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Preface 

The activities of Indian Institute of Spices 
Research for the year 2003-04 received an 
impetus with the approval of the EFC to the 
X'h Plan proposal of the institute to a tune of 
Rs. 735 lakhs. The research programmes of 
this institute were grouped under 11 mega 
projects with a view to orienting the research 
programmes on problem fronts rather than 
on disciplines. The genetic resources were 
emiched with further collections having been 
added to the gene banks of black pepper, 
cardamom, ginger, turmeric and vanilla. 
These germplasm were also being 
characterized using IPGRI descriptor. As 
envisaged in the X'" Plan the monitorable 
targets for the Plan are breeding of pepper 
tolerant to Phytophthora foot rot, development 
of control measures for soft rot of ginger and 
isolation and characterization of bioactive 
prod uces of turmeric and ginger. In this 
direction, a variety IISR-Shakthi showing 
tolerance to Phytophthora foot rot was 
recommended for release in the XVII National 
Group Meeting of Research Workers of All 
India Coordinated Research Project on Spices 
held during 3-5 February 2004. In addition, 
3 black pepper varieties namely, IISR 
Thevam, IISR Girimunda and IISR Malabar 
Excel and two varieties of turmeric namely, 
IISR Alleppey Supreme and nSR Kedaram 
were proposed for release. Research 
programmes on drought management was 
also intensified in black pepper and 
cardamom. Application of molecular tools for 
characterizing wilt pathogen affecting ginger 
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led to the standardization of ARDRA 
techniques. The emerging menace of root 
mealy bug of pepper is being tackled through 
an ICAR Cess Fund Project sanctioned 
during the year. More than 1500 farmers 
took the help of IISR for advice while the KVK 
organized 76 training programmes for 
farmers and extension functionaries. The 
Bioinformatics Centre organized a two day 
workshop on agriculture bioinforrnatics and 
21 days training programme on 
bioinforrnatics. During the year IISR hosted 
the XVII National Group Meeting of Research 
Workers of All India Coordinated Research 
Project on Spices during 3-5 February, 2004. 
The achievements are only tip of the ice berg 
and we have miles to go before the entire 
problem of spice growers are answered. 

I deem it a great privilege to place on record 
my grateful thanks to Dr. Mangala Rai, 
Director General for giving all support to our 
institute and also making me as a member of 
the Governing Body. The encouragement, 
support and guidance received from our 
knowledgeable Deputy Director General, Dr. 
G. Kalloo, needs special mention. Without 
his support we would not have achieved an 
iota of what has been reported. I am highly 
grateful to him. I also thank Dr. S. N. Pandey, 
Asst. Director General (Horticulture and 
P.c.) and Dr. K. V. Ramana, Project Coo
rdinator (Spices), for the support rendered to 
me. I compliment Dr. J. Rema, Senior 
Scientist, for editing this Annual Report. 

V. A. Parthasarathy 
Director 
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Executive Summary 

The Indian Institute of Spices Research, 
Calicut, has the mandate for conducting 
research in spices and has been serving as a 
nodal research institute for spices for over a 
quarter cenhlry. The research highlights and 
other major activities of the institute are 
slurunarized here. 

Genetic resources 

Surveys were conducted and 51 accessions 
of black pepper, 3 accessions of AI1l0nnlll1 

subulatul1l, 1 accession of Alpinia sp., 11 
accessions of Garcinia illdicrz, 1 accession of 
G. gUnlmi-guttrz, 30 accessions of Vanilla 
plfln~roJia, including a collection having multi
branched inflorescence, and 7 accessions of 
paprika were collected and added to the 
germplasm during the year. The ill vitro 
genebank has been strengthened with the 
addition of 10 accessions each of black pepper 
and cardamom, 36 accessions of ginger and 
27 accessions of turmeric making the total to 
750 accessions. 

One hlmdred accessions of black pepper were 
characterized based on the IPGRI descriptor. 
Inter-Simple Sequence Repeat (ISSR) was 
successfully llsed in diversity analysis of 
Piper. Forty nine accessions of cardamom 
were also characterized and catalogued based 
on IPGRI descriptor. incidence of leaf blight 
and rhizome rot was recorded in 114 
accessions of cardamom and 1 highly 
resistant, 14 resistan t, 54 tolerant, 35 
sllsceptible and 10 highly susceptible 
accessions were identified. Over 100 selected 
accessions of cardamom germplasm were 
characterized· using RAPD, ISSR and PCR
RFLP profiles. RAPD profiling of 96 
accessions of turmeric using 15 random 
decamer primers and 96 ginger accessions 

using ten random decamer primers indicated 
good polymorphism among the turmeric 
accessions and less polymorphism in ginger. 

The black pepper accession Coli. 1041 (IC-
316598) (for its field tolerance to foot rot 
disease) and turmeric accession 657 (IC-
296550) (for high yield and high curcumin 
content) were registered with National 
Bureau of Plant Genetic Resources, New 
Delhi. 

Crop improvement 

Four black pepper lines namely, OPKm (early 
maturity, high yield, bold berries, long spike 
and tolerance to drought), HP-728 (early 
mahlrity and high yield), HP-780 (high yield 
and high driage) and HP-1411 (high yield ) 
are in the advanced stage of evaluation and 
continued to perform well in farmers' fields. 

Crossing was carried out in 19 combinations 
of cardamom using 6 parents selected for 
specific characters (high yield, high quality, 
tolerance to drought, tolerance to rhizome rot 
and resistance to leaf blight and mosaic 
disease) and the fruit set varied from 22%-
66%. 

The elite lines A9-20, A9-5 and A9-53 
performed better than other lines in the 
progeny eva luation trial of nutmeg at 
PeruvaImamuzhi. In the progeny evaluation 
trial of cassia at Appangala, the performance 
of the elite line B-3 was superior to other 
entries. 

Among the various species of Myristicn 
evaluated as rootstocks for grafting nutmeg 
to increase productivity, performance of M. 
nw/abaricn was superior to others in the third 
year of planting. A clonal mater ia l of 
Syzygiulll heYllianunz (a rootstock compatible 
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with dove) was multiplied and grafted wi th 
dove as scion for further evaluation. 

Pruning of V. nndnmnnicn accessions during 
October resulted in profuse flowering in one 
accession and induced flowering for the first 
time in four others. Intervarietal crosses and 
selfing were done in white and purple 
flowered accessions of V. andamanica and fruit 
set was achieved. Successful interspecific 
crosses between V. andamanica and V. apllylln 
were made. 

Five plants regenerated from agrobncteriulIl 
treated leaf explants of black pepper in 
selection medium containing kanamycin 
were planted out. Ten more plants were 
regenerated using hypocotyls explants. 
Studies are in progress to ascertain the stable 
expression of osmotin the gene of interest in 
the putative transgenics. Gene specific 
primers were utilized for amplification of 
putative chitinase and Plrytophthora 
resistance genes. The 3' end of the 
corresponding cDNAs were sequenced. 

Cryopreservation of P. barberi, an endangered 
species and V. plmlifolia using encapsulation
virtrification method was standardized. A 
protocol for isolation of DNA from powdered 
market samples of turmeric has been 
standardized. 

High yielding varieties 

Four black pepper varieties namely, ![SR
Thevam (a selection of Thevamtmdi with field 
tolerance to foot rot disease coup led with 
high yield), IISR-Girimtmda (a hybrid suited 
to high altitude areas) and IISR-Malabar 
Excel (a hybrid rich in oleoresin) IISR-Shakthi 
(OP progeny of Perambramtmda, tolerant to 
foot rot disease with high yield and high 
driage) and two turmeric varieties namely, 
IISR-Alleppey Supreme (a clonal selection of 
Alleppey Finger Turmeric) and IISR-Kedaram 
(a germplasrn selection, rich in curcumin and 
tolerance to leaf blotch) were proposed for 
release. 

Evaluation for quality 

Among the 77 cardamom germplasm 
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accessions evaluated, APG-246, 248, 352 and 
378 had more than 8% oil. APG 357 and 365 
contained 42% a-terpinyl acetate with 
relatively low cineole. 

Among the 400 turmeric accessions 
evaluated, Accs. 103, 114, 547 and 575 had 
more than 5% volatile oil. Accs. 103 and 547 
contained 16.5% oleoresin; and Aces. 240, 
592 and 593 had 5.5% curcumin. The 
phenylalanine ammonia lyase was fmmd to 
be the rate-limiting enzyme in curcumin 
biosynthesis in turmeric. The enzyme was 
also found to be associated with the 
microsomal fraction. Based on the incor
poration studies using "C-phenylalanine, the 
initial precursor in the biosynthetic pathway 
was confirmed as phenylalanine. 

Bark of Cimznmomltm burma11nii (Padang 
cassia) contained 2.8% oil and 11.8% 
oleoresin and C. IOltrerii (Vietnam cassia) 
contained 3.3% oil. The colour value of 
paprika accessions ranged from 39 to 278 
ASTA units with a mean value of 184 ASTA 
units and coefficient of variation 2.46%. 

Mixed cropping system 

Intercropping P. c)1tlba (with about 4000 
plants on Glyricidia standard per hectare) in 
arecanut plantation provided an additional 
income of Rs. 32,400 ha- l In addi tion, the 
support tree would enrich the soil by fixing 
atmospheric nitrogen and would provide 
green leaf for mulching. 

Integrated plant nutrient management 

Application of zinc Significantly increased the 
soil zinc availability in ginger and the highest 
concentration was obtained with an 
application of 15 kg Zn ha I. A cubic model 
satisfactorily explained the relationship 
between mean rhizome yield and the 
fertilizer application rate. A fertilizer dose 
of 6 kg ha- I of Zn was optimized from the 
model for getting maximum rhizome yield 
and the maximum limit of soil DTPA-Zn for 
obtaining high rhizome yield was 3.4 mg 
kgl 
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Drought management 

Forty five cardamom genotypes were 
screened for relative water content, specific 
leaf weight and stomatal count. They 
recorded significant variations for all the 
characters studied. Three collections with 
high biomass and yield were collected from 
farmers' fields in Kodagu District for further 
evaluation for drought tolerance. Introducing 
contour staggered trenches in coffee and 
cardamom plantations was effective in 
conserving soil and water. 

Disease management 

Phytophthora foot rot of black pepper 

Seedling progenies of black pepper were 
raised both by selfing popular varieties 
(Panniyur-1, Subhakara and Pl1ytophthora 
tolerant P-24) and by hybridizing two 
agronomically superior varieties (Panniyur-
1 and Subhakara). Among the selfed 
progenies, the progenies of P-24, Subhakara 
and Panniyur-1 showed 13.85%, 9.7% and 
7.2% resistant reaction respectively. Out of 
169 hybrid progenies of black pepper 
involving the two susceptible parents, 
Panniyur-1 and Subhakara, 7.15% showed 
resistant reaction. 

The performance of black pepper grafts on 
P. colubrillul1l (resistant to Phytoplzthora 
capsici) was satisfactory in marshy areas. It 
was recommended to grow five grafts arm.md 
each support tree (arecanut) to get maximum 
coverage and yield. 

Promising isola tes of rhizobacteria 
suppressing both Radap/wilis simi/is and 
Meloidoi?;tjlle incognito were screened against 
P. capsid. The isolates IlSR-658, IISR-853 and 
IISR-869 inhibited P. capsici in laboratory tests. 
These three isolates were also efficient 
phosphorous solubilizers. 

Stullt disease of black pepper 

Black pepper plantations of Dakshina 
Kannada, Madikeri, Udupi, and Uttara 
Kannada districts of Kamataka and Idukki, 
Kannur, Kasaragod, Kozhikode and Wyanad 
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districts of Kerala were surveyed for the 
incidence of stunt disease. The disease 
distribution and incidence were higher in 
Kerala compared to Karnataka. High 
incidence of the disease was noticed in black 
pepper plantations situated at higher 
altitudes in Idukki and Wyanad districts. 

Serological analysis of the stunt disease 
affected black pepper indicated the 
involvement of two vimses namely, cucumber 
mosaic virus (CMV) and a badnavirus. The 
mealy bug Ferrisia virgatn was identified as 
the vector transmitting the badnavirus. 

Spike shedding ill black pepper 

Observations recorded in various crop 
combinations, input management and light 
profiles indicated that the spike shedding 
varied from 9% to 87% in different field 
situations. Highest spike shedding was 
noticed in the rainfed blocks and heavily 
shaded conditions. 

Anthracnose disease (caused by 
Colletotrichum glo~asporioides), predominance 
of female flowers, lack of pollination in rainfed 
areas, heavy shade and delayed emergence 
of spike were identified as the major reasons 
for spike shedding. The spike infection in 
Panniyur-1 varied from 13.0%to 83.4% and 
highest infection was to recorded in the 
plants growing under heavy shade. 

The varieties Panniyur-5, Panchami and 
Subhakara showed field tolerance to 
anthracnose infection and Panniyur-1 and 
Panniyur-3 were highly susceptible. Among 
14 cultivars Chomala, Thevanmundi, 
Karimunda, Chettalli selection, Aimpirian 
and Arakalamunda showed field tolerance 
to anthracnose. 

Irrigation of black pepper vines 4--5 times at 
an interval of 5-7 days @ 40-50 litre plant' 
commencing from 22 March, followed by 
shade regulation of support trees to provide 
minimum 7,500-10,000 lux light under 
cloudy condition is optimum for managing 
spike shedding in high altitudes. The irrigation 
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coupled with recommended phytosanitary, 
prophylactic and nutrition management 
practices are necessary for holistic 
management of spike shedding and 
anthracnose in high altitudes. 

Bacterial wilt of ginger 

DAS-ELISA was standardized for detection 
of Ralstonia solanaccarum in soil and ginger 
rhizome. R. solnllaccarulIl could not be 
detected from soil and periderm of ginger 
using this technique, indicating that the 
pathogen do not survive in the debris of 
bacterial wilt affected ginger plants, which 
was further confirmed by bioassay in green 
house. 

Amplified Ribosomal DNA Restriction 
Analysis (ARDRA) technique was 
standardized for molecular characterization 
of R. solanacearulIl. The biovars of Rals/onio 
could be differentiated using ARDRA with 
Sau 1A and MSP 1 restriction enzymes. 
Molecular analysis of 33 isolates of R. 
solanacearum using Rep-PCR and ITS PCR 
revealed existence of single virulent lineage 
of Ralstonia causing bacterial wilt of ginger. 

Antibacterial activities of cell free culture 
filtrate of T. viride was found effective against 
R. solanacearulIl. The culture filtrate was active 
against the growth and multiplication of the 
pathogen in vitro. The culture filtrate was 
inactivated by heat at 70-90 dc. Mutant 
derivative (albino) of T. viride did not produce 
antibacterial metabolites. 

Effectiveness of rhizome solarization in 
disinfecting R. solanacenrul1l was proved 
using post enrichment DAS-ELISA with R. 
solanacearum specific antibodies. Field trials 
on bacterial wilt management using seed 
disinfection through rhizome solarization 
revealed that the strategy could be effectively 
used for managing the disease. 

Endophytic bacteria associated with ginger 
rhizome and pseudostem were isolated from 
bacterial wilt affected ginger plants as well 
as from healthy plants. 

I ISR,..;'21_nnuaf 'iU'-port 2003-2004 

Soft rot of ginger 

Two hundred accessions of ginger were 
screened for their reaction to soft rot disease 
of ginger caused by Pylhiul1I "p. Accessions 
261, 269 and 274 were moderately tolerant 
to the disease. 

Studies with different isolates of plant 
growth promoting rhizobacteria (PGPR), 
against soft rot disease of ginger showed that 
PGPR isolates IISR-13, IISR-Sl, I1SR-151, 
IISR-152 and IlSR-906 were effective in 
reducing the disease incidence to less than 
5%. Seed treatment with metalaxyl (Ridomil 
MZ-72 wp) at 0.125% and soil application of 
the same twice along with neem cake red uced 
the disease incidence to less than 10%. 

Diseases of vanilla 

Disease survey was carried out in 22 vanilla 
plantations distributed in Calicut, Idukki and 
Wyanad districts of Kerala and 14 plantations 
in Dakshina Kannada, Udupi and Uttara 
Kannada districts of Karnataka. Two viral 
diseases namely, mosaic and necrosis were 
observed in most of the plantations surveyed 
and the incidence ranged from 0 to 10%. A 
disease caused by C. glofosporioidfs and 
characterized by premature yellowing and 
bean shedding was noticed in almost all the 
vanilla plantations of lower elevations (<100 
m). High temperature (>30 0c) and low 
relative humidity «60%) were identified as 
the predisposing factors for the occurrence 
of the disease. 
Nematode management 

Fifty each of ginger and turmeric germplasm 
accessions were screened against M. 
incognita. Out of these, 14 ginger and 13 
turmeric accessions were short-listed for the 
second round of screening. Nematode 
resistant accessions namely, Acc. 202 in 
ginger and Ace. 82 and Acc. 84 in turmeric 
were found superior in yield and quality 
characters. An ill situ screening experiment 
was laid out at Peruvannamuzhi farm to 
confirm the resistance of nine black pepper 
germplasm accessions. 
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One hundred and three endophytic bacteria 
from black pepper plants were isolated 
through different approaches. These isolates 
were characterized by colony morphology, 
antibiotic sensitivity, their ability to colonize 
black pepper plants and nematicidal 
properties. The nematicidal activity of these 
isolates varied from 0-29%. III silica analysis 
for developing primers specific to biocontrol 
genes has been completed. A novel method 
to differentiate li.ve and dead nematodes was 
developed. Genomic DNA of nematicidal 
rhizobacteria isola ted from black pepper, 
cardamom, ginger etc. was isolated through 
the CTAB-SDS method and procedure for 
ARDRA finger printing was standardized. 

The PGPR, IISR-522, IISR-S28 and IISR-658 
suppressed plant parasitic nematodes and 
significantly reduced yelloWing in black 
pepper. Application of IISR-13, IISR-51 and 
IISR-866 in ginger field increased the yield by 
31.8% to 56.4%. Among the four fungal 
bioagents eva Jua ted, Verticillium 
chinmydosporiulli and Scoplllnriopsis sp. were 
effective to manage the nematode infestation 
in black pepper. 

Insect pest management 

Pollu beetle of black pepper 

One hundred and sixty five accessions of 
cultivars and 42 accessions of hybrids of black 
pepper available in the Germplasm 
Conservatory were screen ed agains t poilu 
beetle (LongitnrsLis n igripen 11 is). 

Root mealybug of black pepper 

Surveys were conducted in 162 black pepper 
gardens at 54 locations in Kasaragod, 
Kannur, Kozhikodc and ldukki districts in 
Kerala and in 50 gardens at 18 locations in 
Dakshina Kannada, Udupi, Uttara Kalwada 
and Hassan districts in Karnataka to study 
the distribution of root mealybug (PfnnococClis 
sp.) on black pepper. Six gardens in five 
locations in Idukki District and five gardens 
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in two locations in Karnataka were infested 
by the pest. 

Shoot borer of ginger 

Five hundred and fifty one accessions of 
ginger availab le in the Germplasm 
Conservatory were screened against shoot 
borer (Col1ogethes pUl1ctiferaLis) and none of 
the accessions had less than 5% shoots infested 
by the pest; 69 accessions had 5-10% shoots 
infested by the pest. 

Neem oil and a commercial neem product 
(1 % concentration each) that were promising 
against shoot borer during the previo:.ls year 
w hen sprayed at fortnightly intervals during 
July to October were not effective this year in 
reducing the pest infestation on ginger. 

Dried rhizomes of 77 accessions of ginger and 
12 accessions of turmeric were screened for 
damage by cigarette bee tle (Ln siodermn 
serricornf) and rhizomes of 2 accessions of 
ginger were free of pest infestation. 

Economics 

Surveys conducted on cultivation of vanilla 
in Kerala, Tamil Nadu and Karnataka 
indicated that there is a rapid increase in 
vanilla cultivation due to the prevailing better 
prices for the crop. The estimated cost of 
cultivation indicated a benefit cost ratio of 3.3 
and 3.8 in Kamataka and Kerala respectively. 
The technologies developed tmder the NA TP 
projects for sustainable cultivation of 
cardamom and black pepper in Coorg District 
of Kamataka were evaluated for its economic 
Viability. 

Training and development programmes 

The institute organized two training 
programmes on production technology of 
spices and one programme each on on-farm 
processing of spices and viral disease 
management and . nursery management in 
black pepper for field extension functionaries 
of State Department of Agriculture and 
Horticulture and research workers of ICAR 
institutes and agricultural universi- · 
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ties. Training programmes on "Biotech
nology /Biochemistry and Bioinformatics" for 
M. Sc. students, "Experimental Designs and 
Computer Applications in Spices Research" 
for the scientist of All India Co-ordinated 
Research Project on Spices and 
"Biotechnology of Black pepper" for a 
scientist from Sri Lanka and 'Cultivation and 
Processing of Spices' for a delegate from 
Eritrea were organized. Scientific, 
administrative and technical staffs of the 
institute were deputed to various institutes 
within the country for training in their 
respective fields of specialization. Forty short
term research projects were carried out by 
the post graduate students from various 
universities under the guidance of the 
scientists of the institute. The Consultancy 
Processing Cell offered training programmes, 
consultancy services and transferred 
technologies developed by the institute and 
earned an income of Rs. 6,86,000. 

Production of planting material 

Five lakh rooted laterals of black pepper, 
25,799 cardamom seedlings, 1,226 
cardamom suckers, 2 tonnes each of ginger 
and turmeric seed rhizomes, 649 garcinia 
grafts and 6,000 nutmeg grafts were 
produced and distributed to farmers and 
other developmental agencies. 

Agricultural Technology Information 
Centre 

Planting materials of improved varieties of 
spices and Trichoderma culture were 
distributed to farmers and other agencies 
through the single window delivery system 
of Agricultural Technology Information 
Centre (A TIC). 1,572 farmers were offered 
advisory services on various aspects of spice 
cultivation and 529 students from various 
schools visited the centre. A TIC generated 
an income of Rs. 1,48,786 through sales of 
planting material, Trichoderma culture, 
extension pamphlets and testing of soil and 
manure. 
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Krishi Vigyan Kendra 

Krishi Vigyan Kendra (KVK) conducted 91 
training programmes for farmers, 
unemployed youth, school drop outs and 
extension functionaries in which 1754 
trainees, including 765 women participated. 
An advanced training programme of 1 month 
duration was organized for 20 educated, 
unemployed rural women in bamboo 
handicrafts to equip them for self 
employment. The KVK conducted frontline 
demonstrations in farmers' fields on high 
yielding okra (var. Arka Anamika), high 
yielding cowpea (var. Arka Carima and 
Sharika) and Kuttanad layer ducks and the 
results were encouraging. On-farm testing 
trials were conducted in fruit fIy management 
in bittergourd, utilization of grafted pepper 
in swampy areas and testing the effectiveness 
of prostaglandin F 2 a in anoestrus dairy 
cattle. 

The KVK organized 2 kisan me/as cum 
exhibitions, delivered radio talks and 
published popular articles for disseminating 
the agricultural technologies developed at the 
institute. Five study tours were organized for 
farmers to visit various research institutions 
and farms. The animal clinic took up 475 
consultancy / advisory /home services and 
311 artificial inseminations. Several rural 
youth started self employment avocations in 
agri-nurseries, vermicomposting, fruit 
processing, production of handicrafts and 
goatary with the help of the KVK. The KVK 
generated an income of Rs. 4,06,832/
through sale of planting materials of spices, 
fruits, plantation crops, ornamentals etc., and 
Rs. 22,395 through the animal clinic. The 
KVK was awarded a Commendation 
Certificate by National Bank for Agriculhual 
and Rural Development for its outstanding 
achievements in the field of Vikas Vohmteer 
Vahine clubs. 

Bioinformalics Centre 

Bioinformatics centre organized a two-day 
workshop on "Agricultural Bioinformatics" 
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and a 21 days training programme on 
"Bioinformatics and Biotechnology - Tools 
and Applications". The centre also collabo
rated with the Department of Electronic 
Accreditation of Computer Courses, Calicut 
in conducting courses in bioinformatics. 

Four databases namely, Pilytophthorn 
information resource: a comprehensive web 
resource for the Phytophthora species; 
Curcuma species; Myristica species and 
nutmeg germplasm; chemical constituents of 
cardamom oil and their metabolic pathways 
and two softwares namely, Phytfinder (for 
identification of PhytophlllOTa species based 
on their morphological characters) and 
Biovarchar (for biovar characterization of R 
solnnncenrllln) were developed. 

Integrated National Agricultural Resources 
Information System (lNARIS) 

An interactive expert system for vanilla was 
developed and the expert system for black 
pepper (pepper anthology) was updated. A 
digital code book for spice crops was 
developed and the spice database was 
strengthened. Using the geo-database on 
spices a spice atlas was developed to focus 
on the district wise distribution of spice crops. 

All India Co-ordinated Research Project on 
Spices 

The All India Co-ordinated Research Project 
on Spices (AICRPS) is the largest network in 
the country to conduct and co-ordinate the 
spices research in 19 co-ordinating and 8 
voluntary centres. 

Crop improvement 

The AlCRPS centres strengthened the genetic 
resources of spice crops and at present, the 
germplasm holdings consist of 650 accessions 
of black pepper, 369 accessions of cardamom, 
644 accessions of ginger, 1307 accessions of 
turmeric, 228 accessions of tree spices and 
3901 accessions of seed spices. The germplasm 
was evaluated for various parameters and the 
promising accessions in each crop were 
identified. 
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At Ambalavayal, the black pepper varieties, 
Panchami, Panniyur-2, Panniyur-3, 
Panniyur-4 and accessions 2426 and 2445 
were found promising for the high range 
regions of Kerala. The cardamom accessions, 
CL-692, CL-730 and D-237 were identified 
as promising at Mudigere and has been 
included in varietal evaluation trials. 

In ginger, highest fresh rhizome yield was 
recorded in V3S1-8 (28.25 t ha I) at Pottangi. 
The dry mattcr content of ginger accessions 
varied from 13.0% to 22.5%. The oleoresin 
and essential oil content ranged between 
4.00% to 9.67% and 0.25% to 2.00%, 
respectively, and crude fibre varied from 
3.93% to 5.95%. In turmeric, highest fresh 
rhizome yield was recorded in PS-39 (26.62 t 
ha-I) under initial cvaluation trial at Pottangi. 
At Solan, five collections namely, ST-365, 
BDJR-1244, Cls-29, PTSS-24 and DKH-26 
recorded an increase in yield to the extent of 
17.64 - 32.62% over the check. 

For successful hybridization in cumin, 
emasculation was recommended to be carried 
out before 10 am in slightly pink and 
unopened flower bud and pollination on the 
next day or third day or second and third 
day (twice) after emasculation between 11 am 
to 7 pm. Fenugreek accessions, HM-444 (a 
green seed coat mutant) and HM-372 and 
HM-376, (yellow seed coat mutants) gave 
highest seed yield of 23.9 q ha I, 33.85 q ha- I 

and 32.65 q ha- I
, respectively. HM-444 is also 

resistant to both downy mildew and powdery 
mildew diseases. At Jobner, RTP-4 recorded 
highest yield (1518 kg ha I) followed by RTP-
8 (1477 kg. ha· l

) and RTP-9 (1471 kg ha· l
), 

and would be evaluated under CVT. Several 
varieties/lines were identified for yield and 
quality attributes through CVT / CYT 

Crop management 

In black pepper-arecanut mixed cropping 
system, application of 20 litres water vine-I 
day I and NPK 100:40:140 g vine I recorded 
the highest yield (2.69 kg vine·l

) at Sirsi. 
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Application of inorganic N 75% + 
Azospirillum 50 g + FYM 10 kg recorded the 
highest yield of 6.41 kg vine·1 in black pepper 
at Sirsi. In an organic farming experiment 
on black pepper, application of FYM 10 kg + 
burnt earth 10 kg vine·1 has given the highest 
yield at Sirsi. In cardamom highest yield (490 
g plant·1

) was recorded with the application 
of Azospirillum 50 g + FYM 10 kg. The yield 
of ginger, turmeric, coriander, cumin and 
fennel was increased by application of 
inorganic nitrogen in combination with 
Azospirillum and FYM. 

Application of two sprays of ferrous sulphate 
1 % (at 45 and 55 days after sowing) and soil 
application of zinc sulphate @ 10 kg ha I 

increased the yield in ginger at Dholi. At 
Kumarganj, maximum seed yield of coriander 
(20.03 q ha· l

) was obtained with soil 
application of copper sulphate @ 12.5 kg ha' 
I and foliar spray @ 0.25%. 

Soft wood grafting was successful in nutmeg 
at Dapoli with a maximum success of 68% in 
January. 

Crop protection 

Solarized soil fortified with T. harzianum and 
V AM recorded minimum incidence of 
Phytophthora disease in black pepper. 
Application of Metalaxyl Gold MZ and T. 
harzimlUm in combination was found to be 
highly effective in controlling the foot rot 
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disease of black pepper at Pampadumpara 
and Sirsi centres. 

Ginger rhizomes treated with hot water at 
51°C for 10 minutes and soil application of 
T. harzianum mixed with neem cake resulted 
in minimum incidence of rhizome rot disease 
with maximum yield at Kumarganj. The loss 
due to fungal diseases in ginger was low 
(13.0%) in rhizomes treated with SAAF + T. 
harzianuIII in storage with highest recovery 
(84.5%) of healthy rhizomes. Foliar diseases 
like leaf spot and leaf blotch in humeric could 
be effectively controlled by application of 
mancozeb + carbendazim as seed treatment 
and foliar spray. 

T. harzianum as seed treatment and soil 
application was effective for the management 
of wilt disease in coriander. T. harzimzuIII 
with and without carbendazim and neem 
cake as soil application reduced the incidence 
of wilt in cumin at Jobner. Soil and seed 
treatment with T. harzimlum was also found 
significantly effective for both wilt and blight 
diseases at Jagudan. Carbendazim as seed 
treatment alone or along with soil drenching 
proved highly effective against root rot in 
fenugreek. 

The population of root grubs in cardamom 
was reduced significantly with the 
application of carbofuran (100 g plant·1

) 

followed by imidacloprid 0.5 ml 1.1• Two 
sprays of monocrotophos and acephatc were 
effective for the control of aphids in cumin. 
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staggered trenches) m '# ~ ~ '\1j"(1' '4fuzyIT.q 
3lT.m >fl1TCf ~ rp:rr 1 !:II 54 Cfl 1('1 .q 12 ft.:r * 3RR ~ 

~ '€9: tR: (1Cfl R9sCflCfl{ ~ m '# ~ .q 15 

ft.:r ~ 3RR ~ m 'Cf>1 ~ ~ mv-r (cap

sule setting) ~hCfilq ~ 31h: m -q <f.& ~ f.1 

m~ 

"i:fiTffi flrTf 

~W~ 

qm;ft ~ c:n1 (.'1(Cf',N4 !>{\1jllct41 (~ I , ~~ 3lh: 
3lT{ 3lT{ ~ 31f{ m ) ~ ~ rrm mzr ~:ft 

~ ;T j;l\i1if{j41 (~ 1 31R~) 'CfiT ~ 

cf.g' ~ Wr(Stunt disease) 

~*~~,~,~3fu:~~ 

~;ffi nm *m *~, ~, Cfllm Ills , CflIMCfiIs 

31h: ~ ~;ffi ~ 'CflT'ffi ~ ~ -q <f.& Wl Urr 
>fl.TTq 'CfiT wruur M I ~ qft 3N~ ~.q w m 
qft ~ 31R ~'q'['q 3lfucn tmrr ~ 1 ~ 31h: ~ 
~;ffi * ~ WIill-q ~ ~ ft:R Wra1-q ~ m 
'CfiT ~ >fl1TCf ~ 1R' 3TI4T 1 

~ Urr ~ ~ ft:R * ~ (sero logical) 

fq!(fJqul m 1R' m ~ ~ cmn:r (CMV) 

31h: ~S"ilql~{fl (badnavirus) 'G'ffi;T~'CfiT~ 

~ ~ Cfi«iT ~ I 4; /tRIm fcrifcr ~ ~ CfiT 

~S"ilql~Hl ~ {ljlql~Cfl * ~.q ~ fcn<n 1 

~ .$IT if ~ '&rr 1lfIT .q CM V ~ 'CfiT l1ill 

WTR * ~ ~ Q'"<.lGitsl ~ Q"i\i11~4 ~ 
~R{"1+{1"'ii>'G ~ (double antibody sandwich enzyme 

linked immunosorbent assay -DAS-ELISA) '('1"{'TCfl-r 

4HCfll1'(i fcn<n I 



J/inOiSummary 

~ ~ (Spike shedding) 

~ v;m;f ~, f.fcm >l"P:R 3:fR ~ ~ it 
~ f.RWur it ~ ~ fcn<rr "ITill t fcf; ~ &0 
Gman~~~it 9% ~ 87% 0Cf) 3RR~tl 

~~~q-qlW:lR ~ ~~GWTT'# 

~Tf<1T1 

3l1'5lICfl'l1fl TIrT (CfllH<d?/$Cfl4 Ifllf44Ifl/tR4tf4~f/ * 
CfiT\Uf mm t) , ~ ~ Cf>T >mlP1, cpt -w.rr;r ~ '# 
W11UT Cf>T 3fl1ICf, ~ m<rr Jirr ~ ~ it kiT 
3lIfG 'Cfll ~ m 'Cf>T Wf9 CflR1T[ ~ TT<n I ~ 

-1 .q~~ 13.0% i:r 83 .4% <1Ci1mt ~ 
~ ~ ~ ~ ~ if '31'TT1Z tITtif lR 

~MI 

~ - 5 , ~ 3fu: ~ '>l"1lfr1<"lI3jI~ICHh"l ~ct 
~ wu(fie\d tolerance) ~ TT<l 3fu: ~- l ~ 

~-J JM ~(susceptib/e) it 'JT211 J4 ~ 

(cultivars) ct ~ ~ , HcH1:s1, ~, ~ 
~ , 3<!f<lkllR21'i ~ 3l{Cf)M~sl 3"l1~1Cf);:ftfl * m 
mrr~~ 1 

~ ~..wrr $-~ 5-7 ~ * 3Fm 4-5 G{IT 40-

13 

~ ~ ct ~ it w ~~, ~ 1.fR~ 
it ~ mr :mit ~ cit Tf'lfT I 

<tflRIA4/ f/)flHm<H4 ct ~ 'Clf{,51 itfl"'l * ft;ro: 
~ f,.'''itB14M DNA ~ fq!l~tjol (Ampli

fied Ribo somal DNA Res triction Analysis _ 

ARDRA) >WmT 4HCfl1'fct fcn<n I {IMRl f11:l1 cf; ~ 

(biovars) eFt Sau IA 3fu: MSP 1 ~ ~ 

* 'ffi'Z[ A RD R A CfiT wWr ~ M fcf.<rr \TIT 'fTCfidT t I 
{IM~lf1<"l1 BIMHW<W~ ~ 33 fqqf'd)Qt ~ Rep-PeR 

~ lTS-PCRmu ~ fq~Jlqol ~<n: ~ 

tf; ';flql'ljCfl ~ 'Cf>T CfiRCf) ?/f1R.1HQ; cf; ~ ~ 

ern 11ttm 'Cf>T ~ WR: '[·311 I 

it fcrftt * Cfihl'tMct ~ ~ (cell free culture 

filtrate) * SOlfct\1flqIUJ~ {IMR1R<"l1 WMFHn<q<A * 
>lfu >MTCft ® 'T1:lT I 'WftR ~ R fc@ {l '1"1'iCfl cit 
~ :4R JpR * J7frr ~ it Tfl[[ / W ~ ~ 
70-90 0 c cf; (f[q mu ~ ~ 'T1:lT I it fi:rRt ct 
~orm ~ (mutant deri vative(a\bino)) 

SjfrPflqIU]Ch ~ (antibiotic metabolites) q;r ~ 

-m 'Cfim tl 

50 ~ / -qW * ~.q 22 ~ ~ fu-mt CfiBT, ~ ~~cn) ow. WMHffi21<4 ~ <)'mfMCflI<CfJI 

zyrr3iT .q ~ 7,500-10,000 'M<ffi~ m ~ 'Cf>1 (DAS-ELISA) W1R~ 3W.mMHtll iW", ~~ 

* ft;ro: Zen Cf~ cit '0l<n 'Cf>T ~ Cf>BT ~ WTffi .q .q ~ fllM I < I~~~ H 'Cf>T m >r4']'q ~ fcn<rr I 
~ ~ 'Cf>T ~ m * ~ ~ 'ffirr t I '3T3tT ~ «lMI<I~ii~H *!lm ~ ~ ~ ~ <fl1 
Wmr it ~ ~ 3fu: 3"l1~ICH1fl * fllCf)~cll';l ~ cln .q ~ lR JflCiIl1Cfl ~ Cf>T ~ m.q >MTCiT 
~ ~ ~ * ~ ~ 1llilT .q q;1~<:lfllf1c{')m ~ t I 
(phytosanitaries), ftrrimcn om~~flfu<it ~cmWr~~ (H~)q;I~fGCh (Endophytic) 

~ ~ "1Till t I ~Cf(.lRI1I <it ~ c8 ~ ~ (f4T cq:Sl~q ~ 
~ 

\J1')c:tlo:!CfI ~(Bacterial wilt) 

~ ~ ~ ~ It <ffl&TH4f WHHm?N4 Cf>T 

~ WTR * ~ DAS-ELlSA 4HChI'fct ~ I ~ 
nftct n mm 3iR ~ ~ ~ -B ?1f1RfR4/ 

~ ~ 

mflHm4?4 'Cf>T trill ~ WIT R'm ~ Wfi'ill t, ~ ~ 
~ \1ffif[ t fen ~ 'DrY ~ ;;?!Cl10lCf> ~ ~ 

1R TTFR 

flfrFrq ~ mu ~ ~ * '% TTWT UrI q,1 

I1f(jfBf><qf * ~ 3K{Cf)' * 200 ~ <fiT m:1 afi;r 

~, ~ ]30Urr*-mrr~~1 

$r cf.& ~ R"11~CRlf«lI (paPR) $-~ rqljfdlq1 
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*~ ~ m 'R ~*1f1TTm-m*"Slfu 
PGPR fcP{m<ii -q ~ ~ ~ 3ffi 13, ~ ~ ~ 
Jffi 51, ;mt ;mt ~ 31R 151;mt ~ -em 31R 152 
3lR :mt :mt ~ 3ffi 906 -m 3W«R CfiT 5 % -B Cl1l1 

~-q~WfGR~\ i\C:IMf<ffiM (~MZ-72wp) 

O. 1 25%*~~~(f2lT~~*~~~ 

~ mzit -q "fI1TR 'R Wr 3W«R 1 O%-B Cl1l1 ~ TTit I 

~ 

~ * CflIf~CflC: , ~ ~ ~ f;wrr3lf -q ~ 
22 cWwrr tifTTlT (f2lT ~ * ~ ~, ~ ~ 
~ ~ f;wrr3lf -q -m m!W1T ~ ~ I ~ 
fcti<t m't.rq:;ivr ~ -q l:Jt~ 31h "3(lCfl~T<:f 

(necros is)~ ~ ~ *1T CflT RU!W1T ~ ~ ~ 
-m ~ -q 0 -B 10% (l<f) 3RfU';lm ~ I Cl1l1 ~ 

« 100 ~) * ~'I1'T "B~ ~ ~ .q ill 
iM)f44}?'lI7R 2itf44,R * CfiR1JT ~ -m ~ ~ 
"ffiT 3ll1cfCf ~ ~ -afR ~ ~ TT'TI I UrI qrl:ff cf; 

TffiJ: ~ "ffilll1R (> 30°C) ~ f.p::;, ~ ~ 

«60%) CfiT ~-B"iT~~*~-q~"Cfll 
-rrIT1 

~~ 

~ ~ ~ GJ;IT * 50 "1~~m'i ~"Cfll lpT. 

$'"iC/iW12J * "Slfu mo:fR ~ I ~ -q ~ ~ ~ * 
TffiJ: 14 ~ ~ 13 ~ ~ "Cfll ~ GRT<lh 

~ ~ ~ ~ 31<ffim 202 3K{Cfi-q 
('flIT~ 82 ~ ~ 84~-q~~ 

~ ~ * TffiJ: ~ ~ TT'TI I ~ fi:Rt * 9 

"1~~ I {1'i ~"Cfll~"Cfll~m*~ 
qQq~ ll1~ q;rq -q ~ ~ ~ mo:fR ~ R:<n I 

.qr ~ .qr ~ fq~hflCfl~OI 

f fS'l?,.Yl.nllua( 'R_.eport 2003-2004 

~ -B 29 % ~ CflT 3RR ~ ~ I ~ CflT $:r f.:r:p;rrr 

tg; ~ ~ fClCflF@ ro * ~ ~ #rff;rcri ern 
si lico) fCl~C'1l'.1uI TT ~ I ~ ~ lit ~ ~ 
"Cfll fq;;r m * TffiJ: "C% 3ffiT'I:lRUT fTfu fClCflf@ "Cflll 
~fi:rTj, ~, ~ ~-B ~~ ~4fc:P:"FSM 

f{;;il~ctilR~1 * "1l11fiOiCfl (Genomic) DNA"Cfll CTAB

SDS fTfu-B~~ ~ ARDRA WRffiiZrr* 
TffiJ: ~ 11 H Cfll '1' \'1 "Cfll l 

1ft ""11 tIT 3ffi, ~ ~ ~ 3ffi-522 , ~ ~ ~ 3ffi-
528 ~ :mt ~ ~ 3ffi 658 tfm ~ ~ CflT 

<\lR~ om~fi:Rt*~-mCfiT 11~~'r; ~ 
-B Cfil1CR~l ~~-q ~ ~~ 3m -13 , 
:mt :mt ~ 3TR -5 1 3lR:mt 3n{ ~ 3ffi 866 "fI1TR 
'R ~ -q 31.8% -B 56.4% ~ cf,& nffi ~ I "CflWfT 
1lN * ~ CflCfTT ~ Cf>T l£rl iCfl"i ~ 'R q0MM44 

Cff1JfiI:si?'ll7R44 3lR tcfil1jMJR4lR?m ~ ~ ~ 

CfiT ~ ~ -q wncft ~ TTit I 

citG~~qjT fYiq;::;;jOI 

~~ 

"CflWfTfi:Rt "1~~I{111 \~-q~ 165 ~ ~ 
~ 42 ~ CfiT rffffj ¢ftCff (MifiJ2JWR Afuqfim)* 
miH~R ~ 1~:;~TI 

~mmGfTT 

~ * CflI~Hln:g , ~, Cfll~Chl:g om ~ f;wrr3lf 
-q~ 54~* 162 ~fi:Rt<wTI~~* 

~ ~ , ~ , ~ ~ om ~ f;wrr3lf * 
18 ~ -q Wm- 5 a ~ fi:Rt ¢f111l-q "CflWfT fi:Rt 'R ~ 

ti 0'fTT (~H}C/i}C/iR ~) * ~ ~ * TffiJ: 
~~ I m ~ f;wrr * ~ ~ -q ~~: 
¢f111l ('flIT ~ * ~ ~ -q ~ ~ ¢f111l -q "Cfllc: 
qrl:ff~WI 

~ fl:rTt 0Tf1lT ~ 103 Q~:Slq:;(~kCfl ~ctlIR4( "Cfll ~ ~ ~ 00 
~ IDU~~I~fqqfmqj"Cfll~~, 
~f(1;;lfcICfl ~ , "CflWfT fi:Rt 11m CfiT 3q f.,~f:(l\'1 ~ "CflT ~ ~ 
m "Cfll ~ Wf\'1T ~ ~Gfc:f~Ml ~ ~ "ffiT "1~~I{111 \~ -q ~ 551 ~ ~ CfiT 
fij~ifChi1 ~ I ~ fq?lfm41 q;r ~4fcf~MI ~ it wm ~ (C/if'"!fi !l('1'R ti{ik1f><IfMR) * ~ ~ M 



Jfilufi Summary 

~ m %m.qr ~ it 5% ~ Cfi11 ~ tR ctrz 
GfTm 4if ~ qiT ; 69 ~ if 5- [0% mm- Cf>Tc: 

~~rrll 

~ mc1 >r&: ~ ~ >Tfu -;fp:j Cflf iWT 3ffi: ClITU I~Cfl 

-::ftll dCPf (<;RT I % TNill if) ~ -~ if 'lTfwn 
~ if ~ lR ~1!(11"1'iCfl ~ rrl "1t W mR 

~ lR ct>lz «nm Cfi1i ~ if ~~ m en ~ r 
~cf;-77~crm~*" 12 ~<f;~ 

~ q:;f furw: ~ (<'1ifB<1UPll ~) 00 ~ 

1'ffiR cf;- %=r ~ GfR fcf;<:rr 31R m ~ ~ 2 

J~ Cflf ~ ~ ;;rrm W ~ rr1r 

15 

~ ~ ~ ~ ~ msu fC1il1e'1111 ~ ~ ~ 
~ ~ ~ 1 HliCfil'\'R ~ ~ ~ ~q'>lIWflfCf1') I ~qHif2H 
~dR*r~, ctm~~~l1mC1T 
~ qfhil"i"lr cf;- ~:t1lf'"iCfil ~ ~ l1mC1T ~ 

-q ~ ~ 31R ~ 'Zf0tch~l~ ~ 
~ ~ ~ cf;-~ CfiTBt f1:m em ~ shmrlCf11 

dR~~~~ ~~ ~ctr"ffiiT 
~~ lR~~~fCfi<tI~ 
~~, Q!(IIf1f~Cfi 'QCt iiCflo:11ch1 ~cR ~~ 

~ tR >WT~t.l ~ ~~ ~ ~~'tR 
~~ . -+-4>::)"' " ~~ 
'ill'i(l Ict>"ll I W ~ ct> q;nIHCfiI Cfl ql'l<;~H 'R Iql'-l?l 

fell\:{ fC1I;]Ie'1<ii iF 8i(iCfil'CH rn;IT ~ ~ ~ ~ 

~ qR41';HIQ ~CfiT I ~~ ~;f~ 

~, WlW ~ dR mR ~ ~ liCfi;:(je'1"11 
"CflTC11 ~ ~ eli ~ ~ ~ ~ (TNAU JRW1T ~ ~ J.fR 6,86,000 ~ cit ~ CfilIT 
~) -ch) ;wn Cfl1 '{~iCfl'i ~ \ ~ ~ ~ «R ~ 

(2 ~.~ ~ ~) it ~ ~ wsR ~ ~ 
"Wfl1lT 9.0t:iZ ~~t 3fu m.g~ (~ 
Cflf tf1T 6.5 -B~) eli ~ 14.5 tft ~ ~ t 
3fR ~ ~ ~ CflT 3W 10.7% itill gr 

~, ('11l1<'1'iI~ ~ ~ it ~ -@ill tR ~ 

~~~~~~tfcF~~~~ 

WK1 -m ~ cWwrr -@ill ~ ~ ~ mIT t I -&ill Cflf 

~~~~tfcF ~31R~~ 
~~Cfl1 ~~: 3.3 ~ 3.8 ~tl 

~ cf; Cf\TT f;wrr it ~ ~ "CfiTc1T fi:rT.t -@ft q;l 

l'ilffllfu('1 m ~ ~ NATP qR<ll"1'"i1 ~ ~ fqCflf@ 

(iCfi;:(je'1"11 q;l ~ ~ IW1ill ~ ~ 1{0Q ifCh(i fcf;<:rr I 

ct C6 '11 ct Ii11 3RR'1T 

~alUT ~ fciq;rn Cf) I cI tfi q 

~ -;l; ~ Cfl1 ~ (iCfl"i[MG1l tR ~ >Ifu~ 

~~~31R~~~~~ 

~ 31Tq) ~ 3ffi Cfi1ffi" fi:0:t if ~ Wr ~ 
~~~'Rt""1T~~~~fcMTrT~ 

clct- fcffilR CfiI4Cfl('1i3it 3W: ~ ~ ~ ~ 

ml 

~ ~ *" -qW cqmr"'{B W1T"I< ~, 25 ,799 ~ 

~, 1,226~~~ ~~~Gf.:IT 

cf; 2 ?;1 ~~, lllmf,,41 <f; 649 ~, ~ 

Cflf 6000 ~ 31Tf; ~ m ~ 3ffi 3F<-l 

fqq:; I~(\4Cfi ~ CfiT fuctful fcn<t I 

~ \1Cf)'ilM\111 ~ ~ (ATlC) 

~ <f; wm ~ !>l"1IfCi4'j "CfiT ~ flIQPJ4( ~ 

c/$CfJ)S<41 ~ ~ ~ 3:p:f ~ cnT ~ 
(1Cfl'"iIM"11 ~ ifR::(ATIC) <f; ~ ~ itfu ~ 
~fcmf{(,1 ~ I I 5 72 ~ q;llffilBT -mm ctr ~ 

~311 'R cmtrn wrnt ~ ~ * ~ ~ ~ 
529 m W ~ if 3Wt r ATIC ~ <NuT flJlif'l>lllJ , 

?1~Cfi'is{ql ~, fu"mR qffctCfiIQ 31R ~ ~ ~ 
W~ ~ mr I ,48,786 ~ Cfl1iT fu1i71 

~fcrnR~ 

~fcT:nR ~(KVK) -;t fcRn;IT, ~{l"iql{ <_ICfr;3TI, ~ 

~~TJ<lrn:n 3ffifqm CfiI~Cfi(il3TI*~ 91 ~ 
~~m~765~~ 1754 
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>rM~ 'lWT fWt, 20 fuf~, ~<1"i'11{ 1Jllffur ~W ~ ~ ~ t%' ~ $r tfwR; ~ ~ ; 

it; ~ ~R >ITl<l ~ ~ ~ qft i\«1f!ll01 filnfRCfiI ~ 3fu: ~ "i~~IWl ; ~ "ffi;l 

m "# ~ ~ Cf>T ~ ~ ~ ~ ~ Cf>T mW'IfrJCfi ~ oftt ~ aqJqil41 ~ ~ G1 
fcI:;-<t, ~ fcrnR ~ -;t ~ aq"iClIC'1 NiT *ffi ~ ~;;t#, N>colflH;< (phytfinder) (~ ~ 

(okra) (:mcPT ~ >RTffi) "3UT aq"iClIC'1 ~ ~ it; ~ ~ ~ ~ <it ~ it; 
(JRCfiT Tffrr:rr ~ ~) 3fu: <:P{2'i1'§ orn ~ ~) oftt "P:fIC1NI{ (B iovarchar)( Jffi mMI;:H..,ilj{!Oj 

~ ~ ~ * ~ -q 11i\~l{ul ~ ~ fc!1<t CfiT ~ ilfhliCfl'i * ~ ) ~ fqCfif@ fc!1<t , 
31t{ ~ q;c;r ~ mm t, ~ if ~ TfCRSft 

~ ~ ~ ~ ~ tlfu (INARlS) 
~ , 3ff1 ~ ~ if Cfi"(¥f ~ ~ fl:ffl CfiT 

m 31t< 314<;CflI<:1 ~ ~-3TI -q 4lRP("1IFs'i (pros

taglandin) F z x * 1J'l11C.r Cf>T W~ ~ -q flm 
rRt~ m ~ fc!1<t I 

~ fcmR ~ -;t ~ -q ~ ~ IiCfi'iI<:1;;f) m 
m ~ ~ ey fctm;, ~ ~ ~ ~ fc!1<t, 
mm 'qTU;UT 31tt (11 Cflrn 4 ~ $ICfl I~ 1 ('1 ~ I fcnm:IT CfiT 

fqf'li'f ~ ~ ~ -&rIT CfiT fu:gR ~ tJtiJ" 

fum -e:m ~ ~ 1 ~ filfCfi08I<:14 mT 4 75 ~ 

I *",<:11i\<;1{1 1 ~ itcnit 31t< 3 11 ~ ~1"i1{lqol W\R 

~ , ~ fcrnR ~ cn1 ~ <1 cnt Wlf1ur "¥T3TI -;t cpq 
~, Cflff CfiU11 fk'l, q;c;r ~, 6«1' fm;q Rmur, 
~ '1TB'"1 ~ «Hl"i'II< ~ arcmT<l ~ ~, cpq 
fcrnR ~ -;t ~, tFiff, mur~, dOllMCiOIRCh ~ 

cn1 TI4uT *",14f!Ol41 ~ 4,06,832 ~ w.n 22,395 

~ \fU f-qfCfiIi1I ("14 mT "Cfi11T fu<t 1 ~ ~ ~ it; 

~ ClMfc<Q{ ~ (Vikas VolunteerVahini) ~ 

it;~-q~~~*~~~~fcrcl:;m 

CfiT ~~nll'f('1 ~ 1m1 >rmn $I41 0 1Q::1 ~ S'31l" 1 

~~ 

~ ~ ~ -;t ~ ~ ~3if tR G1 fc:::r Cfft 
Cf)1~~II<:11 w.n ~cHfcH1Q 31tt ~cn"l~(\lIChI --m'tR ~ 

~~21 R1TCfiT1lfu~~~~, 

W ~ -;t ~Clf[iHI3if -q qlq_l!~4 ~ ¢ -q 
~<:1CfS:lf~Cfl 31~f-S2:~H 3W:J:; ~ CfiTm:l,ctiifflCflZ it; 
-m4 "CflT<t ~ , 

-:qp:tGT~~~~~ :~ 

~ it; ~ ~ JRf: 1WIT ~ flfu fclCflm('1 Cfft 

31t< cnwrr ~ Ccnwrr ~ ~) * ~ ~ f\fu 
~ <it, ~ ~ it; ~ ~ ~ ~ 
~ fuCflff/(i f4;<rr J:fn l:ffiTffi ~ ~ OAT Rm , 
~ ~ CfiT ~ fc!mur ~ ~ m <l=; ft;nz 
~ ~ 'Ii ~ it; m <1 ~ l=ffiWIT I1HI'C:l::11ClM\ 

fqCflff/('1 Cfft I 

~ ~ W4f.ci(1 lffiTffl <;ii~!QFf qn qlil1 '11 

~ ~ f! 4 Psl('1 l1fll'BT ~'qR qf{l~)"i'il 

(AICRPS) w it; t1~ ~ ~ t "11 19 ~ 

31tt 8 ~R9Cfl ~ -q ~ ~ 'Cf)1 ~ ~ 

woFCll! '"l ~ "ITffi t , 

~ w:m-
~ ~ ~ ~ ~ Qf<lll"1'i1 ~ 

-it troTffT ~ it; ~ ~ cn1 >lGWf o:r-wrr Jffi 
~ "1~~IW1 # ~ fqTt Cfft 650 ~, ~ 

qft 369 ~, ~ qff 644 ~, ~ qft 

1307 ~, -q~ ~ cit 228 ~ ~ ~ 

~ cit 3901 ~ wm ~ t I W "1~~IBq 

CfiT ~ ~ it; ~ 'lC"tlifCf>('1 fcn<n 31tt ~ ~ 
-q 311~lI"i'"iCh ~ cn1 ~ cit Tf<ft , 

W',\('1Clll<:1 -q, ~ ~ qff ¥9 \Ol"iifl'1'"1l ~ ~, 

~ 2, ~ 3, ~ - 4 am ~2426 am 
2445 ~ cR-0 it; ~ ~ it; Wm: 311~1I"i'iCfl ~ 

TJ<IT I ~ ~ -;;ffi, CL 692, CL-730, 31tt 
D -237 ~ if 311~1I"i'iCfl ~ eFt 11<ft 31R ~ 
~ 'lC"ll iCfl'i m if ~ K<n TJ<IT 1 



Jlirufi Summary 

~it, ~~~~qfzyftit V, SI-

8 (28 .25 z:1/ ~) it ~~I ~ ~ 
~ ~ ~ l1I;D3TI it 13 .0% ~ 22.5% (lCfi' CfiT ~ 

~ tl ~~ 3W ~ ~ Cfft l1I;D3TI 11 

~: 4 .00% tt 9.67% $ 0.25% TI 2.00% 'i'fiF 

CfiT 3RIT 'WIT t 31R ~ ~ Cfi'UTT tm it 3.93 % tt 

5.95% (lCfi' 3FRirm%1 ~it, ~~~ 
~ ~ it fcf;it >nifqq:; lO£0Ol i Cfl'i wWr ~ ~ 
PS-39(26.62 c.=r/ ~) it ~ fcRrr I 'ffi<;R it , 
~ "ff% -;;ffi, ST-365, BOJR-1244, CIs -29, 

PTSS-24 3W D KH-26 ~ ~ Cfft 'WRT it ~ 
$'~ 17.64tt32.62% ~~~I 

~it~~~~, ~'CflfWitit~ 

10 ~ ~ ~ ~ ~ trT iffi qm ~ ~ 

m <it ff141 IR!?1 <it 3W ~ it' ~ J I ~ ~ 

~ 7 ~ ~ ~ tffiTTUT ~ ~ <n illm K-:1 <n 

¢ -mrmm ft.1 (;TOW) 'Cf.'BT.1 ~~, 

HM -444 (~-gt ~ J1TCTfu1 3ftlRClJj) 3W HM-

372 ~ HM-376,(~~ ~ 3~RqJj) ~ 

~~~: 23.9~1 ~ 33.85~1 

~ -mr 32.65 ~ /~ fG<rr ~ tl HM-

444 %(lP10 ~ 3ffi' ~ ~ ~. WIT clo 

~ irm tl ~ it, RTP-4 ~ ~ 

(1518 f<f>.l.Wl I ~) ~ <it Fruct m 3Wl1 t 
RTP-8( 1477 fen .TITB IlhrZ~ )31h' RTP-

9( 1471f<f>:~m/~) 31h: ~ CVT it' ~ lO£rlifcf)(1 

~ ~ I CYT/CYT '[ffi ~ ~"1lf(14i "Cfll ~ 

~ 1JUlCfill ~ in ~ ~ f<f;m I 

ftmft -q CfWft fl:rit -wnft fl:1f~ ~ it 20 ~ 

~/~I ~ 3W NPKI00:40: 140 ml1i~ <it ~ 
it WTR 111 ~ ~ (2.69 f<f> .l.Wl/~ ) ~ 

<it I ~ 'i1~~l;:;:H 75% + 3{\if}f?i;f?MYf4 50m + 

FYM 1 0 %.ml1 WTR 111 ftmft it ~ fi':rTt Cfft ~ 
~ 6.4 1 f<f>.ml1 /~ ~cn11 ~~111~ 
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~ ~ cnB '1\ FYM lO fq,.ml1 + 'il'{'f ~ 
10 f<f>.!:lTIi / itff $' ~ it WTR ~ fWm it ~ 
~ >I11{'f ~ I ~ it 3J;;flfiJ:;f? m4 50 mq + 
FYMIO %. 'IJ)1::f wrR '!R ~ ~ (49Omtr/ 

11m ) ~ "Cflll ~ 'i1~?1"1'i, 3"l"11WlRC'\1tt 3"lR 
FYM ~ ~ W1R '!R ~, ~, ~, -;;fur ~ 

~ it~%TT<ft1 

mM1.q ~ ~ 1% (olA $' 45 ~ 55 K-:1 in 
~) ~~ ~wmfucn~ 10 f<f>.1)TtT/ ~ 

$'~.qfB?jtitWTR'1\ ~~if~~tl 

'1'111<*1 it ~ ~ 12.5 fcfl. m/~ * ~ it 
fl:R.c:T it WTR ~ 0.25% $' ~ it ~.'1\ fum ~ 
~ Cfft ~ ~ ~ (20.03 ~I ~) 
>I11{'f st I ~ it ~ CfiT % 'W9 Cfiffl1 ~ 

~it 68% ~Wfi(Yfrtl 

~mwrr 

CfWfr ilfflit B101<1~~ ~ it. ~M~H14 3W VAM it' 
~ ~ ffi '1\ ~ WT 'CflT ~ ~ 

~fcf;ml qIAl I§ql<1 3W fun:ft~it~~it' 
W 'l1ffi m ~ ~ "# ikl<1Fcffi<"l rffi;::g (meta lax y I 

Gold) MZ $ it ~M~H14 ~ WTR '1\ ~ 

w:nq~~tl 

'1'111{/ i"1 it 5 I °C ct 1T{l{ rrr;ft it ~ ~ "Cfll 

10 ft1¥ ~ ~ ~ :W:l it;cn 3fu: it e;fJt4H4 

fli~ fl1¢t it BTTR 111 ~ TTWl m CfiT 31[q(R Cf)tt 

~ip'ffi'lT ~~ <tIT~~tl ~~ 

~ SAAF+ it &fJr2lH4 $' ~ ~ ~ ~ '!R 

'CflcrT -m it' CfiRUT ~ <it -gRt ~ Cf)tt ( I 3 .0% ) 

~it'~~~"Cfll~~ (84.5%) <tIT 
~ t I ~ it qul fuill 3TR LJ'Ulzyr -;:;ffi 11aT TIrlT 'Cfl1 

14 HCflIz;i <iI + 'Cfll < CiFB I f*111 'CflT ~ ~ <fiB 'fMT 'Y'nT 
111 ~ tt >MTcfi~ ~ ~M "lT~-t1 

it &fJt2lHJ.f ~ ~ ~ m it 3W fi:!ziT .q WTR 11\ 

~ 'CflT ~ m f-i~~(i m -q ~ ~ TT<t I it 
eM4'''"fL1 Cfl<cil"'l'5IfB14 -31tt ...w:r ~ $' ~ <n ~ 
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rrt I tI &fJ12JH'I of; <W1 'l'l QCi ~ ~ '!iB it 
~ it '<'lR\ QCi fq,ft ~ zyn it ~ >!'1TC! ~ 
1"1'<[ I "iiR<H!>lf's'1 ~ ~ ~ of; ~ it 'IT '['J it 
wrR 'IT ir<ft of; 'JIf ~ of; >!fu ~ >!'1TC! ~ 

Wlrl 

"ii1("Iltp(H (loOm(r:fr>t) C3lR :ruof; 'Wi ~F'l5IiM)f~5 

(imidacloprid) 0.5 fll. fI;r ( m of; ~ it wrR 'IT 

~ it 'JIf ~ oR ~ ~ 'l'l1 "" ~ ~I 

I ISR.J!nnuaf '!<.fpor' 2003-2004 

q)~)<li)G)q;l<1 C3lR ~ qt 'lR ~ it -oiffi of; 

~ 'liT ~ '!iB it ll'1TCft ~ '1'lT I 

~itM 

<Ff'!T11T "ii1~'I"'1~~ Wl=lfu oR 'i'IR ~ ~ oR I 
~ it H ~ 11'W1T 1"1'<[ I H ~ of; ~.q 

it ft;.<ft "ii14i~IIMI ~ oR I H it ~ qfrl'ilf'lrlIQ 

~ '1ft I H it 'liT'l i'/i(~C1IMI of; ~ ~ 

<fr:iRr ~ '1ft I 



Introduction 

History 

Intensive research on spices in the country 
was initiated with the establishment of a 
Regional Station of Central Plantation Crops 
Research Institute (CPCRI) at Calicut, KeraIa, 
during 1975, exclusively for conducting 
research on spices by the Indian Council of 
Agricultural Research (lCAR). This Regional 
Station was upgraded as National Research 
Centre for Spices (NRCS) in 1986 by merging 
with it the Cardamom Research Centre of 
CPCRI at Appangala, Kamataka. The NRCS 
was further elevated to the present Indian 
Institute of Spices Research (IlSR) during 
1995. 

Location 

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

Mandate 

• 

• 

To extend services and technologies to 
conserve genetic resources of spices as 
well as soil, water and air of spices 
agroeco-systems. 

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

• 

• 

and protection systems using traditional 
and non-traditional techniques and novel 
biotechnological approaches. 

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

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

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

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

The spice crops on which research is being 
conducted at the institute include black 
pepper (Piper nigrllm), cardamom (Elettaria 
cardanlO-mllm), ginger (Zingiber officinale), 
turmeric (Curcllma Zonga), cinnamon 
(Cinilanzonlllm verum), cassia (c. cassia), clove 
(Syzygillm aronzatiCltnl), nutmeg (Myristica 
fragrmls) , allspice (Pimenta dioica), garcinia 
(Garcinia gllnznzi-gutta and G. indica), vanilla 
(Vanilla plal11folia) and paprika (Capsicum 
nllIlllum). 

Organization 

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

Research on various aspects of mandate crops 
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Management Committee Headquarters 
r-- Calicut 

Research Advisory t--
Committee Experimental Farm 

Director Peruvannamuzhi 
Staff Research Council r-

Cardan10m Research 

~ Division / Section 
Genetics and 

Centre, Appanga/a 

Cytogenetics 

Crop Improvement and 
Plant Breeding Kris hi Vigya n Kendra 
Economic Botany '-- Perllvannamuzru '-- Biotechnology 
Horticulture 
Biotechnology 

National Informatics 
Cen tre on Spices I--

Agronomy 
Soil Science 

l-Crop Production and Post 
Biochemistry Bioinformatics Centre 
Organic Chemistry ..----..J 

Harvest Technology 
Plant PhYSiology Admin istration and 
Agricul tural Accounts 
Engineering 

AICRP on Spices 

H Crop Protection 
Plant Pathology 

Agricultural Research 
Entomology 

Information System 
Nematology r--

y Social Sciences 
Economics Agricuitural Technology 
Sta tis tics f--'-- Informati on Centre 
Extension 

Fig . 1. Organisat ion of IlSR 

is conducted in three d iv is ions, namely, 
Division of Crop Improvement and 
Biotechnology, Division of Crop Prod uction 
and Pos t Harvest Technology and Division 
of Crop Protection and a Social Sciences 
Section. The other facilities ava ilable at the 
institute include Agricultural Technology 
Information Centre, National Information 
Centre for Spices, Ag ricultural Research 
Information System, Bioinformatics Centre 
and Krishi Vigyan Kendra. The institute also 
functions as the headquarters of the All India 
Coordinated Research Project on Spices, and 
Indian SoLiety for Spices. The institute has 

linkages with several universities, research 
institutes, and developmental agenCies for 
collaborative research and developmental 
activities in spices. 
Budget 

The total budget of the ins ti hlte was Rs. 408 
lakhs during the year w hich included Rs. 125 
lakhs under Plan and Rs. 283 lakhs under 
Non PLan and the expenditure under Plan and 
Non Plan was 125 lakhs and 317 lakhs, 
respectively. In addition, Rs. 265.231akhs was 
also received as funds from external agencies 
(Tables 1 and 2). 

-

~ 
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Table 1. Budget of the instilute 

Amount 

Particulars Plan Non Plan Total 

(Lakh Rupees) (Lakh Rupees) (Lakh Rupees) 

Establishment 

Traveling allowance 

Works 

Other charges 

Total receipts 

Expenditure 

Table 2. Funds received from external agencies 

Particulars Amount 
(Lakh Rupees) 

AICRP Spices 151.00 

KVK 21.83 

leAR Cess Fund Schemes 14.42 

NATP 23.25 

DBTschemes 4649 

IPDS 7.74 

Pension and gratuity 6.50 

Total 26523 

Staff 

The institute has a sanctioned strength of 42 
scientific, 19 administrative, 37 technical and 
63 supporting staff. The staff position of the 
instihlte and KVK are given in Tables 3 and 
4 respectively. 

Past achievements 

Surveys were conducted for collection of 
germplasm that were conserved in 

Table 3. Staff position of the institute 

Category Sanctioned 

228.00 22B.OO 

5.00 5.40 10.40 

50.00 50.00 

70.00 83.00 153.00 

125.00 283.00 40B.00 

125.00 317.00 442.00 

germplasm conservatories and ill vitro gene 
banks. The collections include 3299 black 
pepper, 391 cardamom, 659 ginger, 899 
turmeric, 482 nutmeg, 233 clove, 408 
cinnamon including cassia, 61 garcinia, 180 
allspice, 47 paprika and 73 vanilla accessions. 
The germplasm was characterized for yield, 
quality and resistance to pests, diseases and 
drought. Molecular characterization of 
germplasm 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, Subhakara, Poumami 
and Panchami were released, among which 
Pournami is tolerant to root knot nematode. 
In cardamom, Suvasini, a high yiclding 
variety suitable for high density planting, 
Avinash, a variety resistant to rhizome rot 
disease and Vijetha, a variety resistant to katte 
disease were released. Three ginger varieties 
with high yicld and quality, Varada, Rejatha 

In posjtjon Vacant 

Chelavoor PeruvannJ.muzhi Appangala. 

Scientific 42 27 2 3 10 

Technical 37 18 ]3 5 1 

Administration 19 15 2 2 

Supporting 63 27 16 19 1 

Total 161 87 31 29 14 
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Table 4. Staff position of KVK 

Category 

Scientific 

Technical 

Sanctioned 

9 

Administration 2 

Supporting 

Tata~ 

2 

14 

Chelavoof 

2 

3 

and Mahima and five high curcumin and 
high yielding turmeric varieties, Suvama, 
Sudarsana, Suguna, Prabha and Prathibha 
were released. Two high quality cinnamon 
varieties, Navashree and Nithyashree and a 
nutmeg variety, Viswashree were also 
released. 

Protocols for micropropagation of several 
spice crops and improved vegetative 
propagation methods were standardized in 
black pepper, cardamom, dove, nutmeg, 
cinnamon, cassia and allspice for rapid clonal 
multiplication of spices. The optimum 
spacing, nutrient and water requirements for 
black pepper, cardamom, ginger and turmeric 
were standardized for different soils. Mixed 
cropping systems were developed in black 
pepper and cardamom for increasing the 
productivity from unit area of land. Organic 
farming systems were developed in ginger 
and turmeric. High production technologies 
were d eveloped in black pepper and 
cardamom, which resulted in substantial 
increase in yield. 

Eco~friendly integrated strategies involving 
cultural methods, biocontrol agents, plant 
products and resistant varieties were 
developed for the management of pests and 
diseases of spice crops that resuIted in 
substantial increase in yields and pesticide-

In position 

Peruvannamuzhi 

1 

4 

2 

8 

115,!(/ :Jflflua/ 'J(~For! 2DDJ-2DD4 

Vacant 

Appangala 

3 

3 

free produce. Integrated management 
sched u)es for Phytophthorn foot rot disease 
was well 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 multiplication of biocontrol agents for 
distribution to farmers for management of 
diseases was also under taken. 

Post harvest technologies for processing of 
black pepper, cardamom, ginger, turmeric, 
nutmeg, mace, clove, cinnamon and cassia 
were developed. Technologies for preparation 
of value added products such as salted ginger 
and white pepper were also standardized. 

The improved varieties and technologies 
developed on propagation, cropping systems, 
nutrient and water requirement, pest and 
disease management and post harvest 
processing techniques were disseminated to 
farmers and other agencies through 
publications, training programmes and 
demonstrations. Large scale multiplication 
and distribution of elite planting material was 
also under taken. 



Research Achievements 

I. Mega Project: Collection, conservation, characteriz.ation 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, Johl1son K. George altd R. 
Ramakrlshl1an Nair) 

Collection and conservatioll 

Surveys were conducted in Kottiyoor and 
Kannavam forests (Kannur, Kerala) and 
Chettalli, Gonicopal and Makuta forests 
(Coorg District, Karnataka) and 51 Piper 
accessions were collected, which include 9 
local cultivars and 42 wild Piper. Good 
variability of P. l1(rsrl/111 (wild) was observed 
at Kotnyoor forest. A few vines with profuse 
spiking and good setting were coJJec~ed. 

Fig. 2. A black pepper collection with mufti-branched 
spikes from Gonicopill 

'Chettalli local'-a local cultivar wi th very long 
spike (range: 17-23 em) and another clllbvar 
with multi-branched spikes {Fig. 2.) were 
some of the unique accessions collected. An 
exotic species which closely resembles Pipa 
co/lIbri//IIJJ1, but with erect spikes was 
collected from Gujarat Agricultural 
University, Anand (Gujarat). 

ea ta loguing 

One hundred accessions of black pepper 
cultivars were evaluated based on IPGRI 
descriptor. Among the traits evaluated, 
yield/vine ranged from 0.015 kg to 2.841 kg 
with a mean of 0.6 kg. Other characters 
evaluated were number of fruits/spike, 
number of berriesllO spikes, weight of 100 
fruits, volume of 100 fruits etc., besides 
morphological and reproductive characters. 
Quality characters !ike essential oil, oleoresin 
and piperine were also evaluated and they 
ranged from 1.30% to 8.77%, 5 .74% to 
17.04% and 0.47% to 3.95% respectively. 

Registration of germplasm 

Black pepper accession Coll. 1041, a clonal 
selection of Thevanmundi was registered 
with NBPGR, New Delhi (Reg. No. INGR No. 
03091), as a unique germplasm having 
tolerance to foot rot disease. 

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

(M. N. Vellugopal and K. V. Saji) 

Collectioll and conservation 

Three accessions of AmOJ1l11l11 sllbli(ntll1ll and 
one accession of Alpifli({ sp. were collected 
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from Sikkim. Three hundred and ninety one 
accessions of cardamom and their allied 
genera are maintained in the field repository 
at Cardamom Research Centre, Appangala. 

Characterizatio11 

Forty nine accessions of cardamom were 
characterized and catalogued based on IPGRI 
descriptor. Incidence of leaf blight and 
rhizome rot was recorded in 114 accessions 
of cardamom and 1 highly resistant, 14 
resistant, 54 tolerant, 35 sllsceptible and 10 
highly susceptible accessions were identified. 
Accessions with erect, semj erect panicles and 
glabrous leaf characters were resistant to leilf 
blight and those with prostrate and 
compound panicles were susceptible to 
rhizome rot. 

Seventy seven accessions of cardamom were 
evaluated for quality. APG-246, 248, 352 and 
378 had more than 8% oil. APG-357 and 365 
contained 42% a-terpinyl acetate with 
relatively low cineole. 

3. Collection, conservation, cataloguing and 
evaluation of germplasm of ginger and 
turmeric 

(B . Sasikumar/ K. V. Saji and R. 
Ral1lakrishnan Nair) 

Conservation 

Eight hlrndred and ninety nine CUrCJllJlfl and 
659 Zillgiber accessions are maintained in the 
germplasm conservatory. 

Cataloguing 

Cytological studi~s ill turmeric 

Seedling progenies of turmeric were raised 
from open pollinated seeds of 23 germplasm 
accessions of turmeric to build up basic 
material for cytogenetic studies. 

Cytological analysis of six seedling progenies 
from germplasm accessions of turmeric 
showed normal chromosome number of 
2n ::::63 in two accessions (Aces. 730 and 767) 
and variation in four of the accessions (Ace. 

718 :::: 2n=68; Acc. 724 :::: 2n::::78; Ace. 770 :::: 
2n=72; Ace. 782 = 2n::::72). 

New varieties of tllrmeric 

Two turmeric varieties namely, lISR Kedaram 
(Ace. 126) and IISR Allcppcy Supreme (Ace. 
585). Fig. 3 were proposed for release by the 
institute after its approval by thc XVJJ All 
India Coordinated Research Project on Spices 
Workshop held at Kozhikode. These varieties 
are high yielding, rich in curcllmin and 
tokrant to leaf blotch disease. Table 5 gives 
the details of the varieties proposed for release. 

Fig. 3. llSR Alleppey Supreme, a tu rmeric va riely 
proposed for release 

Stability a11alysis for rhizome yieJd 

The stability for rhjzome yield in 11 new 
genotypes of turmeric was studied. Pooled 
analysis of variance for rhizome yield 
revealed significant differences among the 
genotypes as well as the environment (Table 
6). Stability parameters (mean, bi and S2d) 
for the 11 genotypes (Table 7). indicate Aces. 
126, 361, 584, 585 and 657 are relatively more 
stable over seasons as they had nearly 
rmiform values for fbi' and good mean yield. 

Ace. 657, a selection of Alleppey Finger 
Turmeric (AFT) has been registered as a 
uruque germpIasm owing to its high yield and 
high curcumin content. 

Production of llucleliS seeds 

The ntlc1evs seed of the varieties released, 
varieties proposed for releas e and other 
CUrCUll/fl spp. were mllllipJied. Nucleus seeds 
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Table 5. Over"l! rneiln performilnct' of new turmeric lines. 

Varirty / Dr\' yit'ld (11}"l) 

line I)Cfuvannanl I'undl- Smgli, Co .. lsta\ 
lILhi, Kcr,1l.1 ban, West M,h,lras Klmo1t 

Bengal hlTa ,lka 

Acc.126 6.6 5.8 3.5 S.3 

Ace. 585 7.1 3.9 2A 9.0 

Prabhil 
(Control) 8.0 5.5 3.6 5.2 

Prathibha 
(Control) 6.5 4.9 3.9 5.7 

Table 6. Pooled ilnillysis of vMiilnce (or fresh rhizome 
yield in turmeric 

Source Of MSS 

Totill .+3 24.03 

Genotypes (G) 10 9.42** 

Environment (E) 3 32.63** 

GXE 30 29.38** 

Environment + (G X E) 33 28.46 

Environment (Lineilr) 1 718.99** 

G X E (Li neilr) 10 15.66** 

Pooled deviation 22 2.89** 

Pooled error 132 1.79 

**P",O.01 

Table 7. Stability paramelers for rhizome yield in turmeric 

Genotype Mean fresh yield / bi Sld
1 

3 m 2 bed (kg) 

Ace. 126 12.50 1.19 -5.98 

Acc.295 13.25 0.82 -5.39 

Acc.360 12.25 1.23 -6.67 

Acc. 361 13.00 0.96 -5.05 

Acc.584 12.20 0.95 -1. 7'l' 

Acc.585 11.38 1.1 9 -5.81 

Acc. 591 9.00 1.71 -4.58 

Acc.593 1] .38 1.24 -7.15** 

Ac<:.656 17.13 -0.18 -0.010 

Acc.657 ]4.88 1.31 -1.02 

Ace. 691 13.50 0.59 -3.46 

**P",O.Ol 

of ginger varieties namely, Varada (570 kg), 
Mamma (748 kg) and Reja tha (618 kg) and 
turmeric varieties namely, Prabha (538 kg), 

Pooled (_"'urctLmin ('Yo) Pooled Cur-
n ..... 'an \")eruvcl Coastal !TI2iln cumin 
(t/ho.l) nndl11U 

S"ngli K.,JT.' (0;',) (kg/ hal 
,lu taka 

5.3 5.5 5.6 5.6 5.7 301.1 

5.6 6.0 4.1 6 .0 5 .6 309.7 

5.0 6.5 4.9 6.2 5.9 292.5 

5.2 5.6 5.3 6.3 5.7 300.0 

Prathibha (800 kg), IISR Alleppcy Supreme 
(250 kg), lISR Kedaram (220 kg), Suguna (37 
kg), Sudarsana (33 kg), Allcppey (30 kg) and 
CmCWlln species n amely, C. nrOl1wticn (80 kg), 
C. cnesin (52 kg) and C. zl'odnrin (65 kg) were 
produced and distributed to fa rmers . A 
portion of the nucleus seed of these lines were 
supplied for foundation seed multiplication 
to indivjdual farmers/State Departments 
against payment. 

Mllltiplication of elite gillger accessio1ts 

Seven accessions of ginger (Aces. 87, 91, 164, 
239, 272, 278, 282) selected from the 
germplasm for low fibre (2 percent and less) 
were multiplied. The yield varied from 3.5 
Kg to 5.25 kg per 3 m2 bed. 

Sixteen ginger accessions (Aces. 50, 57, 95, 
99, 162, 197, 209, 217, 225, 228, 411, 420 and 
Kakkakalan, Kozhikkalan, Sabarimala, 
Ellakallan) selected for high oil (2.5-3.0%) 
were multiplied for evaluation of yield. Fresh 
yield/3 m2 bed varied from 3.0 kg to 6.0 kg. 

Twelve bold rhizome ginger accessions (Ace. 
552, 553, 573, 574, 578, 581, 589, 591, 592, 
593, 597, 598) from Nepal were multiplied 
for yield evaluation. Initial evaluation in non 
replicated trials revealed that yield /3 m2 b ed 
varied from 7 kg to 10 kg. 

Pollination studies in ginger 

Sixty flowers were cross pollinated in 13 
random cross combinations. No seed set was 
observed in any of the cross combinations. 
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4. Collection, conservation, cataloguing and 
evaluation of germplasm of tree spices 

(B. Krishna11loorthy, J. Re11la, P. A. Mathew 
and M. N. Vellllgopal) 

Collection cl1ld coltservation 

Eleven collections of kokum (Carcinia indica) 
were collected from Vittal (1), Moodabidri (1), 
Puttur (4), Pudhuvethu (2) and Sediapur (3) 
and one collection of C. gllmmi-gllttn was 
collected from Chembanode. Four hundred 
and eight accessions of Cilll1(11non/lI1n spp., 482 
of MyristiC£! spp, 233 of Syzygitlll1 spp. and 
61 Cnrcinin spp. and 180 aUspice trees are 
maintained in the field conservatories and 
nurseries (Fig. 4). Grafts of 35 accessions of 
C. glll11l11i-gllttn were field established for 
evaluation. One each of C. g/nllCl:'I1S, C. 
C(1mpliortl, Konkan Tej, Zanzibar clove graft, 
1 high yielding allspice graft (Wyanad) and 
two C. pcrotettii were field planted. 

Fig. 4. A view of the nutmeg conservatory at 115R 

11S'R.. ;~1l1l1Ill('f\eporl 2003-200.J 

Cataloguing alld evaillation 

CifllWI11011 nud Cnssin 

IC numbers for cinnamon and cassia have 
been obtained from NBPGR, New Delhi. 

The performance of elite cassia lines at 
Peruvannamuzhi in the fifth year jndjcates 
no significant difference among the lines for 
yield. 

The elite lines also showed no s igni ficant 
difference, among them for yield attributing 
characters like height, number of main shoots, 
no. of branches, canopy wid th and shoot 
thickness at fifth year after planting (Table 
8). In the evaluation trial at Appangala, 
significant difference was observed only for 
height (Table 9). Elite line B-3 recorded the 
maximum height of 215 cm (2 year after 
planting). There was no significant difference 
among the lines for no. of branches. 

Plan ting ma tcrials of cassia lines C -], 0-1, 0-
3 and D-5 were given to KKV, Dapo}i; HRS, 
Pechiparai; RARS, Ambalavayal, and RARS, 
Sirsi. These trials had been laid out at thcse 4 
centres during July 2003. 

RAPD polymorphism was used to estimate 
thc genetic variability in cassia. Genomic 
DNA was isolated from young fresh leaves 
of 17 accessions of C. cnssin using the CT AB 
method. Four operon primers namely, ope
II, OPC-12, OPD-06 and OPF-OS were used 
to develop RAPD profile. AU the four primers 

Table 8. Performance of donal progenies of elite lines of cassia (Peru vannamuzhi)* 

Elite No. of Fresh Dry Height No. of No. of Canopy Shoot 
Line harvestable weight of weight of (m) main branches width thickness 

shoots bark (g) bark (g) shoots (inches) (cm) 

A-2 2.4 154.50 27.80 1.92 2.07 13.33 14.63 2.02 

C-1 3.2 175.65 41.60 2.35 2.30 15.63 ] 4.46 2.42 

D-1 3.6 123.50 28.87 1.96 2.03 13.87 21.08 2.22 

0-3 2.2 79.60 21.50 1.95 2.10 J J.30 16.96 1.90 

CV 44.7 66.58 69.28 34.66 48.66 68.18 33.33 

CD (p<0.05) NS NS NS NS NS NS NS NS 

NS : Nop significant 
.. Fifth year after planting 
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5. Collection, conservation and 
improvement of vanilla 

(R. Ral1lakrisll1lan Nair alld K. V. Saji) 

Collection alld cOllservatioll 

A total of 30 collections were newly added 
to vanjlJa germplasm of these, 29 cultivars 
were collected from different farmers' field 
at Wyanad, Kodencherry, Idukki, 
pullurampara and Pallimon (Kerala) and 
South Kanara and Sirsi (Karnataka). The 
collections made from Sirsi include one with 
multi-branched inflorescence. One leofless 
species of vanilla was collected from East 
Godavari (Andhra Pradesh) by the Project 
Co-coordinator (spices). 

Seventy three coliections of vanilla and related 
species arc maintained jn the field/nursery 
at present which include Vanilla 
17lnl1ifoli17 (59); V. 17l1dnlllnllicn (8); V. pilifern 
(1); V. I1plrylll1 (1); v. tl1lrdeJfs;s (1); V. vl1tsnll7e 
(1) and Vnllill(l sp. (leaf less-I). 

Characterization 

Morphological charactcrs such as Jeaf length, 
1el.1f breadth, internode length and stem girth 

Fig .5. A variant of Vallii/a flllriall1(lIlica 

29 

were recorded from 8 collections of V. 
(llltiall117llicn. Analysis of variance and 
comparison of means indicated that Ace. 
4704 B is significantly different from other 
collections with respect to these characters. 
Floral morphology was recorded in five 
collections of V. ancfn1l1allica. Ace. 4704 B 
showed purely white floral parts including 
the labellum (Fig. 5) while Ace. 4705, 4706, 
4709 and 4710 showed creamy white flowers 
with purple labellllm. 

Crop i11lprovemel1t 

Pruning of V. (llldnlllnllicl1 during October 
resulted in profuse nowering in one collection 
(Ace. 4704 B) and induced flowering for the 
first time in four others (Ace. 4705, 4706,4709 
and 4710). Flowering was initiated during 
December to ]Jnua1'Y in four Jccessions (Accs. 
4704 B, 4706, 4709 and 4710) and during 
March in one accession (Ace. 4705). 

Inter-varietal crosses and selfing were done 
in white and purple flowered varieties of V. 
alldal7l{lIIicn and successfu l fruit set were 
observed in all combinations. Inter-specific 
crosses were made between V. nl1dfll11l1l1ica 
and V. aphylln and successfu l seed 
germination ",,'as achieved. About 50 seed 
derived proto-corms are in different stages of 
growth. 

Seeds resulted from self pollination of V. 
p/allijo/in was germinated ill uitro in different 
culture media (SII and E1). Media containing 
BAP prolTlOted germination of seeds within 
40 days. Germination in growth regulator
free media resulted in more normal proto
corms and easy root formation compared to 
BAP containi.ng medium. Seeds derived from 
fruits of 4 and 5 months after pollination gave 
b etter gennination compared to 3 and 6 
months after pollina bon. Initial germination 
in solid medium and subsequent transfer to 
liquid sllspension resulted in better growth 
and root formation. About 500 proto-corms 
at different stages of growth are being 
main tained ill vitro. Forty-five seedling 
progenies were estabtished ex vitro. 
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6. Development of paprika for warm humid 
tropics 

(K. N. Shiva and N. K. Leela) 

Collection 

Seven accessions of paprika and paprika like 
chillies (4 exotic and 3 indigenous) were 
collected from paprika growing areas (III IR, 
Bangalore and Coorg District) and added to 
the existing germplasm, thus raising the total 
to 47 accessions. 

Purification of germplasl1l 

The newly collected germplasm were raised 
in the nursery and transplanted to polybags/ 
pots and subsequently purified in insect-proof 
nylon-net case and the seeds were collected 
from each accession separately and stored in 
butter-paper bags under refrigeration at 
16°C. 

Evaluation 

Out of the total 40 accessions of paprika, 30 
accessions were evaluated for morphological 
and yield characters (Fig. 6). Among the 
various characters, wide range (123-746 g/ 
plant) was observed for yield per plant with 
a mean value of 416 g/plant, while narrow 
range (0.30-1.03 g/fruit) was recorded for 
weight of seeds per fruit with mean value of 
0.69 g/fruit. Wide variation (10.07%) was 
recorded for number of seeds per fruit, 
whereas, narrow variation (1.50%) was 
recorded for fruit leng th. Among the 

Fig. 6. A high yielding collect ion of. paprika from the 
germplasm 
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germplasm of paprika, PBC-171 and 
Papriking were fOlmd to be promising for four 
characters each, while EC-18, Kt-Pl-19, SSP-
1999 and ICBD-13 for three characters each 
(Table 14). 

Quality a1lalysis 

Colour value of paprika accessions ranged 
from 39 to 278 ASTA lmits wi th mean value 
of 184 ASTA units and with variation of 
2.46%. The promising accessions were 
Cayenec, Kt-Pl-19, EC-IS, EC-71 and ICBD-
18 (Table 14). 

Database resources 

Database for various morphological yield and 
quality characters /parameters for the 
evaluated germplasm (30 accessions) were 
created and maintained in the computer 
system. 

Externally Funded Project 

1. NA TP: Collection, characterization and 
conservation of spices genetic resources 

(Johnson K. George, K. V. Saji, B. Sasikumar 
and B. Krishnamoorthy) 

Exploration and collection 

Explorations were undertaken in Kottiyoor 
forest range (Kerala), Makuta forest range 
and Chettalli in Coorg District (Karnataka). 
Sixty accessions collected from these areas 
include wild and cultivated species of Piper, 
Cimulnw/1/u11l, Garcin in Curcuma (Fig. 7) alld 
Zil1giber. Population of P. nttemll1tum and P. 
l1igrum was found to be high in Kottiyoor 
forest range. A wide variability for spike 
length, fruit size, fruit setting and ptmgency 
etc. was observed. 

Few of the unique collections made during 
the survey include wild P. nigrum with very 
high ptmgency, from Kottiyoor forest range; 
P. nigrum (cultivar) from Chettalli with spike 
length up to 26 cm and good fruit setting; 
cultiva ted P. nigrum with multibranched 
spikes (up to 10 branches) from Mymudi 
village, Kamataka; wild P. nigrum with very 
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Table 14. Evaluation of paprika genotypes for yield, yield attributing characters and quality 

Character Range Mean CV ",7, 
Days to 50% 54.33-76.33 62.68 2.84 
flowering 

Plant height 80.00-183.00 123.69 6.05 
(em) 

Fruit length 3.20-17.33 8.57 1.50 
(em) 

Fruit girth 4.37- 11 .77 6.50 4.64 
(cm) 

Weight of 2.41-29.49 6.15 5.01 
periearp (g) 

No. of 34.00--111.70 70.85 10.07 
seeds/fruit 

Weight of 0.30-1.03 0.69 5.29 
seeds/ fruit 
(g) 

Yield/plant 123.10- 746.60 416.36 6.51 
(g) 

Color value 39.00-- 277.70 184.26 2.46 
(AST A units) 

Fig. 7. A l.l/r,1/111i1 ~I'. collected from Achankovil forests 
in Kerala . 

SI) SE Promising lines 
756 1.03 PBC-171, Cayenee, 

EC-43, 1M 1-5, Papriking 

lR.72 4.32 PBC-171, EC-18, EC-71, 
lCBD-11,ICBO-16 

2.86 0.07 SSP-1999, LCBD-3, ICBD-13, 
ICBO-14,ICBO-17 

1.90 0.17 PBC-171, EC-71, Papriking, 
EC-18, EC-45, lCBO - 20 

4.70 0.18 SSP-1999, Kt-PI-19, 
I'BC-171, Papriking, ICBD-l 

17.76 4.12 Cayenee, lCB[)"2, ICBD-9, 
ICBO-Il, ICBD-12 

0. 18 0.02 rCBO-12, Kt-PI-1 9, 
Papriking, lCBD-2, 
lCB[)-13 

151.94 15.66 EC-18, Kt-PI-19, ICBO-6, 
SSP-1999, lCBD-13 

56.78 2.61 Cayence, Kt-PI-19, 
EC-18 EC-71, ICBD-S 

high pungency and heavy bearing from 
Makutta forest (420 MSL); P. nttr.>l1l1ntlllll with 
thick fruit setting; P. gnlentulIl from Makutta 
forest (918 MSL), Coorg District; wild ginger 
(Zil1giber sp.) from Kottiyoor forest and C. 
rilJflrillJ1l from Kottiyoor forest. 

Characterization 

Fifty each of black pepper, ginger and 
turmeric germplasm accessions maintained 
under field conditions were characterized for 
various vegetative and yield characters. 

Inter-simple sequence repeat (ISSR) primers 
were tcsted for assessing the suitability of its 
use in genetic diversity analysis of spices 
germplasm. OptiJTwm annealing temperature 
for different primers varied from 42 to 63°C 
depending on thc base sequences of the 
primers. All the ISSR primers tested were 
sllccessful in amplifying inter-microsatellite 
regions of smaJl cardamom, Jarge cardamom, 
different species of Vanilla and Piper. Band , 
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profiles obtained with ISSR primers were 
found to be highly polymorphic and 
reproducible. In addition to being simple and 
time efficient, ISSR-PCR allowed rapid 
identification of polymorph isms within spices 
germplasm. 
2. DBT: Conservation of spices genetic 
resources in in vitro gene banks 

(K. Nirmal Babll) 

COllservatioll 

III vitro gent' bnnk 

This year 10 new black pepper collections, 
36 lines of ginger and 27 new accessions of 
turmeric were established. A total number 
of 750 accessions of various spices are 
maintained in ill vitro gene bank by yea rly 
sub culture. 

DNA Bnnk 

Genomic DNA was isolated from black 
pepper (species and cultivars), cardamom, 
ginger, turmeric, vanilla, ciImamon, nutme~, 

clove and garcinia and added to the D A 
bank making a total of 450. 

Cryop rest'rvn t iOIl 

Shoot tips of P. bnrberi encapsulated in 4% 
sodium alginate were pre-cultured on MS 
medium supplemented with 0.3 M, 0.5 M and 
0.7 M sucrose for 4 days followed by 
dehydration with PVS-2 solution (100%) at 
o °C for 3 h. After dehydration beads were 
suspended in PVS-2 solution in a cryotube 
and phmged directly into liquid nitrogen. 

Maximum viability (70%) was observed 
w hen the encapsulated shoot tips were 
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treated wilh 0.5 M sucrose (Table 15.). The 
cryopreserved shoot tips were regenerated on 
regen era tion media. 

Genetic fidelity analysis 

RAPD profiling was carried out to check the 
genetic stability of randomly se lected five 
year-old conserved materials of V. plnllifolia 
and V. npilylln using 5 polymorphic operon 
primers. The gel profile showed no difference 
in band pattern indicating genetic stability. 

3. ICAR: Organization of ginger and 
turmeric germplasm based on molecular 
ch a racteriza tion 

(B. Sasikllmar and T. John Zachariah) 

A method for isolating good quality PCR 
amplifiable DNA from powdered samples of 
turmeric was standardized (Fig. 8). 

Fig. Sa. DNA o,'lmpks i~Ol.lted from turmeric p,)\\,der. 
Lane l-Marker (EcoRl/Hindlll double digest), Lane 2-
Cllrcllma longn, Lane 3 - C. zl'donrin, Lane4 - market sample 
1, Lane 5 - market sample 2, Lane 6 - market sample 3. 
Fig. Sb. RAPD profile of the DNA samples from turmeric 
powder amplified with primerOPA 2-(S'TGCCGAGCTG 
3'). M -Marker (EcoRl / Hindlll double digest), Lane 1 -
CllrCll1l1n longn, Lane 2 - C. zedonrin, Lane3 - market sample 
1, Lane 4 - market sample 2, Lane 5 - market sample 3. 

Table 15. Effect of vario\.ls pre-treatments on cryopreservalion of Piper barberi shoot tips 

Treatment 

Pretreatment- WPM + 0.3 M sucrose for 4 days 
followed by incubation in PVS-2 at 0 ° C for 3 h. 

Pretreatment- WPM + 0.5 M sucrose for 4 days 
followed by i.ncubation in PVS-2 at GOC for 3 h. 

Pretreatment-WPM + 0.7M Sucrose for 4 days 
followed by incubation in PVS-2 at O°C for 3 h. 

Observation 

Buds started germinating after 2 week of post 
culturing, with a success rate of 40%. 

Buds started germinating after 1 week of post 
culturing with a success rate of 70%. 

Explants remained viable on post culturing 
but failed to regenerate. 
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RAPD analyses of DNA from 96 accessions 
of turmeric with fifteen random d ecamer 
primers showed good polymorphism among 
the accessions studied. 

RAPD analysis of DN A from ninety six ginger 
accessions with ten random decamer primers 
yielded low to moderate polymorphism 
compared to turmeric. 

Five species of Curcuma were characterized 
usin g 12 primers. The intra species 
polymorphism in Curcllma was high as 
compared to the intcrspecies polymorphism. 

Final Report 

1. DBT: A digitized inventory of plant 
resources. Part II - Other economically 
important species 

(P. N. Ravindran and K. Nirmal Babu) 

Objectives 

To build a database on, biological details, 
national status, utility profiles and economic 
potentiality of spices and condiments. 

Documentation and compilation 

As part of the nation wide effort in compiling 
database of plant resources ftmded by DBT, 
information was compiled and documented 
on spices and condiments. The major aspects 
w here information was compiled were 
taxonomic details (valid name, classification, 
synonyms, common names), biological 
details, (habit and habitat, diagnostic features, 
reproductive biology, breeding system, major 
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diseases, pests), economic potential, uses etc. 

Documentation and compilation of 
information was completed in 58 spices listed 
below. 

Major spicf's 

Black pepper, ginger, cardamom, turmeric, 
'large cardamom, vanilla, long pepper, chilli, 
onion, garlic. 

Tree spices 

Nutmeg, cinnamon, cassia, bay leaf, clove, 
curry leaf, carambola, garcinia, kokum, 
tamari.nd, star anise and pomegranate. 

Minor spices 

Aniseed, s tar anise, angelica, caper, greater 
galangal, horseradish , h yssop, basil 
rosemary, parsley, saffron, sage, sweet flag 
and tarragon. 

Seed spices 

Caraway, black cumin, ajowan, coriander, 
cumin, fennel, fenugreek, dill, celery, black 
caraway, black mustard and poppy. 

Herbal spices 

Chives, garden mint, lesser galangal, lovage, 
peppermint, savory, sweet ma~oram, thyme, 
pandanus, lavender, jlmiper and oregano. 

This data is being compiled at Jawaharlal 
Centre of Advanced Research, University of 
Agricultural Sciences, GKVK, Bangalore 
under the supervision of Professor K. N. 
Ganeshaiah. 
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II. Mega Project: Breeding improved varieties of spice crops for yield, quality, drought 
and resistance to pests and diseases 

(Project Leader: B. Krishnamoorthy) 

1. Breeding black pepper for high yield, 
quality, drought and resistance to pests 

(B. Sasikllmar Clnd Johnson K. George) 

New varieties 

Three new black pepper varieties 
namely, IISR Thevam; IISR Girimunda 
(Fig. 9) and IISR Malabar Excel were 
proposed for release to th e Sta te Variety 
Release Conunittee after its approval in the 
XVII AICRP (5) Workshop. 1I5R Thevam, a 

Fig. 9. IISR- Girimunda, a black pepper variety proposed 
for release 

Table 16. Evaluation of HP-728 at Valparai, Tamil Nadll' 

clonal selection of Thevanmllndi is a high 
yielding (5.17 kg/vine), foot rot disease 
tolerant variety suited to high altitude areas 
and planes. The hybrid IISR Girimllnda (HP-
813) is a high yielding clone with 6.14 kg fresh 
berries/vine suited Lo elevations of 3000 ft 
(MSL). The hybrid IISR Malabar Excel (HP-
105) though moderate in yield (2.78 kg per 
vine) is rich in oleoresin (> 12%). 

Yield trials in black pepper 

From the yield evaluation trials, laid out at 
Valparai, HP-728 a h ybrid, has been 
identified as early maturing type with good 
yield (non replicated trial). This line comes 
to harvest in the second week of December 
in planes and by December end in high 
altitude areas (3000 ft). Table 16. gives the 
salient features of HP-728 vis-a-vis Panniyur
I, ColI. 1041 and HP-813. 

Evaluation of 9 promising lines against 
Sreekara (control) at Peruvannamll zhi 
indicated superiority of OPKm, HP-780, HP-
1411 and Coll.1041 over the control for yield 
per vine (Table 17). The performance of few 
of these promising lines evaluated in farmers' 
plots in four northern districts of Kerala 
through the project on Technology Mission 
on Black pepper also revealed the superiority 
of OPKm at all locations against the released 
varieties (Table 18). 

Line/ No. of No. of plants yielded Average yield /plant (kg, Mean Dry E5..<;t>- Oleo Pipet 
Control plants fresh) yieldl rccov- ntial resin ine 

vine ery oil(%) (%) ("!o) 

(kg, (%) 
fresh) 

1999- 2000- 2001- 1999- 2000- 2001-

2000 01 )2 DO 01 02 

ColI.1041'" 55 26 38 42 0.15 1.95 2.79 1.63 35 3.2 8.5 1.4 

HP-728 54 34 54 48 0.07 2.35 4.00 2.14 33 2.5 8.3 2.9 

HP-813'" 53 34 51 52 0.54 2.97 3.37 2.29 33 2.8 11 .7 2.4 
Panniyur - l u • 19 15 9 0.40 2.67 153 30 2.0 94 3.0 
(Control) 

• Year of planting 1997; "proposed new lines; ••• released hybrid 
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Table 17. Perfo rmance o f black pepper lines at 
Peruvannamuzhi 

Line/ Fresh yield/ Dry Remarks 

Variety vine recovery 
(kg) (%) 

OPKm 5.07 31.5 Ear ly variety 

HP-l 3.31 31 .0 

HP- 2 1.74 32.0 

HP-780 4.66 38.0 

HP-1411 4.29 30.5 

ColI. )04) 4.72 32.0 

Call. 1365 3.18 29.0 

Call. 4133 3.71 32.5 

Cal l. 8891 3.04 31.2 

Sreekara 3.97 32.0 

CD (P=O.OS) ],05 

CV% 16.20 

Seventeen clonal lines and seven OP lines of 
Neelamundi were evaluated for yield. The 
yield of clonal lines varied from 0.305 kg (Acc. 
878) to 2.0 kg per vine (Ace. 1061 and Ace. 
1441). As compared to clonal lines OP lines 
varied widely for yield per plant. 

lntervarietal hybridization 

In order to converge the genes for resistance 
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to foot rot , pollu beetle, nematode and 
drought (multiple resistance) 52 intervarietal 
crosses between the resistan t source lines/ 
varieties were attempted and seeds were 
collected and sown. 

RAPD profiling of different nodal explants 

Different nodal explants of two black pepper 
clones (Panniyur-1 and Sreekara) derived 
from bamboo method was examined using 
RAPD profiles to study whether intraclonal 
variability of rooted cuttings existed. DNA 
extracted from top, middle and bottom nodal 
rooted cuttings of the two clones was 
amplified with 10 random decamer primers. 
The primers generated 120 amplified 
products in Panniyur-1 and 124 products in 
Sreekara. Number of amplified products 
ranged from 2 to 8 in case of Panniyur-1 and 
2 to 6 in case of Sreekara. The ten random 
d ecamer primers did not produce an y 
polymorphic bands in the different nodal 
explants of the two clones barring a single 
band produced by one primer in the bottom 
nodal explants of Sreekara. 

Table 18. Mean yield of promis ing b lack pepper lines cu ltivated in farmer's plots in different northern districts of 
Kera la 

Line/ hybrid / Kilnnur Kozhikode Wyanad Kasaragod 

variety Mean fresh yield Mean fresh yield Dry recovery Mean fresh yie ld Mean fresh yield 
(kg/vine) (kg/vine) (%) (kg/vine) (kg/vine) 

OPKm 7.70 4.77 32.8 0.53 1.23 

ColI .1041 3.14 29.55 0.47 0.25 

HP-34 1.78 1.9 30.8 

HP-I05 2 .17 32.75 0.41 

HP-728 2.66 28.9 

HP-780 1.9 34.1 0.25 

HP-1411 1.7 24.0 0.24 

Panniyur-1 2.12 2.2 28.6 0.13 

Panniyur-2 3.06 4.34 30.17 0.08 

Panniyur-3 3.36 4.27 31.25 0.6 0.22 

Panniyur-4 5.26 5.52 29.6 0.13 

Panniyur-5 6.34 2.18 30.9 0.18 

Sreekara 1.5 31.2 0.62 

Panchami 0.89 
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2. Biotechnological approaches for crop 
improvement in black pepper 
(K. Nirmal Babu and M. Allalldaraj) 

Molecular characterization of mapping 
population 

RAPD profiles were developed with random 
primers in 96 progenies of Panniyur 1 x 
Karim'Lmda cross and scoring of these RAPD 
loci is in progress (Fig. 10), The total number 
of RAPD primers used so far are 40. About 
160 loci were scored. 

Fig. 10. RAPD polymorphism in mapping population 
of Panniyur 1 x Karimunda 1 kb ladder, MP-
1,2,4,8, 11 ,12, 13,15,16, 17,20,21,22,24,25,26,28,29, 
31,34,37,38,43,44,45,46,4 9,50,51,53,56, 57,58,59,60,62,63, 
65,70,71 ,72,77,79,80,81,82,83,84,1, kbladder,]kbladder, 
85,86,87,88,91,94,97,99, 100, 101,104, 105,106,09,110,112, 
113,116,117, 118, 123,124,127,129,136, 141,143,146,149, 
154, 159,161,162,164,165,1 70,171,176,179,183,184, 
185,187,22],255,260, P-],K-] , ] kb ladder 

Screening of mapping population for disease 
resistance 

Total number of 169 hybrid progenies of 
Panniyur-l and Subhakara were screened for 
stUdying the segrega tion of the parental 
cha rac ters both by leaf as well as stem 
inoculation methods, 

Leaf inoculation 

Both Panniyur-l and Sub hakara were 
susceptible to Phytophtllora infection and had 
a leaf lesion of 24.3 mm and 45.3 mm 
respectively. In their crossed progenies the 
leaf lesion ranged from <5 riun to >20 mm. 
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Among the hybrids, three (1.78%) progenies 
were indexed 0, 13 progenies (7.70%) were 
indexed I, 57 progenies (33.73%) were 
indexed 2 and 96 progenies (56.80%) were 
indexed 3, where score 0 is resistant and 3 
most susceptible. 

Sip})] innoculntion 

Panniyur-l as wel l as Karimunda is 
susceptible with a lesion length of 55 rnm (the 
entire internode was infected) and 50 mm 
respectively. In hybrids the stem external 
lesion ranged from 0 mm to >20 mm. Twelve 
(7.10%) of the hybrids were indexed 0, 95 
progenies (56.21%) were indexed 1 and 62 
progenies (36.69%) 2. Among the hybrids 12 
progenies showed resistance to P. cnpsici and 
95 progenies showed some degree of 
tolerance. 

Depth of pmetration index 

Data on the depth of penetration of infection 
was also recorded in the parents and their 
hybrid progenies as an index for their disease 
resistance. They were grouped under the 
fol lowing groups 0-4 based on the depth of 
penetration expressed as percentage on the 
total diameter of the stem. 

Stem penetration index of both the parents 
Panniyur-l and Karimunda was 4 i.e. 100% 
of the stem was internally infected. In the 
hybrid progenies the index ranged from 0 to 
4 of which 12 progenies (7.1 %) were indexed 
O. In case of hybrids 12 (7.1%) progenies were 
indexed 0, 44 progenies (26,04%) were 
indexed I, 77 progenies (45.56%) were 
indexed 2, 17 progenies (10.06%) were 
indexed 3 and 19 progenies (11.24%) were 
indexed 4. The study showed that there are 
differences in the parents and. the progenies 
with regard to leaf and stem screening and 
these characters segrega ted independently 
indicating that disease resistance is controlled 
by more than one gene. The degree of 
resistance also showed a sort of continuous 
varia tion indicating either quantitative or 
multiallelic interaction controlling disease 
resistance. Though susceptible Panruyur and 
Karimtmda throws off resistant lines in the 
segregating populations indicating that they 
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can be used as parents in h ybrid ization 
programme to produce resistant hybrids, 
shldies are in progress to further strengthen 
these findings. 

3. Development of DNA markers for 
marker assisted selection in black pepper 

(johnson K. George alld B. Sasikumar) 

Three ISSR primers (non-anchored) were 
tested for assessing the suitability of its use in 
genetic diversity analysis of sp ices 
germplasm. DNA was extracted from fresh 
leaf samples of Pipa s pecies u sing 
cetyl trimethylammoni um bromide method or 
its modifications. Amplified products were 
electrophoresed on 2% agarose gels . After 
staining with ethid ium bromide, the banding 
pa tterns were detected under UV ligh t. 
Optimum annealing tempera ture for 
different primers varied from 42 to 65 °C 
depending on the base sequences. Band 
profiles obtained with ISSR primers were 
found to be highly reproducible. The selected 
ISSR primers were useful in amplifying inter
microsatellite regions of different species of 
Piper and for identifying selected cultivars of 
black pepper. ISSR-2 and ISSR-3 primers 
could dist-inguish Karimunda, Neelamundi 
and P-24 from Aimpiriyan and HP-780 which 
showed identical banding pattern with ISSR-
2. This approach also facilitated identification 
of hy brids in black pepper. ISSR-2 was 
successful in identifying true hybrids of HP-
780 x P. nigru/11 (wild) from the hybrid 
populations. The hybrid was identified based 
on the male parent specific band present in 
the hybrid and the male parent. ISSR-PCR 
was also found to be successful in 
differentiating the released varieties of black 
pepper. 

R1'JA was isolated from the leaves of black 
pepper (var. Sreekara) having spikes with 
developing berries and juvenile plants for 
identification of genes involved in quality 
attributes. DDRT-PCR was carried out using 
the oligo <:iT primer for the first strand 
synthesis followed by second strand synthesis 
using fou r arbitrary 13 mer primers. The 
cDNA fragments were resolved on 2% 
agarosc gels stained with ethidium bromide. 

37 

Up regulation and down regulation of genes 
were observed while comparing the cDNAs 
of the two samples. The up regulated genes 
corresponding to the variety having spikes 
were eluted for further cloning and 
sequencing experiments. 

4. Breeding cardamom for high yield and 
resistance to 'katte' disease 

(M. N. Venugopal) 

New crr tria ls 

Two new CYT (NCYT-3 and 4) were laid out 
with 14. and 13 elite selections and hybrids. 
NCYT-3 comprises Malabar types and 5 
hybrids. Six compound panicle types, 2 semi 
erect panicle selections, 2 hybrids and 3 land 
races (Green Gold, PaJakuzhy and Wonder 
cardamom) are included in NCYT-4. 

Hybridization 

Crossing was carried out in 19 combinations 
in cardamom using 6 parents selected for 
specific characters like yield, quality, drought 
tolerance, tolerance to rhizome rot and 
resistance to leaf blight and mosaic disease. 
The percentage of fruit se t in above 
combinations varied from 22% to 66%. The 
seed lings from these crosses were raised for 
next phase of field evaluation. 

Screening of hybrids against mosaic virus 

Thirty one hybrids of mosaic resis tant 
selections, eight OP selections and twelve 
compound panicled selections ar~ in the 
process of screening. The clonal e~ tnes ",:ere 
subjected to two rounds of screerung agamst 
local severe katte isolate through viruliferous 
apterate aphid vector (Pentalonia nigronervosn 
f. ca[adii). Twenty three test accessions have 
expressed mosaic symptoms. 

5. Rootstock-scion interactions in tree 
spices 

(J. Rema, P. A. Mathew and K. S. 
Krishnamurthy) 

Standardization of grafting in nutmeg 

Seeds of Myristicn nra/nbaric{!, M. beddomeii, 
M. jrngrnns, M. prnillii and allied genera 
KIl(>/1{{l {!lld{lf1l{lllic{l were collected from 
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different parts of Calicut and from the trees 
grown in the Experimenta l Farm at 
Peruvannamuzhi and a ll the seeds were 
raised in the nursery for grafting. Soft wood 
grafting was carried out with two different 
scions namely A9-4 and A9-69 on Knemn 
nl1dnmnnicn (an allied genera of Myristicrz sp., 
tolerant to drought) and M. prainii. Though 
success was ob tained the percentage of 
success was not commercially viable. Hence 
attempts were made to graft nutmeg on K. 
nndnmnniUl using M. mnlnbnricn and M. 
bt>ddomeii as interstocks which are compatible 
with nutmeg. M. frrzgml1s would be grafted 
on to the interstocks after their successful 
union on to K. nndamrl11ica. Grafting was 
carried out this year also on M. /1/a/abarica, 
M. beddomeii and M. fmgmns for producing 
sufficient grafts for field trials. 

Standardization of budding in nutmeg 

Experiments were undertaken this year to 
standardize budding in nutmeg. Budding 
was carried out on M. fragrans , M. nla/abarica 
and M. beddomeii u sing green and brown 
buds. Patch budding and chip budding were 
attempted. About 40% and 30% success was 
obtained with chip budding on rootstocks of 
M. malabarica and M. fragrans respectively. 

Field evaluation of grafts for productivittj 

The grafts of nutmeg on three different 
rootstocks namely M. fragrans, M. malabarica 
and M. beddomeii using two different scions 
namely, A9-4 and A9-69 were planted for 
field evaluation at the Experimental Farm 
Peruvannamuzhi in a Completely 
Randomized Block Design. Flowering was 
initiated in the grafts during the third year of 
planting and few fruits were also observed. 
The morphologica l observations name ly 
height, girth and number of branches were 
recorded on all the field planted grafts and it 
was observed that growth was highest on M. 
beddomeii rootstocks for both A9-4 and A9-
69 scions. This was followed by M. malabarica 
and M. fragrans respectively. In general it was 
observed that the growth of. grafts with A9-
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69 scions was superior to that of A9-4. A field 
trial for evaluating the grafts is in progress in 
farmers plot at Kolhi Hills and Pollachi in 
Tamil Nad 1I. 

Field evaluatioH of g rafts for drought 
tolerance in nutmeg 

A new field trial for evaluating the roots tocks 
for field performance has been laid out this 
year in a Completely Randomized Block 
Design at Peruvannamuzhi. Three different 
rootstocks namely M. fmgml1s, M. I1lnlnbarica 
and M. bl'ddomeii grafted with two different 
scions namely A9-4 and A9-69 with 10 plants 
in each replication was planted at a spacing 
of 4.5 m X 4.5 m. In the existing trial all the 
grafts have not established in s pite of 
providing artificial shade and irrigation due 
to lack of natural shade in the plot. Hence 
jack seedlings were planted this year. Sixty 
per cent of the shade trees have es tablished. 

Evaluation of clove grafts for dwarf11ess 

Dwarf clove was grafted on to ordinary clove 
and vice versa to study the effect of rootstock 
on inducing dwarfness. It was observed that 
on grafting dwarf clove on ordinary clove the 
characters like short internode has been 
reverted. Further physiological studies are 
needed to confirm the finding. 

Multiplication of clonal rootstock of clove 

Standardization of clonal multiplication of 
Syzygium heynianum, a compatible rootstock 
for clove, through cuttings and approach 
grafting is in progress. Zanzibar clove was 
multiplied through approach grafting on its 
own rootstock with 80% success. 

Final Report 

1. Cytogenetics and reproductive biology 
of major spices 

(R . Ramakrishnan Nair, K. P . M. 
Dhamayanthi, B. Sasikumar, K. Padmini and 
K. V.Saji) 

Objectives 

• To s tudy natural polyploidy and its 
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• 

• 

distribution in black pepper, gin ger, 
turmeric and cardamom. 

To s tudy cytotaxonomic relationship 
between Piper nigntm and related species. 

To induce artificial polyploidy in black 
pepper and ginger cultivars. 

• To conduct detailed s tudy of the 
reproductive biology of ginger and other 
major spices. 

• Through 'various pollination 
mechanisms, achieving seed set in ginger 
and production of hybrid ginger. 

Black pepper 

Chromosome nllmber 

A total number of 331 accessions including 
227 cultivars and 54 wild types of Piper were 
cytologically analyzed for determining the 
chromosome numbers using the s taining 
technique standardized. Pretreating the root 
tips with a - bromonaphthalene at 11 .00 am, 
fixation at 2.00 pm, hydrolysis with IN BCl 
and staining wi th lactopropionic orcein were 
found to be ideal for black pepper. Accessions 
Acc. 396 (Piper attenuatum (male)-
2n=8x= 104), Acc. 656 (Piper sp.-

2n=8x=104), Acc.1344 (Piper nigrum cv. 
Vadakkan - 2n =6x=78), Ace. 3329 (Piper sp. 
- 2n=125, 118, 106, 86, ) and Acc. 4509 (Piper 
argtjrophyllum - 2n =7x=91) showed variable 
chromosome number than normal 2n=52. 

Numerical variation was observed among the 
OP progenies of Col. No. 1344. 

Chromosome number of P. barberi, an 
endan gered species was reported as 2n=52. 
The chromosome munbers of P. arboreul1I, P. 
colubrinum and P. nltlg nificLim (South 
American species) were confirmed as 2n=26. 
Female plants of Jawa long pepper (P. chabn) 
have 2n =104. A wild species collected from 
North-Eastern region was reported to have 
2n=91. 

Karyotype analysis 

Karyotypes of black pepper cultivar 
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Kurialmund~ and wild species P. magnificum 
and P. colubrmum were prepared using mitotic 
metapha se plates. Chromosome length 
ranged from 0.66 to 1.33 fJ.m and genomic 
formula was fOlmd to be 16 m + 9 sm + 1 st. 
in P. nigrlll1l cv. Kurialmlmdi (Ace. 917). In 
P. magnificum chromosome length ranged 
from 1.41 to 3.34 flm and genomic formula 
was 7 m + 6 sm. Karyotype analysis of P. 
colubril1ul11 revealed that chromosome length 
ranges from 1.08 to 3.26 /.Lm and have seven 
pairs of metacentric, five pairs of 
submetacentric and one pair of acrocentric 
chromosomes. Chromosome pairs No.1, 2, 
and 4 were having secondary constrictions. 

Induction of polyploidy 

Experiments to induce polyploidy in black 
pepper was started even before the 
comm encement of the project. An induced 
tetraploid (C-5) with 2n=104 was identified 
from a population of plants derived from the 
colchicine (0.05%) treated seeds of Panniyur-
1. The induced polyploid was multiplied 
vegetatively and planted in the field during 
1993- 94 for further observation. In general, 
the cuttings showed stunted growth but a few 
of them had normal growth. One of these 
vines produced spikes with medium length, 
sparse setting and bold berries, bu t none of 
the seeds germinated. 

In vitro alldrogenesis 

Segmen ts of spikes and anthers were ctzlhlred 
on E1 m edium s upplemented with and 
without growth regulators such as BAP and 
NAA. Segments of spikes having anthers with 
uninucleate pollen when cultured in hormone 
free El medium (Gamborg, 1983) under 24 
h . dark period initiated the growth of anthers 
without callusing. But no organogenesis/ 
embryogenesis occurred from such anthers. 

Zygotic embryo development 

Histological analysis of developing fruits and 
germinating seeds of black pepper revealed 
that by three months after pollination t~e 
embryo attains 'heart-shaped' s tructure. ThlS . 
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'heart-shaped' embryo remains in the same 
stage till seed ripen and further development 
takes place only after seed shedding, during 
the process of germination. Studies on 
zygotic embryo structure in P. ml/llesuo, and 
P. colubrinum indicated similarity in structure 
to P. lligrum, except for the small size. 
Preliminary observations indicated that 
zygotic embryo is a 'top~shaped' structure in 
P. longum. 

Ginger 

Chromosome number and 111orpholog;y 

Among the forty two accessions analyzed for 
chromosome number Ace.116, Ace. 147 and 
Acc. 246 (Sabarimala) have 2n~24 and all 
others have normal number of 2n~22. 

Karyotype analysis and in situ estimation of 
4c nuclear DNA content indicated wide 
difference between cultivars China and 
Maran. Karyomorphological analysis showed 
significant variation in total chromosome 
length, distribution of secondary constriction 
and SAT chromosomes, between Acc. 246 
and var. Varada. 

Reproductive biology and pollination studies 

Studies on pollen germination indicated that 
the average germination is 29% and average 
pollen tube length is 272lLm. Abnormal pollen 
germination was observed in 16% of the 
pollen. Histological shldies showed normal 
ovule development indicating the possibility 
of high ovule viability. Heterostyly of pistils 
was observed showing 'pin' and 'thrum' type 
styles. Flowers of ginger opens between 2.45 
pm and 3.00 pm and anthesis occurs 15 
minutes atter flower opening. Flowers tall off 
by next day morning. Self pollination ot 309 
flowers from 32 accessions of ginger has not 
resulted in any seed set. 

Polyploidy induction 

Treating buds with 2% colchicine induced 
three polyploids of IISR Varada. Attempts to 
induce polyploidy in other cultivars such as 
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Maran, Mananthody and Suprabha was not 
fruitful even though some plants showed 
polyploid symptoms at early stages. 

Turmeric 

Reproductive biology 

Observations on reproductive biology of 
hlrmeric indicated that the time required for 
the appearance of inflorescence is 102 to 116 
days and number of flowers per inflorescence 
ranged from 47 to 55. The opening of flowers 
start from 7.00 am and continue up to 4.00 
pm. The time of anther dehiscence is between 
10.15 and 11.40 am usually. 

Pollen fertility studies in 5 accessions of 
turmeric showed that even though pollen 
stainability is reasonably high (53 to 58%), 
actual germination is less than 10% in 
Brewbacker and Kwak medium (1963) 
containing 20% sucrose. Germination started 
within 30 minutes of culture. Pollen tube 
attain a length of even 2.5 mm in vitro. 

Seed and embryo structure 

Histological analysis of fruits and seeds of 
Curcuma Zonga showed that the seeds are 
attached to a central column inside the fruit. 
Different seeds derived from the same fruit 
showed embryos of different developmental 
stages occasionally. The monocotyledonary 
embryos resembled that of cardamom in 
structure. Six different developmental stages 
of embryos from early globular to 
cotyledonary stages were identified by 
histological analysis of seeds from fruits of 
different developmental stages. Persistence of 
nucellus was evident in the mature seed. 

Chromosome number 

Cytological analysis of OP seedling progenies 
and germplasm accessions indicated frequent 
variation from normal chromosome number 
(2n~63) in seedling progenies and 
occasionally in germplasm accessions also. 

Seed germination 

A preliminary Shldy on seed germination of 
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turmeric using two accessions (Ace. 126 and 
399) showed tha t only few seeds germinated 
within 1 month of sowing and majority of 
seeds germinated after 5 months of sowing 
with 75% and 73% germination in Acc. 126 
and 399 respectively. 

The seeds also germinated in vitro on SII and 
El medium. In these media also only a small 
percentage of seeds germinated within 1 
month. Attempts to germina te seeds in 2, 4-
D containing medium produced profuse 
white callus with high potential of plantJct 
regeneration in medium containing BAP. 

Cardamom 

Cyfologicnl stlldit>s 

Chromosome number analysis of 18 
accessions of cardamom inel uding 9 
multibranched types revealed that all of them 
are having normal chromosome number of 
2n=48. Cytological analysis in four species of 
Am011lum namely, A. slIblllntu111, A. 
muricatulII, A . microstepha/1um and A. 
canneicarpum revea led tha t all of them are 
having 2n=48. But, the difference in s ize of 
chromosomes among these species was 
evident. 

Future line of work 

• 
• 

• 

• 

Meiotic studies in all the above crops. 

Sterility problem and lack of seed set in 
ginger has to be investigated further. 

Variation in chromosome number in 
seedling progenies of turmeric should be 
studied in detail by analyzing the 
progenies of single parents for a clear 
lmderstanding of triploid segregation in 
turmeric. 

Advanced methods of cytological 
characterization suc h as measuring 
nuclear DNA content may be explored 
in black pepper, as the chromosomes are 
very small and manual karyotyping is 
often confusing. 
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2. Large scale muJtipJication of released 
varieties of black pepper through somatic 
embryogenesis and genetic fidelity testing 

(R. Ramakrishnan Nair and Johnson K. 
George) 

Objectives 

• 

• 

Muitiplication of selected released 
varieties of black pepper through somatic 
embryogenesis. 

Characterization of regenerated plants 
through morphological, cytological, 
biochemical and molecular parameters. 

Induction of somatic embryos 

Primary somatic embryogenic cultures were 
established in var. Subhakara by culturing 
seeds in growth regulator free SH medium 
lmder full darkness. The process was scaled 
up by secondary cyclic embryogenesis by sub
culturing the primary embryos. The plantlets 
were regenerated in liquid SH medium. Sixty 
plants were regenerated and established t>x 
vi! roo 

Cytological analysis 

Cytological analysis of 40 regenerated plants 
indicated normal chromosome number of 
2n =52. 

RAPD analysis of regenerated plants 

Four random operon primers namely, OPE-
2, OPD-3, OPF-5 and OPD-16 were used to 
develop RAPD profiles of somatic embryo 
derived plants of black pepper Subhakara, 
in comparison wi th the mother plant. Profiles 
generated by operon primers OPE-2, OPD-3, 
and OPD-16 produced a uniform pattern 
among the 22 somatic embryo-derived plants 
in comparison with the mother plant 
indicating genetic uniformity. However, the 
banding patterns developed by operon 
primer OPF-5 showed some polymorphism 
in four of the regenerated plants. Analysjs of 
ano ther set of 19 plants using OPE-ll 
indicated differences in few bands in four of 
the regenerated plants. 
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Future line of work 

Regeneration of a large number of plants from 
somatic embryos of different cultivars and 
genetic fidelity testing may help to develop 
an efficient technology for micropropagation 
of black pepper. 

Externally Funded Project 

1. DBT: Improvement of seJected spjce 
crops through biotechnological approaches 

(K. Nirmal Babll, Joh11son K. George, IW. 
Anandaraj, M. N . Vellllgopal and R. 
Ramakrishnall Nair) 

Cardamom 

MO/fCll/ar clwractrrizatiOIl 

RAPD profiles were developed using 30 
random primers in 11 related genera of 
cardamom, namely Eidtnria cnrdn11101111l1n, 
Alllomlim subulatunT, A. gila tic III II , A. 
microst('plzal1um, A. 111t'lliguta, A. invoillcrrztllll1, 
Alpil1ia pllrpurea, A. gnlnnga, A. fl(uticn nlld 
Hedychilllll corOl1arillm. All the primers 
exhibited good polymorphism between the 
genera. SpeCies inter relation ships were 
studied. Among the genera H. cor01wriu111 was 
fOlmd to be nearest to cardamom while the 
farthest was A. microstt'pi1nnu111 among the 
genera studied. RAPD profiles were also 
developed using 50 random primers in 24 
important varieties and promising lines 
namely, ICRI-l and 2, RR-1, NKE-9, NKE-
12, NKE-19, CCS-1, PV-l and 2, Mudigere-1 
and 2, Sampajie clone, MCC lines 12, 21, 40, 
85, 346, S-I, PS-27, SKP-165 and 170, MHC-
26 and 27 and Hybrid-3. 

In view of the limited polymorphism 
observed in RAPD profiles of cardamom a 
modified RFLP-PCR was standardized by 
restricting the PCR products of random 
primers with restriction enzymes before 
visualizing the gels. When Bam HI and Eco 
RI were used the number of bands increased 
so is the level of polymorphism. This method 
was fotmd to be better than stan~ard RAPD 
profiling in the case of cardamom. 
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[nta Sil11ple Seqllc'n ce Repeat (ISSR) reaction 
cond it ions were also standardized in 
cardamomum. Primers were designed with 
2 anchored bases at 3 end for higher specific
ity. The conditions s tandardized for E. CIlrda-
1110111 is 150 mM of dNTP, 2 mM MgC1

2
, 30 ng 

of genomic DNA, 30 ng of primers, 1 U Tag 
DNA polymerase in a 25 ml reaction volume 
optimum temperature profiles w ith initial de
naturation at 94 DC for 3 minutes a core cycle 
of 94 DC for Iminllte, 50 DC for 1minutc, 72 
DC for 1 minute for 30 cycle followed by the 
final cycle of 72 DC for 10 minute were found 
to be good. 

The data generated by all these 3 markers 
were used in study ing the distance, 
similarities and inter relationships between 
the important varia ties and collections of 
cardamom. The s tudies indicated tha t all 
these varieties are differen t from each other 
and there are no duplicates in them. 

Black pepper 

Genetic trails/ormation 

Plantlets were successfully regenerated from 
black pepper seedling explants treated. ~ith 
agrobacterium strain GV-2260 contammg 
osmotin procured from NRC Plant 
Biotechnology, New Delhi(Fig. 11). Five 
plants regenerated from agrobncteriulI1 treated 
leaf explants of black pepper in selection 
medium containing kanamycin were planted 
out. Ten more plants were regenerated using 
hypocotyls explants. 

Fig. 11. Plant rcgeneriltion from Agrobncteriu11I treated 
tissues of black pepper 

Confirmation of tmnsgenl'cify 

PCR amplification was done wi th osmotin 
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and npt II specific and a few putative 
transformants showed 550 bp product 
specific for the osmotin. A 700 bp PCR 
product was obtained when primers specific 
for npt II were used indicating their 
transgenecity. 

AmplIfication of {3-I, 3 gluconase genes from 
P. colubrinum 

A gene targeted approach similar to that for 
isolating chitinase gene was used in 
amplification of P-1, 3 glucanase genes from 
P. coll/briHum. A 15 mer primer was designed 
based on partially conserved amino acids of 
glucanase genes. The primer was successful 
in amplifying a 350 bp band which was 
found to be differentially expressed in the 
RNA sample of P. colubrinlll11 challenged with 
P. capsici. 

Differential display amplification 

The RNA isolated from P. colubrinum leaves 
(control and challenged with P. capsid) were 
subjected to reverse transcription llSing oligo 
d (T) 15 mer primer for the first strand 
synthesis followed by random 13 mer primers 
for the second strand synthesis. Five random 
primers were successful in differentiating 
gene expression in the challenged P. 
co/ubrinum plants from that of the control. 
The amplification products (cDNAs) 
corresponding to differentially expressed 
mRNAs were eluted for further cloning and 
sequencmg. 

Cloning of differentially expressed genes 

The differentially expressed bands of putative 
chitinase, P-1, 3 glucanase and PhytophtllOra 
resistance genes were eluted from the agarose 
gel, purified and reamplified using the same 
primers. The PCR products were run on 1% 
agarose gel to confirm the presence of the 
desired bands. The T A cloning kit (Invitrogen) 
containing the vector pCR 2.1 was used for 
the direct insertion of the peR product into 
the plasmid vector. The insert and vector was 
ligated using T4 DNA ligase and were 
transformed into competent DH5o: cells. The 
transformed colonies were plated on LB agar 
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plates containing X-gal, IPTG and 50 J.lg/ml 
of kanamycm. The white colonies were 
picked up for plasmid isolation and were 
subjected to restriction digestion using ECoRl 
to find the presence of insert. The 
recombinant plasmid was also subjected to 
polymerase chain reaction using the specific 
primers to confirm the presence of the clone. 
The cDNA's corresponding to the 3' end of 
the resistance genes were sequenced 
(Avesthagen Technologies). The putative 
resistance gene was found to have more 
similarity with a putative resistance gene 
from Arabidopsis. 
2. OBT: On-farm evaluation of tissue 
culture derived plants of black pepper 

(K. Nirmal Babn, M. Anandaraj, 
v. Srinivasan and R. Ramakrishnan Nair) 

Multiplication and field planting 

Six thousand multiplying, ill vitro cultures of 
two released varieties of black pepper 
namely, IISR Subhakara and Panchami were 
established and are in various stages of 
multiplication. Two htmdred good healthy 
rooted cultures of black pepper (Subhakara 
and Panchami 100 cultures each) were 
handed over to Biotechnology and Model 
Floriculhlre Centre Kazhakuttom, for further 
multiplication. 

Six yield trails were planted last year in IISR 
Experimental Farms and farmer's field. The 
trials at IISR is with 300 plants, the 
establishment was over 80%. Trichodl'rnlll 
hllrzianllm at the recommended dose was used 
at the time of planting. 

Genetic fidelity analysis 

RAPO and ISSR profiling of 20 randomly 
selected tissue cultured plant of vars. 
Subhakara and Panchami, was done using 
more primers and the profiles indicated 
genetic uniformity among the 
micropropagated plants. RAPD and ISSR 
characterization of 20 randomly selected 
somatic embryo derived plants gave uniform 
profiles indicating genetic similarity. 
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III. Mega Project: Soil and crop management studies for augmenting spice productivity 

(Project Leader: K. Kandiannan) 

1. Nutritional requirement of improved 
varieties of spices 

(V. Srinivasan, K. S. Krishnamllrthy, C. K. 
Thankamani and S. Hamza) 

Evaluation of micronutrients 

In black pepper, application of Zn either 
through soil (@ 5 kg Zn/ha) or as foliar spray 
(0.25% twice) has yielded on par in each 
location studied (Table 19). But the pooled 
analysis of all the three locations revealed that 
soil application of Zn recorded significantly 
higher spike intensity and yield than foliar 
or no Zn application. 

The effect of levels of Zn in combination with 
coir pith compost was shldied on ginger and 
hlfmeric. The application of graded levels of 
Zn increased the soil DTP A Zn availability 
significantly up to 11.17 ppm as compared 
to control, but the yield was on par among 
the levels shldied as the yield levels were low 
(Table 20). The levels of coir pith compost 
applied had significant increase in soil P 
availability. The optimum fertilizer dose for 
obtaining maximum rhizome yield was 6 kg 
ha· 1 of Zn and maximum limit of soil DTPA
Zn for getting higher rhizome yield was 
fOlmd to be 3.4 mg kg·! through a cubic model. 

In turmeric, the soil DTP A Zn availability 
increased significantly with the levels of Zn 
applied and the rhizome yield recorded was 

significantly high at 2.5 t coir pith compost 
application (18.33 t/ha) (Table 21). Among 
the levels of Zn applied significantly highest 
rhizome yield of 19.23 t/ha was observed at 
7.5 kg Zn/ha application which was on par 
to other higher levels of soil application of Zn 
and foliar application (@ 0.25% 2 sprays). 

Targeted production in black pepper 

The mean yield recorded in black pepper vines 
that are targeted with 10, 15 and 20 kg fresh 
yield/vine are 13, 13.9 and 16.4 kg/vine 
respectively (Table 22). The deviation from 
the fixed targets was +30%, -6.9% and 19.0% 
respectively, showing that at targets levels of 
15 and 20 kg/vine, up to 93 and 81 % of fixed 
yield levels could be achieved. At 10 kg/vine 
target, the vines out yielded the target. 

IPNM schedules in ginger and tunneric 

The treatments with integrated application 
of nutrients have shown significantly 
increased yield in ginger with FYM + Vz N 
and P + K + phosphorous solubilizing bacteria 
(PSB) + NC application (21.5 t/ha) over 
recommended package of practices (18.9 t/ 
hal, whereas the nutrient build up was on 
par except that of N (Table 23). In hlrmeric, 
integrated application of PSB and neem cake 
(NC) along with chemical sources 
significantly increased the soil available N 
and P status and the highest rhizome yield 
was recorded in FYM + Vz N + PSB + NC +P 
and K application (23.8 t/ha) (Table 24). 

Table 19. Effect of zinc application on spike intensity and yield of black pepper 

District No. of spikes a.25m2! canopy Yield (kg/vine) 

NoZn 5Zn F Zn Mean NoZn 5Zn F Zn Mean 

Kasaragod 9.9 12.0 9.4 lOA 1.1 1.6 1.2 1.29 

Kannur 14.6 14.5 8.3 12.5 2.3 2.5 1.8 2.21 

Calicut 24.4 19.0 16.6 20.0 2.3 2.6 2.5 2.45 

Mean 16.3 15.2 11.4 1.8 2.2 1.8 

CD (P <0.05)Loc - 1.86; Treat 0.38 
Loc x treat 3.23 0.66 

NoZn: i\Jo Zinc, SZn : Soil Zinc; FZn: Foliar Zinc 
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Table 20. Effect of zinc wi th and without coir compost on P and Zn ava ilability (mg/ kg) and y ield (kg/3 m 2 bed) of 
gingt:!l' 

Zn (kg/ha) Soi l Zn Soil P Yield 

W /o W Mean W/o W Mean W / o W Mean 

0 5.1 5.2 5.15 47.3 51.0 49.2 5.8 6.4 6.05 

5 8.0 7.0 7.47 46.7 44.3 45.5 5.8 6.0 5.92 

7.5 8.6 8.7 8.63 39.7 55.0 47.3 5.7 5.6 5.62 

10 11.9 8.6 10.25 51.3 54.7 53.0 5.5 5.5 5.51 

15 11.8 10.5 11.17 41.7 48.0 44.8 5.3 5.5 5.35 

Foliar 6.0 6.6 6.33 33.7 46.3 40.0 5.0 6.7 5.84 

Mean 8.6 7.8 43.4 46.9 5.5 5 .9 

CD (P<0.05) 

for Zn levels 1.98 6.46 NS 

CD (P<0.05) for CC NS 3.73 NS 

W / 0'" Without coil' pith; W '" with coil' pith; CC '" Coi l' compost 

Table 21. Effect of zinc w ith and w itho ut coir com post on P and Zn availability (mg/kg) and yield (kg / 3 m 2 bed) of 
turmeric 

Zn level kg/ha Soil Zn Soil P 

W / o W Mean W /o W Mean W / o 

0 2.5 3.1 2.78 58 53.3 55.7 7.4 

5 6.5 5.4 5.98 58 48.3 53.2 7.7 

7.5 8.2 7.4 7.8 44.3 50.3 47.3 8.7 

10 9.6 7.6 8.6 49.3 48.0 48.7 8.0 

15 10.5 12.4 11.43 54.3 46.0 50.2 8.6 

Foliar 3.0 2.5 2.78 53.3 41.7 47.3 7.8 

Mean 6.7 6.4 52.8 47.9 8.0 

CD (P<0.05) 
for Zn levels 1.56 NS 

CD (P<0.05) for CC NS NS 

W /0'" Without coir pith ; W '" With coir pith 

Table 22. Investigatio n on nutrient requirement fo r targeted production o f black pepper 

Fer til izer dose (g/vine) Target yield (kg/vine) Actual mean yield 

N P K (kg/vine) 

83 

160 

235 

30 

56 

80 

450 

930 

1410 

10 

15 

20 

13.0 

13.9 

16.0 

Yield 

W Mea n 

7.8 7.6 

9.1 8.4 

10.5 9.6 

10.3 9.2 

9.3 8.9 

8.1 8.0 

9.2 

1.8 
NS 

Deviation (%) 

+30.0 

-6.9 

-19.0 
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Table 23. Effect of rrNM on soil nutrient availability and yield of ginger 

Treatmenls N P K Yield Yield 
(mg/kg) (mg/kg) (mg/kg) (kg/bed) (t/ha) 

FYM+NPK 145.2 43.2 2.:\3.0 9,J ] 8.9 

FYM+NC+PB+YlN+lhP+K 143.0 35.6 230.1 lO.8 21.5 

FYM+NC+PB+lhN+P+K 151.8 37.6 234.4 8.3 16.6 

FYM+NC+PB+YlN+2P+K 161.4 37.8 230.0 8.7 17.8 

CD (P<0.05) 14.4 NS NS 0.56 1.11 

NC= Necm cake; PB = Phosphorous solubilizing bacteria 

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

Treatments N P K Yield Yield 
(mg/kg) (mg/kg) (mg/kg) (kg/bed) (t / ha) 

FYM+NPK 166.0 37.8 235 9.6 19.1 

FYM+NC+PB+tnN+Y1P+K 144.1 45.8 247 9.9 19.7 

FYM+NC+PB+ihN+P+K 153.8 41 .8 239 11.9 23.8 

FYM+NC+PB+V2N+2P+K 167.0 50.4 259 11.8 23.5 

CD (P<O.OS) 6.08 6.08 NS 1.45 2.94 

NC== Neem cake; PB = Phosphorous solubilizing bacteria 

Organic farming in ginger 

Ginger variety Varada was grown organically 
by applying FYM, vermicompost, ash and 
rock phosphate and Pse udomonas sp. as 
biocontrol for rhizome rot. The mean yield 
recorded was 7.3 kg bed-' as compared to 5.4 
kg bed-' in case of conventional farming. In 
hlrmeric var. Prathiba has recorded a mean 
yield of 6.5 kg bed-'lmder organic cultivation 
as compared to 5.5 kg bed-l in conventional 
system. 

2. Efficacy of biofertilizers on nutritional 
management of black pepper 

(C. K. ThankalllCll1t, K. S. Krishualllllrthy, V. 
Srinivasa1l and K. Kandiamtan) 

The field trial to study the influence of 
Azospirillum sp. on growth and yield of black 

pepper was continued. Soil samples were 
collected and analyzed for nutrients before 
and after imposing treatments. Azospirillul11 
population in the soil was counted before and 
after imposing treatments. Initial nutrient 
stahls was high in nitroge~ phosphorous and 
potash. In the pretreatment Azospiri/{11111 
population was low. The AzospirillllnJ 
population gradually increased and highest 
counts were recorded for the treatment 
inorganic nitrogen 50% + Mg. Effect of 
Azospirilllll11 application on NPK content of 
soiJ, six months after application of inoculum 
v,'as no~ significant. Among the treatments, 
significantly higher soil nitrogen was recorded 
in the treatment where FYM application was 
alone and least soil nitrogen was recorded in 
the treatment inorganic nitrogen 50% + zinc 
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sulpha te. MaxinllLm amount of phosphorous 
in the soil was observed for the treatment 
inorganiC nitrogen 50% + 10 kg FYM that was 
on par with inorganic nitrogen 75% + 10 kg 
FYM. Significantly higher amount of potash 
was observed for the treatment inorganic 
nitrogen 50% + zinc + B + Mo and least in 
inorganic nitrogen 50% + calcium. 

3. BiometeorologicaI investigations and 
modeling in black pepper 

(K. Kandiannal1, C. K. Thankamal1i, K. S. 
Krishnamurthy, V. Srillivasan and Utpala 
Parthasarathy) 

Monthly rainfall and black pepper 
p roduction of Kerala State for 11 years 
(1991 to 2001) were collected from 
Farm Guide published by Farm Information 
Bureau, Government of Kerala, 
Thiruvananthapuram. The monthly rainfall 
(January to December) of current and 
p revious years was correlated with black 
pepper production. There was no significant 
relation of previous year's monthly rainfall 
w ith current year production w h e reas/ 
September rainfall of current year alone had 
a positive significant association (r = 0.6094) 
wi th pepper production. This sort of 
correlation and regression studies will help 
in developing crop-wea ther model to predict 
th e yield / prod uction in a region based on 
w eather. The black pepper production 
primarily depends on rain, onset of the 
southwest monsoon is the commencement of 
the season and it triggers new flushing and 
flowering. During this observational year 
flowering (> 50 %) appeared in the 22 nd 

meteorological week (28-5-03 to 03-6-03). The 
spikes were ready for h arvest during 2nd 

meteorological week (08-01-04 to 14-01-04) 
of subseqllent year. The rainfall received 
during this period was 2823.7 mm. The 
thermal time required for the mahlrity was 
3676.2 degree days. 
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4. Development and evaluation of soil and 
water conservation measures and land use 
system for sustainable crop ptoduction in 
Western Ghats of coastal regions 

(5 . J. Ankegowda) 

Soil and water conservation 

Growth and yie ld parameters, soil moisture 
depletion pattern, soi} nutrient s tahls, runoff, 
soil loss and nutrient leached through nmoff 
were calculated in different treatments . 
Contour staggered trenches were used as soil 
conservation measures and pine app le , 
french bean and ginger were used as 
vegetative barriers. Growth parameters and 
so il nutrient status was non-significant 
between treatments. 

Soil loss ranged from 124.3 kg / ha to 943.6 
kg/ha in different treatments and run off 
ranged from 3.96 mm to 19.92 mm in 
differen t trea tmen ts. Soil loss and nm off were 
less in cardamom wi th contour staggered 
trenches. Soi l loss was low in coffee with 
contour staggered trenches and ranged from 
22.6 kg / ha to 131.5 kg / ha. Runoff ranged 
from 0.9 rom to 5.53 mIn. 

Evaluatiol1 of planting systems 

Pit system of planting, trench system of 
planting, scooping and planting, half moon 
terraces and continuous half moon terracing 
were evaluated in cardamom for identifying 
an efficient system for utilization of rain 
water. Soil loss ranged from 87.82 kg/ ha to 
524.5 kg/ha. Soil loss was l~ss in trench 
system of planting and more in half moon 
terracing for each plant. Rtm off ranged from 
3.5 mm to 22.02 mm and was low in trench 
system of planting and higher in pit system 
of planting cardamom. 

Assessment of frequency alld duration of 
irrigatioll in cardamom 

An experiment was conducted in cardamom 
with four treatments namely a) control
mulching with local rna terial (protective 
irrigation) b) drip irriga tion-8 litre per day c) 
sprinkler irrigation once in 15 days and' 
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sprinkler irrigation once in 12 days for 
assessing the frequency and duration of 
irriga tion. 

Growth, yield, soil moisture status and soil 
nutrient status was monitored. No significant 
variation between treatme nts for plant 
height, number o f tillers per clump and 
number of leaves per tiller was observed. 
Significant variation has been observed for 
fresh weight of capsule (g/cl ump) for 
different treatments. Fresh weight of capsule 
(g/clump) ranged from 332.37 g / c1ump to 
472.9 g/ dump. Fresh weight was highest in 
sprinkler irrigation once in 10 days (472.94 
g/ dump) followed by drip irrigation (463.2 
g/c1ump) and lowes t in control with 
protective irriga tion once in a month (332.37 
g/clump). 
Externally Funded Project 

1. Government of Kera[a: Technology 
mission on black pepper 

(V. Sriuiva san, B. Sasikumar, C. K. 
Thankamani and R. Suseela Bhai) 

The experiments were conducted in farmers 
plots spread over 4 nor thern dis tricts o f 
Kerala s tate n am ely, Calicut , Kannl..lr, 
Wyanad and Kasaragod. 

Among the new lines and / or seven released 
varieties evalua ted, OPKm ranked firs t in 
Kannur and Kasaragod dis trkts with a mean 
yield of 7.7 kg and 1.23 kg fresh berries per 
vine, respectively. It recorded 4.77 kg and 
0.6 kg fresh berries per vine at Kozhikode and 
Wyan ad dis tricts respectively . OPKm 
showed tolerance to drought in all the p laces. 

rn the experimen t on organic manuring of 
black pepper, the soil fertility was maintained 
on par among the treatments s tudied. At 
Kasaragod, soil available Nand P contents 
were high in treatments w ith 50% FYM + N 
+ phosphobacteria. Soil K was significantly 
high in treatment 50% FYM + neemcake. in 
Kannur the increase in pH was significant 
with the addition of organiCS and neem cake 
application recorded highest K. Higher 
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micronutrient Zn availability was observed 
in biofertilizer applications. The y ield 
recorded was hig hest in Wyanad and 
Kasaragod districts followed by Kannur and 
Calicut districts. 

In experiments on s tandardization of low 
input technology the P availability of soils in 
Kannl.lT District was lowest and the K 
available was significantly highest in ·Ih POP 
(recommended package of practice) + Zn 
application. In Kasaragod, the soil P available 
was higher with more P in biofertilizer
applied trea tments. The micronutrien t 
availability was also high with highes t Zn in 
Y2 POP + Zn application. In Calicut_ the P 
availability was highest in POP followed by 
biofertihzer application and the micronutrient 
availability was also observed to be high. In 
Wyanad Ca and Mg availability was also 
medium with 2n availability just above the 
critical range. The recorded yield levels 
among low input treatments were highest in 
Calicut District followed b y Kannur , 
Kasaragod and Wyanad. Even though the 
treatments were on par, the highest yield was 
recorded in treatments with 1h POP + neem 
cake, 1h POP + biofertilizer, 1/2 POP + cowpea 
and Ih POP + Zn applica tions. 

In the experiment on use of biocontroJ in 
checking Phytophthom foot rot in the nursery, 
sprouting was found compara tively higher 
:in treatments w here bio-agent was used along 
with potassium phosphonate. Height of the 
plants and average no. of leaves/ plant was 
also m ore wi th the same trea tment in 
solarized soil. Application ofbio-agents twice 
a long with potassium phosphonate or 
Bordeaux mixhlre was fotmd to be superior 
to all other treatments both in the existing 
p lanta tions and a lso in the new p lantings . 

One thousand a nd eight hundred rooted 
cuttin gs were produced from the rap id 
multiplication nurse ries from the fOllr 
dis tricts. During the year 40,445 rooted 
cut tjngs of released varieties namely, 
Subhakara, Panchami, Pournami, P-l, P-2, 
P-3, P-4, P-5 and P-24 were produced. 
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IV. Mega Project: Production physiology of spice crops 

(Project Leader: S. Chempakam) 

1. Biogenesis of pigments in spice crops 

(B. Chempakam and T. John Zachariah) 

Tracer studies 

Phenylalanine is the primary precursor in 
curcumin biosynthesis. Labeled studies llSing 
1-14C-phenyl alanine was conducted in one 
month old turmeric plants through root 
absorption, to know the rate of conversion of 
these compotmds to phenolic acid, which are 
the intermediate precursors. The percentage 
of incorpora tion of HC in the phenolic acid 
and curcumin in the vegetabve parts of 
turmeric namely, leaf, pseudostem, root and 
rhizome at different stages of plan~ growth 
are given in Tables 25 and 26. 

In the leat simultaneous incorporation of 14C 
in both phenolic acids and curcumin was 
seen after one month, to the maximum level. 
In pseudostem, highest incorporation of Loth 
the parameters was seen after one week. In 
rhizomes, lower incorporation was seen in 
phenolic acids at 48 h, probably due to higher 
utiliza~ion and conversion into curcumin. 
This is supported by the higher DPM 
(Disintegrations per minute) observed for 
curcumin in rhizomes during the same 
period. 

Since malonyl-co-A is also involved in the 
final stages of biosynthesis, root absorption 
studies us ing 2- 14C-malonyl Co-A were 
carried out in one month old turmeric plants. 

Table 25. lncorporation of " C in phenolic acids in the vegetative ports of turmeric dming administration of V 'C 
phenyl alanine 

Sampling interval Plant part 

Leaf Pseudostem Rhizome Rool 
(OPM) (DPM) (OPM) (OPM) 

48 hour 61 .3(1.2) 62.8 (1.3) 36.2 (0.71) 4960.4 (96.9) 

1 week 93.9 (15.1) 102.0 (16.4) 243.9 (39.2) 183.7 (29.5) 

1 month 105.7 (9.1) 39.6 (3.4) 51.5 (4.41) 969.5 (83.2) 

2 month 14.9 (6.8) 28.7 (3.2) 50.5 (23.3) 122.8 (56.6) 

3 month 25.0 (28.2) 6.3 (7.1 ) 30.7 (34.6) 26.6 (30.0) 

4 month 22.3 (40.5) 7.7 (13.9) 25.1 (45.6) 14.5 (26.4) 

Values in parentheses denotes percentage 

Table 26. Incorporation of I·e in cu rcumin in the vegetative parts of turmeric during administration o f I-HC

phenyl alanine 

Sampling inte rval Plant part 

Leaf Pscudostem Rhizome Root 
(OrM) (OrM) (DPM) fOPM) 

48 hour 100.0(1.0) 161.5 (1.6) J 760.5 (17.9) 7815.4 (79.5) 

1 week 147.0 (2.1) 142.5 (2.0) 243.4 (3.4) 6579.0 (92.5) 

1 month 332.0(4.8 .5) 99.3 (14.5) 125.6 (1 8.3) 127.2 (18.5) 

2 month 133.9 (24.7) 143.2 (26.5) 97.5 (18.0) 166.3 (30.7) 

3 month 133.4 (34.0 ) 81.1 (20.7) 45.8 (11.7) 131.6 (33.6) 

4 month 68.5 (24.5) 76.3 (27.3) 36.1 (12.9) 98.8 (35.3) 

Values in parentheses denotes percentage 
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Maximum incorporation was seen in roots 
after one week, with lower levels in leaves 
and rhizomes. In general, the incorpora non 
of the label in the cltrcumin fractions was 
erratic and poor in the vegetative parts (Table 
27). This shows that the alternate biosynthetic 
pathway suggesting malonyl Co-A as the 
immediate precursor can be ruled out. 

Sub cellular localization of PAL 

The localization of PAL, the rate limiting 
enzyme in curcumin biosynthesis using 
density gradient centrifugation and marker 
enzymes indica ted its presence in the 
microsomal fraction with a minor fraction in 
the endoplasmic reticulum. 
2. Characterization of drought tolerance in 
black pepper 

(K. S. Krishnamurthy, S. J. Ankegowda and 
K. V. Saji) 

Screening 

In preliminary screening, 137 black pepper 
germplasm accessions were screened for 
drought tolerance in 4 sets of 45, 30, 30 and 
32 accessions each. Some of the relatively 
tolerant accessions identified are Aces. 1380, 
1387, 1410, 1423 and 1430. 

Intrinsic water use efficiency 

Intrinsic water use efficiency (AI g) was 
measured in some of the tolerant and 
susceptible accessions identified during the 
previous year to understand the physiological 

Table 27. Incorporation of2-1~C-malonyl Co-A in curcllmin 

Sampling Plant part 

intervals Leaf Pselldostem Rhizome Root 
(DPM) (DPM) (DPM) (DPM) 

1 week 84.0 412 53 1498 

1 month 28.7 35.9 34 227.6 

2 month ] 7.6 42.8 31.3 53.6 

3 month 30.8 25.5 26.1 34.3 

4 month 25.4 26.3 24.03 28.2 

5 month 28.8 25.6 23.9 24.5 

6 month 23.9 30.7 
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mechanism leading to water s tress tolerance. 
In general, tolerant accessions showed higher 
water use efficiency compared to susceptible 
accessions after 6 days of stress ind uction. 
But at 3 da ys after stress induction, bo th 
tolerant and susceptible accessions had 
similar water use efficiency values. But the 
transpiration rate remained almost the same 
in both tolerant and susceptible accessions. 

Isozyme profiles 

Isozyme profiles of catalase, peroxidase and 
superoxide dismutase (SOD) were studied in 
10 tolerant and 14 susceptible accessions 
identified during the previous year. Catalase 
showed single band (rm value of 0.14) 
irrespective of stress levels and genotype. 
Similarly, SOD showed three bands (rm 
values of 0.18, 0.34 and 0.47), which again 
did not differ either with stress levels or with 
the genotype. Peroxidase showed three 
isoforms (rm values of 0.12, 0.3 and 0.51). 
Here also, genotypic differences were not 
seen but the band with an rm value of 0.51 
was generally seen under water stressed 
condi tions. 
3. Characterization of drought tolerance in 
cardamom 

(5. J. Ankegowda and K. S. Krishl1al1lllrthy) 

Collection 

Three genotypes with high biomass and yield 
were collec ted from farmer 's field from 
Kodagu District and one of the clones 
collected produced 5 kg wet cardamom 
capsule. 

Hybridization 

Four genotypes namely APG-243 (CCS-l), 
APG-244, APG-257(Green gold) and APG-
298 (IISR Avinash) were crossed with each 
other and seedlings were raised for further 
evaluation for higher yield and drought 
tolerance in the field. 

Evaluation of cardamom accessions 

Forty five genotypes were tested for relative 
water content (percent reduction over 
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control), specific leaf weight, stomatal count 
and membrane leakage. They recorded 
significant variation. Relative water content 
ranged from 16.95% to 30.76% with a mean 
of 22.95%. Specific leaf weight ranged from 
3.55 mg/cm2 to 6.9 mg/ cm2 with a mean of 
5.47 mg/cm2. Stomatal count (60x) ranged 
from 7.8 to 14.38 with a mean of 9.94 per 
microscopic field. Membrane leakage ranged 
from 4.13% to 11.77% wi th a mean of 7.63%. 
Genotypes Mysore-2, Mysore-3, Vazhukka
L Vazhukka-7, APG-343, APC-355, 
Malabar-13, Malabar-IS and Malabar-16 
had low reduction in relative water content. 
APC,ll, APG-13, APG-2S7, APG-298, APG-
340, APG-341, APG-342, APG-349 rind APG-
355 had higher specific leaf weigh t. I-I ybrid 
APG-336, APG-337 and Mysore-7 had less 
stomata} count. APG-298, APG-346, APG-
355, Malabar-12 and Malabar-IS had low 
membrane leakage. 

Six accessions namely, Green Gold, Mysore-
2, Malabar-18, APG-277and APG-386 were 
planted in cement pots tmder rainout shelter 
Eor evaluation for drought tolerance. 

Seventeen genotypes were analysed for delta 
13C Llsing Isotope Ratio Mass Spectrometer 
(IRMS) at National Facility for Stable Isotope 
Studies in Biological Sciences at Department 
of Crop Physiology, University of 
Agricultural Sciences, Bangalore. Data 
indicated s ignificant varia tion Eor l1C 
discrimination. Delta 13C values ranged from 
20.54 to 22.36 with a mean of 22.27. 
Genotypes APG-298 (20.54) and APG-355 
(20.64) recorded low discrimination values 
indicating higher water use efficiency. 
Genotypes APG-306 (23.365) and APG-339 
(23 .25) recorded higher delta 13C 
discrimination indicating low water use 
efficiency. 

4. Physiological and biochemical basis for 
productivity in black pepper 

(K. S. Krishnamllrthy, B. Chempakam, 
K. Kandiannan, and Johnson K George) 

Metabolite partitioning, isozymes profiles and 
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gas exchange parameters were s tudied in five 
high yielding (Ace. 813, Ace. 104L OPKm 
BP-780 and I-IP-1411) and five low Yieldin~ 
(Accs . 840, 1120, 1157, 4132 and 5349) 
accessions of black pepper to understand the 
physiological and biochemical basis of 
productivity in black pepper. 

Metabolite partitioning 

Contents of total carbohydrates, reducing 
s ugars, tota l phenols, amino acids and 
proteins were estimCl ted in selected high as 
well as low yielders mentioned above. 
Carbohydrate content varied significantly 
among the accessions. In generat partitioning 
of total carbohydrates to roots was highest 
followed by leaC petiole and stem. Leaves, 
stem and petioles of high yielders had lower 
level of carbohydrates than those of low 
yielders where as in roots, a reverse trend was 
observed (Table 28). 

AnaJysis of reducing sllgars revealed that 
high yielders had more reducing sugars in 
petioles and less in leaves compared to low 
yielders. Stem and root redUCing sugar levels 
remained same among both high and low 
yielders. 

Table 28. Total carbohydrates (%) in high and low 
yielding black pepper accessions 

Accessions Leaf Roo t Petiole Stem 

High yielders 

Ace. 813 7.34 10.90 3.29 5.88 

Ace. 1041 6.46 10.78 4.46 5.18 

OPKm 4.69 4.00 6.27 4.06 

HP- 780 4.44 5.43 5.41 3.50 

HP- 1411 9.55 12.32 4.26 5.28 

Low yielders 

Ace. 840 11.76 11.71 9.71 9.78 

Acc.1120 9.87 9.23 10.16 7.50 

Ace. 1157 6.78 8.88 6.48 12.28 

Acc. 41 32 6.76 6.6J 6.70 9.33 

Ace. 5349 4.58 7.55 2.73 4.82 

CD (P<O.05) 1.46 1.62 1.23 2.17 
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Among different parts, root contained 
highest phenol level followed by leaves, stem 
and petioles. Leaves, roots and stem of high 
yielding accessions contained higher phenol 
content than those of low yielders (Table 29). 

Protein content differed significantly among 
the accessions. Roots showed highest protein 
level followed by stem, petioles and leaves. 
Roots of low yielding accessions showed 
highest protein level where as reverse trend 
was observed in leaves and petioles . Stem 
showed highest amino acid level followed by 
leaves, roots and petioles. Both high and low 
yielders had similar level. 

Isozyme profiles 

Isozyme profiles of peroxidase, polyphenol 
oxidase, malate dehydrogenase, esterase and 
acid phosphatase were studied in high and 
low yielding black pepper accessions. 

Peroxidase had three prominent identical 
bands in the leaves of 4 high yielders among 
five, which were not conspicuous in low 
yielders. In roots, four identical bands (rm 
value of 0.05, 0.38, 0.57 and 0.62) were found 
in both high as well as low yielders. 

Table 29. Total phenols (mg g fw·l) in high and low yielding 
black pepper accessions 

Accessions 

High yielders 

Ace. 813 

Acc.1041 

OPKm 

HP-780 

HP-1411 

Low yielders 

Acc.B40 

Acc.1120 

Acc.1157 

Acc.4132 

Acc.5349 

CD (p<O.05) 

Leaf Petiole 

8.45 6.32 

8.13 5.15 

8.33 5.25 

8.57 6.06 

5.51 4.68 

7.41 3.77 

7.16 3.37 

1).41 3.95 

6.90 4.33 

8.73 5.54 

1.87 1.56 

Root 

6.41 

5.36 

10.61 

10.91 

12.47 

8.81 

5.78 

7.72 

6.49 

7.49 

.2.10 

Slem 

6.43 

8.98 

4.55 

9.88 

4.65 

4.75 

6.16 

4.35 

7.40 

12.63 

2.34 
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Malate dehydrogenase showed two isoforms 
with rm va lues of 0.05 and 0.11 and acid 
phosphatase had three isoforms (rm values 
of 0.12,0.33 and 0.42). The pattern remained 
same for both high as well as low yielders. 

Similarly, polyphenol oxidase showed 4 
bands of which rm values of 0.36 and 0.62 
were generally found in high yielders. 

Externally Funded Project 

Final Report 

1. l eAR: Elucidation of biosynthetic 
pathways of curcumin in turmeric 

(B. Chempakam, K. VaslI and N. K. Leela) 

Objectives 

• To s tudy the nature of precursors, 
intermedia tes and degradation products 
of curcumin so as to evolve a suitable 
biosynthetic pathway. 

• To assay and localize the key enzymes 
involved in the biogenesis, based on the 
established pathway. 

• Exploring the possibilities of utilizing the 
data generated from the scheme for 
establishing the pathways of biosynthesis 
of the active principles in other spices 
namely, pepper and ginger. 

Changes in curcumin, starch and secondary 
metabolites during plant growth 

This work was taken up to understand the 
level of pigments in the different vegetative 
parts of turmeric from the third month after 
sowing and its relative variation with respect 
to other major components namely, essential 
oil, oleoresin and starch. 

Maximum conten t of curcumin was seen 
between 120 and 150 DAS (days after 
sowing), in the five varieties which decreased 
gradually and remained stable after 180 DAS. 
Essential oil content decreased gradua lly as 
the rhizomes developed . Higher con
centration was seen in the first two stages 
(120 and 150 DAS). Gas chromatographic 
analysis of essential oil showed that in root 
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and rhizome, the major constihlents are ar
turmerone and ar-curcumene (46.8% and 
31.5%) respectively, while in leaf, the major 
component is a- p hellandrene (32.62%). In 
turmeric leaves also, curcumin and essential 
oil content were higher in the initial stages, 
which declined with the growth of the plant. 

Oleoresin also showed a grad ual decline 
during the maturity of the rhizome. The 
oleoresin in the early stages ranged from 
17.5% to 24% in the immature rhizomes, 
while it ranged from 6.6% to 9.64% in the 
mahlre ones, accounting for about 50% - 70% 
of decline (Fig. 12) var. Prabha and Alleppey 
Finger Turmeric possessed higher oleoresin 
(24.01 % and 23.9% respectively) in the initial 
stages. A gradual increase in starch was seen 
in all the five varieties during rhizome 
growth. Higher dry recovery was seen in var. 
Prabha, Prathibha and Alleppey Finger 
Turmeric (25 .7%, 20.2% and 23.9% 
respectively) in the mature stage, while 
Suguna and Si.ldarsh ana had lesse r dry 
recovery (11.9% and 13.2% respectively). 
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Fig. 12. Curcumin, essentiClI o il, oleoresin, s tarch and dry 
recovery in turmeric rh izomes during development 

Distribution of CllrClIminoids in rhizomes. 

Curcumin (curcumin I), which fo rms the 
major portion of the curcuminoids, is 
distributed wufonnly in mother, primary and 
secondary rruzomes only in the initial stage 
(120 DAS). As the rhizomes develop, the 
primary and secondary rhizomes contain 
higher propo~tion of curcumin (61.8-73.6%) 
as compared to mother rhizomes (46.4%). At 
full rna turily, however, primary rhizomes had 
the highes t content. This indicates that at 
later stages there was a lower production of 
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ctlrcumin II a nd III, which are the two 
demethoxy forms. These compounds 
probably substantiate by providing the methyl 
acceptor to the final methylated form. 

Curcllmin II (demcthoxycurcumin), which is 
stru cturally similar to bis d emethoxy 
curcumin (curcumin III), except for an 
addi tional methoxy group (-OCH) was 
maximum in mother rhizomes at 150 DAS. 
The secondary rhizomes also possessed a 
higher level at full maturity. In all other 
s tages, the compound wa s at low 
concentration and varied from 11% to 24%, 
with highest in mother rhizomes and lowest 
in secondary rhizomes. 

Curcuminoids in the pooled rhizome samples 
exhibited a similar pattern, where maximum 
levels of curcumin III were observed at 180 
DAS. The only difference was that curcumin 
II and III are p resent in equal proportion, 
except at stage III where it was proportio
nately low as compared to curcumin 1. 

Studies 011 phellylalanine ammonia lyase 
(PAL) 

PAL in early germination phase 

PAL is the major rate limiting enzyme in 
phenylpropanoid metabolism and hence 
associated with curcumin biosynthesis. The 
activity was assayed in the early stages of 
rhizome development. For this, turmeric 
rhizomes from two varieties (Prathibha and 
Sugtma) were sown and samples were taken 
at 15 day intervals to assess the PAL activity 
for a period of 3 months. 

The activi ty was maximum at 120 DAS in 
rhizomes which declined afterwards (Table 
30). The activity in roots showed a steady 
increase. The activity of PAL was very low 
in roots at 150 DAS, which gradually 
increased during the next intervals . In 
rhizomes and leaves, initial PAL activity 
showed an increa se, which came down 
during the plant growth. In rhizomes, the 
activity decreased to about 1/ 5th of the initial 
va lue, whereas in leaves, a decrease of about 
60% was seen. 
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Table 30. PAL activity in rhizomes, root and leaf at very early stages in turmeric 

Plant part PAL activity (JlM trans-cinnamic acid released/min /mg protein x 10-2
) 

Stages 120DAS ]SODAS 

Prabllfl 

Rhizome 82.30 20.40 
Root 6.80 8.11 
Leaf 30.30 22.50 
Sugllnn 

Rhizome 111.50 7.40 
Root 3-38 3.71 
Leaf 137.10 6.99 
DAS- days after sowing 

PAL in low and high curcumin accessions 

PAL activity was seen in low and high 
curcumin accessions. A direct correlation 
exists with curcumin and PAL activity in low 
and high curcumin accessions, indicating a 
prime role for PAL in the biosynthesis of the 
pigment. 

Tracer studies 

The following three tracer incorpora tion 
studies using 1"<:03; root absorption studies 
w ith 1-14C-phenylaJanine and root 
absorption and incorporation in curcumin 
using 2-14C-malonyl Co-A experiments using 
tracers were conducted in turmeric. 

]80DAS 2]ODAS 240 DAS 

21.20 14.40 14.40 

21.80 25.38 28.40 

7.01 21.70 12_01 

8.16 20.90 24.20 

5.32 10.61 9.44 

15_20 8.59 1.48 

intervals. Maximum incorporation of the label 
was fOlmd in roots from one month onwards. 

Turmeric rhizomes were sown in polybags. 
One month old seedlings of var_ Prathibha of 
uniform size were selected for the s tud ies. 
The roots of the seedlings were immersed in 
a trough containing 14-C-phenylalanine for 
24 h and then replan ted in plots. Samples 
were analysed for the incorpora tion of the 

Table 32. 14C_ Incorporation of curcumin in root, rhizome 
pseudostem and leaf after exposure to 14C_ phenylalanine 

Period 

48 four 

1week 

Root 
(%) 

52.38 

44.09 

Rhizome 
(%) 

39.32 

53.91 

Pseudostem Leaf 
(%) (%) 

10.17 9_86 

23.57 14.42 
Table 31 shows the incorporation as DPM of 

Imonth 
14C-C02 in the curcumin extracted from roots, 
rhizomes, pseudostem and leaves, at various 2 month 

T bl - 3 month 

0.85 

1-11 

2.18 23.69 35.73 

0.98 12_72 15.50 

a e 31. IncorporatIon of 14C-CO) in curcumin among 
the vegetative parts of tu rme ric 4 month 

0.66 0_81 13.42 15_06 

0.88 2.81 16.42 9_17 

Period Root Rhizome Pseudostem Leaf 
(%) (%) (%) (%) labeled compound as phenolic acids and 

24 hour 24.30 11.3 15.4 49.00 curcumin. Same procedure was followed for 

48 hour 24.90 14.6 23.4 37.16 
the incorporation studies using 14_C malonyl 

% hour 22_90 22.7 11.73 42.58 
Co-A. 

1 week 25.01 32_8 41 .78 0.37 Maximum incorporation of 14 _C_ 

1 month 67.52 13.9 11.42 7.28 phenylalanine in curcumin was seen in the 

2 month 35.68 29.5 16.80 18.02 
early period (1 month) in the leaf (Table 32). 

3 month 
Simultaneou s incorporation In both 

66_12 13.3 17.95 2.61 

4 month 83.10 4.88 5-04 
components indicates a direct role for 

6.98 phen y la lanine as initial precursor. 
S mOf,th 66.10 17.8 .5.15 10_96 Trans location and incorpora tion of 14_C 
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malonyl Co-A is poor and erratic and hence 
initial precursor as acetate can be ruled out. 

Sllmmary 

• PAL the major enzyme, which initiates 
the series of reactions leading to curcumin 
synthesis, was studied during the early 
germination phase. The activity was 
maximum in leaves as compared to roots, 
rhizomes and pseudostem, indicating 
that the conversion of phenylalanine to 
cinnamic acid mostly takes place in the 
leaves 

• Studies on the localization of PAL activity 
in various cell fractions showed 
maximum activity in microsomal 
frac tion 

• GC-MS studies of the essential oil from 
rhizome, root and leaf indicated the 
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major compounds as ar-turmerone and 
ar-curcumene in rhizome and root and 
u- phellandrene and terpenolene as the 
major ones in leaf oil. 

• Majority of the phenolic acids identified 
in the leaf are coumaric, caffeic and 
ferulic acids. These phenolic acids are 
intermediate precursors in the proposed 
pathway of curcumin biosynthesis. 

• A direct correlation exists with curcumin 
and PAL activity in low and high 
curcumin accessions, indica ting a prime 
role for PAL in the biosynthesis of the 
pigment. 

• Studies using labeled CO
2

, labeled 14C_ 
phenylalanine and '4C-malonyl Co-A to 
see the incorporation of the intermediary 
precursors have been completed. 
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V. Mega Project: Value addition and post harvest processing of spices 

(Project Leader: T. John Zachariah) 

1. Quality evaluation in spices 

(T. Johll Zachariah alld N. K. Leela) 

Black pepper 

Black pepper hybrids and collections were 
analyzed for oil, oleoresin and piperine and 
the high quality accessions are listed in Table 
33. 

The chemical quality (oil, oleoresin ,lOd 
piperine) of pepper grafts (P. co/ubl'illlll1l as 
rootstocks) and non-grafts of bJack pepper, 
Kutching, Panniyur-l, 2, 3, 4, 5, Panchami, 
Poonjaramundi, Kuthiravally, Sreekara, 
Subhakara, Kottanadan were compared. 
There was no variation in quality between 
grafts and non-grafts. 

Table 33. High quality black pepper accessions 

Accession Essential oil CYo) Oleoresin (CI/O) Pi perine (%) 

HP-813 3.7 11.0 4.2 

C-950 3.3 8.0 3.2 

C-l\l41 3.7 '92 3.0 

P-24 3,3 9.6 4.1 

HP-150 12.2 3.9 

HP-1662 13.0 5.0 

HP-4052 12.4 3.0 

HP-4187 13.2 3.1 

P. argyrophyl/um 3.4 11.5 

P. attenuatun7 3,0 9.7 

Table 34. High quality cardamom accessions 

Accession OIl 1,B-cineole a-terpinyl acetate 
('Yo) (%j (o/u) 

APG-246 8.4 29.6 39.2 

APG-248 8.5 33.0 363 

APG-352 8.3 26.2 32.7 

APG·357 6.6 31.9 42.5 

APG-365 6.6 27.2 43.8 

APG-378 8.1 33.7 36.3 

Mysore-2 7.5 22.3 41.0 

Ma\abar-27 7,0 43.4 34.4 

OP-N-19 7.6 31.8 34.6 

the key constituents, which determine the 
flavour of cardamom oil. The ratio of these 
constituents determines the overall flavor 
note of cardamom oil. I, 8-cineole imparts a 
camphoraceous note and a-terpinyl acetate 
imparts sweet floral note. I, 8-cineolc content 
among the accessions varied from 22% to 
43%. a-Terpinyl acetate content varied from 
26% to 43%. 

Gillger 

Fifty ginger accessions were evaluated for oil, 
oleoresin and crude fibre content and the high 
quality accessions are listed in Table 35. 
Essential oil content range from 0.6% to 2.0% 
and oleoresin range from 2.5% to 5.3%. 
Accessions 135, 156, 201, 233, 270, 480, 507 

Cardamom and 515 had cnlde fibre content below 2.5% 

Seventy seven germplasm accessions of TabJe 35. High gu,dity ginger accessions 
cardamom were evaluated for essential oil 
and GC profile of oil and the high quality 
accessions of cardamom are listed in Table 
34. The oil content ranged from 5.2% to 8.5%. 
All the 77 accessions had about 1.6% pinene. 
Sabinene ranged from 1.8% to 4.0%; myrcene 
from 1.6% to 4.5%; Iimonene from 3.1 % to 
8.8%. 1, 8-cineoJe and a-terpinyl acetate are 

Accession Oil Oleoresin 
(%) (%) 

Ace. 428 1.6 3.0 

Ace 512 1.3 5.3 

Ace. 555 2.0 4.9 

Ace. 558 1.5 4.6 

Crude fibre 
(%) 

3.0 

4.3 

5.7 

6.5 
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ilnd accessions 195, 452, 476, 486, 535, 551, 
555 and 558 contained more than 5% crude 
fibre. It was observed that accessions with 
high oleoresin con tained more crude fibre. 
Accessions 176, 184, 297, 468, 507 and 531 
had more than 40% zingiberene, the main 
constituent of ginger flavour in the oiL Ace. 
486 contained highest limonene and lina1001 
in the oil. 

Ginger collection from Achankovil a rea (Ace. 
652) contained 3.2% oil with 59.5% 
z ingibercne, 11 % geraniol and 5.1 % 
limonene. Acc. 653 contained 3% oil with 44% 
zingiberene, 23.8% geraniol and 7.1 % 
timonene. The oil profile of these accessions 
arc remarkably different compared to regular 
ginger accessions. Contrary to yellowish tinge 
of regular ginger oils these accessions had 
colorless or whi te oil. 

Turmeric 

Among the 400 turmeric accessions eva lua ted 
for quality Accs. 124, 201, 227, 264, 295, 435, 
544, 547, 548, 575 and 593 h ad more than 
12% oleoresin . Only three accessions Ace. 
240, 592 and 593 contained 5.5 % curcumin. 
Acc. 103, 114, 334, 413, 422, 540, 547, 548 
and 575 had more than 5% essential oil. 

Cassia 

Bark of Cinnamomum burmanii (Padang 
cassia) contained 2.8% oil and 11.8% 
oleoresin. Cinnamomurn lourerii (Vietnam 
cassia) contained 3.3% oil. 

Final Report 

1. Harvesting and processing techniques in 
spices 
(P. Heartwin Amaladhas, T. John Zachariah 
and A. KlImar) 

Objectives 

• 

• 

To survey the indigenous technologies 
fol lowed ~n drying and processing of 
various spices. 

To compare the quality aspects of spices 
processed by traditional method with the 
improved mechanical methods. 

• 

• 

• 

• 
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To study the drying characteristics of 
nutmeg and optimize the drying 
parameters. 

To study the dea th time characteristics 
of wilt callsing bacteria in ginger and 
development of heat treatment unit. 

To develop a thresher for bJack pepper 
suited to small and marginal farmers. 

To develop a c leaning and grading 
system for black pepper. 

Dehydratiol1 

Mace and Ilutmeg 

Hot air drying in agricultural waste fueled 
dryer and hot san d drying methods were 
followed to dry mace and nUhneg. In hot air 
drying, the temperature was maintain.ed in 
the ran ge of 55 to 65°C Both mace and 
nutmeg were spread in a single layer over the 
wire mesh. It was observed that drying of 
mace took 4 h while that of nuhneg took 16 
h . The dry recovery of mace and nutmeg 
were 33.1% and 70.6 % respectively. In the 
hot sand drying method, a sand bed was 
placed over a wood fueled s tove and mace 
and nutmeg were spread over it. It is one of 
the traditional methods followed for drying 
of nutmeg where the sand bed provides a 
continuolls heat supply to the produce. In 
this method, control over the temperature of 
drying is limited. Drying was over in 3.5 h 
for mace and 14 h for nutmeg. Analysis of 
quality of air dried and hot sand dried mace 
and nutmeg showed that the quality was 
better in hot air drying. 

Hot air drying of mace took 4 h while 
blanched (for 2 min in 75°C water) mace 
required only 3.5 h for drying. The dry 
recovery of hot air dried and bJanched mace 
were 37.8% and 37.1%, respectively. Analysis 
of quality of dried mace showed that fresh 
mace had a lycopene content of 121.92 mg/ 
100 g which after drying changed to 
148.98 mg/100g and 182.23 m g/100 g, 
respectively, for hot air dried and blanched 
mace. Blanched mace gave 23% more colour 
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and more colour stability than hot air dried 
mace. Volatile oil and oleoresin contents of 
hot air dried and blanched mace were 
comparable. 

Piper chaba 

P. chaba at three maturity levels namely 
mature (turning green to orange), ripe 
(completely red) and over ripe (soft and red) 
were dried in both sun and dryer. Sun drying 
took 5 days while hot air drying took only 8 
h for complete drying. The dry recovery was 
between 30 and 34 % in both methods of 
drying. Dry recovery was found to be highest 
in over ripe sample because of its low 
moisture content at the time of harvesting. 
Drying of P. chahn in hot air at 60 to 65 DC at 
three stages of mahlrity indicated that it took 
9 h to attain a safe moisture level. The dry 
recovery at mature, ripe and over-ripe stages 
were 29.4%, 30.1% and 30.2%, respectively, 
compared to 71.8%, 71.6% and 71.4%, 
respectively in the fresh state. The moisture, 
oil and oleoresin contents in these stages were 
also estimated before and after drying. 

Cassin 

Effect of sun drying and hot air drying (50 
DC) on cassia were studied. Sun drying took 
1-2 days while hot air drying took only 3 h. 
The dry recovery of cassia after sun drying 
and hot air drying were 34.0% and 33.7%, 
respectively. 

Storage of mace 

Mace was stored in PET, polythene and 
polypropylene containers and the changes in 
quality characteristics like moishue content, 
volatile oil, oleoresin and lycopene contents 
were analysed. The moisture content 
increased during storage while volatile oil, 
oleoresin and lycopene contents decreased. 
After 3 months of storage, the lycopene 
content degraded by 68% to 86% in hot air 
dried mace and 66% in blanched mace. 

Aerated steam treatment of ginger rhizomes 

Ginger rhizomes infected with soft rot 
pathogens were treated using aerated stearn 
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at 46 and 51 DC for 15 min and 30 min, for 
standardizing optimum conditions for 
treatment. After treatment, the rhizomes 
were treated with biocontrol agents 
(Trichoderma sp. and Pseudomonas sp.) and 
planted in the field and the plant population 
and yield were recorded. Aerated steam 
treatment at 51 DC for 15 min was most 
effective in controlling the disease. 

Development of black pepper thresher 

Two models of black pepper threshers (dntm 
type and funnel type) were developed in 
collaboration with Tamil Nadu Agriculhlral 
University (TN AU), Coimbatore. The 
threshing capacities of drum type and funnel 
type threshers were 150 and 75 kg per hour, 
respectively with a threshing efficiency of 
99.6% and 98.5%, respectively. Two 
commercially available models namely, 
Vivega hand-operated and Vivega power
operated threshers were also evaluated for 
their performance. 

Externally Funded Project 

Final Report 

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

(P. Heartzvin Amaladhas, B. Chempakam 
and T. John Zachariah) 

Objectives 

• To develop a mechanical dryer for black 
pepper (50 kg per batch) 

• To develop a mechanical thresher for 
black pepper. 

• To fabricate an equipment for cleaning 
and grading of pepper. 

• To develop a pilot plant for the 
production of white pepper. 

• To refine existing technologies in the 
garbling of cardamom. 

• To develop an on farm dryer for chilli 
suitable for centralized drying. 

Achievements 

• The engineering properties of three 
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• 

• 

varieties of black pepper, namely, IlSR 
Shakthi, Panniyur and Karimunda v.rere 
determined. The dimensions, sphericity 
and berry / spike ratio was highest for 
Panniyur, while IISR Shakthi had the 
highest bulk density . 

Hot air drying of black pepper using 
agricultural waste fueled type dryer took 
9 h and the dry recovery was fOlmd to be 
36.4%, 32.3% and 33.3% for nSR 
Shakthi, Panniyur and Karimunda 
respectively. 

Sun drying, which took 4-5 days, also 
resulted in a higher dry recovery for P-
24. lIowever, hot air dried pepper 
resulted in a reduction in the oleoresin 
and volatile oil content. 

• Among four types of pepper thresher 
evaluated, TNAU drum type thresher 
with a threshing capacity of 150 kg/h 
was found to have a threshing efficiency 
of 99.6% (Fig. 13). 

• 

• 

• 
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The cleaner-cum-grader developed by the 
lead centre was evaluated for its 
effectiveness at different rpm. 

To refine the existing methodology for the 
production of white pepper, pit method 
was found to be more advantageous with 
less water requirement and less pollution 
reHing method. The method consisted of 
placing the berries in polybags at 60 cm 
below the soil surface and moistening 
once in 3 days for a total of 14 days. 

The natural microflora associated with 
the surface of black pepper berries were 
isolated and these isolates were 
tentatively identified as Bacillus spp. 

2. NATP: Integrated technologies for value 
addition and post harvest processing in 
palms, spices and tropical tuber crops 

(T. J0I111 Zachariah, B. Chempakam, N. K. 
Leda alld S. Devasallayalll) 

• Indigenous technologies available in 
despiking of pepper, cleaning and 
grading of pepper, curing of cardamom 
and drying of nutmeg and mace were 
documented. 

• Various pepper threshers available were 
evaluated. A unit with a capacity to 
despike 150 kg / h green pepper with 
99.6% efficiency with an approximate 
cost of Rs.15,OOO/ - was identified as the 
most ideal one. 

• A copra drier was modified and found 
suitable to dry mace in about 3 h without 
loss of colour and chemical quality. 

• The main microorganism involved in 
white pepper fermentation was identified 
as Bacillus sulltilis. 

• A zero energy chamber was fabricated 
to store fresh ginger. Fresh ginger stored 
in a wooden box in the chamber showed 
weight reduction of only 23% compared 
to 39% in wooden box alone and 50% in 

Fig. 13. Black pepper thresher open condition. 
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• Storing dry ginger in PET jars with leaves 
of Azadiracta indica, Glycosmis 
cochinchinfllsis and Clerodendron 
infortllnatllm prevented attack of storage 
pests such as Lasioderma serricorne. 

• Pepper, ginger, turmeric, nutmeg and 
mace can be successfully stored under 
vacuum in aluminium foil, which 
preserve the material from moisture 
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reabsorption and maintain the physical 
and chemical quality. 

• Super critical extraction of pepper and 
ginger oil using liquid carbon dioxide 
indicated that compared to 
hydrodistillation the former possess marc 
fruity and sweet aroma. However, GC 
profile of the two reveal that super critical 
extraction reduces recovery of many low 
boiling cornpotffids. 

I 
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VI. Mega Project: Production of nucleus planting materials of improved varieties of spice 
cropS 
(Project Leader: C. K. Thankamani) 

1. Production of nucleus planting materials 

of improved varieties of spice crops 

(C. K. Thallkamalli, P . A. Mathew, K. 

K andia1tllall alld S. J. AlIkegowda) 

Black pep per rooted laterals (50,000) 

(Fig. 14), turmeric seed rhizomes (3 t), ginger 

seed rhizomes (2 t), cardamom seedlings 

(25,799), cardamom suckers (1226), 649 

garcinia g rafts and nutmeg grafts (6000) were 

p roduced and distributed to farmers and 

other agencies. 

Fig. 14. Prod uc tion o f nucleus p lan ting m aterial of high 
y ielding b lClck pepper varie ties 
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VII. Mega Project: Identification, characterization and development of diagnostics aga inst 
pests, pathogens and nematodes of sp ice crops 

(Project Leader: M. N. Venugopal) 

1. Investigations on stunted and phyllody 
diseases of black pepper 

(A. lshwara Bhatf S. Dev asahayam, M. N. 
Venugopal and R. Suseela Bhai) 

Three districts of Karnataka (Dakshina 
Kannada, Hassan and Uttara Kannada) and 
four districts of Kerala (ldukki, Kannur, 
Kasaragod and Kozhikode) covering 216 
black pepper gardens were surveyed for the 
presence of shmted disease and associated 
insect fauna. The incidence of the disease was 
highest at Idukki District of Kerala (Table 36). 
In Kerala except for four locations (Kodathai, 
Mulleria, Santapara and Thodupuzha), the 
incidence of viral disease was noticed in all 
the locations surveyed. No incidence of viral 
disease was noticed in any of the plantations 
surveyed in Dakshina Kannada District of 
Karnataka while only one plantation in 
Uttara Kannada Dis trict of Karnataka 
showed the presence of the disease. In Hassan 
Dis trict, Belur Ta luk had a higher disease 
incidence compared to other taluks surveyed. 
In general disease incidence and severity was 
higher in black pepper p lantations situated 
at higher altitudes of Kerala. Two major 
disease symptoms were noticed in the areas 
surveyed. Typical symptoms of Shll1ting such 
as mosaic mottling on leaves, reduced leaf 
size, brittle leaves, reduced internodal length 
leading to shmting of the whole plant were 
the most prominent symptoms observed in 
majority of the black pepper plantations in 
Idukki and Wyanad districts of Kera la. The 
other symptoms, which was observed mainly 
in black pepper plantations grown at coastal 
plains, included chlorotic flecking, bright 
yellow mottling along the veins coupled with 
characteristic curling of leaves. Reduction in 
spike length and poor filling of spikes were 
obse rved in mos t of the diseased v ines. 
Masking of symptoms (especially in older 

leaves) during monsoon and winter months 
were seen in many of the affected black 
pepper vine. Symptoms we re best exhibited 
in the affected plant during March to May. 
All cultivars and improved va rieties including 
hybrids were found su scep tible to the 
d iseases. Vines of all ages raised on all kinds 
of standards were also fOlmd affected by the 
diseases. Among the several weeds found in 
and around black pepper plantations, a few 
of them showed typical viral like symptoms, 
which might act as potential alternate hosts 
for the virus (Table 37). Though 12 species of 
insects were collected from diseased vines no 
species was specifica ll y associated with 
d iseased vines (Table 38). 

Table 36. Incidence of viral diseases of black pepper in 
varioLls dis tricts o f Karniltaka <lnd Kcral<l 

State / District 

Ka mn taka 

Range of incidence 
o f d ise<lse ("!o) 

Dakshina Kannad a 0 

HilSSc1n 0-20 

Uttara Kannada 0-2 

Kern/a 

Id ukki 0-78 

Kannur 2-42 

Kasaragod 0-53 

Kozh ikodc 0-33 

Me<ln incidence 
('Yo) 

0 

5.2 

0.4 

29.4 

19.5 

18.9 

10.7 

When the collected isolates were subjected to 
direct antigen coated (D AC) ELISA u sing 
antisera to different viruses, majority of the 
isolates reacted with antiserum to either CMV 
or banana s h"eak badnavirus (BSV) while a 
few of the isolates reacted with both the 
antisera indicating the involvement o f two 
viruses belonging to the genera CIIClI/Ilovims 
and Bl1dI1I1V ;'-l{S in the d isease. Majority of the 
isolates from Idukki and Wyanad dis tricts of 
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T able 37. Weed flo ra w ith viral like sym ptoms in the planti1tions su rveyed 

Fami ly Genus/species Symptoms observed 

Amaranthacei1e 

Araceae 

Asleraceac 

Amara l/thus l>iridis 

Coiocasia I'scl/ial1ta (L.) Schott 

Ageratl/III col1yzoidl's 

Yellowing, dark pin head s ize lesions on leaves 

Mosaic 

Yellow mosaic and leaf curl 

Chromo/aella orlorata (L.) R.M. King & 1-1 . Rob Leaf curl 

Euphorbiaceae 

Lamiaceae 

Oxalidaceae 

Rubiaceae 

SOl1cilliS oiaac£'al/s L. 

Syrlt'drclla l1orlij7ora (L) Gaertn 

EII phorbia grllicl//ata 

LeI/cas aspt'ra (Willd.)Lil1k 

Oxaiis cornicrilata L. 

Klloxia corYl1lbosa Willd. 

Table 38. Insects associated with viral disease affected 
black pepper vines 

Family 

Aley rodidae 

Aphididae 

Pseudococcidae 

Diaspididae 

Phlaeothripidae 

Chrysomelidae 

To rlricidae 

Geometridae 

Genus/species 

Bell1isia labaci (Genn. ) 

Toxoptcra aIlralltii (B.de F.) 

P/nllOCOCC II S sp 

Lepidosaphes piperis Green 

Liothrips kanryi Bagn. 

LOl/gitarslIs II igripcl1 II is Mots 

Cydia hl.'midoxa Meyr 

Synl'gia sp . 

Kerala reacted with CMV antiserum while 
majority of the samples from remaining 
loca tions reacted w ith BSV antiserum 
indicating the involvement of badnavirus 
with the diseased vines collected from these 
locations. 

The black pepper isolate of CMV mainta ined 
on Nicotinl1n bent/1nl11inlln was transmitted 
from diseased to healthy N. belltiwminnn 
plants using the aphid, Pentn/ollinl1igronervosn 
with five minutes acquisition access and 12 
h inoculation access periods. The inoculated 
showed typical symptoms of the disease 
wi thin 15 days after inoculation. 
Transmission s tudies from infected black 
pepper to hea lthy b lack pepper using P. 
nigrollefvosn and another aphid species found 
colonizing black pepper i.e. Toxoptern nllfltlltii 

Mosaic 

Leaf curl and stunting o f plant 

Leaf Cll rl 

Mil rginalleafcurl 

Leaf curl 

Leaf curl 

a re underway. Similarly, transmiss ion of 
badnavirus from diseased to healthy black 
pepper using root mealy bug (Plnl1ococcliS sp. 
and P. citri are also tmder progress. 
2. Investigations on spike shedding of 
black pepper at high altitudes 

(M. Allandaraj, M. N. Vel1l1gopal, K. S. 
Krisl111a1l1urthy, V. Srin ivasan, K. 
Kal1dial111an, R. Ramakrishllall Nair and S. J. 
Ankegowda) 

Etiology and managemellt of spike sheddittg 
ill black pepper 

Observations recorded on severity of spike 
sh edding in various crop combinations, input 
management and light profiles indicated tha t 
the incidence varied from 9% to 87% in 
different fie ld situa tions. Highest spike 
shedding was noticed in the rainfed blocks 
and heavily shaded conditions (Table 39). 

Epidemiology 

Monitoring of disease in Panniyur-I under 
d iffe ren t fi eld con diti ons r("vea led tha t 
incidence commenced in the fourth week of 
June and reached its peak during Augus t. 
The infection sy nchronize d with the 
production of new flu sh and delaye d 
emergence of spikes. Anthracnose infection 
declined after recess ion of m on soon and 
maturity stage of leaves and spikes. The spike ' 
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Table 39. Anthracnose incidence in differenl cropping system 

Location Situation lerops Disease index Spike infection Fallen spikes Spikc shedding 
on laterals (%) ('Yo) (%) (%) 

Ashoka Estate Regulated shade 10 

Ashoka Estate Partial shade 23 

Ashoka Estate Shade 47 

Laxmi Estate Cardamom + pepper 52 

Laxmi Estate Coffee* + Pepper 19 

Laxmi Estate Coffee"" +Pepper, irrigated 39 

Chettalli Regulated shade, rain fed 41 

Udathmotte Coffee* + Pepper, irrigated 26 

Boikeri Coffee* + Pepper, irrigated 21 

Boikeri Coffee** + Pepper, irrigated 27 

Makkandur Coffee** + Pepper, irrigated 72 

*Robusta ; ** Arabica 

infection varied from 13.0% to 83.4% and 
highest infection was recorded in the plants 
under high shaded conditions. Fallen spikes 
revealed 33% anthracnose infection and the 
rest had only female flowers instead of 
bisexual flowers. 

Management of anthracnose 

In the second year of disease management 
trial, the application of fungicides and 
biocontrol agent was carried out in two 
rounds during early monsoon and mid 
monsoon periods. The ftmgicides were tried 
as foliar spray in twelve separate treatment 
combinations. Bordeaux mixture (1 %) was 
superior over other fungicides and biocontrol 
agent (P. j7uorescens) with mean green yield 
of 3.6 kg/plant and 29% disease index 
compared to only 0.78 kg green yield/plant 
and 61% disease index in untreated control. 
Application of P. j7uorescells as spray and 
drench during premonsoon and mid monsoon 
period is also effective in management of 
anthracnose. The treated plants had 2.34 kg 
green yield/plant with 35% disease index. 
The application of biocontrol was on par with 
many standard hmgicides like Carbendazim, 
Hexaconazole, Mancozeb, Zineb and 0.5% 
Bordeaux mixhlre (Table 40). 

Field reaction of pepper to anthracnose 

Anthracnose infection was recorded in 11 

13 2 9 

37 21 53 

78 30 83 

62 28 74 

23 12 16 

34 24 42 

23 14 c 

39 19 41 

18 13 24 

34 16 32 

83 33 87 

varieties and 14 popular cultivars. Among 
the varieties Panniyur-5, Panchami and 
Subhakara showed field tolerance to 
anthracnose infection and Panniyur-l and 3 
were highly susceptible. Among 14 cultivars 
Choma la, Thevanmundi, Karimunda, 
Chettalli selection, Aimpirian and 
Arakalamunda showed field tolerance to 
anthracnose. 

Bisexual flower status in relation to light 
profiles 

Light availability at different heights of shade 
trees, pepper vine and different levels of 
shade was measured by using lux meter. Lux 
reading was recorded in open place, under 
filtered shade of shade tree with pepper and 
natural conditions. Ten readings were 
recorded for each observation for four days 
in Febnlary 2004 from 9.30 am to 10.30 am. 
Average lux reading in open (71212.9 lux), 
filtered light in silver oak (17784.2 lux) and 
muhlal shade (4656.9 lux) in silver oak with 
pepper were recorded. Amount of light 
intercepted by silver oak was 75% and filtered 
25% and unused light under mutual shade 
of shade tree with pepper was only 6.5%. 
Amount of light available in palwan 
(Erylhrilla sp.) with pepper system recorded 
68502.5 lux in open condition; filtered 6547.5 
lux and mutual shade was 3280.5 lux. The 
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light intercepted by palwan was 90% and 
unused light tmder muhtal shade of shade 
tree with pepper was only 5%. 97.8% of the 
flowers in Panniyur-1 showed bisexual stahts 
unde r j rriga ted and exposed cond i tions 
compared to only 3.9% bisexual flowers in 
rain fed and heavily shaded conditions. 
Predominance of fema le flowers and lack of 
pollination in the rain fed, shaded and 
delayed emergence and anthracnose 
infec tion are the major reasons for spike 
shedding in high altihldes (Table 41). 

Effect of phytohomwnes, potash, zinc and 
boron on spike sheddi1lg 

Phytohormones like N AA (50 ppm), GA (20 
ppm) and kinetin (BAP 20 ppm), potash, zinc 
and boron were tried to shldy their effect on 
spike shedding. Two rounds of hormones 
and nutrients were applied as foliar spray 
during spike initiation and fruit development 
stages. The spike shedding varying from 7 to 
12% in the treatments compared to 19% in 
the untreated irrigated block. There were 
marked differences in the number of spikes! 
1m canopy height of canopy, total mean 
green yield and number of spikes to make 1 
kg (Table 42). 
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Impact of irrigation on spike shedding 

Many irrigation trials were taken up in hot 
spots of spike shedding. The trials were 
conducted purely as farmers' participatory 
programme under coffee based pepper 
cropping system with Panniyur-1. Four to 
five basin irrigation @ 50 litre / plant at an 
interval of 7-10 days were given to black 
pepper plants. The basin irrigation was 
followed by shade regulation of support trees 
to provide minimum light exposure of 6,500-
12,000 lux under cloudy monsoon conditions. 
The basin irriga tion was started in March 4 
to 2 week of April and continued up to mid 
May. Irrigation had tremendous impact in 
enhancing early spiking, mahtrity of laterals, 
high percentage of bisexual flowers and better 
se tting compared to rainfed blocks of 
Panniyur-1 in respective locations (Table 43) 

Causes for spike shedding 

Based on the above s tudies it is concluded 
that predominance of female flowers and 
lack of pollination under lmregula ted shade, 
delayed emergence in rain fed conditions, 
synchroniza tion of flushing a t vulnerable 
s tage of crop to anthracnose infection arc the 
main reason s for spike shedd ing in high 
altihtdes. 

Table 40. Effect of fungicides and Pseudo/llonas jl llorrsct'lls on an thracnose incidence 

Treatment Disease index Yield /plant No. of 
(%) (kg) green spikes / kg 

1" round Ir"d round 

Bordea ux (1 %) Bordeaux (1 %) 29 3.60 144.0 

Bordeaux (0.5%) Bordea ux (0.5%) 34 2.16 177.5 
Bordeauxl % Hexaconazole 30 2.10 158.3 

Hexconazole Hexaconazole 27 2.00 156.3 

Hexaconazole Bordeaux (1 %) 19 2.20 158.8 

Carbendazim (0.2%) Carbendazim (0.2%) 18 2.30 151.0 

Mancozeb (0.25%) Carbendaz im (0.2%) 23 2.00 158.8 

Ca rbend<lzim (0.2%) Mancozeb(0.25%) 26 2.20 146.8 

Mancozeb (0.25%) Mancozeb(0.25%) 23 2.20 168.3 

Zineb(0.25%) Zineb (0.25%) 29 1.70 164.8 

P. jlllor('SCI'IIS P. jlllorescl!Ils 35 2.34 171.0 

Potassi u m phosphonate Potassium phosphonate 29 1.80 151.5 

Control 61 0.78 149.8 

CD «5%) 0.23 13.11 
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Table 41. Bisexual flower status in Panniyur-1 under different exposure levels 

Treatment Light avai labi lity Bisexual flowers (%) 

Panniyur-5 

Panniyur-l , 70% shade 

Panniyur-l , heavy shade 

Panniyur-l , Arabica coffee exposed 

10,000 - 12,000 lux 

6,547 lux 

3,280 lux 

9,000 - 10,000 lux 

100.00 

7.18 

3.9 

83.57 

Management 

Irrigation of black pepper vines 4-5 times at 
an interval of 5-7 da ys @ 40-50 plant 
commencing from 22 March, followed by 
shade regulation of support trees to provide 
minimum 7,500- 10,000 lux light under 
cloudy condition is optimum for managing 
spike sh e dding in high altitudes. The 
irrigation coupled with recommended 
phytosanitary, prophylactic and nutrition 
managem ent practices are n ecessar y for 
holistic management of spike shedding and 
anthracnose in high altitudes. 

3. Studies on bacterial wilt of ginger 

(A. Kumar and R. Suseela Bhai) 

Changes in the m.icrobial population Oil 

rhizome upon solarization 

CJulIlgt's ill total microbial population 

Changes in the microbial population on 
rhizome upon solariza tion for one and two 
hours are presented in Table 44. Ftmgal and 
bacterial enumeration using standard plate 

count technique was done immediately after 
solarization. One hour of rhizome 
so lariza tion for 1 hand 2 h has recorded a 
rhizome temperature of 39.6 °C and 2 h of 
solarized rhizome is 50.0 °C respectively 
(Table 44). Over 50% reduction in the 
microbial population was recorded due to 
rhizome solariza tion. It is also interesting to 
note tha t the vascular microflora is much 
more vulnerable to heat than the outer surface 
as the reduction in microflora is more than 
65% in vascular tissues. 

Changes in the spt'cijic microflom all/in rhizollles 

Ginger rhizomes collected from bacterial wilt 
affected fields were exposed to sunlight for 1 
and 2 h from 9.00 am to 11.00 am on a bright 
sunny day. The rh izome tempera ture 
recorded were 39.6° C and 50.00 C after one 
and two hours respectively. Surface washings 
an d vascular extrac ts obtained fro m the 
solarized and unsolarized rhizomes were 
subjected to serological assay for detection of 

Table 42. Effect of hormones and nutrients on spike shedding and g reen yield 

Treatment Weight (kg)* Spikes/ l m canopy Spikes/ l kg 

NAA 

Kinetin 

GA 

NAA +GA+kinetin 

NAA+GA+kinetin +K+Bo +Z n 

MOP+Zn+Bo+NAA 

MOP 

Zn+Bo 

Control 

*Green berries 

15.81 

]4 .81 

15.04 

13.60 

]5.3 

19.0 

20.8 

15.0 

1L9 

550 

494 

597 

551 

522 

705 

742 

551 

464 

146 

156 

161 

152 

146 

140 

150 

147 

183 

Spike shedding ('}'o) 

9 

12 

10 

12 

11 

8 

7 

12 

19 
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Table 43. Impact of irrig<l tion on spike shedding 

Location Crop combinalion 

Hosakeri Coffee· + Pepper 

Hosakeri Coffee· + Pepper 

Sandalkad Coffee·* + Pepper 

Sand<llkad Coffee'* + pepper 

HaJery Coffee' + Pepper 

Haler)' Coffee' + Pepper 

Haler), Cardamom + Pepper 

Boikeri Coffee· + Pepper 

Boikeri Coffee·' + Peppe r 

Boikeri Coffee*· + Pepper 

Boikeri Ca rdamo m + Pepper 

Ashoka Card<lm o m + Pepper 

As hoka Cardam o m + Pepper 

Ashoka Coffee~* + Pepper 

Ashok<l Coffee** + Pepper 

Ashoka Coffee'· + Pepper 

Udathmotte Coffee· + Pepper 

Udathmotte Coffee> + Pepper 

'Robusta ; ** Arabica 

R. solmrncenrunl u s ing DAS-ELISA . The 
results of the colour reaction as absorbance 
values at 405 nm are presented in Tables 45 
and 46. Among the different samples positive 
reac tion could be noted only from three 
loca tions namely, Kenichira, Poothady and 
Pulpally as their absorbance values are more 
than three times of that of ncga tive control 
value. Interestingly ex tracts obtained from 2 
h solarized rruzomes tested negative for R. 
solnnncenrulIl in these locations. The result 
clea rly indicates that the rhizome 
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Situa tion Spikes/m canopy 

Irrig<l ted 236 
R<lin fed 50 

Irrigated 143 

R<lin fed 39 

Irriga ted 114 

R<lill fed 63 

Rain fed 39 

Irriga ted 194 

Irrigated 71 

Rain fed 48 

Irrigated 128 

Irrigated+Shade 19 

rrrigated+Shade 19 

Irrigated+Partial s h<lde 31 

Rain fed regul<lted shade 464 

Rain fed 14 

Irriga ted 212 

Ra infed 128 

solarization has got detrimental effect on the 
survival of the bacterium on the rhizome and 
also in the vascular tissues. 

Development of rhizome bacterizatio1l 

In order to d evelop a suitable rhizo-and endo 
bacterial consortium for management of 
bacterial wilt in field, sys tematic isolation 
exp eriment was carried out to isolate resident 
bacteria from ginger. The endophy tic bacterial 
iso lates were isolated from ginger 
p seudostem. Briefly, cut ends of surface 

Table 44. Changes in microbia l popu lation o f ginger rhizome upon rh izome solarization 

Time of Duration of 
solar iza tion solariza tion 

(h) 
0.00 0 

9 (010 am 1 

9 to H am 2 

'Mean of six locations 

Rhizome 
temperut u re 

(0C) 

27.6 

39.6 

50.0 

· Percen( reduction over control 
Baclerial population Fungal population 

Surface Vascular Surface Vascular 

55.9 

84.2 

73.6 
92.0 

49.1 

79.7 

66.6 
91.5 
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Table 45. Changes in the population of Ra/stollia so/allaCl'arulll in ginger rhizomes during rhizome solarization a" 
detected by DAS-ELlSA 

Time of Duration Rhizome A 405 Valul's* 
solarization of solarizCl- tempe-

lion (h) tion(OC) VCldakkClnad Poothady Kenichiril Beenachy Ambabvayal Pulpillly 

0.00 0 27.6 0.02 0.01 0.34 0.037 0.01 0.81 

9 to lOam 39.6 0.02 0.0 0.04 0.01 0.08 0.35 

9 to 11 a m 2 50.0 0.06 0.01 0.01 0.02 0.01 0.19 

Negative control 0.04 0.28 

* Mean of two replicates, Absorbance was read at 405 nm 1 h after adding the subs trate solution 

sterilized ginger pseudostem were subjected 
to centrifugation at 10000 rpm at 4 °C for 30 
minutes. The pellets thus obtained were 
plated directly on to nutrient agar medium. 
After sufficiently incubating the plates, the 
colonies were isolated and preserved in - 80 
DC for long-term preservation as glycerol 
s tocks 

The isolated bacteria (21) was subjected to 
morphological characterization on 2, 3, 5 
triphenyl tetrazolium chloride amended 
nutrient agar for discriminating the colonies. 
The details of the isola tes are furnished in 
Table 47. 

Twenty bacterial isolates ob tained fr om 
bacterial repository was evaluated against R. 
so/r111acearum ill vitro. Of the twenty isolates 
screened, 8 are found to inhibit the colony 
development as indkated by their reduced 
colony s ize, morphology as well as 
accumulation of green pigments. Iso lates 
IISR-10, IISR-15, IISR-26, IISR-38, n SR-40, 
IISR-44, IISR-51 and IlSR-526, were found 
promising aga ins t R. solanacearum in v itro. 

Screening of ginger germplasm for bacterial 
wilt tolerance 

Ten short lis ted germplasm accessions were 
further screened by soil inoculation method 
us ing two different concentrations of R. 
so /al1a(l>arum and rhizome inoculation 
method. 

None of the accession could survive at a 
concentration of 108 where all the plants 
succumbed to wilt within three weeks of 
inocula bon. 

However, a t a concen tra bon of 106 cells there 
were some surviving plants. When observed 
for rhiz ome intactness, a ll the gin ger 
accessions were found rotting and only the 
periderm could be seen. 

Detection of Ralstonia soIanacearum Ilsing 
peR and ELISA 

Collection al1d characterizatiol1 

Isolates from A mbala vayal , Madakcri, 
Kothamangalam, Kotappady, Peru vanna
mllzhi etc. were added to the reposi tory. n'\.e 

Table 46. Cha nges in (he population of Ra/stOllia so/a/lI1Ceanllll in vasculilr tissues of ginger rhizomes during rhizome 
solariza tion as detected by DAS-ELlSA 

Time of Du ra tion Rhizo me A 405 Values* 
solarization of solariza- tempc-

tion(h) tion(cC) Vadakkanad Poothady Kenichira Bccnachy Ambalava yal Pulpally 

0:00 0 27.55 0.039 0. 11 7 0.020 0.023 0.015 0.440 

9:00 to 10:00 39.6 0.013 0.007 0.003 0.045 0.2]3 0.200 

9:00 to 11 :00 2 50.0 0.009 0.002 0.012 0.031 0.036 0.152 

Negative control 0.Q35 0.282 

* Mean of two repl icates, Absorbance was read at 405nm 1 hour after add ing the substrate solut ion 



present s trength of the collection is 40. 

AmplWed Ribosomal ON A Res triction 
Analysis (ARDRA) technique using primers 
designed from 16 s rONA and 16-23 s rONA 
intergenic reg ions was s tandardi zed for 
bacterial strain characterization. RFLP using 
Msp I of 16 s rONA did not produce much 
polymorphism. However, the technique was 
found to differentiate the biovars of the 
bacterium when using restriction enzymes 
M sp 1 or Sn!'! 3A- I to res trict the amplified 
hyper va riable intergenic (16-235) sequence. 
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A band with size of 290 bp was fm.md to be 
spec ific for Biovar 3 of R. solanacearum 

irrespective of host origin whereas a band 
w ith 210 bp was found to be specific for 
biovar 2 R. so[nnacearul1l from pota to when 
the amplified in.tergenic region was restricted 
with Sau 3A-I. The same when restricted with 
Msp I was found to produce a band of size 
384 bp specific for biovar 2. A band of 928 
bp was found when 16 s rONA of biovar 2 
was amplified which was absent in biovar 3 
isolates of different host induding ginger. 

Table 47. Deta ils of endophytic bacteria isolated from ginger pseudostem 

SI. No Sample lD 

GEB-1 

2 GEB-2 

3 GEB-3 

4 CEB-4 

5 CEB-5 

6 CEB-6 

7 GEB-7 

8 CEB-8 

9 GEB-9 

10 GEB-I O 

11 GEB-II 

12 CEB-12 

13 CEB-13 

14 GEB-14 

15 GEB-15 

16 GEB-16 

17 GEB-1 7 

18 GEI3-1 8 

19 GE13-1 9 

20 GEB-20 

21 GEI3-21 

SouTce 

Heal thy pseudostem 

Heal thy pseudostem 

Healthy pseudostem 

Hea lthy pseudostem 

Bacteria l wilt affected pseudostern 

Bacterial w ilt affec ted pseudostem 

Bacterial will affected pseudostem 

Bacteria l w ilt a ffected pseudostem 

Bacteria l wil t affected pseudostem 

Bacterial wilt affected pseudostem 

Bacterial wilt affec ted pseudostem 

Bacterial wi lt affec ted pseudostem 

Bacterial w ilt affected pseudostem 

Bacteria l w ilt affected pseudostem 

H eal thy rhizome 

HC.1 1thy pseudostem 

Heal thy pscudostem 

Hea lthy pseudostem 

Healthy rhizoplane soi l 

Healthy rhizosphere soil 

Healthy leaf 

Colony characteristics 

Pink, small, irregular, raised, opaque, entire colonies 

White irregular, ra ised, fluidal, entire colonies 

Reddish brown, round, raised, opaque, entire colonies 

Dark red, circular, raised, opaque, e nt ire colonies 

White colonies with red centre, fluidal, irregula r, ra ised 
colonies. 

White colonies wi th brown cent re, fluidal , opaque, 
irregular colonies 

White fluidal colonies with pink cen tre, irregulilf, fl uidal 

Dark red, rollnd colonies with yellow border, fluidal 
colonies 

Da rk pink, irregular, ra ised colonies w ith wh ite border, 
fluidal colonies 

Dark brown colonies with while border, irregular, 
fla t colonies. 

Whi te irregular colonies with red center, fluidal , en tire 
colonies 

White, slightly fluidal colonies wi th brown ish red center, 
seen in rings 

Dark red round, raised, entire colonies. 

Dark red colonies wi th orange border, irregular, raised 
colonies 

Cream, irregular, raised, fluidal colonies 

Pin k colonies with white border, circular, raised, fluida l 
colonies 

Brownish red , irregular, flat, opaque colonies 

White colonies w ith pa le red center, Slightly fluidal 
colonies 

Red, opaque, flat colonies with creamish border 

Brownish red, fl uida l, raised, opaque, irregular colonies 

Cream, irregular colonies with light pink center, flu ida l 
culonies 
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Survival of R. solanacearum in soil 

Serological assay was conducted to detect R. 
solanacenrum on the debris of the rhizomes 
collected from bacterial wilt affected ginger 
plants. Only two of 26 samples tested positive 
for R. solanacearum even after enrichment. 
Healthy rhizomes were planted in the pots 
where bacterial wilt was previously recorded. 
Disease could be recorded only after five 
months in two of the 10 pots. The survival 
data generated using serological and bioassay 
method further confirms that the pathogen 
fail to survive in soil and also in ginger 
periderm collected from bacterial wilt affected 
soil. 

Ddection of Ralstonia sola/lacenrurn ill naturally 
infected rhizomes 

Mahue ginger rhizomes were collected from 
six different bacterial wilt affected fields of 
Wyanad (Ambalavayal, Poothady, Pulpally, 
Kenichira, Vadakkanad and Beenachy). 
Among the different samples, positi ve 
reaction could be noted only from three 
locations namely, Kenichira, Poothady and 
Pulpally as their absorbance values were more 
than three times of that of negative control 
va lue. 
4. Studies on fungal and viral diseases of 
ginger 

(R. Suseela Bhai, A. Ishwara Bhat, K. M. 
Abdulla Koya and Santlwsh J. Eapen) 

Survey for the incidence and illtensity of dry 
rot and eye rot diseases 

A survey was conducted to s tudy the 
intensity of these diseases in different ginger 
growing tracts of Wyanad (9 locations), 
Calicut (3 locations) and Kannur (3 
locations). Samples were collected from spice 
markets, s tored ginger samples and field 
samples (at the time of harvest from planters) 
at random. From each location three samples 
were collected @ of 1 kg per lot and were 
sorted for dry rot and eye rot diseases. The 
survey revealed that the intensity of these 
diseases were below the economic threshold 
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level. Among the fifteen locations surveyed, 
eye rot was observed in only three locations 
and dry rot in two. 

Studies 011 etiologtJ and disease developm ellt 

A pot culture stud y was conducted w ith 
artificial inoculation of Pytllillm myriotlllll l11, 
Macrophomina p/wst'olil1a and Fusariu lII 
oxysporunz individually and in combination. 
Fungicides s uch as, carbendazim (0.2%), 
carbendazim-mancozeb (0.2%), metalaxyl
mancozeb (0.2%) and mancozeb (0.2%) were 
given individually and along with insecticide 
dimethoate as differ entia l treatments to 
control the infection due to these fu ngi. 
Fungicides were given as seed treatment and 
soil application at the time of sowing. The 
treatments were repea ted thrice. First soil 
application was given at the time of sowing, 
and furth er applica tions at on e month 
interval from the time of germination. From 
the experiment it was found that FlI sariu111 
sp. or Macrophomina sp. as such were not 
pathogenic to ginger under our field 
conditions. Only Pythill111 was found to be 
highly pathogenic causing soft rot disease. 
But when the pathogens were inoculated 
together, there was a decrease in the 
incidence of soft ro t. TI1is may be due to the 
mutual antagonism existing among the 
pathogens. 

Among the ftmgicidal treatments, Metalaxyl
Mz was found high ly effec tive in controlling 
the disease caused by Pythiul11 sp. followed 
by dual application of Meta laxyl-Mz and 
dimethoate. Application of dime thoate is 
attributed to the involvement of insect pests 
in aggravating the disease. As the soft rot 
disease was aggravated by the presence of 
insect larvae of Mimigrel/a sp., seed treatment 
with a systemic insecticide was found useful 
in red ucing the disease incidence. Hence 
application of dimethoate (0.2%) along w ith 
Ridomil-Mz (0.125%) was found promis ing 
in controlling soft rot caused by Pythill/11 sp. 

Screening gemzplasm accessions for soft rot 
and dry rot disease 

Two hunred germplasm access ions were 
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screened both. against soft rot and dry rot 
disease. In the case of soft rot the accessions 
were rated on a 0-5 scale ie. 0 = 0- 5% 
resistant, 1= 6- 20 % moderately tolerant, 3= 
21-50% susceptible, 5= 51-100%, highly 
susceptible on the basis of per cent infection 
of pseudostem. Accessions were short listed 
based on per cent infection and yield (more 
than three times the weight of seed. Three 
accessions namely, Aces. 261, 269 and 274 
were fotmd moderately tolerant to soft rot in 
preliminary screening. This has to be 
confirmed through secondary screening. 70 
access ions were found susceptible to 
Mncrophomilln infection. 

Management of dry rot disease 

Field trial for the evaluation of dry rot disease 
of g inger with 13 treatments in RBD was 
conducted in the experimental farm at 
Peruvannamuzhi. First application of the 
chemicals were given as seed dressing and 
soil drenching at the time of sowin g and 
subsequent two applications at one month 
interval from the time of germination. No 
disease incidence of any sort could be 
observed during the crop period. 
Observation s on dry rot disease incidence 
were taken two weeks after harvest. The 
disease incidence was fOlmd to be less than 
1 % and a ll the treatments were at par w ith 
each other (Tab le 48). 

The hmgus Mncrop/1ol11illn phnseolinn appears 
only during the storage period in the rhizomes 
fol lowing the damage of the rhizomes by 
mechan ical means. The fungus is found to 
be non-infective to the crop under normal 
field conditions. Therefore soil application of 
the chemicals or bioagents are not required 
for reducing the incidence of dry rot disease. 

Recording incidence of s treak vims 

153 out of 6;59 germplasm accessions 
maintained in IISR farm Peruvannamuzhi 
showed the symptoms of chlorotic leaf streak 
virus. Rest of the accessions did not show any 
visible symptoms lmder natural conditions. 
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5. Investigations on viral and fungal 
diseases of vanilla 

(A. Ishwara Bhat and R. Suseela Bhai) 

Viral diseases 

A total of 65 vanilla plantations at Idukki, 
Kozhikode and Wyanad districts of Kerala, 
and Dakshina Kannada, Udupi and Uttara 
Kannada Districts of Karnataka were 
surveyed for the incidence and distribution 
of viral diseases. Mosaic and necrosis were 
the two kinds of v iral diseases fOlmd in many 
of the plantations. The incidence of mosaic 
disease va ried from 0 to 5% while tha t of 
necrosis varied from 0 to 10%. Maximum 
incidence of mosaic disease was recorded at 
Adimali lmder Jdukki District of KeraJa ,,,,,hile 
many locations surveyed both in Kamataka 
and Kerala were free from mosaic d isease. 
Similarly, maximum incidence of necrosis 
disease was observed at Nell ipoyil village 
tmder Kozhikode taluk of Kcrala and many 
plantations s urveyed did not show the 
presence of n ecrosis disease. Both the diseases 
were noticed in all ages of the crop. 
Arecanut, cashew, gliricidia, ery thrina and 
forest trees were the live standards fOlmd in 
areas surveyed and vanilla was grown tmder 
natural shade in these plantations. Both 
mosaic and necrosis diseases were fOlmd in 
vanilla crop irrespective of the type of 
standards used. In general both incidence and 
severity of the disease were higher in Kerala 
compared to Karnataka. 

Disease symptoms were more prominent and 
v is ible on the younger leaves (Fig. 15). 
Variou s kinds of mosaic and associated 
symptoms such as mild mottle, mild mosaic, 
and mild chlorotic mottle streak were 
observed. In a few cases such mosaic is also 
associated with leaf distortion giving wavy 
margin to the leaves. The size of the leaves 
also gets reduced and in advanced s tages 
lea ves become brittle and show severe 
crinkling with torn areas on the leaf lamina. 
The necrotic lesion on stem and leaves was 
the other kind of symptoms found in many 
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Fig. 1 ';. Vjrll~ inff'ctt'd leaves of vanilla 

of the plantations. The distinct necrotic 
lesions of varying length (few mm to several 
cm) were seen on the stem region of the plant. 
In a few cases necrosis were also seen in the 
older leaves at the lower surface of leaves. 

Electron microscopy of leaf dip preparations 
of the diseased plants showed the presence 
of at least four kinds of particles. Three kinds 
of flexuous particles of varying length 
resembling viruses in the genera such 
Potyxvirus or Carlavirlls, Potyvirlls and 
Clostt'roviru5 were observed. These particles 
were seen independently and also in 
combination in the diseased samples, thus 
making it difficult to assign a particular virus 
for a particular kind of symptoms. In 
addition, isometric particles were also seen 
in a few samples in addition to flexuous 
particles. Studies on the isolation and 
separation of all the different viruses involved, 
their purification, identification and 
characterization are in progress. 

Fungal diseases 

A disease survey was conducted in 46 
plantations of Calicut, Idukki and Wyanad 
Districts of Kerala to study the various disease 
problems in vanilla. The survey was 
conducted during the month of April 2003 
and August 2003. The main disease noticed 
during April 2003 was yellowing and 
immature bean shedding. The disease was 
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Table 48. Effect of soil applicalion of chemicals and 
bioagents in controlling dry rot diseases 

Treatments Yield Dry rot 
(kg fresh inciden-

wt.) ce ('Yo) 

Potassium phosphonate (0.3%) 3160 0.06 

Carbendazim (0.2%) (Bavistin) 4045 0.12 

Trichodt'fmn hnrzJnllllm (500 gibed) 4530 1.69 

PCPR IISR-51 (48 h old culture 
in nutrient broth diluted 10 times 
and applied@21/bed 3365 0.56 

T. IlIIrzial1lCl11 (500 glbl'd)+ PGPR IISR-51 3195 0.75 

rhorate (No seed lreatment, only 
soil application@100g/bed) 3885 0.51 

Carbendazim+ Phorate 3345 0.00 
Akornin+ Phorate 3335 0.00 

Copperoxy chloride(0.2°/,)(COC) 4105 0.00 

Bordeilux mixture] 'y" 4700 0.00 

COC(0.2% +Phorate 3845 0.00 

BM+ Phorate 4220 0.00 

Control (No treatments) 5555 0.72 

CD. (p=O.OS) 1275 

also reported from Malappuram and 
Moovattupuzha areas. The disease appeared 
from February onwards. The survey revealed 
the high intensity and wide spread of the 
disease during the crop season of 2003. The 
average crop loss estimated due to this 
disease ranged from 23% to 34%. The disease 
was characterized by dropping off remnants 
of flowers from the tip of immature beans 
which otherwise will remain attached to the 
beans till half way through maturity. This 
was followed by yellowing and premature 
bean shedding. The disease was fOlmd to be 
s tress related. The maximum temperature 
recorded during this period was 35° C and 
the minimum relative humidity 45%. 
Laboratory s tudies conducted with the 
affected beans revealed the association of 
Colft'totrichun1 gfoeosporioides. The fLmgtls was 
isolated invariably from almost all the samples 
collected from various localities. High 
temperature and very low relative humidity 
prevailed during February to May lead to 
severe stress which in turn predisposes the 
plants to infection by C. gleosporioides. 



In vitro evaluation of fungicides against C. 
gloeosporioides 

Six different hmgicides namely carbendazim 
(Bavistin), mancozeb (Indofil M45), zineb 
(Indofil Z-78), thiophanate methyl (Roko), 
Bordeaux mixture and carbendazim
mancozeb (Saff) were evaluated under in 
vitro conditions to study the efficacy 
fungicides in inhibiting C. gloeosporioides of 
vanilla. Thiophanate methyl even at very low 
concentration ie 100 ppm was found to be 
highly inhibitory to the fungus followed by 
carbendazim (250 ppm) under in vitro 
conditions (Table 49). 

A field trial was laid out in three vanilla 
plantations in Calicut District to study the 
effect of fungicides in controlling diseases 
1-mder varied irrigation systems namely, mist 
irrigation and sprinkler irrigation. Six 
fungicides namely. carbendazim (0.2%), 
mancozeb (0.2%), zineb (0.2%), thiophanate 
methyl (0.2%), Bordea1.1X mixture 1% and 
carbendazim-mancozeb (0.2%) were used. 
Quinalphos 0.05% was sprayed to all the 
treatments lmiformly. Two sprays were given 
at one month interval in February and 
March. The disease incidence was observed 
before and after spraying fungicides. The trial 
is in progress. 

In vitro evaluation of Rhizobacteria against 
C. gloeosporioides 

Twenty isolates of Rhizobacteria maintained 
in the repository of IISR were tested under ill 
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vitro conditions to evaluate their efficacy in 
controlling C. gloeosporioides causing 
premature yellowing and bean shedding. Two 
isolates namely IISR-152 and IISR-909 were 
found highly promising. 

6. Investigations on nematodes associated 
with spices 

(SantllOsh J. Eapen) 

Genetic diversity in nematodes 

DNA isolation by CTAB-SDS method from 
both M. iHcogllila and R. similis was 
standardized. Attempts were made to 
amplify 18 s rDNA of these nematodes using 
universal primers for nematodes. The method 
needs more refinement to be used as reliable 
technique to be adopted for nematode 
biodiversity studies. 

Final Report 

1. Investigations on vein clearing virus of 
small cardamom 
(M. N. Venugopal and A. Ishwara Bhat) 

Objectives 

• To study the effect of various factors on 
disease occurrence and spread. 

• To study the various methods of trans
mission and virus-vector relationship. 

• To identify the alternate hosts of virus. 

• To standardize the method of virus 
purification and characterization. 

• To study the inter-relationship with other 
viruses. 
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• 

• 

• 

To develop methods for early diagnosis 
of virus infection. 

To develop management methods to 
contain the disease spread and to 
demonstrate the same in planter's field. 

To identify resistant source. 

Prevalence of disease 

Surveys conducted in Kama taka indica ted 
that kokke kandu was present in 11 taluks, 
distributed in 5 districts with disease 
incidence ranging from 0.1 % to 99.9%. 
Nurseries raised in the vicinity of infected 
plantations also showed the presence of the 
disease with its incidence ranging from 1.7% 
to 73.3%. Hongadahalla in Saklespur Taluk 
(Hassan District) and the entire mixl?d crop 
area in Uttara Kannada District were found 
to be hot spots of the disease. The disease is 
characterized by clearing of veins, resetting, 
distinct mottling on leaf sheaths, formation 
of hooked tillers and shredding of leaves 
during monsoon. Distinct mottling, cracking 
and deformity of capsules and sterility of 
seeds are other associated symptoms. 
Formation of panicles is completely 
suppressed in severely infected plants. 

Crop loss 

Studies on yield loss due to the disease carried 
out under monocropping and mixed 
cropping systems revealed a loss of 65-99% 
within 1-3 years of infection. 

Epidemiology 

The pattern of disease outbreak in different 
plantations suggested the dual pattern of 
disease spread. Random spread was noticed 
in newly planted plantations located 1 to 5 
km away from the disease affected 
plantations. Within the infected plantations 
both centrifugal and random infections were 
noticed. A steep disease gradient was 
observed in the plots with higher percentage 
of disease incidence. In the selected 
experimental plots, the disease progress over 
a period of three years indicated (i) dual 
pattern of disease spread with solitary 
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infection in distant blocks/plantation and 
centrifugal spread around the primary 
sources of infection, (ii) plotting of disease 
against distance and duration clearly 
indicated steep disease gradient followed by 
shallow gradient in the next 100 m, (iii) initial 
disease spread pattern suggests that for 
raising planting material a minimum of 200 
m distance from infected plantation should 
be maintained to avoid chances of infection 
in the nursery stage, (iv) rate of spread r in 
different situations vary from 1.28 to 8.16 per 
unit/year. The r dependent on the distance 
and level of incidence in the surrounding 
plots/plantations. 

Monitoring of aphid PfnilliolJill lIigro1lt'rvoO'1T 
f. eniad!! population in different months 
revealed that aphids exist throughout the 
year; population starts building lip during 
September and reaches the peak during 
February to March; population is drastically 
reduced during monsoon (June-August) and 
there is no direct correlation between aphid 
population and rate of disease spread. 

Transmission and vinlS - vector relationship 

Transmission studies showed that kokkf 
kandu is transmitted by P. l1igronfrvosa f. 
elliadii. and there is no seed, soil and 
mechanical transmission. Studies on mode 
and pattern of disease spread in mono and 
mixed cropping systems indicated dual mode 
of disease spread in plantations. Planting 
symptomless virus carrying seedlings and 
clones was the main mode of introduction of 
the disease into plantations. 

Studies with Hongadahalli and Sirsi isolates 
and respective bio-types of aphid vector P. 
nigronervosa f. caiad!!, indica ted tha t the virus 
was acquired within 30 minutes of 
transmission feeding and persistence of virus 
in the vector was observed beyond 8 h of 
acqUisition feeding. In serial transmission also 
the virus persisted beyond 6 h with positive 
transmission in the 3,d transfer. The above 
studies with different periods of acquisition 
feeding, transmission feeding, post acquisition 
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s tarvation and serial transmiss ion clearly 
revealed that kokkr kl1ndu VilUS can be grouped 
lmder semi pers is tent type. 

Mechanical transmission 

Mechanical transmission was tried with 
bora te buffer (pH 8.0) and potassium 
phosphate buffer (pH 7.5) using combination 
of antioxidants and abrasive. Totally six hosts 
namely Nicotil1na tobncul11 unr. Hnrrison 
sprcini, N. tobncum unr. Snl11son, N. tobl1cul1l 
var. Whitebl/rly, N. glutil1osfl , Physalis sp. and 
Elettnria cnrdnlllonzum (CCS-l). No 
mechanical transmission was observed in any 
of the tes ted hosts. 

Etiology 

EM stlldirs 

Crude and clarified sap, squash preparations 
from different host parts like leaf, leaf sheath, 
root and young capsules were observed under 
EM for de tecting associated virus particles. 
Similarly partially purified and purified 
p reparations obtained after following ten 
different protocols using four buffer systems 
suitable for different kinds of viruses were 
examined under EM. The samples did not 
reveal the association of any virus. 

Serology 

Serological relationship of kokke knndu virus 
was studied by u sing antiserum prepared 
against PVY (potato virus Y), HMV (henbane 
mosaic virus), CABMV (cowpea aphid borne 
mosaic v irus), SCMV (sugarcane mosaic 
virus), PRSV (papaya ring spot virus), BBTV 
(banana bunchy top vinls), GBNV 
(ground nut bud necrosis virus) , WSMV 
(wate rmelon silver mottle virus), TSV 
(tobacco streak virus) and BGMV (bean 
golden mosaic virus). No positive reaction 
was observed with any of the above antisera 
tried through· Direct Antigen Coated-ELISA 
test. 

Manageme11t of disease 

The feasibility of roguing as strategy to contain 
secondary spread of disease was tried in 
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about 40 ha area representing different field 
situations like (i) isolated plantations (ii) 
replanted plantations in infected zone and 
(i i~) replanted plantations lying in contiguous 
wlth mfected p lanta tion. The cumulative 
removal of new infections in 1995 varied from 
0.28% to 3.28% in different experimen tal 
blocks. In three isolated plantations, no fresh 
incidence was recorded even after two years 
of rouging the initial infec ted plants. These 
res ults confirmed the previous findings; 
wherein roguing was indicated as viable 
stra tegy in containing the virus spread 
particularly on community basis in each 
loca tion. Further, to refine disease 
management package, many inputs from 
other aspects of disease management and 
red ucing vector popula tion were tried. This 
package included training to field s taff for 
correct identification of initial infection; rising 
of disease free planting material; removal of 
breeding sites of vector; planting of non-host 
barriers (coffee, banana, cocoa and pepper) 
and removal of v irus sources through 
periodical inspections, detection and 
elimination. 

The above integrated package was tested in 
five plantations located in hot spots of kntte 
(mosaic) and kokke kandll infec tions. This 
approach helped in reducing the spread of 
both v iral diseases to a manageable level (less 
than 2% infection). 

Host resistance 

A large number of natural escapes of vein 
clearing disease were screened by artificial 
inoculation and also by exposing them to the 
disease in sick plots for 3 years. Among these, 
72 collections took infection and the 
remaining 11 collections, which remained 
symptom less, are under further testing. 
Screening of 24 elite selections, which 
included distinct morpho types, high yielding 
land races, released and pre-released 
selections was undertaken in sick plot located 
in endemic zone. After three years all the 
collections took infection only on.e selection 
[clonal selection 893 (APG-244)] was fOl.md 
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less sLlsceptible to the disease with 33% 
infection compared to 100% infection in local 
check. 

Externally Funded Project 

1. DBT: Molecular characterization of 
viruses causing stunted disease in black 
pepper and development of peR based 
methodology for their detection 

(A. Ishwara Bhat and R. Suseela Bhai) 

Amplification of coat protein gene of 
cllcumber mosaic virus 

Total RNAs from cucumber mosaic virus 
(CMV) infected black pepper plants were 
extracted using Nucleospin RNA plant Kit 
(Macherey-Nagel, Duren Germany) were 
used as a template for reverse transcription 
(RT). RT- peR was performed in the same 
tube without any buffer changes in between. 
The primer pair designed from the CP gene 
sequences of cucumber mosaic virus was used 
in the reaction to prime the amplification. The 
genome sense primer 5 ATG GACAAA TCT 
GAA TCA AC 3 derived from the beginning 
of first 20 bases of coding region and the 
genome antisense primer 5 TCA AAC TGG 
GAG CAC CC3 represents the last 17 bases 
of the CP gene of CMV. The reaction profile 
involved one cycle of 42°C for 45 min for 
cDNA synthesis and 40 cycles of amplification 
with the following parameters: 30s 
denaturation at 94°C, 1 min annealing at 50 
°C and 1 min of extension at 72°C followed 
by one cycle of final extension for 10 min at 
72 dc. RT-PCR was successful in amplifying 
the CMV coa t protein gene from b lack pepper 
samples. A PCR product of expected size (ca. 
650 bp) was observed only in infected samples 
and not with healthy black pepper samples. 

Cloning 

The PCR product was purified using Strata 
Prep PCR purification Kit (Strata gene, La 
Jolla, CA, USA) and the purified products 
were later on subjected to polishing with Plu 
polymerase and dNTP mix. The resulted 
product was then cloned in to pPCR Script 
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Amp (SK+) Vector using pPCR Script Amp 
(SK+) Cloning Vecto r Kit. The E. coli cells 
(DH5p.) were transformed with the ligated 
product llsing standard molecular biology 
procedures. Positive clones were identified by 
restriction digestion of DNA isolated for each 
of the clones and also through PCR using 
CMV CP specific: primers. 

Sequencing of the clone 

Selected positive dones were sequenced at 
Avestha Cen Gaine Technologies Pvt. Ltd., 
Bangalore India. The sequenced region 
contained a single open reading frame of 657 
bases thatcollid potentially code for a protein 
of 218 amino acids. 

Sequence comparison 

The coat protein gene of the black pepper 
isolate was compared with corresponding 
gene of 26 CMV isolates belonging to both 
the subgroups from different hosts and region 
including India at the nucleotide and amino 
acid levels (Fig. 16). Multiple sequence 
alignments were made using CLUSTAL W. 
Sequence phylograms were constructed using 
PHYLIP package (Bootstrap analysiS with 
J 000 replicates), and rooted trees were 
generate-d using TREEVIEW software. 

Clu ster dendrogram revealed that b lack 
pepper isolate was most closely related to 
members of subgroup I isolates. The coat 
protein gene of black pepper isola te shared 
89 to 95% identity with various isolates of 
CMV belonging to subgroup r while per cent 
identity ranged from 75 to 76 w ith various 
isolates of CMV in the subgroup II. Similarly, 
comparison of amino acid sequences of the 
coat proteins revealed that coat protein of 
black pepper isolate shared 92-99% identity 
with members of subgroup 1 and from 77 to 
79% identity w ith members of subgroup n. 
An identity of >95% were observed with the 
available coat protein gene sequences of 
CMV isolates from India bo th at nucleotide 
and amino acid level. So far no sequences of 
CMV subgroup It is available from India. In 
general, coat protein amino acid sequence 
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ATGGACAAATCTGAATCAACCAGTGCTGGTCGCAACCGTCGACGTCGTCCGCGTCGCGGTTCCCGCTCCG 
~ 0 K S & S T SAG R N R R R R P R R G S R S A 

70 
24 

When the isolates were 
subjected to ELISA, 
majority of the isolates 
reacted either to 
Cucumber mosaic virus 
(CMV) or Banana 
streak virus (BSV) 
indicating the 
involvement of at least 
two viruses with the 
stunted disease of black 
pepper. 

CTTCCTCCTCCGCGGATGCTACATTTAGAGTCCTGTCGCAACAGCTTTCGCGACTTAATAAGACGTTAGC 
S S SAD A T r R V L S Q Q L S R L N K T L A 

140 
47 

AGCTGGTCGTCCTACTATTAACCACCCAACCTTTGTGGGTAGTGAGCGCTGTAAACCTGGATACACGTTC 
A G R P TIN 8 P T F V G S E R C K P G Y T r 

210 
70 

ACA7CTATTACCCTGAAGCCTCCGAAAATAGACAAAGGGTCTTATTATGGTAAAAGGTTGTTACTTCCTG 
T SIT L K P P KID K G S r r G K R L L L P 0 

280 
94 

ATTCAGTCACTGAGTTCGATMGAAGCTTGTTTCGCGCATTCAAATTCGAGTTMTCCTTTGCCGAAATT 
S V T E r 0 K K L V SRI Q I R V N P L P K r 

350 
117 

TGATTCTACTGTGTGGGTGACAGTCCGTAAAGTTCCTGCCTCCTCGGACTTGTCCGTTTCCGCCATCTCT 
o S T V W V T V R K V PAS SOL S V S A I S 

420 
140 

GCCATGTTTGCGGACGGAGCCTCACCAGTACTGGTTTATCAGTATGCCGCGTCCGGAGTCCAAGCCAACA 
A M r A 0 GAS P V L V Y Q r A A S G V Q ANN 

490 
16' 

ATAAArTGTTGTACGATCTTTCGGTGATGCGCGCTGATATTGGTGACATGAGAAAGTACGCCGTGCTCGT 
K L L r 0 L S V M R A 0 I G 0 M R ~ Y A V L V 

GTATTCAAAAGACGATGCGCTCGAGACGGATGAACTAGTACTTCATGTCGACATTGAGCACCAACGTAn' 
r S ~ 0 0 ALE T n E L V L B V D I • B Q R I 

CCCACTTCTGGQGTGCTCCCAGTTTGA 
P T S G V L P V < 

657 
218 

560 
187 

630 
210 

CMV isolated from 
na hlrally infected black 
pepper was propa
gated On Nicotiana 
bellthanziana and N. 
gtlltillosa were used as 

Fig. 16. Coat protein gene sequence (shown as DN A) and deduced amino acid the so 11 rce for virus 
sequence of cucumber mnsilic virus infecting black pepper 

.. . purifica tion. Virus 

identity among subgroup I isolates of the same 
geographic area is much higher than that 
between isolates of different area. The 
sequence homology of coa t' protein gene 
ranges between 96.3% and 99.5% within a 
subgroup and between 76.0 and 77.5% for 
iso1ates of different subgroups. Homologies 
in coat protein amino acid sequences are 94.0 
to 99.2% and 79.5% to 83.2% respectively. In 
accordance with this the black pepper isolate 
belong to subgroup 1. 

2. leAR: Identification and development 
of diagnostics against viruses causing 
stunted disease in black pepper 

(A. Ishwara Bhat and R. Suseela Bhai) 

Collection and maintenance of isolates 

Sixty five isolates of black pepper representing 
different geographical areas of Karnataka 
and Kcrala and tcn isolates of Pipa longum 
showing mosaic mottling symptoms coupled 
with stunting of entire plants and eight 
isolates of P. col{{brilllll1l showing mild mottle 
symptoms were collected. All the collected 
is olates are being maintained under insect 
proof glass house through vegetative 
propagation. 

punficatron was done using the modified 
protocol of Lot t't al. (1972) through 
differential and sucrose density gradient 
centrifugation. After sucrose density gradient 
centrifugation, the virus-containing band was 
located with the help of light vertically 
passing through the tube. The band was 
collected, dialyzed and concentrated by 
centrifugation at 45,000 g for 3 h. The 
purification proccdure resulted in a clean 
virus preparation. A single opalescent band 
was seen in the sucrose density gradient 
centrifugation. Electron microscopy of 
negatively stained purified preparations 
revealed the presence of isometric particles 
of about 28 nm in diameter. 

The antiserum against CMV was produced 
in New Zealand white rabbit by injecting 
purified virus preparations intramuscularly 
s ix times a t 10 day intervals. On each 
occasion, 500/11 purified virus-containing 0.5 
mg of virus emulsified with incomplete 
Freund's adjuvant (1:1, v/v) was injected. 
The animal was bled 15 days after the last 
injection and antiserum collected. 
Immunoglobulin G (IgG) was purified from 
the crude polyclon al antiserum by affinity 
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Table 50. Detection of CI/wmber mosaic virlls (CMV) by double antibody sandwich (DAS) ELlSA' in black pepper and 
other Piper species from d ifferent regions 

Isolate 

Kamataka State 

Hassarr District 

Bantana hal\i 

Belm 

Madikeri District 

Balale 

Kodlepet 

Mayamudi 

Polibetta 

Udllpi District 

Jdu 

Kera[a State 

Idukki District 

Adimali 

ChakkuppaJam 

Chottupara 

Muttom 

ThookupaJam 

Vandiperiyar 

Wyarlfld District 

Kenichera 

Kappadi 

Pulpally 

Vengapalli 

Cillicut District 

Peruvannamuzhi 

Tamil Nadu State 

WalaYaT 

Healthy black pepper 

Piper cllnba 

Sample 1 

Sampte2 

Sample 3 

Sample 4 

SampleS 

P. colubrinum 

Sample 1 

Sample 2 

Sample 3 

A 40, value* 

0.43 

0.57 

0.32 

0.78 

0.37 

OA1 

0.68 

0.75 

0.22 

0.19 

0.15 

0.19 

0.15 

0.49 

0.57 

2.01 

0.78 

0.61 

1.16 

0.00 

0.33 

0.31 

0.3 

0.21 

· 0 .20 

3 .92 

3.89 

3.98 

IsoJate A 405 V<lJu('* 

Sample 4 3.76 

Sample5 2.00 

Sample 6 0.76 

Sample? 0.71 

Sample 8 0.57 

Sample 9 0.51 

Sample 10 0.35 

Sample 11 0.33 

Sample 12 0.30 

Sample 13 0.21 

P. /ongllm 

Sample 1 0.53 

Sample 2 0.46 

Sample 3 1.33 

Sample 4 1.65 

SampleS 1.16 

SampJe6 0.22 

Niw tinnl) benthamiann 2.23 

N. gilltinosn 1.98 

Healthy black p epper 0.04 

.. A .os value taken one hour after substrate addition 

chromatography. Affinity column contained 
protein A coupled to cyanogen bromide 
activated agarose (Genei, Bangalore). 5 ml of 
polyclonal antiserum was passed through the
column and the column was washed with 
25 ml of wash buffer to remove all tmbound 
materials. The IgG b01md to the column was 
later eluted by adding 5 ml of elution buffer 
and quantified by taking OD va lues at 280 
nm (1.4 OD = Img / ml of IgG) . One m g of 
this rgG was used for conjugate preparation. 
One step glutaraldehyde m ethod described 
by Avrameas (1969) was followed for the 
preparation of 19G-alka line phosphatase 
conjugate. 

Detection of CMV by double antibody 
sandwich (DAS) ELISA 

Double antibody sandwich (DAS) ELISA 
procedure was s tandard ized llSing CMV IgG 
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and conjugate prepared, for the detection of 
CMV infection in field samples of black 
pepper . The DAS-ELISA procedure thus 
standardized detected the CMV in dilutions 
of extracts from diseased black pepper plants 
from different regions of Kamataka, Kerala 
and Tamil Nadu (Table 50). The varying OD 
values seen with diseased black pepper 
samples from different regions indicate 
varying vi.rus concentration in these samples. 

Virus elimination through meristenl cult1lre 

The shoot tips were collected from the virus
infected black pepper plants (var. Panniyur) 
grown in the field. These shoot tips as such 
were surface sterilized and the meristem was 
dissected out under aseptic conditions. The 
isolated-meristems were kept in the medium 
contai.ning MS+lmg/litre IAA for 
regeneration at 25°C. Within six days all of 
them got contaminated and eventually died. 
Since contamination was the main problem, 
efforts were made initially to establish 
plantlets under in vitro conditions using shoot 
tips/nodal segments. A good regenera tion 
medium was established with explants such 
as shoot tips and nodal segments. From such 
ill vitro grown plantlets meristem was 
dissected out and allowed to regenerate. 
Because of contamination problem, 
regeneration could not take place. Different 
treatments and modification of the media are 
being attempted to regenerate the plant from 
meristem, which will enable the production 
of virus free plants. 

Final Report 

1. reAR: National network project on 
Phytopilthora diseases of horticul
tural crops 

(M. Analldaraj and Y. R. Sarma) 

Collectioll and mainte1lance of National 
repository of Phytophthora 

A large number of Phytophthora from various 
host plants have been collected and 
maintained in the National repository. 
Presently, 547 isolates infecting 35 host plants 
have been conserved in the repository. 
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Characterization of Phytophthora isolates 
from black pepper 

Gro'"':'th of black pepper Pl7ytophthora isolates 
on dIfferent solid media was evaluated by 
measuring radial growth of fungus after 48 
and 72 h. Maximum growth was on carrot 
agar (19.5- 37.75 mm) followed by papaya 
dextrose agar (18.0-36.5 rrun) and cornmeal 
agar (16-30 mm). Least growth was on potato 
dextrose agar (12.0-20.5 mm). 

Sporulation of Phytophthom was found to be 
maximum in carrot agar followed by papaya 
dextrose agar and cornmeal agar and was 
very less in potato dextrose agar. 

pH and growth of Phytophthora isolates 
from black pepper 

Among the twenty five isolates tested twenty 
one isolates did not grow at pH 2.5 and all 
the isolates grew weJJ at pH 5 and pH 7, at 
pH 9 all isola tes showed very less growth. 

Morphological characterization of 
Phytophthora 

A total of 173 isola tes of Phytophthora from 
black pepper was characterized 
morphologically. Among these, 162 isolates 
were P. capsici, three were P. palmivorn, three 
P. pamsitica and another five were atypical 
isolates. All the P. capsici isolates were 
cad ucous with long pedicels. Range of pedicel 
length was 31.4-163.8 mm. P. palmivora 
isolates had pedicellength ranging from 4.3-
5 mm and P. parnsitica with 3.9-6.5 mm. 
Among l15 isolates of P. capsici tested only 
60 produced chlamydospores. 

Determination of mating nJpe 

All the isolates were tested for mating type 
by growing the isolates together with known 
mating types of Al and A2 in clarified carrot 
agar supplemented with ~ sitosterol (30 mg/ 
litre). Out of the one hundred and seventy 
isolates, one htmdred and forty four isolates 
were AI, six were A2, and twenty isolates 
were sterile. Among 162 P. capsici from black 
pepper 142 were A1, three A2 and 17 sterile. 
Out of three P. palmivoYa, two were A2 and 
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one sterile. Out of three P. parasiticn, two 
were A1 and one sterile. The three atypicals 
were A1 and two were sterile. 

Pathogenicity 

Pathogenicity of 144 isolates were done by 
detached leaf inocula tion technique on Piper 
nigrum, P. betle, P.longum, and P. colubrinum. 
They were categorized based on size of the 
lesion produced. 

One hundred and twenty one isolates out of 
144 were pathogenic to betel vine leaves and 
23 were non pathogenic. One hundred and 
eighteen isolates were pathogenic to P. 
longum and eighteen isolates produced lesion 
of 10-19.3 mm size after 72 h on P. 
colilbrinum leaves whereas, others did not 
produce any lesion or produced only 
hypersensitive reaction. 

Characterization of Phytophthora isolated 
from betel vine 

Variations among 52 isolates of Phytophlhom 
were studied by standard methods. Among 
the 52 isolates studied 39 isolates were with 
white fluffy aerial mycelium without any 
pattern and belonged to A2 mating type, eight 
were with white cottony mycelium without 
any pattern, five isolates Were with stellate 
growth pattern and all the isolates produced 
chlamydospores. The 39 isolates with white 
fluffy aerial mycelium produced 
amphigynous antheridia. The rest 13 isolates 
were Al mating type and produced 
amphigynous antheridia. P. capsici and P. 
parasitica isolates were responsible for foot rot 
of betel vine. Among the P. FlIm,'iticlI, 16 West 
Bengal isolates were with fast mycelial 
growth (39-44.5mm) and LIB ratio was less 
(1.15-1.3), other 23 P. FlImsilica isolates had 
comparatively slow growth (26-36.5) and LI 
B ratio comparatively high (1.3-1.5). Among 
P. capsici there were two types, stellate 
isolates with fast mycelial growth and LIB 
ratio high and white cottony slow growers 
with LIB ratio 2 or less than two. The P. 
pnrasiUm can be groupfd into two based on 
morphology as fast growers with low LIB 

ratio and slow growers with high LIB ratio. 
P. capsici can be grouped into two based on 
morphology as fast growing stellate with LI 
B ratio of more than 2 and white cottony 
colony slow growers with LIB ratio of less 
than 2. 

Eighty two isolates from other hosts such as 
P. chaba, vanilla, tapioca, bauhinia, potato, 
nutmeg, strawberry I citrus, crossandra, 
gerbera, diffenbachia, papaya etc were 
morphologically characterized. The species 
identified were; P. capsici, P. meadii, P. 
palmivorn, P. parnsitica, P. bot'hmt'riae and P. 
cinnamomi 

Molecular characterization 

UPGMA cluster analYSis of isozyme data of 
black pepper Phylophtllora grouped the 
isolates into a major cluster consisting of the 
typical P. capsici isolates and three other 
clusters. The P. capsici isolates had two major 
sub-groups. The first sub-group consisted of 
isolates which had an LIB ratio of values 
equal to or >2.0 and were in general, highly 
virulent. The second sub-group consisted of 
isolates with LIB ratios less than or equal to 
2.0 and composed of less, moderate and 
highly virulent types. The second major sub
group consisted of 3 clusters of isolates with 
a general LIB ratio of values less than or equal 
to 2.0 and differed from each other based on 
their virulence. The sterile isolates 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 tmiform isolates of moderately virulent 
type with distinct morphological characters. 
These had a modified chrysanthemum type 
colony morphology and an LIB ratio of 1.5 
and thus formed a unique group among P. 
capsici isolates, possibly forming the Cap A 
group suggested by Mchall and Oudemans 
based on sporangial dimensions. Nine 
isolates, morphologically identified as P. 
capsici were off-types, and lacking the typical 
characters of P. capsici, also grouped 
differently from the major cluster of P. capsici. 
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Among the off-types, P. pa/mivora and 
P. parasifica formed separa te groups. 

TI1e UPCMA cluster analysis of the isozyme 
da ta of betel vi ne isolates revealed two 
clusters within P. parasifica. The similarity 
coefficient between the two clusters was > 
0.8. Twenty eight electrophoretic types were 
revea led for 810ci across four enzyme systems 
s tudied for 40 isolates. Out of these, there 
were three major electrophoretic types, each 
consisting of 2 or morc isolates. 16 P. parasitica 
isolates collected from West Bengal, formed 
a major electrophoretic type. Each of the 
other isolates of P. pamsitica formed a distinct 
electrophoretic type. This serves as a 
supportive evidence for their distinct identity 
based on morphological characters. P. 
parasitica isolate, 98.119 was very distinct 
from the other isolates for all the enzymes 
shldied and had a coefficient of similari ty of 
only 0.59 with the other isolates. It was noted 
that there was no correlation between the 
geographical distribution and the grouping 
of the isolates among P. capsici isolates. 
However, among P. parasitica. isolates, there 
was a distinct separation of the West Bengal 
isolates from the P. parasitica isolates collected 
from the other regions. 

ITS -RFLP 

Protocols were standardized for isolation of 
DNA from Pllytophthom and RAPD and ITS
RFLP. For species identification using ITS
RFLP the genomic DNA was amplified with 
ITS 4 and ITS 6 and the amplified fragment 
was restricted with MspI/ AluI and further 
electrophoresed to give species specific 
banding pa ttem. 

Host pathogen interaction 

The mechanism of resistance in the 
PhytopiztllOrr1 tolerant line, P-24 was shld ied 
and it was found to be due to early induction 
of defence enzymes such as phenylalanine 
ammonia lyase (PAL). There was also 
induction of pathogenesis re1ated (PR) 
proteins [3-1,3 glucanase and chitinases. There 
were deposition of auto fluorescing callose 
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material deposited as the fungus invades the 
tissues in Pllytophthora tolerant line 

Biological control 

A total of 585 fungal and 832 FLuorescent 
pSnldOl1lOl1l7ds and Bacilllls spp. have been 
isolated and evaluated for their biocontrol 
activity. The percentage of inhibition varied 
from 20 to 84%. Most of the Trichoderma 
isolates overgrew P. capsici colony within 
three days. But no parasitism was observed 
on CA plates. However coiling and 
penetra tion of P. capsici hyphae by 
Trichoderma was observed on water agar 
plates. T. aureoviride showed such parasitic 
activity than any other group. From each 
group promising isola tes were selected for il1-
vivo studies. 

A total of 56 isolates of bacteria were screened 
for their antagonism to P. capsici. Thirty four 
isolates were able to inhibit P. capsici recording 
more than 50% inhibition. Glass house 
experiments were done in 3 sets involving 79 
isolates of Trichoderma. In the first set, 20 
isolates of T. vimls existing in the repository 
of lISR were screened. ln the first set of 
bioassay with T. v irens isolates, four of them 
namely, IISR-13, IISR-15, nSR-17 and IISR-
121 were able to promote plant growth 
significantly. ls01atc nSR-112 was ClbJe to 
suppress P. capsici. The disease incidence in 
that case was 30% as against 90% in the 
control. In the second set of bioassay with 
isolates of T. aurfoviride, T. haJllatum, T. 
1'117 rz ia II u 111, T. polysporul1l, T. IOllgibrachiatlll1l, 
T. kOllingii and some isolates of Trichoderma 
spp., 19 of them were identified as plant 
growth promoters. In the third set of bioassay 
with isolates of Trichodt>rl1la spp., six of them 
namely, IISR-1294, IISR-1306, IISR-1 307, 
IISR-1320, IISR-1321 and IISR-1337 were 
found to be plant growth promoters. Isolate 
IISR-1240 and rrSR-1325 red llced the disease 
incidence to 20% as against 80% in the 
control. 

When T. harzial/lim was mixed with 
neemcake, coir pith and farm yard manure 
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in 1:20 and 1:40 proportions, the population 
has increased after 10 days. Then it declined 
slowly after 30 days. Coir pith and farm yard 
manure showed maximum number of cEu in 
the 1:20 and 1:40 proportions. 

Twenty isolates of T. hnrzil7l1UIIl were studied 
for the volati le effects on P. capsici isolate 98 
-162 after exposure for 25 days. Trichodml1l7 
isolates TH-IO and TH-39 caused greater 
reduction in the virulence of P. cl7psici. P. 
cl7psici exposed to T. hnrzil7llul11 isolates, TH-
21, TH-25, TH-30, TH-45 showed no 
difference in virulence after one year. 

The biocontrol efficiency depended upon the 
isolate and their population density in soil. 
In the bioassay using T. harzimzul11 P-26, there 
was reduction in the disease incidence at an 
antagonist dose as low as 103 colony forming 
units per gram of soil whereas, T. virel1s P-12 
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required 106 cfu / g of soil for effective 
suppression of the pa thogen. T. virt'lls 17 

reduced the disease incidence at antagonist 
dose of 104 cfu / g of soi.l. Combination of T. 
hnrzil7l1UI11 + T. vin'lls recorded maximum 
growth of black pepper. This was followed 
by s ingle application of T. liflrzinlllllll and T. 
1711reoviride which were on par with two-way 
application of T. /1I7rzil7l1UI1l + T. I7l1rl'Oviride, 
T. virel1s + T. l7urfoviride and T. I7l1rl'Oviridf + 
T. pSflldokoningii. 

Protoplasts release and regeneration of 
Trichoderma 

Protocols were standardized for the isola tion 
of protoplasts from Trichoderml7 and their 
regeneration. Protoplast regenerations were 
obtained from T. vi rel1s IISR-1370 and T. 
aureoviride IISR-143. 
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VIII. Mega Project: Conventional and molecular approaches for developing pest, pathogen 
and nematode resistance in spice crops .. 

(Project Leader: M. Anandaraj) 

1. Screening germplasm of spice crops for 
reaction to diseases 

(R. Suseela Bhai, M. Allandaraj, M. N. 
Vellllgopal and K. V. Saji) 

Screening black pepper germplasm 
accessions to Phytophthora rot 

Forty four black pepper cultivars were 
subjected to preliminary screening with stem 
inoculation and leaf inoculation. Among 
them two cultivars (C-1311 and C-1321) were 
found moderately tolerant. Fourteen short 
listed hybrids were subjected to secondary 
screening but none exhibited the tolerance. 
Screening is progress with OP seedlings 
raised from 70 accessions including hybrids. 

Open pollinated progenies of P-24 and KS-
27 were also screened for reaction to P. 
capsici. Among 100 OP progenies of P-24 
screened none showed tolerant reaction 
whereas 4.3% of OP progenies of Subhakara 
showed tolerant reaction. In P-24 
(Phytophthorn tolerant line) the mechanism 
of tolerance was found to be due to early 
induction of defense enzymes such as 
phenylalanine ammonia lyase (PAL) and 
induction of pathogenesis related (PR) protein 
~ 1-3 glucanases. In the Phytophthora tolerant 
progenies of Subhakara ~ 1-3 glucanase 
activities were higher compared to parent. 

Seedling progenies were raised by seHing 
Panniyur-l, Subhakara, P-24 and by 
hybridi~ing Panniyur-l and Subhakara. The 
progenies were screened for their reaction to 
P. capsid and they exhibited varying degrees 
of resistance to P. capsici. Among the 
progenies 6.0%, 11.1 % and 8.0% of Panniyur-
1, Subhakara and P-24 respectively did not 
show lesion at all. The penetration index was 
also ;;;ero for 8.0%, 9.7% and 10.0% of se!fed 
progenies of Panniyur-l, Subhakara and P-
24 respectively. In the crossed progeny 
population of 169 seedlings, 12 seedlings 
(7.1%) showed resistant reaction and another 
26.0% showed tolerant reaction. 

. ,-., :' 

2. Screening germplasm of spice crops for 
reaction to nematodes 

(Sallthosh J. Eapen and K. V. Saji) 

Black pepper 

Forty-five germplasm accessions were 
screened against M. incognita and all the 
accessions were found susceptible to the 
nematode. An in situ screening experiment 
was laid out at Peruvannamuzhi Farm to 
confirm the resistance of nine black pepper 
gcrmplasm accessions (C-812, C-S20, C-I047, 
C-I090, C-1204, C-4103, HP-39, HP-60 and 
HP-290). 

Ginger and turmeric 

Fifty each of ginger and turmeric germplasm 
accessions were screened against M. 
incognita. Ont of these, 13 turmeric and 14 

Table 51. Evaluation of nematode resistant ginger and 
turmeric germplasm accessions in microplots 

Ace. 
No. 

Ginger 

Ace. 26 

Ace. 73 

Aec.202 

Ace. 217 

Ace. 221 

Mariln 
(Control) 

Turmeric 

Ace. 21 

Ace. 82 

Ace. 84 

Prathibha 
(Control) 

Hei-
ght (em) 

SI.2ab 

86.9a 

79.2b 

78.2b 

71.2(' 

84.6ab 

98.3b 

132.8a 

81.6c 

129.9,1 

No. 
of 

tillers 

21.4b 

19.6b 

29.la 

21.4b 

19.6b 

23.8ab 

5.8b 

7.3b 

6.4b 

9.1a 

EM! : Egg mass index (0 - 5 scale) 

Yield EMI 
(gJpJant) 

357c 1.0 

520ab 0.7 

528a 1.3 

497ab 0.7 

458abe 0.7 

411be 0.8 

958.Gb 0.0 

1216.0a 1.0 

1040.0ab 0.7 

634.0e 2.3 
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ginger accessions were short-listed for the 
second round of screening. Nematode 
resistant accessions namely, Accs. 82 and 84 
in turmeric and Ace. 202 in ginger were 
found superior in yield and other characters 
under microplot conditions (Table 51). 

An analysis of nematode resistance genes was 
carried out using bioinformatics tools. Based 
on this, gene-specific primers were designed 
for Mi gene, APS gene and others. 

3. Screening germplasm of spice crops for 
reaction to insect pests 

(K. M. Abdulla Koya, S. Devasahayam, T. K. 
Jacob, K. V. Saji and B. Sasikumar) 

One hundred and sixty five accessions of 
cultivars and 42 accessions of hybrids of black 
pepper available in the Germplasm 
Conservatory maintained at Experimental 
Farm, Peruvannamuzhi were screened 
against pollu beetle (Longitarsus nigripennis) 
to isolate sources of resistance against the 
pest. The pest infestation on berries ranged 
from 6.2% to 25.5% in the cultivars and from 
1.6% to 17.9% in the hybrids. 

Five hundred and fifty one accessions of 
ginger available in the Germplasm 
Conservatory maintained at Experimental 
Farm, Peruvannamuzhi were screened 
against shoot borer (Collognethes punctij,'ralis) 
to isolate sources of resistance against the 
pest. The study indicated that the pest 
infestation ranged from 5.3% to 30.9% in 
various accessions. 

Dried rhizomes of 77 accessions of ginger and 
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12 accessions of turmeric were screened for 
damage by cigarette beetle (Lasiodermo 
serricornis) in the laboratory. Rhizomes of 2 
accessions of ginger were free of infestation. 

4. Mechanism of resistance to pests and 
pathogens in spice crops 

(M. Anandaraj, B. Chempakam, S. 
Devasahayam, Santhosh J. Eapen alld T. John 
Zachariah) 

Phytophthora - black pepper pathosystem 

RAPD profiles of Phytophthora tolerant lines 
which were identified earlier was done using 
15 operon primers along with a susceptible 
var. Subhakara. One of the primers, OP A-Ol 
showed a distinct band of -300 bp in all the 
Phytophthora tolerant lines namely, P-24, HP-
780, HP-3, HP-l, C-I090 and C-I095. This 
band was eluted, further amplified by PCR 
using the same primer and cloned in 
Escherichia coli. The fragment was sequenced 
in order to develop SCAR marker which 
could be used for screening large population 
of seedlings. The fragment contained 373 bp 
and BLAST alignment showed homology 
with several resistant genes reported both in 
plants and other organisms. 

M. incognita - black pepper system 

Biochemical analysis of nematode tolerant 
line of black pepper revealed enhanced 
activity of defense enzymes such as 
phenylammonia lyase, catalase, peroxidase 
and superoxide dismutase. Acid phosphatase 
showed a decreased activity. 

1 
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IX. Mega Project: Developing integrated pest and d' 
spice crops Isease management strategies in 

(Project Leader: S. Devasahayam) 

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

(M. Analldaraj, V. Sri1livasan and C. K. 
Thankamani) 

An experiment to develop a package to 
rejuvenate foot rot disease affected 
plantations is in progress with 16 treatment 
combinations. The components include 
maintenance of weed cover in the interspaces 
where zero tillage was followed and in 
another block clean cultivation was followed 
by periodical removing of weeds by digging. 
Other treatments were growing of disease 
susceptible and tolerant varieties, providing 
organic and inorganic nutrition and chemical 
and biological methods of disease control. 

The initial growth and establishment of vines 
was better with clean cultivation and after 3 
years the yield was also more in this block. 
The soil availability of N, P and K were found 
to be slightly higher in block with weeds as 
compared to clean cultivation. The available 
K was higher in plots with inorganic nutrition 
compared to organic whereas the P 
availability was higher in organic nutrition 
plots. 
2. Utilization of Piper colllbril111111 Link and 
P. arbOrell 11l as roo tstocks in the 
management of foot ro t disease of b lack 
pepper 

(P. A. Mathew, J. Renra and T. John 
Zachariah) 

The growth of black pepper grafts in marshy 
area (IISR farm) on arecanut has been good. 
In order to achieve good coverage of laterals 
on the support, planting five grafts on each 
support was fotmd to be the best instead of 
single grafts wherein only few laterals were 
seen on one side of the support. To prevent 
snapping of graft union due to falling 
arecanut leaves, grafts were grown close to 

the arecanut stem facilitating close tying with 
support and the grafts were found to grow 
WIthout any detrimental effect. So far no 
graft failure or disease incidence has been 
noticed. 

The six year old graft plot in farmer's field at 
Peruvannamuzhi (Fig. 17) yielded 488 kg of 
dry pepper from 685 vines. The yield was 
low compared to last year (735 kg dry). This 
yield reduction could be due to the drought 
effect this year which is being ascertained 
through profuse irrigation. Infection on P. 
colubrilllllil tissues were noticed in 5 grafts 
and the samples has been given for 
pa thological investiga tions. 

Fig. 17. HI,1Ck pepper \'in('~ gr,l fted on Pip!''' coillvrillllt1l 

rootstock 

Due to severe drought during this year grafts 
in Wyanad, Goa, Kadangode and 
Thodupuzha perished. One more plot in 
Thodupuzha has been planted with virus free 
P. cOllibril1l1nl to be used as rootstock for black 
pepper. 

Quality analysis of berries indicated that the 
quality of berries was not affected by various 
methods of grafting in terms of piperine, 
oleoresin and essential oil. 
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3. Biological control of diseases of spices 

(M. Anandaraj, R. Suseela Bhai alld A. 
Kumar) 

A new trial on the development of biocontrol 
consortium for managing Pllytophthorn cnpsici 
and plant parasitic nematodes in black 
pepper has been laid o u tat rrSR farm 
Peruvannamuzhi. The organisms involved 
are T. hnrzinH1I111 (P-26) and selected bacterial 
isolates which were short listed from green 
house studies. The population build up of the 
introduced organisms and the native 
populations are monitored along with growth 
response of black pepper and disease 
incidence. 

Promis ing isolates of rhi zobacteria 
suppressing both R. sinrilis and M. incognitn 
were screened against P. capsici. IISR-658, 
IISR-853 and IISR-869 inhibited P. cl7psici in 
laboratory tests and these were also good P 
solubiIizers. An observational trial on the 
effect of PGPR has shown that the isolate IISR-
6 recommended for black pepper also 
enhanced the yield of ginger (Table 52). 
Studies with different isola tes of PGPR 
against soft rot disease of ginger showed that 
PGPR isolates rrSR-13, IISR-51, IISR-151, 
IISR-1S2 and IISR-906 were effective in 
red ucing the disease incidence to less than 
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5%. Endophytic bacteria associated with 
ginger rhizome and pseudostem was isolated 
from bacterial wilt affected gin ger plants as 
well as from healthy plants . 

Genomic DNA of nematicidal rhizobacteria 
(from black pepper, cardamom, ginger) was 
isola ted through the CT AB-SDS method and 
procedure for ARDRA (Amplified Ribosomal 
DNA Restriction Analysis) finge r printing 
was s tandardized. 

Antibacteria l activi ties of cell free culture 
filtrate of T. viride was fo und effective against 
bacterial wilt pathogen, Rn{sfol1/n 
solnnnct'nnll1l. The culture filtrate was active 
against the growth and multiplication of the 
pathogen ill vitro. The culture filtrate was 
inactiva ted by h eat at 70-90 0c. Mutant 
d erivative (a lbin o) of the T. viride did not 
produce antibacterial metabolites. 

4. Biological control of nematodes of spices 

(Santhosh J. Eapen and A. Kumar) 

Stlldies on PGPR 

Promising isolates of rhizobacteria that 
suppress both R. similis and M. incog1litn were 
screened against PhytophtllOra cnpsici. USR-
658, IISR-853 and IISR-869 inhibited P. cnpsici 
in laboratory tes ts. They are good P 
solubilizers too (Table 53). 

Table 52. Effect of PGPR on growth and yield of ginger and turmeric 

Treatment Ginger Tu rmeric 

No. of tillers Yield (kg) No. of tillers Yield (kg) 

IlSR-1 297.6a 2.88a 101.0abc 5.46bc 

IlSR-13 223.2 a 1.25 be 102.6i1bc 6.58ab 

IlSR-51 203.4 abc 1.08 bc 107.4ab 6.86ab 

lISR-853 157.6bc 1.44 be 87.2cd 6.76ab 

IlSR-859 188.8 be 1.94 b 104.8abc 7.36a 

K·149 149.0 bc 0.78 c 96.4 be 5.52be 

K· 151 172.8 be 1.36 be 87.6cd 4.66cd 

Molasses 228.6ab LlObe 73.4d 3.52d 

Control 115.4 be 0.99 bc 118.2a 4.08cd 

Means represented by same letter are not SIgnificantly different under DMRT 
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Table 53. Promising isolates of rhizobacteria that suppressed Radop/wilis simi/is 

Is. No. Source Location Reaction to P. solubilization Production 
of HCN 

Mi Rs 

658 M. incognita Wyanad + + + 

663 P. nigrlll11 Idukki + NT 

853 Clrromo/al'lIa odomta Calicut + + + 

865 Stryclll'los II1IXVOll1im Calicut + + + + 

+ Present, - Absent, Mi - Me/oidogYIli' incognita, Rs - Radopiro/lls simi/is 

Field trials with promising BeAs 

An ob servation trial was laid out in the 
Experimental Farm, Peruvannamuzhi to 
sh ldy the management of nematode pests of 
black pepper by deploying five promising 
isolates of rhizobacteria (IlSR-522, IISR-528, 
IISR-658, IISR-853 and IISR-865). Among 
these, IlSR-522, IISR-528 and IISR-658 were 
superior in suppressing plant parasitic 
nematodes and significantly reducing the 
foliar yellowing in black pepper vines. 

In another ongoing field trial at 
Peruvannamuzhi using four flmga l isolates 
na mely, Verticillium ch/al1lydosporiun1, T. 
hflrz ianunl , Pfl(,c ilomyces I i/ac inus and 
Scapulariapsis sp., V. chlal1lydospariul1l and 
Scopulariapsis sp. were promising in reducing 
the foliar yellowing and reducing the 

nematode infes tation in black pepper. 

Two more new trails were laid out at 
Peruva nnamu zhi to evaluate the 
performance of ginger (var. Himachal) and 
turmeric (var. Prathibha) w hen they are 
supplemented with promising PGPR strains. 
Ten PGPR strains were evaluated for their 
efficacy to improve the plant growth and 
suppress soil borne diseases and nematodes. 
There were four replications with a plot size 
of two beds of 3 m x 1 m. The rhizobacteria 
were multiplied on molasses and applied at 
the time of sowing (@ 2.5litre / bed) and after 
two months. Observations were recorded on 
the germination of seeds and y ield. Incidence 
of p ests and diseases was also monitored. The 
germiJlation of ginger seeds was significantly 
improved consequent to the application of 

Table 54. Evaluation of promising rhizobacteria for grow th and yield of g inger and turmeric 

Isolate No . Ginger Turmeric 

Germina tion (%) Yield (kg /3m2) Germi nation (%) Yield (kg/3m2) 

rrSR-6 76. 12a 4.38 b 92.16ab 6.41 ab 

IlSR-13 78.98a 5.32 a 95.10 a 6.23 ab 

IISR-51 77.76a 4.90 i'lb 85.48 b 6.00 ab 

IlSR-149 82.54a 4.27 bc 93.79ab 5.92 ab 

IISR-151 73.97a 4.27 bc 88.12ab 5.59 ab 

TISR-853 84.lOa 4.38 b 93.77ab 5.81 ab 

TISR-859 73.57a 4.29 bc 87. 14ab 6.18 ab 

llSR-866 77.04a 4.48 ab 92.62ab 5.82 ab 

IISR-522 81.15a 4.1 2 bcd 91.96ab 4.51b 

IISR-658 77.36a 3.30d 92.40ab 5.97 ab 

Control 59.32b 3.4Ded 93.88ab 6.47 a 

Figures followed by the same letter in a colu mn are not Significantly different 
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rhizobacteria. The maximum germination 
was observed with IISR-853 in both ginger 
and turmeric. Application of lISR-6, IISR-13, 
IISR-51, IISR-149, IISR-853 and IlSR-866 
increased the ginger yield by 33.9%-62.7% 
(Table 54). However, in turmeric, significant 
improvement in either germination or yield 
could not be obtained with any of the 
bacterial strains. 

5. Biological control of insect pests of spices 

(5. Devasahayam, K. M. Abdlllla Koya and 
T. K. Jacob) 

Management of shoot borer 

A commercial neem product (Nimbicidine) 
and neem oil were evaluated at 1% 
concentration (that were promising during 
the previous year) in the field at 
Peruvannamuzhi for the management of 
shoot borer (Conagetlres pllnetifemlis) on ginger 
to develop eco-friendly schedules based on 
organic insecticides for the managemen t of 
the pest. The neem products were sprayed at 
IS-day intervals on the experimental plants 
during July to October. A treatment involving 
spraying of malathion 0.1 % at monthly 
intervals during July to October was also 
maintained. However, both the neem 
formulations were not effective in redUCing 
the pest infestation on the crop and the 
percentage of shoots infested by the pest was 
on par with control. 

An integrated strategy such as adoption of 
cultural methods (pruning and destruction 
of freshly infested shoots at fortnightly 
intervals during July to August) and spraying 
of neem products (Neem oil and Nimbicidine 
- 1% concentration each at 15 day intervals 
during September to October) were evaluated 
in the field at Calicnt for the management of 
shoot borer on ginger. Treatments involving 
pruning and destruction of freshly infested 
shoots at 15 day intervals during July to 
August and spraying of malathion 0.1% at 
monthly intervals during September to 
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October and spraying of malathion 0.1 % at 
monthly intervals during July to October 
were also maintained. However, the 
treatments involving pruning of infested 
shoots and spraying of neem products were 
not effective in reducing the pest damage on 
ginger. 

Management of rhizome scale 

Dried leaves of four plant species namely, 
Chromolennn odornta, Glyeosmis 1Jfntal'hylln, 
Melin compositn and Strychnos nux-vomica 
were evaluated as storage material for the 
management of rhizome scale (Aspidicl/a 
ltartii) on ginger rhizomes during storage. The 
rhizomes were dipped in quinalphos 0.075% 
and stored in various plant products. The 
trials indicated that, storage of rhizomes in 
dried leaves of S. l1ux-vomica and G. 
pentnph!flln after dipping in quinalphos 
0.075% were promising for obtaining a higher 
recovery of rhizomes, higher number of 
sprouts and lesser incidence of rhizome scale. 

Another trial involving evaluation of 
promising storage materials such as dried 
leaves of S. Ilux-vomica and G. pt'lltnphylla 
along with saw dust in various proportions 
for the management of rhizome scale is under 
progress. 

6. Characterization of bioactive compounds 
with pesticide properties 

(N. K. Leela, M. AllaJlaaraj, S. Devasahayam 
a1ld Salltllosh J. Eapell) 

Characteriz:ation of fllltgitoxic compollnds 

In earlier studies two compounds were 
isolated from the fungitoxic iraction of C. 
odomla leaves of which one compound was 
identified as 2'-hydroxy-3, 4,3',4',6'
pentamethoxychal-cone by spectral studies. 

Isolation of active principles ill Annona 
squamosa seeds 

In order to isolate the nematicidal compound, 
the methanol extract of Al1l1ol1a squamosa 
seeds, which showed nematicidal activity 
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aga inst M. incogllita, was divided into ethyl 
acetate soluble and insoluble fractions. These 
fractions were further separately fractionated 
by column chromatography into 19 groups, 
13 from ethyl acetate soluble and 6 from ethyl 
acetate insoluble material. Preliminary 
screening of 6 major fractions indicated that 
two out of these fractions caused 39% and 
32% nematicidal activity at 0.25% 
concentration. Similarly antifeedant activity 
of the major fraction from hexane extract was 
also tested against poIlu beetle. This fraction 
(hexane-e thyl ace tate 98:2) at 2% 
concentration caused 92% feeding deterrence 
against poUu beetle. 

Final Report 

1. Bioecology and management of 
mealybugs infesting black pepper 

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

Objectives 

The project aims at studying the incidence, 
nature of damage, life history and developing 
management schedules against mealybugs 
infesting black pepper. 

Distribution 

Surveys conducted in Wyanad Dis trict 
during 1998 revea led that 20-80% of the 
vines were infestcd by mealybug Planococcus 
sp. during monsoon period. The incidence 
was found to be 4.4 - 17.8% during summer 
months. During 1999, the incidence varied 
from 6.7% to 42.2% when the survey was 
carried out in nine locations. However, at 
two locations mealybugs were not noticed. 
Surveys conducted in Calicut District during 
2000 showed that mealybug infestation was 
negligible in these areas except in a few 
gardens in Chakkittapara area. During 2001, 
surveys conducted in north castern part of 
Calicut District indicated that mealybug 
infestation could not be located in 12 gardens 
visited. Out of 39 gardens surveyed spread 
over 13 locations in Kodag u District of 
Karnataka, 3 gardens showed medium and 
13 gardens mild infestation by PlallococClls sp . 
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Nature of damage 

Stud ies conducted on nature of damage 
caused b y m ealybugs indicated that they 
were present on main roots as well as on 
secondary and tertiary roots and were fotmd 
to be present even up to a depth of 2 feet 
below the soil on the roots. Many of the vines 
having mealybug infesta tion were also 
affected by Plzytophthom foot rot disease and 
such vines exhibited yellowing, defoliation 
and wilting. 

Life history 

The morphometries of adults ~nd crawlers 
were determined. The total life span from 
crawler to adult ranged from 32 to 36 days. 
The total number of crawlers produced by 
female ranged from 19 to 197. 

Standardization of techniques for mass 
culturing 

Seven host materials slIch as elephant foot 
yam, colacasia, colells, potato, pumpkin and 
squash were evaluated for culturing 
mealybugs under laboratory conditions. 
Pumpkins and squash were mos t ideal for 
mass culturing. 

Management of mealybugs 

Preliminary field trails using neem products 
and organic compounds revealed that neem 
products did not have any impact on the 
mealybugs. However, chlorpyriphos at 0.1 % 
was most effective w hen the root zone of 
black pepper vines were drenched with the 
insecticide solution. A field trail was 
conducted at Kalpetta using insecticides such 
as quinaJphos, malathion, chlorpyriphos .and 
prophenophos all at 0.075% concentratIons 
singly and in combination with wetting agent 
for management of the mealybug. The 
insecticide application was carried out during 
May and August and observati~ns on 
incidence of root mealybug were earned out 
30 days after the final treatment (drenching 
w i th insecticides). 

Combined analysis of data of two ye~rs 
showed tha t all the insecticides were effective 
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in reducing the population of root mealybug 
when compared to control. However, 
wetting agent alone was fOlmd to be equal to 
untreated control. Amon g the various 
treatments, chlorpyriphos was the most 
effechve and was on par with quinalphos and 
prophenophos (Table 55). 

Table 55. Efficacy of insecticides against root mealybug 

Treatme nt Poplllat io nj2.5 em of root 

Qllinalphos 0.075% 

Chlorpyriphos 0 .075% 

Prophenophos 0 .075% 

Malathion 0.075% 

Quinalphos 0.075 %+ Sandovit 0.1 % 

Chlorpyriphos 0.075% + Sandovit 0.1% 

Prophenophos 0.075% + Sandovit 0.1% 

Malathion 0.075% + Sandovit 0.1% 

Sandovi(O.l% 

Control 

(DMRT lest at P < 0.05) 

Externally Funded Projects 

0.5 de 

0.0 e 

1.6 cd 

2.2 c 

1.1 cde 

0.0 e 

1.1 cde 

2.5 c 

7.7 b 

9.4 a 

1. lFS : Development of disinfection 
technology for management of bacterial wilt 
of ginger 

(A. Kumar) 

Disinfection of rhizomes with solar radiahon, 
a method called rhizome solarization , is being 
developed in the present project for bacterial 
wilt management with the help of grants 
obtained from IFS (International Foundation 
for Science, Sweden). The basic information 
on the effect of heat on v iability and 
pathogenic ability of R. soinnncenmJ1J and the 
effect of heat on germination, viability and 
emergence of ginger (rhizomes) was shldied 
in the project. The survival of the bacterium 
on ginger rhizome before, during and after 
heat treatment through rhizome solarization 
was s tudied u sing serological approaches. 
Technology demonstra bon trails were 
conducted in g reen house. as well as in 
farmer's field. The series of experiments 
conducted in the project are furnished below. 
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Effect of heat 011 survival of R. solanacearum 

At a temperature of 46 °C complete killing 
was observed when exposed for 1 h. As the 
temperature increased, the su rvival of 
bacterium decreased. When the cultures were 
exposed for 30 min at 46°C, 98.0% killing 
could be recorded, whereas 100 per cent 
death could be observed upon longer (60 min) 
exposure. Thus the thermal inactivation point 
of R. soiannCf'flrU m was determined to be 47 
°C at 30 min. The experiment was repeated 
as described above with narrow temperature 
range (45.6-46.5 i.e., 45.6, 45.7, 45.8, 45.9, 
46.0, 46.1, 46.2, 46.3, and 46.4 °C in order to 
know the thermal death point of Ra/stollin at 
30 minutes of exposure. Comple te death of 
aU the cells could be seen at a tempera hue o f 
45.6 to 46.4 dc. 
Effect of heat 011 pathogenicity of R. 
solanacearum 

When the heat-exposed cells (40 and 45 dc) 
were inoculated, the expression of the wilting 
symptom was delayed for 2 days compared 
to check (30°C), w here the wilt could be 
noticed in 6 d ays. When the exposure was 
above 45°C, the pathogen could not w ilt the 
p lants due to complete death of all the cells 
at this temperature. 

Rhizome solarization 

When the seed rhizomes were exposed fo r 
28 days (8 to 224 h) of day light, the sprouts 
got burnt and the rhizomes turned soft and 
rotten. The burnt appearance of the sprou t 
could be due to high tempera hue (> 50 0c) . 
The extended period of rhizome solarization 
has detrimental effect on rhizomes and 
germination. Even a t 8 h of solariza tion, the 
sprouts were completely burnt and the 
rhizomes were rotten after a week of storage. 
Prolonged exposure to hea t has been shown 
to be detrimental to germina tion of ginger. 

Larger rhizomes recorded 1-3 "C higher 
temperahlres than the smaller rhizomes. As 
the size increased the heat build up also 
increased. The variation in the heat build up 
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in the rhizome could be due to the fact that 
the larger seed rhizome has a larger surface 
area to trap the sunlight, which in turn 
results in higher temperature in rhi zome. 
Relationship between rhizome size and heat 
buildup has also been recorded. 

Wilt incidence was recorded after 45 days of 
planting and 35% of the plants emerged from 
unsolarized seed pieces expressed wilting 
symptoms after 60 days, the incidence was 
75% on 90 111 day and none of the plants 
survived after 100 days of planting. Plants 
emerging from solarized rhizomes often 
escape the disease due to in situ killing of the 
pathogen in the seed rhizome or in the 
vascular tissue itseH. 

Serological approaches 

Serological evidence for e limina tion of 
R. so/nnnCrnrlll11 from ginger rhizomes was 
recorded. Negative resul ts obtained in post 
enrichment DAS-ELISA for R. so/nnnCearlln1 
in s olarized rhizomes confirm that the 
bacterium is not surviving in solarized 
rhizomes. The assay clearly indicates that 
rhizome solarization is capable of disinfecting 
the rhizomes infected by R. soJml(lct'nrum 
e ither artificially or naturally. The 
temperature generated inside the rhizome has 
decreased the number of viable bacteria in 
the rhizome 

Rhizome washings and vascular extract 
obtained from solarized rhizomes were 
subjected to DAS-ELISA in order to know the 
fate of R. sO/{lilacearum. TI1e data on the A405 
values indicates that the solarization has got 
detrimental effect on R. so/{mnct'rznIl1l in 
vascular tissues as extract from 1 and 2 h 
fa iled to give positive colour reactions (0.512 
and O.SO respectively) whereas the extract 
from the unexposed rhiz ome has tes ted 
positive for R. so/nnncenrum (1.450). 

Rhizomes collected from g inger plants 
emerged from solarized infected rhizomes 
tested negative for R. so /nllnct'nrul11 in pos t 
enrichment NCM-ELISA. 
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Green house and field trials 

Field trials were conducted in five locatio~s 
for tvvo years in the state of Kerala and Tamil 
Nadu namely, Kothamangalam, Kottapady, 
Kannur, Ambalavayal, Pulpally, Gudalur, 
and Peruvannamuzhi for two years using the 
ginger rhizome (local cultivar) available with 
the farmers. Rhizomes were solarized for 
different duration (0, 30, 60, 90, 120 tnin. from 
9 to 11 am) in the forenoon. 20 kg of rhizome 
was solarized for specified duration and 
planted in 20 beds @ 1 kg per bed immediately 
after solariza tion. Post enrichment DAS
ELISA was used to detect the iDoculum of R. 
so/nnnct'nrum in unsolari zed and solarized 
rhizome as weI! as in soil before planting. The 
data on heat buildup in rhizome, heat 
retention in rhizomes, status of rhizomes, 
germination, disease incidence and yield was 
collected and is being complied. 

2. BRNS: Migration of pesticides in soil, 
water and plant environment - A study 
using 32 P labeled potassium phosphonate 

(R. Suseela Bhai and K. Vasu) 

Translocation studies 

Plants were raised from runner vines as well 
as from laterals (bush peppe r) for 
trans location studies. TI"lese plan ts would be 
inoculated with p 32 labeJed and unlabeled 
potassium phosphonate. Plants treated w ith 
potassium phosphonate would be inoculated 
with Phytophthora capsid at different time 
intervals to study the persistence of 
potaSSium phosphonate inside the plant 
system. The experiment is in progress. 

3. DBT: Endophytic bacteria for biological 
system management of Radopholus similis, 
the key nematode pest of black pepper 
(Piper nigrum L.) 

(K. V. Ramal1a, Santhosh J. Eapen, R . 
Ramakrishnan Nair and A. Kumar) 

One 11lUldred and three s tra ins of endophytic 
bacteria were isolated from various plant 
parts of black pepper and rhizosphere soil 
through different approaches. Bacteria seen 



92 

along with the tissue cultured black pepper 
plants were also isolated. They were 
cryopreserved at - 80 °C in 20% glycerol and 
were maintained for further assays. These 
isolates were ch arac ter ized by colony 
morphology, antibiotic sensitivity, their ability 
to colonize black pepper plants and 
nematicidal properties. For testing their 
nematicidal activity, they were suspended in 
s terile dis tilled water and were serially 
diluted up to 10.6. The whole assay was 
performed in 24-well microtitrc plates. After 
72 h, the munber of live and dead nematodes 
was counted under a stereomicroscope by 
adding a few drops of IN NaOH. Among the 
25 isolates screened, the nematicidal activity 
ranged from 0% to 29% under in v itro 
conditions. For molecular characterization of 
the efficient s trains, ARDRA was 
standardized. Analys is for developing 
primers specific to biocontrol genes has been 
completed. A novel method based on s taining 
with Fluorescent DiAcetate (FDA) to 
differentiate live and dead nematodes was 
developed. 

4. lCAR: Bioecology and integ rated mana
gement of root mealy bug (PlanococClls sp.) 
infesting black pepper 

(S. Devasahayam, K. M. Abdulla Koya alld 
M. Analldaraj) 

Distribution of root mealybllg 

Surveys were conducted in Idukki (15 
locations), Kannur (9 locations) and 
Kasaragod (9 locations) dis tricts of Kerala and 
Dakshina Kannada (4 locations), Udupi (1 
location), Uttara Kannada (4 locations) and 
Hassan (9 locations) districts of Kamataka to 
record the inciden ce of root m ea ly bug 
infesting black pepper in these areas. Seven 
gardens in Idukki Dis trict and five gardens 
in Hassan District were infes ted by the pest. 

Mealybug species infesting roots of black 
pepper 

Collections of root mealybug infes ting black 
pepper were made from the various loca tions 
surveyed and preserved in the laboratory for 
identifica tion. Two species of P/rlnococcLis sp. 
were found to be associated with roo ts of 
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black pepper. The correct identity of the 
species is being determined. 

Nature of damage 

The nature of damage cansed b y roo t 
mealybug infesting black pepper was s tudied. 
Colonies of root mealybug were distributed 
on the main, secondary and tertiary roots on 
rooted cuttings in the nursery and also on 
vines of all age groups in thc field. Thc basal 
portions of the s tems of the vines were also 
infes ted w hen they were under soil / leaf 
mulch. The pes t infes tation resulted in 
defoliation, yellowing and wilting of leaves 
and lateral branches. Experiments to s tud y 
the interaction of root mealybug and other 
pathogens such as Phytopl1tlwra capsici and 
nematodes observed in infes ted vines were 
set up tmder green house and simulated field 
conditions. 

Bioecology 

Methods were standardized for studying the 
biology of root mealybug in the laboratory. 
Studies on life history of root mealybug are 
in progress. Studies on morphometries and 
duration of various stages is tmder progress . 
The seasonal incidence of root mealybug in 
the field is being monitored at Wyanad. 

The alternate hosts of root mealybug were 
recorded in black pepper gard ens infested 
with roo t m ea lybug. Colonies of root 
m ea lybugs were observed on banana 
rhizomes and base of s tems of coffee and 
Eryfhrina sp. and also on roots / base of stems 
of 11 weed plants (belon ging to the families 
Amaran thaceae, As teraceac, Compositae, 
Euphorbiaceae, Fabaceae, Graminac, 
Malvaceae and O leandraceae) . The correct 
ide ntity of the meal yb u gs arc being 
determined. 

Mass cll /turing 

Nine fruits /vegetables / tubers belongin g to 
Aroidae, Cucurbitaceae, Z ing ibe raceae, 
Rutaceae and Solanaceae, namely, colocasia, 
elephant foot yam , p umpkin, squash, ash 
gourd, bottle gourd, cucumber, water melon, 
citrus, ginger, turmeric and potato are being 
evaluated for their s uitabi lity for m ass 
culturing of root mealybug. 



'Rgsearch 5'1chievemen IS 

Final Report 

1. DBT: Compatibility, stability and 
potential of biocontrol consortium on 
suppression of Phytopht'1Ora foot rot of 
black pepper and their conservation 

(Y. R. Sarma, M. Analldaraj and A. Kumar) 

Fluorescent pseudomonads and TrichodfY11Ifl 
spp., were isolated from black pepper roots 
and rhizosphere soil collected from different 
places in Kerala, Karnataka, Tamil Nadu, 
Andhra Pradesh and Sikkim. A repository of 
rhizobacteria is maintained at IISR, Calicut 
with a present strength of 905 s trains. The 
antagonistic potential of bacterial isolates and 
Trichodfrlllfl spp. were evaluated by dual 
cu lture technique against P. capsici, the foot 
rot pathogen of black pepper. 

Mode of action of PGPRs in protecting black 
pepper from infection by P. capsici was 
studied in detail. Strains of fluorescent 
pseudomonads, IISR-13 and IISR-51 
significantly inhibited the radial growth of P. 
cn psici. Strains also produced inhibitory 
HCN, siderophores and antibiotics namely, 
pyoluteorin and pyrrolnitrin. The efficient 
s tra ins of Pseudomonas jlllorescens namely, 
IISR-6, IfSR-8, rrSR-ll, IISR-13 and IISR-51 
and Trichoderma spp. namely, isolates, P-12, 
P-26, GY-19, Tav-25 and Th-39 were found 
to produce mycolytic enzymes namely, P-1,3 
glucanases, P-1,4 glucanases and lipases. The 
efficient strains were characterized based on 
its efficiency in utilization of different carbon 
sources, antibiotic sensitivity, and utiliza tion 
of succinic acid. The efficient bacteria were 
also found to solubilize phosphate and thus 
making it avai lable for the plant. The 
introduced biocontrol bacteria in black 
pepper was found to be endophytic as 
revealed by fluorescent microscopic 
observations. 

The selected isolates of PGPR were evaluated 
in green house for their efficiency in growth 
promotion, biomass production and foot rot 
suppression in black pepper. The P.filiorescel1::J 
strains IISR-8, IISR-ll and llSR-51 were 
effective in protecting black pepper from its 
three pathogens namely, R. sil1li/is, M. 
illcogllita and P. capsici. 
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Studies on the rejuvenative capacity of 
f1u~rescent pseudomonads in black pepper 
mdlcated the potential of these strains for the 
nllrs~ry management of black pepper, 
~speCl~lly to protect the plants from P. capsici 
mfectlOn. The shelf life of Trichoderma in 
different coir pith based substrates were 
tested and was found that coir compost + 
sorghum is the best carrier media. The shelf 
life was found to be 75 days. In order to 
produce bulk inoculum, locally available 
agricultural waste namely, coconut water 
and molasses (0.5%) were exploited for 
multiplication of the bacterial biocontrol 
agents and was found to be a economical 
carrier media. In 32 h, molasses supported a 
popula tion size of 1013 per ml and coconut 
water supported 1015 per mI. 

With a view to developin g a biocontrol 
consortium in a multiple cropping system 
involving several spice crops, the efficient 
biocontrol agents in black pepper were tested 
against the pathogens of ginger and 
cardamom and found tha t disease 
suppression extends even to these crops, 
apart from promoting the g row th in these 
crops. The comb ination of T. /wrziflllul1l 
isolate, IISR-1369 and P. fhlOrt'sCt'IIS strain, 
IISR-11 could improve the vigour of the plant 
both in black pepper and ginger. The same 
treatment combination imparted maximum 
yield in ginger and cardamom. 

In fie ld trials conducted with different 
combination of fluorescent pseudomonads 
and Trichoderma, the best treatment was 
found to be a combination of Triclloderl11a spp. 
(Is. no. IISR-143 and TISR-369) and P. 
fiuoresct'lls (JISR-6) to decrease the root rot 
disease besides increasing the yield. 

The two efficient biocontrol agents namely, 
P. fillorcscl'ns (IISR-6) and T. harzimwnL (P-26) 
had been proved indiv idually efficient in 
protecting black pepper. from root rot caused 
by P. capsici and are compatible with each 
other for the formulation of a microbial 
consortium to get greater protection and these 
s trains were found to be rhizosphere 
competent. 
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X. Mega Project: Economics, stati stics and modeling 

(Project Leader: M. S. Madan) 

1. Economics of s pi ces producti o n and Table 56. Cost of cultiva tion of vanilla 

marketing 

(M. S. Madan) 

Estimation of cost of cultivation of spices 

Surveys were conducted in vanilla growing 
districts of Karnataka and Kerala to estimate 
the cost of cultivation of vanilla. There was 
a rapid inctease in area under vanilla 
cultivation in the states of Kerala and 
Karnataka (Table 56). Low price for other 
competing crops and prevailing better prices 
for vanilla were the major reasons for 
increased area expansion. The estimated cost 
of cultivation indicated the Benefit Cost Ratio 
of 3.3 and 3.8 in Karnataka and Kerala 
respectively. The estimated maintenance cost 
was Rs. 21,084 acre / year. The incurred cost 
towards compost formed the major 
component (66%) followed by labour charges 
(21 %). While estimating the cost of 
cultivation, the value of the land was not 
taken into account. On an average the total 
cost of production per acre (700 vines) in first 
year of bearing was Rs. 27,542. The average 
yield per acre was 82.25 kg of green beans 
and the average gross returns realized per 
acre by selling green beans was Rs. 90,475. 
The average net return per acre was Rs. 
62,933 with the Benefit Cost Ratio of 3.28 
(Table 56). 

Economics of on-farm processing (curing) of 
v anilla indica ted tha t, sale of processed 
vanilla beans returned a huge net benefit of 
Rs . 54,825/ q over the sale of green beans 
(Tables 57 and 58). Large farms performed 
better than small farms in vanilla cultivation 
mainly because of the ir on-farm processing 
activities. In the absence of es tablis h ed 
marke ting system, the growers depend on 
fe w processors and exporters for onfarm 
processing and marketmg of the ir produce. 

Particulars Cost (Rs./acre) 

Establishment cost per acre (700 vines) 

Labour 

Planting ma terial 

Manures 

Chemicals 

Standards for support 

Total establishment cost 

Ma i l1tennnce cost per acre (700 vines) 

Labour usage for all operations 

Compost 

Chemicals 

10050.00 

4560.00 

28000.00 

1548,00 

2280.00 

46438.00 

4350.00 

14000,00 

645.00 

Interest on working ca pita l @11 % per annum 2089.45 

Total maintenance cost 21084.45 

O lltPlit al1d retrlms per acre (7UO vines); 

Apportioned investment cost @ J J% 

Total maintenance cost 

Total cost of production 

Retll rns 

Average annual production . kg/ acre (green) 

Gross returns @ Rs.ll 00/ kg 

Net returns 

Cost of production / kg 

Net returns/kg 

Benefit Cost Ratio 

6458.00 

21084,45 

27542.45 

82.25 

90475.00 

62932.55 

334.86 

765.13 

3.28 

Economic ev aluation of technology 

Economics of usmg variable rate (low m put) 
of fertiliZer and apphca bon of biocontrol 
measures in pepper (Table 59) and organic 
cultivation of pepper was also worked ou t 
using the agronomic data from farmers field 
from four dis tricts o f Kera la (Kasaragod, 
Kannur, Calicut and Wyanad) . 
2. Identification of appropriate p redicti on 
systems in spice crops 

(K. N. Kurup and P. Rajeev) 

Analysis of impact of es tablishment of WTO 
on export and export p rice of Indian spices 
are given in Table 60. 
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Table 57. Processing cost per quintal of vanilla beans 

Materials and labour Quantity Unit cost (Rs.) Total va lue Cost (Rs. / q) 
Rs. 

Washing bea/ls 

Women labour 2 50 100 100 

Killing process 

Conta iner 800 800 136 
Thermometer 1 30 30 30 
Jute bags 10 15 150 150 
Men labour 2 60 120 120 
Women labour 1 50 50 50 

Swmting 

Wooden box 6 300 1800 487 
Blanket 25 150 3750 2190 
Women labour 18 50 900 900 

SloUJ drying 

Stand 1 3000 3000 812 
Men labour 1 60 60 60 

Gradillg and packing 

Polythene sel{-stickable bags 20 2 40 40 
Women labour 2 50 100 100 

Total 5,175 

Note: The li fe of blankets two years; The life of wooden box s tand five years; lnvestment on blankets, 
wooden box and stand is amortized at 11% over [he life span o( each material. 

Table 58. Cost and returns from on-farm processing of vanilla beans 

Particulars 

Selling of 1 q green beans@ Rs.1100/kg 

Processing cost/q of green beans 

Selling 20 kg processed beans (1:5 ratio) @ Rs.8500/kg 

Deduction of processing cost from returns of dry sale 

et extra income by processing/ q of green beans 

3. Remote sensing and GIS in evaluating 
the impact on socio-ecological changes on 
spices production in Western Ghats region 

(M. S. Madan, V. Srinivasan, K. Kal1dianuan, 
K. V. Saji and Lftpala Parthasarathy) 

Tlu-ough rapid rural survey and bench mark 
survey basic parameters to be included in the 
study were identified in the target district 

Total value (Rs.) 

1,10,000.00 

5175.00 

1,70,000.00 

164825.00 

54825.00 

(Wyanad). Soj) map for the state of Kerala 
including the target district were procured 
from National Bureau of Soil Survey and Land 
Use Plarming, Bangalore and digitized using 
GIS software. Watershed maps of the target 
district were collected and is being digitized. 
Socio-economic (census) data pertaining to 
the district were also collected. 
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Table 59. Economics of low input usage in pepper production 

Treatment 

No Mean return Risk table Marginal return 

Value of Cost of Mean Index Marginal Marginal rate 
output input Net Benefit variability net benefit of return 

(Rs./ha) (Rs./ha) (Rs./ha) 

T-l(Check) 11908.10 0 11 908.10 49.33 

T-2 13876.70 5428.39 8208.31 76.63 

T-3 13085.40 5449.28 7396.12 90.35 

T-4 15412.10 5427.40 9744.70 71.19 

T-5 14803.10 5427.18 9135.92 85.81 

T-6 14282.00 5448.80 8595.20 94.22 66.18 (2) 337.3 

T-7 15497.90 5447.02 9810.88 88.66 6.02 (1) 1584.3 

T-8 15504.30 5447.40 9816.90 80.00 

T2: FYM 10 kg + 220 g urca + 220 g rock phosphate + 235 g potash /v ine; T3: FYM 10 kg + 220 g rock pho~phatl' + 235 g 
potash + 1.7 kg neell1 cake /v ine; T4: FYM 10 kg + 110 g urea + 110 g rock phosphate + 235 g potash/vinc; T5: FYM 10 kg 
+ 235 g potash /vine; T6: FYM 10 kg + 110 g rock phosphate + 235 g potash + 20 g biofertili7ers /v inc ; T7: FYM 10 kg + 110 
g llrea + 220 g rock phosphate + 235 g potash + 20 g bio[ertilizers/v ine ; T8: FYM 10 kg + 110 g urea + 110 rock phosphate 
+ 235 g potash + 20 g biofertilizers/vine 

Externally Funded Project 

1. NATP: Integrated National Agricultural 
Resources Information System 

(M. S. Madan, V. Srinivasan and K. S. 
Krishu amllrthy) 

A 'Spice database' with two components of 
database namely crop details and crop 

Table 60. Impact ana lysis on export price of spices 

Item Change Change in 
in export (qty) export (price per ton) 

Pepper 6663 t (+) Rs. 16370 (-) 

Ginger 15612 (+) Rs. 11 306 (+) 

Turmeric 2552 (-) Rs.6278(+) 

statistics were developed and put to use. The 
'Spice database' is linked to the Data 
warehouse which was developed at Indian 
Agricultural Statistics Research Ins titute, 
New Delhi. The da tabase softwares were 
populated with collected secondary data and 
photos for varietal identification and disease/ 
pest symptoms. Efforts were made to collect 
recent d a ta on spices production from 
different state government departments for 
updating the information. 

An interactive expert system for vanilla was 
developed and a digital code book for spice 
crops was developed. The expert system for 
black pepper (,Black pepper anthology') was 
updated. 
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XI. Mega Proj ect: Extension and training 

(Project Lead er: P. Rajeev) 

1. Training of research and extension 
workers 

(P. Rajeev and T. K. Jacob) 

The insti tute offered h'aining progranunes on 
demand from various agencies for field 
extension functionaries of line departments 
and research workers of other ICAR institutes 
and s tate ag ricultural universiti es. The 
modules for these training programmes are 
prep ared based on the technologies 
developed by the institute. The topics 
covered included spices produ ct io n 
technology, nursery management in spices, 
pest and disease management in major spices, 
pos t harvest technology and computer 
applica ti ons in which 82 tra inees 
participated. A training on 'Spices research 
and development' was offered to post 
graduate s tudents in which 12 students 
participa ted. 

Externally Funded Project 

1. KRPLLD: Integrated disease 
management in black pepper - A study on 
technology diffusion and impact 

(P. Rajeev) 

Data collected from a sample of 50 planters 
in Wyanad District of Kerala using a pre 
tested interview schedule to s tudy the level 
of adoption, cost benefit and constraints in 
adoption of integrated disease management 
technology for the control of foot rot disease 
of black pepper, include review of literature, 
stra tified random sampling, preparation and 
pretesting of da t~ collection tools and da ta 
collection through sample survey. The data 
co llected is being tabulated and subjected to 
analysiS using appropriate s tatistical tools. 
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2. NATP: Agricultural Technology 
Information Centre 

(P. Rajeev) 

An income of Rs. I , 48,786/ - was generated 
through sa le of plantin g rna terial, 
Trichoderma sp., publications, CD roms and 
through d iagnostic services. farmers (1572) 
and students (529) visited the centre for 
availing various services from the instihlte. 

Three extension seminars were held during 
the period and two exhibitions were 
organized in con nection with the Kerala 
Science Congress and AICRPS annual 
workshop d uring January and February 
2004, respec tively. 

A touch screens facil ity was installed at the 
ATIC. The s ubject matter domain on 
" Prod uetion tech nology of ginger" and 
"Black pepper anthology" was provided 
based on which software was installed in the 
touch screen. 
3. DBT : Distributed Information Subcentre 

(Santhosh f. Eapen) 

During 2003-04 the centre organized two 
major events. The centre took the initiative 
to bring toge ther sc ien tists of agriculture 
research sector to discuss about various issues 
on bioinformatics . A two-day workshop on 
1/ Agricultural Bioinfo rma tics" was held 
during 29-30 October 2003. About 50 
de lega tes from var ious research 
organiza tions and agricultura l universities 
participated in it. A 21 da ys training 
programme on "Bioinformatics and 
Biotechnology - Tools and Applications" was 
organized during 2-23 December 2003. The 
da tabases and software developed by the 
centre includ e i) Phytophthora information 
resource (PIR)-a comprehensive web resource 
on Phytophthorn species ii) a database of 
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Curcuma species, iii) a database of Myristica 
species and Nutmeg germ plasm, iv) a 
database of chemical constituents of 
cardamom oil and their metabolic pathways, 
v) Phytfinder-an expert system for 
identification of Phytophthorn species based 
on their morphological characters and vi) an 
expert system for biovar characterization of 
Ralston;n solanacrarum. 

The infrastmcture was further strengthened 
through adding more hardware components 
and several bioinformatics software packages. 
About 15 more reference books on 
bioinformatics were added to the collection 
during the reporting period. The centre has 
collaborated with DOEACC Centre, Calicut 
to organize Bioinformatics 0 and A level 
courses during 2003. The centre also 
distributed the DBT studentship and 
traineeship to eligible candidates. 

Besides, the centre also undertook routine 
services like computational and information 
support to various R&D projects of the 
institute, maintenance and updating of the 
institute website (www.iisr.org), designing 
and developing databases and software 
related to spice bioinformatics, sustaining the 
intranet 'SPICENET' and the e-mail facility 
'Spicemait', E- journals etc. and providing 
round the clock access to internet, 
bioinformatics tools etc. through the facility 
called E-Lab. 
4. NATP: Prioritization, Monitoring and 
Evaluation 

(K. V. Ramana and M. S. Madan) 

Impact of operation and management process 

Six NA TP projects and equal number of non
NATP projects were selected for the study. 
The research team working under the 
projects were interviewed and the 
comparative performance of research projects 
under NATP and non-NA TP streams on 
utilization of funds; impact of operation and 
management reforms; human resource 
development and integration of operation 
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and management processes were analysed. 
In case of NA TP projects, the research 
facilities in terms of computer, photocopier 
etc. was augmented than non-NATP projects. 
A better emphasis on multi-institutional 
projects has been observed under NATP 
projects when compared to non-NATP 
projects. The culture of operating NATP 
projects is slowly influencing the other 
institute projects and their function. The PME 
activity has influenced to a great extent in 
influencing the research management 
activities of the institilte. 

With the provision ofHRD in research project 
lmder NATP, the mobility of scientists within 
the country has increased. Scientists have 
been able to interact more with their peers, 
which helped in technology design and 
dissemination. Research productivity in terms 
of research papers has been found better in 
case of non-NATP projects as compared to 
NATP projects during the last three years. 
The reason would be that as NA TP project 
were started only recently, the time required 
for the research output to appear in the form 
of publications in journals may be longer. 

Allalysis of research impact 

Two NATP projects of the institute were 
selected for the purpose and were analysed 
for their research impact using the 
recommended tools. The result of the research 
impact study include economic analysis of 
technologies developed under the project. 
Economics of implementing soil and water 
conservation measures under cardamom and 
coffee based cropping system in Coorg 
District of Karnataka was worked out. The 
recommended technology of protective 
irrigation to cardamom and coffee in summer 
months using sprinkler system provides an 
extra benefit of Rs. 7320S/ha. with an 
investment of Rs.12, 292 per annum extra, 
the realized extra yield reported was more 
than 50% than that in non-adopter's farm 
(Table 61). 
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Table 61. Sprinkler irrigation: Cost-benefit detail s in 
cardamom' 

Cost (Rs/llfI) 

Labour requirement 
Amortized capital investment @11 % 

Running cost 
Total 
RetllYlls (Rs/ llfI) 

Irrigated cardamom (396 kg)" 
Non-irrigated cardamom (206 kg)" 
Net beneGt over control 
Annual expenditure towards irrigation 

(protective) 
Net retu rns 

• Number of rounds of irrigations-16.00 

"Price of cardamom Rs. 450/ kg 

3900.00 
7592.00 
800.00 

12,292.00 

178200 
92700 
85500 

12,292 
73,208 
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The income from vegetative barriers like 
pineapple, french bean and ginger was also 
worked out. With no extra expenditure 
involved either for planting or its maintenance 
the reported yield of pineapple was nearly 
200 kg/ acre wi th an annual income of Rs. 
2000. As an extra income the farmer gets 
around 81 kg of french bean cultivated as 
hedge crop in the cardamom field. Ginger 
Ciln be cultivated only in the first year of the 
ca rdamom crop. Cultivation in subsequent 
years is not possible because of disease 
problem and shade. The average yield 
estimated was 1029 kg/ acre. . 



Technology Assessed and Transferred 

One black pepper and two turmeric varieties were recommended for release during 
this year. The details of the vadebes are detailed below. 

Black pepper 

1. Variety 

Year of release 

Pedigree 

Areas of adaptabon 

Average yield 

Quality characters 

Piperine 

Oleoresin 

Essential oil 

Dry recovery 

Special characteristics 

Turmeric 

1. Variety 

Year of release 

Pedigree 

Areas of adaptation 

Crop duration 

Average yield 

Quality characters 

Curcumin 

Oleoresin 

Special characteristics 

IISR - Shakthi (P-24) 

Proposed for release in 2004 

Selection from open pollinated progenies of 

Perambramundi 

All pepper growing areas 

5755 kg/ha 

3.3% 

10.2% 

3.7% 

43% 

a. Tolerant to Phytophthora foot rot disease 

b. High dry recovery 

IISR Alleppey Supreme 

Proposed for release in 2004 

Clonal selection of Alleppey Finger Turmeric (AFT) 

Kerala, Maharashtra, coastal Kamataka and North 
Bengal 

210 days 

5.58 t/ha (dry) 

5.5% 

16.0% 

Resistant to leaf blotch 
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2. Variety 

Year of release 

Pedigree 

Areas of adaptation 

Crop duration 

Average yield 

Quality chnrncters 

Curcumin 

Oleoresin 

Special characteristics 

rrSR Kedaram 

Proposed for release in 2004 

Germplasm selccbon 

Kerala, Maharashtra, Costal Karnataka and 
North Bengal 

210 da ys 

5.28 t / ha (dry) 

5.7% 

14.0% 

Resistant to leaf blotch 

JOJ 



Education and Training 

Post graduate studies 
Ph. D 

Geetha S. P. In vitro technology for genetic 
conservation of some genera of Zingiberaceae. 
University of Calicut, Calicut. 

Leela N. K. Studies on the isolation and char
acterization of flavones and triterpenoids 
from a few plants. Cochin University of Sci
ence and Technology, Cochin. 

Narayana Kurup K. Marine fisheries and its 
impact on the economic development of fish
ermen of Kerala State. Agricultural Econom
ics, Kanpur University, Kanpur. 

Prathapan K. D. Systematic studies on flea 
beetles of South India (Coleoptera: 
Chrysomelidae: Alticinae). Bangalore Univer
sity, Bangalore. 

Santhosh J. Eapen. Biological control of plant 
parasitic nematodes of spices. University of 
Calicut, Calicut. 

Sushama Devi C. K. A quantitative analysis 
of Indian research output on spices since 
1970-2002. Annamalai UniverSity, Tamil 
Nadu. 

M. Sc proj ects 

Forty students from various universities un
dertook their M. Sc project work in Biotech
nology, Bioinformatics, Biochemistry, Chem
istry, Horticulture, Microbiology, Plant Pa
thology and Economics lmder the guidance 
of the scientists of the institute. 

Training programmes attended by staff 
Management Development Programme for 
Women Scientists, National Academy for Ag
ricultural Research Management, 
Hyderabad, 27 May-7 Jtme 2003 (R. Suseela 
Bhai, N. K. Leela). 

Statistical Software for Data Analysis, Na
tional Academy for Agricultural Research 
Management, Hyderabad, 18- 28 June 2003 
(K. N. Shiva). 

Summer School on Application of Remote 
Sensing and GIS in Agricultural Statistics, In
dian Agricultural Statistics Research Institute, 
New Delhi, 6-26 August 2003 (S. J. 
Ankegowda). 

The Cyberary: A Platform for Information 
Management and Networking, MANAGE, 
Hyderabad, 11 - 14 August 2003 (Santhosh J. 
Eapen). 

Agricultural Research Prioritization Tech
niques, National Academy for Agricultural 
Research Management, Hyderabad, 21-27 
August 2003 (S. Devasahayam, J. Rema). 

Advances in Videography and Photography, 
National Academy of Agricultural Research 
and Management, Hyderabad, 26 August- 5 
September 2003 (K. M. Prakash, A. 
Sudhakaran). 

Revised Accotmting Procedme at rCAR, Na
tional Institute of Financial Management, 
Faridabad, 1-9 September 2003 (M. K. 
Sachidanandan, V. L. Jacob). 

Introduction to GIS and its Applications, Na
tional Remote Sensing Agency, Hyderabad, 
1-26 September 2003 (M. S. Madan, K. S. 
Krishnamurthy, V. Srinivasan). 

Winter School on Spatial and Non-spatial Da
tabases for Agricultural Research System, In
dian Statistical Research Institute, New Dellii, 
9- 29 September 2003 (K. Kandiannan). 

Computer Applications for Administrative 
and Financial Management, National Acad
emy of Agricultural Research and Manage-
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mcnt, Hydcrabad, 16-23 September 2003 (P. 
V. Sali, C. Ramesh Balm). 

Recent Techniques in Plant Genetic Engineer
ing and Molecular Breeding, National Re
search Centre on Plant Biotechnology, Indian 
Agricultural Research Institute, New Delhi, 
25 September- 1S October 2003 (K. V. Saji). 

Training on HPLC: Analysis of Vanillin, Cap
saicin, Aflatoxin and Sudan-l Dye, Spices 
Board, Cochin, 13-17 October 2003 (N. K. 
Leela). 

Protection of Intellechlal Property and Agri
cultural Research, National Academ.y of Ag
ricu Itural Research and Management, 
Hyderabad, 14-17 October 2003 (E. 
Jayashree). 

Physical and Chemical Parameters of Spices, 
Spices Board, Cochin, 27-31 October 2003 (E. 
Jayashree). 

Techniques in Biochemistry and Molecular Bi
ology, Indian Agricultural Research lnstihlte, 
New Delhi, 1- 21 November 2003 (R. Suseela 
Bhai). 

Winter School on Recent Advances in Sur
vey Sampling with Emphasis on Computer 
Intensive Data Analysis Techniqucs, Indian 
Agricultural Statistics Research Institute, 5-
25 November 2003 (P. Rajeev). 

Refresher Course on Biological Control of 
Crop Pests, Project Directorate on Biological 
Control, Bangalore, 10-15 Novembcr 2003 (T. 
K. Jacob). 

Course on Bioinformatics, Ind ian Institute of 
Technology, Mumbai, 17-22 November 2003 
(Santhosh J. Eapen). 

Recent Advances in Organic Farming Tech
nologies in Plantation Crops, Central Plan
tation Crops Research Instihlte, Kasaragod , 
18-27 November 2003 (S. Hamza). 

Recent Techniques in Plant Genetic Engineer
ing and Mol~cular Breeding, National Re
search Centre on Plant Biotechnology, Indian 
Agricultural Research Instihlte, New Delhi, 
28 November-18 December 2003 (K. S. 
Krishnamurthy). 
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Recc~t Techniques in Gene Cloning and 
FunctlOna I GenOmics, Central Institu te of Me
dicinal and Aromatic Plants, Lucknow, 1-10 
December 2003 (A. Ishwara Bhat). 

Biotechnology and Bi()informatics, Tools and 
Applications, Indian Institute of Spices Re
search, Calicut, 2- 23 December 2003 (T. J0 0n 
Zachariah). 

Impact Analysis of Agricllihual Research and 
Development, National Academy of Agricul
tural Research and Management, Hyderabad, 
4-10 December 2003 (T. K. Jacob). 

XIX National Training Programme in Elec
tron Microscopy for Scientific Investigators, 
All India Institute of Medical Sciences, New 
Delhi, 2-21 February 2004 (R. Ramakrishnan 
Nair). 

Hi-tech Floriculture, 1ndian lnstihlte of Hor
ticultural Research, Bangalore, 3-10 March 
2004 (P. S. Manoj). 

Training Course on Biotechnology and IPR, 
National Law School of India University, Ban
galore, 17-22 March 2004 (Santhosh J. 
Eapen). 

Training programmes o rganized by the 
institute 

Training Programme on Financial and Ad
ministrative Procedures, 23-24 April 2003. 

Fig. 18. /\ lr,lining progrilmme in progress 
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Summer Training on Biotechnology / Bio
chemistry and Bioinformatics, 5 May-4 June 
2003 (Fig.18). 

Biotechnology of Black pepper, 1 Jtrnc-31 Au
gust 2003. 

Spices Production Technology, 11 Jtrne 2003, 
19-2] January 2004, March 2004 

Refrcsher Training Programme for Technical 
Assistants of IISR, 6-7 August 2003. 

Experimental Design and Computer Appli
cations in Spices Research, 16- 26 September 
2003. 

Biotechnology and Bioiniormatics, Tools and 
Applications, 2-23 December 2003. 

Viral Disease and Nursery Management in 
Black pepper, 14 January 2004. 

National I nformatics Centre on Spices 

The library of the institute under the National 
Informatics Centre on Spices was set lip to 

Fig. 19. National Informil tics Centre on Spices 

provide support to resea rch activities of the 
institute and to function as a national infor
mation storage, rctrieval and dissemination 
system for spices and related arcas (Fig. 19). 

At present, the library has a collection of 3952 
books, 2621 bound volumes, 2271 reprints, 
808 technical reports and 110 theses. The li
brary is subscribing to 34 foreign journals and 
64 Indian journals in addition to CABCDs 
and AGRISCDs. The new additions added 
to the library during the year include] 52 
books, 30 reprints, 53 technical reports, 5 the
ses, 50 project reports and 5 CD-ROMs. 

The library provides bibliographic services 
(published in the Journal of Spices and Aro
matic Crops) and database services and pub
lishes I Agri-science Tit Bits' at quarterly in
tervals. Sharing of resources ben-veen the li
braries of Central Plantation Crops Research 
Institute, Kasaragod and I1SR, Calicut, was 
initiated and duplicate subscription of costly 
journals was avoided. The content pages of 
journals were scanned and hosted on the in
stitute web site and research 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 soft
ware LIBSYS. Bar-coding of the entire stock 
was done using Datamax printer. Two SOUL 
softwares were procured one for KVK, 
Peruvannamuzhi and another for Regional 
Station, Appangala. The National Agricul
tural Technology Project allotted a sum of Rs. 
5 lakhs for subscribing foreign journals. 



Awards and Recognitions 

Diby Paul. Young Scientist Award 2004, for 
the best oral presenta tion for the research pa
per "Mechanis m of suppress ion of 
Phytophthorn root rot of black pepper (Piper 
nignl11l L.) by strains of Pseudomonas flllores
ct' lIa" at the XVI Kerala Science Congress, 
Caiicut, 29-31 January 2004. 

S. Hamza . S. N. Ranade Memorial Award 
2003 for Excellence in Micronutrient Re
search, for the Ph.D thesis "Zinc and molyb
denum nutrition o f black pepper (Piper 
nigrum L.) for yield and quality". 

T. K. Jacob. State Level Comm endation Cer
tificate 2002-03 by Na tional Bank for Agri
cultural and Rural Development, for his out
standing contributions to KVK in the field of 
YVV club activi ties. 

K. Kandiannan. Foreign Examiners Dona-

tion Prize for the best s tudent in Agronomy 
and Prof. S. Subramanian and Scholars 
Award 2003 for the best thesis "Influence of 
varieties, time of planting, spacing and nitro
gen levels on growth, yield and quality, crop
weather and growth s imulation modelling 
and yield forecast in hlfmeric", Tamil Nadu 
Agriculhlral University, Coimbatore. 

IISR Awards of Excellence 2002-03 were pre
sented to C. Ramesh Babu for the bes t ad
minis trative staff; V. P. Sankaran for the bes t 
technical staff; Balakrishnan Nair and B. M. 
Sheshappa for the bes t supporting staffs. 

V. A. Parthasarathy. Member, International 
Society for Horticultural Science, Belgium. 

V. A. Parthasarathy. Technical Expert, Indo
ViellLam Work Plan 2002- 03, Vietnam, 2-9 
November 2003. 



Linkages and Collaboration 

Agency 

National Bureau of Plant Genetic Resources, 
New Delhi. 

Central Tuber Crops Research Institute, 
Thiruvananthapuram. 

Centre for Water Resources Development 
and Management, Calicut. 

Rajiv Gandhi Centre for Biotechnology, 
Thiruvanathapuram. 

Kerala Agricultural University, Trissur. 

Indian Agricultural Research Institute, 
New Delhi 

University of Calicut, Calicut. 

Bharathiar University, Coimbatore 

Nagarjuna University, Nagarjunasagar 

Department of Electronic Accreditation of 
Computer Courses, Calicut 

Spices Board, Kochi. 

Directorate of Arecanut and Spices 
Development, Calicut. 

Department of Agriculture IHorticulture 
of States. 

Linkage 

Research collaboration in collection and 
conservation of germplasm. 

Research collaboration in post harvest technology 

Research collaboration in translocation studies of 
ftmgicides. 

Research collaboration in molecular markers. 

Research collaboration in biotechnological 
approaches for improvement of spices and 
evalua hon of hsSlle cultured plants; Centre 
for Post Graduate studies. 

, 
Electron microscopic studies. 

Centre for Post Graduate shldies. 

Centre for Post Graduate shldies. 

Centre for Post Graduate studies; MOU for teaching 
and training M. Sc Biotechnology shldents. 

Teaching and training in bioinformahcs 

Training programmes. 

Planting material production; training programmes. 

Transfer of technology; training programmes. 



All India Coordinated Research Project on Spices 

The All India Coordinated Research Project 
on Spices (AICRPS) is the largest network in 
the country to conduct and coordinate the 
spices research in 19 coordinating and 8 vol
untary centres. 

Crop improvement 

The AICRPS centers strengthened the genetic 
resources of spice crops and the germplasm 
waS evaluated for different parameters and 
the promising accessions in each crop were 
identified. At present, the germplasm hold
ings of AICRPS centers consist of black pep
per (650), cardamom (369), ginger (644), tur
meric (1307), tree spices (228) and seed spices 
(3901). 

At Ambalavayal, black pepper accessions, 
Panchami, Panniyur-2, Panniyur-3, 
Panniyur-4, Acc. 2426 and Ace. 2445 were 
found promising for the high range region of 
Kerala. Cardamom accessions, CL-692, CL-
730 and D-237 were found promising and 
are included in the varietal evaluation trials 
at Mudigere. 

In ginger, highest fresh rhizome yield was re
corded in V S -8 (28.25 t ha"l) at Pottangi. 8e-

3 I 
sides, ginger accessions with desirable qual-
ity parameters were identified. The dry mat
ter content of ginger accessions varied from 
13.00% to 22.50%. The oleoresin and essen
tial oil content ranged b0tween 4.00% to 
9.67% and 0.25% to 2.00%, respectively and 
crude fibre varied from 3.93% to 5.95%. In 
turmeric, highest fresh rhizome yield was 
recorded in PTS-39 (26.62 t ha"J) under ini
tial evaluation. trail at Pottangi. At Solan, five 
collections namely, ST-365, BDJR-1244, Cls-
29, PTSS-24 and DKH-26 showed increase 
in yield to the extent of 17.64% to 32.62% 
over the check. 

For successful hybridization in cumin, emas
culation s hould be done before 10 am in 
slightly pink and unopened flower bud and 
pollination on the next day or third day or 
second and third day (twice) after emascula
tion between 11 am to 7 pm. Fenugreek ac
cessions, HM-444 (23.9 q ha"I), a green seed 
coat mutant and HM-372 and HM-376, yel
low seed coat mutants gave highest seed yield 
(33.85 and 32.65 q ha"I, respectively). Among 
them, HM-444, is also resistant to both downy 
mjJdew and powdery mildew diseases. At 
Jobner, RTP-4 proved its superior perfor
mance by yielding 1518.33 kg ha"1 followed 
by RTP~8 (1477.67 kg ha" l) and RTP-9 
(1471.33 kg ha"I), which will be evaluated 
lmder CVT. Besides, several varieties / lines 
were identified for yield and quality a ttributes 
through CVT / CYT. 

Crop management 

Twenty one projects are being operated in 11 
programmes in crop management to identity 
good agronomic practices (GAP). In black 
pepper-arecanut mixed cropping system, ir
rigation with 20 litre vine"ldayl and a fertil
izer dose of NPK 100:40:140 g vine"1 recorded 
the highest yield (2.69 kg vine"l) at Sirsi. In a 
drip irrigation tria l in black pepper at 
Panniyur, irrigation @ 2 litre day"1 increased 
the yield (1.74 kg vine"1) and among the vari
eties, Panniyur-5 responded positively and 
recorded the highest yield (2.08 kg vine"I). 

Biofertilizers are being recommended to sub
stitute inorganic fertilizers and to improve the 
quality of the produce in spice CTOpS. Inor
ganic N 75% + Azospirillum 50 g + FYM 10 
kg recorded the highest y ield of 6.41 k.g 
vine"1 in black pepper at Sirsi. In an orgaruc 
farming experiment on black pepper, 



108 

application of FYM 10 kg + burnt earth 10 kg 
vine' I has given the highest yield at Sirsi. 
In cardamom also, highest yield (490.8 g 
planrl) was recorded with the application of 
Azospirilllll1l 50 g + FYM 10 kg. 

Similarly higher yield (22.03 t ha'l) in ginger 
was obtained by applying inorganic nitrogen 
in combination with Azospiril/um and FYM. 
Highest yield of fresh rhizome in turmeric 
was recorded with the application of N 100% 
+ Azospirillum 50 g + FYM 5 kg at Pottangl, 
Kumarganj and Raigarh centres, while at 
Coimbatore centre it was with inorganic N 
50% + Azospirillum 5 kg ha· l

. 

In coriander, application of inorganic N 100% 
+ Azospirilfum + FYM 5 t ha '] recorded maxi
mum seed yield by Jobner centre, while it was 
with the application of inorganic N 50% + 
Azospirillum 1.5 kg ha·1 at Coimbatore. How
ever, Kumarganj obtained maximum seed 
yield by applying FYM 5 kg + Azospirillum 
50 g. At Jobner, maximum seed yield of 3.20 
q ha·1 was recorded in cumin with the appli
cation of N 100% + AzospirillulIl + FYM 5 t 
ha ·l

. 

Maximum seed yield of fennel was recorded 
with the application of N 100% + Azospirillllln 
+ FYM 5 t ha·1 at Jobner, while at Kumarganj 
centre with FYM 10 t ha·1 + Azospirillu111 50 
g. In fenugreek, application of inorganic N 
100% + Azospirillum 1.5 kg ha'! as seed treat
ment + FYM 5 t ha' l produced the highest 
yield of 732 kg ha·1 at Coimbatore, whereas 
at Kumarganj, FYM 10 kg + Azospirillum 50 
g gave maximum seed yield of 18.76 kg ha·1

• 

The role of micronutrients in increasing the 
crop production was established in ginger. 
Two sprays of ferrous sulphate 1% at 45 and 
55 days after sowing and soil application of 
zinc sulphate 10.0 kg ha·1 increased the yield 
in ginger at Dholi. In coriander also, maxi
mum seed yield of 20.03 q ha·1 was obtained 
with soil application of copper sulphate 12.5 
kg ha ·1 and 0.25% foliar spray a t Kumarganj. 

At DapoJi, October to March was found to 
be the most congenial period for softwood 
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grafting in nutmeg, particularly January with 
a success of 68.33%. 

Crop Protection 

Black pepper Cll ttings plan ted in solarized 
so il significantly increased sprouting, num
ber of roots and length of roots. Further, so
larized soil fortified with Trichoderma 
harzimrum and YAM recorded minimum in
cidence of the Plrytoplrthorn disease with 
maximum sprouting. Metalaxyl Gold MZ and 
T. lrarzit7nclfTt combination was found to be 
highly effective in controlling the foot rot dis
ease of black pepper at Pampadumpara and 
Sirsi centres. 

Population of root grubs was reduced signifi
cantly with the application of carbofuran 
(100 g plant-I) followed by imidac10prid 0.5 
ml r- I and increased the yield in cardamom. 

The loss due to fungal diseases was low 
(13.0%) in rhizomes treated with SAAF + T. 
l/nrzia/1u/1l in the storage with highest recov
ery (84.5%) of healthy rhizomes. Rhizomes 
treated with hot water at 51 DC for 10 min 
and T. harzianum mixed with neem cake re
sulted in minimum incidence of rhizome rot 
disease with m aximum yield at Kumarganj. 

Foliar diseases like leaf spot and leaf blotch 
in turmeric could be effectively controlled by 
application of mancozeb + carbendazim as 
seed treatment and foliar spray. At Jagtial, 
rhizome rot of turmeric was red uced by 
37.86% by application of FYM with T. viride 
+ p, jluoresceJ1s @ 12.5 kg ha·1 as basal and 
25.0 kg ha·1 as top dressing followed by ap
plication ofFYM with T. viride + P.jluoresCt'lls 
to seed @ 4 g k g ·1 of s eed. However, at 
Coimbatore application of NPK 125:60:90 kg 
ha·l+ FYM 10 t ha·1 + T. viride + P. j7uorescl'lls 
@ 4 g kg-l as seed trea tment + T. viride + P. 
fluorfsceJls applied to soil @ 12.5 kg ha·1 as 
basal and 25.0 kg ha·1 as top dressing, respec
tively recorded the lowest incidence of rhi
zome rot with highest yield. 

1n coriander, T. hnrz inmmr when used both 
as seed treatment and soil application re-
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duced wi lt incidence significantly and in
creased the yield at Jobner, while at 
Coimbatore, three sprays with neem seed 
kernel extract 5% was found effective in re
ducing the disease and increasing the yield. 
T. harzian1l111 with and without carbendazim 
and neem cake as soil application reduced 
the incidence of wilt in cumin at Jobner. Low
est incidence of wilt (15.0%) with grain yield 
of 229 g plot ·1 was recorded in plots where 
T. harzianum was applied through seed treat
ment + soil application along with mancozeb 
0.3% spray. Soil and seed treatment with T. 

109 

harzianum was also found Significantly effec
ti ve for both wilt and blight diseases at 
Jagudan. For the control of aphids in cumin, 
two sprays of rnonocrotophos and acephate 
were fOlmd more effective. Carbendazim as 
seed treatment alone or along with soil 
drenching proved highly effective against root 
rot in fenugreek. Soil application of T. viride 
(5 kg ha·1) + neem cake (150 kg ha-1) also re
duced the disease incidence at Coimbatore. 

Besides, several germplasm accessions/vari
eties resistant to important pests and diseases 
in spice crops were iden tified. 



Krishi Vigyan Kendra 

Training programmes 
Krishi Vigyan Kendra (KVK) has conducted 
91 training programmes on various subjects 
during the year in which 1754 persons par
ticipated (Table 62). An advanced training 
programme of one month duration was or
ganized for 20 educated unemployed rural 
women in bamboo handicrafts to equip them 
for self employment. 

Front line demonstrations 

Production of organic cowpea 

Two demonstrations were conducted on pro
duction of organic vegetable cowpea var. 
Sharika and Arka Garima in an area of 0.4 
ha each (Fig. 20). 

Fig. 20. Demonstration on production 01 organiC" cow pe<l 

Cui tivation of okra 

Cultivation of a high yielding mosaic resis
tant variety of okra vat. Arka Anamika was 
demonstrated in 10 10cations in an area of 
0.4 ha. 

Rearing of Kuttanad layer ducks 

Two demonstrations were conducted in 
Changaroth and Peruvannamuzhi villages on 
accessing the production performance of 
Kuttanad layer ducks var. Chara and 
Chemballi under backyard system of rearing. 
Observations are in progress on performance 
of the ducks on egg laying. 

On-farm trials 

Management of fruit fly ill bittergourd 

Three trials in an area of 0.2 ha each on man
agement of fruit fly in bittergourd (vaT. 
Preethi) is in progress. Pheromone traps were 
set in the 2nd week of March 2004 and a large 
no. of flies are being collected in the trap. 

Growillg of grafted pepper in swampy areas 

Two trials on utilization of grafted pepper in 
swampy areas using the varieties of black 
pepper released from IISR and Karimunda 
is in progress in an area of 0.3 ha. Even 
though all the grafts established well in the 
beginning the unexpected long spell of 
drought has resu1ted in the depletion of soil 

Table 62. Training programmes conducted during the year 2003-04 

Category No. of courses No. of participants 
Female 

Practising farmers 78 
Rural youth 11 
Extension functionaries 2 
Total 91 

Male 

717 

105 

6 

828 

8J7 

94 

15 

926 

No. of SC/ST 
TOlal participants 

T534 140 

199 16 

21 

1754 156 
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moisture status killing abou t 80% of the plant 
population. 

Effectiveness of prostaglandin in cattle 

A triaJ on studying the effectiveness of pros
taglandin F2 a in anoestrus dairy cattle is in 
progress. No pregnancy has been confirmed 
till da te. 

Demonstration units 

Demonstration units on improved varieties 
of black pepper, medicinal plants, mushroom 
spawn production, model homestead garden, 
model arecanutsced garden, cashew and nut
meg scion bank, guava, sapota, vanilla and 
pouJtry were maintained. 

Plant and Animal Health Centre 

KVK also operates a Plant and Animal I Iealth 
Centre offering various services to the farm
ers (Fig. 21). An artificial insemination facil-

Fig.21. Antill" ) clinic ,)l KVK 

)) 1 

ity is available at the centre to upgrade the 
genetic s tock of livestock. The centre offers 
consultation, treatment and doorstep services 
with a nominal fee. In addition, the centre 
also provides vaccina tion facility and 
organises animal health camps in association 
with the state animal husbandry department. 
The centre undertook 475 consuitancy / ad
visory / home services, 311 artificial insemina
tions, 145 vaccinations of poultry birds and 
animals and organized 15 animal health cam
paign/ infertility camps during the year. 

Revolving Fund 

KVK has a s trong revolving fund programme 
to generate income for productive uses. Un
der this programme, quality planting mate
rial s of allspice seed lings/ nutmeg graft, 
garcinia graft, mango graft, g uava layer, 
arecanut seedlings were produced and sold 
to public at affordable rates. The veterinary 
wing of KVK also fetched moderate income 
to the revolving hmd by way of consultation 
and doorstep services. 

During the period an amOlmt of Rs. 4, 06,832 
l(lkh was earned through sa le of planting ma
terials, mushroom spawn, TricllOdemw and 
Rs. 22,395 throtlgh the activities of Plant and 
Animal IIealth Centre. 

Kisan mela and exhibitions 

KVK regularly partiCipates in expjbitions and 
seminars w ithin and outside the dis trict. KVK 
has participated in two exhibitions/Kisan 
melas during the period. 



Publications 

Books and chapters in books 

Anandaraj, M. and Devasahayam, S. 2003. 
Pests and diseases of cinnamon and cassia. 
In: Ravindran, P. N., Nirmal Babu, K. and 
Shylaja, M. (Eds.). Cinnamon and Cassia, 
the Genus CinnamornunI, CRC Press, Wash
ington, pp. 239- 258. 

Babu, K. N. and Minoo, D. 2003. Commer
cial micropropagation of spices, In: Chandra, 
R. and Mishra, M. (Eds.). Comprehensive 
Micropropagation of Horticultural Crops. In
ternational Book Distributing Company, 
Lucknow, pp. 345-364. 

Babu, K. N., Ravindran, P. Nand Shylaja, 
M. 2004. Camphor tree - Cinllamomum 
camphora (Bercht. & Pres!.). In: Ravindran, 
P. N, Babu, K. N. and Shylaja, R. (Eds.). Cin
namon and Cassia, the Genus Cinnamomum, 
CRC Press, Washington, pp. 211-238. 

Krishnamoorthy, B. and Rema, J. 2004. All
spice. In: Peter, K. V. (Ed.). Handbook of 
Herbs and Spices Volume 2, CRC Press, 
Washington, pp. 117-139. 

Krishnamoorthy, B. and Rema, J. 2004. End 
uses of cinnamon and cassia. In: Ravindran, 
P. N., Babu, K N. and Shylaja, M. (Eds.). Cin
namon and Cassia, the Genus Cinnamomu111, 
CRC Press, Washington, pp. 311-326. 

Peter, K. V. and Babu, K. N. 2004. Introduc
tion. In: Peter, K. V. (Ed.). Handbook of 
Herbs and Spices, Volume 2, CRC Press, 
Washington, pp. 1-8. 

Ravindran, P. N. and Babu, K. N. 2004. In
troduction. In: Ravindran, P. N. , Nirmal 
Babu, K. N. and Shylaja, R (Eds.). Cinnamon 
and Cassia, the Genus Cinl7al11onlllm. CRC 
Press, Washington, pp. 1-13. . 

Ravindran, P. N., Babu, K. N. and Shylaja, 
R. (Eds.) 2003. C innamon and Cassia , the 
Genus Cinnamomum, CRC Press, Washing
ton, 361 pp. 

Ravindran, P. N., Babu, K. N ., Sh ylaja, M. 
and Krishnamoorthy, B. 2004. Botany and 
crop improvement of cinnamon and cassia. In: 
Ravindran, P. N., Babu, K. N. and Shylaja, M. 
(Eds.). Cinnamon and Cassia, the Genus 
Cil1nanlOl11UlIl, CRC Press, Washington, pp. 14-
79. 

Ravindran, P. N, Geetha, S. P and Babu, K. 
N. 2004. Under exploited medicinal plants 
and spices. In: Peter, K. V. (Ed.). Handbook 
of Herbs and Spices, Volume 2, CRC Press, 
Washington, pp. 53-103. 

Sasikumar, B. 2004. Rosemary. In: Peter, K. 
V., (Ed.). Handbook of Herbs and Spices, Vol
ume 2, CRC Press, Washington, pp. 243-252. 

Shylaja, M., Ravindran, P. N, and Babu, K. 
N. 2004. Other useful species of 
Cinnml1omum. In: Ravindran, P. N, Babu, K. 
N . and Shylaja, R. (Eds.). Cinnamon and 
Cassia, the Genus CinnamOn! LIm, CRC Press, 
Washington, pp. 330-355. 

Suseela Bhai, R. Diseases of tree spices. In : 
Santhakumari, P. (Ed.). Advances in the Dis
eases of Plantation Crops and Spices, Inter
national Book Distr ibuting Company, 
Ludhiana, pp. 345-365. 

Research artic1es 

Amaladhas, P. H., Rajesh, P. N., Zachariah, 
T. L Mathew, P. A. and Subramannian, S. 
2003. Influence of harvesting stage and dry
ing on quality of Piper chaba Htmter. Journal 
of Plantation Crops 31 (1): 46-49. 
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Anandaraj, M., Paul, D., Jisha, P. L Kumar, 
A., Saju, K. A., Thankamani, C. K. and 
Sarma, Y. R 2003. Potential of consortiLUn of 
plant growth promoting rhizobacteria and 
Trichodernzn for e ffective nursery manage
ment in black pepper (Piper nignl1l! L). In: 
Reddy, M. S., Anandaraj, M.,Eapen, S. J., 
Sarma, Y. R, Kloepper, J. W. (Eds.). Ab
stracts and Short Papers, Sixth International 
PGPR Workshop. Indian Ins titute of Spices 
Research, Calicut, pp. 82-87. 

Anu, A, Babu, K N. and Peter, K. V. 2004. 
Variations among soma clones and its seed
ling progeny in Capsicum annuum. Plant Cell 
Tissue and Organ Culture, 76: 261-267. 

Babu, K. N., Sajina, A., Minoo, D., John, C. 
Z., Mini, P. M., Tushar, K V., Rema, J. and 
Ravindran, P. N. 2003. Micropropagation of 
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Bhat, A 1., Devasahayam, S., Sarma, Y. R. 
and Pant, R P. 2003. Association of a badna
virus with black pepper (Piper nigrum L.) 
transmitted by mealybug I.Ferrisia virgata) in 
India. Current Science 84: 1547-1550. 

Dhamayanthi, K. P. M., Sasikumar, B. and 
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and in compatibility studies in ginger (Zingiber 
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George, K. L Varma, S., R. , Ganga, S., 
Renuka, M., Shiju, K. C, Utpala, P., 
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Shiva, K. N., Krishnamurthy, K. S., Suseela 

113 

Bhai, R. and Nair, R, R (Eds.). Proceedings, 
National Seminar on Strategies for Increas
ing Production and Export of Spices, Indian 
Society for Spices, Calicut, pp. 81-84. 

Hamza, S., Srinivasan, V. and Sadanandan, 
A. K. 2004. Effect of integrated nutrient 
management on soil nutrient availability. In: 
Valiyathan, M. S. (Ed.). Proceedings, Six
teenth Kerala Science Congress, Calicut, pp. 
313-318. 

Jirovetz, L., Buchbauer, G., Shafi, P. M. and 
Leela, N. K 2003. Analysis of the essential 
oils of the leaves, sterns, rhizomes and roots 
of the medicinal plant, Alpinia galanga from 
southern India. Acta Pharmaceutica 53 (2): 
73-82. 

Krishnamurthy, K. S. 2003. Physiological 
and biochemical changes during water stress 
in ginger. Journal of Plant Biology 30 (3): 1-
4. 

Leela, N. K, Shiva, K N. and Mathew, P. A. 
2004. Evaluation of paprika genotypes for 
colour. In: Korikanthimath, V. S., Zachariah, 
T. J. , Kandiannan, K. , Nair, R. R. , 
Krishnamurthy, K S. and Shiva, K N. (Eds.) . 
Proceedings, National Seminar on New Per
spectives in Spices, Medicinal and Aromatic 
Plants, Indian Society for Spices, Calicut, pp. 
212-214. 

Maya, K. M., Zachariah, T., J. and 
Krishnamoorthy, B. 2003. Lycopene and vola
tile oil constituents changes during storage 
of mace (Myristica fragrans) powder. In: 
Korikanthimath, V. 5., Zachariah, T. J., 
Kandiannan, K. , Shiv a, K N., 
Krishnamurthy, K 5., Suseela Bhai, Rand 
Nair, R R (Eds.). Proceedings, Na tional Semi
nar on Strategies for Increasing Production 
and Export of Spices, Indian Society for 
Spices, Calicut, pp. 268-271. 

Nair, R R and Gupta, S., D. 2003. Somatic 
embryogenesis in black pepper (Piper nigrum 
L.) : Direct somatic embryogenesis from the 
tissues of germinating seeds and ontogeny of 
somatic embryos. The Journal of Horticultural 
Science and Biotechnology 78 (3): 416-421. 



114 

Paul, D., Srinivasan, V. Anandaraj, M. and 
Sarma, Y. R. 2003. PSf'lIdOnlOfllls j7uorl'scf'l1S 

mediated nutrient flux in the black pepper 
rhizosphere microcosm and enhanced plant 
growth. In: Reddy, M. S., Anandaraj, M., 
Eapen, S. J., Sarma, Y. R. and Kloepper, J. W 
(Eds.) Abstracts and Short Papers, Sixth In
ternational PGPR Workshop, Indian Institute 
of Spices Research, Calicut, pp. 18-24. 

Remi Chandran, Madan, M. S., Srinivasan, 
V. and Nagendra, J. 2003. GIS based land 
suitabi lity classification for black pepper in 
Kerala. In: Korikanthimath, V. S., Zachariah, 
T. J., Kandiannan, K., Shiva, K. N., 
Krishnamurthy, K 5., 5useela Bhai, R. and 
Nair, R. R. (Eds.). Proceedings, Seminar on 
Strategies for Increasing Production and Ex
port of Spices, Indian Society for Spices, 
Calicut, pp. 30-38. 

Saji, K. V., George, K. J., Sasikumar, B., 
Zachariah, T. J. and Parthasara thy, V. A. 
2003. High oleoresin Piper nigrum from Si
lent Valley National Park. In: 
Korikanthimath, V. S., Zachariah, T. J. , 
Kandiannan, K., Nair, R. R., Krishnamurthy, 
K. S. and Shiva, K. N. (Eds.). Proceedings, 
Na tional Seminar on New Perspectives in 
Spices, Medicinal and Aromatic Plants, In
dian Society for Spices, Calicll t, pp. 15-l7. 

Saju, K. A., Anandaraj, M. and Sarma, Y. R. 
2003. Evaluation of Trichoderma spp. and 
Pseudomonas fluorescens for suppression of 
Phytoplzthorn capsici infec ting black pepper. 
In: Reddy, M. S., Anandaraj, M., Eapen, S. 
J., Sarma, Y. R. and Kloepper, J. W (Eds.). 
Abstracts and Short Papers, Sixth Interna
tional PGPR Workshop, Indian Institute of 
Spices Research, Calicut, pp 52-58. 

Sasikumar, B., Saji, K. V., Alice Antony, 
George, K., J., Zachariah, T. J. and Eapen, S. 
J. 2003. II5R Mahima and II5R Rejatha - two 
high yielding and high quality ginger 
(Zingiber officillale Rose.) cultivars. Journal of 
Spices and Aromatic Plants 12: 34-37. 

Shahanas, C. H., Syamkumar, S. and 
Sasikumar, B. 2003. Analysis of .genetic fi-

115'1\ ;~IlIlIl(jr'X.fpOH 2003-2004 

delity in rooted cuttings of black pepper. In: 
Korikanthilnath, V. S., Zachariah, T . L 
Kandiannan, K. , Nair, R. R, Krishnamurthy, 
K. S. and Shiva, K. N. (Eds.) . Proceedings, 
National Scminar on New Perspectives in 
Spices, Medicinal and Aromatic Plants, In
dian Society for Spices, pp. 9- 14. 

Sheela, K. B., George, T. E., Peter, K. V. and 
Chempakam, B. 2003. Biochemical charac
teriza tion of Capsicum anllum by isozyme 
analysis. In: Korikanthimath, V. S. , 
Zachariah, T. J., Kandiannan, K., Nair, R R , 
Krishnamurthy, K. S. and Shiva, K. N. (Eds.). 
Proceedings, National Seminar on New Per
spectives of Spices, Medicinal imd Aromatic 
Plants, lnd ian Society for Spices, Calicut, pp 
43-45. 

Suseela Bhai, R and Sarma, Y. R III vitro 
effect of Pseudomonas fillort'scel1s on capsule 
rot of ca rdamom (Elettaril1 cnrdalll0Il111m 
Maton.) caused by PhytophtJlOm mmdii. In: 
Reddy, M. S./ Anandaraj, M., Eapen, S. J., 
Sarma, Y. R and Kloepper, J. W. (Eds.). Ab
s tracts and Short Papers, Sixth International 
PGPR Workshop, Indian Institute of Spices 
Research, Calicut, pp. 74-78. 

Syamkumar, S., Lawarence, B. and 
Sasikumar, B. 2003. Isolation and amplifica
tion of DNA from rhizomes of turmeric and 
ginger. Plant Molecular Biology Reporter. 
(On line), 21: 171 a- 171e. 

Thankamani, C. K., Anandaraj, M., Paul, D. 
and Kandiannan, K. 2003. Compatibility of 
Pseudomonas fluorescence, V AM (Glom li S 

fasciculn tum), Trichoderma harziallu111 and pes
ticides on establishment and growth of black 
pepper under nursery condition. In: Reddy, 
M. S., Anandaraj, M., Eapen, S., J., Sarma, 
Y. R , Klocpper, J. W. (Eds.). Abstracts and 
Short Papers, Sixth International PGPR Work
shop, Indian Institute of Spices Research, 
Calicut, pp. 82- 88. 

Thankamani, C. K. and Ashokan, P. K. 2003. 
Evaluation of two bush black pepper variet
ies (Piper nigrum L.) for photosynthatc trans
location under water stress. Nuclear Agricul
hue and Biology 32 (2.): 115-118. 



Pu6(ica I ions 

Thankamani, C. K., Ashokan, P. K and 
Kamalam, N. V. 2003. Root dis tribution pat
tern of field planted bush black pepper em
ploying radiotracer technique. Nuclear Ag
riculture and Biology 32 (1): 23-2S. 

Thanka mani, C. K, C hempakam, B. and 
Ashokan, P. K. 2003. Water stress induced 
chan ges in enzyme activities and lipid 
peroxidation in black pepper (Pipa nigrul11 
L.). Medicinal and Aromatic Plant Sciences 
25 (3) : 646-650. 

Thankamani, C. K., Srinivasan, V. 
Anandaraj, M. and Kandiannan, K. 2004. 
Evaluation of weed management practices in 
a black pepper garden. In: Korikanthimath, 
V. S., Zachariah, 1. J., Babu, K. N., Suseela 
Bhai, Rand Kandiannan, K (Eds.). National 
Seminar on New Perspectives in Spices, Me
dicinal and Aromatic Plants, Indian Society 
for Spices, Calicut, pp. 215-21S. 

Zachariah, T. J., Maya, K. M., Amaladhas, 
P., H. and Rajesh, P. N. 2003. Zero energy 
chamber - An effective post harvest storage 
system for fresh ginger. In: Korikanthimath, 
V. S., Zachariah, T. J., Kandiannan, K , Nair, 
R R, Krishnamurthy, K S. and Shiv a, K N. 
(Eds.) . Proceedings, National Seminar on 
New Perspectives in Spices, Medicinal and 
Aromatic Plants, Indian Society for Spices, 
Calicut, pp. 20S- 211. 
Papers presented in meetings 

Abdul Jaleel, U. C, Suseela Bhai, R., and 
Parameswaran, G. Synthesis, characteriza
tion and antifungal activities of co-ordination 
compotmds. XIII Swadeshi Science Congress, 
6-S November 2003, Kalpetta. 

Anandaraj, M. Molecular characterization 
of Phytophthora. National Symposium on 
Crop Surveillance: Disease Forecasting and 
Management, 19 February 2004, New Delhi. 

Ankegowda, S. J. 2003. Optimum leaf stage 
for transplanting small cardamom (Elettaria 
cardal1LOI1lUI1l Maton.) seedlings from primary 
nursery to polybag (secondary nurse ry). 
Physiological Interventions for Improved 

115 

Crop Productivity and Quality: Opportuni
ties and Constraints, S. V. Agricultural Col
lege, 12- 14 December 2003, Tirupati. 

Ankegowda, S. J. and Krishnamurthy, K. 
S. 2003. Screening of small cardamom 
(Elettaria cardamol11um Maton.) cultivars for 
drought tolerance . Na tional Symposium on 
Improving Crop Productivity in an 
Ecofriendly Environment: Physiological and 
Molecular Approaches. G. B. Pant Univer
sity of Agriculture and Technology, 15- 17, 
October 2003, Pantnaga r. 

Beena, B., Eapen, S., J. and Ramana, K. V. 
2003. Native rhizobacteria for the biological 
s uppression of Rndopholus s imilis infesting 
black pepper (Piper lligl'lll1l L.). Sixth Inter
national PGPR Workshop, Indian Institute of 
Spices Research, 5-10 October 2003, Calicut. 

Bhat, A. I. 2003. Coat protein sequence iden
tities : A criterion for the classification of p lant 
virus species and their strains. Workshop on 
Agricultural Bioinformatics, Indian Institute 
of Spices Research, 29-30 October 2003, 
Calicut. 

Chempakam, B., Rani, L. J. J., Devasahayam, 
S., Krishnamurthy, K S. and Anandaraj, M. 
2003. Biochemical profile of leaves of black 
pepper lines (Piper nigrum L.) resis tant to 
poIlu beetle (Longitnrsu5 nigripennis Mots.). 
Na tional Seminar on New Perspectives in 
Spices, Medicinal and Aromatic Plants, ICAR 
Research Complex Goa, 27-29 November 
2003, Old Goa. 

Eapen, S. J. and Parthasarathy, V. A. 2003. 
Role of bioinformatics in gene tic resource 
management. Brains torming Session on Da
tabase for the Management of Genetic Re
sources of Horticultural Crops, Central Plan
ta tion Crops Research Ins titute, 19 June 2003, 
Kasaragod. 

Eapen, S. J. , Senthilkumar, R , Parvathi, P. K. 
and Anandaraj, M. 2003. Phytophthora infor
rna tion resource - A web resource for 
Phytophthom informatics and decision-mak
ing. Workshop on Agricultural 



116 

Bioinformatics, Indian Institute of Spices Re
search, 29-30 October 2003, Calicut. 

Ganga, G., Varma, R., S. and George, K. J. 
ISSR and RAPD markers in diversity analy
sis of Piper species. XVI Kerala Science Con
gress, Centre for Water Resources Develop
ment and Management, 29-31 January 2004, 
Calicut. 

George, K. J. Gene finding strategies. Work
shop on Agricultural Bioinformatics. Indian 
Institute of Spices Research, 29-30 October 
2003, Calicut. 

George, K. J., Saji, K. V., Sasikumar, B. , 
Anandaraj, M. and Eapen, S. J. Molecular 
markers for spices germplasm management. 
Workshop on Bioinformatics, Central Plan
tation Crops Research Institute, 18 June 2003, 
Kasaragod. 

Hamza, S., Sadanandan, A. K. and 
Srinivasan, V. 2003. Effect of amendments 
and molybdenum on the yield and quality of 
black pepper. National Seminar on New Per
spectives in Spices, Medicinal and Aromatic 
Plants, rCAR Research Complex Goa, 27-29 
November 2003, Old Goa. 

Kandiannan, K. and Chandaragiri, K. K. 
2003. Thermal time requirement to attain 
various phenophases of turmeric varieties at 
different times of planting. National Seminar 
on Agrometeorology in the New Millennium 
- Prospectives and Challenges, Punjab Agri
cultural University, 29-30, October 2003, 
Ludhiana. 

Kandiannan, K. and Chandaragiri. K. K. 
2003. Weather based humeric (Curcl/ma Jonga 
L. syn. C. domestic{l Val.) yield forecas t for 
Erode District of Tamil Nadu. National Semi
nar on New Perspectives in Spices, Medici
nal and Aromatic Plants, rCAR Research 
Complex for Goa, 27- 29 November 2003, Old 
Goa. 

Kandiannan, K., Thankamani, C. K., 
Korik,'lnthimath, V. S. and Mathew, P. A. 
2003. Intercropping Java long pepper (Piper 
chaba Hunter syn. P. retrofractum Yah}.) with 

115:1(_,Qnl1l1af !I(jport 2003-2004 

arecanut. National Seminar on New Perspec
tives in Spices, Medicinal and Aromatic 
Plants, leAR Research Complex for Goa, 27-
29 November 2003, Old Goa. 

Krishnamoorthy, B., Rema, J., Eapen, S. ]., 
Mathew, P. A., Varghese, S. and 8abll, K. N. 
2003. Biodiversity of nutmeg (Myristica 
fragrans Houtt.) and creation of a data base 
for Myristica spp. Workshop on Agriculhlral 
8ioinformatics, 29-30 October 2003, Calicut. 

Kumar, A 2003. The ongoing fight on bio
technology vs. plant pathogens, Workshop on 
Genomks, DBT and INDO-US Forum, 7-11 
September 2003, Bangalore. 

Kumar, A., Anandaraj, M., Parthasarathy, 
V_ A 2003. Computational tools for molecu
lar analysis of bacterial diversity: Ralstonia 
solal1acearunJ - a case study. Workshop on Ag
riculhual Bioinformatics, fudian fnstitute of 
Spices Research, 29-30 October 2003, Calicut. 

Kumar, AI Sarma, Y. R. and Anandaraj, M. 
2003. Evaluation of genetic diversity of 
Ra/stonia so[anl7cearum causing bacterial wilt 
of ginger using Rep-PCR and ITS - PCR, DNA 
finger printing. Recent Developments in the 
Diagnosis and Management of Plant Diseases 
for Meeting Gtobal Challenges, University of 
Agricultural Sciences, 18- 20 December 2003, 
Dharwad. 

Libha M., Suseela Bhai, R. and 
Parameswaran, G. Antifungal s tudies of hip
puric acid transition metal complexes. XIII 
Swadeshi Science Congress, 6-8 November 
2003, Kalpetta. 

Lincy, A. K., Remasree, A B. and Sasiktunar, 
B. 2003. in vitro direct organogenesis from 
aerial stem of ginger. XIII Swadeshi Science 
Congress, 6- 8 November 2003, Kalpetta . 

Parthasarathy, V. A., Kandiannan, K. , 
Anandaraj, M. and Devasahayam, S. 2003. 
Technical advances for improving production 
of ginger. National Consulta tive Meeting for 
Improvement in Productivity and Utilization 
of Ginger, 12- 13 May 2003, Aizawl. 



Pu6&atums 

Parthasarathy, V. A., Srinivasan, V., 
Devasahayam, S. and Anandaraj, M. 2003. 
Organic farming in spice crops. International 
Conference on Organic Food, 14-17 Febru
ary 2004, Umian. 

Parthasarathy, V. A. and Saji, K. V. Genetic 
resource of major spices and database man
agement. Brain Storming Session on Database 
for the Management of Horticultural Crops, 
Central Plantation Crops Research Institute, 
19 June 2003, Kasaragod. 

Parthasarathy, V. A., Saji, K. Y. and 
Kandiannan, K. Tropical spices for better eco
nomic prospects in coastal ecosystem. Na
tional Seminar on Advances in Coastal Agri
culture and Value Addition from National 
Perspectives, Central Plantation Crops Re
search Institute, 2J-24 January 2004, 
Kasaragod. 

Rajeev, P. 2003. Agricultural information dis
semination and information technology- sta
tus and prospects. Workshop on Agricultural 
Bioinformatics, Indian Institute of Spices Re
search, 29-30 October 2003, Calicut. 

Ramana, K. Y., Shiva, K N. and Johny, A. 
K. 2003. Production of quality planting ma
terials of ginger. Nationa) Consultative Meet
ing for Improvement in Productivity and Uti
lization of Ginger, 12-13 May 2003, Aizawl. 

Ravindran, P. N, Babu, K. N., Tushar, K. V. 
and Minoo, D. 2003. A digitized inventory 
of spice plant resources. Workshop on Agri
cultural Bioinformatics, Indian Institute of 
Spices Research, 29-30 October 2003, Calicut. 

Remya, R., Syamkumar, S., Beena, K. M., 
Eapen, S. J. and Sasiktzmar, B. 2003. DeveJ
opment of Curcuma species database. Work
shop on Agricultural Bioinformatics, Indian 
Institute of Spices Research, 29- 30 October 
2003, Calicut. 

Saji., K. V., Sasikumar, B., George, K. J., Babu, 
K. N., Krishnamoorthy, B. and Eapen, 
S. J. 2003. Development of black pepper 
germplasm database and utilization. National 
Seminar on Bioinformatics and Biodiversity 

li7 

Data Management, Tropical Botanical Gar
den and Research Institute, 15-17 May 2003, 
Thiruvananthapuram. 

Saji, K. V., Sasikumar, B., George, K. J., 
Baburaj, R. and Eapen, S. J. Germplasm data 
management - black pepper a case study. 
Workshop on Agricultural Bioinformatics, 
Indian Institute of Spices Research, 29-30 
October 2003, Kozhikode. 

Srinivasan, V., Hamza, S., Krishnamurthy, 
K. S. and Thankamani, C. K. 2003. Thresh
old level of soil zinc for optimum production 
of ginger (Zingiber officin(71~). National Semi
nar on New Perspectives in Spices, Medici
nal and Aromatic Plants, lCAR Research 
Complex Goa, 27-29 November 2003, Goa. 

Suseela Bhai, R., BhaC A. I. and Anandaraj, 
M. 2003. Premature yellowing and bean shed
ding in vanilla (Vnnilla p1anilofi{/ Alldrews). 
Symposium on Recent Developments in the 
DiagnOSis and Management of Plant Diseases 
for Meeting Global Challenges, University of 
Agricultural Sciences, 18-20 December 2003, 
Dharwad. 

Zachariah T. J., Senthilkumar, R, HeIna, K 
and Eapen, S. J. 2003. Database of chemical 
compounds and metabolic pathways on car
damom oil. Workshop on Agricultural 
Bioinformatics, Indian Institute of Spices Re
search, 29-30 October 2003, Calicut. 

Technical/Popular articles 

Anandaraj, M. and Sarma, Y. R. 2003. The 
potential of PGPR in disease management of 
spice crops in Indian Institute of Spices Re
search, Calicut, Kerala, India. In: Reddy, M. 
S., Anandaraj, M., Eapen, S. J., Sarma, Y. R. 
and Kloepper,]. W (Eds.) Oral presentations. 
Sixth International PGPR Workshop, Indian 
Institute of Spices Research, Calicut, pp. 27-
39 . 

Ankegowda, S. J. 2003. Improved cultivation 
practices of cardamom in Karnataka 
(Kannada) . Spice India 16 (5): 21-23. 

Ankegowda, S. J. 2003. Pepper cultivation 
practices in Kamataka. Spice Lndia 16 (7): 19-
20. 



118 

Bhat, A. 1. 2003. Diagnostics for virus detec
tion - its importance in spices. Spice India 16 
(9): 30-33. 

Bhat, A. I., Devasahayam, S. and Anandaraj, 
M. 2003. Viral diseases - a new threat to black 
pepper. Indian Journal of Arecanut, Spices 
and Medicinal Plants 5: 46-48, 54. 

Bhat, A. I., Sarma, Y. R, Anandaraj, M. and 
Suseela Bhai, R 2003. Viral diseases can be a 
future threat to vanilla in India. Indian Jour
nal of Arccanllt, Spices and Medicinal Plants 
5 (3): 107- 110. 

Chandra Naik. and Ankegowda, S. J. 2003. 
Weed control by using glyphosate in coffee 
and black pepper mix cropping system. 
Andolana Kodagu Avruthi (Kannada daily), 
29 September 2003. 

Eapen, S. J. 2003. Nematodes - the hidden 
enemies (Malayalam). Kerala Karshakan 49 
(1): 23-24, 26. 

Hamza, S. and Srinivasan, V. 2003. 
Biofertilizer for sus tainable agriculture 
(Malayalam). Spice India 16 (11): 12-13. 

Hamza, S. and Srinivasan, V. 2003. Neem 
oil to increase efficiency of urea (Malayalam). 
Spice India 16 (7): 28. 

Hamza, S. and Srinivasan, V. 2003. Organic 
manure for spices. Planters Chronicle, 99 (5): 
45. 

Hamza, S. and Srinivasan, V. 2003. Precau
tions to be taken for biofertilizer application 
(Malayalam). Kerala Karshakan 49 (1): 9-
10, 12. 

Hamza, S. and Srinivasan, V. 2003. Medici
nal plants in kitchen garden (Malayalam). 
Prakrithi mitram 1(6): 23-25. 

Kandiannan, K., Srinivasan, V. and 
Thankamani, C. K. 2003. Organic way of 
spice production an overview. Manual on 
Recent Advances in Organic Farming Tech
nologies in Plantation Crops, Central Plan
tation Crops Research Institute, Kasaragod, 
pp.68-75. . 

f fS'Rj ln nua[<R_epor t 2003-2004 

Kandiannan, K., Thankamani, C. K. and 
Srinivasan, V. 2003. Organics for quality 
planting material production in sp ices. 
Manual Recent Advances in Organic 
Farming Technolog ies in Plantation Crops, 
Central Plantation Crops Research Institute, 
Kasaragod. pp. 76-78. 

Krishnamoorthy, B. 2003. Cinnamon (Hind i). 
Spice India 15 (10): 2-4. 

Krishnamoorthy, B. 2003. Clove - a tree spice 
(Tamil). Spice India 16 (10): 5-8. 

Krishnamoorthy, B. 2003. High yielding cin
namon varieties (Tamil). Spice India 16 (10): 
2-4. 

Krishnamoorthy, B. 2003. IISR Viswashree -
A high yielding nUhneg variety (Hindi). Spice 
India 15 (10): 7-9. 

Krishnamoorthy, B. and Rema, J. 2003. Clove 
~ a good intercrop (Hindi). Spice India 15 
(10): 13-15. 

Krishnamoorthy, B. and Rema, J. 2003. Clove 
~ a good intercrop. Spice India 16 (10): 2-6. 

Lincy, A. K. and Sasikumar, B. 2003. Ginger 
plants from aerial shoot (Malayalam). Kerala 
Karshakan 48 (2): 31. 

Lincy, A. K. and Sasikumar, B. 2003. In vitro 
generation of ginger shoot from aerial stem. 
lCAR News 9 (2): 4. 

Mathew, P. A. 2003. Kokllm (Malayalam ). 
Spice India 16 (1): 12-14. 

Parth asarathy, V. A. , Madan, M. S. and 
Zachariah, T. J. 2003. Export potential of In
dian spices - a perspective. Indian Horticul
ture 48 (1): 30-34. 

Parthasarathy, V. A., Saji, K. V., Sasikllmar, 
B., George, K. J. and Krishnamoorthy, B. 
2003. Germplasm collection and conserva
tion of black pepper (P. l1igrum) and its wild 
relatives in India. IPGRI Newsletter for Asia, 
The Pacific and Oceana. 41: 22-23. 

Prakash, K. M. Conh·ol of pollu beetle in black 
pepper (Malayalam). Kerala Karshakan, 48 
(18): 29-30. 



Puh[ications 

Ramana, K. V., ]ohny A., K. and Shiva, K. 
N. 2003. Technology development for accel
erated production in seed spices. In: Singh, 
H. P., Siva raman, K. and Tamil Selvan, M. 
(Eds.). Proceedings of the National Consul
tative Meeting on Accelerated Production 
and Export of Spices. Coconut Development 
Board, Kochi. pp. 315-33l. 

Rema, L Krishnamoorthy, B. and Mathew, 
P. A. 2003. High yielding varieties of cinna
mon and nutmeg. Spice India, 16 (10): 7-17. 

Rema, L Krishnamoorthy, B., Zachariah, T. 
J. and Mathew, P. A. 2003. Elite lines of Chi
nese cassia. Spice India 16 (10): 20-23. 

Rema, J., Mathew, P. A. and 
Krishnamoorthy, B. 2003. Approach graft
ing in allspice. Spice India 16 (10): 24. 

Saji, K. V. and Sasikumar, B. 2003. Ubiqui
tous greater galangal. Spice India 16 (8): 20. 

Sarma, Y. R., Krishnakumar, V. and 
Anandaraj, M. 2003. Scope and role of PGPR 
in cropping systems in plantation crops and 
spices in relation to their agronomy and pa
thology. Oral presentations. Sixth Interna
tional PGPR Workshop, Indian Institute of 
Spices Research, Calicut, pp. 3-19. 

Sasikumar, B. 2003. Long pepper for forever 
yotmg. Spice India 16 (8): 2-3. 

Sasikumar, B. 2003. The Central Insecticidal 
Act coming in the way of industrialization 
ofbiocontrol agents (Malayalam). Karshakan 
11 (11): 58. 

Sasikumar, B. 2004. Ginger and turmeric -
improved varieties and preservation of seed 
rhizomes. Spice India 17 (2): 12-13. 

Sasikumar, B. and Saji, K. V. 2004. Ginger in 
Nepal (Malayalam). Spice India 17 (2): 17-
18. 

Shiva, K. N., Nair, A. S. and Suryanarayana, 
M. A. 2003. Costus spfcious - as medicinal 
plant. Indian Journal of Arecanut, Spices and 
Medicinal Plants 5(1): 14-15. 

Shiva K. N., Suryanarayana, M. A., Medhi, 

119 

R. P. and Tamil Selvan, M. 2003. Problems 
and prospects of spices cultivation in Bay Is
lands. Indian Journal of Arecanut, Spices and 
Medicinal Plants 5(2): 49-54. 

Suseela Bhai, R. 2003. First aid for queen of 
spices (Malayalam). Kerala Karshakan 49(1): 
21-22, 25-26. 

Syamkumar, S. and Sasikumar, B. 2003. Iso
lation and amplification of DNA from rhi
zomes of ginger and turmeric. ICAR News 9 
(3): 4. 

Syamkumar, S. and Sasikumar, B. 2003. PCR 
based technique to discriminate ginger and 
turmeric varieties (Malayalam). Karshakan 
11 (6): 30. 

Thankamani, C. K., Srinivasan, V. and 
Korikanthimath, V. S. 2003. Composted coir 
pith application in spices. Indian Journal of 
Arecanut, Spices and Medicinal Plants 5 (1): 
9-10. 

Technical publications 

Babu, K. N. and Minoo D 2003. 
Micropropagation of Large Cardamom - A 
Training Manual. Indian Institute of Spices 
Research. Calicut. 16 pp. 

Babu, K. N., Nair, R. R. and Krishnamoorthy, 
B. 2003. Black pepper Biotechnology - A 
Manual. Indian Institute of Spices Research, 
Calicut. 64 pp. 

Bhat, A.!, and George, K. J. (Eds.) 2003. Train
ing Manual on Techniques in Microbiology, 
Indian Institute of Spices Research, Calicut. 
196 pp. 

Eapen, S. J. (Ed.) 2003. Bioinforrnatics and Bio
technology: Tools and Applications - Part I: 
Bioinforrnatics. Indian Instihlte of Spices Re
search, Calicut, 141 pp. (Also avaiiable on 
CDs). 

Eapen, S. J. (Ed.) 2003. Bioinforrnatics and Bio
technology: Tools and Applications - Part II: 
Biotechnology. Indian Instihlte of Spices Re
search, Calicut. 102 pp. (Also available on 
CDs). 



120 

Eapen, S. J. (Ed.) 2003. Summer Training in 
Bioinformatics. Indian Ins tihlte of Spices Re
search, Calicllt. 212 pp. {Also available on 
CDs). 

Eapen, S. J., Babu K. N. and Bhat, A. 1. (Eds.) 
2003. Workshop on Agricultural 
Bioinformatics . Indian Institute of Spices Re
search, Calicut. 126 pp. {Also available on 
CDs). 

George, K ] . and Bhat, A. I. 2003. Training 
Man ual on Techniques in Biochemistry and 
Biotechnology. Indian Institute of Spices Re
search, Calicut. 247 pp. 

Korikanthimath V. 5., Zachariah, T. J., Babu, 
K. N ., Suseela Bhai, R. and Kandiannan, K. 
(Eds.) 2004. Proceedings of the National 
Seminar on New Perspectives in Spices, Me
dicinal and Aromatic Plants. Indian Society 
for Spices, Calicut, Kerala, 453 pp. 

Korikanthimath, V. 5., Zachariah, T. J., 
Kandiannan, K, Nair, R R, Krishnamurthy, 
K. S. and Shiva, K. N. (Eds.) 2003. Abstracts 
of Papers of National Seminar on New Per
spectives in Spices, Medicinal and Aromatic 
Plants. Indian Society for Spices, Calicut. 216 
pp. 

Korikanthimath, V. S., Zachariah, T. J., 
Kandiannan, K ., Shiva, K. N., 
Krishnamurthy, K. S., Suseela Bhai, Rand 
Nair, R R. (Eds.) 2003. Proceedings of the 
National Seminar on Strategies for Increas
ing Production and Export of Spices. Indian 
Society for Spices, Calicut, 282 pp. 

Kurup, K. N ., Ramana, K. V. , Rajeev, P., 
Bhat, A. J. and Shiva, K N. (Eds.) 2003. Train
ing Manual on Experimental Designs and 
Computer Applications in Spices Research. 
Indian Instihlte of Spices Research, Calicut. 
152 pp. 

Leela, N. K. and Krishnamurthy, K. S. (Eds.) 
2003. ISS Newsletter, Vol. 5 (1) and Vol. 6 
(1). 

I [S1(:::.rlrTIuu( '1<!port 2003·2004 

Ramana, K. V., Eapcn, S. J. and Nair, R. R. 
(Eds.) 2003. Journal of Spices and Aromatic 
Crops, Vol. 11 (2), 93-185 pp. 

Ramana, K. V., Eapen, S. J. and Nair, R. R 
(Eds.) 2003. Journal of Spices and Aromatic 
Crop s, VoL 12 (1), 100 pp. 

Ramana, K. V., Shiva, K N. and )ohny, A., 
K. (Eds.) 2003. Annual Repor t: 2001- 2002, 
All India Coordinated Project on Spices. In
dian Instihlte of Spices Research, Calicu t, 168 

pp. 

Ramana, K. V., Shiva, K. N. and Johny, A., 
K. (Eds.) 2003. Annual Report: 2002-2003, 
All India Coordinated Research Project on 
Spices. Indian lnstihlte of Spices Research , 
Calicu t, 234 pp. 

Redd y, M. S., Anandaraj, M., Eapen, S. J. 
Sarma, Y. R. and Kloepper, J. W. (Eds.) 2003. 
Oral Presentations, Sixth International PGPR 
Workshop. Indian Insti tute of Spices Re
search , Calicut, 116 pp. (Also available on 
CDs). 

Reddy, M.S., Anandaraj, M., Eapen, S. J. , 
Sarma, Y. R. and Kloepper J. W. (Eds.) 2003. 
Abs tracts and Short P ap ers, Sixth Interna
tional PGPR Workshop. Indian Instihlte of 
Spices Research, Calicut. 636 pp. {Also avail
able on CDs). 

Rema, J. and Devasahayam, S. (Eds.) 2003. 
Annual Report 2002-03. Indian Institute of 
Spices Research, Calicut, 145 pp. 

Rema, J. and Devasahayam , S. (Eds.) 2003. 
Research Highlights 2002-03. Indian Insti
tute of Spices Research, Calicut, 18 pp. 

Sarma, Y. R. , Gnanamanickam, S. S. and 
Anandaraj, M. (£ds.) 2003. SOllvenir - Sixth 
International PGPR Workshop. Indian Insti
tute of Spices Research, Calicut, 66 pp. 



On-going Projects 

Institute Projects 

r. Mega Project: Collection, conservation, 
cha racterization and cataloguing of 
germ plasm of spice crops for yield and other 
economically important characters 

1. Gen. I (813): Collection , conservation, 
cataloguing and evaluation of black pep
per germplasm 

2. Gen. IX (813): Collection, conservation, 
cataloguing and evaluation of cardamom 
germplasm 

3. Gen. II (813): Collection, conservation, 
cataloguing and eva luation of germplasrn 
of ginger and turmeric 

4. Gen. VI (813): Collection, conservation, 
cata loguing and evaluation of germplasrn 
of tree spices 

5. Gen. XIII (813): Collection, conservation 
and improvement of vanilla 

6. Hort. III (813): Development of paprika 
for warm humid tropics 

II. Mega project: Breeding improved 
varieties of spice crops for yield, quality, 
drought a nd resis tanc e to pests and 
diseases 

1. Gen. VlI.1 (813): Breeding black pepper 
for high yield, quality, drough t and resis
tance to pests 

2. Biotech.]V (813): Biotechnological ap
p roaches for crop improvement in black 
pepper 

3. Biotech. VI (813): Development of DNA 
markers for marker assis ted selection in 
bl<lck pepper 

4. Gen. X (813): Breeding cardamom for 
high y ield and resistance to kntte disease 

5. Hort. IV (813): Rootstock-scion interac-
tions in tree spices 

Ill. Mega project: System approach for 
sustainable production of spices 

1. SSc. II (813): N utritional requirement of 
improved varjeties of spices 

2. Agr. XXI (813): Efficacy of biofertilizers 
on nutritional management of black pep
per 

3. Agr. XXII (813): Biometeorological inves
tigations and modeling in black pepper 

4. Agr. XXIII (813): Development and 
e\t'a luation of soil and water conserva tion 
measures and land u se systems for sus
tainable crop p roduction in Western 
Ghats of coastal region 

IV. Mega project: Production physiology of 
spice crops 

1. Biochem. I (813): Biogenesis of pigments 
in spice crops 

2. Phy. V (813): Characterization of drought 
tolerance in black pepper 

3. Phy. VI t813): Cha racterization of 
drought tolerance in cardamom 

4. Phy. VII (813): Physiological and bio
ch emical basis for productivity in black 
pepper 

V. Mega project: Value addition and post 
harvest processing of spices 

1. PHT. I (813): Quality evaluation in spices 

VI. Mega project: Production of nucleus 
planting materials of improved varieties of 
spice crops 

1. Agr. XX (813): Production of nu~le~.ls 
planting materials of improved vanehes 
of spice crops 
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VII. M ega project: Identification, 
characterization and d evelopment of 
diagnostics against pests, pathogens and 
nematodes of spice crops 

1. Path. XII (813): Investigations on shmted 
and phyllody diseases of black pepper 

2. Path. XIII (813): Investigations on spike 
shedding of black pepper at high altihldes 

3. Path. XI (813): Studies on bacterial wilt 
of ginger 

4. Path. XIV (813): Studies on fungal and 
viral diseases of ginger 

5. Path . XV (813): Investigations on viral and 
fungal diseases of vanilla 

6. Nema. III (813): Investigations on nema-
todes associated with spices 

VIII. Mega project: Conventional and 
molecular approaches for developing pest, 
pathogen and nematode resistance in spice 
crops 

1. Crop Prot. I.1 (813): Screening black pep
per germplasm for reaction to diseases 

2. Crop Prot. 1.3 (813): Screening black pep
per germplasm for reaction to nematodes 

3. Crop Prot. 1.2 (813): Screening black pep
per germplasm for reaction to insect pests 

4. Crop. Prot. II (813): Mechanism of resis
tance to pests and pathogens in spice 
crops 

IX. Mega project: Developing integrated 
pest and disease management strategies in 
spice crops 

1. Path. 11.3 (813): Disease management in 
Phytophthora foot rot affected black pep
per plantations 

2. Hort. II (813) : Utiliza tion of Piper 
colubrinum Link and P. arboreum as 
rootstocks in the management of foot rot 
disease of black pepper 

3. Biocontrol I.1 (813): Biological control of 
diseases of spices 
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4. Biocontrol 1.3 (813): Biological control of 
nema todes of spices 

5. Biocontrol 1.2 (813): Biological control of 
insect pests of spices 

6. Org. Chern. II (813): Characteriza tion of 
bioactive compounds with pesticide prop
erties 

X. Mega project: Economics, stati stics and 
modeling 

1. Econ. I (813): Economics of spices produc
tion and marketing 

2. Econ. II (813): Identification of appropri
ate prediction systems in spice crops 

3. Econ. III (813): Remote sensing and GIS 
in evaluating the impact on socio-ecologi
cal changes on spices production in West
ern Ghats region 

XI. Mega project: Extension and training 

1. Ext. IV (813): Training of research and ex
tension workers 

Externally aided projects 

ICAR Cess Fund 

1. Organization of g inger and turmeric 
germplasm based on molecular charac
terization 

2. Bioecology and integrated management 
of root mealy bug (Plmwcoccus sp.) infest
ing black pepper 

3 . Identification and development of diag
nostics for the viruses causing s tunted 
disease in black pepper 

Department of Biotechnology 

1. Conservation of spices genetic resources 
in in vitro gene banks 

2. A digiti zed inventory of plant resources. 
Part II . Other economically important 
spices 

3. Improvement of se lected spice crops 
through biotechnological approaches 

4. On farm evaluation of tissue culhue de
rived black pepper plants 
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5. Molecular characterization of viruses 
causing stlmted disease in black pepper 

and development of PCR based method
ology for their detection 

6. Endophytic bacteria for biological system 
management of Rndoplwfolls sil1lifis, the 

key nematode pest of black pepper 

7. Distributed Information Sub-Centre 

National Agricultural Technology Project 

1. Collection, characterization and conser

va tion of sp ices genetic resources 

2. Integrated National Agricultura l Re

sources Information System 

3. Agricultural Technology Information 
Centre 

4. Prioriti zation Monitoring and Evaluation 
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Department of Agriculture and 
Co-operation 

1. Centrally sponsored scheme: Integrated 
programme for development of spices 

Government of Kerala 

1. Technology mission on black pepper 

Board of Research on Nuc1ear Science 

1. Migration of pesticides in soi l, water and 
plant environment 

International Foundation for Science 

1. Development of disinfection technology 
for management of bacterial . wilt of gin
ger 

Kerala Research Programme for Local Level 
Development 

1. Integrated disease management in black 
pepper - A study on technology diffusion and 
impact 



Consultancy and Commercialization of 
Technologies 

This year also the Consultancy Processing cell 
has taken up various consultancies relating 
to analysis of macro, micro and trace ele
ments in soil, plant, manure and fertilizer 
samples; enumeration of microbes such as 
Trichoderma spp., Pseudomonas spp., 
Azospirillum spp. etc. and estimation of es
sential oils. Scientists of the institute have 
visited few plantations as consultants. Tech-

nology for large scale multiplication of Tri
chodl'rl1la harzianum has been sold to six new 
entrepreneurs. M. Sc. project work 
programmes of post graduate shldents were 
also taken up by the instihlte during the year 
and the institute earned Rs. 3,51,500 /
through this programme. The institute also 
earned Rs . 5,98,000/- during 2003-04 
through consultancy processing cell. 
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The Research Advisory Committee meeting 
was held during 9-10 April 2003 at Calicut 
(Fig. 22) and the following recommendations 
were made. 

resistance to pests, diseases, drought etc. 
have to be defined clearly for guidance i.n 
evaluating the germplasm of different 
crops. 

4. Too much dependence on RAPD charac
terization is not advisable due to lack of 
consistency. Alternate and more efficient 
molecular markers may be located and 
used. 

5. The earlier decision that research on pa
prika has to be done through AICRPS 
may be implemented. 

6. While characterizing the germplasm, the 
stability of all the characters in each cycle 
of regeneration has to be monitored. 

7. Possibility to achieve seed set in ginger 
may be explored. 

Mega Project II 
1. Growth regulators may be used for ob

taining high success in grafting and bud
ding in tree spices. 

2. Breeding programmes in ginger and tur
meric other than clonal selection have to 

Fig. 22. RAe meeting in progress be given more importance. 

Mega Project 1 
1. For germplasm collection, specific areas 

for survey have to be identified. 

2. An alternate area has to be identified for 
germplasm conservation as the valuable 
materials now conserved at IISR Fiuffi, 
Peruvannamuzhi are prone to damage by 
wild animals. 

3. Parameters (standards) with ranges for 
all the characters such as yield, quality, 

3. Molecular characterization and marker
assisted breeding must be given greater 
importance to strengthen the established 
breeding methods. 

4. Cultivation of cassia at higher attitudes 
may be encouraged. 

Mega Project III 

1. Organic production of spices has to 
be demonstrated at the institute 
farm and in farmers' fields around 
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Peruvannamllzhi in collaboration with 
KVK. 

2. Whenever experiments on rnicronutrients 
are conducted, basic data on the avail
ability of these nutrients in the soil has to 
be estimated so that an objective evalua
tion of the efficacy of the added nutri
ents can be made. 

3. Cost benefit ratio has to be worked out 
in the experiments on biofertilizers. 

Mega Project IV 

1. Parameters for characterization have to 
be fixed and this has to be given priority 
than adding more physiological and mo
lecular parameters. 

Mega Project V 

1. On-farm grading has to be standardized 
on a priority basis. 

2. Post harvest processing and value addi
tion programmes are to be reoriented 
based on expert opinion from NIN and 
other related agencies. 

Mega Project VI 

1. Training the farmers in the production of 
quality planting materials through KVK 
may be intensified. 

2. A large quantity of planting materials 
were produced and supplied to different 
agencies. It is vital to collect the informa
tion on returns obtained by them and a 
data base to be constructed. This project 
should be an avenue to get land to lab 
feed back. 

Mega Project VII 

1. The basic data on distribution, incidence 
and crop losses due to major diseases, 
pests and nematodes has to be up dated 
and a list of those requiring greater at
tention prepared. 

2. Varietal reaction to viral diseases in black 
pepper has to be worked out. 

3. Cytokinins ma y be tried for preventing 
spike shedding in black pepper. 
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4. Interim recommendations to contain the 
viral diseases in black pepper have to be 
given. . 

Mega Project VIII 

1. In view of the time and cost intensity of 
molecular approaches, it is essential to 
identify parameters to decide on first and 
higher stages of selection for resistance 
over the work already done. Molecular 
approaches need to be care
fully chosen only when other 
alternatives are absent/insufficient/cost 
intensive etc. 

2. As far as possible larger number of 
germplasm may be screened at a time at 
a given location so that the data obtained 
are comparable and valid. 

3. Most virulent strains of pathogens have 
to be used in screening. 

Mega Project IX 

1. The efficacy of cultural practices com
bined with zero tillage, particularly for 
the management of Phytophthorn foot rot 
disease in black pepper may be studied. 

2. Management of bacterial wilt of ginger 
through rhizome solarization should be 
demonstrated in farmer's fields at differ
ent loca tions. 

3. Technologies for mass production of effi
cient strains of biocontrol agents have to 
be developed and popularized. 

Mega Project X 

l. Economics and statistics should be better 
integrated with relevant program.tnes of 
crop improvements so that cost-benefit 
and other economic evaluation and inter
pretation of experiments can strengthen 
the programme. 

2. Cost of production of important crops has 
to be updated. 

3. Full details of the technologies developed 
should not be put in the website and 
internet. 
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~ega Project XI 

1. Directors of Agriculture/Horticulture of 
state governments may be contacted to 
nominate the officials for institute's di
verse training programmes. 

2. Success stories from the farmers may be 
popularized among other farmers 
through mass media and it should be 
made available in the Institute's website. 
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3. Success stories of the institute should also 
be made available at the institute website. 

4. There is scope and need for testing vari
ous technologies developed by the insti
tute in farmers' field. Operational and 
knowledge manuals have to be prepared 
and selected farmers trained in efficient 
systems of spices production who in tum 
will train other farmers. 



Staff Research Council 

The XVII Annual Research Council meeting 
of the Indian Institute of Spices Research, 
Calicut was held on 11 April 2003 at Calicut. 
Dr. V. A. Parthasarathy, Director delivered 
the inaugural address. 

The existing research projects of the institute 
were regrouped under 11 mega projects and 
project leaders were identified for the same. 
Two ongoing projects were kept in abeyance, 
six projects were closed and four new projects 
were approved during the year. At present, 
38 projects are being tmdertaken at the insti~ 
tute. 

Three high yielding, high quality black pep~ 
per lines were approved for state release. Two 
technologies for transfer to extension agen
cies nameJYr Plant growth promoting 
rhizobacteria (PGPR) for black pepper and 
Coconut coir pith as a career medium for 
biocontrol agents were discussed and ap
proved. 

The mid term review of research projects in 

progress at the institute was held during 18-
19 November 2003 at Calicllt. The meeting 
was chaired by Dr. V. A. Parthasarathy, Di
rector, and the technical sessions were co
chaired by Mr. B. Krishnamoorthy, Head in 
Charge, Division of Crop Improvement; Dr. 
B. Chempakam, Head in Charge, Division of 
Crop Production and Post Harvest Technol
ogy; Dr. M. Anandaraj, Head in Charge, Di
vision of Crop Protection and Mr. K. 
Narayana Kurup, Head in Charge, Section 
of Social Sciences. The progress of work in 
the research projects of the institute was re
viewed. One new project was presented and 
approved, two projects which were kept in 
abeyance were revived, and one project was 
closed during the review meeting. A meeting 
of the Administrative and Accounts officers 
with scientists was held to discuss some of 
the problems faced by scientist in adminis
trative matters. 



Participation of Scientists in Meetings 

Regional Workshop on Coffee Based Crop
ping System for Kerala, Regional Coffee Re
search Station, Coffee Board, Chundale, 6 
April 2003 (K. Kandiannan). 

Meeting of High Power Committee on IT and 
BT, Gov!. of Kerala, Thiruvananthapuram, 
12-13 April 2003 (V. A. Parthasarathy). 

National Consultative Meeting on Improve
ment in Productivity and Cultivation of Gin
ger, Directorate of Horticulture and Ministry 
of Agriculture, Govt. of India, Aiswal, 
Mizoram, 12-14 May 2003 (V. A. 
Parthasarathy). 

National Seminar on Florjculhlre, ICAR Re
search Complex, Barapani, Meghalaya, 14-
15 May 2003 (V. A. Parthasarathy). 

Action Plan Meeting of KVKs of Zone VIII, 
Bangalore, 14-15 May 2003 (T. K. Jacob). 

National Seminar on Bioinformatics and 
Biodiversity Data Management, Tropical Bo
tanical Garden and Research Institute, 
Thiruvananthapuram, 15-17 May 2003 (K. 
V. Saji). 

Brain Storming Session on Proteomics and Its 
Applications, Indian Institute of Spices Re
search, Calicut, 24 May 2003 {K. N. Shiva). 

32"" Town Official Language Implementation 
Committee Meeting, Calicut, 28 May 2003 (B 
Krishnamoorthy). 

Institute Management Committee Meeting, 
Central Plantation Crops Research Instihlte, 
Kasaragod, 7 June 2003 (V. A. 
Parthasarathy). 

Interactive Meeting to Discuss on the Strate
gies for DNA Finger Printing, Molecular 
Characterization and Genomics, Tata Energy 
Research Institute, New Delhi, 17 June 2003 
(K. Nirmal Babu). 

Executive Meeting of DISC of CPCRI and 
lISR, Central Plantation Crops Research In
stitute, Kasaragod, 19 June 2003 (V. A. 
Parthasarathy). 

Brainstorming Session on Database for the 
Management of Genetic Resources of Horti
culhlral Crops, Central Plantation Crops Re
search Institute, Kasaragod, 19 June 2003 (V. 
A. Parthasarathy, M. Anandaraj, Johnson K. 
George, Santhosh J. Eapen). 

Seventh Executive Development Programme 
in Agriculture Research Management, Na
tional Academy of Agricultural Research 
Management, Hyderabad, 17-23 July 2003 
(V. A. Parthasarathy). 

Seminar on Chemistry in the New Millen
nium, National Institute of Technology, 
Calicut, 24-25 July 2003 (N. K. Leela). 

Zonal Workshop of National Agricultural 
Technology Project on Plant Biodiversity, 
Central Tuber Crops Research Institute, 
Trivandrum, 5-6 August 2003 (K. V. Saji). 

Seminar on Turmeric, Hingoli, Maharashtra, 
8 August 2003, (B. Sasikumar). 

Workshop for Agriculture - Grassroot Level 
Support System for Agriculhlre Development 
at Panchayat Level, Calicut, 20 August 2003 
(R. Suseela Bhai). 

Seminar on Biotechnology for Rural Devel
opment Growth and Empowerment, South 
Malabar Gramin Bank, Olavanna, Calicut, 21 
August 2003 (B. Sasikumar). 

Farmers - Scientists Interaction Workshop on 
Development of Homestead Farming, Indian 
Institute of Spices Research, Calicut, 28 Au
gust 2003 (B. Sasikumar). 

33'" Meeting of Scientific AdVisory Commit-
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tee on Krishi Vigyan Kendra, Gonikopal, 14 
September 2003 (S. J. Ankegowda). 

Workshop on Biotechnological Interventions 
in Agriculture, Rajiv Gandhi Centre for Bio
technology, Thiruvananthapuram, 17 Sep
tember 2003 (B. Sasikumar). 

Hindi Workshop on Noting and Drafting, In
dian Instihlte of Spices Research, Calicut, 17 
September 2003 (K. N. Shiva). 

Workshop on Horticultural Crops: Floricul
ture and Plantation Crops, National Bank for 
Agricultural and Rural Development, 
Madikeri, 18 September 2003 (S. J. 
Ankegowda). 

Review of Projects of ICAR in Zone VIII, In
dian Institute of Spices Research, Calicut, 22-
24 September 2003 (P. Rajeev). 

Sixth International Plant Growth Promoting 
Rhizobacteria (PGPR) Workshop, Calicut, 
Kerala, 5- 10 October 2003 (All Scientists). 

National Symposium on Improving Crop Pro
ductivity in an Ecofriendly Environment: 
Physiological and Molecular Approaches, 
College of Basic Sciences and Humanities, 
Pantnagar, 15-17 October 2003 (S. J. 
Ankegowda). 

Meeting on Jaivn Kl!rnfnm - Preparation of Ac
tion Plan for Organic Farming, Directorate of 
Agriculture, Thiruvananthapuram, 23 Octo
ber 2003 (B. Sasikumar, V. Srinivasan). 

Research and Extension Workers' Interface, 
Department of Agriculhtre, Calicut, 27 Oc
tober 2003 (8. Sasiktlmarj. 

Workshop on Agriculhtral Bioinformatics, In
dian Institute of Spices Research, Calicut, 29-
30 October 2003 (All Scientists). 

Planters' Meeting, Calicut, 2 November 2003 
(V. A. Parthasarathy). 

33'0 Town Official Language Implementabon 
Committee Meeting, Calicut, 5 November 
2003 (B. Krishnamoorthy). 

Second State Level Research Extension Inter
face, Thiruvananthapuram, 5- 6 November 
2003 (S. Devasahayam). 
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National Symposium on Recent Advances in 
Indian FlOriculture, Kerala Agricultural Uni
versity, Trissur, Kerala, 12-14 November 2003 
(K. N. Shiva). 

National Seminar on New Perspectives of 
Spices, Medicinal and Aromatic Plants, rCAR 
Research Complex, Goa, 27-29 November 
2003 (V. A. Parthasarathy, M. Anandaraj, B. 
Chempakam, T. John Z achariah, B. 
Sasikumar, Johns on K . George, C. K. 
Thankamani, R. Suseela Bhai, R. 
Ramakrishnan Nair, K. Kandiannan, N. K. 
Leela, K. V. Saji, V. Srinivasan). 

Ginger Meeting, Department of Horticulture, 
Gangtok, 1-3 December 2003 (A. Kumar). 

Will Congress of Asian and Oceania Biochem~ 
ists and Molecular Biologists, Indian Ins tihtte 
of Science, Bangalore, 7- 11 December 2003 
(B. Chempakam). 

Brainstorming Session on Utilization of Ge
netic Resources, New Delhi, 11 December 
2003 (V. A Parthasarathy). 

National Seminar on Physiological Interven
tions for Improved Crop Productivity and 
Quality: Opportunities and Cons traints, S.V. 
Agricultural College, Tirupati, 12- 14 Decem
ber 2003 (S. J. Ankegowda). 

Symposium on Recent Developments in the 
Diagnosis and Management of Plant Diseases 
for Meeting Global Challenges, University of 
Agricultural Sciences, Dharwad, 18-20 De
cember 2003 (R. Suseela Bhai, A Kumar). 

VIIl ICAR Governing Body Meeting, New 
Delh.i, 24 December 2003 (V. A. Parthasarathy). 

VIII ICAR Regional Committee Meeting, Ban
galore, 29-30 December 2003 (V. A. 
Parthasarathy). 

Brainstorming Session on Bioinformatics, 
Anna University, Chennai, 5 January 2004 
(Santhosh J. Eapen). 

National Seminar on Biotechnology - A tool 
for Sustainable Agriculhlral Production, B. A 
College of Agriculture, Anand, Gujarat, 5-6 
January 2004 (B. Sasikumar). 
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XV BTISNet Annual Coordinators Meeting, 
Anna University, Chennai, 6-7 January 2004 
(Santhosh J. Eapen). 

Sixteenth Kerala Science Congress, Centre for 
Water Resources Development, Calicut, 29-
31 January 2004 (P. A. Mathew , B. 
Krishnamoorthy, K. Nirmal Babu, V. 
Srinivasan). 

711• Conference on Global Spatial Data Infra
structure, Bangalore, 30 January-16 Febru
ary 2004 (Utpala Parthasarathy). 

XVII National Group Meeting of Research 
Workers of AICRP on Spices, Calicut, 3-5 
February 2004 (All Scientists). 

NA TP Meeting, Central Tuber Crops Re
search Institute, Thiruvananthapuram, 13 
February 2004 (V. A. Parthasarathy). 

Farmers' Seminar, Calicut Flower Show 
2004, Calicut, 13 February 2004, (B. 
Sasikumar). 

Conference on Organic Agriculture in North 
East, ICAR Research Complex, Barapani, 
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Shillong, 16 Fe bruary 2004 (V . A. 
Parthasarathy). 

Meeting on Seed Production in Agricultural 
Crops and Fisheries, National Bureau of Plant 
Genetic Resources, New Delhi, 23-25 Febru
ary 2004 (V. A. Parthasarathy). 

leAR Meeting on Molecula r Mapping in 
Crop Plants, National Bureau of Plant Ge
netic Resources, New Delhi, 27 February 2004 
(K. Nirmal Babu). 

ICAR Meeting on Availability and Utilization 
of Genes/ Constructs Related to Development 
of Transgenics in Field and Horticultural 
Crops, National Bureau of Plant Genetic Re
sOurces, New Delhi, 28 February 2004 (K. 
Nirmal Babu). 

Director's meeting of Horticulture Division, 
Indian Council for Agricultural Research, 
New Delhi, 11 March 2004 (V . A. 
Parthasarathy). 

Workshop on Networkin g of Indian 
Biodiversity Databases, Centre for Ecological 
SCiences, Bangalore, 23-24 March 2004 
(Santhosh J. Eapen). 



Meetings Organized by the Institute 

Brain sto rming session on Proteomics and its 
Applications, 24 May 2003. 

lVll National 8 • 'do rOUp Meelinq 
Ina ted Research Project 011 Spices 

3-5 Ftbruarr 2004 

Fig. 23. XVII [\alll IIl,ll CrllLlp :-"1cl'ling of All India 
Co-ordinCIted Research Project on Spices in progress 

Workshop on Noting and Drafting in Hindi, 
17 September 2003. 

Annual Review Meeting of Transfer of Tech
nology Centres of Zone VIII, 22-23 Septem
ber 2003. 

VI International Plant Growth Promoting 
Rhizobacteria (PGPR) Workshop, 5-10 Oc
tober 2003. 

Workshop on Agricultural Bioinformatics, 
29-30 October 2003. 

XVII National Group Meeting of All India 
Coordinated Research Project on Spices, 3-5 
February 2004 (Fig. 23). 



Radio Talks 

Integrated pest and disease management in 
pepper, All India Radio, Madikeri, 26 June 
2003 (M. N. Venugopal). 

Control of mealy bug and little leaf disease in 
pepper, All India Radio, Kozhikode, 14 Au
gust 2003 (V. K. 5aira Banu). 

Harvesting and processing of ginger and tur
meric, All India Radio, Kozhikode, 17 No
vember 2003 (K. M. Prakash). 

Cardamom curing and processing, All Indian 
Radio, Madikeri, 23 November 2003 (5. J. 
Ankegowda). 

Baking of foods, All India Radio, Kozhikode, 
1 December 2003 (Lixy John). 

Sa fed musli, All India Radio, Kozhikode, 13 
December 2003 (B. Sasikumar). 

Diversified use of spices, All India Radio, 
Kozhikode, 4 February 2004 (T. J. 
Zachariah). 

Genetic resources of spices - Spices for pros
perity, All India Radio, Kozhikode, Trissur 
and Thiruvananthapuram, 13 Febmary 2004 
(B. Sasikumar). 

Agar wood - a new tree spice, All India Ra
dio, Kozhikode, 25 February 2004 and 8 
March 2004 (B. 5asikumar). 

Diversified use of spices (question and an
swers), All India Radio, Kozhikode, 23 March 
2004 (T. J. Zachariah). 

Varieties of tree spices (interview), All India 
Radio, Kozhikode, 29 March 2004 (B. 
Krishnamoorthy) . 



Lectures Delivered by Scientists 

Tree spices cultivation in coffee plantation. 
Regional Coffee Research Station, Chtmdale, 
6 April 2003 (K. Kandiannan). 

Cost economics of major spices, Tamil Nadu 
Agricultural University, Coimbatore, 21 May 
2003 (B. Krishnamoorthy). 

Value added products from spices, Training 
for Farmers, Kannur, 28 May 2003 (T. John 
Zachariah). 

Value addition in pepper and other spices, 
Farmer's Meeting, Vadakara, 9 July 2003 (T. 
John Zachariah). 

Microbial genetics, Seminar on Biotechnol
ogy, Providence Women's College, 16 August 
2003 (A. Kumar). 

Spices cultivation in coconut and arecanut 
garden with special emphasis on black pep
per and vanilla, State Farmer's Day, 
Malappuram, 17 August 2003 (S. Hamza). 

An introduction to bioinformatics, Training 
on bioinformatics, Central Plantation Crops 
Research Institute, Kasaragod, 18 August 
2003 (Santhosh J. Eapen). 

Production management in black pepper, 
Training for Agricultural Officers of Calicut 
and Wyanad Districts, Feroke, 23 August 
2003 and 23 October 2003 (P. Rajeev). 

Organic farming in spices, Research-Exten
sion Interface, Calicut, 29 August 2003 (V. 
Srinivasan). 

Diseases of vanilla, Seminar on Vanilla Cul
tivation, Calicut, 1 September 2003 (R. 
Suseela Bhai). 

Diseases of vanilla, Seminar on Vanilla Cul
tivation, Kannur, 13 September 2003 (R. 
Suseela Bhai). 

'WWW, HTML and URLs' - Bioinformatics 
'A' Level Course, DOEACC Centre, Calicut, 
18 September 2003 (Santhosh J. Eapen). 

Soil chemistry, plant and nutrition. PSMO 
College, Malappuram, 10 October 2003 (5. 
Hamza). 

Pests and diseases of black pepper and va
nilla, Farmer's Seminar, Pulpally, Wyanad, 
31 October 2003 (Santhosh J. Eapen). 

Cultivation practices in black pepper, carda
mom and vanilla, Farmer's Meeting, 21 No
vember 2003 (5. J. Ankegowda). 

Microarray technology and its application in 
plant virus diagnosis, Winter School on De
tection of Plant Virus by PCR and Nucleic 
Acid Probes, Tamil Nadu Agricultural Uni
versity, Coimbatore, 21 November 2003 (A. 
Ishwara Bhat). 

Cultivation practices of cardamom, black 
pepper, ginger and vanilla, Training for 
Teachers, Napokkalu, 27 November 2003 (5. 
J. Ankegowda). 

Molecular characterization of plant patho
gens and biocontrol agents, Winter School on 
Biotechnological Approaches for the Man
agement of Plant Pathogens in Export Ori
ented Horticultural Crops, Tamil Nadu Ag
ricultural University, Coimbatore, 19 Decem
ber 2003 (M. Anandaraj). 

Transgenic plants resistant to viruses: a per
spective, Winter School on Biotechnological 
Approaches for the Management of Plant 
Pathogens in Export Oriented Horticulhlral 
Crops, Tamil Nadu Agricultural University, 
Coimbatore, 19 December 2003 (A. Ishwara 
Bhat). 

Chemistry of spices, Inaugural Function of 
Chemistry Association, Providence Women's 



136 

College, Calicut, 9 January 2004 (T. John 
Zachariah). 

Soil fertility and plant nutrition with empha
sis on organic cultivation practices. Seminar 
on OrganiC Farming, Calicut, 13 January 
2004 (S. Hamza). 

Crop production and plant nutrition. Train
ing for Farmers, Malappuram, 15 January 
2004 (S. Hamza). 

Cultivation of black pepper, Officers of Cof
fee Board and Horticulture Department, 
Kodagu, 20 January 2004 (M. N. Venugopal). 

Cultivation of vanilla , Officers of Coffee 
Boa rd and Horticu I ture Department, 
Kodagu, 21 January 2004 (M. N. Venugopal). 

Pepper production management, Farmer's 
Training on In/nnidhi Project, Calicut, 23 Janu
ary 2004 (P. Rajeev). 

Scientific awareness in society, Students of 
VHSS for Girls, Calicut, 28 February 2004 (T. 
John Zachariah). 

Introduction to physica l biochemistry to 
bioinformatics, Students of Department of 

I IS'1(JlnTrua[ '!?sport 2003-2004 

Electronic Accred i tation of Computer 
Courses, Calicut, 3 March 2004 (T. Joh n 
Zachariah). 

Black pepper and vanilla cultivation practices 
in v illage level horticulture, Training for 
Farmers, Napokkalu, 9 March 2004 (S. J. 
Ankegowda). 

Agronomical practices in black pepper culti
vation, Seminar on Black p epper, Madikeri, 
16 March 2004 (S. J. Ankegowda). 

Black pepper, Training to Coffee Growers, 
Kodagu, 16 March 2004 (M. N. Venugopal). 

Phytophthom research in horticulhtral crops, 
Refresher Course in Plant Pa thology, 
Chidambaram, 22 March 2004 (M. 
Anandaraj). 

Gene finding and tagging s trategies, Seminar 
on Bioinformatics for Biosciences, GRD Col
lege of Science, Coimbatore, 22 March 2004 
Gohnson K. George) . 

Spice based products to entrepreneurs, En
trepreneurs Meet, Calicut, 31 March 2004 (T. 
John Zachariah). 



Distinguished Visitors 

Dr. K. V. Ahamed Bavappa, Former FAO 
Consultant and Former Director, Central 
Plantation Crops Research Ins titute, 
Kasaragod. 

P. Balachandran, Passport Officer, 
Kozhikode. 

Dr. B. Bashishtha, Director, National Research 
Centre on Seed Spices, Ajmer. 

Shri. Hukkumdeo Narayan Yadav, Hon. 
Minister of State for Agriculture, Govt. of 
lnd ia (Fig. 24). -.... 

Fig. 24. Shri. Ilukkumdl'u :-": ,1 1",,)'<1 n Yad<1v, Hon. Minister 
o( Stdte (or Agriculture in a di!->cussion with scientists. 

Mr. Joseph Thekke Kuruvinal, Chief Judicial 
Magistrate, Kozhikode. 

Dr. G. Kalloo, Deputy Director General (Hor
ticulture), Indian COLU1Cil of Agriculhlral Re
search, New Delhi. 

Dr. S. N. Pandey, Assistant Director General 
(PC), Indian Council of Agricultural Re
search, New Delhi. 

Dr. K. V. Peter, Vice Chancellor, Kerala Ag
riculhlral University, Trissur. 

Dr. R. B. Rai, Director, Central Agricultural 
Research Insti tu te, Port Blair. 

Mr. V. S. Ramachandran, Director, Regional 
Science Centre, Calicllt. 

Dr. P. S. Rao, Vice President, Indo-American 
Hybrid Seeds, Bangalore. 

Dr. Renu Swamp, Director, Department of 
Biotechnology, New Delhi. 

Dr. R. K. Sharma, Former Dean, Rajasthan 
Agriculhlfal University, Jobner. 

Dr. S. K. Sharma, Project Director, Project Di
rectorate for Cropping System Research, 
Modipuram. 

Dr. V. A. Srinivasan, Executive Director, In
dian Immlmologicals Ltd., IIyderabad . 

Dr. 1. V. Subba Rao, Former Vice Chancellor, 
ANGRAU, Hyderabad. 



Empowerment of Women 

A Women's Cell is functioning at IISR to ca
ter to the welfare and solve grievances of 
women employees working in the Instihlte. 
The Women's Cell conducted various 
programmes for the welfare, development 
and empowerment of farm and rural women 
in collaboration with the Krishi Vigyan 
Kendra (KVK). The International Women's 
Day was celebrated on 8 March 2004. The 
meeting was addressed by Dr. Lalitha, State 
President, Women's Wing, Indian Medical 
Association, who stressed the need for up
lifting women for the betterment of society 
and nation. 

KVK conducted various training programmes 
for farm women and women Self Help Groups 
(SHGs) in association with Departments of 
Agriculhlre, Animal Husbandry and vohm
tary organizations such as Centre for Over
all Development, Vikas Voluntary Vahini 
(VVV) clubs, Indian Farmer's Movement 
(INFAM) etc. The training programmes 
mainly focused on self employment and ad
ditional income generation for women. Vari
ous need based vocational training 
programmes for women SHG's were orga
nized for quality improvement in various 
enterprises. 

During the period, 36 training programmes 
were organized for the farm women and 
women SHe's in which 654 trainees partici
pated (Fig. 25). The programmes covered 
various aspects of agriculture horticulture, 
animal husbandry and handicrafts as indi
cated below: 

1. Seed production and establishment of 
nurseries 

a. Organic farming (27 participants) 

Fig. 25. A training programme on produ ct ion of 
vermicompost for women entrepreneur 

b. Production of vermicompost (21 partici
pants) 

c. Training on plant propagation (39 par-
ticipants) 

d. Cultivation of vanilla (99 participants) 

e. Cultivation of cowpea (12 participants) 

f. Cultivation of bittergourd (9 partidpants) 

g. Cultivation of azolla (14 participants) 

2. Rearing and care of poultry and live-stock 

a. Management of milch cow (43 partici
pants) 

b. Goat rearing under rural conditions (12 
participants) 

c. Backyard poultry rearing (25 participants) 

d. Management of diseases in cattle (25 par
ticipants) 

e. Control of plant poisoning in dairy ani
mals (61 participants) 

3. Cottage industries 

a. Handicrafts making from bamboo (13 par
ticipants) 



'EmpoUlcrmen t o!'Women 

b. Hand embroidery (14) 

c. Fabric painting and card making (18 par
ticipants) 

d. Advanced training in fabric painting (10 
participan ts) 

e. Tablemat and artificial flower making (28 
participants) 

f. Paper bag making (11 participants) 

g. Production of mushroom (36 partici
pants) 

h. Apiculture (11 participants) 

I. Preparation of cutlet (12 participants) 
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KVK also conducted a frontline demonstra
tion programme on production of organic 
cowpea in two women farmers' fields, and 
an on-farm testing programme on manage
ment of fruitfly in bittergourd in three women 
farmers' fields. .., , 

As a result of the various training 
programmes conducted, several self employ
ment units were started by women in 
vermicomposting, bamboo handicraft mak
ing, poultry and goatery etc. earning reason
able income through the sale of products. Sale 
of vermin compost and vermin wash pro
duced by the trained SHG members was also 
promoted through INFAM. 

, _' ~ 



Personnel 

Headquarters, Calicut 

Managerial 

Dr. V. A. Parthasarathy, Director 

Scientific 

Dr. K V. Ramana, Project Coordinator 

Dr. K. Narayana Kurup, Principal Scientist 
(Agricultural Statistics) and Head in Charge, 
Section of Social Sciences 

Dr. M. Anandaraj, Principal Scientist (Plant 
Pathology) and Head in Charge, Division of 
Crop Protection 

Dr. B. Chempakam, Principal Scientist (Plant 
Biochemistry) and Head in Charge, Division 
of Crop Production and Post Harvest Tech
nology 

Dr. S. Devasahayam, Principal Scientist (Ag
riculhlral Entomology) 

Mr. B. Krishnamoorthy, Principal Scientist 
(Plant Breeding) and Head in Charge, Divi
sion of Crop Improvement and Biotechnol
ogy 

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

Dr. M. S. Madan, Senior Scientist (Agricul
tural Economics) 

Dr. T. John Zachariah, Senior Scientist (Plant 
Biochemistry) 

Dr. B. Sasikumar, Senior Scientist (Plan t 
Breeding) 

Dr. J. Rema, Senior Scientist (Horticulhue) 

Dr. Johnson K. George, Senior Scientist 
(Genetics and Cytogenetics) 

Dr. C. K. Thankamani, Senior Scientist 
(Agronomy) 

Dr. R. Suseela 8hai, Senior Scientist (Plant 
Pathology) 

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

Dr. R. Ramakrishnan Nair, Senior Scientist 
(Genetics and Cytogenetics) 

Dr. P. Rajeev, Senior Scientist (Agriculhlral 
Extension) 

Dr. K. S. Krishnamurthy, Senior Scientist 
(Plant Physiology) 

Dr. K. Kandiannan, Senior Scientis t 
(Agronomy) 

Mr. K M. Abdulla Koya, Scientist (Selection 
Grade) (Agricultural Entomology) 

Dr. Santhosh J. Eapen, Scientist (Selection 
Grade) (Nematology) 

Dr. N. K Leela, Scientist (Selection Grade) 
(Organic Chemistry) 

Mr. K. V. Saji, Scientist (Senior Scale) 
(Economic Botany) 

Dr. A. Kumar, Scientist (Senior Scale) (Plant 
Pathology) 

Dr. V. Srinivasan, Scientist (Senior Scale) 
(Soil Science) 

Dr. K. N. Shiva, Scientist (Senior Scale) (Hor
ticulture) 

Technical 

Dr. Johny A. Kallupurackal, Technical Infor
mation Officer (T-8) 

Mr. P. Azgar Sheriff, Technical Officer (T-6) 

Dr. S. Harnza, Technical Officer (T-6) 
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Ms. Utpala Parthasarathy, Technical Officer 
(T-6) 

Mr. M. M. Augus thy, Technical Officer (T-S) 

Mr. K. }ayarajan, Technical Officer (T-S) Sta
tistics 

Administrative 

Mr. M . K. Sachidanandan, Assistant Finance 

and Accounts Officer 

Mr. V. L. Jacob, Ass istant Finance and Ac

counts Officer 

Mr. S. M. Chettiar, Private Secretary 

Mr. A P. Sankaran, Assis tant Administra

tive Officer 

Krishi Vigyan Keudra 

Ms. V. Radha, Junior AccOlmts Officer 

Experimental Farm, Peruvannamuzhi 

Scien tific 

Mr. P. A. Ma thew, Principal Scientist (Horti

culture) and Head in Charge 

Ms . E. Ja yash ree, Scientis t (Agricultural 
Structure & Process Engineering) (joined on 

1 September 2003) 
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Technical 

Mr. V. K. Abubacker Koya, Farm Superin
tendent (T-7) 

Krishi Vigyan Kendra 

Dr. T. K. Jacob, Senior Scientist (Agricultural 
Entomology) and Training Organizer 

Mr. P. S. Manoj, Technical Officer (T-7) (Hor
ticulture) 

Dr. S. Shanmugavel, Technical Officer T (7-
8) (Veterinary Science) (Study leave from 27 
October 2003) 

Mr. K. M. Prakash, Technical Officer (T-6) 
(Agronomy) 

Cardamom Research Centre, Appangala 

Scientific 

Dr. M. N. Venu gopal, Principal Scientist 
(Plant Pathology) and Head in Charge 

Dr. S.]. Ankegowda, Senior Scientist (Plant 
Physiology) 

Mr. D . Prasa th, Scienbs t (Horticulture) 
(Shldy leave from 31 December 2002) 

A dmil1is tra tive 

Ms. Enid Savitha, Assis tant Administrative 
Officer 



Weather 

Weather data for 2003 (Peruvannamuzhi) 

Month Rainfall (m m ) No. of rainy days Evoparatio n (mm day·') 

January 0.0 0 3.94 

Februa ry 30.0 6 3.37 

March 17.6 2 3.34 

April 283.0 15 3.15 

May 165.4 7 2.70 

June 836,3 21 1.99 

Ju ly 808.4 28 1.80 

August 672.0 26 2.11 

September 173.0 10 3.87 

October 315.0 17 1.91 

November 44.0 4 3.18 

Decem ber 10.0 3.29 

Total 3354.7 137 34.65 

Weather data for 2003 (Appangala) 

Month Temperature (OC) Hu midity (%) Rainfall (mm) No. of ra iny days 

Max. Min. 

January 28.5 14.6 67.0 000.0 00 

February 31.0 16.7 7l.8 000.0 00 

March 32.0 17.2 69.0 027.2 02 

April 32.0 19.3 73.4 087.6 10 

May 30.9 20.4 74.3 000.0 00 

June 27.2 18.7 85.4 411.3 14 

July 24.6 18.6 95.0 621.1 J 1 

August 24.5 18.4 95.6 498.8 19 

September 25.9 18.1 92.6 156.0 13 

October 28.1 17.5 90.3 196.5 II 

November 28.5 15.6 76.3 000.0 00 

December 29.8 10.4 79.1 000.0 00 

Total 1998.5 100 
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