0 24.0 20.0 
GO (P<0.05) 1.5 2.4 1.9 

Values ind icate un its/mg protein; DASI=Days 
after stress induction 

3. Ch aracterization of dro ught tole rance 
in card am o m 

(5. J. Allkegowda, K. S. Krislmamurthy and 
D. Prasath) 

Evaluation of cardamom accessions 

Six accessions namely, APG-18, APG-34, 
APG-1 49, DR-3, DR-6 and DR-16 we re 
grown in cement pots under rain-ou t shel
ter for one year and moisture stress treat-
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ment was imposed by withholding irriga
tion. Growth parameters like plant height, 
number of leaves and n umber of tillers were 
recorded at initiation and at end of stress. 
Soil moisture content was also recorded at 
different intervals. 

Growth characters 

Growth parameters at initial stress period 
did not show significant variation. Geno
typic variation for plant height was signifi
cant at the end of stress (Table 45); DR-16 
recorded maximum plant heigh t and APG-
34 recorded minimum plant height. Signifi
cant va riations were also recorded for num
ber of leaves, number of dry leaves and 
number of tillers per clump. APG-18 re
corded maximum number of leaves fol
lowed by APG-149. N umber of dry leaves 
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was more in DR-16 followed by DR-6. 
Number of tillers was more in DR-16 and 
APG-18. 

Root characteristics 

Root length, total number of roots and root 
weigh t were significantly reduced under 
stress treatment (Table 46). APG-149 re
corded maximum number of roots. DR-16 
recorded maximum root weight under stress 
treatment. 

Biol1lass characters tics 

Mois ture stress significantly reduced root, 
leaf, stem and total biomass (Table 46). DR-
16, APG-149 and APG-18 maintained higher 
biomass under s tress compared to other 
genotypes. 

Table 45. Effect of moisture stress on growth parameters at end of stress in cardamom 

Genotype Plant height (cm) No. of leaves No. of dry leaves No. of tillers 

COli t roJ 
APG-]8 148.5 80.1 14.5 6.5 
APG-3~ 132.2 40.0 8.9 7.1 
APG-]49 166.7 50.3 15.8 7.6 
DR-3 125.4 50.2 8.7 6.3 
DR-6 138.5 49.8 8.6 7.6 
DR-16 175.8 42.5 14.2 8.7 
Mean 147.9 52.2 10.2 7.3 

Stress " 
APG-18 147.1 24.9 16.3 6.2 
APG-34 134.2 25.5 6.4 5.3 
APG-149 149.4 27.2 19.1 4.5 
DR-3 147.2 28.0 14.3 4.4 
DR-6 162.5 27.3 19.9 4.9 
DR-16 168.6 25.8 22.7 6.0 
Mean 151.5 26.5 16.4 5.2 

CD (P<0.05) 
Genotypes 5.5 NS NS NS 
Treatment S 10.3 4.9 1.2 
Interaction S NS NS S 

Values are per clump basis 
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Table 46. Effect of moisture stress on root characteristics and biomass at end of stress in cardamom 

Genotype Root length Total no. of Total root To tal leaf Total stem Total 
(cm) roots 

COli 1 ro/ 
APG-18 29.5 41.3 
APG-34 33.0 26.5 
APG-149 38.8 29.3 
DR-3 25.2 11.8 
DR-6 26.3 21.7 
DR-16 30.4 41.2 
Mean 30.3 28.6 

Slress 
APG-18 25.1 17.2 
APG-34 17.8 17.7 
APG-149 24.2 20.3 
DR-3 27.8 17.8 
DR-6 25.0 14.0 
DR-16 21.2 17.3 
Mean 23.5 17.4 

CD (P<0.05) 
Genotypes NS NS 
Treatment 4.2 7.9 
Interaction NS NS 

Values are per dump basis 

Screellillg of gerlllpLasm in the fie Ld 

Twenty-eight cardamom genotypes were 
e"f!uated for relative water content, specific 
leaf weight and s tomatal CQunt in the field 
and they recorded significant variations. 
Relative water content (% reduction over 
control) ranged from 7.26% to 33.18% with 
a mean of 16.33%. Specific leaf weight 
ranged from 4.2 to 5.8 mg/ cm2 with a mean 
of 4.85 mg/ cm2. Stomatal count ranged from 
6.41 to 11.6 with a mean of 9.83 at 60x. The 
genotypes APG-275, APG-276, APG-283, 
APG-284, APG-289 and APG-302 recorded 
relatively higher relative water content un
d er s tress. The gen o types A PG -276, 
APG-277, APG-278, APG-279, APG-284 and 
APG-287 recorded relatively lower stomatal 
counts. The genotypes APG-275, APG-278, 

wt. (g) w t. (g) wt. (g) biomass (g) 

321.7 318.3 1540.0 2180.0 
58.3 135.0 448.3 641.7 

146.7 331.7 1573.3 2051.7 
26.7 81.7 306.7 415.0 
53.3 228.3 750.0 1031.7 

146.7 298.3 1533.3 1958.3 
122.2 232.2 1025.3 1379.7 

25.0 126.7 620.0 771.7 
26.0 131.7 496.7 654.3 
22.5 153.3 636.7 812.5 
17.5 126.7 598.3 742.5 
13.3 116.7 405.0 535.0 
39.2 196.7 1126.7 1362.5 
23.9 141.9 647.2 813.1 

63.4 S NS 377.4 
36.5 65.6 309.0 306.9 
36.6 S NS S 

_-
APG-281, APG-282, APG-285 and APG-299 
recorded relat ively higher specific lea f 
weights. 

Externally Funded Projects 
.... 

1. leAR: Elucidation of biosynthetic 
pathways of curcumin in turmeric 

(B. CTzempakam, K. Vasil" alld N. K. Lee fa) 

*Centre for Water Resources Development 
and Management, Calicut 

Tracer studies llsing 14C-C03 

Tracer studies were conducted to locate pre
cursors and intermediates in curcumin syn
thesis. l~C-labeled potassium carbonate was 
utilized for conducting incorporation stud
ies of HC during very early stages of rhizome 
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growth (up to 3 mon ths ) with regard to phe
nolic acids, aceta te and other components. 
The test seedlings were placed in a perspex 
glass chamber (1.0 m x 0.5 m x 0.5 m) and 
labelled Na2C0

3 
was p laced in this cham

ber and dilute HCl was added slowly so as 
to evolve CO

2
, The plants were replanted in 

pots after exposure for 30 min. Samples were 
taken for stand ardizing methods for extrac
tion and estimation of phenolic acids and 
separation through TLC to identify the in
dividual phenolic acids. 
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Incorporatioll of phenolic acids 

A gradual increase in incorporation of 14C_ 
CO

2 
in phenolic acids was seen in teaves 

with a rnaximum value at 96 h after expo
sure (22.42 x 103 dpm). About 158.2% in
crease was seen over the initial value (7.478 
x 101 dprn) at 48 h , which increased by 16.2% 
in 96 h to reach the peak val ue. One week 
after exposure, the value decreased by 51.6% 
and after 1 month, only 12.2% incorporation 
of 14C-C02 was observed in the leaves. 

-_---
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V. Mega project: Value addition and p ost h arvest processin g of spices 
(Project leader: T. John Zachariah) 

1. Quality evaluation in sp ices 
(T. Johll Zachariah, P. Heartwin Amaladhas 
alld N . K. Leela) 

Ev aluatioll of germp lasm for qlwlity 

Black pepper 

The wild Piper collections were evaluated 
for oleoresin and piperine and Acc. 5411 
(31.8% oleoresin and 6.2% p iperine) followed 
by Ace. 5442 (21.6% oleoresin and 6% piperine) 
were identified as high quali ty lines. 

Evaluation of chemical quality (oil, oleoresin 
and piperine) of black pepper obtained from 
P. nigmlll grafted on P colubrimtlll adopting 
techniques like saddle, approach , splice, 
modified splice, cleft, yemma, d ouble and 
tongue grafting indicated that there was no 
variation in quality of black pepper berries 
obtained from grafts compared to ordinary 
rooted cuttings. 

Cardamo11l 

One hundred and fifty germplasm acces
sions were evalua ted for essential oil and 
OC profile of oil (Table 47). 

The husk to seed ratio varied from 22:78 to 
32:68 and the oil content fo llowed the same 
pattern of husk to seed ratio. A majority of 
the accessions were rich in a-terp inyl ac
etate. Among the accessions, Acc. 256 with 

Table 47. High quality cardamom accessions 

Acc. Oil (%) 1,B-cineole a -te rpinyl 
(%) acetate (%) 

60 B . .! 25.0 2B.O 
75 B.3 2B.7 26.4 
256 7.9 15.0 25.5 
273 B.3 25.0 27.3 
277 7.1 24.9 30.4 

very low 1,8 cineole and high terpinyl ac
etate was identified as the best quality line. 

Ginger 

Sixty ginger accessions were evaluated for 
oil, oleoresin and crude fibre conten ts. Es
sential oil content ranged from 0.8% to 2.0% 
and oleoresin content ranged from 3.0% to 
7.5%. Many accessions had relatively low 
fibre. Ace 121 with 1.6% oil, 7.5% oleoresin 
and 2.0% fibre; Gurubathani (Ace. 512) with 
1.7% oil, 6.0% oleoresin and 3.9% fibre; 
Kozhikalan (Acc. 537) with 2.0% oil, 6.6% 
oleoresin and 4.1% fibre were identified as 
h igh quality accessions. Kakkakalan (Ace. 
558) had 1.7% oil, 5.5% oleoresin and 3.3% 
fibre. The other high quality accessions are 
listed in the Table 48. 

Table 48. High quality ginger accessions 

Ace. Oil Oleoresin Crude fibre 

121 
260 
342 
512 
537 

(%) (%1- (%) 

1.6 
1.5 
1.6 
1.7 
2.0 

7.5 
6.3 
6.0 
6.0 
6.6 

2.0 
2.B 
1.6 
3.9 
4 .1 

Studies on effect of maturity on starch con
tent in three cultivars / varieties of ginger 
namely, Maran, Varada and Himachal, in
dicated that there was steady increase in 
starch content as maturity increased. How
ever, high accumulation of starch took place 
from 180 days onwards which coincided 
wi th maximum accumulation of oil and 
oleoresin. 

Cassia 

Nineteen cassia accessions were evaluated 
for oil and oleoresin. Oil content varied from 
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1% to 7% and oleoresin content varied from 
5% to 11%. A-2 (oil 6.0'Yo, oleoresin 11.2%), 
0-3 (oil 5%, oleoresin 11 %) and C -1 (oil 6.0%, 
oleoresin 8.8%) were identified as high qual
ity accessions. 

Externally Funded Projects 

1. NATP: Value addition and quality 
enhancement of selected spices 

(B. Chempakalll alld T. / 0 1111 Zachariah) 

Drying c1,aracteris tics of black pepper 

Three black pepper varieties/ cultivars (1'-
24, Panniyur-1 and Karimunda) were dried 
in agricultural waste-fired batch type CPCRI 
small holder 's dryer. Drying was accom
plishcd after 9 h of exposure, with a dry re
covery of 36.4%, 32.3% and 33.3% for P-24, 
Panniyur-1 and Karimunda, respectively. 
Sun drying which took 4 to 5 days to achieve 
complete drying; also exhibited the same 
pattern of dry recovery. The quality of ber
ries was analysed for m oisture, volatile oil, 
oleoresin. and piperine contents (Table 49). 

Prepa ra tion of w hite pepper 

Seven promis ing bacterial isolates (Is. nos. 
2, 9, 19, 22, 27, 30 and 55) were selected to 
study the suitability of individual bacteria 
as pure cultures on prepara tion of white 
peppcr. The black pepper berries were.k:pt 
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in boiling water for 10 min and were treated 
with the selected bacterial strains. The heat
ing process facilitated microbial degradation 
of the pericarp of the berries and the incu
bation period was reduced to 3 days from 5 
d ays. But the cha racteristic colour of the 
white pepper could not be obtained. 

The effect of preparing white pepper from 
black pepper berries on microbial flora, 
adopting the pit method was studied. Two 
samples of black pepper berries were se
lected and one sample was kept in boiling 
water for 10 min and the other was not given 
any treatment. Both the samples were bur
ied in 60 cm d eep so il for 15 days. The 
samples were taken out and examined for 
microbial counts at regular intervals (Table 
50) . The microbial population did not ex
hibit much variation between heated and 
non-heated samples. 

2. NATP: Integrated technologies for 
val u e add i t ion and po s t h a rv est 
processing in palms, spices and 
tropical tuber crops 

(T. Jolm Zachariah, B. G leillpakalll, N. K. 
Leela alln S. Devasallayalll) 

DOCllmentation of indigenous techllologies 

Various black pepper farms were visited and 
indigenous systems available for despiking 
were documented. 

Table 49. Effect of drying methods on qua lity of black pepper 

Variety ICuitivar Mois ture (%) Volatile oil (%) Oleoresin (%) Piperine (%) 

Hoi air dried black pepper 
Panniyur-l 9.8 3.4 8.9 2.9 
P-24 9.3 3.8 10.2 3.2 
Karimunda 9.0 3.4 9.4 3.1 

SlIlI dried black pepper 
Panniyur-l 10.1 3.2 9.7 2.7 
P-24 9.5 4.4 ]2.3 2.9 

Karimunda 9.8 3 .6 10.4 3.1 
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Table 50. Microbial flora associated during prepara tion of white pepper 

Duration Heated Not heated 

Bacteria (log cf 1I) Fungi (log cfll) Bacteria (log cfu) Fungi (log cfu) 

Control (0 day) 7.29 b 5.01 c 8.43 b 5.98 c 
5th day 9.18 a 6.98 a 9.22 a 6.93 ab 
10th day 9.28 a 6.80 b 9.31 a 6.96 ab 
15th d ay 9.24 a 6.93 ab 9.14 a 6.90 ab 

Data with same lette r designation are not significant according to DMRT at P<O.05 
cfu = Colony forming units 

Packaging systems 

A zero energy chamber (a double walled 
brick structure filled with sa nd between the 
walls, frequently moistened) was fabricated 
for storing fresh ginger rhizomes (Fig. 18). 
Storing freshly harvested ginger (i n wooden 
box lined with polyethylene with 1% venti
Lation) in the chamber kept the rhizomes 
healthy for 4 mon ths (Fig. 19). The red uc
tion in weight was 23% compared to 50% in 
open and 40% in ordinary poLyethylene 
cover. 

Storage of dnj ginger and turmeric 

Storage of g inger w ith dry leaves of 
Azadirachtn indicn, GlycoslIlis cochinchillenesis 
and Clerodendrol1 infortunntlll11 prevented 
atta k of storage pests. Long term packing 
in vacuum also helped storage of dry tur
meric without pest damage. 

Fig. 18. Zero energy chamber for storing 
fresh ginger 

Fig. 19. Ginger rhizomes stored L'l open 
cond itions (left) and in zero energy chamber 

(right) __ 

Final Report 

1. ICAR: Characterization of nutmeg 
germplasm for quality 

"' 
(8. Klislmamoortl1Y alld T. John Zne/laria/I) 

Objectives 

• Characterization of nutmeg germplasm 
for qua li ty . 

• Identification of high quali ty nutmeg ac-
cessions from the germplasm. 

Major quality constituents 

Essential oil of nutmeg and mace of 95 ac
cessions was es tima ted by Cleavenger 
method. The essential oi l ranged from 3.9% 
(A9-116) to ]6.5% (A9-1 8) in nutmeg and 
from 6.0% (A9-107) to 26.1 % (A9-18) in 
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macc. Accessions with high nutmeg oil 
(>12%) were A9-36, All-46, A4-50, All-49, 
All-I S, A9-49 and A9-18 and those with 
high mace oi l (greater than 17%) were 
A4-11, All-38, All-49, A9-49 and A9-18. 

COllstitue1l ts of essential oil 

The major components in nutmeg and mace 
oils a re a-pinene, sab inene, safro le, 
myris tic in and e lemicin. a-pinene has 
terpenti.ne-like odour, sabinene sweet odour, 
clnd myristicin warm balsamic odour. 
Sabinene enhan ces the sweetness of th e 
product to which it is added. Myristicin, 
elemicin and safrole are the hallUCinogenic 
principles of nutmeg. Accession s with high 
sabinene and low myristicin and elemicin 
are desirable for confectionery. Myristici..n 
ha now been identified as an active prin
ciple that could be utilized in prevention of 
cancer. H cnce, accessions which are rich in 
myristicin have application in pharmaceu
tical industry. The essential oils of nutmeg 
and mace from 65 accessions were analysed 
by Gas Liquid Chrom atography and the 
percentages of m yris ticin, elemicin, saf role, 
a-pine ne, and sabincne fra ctions in 
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nutmeg a nd mace oils were calculated 
(Table 51). 

In nutmeg oil, myristicin content ranged 
from 0.3% (A9-13) to 45.6% (All-21), 
elemicin from 0.4 % (A9-107) to 30.9 % (A9-
85) and safrole from 0.1% (A9-4) to 22.1% 
(A9-13). a-pinene in nutmeg oil ranged from 
1.6% (A9-4-11) to 23.5% (A9-102) and that 
of sabinene from 6.3% (A9-1) to 50.2% 
(A9-44). 

In mace oil, myristicin content ranged from 
0.2% (A9-13) to 36.6 % (A4-117), elemicin 
from 0.4% (A9-74) to 30.2% (A4-12) and sa
frole from 0.2% (A4-5) to 21.8% (A9-13). a
pinene in mace oil varied from 1.5% (A4-
12) to 21.1 % (A9-3) and sabinen e from 5.9% 
(A4-12) to 43.4% (All-13). A4-17 had high 
myristicin in both n utmeg and mace oils. 

Access ions A9-71 an d A9-95 h ad low 
m yristicin, elemicin and safro le coupled 
w ith high sabinene in both nutmeg and mace 
oils and these two accessions are suitable 
for prepaIing confectionery. A9-18, A9-4 
and its progen ies had high myristicin con
tent in both nutmeg and mace oils and have 
application in pharmaceut~cal industry. -...-

Table 51. Classification of nutmeg accessions based on essential oil constituent 

Acc~. Category 

M -17, A4-20, A9-4-12, High myristicin and elemicin in 
A9-4-13 and A9-4-15 nutmeg oil .... 

A~-17, A9-4-1, A9-4-3, 
A9-4-8 and A9-4-11 

High my ris ticin and elemjcin in 
mace oi l 

Remarks 

A4-17 H igh myris ticin in nutmeg and mace oils Suitable for pharmaceuticals 

M -22, A9-69, A9-71, 
A9-95 and A9-102 

A9-1, A9-44, A9-71 
and A9-95 

A9-71 i:md A9-95 

Low myristicin and demicin in 
nutmeg oil 

Low my ris ticin and elemicin in 
mace oi l 

Low myristicin, elemicin and safrole 
rind high sabinene in nutmeg and 
mace oils Suitable for confectionery 
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Butter and oleoresin 

The most prominent fa tty acid in nutmeg 
butter is m yris tic ac id . Butter content 
ranged from 21.5% (A9-107) to 44.0% (All-
12). The oleoresin conten t in nutmeg 
(obtained with acetone) ran ged from 1.4% 

to 5.3%. However, when ethanol was used, 
the yield of oleoresin increased from 6.7% 
(A9-1) to 23.0% (A9-116). Oleoresin content 
in mace (with acetone) ranged from 13.8% 
(A9-1) to 32.2% (A4-22). 

Leaf esselltial oil and its constituents 

Essential oil in leaf ranged from 0.98% (A9-
26) to 2.50% (Al1-70) (v / w), m yristicin 
ranged from 0.3% to 11.9% and that of 
elemicin ranged from 0.30% to 7.98%. There 
was n o correlation between essential oil pro
file of leaf and sex of the plant. 

Amillo acid 

Leaf amino acids from male, female and bi
sexual plants were analysed by H PLC to 
check whether the profi le could be used for 
identification of the sex of the plant. How
ever, there was no differen ce in the amino 

IISR Annual Report 2002-03 

acid profile with reference to the sex of the 
p lant. Pheny lalanine was the predominant 
amino acid in m ost of the accessions and 
ranged from 39.86 to 442.85 pg / m g. Ala
nine was also a prominent amino acid in 
these accessions and ranged from 25.24 to 
80.93 Ilg/mg. Leaf amino acids from rela ted 
taxa of Myristica were also analysed and 
phen ylalanine was the prominenet amino 
acid in mos t of the species with a range of 
6.38 to 315.56 Ilg / mg. 

Free amitlO acid 

No significant difference was observed in 
the total free amino acid content in leaf 
samples of various accessions. Among the 
different species of MyristicG, M. fatua var. 
magnifica had the lowest content (127.65 Ilg / 
100 mg) of total free amino acids while the 
highest amino acid content was observed in 
M. prail1ii (315.21 Ilg/100 mg). 

Non-vo latile ether extract 

The non-volatile ether extract of nutmeg and 
mace was estimated by AOAC method and 
was found to be 33.77% ~ 18.65%, respec
tively. 
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VI. Mega project: Production of nucleus planting materials of improved variet
ies of spice crops 

(Project leader: C. K. Thankamani) 

1. Production of nucleus planting 
materials of improved varieties of spice 
crops 

(C. K. Tllal1kamalli, P. A. Mathew, K. 
Kalldiatlllan and S. J. Ankegowda) 

Black pepper rooted la terals (55,000), tur
meric seed rhizomes (1.5 t), ginger seed rhi
zomes (3 t), cardamom seedlings (28,000), 
cardamom seed capsules (50 kg ) and nut
meg grafts (11,100) were produced and dis
tributed to farmers and othe r agencies 
(Fig. 20). 

Fig. 20. Production of nucleus planting 
materia ls of high yielding turmeric varieties 

_--
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VII. Mega project: Identification, characterization and development of 
diagnostics against pests, pathogens and nematodes of spice crops 

(Project leader: M. N. Venugopal) 

1. Investigations on stunted and 
phyllody diseases of black pepper 

(A. Ishwara Bhat, S. Devasahayam, M. N. 
Venugopal and R. Suseela Bhai) 

Thirty-nine black pepper gardens in Kodagu 
District (Karnataka) and 22 black pepper 
gardens in Wyanad district (Kerala) were 
surveyed for the incidence of stunt disease 
and the insect fauna associated with it. The 
incidence of the disease ranged from 0% to 
100% in the gardens surveyed and was 
higher in Wyanad District than Kodagu Dis
trict. Mosaic, small leaves and reduced in
ternodallength leading to stunting of vines 
were the typical symptoms observed in a 
majority of the gardens in Wyanad while 
mottling along the veins and mosaic were 
the symptoms observed in Kodagu. Leaf gall 
thrips, coconut scale, mussel scale, root 
mealybug and citrus aphid were the insect 
fauna associated with diseased vines. Forty 
virus isolates were collected from 
Karnataka, Kerala and Tamil Nadu and are 
being m aintained under insect proof condi
tions for further studies. 

Association of a badn avirus serologically 
related to banana streak virus (BSV) with 
diseased black pepper vines showing yel
low m ottle symptoms from Kozhikode and 
Wyanad dis tricts was established for the 
first time based on transmission, electron 
microscopy and serology using Direct Anti
gen Coated-ELISA (DAC-ELISA). The virus 
was transmitted from diseased to healthy 
black pepper plants using the striped mea
lybug, Ferrisia virgata with 24 h acquiSition 
access and inoculation access periods. The 

inoculated plants showed typical symptoms 
of the disease within 5 weeks after inocula
tion. Electron microscopy of partially puri
fied preparations from naturally infected 
black pepper leaves showed the presence of 
bacilliform shaped particles. In DAC-ELISA, 
diseased samples showed positive reaction 
with banana streak and sugarcane bacilli
form badnaviruses (Table 52). The exact 
taxonomic status of the causal virus is yet 
to be determined. 

The cucumber mosaic virus (CMV) infect
ing black pepper was easily sap transmit
ted onto several species of tobacco and other 
solanaceous and cucurbitaceous hosts. A 
protocol was standardized for the purifica
tion of CMV from tobacco. The purified 
preparation showed the presen ce of typical 
isometric particles under electron micro
scope (Fig. 21). Polyclonal antiserum against 
CMV is being produced by injecting puri
fied preparations into New Zealand white 
rabbits. 

Fig. 21. Electron micrograph of purified 
preparations of cucumber mosaic virus 
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Table 52. Detection of badnav irus in field in
fected black pepper plants in DAC-ELISA* 

Locality A oI<15 va lues against antisera to 

BSV ScBV 

Ko=hikode 
Sample 1 0.17 0.10 
Sample 2 0.19 0.11 
Sample 3 0.33 0.09 
Sample 4 0.56 0.12 
Sample 5 0.11 0.11 
Sample 6 0.22 0.19 
Sample 7 0.19 0.1] 
Sample 8 0.20 0.13 

W.'IllIInd 
Sample 1 0.10 0.13 
Sample 2 0.48 0.19 
Sample 3 0.44 0.28 
Sample 4 0.12 0.16 
Sample 5 0.10 0.09 
Sample 6 0.22 0'] 9 
Sample 7 0.26 0.21 
Sample 8 0.31 0.19 
Healthy black pep per 0.04 0.07 

*A\'erage of three replications, ] h after 
~ub trate addition; BSV = Banana s treak virus; 
ScBV = Sugarcane bacilliform virus 

2. Investigations on spike shedding of 
black pepper at high altitudes 

(M. Allallriaraj, M. N Vellllgopa /, R-. S. 
Krisllllamurtl,y, V. Srill iv asall, D. Prasatl" 
K. Knlldial1llal1 and R. Rnmakrishl1an Nair) 

Two new field trials was laid in a farmer 's 
plot at Appangala (Kodagu District) to study 
the effect of fungicides, naphtheline acetic 
acid (NAA), gibberellic acid (GA), fluores
cent Pselldomollas, micronutrients and pot
ash on the field incidence of anthracn ose, 
spike sheddi.ng and yield of black pepper. 
Monthly observations on the ra tio of m ale 
and fema le flowers in Panniyur-l vines at 
high altitudes were recorded and a low per
centage of bisexu al flowers was observed 
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during Aug\lst (3.9%) (Table 53). This could 
be one of the reason s for sparse setting and 
spike shedding in Panniyur-l, particularly 
at high altitudes. The corresponding bi
sexual status of flowers in Panniyur-l lo
cated in moderate rainfall and low altitude 
areas was 68%. The incidence of spike sh ed
ding was less in all fungicide treated plots 
compared to untreated control plots (Table 
54). The experimen t with growth hormones 
and micro nutrients indicated that the yield 
was higher in treated plots and the number 
of spikes required for 1 kg fresh weight of 
spikes was lesser indicating that fruit set was 
h igher in treated p lants than control 
(Table 55). 

Table 53. Prod uction of bisexual flowers in 
black pepper var. Panniyur-l 

Month 

May 
June 
July 
August 
September 
October ~ 
November ~ 

Bisexual flowers (%) 

88.0 
90.S 
31.5 

3.9 
22.7 
60.8 
72.5 

The reaction of b lack pepper cultivars / va
rieties to n a tural infection of anthracnose 
was recorded in the area with known his
tory of spike sh edding and Panniyur-l was 
the m os t s u sceptible and Panniy ur-5, 
Subhakara, Panch ami, Balankotta and 
Kottanadan were tolerant to natural infec
tion of anthracnose. 

3. Investigation on vein clearing virus 
of small cardamom 

(M. N. Vel'lugopal and A. Isllwara Bllat) 

Electron microscope st lldies 

Leaf and p seudostem samples were col
lected from inoculants of different s tages 
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Table 54. Effect of fungicides and Pselldomonas fl llorescens on anthracnose of black pepper 

Trea tment Disease index Fresh yield Spikes / kg 

Bordeaux mixture (1%) 
Bordeaux mixture (0.5%) 
Bordeaux mixtu re + Hexaconozole 
HexaconozoJe 
Hexaconozole + Bordea ux mixture (1 %) 
Carbendazim (0.2%) 
Mancozeb (0.25%) + Carbendazim (0.2%) 
Carbendazim (0.2%) + Mancozeb (0.25%) 
Mancozeb (0.25%) 
Zineber (0.25%) 
Pselldomonas fl llorescells 
Potassium phosphonate 
Control 
CD (P<0.05) 

Table 55. Effect of growth regulators and 
micronutrients on yield of b lack pepper 

Trea tment Fresh yield / No of spikes / 
plant (kg) kg fresh wt. 

AA 4.205 146.50 
GA 3.456 162.00 
K + Zn + B + 'AA 3.963 156.80 
K + Zn + B + GA 2.997 138.80 
Control 2.400 178.80 
CD (P<O.OS) 0.475 0.13 

• = i'lphtheline acetic acid; GA = Gibber
e llic acid; K = Potash; Zn = Zinc; B = Boron 

and lea f dip preparations were examined for 
presence of virus. However, the samples d id 
not reveal the association of any virus. 

Serology tlrrough DAC-ELISA 

Serological rela tionship of kokke ka l1du virus 
was studied by u sing antiserum prepared 
agains t PVY (po ta to virus Y), HMV (hen
bane m osaic virus), CABMV (cowpea aphid 
borne mosaic virus), SCMV (su garcane m o
saic virus), PRSV (papaya ring spot virus), 
BBTV (banana bunchy top virus), GBNV 
(groundnut bud necrosis virus), WSMV (wa-

(%) (kg/ plant) (fresh wt.) 

31 1.89 144.0 
44 1.38 177.5 
42 1.81 158.3 
40 1.57 J56.3 
45 1.28 158.8 
28 2.14 151.0 
36 1.52 158.8 
31 1.79 146.8 
34 1.58 168.3 
37 1.66 ] 64.8 
42 1.38 171.0 
35 1.61 151.5 
54 1.34 149.8 

0.24 13.1 

termelon silver mottle virus), TSV (tobacco 
streak virus) and BGMV (bean golden mo
saic virus). No p ositive reaction was ob
served with any of the above antisera tried 
through Direct Antigen Coated -ELISA test. 

Screening germplasm and disease escapes 

Final screening of diseaseeseapes with viru
liferous aphids carrying kokke kal1dll virus 
(Sirsi isolate) was undertaken. Twelve dis
ease escapes were short-listed for next phase 
of field testing in h ot spots. Twelve short
li~d hybrids, 11 m osaic resistant plants and 
12 disease escapes w ere multiplied for field 
screening in hot spo ts. 

4. Studies on bacterial wilt of ginger 

(A. Kllmar and R. Sliseeia Bhai) 

Rhiz ome solarization 

Effec t of Il ea t 0 11 surv ival of Rals tonia 
solanacearum 

The thermal death point (TDP) and therm <\l 
death time (TDT) of R. solanacearll1l1 was 
determined using thermal cycler. The TDP 
for R. solonacearum was 4S.8°C at 30 min 
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(TOT) of exposure (Tables 56 and 57). How
ever, the bacterium was compJeteJy killed 
even at 10 min exposUIe at 50.8°C. 

Optilllization of time and duratioll of rhizome 
solarizatioll 

In order to optimize the time of day for so
larizing rhizomes to raise the rhizome tem
perature, trials were conducted during three 
different times of a day (Table 58). The tri
als indicated tha t solarization ca.n be d one 
at any time in a d ay; however, d epending 
upon the time, the duration should be ad
justed so as to get optimum temperatUIe for 

Table 56. Optimiza tion of thermal death point 
and thermal death time for Rals/Oll ia solal1aceaYII I11 

Temperature Duration of exposure (min) 
("C) 5 10 15 20 25 30 

40.0 + + + + + + 
40.2 + + + + + + 
4].0 + + + + + + 
42.5 + + + + + + 
44.3 + + + + + + 
46.4 + + 
48.6 + + 
50.8 
52.8 
54.5 
55.8 
56.6 -', 
+ Growth of R. solal1aceantm; -

. 
o growth 
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Table 57. Optimization of thermal death point 
and thermal death time for Ralstollia so/anacearum 

Temperature 
(0C) 

44.5 
44.6 
44.7 
44.8 
44.9 
45.0 
45.1 
45.2 
45.3 
45.4 
45.5 
45.6 
45.7 
45.8 
45.9 
46.0 
46.1 
46.2 
46.3 
46.4 
46.5 
28.0 

Duration of exposure (min) 

30 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
± 
± 
± 
± 
± 
:t 

± 

+ 
+ Growth of R. solallacearlll1l; ± Slow growth; 
- No growth 

inactivation of viable cells of R. solanacearu/11 
in th e rhizomes. Adequate preca ution 
should be taken to stop the treatment, 30 
min after attaining the rhizome temperature 
of 48°C in any time of a day. 

Table 58. Effect of time of solarization on rhizome temperature of ginger 

Duration of solarization 

(min) 

o 
15 
30 
45 
60 
Rate of heat build up 
("C per min) 

10:00-11:00 hrs 

29.00 
35.60 
42.00 
45.00 
48.30 
0.32 

Rhizome temperature (''C) 

Time of solarization 

13:00- 14:00 hrs 

29.00 
40.90 
48.70 
52.80 
51.10 

0.37 

15:00- 16:00 hrs 

30.00 
39.00 
44.50 
45.00 
44.50 
0.24 
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Eff ect of rilizome solarization 0 11 viability of 
rhizollles 

One month of storage soon after rhizome 
solarization d id not affect germination of 
ginger rhizom es. However, long exposure 
(beyond 2 h ) affected the firmness of the 
rhizomes (Table 59). This trial confirmed that 
a tempera ture above 50"C is injurious to the 
sprouts. 

Table 59. Storability of solarized (hea t-treated) 
g inger rhizomes 

Dura tion of Temp. at Viable 
~olari za tion end of sprouts 
(min) exposure (0C) (%) 

0 28.7 97 (80.9)" 
15 41 .0 99 (83.6)" 
30 43.3 95 (78.1)' 
45 47.0 98 (82.0)' 
60 53.7 54 (47.2)1> 
75 52.7 4 (10.3)< 
90 54.3 3 (8.4)' 

Data with same letter designa tion are not sig
nificant according to DMRT at P<0.05; Fig ures 
in parenthesis are arc sin transformed values 

~ffect of r!,izol11e solarization all !,eat retentioll 
ill rili:o/lles 

The effect of rhizome solarization on heat 
b ujtd up in rhizomes and consequent heat 
re~ntion was worked out to study rhizome 
viability. The heat was retained in the rhi
zomes for 30 min (Table 60). 
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Integrated management of bacterial wilt 

Effec t of rhizome solarization 011 bacterial wilt 

A trial with six heat treatments through rhi
zome sola ri za tion w as conduc ted at 
Peruvannam uzhi for the managem ent of the 
disease. Rhizomes exposed to sunlight for 
60 min (48.3°C) and 75 mi.n (45.3°C) recorded 
100% healthy plantlets as compared to 
13.3%-86.7% w il t incidence WIder unex
posed and exposed (29.0-43.2°C) trea tments. 
A rhizom e yield ranging from 165.8 to 234.2 
g / p lant was obta ined in these treatments 
(Table 61). 

Screening of ginger accessiolls 

Over 250 ginger access ions from th e 
germplasm were screened for bacterial wilt 
tolerance using soil inoculation method by 
four different (d ecima l dilutions) concentra
tions of bacterial inoculum. All the collec
tions wilted after 2 months of inoculation . 
However, few accessions (Accs. 366, 351, 
375, 402, 484, 493, 514, 524, 557 and 589) re
generated and such rhizomes were main
tained for further screening...-

Characterization ana detection ofRalstonia 
solanacearum ill soil 

Characterization of Ralstonia solanaceanlID 

S~ new collections of R. solanaceal'll111 were 
added to the repository. Rep-PCR ana lysis 

Table 60. Effect of rhizome solariza tion on rhizome temperature and heat re tention in ginger 

*lnitia l rhizome Temp. afte r 30 min Reduction in heat Temp. after 2 h Reduction in heat 
temp. ("C) ("C) after 30 min (!Ie) after 2 h 

29.0 
41 .3 
·l3.2 
-l8.3 
45.3 

29.0 
35.6 
36.2 
36.9 
37.8 

0 
5.7 (0.19) 
7.0 (0.23) 
11.4 (0.38) 
7.5 (0.25) 

Figure~ in parenthesis are rate of heat reduction per min 
* Temperature recorded after solarization for 0, 15, 30, 45 & 60 min 

29.0 0 
33.8 7.5 (0.063) 
32.9 10.3 (0.086) 
32.1 ]6.2 (0.140) 
33.5 11 .8 (0.098) 
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Table 61. Effect of rhizome solarization (heat treatment) on bacterial w ilt incidence and yield of 
ginger in greenhouse 

Treatment Temperature at end of Bacte ria l w ilt incidence Yield (g / plant) 
exposure (0C) after 4 months (%) 

Untreated 29.0 86.7 (72.4)h O.Ob 
30 min 41.3 31.4 (29.9)' 193.3" 
45 min 43.2 13.3 (17.6)· 146.7' 
60 min 48.3 0.0 (6.8)· 234.2" 
75 min 45.3 0.0 (6.8)' 209.2' 
Healthy rhizomes 29.0 0.0 (6.8)· 165.8" 

Data with same le tter designation are not significant according to DMRT at P<0.05; Figures in 
parenthesis are arc sin transformed va lues 

grouped the isolates (28) into four major 
haplotypes with a similarity coefficient of 
0.70; two clusters caused bacteri al w ilt of 
ginger. ITS-peR (using primer ITS ALL F) 
and RAPD (using primer OPA-2) analysis 
further confirmed the narrow genetic base 
of bacterial wilt pathogen, which indicated 
that the pathogen is primari ly rhi zome
borne and rhizome movement across the coun
try is responsible for the spread of the disease. 

Molecular approaches for pathogen detec
tion in soil 

[solation of DNA from soil alld plallt debris 

A protocol was refined for isolation of 0 A 
from soil. The p rotocol yielded peR 
amplifiable 0 A with the A260/280 ratio 
ranging from 1.51 to 2.09 and A260 / 23!> ra
tio ranging from 0.53 to 2.14. The DNAyieJd 
ranged from 0.095 to 1.840 fig per g of soil. 
The soil (bacterial) DNA isolated was restric
tion digestible. 

PCR based detect ion of Rals ton ia 
solanacearum 

R. solallacearum was detected in soil at a con
centration of 104 cells per g soil using peR. 
R. solal1acearum could be selectively detected 
in the presence of high population of fluo
rescent pseudomonas IISR-51 and IISR-6 in 
a co-cultured soil. 

5. Studies on fungal and viral diseases 
of ginger 

(R. Suseela Bhai, A. Is l1 wara Bhat and 
Santhosh J. Eapen) 

Identification of pathogens 

Macropl1olllinn sp . was identified as the caus
at ive o rgani sm o f dry rot disease and 
Fusarium oxyspOrtllll as the causal organism 
of eye rot disease of ginger, which occurrs 
d uring the pos t ha rvest period (Fig. 22). 
Colle totrichull1 .-sp., Phoma sp. and 
Pestnlotiapsis sp. were isolated from leaf spot 
specimens collected from Peruvatmamuzhi, 
Wyanad and Kannur, respectively, and their 
pathogenicity was proved. 

Fig. 22. Dry rot of ginger rhizomes 
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Etiology 

Studies in relation to disease developmen t 
using integrated d isease management strat
egies to understand the etiology of d ry rot 
and eye rot diseases indicated tha t planting 
unhealthy or diseased rh izomes lead s to 
disease even after seed treatment. Treatment 
of d iseased rhizomes with steam was not 
ad visable, as it killed the m eristamatic bud s. 

Screening of fungicides 

Seven fungicid es a t fo ur con centra tions 
w ere tesed agains t va rio u s p a th ogen s 
(Fusarium oxysporunt, Pythiu11/ 11lyriotylum, 
Phollla s p ., Pes ta/otiopsis sp . and 
Macrophol1lina sp .) and the ED<;() values were 
determined. 

Car bendazirn and SAAF [a combination of 
Mancozeb (63%) + Carben daz im (12%)] 
were inhibitory even at 50 ppm of the prod
uct when compared to Mancozeb, Ridomil, 
Bordeaux mixture or copper oxychloride, 
which had no effect even at 500 ppm con
centra tion (Table 62). 

Screening of g inger accessions 

Two hund red i;l nd fifty germplasm acces
siott; were screened agains t Py thium sp. 
ca using soft rot disease. Thirty-three acces
sion s that escaped the infection in the pre-
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liminary screening were subjected for sec
ondary screening and fiv e access ion s 
namely, Accs. 6, 17, 130, 155 and 208 were 
re la tively tole ra n t. A m ong the 650 
germplasm accessions of ginger evaluated 
w1der n atural conditions, 281 accessions 
were infected by chlorotic leaf streak virus. 

Externally Funded Projects 

1. l eAR: National network project on 
P/1ytophtl1Ora diseases of horticultural 
crops 

(M. Anandaraj and Y. R. Sarm a) 

Characterization of Pltytophthora 

Five h u n d red and fourteen isolates of 
Phytophtlrora from 35 crops are being main
taine d in the Na tion al Repos itor y of 
Phytophthora. One hundred and seventy
two isolates of Phytophthora from black pep
p er were ch aracterized m orph ologically. 
Amon g them, 161 isolates belon ged to P. 
capsici, 4 to P. pa/Illivora, 3 to P. parasitica, 2 
to P. l1leadii an d 2 were atypical isola tes. 
Phytophthora was isolated from new hosts 
like tapioca, vanilla, bauhinia, nutmeg and 
Piper chaba. P. capsici was able to grow at 
temperatures varying from lOoC to 35°C. 
Th~ white cotton y type of isolates did no t 
grow at lOOC and four white cottony types 

Table 62. Eva luation of fungicides against pathogens of ginger 

Fung icide EDo;o (ppm) 

Meta laxyl 
Mancozeb 
Copper oxychlo rid e 
Ca rbendazi m 
Bordeaux mixture 
Mancozeb + Carbendazim 

Fllsarium 
OXYSPOfll TIl 

1250 
1070 

50 

50 

MacrophoTII i Ila 
phaseo/ina 

50 
100 
50 

Pllol1ln 
sp. 

609 
667 
1125 
50 
250 
50 

Peslalot ipsis PythiuTII 
sp. myriotylum 

1172 100 
872 
1072 250 
50 726 
560 192 
50 926 
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were not able to grow at 35°C. Isolates with 
chrysanthemum and stellate pattern could 
grow at lOoC and 35°C. Maximum sporula
tion was at 28°C, followed by 20°C. Sporu
lation was very less a t lOoC and 35°C. 
Phytophthorn could be successfully stored in 
sterile distilled water and retrieved up to 7 
months without loosing its viability. 

Fifty-two isolates of Phytophthora obtained 
from betel vine were characterized morpho
logically and both P. capsici and P. parasitica 
were determined to be involved in foot rot 
of betel vine. Isozyme studies on betel vine 
isolates of Phytopht/zora confirmed the pres
ence of two distinct species namely, P. capsici 
and P. parnsitica as suggested by morpho
logical characterization. Variability among 
isolates of P. capsici obtained from betel vine 
was negligible. However, among the P. 
parasitica isolates from betel vine, the West 
Bengal isolates were very distinct from the 
isolates collected from other regions, con
firming their distinct identity based on mor
phological characters. The P. parasitica iso
late, 98-119, behaved very distinctly from all 
the other isolates and could be considered 
as an out-group. 

UPGMA cluster analysis of isozyme data of 
black pepper Phyfoplrfhora, grouped the iso
lates into a major clus ter conSisting of typi
cal P. capsici isolates and three other clus
ters consisting of either off-types or P. capsici 
isolates tha t d iffered in isozyme patterns 
from the majority of the typical isolates. The 
P. capsici isolates which clus tered together 
were grouped into two major sub-groups. 
The first sub-group generally consisted of 
highly virulent isolates which had sporan
gia with a LI B ratio of 2 or >2. The second 
sub-group consisted of isolates with L I B 
ratios of their sporangia, less than or equal 

69 

to 2 and composed of less, moderate and 
highly virulent types. This sub-group con
sisted of three clusters of isolates with a gen
eral LI B ratio of values less than or equal to 
2 and differed from each other based on their 
virulence. The s terile isolates were grouped 
under the less virulent group. The highly 
virulent group consisted of floral as well as 
stellate types. The third cluster consisted 
of a set of uniform isolates of moderately 
virulent type with distinct morphological 
characters, and had a modified chrysanthe
mum-like colony character. The isolates 
identified morphologically as off-types, and 
lacking the typical characters of P. capsici, 
grouped differently from the major cluster 
of P. capsici and among them, P. palmivora 
and P. parasitica formed separate groups. 
The black pepper isolates with modified 
chrysanthemum-type colony morphology 
formed a unique sub-group among P. capsid 
isolates based on isozyme studies. It is pos
tulated from this study that this group could 
be considered as similar to the ClIp A group 
described by Mchau and-Coffey (1995) as 
the isolates in this group have sporangia 
with a LIB ratio of 1.5 which is closer to the 
dimensions suggested by these authors for 
the Cap A isolates. Further, the rest of the P. 
capsici isolates with a LI B ratio of around 2 
or >2 could be consid ered as Cap B isolates. 

Protocols were standardized for RAPD 
analysis of Phytophthora of black pepper and 
cardamom. Out of 20 random primers 
tested, primer OPA-09 amplified a DNA 
(872-1353 bp) in foot rot tolerant cuJtivars 
of black peppe r that were screened for 
RAPD analysis. 

Induction of pathogenesis related proteins 
(PR-proteins) and defence related enzymes 
were observed in infected tissues of 
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PlrytoplttllOra tolerant black pepper lines. 
Western blot analysis confirmed the occur
rence of chitinase and ~-1,3 glucanase, which 
exhibited antifungal activity against P capsici 
in ill pitro studies. Accumulation of callose 
was noticed in leaves of P-24, a tolerant line, 
on infection. 

Evaluation of antagonists 

Over 500 antagonists of Plrytophtl1ora 
namely, Trichoderma spp., Aspergillus spp., 
Penicilliul11 spp., Bacillus spp. and PseudOl11o
nas fJuorescerzs were isolated from rhizo
spheres of.black pepper, ginger, citrus, betel 
vine and cardamom. At presen t the Reposi
tory of Biocontrol Agents contains 585 fun 
gal and 832 bacterial antagonists. Isolates 
of Trichoderma spp. (221) and bacteria (196) 
were screened for their antagonism to P. 
capsici by adopting dual plate technique. 
Among Trichoderma spp., the percentage of 
inhibition of P. capsici varied from 0% to 84% 
and 34 i.solates at bacteri.a were able to in
hibit P. capsici recording more than 50% in
hibition. In glasshouse experiments involv
ing 79 isolates of Trichoder11ln short-listed 
based on il1 vitro screening, 28 isolates were 
hi8ltly efficient in growth promotion of black 
pepper. Eight isolates were able to suppress 
P. cnpsici in soil. 

Volatiles of Trichoderma spp. adversely af
fected the virulence of P. capsici in ill vitro 
experiments. Volatile affected P capsici iso
lates produced lesions of smaller diameter 
than non-volatile affected isolates and the 
reduction in virulence ranged from 0% to 
100%. The loss of virulence of P. capsici was 
dependent on type of Trichodermn isolate 
used and also the duration of exposure. Out 
of 20 T. I!nrzin/1llJl/ isolates studied, 6 caused 
more than 50% reduction in virulence of 
P. cnpsici. 
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T harzinnllnJ P~26, T. virens P-12, T. aureoviride 
25 and T. virens 17 were evaluated to deter
mine antagonist dose and disease incidence 
re la tionship. When no antagonis t was 
present (0 level) the disease incidence was 
90%. An antagonist d ose is considered ef
fective when there is only 50% incidence of 
disease or below. Accordingly, in the test 
using T. irarzialtLlnI P-26, there was reduc
tion in disease incidence at an antagonist 
dose as low as IO? cfu/ g of soil and the inci
dence was a lmost same even at higher 
doses. Isolate T vire/ls P-12 required 10rl cfu/ 
g of soil for effective suppression of the 
pathogen. Isolate T. aureoviride 25 also re
q ujred 107 cfu / g of soil to red uce the dis
ease incidence. T. virells 17 reduced the dis
ease incidence at an antagonist dose of 104 

cfu/g of soil. Application of a mixture of 
Triciloderllla spp. enhanced growth of black 
pepper and suppressed foot rot. 

A teduuque for isolation of protoplasts from 
Trichoderma spp. was standardized and pro
toplast regenerated colonies that were able 
to grow at higher concentrations of fungi
cides were isolated. T. virens P-12 proto
plasts tolerant to 300 ppm of copper oxy
chloride, T. nllroe7.liride protoplasts tolerant 
to 800 ppm of metalaxy l MZ and T. 
harzia/11111l P-26 protoplasts tolerant to 500 
ppm of metalaxyl MZ were obtained. 

MlIltiplication of fll1tagollists 

On-farm multiplication of T. harzianwlI us
ing organic matter was studied and popu
lation increase was observed at all the dif
ferent proportions of initial inoculum levels 
eval uated (1:25, 1:50, 1:100, 1:200) which was 
similar at different locations. T. hnrzimill/ll 
and organic material in the ratio of 1:100 was 
found ideal. Soil amended with organiC 
materials like neem cake, coir pith, coir pith 
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compost, farm yard manure and Gliricidia 
leaves showed better growth and survival 
of antagonists than in soil alone. 

T. har:ia11L1111 and T. virens were produced 
by liquid fermentation in 100 I capacity fer
menter by utilizing potato sucrose broth and 
molasses. The population of T. lwrzianu111 
after 72 h in 75 I potato sucrose broth at
tained 20 x 105 d u /ml and the same for T. 
virel1s was 9 x 105 du/ ml. In m olasses me
dium, the population of T. harziamll1l and T. 
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virens attained was 37.6 x 1010 and 7 x 1010 

cfu / ml, respectively, after 72 h . Propagules 
of T. harzimwm proliferated well in coir pith, 
coir pith compost and lignite under sterile 
and non-sterile conditions. The population 
was high in coir pith and coir pith compost 
followed by lignite. Furthermore, the popu
lation was high in sterile conditions of coir 
pith and coir pith compost than non-sterile 
conditions. But there was no difference in 
the population in sterile and non-sterile 
lignite. 
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VIII. M ega project: Conve ntional and molecular approaches for dev eloping pest, 
pathog en and nematode resis tance in spice crops 

(Project leader: M. Anandaraj) 

1. Screening black pepper germplas m 
fo r reacti on to dis ease s 

(5.5. Veetla, M. A natldaraj, M. N. Venugopal, 
R. 5 11seela Bhai and K. V. Saji) 

Six hybrids, which sh owed tolerant reaction 
to Phytoplltll ora capsici, were scree n ed 
against various isolates of P. capsici using 
s tem and leaf inocula tion techniques. The 
hybrid s exhibited varying reactions with iso
la tes of P. capsici under uniform cond itions 
of inocula tion . 

Seven ty h ybrids were screen ed against P. 
capsici LlSing stem inoculation method in the 
g reenhouse. Seven h ybrids (H P-9, HP-117, 
HP-477, HP-528, HP-561, HP-599 and HP-
1660) sh owed to lerant reaction w ith a d is
ease index between 3.4-4.0. 

Twen ty-five cultivars were subjected to sec
ondary screening and 3 cultivars (C-888, C-
1204, and C-1199) showed tolerant reaction . 

Sixteen Kottanadan selections were screened 
to~nfirm their tolerance and nine acces
sions (Accs. 2420, 2425, 2426, 2428, 2432, 
2433, 2466, 2535 and 2575) were tolerant. 

2. Screening black p e pper germplasm 
fo r rea ction to ne matod es 

(K. V. Ralllal1a, SalltllOsil J. Eapen alld K . V. 
Saj i) 

Eighty-six black pepper hybrids w ere m ul
tip lied for screening and carrot cuthues of 
Radopl1oJlls similis and MeJoidogYllae illcogllita 
were maintained. Thirty-six germ plasm ac
cession s were screened agains t M. incognita 
and 8 accessions (h ybrids-3, wild-2, culti
vars-3) show ed resistant reaction . A new 

trial was laid out in the greenhou se to con
firm the res is tance of 21 black p epper 
germplasm accessions. 

3. Screening black pepper germ plasm 
for reaction to insect pes ts 

(K. M. Abdulla Koya, S. Devasahaya1ll allri 
K. V. Saji ) 

The black pepp er germplasm main tained at 
Peru vannam u z h i, and somaclon es at 
Ch elavoor, were s ubjec ted to screen ing 
against poilu beetle (Lol1g-itarsus nigripennis) 
to locate sources of resistan ce agains t the 
pest. Out of 162 cultivars screened, three 
were free of infesta tion (Aces. 461, 1118 and 
4109). In the rest of the cultivars, the infes
ta tion ran ged from 0.8% to 38.5% on the 
berries. N one of the 26 hybrid s screened 
were resistant to the pest and the -infesta
tion on berries ranged frpm -3.0% to 88.3%. 
A ll the three somad ones were highly sus
ceptible to the pest. Laterals of 7 accessions 
and 4 hybrid s that were found compara
tively tolerant to pOl/II beetle earlier were 
prQdu ced for subjecting to screening under 
field condition s. 

4. Mech a nism s of resis ta n ce to pests 
a nd pathogen s in sp ice crops 

(M. A llanda ra j , B. Ch empa k a m , S. 
Devasalzay a /11, Sail thoslz J. Eapell anri T. 
John Zachariah) 

RAPD p rofiling of pollll b eetle (Longitarslis 
l1 igripel11lis) resistan t lines (Accs_ 816, 841 , 
1114 and 2070) alon g with two susceptible 
controls (P-24 and Panniyur-1) was d on e 
usin g 30 primers. Twen ty-eigh t o f these 
primers showed amplification and the num-
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ber of bands ranged from 8 to 13. Five prim
ers showed specific bands in one of the col
lecti on s. On e of th e primer, OPAA-08 
showed s pecific band in resistant lines only 
and OPAB-02 in susceptible lines. The data 
showed that th e res istant lines formed a 
separate cluster from the susceptible lines 
(Fig. 23). The primer seguences of O PAA-
08 were matched with alread y reported se
quences of insect resis tant genes by BLAST 
search. There were five matches out of which 
three are patented insect resistant genes and 
two Bt sequences. The leads obtained in this 
study cou ld be used to develop SCAR mark
ers for screening for poilu resistan ce at seed
ling stage itself. 

. 
"- , 
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Externally Funded Project 

1. DBT: Immunological approaches for 
pathogen detection and use of defence 
proteins in disease management in 
plantation crops: ginger and cardamom 

(A. Kumar, B. Sasikumar, M. N. Venugopal 
and y. R. Sanna) 

Biov ar specific proteills from Rals tonia 
solanacearum 

High molecular weight membrane protein 
(42.3 kOa) specific for biovar ill of Ralstollia 
so{anacearultl, the bacterial wilt pathogen of 
ginger was purified by native gel electro
phoresis. Polyclon al antibodies were devel-

2070 

.---1114 

-~-

~ 
-: 816 

P24 

Pan1 

841 

0.12 0.15 0.11 

CoefIIcient 
0.19 0.81 

Fig. 23. Cluster analysis of black pepper poIlu resistant lines 
(2070, 1114, 816, 84I -resistant lines; P.24, Pan.I-slisceptible lines) 
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oped against the protein as well as hea t and 
glutaraldehyde treated R. solnllncennllll cells 
and their d ilution end point was determined 
as 1:25,000. The antibodies were purified 
and their specificity and sensitivity were 
determined. Further westem blot analysis 
showed that each of the developed antibody 
reacted with its own antigen besides reacting 
with the other two antigens used in the study. 

Se Lec tive IIIl1ltipli catioll of Ralstonia 
solanacearum 

In order to increase the detection limit of 
the assay, the serological assay was com
bined with bacteriological assay where the 
pathogen was selecti vely multiplied in the 
specific medium before the serological as
say. Consequently, a selective medium was 
developed by testing va ri ou s an tibio tics 
against R. so In Ilncen I'll 111 and an enrichment 
m edium was deve loped by incorporating 
those antibiotics, which did n ot affect the 
normal growth of the tes t pathogen. 

S1l1'V ival ofRalstonia solanacearum in seed 
I'ilizomes 

Serological studies were carried out to de
_ct the survival of 1<. solnnnceal'ul1I in gi.n
ger rhizomes s tored at different tempera
tures for a period of 3 months. The results 
indicated that the rhizomes stored at 0 and 
4° C sustained minimwn bacterial popu la
tion th roughout the s tudy period as ob
served by p late count and ELISA studies and 
virtually no d isease incidence was observed 
under pot culture conditions. 

Screell illg germplas1lL for bacterial w ilt tol
erallce 

Over 600 accessions of ginger were screened 
for bacterial wilt tolerance using simple soil 
inocu lation method. Though all the acces
sions succumbed to th e disease, some of the 
accessions (10) regenerated, indicating their 
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tolerance to the disease, which was further 
confirmed us ing ELISA and these healthy 
rhizomes tested positive for R. solnnacearrll1J. 

bldllction of patllOgellesis rela ted proteills 

Protein with molecular weight of 14 kDa was 
induced in root samples 4,24 and 48 h after 
inoculation (HAl) with R. solallacearulll and 
a protein with molecular weight of 38 kDa 
was induced in roots 4 HAL No such induc
tion was n oticed in other tissues, which in
dicated that pathogenesis related proteins 
are induced in roots w here the pathogen 
gains entry into the p lant. Western blot 
sh owed the prese n ce of chitinase and 
g lucan ase isoforms in ginger root tissues 
upon R. SOlnl1GCea rWJI inocula tion. 

Indllctioll of 1I0vei proteills 

When g inger was sprayed w ith protein 
preparations from Boerllam1in diffusa, three 
n ovel proteins of molecular weights 58.7, 
105.4 and 98.0 kDa were induced in all the 
treatments, w hereas it was absent in all the 
controls including th e D h sample. It is in
teresting to note... that the red uced level of 
expression of a major protein (67.9 kDa) in 
all the trea ted samples, w hich was very 
prominent in untreated calli. Two diHerent 
proteins of molecular weights less than 53 
kDa could be observed in gi.nger after 24 h 
of trea tment with Clerodelldl'l1111 aculeatll111 at 
concentrations of 200 and 250 ug/ml. 

The protei.n prepara tion from B. diffllsa and 
C. nClllentll111 (supp lied by Dr. H . N. Verma) 
exhibited antibacterial activity against R. 
solanncenru 111. 

Direct regelleratioll of gillger 

An efficient and reproducible protocol for 
direct regeneration of plantlets through ill 
v itro culture of pseudostem of ginger was 
ach ieved for the first time. Direct organo
gen esis in the form of shoots and root was 
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observed in cultures containing BAP and 
AA in all combinations, leading to mul

tiple shoots in ginger. 

Evaluation of an tibiotics on ca lli 

The minimum inhibitory concentration of 
various antibiotics was determined to screen 
transformed cells of ginger and cardamom. 
One of the accidental findings of screening 
antibiotics for preventing contamination in 
tissue culture was growth promotory activ
ity of ampicillin. In ginger, ampicillin played 
a crucial role in organogenesis at lower con
centrations. 

Standardization of biolistics protocol for 
trallsfonna tioll 

A protocol using biolistics was standardized 
with the plasmid pAHC 25 containing the 
GUS reporter gene encoding ~-glucu
ronidase and the selectable marker BAR 
gene encoding phosphinothricin acetyl 
transferase driven by a maize ubiquitin pro
moter. 

Stalldardization of Agrobacterium medi
ated trallsfonnation 

The selected cardamom callus (infected with 
osmotin construct, pGV 2260) failed to re-
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generate. The screened callus was unaltered 
in the regeneration medium and did not 
show any sign of organogenesis. But the 
callus did not show any sign of cell death or 
difference in its colour. However, none of 
the ginger calli infected with this cons truct 
could survive even the first round of selec
tion. 

Transformation of ginger and cardamom for 
constitutive expression of glucanase and 
chitinase was done using vector pBZIOO, 
driven by CaMV 355 promoter. Though gin
ger showed proliferation from the top of the 
callus placed on the selection medium, later 
it was found that the callus could not sur
vive during subsequent exposure to the an
tibiotic in the next round of selection . 

Purification of cardamom mosaic v irus 

A protocol for isolation and purification of 
cardamom mosaic virus (CaMV) from katte 
infected cardamom leaves was standard
ized . General protocol with borate buffer 
system (0.5 M) and a combination of anti
oxidants, sodium chloride (1.50 tv 1.75%), 
PVP (2%), urea (0..5 M) and anionic deter
gents was more suitable to purify the virus 
from infec ted samples. 
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IX. Mega project: Developing integrated pest and disease management strate
gies in spice crops 
(Project leader: S. Devasahayam) 

1. Disease management in Pl1ytophthora 
foot rot affected black pepper plantations 

(M. Allandaraj, S. S. Vema, K. V. Ramana, 
Santhos/l J. Eapen, V. Srinivasarz and C. K. 
Thallkamarzi) 

A field trial was laid out durillg 1999- 2000 
to identify the ideal combillation of cultural 
practices for the managem ent of 
PIlyfophtllOra foot rot disease illvolvillg main
tenance of weed cover and clean cultiva tion, 
planting of two varie ties of black pepper, 
application of organic and inorganic nutri
ents and chemical and biological control. 
The v illes ill the plot with clean cultivation 
recorded high er yield (1.544 kg/ville) than 
the p lot w ith mailltenance of weed cover 
(0.830 kg/ville). There was no significant 
difference ill the nutrient status except pot
ash, which was higher in the organic plot 
when compared to the inorganic p lot. 

The on gomg field trials on effect of planting 

and Phytophthora sp. were also monitored. 
Though there was positive baiting indicating the 
presence of the pathogen, there was no incidence 
of the disease in any of the treatments. 

A study was conducted at Peruvannamuzhi 
to rejuvenate slow d ecline affected black 
pepper gardens by using five promising iso
lates of Plant Growth Promoting Rhizobacteria 
(PGPR). The physical condition of the vines 
was recorded at the start of the exp eriment 
and at fortnightly intervals . There was 
gradual reduction of yellowing of the Vll1es 
and after 60 days most of the vines showed 
remission of yellowillg (Table 63). 

2. Utilization of Piper co lubritlll1n Link 
and Piper arboreum as root stocks in the 
management of foot rot disease of 
black pepper 

(P. A. Math ew, J. R ema --and T. John 
Zacl1 al'ialz) ~ 

varie tal mixtures on the ll1Cidence of the dis- Four plots of 160 black pepper grafts (cleft, 
rase were maintained and biocontrol agents ton gue and d ouble rootstock grafts) on Piper 
and chemicals were ap plied ill the resp ec- . co/ubrmLlI"II rootstocks were established in a 
tive plots. The population s of Trichoderma sp. ' IQw lyillg area with arecanut as s tandard at 

Table 63. Effect of PGPRs on foliar yellowing of d iseased black pepper vines 

Treatment Plants exhibiting yellowing (%) 

ODAT 15 DAT 30DAT 45 DAT 60 DAT 

IlSR-6 34.6 26.6 13.3 8.9 9.1 
IlSR-Sl 47.8 30.0 9.5 4.5 2.3 
ITSR-151 34.9 15.9 4.4 2.2 2.3 
llSR -853 28.5 19.9 13.2 4.7 0.0 
llSR-859 37.8 30.5 12.4 5.7 2.3 
Control 24.3 22.5 17.9 15.5 18.1 
CD (P<0.05) S NS NS S 10.0 

DAT = Days after trea tment 
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Peruvannamuzhi . Grafts were a lso estab
lished in farmer's plots in Goa and Kerala 
(Kadangadu, Thrissur District). 

The total yield of 690 g rafts in a farmer's 
field at Peru vannamu zhi was 735 kg (dry) 
during the fifth year and no casua lty or de
cline symptoms were observed (Fig. 24). 
Planting of six or seven rootstocks per s tan
dard was ideal to obtain a good canopy of 
scion to a he ight of 2 m within 1 year with 
good m anagement and with an yield of 3 
kg (green) / s tandard during the first year. 
Under water Jogged mars hy s ituations, 
summer irrigation of g rafts is not necessary 
as observed from the 5 year old garden at 
Peruvannamuzhi. 

Observation of grafts of more than 5 years 
old in exis ting plots indicated over growth 
of scions but no cracks or spLitting at the re
gion of the union were observed. Similarly, 
no decline symptoms were observed in these 
grafts. 

Analysis of berries obtained from various 
types of grafts for oleoresin, piperine and 
essential oil conten ts did not show variation, 
indica ting no adverse effects due to graft
ing methods adopted. 

Fig. 24. Black pepper "ines grafted on 
Piper colubrillum rootstock 
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3. Biological control of diseases of spices 
(M. Anandaraj, R. Suseela Bhai, A. Kumar 
and S. S. Veena) 

Mass multiplication of PGPRs 

Mass multiplicat io n of Pseudomonas 
f1uorescens using inexpensive materials such 
as mature coconut water (0.1%) and molas
ses was standardized. The organism reached 
a population level of 1012 within 48 h. 

An experiment was conducted using three 
types of coir pith namely, raw coir pith and 
coir pith composts I and II. Trichoderma in
oculum that was produced by liquid fer
mentation using molasses as the medium in 
a fermenter was introduced into the coir pith 
compost in three different proportions, 
namely, 1:10, 1:20 and 1:40. The s tudy was 
made in s terile and non-sterile conditions. 
The population of T. harzial1l1l11 in these me
dia was estimated immedia tely after inocu
lation and a t 15 days interval up to 45 days. 

The population of T. hOTZionJlJJ1 was reduced 
in unsterilized m edia except in the case of 
coir pith compost I (1:10) where it was sta
bilized at cfu 104

• Sterilized coir pith com
posts I and'1I supported the growth of T. 
harzianum and showed an increase in popu
lation from 104 to 106 cfu per g of coir pith. 
In sterilized m edia, both commercial coir 
pith composts I and II supported the growth 
of T. harzianum. The population increased 
from 10~ (9. 67 x 104

) to 107 (4.5 x 107
) cfu per 

g in s terilized coir pith compost I, that was 
inoculated in 1:10 proportion. Other pro
portions also showed increase in cfu from 
104 to 106, in both the commercial coir pith 
composts. Raw coir pith did not support 
multiplica tion of T. hnrzinl1unt, when com
pared to the other two media. 

A new experiment to evaluate the effi cacy 
of efficient strains of PGPRs and Trichoderma 
harzianlll11 was initiated at Chelavoor. 
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Characteri::ntion of PGPRs 

Fifty isola tes of PGPRs were characterized 
based on carbon utilization and antibio tic 
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cognitn) w ere short-listed from a collection 
of 291 isola tes (Table 64). 

Tab le 64. Promising isolates of PGPRs 

resis tance. The d ata was analysed using Treatment 
NTSYS software, which revealed the pres-

Nematode population/ g root 
Rndopho/I/s Me/oidog)/II( 

ence of 14 clusters based on carbon utiliza-
tion and 22 clusters based on antibiotic re
sistance. Eleven of the isolates were identi
fied as P. f/ llorescells based on their ability to 
utilize succinic acid . 

4. Investigations on nematodes 
associated with spices 

(K. V. Ra11IGlzn alld Santhoslz J. Eapell) 

Screellillg of gillger alld t urmeric gerlllplas1ll 

Twenty-four accessions of g inger a nd 59 
accessions of turmeric were screened against 
root-kno t nem a tode, MeioidogYlle incognitn 
among which of 4 each of ginger (Accs. 79, 
197, 216 and 219) and turmeric accessions 
(Accs. 54, 56, 57 and 106) show ed re istant 
reaction . Acc. 117, a root-knot nem atode 
resistant ginger germplasm accession was 
approved for release as ' IISR Mahima' by 
the 21'1 Sta te Seed Subcommittee, Kerala. 

Organic amelldlllell ts for lIema tode manage
//l ent 

Stud ies carried out Lmder microplot contl i,;;. 
tiuns ind icated that incorporation of Piper 
cO/llbriJJIIIIJ and Strychnos J1!/x-vvJJ/ icn leaves 
in black pepper basins controlled nematodes 
and imprm'ed the yield of plants. 

5. Biological control of nematodes of spices 

(Snllthosh J. Enpel/, K. V. Ramnlla alld A. 
KlimaI') 

S tlldies 0 11 PGPRs 

Five isola les of rhizobacteria (IlSR-522, IISR-
528, IISR-658, rrSR-853 and IISR-859) hav
ing dua l nem a ticida l action (suppress ing 
both RndoplJOllIs simiiis and MeioidogYIII.' iJJ-

si JJl i/is i JlcogJlita 

llSR-552 86.57 14.8 
JISR-528 J7.08 12.0 
IlSR-658 6.52 0.0 
IlSR-853 5.23 0.0 
IlSR-859 4.16 0.0 
Nematode alone 1008.20 124.8 
Absolute control 0.00 0.0 

Twenty-five isolates of PGPRs were evalu
ated for their carbon utilization and antibi
otic resistance. Many of them utilized suc
cinic acid ind icating that they belong to fluo
rescent pseudomonas group. Genomic DNA 
of these isolates was isola ted through the 
CTAB-SOS m ethod and a p rocedure for 
Rep-PCR finger printing was standardized. 

Scalillg lip of promisiJlg isolates 

Stud ies on mass multiplication of Vertici/
l illlll clt/nJJlydosporiwJJ on solid subs trates like 
rice bran, tapioca p owder, decomposed coir 
compost and neem oil cake showed that rice 
bran was the best s ubs trate (number of 
chlamydosp orcs: 2.24 x 101). The synergis-

, tic effect of some plan t extracts (ha ving ne
maticidal effect) on mass multiplica tion of 
V. clzlnJJJydosporillJJ I was studied . Aqueou 
ex trac ts of Azndirnclt tn i ndicn and 
C/11'OmOieaI1G odorata supported good g rowth 
and sporula tion of V. chiaJJlydosporillJJl . 

Sodiwn alginate and talc based formulations 
of rhizobacteria and V. chln mydosporill 111 
were prepared and are being evaluated for 
their shelf life. Additives like rice bran, gin
ger lea f powder, tea was te and tapioca pow
der were incorporated in these fo rmula tions 
an d their impact on multiplica tion and sur
vival of biocontrol agents is being stud ied. 
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Field trials with promising biocontrol 
agents 

Field evaluation of p romising fungal isolates 
namely, Trich oderma harziallu nt an d V. 
ch/amydosporillnl and th e b ac terium, 
Pastellria pelletralls, was continued for the 
fifth year. Black pepper vines treated with 
V cil/al1lydosporiunl followed by vines treated 
with phorate yielded higher than other treat
ments. The economics of biological control 
of nematodes of black pepper was worked 
out. Application of V. ch/amydosporiu11l re
sulted in a cost benefit ra tio o f 1: 7.1 in com
parison with 1: 3.7 of ph ora te application 
and 1: 2.9 of Trichoderma application. 

In another trial at Peruvcumamuzhi, a ll the 
four fungal isolates name ly, V. 
cJz/alllydosporiwn, T. llarZial1lll ll, Paeci/omyces 
/i/acillus and Scoplliariopsis sp. significantly 
reduced foliar yellowing in b lack pepp er 
vines. 

Promising isolates of V ch/alllydosporilll1l, T. 
hnr::inIlIlHz, Fusnrillm oxys por unz, 
Scopll/ariopsis sp. and P. l i /acinlls were evalu
ated for their potential to suppress root-knot 
nematodes in ginger. Tho ugh none of them 
could sign ificantly increase the y ie ld of gin
ger, the h ighest y ield was obtained with the 
application of V chlal1lydosporilllll (Table ~5). 

J/ldllcillgva riability ill Verticillium iso la tes 

Genomic DNA of three isolates o f V. 
clz/alllydospori!llll and one isolate of V /ecanii 
was isolated . 
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6. Bioecology and management of 
mealybugs infesting black pepper 

(K. M . Abdulla Koya, S. Devasahayam and 
M. Anandaraj) 

Dis tributioll 

Surveys were conducted in black pepper 
growin g tracts of Madikeri Dis tric t in 
Kamataka to study the distribution of root 
m ealybug, P/al1OcoccuS sp . The areas s ur
veyed included Hervana d , Napo kulu , 
Bo ike ri , H oreor, A lma tti, Valagunta, 
Suntikoppa, Akkatoor, Siddapur, Margoli, 
Polibe tta, Mayamudi and Balale. Thirty n ine 
black pepper gardens were surveyed out of 
which 13 gardens showed mild and 3 gardens 
medium level infestation by Planococcl.ls sp. 

Life his tory 

The morphometrics of adults and crawlers 
of root mealybug were determined . Th e 
total life span from crawler to ad ults ranged 
from 32 to 36 days. The total nu mber of eg~s 
laid by fem ales ran ged from 19 tn 197. 

7. BiologicaL-eontrol of insect pests of 
spices 

, 

(5. DevasaJ.zayam, K. M. Abdulla Koya, T. 
K. Jacob and T. JolllI Zacllariah) 

Eva illation of ellto ll1opatll ogens agains t 
root m ealybug 

Four isolates of fun gi belonging to the gen
era Aureobasidilll7l, HI/mico/a, Paeci/o1llyces 
and 5co/ecobasidiul1 l collected from spice eco-

Table 65. Evaluation of fungal bioagents on ginger in the field 

Treatment Height 
(cm) 

No. of 
ti Hers 

Fresh yield 
(kg/ 3xl m bed) 

Control 74.98 a 9.39 a 5.15 bc 
Verticil/illlll clzialllydosporizllll 73.99 a 9.32 a 5.83 c 
Trichoderllla imr::.ialllllll 74.75 a 8.75 a 3.98 a 
Filsarilllll oXYSpOrlllll 3.49 a 9.36 a 4.75 ab 

Nematodes/g 
root 

2HOb 
1.95 a 
6.97 ab 

23.67 b 

Values with sa me letter designation are not significant according to DMRT at P<O.05 
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system were evaluated for their pathogenecity 
against root mealybug (Planococcus sp .) infest
ing black pepp er in laboratory bioassays. 
H owever, none of the isolates were effecti ve 
in preventing the multiplication of root mea
lybug after treatment. 

Four isolates of entom opathogenic nema
todes (Heterorhabditis sp .) were evaluated for 
their p athogenecity against root m ealybug 
in laboratory bioassays. The study indicated 
that the isolates caused 10%-32% mortality 
of the pest. 

Managem ent of S1100t borer 

A commercial neem product (Nimbicidine) 
and neem oil were evaluated at 0.5%, 0.75% 
and 1.0% con cen tra tions in the field a t 
Per uvannmuzhi fo r the m an agem ent of 
sh oot borer (Col1ogethes pUl1ctiferalis) on gin
ger and turmeric to develop eco-friend ly 
schedules based on organic insecticides for 
the management of the pest. The neem prod
ucts were sp rayed a t 15 d ay intervals on the 
exp erimental plants during July to October. 
A treatment involving spraying of malathion 
0.1% at m onthly intervals during July- Oc
tober was also m aintained. 

The tria ls ind ica ted th a t spraying of 
Nimbicidine 1.0% and neem oil 1.0% were 
e ffective and was on par with malathion 
0.1%. The percentage of sh oots infested by 
the pest was significantly less in these treat
ments when compared to all other treat
ments including control. H owever, on tur
meric, none of the treatments were effective 
in reducing the d amage caused by the shoot 
borer. 

Managem ent of rhizome scale 

Dried leaves of four plant sp ecies namely, 
Chro l1loleal1a odorata, Glycosntis 
cochil1chinellsis, Melia compos ita and Strych-
110S 11 !lx-volll ica were evalua ted as storage 
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m aterial for the managem ent of rhizome 
scale (Aspidiel/a hartii) on ginger during stor
age alter dipping the rhizomes in quinalphos 
0.075%. The trials indicated that, storage of 
rhizomes in dried leaves of S. nllx-vomica 
after dipping in quinalphos 0.075% was 
more effective for obtaining higher recov
ery of rhizomes and lesser incidence of rhi
zome scale. 

8. Ch arac te rizat io n o f bi oac tive 
compounds w ith pesti cide properties 

(N. K. Leefa, M. AlIandaraj, S. Devasahayam 
and Sallthosh J. Eapen) 

Leaf extract from CI11'omolaena odorata (fun
gitoxiC against Phytoplzthora capsici) was frac
tionated by column chromatography to iso
late fungitoxic compounds. These fractions 
were further purified and two crystalline 
compounds were isolated from the active 
fractions. Spectral studies of the compounds 
are under progress. 

Final Report 

1 . I so la t i on and id e n tiii ea ti on of 
naturally occu~ring compounds against 
major p ests and pa thogens of black 
pepper 

(N. K. Lee fa, M. Anandaraj, K. V. Ramana, 
Sallthosh J. Eapen and S. Devasahayam) 

Objectives 

The study was initiated w ith the objective 
of screening extracts of various plants for 
their pesticide properties against pests and 
p a thogen s o f black pepper name ly, 
Phytoplzthora capsici, root knot nematode and 
politi beetle with a view to isolate and iden
tify active principles in them and to evolve 
ecofrien dly m ethod s u sing botanicals for 
management of these pests and p athogen s. 
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Preparatiotl of extracts 

Aqueous, hexane and methanol extracts of 
various plant species were prepared for 
evaluation of antifeedant, fungicidal and 
nematicidal properties. 

Aqlleolls extract 

50 g of the powdered plant material was 
extracted with hot water several times and 
the combined extract was concentrated to 
50 ml and used in the bioassay. 

Hexalle and methanol extracts 

Dried and powdered plant materials were 
successively ex tracted with hexane and 
methanol for 15 h in a SoxhJet apparatus and 
the extracts were separately concentra ted to 
dryness and used in bioassays. 

[ssell tial oil 

Essential oils were co llec ted by 
hydrodistillation of fresh plant materials for 
3 h. The oils were dried using anhydrous 
sodium sulphate and used in bioassays. 
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Screenitlg for antifullgal activ ity 

The efficacy of plant ex tracts on mycelial 
growth of PhytopJzthora capsici was studied 
by poisoned food technique. The test ex
tracts were mixed with 2% carrot agar to 
obtain concentrations ranging from 0.25% 
to 2.00% in the final volume of 60 ml of me
dium. This 60 ml medium was dispensed 
into four 9 cm petriplates. P capsici from 
black pepper was cultured on carrot agar, 1 
em diameter mycelial discs were cut with 
cork borer and placed in the centre of each 
plate. In control sets, appropriate quantity 
of distilled water was used in place of plant 
ex tracts. The plates were incubated at 25°C 
(±l OC) and the growth of colony was measured 
after 72 h and 120 h after inocula tion and 
per cent inhibition was calculated (Table 66). 

Among the various extracts, essential oil 
from leaves of aUspice showed promising 
fungitoxicity, followed by C. odorata leaf ex
tract and Z. rhetsa seed oil. Allspice leaf oil 
completely inhibited mycelial growth of P. 
capsici at 0.5% whereas C. odorata leaf ex-

Table 66. Effect of aqueous plant extracts on mycelia l g rowth of PhytoplltllOm capsici 

Extract 

Piper colllvrilllll1l leaf 

" 

wlltalla call1era leaf 

Si ryc/illos lIux-volllica leaf 

Cone. (%) 

2.00 
1.00 
0.50 
0.25 

2.00 
1.00 
0.50 
0.25 

2.00 
1.00 
0.50 
0.25 

lnhibition of mycelial 
growth (%)* 

83.8 
56.2 
34.3 
20.3 

72.1 
68.2 
59.0 
52.6 

38.1 
18.4 

6.4 
0.0 

(Table 66 continued next page) 
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(Table 66 continued from previous page) 

Azadiracltla illdica leaf 2.00 75.5 
1.00 64.1 
0.50 38.2 
0.25 21.7 

Chrolllo/aella adorn/a leaf 2.00 100.0 
1.00 97.7 
0.50 82.0 
0.25 68.7 

C. adorn /a root 2.00 100.0 
1.00 55.4 
0.50 24.7 
0.25 8.6 

Za llihoxy/I IIH rhe/sa seed oil 2.00 100.0 
1.00 62.0 
0.50 28.0 

Allllolla sqllamosa seed - hexane extract 2.00 16.6 
1.00 11 .6 
0.50 7.2 

A. sqllamosa seed - methanol extract 2.00 41.5 
1.00 33.2 
0.50 17.2 -Polya//llia /ollgifo/ia leaf - hexane extract 2.00 

~ 
- 65.7 

1.00 57.5 
0.50 46.0 

P. IOllgifolia leaf - methanol extract 2.00 66.0 
1.00 52.0 
0.50 35.5 

Melia cOlllposita seeds - hexane extract 2.00 58.5 
1.00 46.8 
0.50 30.4 

M. composita seeds - methanol extract 2.00 63.1 
}.OO 25.1 
0.50 27.1 

Allspice leaf oil 2.00 100.0 
1.00 100.0 
0.50 100.0 

Eugenol 2.00 100.0 
1.00 100.0 
0.50 100.0 
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tract and Z. rhetsa eed oil inhibited myce
lial growth at 2% concentration. 

Isolation of antifungal priHciple in allspice 
leaf oil 

The essential oil from allspice leaves caused 
complete inhibition of mycelial growth of P. 
capsici at concentrations ranging from 0.5% 
to 2.0%. Bioassay using the authentic sample 
of eugenol as well as fractions of the essen
tial oil rich in eugenol caused the same fun
gitoxicity a t th e same concen tr a tions. 
Hence, the fungitoxic principle in allsp ice 
leaves was identified as eugen ol. 

Antif ul/g al act iv ity of fla v olles 

The effect of the two flavones isolated from 
P colllbrillLlIlI leaves namely, 7-methoxy 5, 
.1'-dih ydroxy flavone (genkwanin) and 7-
mcthoxy 5, 3', 4'-trih yd roxy flavone (7-0-
methyl luteolin) was tested on sporulation 
of P. capsici ill vitro; sporulation was com
pletely inh ibited at 5000 ppm (Table 67). 

Table 67. Effect of flavones from Piper coillbrilll ll ll 
leaves on sporulation of Pllylophlhora capsici 

Conc. (~lg/ml) Sporulation inhibition (%Y 

Genkwanin 7-0 -methyl 

5000 
500 
50 

100 
52 
o 

·Mean of 3 replications 

luteolin 

100.0 
66.0 
7.2 

Iso latio ll of active prin c ip l es f rom 
Chromolaen a od orata leaves 

The d ried an d powde red leaves of C. odorata 
(100 g) were successively extracted with 
petroleum ether, ch loroform and methanol 
for IS h in each case in a soxhlet apparatus. 
Through bioassay guided fraction ation by 
column chromatography, a fungitoxic com
pound was isolated. 
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Screening f or nematicidal activ ity 

The nem aticid al activity of plant extracts 
was determ ined by immersion test method. 
Am ong the extracts, allspice leaf oil was the 
m ost prom ising, resulting in 100% mortal
ity of test nematodes at 1320 p pm after 24 
h. Comp le te m ortality of test nematodes 
was obtained using methanol extract of A. 
squamosa seeds (2500 ppm), after 24 h of in
cubation . Aqueous leaf extract of S. nux
vomica and P. colubrinul1l exhibited 93.3% 
and 92.0% mortality of test nematodes, re
spect ively. Aqueous leaf ex trac ts of L. 
call1ara, C. odorata, Z. rhetsa seed oil, hexane 
and methanol extracts of P. IOllglfolia leaves 
and M. composita seeds did not sh ow sig
nificant nematicidal toxicity. 

Isolation and idelltif ica tion of nematicidal 
principle from allspice 

The major com ponent in essential oil of all
spice leaves was iden tified as eu genol by 
GC-analysis. The toxic effect of the oil as well 
as eugenol (at concentrations of 2640, 1320, 
660,330 an d 165 ~g/ml) was tested on sec
ond stage juveniles of Meloidogyne incognita. 
Both the oil and eugenol possessed the same 
nematicidal activity at identical concentra
tions. Hence the nema ticidal principle in 
allspice was identified as eugenol (Table 68). 

Iso lat ion and identificat ion of n em aticidal 
prillciples from Piper colubrinum 

Preliminary studies using aqueous leaf ex
tracts ind icated that the nematicidal activ
ity resided in the non polar fraction of P. 
colubril1l1l1/ leaves. But when the dried and 
powdered leaves (150 g) were extracted suc
cessively with petroleum ether, chloroform 
and wa ter, the chloroform extract showed 
higher activity. Therefore the residue from 
chloroform extract was subjected to column 
chromatography over silica gel and fu rther 
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Table 68. Nematicidal activi ty of allspice leaf oil and eugenol 

Extract/Compound Cone. Morta lity over control Mortali ty over control 
after 48 h (%)* (ppm) after 24 h (%)* 

Allspice leaf o il 2640 
1320 

660 
330 
165 

Eugenol 2640 
1320 
660 
330 
165 

*Mean of 3 replications 

fractionated into four fraction s namely, pe
troleum ether-ethyl acetate 9:1, p etrole um 
ether-ethyl acetate 8:2, petroleum ether-ethyl 
acetate 7:3 and ethyl acetate, by elution w ith 
petroleum ether-ethyl acetate mixtures of 
increasing polarity. Th ese fraction s were 
concentrated to d ryness and a p art of each 
of these fractions was tested for nematicidal 
activity. The fractions eluted with petroleum 
ether-ethyl acetate 8:2 and p etroleum ether
ethyl aceta te 7:3 sh owed higher activity 
compared to others. Further purification of 
th1se two fraction s yielded two crystalline 
compounds designated as genkwanin and 
7-0-meth ylluteolin, respectively. The effect 
of these fractions on second stage juveniles 
of M. incognita was studied (Table 69). 

100.0 
100.0 

70.6 
8.9 
5.2 

100.0 
100.0 
73.6 
14.9 

9.5 

100.0 
100.0 

99.2 
22.9 
16.0 

100.0 
100.0 
100.0 

30.7 
14.1 

The nematicidal comp ounds isolated from 
p. colubril1um leaves were identified as 7-
methoxy 5, 4 '-dih ydroxy flavon e 
(genkwanin) and 7-methoxy 5, 3', 4'- trihy
d roxy flavone (7-0-methylluteolin) by UV, 
IR, IH N MR, 13CNMR and MS studies . 
Am on g the 2 compo unds, 7-0-m e th yl 
luteolin sh owed higher nem aticidal activity. 

Screening plants for antifeedant activity 011 

pollu beetle .-- /" 

In vitro antifeedant activity of plant ex tracts 
on poilu beetle (Longitarsus nigripennis) was 
tested by no-choice tests. Leaf discs of 1 cm 
size. were cu t from tender leaves of black 
pepper (var. Panniyur-1, a known suscep
tible variety) an d dipped in various concen-

Table 69. Nematicidal toxici ty of compoun ds from Piper cOlllbri l7ll111 leaves 

Concentration 
(ppm) 

500 
250 
166 

*Mean of 3 replications 

Mortali ty over control 
a fter 18 h (%)* 

Genkwanin 7-0 -Methyl 

74 
32 
2 

lu teolin 

100 
48 

3 

Suppression in hatch ing over control 
after 5 days (%)* 

Genkwanin 7-0-Methyl 

41 .5 
0 .0 
0.0 

luteolin 

67.5 
15.5 
0.0 
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trahons o f the extracts, air dried and placed 
in 100 ml beakers over m oist filter paper for 
retaining humidity. Adu lt pollil beetles were 
collected from the field, s tarved for 12 h and 
five beetles were introduced into each bea
kel~ the mouth of wh ich was closed with a 
mu slin cloth . The ex periment was repli 
cated four times. A contro l was maintained 
in wh ich the lea f d iscs were d ipped in dis
tilled water. The leaf area fed by the beetles 
during a 24 h period was ca lculated by plac
ing the lea f discs over a gr id under a s tere
omicroscope (Table 70). The antifeed ant in
dex or per cent feeding de terrence was cal
culated by using the equa tion: 

Area fed in control - Area fed in treatment x 100 
Area fed in control + Area fed in treatment 

Table 70. Antifeedant activity of plant extracts 
on poll II beetle 

Extract (1 %) 

AIIIIOIIn sqllamosa seed (H ) 
A. squamosa seed (M) 
Melia cOlllposita seed (H) 
M. composita seed (M) 
Polyalthia IOllgifolia leaf (H) 
P. IOllgifolia leaf (M) 
Zall thoxyl u 111 rhetsa fnti t 
Chromolaella odorata leaf (A) 
Strychnos Illlx-vomica leaf (A) 
Azadirachta illdica leaf (A) 
CD (P<O.05) 

Feeding 
deterrence (%)* 

100.0 
100.0 

51.2 
20.9 
55.8 
38.4 

0.0 
34.0 
64.7' 
32.2 

8.3 

*24 h after treatment, average of 4 replications 
H=Hexane extract; M=Methanol extract; 
A=Aqueous extract 

Among the various plant extracts, hexane 
and methanol extracts of A. squamosa seeds 
showed m aximum £eedin.g de terrence caus
ing 100% deter rence (Fig. 25). These extracts 
also caused mortality of pol/u beetle after 24 
h . Aqueous leaf extract from S. nux-vomica 
resulted in 64.7% antifeedant acivity fo l-

Fig. 25. Antifeedant activity of AIl/1011n 
squamosa seed extracts on poilu beetle 

(left-treated; right-untreated) 
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lowed by hexane extracts from P. longifolia 
leaves and M. composita seeds. Other ex
tracts showed negligible feeding deterrence. 

Externally Funded Projects 

1. DBT: Compatibility, stability and 
potential of biocontrol consortium on 
suppression of Phytophthora foot rot 
of black pepper and their ron,\PTV<1t1on 

(Y. R. Sarma, M. Anandaraj and A. Klimar) 

Isolation of biocontrol organisms 

Fluorescent pseudomonads and Trichoderma 
spp., were isolated from black pepper roots 
and rhizosphere soil collected from Kerala, 
Karnataka, Tamil Nadu, Andhra Pradesh 
and Sikkim and added to the Repository of 
Rhizobacte r ia which has 832 s tra ins at 
present. 

Mode of action 

The antagonis tic potential of bacteria l iso
lates and Tnd10denna spp. was eva luated by 
dual culture technique against PhytophtJlOra 
capsici, the foot rot pathogen of black pep
per. The mode of action of PGPRs in pro
tecting black pepper from infection by P. 
capsici was studied in detail. The fluores-
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cent pseudomonad strains, nSR-51 and IISR-
13 significantly inhibited radial growth of 
P. callsici. These strains also produced in
hibitory HeN, siderophores and antibiotics 
(pyoluteorin and pyrrol.nitrin). The efficient 
s trains of Pseudolllonas fluorescens namely, 
JlSR-13, IISR-51, IISR-8, ISR-ll and IISR-6 
and Trichoderllla isola tes namely, P-26, P-12, 
GV-19, Ta v-25 and Th-39 produced 
mycolytic enzymes such as ~-1,3 glucanases, 
~-1,4 glucanases and lipases. The efficient 
s trains were characterized based on their 
efficiency in utilization of different carbon 
sources, antibiotic sensitivity, and utilization 
of succinic acid . The efficient bacteria also 
solubilized phosphate and making it avail
able for the plant. The introduced biocontrol 
bacteria in black pepper were endoph ytic 
as revealed by fluorescent microscopic ob
serva tions. 

The selected isolates of PGPRs were evalu
a ted in the greenhouse for their efficiency 
in grow th prom otion, biomass production 
and foot rot s uppression in black pepper. 
The P.jlllorescens strains IISR-8, IISR-ll and 
IISR-51 were effective in protecting b lack 
pepper from its three pathogens n amely, 
RadopllOlus silllilis, Meloidogyne illcogl1 ita and 
P. capsici iIldicating their potential for the 
managemen t diseases of black pepper in the 
nursery. 

Shelf life 

The shelf life of Trichoderma iIl various coir 
p ith based subs trates was tested and coir 
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compost + sorghum was identified as the 
best carrier media with a shelf life of 75 days. 
Locally available agricultura l wastes 
namely, coconut water and m olasses (0.5%) 
were evaluated for multiplication of bacte
rial biocontrol agents and both the media 
were identified as economical ca rrier me
dia; molasses supported a population of 1011 
per ml and coconut water supported 1015 per 
ml in 32 h . 

Compatibility 

The efficient biocontrol agents of black pep
per were tested agai.nst path ogens of ginger 
and cardamom to develop a biocontrol con
sortium in a multiple cropping system in
volving severa l spice crops. The biocontrol 
agents suppressed the disease in these crops 
and also promoted their growth. The com
bination of T. harzia/II/111 isolate, rrSR-1369 
and P. filloresce lls s train, IISR-ll could im
prove the vigour of both black pepper and 
ginger plants. The same treatment combi
nation resulted iIl maximum yield in ginger 
and cardamom. In field trials conducted 
with different combinations onluorescent 
pseudomonad s C}.l1d Trichoderllla, the best 
trea tment was a combination of Trichoderl11a 
spp. (Is. nos. JISR-1-l3 and IISR-369) and P. 
fillorescells (JISR-6) to decrease root rot dis
ease besid es increasing the yield. The two 
efficien t biocontrol agents P. fillo1'escells (IISR-
6) and T. /wrziallL/l1/ (P-26) were individu
a lly efficient i.n protectiIlg black pepper from 
root rot, compatible with each other and 
rhizosphere competent also. 
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X. Mega project: Economics, statistics and modelling 

(Project leader: M. S. Madan) 

1. Economics of spices production and 
marketing 

(M. S. Madan ) 

Estimatiol1 of cost of cultiva tion of spices 

Surveys were conducted in predominantly 
cardamom grow ing districts of ldukki 
(Kerala) and Kodagu (Kamataka), to update 
the cost of cu ltivation data for m ajor spice 
crops. The estimated cost of cultivation for 
cardamom during the crop year 2001-02 in 
ldukki and Kodagu districts was Rs. 213.97 
and Rs. 222.17/kg, respectively. 

Allnlysis of marketing system for spices 

During the course of the survey, informa
tion on marketing aspects was also collected. 
More than 75% of the produce was marketed 
through auction centers and lot sizes less 
than 16 kg were not b rought to the auction 
centre. More than 50% of the lots were less 
than 100 kg lots . Bodinayakanur_(Madurai 
District, Tamil Nadu) was the major pack
ing and forwarding centre for cardamom 
main ly because of lower labour wages 
(Rs. 22/ day). About 40% of the produce was 
transported by train to domestic marl<e1:S; 
road transport was cheaper (Rs. 3.50/km) 
than train (Rs. 6.40/km). Delhi and Kanpur 
were the major d estinations for the produce 
from Bodinayakanur. Detailed analysis of 
seasona l variation in cardamom prices is 
being done based on the price obtained fro111 
auction centers. 

ECOIIOIII ics of spice prodllction technologies 

The cos t of various spice production tech
nologies was assessed (Table 71 to 76) . 

Digitizatioll of database 

Published secondary data were collected 
and used for populating the digital database 
on spice technology. Data on area, produc
tion, export, import and price for various 
spices were collected, refined and loaded 
into a database software for statistics. Da
tabase for 10 years was made available 
through the web site <www.spicestat.org> 
Commercial profile of all major spices was 
prepared and made available in the data
base. 

2. Identification of appropriate predic
tion systems in spice crops 

(K. N. K untp and P. Rajeev> 

Forecast of production of a crop facilitates 
decision making process with regard to its 
demand and availabili ty (supply) and is an 
essential tool in formulating export-import 
policies. The annual production of commer
cially important spice crops exhibits unex
p lainable fluctuations and the project aims 
at developing forecast systems for a given 
crop and to assesses the extent to which it is 
disturbed by externali ties. 

The time series of annual production of three 
major spice crops namely, black pepper, gin
ger and turmeric were subjected to statisti
cal analysis. Mathematical models like curve 
estima tion, exponentia l smoothing and 
autoregressive moving average models 
(ARMA and ARIMA) were employed. It was 
established that curve fitting could be em
ployed if prediction of a long-term trend is 
needed. But for making short-term predic
tions, exponential smoothing and ARIMA 
models are suitable. ARIMA models are 
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Table 71. Economics of cardamom cultivation in Kodagu District (Karnataka) (2001--D2) 

Particulars 

Establishmellt cost (for 2 yrs> 
Labour 
Planting materia ls 
Manures 
Fertilizers 
Pesticides 
Total establishment cost 

Mailltellallce cost 
Labour 
Compost 
Fertilizers 
Pesticides 
Drying charges 
Interest on working capital @ 13% per annum 
Total maintenance cost 

Estimated cost of clIltivation 

Cost (Rs. (acre) 

11,972.70 
3000.00 
6500.00 
2025.56 
5944.50 

29,442.76 

17,360.20 
2837.50 
2250.72 
3963.40 

10,294.50 
4037.66 

40,743.98 

Amortized value of initial investment @ 11% per annum 
Total maintenance cost per year 

4999.46 
40,743.96 
45,743.44 Total ::ost of production 

Ref II rJl S 

Average annual production ( acre (dry capsule) 
Gross returns @ Rs. 636.37/ kg 
Net returns 

Cost of production/kg of dry capsules 

preferable because of the feasibility of physi
cally interpreting the parameters estimated . 

t'Remote sensing and GIS in evaluat
ing the impact on socio-ecological 
changes on spices production III 

Western Ghats region 

(M. S. Madan , V. Srinivasan, Utpal a 
Parthasarathy, K. Kandiannan and K. V. 
Saji) 

The project was initiated during January 
2003. The main objective of the project for 
the first year was to create digital maps for 
Western Ghats in general and Wyanad Dis
trict in particular. Accordingly, soil maps 

>~-

205.89 
1,31,022.21 

83,728.17 

222.17 

for Kerala and Karnataka and water shed 
maps for Kerala were procured and the pro
cess of digitization initiated. An effort was 
made to identify land use and land suitabil
ity pattern for black pepper in Kerala mak
ing use of the database created for spices 
and the available digital data. 

Externally Funded Projects 

1. NATP: Integrated National Agricultural 
Resources Information System 

(M. S. Madan, V. Srinivasan and K . S. 
K rishnamurthy) 

Time series data were collected and sorted 
for entry into database. Software for stor-
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Table 72. Cost of cultivation for rapid mu ltiplication of rooted black pepper cuth ngs (bamboo 
method) (2003) 

Particulars 

NOllreCllrrillg expenditure 
Clearing, leveling and providing drainage in nursery area 
Semi-permanent nu rsery structure of 24 m x 6 m size 
Masonary charges including cost of cement 
Shade net 
Total 

Recurrillg expellditllre (alice ill 3 yenrs) 
Bamboo 200 p ieces @ Rs. 54 / p iece 
Arranging bamboo sp lits (10 mandays) @ Rs. 120 / day 
M()th~r vines 600 nos. @ Rs 6/vine 
FYM 260 eft @ Rs 20/eft 
Forest soil 650 eft @ 600/ eft 
Sand 260 eft@ Rs. 9/eft 
Fumigation of potting mixture 
Coir dust 60 eft @ Rs. 2/eft 
Preparation of rooting medium (240 eft) (6 man days) 
Prepa ration of potting mixture (982 eft) (15 man days) 
Total 

Reclirrillg expellditllre (every 3 years) 
Ferti I izers 

Urefl 29 kg @ Rs. 4.65 / kg 
Su per phosp hate 29 kg @ Rs. 3.10/ kg 
Muria te of potash 15 kg@ Rs 4.35/ kg _-/ 
Magnesiu m Sulphate 7 kg @ Rs. 3.50 / kg 
Cow dung slurry 

Plant protection chemicals 
Ridomil 1 kg @ Rs. 1300 /kg '" 
Phorate 22 kg @ Rs. 50 / kg 
Quinalphos 1 lit @ Rs. 320/1 
Copper oxychloride 10 kg @ 14.61 / kg 

Charges for application of nutrient solution and pesticides 
Labour charges for tying vines, irrigation and maintenance 
Cost of temporary shed (1000 capacity, 12 m x 6 m) 
Cost of shade net 
Total 

AnnUity value @ 11 % 
T ota I cost of prod lIction 

Cost of production/cutting 

Cost (Rs.) 

Avai lable 
97,000.00 
15,000.00 
12,000.00 

1,24,000.00 

10,800.00 
1200.00 
3600.00 
5200.00 
3900.00 
2340.00 
1300.00 
120.00 
720.00 

1800.00 
30,980.00 

134.85 
89.90 
65.25 
24.50 

100.00 

1300.00 
1050.00 
320.00 
610.00 

1950.00 
38,000.00 

9500.00 
9000.00 

62,144.50 

26,315.00 
88,459.50 

4.95 

89 
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Table 73. Cost of cultivation for rapid multiplication of rooted black pepper cuttings (trench method) 
(2003) 

Particulars Quantity requi red Unit cost (Rs) 

Labour (man days) 
Polybags 
Farm yard manure 
Fytolan 
Runner shoots (having 3 viable nodes) 
Totat cost per 150 nos. / pit 

Cost of production/cutting 

4 nos. 
150 nos. 
4 kg 
30 g 
50 nos. 

Table 74. Cost of production of vermi-compost 

Items 

Non -recmrrillg expenditllre 
Clean thatched shed or shaded place 
Senti-permanent masonary tank (2.00 m x 1.00 m x 0.75 m size) 
Total 

Recllrring expenditllre during 1" year 
Earthworms 
Cowdung (Rs./ kg) 
Vegetable waste 
Labour cos t (including masonary work) 
Tota l 

80.00 
0.30 
2.00 
0.23 
2.50 

3.37 

Total cost (Rs) 

320.00 
45.00 

8.00 
6.90 

125.00 
504 .00 

Cost (Rs.) 

Available 
3200.00 
3200.00 

Tota l of items I & II ____ 

500.00 
5.00 
5.00 

6000.00 
..651-0.00 
9710.00 

Recllrring expellditllre dllring subseqllent years 
Earthworms 
Cowdung 
Vegetable waste 
Labour 
Apportioned cost of initial investment @ 11 % 

Total cost of production 

Cost of production/kg 

Table 75. Cost of production of coir pith compost (100 kg) 

Particulars Quantity required Cost / unit (Rs) 

Coir pith 
Urea 
Spawn bottles 
Total man days 

Total cost/100 kg 

100 kg 
5 kg 

5 x 250 g 
8 

1.S0/ kg 
4.80/kg 
60/kg 

85/day 

Avai lable 
10.00 

5.00 
3000.00 
1496.00 

4511.00 

4.51 

Total cost (Rs) 

150 
24 
75 

680 

929 
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Table 76. Cost of prod uction of Trichoderma 

Particula rs Cost (Rs.) 

Sorghum @ Rs. 5.30/kg including, load ing, unloading and powdering 
Transport 

8.70 
0.70 
4.50 
0.80 
2.00 
5.00 
0.27 
8.58 
6.01 

Autoclaving 
Polypropylene bags (4 bags) @ Rs. 60/ kg 
Fill ing and autoclaving (50 p / bag) 
Research time Rs 1500/30 days (producing 500/100 kg) 
Depreciation-capita l investment @10% 
Ins titutiona l charges 40% 
Quality maintenance (20% loss or contamination) 
Packaging, esca lation of cost of raw material 

Total cosUkg 

age of spice database in two p arts was d e
signed, modified and is being finalized. An 
interactive CD on 'Black Pepper Anthology' 
waS prepared and sold through Agricultural 
Technology Information Centre. Two p roject 

13.94 

50.50 

personnels were trained in database man
agement and Relational Database Manage
ment System and the facilities of the project 
were stren gthened d uring the year with the 
p urchase of equipmen ts. 
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XI. Mega project: Exte n s ion and training 

(Project leader: P. Rajeev) 

1. Integrate d disease m a nage ment in 
black pepper-A s tudy on technology 
diffus ion and impact 

(P. Rajeev) 

The study is proposed to be undertaken in 
Wyanad Dis tric t of Kerala. One hundred 
and forty beneficiary farmers from Wyanad 
who h ave procured the biocontrol formula
tion for the control of foot rot d isease of black 
pepper from IlSR d uring 1998 constitute the 
sample for the study. The procedure of strati
fied samp ling based on number of black 
pepper vines subjected to the treatment by 
the respondents has been completed . The 
preparation of data collection tools like ques
tionn aire and semi-s tructured interview 
schedule follow ing a careful exercise of op
erational de finition of variables to be stud
ied has also been completed. The major vari
ables defined under the study are knowl
edge domai.n of farmers, i.nformation seek
ing behaviour of farmers, diffusion pattern 
of Jechnol ogy, socia economic impact of 
technology and constraints in adoption of, 
technology. 

2. Tra ining of r esearch and extens io n 
worke rs 

(P. Rajeev, M. S. Madan and T K. Jacob) 

Institllte trailling progra mmes 

The institute conducted four regular train
iJ1g programmes for field extension function
aries of agricultural and horticultural de
partments and research workers of o ther 
ICAR institutes and state agricultura l uni
versities, in which 32 trainees participated . 
The modules for these programmes were 
prepared based on the technologies devel-
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oped by the institute. The topics covered 
iJ.cluded production technology, nursery 
managem en t and post harvest technology. 
Two short term training prog rammes on 
bioinformatics sponsored by Department of 
Biotechnology were also organized in which 
21 trainees participated. 

Off-campus seminars 

Scientists of the institute were deputed to 
deliver lec tures in farmers and extension 
seminars. The institute p articipated in 16 
programmes organized by various institu
tions like Central Plan tati.on Crops Research 
Institute, Kasaragod; Indian Council of Ag
riculture Research Com plex, Goa; Indian 
Agricultural and Farmers Congress, Meerut 
and Kerala Sta te Department of Agriculture. 

Project work by s tlldents 

As a part of human resource d e.Y.elopment 
functions of the institute, sh ort term research 
projects were carried ou t by MSc student 
research scholars from various univ~rsities. 
These projects were effectively integrated in 
t~ the research work already being carried 
out at the institute in the disciplines of bio
technology, microbiology, p lant pathology, 
entomology, economics, biochemistry and 
computer applications. During 2002-03, 67 
students carried out these research projects 
fetching a revenue of Rs. 3,02,500/- to the 
institute. 

Exte rnally Funded Projects 

1. N ATP: Agric ulturai Te chnology 
Information Centre 

(P. Rajeev) 

The Agricultural Technology Information 



Research Achievements 

Centre (ATIC) facilitated direct sale of plant
ing material of improved varieties of spices 
from the main campus as well as experimen
tal farm and 75,440 rooted cuttings of black 
pepper and 722 of Piper chaba were sold. 
Pamphlets (1505), folders (629), technical 
bulletins (80) and institute publications (56) 
were also sold. A CD on 'Black Pepper An
thology' was produced and 36 nos. were 
sold. Soil (12) and manure samples (3 nos.) 
were also tested. Nine hundred and ninty
six farmers were benefited by advisory ser
vices. Two kisal1 melas were also organized. 

2. DBT: Distributed Information Sub
centre 

(Salltl1os/z J. Eapen) 

Research 

Various databases and softwares were de
veloped. 

Databases 

• An online da tabase (http:/ / 
www.iisr.org/bioinform atics/ project/ 
index.htm) on plant chitinases. 

• An enzyme database of phenylalanin'e 
ammonia lyases (http://www.iisr.org/ 
bioinformatics/ project/ index.htm). 

• A database of ch emical compounds and 
metabolic pathways in cardamom vola
tile oil (http://www. ii sr.org / 
bioinforma tics / project/ cardamom / 
index.htm) . 

• A database of Curcul1la species including 
their characteristics and identification. 

• A database of nutmeg germplasm collec
tions at the institute. 

• A bibliographic database, JOSAC, which 
is a cumulative index of the first 10 vol-
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urnes of Journal of Spices and Aromatic 
Planls, was brought out on CDs. 

Softwares 

• Restalyzer: A software to find out the re
striction sites in a nucleotide sequence. 

• Translator: A software to predict the 
aminoaci.d sequence from nucleotide se
quences. 

• Ralstonia Biovars: An expert system for 
biovar characteriza tion of Rals tonia 
so[anacearul1I, the causal organism of bac
terial wilt of ginger (http:/ / 
www.iisr.org/ bioinformatics/ project/ 
rals tonia / index. h tm). 

W eb page 

A web page on pollll beetle, a major insect 
pest of black pepper was developed (http:/ 
/ www.iisr.org / bio informatics/project/ 
beetle / index.h tm). 

Website 

The IISR website (www.iisr.org), designed 
by the Bioinformatics Centre, was frequently 
updated and maintained. The website is 
very popular and is being listed by major 
search engines. It also provid es access to 
various d atabases developed by DISC and 
links to different related sites. A web en
abled intranet information 11 ub (SPICENET) 
having interactive u ser-friendly menus, 
links and pointers was d eveloped and 
la unched for the benefit of the ins titute 
staff. 

Training 

Two training programmes, 'Computer skills 
for biologis ts' and ' Introduction to 
bioinformatics' were organized for in-house 
and external participants. Several informal 
training programmes in computer applica-
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tions were also conducted for the benefit of 
institute staff. 

11Ifrastnlctllre 

• E-Iab: The centre has set up a separate e
lab with independent nodes that provide 
round the clock access to various data
bases, softwares, bioinformatics tools 
and e-joumals. 

• Library resources: The centre has as
sembled various library resources like 
reference books (14), journals (7), CD
ROMs (3), on-line access to e-journals (2) 
and databases (1). 

Trailleesitip and studel1tship 

The centre has appointed two trainees to 
d eve lop an exclus ive web resource on 
Pilytophthorn, the most important fungal 
p a thogen of h or ticultural cr op s . 
Studentships were awarded to fo ur M.Sc. 
students doing their project work a t the in
shtute . 
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3. NATP: Prioritization, Monitoring 
and Evaluation 

(K. V. Ramana and M. S. Madan) 

The Prioritization, Monitoring and Evalua
tion (PME) Cell of the institute started func
tioning during 2002 and was formally inau
gurated by Dr. Mruthyunjaya, Directof, 
National Cen tre for Agricu ltura l Econom
ics and Policy Research, New Delhi on 18 Janu
ary 2003 with the objectives of prioritization of 
institute research programmes, tracking of cur
rent resources allocations, project monitor
ing and evaluation and research impact 
analysis . The speci fic objectives of the 
project at the institute include, benchmark 
study ofNATPs and identification of impor
tant technologies from NATPs for study of 
impact of technologies. 

Collection of bench mark information and 
case studies of seven NATPs and an equal 
number of non-NATPs in progress at the 
institute was completed and the da ta from 
the study i.s being analysed. --
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High yielding b lack pep per varie ti es 

Based on 7 years performance at Tata Tea 
ltd, Valparai (3000 ft MSL, Tamil Nadu) and 
2 years performance at Peruvannamuzhi, 
and quality analysis, three black pepper Lines 
were recommended for release. These lines 
were su perior over the controls for more 
than one character at one or both locations. 
Trials laid out at farmers p lots in four north
ern districts of Kerala also indicated the su
periority of the new lines. 

Call. 1041 

The mean fresh yield per vine was 5.17 kg 
(row trial) and 1.61 kg (large block trial) as 
compared to 3.23 kg (row trail) and 1.45 kg 
(large block trial) of Panniyur-1 (control). 
ColI. 1041 also had high dry recovery (35%), 
bulk d ensity (582 g) and essential oil (3.2%) 
when compared to Panniyur-1 at Valparai. 
The yield and bulk density of ColI. 1041 was 
supe rior to KS-27 (control) .... a t 
Peruvannamuzhi. The line also showea 
field tolerance to disease at Valparai and 
Peruvannamuzhi. 

HP-105 

The mean fresh yield per vine was 6.14 kg 
(row trial) and 1.42 kg (large block trial) as 
compared to 3.23 kg (row trial) and 1.45 kg 
(large block trial) of Panni yur-1 (control) at 
Valparai. HP-10S also had higher dry re
covery (32%), bulk density (582 g) and es
sen tial oil (3.2%) compared to Panniyur-l 
(control). 

HP-813 

The mean yield per vine was only 2.78 kg in 
row trial whereas in large block trial it was 
2.06 kg/ vine against 3.23 kg (row trial) and 
1.45 kg (large block trial) of Panniyur-1 (con
trol). At Peruvannamuzhi, the yield (2.4 kg/ 
vine) of this line was more or less equal to 
that of KS-27 (control). The hybrid was char
acterized by superior q uality. Both at 
Valparai and Peruvannamuzhi, HP-813 re
corded a high percentage of oleoresin (11.7% 
at Valparai compared to 9.4% of Panniyur-1 
(control) and 14.6% at Peruvannamuzhi 
compared to 10.6% of KS-27 (control). The 
essential oil content of the line also sur
passed the control at both the locations. The 
bulk density (612 g) and dry recovery (34%) 
were also superior to Panniyur-l (control) 
at Valaparai. 

Plant g rowth pro mo ting 'rhizobacteria 
for black pepper 

The plant growth promoting rhizobacteria 
(PGPR) isolate IISR-6, was an efficient colo
n izer of black pepper roots and enhanced 
growth of the plant and also suppressed root 
rot caused by Phytophthora capsid. This iso
late was also compatible with the biocon trol 
agent Trichoderma harzianllm (IISR-1369). 
When inoculated together, about 40% en
hanced growth in black pepper was re
cord ed . The isolate could be used for 
growth enhancement and disease suppres
sion in black pepper plants both in the nurs
ery and field. For large scale multiplication 
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of PGPRs, agricultural and indus trial 
wastes/by-p roducts such as coconut water 
and molasses were suitable. The popula
tion of PGPRs increased to 1015 cfu within 
32 h in coconut water and 48 h in molasses 
0.5%. 

Coconut coir pith as a carrier medium 
for biocontrol agents 

Coconut coir pith, which is a commonly 
available agricultural waste, could be used 
effectively for m asS multiplication of T. 
/iarzimlLll1l. Fresh coconut coir pith does n ot 
support the growth of biocontrol agents and 
the initial decomposition of coir pith could 
be done by adding urea.and inoculating with 
Plell rotlls platypus. Decomposed coir pith is 
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sterilized by autoclaving and subsequently 
used as carrier medium for biocontrol 
agen ts . The coir compost commercially 
available could also be used after adjusting 
the pH to near neutral (6.5-7.0) by mixing 
coir compost with rock phosphate at 10:1 or 
lime/ wood ash at 20:1 and incubating for 7 
d ays. The p opulation of biocontrol agents 
mcr~as~s from 1(}4 du to 1(}7 du witnm l{} 
days. If the coir compost is added with co
conut water, the population increases to this 
level within 5 d ays. In s terilized coir pi th, 
these population levels can be maintained 
for 50 days. The biocontrol agents multiplied 
in liquid broth could be mixed in s terile coir 
compost and applied to the soil to control 
soil-borne diseases of spice crops. 

---~ 
_-
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Post graduate studies 

Ph.D 

K. P. M. Dhamayanthi. Studies on chilli pep
per (CapsiCLIIII al11lllU11I L.). I. Transfer of cer
tain specific agronomically desirable char
acters into popular chilli cultivars. II.Induc
tion of mutations and autopolyploidy. III. 
Assessment of phylogenetic relationships by 
seed protein analysis. IV. Induction of hap
loids. Bharathiar University, Coimbatore. 

K. Kandiannan. Influence of varieties, times 
of planting, spacings and nitrogen levels on 
growth, yield and quality, crop-weather and 
growth simulation modelling and yield fore
cast in turmeric. Tamil Nadu Agricultural 
University, Coimbatore. 

An u Augustine. Selection of promiSing lines, 
production of somaclones and their utiliza
tion in paprika (Capsicum n1111UWl1 L.t " Uni
versity of Calicut, Calicut. 

M.V.Sc 

S. Ravi. Calcium. and phosphorous require
ment in indigenous layer ducks, Kerala Ag
ricultural University, Thrissur. 

M.Sc projects 

Sixty-seven s tudents from various univer
sities undertook their M.sc project work in 
Biotechnology, Bioinformatics, Biochemis
try, Chemistry, Microbiology, Plant Pathol
ogy and Economics under the guidance of 
scientists of the institute. 

Training programmes attended by staff 

Modelling Growth and Yield of Crops, In
dian Agricultural Research Ins titute, New 
Delhi, 27 March- 17 April 2002 (K. S. 
Ktishnamurthy). 

Methodology of Impact Analysis of KVK's 
Programme Activities, Indian Ins titute of 
Horticultural Research, Bangalore, 12-13 
April 2002 (P. S. Manoj). 

High Performance Thin Layer Chromatog
raphy, Anchrom Laboratory, Mumbai, 22-
26 April 2002 (T. John Zachariah). 

Watershed PJanning w1der Watershed Technol
ogy (Mission Mode) Project of NATP, Central 
Water ConserV'ation Research and Training 
Institute, Research Centre, Udhagamandalam, 
&-'17 May 2002 (S. J. Ankegowda). 

Emerging Trends in the Production Technol
ogy of Tropical Fruit Crops, Tamil Nadu 
Agriculture University, Coimbatore, 3-12 
July 2002 (P. S. Manoj). 

Training Technology, Indian Institute of 
Horticultural Research, Bangalore, 30 July-
2 August 2002 (K. M. Prakash). 

Information Technology in Agricul ture, Na
tional Academ y for Agriculture Research 
Management, Hyderabad, 31 July-20 Au
gust 2002 (K. V. Saji). 

Frontiers in Ecofriendly Management of Crop 
Pests and Diseases and Utility of Biofertilizers 
in Improving Soil Fertility, Mahatma Phule 
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Krishi Vidyapeeth, Maharashtra, 5 August-4 
September 2002 (A. Kumar). 

Sustainable Prod uction from Agricultural 
Watersheds i.n Hills, Vivekananda Parvatiya 
Krishi Anusandhan Sans than, Uttaranchal, 
21 Augus t- 10 September 2002 (K. 
Kandiannan). 

Molecular Marke r Application in Plant 
Breeding, Indian Agriculture Research In
stitute, New Delhi, 26 September-5 Octo
ber 2002 (K. P. M. Dhamayanthi). 

Use of Isotopes and Radiations in Soil-Plant 
Relationships, Nationa l Research Labora
tory, Indian Agricultural Research Institute, 
New Delhi, 3 October- 1 November 2002 (K. 
P. M. Dhamayanthi, K. N. Shiva). 

Introduction to Bioinformatics, Indian Insti
tute of Spices Research, Calicut, 20-22 No
vember 2002 (B. Chempakam, P. A. Mathew). 
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Advanced Course on Web Designing, Na
tional Academy of Agricultural Research 
Management, H yderabad, 24-29 March 
2003 Gohny A. Kallupurackal). 

Training programmes organized by the 
institute 

Computer Skills for Biologists, 4-6 Septem
ber 2002. 

Introduction to Bioinformatics, 20-22 No
vember 2002. 

Molecular Biological Techniques for Horti
cultural Crops, 27 December 2002-4 Jan 
2003. 

Spices Production Technology, 13-15 Janu
ary 2003. 

On-farm Processing of Spices, 22-24 Janu
ary 2003. 

Orientation Training for Supporting Staff, 
20-23 February 2003. 

National Informatics Cen_!re 0J.l Spites -The library of the institute under the Na-

Vigilance Awareness for ICAR Institutes in 
Southern Region, Central Tuber Crops Re
search Institute, Thiruvananthapuram, 18-
20 December 2002 (T. John Zachariah, V. L. 
Jacob). 

tional Informatics Centre on Spices was set 
~olecu lar Biological Techniques for Horti- up to provide support to research activities 
cultural Crops, Indian Institute of Spices of the institute and to function as a national 
Research, Calicut and Central Plantation ' -.information storage, retrieval and dissemi
Crops Research Ins titute, Kasaragod, 27 nation system for spices and related areas. 
December 2002-4 Januar y 2003 (8 . 
Chempakam, J. Rem a, R. Suseela 8hai, K. S. 
Krishnamurthy, K. V. Saji). 

Training on Financial Management, Na
tional Institute of Financial Management, 
Faridabad , 6-17 January 2003 (v. 1. Jacob). 

Training on HRD Leadership Skills, Central 
Marine Fisheries Research Institute, Re
search Centre, Tuticorin, 20-25 January 2003 
Gohny A. Kallupurackal). 

At present, the library has a collection of 
3800 books, 2621 bound volumes of journals, 
2562 reprints, 756 technical reports and 96 
theses. The library is subscribing to 31 for
eign journals and 64 Indian Journals in ad
dition to CABCDs and AGRISCDs. The new 
additions added to the library during the 
year include 180 books, 29 reprints, 71 tech
nical reports and 20 CD-ROMs. 

The library provides bibliographic services 
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(published in the Journal of Spices and Aro
matic Crops) and database services and 
publishes' Agri-Science Tit Bits' at quarterly 
intervals. Sharing of resources between the 
libraries of Central Plantation Crops re
search Institute, Kasaragod and IISR, 
Calicut, was initiated and duplicate sub
scription of costly journals was avoided. The 
content pages of journals were scanned and 
hosted on the institute web site and research 
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articles from journals were sent as pdf files 
through e-mail to users. 

The library has automated a majority of its 
operations using the library management 
software LIBSYS. The National Agricultural 
Technology Project allotted a sum of Rs. 3.25 
lakhs for strengthening the library facilities 
and a computer, laser printer and new 
CABCDs were procured. 



52lwardS ana 2?s-cognitions 

V. A. Parthasarathy, P. M. Kumaran, M. J. 
Ratnambal, Anitha Karun, V. Niral, V. 
Arunachallam and Anurad ha Upadhyay. 
lCAR Award for Team Research for the Bi
ennium 1999-2000. 

A. K. Sadanandan, V. Srinivasan and S. 
Hamza. Best Poster Paper Award, for the 
paper 'Effect of integrated plant nutrient 
management system on yield and quality of 
Indian spices' presented at the XVII World 
Congress of Soil Science, Bangkok, Thailand, 
14-21 August 2002. 

C. K. Thankamani and P. K. Ashokan. Best 
Poster Paper Award, for the paper ' Influ
ence of drip irrigation on yield and mois
ture ex traction p a ttern of bush pepper 
grown in coconut garden' presented a t the 
Nationa l Symposium on Soil and Water 

Conservation Measures and Sustainable 
Land Use Systems with Special Reference 
to Western Ghat Region, Goa, 16--17 N ovem
ber 2002. 

K. M. Maya, T. John Zachariah and B. 
Krishnamoorthy. Alapati Prasada Rao 
Award for Best Research Paper (Poster), for 
the paper 'Lycopene and volatile oil con
stituents-Changes during s torage of mace 
(Myristica fragrans) powder' presented at the 
National Seminar on Strategies for Increas
ing Production and Export of Spices, 
Calicut, 24-26 October 2003. 

K. N irmal Babu. Technical Expert, Interna
tional Atomic Energy Agency, Vienna, spon
sored project on 'Radiation induced mHta
tions in black pepper ' at De partment of 
Agricu lture, Sri Lanka, 9-13 December 2002. 



Lini(ages and Co{{aboration 

Agency 

ational Bureau of Plant Genetic 
Resources, New Delhi. 

Cen tral Tuber Crops Research Institute, 
Thiruvanathapuram. 

Centra l Plantation Crops Research 
Institu te, Kasaragod. 

Linkage 

Research collaboration in collection and 
conservation of germplasm. 

Research collaboration in post harvest 
technology. 

Research collaboration in post harvest 
technology. 

Centl'e for Water Resources Development 
and Management, Calicut. 

Research collaboration in biosynthesis of 
pigments and translocation of pesticides. 

Rajiv Gandhi Centre for Biotechnology, 
Thiruvan athapuram. 

Kcrala Agricultural University, Thrissur. 

University of Calicut, Calicut. 

Bharathiar University, Coimbatore 

agarjuna University, Nagarjunasagay. 

Spices Board, Kochi. 

Craigmore Plantations, Nilg iris. 

Tata Tea Ltd., Valparai. 

Directorate of Arecanut and Spices 
Development, Calicut. 

Depa rtment of Agriculture/ 
Horticulture of Sta tes. 

Research collaboration in molecular markers. 

Research collaboration in biotechnological 
approaches for improvement of spices and 
eva luation of tissue cultured plants; 
Centre for Post Graduate stud ies. 

Centre for Post Graauate studies; MOU for 
teaching M.sc. Biotechnology and 
M.sc. Plantation Development students. 

Centre for Post Graduate studies. 

Centre for Post Graduate studies; MOU for 
, teaching and training MSc Biotechnology 

students. 

Training programmes. 

Evaluating black pepper lines for high 
altitudes. 

Evalua ting black pepper lines for high 
a ltitudes. 

Planting ma terial prod uction; training 
programmes. 

Transfer of technology; trail1ing programmes. 



Yl{{ India Coordinated ~searcfi Project on 
Spices 

The All India Coordinated Research Project 
on Spices (AICRPS) with its headquarters 
at Calicut is one among the 80 coordinated 
research p rojects under the lCAR. The 
AlCRPS was started in 1971 as a combined 
project on spices and cashew and was bi
furcated into two separate projects one each 
for spices and cashew in 1985. The mandate 
of the AICRPS is to increase area, produc
tion and productivity of spices in the coun
try through: 

• Evolving high yielding var ieties with 
quality attributes, tolerant / resistant to 
pests and diseases for various agro-eco
logical situations 

• Standardizing agro-techniques for spice 
crops under different agro-climatic con
ditions 

• Evolvllig cost effective and efficient pest 
and disease man agem ent practices 

• Working as interface between SAUs, USR 
and lCAR. 

At present, 19 centres spread over 15 states 
based at 15 agricultural universities are nmc
tioning under AlCRPS, m addition to 8 co
operatmg/voluntary centres. The total s taff 
s trength of AICRPS is 83, w hich includes 51 
scientis ts and 32 technica l/auxiliary s taff. 
About 115 research projects are m progress 
at various centers under the AICRPS on 12 
spice crops (black pepper, cardamom, gin
ger, turmeric, clove, nutmeg, cmnamon, 
corriander, cumm, fennel, fenugreek and 
large cardamom). 

Crop improvement 

The genetic resources of spice crops at vari
ous centres were strengthened and evalua
tion of germplasm for various parameters 
was carried out. At present, the germ plasm 
of AICRPS centres consist of black pepper-
461, cardamom-331, gmger-547, turmeric-
1221, tree spices-137 and seed spices-3631. 
Promising germ plasm accessions were iden
tified and short-lis ted . New comparative 
yield trials (CVTs) were initiated III addition 
to exis tmg CVTs. The lines DH-205, OG-
234 (coriander), HF-I07, HF-116 (fennel) and 
HM-372, HM-376, HM-444 (fenugreek) were 
identified as promisin g and included in 
CVTs. Promising cardamom genotypes in 
open pollinated (OP) seedling progenies (0-
237, CL-730, 8-4-011) and other superior 
clones (CL-692 and 7-24-011) were identi
fied at Mudigere. Cardamom lines tolerant 
to drought (CL-746, P-6, 0-237 and CL-746) 
were also identified. The black pepper Acc. 
239 was identified as a promising line at 
~l!si. The gmger varieties, V3 SI-8 and VI Es-
2 and turmeric varieties, PTS-59, PTS-43 and 
PTS-55 were promising a t Pottangi and are 
in the process of being released . The exotic 
line of coriander, EC-232666 was identified 
as promising (for leaf yield) for commercial 
cultivation. 

Crop management 

Fertilizer and irrigation requirements of 
black pepper-arecanut mixed cropping sys
tem were standardized at Sirsi. Studies at 
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Mudigere revealed the influence of micro
nutrients (boron and molybd enum) on yield 
of cardamom. Package of practices for gin
ger and turmeric we re s tandardized at 
Chintapalli. A fertilizer package, including 
application of biofertilizers was standard
ized for clove and nutmeg at Yercaud. In 
seed spices, biofertilizers (Azospirillwn) were 
fowid to influence the yield. The yield and 
quality of coriander and fennel increased by 
application of the micronutrients, Zn, Fe, Mn 
and Cu. 

Crop protection 

A package for the management of 
Phytophtlrorn foot rot disease of black pep
per was developed and recommended at 
Panniyur and Sirsi. Surveys for the inci
dence of diseases and pests in black pepper 
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indicated the occurrence of anthracnose dis
ease and leaf gall thrips in Idukki District, 
Kerala. In black pepper, two sprays of ei
ther monocrotophos (0.05%) or dimethoate 
(0.05%) at for tnightly intervals after harvest 
of berries was effective in reducing mussel 
scale (Lepidosaplres piperis) at high ranges of 
Idukki District. A low cost technology for 
mass multiplication of Triclroderllla sp . for 
field application was developed at Sirs i. 
Rotting of ginger rhizomes in storage can 
be checked by storing the rhizomes treated 
with Dithane M-45 + Bavistin (5 g + 3 g/kg 
of seed) in pits with sand in layers. Control 
measures for wilt disease in coriander and 
rhizome rot in ginger were evolved by vari
ous centres. Surveys conducted in Bihar es
tablished the severi ty of stemgall disease in 
coriander. 



1(risfii 1/igyan 1(f,nara 

Training programmes 

The Krishi Vigyan Kendra (KVK) conducted 
78 training programmes on various subjects 
d uring the year i.n which 2767 persons par
ticipated (Table 77). 

Front line demonstrations 

Coil' pith compostillg alld its uti lization for 
banalla 

Ten d emons trations (0. 1 acre each) were 
cond ucted at Poo<:hlthode on composting of 
coir pith and its utilization for banana. Good 
qua lity com post was produced within 45 
days. The compost when ap plied to rainfed 
banana (mr. Nendran) @ 3 kg/plant exhib
ited enhanced growth compared to control 
receiving ordinary cultural practices. 

Cll itiv atiou of co lells 

Five demonstrations (0.05 acre each) of cul
tivation of high yielding variety (Sreedh ara) 
of coleus were carried out. Nucleus plant
ing materiC'll was m ultiplied and supplied 
to the selected beneficiaries during April 

2002. The nursery was raised during the 
second week of April, and planting in the 
main field was taken up during second w eek 
of June. The crop was har vested during 
January-February 2003 (Table 78). 

Integra ted pig fanning 

A demonstration on raising of Yorkshire pigs 
was initiated at Chakkittapara with the ob
jective of familiarizing the technique of in
tegrated pig farming with o the r farming 
systems, to increase the production perfor
mance of piglets and farm income. 

On-farm trials 

Cultivation of capsiculn _-
Two trials were laid out atPeruvannarnuzhi 
(0.1 acre each) to evalua te the feasibility of 
cultivating capsicum (Ca lifornia Wonder, 
Indra and Arka Mohini) in Kozhikod e Dis
trict. Even though 80% of the seeds germi
n'Me,?, the seedlings were damaged by wilt 
in the nursery even after adopting recom
mended control measures against the dis
ease. Very few seedlings survived and these 

Table 77. Training programmes cond ucted by KVK duri ng 2002-03 

Category No. of No. of participants No. of SC/ ST 
courses Male Female Total participants 

Farmers 59 944 103 1976 106 

Rural youth 14 296 194 490 76 

Extension functionaries 5 95 24 119 

TMal 78 1335 1250 2585 182 
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Table 78. Economics of cultivation of coleus (var. Sreedhara) 

Yield 
(kg / ha) Local check Improved variety rncrease 

Effective 
gain 

C R C R C R (Rs.) 

11 ,850 66,260 1,02,430 68,750 1,12,575 2,490 10,145 7,655 

C= Cost o f cultivation (Rs./ha); R = Returns (Rs./ ha) 

plants yielded on an average of only one 
fru it per plant. The preliminary s tudy 
showed th at the crop is not s uitable for 
growing in this locality. 

Efficacy of II rea so lutioll for wOI/lId healing 

Accidental injury and subsequent maggot 
infection is the m ost common ailment of 
lives tock requiring long duration treatment 
involving manpower and expenditure. A 
tria l to evaluate the efficacy of urea solution 
(10% and 15%) for wound h ealing in dairy 
cattle was initiated and is under progress. 

Dem onstration u nits 

Dem onstration units on medicinal plants, 
model homestead garden, improved vari
eties irl black pepper, model arecanut seed 
garden and cashew scion bank were m ain
tained. 

Revolv ing fund 

Quality planting materials of various crops 
were produced and sold under- thi s 
programme (Table 79). 

Tab le 79. Production of planting mate rials 

Crop Variety 

P lant and Animal H ealth Centre 

The KVK operates a Plant and Animal 
Health Centre offering various services to 
farmers. An artificial insemination facility 
is available at the centre to upgrade the ge
netic s tock of livestock. The centre offers 
consultation, treatment and doors tep ser
vices with a nominaJ fee. The centre also 
provides vaccination facility and organises 
animal health camps in association with the 
State Animal Husbandry Department. The 
varioLi s activities taken up by the centre 
during the p eriod is as follows: 

• Consultancy!advisory! 
home services 432 

• Artificial insemination 292 
• Farmers' s tudy tour programmes 4 

• Animal )leaIth campaigns! 
inferlility camps 8 

• Vaccination of poultry birds and 
animals 841 

• Quiz contest programme 

• Seminars 

No. of plants sold 

1 

5 

Arecanut seedlings 
Allspice seed lings 
Bush pepper p lants 

Mohitnagar, SA5-1 
Elite lines 

2589 
721 

Garcinia grafts 
Mango g rafts 
Piper clmba rooted cuttings 

Sreekara, Subhaka ra, Panchami, 
POLirnami, Panniyur-1 
Elite lines 
Bennet Alphonso, Kalepady 
Elite line 

184 
890 
39 

7371 
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An amount of Rs. 4,35,481/ - lakhs was realized 
through sale of planting materials and activities 
of the Plant and Anima l Hea lth Centre. 

Other extension activities 

The KVK participated in various exhibitions 
and kisall /IIelas (Fig. 26): 

Fig. 26. Inaugration of kisall /lie/a by Dr. R. K. 
Samanta, Zonal Coordinator, KVK 

Th rissur Pooram, 5 April-20 May 2002, 
Thrissur. 

National Consultative Meeting for Acceler
ated Production and Export of Spices, Di
rectorate of Arecanut and Spices Devel
opm ent, 29-30 May 2002, Calicut. 

Anni versary of Sunni Markaz, 8-13 Octo
ber 2002, Calicut. 

Agricultura l Fair and Exh ibiti on, Kerala 
Agricultural U niversity, 19- 20 October 
2002, Ambalavayal. 

National Seminar on Increasing Production and 
Export of Spices, Indian Institute of Spices 
Research, 24-26 October 2002, Callcut. 

Cal icu t Flower Sh ow 2003, 30 Jan uary-5 
February 2003, Calicut. 

Collaborative activities 

The KVK associated with NCO's sud, as Cen
tre for Overall Development (COD), Vtkas Vol
unteer Vahini G ub (VW) and Indian Farmer's 
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Movement (INFAM) in various activities. The 
training programmes imparted by the KVK 
helped some of the beneficiaries to begin small
scale employment wllts with follow up assis
tance from KVK (Fig. 27). 

A 1 month training programme was organized 
for 20 women of seLf help groups (SHG's) on 
bamboo handicrafts making in association with 
COD, Thamarassery and Uravu, Wyanad. The 
members after completing the training 
programme started a small scale production unit 
at Peruvannamuzhi and generated an income 
of about Rs. 10,000 / - throughsaJe of handicrafts. 
Eleven farmers from Chakkittapara attended a 
trair1ing programme on vermicomposting and 
all of them started vermiculture units. Presently, 
20 SHC's in Chakkittapara are practising 
vemllculture as a small scale enterprise for meet
ing their own demand and also to sell lhc sur
plus compost. A SHG has sold 60 kg of earth
wonns, valued at Rs. 30,000 / - through the as
sistance of KVK A goatary unit was started at 
Muthukad with 15 goats as a consequence of 
training programme conducted at KVK Two 
unemployed youth trained under KVK are en
gaged in production and sale of grafts, layers 
and cuttings of varLotlS fruit and spice plants 
under the revolving fund and they eam about 
Rs. 50,000 /- each per year. 

Fig. 27. A training programme organized by 
KVK in progress 
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Ongoing ~searcli Projects 

Ins titute P rojects 

I. Mega Project: Collection, conserva
tion, characterization and cataloguing 
of germplasm of spice crops for yield 
and o the r economically important 
characters 

1. Gen. I (813): Collection, conservation, 
ca taloguing and evaluation of black 
pepper germplasm 

2. Gen . IX (813): Collection, conservation, 
cata loguing and evaluation of carda
mom germplasm 

3. Gen . II (813): Collec tion, conservation, 
ca ta loguing and eval uation of 
germplasm of ginger and turmeric 

4. Gen . VI (813): Collection, conservation, 
ca taloguing and evalua tion of 
germ plasm of tree spices 

proaches for crop imptovemen t in black 
pepper 

3. Biotech . VI (813): Development of DNA 
markers for marker assisted selection 
in b lack pepper 

4. Biotech. V (813): Large scale multipli
cation of released varie ties of black pep
per through somatic embryogenesiS 
and genetic fidelity testing 

5. Gen . X (813): Breeding cardamom for 
high yield and resistance to katte dis
ease 

6. 

7. 

Gen. XIV (813): Cytogenetics and repro
ductive biology of major spices 

Hort. IV (813): Rootstock-scion interac
tions in tre~spices 

III. Mega p roject: System approach for 
su stainable production of spices 

5. Gen. XIII (813) : Collection, con serva-' ,,1. 
tion and improvement of vanilla 

SSe. II (813) : Nutritional requirement 
of improv~d varieties of spices 

6. Hort. III (813) : Development of paprika 
for warm humid tropics 

II. Mega project: Breed ing im proved va
rie ties of spice crops for yield, qual
i ty, drought and resistance to pests and 
diseases 

l. Gen. VII.1 (813): Breeding black pepper 
for high yield, quality, drought and re
sistance to pests 

2. Biotech. IV (813): Biotechnological ap-

2. 

3. 

Agr. XXI (813) : Efficacy of biofertilizers 
on nutritional management of black 
pepper 

Agr. XXII (813) : Biometeorological in
vestigations and modelling in black 
pepper 

IV. Mega project: Production physiology 
of spice crops 

1. Bioch em. I (813) : Biogenesis of pig
ments in spice crops 



Oil-going Projects 

2. Ph y. V (813) : C haracterization of 
drought toleran ce in black pepper 

3. Ph y. VI (813) : Ch a racterization of 
drought tolerance in cardamom 

V. Mega p roject: Value addition and post 
harvest processing of s pices 

1. PHT. I (813) : Quality evaluation in 
spices 

VI. M ega project: Production of nucleus 
planting materials of improved vari
e ties of spice crops 

1. Agr. XX (813) : Prod uction of nucleus 
planting material s of improved varie t
ies of spice crops 

VII. Mega project: Identification, charac
te rization and development of diag
nostics agains t pests, pathogens and 
n ematodes of spice crops 

1. Pa th. XII (813) : Inves tig ation s on 
stunted and phyllody diseases of black 
pepper 

2. Path. XIII (813) : Investigations on spike 
shedding of black pepper at high altitudes 

3. Path. X (813): Investigation on vein 
clearing virus of small cardam om 

4. Path . XI (813) : Studies on bacterial wilt 
of ginger 

5. Pa th . XIV (813) : Studies on fungal..,and 
viral diseases of ginger 

6. Path . XV (813): Investigations on viral 
and fun gal diseases of vanilla 

Vill. Mega project: Conventional and mo-
lecular approach es for deve loping 
pest, pathogen and nematode res is-
tance in s pi ce crops 

1. Crop Prot. 1.1 (813): Screening black 
pepper germ plasm for reaction to dis-
eases 
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2. Crop Prot. 1.3 (813): Screening black 
pepper ger m plasm for r eaction to 
nema todes 

3. Crop Prot. 1.2 (813): Screen ing black 
pepper germ plasm for reaction to in
sect pests 

4. Crop. Prot. II (813) : Mechanism of re
sistance to pests and p athogens in s pice 
crops 

IX. Mega project: Developing integrated 
pest and disease management strate
gies in spice crops 

1. Path. II.3 (813) : Disease management 
in PIlytophtllOra foo t rot affected black 
pepper plantations 

2. H or t. II (813): Util ization of Pipe r 
co lubrinulII Link and P. arbo reLl11I as 
rootstocks in the management of foot 
rot disease of black pepper 

3. 

4. 

5. 

6. 

7. 

1. 

X. 

1. 

Biocon trol J.1 (813) : Biological control 
of diseases of spices 

Nem a. III (813) : In vestiga tion s on 
nematodes associated with spices 

Biocontrol 1.3 (813): Biological control 
of nematodes of spices 

Ent. XI (813): Bioecology and manage
ment of mealybugs infesting black pep
per 

Biocontrol 1.2 (813): Biological control 
of insect pests of spices 

Org. Chem . II (813): Characterization of 
bioactive com pounds w ith pesticide 
properties 

Mega project: Economics, statis tics 
and modelling 

Econ . I (813) : Economics of spices pro
duction and marketing 
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2. Econ. n (813) : Identification of appro
pria te prediction system s in spice crops 

3. Econ. III (813): Remote sensing and GIS 
in evaluating the impact on socio-eco
logical changes on spices production in 
Western Ghats region 

IISR Annual Report 2002-03 

proteins in disease managem ent in 
plantation crops-ginger and cardamom 

6. Compatibility, stability and p otential of 
biocontrol consortium on suppression 
of Phytophthora foot rot of black p epper 
and their conservation 

XI. Mega project: Extension and training 7. Distributed Information Sub-Centre 

1. Ext. V (813): Integrated disease manage
ment in black pepepr-A study on tech
nology diffusion an d impact 

2. Ext. IV (813): Training of research and 
exten sion workers 

Externally aided projects 

ICAR Cess Fund 

1. Organization of ginger and turmeric 
germplasm based on molecular charac
terization 

2. Characterization of nutmeg germplasm 
for quality 

3. Elucidation ofbiosynthetic pathways of 
curcum in in turmeric 

4. Nation a l Ne twork Projec t on 
Pltytophthora Diseases of H orticultural 
Crops 

Department of Biotechnology 

1. Con serva tion of spices gen e tic re
sources in in vitro gen e banks 

2. A digi tized invento ry of plan t re 
sources. Part II. Other econ omically im
portan t spices 

3. Improvem ent of selected spice crop s 
through bio technological approach es 

4. Field evaluation of tissue cultured plants 
of spices and assessment of their genetic 
stability using molecular markers 

5. Immunose ro logical approac h es to 
path ogen detection and use of defence 

National Agricultural Technology Project 

1. Collection, characterization and conser
vation of spices genetic resources 

2. Molecular characterization and prepa
ration of molecular maps in black pep
per 

3. Development and evaluation of soil
water conservation measures and land 
use systems for su stainable crop pro
duction in Western Gh ats of Coastal 
Region 

4. Integrated technologies for value addi
tion and post harvest m anagem ent in 
palms, spices and tropical tuber crop s 

5. Value addition and quality enhance
ment of selected spices 

6. Integrated Nation al Agricultural Re
sources Information System 

7. Agricultural Technology Information 
Centre 

Department of Agriculture and Coopera
tion 

1. Centrally Sponsored Scheme-Integrated 
Programme for Development of Spices 

Government of Kerala 

1. Technology mission on black pepper 

Emeritus Scientist Scheme 

1. Plant nutrient management strategy for 
breaking black pepper yield plateau and 
quality upgradation. 



Consu{tancy and Commercia{ization of 
'Teclino{ogies 

The Consultancy Processing Cell processed 
various consultancies relating to analysis of 
micro, macro and trace elements in soil, 
plant, water and sefLlffi samples; estimation 
of Trichoderma population and estimation of 
phenol and tanin in plant samples. The tech
nology for large scale multiplication of Tri
choderllla /wrzia11ltnl was sold to four new 
entrepreneurs; four entrepreneurs also re-

newed the agreement. hi vitro conservation 
facility was extended to Arya Vaidya Sala, 
Kottakkal, for conserva tion of medicinal 
plants for 3 months. The Consultancy Pro
cessing Cell ea rned Rs. 1,34,000/ - through 
these consultancy services. The ins titu te 
also earned Rs. 3,02,500/ - through M.5c. 
project work programmes of post graduate 
students of various universities. 



Institute Management Committee 

Director, Indian Institute of Spices Research , Calicut. 

Assistant Director General (PC), Indian Council of 
Agricultural Research, New Delhi. 

Director of Agriculture (Kerala), Thiruvananthapuram. 

Director of Horticulture (Kamataka), Bangalore. 

Dr. E. V. Nybe, Associate Professor and H ead, 
Kerala Agricultural University, Thrissur. 

Senior Finance and Accounts Officer, 
Central Marine Fisheries Research Institute, Kochi. 

Dr. M. N. Venugopal, Head in Charge, 
Cardamom Research Centre, Indian Institute of 
Spices Research, Appangala. 

Dr. M. Anandaraj, Head in Charge, Division of Crop 
Protection, Indian Institute of Spices Research, Calicut. 

Dr. B. Chempakam, Head in Charge, Division of 
Crop Production and Post Harves t Technology, 
Indian Institute of Spices Research, Calicut. 

Dr. B. Sasikumar, Senior Scientist, Indian Institute of 
Spices Research, Calicut. 

Assistant Finance and Accounts Officer, Indian Institute of 
Spices Research, Calicut. -, 

Assistant Administrative Officer, Indian Institute of 
Spices Research, Calicut. 

Chairman 

Member 

Member 

Member 

Member 

Member 

Member 

Member 

Member 

Member 

Member Secretary 



Qyinquennia{ 2\fview 'Team 

Dr. A. Appa Rao : Chairman 

Dr. M. Balasubramanian : Member 

Dr. T. C. Jain : Member 

Dr. N. M. Nair : Member 

Dr. Anupam Verma : Member 

Dr. Koshy John : Member 

Dr. V. A. Parthasarathy : Member 

Dr. M. Anandaraj : Member 
Secretary 

The Quinquennial Review Team (QRT) re
viewed the work done at the institute and 
also under the Air India Coordinated Re
search Project on Spices during the period 1 
January 1997 to 31 December 2001. The 
members of the QRT visited various labo-

ratories of the institute at Calicut, experi
mental plots at Peruvannamuzhi and also a 
few centres of AICRPS and had discussions 
with scientists (Fig. 28). The report of the 
QRT is under preparation. 

Fig. 28. Members of the QRT at 
_,Beruvannamuzhi Farm 



~searcli 52ldvisory Committee 

Dr. K. V. Ahamed Bavappa : Chairman 

Prof. V. Arunacha lam : Member 

Dr. C. K. George : Member 

Dr. R. K. Sharma 

Mr. L. Venkataratnam 

Dr. Y. R. Sarma 

Dr. K. V. Ramana 

: Member 

: Member 

: Member 

: Member 
Secretary 

The Researd l Advisory Committee meeting 
was held during 17-18 May 2002 at Calicut 
and the fo llowing recommendations were 
made. 

Gene ral recommendations 

1. All the ex is ting p rojects should be re
grouped under mega projects with spe
cific focus and objecti ves with time tar
gets to achieve the goals. 

2. Se ec ia l focus i s needed to p romo te 
g~up activity and intra and inter-d is
cipline collaboration at project and ex
pe riment execu ti on levels in var ious 
d iscip lines. 

3. Only significant results need be empha
s ized and p resen ted in RAC meetings 
to enable fruitful discussions on the same. 

-1. Presentation of results, particularly of 
y ield and quality performance must be 
in proper format mention ing years of 
eva luation, design of ex perimentation 
and ap propriate statistical parameters 
like SE, CV, CO, e tc. 

5. Cross-cu tt ing themes need be recog
nized and presen ted in the discipline 
that has a major share to avoid dupli
cation . Scientists from concerned dis
ciplines can interact d uring discussions. 

6. All the eq ui pments in the ins titu te 
should be shared by scientists as a com
mon facility and duplica tion of pur
chase, particularly major and costly equip
ments should be avoided during X Plan. 

7. A mee ting be tween lISR and GOs 
should be organized to discuss the fea
sib il i ty of transfer of techn ologies d e
veloped at the institute. 

Crop Improvem ent and Biotechnology 

1. Both quality and yietd pa rame ters Rave 
to be given d ue impor tan ce while rec
omm ending a variety for release. 

2. In add ition to yield, varietal d evel0p
ment should also take care of d rough t 
tolerance, resistance to pests and dis
eases, quality and am enability to post 
harvest processing. 

3. Selection should be the major breeding 
strategy and new avenues of breeding 
stra tegies such as con vergen t crosses 
should be taken up. 

4. One or two major crops should be iden
tified and specific breeding strategies 
formulated and tested . 

5. Germplasm characterization must be 
complemented by appropriate utiliza-
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bon not only as new varieties but also 
as parents in hybridization progranunes. 

6. Molecular characterization of germplasm 
should be matched and integrated with 
morphometric characterization. 

7. Integration of molecular breeding with 
con ventional methods is important and 
markers linked to potential traits have 
to be identified. 

8. The performance of ginger micro tubers 
h as to be tested on a large scale in 
farmer 's fields and biocontrol agents 
are to be incor por a ted alon g w ith 
m icrotubers. 

Crop Production and Post Harvest 
Technology 

1. The influence of agrocherrucal practices 
on quality of spices has to be s tudied. 

2. The quality of promising cassia lines is 
to be compared with tha t of cassia from 
Vie tnam and lndonesia available in the 
market. 

3. Research on developing processing and 
pos t harvest technologies should be re
oriented based on consumer and m ar
ket requiremen ts. 

4. 

5. 

6. 

7. 

Studies m ay be initiated on ph armaco
logical properties of spices in collabo
ra tion with o ther institutions. 

Emphasis should be g iven to develop 
on-farm processing techniques for pro
ducing value added products . 

Due emph asis sh o uld be given for 
m echani zation of various farm opera
tions such as irrigat ion,· harvesting, 
grinding, cleaning, drying, e tc. 

To dete rmine agronomic requ ire
men ts, tri als should be und ertaken 

with the m ore important of the released 
varieties. 

8. Studies on nutrient requirement of dif
ferent spices under monocropping and 
multiple croppin g system s a re to be 
studied . 

9. Studies on organiC farming are to be 
conducted adopting prescribed s tan
dards. 

Crop Protection 

1. Developing PIlyloplltl1Ora foot rot resis
tant varieties in black pepper should be 
gi ven high priority. 

2. The effect of organic farming in man
agem ent of diseases o f spice crops 
should be studied. 

3. Studies on afla toxins in spices may be 
initiated. 

4. The economics of m anagement of 
nematodes should be worked out in all 
the experimental trials. 

5. Suitable s torage materi als i.n clud ing 
paddy husk .may be evaluated for pre
venti.t:lg infestation of rhizome scale 
during storage of ginger. 

Social Sciences 

1. Cost benefit an alysis of promising tech
nologies should be updated. 

2. Techno logy dissemina tion through 
maSS media may be given higher prior
ity for wider coverage of clientele. 

3. A d atabase has to be developed on the 
extent of coverage of new varieties and 
technologies developed by the institute 
and the benefit accrued to the farming 
com munity. 



Staff ~searcli Counci{ 

The XV1 Staff Research Council (SRC) meet
ing of the institute was held during 4-6 April 
2002 at Calicut (Fig. 29). The Inaugural Ses
sion was held on the fo renoon of 4 April 
2002. Dr. Y. R. Sarma, Director, delivered the 
inaugural address and highlighted the sig
nificant achievements of the institute dur
ing the p ast year. 

The Staff Research Council meeting h ad four 
technical sessions that were chaired b y Dr. 
K. V. Ahamed Bavappa, Former FAO Con
sultant; Dr. v. Rajagopal, Director, Central 
Plantation C rops Research Ins titute, 
KasaragOd; Dr. H . Hameed Khan, Project 
Coordinator, A ll India Coordinated Re
search Project on Palms, Kasaragod; and Dr. 
P. Balasubramanian, Professor of Plant Pa
thology, Tamil Nadu Agricultural U niver
sity, Coirnbatore. The progress of work in 

1'2 institute projects were presented and d is-

Fig. 29. SRC meeting in progress 

cussed and the technical programme for the 
ensuin g yea r approved in these sessions. 
Four new projects were also presented and 
approved. Five projects were recommended 
to be closed during the year. 

The Ple nary Session was h eld during the 
afternoon of 6 April 2002 and was chaired 
by Dr. K. V. Ahamed Bavappa. Dr. Y. R. 
Sarma, welcomed the members and invitees 
to the Plenary Session. The 'Research High
lights 2001-02' was released by Dr. K. V. 
Ahamed Bavappa. The significant achieve
ments and the future thrust areas of research 
were presented by the head s of divisions/ 
section. Recommendations for management 
of root mealybug and root knornematode 
infestin g black pepper; for extension agen
cies, were preSented and approved . The 
meeting ca me to a close w ith a vote of 
thanks by Dr. J. Rema, Secre tary, Research 
Council. 

The mid-term review of research projects 
was held during 8-9 January 2003 at Calicut. 
The m eeting Was chaired by Dr. V. A. 
Parthasarathy, Director, and was co-chaired 
by variou s heads of divisions. Based on the 
reccomendations of the Research Advisory 
Committee m ee ting held during March 
2002, the 42 research projects in progress at 
the institute were grouped under 11 mega 
projects and project leaders were identified 
for the same. Two new projects were also 
presented and approved . 



Participation of Scientists in Meetings 

Brain Storming Session on Chillies/Paprika, 
Indian Institute of Spices Research, Calicut, 
8 April 2002 (All scientists). 

30th Town Official Language Implementation 
Committee Meeting, Calicut, 18 April 2002 
(B. Krishnamoorthy). 

Town Official Language Implementa tion 
Sub-committee Meeting, Calicut, 29 April 
2002 (B. Krishnamoorthy). 

Hindi Workshop, Town Official Language 
Implementation Committee, Calicut, 22 May 
2002 (K. N. Shiva). 

Seminar on Investment Opportunities in 
Herbal Spices, Coimbatore, 23 May 2002 (B. 
Sasikurnar). 

National Consultative Meeting on Acceler
ated Production and Export of Spices, 
Calicut, 29-30 May 2002 (B. Chempakam, 
B. Krishnamoorthy, T. John Zacharial1, B. 
Sasikumar, J. Rema, C. K. Thankamani, K. 
N. Shiva). 

Seminar on Official Language, CaJicut, 19 
June 2002 (B. Krishnamoorthy). .... 

Review Meeting of All India Radio 
Programme, Mannakavu, 20 June 2002 (P. 
A. Mathew). 

Annual Research Council Meeting, Indian 
Cardamom Research Institute, Myladurnpura, 
24-27 June 2002 (M. N. Venugopal). 

Workshop on Strengthening Food Safety and 
Q uality Systems in India through the work 
of ational Codex Committee, Kochi, 1-2 
July 2002 (T. John Zachariah). 

Research- Ex tension-Farmers Interface, 
Malappuram, 5 July 2002 (T. John Zachariah, 
P. Rajeev). 

Research- Ex tension-Fa rmers In terface, 
Ambalavayal, 5 Au gus t 2002 (T. John 
Zachariah, B. Sasikumar). 

Workshop on Biodiversity Conserva tion, 
H yderabad , 12-14 August 2002 (K. N. 
Sh iva). 

Workshop on Development of Integrated 
Horticulture, Mizoram, 30-31 August 2002 
(M. N. Venugopal). 

Workshop on Integrated Technologies for 
Value Addition and Post Harvest Manage
ment in PaIms, Spices and Tropical Tuber 
Crops, Thiruvananthapuram, 5 September 
2002 (T. John Zachariah). 

21>t State Seed Sub-committee Meeting, Cen
tral Tu~er Crops Research Ins titute, 
Thiruvananthapuram, 18 September 2002 
(B. Sasikumar, J. Rema). 

Workshop on Use of Irradiation-Sterilization 
through Ionization Process, Kochi, 20 Sep
tember 2002. (T. John Zachariah). 

Workshop on National Biodiversity, Strat
egy and Action Plan for Kerala, Thrissur, 23-
24 September 2002 (B. Sasikumar, J. Rema). 

District Panchayat Meeting for Improve
ment of State Seed Farms, Calicut, 1 Octo
ber 2002 (P. A. Mathew). 

Workshop on Coffee Based Cropping Sys
tem, 5 October 2002, Balehonnur (M. N. 
Venugopal). 
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Zonal Review Workshop of Transfer of Tech
nologies Projects, Dindigul, 7-9 October 
2002 (P. Rajeev, P. S. Manoj). 

National H orticulture Conference 2002, 
New Delhi, 18-19 October 2002 (S. 
Devasahayam). 

National Seminar on Strategies for Increas
ing Production and Export of Spices, 
Calicut, 24-26 October 2002 (All scientists). 

31st Meeting of Calicut Town Official Lan
guage Implementation Committee, Calicut, 
6 November 2002 (B. Krishnamoorthy). 

International Conference on Vegetables, 
Bangalore, 11-14 November 2002 (0. Prasath). 

XXIV Zonal Workshop of Research and Ex
tension Advisory Council (NARP Northern 
Zone), Kasaragod, 12 November 2002 (B. 
Krishnamoorthy). 

National Symposium on Soil and Water 
Conservation Research and Sustainable 
Land Use System with Special Reference to 
Western Ghat Region, Goa, 15-17 Novem
ber 2002 (S. J. Ankegowda, C. K. Thankamani). 

Workshop on Radiation Processing of 
Spices, Kochi, 22 November 2002 (B . 
Chempakam). 

IISR Annual Report 2002-03 

Second International Agronomy Congress, 
Balancing Food and Environmental Secu
rity-A Continuing Challenge, New Delhi, 
26-30 December 2002 (c. K. Thankamani). 

Joint Meeting of the Steering Committee of 
State Biodiversity Strategy and Action Plan 
for Kerala and State Biodivers ity Board, 
Thinlvananthapuram, 16 January 2003 (B. 
Sasikurnar) . 

Hazard Analysis for Critical Control Points 
for Chilli Safety Management, Guntur, 4-5 
February 2003 (T. John Zachariah, N. K. 
Leela). 

Brain Storming Session on Eco-tourism and 
Event Management, Calicut, 5-6 February 
2003 (v. A. Parthasarathy, P. A. Mathew, K. 
V. Saji, K. N. Shiva). 

Hindi Workshop on Noting and Drafting, 
Calicut, 14 February 2003 (K. N. Shiva). 

Annual Biotechnology Information System 
Co-ordinators Meeting, Kolkata, 21-22 Feb
ruary 2003 (Santhosh J. Eapen). 

National Workshop on Human Re~oltIce 

Development Strategies for Orgaruzational 
Effectiveness of NARS, Hyderabad, 11-12 
March 2003 (v. A. Parthasarathy, S. 
Devasahayam). 

Gec;jraphical fndication on Spices-WTO . One Day Farmers' Seminar, Ca licut, 15 
Tas orce, Sub-committee Meeting, Calicut, Ma~h 2003 (B. Sasikumar). 
24 November 2002 (B. Sasikumar). , 

Discussion Meeting on Applied Chemical 
Ecology: Implications of Induced Resistance 
and Transgenics in Insect-Plant Interactions, 
Chennai, 30 November 2002 (S. 
Devasahayam). 

PLACROSYM-XV, Mysore, 10-13 December 
2002 (M. N. Venugopal, T. John Zachariah). 

Seminar on Spices Production Technology, 
Goa, 20-21 December 2002 0. Rema, V. 
Srinivasan). 

Regional Seminar on Spices, Virajpet, 20 
March 2003 (M. N. Venugopal). 

Seminar on Vanilla and Black Pepper Culti
vation, Thadiyankudisai, 20 March 2003 (K. 
Kandiannan). 

Patent Awareness Workshop, Thrissur, 21 
March 2003 (B. Sasikumar). 

Meeting on Empowerment of Women, 
Kochi, 27 March 2003 (B. Chempakam, R. 
Suseela Bhai). 



Meetings Organized by tlie Institute 

Braining Storming Session on d,ilLies/ Pa
prika, Calicut, 8 April 2002 (Fig. 30). 

National Seminar on Strategies for Increas
ing Production and Export of Spices, 
Calicut, 24-26 October 2002. 

Fig. 30. Dr. G. Kalloo, Deputy Director General 
(Horticulture and Crop Sciences), [CAR, 

New Delhi, inaugurating the Brainstorming 
Session on Chillies/ Paprika 



!l(aC£io rra[k§ 

Cardamom planting and after care, AU In
dia Radio, Madikeri, 25 June 2002 (5. J. 
Ankegowda). 

Nutritive value of common spices, All In
dia Radio, Calicut, 7 August 2002 (T. John 
Zachariah). 

Culti va tion of bush nutmeg graft, All India 
Radio, Ca lic ut, 24 A ug us t 2002 (P. A. 
Ma thew). 

Propagation ted"\niques and p lant protecti on 
in pepper, AU fndia Radio, Madikeri, 5 0-

vember 2002 (M. N. Venugopal). 

Med icinally importan t spices sui ted to com
mercial cultivation, All India Radio, Calicut, 

28 December 2002 (8. 5asikumar). 

ematodes in spices-problems an d control, 
All India Rad io, Calicut, 29 January 2003 
(Santhosh J. Eapen). 

Quality improvement of black and white 
pepper, All India Radio, Calicut, 29 January 
2003 (K. M. Prakash). 

Agronomic p ractices for better yield in car
damom, All India Rad io, Madikeri, 10 Feb
ruary 2003 (5. J. Ankegowda). 

Harvesting and processing of p epper and 
cardamom to maintain quality, All Ind ia 
Rad io, Madikcri, 23 February 2003 (M. N. 
Venugopal). 



Lectures f])e{ivered 6y Scientists 

Post harvest processing of spices, Central 
Planta tion Crops Research Institute, 
Kasaragod, 17 April 2002 (T. John 
Zachariah). 

Vanilla cultivation, Farmers Meet, Chittoor, 
6 May 2002 (R. Suseela Bhai). 

Vanilla and pepper cultivation, Training for 
Agricultural Officers, Kunnamangalam, 20 
May 2002 (8. Sasikumar). 

Pests and diseases of black pepper and va
nilla, Training for Agricul tural Officers, 
Kunnamangalam, 21 May 2002 (Santhosh J. 
Eapen). 

Vanilla and turmeric-Inves tment opportu
nities in herbal spices, Entrepreneurs and 
Farmer's Meet, Chennai, 23 May 2002 (B. 
Sasikumar). 

Vanilla diseases, Training for Agricultural 
Officers, Tenhipalam, 4 June 2002 (R. Suseela 
Bhai). . .... 

Black pepper-Pests and diseases, Training 
for Agricultu ral Extension Officers, 
Ba]ussery, 5 June 2002 (Santhosh J. Eapen). 

Vanilla cultivation, Farmers Meet, Agali, 27 
June 2002 (R. Suseela Bhai). 

Vanilla production, Training for Agricultural 
Officers, Manjeri, 29 June 2002 (B. 
Sasikumar). 

Processing for white pepper and other 
value-added products from pepper, Re
sea rch-Extension-Farmers Interface, 

Malappuram, 5 July 2002 (T. John 
Zachariah). 

Pepper production management, Research
Extension-Farmers Interface, Malappuram, 
5 July 2002 (P. Rajeev). 

Improved technologies on spices production 
management, Research-Extension-Farmers 
Interface, Calicut, 6 July 2002 (P. Rajeev) . 

Quality improvement and value-addition in 
black pepper, Research-Extension-Farmers 
Interface, Ambalavayal, 5 August 2002 (T. 
John Zachariah). 

Biotechnology in agriculture, Research-Ex
tension-farmers-Interface, Ambalavayal, 5 
August 2002 (B. Sasikumar). 

Vanilla cultivat:ion, fanner's Day Celebration, 
Cheekode, 17 August 2002 (B. Sasikumar). 

Cardamom cultivation , Farmer's Meeting
Quality Improvement in Cardamom, 

, Galibedu, 29 August 2002 (5. J. Ankegowda). 

Bioinformatics and its applications, St. 
Joseph's College, Calicut, 9 September 2002 
(Santhosh J. Eapen). 

Cardamom cultivation, Farmer's Meeting -
Quality Improvement in Vanilla and Carda
mom, Bettageri, 12 September 2002 (5. J. 
Ankegowda). 

New trends in cultivation of pepper and 
cardamom, Training for Agricultural Exten
sion Officers, Sirsi, 19 September 2002 (M. 
N. Venugopal). 
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Crop Improvement of black pepper, ginger 
Cl nd turmeric, National Training on Ad
vances of Spices Production Technology and 
Medicinal Crops, Thrissur, 24 September 
2002 (B. Sasikumar). 

Cardam om, black pepper and vanilla culti
vation, Control of Berry Borer Programme 
for Progressive Farmers, Mutha rmudi, 3 
October 2002 (5. J. Ankegowda). 

Vanilla production, Farmer's Training 
Programme, Kodiathur, 7 October 2002 (B. 
Sasikumar). 

Mixed crops of cardam om and pepper in 
arecanut plantations, Farmer 's Training 
Programme, Sirsi, 17 October 2002 (M. N. 
Venu gopal). 

Potential of spices in mixed crop conditions, 
Training for Agricultural Officers, Shimoga, 
18 October 2002 (M. N. VenugopaJ). 

An introduction to bioinformatics, The 
Zamor ins G uru v ay urappan Co llege, 
Calicut, 28 October 2002 (SanthoshJ. Eapen). 

Quality inlprovem ent of black pepper, Train
ing for Horticu ltural and Agricultura l Of
fice r5, G u da lur, 6 o vemb er 2002 (K. 
Kandiannan). 

Potential of spices in arecanut and coconut 
gardens, Training for Agricultural Officers, 
H . D . Kote, 5 December 2002 (M. N. 
Venugopal). 

Cardamom Clnd pepper cu lti va ti on , 
Farmer '5 Training Programme, Maragodu, 
11 December 2002 (5. J. Ankegowda). 

High value spices in arecanut and coconut 
plantations, Training for Agricultural Offic
ers, Bramhavar, 20 December 2002 (M. N. 
Venugopal). 

Spices-Me thods in processing and value 
addition , Farmer 's Training Programme, 
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Thamarassery, Calicut, 20 January 2003 (T. 
John Zachariah) . 

Value addition in black pepper, State Level 
Training to Extension Personnel, Calicut, 21 
January 2003 (T. John Zachariah). 

Post harvest processing and value addition 
in spices, Training for Agricu ltural Assis
tants, Calicut, 30 January 2003 (T. John 
Zachariah). 

Production technology of pepper, Training 
for Progressive Fanners, Saklespur, 6 Feb
ruary 2003 (M. N . Venugopal). 

Pest and d isease management in vanilla, 
Training for Progress ive Farmers, 
Appangala , 10 February 2003 (M. N. 
Venugopal). 

Production of polyclonal antiserum, Winter 
School, Tamil Nadu Agricultural University, 
15 February 2003 (A. Ishwara Bhat). 

Serological methods for the detection of vi
ruses, Winter School, Tamil Nadu Agricul
tural Universi ty, 15 Febru ary 2003 (A. 
Ishwara Bhat). 

Production technology of ca rdamom, 
Farmer 's Training Programme, Gonikoppal, 
18 February 2003 (M. N. Venugopal). 

Cardamom c ulti vation, Bhagamandala 
Vevasaya Seva Sahakara Bank and Farmer 's 
Club Meeting, Bhagamandala, 8 March 2003 
(5. J. Ankegowda). 

Product diversification and value addition 
in spices, Farmer 's Training Programme, 
Ambalavayal , 15 March 2003 (T. John 
Zachariah). 

Production managem ent in vanilla, Re
search-Extension-Farmers Interface, Calicut, 
17 March 2003 (P. Rajeev). 

Prospects of spices as intercrop in coffee 
plantations, Farmer's Training Programme, 



Lectures Delivered by Scientists 

Karg unda, 18 March 2003 (M. N. 
Venugopal). 

Promotion of vaniUa culti vation, Farmer's 
Meet, Mampad, 19 March 2003 (R. Suseela 
Bhai). 

Varieties, pest and disease management and 
post harvest processing of pepper, Training 
Programme for Progressive Farmers, 
AppangaJa, 19 March 2003 (M. N. 
Venugopal). 

Production technology of pepper, Training 
Prog ramme for Progress ive Farmers, 
Virajpet, 20 March 2003 (M. N. Venugopal). 

New varie ties and improved practices for 
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black pepper production, Seminar on Vanilla 
and Black Pepper Cultiva tion, 
Thadiyankudisai, 20 March 2003 (K. 
Kandiannan). 

Option for organic cultivation of cardamom, 
pepper and ginger, Training for Agricultural 
and Extension Officers, Napoklu, 25 March 
2003 (M. N. Venugopal). 

Spices cultivation, Coffee Berry Borer Con
trol Programme, Bhagamandala, 26 March 
2003 (5. J. Ankegowda). 

Card amom cultivation, Coffee Berry Borer 
Control Progran1me, Yevakapadi, 28 March 
2003 (5. J. Ankegowda). 



1Jistinguished Visitors 

Dr. K. V Ahamed Bavappa, Former FAO 
Consultant and Former Director, Central 
Plantation Crops Research Ins titute, 
Kasaragod. 

Dr. D. K. Arora, Director, National Bureau 
of Agriculturally Important Microorgan
isms, New Delhi. 

Dr. E. V. V. Bhaska ra Rao (Late), Director, 
Na tiona l Research Centre fo r Cash ew, 
Puttur. 

Mr. T. K. Chandrashekhar, General Manager, 
Bharat Sanchar Nigam Limited, Calicut. 

Dr. B. S. Dhankar, Assistant Director Gen
eral (PC), Indian Council of Agricultural 
Research, New Delhi. 

Dr. O. P. Dubey, Assistant Director General 
(PP), Indian Council of Agricultural Re
search, New Delhi. 

Dr. Javed Iqbal, Director, Regional Research 
Laboratory, Thiruvananthapurarn. 

Mr. J¥el?h Thekke .Kuruvinal, Chief Judi
cial MagIstrate, Cahcut. 

Dr. G. KaUoo, Deputy Director General 
(Horticulture and Crop Sciences), Ind ian 
Council of Agricultural Research, New 
Delhi. 

Dr. S. P. S. Kanuja, Director, Central Insti
tute for Medicinal and Aromatic Plants, 
Lucknow. 

Dr. Khadrekar, Former Vice Ch ancellor, 
Mahatma Phule Krishi Vidyapeeth, Rahuri. 

Mr. Lawrence V. Fernandes, Member, Gov
erning Body, Indian Council of Agricultural 
Research , New Delhi. 

Mr. E. T. Lukose, Commissioner of Income 
Tax, Calicut. 

Dr. T. Madhan Mohan, Director, Department 
of Biotechnology, New Delhi. 

Dr. K. P. G. Menon, Executive Director, in
ternational Pepper Community, Jakarta, In
donesia. 

Dr. Mruthyunjaya, Director, National Cen
tre for Agricultural Economics and Policy 
Research, New Delhi. 

Dr. R. Naidu, Director (Research), Central 
Coffee Research Institute, Balehonnur. 

Dr. M. K. Nair, Former Director, Central 
Plantation Crops Research Ins titute, 
Kasaragod. 

Dr. K. V. Peter, Vice Chan cellor, Kerala Ag
ricultural University, Thrissur. 

Dr. Raghava V. Thampan, Director, Rajiv 
Gandhi Cen tre for Bio technol ogy, 
Thiru vanan tha puram. 

Dr. R. B. Rai, Director, Central Arid Zone 
Reseq_rch Institute, Port Blair. 

Dr. V. Rajagopal, Director, Central Planta
tion Crops Research Institute, Kasaragod. 

Dr. M. R. Sethuraj, Former Director, Rubber 
Research Institute of India, Kottayam. 

Dr. S. Tharnburaj, Former Dean, Tamil Nadu 
Agricultural University, Coimbatore. 

Dr. Tamil Selvan, Db-ector, D irectorate of 
Arecanut and Spices Development, Calicut. 

Dr. J. Thomas, Director (Research), Ind ian 
Cardamom Research Ins titute, 
Myladumpara. 



f£mpowerment of Women 

A Women's Cell has been set up at the ins ti
tute to cater to the welfare and solve griev
ances of women who form about 20% of the 
staff of the institute. The Women's Cell con
ducted various programmes for the welfare, 
development and empowerment of farm 
and rural women in collaboration with the 
Krishi Vigyan Kendra (KVK) located a t IISR 
Fa rm, Pcruvannamuzhi (Fig. 31). These 
programmes were conducted in association 
with Departments of Agriculture and Ani
mal Husbandry and voluntary organizn
tions such as Centre for Overall Develop
ment (COD), Vikas Voluntary Vahini (VVV) 
c lu bs a nd Indian Farmer 's Movem e nt 
(INFAM). These agencies arc sponsoring 
numerous Self Help Groups (SHG), which 
are presently engaged in several income 
generating activities. The KVK conducted 
32 self-employment genera ting training 
programmes for these g roup members in 

Fig. 31. Training programme in bamboo crafts 
for women entrepreneurs 

which 712 members participated. The 
programmes covered various aspects of ag
riculture, horticulture, animal husbandry, 
fruit processing and handicrafts as indicated 
below: 

1. Post harvest technology and cottage in
dustries 

a. Fruit processing and preservation (223 
p articipants, 9 training programmes). 

b. Production of oyster mushroom (57 par
ticipants, 2 training programmes). 

c. Extraction and processing of banana fi
bre (33 participants, 1 training 
programme). 

d. H andicrafts tnaking from bamboo (50 
participanfS, 2 training programmes). 

e. Artificial flower making (19 participants, 
1 training programme). 

2. Seed production and establishment of 
nurseries 

a. Produ ction and utili za tion of 
vermicompost (134 partiCipants, 6 lrain
ing programmes). 

b. Production of bush pepper (26 p artici
pants, 2 training programmes). 

c. Cultivation of medicinal plants (29 par
ticipants, 1 tra ining programme). 

d. Cultivation of coleus (19 participants, 1 
training programme). 
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3. Rearing and care of poultry and l ive
s tock 

n. Management of milch cows (14 partici
pants, 1 training programme). 

b. Production and managemen t of goats (14 
participants, 1 training progranune). 

c. Management of goat diseases (26 partici
pants, 2 training programmes). 

d. Management of contagious diseases in 
ca ttle (35 participants, 1 tra ining 
programme). 

e. Control of external parasites in livestock 
by indigenous practices (33 participants, 
1 training programme). 
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As a result of the various training 
programmes, several self-employment units 
were started in vermicomposting, bamboo 
handicraft making, poultry and goatary, and 
food processing, earning additional income 
through sale of products . The KVK also 
conducted a frontline d em ons trati on 
programme on ' Introduction of a HYV of 
coleus nam e ly, Sreedhara' in five women 
fa rmers fields. 

The international Women 's Day was cel
ebrated on 8 March 2003 at the institute. 
Singing and elocution competitions were 
also held for the staff of the institu te during 
the celebrations. 



Ottier activities 

National Science Day 

The National Science Day celebrations were 
organized during 24-28 February 2003. The 
inaugural function was held on 24 Febru
ary 2003 during which Mr. K. N. Kurup, 
Head, Social Sciences Section, deli vered a 
talk on 'Science in ancient India'. A elocu
tion competition on the topic 'Human clon
ing-good or bad' and a quiz competition in 
English and MaJayalam was held for the 
s taff of the institute and school chi ldren, 
during the celebrations. The valedictory 
function was held on 28 February 2003 and 
Dr. K P. Arav indan, Associate Professor, 
Medical CoHege, Cali.cut, d elivered a talk on 
'Hum an genome project' and also distrib
uted prizes to winners of various competi
tions (Fig. 32). 

Fig. 32. Dr. K. P. Aravindan, Associate 
Professor, Medical College, Calkut, delivering 

the valed ictory add ress during the Na tional 
Science Day celebrations 

Vigilance Awareness Week 

The Vigilance Awareness Wee k was ob
served during 31 October-6 November 2002. 
The week long programme was inaugurated 
by Mr. T K. Chandrasekhar, General Man
age r, Bharat San char Nigam Limited , 
Calicut, on 31 October 2002 with the adm in
ist ration of a pledge by Dr. V. A. 
Parthasarathy, Director. Various competi
tions such as essay writing, elocution and 
slogan writing were held in Engl ish and 
Malayalam for the staff of the institute and 
school children. The topic for the elocution 
contest was 'Vigilance awareness-transpar
ency in public life'. The valedictory func
tion was held on 6 November 2002 during 
which Mr. E. T. l.ukose, Commissioner of 
Income Tax, Calicut, delive red the vaJedic
tory address and dis tributed prizes to win
ners of various competitions. 

Hindi Fortnight 

The Hindi Fortnight was celebrated during 
14-29 September 2002. The celeb rations 
were inaugurated by Dr. V. A. Parthasarathy, 
Director, on 14 September 2002. Staff mem
bers of the institute took an oath during the 
inaugural function for using Hindi in day 
to day work. Various competitions such as 
essay writing, noting and drafting and cal
ligraphy were conducted for staff members. 
Dr. VA. Parthasarathy, Director, distributed 
prizes to winners of various competitions 
during the valedictory function held on 29 
Septembe r 2002. 
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Kisan Divas 

Kisall Divas (Farmers Day) was ce.lebrated 
on 23 December 2002 and about 100 farm
ers participated in the function organized 
at IISR Farm, Peruvannamuzhi. Ms. M. K. 
Nalini, District Panchayat President, Calicut, 
who was the Chief Guest, highlighted the 
need for transfer of latest technolog.ies to 
farmers for improving production of spices 
and other commodities. Thirteen farmers 
were honoured in the function for their con
tribution to farming of various spices (Fig. 
33). 

Recreation Club 

The Recreation Club of the institute orga
nized competitions on singing of national 
anthem, national song and patriotic songs 
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during the Republic Day celebrations on 26 
Janu ary 2003. Farewel l fun ctions were also 
arranged to staff members who left the in
s titute during the year. 

Fig 33. A progressive farmer being honoured 
during kisnll divas 

----



Personne[ 

Headquarters, Calicut 
Managerial 

Dr. Y. R. Sarma, Director (Retired on 31 May 
2002) 

Dr. V. A. Parthasarathy, Director Goined on 
17 August 2002) 

Sciell tific 

Dr. P. N . Ravindran, Project Coordinator 
(Retired on 30 April 2002) 

Dr. K. V. Ramana, H ead, Division of Crop 
Protection (u p to 14 November 2002), Act
ing Director (1 JWle- 16 Au gu st 2002) and 
Project Coordinator (Joined on 15 Novem
ber 2002) 

M r. K. Narayana Kurup, Principa l Scien tis t 
(Agricultural Statistics) and Head in Charge, 
SectiQn of Social Sciences 

Dr. M. Anan daraj, Principal Scientist (Plant 
Path ology) and Head in Charge, Division 
of Crop Protection ' 

Dr. B. Chempakam, Principal Scientis t (Plant 
Biochemis try) and Head in Ch arge, Division 
of Crop Production and Post Harvest Tech 
nology 

Dr. S. Devasah ayam, Principal Scientist 
(Agricultura l Entomology) 

Mr. B. Krishnamoorthy, Principal Scientist 
(Plant Breeding) and H ead in Charge, Divi
sion of Crop Improvement and Biotechnol
ogy 

D r. K. Nirmal Babu, Senior Scien tis t (Plant 
Breeding) 

Dr. M. S. Madan, Senior Scientis t (Agricul
tural Economics) 

Dr. T. John Zachariah, Senior Scientist (Plant 
Biochemistry) 

Dr. B. Sasikumar, Sen io r Scientis t (Plant 
Breeding) 

Dr. J. Rem a, Senior Scientis t (Horticulture) 

Dr. Johnson K. George, Senior Scientist (Ge
netics and Cytogene tics) 

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

Dr. A. Ishwara Bha t, Senior Scientist (Plant 
Pathology) ,-

_...:---

Dr. R. Ramakrishnan Nair, Senior Scientist 
(Genetics and Cytogene tics) 

Mr. K. M. AbduUa Koya, Scientis t (Selec
tion Grade) (Agr icultural Entomology) 

Mr. San.thosh J. Eapen, Scientist (Selection 
Grade) (Nematology) 

Ms. N. K. Leela, Scientis t (Selection Grade) 
(Organic Chemis try) 

Dr. K P. M. Dharnayanthi, Scientist (Senior 
Scale) (Genetics and Cytogenetics) (Trans
ferred on 29 November 2002) 

Dr. P. Rajeev, Scien tis t (Senior Scale) 
(Agricultural Extension) 

Dr. C. K. Thankamani, Scientis t (Senior 
Scale) (Agronomy) 
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Dr. K. Kandiannan, Scientist (Senior Sca le) 
(Agronomy) 

Dr. K. S. Krishnamurthy, Scientist (Senior 
Scale) (Plan t Physiology) 

Dr. S. S. Veen a, Scientis t (Sen ior Scale) 
(Plall t Pathology) (Transferred on 14 Janu
ary 2003) 

Dr. A. Kumar, Sc ien tis t (Senior Scal e) 
(Plant Pathology) 

Dr. V. Srin ivasan , Scientist (Senior Scale) 
(Soil Science) 

Dr. K. N. Sh iva, Scientist (Horticul ture) 

Technical 

Dr. JOlllly A. Ka Uupurackal, Tec1111ical Infor
mation Officer (T-7) 

Mr. P. Azgar Sheriff, Technical Officer (T-6) 

Dr. P. H amza Srambikkal, Technical Officer 
(T-6) 

Ms. Utpala Parthasarathy, Technical Officer 
(T-6) Goined on 4 December 2002) 

Mr. M. M. Aug usthy, Technical Officer (T-5) 

A dmill istrative 

Mr. M. K. Sachidanandan, Assistant Finance 
and Accounts Officer 

Mr. V. L. Jacob, Assistant Finance and Ac
counts Officer 

Mr. S. M. Che ttia r, Private Secretary 

Mr. A. P. Sankaran, Assistant Administra
tive Officer 

Krislti Vigyatl Kendra 

Ms. V. Raciha, Junior Accoun ts Officer 
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Experimental Farm, Peruvannarnuzhi 
Scient if ic 

M r. P. A. M athew, Principal Scientist (H or
ticulture) and Head in Charge 

Mr. K. V. Saji, Scie n t is t (Senior Scale) 
(Economic Botany) 

Mr. P. Heartwin Amaladhas, Scientist (Ag
ricultural Engineering) (Transferred on 20 
May 2002) 

Techll ical 

Mr. V. K. Abubacker Koya, Farm Superin
tenden t (T-7) 

Krislti Vigyan Kendra 

Dr. T. K. Jacob, Senior Scientis t (AgriculturaJ 
En tomology) an d Tra ining Organizer 
(Joined on 10 Decem ber 2002) 

Mr. P. S. Manoj, Technical Officer (T-7) (Hor
ticulture) 

Dr. S. Shanmugavel, Technical Officer (T-
7) (Veterinary Science) 

Mr. K. M. Prakash, Technical Officer (T-6) 
(Agronomy) __. 

Cardamom Research Certfre", Appangala 
Scientific 

Dr. M. N. Venugopal, Principal Scien tis t 
(Plant _Pathology) and Head in Charge 

"' Dr. S. J. Ahkegowda, Scientist (Senior Scale) 
(Plant Physiology) 

Mr. D. Prasath, Scien tist (H orti culture) 
(Study leave from 31 December 2002) 

A dministrative 

Ms. Enid Saviilia, Assistant A dministrative 
Officer 



Weather 

Weather data for 2002 (Peruvannamuzhi) 

Month No. of ra iny days Rainfa ll (mm) Sunsh ine hours 

January 2 16.0 6.8 
February 5 90.0 6.7 
March 1 3.0 6.7 
April 14 204.0 6.8 
May 18 570.0 4.8 
June 25 807.0 1.3 
Ju ly 30 580.0 1.7 
August 26 728.0 1.7 
September 8 120.8 5.4 
October 19 556.1 3.3 

ovember 11 232.1 5.6 
December 1 26.4 6.7 
Tota l 160 3933.4 57.6 
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~ ~ ct ¢fI'tW "Q"{ "3Q\ilctT .:31R -qul ~ 
c8 mum ~ 341 ~1 1"'i'iCh 15 ~ fi<01I"'i'ii 

qft ~ cn1 TT!ft I 
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~ ~ TT<IT, ~ ~lhC1ct l cpr ~ ~ 

(30%) -rnn ~ I lJIWR2I7 rrfQ::r TfCCT q;t 
" 

\ifT.e:)4~)f.t2/H7 3lR \ifT CfiTcrr"Q"{ ~~Ch l te ~ 

~ fG:m ~ trcfi('IT ~ ~ mr 90% fl lhC1('11 

mt('f -m-rr ~ I \ifT. ~ it .qr \ifT. Jlfii117~27 

"Q"{ ~ ~ "Q"{ 54.5% ~lhC1ctl ~ C:R 

~\ 

~ ~ ~ "'i4~1~4 qft lJUTCffiT fCl!?~t:lO I 
fcn<:rr ~ am 3lCffP<H 541 I .q 3 1.8% 

~~ 6fu: 6.2 9'c ql~qR'i ~ feRn 
f;;:ruc):; ~ .3lffiT ~ ~ 5442 ~ 2 1 .6% 

~~ 3fR 6.0lk ql~qfFl -m-rr ~ I ~ 
~ ~ rft ~ ~ rft. <t;/(jHI'"f4 "Q"{ fqfq;;r 

oftcf; ~ ~ ~ 'IT .qr ~ if ~ ~ 
1iT~~~~~~,~,~ 
.qr ~ ~, "Q"{ .mm, 3.2% ~ 4.0% <ffi, 
3.8o/c ~ 4. 1 % ql ~qR'i ~ 9.5% ~ 11 % 

~~~-M~\ 

~ 'lC"ll iCh'i fcflir 150 ~C1 I <01;:f) ~Cf'8!?H'i 
it 34CfMH 60, 63, 75 ~ 273 if 8.0% ~ 
31fucp cillt'l1!?nC1 ~ -m-rr ~ \ ~ 257, 

~ ,. 
258, 259, 277 3m 325 -q ~ 30%a 

c{fqf-"1 C1 ~ 31R C11NlT 25% 1, 8 fu;ffi;r 
~ ~ I Jlo lClf11 ,{CROl iCh'i ~ 60 ~ 

, . v ,,~~ , 

34=CfTT*m-H-rr1 -q Jl'6cilc;..fI, 6f1iTt:lChIC1'i .3fR .31CfmR 

12 1, 260. 340 Jffi 342 if 5.5% if ~ 
~~~~~ ' ' ~ , " ¢ill\'1¢i l ~ l ~"i ~ l\11 t"; Chlr~ChI(1'i am 'l{lcill;"""\1 

it 4% ~ tm mm t-I 
~ it <j'{<j'fl1'i ~ * "3"ct1t ~ it ~ 
~ cpr ~ m 'IT ~ ~ -mrr ~ fen 
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ChlfC"lCh2 (tm) CfiT ~ f':llll'lf('1 (Ch{ootI2Ch) 

.q 20% ¥{¥PH 3"ffi CfiT"3CW mm ~ 1 ¥{¥fl1" 
~ Jj Cl ti ~Jl ~ 0 1 CfiT >rrtf''qCf) zyrr .q PAL CfiT 
1:!&l~CfiT~m~~.q~ 
fcfc:fim col ~ m .q fq;" 1~f1If1f'i" ~ 

~ (PAL) CfiT ¥{¥I'I" ~ t1f'2l ~ ~ 
~~I 

TTCffiT l{("lIiChoot ~ 30 "11~lhf1 3iCfB~H'j .q 
"11 ~ lh f1 .q wifuo "ffi1 ~ 3"ffi .q 7.67 % ~ 

I 3.890/(' '('f'Cf)' '(flIT "1'Tfcr;.ft if 7.4 8 o/c ~ 20.99 o/c 

'('f'Cf)' CfiT ~ ~ 'Rffi ~I ~ 3iR ~ 
mif~"ffi1 A9-49 ~fcfi<rrl "11~lhf1 
if f'lf{fkf~H ip a:m if 2.26% (A 11 -25) it 
29.60% (A 11-21) c=rnT "11fccir if 1.70% 

(AII-25) ~ 28.68% (A9-4-1I) CfiT ~ 
mm ~ 1 "11~lhf1 .q QfC"l'lI~f~H Cfi 3"ffi.q 1.5 1 % 

(A9-37) ~ 29.7 1 % (AII -26) '('f'Cf)' 3iR~ 

"41.05% (A9-49) U 29.85% (A9-4-1 1) 

'('f'Cf)'~iR=ntl 

~ 31CfmH'j ip trT ~ .q s:film:~ 
~~ "1QQQIB'I ~ ~ fu:ro: 42 ~ 

171 ASTA ~ .a:fR 33 it 176 ASTA ~ 
~ mor t-I 

~~~ 

~ ~ .q ClMChuf1R 1.25 fct; m / -qjc: ~ 
~ if wrr:=r lR' fs:l'zir if lhl Blh h B cnll1BfT .q 

." 

2. 1 if 55.0 li=r m / fct; m ~ ql~f~I~'1 
I 03 ~ 262 fl:r m / fct; m '('f'Cf)' ~ ~ 3iR 
{IB I~f1Ch ~ wrR cnl ~~ ~ if 
5 I o/c ~ 31fuq:; cf.& '1ft M ~ 1 cp:(j Ch~) R 

3:fR q O'ICh~ I R ~ cn-8 lR' fn{l ffq;~ { .q 
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{l li l UJCh Jj Cl q 1511 ~ -31fuCfi mor t- 1 

~ 'Qct ~.q ~ 31qi1I~Ch 3-'Itt ~ 
lhl Blh 12 B ~ 'R fuCfi ip fuf'mr «ffi in 
w:rrq lR' 3M'lFT ~ lR' ~ ~ mrr t fcp 

~ Qoot"1l ~'1'j cnl ~ .q fuCfi «'R CfiT ~ 
w:rrq ;@ mor ~ 1 m '1ft ~ lR' WTR ~ 
311l~ 'CffiT lR' WTR lR' ~ ~ ~ 
Mtl 

"I'B ciT Ch 41 Cl Ic1 ~ if CliWlT ~ ~ 
lR' ~~cnlm1~m lR' HP 29 if 
31fuCfi '\1fff, Cfi'l1 furc;ffi (M e m b ra n e) -:::rm 3-'Itt 
SOD ~ .q ~ m -nsffi ~ 'ffirr 
t 1 ~ '\1fff WTR lR' zyqr 3i CfB ~ l;{i .q 'QCfi 

*m miR ~ ~ ~ 'Y'&1T ~ 3iR ~ 
f.rtfur ~ WlR ~ \1iTffi' ~ 1 

W9T -mm=rr ip ~ ~: ~~lll-c4) ~ ~ cnl 
~ cnl 3iR ~ APG- I 8 "I'B wrR cnl 
~if~mmt- I ~~(geno
type) .q ~ ~, ~ -qui' ~ 3iR 
tm TfURT col -cffi~ m lR' ~ '1({05lcrol 

~~~I ~f1I~=cfIlR'~~ 
ftfu if ~ .a:fR ~ -cfu~ in ~ ~ 
CfiT 1{("lI iCfloot ~ lR' W ~ iRrr t- fct; 
~f1 I ~·dl ~ ~ ~ WI ip ~ if ~ 
CfiT ~ CR1T 3i'1~ Il'iHCh m W ~ 1 



Hindi SII111111nn) 

~ {111\;HCfl fcIf~ 'IT ~ m 'IT 

~ {II 1"1"1 Cfl\i 1 -q: 4~\iCll{OI ~ ~ CfiTIIT 

~ <mT ~ fClqf"(f)4i 98-3,98-59,98- 146, 98-

173 a:fn: 02-5 1 ~ ~ ~ WI 

"!fA ~ -q: r:ft ~ * Wf m~ fCflir 
70 tiCfl{"1'j if "W\i" 3iCffHH'j (HP-9, HP- 11 7, 

HP-477, HP-528, HP-56 1, HP-599 ~ HP-

1660) "CflT ~flif>tllli -mr ~ -em I 25 ~ 
wmT -q: ~ GfR W~ m 'IT 3 3iCffHH'j 

(C-888, C- 11 99 a:fn: C- 1204) "CflT ~fctf~l1 l 
-mIT ~ -em I M CflI<_6i l'5"1 "CflT ~ 
~~<tT~<tT~3fu:~~ 
~ (3iCffP<1"1 2420, 2425, 2426. 2428, 

2432,2433,2466, 2535 ~ 2575) Betl i"1l<ld1 

~ 'Tirl 

rfr Cfl7t]f¢l=t4 (lfIl$c:./lfI?jm CflIc4J4) ip~) 
ip 'lC1Cfli:s (rootstock) 'IT ~ ft:Rt in -m.m 
Cflf{lj;'51 ~ Cf)C1"q ~ 'R ~ *"@n if 
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'3fu\i" ~ t I JlClfo:t451ol ~ ~ ~1~Cfih{ 41 
(\{f\i1llH4 3iR Lf<{-Sl4l"1B tf1J{B'"'8 ~ 
~ l1TUP1 if> ~ .q ~ ~ ';1f(J 

Cfl "41 R "CfiT m "Cfi"{1T ~ mm t I 
~Wr 

CfllfflCfl2 ~ ~ ~-m if tiCflfC1\i ~ 
UrI~-qul~*~irUrI~ 
fcrnH, {lqClI(\Cfl ~, ~~ Cf~R ~ ~ 
~ fcrnR ~ * .a:rJ'1:m'IT badnavirus "CflT 

~ fcn<:rr I ~ CfTWJ "CflT ~ rfrm ir 
~ cnrffi ~ ~ -q ~ ~ cit ~ 
<mT mftn lfu;:ft <SfTT (Ferrisia virgata) "[RT 

~ CfiTIIT t I 111kf{ 4l B 1 ~'Cf)" CfTWJ ~ 
CflI(1lf'lil "CflT RCflIk:.2lHI ~=trnf42lHI ~ rz;T. 

iflk:. =tIm 'IT n1 f.rc?rm "[m ~ .31rnRT ir 
~ fcpm I ~ if ~ 4IBI~Cfl CfTWJ 
-+. 1"" ~ nl ~ " q, H40ICfl{OI 'n l l."'l" ~ l'I G Cfll~ "'IHCf1iCfl\i 

fcF;<:rr I 

-mcfiT ~ tFiFT ~ -em ~ ~ ~ ~ ~ 
~ ~ 1.062 fq) ml1 / ~ (~) -+. ~ ': ~ n:-::rt * 
in ~ W l"Tm UrI CflT ~ ~ 111 ~ ~ 1 q, 't'11 ~'n1 11 Ili l ('1'11 1:" 11 ~ 
~ '~ ~ ~ f.:Rmur ir ~ WR gan ~ 

Tfm I 31%1 ~ Wflf fuTWfr ~ "CfiT ~ ~ 
r-r ~ ~ .q rfr Cf//c4JHI ip ~ 'Cf)"C{TT ~ (3.9%) itffi~, ~ ~ fcR:q- if, fcFiIt'4Cfl{ 

.a:fR "1ICl 1 DjCfl fClqf"(f)ll' j (ey;rr"CfiT 14) CflT 'lflliCfl'i ~ rfTill if, fum ~ <iT ~ m 3lR 
rn'IT ('{R 'Cf)"C{TT (n SRF-559. IlSRF-563, ~~~~"CfiT"{Ulm~1 ~ 
m IISRF-567) m ('{R "1ICl I01Cf) fqqf"(f)4l 1 .:31fuco~iR=rrtm~~,~, 
( IlSR-526. IISR-632 m IISR-655) -q 'IT tRTtfr CSlI~"1Cfi1al 3iR CfilU"112"1 Q~Cf~"1 , .... .... 

Cfl IQfl'81 cit ~ f.:rim >50% WR: g'* I c8 ~ GfIm * -mIT iT ~ I 
34 1~11 "1"1Cfl "1ICl I01Cfl fClqf"(f)4i ~"!ft;:r ~ cit 
~ if -m "CfiT ~ Cfi{" "ffCfl(1T t I -@; -q: ~ TTFr.f 

WTR~ PGPR 'TR~~ (0.5%) ~TffRm"CfiT :'1f'"lfi"1Cfl-;;ftq, ~~ 



142 

*" >ffi; ~ m ~ \11 q lk'il Wi 31 Cffl ~ l::fi cnr 
g H<!ll"i fcf;<:rr Tf"lIT I ~ ~ ~, "\11T 

,.. "'" ~ ~ ' ~ ~II1Cfl gHiSiH 11 '{I'I ~ 't1 ~ ~, ~m l 

"iSiT{ mm ~ 'R" qi"if 31Cflml"1 ( ~ 

6, 17, 130, 155 31tt 208) 31 1~11\11 'iCfl m~ ' 

, '" , ~ , 'g 
'Q'R'Q' <1l1\11 "icnl Cf) fl 416{01 '"f E9: ~ ?MRII 41 

'RIHHW2fUi fiCfli?l"i'i C!iT "\ills R<rr ~ -q 
~m® *" fC!~J161o l fClqfUi41 (28) em 0.70 

Cf;T ~ ~ <jW TlR ~ haplotypes 

~ ~ ~ ~ ~ if "11ClIOjCfl ~ 
Cfi1 ~'I1Iof ~ t I ~ tt it .\R.1Z.,3ffi 

, " .....4 f::rrrF.::z::. 'I"' , ~ v 

fli i?l1 + 81 £1{ 11 ct> I 1'"1 ':!, 1 \II "CfiTi?I1t 1ZCfl I'l l l i Cfl I i?I 

Cf;T ~ m fcF;<:rr I "11<:4 I OJCfl ~ * ~ 
~ ~ R<h"R t1fu rnr gH<!l"H ~ 250 

-B ~ ~ 31Cffl~H'i if ~ ~ ~ 
~ 3iCffl~H'i ~ ~ ~ ~ 1 \1'"I"'I"i(1 

~ 31Cffl~H'i em ~ mm ~ m 
T@I 

311f. 'R1HHW2f< 4 cR ~ ~ l1Tt1 30 fti¥ 
cR 31cffu if 45.8 °c * ~ if ~ fcn<:rr 1 

~ CfiT 31fu ~ ~ em ~ 1Zcf 
~ ~ "f1T fG<:rr I ~ if <1N ~ 
~ "\:R ~ \~ CfiT (iltf -q ng.:l * 
ql<O IlI1 ~{C\q 31fu ~~ CfiB *" ~ 
Cf;T ~ fcnm I 31fu ~ ~ cnT 
mn~~'R"~~1R~ 
~irnr ~fcn ~cnr~~ 
~*"~~1:%"~~mq{ 
~ -::rtf -wn t 1 
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c;rqm 
'hfl i?llfH "CfiTCYl -q ~ if ~ ~ {lJ ICflI{ii 

em ~ ~ TJ('R m eli 4ftrtl Cfl "CfiRCf1 * ~ 
if 4/$#l/Q;jf4'"i/ ~ 31tt -;tr TJ('R UrT if; 
~fqf'liCfl CfiRCfi ~ ~ if Y'HR2f4 31M-'RP-I}(4 

cR ~ cR TT<fT 1 Cf)1J1all l ~Cfl4 ~, 
.... " 

~ ~ 31tt q~Hlkanmm ~ 
q'6q'll ~rsil , ~ -itz ~ ~ fiCflfMIi quf 
~ irT -;p:fr ~ ~ ~ .31IT ~ {I J 1'i1"iCflt11 
"~ "' .....4 f. ' ' , '11 1'l l1110l('l ct> 11 CflI{ itFFSI '84 -3ffi 4HCflI\1jitl 

CflHitl"i'Slffl4 ( 4HCfllilitl 63% + CflI{ iSi "iSlfB I1 

12CJc) ~ 1:%" ~ 50 ppm if 4 1 ~'4">lfq 'i l 
~ 3fn: 'f#P"14 ~ CfiT ~ 
-qr:rr TfZlT I 

~ eli ~ 31CfmHI 3ffi ~ * 59 
3i=CfflTT"~m-H~'i C!iT "R: ;:fTz ~, 4HIf'4:ST'/':; 

$'"iCfi}!?i27 ~ >Jfu g H cil'i ~ 'tIT ~ ~ 

cf;~ (31Cflfl~H 79.' 197, 2 163fn: 2 19) 3fn: 
~ * ~ 31Cffl~Hl em ( 31Cffi 54, 56, 57 

:dR 106) ~I!£IfqCf) €9H41'i -q 3Mff,;H Cf) -qr:rr 

rfml 
,.. ~~ " .....4 c:: f, '" .4- v , 
I '(\111 it4Cf2.lf< II I ct> 1 29 J fCl<j ffi lll ct> fll1 l$'( 011 "ff 

~ fClqfffilli (llSR-522, IISR-528, n SR-658, 

n SR-853 .31IT IISR-859) f~~4l'l :S ~m 
~(iIC! I<1 (a:s}q; }HH mfilf(;m am l!11 

$'"iCfi/f?"i21 ~ ~ ~ cnm ~) cR ~ 
1iJ ') <Sj Q& fcF<:rr I 

3i 1~1I'i1"iCfl "Cf)C.{1T (cT. ~d2if2fH4 .31IT qf2fMM2f4 
,... ~ ' ~ >" c:: ~ "' CfHII4:S if4117. G/1f) 3ffi \ij I ell 0l Cfl fCl qr ffi41 
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(q lRRl1l -2tf.,c:'I '"fI ) cpr -&<11{~ic:fH m 1R 
~ ~ 'CfitfIT ~ fctl eft CfHI(4;GlMlR 44 ~ 
~~~~Cffr~~~ 

Cfft ~lffi .am- m-m * I TW 3i 1 $( II '''1'"1 Cfl "CflCflT 

fqqf'd"l£ll (cit. CfHlfiI:slMm 44, tr.eM4H4, 

4IrnH}41$"H"H HHlrn.m 3iR Ph)9HTR4INm 

~) Jfu: f"''it(~Cfc.%:l1( IISR-853 ~ IISR-

859) ~ CfiTffi ftffl ~ ct -quiT CfiT ~ 
"Cfil1 CR t:rr ~ I 
cirGam-~~~ 

~ ~ (H7P12/'<"H"H ""I1$m4R"H ) ip ~ 
"1 ~ 011 B ~ ~~.q. ~ CfiTffi fqT.f 3iCfMHI 

ct~WPRT, ~~ ~1~ICf(YlI'i1 CfiT~ 
~-qzffRcpifip~1R I %~~~ 
~cit l 

Cfl'ilcCfl ct ~ F>rffi.q. 13 ~ ct 39 

~ ft:r4 ~ .q. m ~ ct If'11R ~l~cll fl 
~ Wi fcmrcrr 1R ~ m ~ m
TPt ~~ .q. 7 ~ ct 16 ¢IlT!l .q. cite: ~ 
fc~ trit I If'1 ~ Wi ct >rfu ~1 ~¢filfcillk1 
. " 1 " " f " ,. {1l1"1'iCfl ~ Qr:cIt('i lql~ I "'F1Cf) 4~cl:S1 

(EPNs) CfiT l{~iCf)'i m q( INIJI$(II(Yl1 ct 
, irq 3Tfl1TCR (Bioassays) .q. CfftiT ct 32% 

1m CfiT Cfif{UT E PNS ~ Cfi«fT ~ I 

"1~01m~ ~~ if ~ ~ * 485 

~ Cf fI $( H" CflT mT~ ~tTCf1 (CflT~rfh=R:r 
cjlq:cCf){ II(.'1« ) ct mo §Ho4l"i m 'R 8 

3iCfB$(H'j if 5% if Cfi11 mm 1R Cfftc ~ 
~tritl ~1R~mctiT~ 
~~if~M)~~if;ftl:r 
CfiT ~ 1 % !IT f""lMf«:S I ~'i 1% fg:SCf)'i1 
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furRZ ~ (Hlm4ls4 "HRCfllJ{ ) mu ~ 
~ctiTnc:R~~~ct~ 
.q. fqfq;;r ~ ~ ct ~ lTTii CfiT 'i~iCf)'"l 

m 1R ~ ~ ~ * fCfi -qffit mf4:;fl?H 
~ ~ CfH}<)Jrt1H $rtQi7<?rm:q ip qui-

~~~~ctiT~~Cf1BT 
~m-m ~1 ~ct9 1 ~~ctiT 
fuim ~ [R1 crt "[Q mf.1 CfiT ~ ~ 
~ m 22 3iCfMHI ctiT cn1z ~ ~ 
~~I 

illrnH"H ~ m l.f1.:s14}""I"H ~ cit 
~ fqqfihq'j q;) ~ ft1T.l ~ ~ fu<.!m fCf'l<n 
~ "ll m ftRi C!1T ~ CfiTC1T m «RR 
~~mm~I ~~ct~ 
~ ~ ~ CfiT l{f4iCf)'i m -qz 

~ ~ ~ (~ a.ICQI{CQ(J( -{G if eR <fln 

~ct~t;~gQ~cy;ft~~ 

~) "Wtfi ~ ct ~ill1'i&;f{1Q ~ ~ 
~ ~I 

~;l ~ ~ silwrlChI q( &r fcmm' 
Cf)14Cf)(113iT m ~~ ~ TW ~ 
Cf)1~~4 3i lqlf"1("1 fcn-<n I ~ ~3iT 1R ~ 
~ ~ ~ CfiI4~~ oey ciflllqHl ~ 

~ 31UJ ~ mWPIChI1R "QCI) ~&nJT 
Cfl 14~4 ~ 3llql f"1("1 ~ ~ I ~ ip ~ 
"RTlhl C!1T ~$( II«fOOjCf) ~, ~f&:lCf)1 ~ 

~ ~ 3lN1$$(H ~ q( ~ -q it 
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qfu~ m 'l1!lT 1 ~ fqsg fcI~ IHlI c); 

AI<1Cf)hH ID31T "[Rl 67 ~ ~ ~ 
ql{ lI'j\l'H II! ~ cit ~ ~ f.:rfu:1ur ~ 
c); ~~ l f'"1Cf)'j ~ ~ 1 ~ ~ ~ ~ 

"[Rl 3i llllf\i1<1 16 fcr«lR CflI~#i4'j .q ~ mr 1 

23 ~ 2002 cnT fcR:JR ~ ~ TT<n 

3iR WTf1# fcRiRT "Cfl1 fl4i 1f'"i<1 ~ 1flIT I 

CfiT"ffi frrTt c); 55 ,000 ~ ~ ~, 'l'1ll1lfiH 

CfiT II , I 00 mw:, 28,000 ~ ~ ~HllI~1 
c); 50 fq;. "IDl1 ~ ~ ~ CfiT ~ 
~ fCfl-m;TI' ~ .a:pr QZl1ifl 1I 'j cnT fcmfur 
fCfl<rr 1 ~ 850 fq;. lJ1l1 ~$Cfj)\5< 47 fCflm1T 
~ .a:pr QZl1ftlll 'j cnT ~ ~ 1 fcr«lR ~ 
iT ~'I:l(1 ~ ~~~ ~~ 
~ ~ 'R ~ c); ~iSWI~2: .q mwr 
fcfi<:rr 1 

~fcrnR~ 

~ ~ ~ ~ ~, ~{l'l'1 jl l { '¥IT-31T, 

fu<iT, ~ iT ~ ~ ~ ~ CflI~Cfl\iI-31T 
~~78 >lfu~CflI~~G ~fcn<tl 
~ ~ ~ ~ ~ a Q"1QIC'1 &~Cfl I C1I'i 
CRJTCIT, ~ aQ,,'Jq I C'1 Cfl'IIHlI fI , ~ \TIZf 

~ Cfluil R 6:RRT ~ 'R ~ c); m=r .q 
G$05lq:oj ~ m 11m 1 ~ fcmH ~ ~ 
fCflm1T c); ~ 6 fcR:JR ~ Of ~ (flIT 4 

'lQ.1 ~ 3i11l'f-.l1<1 cit 1 ~ filfCfl~IHlI ~ 
~ ~ aQ~~lk'G Cfl ~ m ~ eft ~ 
h ~ ~ ~ q:,1l1"« ~ ~ ~{I'l'1 jll { 
mtftur ~ ~ ~ ~, cp:ft Cfluilfkj 1 , 

\fl0 ~ ~ ~ '4'1m ~.q ~(l'l'1jll{ 

{C\4"ICfl<1 ~ t- 1 
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~mmt 

~ ~ CfiT $ , ~, f.:r:ffi:r 3iR -3Fr 

fI i f@Cfll CfiT fcrc:rrur >RR Cfl < ~ Q I C'1 1ZCfi $r 
-qm www.spicestat.org. 1<l WI ~ >rRcq ~ 1 

~ c); 'RTlfil cit ~ ~ ~ 
~"lfi{il~1'i ~, ~1~fI.,20 QI {~n:Cfl ~ ~ 
ftn:;t ~ ~ ~ cnT f<51 Cflftl <1 Cfl < ~ HIli Cfl 

1ZCfi $r 'CflTI1 -It ~ TT<n 1 ~ ~ ~ 
~ ~, Cfllfl<lll :S, ~ ~ 
~ W 3iR ~ l1mffi ~ ~ 
~, CflifMCfl2: in '1«1Cfl IH41 CfiT ~ ~ 
~ ~if~~1ZCfi~CflI~~G 
>rRcq ~I 

~~~qf?qH~~ 
qR 1I1\i1"1 I 

~ ~ fI Gf?c!<1 l1mffi ~m;:r 
Qn:lll'l'1'i1 (AICRPS) ~ ~ .:31tR t{.s(Sm~ 

3iR zy:ffi;ft ~ if ~, ~, ~, irzft 
~ ~ 'l'1'if'"1Cfl ~ ~ 1<l 'l'14'"<'1I«G 

~ CfiT ~ '<SAT ~ 1 ~ -It ~H llI41 
c); CL-629, CL-681 ~ CL-730 (flIT 3iT.'4l 
mmr D-237, CL-730, 8-4, D- Il am 7-24-

0 11 cnT 3i 1 ~ 11 'l'1"Cfl ~ lfGT 1 P-6, 0 -237 

~ CL-746 ~ 3i 1 ~11'l'1"Cfl ~ ~-It 
~ 'fI1IT QM ~ lfGT 1 31Wf), ~, ~ 
~ ~ Cfi 'l'14'"<'1If1G 3iCfml'" ~ ~ 
{l l l fI tlJ 3i Cffl ~ HI' CfiT ~ fct;<n I ~ 

3iCffl~Hl q:,1 ~ 1fl1iCfl'i m If{ SG -

685 iT 31fuct; ~ ~ m'<1 ~ ~ Cfi«IT 

t-I ~ -It, Jco-33 I .q 31fuct; 'ffi;r (0.45%) 

-mrr ~ 1 
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Hindi Summary 

~-q ~MI~T.Il ~~~-q~ 
~ <iffiR, 3fR 4IfMI"&:s::I'"i CfiT m mm t I 
~ ~ ~ ~ ~ ~ fil<"1IQwn -q 
~ ~ ~ 4HCfll<[><"1 fcf;m I ~ -q 
~ ~ ~, Prnif ~ ~ WTRT tiT 
mfl:wr irffi t, "Mtrr 3iR "illl q:) M ~ 
4HCfl"I<[><"1 ~ I Zn. Fe. Mn 3iR eu WTR 
1Ruf.:rm~~<it~~~ 
-q cf.& ~ tJit I ~ 3W $iT <it ,~ 
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