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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™ 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
enriched 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
produces 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, 1ISR
Thevam, IISR Girimunda and IISR Malabar
Excel and two varieties of turmeric namely,
IISR Alleppey Supreme and IISR 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 bioinformatics and
21 days training programme on
bioinformatics. 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. Ialso 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 century. The research highlights and
other major activities of the institute are
summarized here.

Genetic resources

Surveys were conducted and 51 accessions
of black pepper, 3 accessions of Amonium
subulatum, 1 accession of Alpinia sp., 11
accessions of Garcinia indica, 1 accession of
G. gumnii-gutta, 30 accessions of Vanilla
planifolia, including a collection having multi-
branched inflorescence, and 7 accessions of
paprika were collected and added to the
germplasm during the year. The in 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 hundred accessions of black pepper were
characterized based on the IPGRI descriptor.
Inter-Simple Sequence Repeat (ISSR) was
successfully used 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 resistant, 54 tolerant, 35
susceptible 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 Coll. 1041 (IC-
316598) (for its ficld 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
maturity 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 evaluation trial of nulmeg at
Peruvannamuzhi. [n 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 Myristica
evaluated as rootstocks for grafting nutmeg
to ncrease productivity, performance of M.
malabarica was superior to others in the third
year of planting. A clonal material of
Syzygium heynianunt {a rootstock compatible
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with clove) was multiplied and grafted with
clove as scion for further evaluation.

Pruning of V. andamanica 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. aphylla
were made.

Five plants regenerated from agrobacterium
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 ufilized for amplification of
putative chitinase and Phytophthora
resistance genes. The 3" end of the
corresponding cDNAs were sequenced.

Cryopreservation of P. barberi, an endangered
species and V. planifolia 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, [ISR-
Thevam (a selection of Thevamumdi with field
tolerance to foot rot disease coupled with
high vyield), IISR-Girimunda (a hybrid suited
to high altitude areas) and IISR-Malabar
Excel (a hybrid rich in oleoresin) IISR-Shakthi
{(OP progeny of Perambramunda, tolerant to
foot rot disease with high vield and high
driage) and two turmeric varieties namely,
[ISR-Alleppey Supreme (a clonal selection of
Alleppey Finger Turmeric) and JISR-Kedaram
(a germplasm selection, rich in curcumin and
tolerance to leaf blotch) were proposed for
release.

Evaluation for quality

Among the 77 cardamom germplasm

TISR Annual Report 2003-2004

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 Accs. 240,
592 and 593 had 5.5% curcumin. The
phenylalanine ammonia lyase was found 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 Cinnamomum burmannii (Padang
cassia) contained 2.8% oil and 11.8%
oleoresin and C. Iourerii (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 varialion 2.46%.

Mixed cropping system

Intercropping P. chaba {with about 4000
plants on Glyricidia standard per hectare) in
arecanut plantation provided an additional
income of Rs. 32,400 ha'. In addition, 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’. A cubic model
satisfactorily explained the relationship
between mean rhizome yield and the
fertilizer application rate. A fertilizer dose
of 6 kg ha' 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
kgt
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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 Kedagu District for further
evaluation for drought tolerance. Introducing
confour 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 Phytophthora
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. colubrinum (resistant to Phylophthora
capsici) was satisfactory in marshy areas. It
was recommended to grow five grafts around
each support tree (arecanut) to get maximum
coverage and yield.

Promising isolates of rhizobacteria
suppressing both Radopholus similis and
Meloidogyne incognitn were screened against
P. capsici. The isolates 1ISR-658, 1ISR-853 and
IISR-869 inhibited P. capsici in laboratory tests.
These three isolates were also efficient
phosphorous solubilizers.

Stunt 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

3

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.

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

Spike shedding in black pepper

Observations recorded in various crop
combinations, input management and light
prefiles 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 gloeosporioides), 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 mnecessary for holistic
management of spike shedding and
anthracnose in high altitudes.

Bacterial wilt of ginger

DAS-ELISA was standardized for detection
of Ralstonia selanacearwm in soil and ginger
rhizome. R. solanacearum 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. solgnacearun. The biovars of Ralstonin
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. solanacearum. The culture filtrate was achive
against the growth and multiplication of the
pathogen in vitro. The culture filtrate was
inactivated by heat at 70-90 °C. Mutant
derivative {albino) of T. viride did not produce
antibacterial metabolites.

Effectiveness of rhizome solarization in
disinfecting R. solanacearum was proved
using post enrichment DAS-ELISA with R.
solanacearum specific antibodies. Field trials
on bacterial wilt management using sced
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. :

ISR Anawal Report 2003-2004
Soft rot of ginger

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

Studies with different isolates of plant
growth promoting rhizobacteria (PGPR),
against soft rot disease of ginger showed that
PGPR isolates 1ISR-13, I115R-51, 1ISR-151,
1I1SR-152 and IISR-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 reduced
the disease incidence to less than 10%.

Diseases of vanilla

Disease survey was carried out in 22 vanilla
plantabions distributed in Calicut, ldukki 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. gloeosporioides and
characterized by premature yellowing and
bean shedding was noticed in almost all the
vanilla plantations of lower elevations (<100
m). High temperature (>30 °C) 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 Acc. 82 and Acc. 84 in turmeric
were found superior in yield and quality
characters. An in 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%. In silico analysis
for developing primers specilic to biocontrol
genes has been completed. A novel method
to differentiate live and dead nematodes was
developed. Genomic DNA of nematicidal
rhizobacteria isolated from black pepper,
cardamom, ginger etc. was isolated through
the CTAB-5DS method and procedure for
ARDRA finger printing was standardized.

The PGPR, IISR-522, TISR-528 and IISR-658
suppressed plant parasitic nematodes and
significantly reduced yellowing in black
pepper. Application of [ISR-13, [ISR-51 and
1ISR-866 in ginger field increased the vield by
31.8% to 56.4%. Among the four fungal
bioagents evaluated, Verticillium
chlamydosporium and Scopulariopsis sp. were
effective to manage the nematode infestation
in black pepper.

Insect pest management

Polly 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 screened against pollu
beetle (Longitarsus nigripennis).

Root mealybug of black pepper

Surveys were conducted in 162 black pepper
gardens at 54 locations in Kasaragod,
Kannur, Kozhikode and Tdukki districts in
Kerala and in 50 gardens at 18 locations in
Dakshina Kannada, Udupi, Uttara Kannada
and Hassan districts in Karnataka to study
the distribution of root mealybug (Planococcus
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 available in the Germplasm
Conservatory were screened against shoot
borer (Conogethes punctiferalis) 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 previous year
when sprayed at forinightly 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 beetle (Lasioderma
serricorne} 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 Karnataka and Kerala respectively.
The technologies developed under the NATP
projects for sustainable cultivation of
cardamom and black pepper in Coorg District
of Karnataka were evaluated for its economic
viability.

Training and development programmes

The institute organized two {raining
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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fies. 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 (ATIC). 1,572 farmers were offered
advisory services on various aspects of spice
cultivation and 529 students from various
schools visited the centre. ATIC generated
an income of Rs. 1,48,786 through sales of
planting material, Trichoderma culture,
extension pamphiets and testing of soil and
manure. ’

1SR Annual Report 2003-2004
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 Garima and
Sharika) and Kuttanad layer ducks and the
results were encouraging. On-farm testing
trials were conducted in fruit fly management
in bittergourd, utilization of grafted pepper
in swampy areas and testing the effectiveness
of prostaglandin F, & in anoestrus dairy
cattle.

The KVK organized 2 kisan melas 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, omamentals etc., and
Rs. 22,395 through the animal clinic. The
KVK was awarded a Commendation
Certificate by National Bank for Agricultural
and Rural Development for its outstanding
achievements in the field of Vikas Volunteer
Vahine clubs.

Bioinformatics 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, Phytophthora
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 Phytophthora species based
on their morphological characters) and
Biovarchar (for biovar characterization of R.
solanacearum) were developed.

Integrated National Agricultural Resources
Information System (INARIS)

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 couniry to conduct and co-ordinate the
spices research in 19 co-ordinating and 8
voluntary centres.

Crop improvement

The AICRPS centres strengthened the genetic
resources ot 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 V,5 -8 (28.25 t ha') at Pottangi.
The dry matter 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') under initial evaluation trial at Pottangi.
At Solan, five collections namely, 5T-365,
BD]R-1244, Cls-29, PTS5-24 and DKH-26
recorded an increase in yield to the extent of
17.64 — 32.62% over the check.

For successtul hybridization in cumin,
emasculation was recommended tobe 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 g ha!, 33.85 q ha'
and 32.65 q ha'!, respectively. HM-444 15 also
resistant to both downy mildew and powdery
mildew diseases. At Jobner, RTP-4 recorded
highest yield (1518 kg ha™) followed by RTP-
8 (1477 kg-ha') and RTP-9 (1471 kg ha'),
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
day' and NPK 100:40:140 g vine' recorded
the highest yield (2.69 kg vine”) 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! in black pepper
at Sirsi. In an organic farming experiment
on black pepper, application of FYM 10 kg +
burnt earth 10 kg vine has given the highest
yield at Sirsi. In cardamorm highest yield (490
g plant') 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
increased the yield in ginger at Dholi. At
Kumarganj, maximum seed yield of coriander
(20.03 q ha’) was obtained with soil
application of copper sulphate @ 12.5 kg ha-
''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
VAM recorded minimum incidence of
Phytophthora disease in black pepper.
Application of Metalaxyl Gold MZ and T.
harzianum in combination was found to be
highly effective in controlling the foot rot

ISR Annual Kepore 2005-2004

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.
harzianum in storage with highest recovery
(84.5%) of healthy rhizomes. 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.

T. harzianum as seed treatment and soil
application was effective for the management
of wilt disease in coriander. T. harzianum
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. harzianum 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)
followed by imidacloprid 0.5 ml I''. Two
sprays of monocrotophos and acephate were
effective for the control of aphids in cumin.
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Towl, FIEQUETA), AR T e (FAew) @
FE T & 5| SroEeH] i wee foma | et dim,
T % Fergd 17-23 9. ey 7Y wmwat uh
AR T, 77 WA S v S
FIATAN, T2 Tollae F F3 Al v 3R
HeTT T F FEAE S HE VAWV RIF H e
S5 THE TUE @0 §) UF HEa W SO
IS & T 710 & AR e TEFATA & TR0
F9 fdfommer, s=( o) § |
TETgET

IHT FIZH F T SFFOVA R ST ST
T UF FFES [qiFwT T grad &

g HHTA

fereea, T, WA yga o) g3afs (FAew) ek
TRl F G FA F AR WA FHT FH TS
HFETH T U A AR WA TEZeT % Uw
FFGY F AHZ () | UHA Fh THAFH H
wis | 9w mEe & (e § hemieg wie,
fafifeeer wiam, el i s T
o e 402, 482, 233 3w 61 syl F eE]
aereEg % 180 g8 off g ¥

&

Ao @nfrwicrar % 30 wug e sgemEsiEe
Qs 1 UF qOE ol WmEd ¢ s g dfew &
FA HpEH| w73 aF 7 Kan) 9hs peEe uE
fursr wepr oft &1 ermgrTET © 3 o

iRt
T o 7 SR R WA F STEER T
£85I BYE |, 3 ( Tenreet S § e e wieE
THAEE T Arg fear 3w tH 370 FoT 47 HFawH
1 T

= fagt < &=

FA T F 10 s, o & 30 e,
HF 36 YT 71 ged) o 27 IS A 3
fret SR d ° wies g 750 sreRreHl BRT 39
Fofgd @91 &3y | L ERad, U AR T 3
Bl TR T UREe e aii SR HaisEee
A 70% HR 80% WEAal & TF THEIH 47
AP & U S FEE Ui g1 809 sHAmEE
0 WIE & A @t Wi F W FAEEYE w5
I e |

FHEATHH &1 G T

Frelt it

el (09 % 0% °1 79 JFFvE w IPGRI f9atvr &
AR R afEAiFd fFm | e seeyE #5190
1041 (am$ 9 -316598)) =t A T A T
O, 7 [Reolt & g AuA G TEA U7 F ufd g@a
HRI % TAU i fman)

72 Fafme Wiea=g Rd@z (1ISSR) - PCR & 7397 &
fafis favemoll § awer ®7 @ w@m Fa €1 HA
R WEE W9 U Aeuw, O S, 9 s, @
TR, o e, W gueReEgH H#R d
T B T A TH UG FRX WIH I TIM
HTeh HEAT T Fra €1 el (= F e gl H
g % for ge il & fafire sl ®1 vEmE &
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ISSR-PCR & Thet E9 F Wgeh foha1 7411 Fefl i
T oEd W HEtYd F9 # wEE e
TeATEHF A7 it faeehor @ e g
foFrmy & TR el e TR O o uet @ A
GTC &% §RT DDRT- PCR (FiEig w595 & a7€
T RNA ferges foegn | 7 foea atfqafaa 13 w7 o
AT TS (T)18 & wer gy wiahear o fafaw
S % A7 - T [TEHE F 007 TR
gt

TAIIE F 39 3EyHl & [PGRI e & 3R
W =it UF el ) e F 114 seavEi
T ot Terd! AR TEEH T H1 H9qS iR far 3R
I3oq vferet | 14 i, 54 waramgsh, 35 gaarey
#r 10 st guviE smawAl #) 9EaE T
T2, 3 W3 U e N SRIHe I WuEE
ayeIA qoT Tt T 3 WfaRe gar & S S e
AR T oI oAl B & UM T & g
A1 &1 T R getra< & A ¥ AU iyl #i
RAPD, ISSR 31 PCR-RFLP Witkrgeti g1 afrifrd
=

FEXH TA gedl

gl & 96 wgwyHl/fEwt 9 1S atvaie fem
TIEHH 4 Sy & 96 vl fevedi T 10 i
e W g1 RAPD Wit 3 W gesl et/
el F I AT GEEY TAT IETH T T dgET
qfea fan) geal 3T 657(1C- 296550)
NBPGR, ¢ feeeit gr1 aifeer geapiae 3y s7esl
IUSIAT % AU Ui fehem TTam

HeT I

Tt fired

Al T 1 = yeTiaat s’ QPKm(qd T, 3=
SN, BN WA | W9 WEE 3N gan waen), Hp-
728(qel e 3R Fe 3, HP- 780( 5 3ot
AT 5o g3) 3R HP-1411(Fe7 3ueteln) gt
w1 affa T W W @ R ek RemE ¥ oA A

1SR Srspal Report 2003-2004
AT T & U US e Hataan w6 &
AR faear gaee & &0 s T T | Fe ™
F 37U AT Rl &39 & @0 RAPD 3i&H]
7 TATT Y MY ST 87 T |
FHeA 09 & emea2ligg 3T9R [ Srqamt Fams
F1 FAMEREG T4 9eTq § T@ Udr F 3caried
) e o B-1,3 oy gHeErel g
ZTESTeR T =T YT 3 | O W N T 3
HARHTZA 1 R 3 wehe 1 99 & F e
HETIR WIid W T8 ¥ ) G2 FrEieAd A WS
ol W % wada F o W e TEEE W
A A AW & | 37 cDNAs % 37 37 1 3R
AT |

ERIe I

i fo fafemee weaaTes (S99 IS, e e,
Y@ eI, TESH Ter= el o1 907 Feel S o
T % HIeRIe) 6 | Wil w1 Wb e seradt & 19
FATA H HehivT 6] {1 3R I el Wooll &
wfdvid § 22% § 66% de = gldl 2|

TR

TqquA & feu TuR 0 gedt 9ol @ DNA fagfs =
ToTT UaF WiZiehied TRl AT |

gH TEE

TEgA O FEEA F GAE goahd vam § 3
STl 3T A9-20 X A9-53 AT S Wit
s3] Freqee wea Tan: sremen § fFa Fiear &
AT geaisA @M § 9% e B-3 ey dfareal
1 3TeT IR 7T T |

AT T I TG 2o et A & e g |
& B H fofifresr & fafus e & qeaie #:03
T 0T o A |Ier § 3= Y STULT 05, GoraniiET
1 ZeTCN ITady <l AT | U, TR AR, e W
TS o &0 H UH g2l ® AT W U W0 1
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T AT G & A1 AR O Wl & Fod g
21 3l wel 27 o 1 fatsfeam g (A s
[ HA HE W) F T JH F O R 3
o AT T AAE qodiwT & o Ferd
gy fEar| @ W 5 99 A9 % g w1 A
A AN T I ITAA e % e o B UE.
FralEeelied (TF o THE) T 79, 355aHT H
T2 & B § o Oh &7 ¥ FHeAq 9y 537

Afer

IF T ol SrgHITHE AR & P BiE FH T
Ueh ST T 3THE T S ST S T oA el
R qerd A F o i e gt sreEe &
FH 3R II FeaTe STl o T ST Wt
3R T W fmar T SR e Seer Wi fon) &t
HeeHIAFT 3R gl Aftpery & o A e
GO TR T

BAP I fafim wad amam 8§ 40 3 % o= 4,
AT AT T SR 9 T | TR ot gty e
Ted ATem § SiEIUl HH W BAP g ATEAH Wi
3TTRAT WU Ml (protocorms) H4E W 2
F WY W T WA a7 T3 | emar 500 vt
gy ) fafies qanaft @ & SR 25 ST dataar oa
fazt & wnia ferar

qfireT
afiret & gt =t guwtar 123 § 746 o € T o

AT O Uid e 416 T & 3R S faeron o
6.519 B €1

I IuSTaTen feat

et [ i =R i 1S A U6 AR da (et
T U T A G AT AT FH Wi D Tarr 3R I
IIAT ST oA B §), A g uE AN figer
(I H0aT & &t & Totw Sfae u gapeeT), o8 amms
TH AN HeaR T (3T siifa sifus eHdam o
Tett) 3T 377$ 3% T ST Whe( demsmEr & o
Hafa, T G T U F FEAT F WY oI5 AR
Iod AT g BT £)3 Rl St & WAl SR TS
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mmmww(mwmm
@WW)WWWQWW(QE
STHATHH T4, TP @l A [Ta1 U7 907 ST
e geF) FeRre T wedre T |

; e

ESIE Rt

Tl % 773! i Hodishd #4375 APG-
246, 248 352 #x 378 o 89, ¥ IR O )
APG 357 3R 365 & 429 (o Xt TRe a
a@ & faf3fier (Cineole)sT 379 378 +9
G

| :

7eal & 400 ITRIYHT P Hodihd B W I
103, 114, 547 3fw 575 % 5% ¥ sy amwie
q war ¥ srwmyT 103 R 547 # 16.5%
ST glar & ;3T 295 ik 544 & 149
anfAeiiaT iR sy 240, 592 3ik 593 §5.5%
PP BT €|

feT o1t emifaar oee i geRl H FHepid
STEHYAT T WHF TASTEH & €9 § 2@l A E
TH UASIEH 1 HIGhIRAEe 3197 3 W% Hatee & 3
a1 14 C TFAe - arafe & w50 68 aaeE
AT & HMR W Aawivere 7rt o i g
@l el - e % w9 9 gite i T

S

faatam a7 (s Fiawm Y& o o 2.8% o9
3R 11.8% sitqamias gtar & iR & &wsedt
(fagaam ¥faan o 3.3% o @ &

afireRT

iR STRIYHT & 1 e F 39 9§ 277ASTA UFH
T 3 & & forer e 9 184 ASTA T ¢
S fed =1 ToTie 2.469% Bl £

fafsgq wae= Tfagt
R S W S (9 dwer FoRfafear & W
A 4000 G i SRTHRES a9 ) Wd e 8

32 400 7 SiAies HEA Wi gt # | 39 SteTran
o gt @ faeet o iRl Fegvm aifus s &
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R TEE WY G 79 TSl % B U dedR % o ng
FXA 2

THhidhd YU TINUT TS

HXF & fou foedh 0 T o7 w fh2el o i &t
o Tgd 9 T AR ufd gy 1S fmotm s Wy
PR AT T Feae MR S g7 ( 0 T T
AT Wi IYSTAT T 3aTeh I+ 1 /TET & &9 %
T~ ! GATWE gz § o fean ) atfusan Tesm
IUAAT I & o for ufd deet 6 fon ww &t qen g
i I T AR A TR STsTar W &1 &
fotu oia 6. org 3.4 {7 o sfesay AET H DTPA-
Zn ozt = AT eyl w9 ¥ TS &
TEUH FT HG=

o

Il & yaEe sAed w39 aftfem dafue
st wi, fafere gt &t & e Wt e % A
BIEM 1) seram fd et =il 3 et s
it femar 1w waen & stfdiva Hedied & T
e e | feurt & =6 ¥ 3=9 399 (biom-
ass) 3R ITTATET A9 GUEl Hi Wad ke

R AR e A0l H Higl WIS 299 (contour
staggered trenches) T34 o THe2! T a1 ORI&0T
ATEEST TS ST AT Wt | 12 feq & st mw
T B He o et fHarg w6 ¥ semg= o 15
fe & arer faem w3 =1 amen Fuger w#fem (cap-
sule setting) FSTH Frae R 391 9 Fhg gl & |

T vE

et o

BEIFEAR G T

el T =t FASE wentadt (TR 1, e 3y

AR I UH AW WE) & wdEd o oo Tas
e 31 weAtaEl (AR 1SR e 1 HERToT

HSR Annual Report 20032004
anfs g AR Tt 1 el A | e JnaEr
H AT 3 TH 3N I, AR A 9fgr- 1 st
HshHel 13.85%, 9.70% 3 7.209% s afaiwar
fommz 2t €1 Wt T F I gue WS ey -
1 31T YT 3 TRR0T e A 169 wafadi 9 7.15%
faTRaT afeRieeR =
o Fiegle (WTEEIFRT FR 5 W) W A
A e T ] 3891 T T & § FearTea e
€1 WS OF el (FIRD) F AR AR g T
HR 3T W L F (AU 5 et o= i i
1 T
AT A AT WA & STemee g iad
1 0t Tt & wia BT A R g e vy A
658 3T 3T UH 3N -853 3 A% 37 U9 3N -
869 a11ie Terginal TarTRIGT O | FIear & Wiaiigsh
773 T Y A5 gl SIasRE faeTEn % T 38
™I
qﬁ]{ Tg T(Stunt disease)

FALF = AV HFST, BleRdl, Iyt 3l I HAL
ettt @41 361 & sgoRl, oL, HIQUS, HITHS
3R TG Femet & sl T ar |7 ghg Ty O
TS T TR0 {47 | FACE i 39ET Fel § 39 T
I AN A T S B & | 35kl 37 951
featl & 3=5 et § e e o o oo T
T ATTF T e AT

Fhegiy T AMae Frel e % (R (serological)
foreer® T A W IFY FFER THEEF aE (CMV)
WW(badnavirus)%ﬁWﬁﬂﬁ%
Ty Grad w2 gxigdr frer Het a1 @
FSATATZIH HARON ITEEF & ®Y T 9z |
fahrs &3 9 Wheg @d 9941 § CMV 311 T
AT & o gaer oeEel defaw vaeign foae
WW T (double antibody sandwich enzyme

linked tmmunoscrbent assay -DAS-ELISA) GEED

A [T |




Sipali Srmmary

wrgeh ST (Spike shedding}

fdt frderor & 4 sifera o stan @ o fafm o
weal ¥ T e o 9% B 87% aF IR A £
ST TIEE e Tl quH a7t At STEER amt |
20 AT

AEEAE U (FICIeTe®d efaareiiaiasd &
FROT BT £) , W Gl W WA, O 45 A
WTOT T STTE, AT BT IR ensw e F 30
anf &1 TS 3= N IHE FROT G T | 9iAgT
-1 % wresh Gepavl 13.0% 7 83 4% % T ¢ AR
Feaay Herqu SME BTRR SR I Ul T
Fferd T

it -5, T S e ATt ST w
wa Fa(field tolerance) ¥ T R afFR-1 3R
Tge-3 AN QEa@(susceptible) @ W 14 I
(cultivars) & == THen | dagel, Hilge, e
T | FEAEREA AR SREHY HEHAE & T
T o T

HTet T el % Tew 5-7 97 & 7= 4-5 A 40-
50 forzy / g & T § 22 e § T @, el
Fematt § =ZHes 7,500-10 000 wr wohmet TE Hes
& fen & et i o T FEmT . w1 39 g |
ERE FES F Etad w1 & O v g g ) 3=
et ' wvges T2d 3N A & Wieheddlal TR
& fou fgag & A gwd A A sl
(phytosanitaries), 7 Quss 307 wigey Fa-9 Wi
T B Al T

Helsh

Stamew w=r-i(Bacterial wilt)

ezt AT 31aven TLSiT B o2 Wom=atad &
YAl @M % [0 DAS-ELISA T &1 3§
TF O TR R ot % uies ¥ aereiar
T TIave & I FE A KA A e 8, 7€ G
T = & T me W S ST T S

13
SIETE S W TR R wehell, T W w9
H =R T 3 e S T
AN W % S afmiwT e
o fEmE DNA I fgvewor (Ampli-
fied Ribosomal DNA Restriction Analysis -
ARDRA) Wafa grerigd ar | aereaitn & 99y
(biovars) I San JA 3T MSP | ufqaem u=smen
% T ARDR A %7 50T &k N o o e £
TR Fe=aaA w1 33 fagiest = Rep-PCR
7 ITS-PCR g1 3Nviiash [aveior i1 W 3:i®
& SaWE T Bl FRE TN W UFAA v
Y WO T AT T g1
Zt fafee & wiRnla 9o T (cell free culture
filtrate) = wftsframy feami verseifm denmias &
wid w27 T A i g A s @
FiF N A % Wi QIET B T WE qaA e
70-90 °c & A gRT STAlET T T 27 RS %
IGadl PJerE (mutant derivative(albino))
s I (antibiotic metabolites) 7 IR
Tl FLA L
HETH TEAM T HN. TAAGRRA fafsre Fiaeme
F1 (DAS-ELISA) ST § R FieAEraTs sy fed
A {350 HEAESYE B Fhel THE g
A WARTGHA F 517 e Ugd 5= Fa 3
T et W e o w e a d
TEA ¢
HeTF 1 A T Frarare weeieEfes (Endophytic)
FeRTLAT 1 FASAF HI AT LT a1 G §

argy T
Hg e

ffy e g STaTet 3ETa & g3 et T H
YR & AT seed & 200 sl & 9F §H
T arerer 130 T % 9 3@ T

oty afiy weTHE FetRERIREr (PGPR) % fafv fagfeat
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F WY IR FIA W AH & Y3 el M F Fid
PGPR fagfeal o amg g vq &1 13, 318 37% uF
HY 51, 7 a3 Tw oo 1519 e vy w152
3y 3 31 wm 3 906 T HiuAd F ST | H:A
TR | T == T et (Reifes MZ -72wp)
0.125%% §1g di9 3TN 71 1 % F 99 79 &
AR gl o @ ot T s 10%9 %1 8 T

Aren

HIA F FlTwe |, g5 ST 991G Tensd o =ma
22 afer A @ HAE o ST wEe, 3 A
I FAST (e o T FAI0T N R | TR
fFd sfyssior @l o iweE FT IAEST
(necrosis)sid st amgtel Wit &1 fATeIm & 23
T A o 0 @ 10% T =R B &1 &H 3918
(<100 Hiex) & wmyn w9 gf9en o = &
TEfERYfgy % FO AT T SR e
T STOT Uierg 31T ST 311 @1 TR | AT e &
ffu g=a dgEE (530°C) 3 = wme e
(<60%) F T&ct | & TgT HE % ET H yge B
T |

E AR e |

HETF U &6d] gt & SO FAHATER AT i 09
FFITTeT % did e AT T H T 9 91 ®
foT 14 atets U 13 wwdl SRl ol FE a9
JHelS WRNgF FFEe oy srav 202 et §
T HEReH 82 R v 84 we=i § ITEA AR
e T & AU IeIa <@ e | e T 9
AT HFayH it AieRiaar i g F & fom
UEFAH FTH § 3 2 qLRoTeTs SHaEt &

qf S O ey T

el e a @ 103 TeiwEes Jw2iar #i i
TEATE! g1 fereqes et | g Tergfemal et e STaRITRT,
fooifas gemmifear | Frelt e del S suietE
A i IR AT A Anfefage favmer o gro
Temitena feran ) g1 Tagiena ot Anfelaeer Fdemar o
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T T 29% F% T 3T A ¢ | HHA F o g
zq fafere wem fawfoa w44 & o == fAfersr (In
silico) Tavetsor qa foFan | St i AL g0 A9eiE
7 4 & AU 0F SR O fFwiad #:10
A [0, TR, 3120 R A (e (ol ARtetae
TR o S (Genomic) DNA &1 CTAB-
SDS T ¥ fage fFar 3k ARDRA e i &
fem ok AT

o S O S, BTE 3 UH AW-522, T A UH -
528 3R A 2R UH 3 658 iy qTAEr 92T F
T oAl S et e & e I o Hgegu '
q F9 % fFan oRTE gn u A AR uh A - 13,
ST AT UE A -S| 3w 3 39 vy AR 866 T
R 3l 9§ 31 8% & 56.49% dw qfg gl 51w
T & = A SEUSie = gediEA 9 W FkET
FANASCTRTT 3R SR <rg Teg A9eg am
w1 At w3 o wrE 58 7

HIT A9 Hig & A=y

Al wieet

FIcAt e ST T T 3Uee 165 g st
3 42 T B Fiowg dieet (ARG )&
wia o= 99 fmam

el Hielt 7

FET o BTN | 3¢, iluhlg AR TgEH e
o = 54 SRl & 162 = {09 @i Je FAeF F
AT FALT , IZHT |, IR FAST AR T st b
18 st & e SO et fort =y o spreft T ¢ g
Hiell 3 (I TE) & TRy 3ese & o
TATOT AT | I TR e & ut et o fed o
T AT FAZF F & TG o d ar qw oo we
CICIREC Rl

FE TA Feal

FF F| W S

THCAHT S T ITd 551 3T el i
T A4 (FTAE T Eaird) % e oEEe




FHindt Surmary

3w = fedl off syl § 5% ® FH e W
e et i a5 69 v F 5- 109 wiE wie
It 3@ T

frmel W WLiE S4F o i A9 @ o i1 e
Hta 3o (FAT (% TR ) T2 - TFal § miaE
e B e 9 s 3@ T AT T Wi
38T O FIZ AT FH FIA H THE T 8 T
HETF & 77 AT A1 TSl k12 oA % gE
ety i farz des (anfgarstar Bl g stHaEret
TR & UA TH AT FA IR I ARE F 2
TG 1 TN FHIZ Tl e 93 7

AT TS

et o gt & A faee wifed g (TNAU
A T TR Ao [ 30 S T W
(2 9ARE A 92) § Fel B gEe F A
e 9.0 anEvas gl ¢ 3 e A g (A9
FUAI 6.5 § Hiey) & w145 692 snavas g §
HR FFeT am smgar w1 st 10.7% g 21
arterant

FIA, AAAAG R FAeh | AT3e WAt 5 i
AU W TE AT HIl @ {6 FEA FH T W
Ul e W Aol @ | g ghg @i &) S
T T giod Rt ¢ & FAes d3R e o
FATTEIAE o F S FEe 3.3 30 3.8 g R
SHele® F U1 fovelt F getrst 3R el e et =5
eIz & & (g NATP 9ftger & =<7 faswfan
TR Tl I HTIF AT F FoT0 qoaiiane [T |
AHATAAL ST

afyraro v faw Fdww

TRIF 3 A"l F1 IAEA A W1 ATe
WIGTATT 317 TreEy 3R shredl [0 o argtet A =
Ud THY WA W E i 359 S 0" FEE H
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% AU HEE & wi S STt & v s
F o0 &1 TR ot & e stevieift / Serare
AT TRATN F danire! F o TG S
0 wfEncrs QS AT wREEy ofemha AR
3R uifem ¥ amu wiat e+t moe = o
Ud WUMA O W90 SRR A (6 e
oF ST, TONE Ud FaA ST & 370 darg
Tl W w29 % fom <w % el gee w
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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, Kerala,
during 1975, exclusively for conducting
research on spices by the Indian Council of
Agricultural Research (ICAR). 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, Karnataka. The NRCS
was further elevated to the present Indian
Institute of Spices Research (IISR) during
1995.

Location

The laboratories and administrative offices of
the institute are located at Chelavoor (30 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,
Karnataka, 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.

» Todevelop 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 nigrum), cardamom (Elettaria
cardano-mum), ginger (Zingiber officinale),
turmeric (Curcuma longa), cinnamon
(Cinnamomum verum), cassia (C. cassia), clove
(Syzygium aromaticum), nutmeg (Myristica
fragrans), allspice (Pimenta dioica), garcinia
(Garcinia gummi-gutta and G. indica), vanilla
(Vanifla planifolin) and paprika (Capsicum
annuUn).

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
rescarch activities of the institute (Fig.1).

Research on various aspects of mandate crops
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Tag. 1. Organisation of ISR

is conducted in three divisions, namely,
Division of Crop Improvement and
Biotechnology, Division of Crop Production
and Post Harvest Technology and Division
of Crop Protection and a Social Sciences
Section. The other facilities available at the
institute include Agricultural Technology
Information Centre, National Information
Centre for Spices, Agricultural 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 Society 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 institute was Rs. 408
lakhs during the year which 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. 265.23 lakhs was
also received as funds from external agencies
(Tahles 1 and 2).
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Table 1. Budget of the institute
Amount
Particulars Plan Non Plan Total
{Lakh Rupees) {Lakh Rupees) {Lakh Rupees)
Establishment - 228400 228.00
Traveling allowance 5.00 5.40 10.40
Works 50.00 - 50.00
Other charges 70.00 83.00 153.00
Total receipts 125.00 283.00 408.00
Expenditure 125.00 317.00 442.00

Table 2. Funds received from external agencies

Amount
(Lakh Rupees)

Particulars

AICRP Spices 151.00
KVK 21.83
ICAR Cess Fund Schemes 14.42
NATP 23.25
DBT schemes 4649
IPDS 7.74
Penision and gratuity 6.50
Total 265.23
Staff

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

Past achievements

Surveys were conducted for collection of

germplasm conservatories and in vifro gene
banks. The collections inciude 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, Pournami
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

germplasm that were conserved in with high yield and quality, Varada, Rejatha

Table 3. Staff position of the institute

Category Sanctioned In position Vacant
Chelavoor Peruvannamuzhi Appangala

Scientific 42 27 2 . 3 10

Technical . a7 18 13 5 1

Administration 1% 15 - 2 2

Supporting 63 27 16 19 1

Total 161 87 3l 29 14
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Table 4. Staff position of KVK

Category Sanctioned In position Vacant
Chelavoor Peruvannamuzhi Appangala

Scientific H 1 - -

Technical 9 2 4 - 3

Administration 2 1 I - -

Supporting 2 - 2 - -

Tatat 14 3 8 - 3

and Mahima and five high curcumin and
high yielding turmeric varieties, Suvarna,
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, clove, nutmeg,
cinnamon, cassia and allspice for rapid clonal
multiplication of spices. The opfimum
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 developed 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 resulted in
substantial increase in yields and pesticide-

free produce. Integrated management
schedules for Phytophthora foot rot disease
was well adopted by farmers resulling in
significant increase in production of black
pepper. A Repository of Biocontrol Agents of
bacteria, fung? and nematodes affecting spice
crops was established o conserve,
characterize and document the variability
and potential of biocontro} agents. Large
scale multiplication of bioconfrol agents for
distribution to farmers for management of
diseases was also under faken.

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, characterization and cataloguing of germplasm
of spice crops for yield and other economically important characters

(Project leader: P. A. Mathew)

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

(K. V. Saji, Johnson K. George and R.
Ramakrishnan Nair)

Collection and conservation

Surveys were canducted 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. nigrum (wild) was observed
at Kottiyoor forest. A few vines with profuse
spiking and good setting were collected.

'.JP."V-

spikes from Gonicapal

‘Chettalli local’™-a local cultivar with very long
spike (range: 17-23 cm) and another cultivar
with multi-branched spikes (Fig. 2.) were
some of the unique accessions collected. An
exotic species which closely resembles Piper
colutbrinmunr, but with erect spikes was
collected from Gujarat Agriculiural
University, Anand (Gujarat).

Cataloguing

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 berries/ 10 spikes, weight of 100
fruits, volume of 100 fruwts etc., besides
morphological and reproductive characters.
Quality characters like essential oil, oleoresin
and piperine were also evaluated and they
ranged from 1.30% fto 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 Dethi (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. Venugopal and K.V. Saji)

Collection and conservation

Three accessions of Amemum subulatum and
one accession of Alpinia 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.

Characterization

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

Seventy seven accessions of cardamom were
cvaluated for quality. APG-246, 248, 352 and
378 had more than 8% cil, APG-357 and 265
contained 42% o-terpinyl acetate with
relatively low cineole.

3. Collection, conservation, cataloguing and

evaluation of germplasm of ginger and
turmeric

{(B. Sasikumar, K. V. and R.

Ramakrishnan Nair)

Saji

Conservation

Eight hundred and ninety nine Crrcima and
659 Zingiber accessions are maintained in the
germplasm conservatory.

Cataloguing
Cytological studies i furmeric

Seedling progenies of turmeric were raised
from open polliinated 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 {Accs. 730 and 767)
and variation in four of the accessions {Acc.
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718 = 2n=068; Acc. 724 = 2n=78; Acc. 770 =
In=72; Acc. 782 = 2n=72).

New varieties of turmeric

Two harmeric varietics namely, [ISR Kedaram
{Acc. 126} and SR Alleppey Supreme {Acc.
583). Fig. 3 were proposed for release by the
institute after its approval by the XVII All
India Coordinated Research Project on Spices
Workshop held at Kozhikode. These varieties
are high vielding, rich in curcumin and
tolerant to [caf blotch disease. Table 5 gives
the details of the varicties proposed for release.

Fig. 3. [I5R Alleppey Supreme, a turmeric variely
proposed for release

Stability analysis for ritizome yield

The stability for rhizome yield in 11 new
genotypes of turmeric was studied. Pooled
analysis of variance for thizome yield
revealed signilicant differences among the
genotypes as well as the environment (Table
6). Stability parameters (mean, bi and 5°d )
for the 11 genotypes (Table 7). indicate Accs.
126, 361, 584, 585 and 657 are relatively more
stable over seasons as they had nearly
uniform values for 'bi” and good mean yield.

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

Production of nucleus seeds

The nucleus seed of the varieties released,
varietics proposed for rclease and other
Curcuma spp. were mnltiplied. Nucleus seeds
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Table 3. Overall mean pertormance of new turmeric lines,

Varety / ry yield (t/ha) Pooled Curctumun (%) Pocied  Cur-
e Peruvarmam Pundi- Sangly,  Coastal wan Poruya Coastal rean curin
wzlhn, Kerala bar, West Mbhharas  Karmat t/ha) a0 Kama (%) (kg/ ha)
Bengal htra aka h (\7 taka
Acc A2 6.6 58 35 53 5.3 55 5.6 5.6 5.7 3011
Acc. 58h 71 3.9 2.4 9.0 5.0 6.0 4.1 6.0 5.6 309.7
Prabha
{Controly 6.0 55 36 5.2 50 0.5 4.9 6.2 59 2625
Prathilzha
(Carntraty &.5 4.9 3.9 5.7 52 5.6 5.3 6.3 a7 300.0

Table 6. Pooled analysis of variance for fresh rhicome

yield in turmerc

Source Or MSS
Total 43 2403
Genotypes (G) 10 Q.47*+
Environment (E) 3 32.63%
GXE 20 29.38*
Environment + (C X E) 33 28.46
Environment (Linear) 1 718.99**
G X E (Linear) 10 15.66%
Pooled deviation 22 2.8G%
Paoled error 132 1.79

*P=0.01

Table 7. Stability parameters lor rhizome yield in turmenic

Genotype  Mean fresh yield/ bi 5d,

3 m’bed (kg)
Acc. 126 12.50 1.19 -5.98
Acc. 295 13.25 0.82 -5.39
Acc. 360 12.25 1.23 -0.67
Acc. 361 13.00 0.96 -5.05
Acc. 584 12.20 0.95 -1.77
Acc. 585 11.38 1.19 -5.81
Acc. 591 9.00 1.71 -4.58
Acc. 593 11.38 1.24 -7.15%
Acc. 685G 1713 -0.18 -0.010
Acc. 657 14.88 1.31 -1.02
Ace, 691 1350 0.59 -3.46
*P=0.01

of ginger varieties namely, Varada (570 kg),
Mahima (748 kg) and Rejatha (618 kg) and
turmeric varieties namely, Prabha (538 kg),

Prathibha (800 kg), IISR Alleppey Supreme
(250 kg), ISR Kedaram (220 kg}, Suguna (37
kg), Sudarsana (33 kg), Alleppey {30 kg) and
Curcuma species namely, C. aromatica (80 kg),
C. caesin (52 kg) and C. zeodarin (65 kg) were
produced and distributed to farmers. A
portion of the nucleus seed of these lines were
supplied for foundation seed multiplication
to individual farmers/State Departments
against payment.

Multiplication of elite ginger accessions

Seven accessions of ginger {Accs. 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 m*bed.

Sixteen ginger accessions {Accs. 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 muttiptied for evaluation of yield. Fresh
yield/3 m? bed varied from 3.0 kg to 6.0 kg.

Twelve bold rhizome ginger accessions {Acc.
552, 553, 573, 574, 578, 581, 589, 591, 592,
593, 597, 598) from Nepal were multiplied
for yield evaluation. Initial evaluation in non
replicatec trials revealed that yield/3 m* bed
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. Krishnamoorthy, |. Rema, P. A, Mathew
and M. N. Venugopal)

Collection and conservation

Eleven collections of kokum {Garcdnia indica)
were collected from Viital (1), Moodabidri (1),
Puttur (4), Pudhuvethu (2) and Sediapur (3)
and one collection of G, gumnii-gutta was
callected from Chembanode. Four hundred
and eight accessions of Cinnamoniiom spp., 482
of Myristica spp, 233 of Syzygium spp. and
61 Garcinin spp. and 180 alispice trees are
maintained in the field conservatories and
nurseries (Fig. 4). Grafts of 35 accessions of
G. gummi-gutin were field established for
evaluation. One each of C. ginucens, C.
camphora, Konkan Tej, Zanzibar clove graft,
1 high vielding allspice graft (Wyanad) and
two C. perotettii were field planted.

N -

Fig. 4. A view of the nutmey conservatory at ISR
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Catalogning and evaluation
Cinunanion and Cassin

IC numbers for cinnamon and cassia have
heen obtained from NBPCGR, New Delhi.

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

The elite lines also showed no significant
difference, among them for yield attributing
characters like height, number of main shoots,
no. of branches, canopy width and shoot
thickness at fifth year after planting (Table
g). 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.

Planting materials of cassia lines C-1, D-1, D-
3 and D-5 were given to KKV, Dapoli; HRS,
Pechiparai; RARS, Ambalavayal, and RARS,
Sirsi. These trials had been laid out at these 4
centres during July 2003.

RAPD polymoerphism was used to cshimate
the genetic variability in cassia. Genomic
DNA was isolated from young fresh leaves
of 17 accessions of C. cassin using the CTAB
method. Four operon primers namely, OPC-
11, OPC-12, QP06 and OPF-05 were used
to develop RAPD profile. All the four primers

Table 8. Performance of clonal progenies of elile lines of cassia (Peruvannamuzhi)

Elite No. of Fresh Dry Height No. of No. of Canapy Shoot
Line harvestable wefght of  weipht of {m) fain branches widih thickness
shaals bark (g} bark (g) shoots (inches) {ctn)
A-2 2.4 154.50 2780 1.92 2.07 13.33 14.63 2.02
C-1 3.2 175.65 41.60 2.35 2.30 15.63 14.46 2.42
D-1 3.6 123.50 28.87 1.95 2.03 13.87 2108 2.22
-3 2.2 79.00 21.50 1.95 2.10 11.30 16,96 {.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. Ramakrishnan Nair and K. V. Saji)
Collection and conservation

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

Seventy three collections of vanilla and related
species are maintained in the field /nursery
at present which include Vanilla
planifolin (59);, V. andamanica (8); V. pitifera
(1); V.aphytle (1); V. taliitensis (1); V. vatsalae
(1) and Vanilla sp. (ieaf less-1).

Characterization

Morphological characters such as leaf length,
leaf breadth, internode length and stem girth

Fig .5. A vanant of Vaiila andamanica
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were recorded from 8 coliections of V.
andamanica. Analysis of variance and
comparison of means indicated that Acc.
4704 B 1s signiticantly different from other
collections with respect to these characters.
Floral morphology was recorded in five
collections of V. andamanica. Acc. 4704 B
showed purely white floral parts including
the labellum (Fig. 5) while Acc. 4705, 4706,
4709 and 4710 showed creamy white flowers
with purple labellum.

Crop tmiprovenent

Pruning of V. andmmanica during October
resulted inprofuse flowering inone callection
{Acc. 4704 B) and induced flowering for the
first time in four others (Acc, 4705, 4706, 4709
and 4710). Flowering was initiated during
December to January in four accessions (Accs.
4704 B, 4706, 4709 and 4710) and during
March in one accession (Acc. 4705).

Inter-varietal crosses and selfing were done
in white and purple flowered varieties of V.
andamaiica and successful fruit set were
observed in all combinations. Inter-specific
crosses were made belween V. andamariica
and V. aphylln and successful seed
germination was achieved. About 50 seed
derived proto-corms are in different stages of
arowth.

Sceds resulted from self pollination of V.
planifolia was germinated /n vifro in different
culture media (SH and E1). Media containing
BAP promoted 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 containing medium. Seeds derived from
fruits of 4 and 5 months after pollination gave
better germination compared to 3 and 6
months after pollination. Initial germination
in solid medium and subsequent transfer to
liquid suspension resulted in better growth
and root formation. About 500 proto-corms
at different stages of growth are being
maintained in witro. Forty-five seedling
progenies were established 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 (III1R,
Bangalore and Coorg District) and added to
the existing germplasm, thus raising the total
to 47 accessions.

Purification of germplasm

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 length. Among the

Fig. 6. A high yielding collcction of paprika from the
germplasm
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germplasm of papnka, PBC-171 and
Papriking were found to be promising for four
characters cach, while EC-18, Kt-P1-19, 55DP-
1999 and ICBD-13 for three characters each
(Table 14).

Qualtty analysis

Colour value of paprika accessions ranged
from 39 to 278 ASTA units with mean value
of 184 ASTA units and with variation of
2.46%. The promising accessions were
Cayenee, K&PI1-19, EC-18, EC-71 and ICBD-
18 (Table 14).

Database resources

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

Externally Funded Project

1. NATP: 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 (Kamataka).
Sixty accessions collected from these areas
include wild and cultivated species of Piper,
Cinnamomum, Garecinia Curcuma (Fig. 7) and
Zingiber. Population of P. atfenuatum and P.
nigrum was found to be high in Kottiyoor
forest range. A wide variability for spike
length, fruit size, fruit setting and pungency
etc. was observed.

Few of the unique collections made during
the survey include wild P. nigrum with very
high pungency, from Kottiyoor forest range;
P. nigrum (cultivar) from Chettalli with spike
length up to 26 ¢m and good fruif setting;
cultivated P. nigrum with multibranched
spikes (up to 10 branches) from Mymudi
village, Karnataka; wild P. nigrum with very
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Table 14. Evaluation of paprika genotypes for yield, yreld attributing characters and C]Uﬂ]l'.'}’

Character

Days to 50%

flowering,

Plant height
(em)

Fruit length
(cm)

Fruit girth
(cm)

Weight of
penicarp (g)

No. of
seeds /fruit

Weight of
seeds/{ruit

{g)

Yield/plant
(g)

Color value
{ASTA units)

Range Mean
54.33-76.33 62.68
£0.00-183.00 123.69
3.20-17.33 B.57
4.37-11.77 6.50
2.41-29 49 6.15
34.00-111.70 70.85
0.30-1.03 (.69
123.10- 746.60 416.36
39.00- 277.70 184.26

CV 4
2.84

4.64

5.01

10.07

5.29

651

2.46

Frg. 7. A Curonnn sp collected from Achankovil forests
in Kerala.

F'SD S_E Promising lines
756 1.03 PBC-171, Cayenee,
EC-43, IM]-5, Papriking
1872 432 PBC-171, RC-18, BEC-71,
ICBID-11, ICBD-16
2.86 0.07 55P-16%99, 1CBD-3, ICBD-13,
ICBD-14, ICBD-17
190 017 PBC-171, 1:C-71,  Papriking,
EC-18, EC-45, ICBD - 20
4.70 0.18 S5P-1999, Kt-P1-19,
PBC-171, Papriking, ICBD-1
17.76 412 Cayeneg, ICBD-2, TCBD-9,
ICBD-11, 1ICBD-12
018 0.02 [CBD-12, Kt-11-19,
Papriking, ICBD-2,
ICBED-13
151.94 1566  EC-18, Kt-Pl-19, ICBD-6,
SSP-1999, 1CBID-13
56.78 261 Cayenee, Ki-P1-19,

CC-18, EC-71, 1CBID-8

high pungency and heavy bearing from
Makutta forest (420 MSL); P. attenuahim with
thick fruit setting; 2. gafeatwin from Makutta
forest (918 M5L}), Coorg District; wild ginger
(Zingiber sp.) from Kottiyoor forest and C.
ripariyn from Kottiyoor forest.

Characterization

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

Inter-simple sequence repeat (ISSR} primers
were tested for assessing the suitability of its
use in genetic diversity analysis of spices
germplasm. Optimum annealing temperature
for different primers varied from 42 to 63 °C
depending on the base sequences of the
primers. All the ISSR primers tested were
successful in amplifying inter-microsatellite
regions of small cardamom, large cardamom,
different species of Vanilla and Piper. Band
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profiles obtained with 1SSR primers were
found to be highly polvmorphic and
reproducible. In addition to being simple and
time efficient, ISSR-PCR allowed rapid
identification of polymorphisms within spices
germplasm.

2. DBT: Conservation of spices genetic
resources in in vitro gene banks

(K. Nirmal Babu)

Conservation

hi vitro gene bank

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 i1 vitro gene bank by vearly
sub cufture.

DNA Bank

Genomic DNA was isolated from black
pepper (species and cuitivars), cardamom,
ginger, turmeric, vanilla, cinnamon, nutmeg,
clove and garcinia and added to the DNA
bank making a total of 450.

Cryopreservation

Shoot tips of P. barberi encapsulated in 4%
sodium alginate were pre-cultured on M5
medium supplemented with 0.3 M, 0.5 M and
0.7 M sucrose for 4 days followed by
dchydration with PVS-2 solution (100%) at
0 °C for 3 h. After dehydration beads were
suspended in PVS-2 solution in a cryoctube
and plunged directly into liquid nitrogen.

Maximum viability (70%) was observed
when the encapsulated shoot tips were
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treated with 0.5 M sucrose (Table 15.). The
cryopreserved shoot tips were regenerated on
regeneration media.

Genetic fidelity analysis

RAPD profiling was carried out to check the
genetic stability of randomly selected five
year-old conserved materials of V. planifolia
and V. aphyila using 5 pelymorphic 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
characterization

(B. Sasilkumar and T. John Zachariah)

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

Fig. 8a. DNA samples isolated rom turmeric pow der.
Lane 1-Marker (EcoR1/Hind111 double digest), Lane 2 -
Curcremalongn, Lane 3 - C. zedpara, Lane 4 - market sample
1, Lane 5 - market sample 2, Lane 6 - market sample 3.
Fig. 8b. RATD profile of the DN A samples from turmeric
powder amplified with primer OPA 2-(5TGCCGAGCTG
3. M -Marker (EcoR1/Hind111 double digest), Lane 1 -
Curcuma ionga, Lane 2 - C. zedoaria, Lane 3 - market sample
1, Lane 4 - markel sample 2, Lane 5 - market sample 3.

Table 15, Effect of various pre-treatments on eryopreservalion of Pwer barbert shoot tips

Treatment

Observation

Pretreatment- WPM + 0.3 M sucrose for 4 days
followed by incubation in PV5-2 at 07 C lor 3 h.

Pretreatment- WPM + 0.5 M sucrose for 4 days
tollowed by incubation in PY5-2 at 0¢C for 3 h.

Pretreatment-WPM + 0.7M sucrose for 4 days
fellowed by incubation in PVS-2 at 0°C for 3 h.

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%.

Lxplants 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 decamer
primers showed good polymorphism among
the accessions shudied.

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

Five species of Curciuna were characterized
using 12 primers. The intra species
polymorphism in Curcuma was high as
compared to the imterspecies polymorphism.

Final Report

1. DBT: A digitized inventory of plant
resources. Part IT — Other economically
important species

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

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

Documentation and comptlation

As part of the nation wide effort in compiling
database of plant resources funded by DBT,
information was compiled and documented
on spices and condiments. The major aspects
where information was compiled were
Yaxonomic 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 spices

‘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,
tamarind, star anise and pomegranate.

Minor spices
Aniseed, star anise, angelica, caper, greater
galangal, horseradish, hyssop, 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 marjoram, thyme,
pandanus, lavender, juniper 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. Sastkumar and 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 the State Variety
Relcase Committee after its approval in the
XVIL AICRP (8) Workshop. TISR Thevam, a

Fig. 9. I5R- Girimunda, a black pepper varicty propased
for release

Table 16, Evaluation of HP-728 at Valparai, Tamil Nadu*

clonal selection of Thevanmundi is a high
ylelding (5.17 kg/vine), foot rot disease
tolerant variety suited to high altitude areas
and planes. The hybrid TISR Girimunda (HP-
813) is a high yielding clone with 6.14 kg fresh
berries/vine suited to elevations of 3000 ft
(MSL). The hybrid ISR Malabar Excel (HP-
105) though moderate in yicld (2.78 kg per
vine) is rich in oleoresin {=12%).

Yield trials in biack pepper

From the yield evaluation trials, laid out at
Valparai, HP-728 a hybrid, 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 arcas (3000 ft). Table 16. gives the
salient features of HP-728 vis-a-vis Panniyut-
1, Cell. 1041 and HP-813.

Evaluation of 9 promising lines against
Sreekara (control) at Peruvannamuzhi
indicated superiority of OPKm, HP-780, HDI-
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 Jocations against the released
varieties (Table 18).

Line/ No. of No. of plants yielded Average yield/plant (kg,  Mean Dry Esse-  Olea Piper
Control plants fresh yvield/  ecov- retial resin ine
vine ery o (%) (%) (%)
(kg )
fresh)
1959- 2000~ 2001- 1999- 2000- 20071-
2000 01 J2 00 01 02
Coll. 1047 55 26 38 42 0.15 195 279 1.63 35 32 85 1.4
HP-728 54 34 54 48 0.07 2.33 4.00 2.14 33 25 83 29
HP-813** 53 24 51 52 0.54 2.97 337 2.29 33 2.8 n7 2.4
Fanmiyur - 1%%7 19 B 15 9 - 040 767 1.53 30 20 94 30
(Control) .

* Year of planling 1997; **proposed new lines; *** released hybrid
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Table 17. Performance of black pepper lines at
Peruvannamuzhi

Line/ Fresh yield/ Dry Remarks
Variety vine recovery

(kg) (%)
OPKm 5.07 215 Early vanety
HP-1 3.3 31.0 -
HP-2 1.74 320 -
HP- 780 4.66 38.0 -
HP- 1411 429 305 -
Coll. 1041 4.72 32.0 -
Coll. 1365 318 29.0 -
Coll. 4133 3.71 32.5 -
Coll. 8891 .04 312 -
Sreekara 3.97 32.0 -
CD (P=0.05} 1.05 - -
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 (Acc. 1061 and Acc.
1441). As compared to clonal lines OP lines
varied widely for yield per plant.

Intervarietal 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 resistant 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
decamer primers did not produce any
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 promising black pepper lines cultivated in fartmer’s plots in different northern districts of

Kerala
Line/ hybrid/ Kannur Kozhikode Wyanad Kasaragod
variety Mean fresh yield Mean fresh yield Dry recovery  Mean fresh yield Mean fresh yield
(kg/vine) (kg/vine) (%} (kg/vine) (kg/vine}
OPKm 7.70 4.77 128 0.53 1.23
Coll.1041 - 314 29.55 0.47 0.25
HP-34 1.78 1.9 30.8 - -
HP-105 - 217 32.75 0.41 -
HP-728 - 2.66 289 - -
HP-780 - 1.9 3.1 - 0.25
HP-1411 - 1.7 240 0.24 -
Panniyur-1 2.12 22 286 - 0.13
Panniyur-2 3.06 4.34 30.17 - 0.08
Panniyur-3 3.36 4.27 125 0.6 0.22
Panniyur-4 5.26 5.52 29.6 - 0.13
Panniyur-5 6.24 218 0.9 - 0.18
Sreekara - 1.5 312 0.62 -

Pancharmni 0.89 -
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2. Biotechnological approaches for crop
improvement in black pepper
(K. Nirmal Babu and M. Anandaraj)

Molecular characterization of mapping
population

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

B phadbeess Loibiie
AR L

-
P L BSESEREE FETLEIEREETSLBReRER iR Lazg
b

T

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 9,50,51,53,55, 57,58,59,60,62.63,
65,70,71 ,72,77,79,80,81,82,83,84,1, kbladder,1kbladder,
85,86,87,68,91,94,57,99, 100, 101,104, 105,106,09,110,112,
113,116, 117, 118, 123,124,127,129,136, 141,143,146,149,
154, 159,161,162,164,165,170,171,176, 179,183,184,
185,187,221,255,260, P-1,K-1, 1 kb ladder

Screening of mapping population for disease
resistance

Total number of 169 hybrid progenies of
Panniyur-1 and Subhakara were screened for
studying the segregation of the parental
characters both by leaf as well as stem
inoculation methods.

Leaf inoculation

Both Panniyur-1 and Subhakara were
susceptible to Phytophthora 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 mm to »20 mm.
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Among the hybrids, three (1.78%) progenies
were indexed 0, 13 progenies (7.70%) were
indexed 1, 57 progenies (33.73%) were
indexed 2 and 96 progenies (56.80%) were
indexed 3, where score O is resistant and 3
most susceptible.

Stemr Imnoculation

Panniyur-1 as well as Karimunda is
susceptible with a lesion length of 55 mm (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. capsici and
95 progenies showed some degree of
tolerance.

Depth of penetration index

Data on the depth of penetration of infection
was also recorded in the parents and their
hybrid progenies as an index for their discase
resistance. They were grouped under the
following 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-1 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
0.In case of hybrids 12 (7.1%) progenies were
indexed 0, 44 progenies (26.04%) were
indexed 1, 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 segregated independently
indicating that disease resistance is controlled
by more than one gene. The degree of
resistance also showed a sort of continuous
variation indicating either quantitative or
mujtiallelic interaction controlling disease
resistance. Though susceptible Panniyur and
Karimunda throws off resistant lines in the
segregating populations indicating that they
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can be used as parents in hybridization
programme to produce resistant hybrids,
studies are in progress to further strengthen
these findings.

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

(Johnson K. George and B. Sasikumar)

Three ISSR primers (non-anchoredj were
tested for assessing the suitability of its use in
genetic diversity analysis of spices
germplasm. DNA was exfracted from fresh
leaft samples of Piper species using
cetyltrimethylammonium bromide method or
its modifications. Amplified products were
electrophoresed on 2% agarose gels. After
staining with ethidinm bromide, the banding
patterns werce detected under UV light.
Optimum anncaling temperature for
different primers varied from 42 to 65 'C
depending on the base sequences. Band
profiles obtained with ISS5R primers were
found to be highly reproducible. The selected
ISSR primers were useful in arnplifying inter-
microsatellite regions of different species of
Piper and for identifying selected cultivars of
black pepper. ISSR-2Z and IS5R-3 primers
could distinguish Karimunda, Neelamundi
and P-24 from Aimpiriyan and HP-780 which
showed identical banding pattern with ISSR-
2. This approach also facilitated identification
of hybrids in black pepper. ISSR-2 was
successful in identifying true hybrids of HP-
780 x P. nmigrum (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.

RNA 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 dT primer for the first strand
synthesis followed by second strand synthesis
using four arbitrary 13 mer primers. The
cDNA fragments were resolved on 2%
agarose gels stained with ethidium bromide.

7
Up regulation and down regulation of genes
were observed while comparing the CSNAS
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 CYT trials

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, Palakuzhy 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 set in above
combinations varied from 22% to 66%. The
seedlings from these crosses were raised for
next phase of field evalnation.

Screening of hybrids against mosaic virys

Thirty one hybrids of mosaic resistant
selections, eight OF selections and twelve
compound panicled selections are in the
process of screening. The clonal entries were
subjected to two rounds of screening against
local severe katte isolate through viruliferous
apterate aphid vector (Pentalonia nigronervosn
f. caladii). Twenty three test accessions have
expressed mosaic symptoms.

5. Rootstock-scion interactions in tree
spices

{]. Rema, P. A, Mathew and K. S
Krishnamurthy)

Standardization of grafting in nutmeg
Seeds of Myristica malabarica, M. beddomeir,
M. fragrans, M. prainii and allied genera
Knema andamanica were collected from
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different parts of Calicut and from the trees
grown in the Experimental Farm at
Peruvannamuzhi and all 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 Knema
andamanica (an allied genera of Myristica sp.,
tolerant to drought) and M. prainii. Though
success was obtained the percentage of
success was not commercially viable. Hence
attempts were made to graft nutmeg on K.
andamanica using M. malabarica and M.
beddonieii as interstocks which are compatible
with nutmeg. M. fragrans would be grafted
on to the interstocks after their successful
union on to K. andamanica. Grafting was
carried out this year also on M. malabarica,
M. beddomeii and M. fragrans 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. malabarica
and M. beddomeii using 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 productivity

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 morphological observations namely
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 Nadu.

Field evaluation of grafts for drought
tolerance 1 nutmeg

A new field trial for evaluating the rootstocks
for field performance has been laid out this
year in a Completely Randomized Block
Design at Peruvannamuzhi. Three different
rootstocks namely M. fragrans, M. malabarica
and M. beddomeii grafted with two different
scions namely A9-4 and A9-69 with 10 plants
in each replication was planted at a spacing
of 45 m X 4.5 m. In the existing trial all the
grafts have not established in spite of
providing artificial shade and irrigation due
to lack of natural shade in the piot. Hence
jack seedlings were planted this year. Sixty
per cent of the shade trees have established.

Evaluation of clove grafts for dwarfuess

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

Multiplication of clonal rootstock of clove

Standardization of clonal multiplication of
Syzygium heynianuni, 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 study natural polyploidy and its
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distribution in black pepper, ginger,
turmeric and cardamom.

« To study cytotaxonomic relationship
between Piper zigrunt and related species.

¢ To induce artificial polyploidy in black
pepper and ginger cultivars,

+ To conduct detaited study of the
reproductive biclogy of ginger and other
major spices.

o Through various pallination
mechanisms, achieving seed set in ginger
and production of hybrid ginger.

Black pepper
Chromosonte numnper

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 staining
technique standardized. Pretreating the root
tips with o - bromonaphthalene at 11.00 am,
fixation at 2.00 pm, hydrolysis with 1N HCI
and staining with 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), Acc. 3329 (Piper sp.
- 2n=125, 118, 106, 86, ) and Acc. 4509 (Piper
argyrophylium - 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
endangered species was reported as 2n=52.
The chromosome numbers of P. arboreiim, P.
colubrinun and P. magnificum  (South
American species) were confirmed as 2n=26.
Female plants of Jawa long pepper (P. ciaba)
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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Kurialrmmd.i and wild species P, magnificum
and P. colubrinum were prepared using mitotic
metaphase plates. Chromosome length
ranged from 0.66 to 1.33 um and genomic
formula was found to be 16 m + 9 sm + 1 st.
in P. nigrunt cv. Kurialmundi (Ace. 917). In
P. maguificum chromosome length ranged
from 1.41 to 3.34 um and genomic formula
was 7 m + 6 sm. Karyotype analysis of P,
colubrinuni revealed that chromosome length
ranges from 1.08 to 326 ym 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
commencement 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, but none of
the seeds germinated.

In vitro androgenesis

Segments of spikes and anthers were cultured
on E1 medium supplemented with and
without growth regulators such as BAP and
NAA. Segments of spikes having anthers with
uninucleate pollen when cultured in hormone
free E1 medium (Gamborg, 1983) under 24
h. dark period initiated the growth of anthers
without callusing. Bul 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 the
embryo attains ‘heart-shaped” structure. This .
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‘heart-shaped’ embryo remains in the same
stage (ill seed ripen and further development
takes place only after seed shedding, during
the process of germination. Studies on
zygotic embryo structure in P. mullesua, and
P. colubrinum indicated similarity in structure
to P. nigrum, except for the small size.
Preliminary observations indicated that
zygotic embryo is a ‘top—shaped’ structure in
P. longum.

Ginger
Chromosome nunber and morphology

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

Karyotype analysis and in situ estimation of
4¢ 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 272 pm. Abnormal pollen
germination was observed in 16% of the
pollen. Histological studies 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 after flower opening. Flowers fall off
by next day morning,. Self pollination of 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
turmeric 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 longa 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 germplasin accessions indicated frequent
variation from normal chromosome number
{2n=63) in seedling progenies and
occasionally in germplasm accessions also.

Seed germination

A preliminary study on seed germination of
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furmeric using two accessions (Acc. 126 and
399) showed that only few seeds germinated
within 1 month of sowing and majority of
seeds germinated after 5 months of sowing
with 75% and 73% germination m Acc. 126
and 399 respectively.

The seeds also germinated i vitro on SH and
E1 medium. In these media also only a small
percentage of seeds germinated within 1
month. Attempts to germinate seeds in 2, 4-
D containing medium produced profuse
white callus with high potential of plantlet
regeneration in medium containing BAP.

Cardamom
Cytological studies

Chromosome number analysis of 18
accessions of cardamom including 9
multibranched types revealed thatall of themn
are having normal chromosome number of
2n=48. Cytological analysis in four species of
Amomun  namely, A. swbulatum, A
muricatum, A. microstephanum and A
canneicarpum revealed that all of them are
having 2n=48. But, the difference in size 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
understanding of triploid segregation in
turmeric.

* Advanced methods of cytological
characterization such 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. ILarge scale multiplication of released
varieties of black pepper through somatic
embryogenesis and genetic fidelity testing

(R. Ramakrishnan Nair and Johnson K.
George)

Objectives

*  Multiptication 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
sceds in growth regulator free SH medium
under full darkness. The process was scaled
up by secondary cyclicembryogenesis by sub-
culturing the primary embryos. The plantlets
were regenerated in liquid SH medium. Sixty
plants were regenerated and established ex
vitro.

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 with 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. Analysis of
another set of 19 plants using OPE-11
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 selected spice
crops through biotechnological approaches

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

Cardamorm
Molecilar characterization

RAPD profiles were developed using 30
random primers in 11 related genera of
cardamom, namely Elettario cardamonitan,
Amomum subuwlatum, A. ghaticum, A.
niicrostephanumn, A. meluguta, A. involucratum,
Alpinia purpurea, A. galanga, A. mutica and
Hedychivn coronarium. All the primers
exhibited good polymorphism between the
genera. Species inter relation ships were
studied. Among the genera H. coronaritm was
found to be nearest to cardamom while the
farthest was A. microsfephanym among the
genera studied. RAPD profiles were also
developed using 50 random primers in 24
important varieties and promising lines
namely, ICRI-1 and 2, RR-1, NKE-9, NKE-
12, NKE-19, CCS-1, PV-1 and 2, Mudigere-!
and 2, Sampajie clone, MCC lines 12, 21, 40,
85, 346, 5-1, 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 H1 and Eco
R1 were used the number of bands increased
$0 15 the level of polymorphism. This method
was found to be better than standard RAPD
profiling in the case of cardamom.
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fiter Simple Sequence Repeat (ISSR) reaction
conditions were also standardized in
cardamomum. Primers were designed with
2 anchared bases at 3 end for higher specific-
ity. The conditions standardized for £. carda-
mont is 150 mM of dNTP, 2 mM MgCl, 30 ng
of genomic DNA, 30 ng of primers, 1U Taq
DNA polymerase in a 25 ml reaction volume
optimum temperature profiles with initial de-
naturation at 94 °C for 3 minutes a core cycle
of 94 °C for 1minute, 50 °C for lminute, 72
°C for 1 minute for 30 cycle followed by the
final cycle of 72 °C for 10 minute were found
to be good.

The data generated by all these 3 markers
were usced in studying the distance,
similarities and inter relationships between
the important variaties and collections of
cardamom. The studies indicated that all
these varielies are different from each other
and there are no duplicates in them.

Black pepper
Genetic transformation

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

Fig. 11. Plant regeneration from Agrobacternmi treated
ussues of black pepper

Confirmation of transgenceity

PCR amplification was done with osmotin
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and npt Il 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 B-1, 3 glucanase genes from
P. colubrinum

A genc targeted approach similar to that for
isolating chitinase gene was used in
amplification of $-1, 3 glucanase genes from
P. colubrinnum. 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. colubrinum challenged with
P. capsici.

Differential display amplification

The RNA isolated from P. colubrinum leaves
{(control and challenged with P. capsici) were
subjected to reverse transcription using 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.
colubrinum plants from that of the control.
The amplification products (cDNAs)
corresponding to differentially expressed
mRNAs were eluted for further cloning and
sequencing,

Cloning of differentially expressed genes

The differentially expressed bands of putative
chitinase, B-1, 3 glucanase and Phiytophtiora
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 TA cloning kit (Invitrogen)
containing the vector pCR 2.1 was used for
the direct insertion of the PCR product into
the plasmid vector. The insert and vector was
ligated using T4 DNA ligase and were
transformed into competent DH5a cells. The
transformed colonies were plated on LB agar
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plates containing X-gal, IPTG and 50 pg/ml
of kanamycin. The white colonies were
picked up for plasmid isolation and were
subjected to restriction digestion using ECoRI
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. DBT: On-farm evaluation of tissue
culture derived plants of black pepper

(K. Nirmal Babu, M. Anandaraj,
V. Srinivasan and R, Ramakrishnan Nair)

Multiplication and field planting

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

Six yield trails were planted last year in [I1SR
Experimental Farms and farmer’s field. The
trials at 1ISR is with 300 plants, the
establishment was over 80%. Trichoderma
harzianum at the recommended dose was used
at the time of planting.

Genetic fidelity analysis

RAPD and ISSR profiling of 20 randomly
sclected 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 IS5R
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. Krishnamurthy, 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 studied on ginger and
turmeric. The application of graded levels of
Zn increased the soil DTPA Zn availability
significantly up to 11.17 ppm as compared
to control, but the yicld was on par among
the levels studied 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 of Zn and maximum limit of soil DTPA-
Zn for getting higher rhizome yield was
found to be 3.4 mg kg through a cubic model.

In turmeric, the soil DTPA 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
rthizome 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. At10kg/vine
target, the vines out yielded the target.

IPNM schedules in ginger and turmeric

The treatments with integrated application
of nutrients have shown significantly
increased yicld in ginger with FYM + 2 N
and P + K + phosphorous solubilizing bacteria
(PSB) + NC application (21.5 t/ha} over
recommended package of practices (18.9 t/
ha), whereas the nutrient build up was on
par except that of N (Table 23). In turmeric,
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 + % 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 0.25m?/canopy Yield (kg/vine)
No Zn SZn FZn Mean No Zn SZn FZn Mean

Kasaragod 9.9 12.0 9.4 10.4 11 1.6 1.2 1.29
Kannur 14.6 14.5 83 12.5 23 25 1.8 2.21
Calicut 24.4 19.0 16.6 20.0 2.3 2.6 25 245
Mean 16.3 15.2 11.4 1.8 22 1.8
CD (P <0.05)Loc - 1.86; Treat (.38

Loc x treat 3.23 0.66

NoZn : 4o Zinc, $Zn : Soil Zinc; FZn : Foliar Zinc
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Table 20. Effect of zinc with and without coir compost on P and Zn availability (mg/kg) and yield (kg /3 m® bed) of

ginger
Zn (kg/ha) Soil Zn Soil P

W/o W Mean W/o W Mean
0 5.1 5.2 5.15 473 51.0 492
5 8.0 7.0 7.47 46.7 443 45.5
7.5 8.6 3.7 8.63 39.7 55.0 47.3
10 11.9 8.6 10.25 51.3 54.7 53.0
15 1.8 10.5 11.17 41.7 48.0 44.8
Foliar 6.0 6.6 6.33 33.7 46.3 40.0
Mean 8.6 7.8 434 46.9
CD (P<0.05)
for Zn levels 1.98 6.46
CD (P<0.05) for CC NS 3.73

Yield
W/o W Mean
5.8 6.4 6.05
5.8 6.0 59?2
5.7 5.6 5.62
55 55 551
53 5.5 5.35
5.0 6.7 5.84
5.5 59
NS
NS

W /o = Without coir pith ; W = with coir pith ; CC = Coir compost

Table 21. Effect of zinc with and without coir compost on P and Zn availability (mg/kg) and yield (kg /3 m? bed) of

turmeric
Zn level kg/ha Soil Zn Soil P Yield

W/ao W Mean W/o W Mean W/o W Mean
0 2.5 a1 2.78 58 53.3 557 7.4 7.8 7.6
5 6.5 5.4 5.98 58 48.3 53.2 7.7 9.1 84
75 8.2 7.4 7.8 443 50.3 473 8.7 10.5 9.6
10 9.6 7.6 8.6 49.3 43.0 48.7 8.0 10.3 9.2
i5 10.5 124 11.43 54.3 46.0 50.2 86 9.3 8.9
Foliar 3.0 25 2.78 533 41.7 473 78 8.1 8.0
Mean 6.7 6.4 52.8 47.9 8.0 9.2
CD (P<0.05)
for Zn levels 1.56 NS 1.8
CD (P<0.05) for CC NS NS NS

W /0 = Without coir pith ; W = With coir pith

Table 22, [nvestigation on nutrient requirernent for targeted production of black pepper

Fertilizer dose (g/vine) Target yield (kg/vine) Actual mean yield Deviation (%)

N P K (kg /vine)

83 - 30 450 10 13.0 +30.0
160 56 930 15 139 -6.9
235 80 1410 20 160 -19.0
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Table 23. Effect of IPNM on soil nutnent availability and yield ot ginger
Trealments N P

(mg k) {mg/kg
FYM+NPK 1452 43.2
FYM+NC+PB+YN+EP+K 1430 35.6
FYM+NC+PB+1N+ P+ 1518 37.6
FYM+NC+PB+YEN+2P +K 161.4 37.8
CD (P<0.05j 14.4 NS

K Yield Wield
(mg/kg) (kg /bed) {t/ha)
2330 94 18.9
23000 10.8 215
234.4 83 16 6
2300 8.7 178
NS 0.56 11

NC= Neem cake ; PB = Phesphorous solubilizing bacteria

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

Treatments A K Yield Yield
(mg/kg) {mg/kg} {mg/kg) (kg/bed) {t/ha)
FYM+NPK 166.0 378 2235 9.6 19.1
FYM+NC+PB+Y NP+ K 1441 458 247 9¢9 19.7
FYM+NCHPB+VN+P+K 1538 418 239 119 238
FYM+NC+PBWAN+2P+K 167.0 50.4 259 118 235
CD (P<0.05) 6.08 6.08 NS 1.45 294

NC= Neem cake ; PB = Phosphorous solubilizing bacteria

Orgamnic farning in ginger

Ginger variety Varada was grown organically
by applying FYM, vermicompost, ash and
rock phosphate and Pseudamonas sp. as
biocontrol for rhizome rot. The mean yield
recorded was 7.3 kg bed'as compared to 54
kg bed” in case of conventicnal farming. In
furmeric var. Prathiba has recorded a mean
vield of 6.5 kg bed under organic cultivation
as compared to 55 kg bed”’ in conventional
system.

2. Efficacy of biofertilizers on nutritional
management of black pepper

(C. K. Thankamani, K. S. Krislmamurthy, V.
Srinivasan and K. Kandiannan)

The (ield trial to study the influence of
Azospirillurm sp. on growth and yield of black

pepper was continued. Soil samples were
collected and analyzed for nutrients before
and after imposing treatments. Azospirillum
population in the soit was counted before and
after imposing treatments. Initial nutrient
status was high innitrogen, phosphorous and
potash. In the pretreatment Azospirilfun
population was low., The Azospirdium
population gradually increased and highest
counts were recorded for the treatment
inorganic nitrogen 50% + Mg. Effect of
Azospirillum application on NPK content of
soil, six months after application of inoculum
was not significant. Among the treatments,
significantly higher soilnitrogen 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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sulphate. Maximum amaount of phosphorous
in the soil was observed for the treatment
fnorganic 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 nifrogen 50% + calcium.

3. Biometeorological investigations and
modeling in black pepper

(K. Kandiannan, C. K. Thankamani, K. 5.
Krishnamurthy, V. Srinivasan and Utpala
Parthasarathy)

Monthly rainfall and black pepper
production 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
previous years was correlated with black
pepper production. There was no significant
relation of previous year’s monthly rainfall
with current year production whereas,
September rainfall of current year alone had
a positive significant association (r = 0.6094}
with pepper preduction. This sort of
correlation and regression studies will help
in developing crop-weather mode] to predict
the yield/production in a region based on
weather. 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
meteorological week (28-5-03 to 03-6-03). The
spikes were ready for harvest during 2"
meteorological week {08-01-04 to 14-01-04)
of subsequent year. The rainfall received
during this period was 2823.7 mm. The
thermal time required for the maturity was
36762 degree days.
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4. Development and evaluation of s0i} and
water conservation measures and land yse
system for sustainable crop production in
Western Ghats of coastal regions

(S. ]. Ankegowda)
Seil and water conservation

Growth and yield parameters, soil moisture
depletion pattern, soil nutrient status, runoff,
soil loss and nutrient leached through runoff
were calculated in different treatments.
Contour staggered trenches were used as soil
conservation measures and pine apple,
french bean and ginger were used as
vegetative barriers. Growth parameters and
soil 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
different treatments. Soil loss and run off were
less in cardamom with contour staggered
trenches. 5Soil loss was Jow in coffee with
contour staggered trenches and ranged from
22.6 kg/ha to 131.5 kg/ha. Runoff ranged
from 0.9 mm to 5.53 mm.

Evaluation 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 less in trench
system of planting and more in half moon
terracing for each plant. Run off ranged from
3.5 mm to 22.02 mm and was low in trench
system of planting and Righer in pit system
of planting cardamom.

Assessment of frequency and duration of
irrigation in cardamom

An experiment was conducted in cardamom
with four treatments namely a) control-
mulching with local material (protective
irrigation) b) drip irrigation-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
irrigation.

Growth, yield, soil moisture status and soil
nutrient status was monitored. No significant
variation between treatments for plant
height, number of tillers per clump and
number of leaves per tiller was observed.
Significant variation has been observed for
fresh weight of capsule (g/clump) for
different treatments. Fresh weight of capsule
{g/clump) ranged from 332.37 g/clump to
472.9 g/clump. Fresh weight was highest in
sprinkler irrigation once in 10 days (472.94
g/cdump) followed by drip irrigation (463.2
g/clump) and lowest in control with
protective irrigation once in a month (332.37
g/clump).

Externally Funded Project

1. Government of Kerala: Technology
mission on black pepper

(V. Srinivasan, B. Sasikwmar, C. K.
Thankamant annd R. Suscela Bhai)

The experiments were conducted in farmers
plots spread over 4 northern districts of
Kerala state namely, Calicut, Kannur,
Wyanad and Kasaragod.

Among the new lines and/or seven released
varieties evaluated, OPKm ranked first in
Kannur and Kasaragod districts 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
Wyanad districts respectively. OPKm
showed tolerance to drought in all the places.

In the experiment on organic manuring of
black pepper, the soil fertility was maintained
on par among the treatments studied. At
Kasaragod, soil available N and P contents
were high in treatments with 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 yield
recorded was highest in Wyanad and
Kasaragod districts followed by Kannur and
Calicut districts.

In experiments on standardization of low
input technology the P availability of soils in
Kannur District was lowest and the K
available was significantly highest in ¥2 POP
(recommended package of practice) + Zn
application. In Kasaragod, the soil P available
was higher with more P in biofertilizer-
applied treatments. The micronutrient
availability was also high with highest Zn in
% POP + Zn application. In Calicut, the P
availability was highest in POP followed by
biofertilizer application and the micronutrient
availability was also observed to be high. In
Wyanad Ca and Mg availability was also
medium with Zn availability just above the
critical range. The recorded yield levels
among low input treatments were highest in
Calicut District followed by Kannur,
Kasaragod and Wyanad. Even though the
treatments were on par, the highest yield was
recorded in treatments with 4 POP + neem
cake, %2 POP + biofertilizer, 4 POP + cowpea
and ¥2 POP + Zn applications.

In the experiment on use of biocontrol in
checking Phytophthora foot rot in the nursery,
sprouting was found comparatively higher
n freatments where bio-agenf was used along
with potassium phosphonate. Height of the
plants and average no. of leaves/plant was
also more with the same treatment in
solarized soil. Application of bio-agents twice
along with potassium phosphonate or
Bordeaux mixture was found to be superior
to all other treatments both in the existing
plantations and also in the new plantings.

One thousand and eight hundred rooted
cuttings were produced from the rapid
multiplication nurseries from the four
districts. During the vear 40,445 rooted
cuttings ot released varieties namely,
Subhakara, Panchami, Pournami, P-1, 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: B. Chempakam)

1. Biogenesis of pigments in spice crops

(B. Chempakam and T. John Zochariah)
Tracer studies

Phenylalanine is the primary precursor in
curcumin biosynthesis. Labeled studies using
1-4C-phenyl alanine was conducted in one
month old turmeric plants through root
absorption, to know the rate ot conversion of
these compounds to phenolic acid, which are
the intermediate precursors. The percentage
of incorporation of “C in the phenoclic acid
and curcumin in the vegetative parts of
turmeric namely, leaf, pseudostem, root and
rhizome at different stages of plant growth
are givenuin Tables 25 and 26.

In the leaf, simultaneous incorporation of “C
in both phenolic acids and curcumin was
seen alfter one month, to the maximum level.
In pseudostem, highest incorporation of both
the parameters was seen after one week. In
rhizomes, lower incorporation was seen in
phenolic acids at 48 h, probably due to higher
utilization 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 using 2-”*C-malonyl Co-A were
carried out in one month old turmeric plants.

Table 25, Incorporation of "' in phenolic acids in the vegetative parts of turmeric during adnunistration of 1-"C

phenyl alanine

Sampling interval Plant part
Leaf Pseudostem Rhizome Root

(DPM) (DPM) (DPM) (DPM]}
48 hour 61.341.2) 62.800.3) 36.2 (0.71 4960.4 {96.9)
1 week 939 (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) 75.1 (45.6) 14.5{26.4)

Values in parentheses denotes percentage

Table 26. Incorporation of *C in curcumin in the vegetative pacts of turmeric during administration of 1-1C-

phenyl alanine

Sampling interval Plant part
Leaf Pseudostern Rhizome Root
(DPM) (DPM} (DPM} {DPM)
48 hour 100.0 (1.0) 161.5 (1.6} 1760.5 (17.9) 78154 (79.5)
1 week 147.0(2.1) 142.5 (2.0} 2434 (3.4) 6579.9 (92.5)
1 month 332.0{48.5) 99.3 (14.5) 125.6 (18.3) 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} 458 {11.7) 1314 (33.6)
4 manth £8.5 (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 roofs
after one week, with lower levels in leaves
and rhizomes. In general, the incorporation
of the label in the curcumin 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 indicated 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 Accs. 1380,
1387, 1414, 1423 and 1430.

Intrinsic water use efficiency

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

Table 27. Incorporation of 2-"C-matonyl Co-A in curcumin

Sampling Plant part
intervals Leaf Pseudostem Rhizome Root
(DPM)  {(DPM) (DPM) (DPM)
1 week 84.0 412 53 1498
1 month 28.7 35.9 34 2276
2 month 17.6 42.8 31.3 536
3 month 308 255 261 343
4 month 254 26.3 24.03 28.2
5 month 28.8 25.6 239 24.5
6 month - - 239 30.7
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mechanism leading to water stress folerance.
In general, tolerant accessions showed higher
water use efficiency compared to susceptible
accessions after 6 days of stress induction.
But at 3 days after stress induction, both
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 (.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
conditions.

3. Characterization of drought tolerance in
cardamom

(S. J. Ankegowda and K. S. Krishnamurthy)
Collection

Three genotypes with high biomass and yield
were collected 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 (CC5-1),
APG-244, APG-257(Green gold) and APG-
298 (IISR Avinash) were crossed with cach
other and seedlings were raised for further

evaluation for higher yield and drought
tolerance in the field.

Evaluation of cardainomn 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/cm’® to 6.9 mg/cm? with a mean of
5.47 mg/cm® 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% with a mean of 7.63%.
Genotypes Mysore-2, Mysore-3, Vazhukka-
1, Vazhukka-7, APG-343, APG-355,
Malabar-13, Malabar-15 and Malabar-16
had lew reduction in relalive water content.
APG-11, APG-13, APG-257, APG-298, APG-
340, APG-341, APG-342, APG-349 and APG-
355 had higher specific leaf weight. Hybrid
APG-336, APG-337 and Mysore-7 had less
stomatal count. APG-298, APG-346, ATPG-
355, Malabar-12 and Malabar-15 had low
membrane leakage.

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

Seventeen genotypes were analysed for delfa
PC using Isotope Ratio Mass Spectrometer
(IRMS} at National Facility for Stable Isotope
Studies in Biological Sciences at Department
af Crop Physiology, University of
Agricultural Sciences, Bangalore. Data
indicated significant variation for "C
discrimination. Delta *C 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  Thigher delta "C
discrimination indicating low water use
efficiency.

4. Physiological and biochemical basis for
productivity in black pepper

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

Metabolite partitioning, isozymes profiles and
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gas exchange parameters were studied in five
high yielding (Acc. 813, Acc. 1041, OPKm,
HP-780 and HP-1411) and five low vielding
(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
sugars, total phenols, amino acids and
proteins were estimated in selected high as
well as low yielders mentioned above.
Carbohydrate content varied significantly
among the accessions. In general, partitioning
of total carbohydrates to roots was highest
followed by leat, peticle and stem. Leaves,
stem and petioles of high vielders had lower
level of carbohydrates than those of low
yiclders where as inroots, a reverse trend was
observed {Table 28).

Analysis of reducing sugars revealed that
high vielders 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 Root Petiole Stem
Higle yieiders

Ace 813 7.34 10.90 3.29 5.88
Ace. 1041 646 10.78 4.46 518
OPKm 4.69 4.00 6.27 4.06
HP- 780 4.44 5.43 5.41 2ED
HP- 1411 9.55 12.32 4.26 5.28
Low yielders

Acc. 840 11.76 11.71 9.71 9.78
Acc. 1120 9.87 9.23 10.16 7.50
Acc 1157 6.78 8.88 648 1228
Acc. 4132 6.76 6.61 6.70 9.33
Acc. 5349 4.58 7.55 2.73 482
CD (P<0.05) 1.46 1.62 1.23 217
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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 leve] 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) in high and low yielding

black pepper accessions

Accessions Leaf  Petiole Root Stemn
High yielders

Acc. 813 8.45 6.32 6.41 6.43
Acc. 1041 8.13 5.15 5.36 8.98
OPKm 8.33 5.25 10.61 4.55
HP- 780 8.57 6.06 1091 9.88
HP-1411 5.51 4.68 1247 4.65
Low yelders

Acc. 840 7.41 3.77 881 4.75
Acc. 1120 7.16 3.37 5.78 6.16
Acc. 1157 6.41 3.95 7.72 4.35
Acc. 4132 6.90 4.33 6.49 7.40
Acc. 5349 8.73 5.54 7.49 12.63
CD (P<0.05) 1.87 1.56 2.10 2.34
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Malate dehydrogenase showed two isoforms
with rm values of 0.05 and 0.11 and acid
phosphatase had three isoforms (rm values
of 0.12, (.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. ICAR: Elucidation of biosynthetic
pathways of curcumin in turmeric

(B. Chempakam, K. Vasu and N. K. Leela)
Objectives

* To study the nature of precursors,
intermediates 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 cyrcumin, 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 content 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 gradually 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 constituents are ar-
turmerone and ar-curcumene (46.8% and
31.5%) respectively, while in leaf, the major
component is a- phellandrene (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 gradual 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
mature ones, accounting for about 50% — 70%
of decline (Fig. 12) var. Prabha and Alleppey
Finger Turmecric 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 Sudarshana had lesser dry
recovery (11.9% and 13.2% respectively).
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Fig. 12. Curcumin, essential oil, oleoresin, starch and dry
recovery in iurmeric rhizomes during devefopment

Distribution of curcuminoids in rhizomes.

Curcumin (curcumin I), which forms the
major porfion of the curcuminoids, is
distributed uniformly in mother, primary and
secondary rhizomes only in the initial stage
(120 DAS). As the rhizomes develop, the
primary and secondary rhizomes contain
higher proportion of curcumin (61.8-73.6%)
as compared to mother rhizomes (46.4%). At
full maturity, however, primary rhizomes had
the highest content. This indicates that at
later stages there was a lower production of
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curcumin II and III, which are the two
demethoxy forms. These compounds
probably substantiate by providing the methyl
acceptor to the final methylated form.

Curcumin II (demethoxycurcumin), which is
structurally similar to bis demethoxy
curcumin {(curcumin ITI), except for an
additional 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
stages, the compound was 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 I were observed at 180
DAS. The only difference was that curcumin
IT and III are present in equal proportion,
except at stage III where it was proportio-
nately low as compared to curcumin L.

Studies on phenylalanine 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
Suguna) were sown and samples were taken
at 15 day intervals to assess the PAL activity
for a period of 3 months.

The activity 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 increase, which came down
during the plant growth. In rhizomes, the
activity decreased to about 1/5" of the initial
value, whereas in leaves, a decrease of about
60% was seen.
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Table 30. PAL activity in rhizomes, rcot and leaf at very eatly stages in lurmeric

Plant part PAL activity (uM trans-ainnamic acid released/min/mg pratein x 107)

Stages 1200 DAS 150 DAS 180 DAS 210 DAS 240 DAS
Prabha

Rhizome 82.30 2040 21.20 14.40 14.40
Root 6.80 8.11 21.80 25.38 2840
Leaf 30.30 22.50 7.01 21.70 12.01
Suguna

Rhizome 111.50 7.40 8.16 20.90 2420
Root 3.38 3.71 5.32 10.61 9.44
Leaf 137.10 6.99 15.20 8.59 1.48

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 bicsynthesis of the
pigment.

Tracer studies

The following three tracer incorporation
studies using “CO,; root absorption studies
with  1-“C-phenylalanine and root
absorption and incorporation in curcumin
using 2-4“C-malonyl Co-A experiments using
tracers were conducted in turmeric.

Table 31 shows the incorporation as DPPM of
”C—COZ in the curcumin extracted from roots,
thizomes, pseudosterm and leaves, at various

Table 31. Incorporation of “C-CQ, in curcumin among

intervals. Maximum incorporation of the label
was found 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 studies.
The roots of the seedlings were immersed in
a trough containing 14-C-phenylalanine for
24 h and then replanted in plots. Samples
were analysed for the incorporation of the

Table 32. "C- Incorporation of curcumin in root, rhizome
pseudostem and leaf after exposure to “C- phenylalanine

Period Root Rhizome Pseudostem Leaf

(%) (%) {%} (%)
48 four 52.38 39.32 1017 9.86
lweek 44.09 53.91 2357 14.42
Imonth 0.85 2.18 23.69 3573
2 month 1.11 0.98 12.72 15.50
3 month 0.66 0.81 1342 15.06
4 month 0.88 2.81 16.42 9.17

the vegetative parts of turmeric
Period Root Rhizome Pseudostem Leaf
(%) (%) (%) (%)

24 houyr 24.30 11.3 154 49.00
48 hour 24.90 14.6 23.4 37.16
9 hour 2290 227 11.73 42,58
1 week 2501 328 41.73 0.37
1 month 67.52 139 11.42 7.28
2 month 35.68 29.5 16.80 18.02
3 month 66.12 133 17.95 2.61
4 month 8310 4.88 5.04 6.98
5 mouth 66.10 17.8 515 10.96

labeled compound as phenolic acids and
curcumin. Same procedure was followed for
the incorporation studies using '*-C malonyl
Co-A.

Maximum of "-C-
phenylalanine in curcumin was seen in the
early period (1 month) in the leaf (Table 32).
Simultareous incorporation in both
components indicates a direct role for
phenylalanine as initial precursor.
Translocation and incorporation of '*-C

incorporation
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malonyl Co-A is poor and erratic and hence
initial precursor as acetate can be ruled out.

Sumnary

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 fo
cinnamic acid mostly takes place in the
leaves

Studies on the localization of PAL activity
in various cell fractions showed
maximum activity in microsomal
fraction

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
- phellandrene and terpenolene as the
major ones in leaf oil.

Majority of the phenolic acids identified
in the leaf arc 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, indicating a prime
role for PAL in the biosynthesis of the
pigment.

Studies using labeled CO,, labeled "C-
phenylalanine and “C-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: 1. John Zachariah)

1. Quality evaluation in spices
(T. John Zachariah and N. K. Leecla)
Black pepper

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

The chemical quality (oil, oleoresin and
piperine) of pepper grafts (P. colubrinunt as
rootstocks) and non-grafts of black pepper,
Kutching, Panniyur-1, 2, 3, 4, 5, Panchami,
Poonjaramundi, Kuthiravally, Sreckara,
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 (%) Oleoresin (%) Piperine (%)

HP-812 3.7 11.0 42
C-950 33 8.0 32
<At 37 92 3.0
P-24 3.3 9.6 4.1
HP-150 - 12,2 3.9
HIP-1662 - 130 5.0
HP-4052 - 12.4 3.0
HP-4187 - 132 3.1
P.argyrophyllum 3.4 115 -

P. attenuatum 3.0 9.7 -

Cardamom

Seventy seven germplasm accessions of
cardamom were evaluated for essential oil
and GC profile of vil 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%; limonene from 3.1% to
8.8%. 1, 8-cineole and a-terpinyl acetate are

Table 34. High quality cardamom accessions

Accession Ol 1,8cineole o-terpinyl acetate
(o} {7a) {0
APG-246 84 29.0 39.2
APG-248 8.5 33.0 35.3
APG-352 8.3 26.2 327
APG-357 6.6 319 125
APG-365 ¢.6 27.2 438
APG-378 8.1 337 36.3
Mysore-2 75 22.3 41.0
Malabar-27 7.0 43.4 34
OP-N-19 7.6 31.8 34.6

the key constituents, which determine the
Havour of cardamom oil. The ratio of these
constituents determines the overall flavor
note of cardamom oil. 1, 8-cineole imparts a
camphoraceous note and «-terpinyl acetate
imparts sweet floral note. 1, 8-cineole content
among, the accessions varied from 22% to
43%. a-Terpinyl acetate content varied from
26% to 43%.

Ginger

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
and 515 had crude fibre content below 2.5%

Table 35. High quality ginger accessions

Accession il Oleoresin - Crude fibre
(%) (%} (%)
Acc. 428 L6 30 3.0
Acc.512 1.3 53 43
Ace. 555 20 49 5.7
Ace. 558 1.5 4.6 6.5
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and accessions 195, 452, 476, 486, 535, 551,
555 and 558 contained more than 5% crude
fibre. It was observed that accessions with
high oleoresin contained more crude fibre.
Accessions 176, 184, 297, 468, 507 and 531
had more than 40% zingibercne, the main
constituent of ginger flavour in the oil. Acc.
486 contained highest limonene and linalool
n the oil.

Ginger collection from Achankovil area (Acc.
652} contained 3.2% oil with 39.5%
zingiberene, 11% geraniol and 5.1%
himonene. Acc. 653 contained 3% ol with 44%
zingiberene, 23.8% geranicl and 7.1%
limonene. The oil profile of these accessions
are remarkably different compared to regular
ginger accessions. Contrary to yellowish tinge
of regular ginger oils these accessions had
colorless or white o1l

Turmeric

Among the 400 turmeric accessions evaluated
for quality Accs. 124, 201, 227, 264, 295, 435,
544, 547, 548, 575 and 593 had more than
12% olcoresin. Only three accessions Acc.
240, 592 and 593 contained 5.5 % curcumin.
Acc. 103, 114, 324, 4173, 422, 540, 547, 548
and 575 had more than 5% essential oil.

Cassia

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

Final Report

1. Harvesting and processing techniques in
spices

(P. Heartwin Amaladhas, T. fohn Zachariah
and A. Kumar)

Objectives

*  To survey the indigenous technologies
followed in drying and processing of
varlous spices.

* To compare the quality aspects of spices
processed by tradifional 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 death time characteristics
of wilt causing bacteria in ginger and
development of heat treatment unit.

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

* Ta develop a cleaning and grading
system for black pepper.

Dehydration
Mace and nutiieq

Hot air drying in agricultural waste fueled
dryer and hot sand drying methods were
followed to dry mace and nubtmeg. In hot air
drying, the temperature was maintained in
the range 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 nutmeg 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 tueled stove and mace
and nutmeg were spread over it. Itis one of
the traditional methods followed for drying
of nutmeg where the sand bed provides a
continuous 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 blanched 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
14898 mg/100g and 182.23 mg/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 tobe highest
in over ripe sample because of its low
moisture content at the time of harvesting.
Drying of P. chaba in hot air at 60 to 65 °C at
three stages of maturity 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,.

Cassia

Effect of sun drying and hot air drying (50
%C) 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 moisture content,
volatile oil, oleoresin and Iycopene 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 steam
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at 46 and 51 YC for 15 min and 30 min, for
standardizing optimum conditions for
tfreatment. 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. Acrated steam
treatment at 51 °C for 15 min was most
effecive in controlling the disease.

Development of black pepper thresher

Two models of black pepper threshers {drum
type and funnel type} were developed in
collaboration with Tamil Nadu Agricultural
University (TNAU), 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. Heartwin 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, [15R
Shakthi, Panniyur and Karimunda were
determined. The dimensions, sphericity
and berry/spike ratio was highest for
Panniyur, while 1ISR 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 found to be
36.4%, 32.3% and 33.3% for IISR
Shakthi, Panniyur and Karimunda
respectively.

Sun drying, which tock 4-5 days, also
resulted in a higher dry recovery for P-
24. However, 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 efficlency
of 99.6% (Fig. 13).

Fig. 13. Black pepper thresher
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* Thecieaner-cum-grader developed by the
legd centre was evaluated for its
cffectiveness at different rpm.

* Torefinc the existing method ology for the
production of white pepper, pit method
was found to be more advantageous with
less water requirement and less pollution
retting method. The method consisted of
placing the berries in polybags at 60 ecm
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. John Zachariah, B. Chempakam, N. K.
Leela and S. Devasahayam)

¢ 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% cfficiency with an approximate
cost of Rs.15,000/- was identified as the
most ideal one.

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

e The main microorganism involved i
white pepper fermentation was iden tified
as Buacillus swbitilis,

e A zecro encrgy chamber was fabricated
to store fresh ginger. Fresh ginger stored
in a wooden box in the chamber showed
weight reduction of anly 23% compared
ta 39% in wooden box alone and 50% in
open condition.
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Storing dry ginger in PET jars with leaves
of Azadiracta indica, Glycosmis
cochinchinensis  and  Clerodendron
infortunatum 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 more
fruity and sweet aroma. However, GC
profile of the two reveal that super critical
extraction reduces recovery of many low
boiling compounds.
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V1. 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. Thaunkamani, P. A. Mathew, K.
Kandiannan and S, J. Ankegowda)

Black pepper 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 grafts and nutmeg grafts (6000) were

produced and distributed to farmers and  Fig. 14. Production of nucleus planting material of high

cther agencies yielding black pepper vanelies
U cl .
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VIL. Mega Project: Identification, characterization and development of diagnostics against
pests, pathogens and nematodes of spice crops

(Project Leader: M. N. Venugopal)

1. Investigations on stunted and phyllody
diseases of black pepper

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

Three districts of Karnataka (Dakshina
Kannada, Hassan and Uttara Kannada) and
four districts of Kerala (Idukki, Kannur,
Kasaragod and Kozhikode) covering 216
black pepper gardens were surveyed for the
presence of stunted 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 District of Karnataka
showed the presence of the disease. In Hassan
District, Belur Taluk had a higher discase
incidence compared to other taluks surveyed.
In general discase incidence and severity was
higher in black pepper plantations situated
at higher altitudes of Kerala. Two major
disease symptoms were noticed in the areas
surveyed. Typical symptoms of stunting such
as mosaic mottling on leaves, reduced leaf
size, brittle leaves, reduced internodal length
leading to stunting of the whole plant were
the most prominent symptoms observed in
majority of the black pepper plantations in
Idukki and Wyanad districts of Kerala. 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
observed in most of the diseased vines.
Masking of symptoms (especially in older

feaves) during monsoon and winter months
were seen in many of the affected black
pepper vine. Symptoms were best exhibited
in the affected plant during March to May.
Allcultivars and improved varieties including
hybrids were found susceptible to the
diseases. Vines of all ages raised on all kinds
of standards were also found affected by the
diseases. Among the several weeds found in
and around black pepper plantations, a few
of them showed typical viral like syinptoms,
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 specifically associated with
diseased vines (Table 38).

Table 36. Incidence of viral diseases of black pepper in
various districts of Karnataka and Kerala

State /District  Range ol incidence  Mean inadence
of disease (%) (%)
Karnatoka
Dakshina Kannada Q a
Hassan 0-20 52
Uttara Kannada -2 04
Kernln
Idukka 0-78 204
Kannur 242 19.5
Kasaragod 0-53 18.9
Kozhikode 0-33 10.7

When the collected isolates were subjected to
direct antigen coated (IDAC) ELISA using
antisera to different viruses, majority of the
isolates reacted with antiserum to either CMV
or banana streak badnavirus (BSV) while a
few of the isolates reacted with both the
antisera indicating the involvement of two
viruses belonging to the genera Cucimovirus
and Badnavirus in the disease. Majority of the
isolates from Idukki and Wyanad districts of
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Table 37. Weed [lora with viral like symptoms in the plantations surveved

F;miiy Genus/species
Amaranthaceae Amarantfins viridis

Araceac Colocasia esculanta (L) Schott
Asteraceae Agerahint conyzoldes

Chromoliena odorata (L.y RM. King & H Rob

Sonchus oleraceaus L.

Synedretla niodiflora (L) Gaerin
Euphorbiaceae Enplorba gemenilata
Lamiaceae Lewicas aspera (Willd JLink
Oxalidaceae Oxalis cormctinta L.

Rubiacene Knoxu corymbosa Willd,

Symptoms observed

Yellowing, dark pin head size lesions on leaves
Masaic

Yellow mosaic and leaf curl

Leal curl

Mosaic

Leaf curl and stunting of plant

Leaf curl

Marginal leaf curl

Leaf curl

Leaf curl

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

Famlly Genus/species

Aleyrodidae Bermsia tabaci (Genn)

Aphididae Toxoptera aurantin (B.de F.)
Pseudococcidae Planococeus sp
Draspididae Lepidesaphes pueris Green

Phlaecthripidae Liothrips karnyi Bagn.

Chrysemelidae Longifarsus migripeming Mots
Tortricidae Cydia hemidoxa Meyr

Geometridae Synegia sp.

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

The black pepper isolate of CMV maintained
on Nicotiana benthamiana was transmitted
from diseased to healthy N. benthamiana
plants using the aphid, Pentalonia nigronervosa
with five minutes acquisition access and 12
h inoculation access periods. The mnoculated
showed typical symptoms of the discase
within 15 days after inoculation.
Transmission studies from infected black
pepper to healthy black pepper using P.
nigronervess and another aphid species found
colonizing black pepper i.e. Toxoptera miruntii

are underway. Similarly, transmission of
badnavirus from discased to healthy black
pepper using root mealy bug (Planococcus sp.
and P. cifri are also under progress.

2. Investigations on spike shedding of
bfack pepper at high aititudes

(M. Anandaraj, M. N. Venugopal, K. S.
Krishnawmurthy, V. Srinivasan, K.
Kandiannan, R. Ramakrishnan Nair and S. |.
Ankegowda)

Etiology and management of spike shedding
in black pepper

Observations recorded on severity of spike
shedding in various crop combinations, input
management and light profiles indicated that
the incidence varied from 9% to 87% in
different field situations. Highest spike
shedding was noticed in the rainfed blocks
and heavily shaded conditions (Table 39).

Epidemiology

Monitoring of disease in Panniyur-1 under
different field conditions revealed that
incidence commenced in the fourth week of
June and reached its peak during August.
The infection synchronized with the
production of new flush and delayed
emergence of spikes. Anthracnose infection
declined after recession of monsoon and
maturity stage of leaves and spikes. The spike
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Table 39. Anthracnose incidence in different cropping system

Location Situation /Crops

Disease index Spikeinfection

Spike shedding

Fallen spikes

on laterals (%) (%) (%) (%o}

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

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

*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 fungicides were tried
as foliar spray in twelve separate treatment
combinations. Bordeaux mixture (1%) was
superior over other fungicides and biocontrol
agent (P. fluorescens) 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. fluorescens as spray and
drench during premonsoon and midmonsoon
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 fungicides like Carbendazim,
Hexaconazole, Mancozel, Zineb and 0.5%
Bordeaux mixture (Table 40).

Field reaction of pepper to anthracnose

Anthracnose infection was recorded in 11

varieties and 14 popular cultivars. Among
the varieties Panniyur-5, Panchami and
Subhakara showed field tolerance to
anthracnose infection and Panniyur-1 and 3
were highly susceptible. Among 14 cultivars
Chomala, 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 February 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
mutual shade {4656.9 lux) in silver oak with
pepper were recorded. Amount of light
intercepted by silver cak 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
{(Erythrina 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 under mutual shade of shade
free with pepper was only 5%. 97.8% of the
flowers in Panniyur-1 showed bisexual status
under irrigated and exposcd conditions
compared to only 3.9% bisexual flowers in
rain fed and heavily shaded conditions.
Predominance of fernale flowers and lack of
pollination in the rain fed, shaded and
delayed emergence and anthracnose
infection are the major reasons for spike
shedding in high altitudes (Table 41).

Effect of phytohormones, potash, zinc and
boron on spike shedding

Phytohormones like NAA (50 ppm), GA (20
ppm) and kinetin (BAP 20 ppm), potash, zinc
and boron were tried to study 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/
Im canopy height of canopy, total mean
green yield and number of spikes to make 1
kg (Table 42).
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bpact 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 irrigation was started in March 4
to 2 week of April and continued up to mid
May. Irrigation had tremendous impact in
enhancing carly spiking, maturity of laterals,
high percentage of bisexual flowers and better
setting compared to rainfed blocks of
Panniyur-1 in respective locations (Table 43)

Causes for spike shedding

Based on the above studies it is concluded
that predominance of female flowers and
lack of pollination under unregulated shade,
delayed emergence in rain fed conditions,
synchronization of flushing at vulnerable
stage of crop to anthracnose infection are the
main reasons for spike shedding in high
altitudes.

Table 40. Effect of fungicides and Psendomonas fluorescens on anthracnose incidence

Treatment Disease index Yield/plant No. of
(%0) {kg) green spikes/kg
1¥ round I round

Bordeaux (1%) Bordeaux (1%) 29 3.00 144.0
Bordeaux (0.5%) Bordeaux (0.5%) 34 2.16 177.5
Bordeaux1% Hexaconazole 30 2.10 158.3
Hexconazole Hexaconazole 27 2.00 156.3
Hexaconazole Bordeaux (1%) 19 2.20 1588
Carbendazim (0.2%} Carbendazim (0.2%) 18 2.30 151.0
Mancozel» {((.25%) Carbendazim (0.2%:) 23 2.00 158.8
Carbendazim {0.2%) Mancozeb(0.25%) 26 2.20 1468
Mancozeb (0.25%) Mancozeb{(.25%) 23 2.20 168.3
Zineb(0.25%) Zineb {0.25%) 29 1.70 164.8
P. fluiorescens P. fluorescens 35 2.34 171.0
Potassium phosphonate Potassium phosphoenate 29 1.80 1515
Control &1 0.78 1498
CD (< 5%) 0.23 13.11
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Table 41. Bisexual flower status in Panniyur-1 under different exposure levels

Treatment Light availability Bisexual flowers (%)
Panniyur-5 10,000 - 12,000 lux 100.00
Panniyur-1, 70% shade 6,547 lux 718
Panniyur-1, heavy shade 3,280 Jux 39
Panruyur-1, Arabica coffee exposed 9,000 - 10,000 lux 83.57

Management

Irrigation of black pepper vines 4-5 times at
an interval of 5-7 days @ 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 shedding in high altitudes. The
irrigation coupled with recommended
phytosanitary, prophylactic and nutrition
management practices are necessary 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 microbial population on
rhizome upon solarization

Chariges in tetal microbial population

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

count technique was done immediately after
solarization. One hour of rhizome
solarization for 1 h and 2 h has recorded a
thizome 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 solarization. It is also interesting to
note that 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 specific microflora on/in rhizomes

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 rhizome temperature
recorded were 39.6°C and 50.0°C after one
and two hours respectively. Surface washings
and vascular extracts obtained from the
solarized and unsolarized rhizomes were
subjected to serological assay for detection of

Table 42. Effect of hormenes and nutrients on spike shedding and green vield

Treatment Weight (kg)” Spikes/1m canapy Spikes/1kg Spike sheddmng (%}
NAA 15.81 550 146 9
Kinetin 14.81 494 ibo 12
GA 15.04 557 161 10
NAA+GA+kinetin 13.60 551 152 12
NAA+GA+kinetin +K+Bo +Zn 153 522 146 "
MOP+Zn+Bo+NAA 19.0 705 140 8
MO 208 742 150 7
Zn+DBo 15.0 h51 147 12
Control 119 464 183 19

*Green berries
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Table 43. Impacl of rrigation on spike shedding

Location Crop combination
Hosaker Coffee” + Pepper
Hosaker Colfee* +Pepper
Sandalkad Coffee*™ + Pepper
Sandalkad Colfee*™ + pepper
Halery Coffee” + Pepper
Halery Coffee** + Pepper
Halery Cardamom + Pepper
Boikert Coffee* + Pepper
Boikeri Cuflee** + Pepper
Botikert Coffee™ + Pepper
Boiken Cardamom + Pepper
Ashoka Cardamom + Pepper
Ashoka Cardamom + Pepper
Ashoka Coffee** + Pepper
Ashoka Coffee™ + Pepper
Ashoka Coffee* + Pepper
Udathmotte Coffee* + Pepper
Udathmotte Coffee* + Pepper
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Situation Spikes/m canopy
Irrigated 236
Rain fed 50
Irrigated 143
Rain fed 39
Irrigated 114
Rain fed 63
Rain fec 3%
Irrigated 194
lrrigated 71
Rain fed 48
Irrigated 128
lrrigated+Shade 19
lrrigated+Shade 9
[rrigated+Partial shade 3
Rain fed regulated shade 464
Rain fed 14
Irrigated 212
Rainfed 128

*Robusta ; ** Arabica

R. solanacearum using 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
reaction could be noted only from three
locations namely, Kenichira, Poothady and
Pulpally as their absorbance values are more
than three fimes of that of negative control
value. Interestingly extracts obtained from 2
h solarized rhizomes tested negative for R.
solanaceartm in these locations. The result
clearly indicates that the rhizome

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

Development of rhizome bacterization

In order to develop a suitable rhizo-and endo
bacterial consortium for management of
bacterial wilt in feld, systematic isolation
experiment was carried oult to isolate resident
bacteria from ginger. The endophytic bacterial
isolates were isolated from ginger
pseudostem. Briefly, cut ends of surface

Table 44. Changes in microbial popuiation of ginger rtuzome upon rhizome solarization

Time of Duration of Rhizome *Percent reduction over contro!
solarization  solarization temperalure Bacterial pupulation Fungal population
{(hy (°CH Surface Vaseular Surface Vascular
0.00 0 27.6 - - - -
Yto 10 am 1 39.6 55.9 736 49,1 66.6
Gto 1lam 2 50.0 84.2 920 79.7 g1.5

*Mean of six focations
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Table 45. Changes in the population of Ralsfona solanacearim in ginger thizomes during thizome solarization as

detecled by DAS-ELISA

Time of Duration  Rhuzome A 405 Values*
solarization  of solariza- tempe-

tion (h) tion(?C) Vadakkanad Poothady Kenichira Beenachy Ambalavayal Pulpally
0.00 0 27.6 0.02 0.01 0.34 0.037 0.01 0.81
9to 10 am 1 39.6 0.02 0.0 0.0 0.m 0.68 0.35
9to1lam 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 nmn 1 h after adding the substrate 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
°C for long-term preservation as glycerol
stocks

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

Twenty bacterial isolates obtained from
bacterial repository was evaluated against R.
solanacearum in vitro. Of the twenty isolates
screened, 8 are found to inhibit the colony
development as indicated by their reduced
colony size, morphology as well as
accumulation of green pigments. Isolates
IISR-10, IISR-15, HSR-26, 1ISR-38, 1ISR-40,
[ISR-44, 1I5R-51 and II5R-526, were found
promising against R. solanacearwm in vitro.

Screening of ginger germplasm for bacterial
wilt tolerance

Ten short listed germplasm accessions were
further screened by soil inoculation method
using two different concentrations of K.
solanacearum and rhizome inoculation
method.

None of the accession could survive at a
concentration of 10% where all the plants
succumbed to wilt within three weeks of
inoculation.

However, at a concentration of 10° <" there
were some surviving plants. When observed
for rhizome intactness, all the ginger
accessions were found rotting and only the
periderm could be seen.

Detection of Ralstonia solanacearum wusing
PCR and ELISA

Collection and characterization

Isolates from Ambalavayal, Madakeri,
Kothamangalam, Kotappady, Peruvanna-
muzhi etc. were added to the repository. The

Table 46. Changes in the population of Ralstonia solanacearim in vascular tissues of ginger rhizomes during rhuzeme

solarization as detected by DAS-ELISA

Duration Rhizome
of solariza- tempe-

Time of
solarization

A 405 Values*

tion(h) tnon(®C) Vadakkanad [Poothady Kenichira

Beenachy Ambalavayal Pulpaliy

0:00 0 27.55 0.039
900 to 10:00 1 396 0.013
9:00 to 11:00 2 503.0 0.009

Negative control

0.117 0.020 0.023 0.015 0.440
0.007 0.003 0.045 0213 0.200
0.002 0.012 0.031 0.036 0152

0.035 0.282

* Mean of two replicates, Absorbance was read at 405nm 1 hour after adding the substrate solution
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present strength of the collection is 40.

Amplified Ribosomal DNA Restriction
Analysis (ARDRA) technique using primers
designed from 16 s IDNA and 16-23 s rDNA
intergenic regions was standardized for
bacterial strain characterization. RFLP using
Msp 1 of 16 s rDNA did not produce much
polymorphism. However, the technique was
found to differentiate the biovars of the
bacterium when using restriction enzymes
Msp 1 or Sau 3A-T to restrict the amplified
hyper variable intergenic (16-235) sequence.
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A band with size of 290 bp was found to be
specific for Biovar 3 of R. solanacearum
irrespective of host origin whereas a band
with 210 bp was found to be specific for
biovar 2 R. solanacearum from potato when
the amplified intergenic region was restricted
with 5au 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 TDNA of biovar 2
was amplified which was absent in biovar 3

isolates of different host including ginger.

Table 47. Details of endophytic bacteria isolated from ginger pseudostem

Sl No SampleiD Source

Colony chavacteristics

1 GEB-1  Healthy pseudostem

2 GEB-2  Healthy pseudostern

3 GEB-3  Healthy pseudostern

4 CEB-4  Healthy pseudostem

5 GEB-5  Bacierial wilt affected pseudostem

6 GEB-6  Bacterial wilt affected psendostem
GEB-7  Bacterial wilt affected pseudostem
GEB-8  Baclerial will affected pseudosiem

9 GEB-9  Baclerial will affected pseudostem

10 GEB-10  Bacterial wilt affected pseudostem

1 GEB-11  Bacterial wilt alfected pseudostem

12 (GEB-12  Bacterial wilt alfected pseudostem

13 GEB-13  Bacterial wilt alfected pseudostem

14 GEB-14  Baclenal wilt affected pseudostem

15 GEB-15  Healthy rhizome

16 CEB-16  Healthy pseudostem

7 GEB-17  Healthy pscudostem

18 GEB-18  Heallhy pseudostem

19 GEB-12  Healthy rhizoplane soil

20 GEB-20  Healthy rhizosphere soil

21 GEB-21  Healthy ieaf

Pink, smail, irregular, raised, opaque, entire colenies
White irregular, raised, fluidal, entire eclonies
Reddish brown, round, raised, opaque, entire colonies
Dark red, circular, raised, opaque, entire colonies

White colonies with red centre, fluidal, irregular, raised
calonies.

White colonies with brown centre, fluidal, opaque,
irregular colonies

White fluidal colonies with pink centre, irregular, fluida)

Dark red, round colonies with yellow border, fiuidal
colonies

Dark pink, irregular, raised colonies with white border,
fluidal colonies

Dark brown colonies with white border, ivregular,
flat colonies.

White irregular colonies with red center, fluidal, entire
colonies

White, slightly fluida} colonies with brownish red center,
feen in rings

Dark red round, raised, entire colonies.

Dark red colonies with orange border, irregular, raised
colonies

Cream, irregular, raised, fluidal colonies

Pink colonies wilh white border, circular, raised, fluidal
colonies

Brownish red, irregular, [lal, opaque colonies

While colonies with pale red center, slightly fluidal
colomies

Red, opaque, flat colonies with creamish border
Brownish red, fluidal, raised, opaque, irregular colonies

Cream, yregular colonies with light pink center, fluidal
colonies
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Survival of R. solanacearunt in soil

Serological assay was conducted to detect R.
solanacearum 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.
Discase 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.

Dvtection of Ralstonia solanacearum in naturally
tnfected rhizomes

Mature ginger rhizomes were collected from
six different bacterial wilt affected fields of
Wyanad (Ambalavayal, Poothady, Pulpally,
Kenichira, Vadakkanad and Beenachy).
Among the different samples, positive
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
value.

4. Studies on fungal and viral diseases of
ginger

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

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

A survey was conducted to study 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, stored ginger samples and field
samples (at the ime 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 economit 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 on etiology and disease development

A pot culture study was conducted with
artificial inoculation of Pyfliunt myricfulim,
Macrophomina phaseolina and  Fusarium
oxysporunt individually and in combination.
Fungicides such as, carbendazim (0.29%),
carbendazim-mancozeb (0.2%), metalaxyl-
mancozeb {(0.2%) and mancozeb (0.2%) were
given individually and along with insecticide
dimethoate as differential trcatments to
control the infection due to these fungi.
Fungicides were given as seed treatment and
soil application at the time of sowing. The
treatments were repeated thrice. First soil
application was given at the time of sowing,
and further applications at one month
interval from the time of germination. From
the experiment it was found that Fusarium
sp. or Macrophonina sp. as such were not
pathogenic to ginger under our field
conditions. Only Pythium was found to be
highly pathogenic causing sott rot disease.
But when the pathogens were inoculated
together, there was a decrease in the
incidence of soft rot. This may be duc to the
mutual antagonism existing among the
pathogens.

Among the fungicidal treatments, Metalaxyl-
Mz was found highly effective in controlling
the disease caused by Pythium sp. followed
by dual application of Metalaxyl-Mz and
dimethoate. Application of dimcthoate 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 Mimigrella sp., seed treatment
with a systemic insecticide was found useful
in reducing the disease incidence. Hence
application of dimethoate (0.2%) along with
Ridomil-Mz (0.125%) was found promising
in controlling soft rot caused by Pythitnr sp.

Screening germplasm accessions for soft rot
and dry rot disease

Two hunred germplasm accessions 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 fe. 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 (morc
than three times the weight of seed. Three
accessions namely, Accs. 261, 269 and 274
were found moderately tolerant to soft rot in
preliminary screening. This has to be
confirmed through secondary screening. 70
accessions were found susceptible to
Macrophemina infection.

Management of dry rot disease

Field trial for the evaluation of dry rot disease
of ginger 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 sowing 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.
Observations on dry rot disease incidence
were taken two weeks after harvest. The
disease incidence was found to be less than
1% and all the treatments were at par with
each other (Table 48).

The fungus Macrophomina phaseolina appears
only during the storage period in the rhizomes
following the damage of the rhizomes by
mechanical means. The fungus is found to
be non-infective to the crop under normal
field conditions. Therefore soil application of
the chemicals or biocagents are not required
for reducing the incidence of dry rot disease.

Recording incidence of streak virus

153 out of 659 germplasm accessions
maintained in [ISR farm Peruvannamuzhi
showed the symptoms of chlorotic leaf streak
virus. Rest of the accessions did not show any
visible symptoms under 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 viral diseases found in many
of the plantations. The incidence of mosaic
disease varicd from 0 to 5% while that of
necrosis varied from 0 to 10%. Maximum
incidence of mosaic disease was recorded at
Adimali under Idukki District of Kerala while
many locations surveyed both in Karnataka
and Kerala were free from mosaic disease.
Similarly, maximum incidence of necrosis
disease was observed at Nellipoyil village
under Kozhikode taluk of Kerala and many
plantations surveyed did not show the
presence of necrosis disease. Both the diseases
were noticed in all ages of the crop.
Arecanut, cashew, gliricidia, erythrina and
forest trees were the live standards found in
areas surveyed and vanilla was grown under
natural shade in these plantations. Both
mosaic and necrosis diseases were found 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
visible on the younger leaves (Fig. 15).
Various 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 1s also
associated with leaf distortion giving wavy
margin to the leaves. The size of the leaves
also gets reduced and in advanced stages
leaves become brittle and show severe
crinkling with tomn areas on the leaf lamina.
The necrotic lesion on stem and leaves was
the other kind of symptoms found in many



Fig. 15. Virus infocted leaves of vantlla

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 [ower 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 Carlavirus, Potyvirus and
Closterovirus 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. Eilect of soil application of chemicals and
bioagents in controlling dry rot diseases

Treatments Yield  Dry rot
{kg fresh  inciden-
wl.) ce (%)
Potassium phosphonate (0.3%) 3160 0.06
Carbendazim (0.2%) (Bavistin) 4045 0.12
Trichoderma harzigine (500 g/ bed) 4530 1.69
PCPR IISR-51 (48 h old culture
in nulrient broth diluted 10 imes
and appled @2 1/bed 3365 0.56
T harzannn (B00 g/bed)+ PGPRISR-51 3195 0.75
Phorate {(No seed treatment, mﬂy
sl application @ 100g /bed) 2885 0.51
Carbendazim+ Phorate 3345 000
Akomin+ Phorate 3335 0.00
Copperoxy chlorice(0.2%)(COC) 4103 0.00
Bordeaux mixture 1% 4700 0.00
COC(0.2% +Phorate 3845 0.00
BM+ Mhorate 4220 0.00
Control (No lreatments) 5555 0.72
C.D. (p=0.05) 1275

also reported from Malappuram and
Moovattupuzha arcas. 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 imumature beans
which otherwise will remain attached to the
beans till halt way through maturity. This
was followed by vellowing and premature
bean shedding. The disease was found to be
stress related. The maximum temperature
recorded during this period was 357 C and
the minimum relative humidity 45%.
Laboratory studies conducted with the
affected beans revealed the association of
Colletotrichunt glovosporioides. The fungus was
isolated invariably from almost all the samples
collected from various localities. High
ternperature and very low relative humidity
prevailed during February to May lead to
severe stress which in turn predisposes the
plants to mnfection by C. gleosporioides.
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In vitro evaluation of fungicides against C.
gloeosporioides

Six different fungicides namely carbendazim
(Bavistin}, mancozeb (Indofil M45), zincb
(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. ¢locosporioides of
vanilla. Thiophanate methyleven at very low
concentration ie 100 ppm was found to be
highty 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 discases
under 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%), Bordeaux mixture 1% and
carbendazim-mancozeb (0.2%) were used.
Quinalphos 0.05% was sprayed to all the
treatments uniformly. 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 Ritizebacteria maintained
in the repository of IISR were tested under in
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vifro conditions to evaluate their efficacy in
controlling C. glocosporioides causing
premature yellowing and bean shedding. Two
isolates namely [ISR-152 and IISR-909 were
found highly promising,.

6. Investigations on nematodes associated
with spices

(Santhosh |. Eapen)

Genetic diversity in nematodes

DNA isolation by CTAB-5DS method from
both M. incognita and R. similis was
standardized. Attempts were made to
amplify 18 s IDNA 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.

*  Tostudy the inter-relationship with other
viruses.

Table 49. In vitro effect of fungicides on Collefotrichum sp. (% inhibition)

Fungricides

Per cent inhibition at different concentration of fungicides {in ppm)

50 100 250 500 1000 1500 2000
Copperoxy chloride 0.00 8.94 51.30 93.00 100.00 100.00 100.00
Carbendazim-mancozeb 81.79 80.90 88.00 89.70 91.84 95.39 100.00
Carbendazim 92.63 04 .86 100.00 100.00 100.00 100.0C0 100.¢0
Metalaxyl-mancozeb - 21.70 52.36 77.80 82.59 86.97 9145 100,00
Mancozeb 7.89 11.18 13.42 15.78 23.94 55.00 7373
Bordeaux mixture 10.78 17.50 28.28 50.78 100.00 100.00 100.00
Thiophanate methyl 96.83 100.00 100.00 100.00 100.00 100.00 100.00
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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 Karnataka indicated
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 mixed 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 Pentalonin nigronervosa
f. caladii population in different months
revealed that aphids exist throughout the
year; population starts building up 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 virus - vector relationship

Transmission studies showed that kokke
kandu is transmitted by P. nigronervosa f.
cgladii. 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. caladii, indicated that 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 transfer. The above
studies with different periods of acquisition
feeding, transmission feeding, post acquisition
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starvation and serial transmission clearly
revealed that kokke kandu virus can be grouped
under semi persistent type.

Mechanical transmission

Mechanical transmission was tried with
borate buffer (pH 8.0) and potassium
phosphate buffer (pH 7.5) using combination
of antioxidants and abrasive. Totally six hosts
namely Nicetiana tebacum var. Harrison
special, N. tobacum var. Samson, N. tobacum
var. Whiteburly, N. glutinosa, Physalis sp. and
Elettaria cardamomum (CCS-1). No
mechanical transmission was observed in any
of the tested hosts.

Etiology
EM studies

Crude and clarified sap, squash preparations
from different host parts like leaf, leaf sheath,
root and young capsules were observed under
EM for detecting associated virus particles.
Similarly partially purified and purified
preparations 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 kandu virus
was studied by using antiserum prepared
against PVY (potato virus Y), HMV (henbane
mosaic virus), CABMV (cowpea aphid bome
mosaic virus), SCMV (sugarcane mosaic
virus), PRSV (papaya ring spot virus), BBTV
{banana bunchy top virus), GBNYV
(groundnut bud necrosis virus), WSMV
(watermelon 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.

Management 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 fleld
situations like (i) isolated plantations (ii)
replanted plantations in infected zone and
{iii) replanted plantations lying in contiguous
with infected plantation. The cumulative
removal of new infections in 1995 varied from
0.28% to 3.28% in different experimental
blocks. In three isolated plantations, no fresh
incidence was recorded even after two years
of rouging the initial infected plants. These
results confirmed the previous findings;
wherein roguing was indicated as viable
strategy in containing the virus spread
particularly on community basis in each
location. Further, to refine disease
management package, many inputs from
other aspects of disease management and
reducing vector population were tried. This
package included training to field staff 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 virus sources through
periodical inspections, detection and
elimination.

The above integrated package was tested in
five plantations located in hot spots of katte
{mosaic) and kokke kandu infections. This
approach helped in reducing the spread of
both viral 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 morphotypes, 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 one selection
[clonal selection 893 (APG-244)] was found
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less susceptible to the disease with 33%
infection compared to 100% infecton in Jocal
check.

Externally Funded Project

1. DBT: Molecular characterization of
viruses causing stunted disease in black
pepper and development of PCR based
methodology for their detection

{A. Ishwara Bhat and R. Suseela Bhai)

Amplification of coat protein gene of
cucumber 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- PCR was performed in the same
tube without any buffer changes in between.
The primer pair designed from the CFP 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°C. RT-PCR was successful in amplifying
the CMV coat protein gene from black 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 (Stratagene, La
Jolla, CA, USA) and the purified products
were later on subjected to polishing with Pfu
polymerase and dNTP mix. The resulted
product was then cloned in to pPCR Script
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Amp (SK+) Vector asing pPCR Script Amp
(SK+) Cloning Vector Kit. The E. coli cells
{DH5p) were transformed with the ligated
product using standard molecular biotogy
procedures. Positive clones were identified by
restriction digestion of DNA isolated for each
of the clones and also through PCR using
CMYV CP specific primers.

Sequencing of the clone

Selected positive clones were sequenced at
Avestha Gen Gaine Technologies Pvt. Litd,,
Bangalorse India. The sequenced region
contained a single open reading frame of 657
bases that could 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 iscolates belonging to both
the subgroups from different hosts and region
including India at the nucleotide and amino
acid levels {Fig. 16). Multiple seguence
alignments were made using CLUSTAL W.
Sequence phylograms were constructed using
PHYLIP package (Bootstrap analysis with
1000 replicates), and rooted trees were
generated Tsing TREEVIEW software.

Cluster dendrogram revealed that black
pepper isolate was most closely related to
members of subgroup 1 isolates. The coat
protein gene of black pepper isolate shared
89 to 95% identity with various isolates of
MYV belonging to subgroup [ while per cent
identity ranged fram 75 to 76 with 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 I and from 77 to
79% identity with members of subgroup 11
An identity of >95% were observed with the
available coat protein gene sequences of
CMV isolates from India both at nucleotide
and amino acid level. So far no sequences of
CMV subgroup {1 is available from India. In
general, coat protein amino acid sequence
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ATGGACAMTCTGAATCAACCAGTGCTGE TCGCARCCGTCGACGTCGTCCGCEGTCGCGETTCCCRGCTCCG
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When the isolates were
subjected to ELISA,

CTTCCTCCTCCRCGGATGC TACATTTAGAGT CCTGTCECARCAGCTT TCGCGACTTAATAAGACGTTAGS 140 o .
& 8§ S AR D AT TRV L S Q0L & R LHNTZEKETTIL A 47 majorltyofthelsolates
reacted i
AGCTEETCGTCCTACTATTAACCACCCARCCTTTGTGEGTACTGAGCGCTGTARACC TGGATACACGTTC 210 elth(?r ) to
A G R P T I KEUPTT FV 6 S ERCZEKTPGTYTTF 70 Cucumbermosaicvuus
ACATCTATTACC CTGRAGCCTCCGAAAATAGACAAAGGGTCT TATTATGG TARMAGATTGTTACTTCCTG 280 (CMV) or Banana
T § I T L K P ? KI DXKG S5 T Y G XRTLILLZPD 94 StfeakVirus(BSV)
ATTCAGTCACTGAGTTCGATARGRAGCTTGTTTCCCGCATTCARATT CGAGTTARTCCTTEGCCGARATT 350 indicatin g the
R I R Y H ® L P K F 117 ;
s v TETFDIKZEKTELV S I Q involvement of at least
TGATTCTACTGTGTGGETGACAGT CCGTAAMGTTCCTGCCTCCTCGGACTTGTCCGT TTCCGCCATCTCT 420 tWO Viruses Wlth the
D §S T VvV WV TV RUEKEUY P A IJ 3 DL 3 V 3 AT R 140 A
stunted disease of black
GCCATGTTTGCGGACCEAGCCTCACCAGTACTGETTTATCAGTATGCCGCATCCGAAGTCCARGCCAACA 490
A M P ADGAGS PV LV YGQZYAMAT S GV QATSNTHN 164 pepper.
ATARATTGTTGTACGRTCT TTCEOGTAATGCGC GCTGATATTGOTGACATGAGARAGTACGCCGTELTCGT 560 CMV isolated from
X L L ¥ pD L 3 ¥V M R A D I G D M R K X A V L V 187 .
naturally infected black
GEATTCAAAAGACGATGCGC TCGAGACGRATGAAL TACTACTTCATGTCRACATTAAGCACCARC GTATT 630 ]
Yy 8 R b D ALETODTETELTYTLEVYTDIZEHES® QT RI 210 popperwas_prgpa
gated on Nicotiana
CCCACTTCTREAGTGCTCCCASTTTGA 657 i
P T 8 G VL BV < 218 benthamiona and N.

Fig. 16, Coat protein gene sequence (shown as DNA) and deduced amino acid
sequence of cucumber mosaic virus infecting black pepper

identity among subgroup [ isolates of the same
geographic area is much higher than that
between isolates of different area. The
sequence homology of coat protein gene
ranges between 96.3% and 99.5% within a
subgroup and between 76.0 and 77.5% for
isolates 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 I.

2. ICAR: Identification and development
of diagnastics 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 Kerala and ten isolates of Piper longum
showing mosaic mottiing symptoms coupled
with stunting of entire plants and eight
isolates of P. colubrinui showing mild mottle
symptoms were collected. All the collected
isolates are being maintained under insect
proof glass house through vegetative
propagation.

glutinosa were used as
the source for virus

o purification. Virus
purification was done using the modified

protocol of Lot et 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 procedure 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
six times at 10 day intervals. On each
occasion, 500 gl 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 polyclonal antiserum by affinity
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Table 50. Delection of Cuciimber mosaic virys (CMV) by double antibody sandwich (DAS) ELISA* i black pepper and
other Piper species from different regions

{sulate A value” tsolate A, value®
Karnataka State
Hassare Dhstrict Sample 4 276
Bantana hatli 043 Sample 5 2.00
Belur 0.57 Sample & 0.76
Madikeri Dustrict Sample 7 0.71
Dalale 0.32 Sample 8 0.57
Kodiepet 0.78 Sample 9 0.51
Mayamudi 0.37 Sample 10 0.35
Polibetta 0.41 Sample 11 0.33
Udupi District Sampie 12 (.30
Jdu 0.68 Sample 13 0
Kerala State P longum
Idhekki District Sample1 0.53
Adimali 0.75 Sample 2 0.46
Chakkuppalam 0.22 Sample 3 1.33
Chottupara 0.19 Sample 4 1.65
Muttom Q.15 Sample 5 1.16
Thookupalam 0.19 Sample 6 0.22
Vandiperiyar q.15 Nicohiann benthasminng 2.23
Wyanad District N. ghitinosa 1.98
Kenichera 0.49 Healthy black pepper 0.04
Kappadi 0.57 * A, value taken one hour after substrate addition
Pujpall 2.01 . _
v P " 078 chromatography. Affinity column contained
enapa ’ protein A coupled to cyanogen bromide
Colicut District activated agarose (Genei, Bangalore). 5 ml of
Peruvannamuzhi 0.61 polyclonal antiserum was passed through the
Tamil Nadu State column and the column was washed with
Walayar 136 25 ml of wash buffer to remove all unbound
Healthy black 0.00 materials. The IgG bound to the column was
‘ea ¥ lacs peppes ' later eluted by adding 5 ml of elution buffer
Piper chaba and quantified by taking OD values at 280
Sample 1 0.33 nm (1.4 OD = lmg/ml of IgG). One mg of
Sample 2 0.31 this [gG was used for conjugate preparation.
Sample 3 03 One step glutaraldehyde method described
Sample 4 021 by Avrameas (1969) was followed for the
P ' preparation of lgG-atkaline phosphatase
Sample 3 0-20 conjugate.
P.colubrinum ) '
Sampie 1 - Detection of CMV by double antibody
am A .
pie sandwich (DAS) ELISA
Sample 2 3.89
Sample 3 398 Double antibody sandwich {DAS) ELISA

procedure was standardized using CMV 1gG
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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 Karnataka, Kerala
and Tamil Nadu (Table 50). The varying OD
values scen with diseased black pepper
samples from different regions indicate
varying virus concentration in these samples.

Virus elimination through meristem culture

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 meristerm was
dissected out under aseptic conditions. The
isolated-meristems were kept in the medium
containing  MS+1lmg/litre  [AA  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 i» vifre conditions using shoot
tips/nodal segments. A good regeneration
medium was established with explants such
as shoot tips and nodal segments. From such
i vitre 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. ICAR: Natienal network project on
Phytophthora diseases of horticul-
tural crops

(M. Anandaraj and Y. R. Sarma)

Collection and maintenance 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

Growth of black pepper Phytophthora 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 mun) and commeal
agar {16-30 mm). Least growth was on potato
dextrose agar (12.0-20.5 mm).

Sporulation of Phytophthora 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 well at pH 5 and pH 7, at
pH 9 all isotates showed very less growth.

Morphological characterization of

Phytophthora

A total of 173 isolates of Phytophthora from
black  pepper was  characterized
morphologically. Among these, 162 1solates
were P. capsici, three were P. palmivora, three
P. parasitica and another five were atypical
isolates. All the P. capsici isolates were
caducous with long pedicels. Range of pedicel
length was 31.4-163.8 mm. P. palmivora
isolates had pedicel length ranging from 4.2
5 mm and P. parasitica with 3.9-6.5 mm.
Among 115 isolates of P. capsici tested only
60 produced chlamydospores.

Determination of mating fype

All the isolates were tested for mating type
by growing the isolates together with known
mating types of Al and AZ in clarified carrot
agar supplemented with b sitosterol (30 mg/
litre}. Out of the one hundred and seventy
isolates, one hundred and forty four isolates
were Al, six were A2, and twenty isolates
were sterile. Among 162 P. capsici from black
pepper 142 were Al, three AZ and 17 sterile.
Out of three P. palmivora, two were A2 and
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one sterile. Out of three P. parasitica, two
were Al and one sterile. The three atypicals
were Al and two were sterile.

Pathogenicity

Pathogenicity of 144 isolates were done by
detached leaf inoculation technique on Piper
nigrum, P. betle, P. lopgum, 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.
colubrinum 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 Phytophthora
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.
parasiticn isolates were responsible for foot rot
of betel vine. Among the P. parasitica, 16 West
Bengal isolates were with fast mycelial
growth (39-44.5mm) and L/B ratio was less
(1.15-1.3), other 23 P. parasitica isolates had
comparatively slow growth (26-36.5) and L/
B ratio comparatively high (1.3-1.5). Among
P. capsici there were two types, stellate
isolates with fast mycelial growth and L/B
ratio high and white cottony slow growers
with L/B ratio 2 or less than two. The P.
parasitica can be grouped into two based on
morphology as fast growers with low L/B
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ratio and slow growers with high L/B ratio.
P. capsici can be grouped into two based on
morphology as fast growing stellate with L/
B ratio of more than 2 and white cottony
colony slow growers with L/B ratio of less
than 2.

Eighty two isolates from other hosts such as
P. chaka, vanilla, tapioca, bauhinia, potato,
nutmeg, strawberry, citrus, crossandra,
gerbera, diffenbachia, papaya etc were
morphologically characterized. The species
identified were; P. capsici, P. meadii, P,
palmivara, P. parasitica, P. boefimerige and P.
cinnamomi

Molecular characterization

UPGMA cluster analysis of isozyme data of
black pepper Phytophthora 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 L/B ratio of values
equal to or >2.0 and were in general, highly
virulent. The second sub-group consisted of
isolates with L/B 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
ageneral L/B 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
asetof uniformisolates of moderately virulent
type with distinct morphological characters.
These had a modified chrysanthemum type
colony morphology and an L/B ratio of 1.5
and thus formed a unique group among P.
capsici isolates, possibly forming the Cap A
group suggested by Mchau 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. palmivora and
P. parasitica formed separate groups.

The UPGMA cluster analysis of the isozyme
data ot betel vine isolates revealed two
clusters within F. parasitica. The similarity
coefficient between the two clusters was >
0.8. Twenty eight electrophoretic types were
revealed for 8 loci across four enzyme systems
studied for 40 isolates. Out of these, there
were three major electrophoretic types, each
consisting of 2 or more isolates. 16 P. parasifica
isolates collected from West Bengal, formed
a major electrophoretic type. Each of the
other isolates of P. parasiticn formed a distinct
electrophoretic type. This serves as a
supportive evidence for their distinct identity
based on morphoelogical characters. P
parasitica isolate, 98.119 was very distinct
from the other isolates for all the enzymes
studied and had a coefficient of similarity 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 FP. 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.

I'TS -RFLP

Protocols were standardized for isolation of
DNA from Phytophthora 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 Mspl/ Alul and further
electrophoresed to give species specific
banding pattern.

Host pathogen interaction

The mechanism of resistance in the
Phytophthora tolerant line, P-24 was studied
and it was found to be due to early induction
of defence enzymes stuch as phenylalanine
ammonia lyase (PAL). There was also
induction of pathogenesis related (PR)
proteins (-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 Phytophthiora tolerant line

Biological control

A total of 585 fungal and 832 Fluorescent
pseudomonads and Bacillus 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 FP. capsici colony within
three days. But no parasitism was observed
on CA plates. However coiling and
penetration of P. capsici hyphae by
Trichodermn was observed on water agar
plates. T. aurcoviride showed such parasitic
activity than any other group. From each
group promising isolates were selected for in-
vive 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 Trichodermia. In the first set, 20
isolates of T. virens existing in the repository
of IISR were screened. In the first set of
bicassay with T. virens isolates, four of them
namely, 1ISR-13, [ISR-15, 1ISR-17 and IISR-
121 were able to promote plant growth
significantly. lsolate IISR-112 was able to
suppress P. capsici. The disease incidence in
that case was 30% as against 90% in the
control. In the second set of biocassay with
isclates of T. aureowviride, T. homatum, T.
harzianum, T. polysporum, T. longibrachiatun,
T. koningii and some isolates of Trichoderma
spp., 19 of them were identified as plant
growth promoters. In the third set of bicassay
with isolates of Trichoderma spp., six of them
namely, 1ISR-1294, 1ISR-1306, 1ISR-1307,
fISR-1320, 1ISR-1321 and !ISR-1337 were
found to be plant growth promoters. Isolate
1ISR-1240) and IT1SR-1325 reduced the disease
incidence to 20% as against 80% in the
control.

When T. harzianum 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 chu in
the 1:20 and 1:40 proportions.

Twenty isolates of T. harzianum were studied
for the volatile effects on P. capsici isolate 98
~162 after exposure for 25 days. Trichoderma
isolates TH-10 and TH-39 caused greater
reduction in the virulence of P. capsici, P.
capsici exposed to T. harzianum isolates, TH-
21, TH-25, TH-30, TH-45 showed no
difference in virulence after one year.

The biccontrol efficiency depended upon the
isolate and their population density in soil.
In the bicassay using T. harzianim P-26, there
was reduction in the disease incidence at an
antagonist dose as low as 107 colony forming
units per gram of soil whereas, T. virens P-12
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required 10¢ cfu/g of soil for effective
suppression of the pathogen. 7. wirens 17
reduced the disease incidence at antagonist
dose of 10" cfu/g of soil. Combination of T.
harzianim + T, virens recorded maximum
growth of black pepper. This was followed
by single application of T. harzianum and T.
aureoviride which were on par with two-way
application of T. harzianum + T. aureoviride,
T virens + T. aurcoviride and T. aureoviride +
T. pseudokoningii.

Protoplasts release and regeneration of
Trichoderma

Protocols were standardized for the isolation
of protoplasts from Trichoderma and their
regeneration. Protoplast regenerations were
obtained from T. virens [ISR-1370 and T.
aureoviride TISR-143.
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VIIL. 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. Anandaraj, M. N,
Venugopal and K. V. Saji)

Screening black pepper
accessions to Phytophthora rot

germplasm

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.
Screcning 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
(Phytophthora 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
3 1-3 glucanases. In the Phytophthora tolerant
progenies of Subhakara B 1-3 glucanase
activities were higher compared to parent.

Seedling progenies were raised by selfing
Panniyur-1, Subhakara, P-24 and by
hybridizing Panniyur-1 and Subhakara. The
progenies were screened for their reaction to
P. capsici 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 atall. The penetration index was
also »oro for 8.0%, 9.7% and 10.0% of selfed
progenies of Panniyur-1, 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

(Santhosh |. 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 sifi screening experiment
was laid out at Peruvannamuzhi Farm to
confirm the resistance of nine black pepper
germplasm accessions (C-812, C-820, C-1047,
C-1090, C-1204, C-4103, HP-39, HP-60 and
HP-290).

Ginger and turmeric

Fifty cach of ginger and turmeric germplasm
accessions were screened against M.
incognita. Qut of these, 13 turmeric and 14

Table 51. Evaluation of nematode resistant ginger and
turmeric germplasm accessions in microplots

Acc. Hei- No, Yield EMI

Nuo. ght {cm) of {g/plant)
tillers

Ginger

Acc. 26 81.2ab 21.4b 357¢ 1.0

Acc. 73 86.9a 19.6b 520ab 0.7

Acc. 202 79.2b 2%.1a 528a 1.3

Acc.217 78.2b 21.4b 497('1b 0.7

Ace. 221 71.2¢ 19.6b 458abc 0.7

Maran 84.6ab 23.8ab 411bc 0.8

(Control}

Turmeric

Ace. 21 98.3b 5.8b 958.0b 00

Acc. 82 132.8a 7.3b 1216.0a 1.0

Acc. 84 81.6¢ 6.4b 1040.0ab 0.7

Prathibha

{Cantral) 129.9a 01la 634.0c 23

EMTI : Egg mass index (0 — 5 scale)
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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 Acc. 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 (Conognethes punctiferalis)
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 (Lasioderma
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, 8.
Devasahayam, Santhosh J. Eapen and T. John
Zachariak)

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, OPA-01
showed a distinct band of ~300 bp in all the
Phytophthora tolerant lines namely, P-24, HP-
780, HP-3, HP-1, C-1090 and C-1095. 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.
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IX. Mega Project: Developing integrated pest and disease mana

spice crops
(Project Leader: S. Devasahayam)

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

(M. Anandaraj, V. Srinivasan 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 biock 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, I? and K were found
to be slightly higher in block with wecds as
compared to clean cultivation. The available
Kwas higher in plots with inorganic nutrition
compared to organic whereas the P
availability was higher in organic nutrition
plots.

2. Utilization of Piper colubrinim Link and
P.arboreum  as rootstocks in  the
management of foot rot disease of black

pepper

{(P. A. Mathew, J. Rema and T. John
Zachariah)

The growth of black pepper grafts in marshy
area {IISR farm) on arecanut has been gooed.
In order to achieve good coverage of laterals
on the support, planting five grafts on each
support was found 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
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gement strategies in

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) vielded 488 kg of
dry pepper from 685 vines. The yield was
low compared to last year (735 kg dry). This
vield reduction could be duc to the drought
effect this year which is being ascertained
through profuse irrigation. Infection on P.
colubrinum tissues were noticed in 5 grafts
and the samples has been given for
pathological investigations.

Fig. 17. Black pepper sines gafted on Prper colubrinum
rooistock

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. colubrimum 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 Bhtai and A.
Kimar)

A new trial on the development of biccontrol
consortium for managing Phyfophthora capsici
and plant parasitic nematodes in black
pepper has been laid out at ISR farm
Peruvannamuzhi. The organisms involved
are T. harzimmon (P-26) and selected bacterial
isolates which were short listed from green
house studies. The population build up of the
introduced organisms and the nafive
populations are monitored along with growth
response of black pepper and disease
incidence.

Promising isolates of rhizobacteria
suppressing both R. similis and M. incognita
were screened against P. capsici. 1ISR-658,
ITSR-853 and IISR-869 inhibited P. capsici in
laboratory tests and these were also good P
solubilizers. 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 isolates of PGPR
against soft rot disease of ginger showed that
PGPR isolates IISR-13, 1ISR-51, [ISR-151,
IISR-152 and IISR-906 were effective in
reducing the disease incidence to less than

FEAY 'Qnmm[‘){g.pmt 2003-2004

5%. Endophytic bacteria associated with
ginger rhizome and pseudostern was isolated
from bacterial wilt affected ginger plants as
well as from healthy plants.

Genomic DNA of nematicidal rhizobacteria
(from black pepper, cardamom, ginger) was
isolated through the CTAB-SDS method and
procedure for ARDRA (Amplified Ribosomal
DNA Restriction Analysis) finger printing
was standardized.

Antibacterial activities of cell free culture
filtrate of T. viride was found effective against
bacterial  wilt pathogen, Ralstonia
solanacearuwm. 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 “C. Mutant
derivative (albino) of the T. wiride did not
produce antibacterial metabolites.

4. Biological control of nematodes of spices
(Santhosh |. Eapen and A. Kumar)
Studies on PGPR

Promising isolates of rhizobacteria that
suppress both R. similis and M. incognita were
screened against Phytophihora capsici. 11SR-
658, IISR-853 and 1ISR-869 inhibited P. capsic:
i laboratory tests. They are good P
solubilizers too (Table 53).

Table 52. Effect of PGPR on growth and yield of ginger and turmeric

Treatment Ginger Turmeric
No. of tillers Yield (kg Na. of tillers Yield (kg)

1TSR-1 297.6a 2.88a 101 Babkc 5.46bc
11SR-13 223.2a 1.25bc 102.6abc 6.58ab
115R-51 203.4 abce 1.08 be 107.4ab 6.86ab
[1SR-853 157.6b¢ 1.44 be 87.2cd 6.76ab
ISR-859 188.8 be 1940 104.8abc 7.36a
K-149 149.0 be 078 ¢ 96 4bc 5.52b¢
K-~151 172.8 be 1.36 be 87.6¢d 4.66cd
Molasses 228.6ab 1.10 be 734d 3.52d
Control 115.4 be 0.99 be 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 Radopholus similis
ls. No.  Source Location Reaction ta P. solubilization Production
of HCN

[\l Rs
653 M. incognita Wyanad + + + B
663 P. nigrim [dukki + NT . R
853 Cliromolaena odorata Calicut + + B
865 Stryclios nuxvontion Calicut + + + +

+ Present, - Absent, Mi— Melawdogyne incogrita, Rs — Radopholus sinuis

Field trials with promising BCAs

An observation trial was laid out in the
Experimental Farm, Peruvannamuzhi fo
study the management of nematode pests of
black pepper by deploying five promising
isolates of rhizobacteria (IISR-522, IISR-528,
IISR-658, IISR-853 and IISR-865). Among
these, 1ISR-522, [ISR-528 and IISR-658 were
superior in suppressing plant parasitic
nematodes and significantly reducing the
foliar yellowing in black pepper vines.

[n another ongoing field trial at
Peruvannamuzhi using four fungal isolates
namely, Verticillium chlamydosporium, T.
harzianum, Paecilomyces lilacinus and
Scopulariopsis sp., V. chlamydosporiun and
Scopulariopsis sp. were promising in reducing
the foliar yellowing and reducing the

nematode infestation in black pepper.

Two more new trails were laid out at
Peruvannamuzhi to  evaluate the
perforinance of ginger (var. Himachal) and
turmeric (var. Prathibha) when they are
supplemented with promising PGPR strains.
Ten PGPR strains were evaluated for their
efficacy to imnprove 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 mu. The rhizobacteria
were multiplied on molasses and applied at
the time of sowing (@ 2.5 litre /bed} and after
two months. Observations were recorded on
the germination of seeds and yield. Incidence
of pests and diseases was also monitored. The
germination of ginger sceds was significantly
improved consequent to the application of

Table 54. Evaluation of promising rhizobacteria for growth and yield of ginger and turmeric

Turmeric

Germination (%) Yield (kg/3m?)

Isolate No. Ginger
Germination (%) Yield (kg/3m?)

1ISR-6 76.12a 438 b
11SR-13 78.98a 532a
IISR-51 77.706a 4.90 ab
11SR-149 82.54a 4.27 e
1ISR-151 73.97a 4.27 be
TISR-853 84.10a 438 b
1[SR-859 73.57a 4.29 be
1ISR-866 77.04a 4.48 ab
[ISR-522 81.15a 4.12 bed
1ISR-658 77.36a 3.30d
Control 59.32b 340 cd

92.16ab 6.41 ab
$5.10a 6.23 ab
8548 b 6.00 ab
93.7%ab 592 ab
88.12ab 5.5%9 ab
93.77ab 581 ab
87.14ab 6.18 ab
92.62ab 5.82 ab
91.96ab 451b
92.40ab 5.97 ab
93.88ab 6.47a

Figures followed by the same letter in a column are not significantly different
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rhizobacteria. The maximum germination
was observed with 115R-853 in both ginger
and turmeric. Application of lISR-6, IISR-13,
IISR-51, 1ISR-149, IISR-853 and IISR-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

(S. Devasahayam, K. M. Abdulla 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 vyear) in the field at
Peruvannamuzhi for the management of
shoot borer (Conogethes punctiferalis) on ginger
to develop eco-friendly schedules based on
organic insecticides for the management of
the pest. The neem products were sprayed at
15-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 Calicut 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

TSR Annual Report 2003-2004

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
gingoer,

Management of rhizome scale

Dried leaves of four plant species namely,
Chromoleana odorata, Glycosmis pentaphylla,
Melia composita and Strychnos nux-vomica
were evaluated as storage material for the
management of rhizome scale (Aspidiella
hartiit) 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 5. nux-vomica and G.
pentaphylla 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 5. nux-vomica and G. pentaphylla
along with saw dust in various proportions
for the management of rhizome scale is under
progress.

6. Characterization of bivactive compounds
with pesticide properties

(N. K. Lecla, M. Anandaraj, S. Devasahayam
and Santhosh J. Eapen)

Characterization of fungitoxic compounds

In earlier studies two compounds were
isolated from the fungitoxic traction of C.
odorata leaves of which one compound was
identified as 2'-hydroxy-3, 4,3, 4, 6'-
pentamethoxychal-cone by spectral studies.

Isolation of active principles in Annona
squamosa seeds

In order to isolate the nematicidal compound,
the methanol extract of Annona squaniosa
seeds, which showed nematicidal activity
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against M. incognita, 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 pollu beetle. This fraction
(hexane-ethyl acetate 98:2) at 2%
concentration caused 92% feeding deterrence
against pollu 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 District
during 1998 revealed that 20-80% of the
vines were infested 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 eastern part of
Calicut District indicated that mealybug
mfestation could not be located in 12 gardens
visited. Out of 39 gardens surveyed spread
over 13 locations in Kodagu District of
Karnataka, 3 gardens showed medium and
13 gardens mild infestation by Planococcus sp.

39
Nature of damage

Studies conducted on nature of damage
caused by mealybugs indicated that they
were present on main roots as well as on
secondary and tertiary roots and were found
to be present even up to a depth of 2 feet
below the soil on the roots. Many of the vines
having mealybug infestation were also
affected by Phutophthora foot rot disease and
such vines exhibited yellowing, defoliation
and wilting.

Life history

The morphometrics of adults and 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 technigues for mass
culturing

Seven host materials such as elephant foot
yam, colacasia, coleus, potato, pumpkin and
squash were evaluated for culturing
mealybugs under laboratory conditions.
Pumpkins and squash were most 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 when the root zone of
black pepper vines were drenched with the
insecticide solution. A field trail was
conducted at Kalpetta using insecticides such
as quinalphos, 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 observations on
incidence of root mealybug were carried out
30 days after the final treatment (drenching
with insecticides).

Combined analysis of data of two years
showed that 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 found to be equal to
untreated control. Among the various
treatments, chlorpyriphos was the most
effective and was on par with quinalphos and
prophenophos (Table 55).

Table 55. Efficacy of insecticides against root mealybug

Treatment Population/2.5 cm of root

Quinalphos 0.073% 0.5 de
Chlorpyriphoes 0.075% 00e
Prophenophos 0.075% 1L6cd
Malathion 0.075% 22¢
Quinalphos 0.075 %+ Sandovit 0.1% 1.1 ¢de
Chlerpyriphos 0.075% + Sandovit 0.1% 0.0e
Prophenophos 0.075% + Sandovit 0.1% 1.1ede
Malathion 0.075% + Sandovit 0.1% 25¢
Sandovit 0.1% 77 b
Conirol 94 a

{DMRT test at P < 0.05)
Externally Funded Projects

1. IFS : Development of disinfection
technology for management of bacterial wilt
of ginger

(A, Kumar)

Disinfection of rhizomes with solar radiation,
a methoa called rhizome solarization, 15 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 viability and
pathogenic ability of R. solanacearisn and the
effect of heat on germination, viability and
emergence of ginger (rhizomes) was studied
in the project. The survival of the bacterium
on ginger rhizome before, during and after
heat treatment through rhizome solarization
was studied using serological approaches.
Technology demonstration trails were
conducted in green 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 on survival of R. solanacearum

At a temperature of 46 °C complete killing
was observed when exposed for 1 h. As the
temperature increased, the survival 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. solanacearunm 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, 456, 457, 45.8, 45.9,
46.0, 46.1, 462, 46.3, and 46.4 °C in order fo
know the thermal death point of Ralstoiria af
30 minutes of exposure. Complete death of
all the cells could be seen at a temperature of
45.6 to 46.4 °C.

Effect of heat on pathogenicity of R.
solanacearum

When the heat-exposed cells (40 and 45 °C)
were inoculated, the expression of the wilting
symptom was delayed for 2 days compared
to check (30 °C), where the wilt could be
noticed in 6 days. When the exposure was
above 45 °C, the pathogen could not wilt the
plants due to complete death of all the cells
at this temperature.

Rhizome solarization

When the seed rhizomes were exposed for
28 days (8 to 224 h) of day light, the sprouts
got burnt and the rhizomes rurned soft and
rotten. The burnt appearance of the sprout
could be due to high temperature (> 50 °C).
The extended period of rhizome solarization
has detrimental effect on rhizomes and
germination. Even at 8 k of solarization, the
sprouts were completely burnt and the
rhizomes were rotten after a week of storage.
Prolonged expostire to heat has been shown
to be detrimental to germination of ginger.

Larger rhizomes recorded 1-3 °C higher
temperatures than the smaller rhizomes. As
the size increased the heat bujld up also
increased. The vatiation in the heat build up
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in the rhizome could be due to the fact that
the larger seed thizome has a larger surface
area to trap the sunlight, which in turn
results in higher temperature in rhizome.
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" day and none of the plants
survived after 100 days of planting. Plants
emerging from solarized rhizomes often
escape the disease due fo in situ killing of the
pathogen in the seed rhizome or in the
vascular tissue itself.

Serological approaches

Serological evidence for elimination of
R. sofanacearum from ginger rhizomes was
recorded. Negative results obtained in post
enrichment DAS-ELISA for R. solanacearum
in solarized 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. solanaceartim
either 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. solanacearum. The data on the A405
values indicates that the solarization has got
detrimental effect on R. solanacearum in
vascular tissues as extract from 1 and 2 h
tailed to give positive colour reactions (0.512
and 0.80 respectively) whereas the extract
from the unexposed rhizome has tested
positive for R. solanaceariim (1.450).

Rhizomes collected from ginger plants
emerged from solarized infected rhizomes
tested negative for R. solanacearum in post
enrichment NCM-ELISA.
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Green house and field trials

Field trials were conducted in five locations
for two years in the state of Kerala and Tamil
Nadu namely, Kothamangalam, Kottapady,
Kannur, Ambalavayal, Pulpally, Gudalur,
and Peruvannamuzhi for two years using the
ginger thizome (local cultivar) available with
the farmers. Rhizomes were solarized for
different duration (0, 30, 60, 90, 120 min. from
9 to 11 am} in the forenoan. 20 kg of rhizome
was solarized for specified duration and
planted in 20 beds @1 kg per bed immediately
after solarization. Post enrichment DAS-
ELISA was used to detect the inoculum of R,
solanacearum in unsolarized and solarized
rhizome as well as in soif before planting. The
data on heat buildup in rhizome, heat
retention in thizomes, 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 ** P labeled potassium phosphonate

(R. Suseela Bhai and K. Vasu)
Translocation studies

Plants were raised from runner vines as well
as from laterals (bush pepper) for
translocation studies. These plants would be
inoculated with p** labeled and unlabeled
potassium phosphonate. Plants treated with
potassium phosphonate would be inoculated
with Phytaphthora capsici 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. Ramana, Santhosh J. Eapen, R.
Ramakrishnan Nair and A. Kuniar)

One hundred and three strains of endophytic
bacteria were isolated from various plant
parts of black pepper and rhizosphere soil
through different approaches. Bacteria seen
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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 characterized by colony
morphology, antibiotic sensitivity, their ability
to colonize Dblack pepper plants and
nematicidal properties. For testing their
nematicidal activity, they were suspended in
sterile distilled water and were serially
diluted up to 10%. The whole assay was
performed in 24-well microtitre plates. After
72 h, the number 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 witro
conditions. For molecular characterization of
the efficient strains, ARDRA was
standardized. Analysis for developing
primers specific to biocontrol genes has been
completed. A novel method based on staining
with Fluorescent DiAcetate (FDA) to
differentiate live and dead nematodes was
developed.

4. ICAR: Bioecology and integrated mana-
gement of root mealy bug (Planococcus sp.)
infesting black pepper

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

Distribution of root mealybug

Surveys were conducted in Idukki (15
locations), Kannur (9 locations) and
Kasaragod (9 locations) districts of Kerala and
Dakshina Kannada (4 locations), Udupi (1
location), Uttara Kannada (4 locations) and
Hassan (9 locations) districts of Karnataka to
record the incidence of root mealybug
infesting black pepper in these areas. Seven
gardens in Idukki District and five gardens
in Flassan District were infested by the pest.

Mealybug species infesting roots of black
pepper

Collections of root mealybug, infesting black
pepper were made from the various locations
surveyed and preserved in the laboratory for
identification. Two species of Planococcus sp.
were found to be associated with roots of
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black pepper. The correct identity of the
species is being determined.

Nature of damage

The nature of damage caused by root
mealybug infesting black pepper was studied.
Colonies of root mealybug were distributed
on the main, secondary and tertiary roots on
rooted cutfings in the nursery and also on
vines of all age groups in the field. The basal
portions of the stems of the vines were also
infested when they were under soil/leaf
mulch. The pest infestation resulted in
defoliation, yellowing and wilting of leaves
and lateral branches. Experiments to study
the interaction of root mealybug and other
pathogens such as Phytophthora capsici and
nematodes observed in infested vines were
set up under 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 morphometrics and
duration of various stages is under 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 gardens infested
with root mealybug. Colonies of root
mealybugs were observed on banana
rhizomes and base of stems of coffee and
Erythrina sp. and also on roots/base of stems
of 11 weed plants (belonging to the families
Amaranthaceae, Asteraceae, Compositae,
Euphorbiaceae, Fabaceae, Graminae,
Malvaceae and Oleandraceae). The correct
identity of the mealybugs are being
determined.

Mass culturing

Nine fruits/vegetables/tubers belonging to
Aroidae, Cucurbitaceae, Zingiberaceae,
Rutaceae and Solanaceae, namely, colocasia,
elephant foot yam, pumpkin, squash, ash
gourd, bottle gourd, cucumber, water melon,
citrus, ginger, turmeric and potato are being
evaluated for their suitability for mass
culturing of root mealybug.



Rescarch Achievements
Final Report

1. DBT: Compatibility, stability and
potential of biocontrol consortium on
suppression ot Phytophthora foot rot of
black pepper and their conservation

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

Fluorescent pseudomonads and Trichoderma
spp., were isolated from black pepper roots
and rhizosphere soil collected from different

laces in Kerala, Karnataka, Tamil Nadu,
Andhra Pradesh and Sikkim. A repository of
thizobacteria is maintained at 1ISR, Calicut
with a present strength of 905 strains. The
antagonistic potential of bacterial isolates and
Trichoderma spp. were evaluated by dual
culture 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 TISR-51
significantly inhibited the radial growth of P.
capsici. Strains also produced inhibitory
HCN, siderophores and antibiotics namely,
pyoluteorin and pyrrolnitrin. The efficient
strains of Pseudomonas fluorescens namely,
1I5R-6, TISR-8, [15R-11, 1I5R-13 and 1ISR-51
and Trichoderma spp. namely, isolates, P-12,
P-26, GV-19, Tav-25 and Th-39 were found
to produce mycolytic enzymes namely, -1,3
glucanases, B-1,4 glucanases and lipases. The
efficient strains were characterized based on
its efficiency in utilization of different carbon
sources, antibiotic sensitivity, and utilization
of succinic acid. The efficient bacteria were
also found to solubilize phosphate and thus
making it available 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. fluorescens
strains IISR-8, 1ISR-11 and 11SR-51 were
effective in protecting black pepper from its
threec pathogens namely, R. similis, M.
incognifa and P. capsici.

93

Studies on the rejuvenative capacity of
fluorescent pseudomonads in black pepper
indicated the potential of these strains for the
nursery management of black pepper,
especially to protect the plants from P. capsici
infection. 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
lite 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
population size of 10" per ml and coconut
water supported 10" per ml

With a view to developing 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 that disease
suppression extends even to these crops,
apart from promoting the growth in these
crops. The combination of T. harzianum
wsolate, TISR-1369 and P. fluerescens strain,
[ISR-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 field trials conducted with different
combination of fluorescent pseudomonads
and Trichoderma, the best treatment was
found to be a combination of Trichoderina spp.
(Is. no. TISR-143 and IISR-369) and P.
Auorescens (1ISR-6) to decrease the root rot
discase besides increasing the yield.

The two efficient biocontrol agents namely,
P. fluorescens (IISR-6) and T. harzianuni (P-26)
had been proved individually 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
strains were found to be rhizosphere
competent.
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X. Mega Project: Economics, statistics and modeling

(Project Leader: M. 5. Madan}

1. Economics of spices production and
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 increase in area under vanilla
cultivation in the states of Kerala and
Kamataka (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 praduction 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 2.28
(Table 56).

Economics of pn-farm processing (curing) of
vanilla indicated that, 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 m vanilla cultivation
mainly because of their on-farm processing
activities. In the absence of established
marketing system, the growers depend on
few processors and exporters for onfarm
processing and marketing of their produce.

Table 56. Cosl of cultivation of vanilla

Particulars Cosi (Rs./acre}

Establishment cost per acre {700 vines)

Labour 10050.00
Planting material 4560.00
Manures 28000.00
Chemicals 1548.00
Standards for support 2280.00
Total establishment cost 46438.00
Mamienance tost per acre {700 vines)

Labour usage for all operations 4350.00
Compast 14000.00
Chemicals 645.00
Interest on working capital @11% per annum  2089.45
Total maintenance cost 21084.45
Quitput and refurns per acre (700 vines):

Apporiicned Investment cost @ 11% 6458.0G0
Total maintenance cost 21084 .45
Total cost of preduction 27542.45
Returns

Average annual production. kg /acre {green) 832.25
Gross returns @ Rs.1100/ kg 9047500
Net refurns 62932.55
Cost of production /kg 334.86
Net returns/kg 76513
Benefit Cost Ratio 3.28

Economic evaluation of technology

Economics of using variable rate (low input)
of fertilizer and application of biocontrol
measures in pepper (Table 59) and organic
cultivation of pepper was also worked out
using the agronomic data from farmers field
from four districts of Kerala (Kasaragod,
Kannur, Calicut and Wyanad).

2. Identification of appropriate prediction
systems in spice crops

(K. N. Kurup and P. Rajeev)

Analysis of impact of establishment of WTO
on export and export price of Indian spices
are given in Table 60.
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Table 57. Processing cost per quintal of vanilla beans
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Materials and labour Cantity Unit cast {Rs.) T(}t:(eg{ve)llue Cost (Rs./q)
5.
Washing beans
Women labour 2 50 100 100
Killing process
Container 1 800 800 136
Thermometer 1 30 30 30
jute bags 10 15 150 150
Men labour 2 &0 120 120
Women labour 1 50 50 50
Swweain o
Wooden box 6 300 1800 - 487
Blanket 25 150 3750 2190
Women labour 18 50 900 900
Staww drymg
Stand 1 3000 3000 812
Men labour 60 60 60
Grading and packing
Polythene self-stickable bags 20 2 43 4G
waomen labour 2 50 100 100
Total 5,175

Note: The life of blankets two years ; The lite of wooden box stand five years ; Investment on blamkets,
wooden box and stand is amoriized at 11% over the life span of each material.

Table 58, Cost and returns from on-lfarm processing of vanilla beans

Particulars

Total value {Rs)

Selling of 1 ¢ 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

Net extra income by processing/q of green beans

1,10,000.00
5175.00

1,70,000.00
164825.00
54825.00

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. Kandiannan,
K. V. Saji and Utpala Parthasarathy)

Through rapid rural survey and bench mark
survey basic parameters to be included in the
study were identified in the target district

(Wyanad). 5oil map for the state of Kerala
including the target district were procured
from National Bureau of Soil Survey and Land
Use Planning, 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. Economijcs 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 Benetit variabilily nel benefit of return
(Rs./ha) (Rs. /ha) {(Rs./ha)

T-1(Check) 11908.10 O 11908.10 49.33 - -

T-2 13876 70 5428.39 8208.31 70.63 - -

T3 13085.40 5449.28 7396.12 90.35 - -

14 1541210 5427.40 9744.70 7119 -

T-5 14803.10 542718 9135.92 85.81 - -

T-6 14282.00 5448.80 8595.20 93.22 66.18 (2)337.3

T7 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 urea + 220 g rock phosphate + 235 g potash/vine ; T3 FYM 10 kg + 220 g rock phosphate + 235 ¢
potash + 1.7 kg neern cake /vine ; T4 FYM 10 kg + 110 g urea + 110 g rock phosphate + 235 g polash/vine ; Ta: FYM 10 kg
+ 235 g potash/vine , To: FYM 10 kg + 110 g rock phosphate + 235 g potash + 20 g biofertibzers/vine , T7. I'YM 10 kg + 110
g urea + 220 g rock phosphate + 235 g potash + 20 g biofertilizers/vine ; T& FYM 10 kg + 110 g urea + 170 rock phosphale

+ 235 g potash + 20 g biofertilizers/vine
Externally Funded Project
1. NATPT: Integrated National Agricultural

Resources Information System

(M. 5. Madan, V. Srinivasan and K. §S.
Krishnamurthy)

A ‘Spice database” with two components of
database namety crop details and crop

Table 60. Impact analysis on export price of spices

Ttem Change Change in

in export {qty) export (price per ton)
Pepper 6603 t (+} Rs. 16370 ()
Ginger 15612 (+) Rs. 11306 (+}
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 Institute,
New Delhi. The database softwares were
populated with collected secondary data and
photos for varietal identification and discase/
pest symptoms. Efforts were made to collect
recent data 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 Project: Extenston and training

(Project Leader: P. Rajeev)

1. Training of research and extension
workers

(P. Rajecv and T. K. Jacob)

The institute offered training programmes on
demand from various agencies for field
extension functionaries of line departments
and research workers of other ICAR institutes
and state agricultural universities. The
modules for these training programmes are
prepared based on the technologies
developed by the institute. The topics
covered included spices production
technology, nursery management in spices,
pestand disease management in major spices,
post harvest technology and computer
applications in  which 82 trainees
participated. A training on 'Spices research
and development’ was offered to post
graduate students in which 12 students
participated.

Externally Funded Project

1. KRPLLD: Integrated disease
management in black pepper - A study on
technology diffusion and impact

(. Rajeev)

Data collected from a sample of 50 planters
in Wyanad District of Kerala using a pre
tested interview schedule to study 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,
stratified random sampling, preparation and
pretesting of data collection tools and data
collection through sample survey. The data
collected is being tabulated and subjected to
analysis using appropriate statistical tools.
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2. NATP : Agricultural Technology
Information Centre

(P. Rajecv)

An income of Rs. 1, 48,786 /- was generated
through sale of planting material,
Trichoderma sp., publications, CD roms and
through diagnostic services. farmers (1572)
and students (529) visited the centre for
availing various services from the institute.

Three extension seminars were held during
the period and two exhibitions were
organized in connection with the Kerala
Science Congress and AICRPS annual
workshop during January and February
2004, respectively.

A touch screens facility was installed at the
ATIC. The subject matter domain on
“Production technology of ginger” and
“Black pepper anthology” was provided
based on which software was installed in the
fouch screen.

3. DBT : Distributed Information Subcentre

(Santhosh . Eapen)

During 2003-04 the centre organized two
major events. The centre took the initiative
to bring together scientists of agriculture
research sector to discuss about various issues
on bioinformatics. A two-day workshop on
“Agricultural Bioinformatics” was held
during 29-30 October 2003. About 50
delegates  from  various research
organizations and agricultural universities
participated in it. A 21 days training
programme on “Bioinformatics and
Biotechnology — Tools and Applications” was
organized during 2-23 December 2003. The
databases and software developed by the
centre include i) Phytophthora information
resource (PIR)-a comprehensive web resource
on Phytophthora species ii) a database of
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Curcuma species, iii) a database of Myristica
species and Nutmeg germplasm, 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
Ralstonin solanacearum.

The infrastructure 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 O 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
‘Spicemail’, E- journals etc. and providing
round the <c¢lock 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 NATP 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-NATP 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 NATP 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 institute.

With the provision of HRD in research project
under 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
NATYP projects during the last three years.
The reason would be that as NATP project
were started only recently, the time required
for the research output to appear in the form
of publications in journals may be longer.

Analysis 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. 73208/ha. with an
investment of Rs.12, 292 per annum exira,
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 details in
cardamom?

Cost ( Rs/ha)

Labour requirement 3900.00
Amortized capilal investment @11 % 7592.00
Running cost 800.00
Total 12,292.00
Returns (Rs/ha)l

Irrigated cardamom (396 kg)™* 178200
Non-irrigated cardamom (206 kg™ 92700
Nei benelit aver control 85500
Annual expenditure towards irrigation

{pratechive) 12,292
Net returns 73,208

* Number of rounds of irrigations-16.00
*Price of cardamoem Rs. 450/ kg
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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 with 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
can be cultivated only in the first year of the
cardamom crop. Cultivation in subsequent
years is not possible because of disease
problem and shade. The average yield
estimated was 1029 kg/acre.
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One black pepper and two turmeric varieties were recommended for release during
this year. The details of the varieties are detailed below.

Black pepper

1.

Variety
Year of release

Pedigree

Areas of adaptation
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
Qleoresin

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 foor rot disease

b. High dry recovery

ISR Alleppey Supreme
Proposed for release in 2004
Clonal selection of Alleppey Finger Turmeric (AFT)

Kerala, Maharashtra, coastal Karnataka and North
Bengal

210 days
5.58 t/ha (dry)

5.5%
16.0%
Resistant to leaf blotch
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2. Variety ISR Kedaram
Year of release Proposed for release in 2004
Pedigree Germplasm selection
Areas of adaptation Kerala, Maharashtra, Costal Karnataka and
North Bengal
Crop duration 210 days
Average yield 5.28 t/ha (dry)
Quality characters
Curcumin 5.7%
Oleoresin 14.0%

Special characteristics Resistant to leaf blotch
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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
tfrom 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. 5S¢ projects

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 under 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 June 2003 (R. Suseela
Bhai, N. K. Leela).

Statistical Software for Data Anatysis, Na-
tional Academy for Agricultural Research
Management, Hyderabad, 18-28 June 2003
(K. N. Shiva).

Summer School on Application of Remote
Sensing and GI5 in Agricultural Statistics, In-
dian Agricultural Statistics Research Institute,
New Delhi, 6-26 August 2003 (5. ].
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 Accounting Procedure at ICAR, Na-
tional Institute of Financial Management,
Faridabad, 1-9 September 2003 (M. K.
Sachidanandan, V. L. Jacob].

Introduction to GIS and its Applications, Na-
fional Remote Sensing Agency, Hyderabad,
1-26 September 2003 (M. S. Madan, K. 5.
Krishnamurthy, V. Srinivasan).

Winter School on Spatial and Non-spatial Da-
tabases for Agricultural Research System, In-
dian Statistical Research Institute, New Delhi,
9-29 Septermnber 2003 (K. Kandiannan).

Computer Applications for Administrative
and Financial Management, National Acad-
emy of Agricultural Research and Manage-
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ment, Hyderabad, 16-23 September 2003 (P.
V. Sali, C. Ramesh Babu).

Recent Techmques in Plant Genetic Engincer-
ing and Molecular Breeding, Naticnal Re-
search Centre on Plant Biotechnelogy, Indian
Agricultural Rescarch Institute, New Delhi,
25 September-15 October 2003 (K. V. Saji).

Training on HPLC: Analysis of Vanillin, Cap-
saicin, Allatoxin and Sudan-1 Dye, Spices
Board, Cochin, 13-17 October 2003 (N. K.
Leela).

Protection of Intellectual Property and Agri-
cultura) Research, National Academy of Ag-
ricultural Research and Management,
Hyderabad, 14-17 October 2003 (E.
Jayashree).

Physical and Chemical Parameters of Spices,
Spices Board, Cochin, 27-31 October 2003 (E.
Jayashrec).

Techniques in Biochemistry and Molecular Bi-
ology, Indian Agricultural Research Institute,
New Delhi, 1-21 November 2003 (R, Suscela
Bhat).

Winter School on Recent Advances in Sur-
vey Sampling with Emphasis on Computer
Intensive Data Analysis Techniques, 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 November 2003 (T.
K. Jacob).

Course on Bioinformatics, Indian Insttite 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 Institute, Kasaragod,
18-27 November 2003 (S. Hamza).

Recent Techniques in Plant Genetic Enginecs-
ing and Molecular Breeding, National Re-
scarch Centre on Plant Biotechnology, Indian
Agricultural Research Institute, New Detlhi,
28 November—-18 December 2003 (K. S.
Krishnamurthy).
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Recent Techniques in Gene Cloning and
Functional Genomics, Central Institute of Me-
dicinal and Aromatic Plants, Lucknow, 1~10
December 2003 (A, Ishwara Bhat).

Biotechnology and Bioinformatics, Tools and
Applications, Indian Institute of Spices Re-
search, Calicut, 2-23 December 2003 {T. John
Zachariah).

Impact Analysis of Agricultural Rescarch 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 Scientilic Investigators,
All India Institute of Medical Sciences, New
Delhi, 2-21 February 2004 (R. Ramakrishnan
Nair).

Hi-tech Floriculture, Indian Institute of Hor-
ticullural 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 organized by the

institute

Training Programume on Financial and Ad-
ministrative Procedures, 23-24 April 2003.

Fig. 18 A tramning programme in progress
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Summer Trajning on Biotechnology/Bio-
chemistry and Bioinformatics, 5 May—4 June
2003 (Fig.18).

Biotechnology of Black pepper, 1 Junc-31 Au-
gust 2003.

Spices Production Technology, 11 June 2003,
16-21 January 2004, March 2004

Refresher Training Programme for Technical
Assistants ol [ISR, 6-7 August 2003.

Experimental Design and Computer Appli-
cations in Spices Rescarch, 16-26 September
2003,

Biotechnology and Bioinformatics, Tools and
Applications, 2-23 December 2003.

Viral Diseasc and Nursery Management in
Black pepper, 14 January 2004.
National Informatics Centre on Spices

The library of the institute under the National
Informatics Centre on Spices was set up to

Fig. 19 National Informatics Centre on Spices
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provide support to research activities of the
mstifute and to function as a national infor-
mation storage, retrieval 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 tec CABCDs
and AGRISCDs. The new additions added
to the library during the year include 152
books, 30 reprints, 53 technical reports, 5 the-
ses, 50 project reports and 5 CD-ROMs.

The library provides bibliographic services
(published in the Jourmnal of Spices and Aro-
matic Crops) and database services and pub-
lishes “Agri-science Tit Bits’ at quarterly in-
tervals. Sharing of resources between the li-
braries of Central Plantation Crops Research
Institute, Kasaragod and 1ISR, Cajicut, 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 KV,
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 orat presentation for the research pa-
per “Mechanism of suppression of
Phytophthora root rot of black pepper (Piper
nigrum L.) by strains of Pseudonionas fluores-
cence’ at the XVI Kerala Science Congress,
Calicut, 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 of black pepper (Piper
nigrum L.) for yield and quality”.

T. K. Jacob. State Level Commendation Cer-
tificate 2002-03 by National Bank for Agri-
cultural and Rural Development, for his out-
standing contributions to KVK in the field of
VVV club activities.

K. Kandiannan. Foreign Examiners Dona-

tion Prize for the best student in Agronomy
and Prof. 5. 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 simulation modelling
and vyield forecast in turmeric”, Tamil Nadu
Agricultural University, Coimbatore.

ISR Awards of Excellence 2002-03 were pre-
sented to C. Ramesh Babu for the best ad-
ministrative staff; V. P. Sankaran for the best
technical staff;, Balakrishnan Nair and B. M.
Sheshappa for the best supporting staffs.

V. A. Parthasarathy. Member, International
Society for Horticultural Science, Belgium.

V. A. Parthasarathy. Technical Expert, Indo-
Vietnam 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 Dcelhi

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/Horticulture
of States.

Linkage

Research collaboration in collection and
conservation of germplasm.

Research collaboration in post harvest technology

Research collaboration in translocabion studies of
fungicides.

Research collaboration in molecular markers.

Research collaboration in biotechnological
approaches for improvement of spices and
evalua tion of tissue cultured plants; Centre
for Post Graduate studies.

LY

Electron microscopic studies.

Centre for Post Graduate studies,
Centre for Post Graduale studies.

Centre for Post Graduate studies; MOU for teachi
and training M. 5¢ Biotechnology students.

Teaching and fraining in bioinformatics

Trainjng programmes.

Planting material production; training programme

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 cenfres.

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), rur-
meric (1307), tree spices (228) and seed spices
(3901).

At Ambalavayal, black pepper accessions,
Panchami, Panniyur-2, Panniyur-3,
Panniyur-4, Acc. 2426 and Acc. 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 8 -8 (2825 t ha™) at Pottangi. Be-
sides, ginger accessions with desirable qual-
ity parameters werce identified. The dry mai-
ter content of ginger accessions varied fromn
13.00% to 22.50%. The oleoresin and essen-
tial 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 PTS-39 (26.62 t ha™) under ini-
tial evaluation. trail at Pottangi. At Solan, five
collections namely, ST-365, BDJR-1244, Cls-
29, PTS5-24 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 should 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'), 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”, respectively). Among
them, HM-444, is also resistant to both downy
mildew and powdery mildew diseases. At
jobner, RTP-4 proved its superior perfor-
mance by yielding 1518.33 kg ha™ followed
by RTP-8 (1477.67 kg ha') and RTP-9
(1471.33 kg ha™'), which will be evaluated
under CVT. Besides, several varieties/lines
were identified for vield and quality attributes
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'day™ and a fertil-
izer dose of NPK 100:40:140 g vine™ recorded
the highest yield (2.69 kg vine™) at Sirsi. Ina
drip irrigation trial in black pepper at
Panniyur, irrigation @ 2 litre day” increased
the yield (1.74 kg vine”’) and among the vari-
eties, Panniyur-5 responded positively and
recorded the highest yield (2.08 kg vine™).

Biofertilizers are being recommended to sub-
stitute inorganic fertilizers and to improve the
quality of the produce in spice crops. Inor-
ganic N 75% + Azospirillum 50 g + FYM 10
kg recorded the highest yield of 6.41 kg
vine? in black pepper at Sirsi. In an organic
farming experiment on black pepper,
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application of FYM 10 kg + bumnt earth 10 kg
vine” has given the highest yield at Sirsi.
In cardamom also, highest vield {490.8 g
plant™) was recorded with the application of
Azospirillum 50 g + FYM 10 kg,

Simjlarly higher yield {22.03 t ha') in ginger
was obtained by applying inorganic nitrogen
in combination with Azospirillim and FYM.
Highest yield of fresh rhizome in turmeric
was recorded with the application of N 100%
+ Azospirillunt 50 g + FYM 5 kg at Pottangi,
Kumarganj and Raigarh centres, while at
Coimbatore centre it was with inorganic N
50% + Azospirilhom 5 kg ha''.

In coriander, application of inorganic N 100%
+ Azospirilium + FYM 5 t ha' recorded maxi-
mum seed yield by Jobner centre, while it was
with the application of inorganic N 50% +

zospirillum 1.5 kg ha'! at Coimbatore. How-
ever, Kumarganj obtained maximum secd
vield by applying FYM 5 kg + Azospiriliun
50 g. AtJobner, maximum seed yield of 3.20
q ha' was recorded in cumin with the appli-
cation of N 100% + Azospirillum + FYM 5 t
ha™.

Maximum seed yield of fennel was recorded
with the application of N 100% + Azespirillum
+ FYM 5 t ha™ at Jobner, while at Kumarganj
centre with FYM 10 t ha™ + Azospirilium 50
g. In fenugreek, application of inorganic N
100% + Azospirillum 1.5 kg ha'' as seed treat-
ment + FYM 5 t ha” produced the highest
yvield of 732 kg ha™ at Coimbatore, whereas
at Kumarganj, FYM 10 kg + Azospirillum 50
g gave maximum seed yield of 18.76 kg ha™.

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 increased the yield
in ginger at Dholi. In coriander also, maxi-
mum seed yield of 20.03 ¢ ha' was obtained
with soil application of copper sulphate 12.5
kg ha' and 0.25% foliar spray at Kumarganj.

At Dapoli, 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 cuttings planted in solarized
soil significantly increased sprouting, num-
ber of roots and length of roots. Further, so-
larized soil fortified with Trichoderna
harzionun and VAM recorded minimwun in-
cidence of the Phliytophthore discase with
maximum sprouting. Metalaxyl Gold MZ and
T. harzianwm combination was found ro be
highly effective in controlling the foot rot dis-
case of black pepper at Pampadumpara and
Sirsi centres.

Population of root grubs was reduced signifi-
cantly with the application of carboturan
(100 g plant™) followed by imidacloprid 0.5
mi 17 and increased the yield in cardamom.

The loss due to fungal diseases was low
{13.0%) in rhizomes mreated with SAAF + T,
farziamon in the storage with highest recov-
ery (84.5%) of healthy rhizomes. Rhizomes
treated with hot water at 51 °C for 10 min
and T. harzianum mixed with neem cake re-
sulted i minmimum incidence of rhizome rot
disease with maximum yield at Kuinargan;.

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 reduced by
37.86% Dby application of FYM with T. viride
+ P. fluorescens @ 12.5 kg ha™ as basal and
25.0 kg ha as top dressing followed by ap-
plication of FYM with T. viride + P. fluorescens
to seed @ 4 g kg of sced. However, at
Coimbatore application of NPK 125:60:90 kg
ha’+ FYM 10t ha' + T. viride + P. fligrescens
@ 4 ¢ kg as seed treatment + T. wiride + .
fuorescens applied to soil @ 12.5 kg ha' as
basal and 25.0 kg ha™ as top dressing, respec-
tively recorded the lowest incidence of rhi-
zome rot with highest yield.

In coriander, T harziznwm when used both
as sced treatment and soil application re-
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duced wilt 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. harzianum 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 ' 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.
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harzianum was also found significantly effec-
tive for both wilt and blight diseases at
Jagudan. For the control of aphids in cumin,
two sprays of monocrotophos and acephate
were found 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") + neem cake (150 kg ha™) also re-
duced the disease incidence at Coimbatore.

Besides, several germplasm accessions/vari-
eties resistant to important pests and diseases
in spice crops were identified.



Krishi Vigyan Kendra

Training programmes

Krishi Vigyan Kendra (KVK) has conducted
91 training programumes 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 handicralts to equip them
for self employment.

Front line demonstrations
Production of organic cowpea

Two demonstrations were conductied on pro-
duction of organic vegetable cowpea var,
Shartka and Arka Garima in an area of 0.4
ha cach (Fig. 20).

Fig. 20. Demonstration on production of oranic cow pea

Cultivation of okra

Cultivation of a high vielding mosaic resis-
tant variety of okra var. Arka Anamika was
demonstrated in 10 locations in an area of
0.4 ha.

Rearing of Kuttanad layer ducks

Two demonsirations 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 in bittergourd

Three trials in an area of 0.2 ha each on man-
agement of fruit fly in biftergourd {var.
Preethi)is in progress. Pheromone traps were
set in the 2" week of March 2004 and a large
no. of flies are being collected in the trap.

Growing of grafted pepper in swampy areas

Two trials on utilization of grafted pepper in
swampy areas using the varicties of black
pepper released from ISR 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 resulted in the depletion of soil

Table 62. Traming programmes conducted during the year 2003-04

Category No. of courses

No. of participants No. of SC/ST

Male Fernale Total particpants
Pr&rc‘tisfng farmers 78 717 817 1534 140
Rural youth 11 105 94 199 6
Extension functionaries 2 é 5 21 -
Total 91 828 926 1754 156
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moisture status killing about 80% of the plant
population.

Effectiveness of prostaglandin in cattle

A trial on studying the effechivencss of pros-
taglandin F, « in anoestrus dairy cattle 1s in
progress. No pregnancy has been confirmed
till date.

Demonstration units

Demonstration units on improved varieties
of black pepper, medicinal plants, mushroom
spawn production, model homestead garden,
model arecanut sced garden, cashew and nut-
meg scion bank, guava, sapota, vanilla and
poultry were maintained.

Plant and Animal Health Centre

KVK also operates a Plant and Animal FHealth
Centre offering various services to the farm-
ers (Fig. 21). An artificial insemination facil-

Fig. 21. Anima) clinic al KVK

i

ity is available at the centre to upgrade the
genetic stock of livestock. The centre offers
consultation, treatment and doorstep services
wilh a nominal fee. In addition, the centre
also provides vaccination factlity and
organises animal health camps in association
with lhe state animal husbandry department.
The centre undertock 475 consultancy/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 strong revolving fund programme
lo generate income for productive uses. Un-
der this programme, qualify planting mate-
rials of allspice se‘edlings, nutmeg graft,
garcinia graft, mango graft, guava layer,
arecanut scedlings were produced and sold
to public at affordable rates. The veterinary
wing of KVK also fetched moderate income
to the revolving fund by way of consullation
and doorstep services.

Dhring the period an amouni of Rs. 4, 06,832
lakh was earned through sale of planting ma-
terials, mushroom spawn, Trichoderma and
Rs. 22,395 through the activities of Plant and
Animal Health Centre.

Kisan mela and exhibitions

KVK regularly participates in exhibitions and
seminars within and outside the district. KVK
has participated in two exhibitions/Kisan
melas during the period.



Publications

Books and chapters in books

Anandaraj, M. and Devasahayam, 5. 2003.
Pests and diseases of ¢innamon and cassia,
In: Ravindran, P. N., Nirmal Babu, K. and
Shylaja, M. (Eds.). Cinnamon and Cassia,
the Genus Cinnamomum, 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. N and Shylaja,
M. 2004. Camphor tree - Cinnamomum
camphora (Bercht. & Presl.). In: Ravindran,
P. N, Babu, K. N. and Shylaja, R. (Eds.). Cin-
namon and Cassia, the Genus Cinnanomum,
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 Cinnamontum,
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 Cinnamomum. CRC
Press, Washington, pp. 1-13.

Ravindran, P. N, Babu, K. N. and Shylaja,
R. {Eds.) 2003. Cinnamon and Cassia, the
Genus Cinnamomum, CRC Press, Washing-
ton, 361 pp.

Ravindran, P. N., Babu, K. N., Shylaja, 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
Cintnamonunt, CRC Press, Washington, pp. 14~
79.

Ravindran, P. N, Geetha, 5. 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: Pcter, K.
V., (Ed.}. Handbook of Herbs and Spices, Vol-
ume 2, CRC Press, Washington, pp. 243-252.

Shylaja, M., Ravindran, . N, and Babu, K.
N. 2004. Other wuseful species of
Cinnamoennnn, In: Ravindran, P. N, Babu, K.
N. and Shylaja, R. (Eds.). Cinnamon and
Cassia, the Genus Cimnamoniuin, CRC Press,
Washington, pp. 330-355.

Suseela Bhai, R. Diseases of tree spices. In :
Santhakwmari, P. (Ed.). Advances in the Dis-
eases of Plantation Crops and Spices, Inter-
national Book Distributing Company,
Ludhiana, pp. 345-365.

Research articles

Amaladhas, P. F., Rajesh, P. N., Zachariah,
T. J., Mathew, P. A, and Subramannian, S.
2003. Influence of harvesting stage and dry-
ing on quality of Piper chaba Hunter. Journal
of Plantation Crops 31 (1): 46-49.
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Anandaraj, M., Paul, D, Jisha, P. ], Kumar,
A., Saju, K. A., Thankamani, C. K. and
Sarma, Y. R. 2003. Potential of consortium of
plant growth promoting rhizobacteria and
Trichoderma for effective nursery manage-
ment in black pepper (Piper nigrum L). In:
Reddy, M. S., Anandaraj, M. Eapen, 5. |,
Sarma, Y. R, Kloepper, ]. W. (Eds.). Ab-
stracts and Short Papers, Sixth International
PGPR Workshop. Indian Institute of Spices
Research, Calicut, pp. 82-87.

Anu, A., Babu, K. N. and Peter, K. V. 2004.
Variations among somaclones and its seed-
ling progeny in Capsicum annuwm. Plant Celi
Tissue and Organ Culture, 76: 261-267.

Babu, K. N., Sajina, A., Minoo, D., John, C.
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Ravindran, P. N. 2003. Micropropagation of
camphor tree (Cinnamomum camphorn). Plant
Cell Tissue and Organ Culture 74: 179-183.

Bhat, A. I, Devasahayam, 5., Sarma, Y. R.
and Pant, R. P. 2003. Association of a badna-
virus with black pepper (Piper nigrum L.)
transmitted by mealybug (Ferrisia virgata) in
India. Current Science 84: 1547-1550.

Dhamayanthi, K. P. M., Sasikumar, B. and
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officinale). Phytomorphology, 53: 123-131.
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V. A. 2003. ISSR-PCR, a potential tool for
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Korikanthimath, V. S., Zachariah, T. J.,
Kandiannan, K., Nair, R. R., Krishnamurthy,
K. S. and Shiva, K. N. (Eds.). National Semi-
nar on New Perspectives in Spices, Medici-
nal and Aromatic Plants, Indian Society for
Spices, Calicut, pp. 23-26.

Hamza, S. and Sadanandan, A. K. 2003. Ef-
fect of arganic amendments on yield and
quality of black pepper. In: Korikanthimath,
V. S., Zachariah, T., }J., Kandiannan, K.,
Shiva, K. N., Krishnamurthy, K. S., Suseela
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On-going Projects

Institute Projects

I. Mega Project: Collection, conservation,
characterization and cataloguing of
germplasm 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. U (813): Collectign, conservation,
cataloguing and evaluation of germplasm
of ginger and furmeric

4. Gen. VI {813): Collection, conservation,
cataloguing and evaluation of germplasm
of trec spices

5. Gen. XIIT (813): Collection, conservation
and improvement of vanilla

6. Tort. III (813): Development of paprika
for warm humid tropics

. Mega project: Breeding improved
varieties of spice crops for yield, quality,
drought and resistance to pests and
diseases

1. Gen. VIL1 (813} Breeding black pepper
for high vield, quality, drought and resis-
tance to pests

2. Biotech. 1V {813): Biotechnological ap-
proaches for crop improvement in black
pepper

3. Biotech. VI (813): Development of DNA

markers for marker assisted selection in
black pepper

4. Gen. X (813): Breeding cardamom for
high yield and resistance to kafte disease

5. Hort. 1V (813): Rootstock-scion interac-
tions In tree spices

1II. Mega project: System approach for
sustainable production of spices

1. S5c. 1T (813): Nutritional requirement of
improved varieties of spices

2. Agr. XXI (813): Efficacy of biofertilizers
on nutritional management of black pep-
per

Agr. XXII (813): Biometeorological inves-
tigations and modeling in black pepper

4. Agr. XXIII (813): Development and
evaluation of soil and water conservation
measures and land use systems for sus-
tainable crop production in Western
Ghats of coastal region

G2

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 (813): Characterization of
dreught tolerance in cardamom

4. Phy. VII (813): Physiclogical and bio-
chemical 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 nucleus

planting materials of improved varieties
of spice crops
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VII. Mega project: Identification,
characterization and development of
diagnostics against pests, pathogens and
nematodes of spice crops

1. Path. XIT (813): Investigations on stunted
and phyllody diseases of black pepper

2. Path. XIII (813): Investigations on spike
shedding of black pepper at high altitudes

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. L1 (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 P’rot. 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. I1.3 (813): Disease management in
Phytophthora foot rot affected black pep-
per plantations

2. Hort. II (813): Utilization of Piper
colubrinum Link and P. arboreum as
rootstocks in the management of foot rot
disease of black pepper

3. Biocontrol 1.1 {813): Biological control of
diseases of spices

HISR Anpual Report 2003-2004

4. Biocontrol 1.3 (813): Biological control of
nematodes of spices

5. Biocontrol 1.2 (813): Biological control of
insect pests of spices

6. Org. Chem. II (813): Characterization of
bicactive compounds with pesticide prop-
erties

X. Mega project: Economics, statistics and
modeling

1. Econ.I(813): Economics of spices produc-
tion and marketing

2. Econ. II {§13): ldentification of appropri-
ate prediction systems in spice crops

Econ. III (813): Remote sensing and GIS
in evaluating the impact on socjo-ecologi-
cal changes on spices production in West-
ern Ghats region

OS]

XI. Mega project: Extension and training

1. Ext. [V (813) Training of research and ex-
tension workers
Externally aided projects

ICAR Cess Fund

1. Organization of ginger and turmeric
germplasm based on molecular charac-
terization

2. Bioecology and integrated management
of root mealy bug (Planococcus sp.) infest-
ing black pepper

3. Identification and development of diag-
nostics for the viruses causing stunted
disease in black pepper

Department of Biotechnology

1. Conservation of spices genetic resources
in in vitro gene banks

2. A digitized inventory of plant resources.
Part II. Other economically important
spices

3. Improvement of selected spice crops
through biotechnological approaches

4. On farm evaluation of tissue culture de-
rived black pepper plants
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5. Molecular characterization of viruses
causing stunted disease in black pepper
and development of PCR based method-
ology for their detection

6. Endophytic bacteria for biological system
management of Radopholeus similis, the
key nematode pest of black pepper

7. Distributed Information Sub-Centre
National Agricultural Technology Project

1. Collection, characterization and conser-
vation of spices genetic resources

2. Integrated National Agricultural Re-
sources Information System

3. Agricultural Technology Information
Centre

4. Prioritization Monitoring and Evaluation
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Department of
Co-operation

Agriculture  and

1. Centrally sponsored scheme: Integrated
programme for development of spices

Government of Kerala
1. Technology mission on black pepper
Board of Research on Nuclear Science

1. Migration of pesticides in soil, 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-
choderma harzianum has been sold to six new
entrepreneurs. M. Sc. project work
programmes of post graduate students were
also taken up by the institute 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.



Institute Management Committee

Director, Indian Institute of Spices Research, Calicut.

Assistant Director General (PC), Indian Counci] of
Agricultural Research, New Delhi

Director of Agriculture (Kerala), Thiruvananthapuram
Director of Horticulture (Karnataka), Bangalore

Dr. E. V. Nybe, Associate Professor and Head, Kerala Agricultural

University, Trissur.

Senior Finance and Accounts OQfficer, Central Marine
Fisheries Research Institute, Kochi.

Mr. Mukundan, Kadali Kadanad P. O., Vaduvanchai, Wyanad

Mr. Dhirendra Bahadur Singh, 538/28, Yogi Nagar, Ahivaranpur,
Sitapur Road, Lucknow

Dr. M. N. Venugopal, llead in Charge, Cardamom Research Centre,

Indian Institute of Spices Research, Appangala.

Dr. M. Anandaraj, Head in Charge, Division of Crop Protection,
Indian Institute of Spices Research, Calicut.

Dr. B. Chempakam, Head in Charge, Division of Crop Production

and Post Harvest Technology, Indian Institute of Spices Research, Calicut.

Dr. B. Sasikumar, Senior Scientist, Indian Institute of Spices Research, Calicut.

Assistant Administrative Officer, Indian Institute of Spices
Research, Calicut.

Chairman

Member

Member
Member

Member

Member

Member
Member

Member

Member

Member

Member

Member Secretary



Research Advisory Committee

Dr. K. V. Ahamed Bavappa : Chairman
Prof. V. Arunachaiam Member
Dr. C. K. George Member
Dr. R0 K. Sharma Member
Mr. C. B. S. Rajput Member
Dr. V. A Parthasarathy Member
Dr. K. V. Ramana Member

Secretary

The Research Advisory Committee meeting
was held during 9-10 April 2003 at Calicut
(Fig. 22) and the following recomamendations
were made.

Fig. 22. RAC meeting in progress

Mega Project 1

1.

For germplasm collection, specific areas
for survey have to be identified.

An alternate area has to be identified for
germplasm conservation as the valuable
materials now conserved at ISR Farm,
Peruvannamuzhi are prone to damage by
wild animals.

Parameters (standards) with ranges for
all the characters such as yield, quality,

[

resistance to pests, diseases, drought elc.
have to be defined clearly for guidance in
evaluating the germplasm of different
Crops.

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.

The earlier decision that research on pa-
prika has to be done through AICRPS
may be implemented.

While characterizing the germplasm, the
stability of all the characters in each cycle
of regeneration has to be monitored.

Possibility to achieve seed set in ginger
may be explored.

Mega Project 11

1.

Growth regulators may be used for ob-
taining high success in grafting and bud-
ding in tree spices.

Breeding programmes in ginger and tur-
meric other than clonal selection have to
be given more importance.

Molecular characterization and marker-
assisted breeding must be given greater
importance to strengthen the established
breeding methods.

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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Peruvannamuzhi in collaboration with
KVK.

Whenever experiments on micronutrients
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.

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.

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.

2.

Training the farmers in the production of
quality planting materials through KVK
may be intensified.

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.

Varietal reactHon to viral diseases in black
pepper has to be worked out.

Cytokinins may 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 elc. -

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.

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 Phytophthora foot rot
disease in black pepper may be studied.

Management of bacterial wilt of ginger
through rhizome solarization should be
demonstrated in farmer’s fields at differ-
ent locations.

Technologies for mass production of effi-
cient strains of biocontrol agents have to
be developed and popularized.

Mega Project X

1.

Economics and statistics should be better
integrated with relevant programmes of
crop improvements so that cost-benefit
and other economic evaluation and inter-
pretation of experiments can strengthen
the programme.

Cost of production of important crops has
to be updated.

Full details of the technologies developed
should not be put in the website and

internet.
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Mega Project XI
1.

RO, -

El

Directors of Agriculture /Hortculture of
state governments may be contacted to
nominate the officials for institute’s di-
verse training programmes.

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.

ISR Annual Report 2003-2004

3. Success stories of the institute should also

4.

be made available at the institute website.

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 turn
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 undertaken 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 namely, 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 Calicut. 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 Beoard, Chundale, 6
April 2003 (K. Kandiannan).

Meeting of High Power Committee on IT and
BT, Govt. of Kerala, Thiruvananthapuram,
12-13 April 2003 (V. A. Parthasarathy).

Nationat 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 Floriculture, 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 Bicinformatics 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,
Centra] Plantation Crops Research Institute,
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
1ISR, 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-
cultural 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 Agriculture 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-



Participarion of Scientists in Mectings

tee on Krishi Vigyan Kendra, Gonikopal, 14
September 2003 (S. ]. 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 Institute 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 (5. J.
Ankegowda).

Review of Projects of ICAR in Zone V111, 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 QOctober 2003 (5. J.
Ankegowda).

Meeting on [niva Keralan - Preparation of Ac-
tion Plan for Organic Farming, Directorate of
Agriculture, Thiruvananthapuram, 23 Octo-
ber 2003 (B. Sasiktunar, V. Srinivasan).

Research and Extension Workers Interface,
Department of Agriculture, Calicut, 27 Oc-
tobrer 2003 (B. Sasikumar).

Workshop on Agricultural Bioinformatics, In-
dian Institute of Spices Research, Calicut, 29—
30 October 2003 (All Scientists).

Planters” Meeting, Calicut, 2 November 2003
(V. A. Parthasarathy}.

33" Town Official Language Implementation
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, [CAR
Research Complex, Goa, 27-29 November
2003 (V. A. Parthasarathy, M. Anandaraj, B.
Chempakam, T. John Zachariah, B.
Sasikumar, Johnson K. George, C. K.
Thankamani, R. Suseela Bhai, R.
Ramakrishnan Nair, K. Kandiannan, N. K.
Leela, K. V. 5aji, V. Srinivasan).

Ginger Meeting, Department of Horticulture,
Gangtok, 1-3 December 2003 (A. Kumar).

10" Congress of Asian and Oceania Biochem-
ists and Molecular Biologists, Indian Instihute
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 Constraints, 5.V.
Agricultural College, Tirupati, 12-14 Decemn-
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).

VIII ICAR Governing Body Meeting, New
Delhi, 24 December 2003 (V. A. Parthasarathy).

VITICAR 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 Agricultural 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).

7" 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).

NATP Meeting, Cenfral 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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Shiltong, 16 February 2004
Parthasarathy).

(V. A.

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).

[CAR Meeting on Molecular 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 Dethi, 11 March 2004 (V. A.
Parthasarathy).

Workshop on Networking of Indian
Bigdiversity Databases, Centre for Ecological
Sciences, Bangalore, 23-24 March 2004
(Santhosh J. Eapen).



Meetings Organized by the Institute

Brain storming session on Proteomics and its
Applications, 24 May 2003,

i natbm. - }

‘dinated Researep Project on Spices [

38 February 2004
P

Fig. 23. XVIl Nauonal Group Meeting of All India
Co-ordinated Rescarch 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 Mecting 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. Saira Banuj.

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. ].
Ankegowda).

Baking of foods, All India Radio, Kozhikode,
1 December 2003 (Lixy John).

Safed 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 February 2004
(B. Sasikumar).

Agar wood - a new tree spice, All India Ra-
dio, Kozhikode, 25 February 2004 and 8
March 2004 (B. Sasikumar).

Diversified use of spices (question and an-
swers), All India Radio, Kozhikode, 23 March
2004 (T. ]. Zachariahj.

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, Chundale,
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 (5. Hamza).

An introduction to bioinformatics, Training
on bioinformatics, Central Plantation Crops
Research Institute, Kasaragod, 18 August
2003 (Santhosh ]. 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 (S.
Hamaza). :

Pests and diseases of black pepper and va-
nilla, Farmer’s Seminar, Pulpally, Wyanad,
31 October 2003 (Santhosh ]. Eapen).

Cultivation practices in black pepper, carda-
mom and vanilla, Farmer’s Meeting, 21 No-
vember 2003 (S. ]. 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 Horticultural
Crops, Tamil Nadu Agricultural University,
Coimbatore, 19 December 2003 (A. Ishwara
Bhat).

Chemistry of spices, Inaugural Function of
Chemistry Association, Providence Women's
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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 (5. 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
Board and Horticulture Department,
Kodagu, 21 January 2004 (M. N. Venugopal).

Pepper production management, Farmer’s
Training on Jalanidhi Project, Calicut, 23 Janu-
ary 2004 (P. Rajeev).

Scientific awareness in society, Students of
VHSS for Girls, Calicut, 28 February 2004 (T.
Tohn Zachariah).

Introduction to physical biochemistry to
bicinformatics, Students of Department of

[SR Annual Report 2003-2004

Electronic Accreditation of Computer
Courses, Calicut, 3 March 2004 (T. John
Zachariah).

Black pepper and vanilla cultivation practices
in village level horticulture, Training for
Farmers, Napokkalu, 9 March 2004 (5. ].

Ankegowda).

Agronomical practices in black pepper culti-
vation, Seminar on Black pepper, Madikeri,
16 March 2004 (5. J. Ankegowda).

Black pepper, Training to Coffee Growers,
Kodagu, 16 March 2004 (M. N. Venugopal).

Phytophthora research in horticultural crops,
Refresher Course in Plant Pathology,
Chidambaram, 22 March 2004 (M.
Anandaraj).

Gene finding and tagging strategies, Seminar
on Bioinformatics for Biosciences, GRD Col-
lege of Science, Coimbatore, 22 Maxch 2004
(Johnson 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 Institute,
Kasaragod.
P.  Balachandran, Passport Officer,

Kozhikode.
Dr. B. Bashishtha, Director, National Research
Centre on Seed Spices, Ajmer.

Shri. Hukkumdeo Narayan Yadav, Hon.
Minister ot State for Agriculture, Govt. of
India (Fig. 24).

Fig. 24 Slui Hukkumdeo Narayan Yaday, Flon Minister
of State for Agnculture in a discussion with scientists

Mr. Joseph Thekke Kuruvinal, Chief Judicial
Magistrate, Kozhikode.

Dr. G. Kalloo, Deputy Director General (Hor-
ticulture), Indian Council of Agricultural Re-
scarch, New Delhi.
Dr. 5. N. Pandey, Assistant Director General
(PC), Indian Council of Agricultural Re-
search, New Delhi.

Dr. K. V. Peter, Vice Chancellor, Kerala Ag-
ricultural University, Trissur.

Dr. R. B. Rai, Director, Central Agricultural
Research Institute, Port Blair.

Mr. V. S. Ramachandran, Dircctor, Regional
Science Centre, Calicut.

Dr. P. 5. Rao, Vice President, Indo-American
Hybrid Seeds, Bangalore.

Dr. Renu Swarup, Director, Deparbment of
Biotechnology, New Delhi.

Dr. R. K. Sharma, Former Dean, Rajasthan
Agricultural University, Jobner.

Dr. S. K. Sharma, Project Director, Project Di-
rectorate for Cropping System Research,
Modipuram.

Dr. V. A. Srinivasan, Executive Director, In-
dian Immunologicals Ltd., Hyderabad.

Dr. [. V. Subba Rao, Former Vice Chancellor,
ANGRAU, Hyderabad.



Empowerment of Women

A Women’s Cell is functioning at 1ISR to ca-
ter to the welfare and solve grievances of
women employees working in the Institute.
The Women’s Cell conducted various
programmes for the welfare, development
and empowerment of farm and rural women
in coilaboration 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 programimes
for farm women and women Self Help Groups
(SHGs) in association with Departments of
Agriculture, Animal Husbandry and volun-
tary organizations such as Centre for Over-
all Development, Vikas Voluntary Vahini
(VVV) clubs, Indian Farmer’'s Movement
(INFAM) etc. The training programmes
mainiy focused on self employment and acd-
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 SHG's in which 654 trainces 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 production of
vermicompost for women entrepreneur

b. Production of vermicompost (21 partici-
pants}

¢. Training on plant propagation {39 par-
ticipants)

d. Cultivation of vanilla (99 participants)

e

Cultivation of cowpea (12 participants)

—_

Cultivation of bittergourd (9 participants)
g. Cultivation of azolla (14 participants)
2

. Rearing and care of poultry and live-stock

ja?]

Management of milch cow (43 partici-
pants)

b. Goat rearing under rural conditions {12
participants)

Backyard poultry rearing (25 participants)

d. Management of discases in cattle (25 par-
ticipants})

e. Control of plant poisening in dairy ani-
mals (61 participants)

3. Cottage industries

a. Handicrafts making from bamboo (13 par-
ticipants)



‘Empowerment of Women

D>,

C.

Hand embroidery (14)

Fabric painting and card making (18 par-
ticipants)

Advanced training in fabric painting (10
participants)

Tablemat and artificial flower making (28
participants)

Paper bag making (11 participants)

Production of mushroom (36 partici-
pants)

Apiculture (11 participants)

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. “o

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 praducts. 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. 5. Devasahayam, Principal Scientist (Ag-
ricultural Entomology)

Mr. B. Krishnamoorthy, Principal Scientist
(Plant Breeding) and Head in Charge, Divi-
sion of Crop Improvement and Biotechnol-

08y

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. Sastkumar, Senior Scientist {Plant
Breeding)

Dr. J. Rema, Senior Scientist (Horticulture)

Dr. Johnson K. George, Senior Scientist
(Genetics and Cytogenetics)

Dr. C. K. Thankamani, Senior Scientist
(Agronomy)

Dr. R. Suseela Bhai, 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 (Agricultural
Extension)

Dr. K. 5. Krishnamurthy, Senior Scientist
(Plant Physiology)

Dr. K. Kandiannan, Senior Scientist
(Agronomy)

Mr. K. M. Abdulla Koya, Scientist {Selection
Crade) {Agricultural Entomology)

Dr. Santhosh ]. 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)

Techwical

Dr. Johny A. Kallupurackal, Technical Infor-
mation Officer (T-8)

Mr. P. Azgar Sheriff, Technical Officer (T-6)
Dr. S. Hamza, Technical Officer (T-6)



Personnel

Ms. Utpala Parthasarathy, Technical Officer
(T-06)

Mr. M. M. Augusthy, Technical Officer (T-5)
Mr. K. Jayarajan, Technical Officer (T-5) Sta-
tistics

Administrative

Mr. M. K. Sachidanandan, Assistant Finance
and Accounts Officer

Mr. V. L. Jacob, Assistant Finance and Ac-
counts Officer

Mr. 5. M. Chetlar, Private Secretary

Mr. A. P. Sankaran, Assistant Administra-
tive Officer

Krishi Vigyan Kendra

Ms. V. Radha, Junior Accounts Officer
Experimental Farm, Peruvannamuzhi
Scientific

Mr. P. A. Mathew, Principal Scientist (Horti-
culture} and Head in Charge

Ms. E. Jayashree, Scientist (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. 5. Manoj, Technical Officer (T-7) (Hor-
ticulture)

Dr. 5. 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. Venugopal, Principal Scientist
(Plant Pathology) and Head in Charge

Dr. S. J. Ankegowda, Senior Scientist (Plant
Physiology)

Mr. D. Prasath, Scientist {(Horticulture)
(Study leave from 31 December 2002)

Administrative

Ms. Enid Savitha, Assistant Administrative
Officer



Weather

Weather data for 2003 (Peruvannamuzhi)

Month Rainfall {rm}) No. of rainy days Evoparation (mm day ']
January 0.0 0 394
February 30.0 ) 3.37
March 17.6 2 3.34
April 283.0 15 3.15
May 1654 7 270
June 836.3 21 1.99
July 808.4 28 1.80
August &72.0 26 21
September 1730 10 3.87
October 3150 17 1.91
November 44.0 4 3.18
December 10.0 1 3.29
Total 33547 137 34.65

Weather data for 2003 (Appangala)

Month Temperature (°C) Humidity (%) Rainfail (mm} No. of rainy days
Max. Min.

January 28.5 14.6 67.0 000.0 00
February 31.0 16.7 71.8 000.0 00
March 32.0 17.2 69.0 027.2 0z
April 32.0 15.3 734 087.6 10
May 309 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 M
August 24.5 18.4 95.6 498.8 19
September 259 18.1 926 156.0 13
October 28.1 17.5 90.3 196.5 13
November 285 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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