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Preface

The challenges facing Indian agriculture
in recent years, especially in the spices
sector, are quite different from that of
previous decades. Globalization,
liberalization and privatization have
become dominant forces shaping trade,
economy and society, the world over.
The Indian Institute of Spices Research,
Calicut, has geared up its research and
development programmes to meet the
challenges faced by the spices sector in
the new millenium.

Collection of germplasm of spice crops
particularly indigenous materials, from
centres of biodiversity was taken up on
a priority. Characterization of
germplasm through conventional and
molecular means was carried out and
the collections were also evaluated for
yield, quality and tolerance to biotic and
abiotic stresses. Proposals for release of
two high yielding lines of ginger and
one high yielding line of nutmeg were
submitted to the State Variety Release
Committee, Kerala. Promising high
yielding lines of black pepper,
cardamom and cassia were identified.

The institute continued to adopt various
strategies to increase production and
productivity of spices in view of
shrinking natural resources like land

and water. Suitable cost effective
technologies for cropping systems,
drought management, integrated plant
nutrient management and water use
efficiency for sustainable production were
developed. Development of appropriate
post harvest management technologies
for obtaining a clean and high quality
produce was also continued.

A major thrust was given for developing
eco-friendly strategies for the
management of pests and diseases of
spice crops through tolerant varieties,
cultural practices, plant products,
biocontrol agents and safer pesticides, to
obtain a pesticide free produce to suit
the global demand. A repository of
biocontrol age-nts comprising of
bacterial, fungal and nematode
antagonists was maintained. These
biocontrol agents were characte-rized and
evaluated for their potential in pest and
disease management.

Digitization, information dissemination
and human resources development were
achieved through the Integrated
National Apgricultural Resources
Information  System  (INARIS),
Bioinformatics Centre, Agricultural
Technology Information Centre (ATIC)
and Krishi Vigyan Kendra (KVK).



Preface

The institute has completed 25 years of
service and can take pride in its
remarkable contributions made through
innovative research and developmental
activities in spices. The research
achievements and other activities of the
institute during 2001-02, are presented
in this publication.

I gratefully acknowledge the support
and guidance given by Dr. Panjab Singh,
Director General, ICAR and Secretary,

Calicut
October 2002
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DARE, Dr. G. Kalloo, Deputy Director
General (Horticulture), [CAR and Dr.
R. N. Pal, Assistant Director General
(Plantation Crops), ICAR, New Delhi,
in all our activities. I owe a lot to the
chairman and members of the Research
Advisory Committee for refining our
research programmes.

I thank Dr. J. Rema and Dr. S
Devasahayam for their painstaking
efforts in bringing out this publication.

V. A. Parthasarathy
Director



EXecutive S ummary

The Indian Institute of Spices Research,
Calicut, established in 1975 as the erstwhile
Regional Station of Central Plantation Crops
Research Institute, Kasaragod, has the man-
date to conduct and coordinate research on
all aspects of spices. The research
programmes of the institute are carried out
under various projects that are time bound
and with specific objectives. The significant
achievements of the institute during 2001-
02 are summarized here.

Collection and conservation of
germplasm

Explorations were conducted in Siruvani,
Anakatti, Sholayur, Attappadi, Silent Val-
ley, Nelliampathy, Idukki (Kerala),
Kudremukh (Karnataka} and Nilgiris (Tamil
Nadu) and 153 accessions of Piper spp. and
black pepper cultivars were collected. A rare
monoecious type of P. nigrum (wild) was
collected from Nelliampathy forests. The
total germplasm collections available in the
conservatory include 2299 accessions of
black pepper cultivars and 932 accessions
of Piper spp. A database of black pepper
germplasm was brought out in a CD.

Twenty-six accessions of cardamom and
related species were collected from [dukki
{15}, Silent Valley (9) and Kodagu (2), Three
hundred and eighty-five accessions includ-
ing 11 allied genera of Zingiberaceae were
maintained in the conservatory. Seventy- two
accessions were evaluated and character-

ized for 14 characters based on IPGRI de-
scriptor. Twenty-one new accessions of
Zingiber spp. were collected and 645 acces-
sions of Zingiber spp. and 800 accessions of
Curctma spp. were maintained in the con-
servatory. Morphological and yield traits of
50 accessions of ginger were recorded.

Seven cultivated and 10 wild accessions of
Garcinia gummi-gutia were collected from
Kerala and Karnataka forests. Two cultivated
accessions of G. indica were collected from
Taliparamba (Kerala) and Vengurla
(Maharashtra). Six accessions of Myristica
fragrans were collected from Vengurla and
Kozhikode District. Three accessions of M.
beddomeii were also added to the germplasm.
One accession of Syzygium cuminii var. gokak
was collected from Vengurla. Two acces-
sions of Cinnamomum verum from Vengurla
and one accession of C. cecidodaphne from
Nepal were also collected. The total collec-
tions maintained in the conservatory in-
clude 302, 482, 223 and 32 accessions of
Cinnamomunt spp., Myristica spp., Syzygium
spp. and Garcinia spp., respectively.

One accession each of Vanilla walkeriae,
V. tahitensis and V. planifolia were added to
the germplasm. Thirty accessions of
Vanilla spp. were maintained in the conser-
vatory.

Various accessions of black pepper (20},
cardamom (1), ginger (9}, turmeric (18), va-
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nilla (85), paprika (12) and other spices (81)
were added to the in vifro genebank. Three
hundred and eighty- nine accessions of vari-
ous spices are now available in the in vitro
genebank.

Characterization of germplasm

Cytological analysis of 10 accessions of gin-
ger revealed that Accs. 147 and 116 had a
chromosome number of 2n=24 while the
other accessions had a normat chromosome
number of 2n=22. Analysis of five seedling
progenies of turmeric showed variable chro-
mosome numbers (2n=42-94),

DNA was isolated from 70 accessions of
black pepper germplasm and RAPD pro-
files were developed in 13 Piper spp. using
random primers. RAPD profiles of 4 species
of Zingiber and 12 cultivars and 6 species of
Curcima were also developed with five prim-
ers. Relatively good polymorphism was evi-
dent at the species level. A protocol for iso-
lation of DNA in cinnamon was standard-
ized. DNA was isolated from 100 accessions
of cardamom, 50 accessions of vanilla and
10 species of Cinnamomum for molecular char-
acterization. A RAPD based molecular
marker technique for identification of true
hybrids was developed in black pepper. The
hybridity of three F1 hybrids namely, HP-
34, HP>-780 and HP-1411 was confirmed
based on the inheritance of the male parent
specific RAPD.

Crop improvement

The promising black pepper lines, Coll. 1041,
OPKm, HP-780, HP-1411 and HP-813 con-
tinued to maintain their superiority with a
mean yield of 2-3 kg (fresh berries)/vine
during the fourth year after planting, Pre-
liminary yield evaluation of hybrids of black
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pepper indicated the potential of the hybrid
HP-1313 with a mean yield of 2.1 kg (fresh
berries)/vine and 41.2% dry recovery dur-
ing the third year after planting.

Fifteen hybrid combinaticns of cardamom
were identified based on their per se perfor-
mance, heterosis, combining ability, capsule
size, shape and colour and field resistance
to mosaic disease. Fifty-three accessions from
the germplasm (4 Mysore, 8 Vazhukka, 29
Malabar and 12 compound panicle types)
were selected based on biomass, yield, cap-
sule characters and reaction to leaf blight
and rhizome rot diseases.

Evaluation of 3 year old clonal progenies of
elite Cinnamomum cassia lines indicated that
there were no significant differences among
the four lines (A-2, C-1, D-1, D-3) and the
yield varied from 137.6 g to 462.7 g/plant.
Evaluation of related species of Syzygium as
rootstocks for grafting of clove indicated that
the growth of the grafts in the field on S.
heynianum and S. aromaticum was satisfac-
tory even after 3 years.

Intraspecific hybridization between V.
tahitensis (female) and V. planifolia (male) and
V. aphylla (male) resulted in successful de-
velopment of fruit. Pollination with
cryopreserved pollen of V. aphylla also re-
suited in development of fruit.

Proposals for release of two ginger acce-
ssions namely, Acc.35 and Acc. 117
with an average yield of 23.2 t/ha and 22.4
t/ha (fresh rhizomes) respectively, were sub-
mitted to the State Variety Release Commit-
tee, Kerala. These varieties have bold rhi-
zomes with low fibre content. A high yield-
ing nutmeg accession A-9/41 with an aver-
age yield of 3122 kg nuts (dry)/ha and 480
kg mace {dry)/ha was also submitted to the
State Variety Release Committee, Kerala.
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Evaluation of germplasm for quality

Two hundred germplasm accessions of
black pepper were evaluated for quality and
Acc. 5302 was promising with 8.0% oil,
19.0% oleoresin and 3.7% piperine.

Among the 54 germplasm accessions of gin-
ger evaluated for quality, Acc. 197 was prom-
ising with 2.5% oil, 7.0% oleoresin and 2.8%
fibre, Evaluation of 11 high curcumin lines
of turmeric including six AFT (Alleppey fin-
ger turmeric) selections along with the re-
leased varieties Prabha and Prathibha indi-
cated that Acc. 585 (AFT line) yielded the
highest (29 kg (fresh)/ 3 m’bed) with 18.6%
dry recovery. The activity of phenyl alanine
ammonia lyase, the key enzyme involved in
the formation of precursors of curcumin was
positively correlated with curcumin levels,
in high and low curcumin accessions. Cell
fractionation studies showed higher activ-
ity of the enzyme in the mitocondria.

Among the 37 nutmeg accessions screened
for quality parameters, essential oil content
varied from 2.4% to 16.5% in nut and from
6.0% to 26.1% in mace. Accession A-9/18
had maximum oil in both nut and mace.
The major components in both the essential
oils were g-pinene, sabinene, myrcene,
myristicin and s-elemicin. A-9/71 and A-9/
95 were promising with high sabinene and
myrcene, along with low myristicin and
elemicin contents. In elite clove lines, the
percentage of bud oil varied from 129% to
20.5% and B-76 had maximum bud oil. The
oil percentage in pedicel varied from 3.3%
t0 7.7% and B-59 had maximum pedicel oil.

Drought tolerance

Preliminary screening of 150 accessions of
black pepper for drought parameters (rela-
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tive water content, cell membrane leakage,
moisture loss from leaves, catalase and
peroxide activities and electrophoretic pat-
tern of proteins) indicated that Acc. 828 was
relatively tolerant. Among the various spe-
cies of Myristica evaluated as rootstocks for
grafting nutmeg to overcome drought, M.
malabarica the best.

Integrated nutrition management

Studies on nutrition management in black
pepper indicated that availability of Zn in
soil increased significantly with levels of
soil application of Zn. The available [’ con-
tent reduced significantly with increased
levels of Zn application. Adoption of inte-
grated plant nutrition management (IPNM)
enhanced nutrient availability in soil and
the yield increase varied from 30% (Wyanad)
to 40% (Kodagu). The incidence of
Phytophthora foot rot disease was reduced
and quality parameters such as oleoresin
and piperine contents of berries were enhan-
ced due to the adoption of IPNM. Foliar
application of Zn 0.25% (twice) resulted in
high rhizome yield in ginger when com-
pared to soil application. Application of
neem cake increased availability of N sig-
nificantly and the highest available N was
recorded in beds applied with half the dose
of N as urea along with neem cake @ 2 t/
ha. Availability of soil I, Ca, Mg, Zn and
Mn increased significantly with application
of neem cake, phosphobacteria and P as rock
phosphate.

Post harvest management

Drying of mature spikes of Piper chaba at
60-65°C for 9 h was essential to reduce the
moisture content to a safe level of 5.5% with
an oleoresin content of 8.1%. Hot air drying
of nutmeg mace at 50°C required 4 h while
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blanching and drying took only 3.5 h.
Blanching of mace in 75°C hot water for 2
min before drying, gave 23% more colour
and colour stability, than hot air dried mace.
The dry recovery, volatile oil and oleoresin
contents of hot air dried and blanched mace
were comparable. Evaluation of drying tech-
niques in cassia indicated that hot air dry-
ing of cassia required 3 h at 50°C while sun
drying took 1-2 days. The dry recovery of
hot air dried and sun dried cassia were
34.0% and 33.7%, respectively.

Storage of fresh ginger in polyethylene bags
with 2% ventilation and in Zero energy
chamber was ideal with minimum dehydra-
tion compared to cardboard box and other
open containers. There was an increase of
40% in dry recovery and decrease of 20% in
chemical quality after 4 months of storage.
The high yielding variety Varada had 19.8%
dry recovery, 1.6% oil, 4.9% oleoresin and
3.9% crude fibre after 4 months of storage.
Storage of nutmeg mace in PET containers
and polyethylene bags increased the mois-
ture content while volatile oil, oleoresin and
lycopene contents decreased.

Evaluation of dried leaf powder of various
plant species for prevention of infestation
by cigarette beetle (Lasioderma serricorne) duri-
ng storage of dried ginger rhizomes indica-
ted that storage in leaf powders of Glycosmis
pentaphylla and Azadirachta indica and in
sealed PET containers was more effective.

Four black pepper threshers were evaluated
for their threshing efficiency and capacity
and the drum type thresher developed by
Tamil Nadu Agricultural University,
Coimbatore, gave the highest efficiency of
99.6% and could thresh 150 kg of spikes per
hour.
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Management of diseases
Phytophthora foof rot

Four hundred and seventy-two isolates of
Phytophthora from various hosts were main-
tained in the National Repository of
Phytophthora. One hundred and seventy
isolates of Phytophthora infecting black pep-
per were characterized morphofogical]y
among which 159 isolates belonged to P.
capsici and the rest to P. palmivora, P,
parasitica and atypical isolates. Biochemical
characterization of P. capsici from black pep-
per using isozyme analysis revealed the
existence of two sub populations in this
species. Protocols were standardized for
RAPD analysis of Phytophthora isolates from
black pepper and cardamom.

Screening of 343 black pepper hybrids, 7
cultivars and 9 wild accessions for their
reaction to P. capsici indicated that 9 hy-
brids, 4 cultivars and 2 wild accessions were
tolerant. Thirty-one promising hybrids were
further tested for their reaction to P. capsici
and 6 hybrids (HP-293, HI>-400, HI*-674, HI*-
1372, HP-1375 and HP-1389) were tolerant.
Seedling progenies of P-24 (resistant line)
and K5-27 (susceptible line) were screened
against P, eapsici and a higher percentage of
seedlings of P-24 showed a tolerant reac-
tion.

Trials on rejuvenation of Phytophthora foot
rot affected black pepper garden indicated
that the establishment and yield of vines
was higher in plots under clean cultivation
(97.7%) compared to plots with weeds
(88.9%). In disease affected plots, where re-
planting was done after solarization, gro-
wth of vines was better compared to plots
under clean cultivation and with weeds. The
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population of Trichoderma was also higher
in solarized plots compared to plots with
weeds and under clean cultivation.

Trials with resistant rootstocks of Piper
colubrinum in a farmer’s field indicated that
there was no detericration in growth of
grafts 5 years after grafting. The average yield
obtained from these grafts (cv. Karimunda)
was 11 kg (green) per standard. Histologi-
cal studies of 1 year old grafts indicated
that the graft union between P. colubrinum
and P. nigrum showed no incompatibility.

Studies on sensitivity of 29 isolates of P.
capsici obtained from various areas of Kerala
and Karnataka to potassium phosphonate
indicated that there were significant varia-
tions in the sensitivity of the isolates and
sporulation was the most sensitive stage.
The in vitro and in vive compatibility of
Trickadertna sp. and potassium phosphonate
was studied and the chemical did not show
any deleterious effect on T. harzianum (up to
60 and 1200 mg/m! in in vitro and in vivo
studies, respectively). Protoplast regenerated
colonies of Trichoderma spp. tolerant to cop-
per oxychloride and metalaxyl were also
developed.

Four hundred and seventy-three isolates of
Trichoderma and other antagonists of
Phytophthora were maintained in the Reposi-
tory of Biocontrol Agents. The Trichoderma
isolates obtained from Silent Valley were
classified based on morphological charac-
ters into two sections namely, Trichoderma
and Longibrachiatum and included seven
species namely, T. harzianum, T, koningii, T.
pseudokoningii, T. parceramosum, T.
aureoviride, T. citrinoviride and T.
longibrachiatum. Molecular typing of Tricho-
derma spp. using 12 random primers indi-
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cated that all the 22 isolates could be
grouped into three clusters, the predominant
being T. harzianum.

Screening of 222 isolates of Trichoderma spp.
in vitro for their antagonism to P. capsici
indicated that the inhibition of P. capsici by
the isolates varied from 20% to 84%. Among
the 79 promising isolates tested in vivo for
growth of black pepper, 29 isolates were
growth promotive, the increase in growth of
black pepper over control varying from 31.6%
to 184.7%. Eight isolates were disease sup-
pressive, the disease incidence varying from
0% to 30% as against 80% to 100% in con-
trol. Bioassays conducted with promising
Trichoderma spp. to determine the dose re-
quired for application of biocontrol agents
indicated that a concentration of 10'cfu/g
of soil was required for T, harzianum and T.
virens 17 whereas, T. aureoviride 25 and T.
virens [>-12 required 107 cfu/g of soil to re-
duce the incidence of the disease signifi-
cantly. Application of various combinations
of biocontrol agents (T. harzianum, T, virens,
T. aureoviride and T. pseudokoningii) resulted
in 107.5-132.5% increase in growth of black
pepper vines over control and 75% disease
suppression as against 0% in control; in
individual applications, the disease suppres-
sion ranged from 50% to 75%.

A few strains of Plant Growth Promoting
Rhizobacteria (PGPR) (IISR-310, IISR-314
and 1ISR-331) from Silent Valley could in-
crease the growth of black pepper cuttings
by 147-228% in greenhouse studies. The
strain [ISR-331 showed a maximum of 82.7%
inhibition of P. capsici in vitro. The fluores-
cent pseudomonad strains 1ISR-8, 1ISR-11
and IISR-51 could effectively rejuvenate
black pepper cuttings when treated alone
and also in combination and when supple-
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mented with the fungicide, metalaxyl-
mancozeb. The fluorescent pseudomonad
strains, [ISR-8, [[SR-13 and [ISR-51 were also
resistant to many of the antibiotics.

Fluorescent pseudomonads and Trichoderma
isolates induced Phytophthora wall degrad-
ing enzymes such as lipases, p-1,3
plucanases and p-1,4 glucanases. The two
efficient biocontrol agents, fluorescent
pseudomonad (IISR-51) and Trichoderma spp.
(IISR-1369) were also compatible. The com-
bination of Trichoderma sp. (IISR-1369) and
fluorescent pseudomonad (IISR-11) collected
from black pepper rhizosphere could im-
part greater protection against soil-borne
pathogens in ginger and cardamom aiso.

FPhyflody disease

A survey for incidence of phyllody disease
in Kodencherry Panchayat (Kozhikode Dis-
trict) showed that a few gardens were se-
verely affected with about 90% of the plants
showing the symptoms of the disease. The
disease was confined to areas adjacent to
forests. There was a very faint band in the
samples from phyllody affected vines when
DNA from affected plants was isolated and
subjected to PCR test using universal primer
for Phytoplasma disease, thereby indicating,
the phytoplasmal etiology of the disease.
Among the 12 species of insects collected
from phylledy affected plants, 2 plant hop-
pers (unidentified) were consistently associ-
ated with diseased vines.

Vein clearing disease

Studies on mechanical transmission of vein
clearing virus of cardamom in six host plants
including Nicotiana spp. and Physalis sp.
indicated that virus cannot be transmitted
mechanically. Aphids such as Myzus
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persicae, Aphis spp. and Toxoptera sp. also
could not trangmit the virus.

Bacterial wilt disease

A RFLP-PCR technique was standardized
for identifying strains of R. splanacearum
causing bacterial wilt of crop plants. RAPD-
PCR using random primers revealed that
most of the ginger isolates of Ralstonia
solanacearum from diflerent ginger growing
locations of Kerala, Karnataka and north
eastern states were related. Polyclonal an-
tibodies were developed against the protein
as well as heat and glutaraldehyde treated
R. solanacearum cells. Western blot analysis
showed that each of the developed antibody
reacted with its own antigen besides react-
ing with the other two antigens used in the
study. ‘

Serological studies were carried out to de-
tect the survival of R, splanacearum in ginger
rhizomes stored at different temperatures for
3 months. Rhizomes stored at 0°C and 4°C
sustained minimum bacterial population
throughout the study period as observed by
plate count and ELISA studies and negli-
gible disease incidence was observed under
pot culture conditions.

A simple screening technique for isolating
sources of resistance was developed by di-
rectly inoculating the bacterial wilt patho-
gen, R. solanacearum in tissue cultured gin-
ger somaclones. About 250 ginger
germplasm lines were screened against bac-
terial wilt and none were resistant. A pro-
tocol was developed to evaluate the sensi-
tivity of ginger calli to the toxic metabolites
of the bacterial wilt pathogen to select toler-
ant cell lines of ginger.

Trials on rhizome solarization conducted in
farmers fields indicated that solarization of
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seed rhizomes for 2 h during 9-11 am re-
sulted in negligible disease incidence (<1%)
and another treatment with 2 h of solariza-
tion from 10 am-12 noon was completely
free from disease after 3 months of planting
as compared to unsolarized rhizomes where
33.6% mortality of plants was observed.

Management of nematodes

Sixty black pepper accessions were screened
against Radopholus similis and six accessions
namely, C-1204, W-254, W- 348, HP-39, HP-
47 and HP-532 gave a resistant reaction. Six
each of ginger and turmeric accessions were
screened for their reaction to Meloidogyne
incognita and two turmeric accessions (Accs.
1 and 8) gave a resistant reaction.

Evaluation of 11 promising antagonistic
fungi and 1 bacterial isolate (Pasteuria
penetrans) in black pepper, turmeric and gin-
ger fields for suppression of M. incognifa
indicated that all of themn caused significant
suppression of nematodes. Verticillium
chiamydosporium, Fusarium sp. and
Scopulariopsis sp. also significantly increased
the yield of black pepper and ginger besides
contrelling the nematode. The optimum pH
and temperature conditions for growth and
multiplication of V. chlamydosporium were
determined to be 5 and 26°C, respectively.
Maximum growth of the fungus was ob-
served in Czapok-Dox agar medium. The
fungus multiplied well in starch water and
coconut water. The most preferred carbon
and nitrogen sources by the fungus were
fructose and sodium nitrate, respectively;
tolerence to copper (copper oxychloride 2000
ppm) was also observed in this isolate.

Sixteen Pseudomonas spp. and 20 Bacillus spp.
were isolated from rhizosphere of nematode
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antagonistic plants such as Chromolaena
odorata, Pimenta dioica, Piper colubrinum and
Strychnos nux-vomica and 4 unidentified bac-
teria were obtained from black pepper.
Twenty isolates of rhizobacteria were
screened against R. similis and 52 isolates
were screened against M. incognita under in
vitro conditions. Several isolates were highly
effective against M. incognita, but only a few
were promising against R. similis. Ina green-
house trial, 21 rhizobacterial isolates caused
100% suppression of M. incognita among the
B4 isolates evaluated.

Evaluation of organic amendments for man-
agement of nematodes indicated that incor-
poration of P. colubrinum and S. nux-voima
leaves in black pepper basins controlled the
nematodes.

Management of insect pests
Pollu beetle

Screening of 186 cultivars, 34 hybrids and 3
somaclones of black pepper accessions to
isolate sources of resistance against pollu
beetle (Longitarsus nigripennis), a major in-
sect pest of black pepper, indicated that all
the accessions were susceptible to the pest.
The biochemical profile of leaves from resis-
tant and susceptible black pepper accessions
revealed higher concentrations of carbohy-
drates, phenols and free amino acids in the
resistant accessions. Surface wax compo-
nents were also higher in resistant acces-
sions and wild species (Piper chaba, P.
colubrinum, P. barberi and P. longum).

Evaluation of seed and leaf extracts of vari-
ous plant species against feeding activity of
pollu beetle indicated that methanol and he-
xane extracts of Annona squamosa seeds were
the most promising resulting in complete
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deterrence of feeding activity at 1% concen-
tration.

Root mealybug

Evaluation of four insecticides for the man-
agement of root mealybug (Planococcus sp.)
on black pepper at Wyanad indicated that
drenching of affected vines with
chlorpyriphos 0.075% was effective for the
management of the pest.

Shoot borer

The pesticide residues in ginger in which
the recommended spraying schedules were
adopted for the management of shoot borer
(Conogethes punectiferalis) were determined.
Spraying of 4 rounds of malathion 0.1% and
monocrotophos 0.075% or 2 rounds of these
insecticides along with pruning of infested
shoots resulted in non deductible levels of
pesticide residues in dried ginger rhizomes.

Rhizome scale

Dried leaves of various plants were evalu-
ated as storage materials for the manage-
ment of rhizome scale (Aspidiella hartii) on
ginger during storage. The trials indicated
that dipping of seed rhizomesin quinalphos
0.075% and stering in dried leaves of S. nux-
vomica was more effective for obtaining a
higher recovery of rhizomes, higher number
of sprouts and lesser incidence of rhizome
scale.

Storage pesls

Surveys conducted in traders godowns in
Calicut and Kochi indicated that Lasioderma
serricorne, Rhizopertha dominica, Tribolium
castaneum, Araecerus fasciculatus and
Tenebroides mauritanicus were the major spe-
cies of insects associated with stored dry
rhizomes of ginger and turmeric.
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Economics

Surveys conducted in Kerala and Karnataka
indicated marked increase in cost of pro-
duction of major spice commodities. Produc-
tion of black pepper was found profitable
with a benefit-cost ratio of 1.9. However,
production of ginger and turmeric resulted
in a benefit-cost ratio of <1 because of the
drastic fall in prices. A digitized database
providing information on area, production,
prices, demand and supply, export and in-
cidence of pests and diseases on various
spices was prepared.

Planting material production

Black pepper rooted cuttings (25,000, car-
damom seedlings (14,000}, cardamom seed
capsules (100 kg), ginger seed rhizomes (6
1), turmeric seed rhizomes (5 1) and nutmeg
grafts (6,800) were produced and distrib-
uted to farmers and different agencies. About
1000 kg each of seed rhizomes of ginger
{Varada, Mahima and Rejatha) and turmeric
{PPrabha and Prathibha) varieties were also
produced through progressive farmers and
developmental agencies.

Extension

The institute organized training
programmes in spice production technolo-
gies for the benefit of progressive farmers
and officers of the State Department of Ag-
riculture and Horticulture and private agen-
cies, Extension pamphlets on cultivation of
various spices were brought out during the
year. The technology for the production of
Trichoderma spp. was sold to 14 entrepre-
neurs. A sum of Rs. 2 lakhs was obtained
through consultancy services offered by sci-
entists of the institute.



Executive Summary
Krishi Vigyan Kendra

Sixty-six short term courses in crop produc-
tion, horticulture, animal sciences and fish-
eries were conducted. Frontline demonstra-
tion with improved variety of tapioca
namely, Sree Vijaya, indicated that the new
variety yielded higher, less susceptible to
mosaic disease and also of shorter duration
when compared to the local variety. On-farm
testing of technologies for the management
of rhinoceros beetle and red palm weevil
infesting coconut indicated that use of
pheromone traps was effective resulting in
reduction in damage to coconut. Use of
glyricidia extract along with neem oil was
effective for the management of ectopara-
sites on farm animals. Demonstration units
of improved black pepper varieties, arecanut
seed garden, anthurium cultivation, cashew
scion bank, medicinal plant unit and model
homestead garden were also maintained.
The KVK assisted in self-employment of
rural youth in planting material and veg-
etable seed production, vermi-composting
and goatary. An amount of Rs. 2.68 lakhs
was realized through sale of planting mate-
rials and also through the services rendered
by the Plant and Animal Health Centres.

All India Coordinated Research
Project on Spices

The germplasm of spices was enriched by
exploratory surveys and exchange and
promising accessions were identified. Acc.
239 was identified as a promising line in
black pepper. In cardamom, high yielding
{Accs. 8-4-D11 and 7-24-D11) and drought
tolerant (CL-668, P-6, D-237, 2-2-D11) acces-
sions were identifjed. V5 -8 in ginger and
PTS-59 and PTS-55 in turmeric were identi-
fied as promising lines and were in an
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advanced stage of release. The ginger vari-
ety V. E.-2 and turmeric varieties PTS-43,
TCP-1and TCP-2 were proposed for release.
The turmeric varieties Alleppey and BDJR-
1260 were selected for their high curcumin
content and yield. The exotic line of corian-
der EC-2-32666 was identified as the best
for Jeaf type. The highest volatile oil content
in cumin was recorded in EC-232684 (4.4%)
and in JC-147 (3.9%) and UF-144 in fennel.

Irrigation and fertilizer schedules were de-
veloped and recommended in black pepper.
A fertilizer schedule of 100:100:175 kg NPK/
ha was recommended along with organic
and inorganic manures in cardamom. Ap-
plication of micronutrients increased the
yield in coriander and fennel.

A package of plant protection practices was
developed and recommended for the man-
agement of Phytophthora foot rot in black
pepper. A low-cost technology for mass
multiplication of Trichoderma sp. was devel-
oped. Rhizome rot of ginger under storage
could be managed by storing seed rhizomes
of ginger in sand layered pits mixed with
Dithane M-45 and Bavistin. The coriander
varieties RCr-441, RCr-435, RCr436, UD-446
and UD-684 were resistant to root knot nema-
tode. Sowing cumin on 10 th November was
ideal to minimize wilt incidence and to
obtain a high yield. Guj. Cum. 3, Acc.1136,
Acc.1145 and Acc.1165 were moderately re-
sistant to Fusarium wilt.

Silver Jubilee celebrations

The institute has completed 25 years of ser-
vice to the nation especially towards research
and development of spices and the Silver
Jubilee celebrations were held during 8-9
October 2001. Prof. M. S. Swaminathan, the



10

renowned agricultural scientist, was the
chief guest during the function and the main
laboratory buildings of the institute was
dedicated to the nation by him. A Silver
Jubilee Hall was inaugurated by Dr. G.
Kalloo, Deputy Director General (Horticul-
ture), ICAR, during the occasion. An exhibi-
tion depicting the achievements of the insti-
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tute during the past 25 years was organized
and various publications on research
achievements and technologies developed
by the institute were released. Two inter-
faces, one between scientists and exporters
of spices and another between scientists and
farmers were held during the occasion.



Introduction

Spices are high value export oriented pro-
ducts extensively used for flavouring food
and beverages and also in medicines, cos-
metics and perfumery. Over 100 plant spe-
cies are known to yield spices and spice
products among which more than 50 are
grown in India playing a crucial role in the
economy of the country. India is the largest
producer, consumer and exporter of spices
in the world. Spices are grown in about 27
akh hectares in the country with a produc-
tion of about 34 lakh tonnes annually, In-
dia exported 2.30 lakh tonnes of spices and
spice products during 2000-01 valued Rs.
1612 crores.

History

A major step in initiation of intensive re-
search on spices was the establishment of a
Regional Station of Central Plantation Crops
Research Institute (CPCRI} at Calicut, Kerala,
during 1975, exclusively for conducting re-
search 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 merg-
ing 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.

The laboratories and administrative offices
of the institute are located at Chelavoor (50
m above MSL), 11 km from Calicut

(Kozhikode), Kozhikode District, Kerala, on
the Calicut-Kollegal road (NH 212), in an
area of 14.3 ha. The research farm is located
51 km North East of Calicut at
Peruvannamuzhi (60 m above MSL), on the
Peruvannamuzhi-Poozhithode road in
Kozhikode District, in an area of 94.08 ha.
The Cardamom Research Centre, Appangala
(920 m above MSL), is located at Appangala,
Kodagu District, 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
agroecosystems.

® To develop high yielding and high
quality spice varieties and sustainable
production and protection systems us-
ing traditional and non-traditional tech-
niques and novel biotechnological ap-
proaches,

® Todevelop postharvest technologies of
spices with emphasis on product de-
velopment and product diversification
for domestic and export purposes.

@ To act as a centre for training in re-
search methodology and technology
upgradation of spices and to coordi-
nate national research projects.
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e To moenitor 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 stor-
age, retrieval and dissemination of tech-
nological information on spices.

The crops on which research is being con-
ducted at the institute include black pepper

| Management Committee }_‘

Research Advisory
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(Piper nigrum), cardamom (Elettaria
cardamomum), ginger (Zingiber officinale), tur-
(Curcuma longa), cinnamon
(Cinnamomum verum), cassia (Cinnamomum
cassia), clove (Syzygium aromaticum), nutmeg
(Myristica fragrans), allspice (Pimenta dioica),
garcinia (Garcinia gummi-gutfa and Garcinia
indica), vanilla (Vanilla planifolia) and pa-
prika (Capsicum annuum).

meric

Headquarters
Calicut

Committe

Director

Experimental Farm

{ Staff Research Council I—

Division/Section I_

Peruvannamuzhi

Cardamom Research Centre

Crop Improvement

Genetics and
Cytogenetics
Plant Breeding

Appangala

Krishi Vigyan Kendra

and Post Harvest —

Technology

Organic Chemistry
Plant Physiology
Agricultural Engineering

and Biotechnology Economic Botany Peruvannamuzhi
Horticulture
Biotechnology National Information Centre
Agronomy for Spices
Soil Science T -
Crop Production Biochemistry Biocinformatics Centre

Administration and Accounts

AICRP on Spices

Plant Pathology

Crop Protection — Entomology Agricultural Technology
Nematology Information Centre
Economics Agricultural Research
Social Sciences — Statistics Information System
Extension

Fig. 1. Organization of [ISR



Introduction
Organization

The Director is the administrative head of
the institute. The Institute Management
Committee, Research Advisory Committee
and Staff Research Council assist the Direc-
tor in matters relating to management and
research activities of the institute (Fig. 1).

Research on various aspects of mandate
crops is conducted in three divisions,
namely, Division of Crop Improvement and
Biotechnology, Division of Crop Production
and Post Harvest Technology, Division of
Crop Protection and a Social Sciences Sec-
tion. 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, National Network on Phytophthora
Diseases of Horticultural Crops and Indian
Society for Spices. The institute has linkages
with several universities, research institutes,
and developmental agencies for collabora-
tive research and developmental activities
in spices.

Table 1. Budget of the institute
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Table 2. Funds received from external agencies
Particulars Amount
{Lakh Rupees}

AICRP Spices 117.00
KVK 19.66
ICAR Cess Fund 38.50
NATP 32.74
DBT 30.00
IPDS 4.21
Pepper Technology Mission 7.48
Emeritus Scientist Scheme 196
Pension and gratuity 13.69
Total 265.24
Budget

The total budget of the institute was Rs.456.5
lakhs during the year which included Rs.
200 lakhs under Plan and Rs. 256.5 lakhs
under Non Plan (Tables 1 and 2). In addi-
tion, Rs. 265.24 Takhs was also received as
funds from external agencies.

Staff

The institute has a sanctioned strength of
41 scientific, 21 administrative, 37 technical
and 67 supporting staff (Table 3).

Amount
Particulars Plan Non Plan Total
(Lakh Rupees) (Lakh Rupees) (Lakh Rupees)
Establishment - 204.0 204.0
Travelling allowance 5.0 5.0 10.0
Works 60.0 - 60.0
Other charges 135.0 47.5 1825
Total 200.0 256.5 456.5
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Table 3. Staff position of the institute
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Category Sanctioned In position Vacant
Chelavoor Peruvannamuzhi  Appangala
Scientific 42 28 2 3 9
Technical 37 19 13 5 -
Administration 21 15 - 2
Supporting 67 26 16 19 6
Total 168 88 3 29 19

Past achievements

Surveys were conducted for collection of
germplasm that were conserved in
germplasm conservatories and in vitro gene-
bank. The collections include 3097 black
pepper, 313 cardamom, 637 ginger, 786 tur-
meric, 478 nutmeg, 227 clove, 300 cinna-
mon, 30 cassia, 31 garcinia, 180 allspice, 30
paprika and 32 vanilla accessions. The
germplasm was characterized for yield,
quality and resistance to pests, diseases and
drought.

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 namely, Sreekara, Subhakara,
Pournami and Panchami were released,
among, which Pournami is tolerant to root
knot nematode. Suvasini, a high yielding
variety suitable for high density planting,
Avinash, a variety resistant to rhizome rot
disease and Vijetha, a variety resistant to
katte disease were released in cardamom. A
ginger variety with high yield and low fibre
namely, Varada and five high curcumin and
high yielding turmeric varieties namely,
Suvarna, Sudarsana, Suguna, Prabha and
Prathibha were released. Two high quality

cinnamon varieties, Navashree and
Nithyashree were also released.

Protocols for micropropagation of several
spice crops and improved vegetative propa-
gation methods were standardized in black
Pepper, cardamom, clove, nutmeg, cinnamen,
cassia and allspice for rapid clenal muiti-
plication of spices. The optimum spacing,
nutrient and water requirements for black
pepper, cardamom, ginger and turmeric were
standardized for different soils. Mixed crop-
ping systems were developed in black pep-
per and cardamom for increasing the pro-
ductivity from unit area of land. Organic
farming systems were developed in ginger
and turmeric. High production technologies
were developed in black pepper and carda-
mom, which resulted in substantial increase
in yield.

Eco-friendly integrated strategies involving
cultural methods, biocontrol agents, plant
products and resistant varieties were devel-
oped for the management of pests and dis-
eases of spice crops that resulted in sub-
stantial increase in yield and pesticide-free
produce. Integrated management schedules
for Phytophthora foot rot disease was well
adopted by farmers resulting in significant
increase in production of black pepper. A
repository of biocontrol agents of bacteria,
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fungi and nematodes affecting spice crops
was established to conserve, characterize
and document the variability and potential
of biocontrol agents.

Post harvest technologies for processing of
black pepper, cardamom, ginger, turmeric,
nutmeg, mace, clove, cinnamon and cassia
were developed. Technologies for prepara-
tion of value added products such as salted
ginger and white pepper were also stan-
dardized.
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The improved varieties and technologies
developed on propagation, cropping systems,
nutrient and water requirements, pest and
disease management and post harvest pro-
cessing techniques were disseminated to
farmers and other agencies through publica-
tions, training programmes and demonstra-
tions. The institute also served as a nodal
agency for dissemination of information on
all aspects of spice research and develop-
ment.



Research Achievements

Crop Improvement and Biotechnology

Gen. I (813)

Collection, conservation, cataloguing
and evaluation of black pepper
germplasm

(K. V. Saji, B. Sastkumar, Johnson K. George, K.
Nirmal Babu, D. Prasathr and B. Chempakan)

Collection of germplasm

Five explorations were conducted in forests
of Western Ghats and farmers fields in
Kerala, Karnataka and Tamil Nadu for col-
lection of germplasm. A monoecious type of
Piper nigrum from Nelliampathy forests and
a P. nigrum (wild) with bold berries and
with heavy setting collected at an altitude of
about 1900 m above MSL. from Silent Valley
forests are some of the important collections
made during the year (Table 4). At present,
the germplasm conservatory has 3211 ac-
cessions including wild accessions, culti-
vars, hybrids and open pollinated progenies.

A list of existing germplasm was prepared
and IC numbers for the collections were
obtained from National Bureau of Plant
Genetic Resources, New Delhi. One hun-
dred and fifty accessions were character-
ized, documented and evaluated based on
International Plant Genetic Resource Insti-
tute (IPGRI) descriptor. A CD entitled ‘Spice
Genes’ containing passport details of
germplasm accessions, corresponding

pictures and evaluation data of selected ac-
cessions was prepared.

Gen. VII.1 (813)

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

(B. Sasikumar, Johnson K. George, K. V. Saji, T.
fohn Zachariah, K. S. Krishnamurthy, S.
Devasahayam and Santhosh |. Eapen)

Evaluation of new [ines

Coll. 1041, a clone of black pepper cv.
Thevanmundi, continued to exhibit tolerance
to Phytophthora foot rot disease at Valparai
(Tamil Nadu), a hot spot area of the disease,
besides yielding high. HP-34, HP-105, HP-
738 and HP-813, the hybrids suited to high
altitude areas of Valparai, continued to
maintain their superiority (Table 5).

Coll. 1041, OPKm, HP-34, HP-780, HP-813
and HP-1411 were identified as promising
lines for the plains. These lines are charac-
terized by high yield, high quality and tol-
erance to stress {Coll. 1041 and HP-780 are
tolerant to biotic stress and OPKm tolerant
to abiotic stress). Among the lines, HP-813
recorded high oleoresin, piperine and es-
sential oil contents, comparable with cv.
Kottanadan (Table 6).

Seventeen clonal progenies and 7 OP lines
of cv. Neelamundi were evaluated for yield
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Table 4. Collection of germplasm of black pepper and related species
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Trip Place Areas surveyed No. of accessions  Accessions
No collected collected

1 Attappadl,Palakkad Siruvani, Varadimalai, P, m'grum (2)
District (Kerala) Sholayur, Anakkatti 71 P. longum (1)

P. hymenophyllum (2)
P. galeatum (2)

P. sugandhi (2)

P. trichostachyon (1)
Cultivated black
pepper (11)

2  Kudremukh forests, Kudremukh, Samse 18 P. nigrum (9)
Dakshina Kannada forests, Dakshina P. galeatum (1)
District (Kamataka) Kannada, Agumbe P. bababudani (3)

forests Cultivated black
pepper (5)

3 Nilgiris, Nilgiris District ~ Gudalur, Naduvattom, 8 P. schmidtii (2}
(Tamil Nadu) Paikara P. wightif (2)

P. mullesua (3}
Piper spp. (1)

4 Silent Valley, Sairandri, Arukanpara, 53 P. nigrum (22
Nelliampathy, Palakkad Kummatanthodu, P. longum (1)
District (Kerala) Punnamala, Panthenthode, P. galeatum (6)

Kozhipara, Nelliampathy, P. sugandhi (21)
Pothumudi P. bababudani (1)
P. mullesug (2)
5 Idukki, Tdukki District Kattappana, Irattayar, 53 Neelamundi (19)

(Kerala}

Valiyathovala,
Udumbanchola,
Chemmannur, Thadiampad,
Chelachuvadu, Painavu

Vattamundi (8}
Jeerakamundi (7)
Vellanamban (2)
Vellamundi (2)
Malamundi (2)
Marampadathi (1)
Kuthiravaly (1)
Thulamundi (1}
Arakulammunda (1)
Karimunda (1)
Thevanmundi (1)
Kottanadan (1}
Chengannurkodi (1)
Kaniyakadan (1)
Local type (1)
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Table 5. Evaluation of promising black pepper lines at Valparai

Line Fresh Height Spikes Spike Berries Dry Litre  Bulk Piperine Oleore- Essenti-
yield of fsq  lemgth /spike recove- weight density (%) sin (%) al oil
kg/ bearing m {cmn) ry (% (g ) (%)
vine} column

{m)

HI-34 1.62 4.10 275 10.0 46 30 610 641 1.4 7.6 2.0

HP-105  8.40 4.50 248 8.0 46 32 610 582 1.4 85 3.2

HP-728 2.13 4.30 200 11.0 48 31 610 - - - -

HI-778 4.47 4.50 185 12.0 48 32 600 - - - -

HP-813 2.90 3.36 191 10.0 46 34 610 612 2.4 11.7 2.8

Coll. 1041 7.70 4.75 240 13.0 48 a5 605 582 1.4 8.5 3.2

Panniyur-1 4.94 2.32 176 13.0 50 30 580 512 3.0 9.4 2.0

Sreekara  0.90 - - - - - - - - - .

(Control)

Table 6. Evaluation of promising black pepper lines at Peruvannamuzhi

Line Yield (kg Dry Bulk Oleoresin  Essential oil  Piperine

(fresh) recovery  density (g) (%) (%) (%)
Jvine) (%)

HP-34 2.75 M0 554.6 8.4 3.6 2.4

HP-105 2.20 320 454.0 108 3.6 28

HP-780 2.97 35.3 6114 8.7 28 2.8

HP-813 1.80 30.6 452.2 146 5.4 35

HP-1411 2.69 29.3 473.0 108 Ao 34

Col.1041 3.15 29.0 569.0 7.8 3.0 19

OPKm 2.15 29.0 588.0 83 2.8 22

Sreekara (Control) 2.20 370 565.2 10.6 36 3.0

and quality and the yield of the clonal lines
ranged from 0.2 kg to 2.0 kg (fresh berries)/
vine. The OF lines had more variation for
yield [0.05-1.21 kg (fresh berries)/vine]
when compared to the clonal progenies.

New field trials were laid out at Kasaragod,
Nilgiris and Kalpetta with promising lines
that were also supplied to the All India
Coordinated Research Project centres at
Ambalavayal and Pampadumpara (Table 7).
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Table 7. Evaluation of promising black pepper lines in new locations

Location

Line

CPCR], Kasaragod

Craigmore Plantations, Nilgiris
MSSRF, Kalpetta

Agronomy Section, IISR, Calicut*
AICRPS, Ambalavayal*

AICRPS, Pampadumpara*

Panniyur-1, 2, 3, 4 & 5, Sreekara, Subhakara, Kottanadan, HP-
34, HP-105, HP-813, HP-780, HP-728, HP-1411, OPKm and
Coll. 1041 (12 each)

Panniyur-1, HP-34, HP-105, HP-780, HP-813, HI’- 1411, Coll.
1041 and OPKm (20 each)

HP-34, HP-105, HP-728, HP-780, HP-813, HP-1411 OPKm and
Coll. 1041 (10 each)

HP-34, HP-105, HP-728, HP-780, HP-813, HP-1411 OPKm and
Coll. 1041 (40 each)

HP-34, HP-105, HP-813, HP-1411, Coll. 1041 and OPKm (46
each)

HP-34, HP-105, HP-813, HI>-1411, Coll. 1041 and OPKm (46
each)

*Planting material supplied

Hybridization

Table 8. Promising black pepper hybrids/line

A crossing block of 17 black pepper (bush

pepper) lines namely, Karimunda 1472, HP-
34, HP-780, HP-813, HP-1411, Coll. 1041, P-

24, OPKm, Panniyur-1 and Vadakkan were
established at Chelavoor in cement tubs
under protected conditions. Forty-eight
intervarietal crosses were attempted during
the year, in order to raise resistant lines
{biotic/abiotic stress) coupled with good
yield and quality.

Screening against stress

identified

Hybrid/Line Parentage

HP-45 Narayakodi x Karimunda
HP-117 Cholamundi x Thommankodi
HP-127 Neelamundi x Karimunda
HP-1262 Anakampoyil x Karimunda
HP-1264 Acc. 933 x Valiakaniakadan
HP-1293 Kalluvally x Karimunda
HP-1313 Thommankodi x Karimunda
HP-1439 Thommankodi x Karimunda

OP Neelamundi Open pollinated progeny of

Neeclamundi

The Piper accessions C-1204, HP-532 and
W-254 were found resistant to Rodopholus

Identification of promising hybrids

similis. Acc. 816 (Neyyattinkaramundi), Acc.
841 (Veluthakaniakadan), Acc. 1084
{Chappakulammundi) and Acc. 1114

Based on single plant evaluation (third year
of planting), various promising hybrids/
lines which recorded an yield of 1.0-2.5 kg
{fresh berries) /vine were short-listed for fur-
ther multiplication and evaluation (Table 8).

{Kumbachola) were found tolerant to poflu
beetle infestation. Acc. 828 (Vattamundi)
and Acc. 1321 (Kuthiravally) were identi-
fied as drought tolerant besides OPKm, a
promising line.
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Biotech. IV (813)

Biotechnological approaches for crop
improvement in black pepper

(K. Nirmal Babu and K. V. 5aji}
Molecularcharacterization

RAPD polymorphism was studied in exotic
and indigenous species of Piper namely, P.
longum, P. hapnium, P. peepuloides, P. chaba,
P. mullesua, P. silentvalleyensis, P. atienuatum,
P. argyrophyllum, P. hymenophyllum, P
galeatum, P. trichostachyon, P. sugandfi, P.
nigrum, P. schmidtii, P. wightii, P. cubeba, P.
colubrinum, P. barberi, P. magnificum and P.
arboreum to assess the interrelationships
between the species. Six polymorphic prim-
ers (OPA-09, OPC-13,0OPD-02, OPE-11, OPF-
09 and OPF-14) were selected for develop-
ing RAPD profiles between male and female
of the species and also between different
species of Piper. Comparisons were made
only between the genotypes, which gave
good amplification.

The preliminary studies indicated that P.
attenuatum, P. argyrophyllum and P,
hymenophyllum formed a group and P.
schmidtii and P. wightii belonged to another
group. P. galeatum and P, sugandhi were also
in a similar group. P. longum and P. hapnium
formed one group though two collections of
P. longum and P. hapnium male and female
lines were placed in distinctly separate
groups. Though these observations agree
with earlier findings, a few new observa-
tions could be inferred from the study. These
were, grouping of P. trichosiachyon and P.
silentvalleyensis with P. longum and P.
hapnium, and grouping of Karimunda with
P. argyrophyllum, P. hymenophyllum and P.
attenuatym. In general, similarities were

\\
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noticed in male and female lines collected
from the same location but those collected
fromdifferent locations significantly differed
in their RAPD profiles, The two collections
of P. colubrinum were distinctly different from
each other and P. colubrinum-2 was clearly
different from all the other species studied.
P. silentvalleyensis, though highly similar to
P. mullesua male, was clearly different as
one of the primer OPF-14 gave a clearly dif-
ferent profile. P. schmidtii and P. wightii were
very close to each other. P. peepuloides was
placed alone in a single group and hence
distinctly different from all the other species
studied. The study also indicated that P.
sugandhi is closely related to P. ygaleatum,
which is in agreement with the earlier find-
ings.

Genetic transformation

The osmotin and GFP constructs received
from National Research Centre for Plant
Biotechnology, New Delhi, are being re-
vived. Aseptic cultures of black pepper
embryos were established for transformation.
Antibiotic sensitivity of black pepper was
assessed using different antibiotics and
hygromysin at 50 mg/ml was most effec-
tive. Kanamycin was effective only above
100 mg/mi.

Biotech. VI (813)

Development of DNA markers for
marker assisted selection in black
pepper

(fohnson K. George and B. Sasikumar)

RAPD analysis

Good quality DNA was isolated from four

black pepper hybrids (HP-34, HP-780, HP-
1411 and HP-1775) and their parents
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(Irumaniyan, Karimunda, Panniyur-1,
Aimpiriyan and Piper attenuatum} using a
modified CTAB method. All the parents
could be differentiated based on RAPD pro-
file using 12 primers. HP-34, HP-780 and
HP-1411 could be confirmed as true hybrids
based on male parent specific RAPD mark-
ers (OPE-18 >% &% QPE-16 *"' and OPE-
117, respectively) (Fig 2.).

Identification of DNA markers

RAPD analysis of individual and pooled
DNA samples was done to identify specific
DNA markers associated with spike length.
Two putative RAPD markers (OPE-11* and
OPE-174**) were found to be associated with
long spike character in black pepper.

Fig. 2. RAPD profile of HP-1411 and its parents

Left to Right-Marker 2 Eco RI-Hind 11
double digest, Aimpiriyan, HP-1411 and
Panniyur-1, the male parent. Arrow mark
indicates the male parent specific band
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Biotech. V (813)

Large scale multiplication of released
varieties of black pepper through
somatic embryogenesis and genetic
fidelity testing

(R. Ramakrishnan Nair and Johnson K. George)

Primary embryogenic cultures were estab-
lished in black pepper (var. Subhakara) and
scaled up through secondary-cyclicembryo-
genesis. The plantlets were regenerated in
liquid SH medium, Sixty plantlets were es-
tablished ex witro.

Hort. II (813)

Utilization of Piper colubrinum Link.
and Fiper arboreum as rootstocks in
the management of foot rot disease of
black pepper

(P. A. Mathew, |. Rema, T, John Zachariah and
M. Anandaraj)

The black pepper grafts that survived be-
yond 3 years in various grafting methods
continued to grow satisfactorily during the
year indicating that the grafts can survive
up to 5 years and graft failures are observed
only during first 2 years of planting in the
field. However, the grafts were affected by
stunt disease and the yields were negligible
in the experimental plots.

The growth of graft union was assessed and
during the fifth year, it was found to be
overgrown due to bulging of the scion. No
cracks or splits at the union and decline
symptoms were observed in these grafts
(Table 9}. The quality of berries from grafted
and non grafted varieties was analyzed
{Table 10).
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Table 9. Status of graft union in black pepper at fifth year

Method of grafting  Diameter of Piper

Diameter of union Diameter of

colubrinum {cm) {em) Piper nigrum scion {cm)
Wedge 1.82 246 1.52
Saddle 2.06 3.20 2.00
Splice 1.72 2.26 1.58
Maodified splice 215 2.67 2,16
Tongue 2.16 3.10 2.16
Double 2.93 312 2.08
Yema (budding) 2.20 317 2.20
Approach 227 3.03 2.17

Table 10. Quality of black pepper berries in grafted and non grafted vines

Variety /Cultivar Essential o1l (%)

Oleoresin (%) Piperine (%}

Grafted Non grafted  Grafted Non grafted Grafted Non grafted
Subhakara 27 29 108 9.3 4.8 5.0
Uddakare 27 2.2 120 108 a0 35
Pournami 29 29 7.8 8.5 4.4 5.0
Sreekara 3.0 29 105 9.8 4.7 4.0
Panniyur-1 27 20 105 10.0 4.7 4.8
Panniyur-2 24 25 8.2 7.3 42 4.3
Panniyur-3 3.1 25 8.7 9.1 44 44
Panniyur-4 33 37 10.7 108 47 43
Panniyur-5 2.1 25 84 8.0 4.0 44
Malligesera 0 29 9.2 9.6 4.0 46
Field trials of black pepper grafts in farmers ~ Gen. IX (813)
fields indicated that during the fourth year, Collection, conservation, cataloguing
an average yield of 1.2 kg (dry)/vine could .4 evaluation of cardamom
be obtained and the maximum yield was germplasm

11.0 kg (green)/vine. No decline symptoms
were noticed in the grafts. Grafts were es-
tablished in farmers plots in Wyanad, Idukki
and Kottayam districts, However, the sur-
vival of grafts at Kainadi (Kottayam) was
poor low to poer management.

(D. Prasath and M. N. Venugopal)
Collection of germplasm

Twenty-six new accessions were collected
from cardamom growing areas in [dukki (15),
Silent Valley (9) and Kodagu (2). The collec-
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tions include a lower elevation high yield-
ing clone, high biomass types and local
types. The germplasm conservatory pos-
sesses 386 accessions including 11 related
genera of Zingiberaceae.

Cataloguing of germplasm

Seventy-two accessions were evaluated for
20 yield characters (17 quantitative charac-
ters and 3 qualitative characters) based on
IPGRI descriptor. The evaluation led to the
selection of two high yielding accessions
(APG-277 and APG-279).

Gen. X (813}

Breeding cardamom for high yield
and resistance to kafte disease

(D. Prasaih and M. N. Venugopal)

Growth and yield parameters were recorded
in 56 diallel hybrids of cardamom. Based on
the per se performance, heterosis and spe-
cific combining ability for over 3 years, 15
hybrid combinations were short-listed for
yield and susceptibility to leaf blight. The
short-listed hybrid combinations were
planted for clonal multiplication.

Standard heterosis for yield ranged from
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23.22 to 15033 and 25 hybrids recorded
significant positive heterosis. Wherever katte
resistant lines were used as female parents
in the hybrids, there was positive relation-
ship between seedling vigour (nursery) and
yield (main field). But the same relationship
did not exist in other parental combinations.

Evaluation of open pollinated progenies of
14 high yielding and katte resistant
accessions led to the identification of 9 plants
with high yield and resistance to leaf blight.

DNA was isolated from Malabar, Mysore
and Vazhukka types and other accessions
with distinct morphological characters. Pre-
liminary RAPD analysis showed very little
polymorphism among the collections.

Gen. 11 (§13)

Collection, conservation, cataloguing
and evaluation of germplasm of gin-
ger and turmeric

(B. Sasikumar, Johnson K. George, K. V. Saji
and K. M. Abdulla Koya)
Collection of germplasm

Twenty-one Zingiber spp. (Table 11) were
collected and added to the germplasm

Table 11. Collection of germplasm of Zingiber spp.

Species No. of accessions Remarks

Z. officinale 14 Land races of Andhra Pradesh

2. officinale 2 AG-697 and 5G-698 from Himachal Pradesh
Z. officinale 1 Mahim variety from Kolhapur

Z. officinale 1 Manipur variety

Z. officinale 1 Moovattupuzha local

Z. nimmoni 1 Collected from Anamalai, Tamil Nadu

Z. wightinum 1 Collected from Mukkali, Palakkad, Kerala
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conservatory. Six hundred and seventy ac-
cessions of Zingiber spp. and 800 accessions
of Curcuma spp. were maintained in the
germplasm conservatory,

Evalvation of germplasm

Fifty accessions of ginger were catalogued
and data on yield and yield attributes were
recorded (Table 12}. Eight high quality gin-
ger lines were also identified from
germplasm collections (Table 13). Six gin-
ger accessions (Aces. 26, 48, 73, 210, 217
and 232) and eight turmeric accessions
(Accs. 21, 31, 35, 43, 67, 68, 78 and 91) were
resistant to Meloidogyne incognita. Record-
ing of shoot borer incidence in ginger
germplasm collections indicated Jow borer
incidence in 82 accessions among the 680
accessions screened.

Eleven high curcumin lines of turmeric in-
cluding six Alleppey finger turmeric (AFT)
selections along with Prabha and Prathibha
(controls) were evaluated at Peruvanna-
muzhi for the fourth consecutive year. Acc.
585 (AFT Line) recorded maximum yield of
fresh rhizomes of 29 kg/3m? bed (58 t/ha)
with 18.6% dry recovery (Table 14). Some of

Table 12. Yield and yield attributes of ginger
accessions maintained in the germplasm

Character Range  Mean
Plant height (cm) 51.3-754 60.5
No. of leaves/

main shoot 17.0-30.0 260
Na. of tillers 8.0-240 16.0
No. of leaves/hill 110.0-326.0 210.0
Leaf length {cmn) 20.0-28.5 24.5
Leaf width (em) 2.0-37 3.0
Fresh yield (kg/3m? bed) 4.0-150 9.0
Dry recovery (%) 14.0-26.0 -
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Table 13. High quality ginger lines identified
from the germplasm

Accession  Essenttal oil Oleoresin Fibre

(%) (%) (%)

Acc. 11 2.0 7.2 22

Acc. 93 1.8 6.5 2.0

Acc. 156 22 6.7 20
Acc. 162 2.0 6.2 20
Acc. 197 25 7.0 2.8
Acc. 199 2.0 6.2 20
Acc. 225 2.0 6.2 2.0
Acc. 228 20 6.2 20

these selected lines are also being evaluated
through AICRPS centres at Raigarh
(Chattisgarh), Chintapalli (Andhra Pradesh),
Kumaraganj (Uttar Pradesh), Dholi (Bihar)
and Pottangi (Orissa).

Dry ginger of 41 accessions were screened
against infestation by the storage pest
Lasioderma serricorne and scored for frass
content 8 months after storage. The frass
content varied from 0 g to 2 g and was low
in Varada and few other accessions.

Release of new varieties

Based on multilocation data and trial in
farmers plots, two new ginger accessions,
Accs. 35 and 117, were proposed for release
(State Variety Release Committee, Kerala) as
IISR Rejatha and [ISR Mahima, respectively
(Table 15).

Multiplication of released varieties

About 800 kg seed rhizomes of Varada, 1500
kg Mahima and 100 kg Rejatha (ginger va-
rieties) and 1000 kg P’rabha, 1200 kg
Prathibha and 50 kg Alleppey (turmeric
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Table 14. Yicld and dry recovery of high (C. aromatica) and 30 kg black turmeric (C.

cutcumin turmeric lines

caesia) were also multiplied.

Accession Fresh yield  Dry recovery
(kg/3m? bed) (%) Gen. XIV (813)
Acc. 126 5.7 178 Cytogenetics and reproductive biol-
Acc. 295 20.8 16.0 ogy of major spices
Acc. 584 240 226 (R. Ramakrishnan Nair and K. V. Saji)
Acc. 585 20 186 Cytological analysis
Acc, 591 280 153 . . . ;

« Cytological analysis of five open pollinated
Acc. 593 43 16.9 (OP) progenies of black pepper revealed
Acc. 656 150 150 variations in chromosome number (Table 16).
Acc. 657 26.5 18.8 Fifteen fast/normal growing OP progenies

of cv. Vadakkan were planted in the field
Acc. 691 183 172 and some of them exhibited vigorous
Prabha (Control) 254 175 growth.
Prathibha (Control)  24.1 17.2
Table 16. Chromosome numbers in open pol-
Cb (P<0.05) 44 i linated progenies of black pepper accessions
V% 132 - Accession Chromosome
number (2n}
ieti d und
vane-tlesr) were produced under nucleus seed Ace. 4135 2
multiplication programme. About 8 t of Acc. 4139 %
Varada and Mahima and 1 t each of Prabha )
. . Acc. 4144 65
and Prathibha were produced and distrib-
uted through other agencies and progres- Acc. 4146 52
sive farmers. About 100 kg kasturi turmeric ~ Acc- 4170 52
Table 15. Comparative performance new ginger varieties
Variety Fresh  Dry Dry Qil Ol  Oleore- Oleore- Fibre Remarks
yield yield  reco- (%) (1/ha)  sin (%) sin (%)
(t/ha)  very (1/ha)
(t/ha)
Acc. 1717 2320 530 230 1.72 91.24 448 2374  3.26 Resistant to
{Mahima) nematode;
bold rhizome
Acc. 35 2240 425 19.0 236 10270 624 2759 4.00 High oil
(Rejatha) content
Control 2398 469 19.6 1.68 78.70 396 1857 329 -

(Varada)
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Ten germplasm accessions of ginger and 5
accessions of turmeric were cytologically
analysed to determine their chromosome
numbers (Table 17).

Embryo development

Fruits of Piper colubrinum were examined
histologically at different stages to trace em-
bryo development. Early globular and heart-
shaped embryos obtained from few sections
indicate that the embryo structure in P.
colubrinum was similar to that of P. nigrum.

Histological analysis of fruits and seeds of
Curcuma longa indicated that the seeds
(ovules) are attached to a central column

Table 17. Chromosome numbers in ginger and
turmeric accessions

Chromosome
number (2n)

Accession

Ginger
Acc. 108 22
Ace. 116 24
Acc. 145
Acc. 147
Acc. 158
Acc. 470
Acc. 476
Acc. 477
Acc. 584
Acce. 602

RN

RERRREBRR

Turmeric
Acc. 336
Acc. 473
Acc. 514
Acc. 561
Acc. 761

TEEBN
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inside the fruit. Different seeds derived from
the samne fruit showed embryos at different
developmental stages. The mature embryo
showed a typical monocot structure. Persis-
tence of the nucellus was evident even in
the mature seed.

Seed germination

Observations on seed germination in tur-
meric indicated that only a few seeds germi-
nated (20%) within 1 month of sowing and
a majority of seeds started germination (54%)
after 5 months. The seeds also germinated
in vitro on SH as well as E1 medium. In
these media also only a small percentage of
seeds perminated within 1 month.

Biotech II (813)

In vitro selection for resistance to soft
rot and bacterial wilt in ginger

(K. Nirmal Babu and A. Kumar)
Screening of somaclones

About 300 embryoid cultures of ginger were
produced for screening against soft rot and
bacterial wilt diseases. An in vitro screen-
ing technique was developed by directly
inoculating the bacterial wilt pathogen
Ralstonia solanacearum on small plantlets
(developed from somaclones) maintained
aseptically in bottles. The technique is very
easy to adopt and the disease reaction can
be noticed in 15 days in which the suscepti-
ble plants show uniform yellow colouration.

Molecular characterization

Micropropagated and callus regenerated
ginger plants were analysed for variations
as expressed by RAPD polymorphism to de-
tect the extent of variation in the DINA se-
quence as an index for somaclonal varia-
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tion. The differences in RAPD profiles ob-
served in some of the micropropagated
plants indicated that micropropagation even
without callus phase induced variations in
9 of the 13 plants tested. Among the
micropropagated plants that exhibited poly-
morphism in RAPD profiles, only 3 geno-
types showed major profile differences. Cal-
lus regenerated plants showed distinct pro-
file differences indicating that plant regen-
eration through intervening callus phase in-
duces certain amount of genetic variation.
Among the plants evaluated, 12 exhibited
variations in RAPD profiles. Of the callus
regenerated plants found to give polymor-
phism in RAPD profiles, only 3 genotypes
showed major profile differences. This indi-
cates that there is high amount of variability
among the selected micropropagated and
callus regenerated plants of ginger and the
majority of the morphological variants se-
lected from earlier studies did show varia-
tions in RAPD profiles. Earlier studies have
shown that MP-61-9, MP-61-10, CR-64 and
CR-1222 are clear variants from the parent
Maran and they showed considerable varia-
tions in morphology, yield and boldness of
the rhizome.

Gen. VI (813)

Collection, conservation, cataloguing
and evaluation of germplasm in tree
spices

(B. Krishnamoorthy, J. Rema, P. A. Mathew, D.
Prasath, K. P. M. Dhamayanthi, V. §.

Korikanthimath, T. John Zachariagh, S.
Devasahayam and S. S. Veena)

Colflection and conservation

Seven cultivated accessions of Garcinia
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gummi-gutta were collected from Kozhikode
and Kannur districts of Kerala. One of the
accessions had bold fruits weighing about
235 g per fruit. Ten wild accessions of G.
gummi-gutta were collected from Siruvani,
Silent Valley (Kerala) and Kidu (Karnataka)
forests. Two cultivated accessions of G. in-
dica were collected from Taliparamba
(Kerala) and Vengurla (Maharashtra). Six
accessions of Myristica fragrans (including a
doublenut type) were collected from
Vengurla and Kozhikode District. Three
accessions of M. beddomeii were also added
to the germplasm. One accession of Syzygium
cuminii var. Gokak was collected from
Vengurla. Two accessions of Cinnamomum
verum from Vengurla and one accession of
C. cecidodaphne from Nepal were collected
and added to the germplasm. The total col-
lections maintained in the conservatory of
tree spices include 302, 482, 223 and 32
accessions of Cinnamomum spp., Myristica
spp-. Syzygium spp. and Garcinia spp., re-
spectively (Fig. 3).

Fifty-seven rooted cuttings of cassia
(C-1 accessions), 20 rooted cuttings of C.
perrotettii and C. sulphuratum, 37 plants of
Myristica spp., 10 plants of Gymnocranthera
canaria, 3 Zanzibar clove grafts, 7
promising accessions of G. gummi-gutta and
two wild species namely, G. cowa (?) and
G. hombroniana were planted in the
field.

Cataloguing and evaluation
Cassia

Twenty-five cassia accessions were cata-
logued for morphological and quality pa-
rameters based on a minimum descriptor.

In the clonal progeny evaluation of high
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Fig. 3. A collection of garcinia from the
germplasm
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quality cassia selections (A-2, C-1, D-1 and
D-3) planted during 1998  at
Peruvannamuzhi, the first coppicing and
bark extraction was carried out and mor-
pholegical and yield parameters were re-
corded (Tables 18-20). The inter-character
association of dry weight of bark, fresh
weight of bark, number of branches, number
of main shoots, number of harvestable (bark
extractable) shoots, thickness of main shoot
(1 m above the ground) and plant canopy
was studied. The study indicated that there
was no significant difference among the four
selections for yield of bark and maximum
variability was observed for almost all the
characters studied. Correlation study of

Table 18. Performance of clonal progenies of elite cassia lines*

Elite Height {cm) No. of main  No. of branches Canopy Shoot thickness
line shoots width (cm) (cm)
A-2 164.0 1.7 94 96.2 1.8
C-1 209.3 1.3 14.2 124.8 3.3
D-1 160.0 1.2 8.2 97.4 22
D-3 157.5 21 115 108.4 15
CD (P<0.05) NS 0.49 NS NS 14

*Fourth year after planting

NS = Non significant

Table 19. Performance of clonal progenies of elite cassia lines*

Elite line

No. of harvestable shoots

Fresh weight of bark (g} Dry weight of bark (g)

A-2
C-1
D-1
b3
CD (P<0.05)

4.2
5.1
59
35
NS

137.6 370
409.6 109.2
462.6 123.9
240.2 71.1
NS NS

*Fourth year after planting

NS=Non significant
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Table 20, Intercharacter association in cassia
Character Dry Fresh Height No. of No. of No. of Shoot Shoot

weight weight bran- main shoots  thick- width

ches shoots ness

Dry weight 1.00 097+ 022 013 -0.03 0.83** -0.06 0.03
Fresh weight 1.00 026 -0.18 0.04 0.87** 008 0.04
Height 1.00 0.87*  -0.02 -0.30 0.84** 0.90*
No. of branches 1.00 Q.13 020 0.65** .87+
No. of main shools 1.00 0.07 -0.36 0.17
No. of shoots 1.00 .12 -0.10
Shoot thickness 1.00 0.68**
Shoot width 1.00

** Significant at P<0.01

various characters indicated highly signifi-
cant association between number of
harvestable shoots and yield.

Progeny evaluation trials were also laid out
at Appangala and Kalpetta with 15 and 10
elite accessions, respectively.

Nutmeg

Evaluation of quality of germplasm collec-
tions of nutmeg was carried out and is re-
ported under the [CAR Cess Fund Project
‘Characterization of nutmeg germplasm for
quality’.

The proposal for release of ISR Viswashree
was sent to the State Variety Release Com-
mittee, Kerala. This variety yields on an
average 3122 kg nuts (dry)/ha and 480 kg
mace (dry}/ha during the eighth year of
planting.

Clove

Evaluation of quality of progenies of elite
lines indicated that the percentage of bud
oil varied from 14.8 to 20.5, with maximum
bud oil (20.5%} in B-76. The oil percentage

in pedicel varied from 3.3 to 7.7 with maxi-
mum (7.7%) in B-59 (Table 21).

Production of elite planting materials

Grafts of elite nutmeg selections (6700), early
bearing high yielding Garcinia selections
(2400) and rooted cuttings of Navashree and
Nithyashree cinnamon varieties (1000) and
elite cassta lines (600) were produced for
distribution.

Hort. IV (813)

Rootstock-scion interactions in tree
spices

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

Nutmeg

Standardization of grafting

Seeds of Myristica malabarica, M. beddomeli,
M. fragrans, M. prainii and Knema andamanica
(an allied genera of Myristica sp.) were colle-
cted from different parts of Kozhikode Dis-
trict and raised in the nursery for grafting.
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Table 21. Progeny analysis in clove
Accession Qil (%) Eugenol (%) Eugenyl p-Caryophyllene
Bud Pedicel in oil acetate (%) in oil (%) in oil
Bud Pedicel Bud Pedicel Bud
Control 14.8 3.3 53 71 15.0 14.5 2.0
B95 15.0 5.9 52 70 14.0 20.2 18.0
B-76 205 5.6 44 68 16.5 182 215
B-59 17.5 77 46 71 169 149 18.9
Al-Buik 205 3.5 49 68 120 19.7 20.3
K-6 16.3 7.0 49 72 18.7 15.1 18.8

Preliminary trials on softwood grafting were
carried out with two different scions namely,
A9-4 and A9-69 on M. prainii and K.
andamanica and no success was obtained on
M. prainii. A success of 38% and 56% was
obtained on A%9-4 and A9-69 scions respec-
tively, on K. andamanica after 5 months of
grafting.

Softwood grafting of nutmeg with scions
from rootstocks namely, M. fragrans, M.
malabarica and M. beddomeii, was carried out
and the success was highest on M. fragrans
(88%), followed by M. malabarica (81%) and
M. beddomeii (74%). Among the two scions,
A9-4 and A9-69 used for grafting, the latter
was more compatible with all the rootstocks.

Evaluation of grafts for productivity

The grafts of nutmeg on M. fragrans,
M. malabarica and M. beddomeii rootstocks
using two scions (A9-4 and AY-69) were
planted for field evaluation at
Peruvannamuzhi in a Completely Random-
ized Design. Morphological observations
namely, height, girth and number of
branches were recorded on the grafts and it
was observed that growth was highest on
M. beddomeii rootstocks for both A9-4 and

A9-69 scions, followed by M. malabarica and
M. fragrans. In general, it was observed that
the growth of grafts with A9-69 scions was
superior to that of A9-4,

Field evaluation of grafts are also in progress
in farmers plots at Koli Hills and Pollachi
in Tamil Nadu.

Screening rootstocks for drought tolerance

Two year old rootstocks {seedlings) of M.
fragrans, M. malabarica, M. beddomeii, X.
andamanica and Gymnocranthera canaria were
screened for drought tolerance in pots by
inducing stress. The pots containing the
seedlings were irrigated to field capacity and
observations on stress-related parameters
were taken at weekly intervals till the seed-
lings wilted. Soil moisture was determined
at field capacity and at weekly intervals,
The soil moisture decreased as the stress
progressed.

The number of days taken for wilting of the
species was recorded and M. malabarica, M.
beddomeii and K. andamanica took 17,15 and
14 days for wilting respectively, and were
found to withstand drought. The relative
water content was higher in M. malabarica,
M. beddomeii and K. andamanica. Membrane
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leakage was least in M. malabarica, K.
andamanica and M. beddomeii. The total pro-
tein reduced in all the species with induc-
tion of stress. The activity of peroxidase did
not show any specific trend and activity of
catalase was too low to be determined. The
proline content increased in all the species
as the stress progressed.

Clove

The grafts of clove on Syzygium heynianum,
5. cuminii and S. aromaticum were planted in
the field for evaluation.

Gen. XIII (813)

Collection, conservation and improve-
ment of vanilla

(K. Nirmal Babu, K. V. Saji and 5. 5. Veena)

Five new collections were added to the
germplasm that included Vanilla wightiana
and a putative new species resembling V.
aphylla. Successful interspecific hybrids be-
tween V. planifolia and V. tahitensis were
developed.

The variability among different species, col-
lections and interspecific hybrids between
V. planifolia and V. aphylla was estimated
using RAPD markers, with three primers
(OPA-10, OPB-14 and OPE-14}. The paired
affinity indices were estimated and cluster
analysis was done using NTSYS software.

The study indicated that there was very lim-
ited variability within V. planifolia collec-
tions from different regions of India. How-
ever, there was considerable variability in
different collections of V. andamanica. In spite
of the similarity in morphology, V.
andamanica was not closely related to V.
planifolia and V. tahifensis. V. tahitensis is
nearest to V. planifolia; the similarity indices
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of V. planifolia and V. andamanica ranged
from 11% to 57%. The putative new species
resembling V. aphylla showed differences in
RAPD patterns and hence may be a differ-
ent genotype. The interspecific hybrids are
true hybrids between V. planifolia and V.
aphylla with VH-5 and VH-6 more closer to
the female parent V. planifolia, while VH-1
and VH-4 were more closer to the male
parent V. aphylla. Variations could be in-
duced using colchicine treatment and
through somaclonal variation in V. planifelia.
The extent of variability could also be en-
hanced by hybridization.

Hort. III (813)

Development of paprika for warm
humid tropics

(K. P. M. Dhamayanthi, P. A. Mathew, K. N.
Shiva and T. John Zachariah)

Maintenance of germplasm

Thirty-five accessions of paprika were main-
tained in polybags at Chelavoor (Table 22).

Breeding

Methods were standardized for seed treat-
ment of paprika for germination. Treatment
with hydrogen peroxide 0.5% for 2 h re-
sulted better response than control and other
stimulants (GA and sodium dihydrogen
orthophosphate). Seed germination was 32%
higher than that of control when treated with
hydrogen peroxide.

Reciprocal crosses were made with ICBD
Byadagi lines and Papri King (a promising
Zimbabian paprika variety with high colour
coupled and low pungency) combination to
obtain high coloured Byadagi type and low
pungent Papri King type (hybrid) and 20%
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Table 22. Germplasm accessions of paprika maintained at Chetavoor

Category

Accessions

Indigenous collections

ICBD-1, ICBD-2, ICBD-3, ICBDH4, ICBD-5, ICBD-6, ICBD-

7, ICBD-8, ICBD-9, ICBD-10, ICBD-11, ICBD-12, ICBD-13
ICBD-14, ICBD-15, ICBD-16, ICBD-17, ICBD-18.

Exotic collections

PBC-171, Papri King, EC-6, EC-14, EC-18, EC-20, EC-31,

EC-35, EC-38, EC-43, EC45, EC-65, EC-71, EC49.

fruit set was only obtained. The pods were
harvested separately and the seeds were ex-
tracted and stored for further evaluation. The
variations among the plant types and fruit
characters were recorded.

Quality analysis

Pods of paprika accessions were subjected
to analysis for estimating the colour value
and pungency. Indigenous collection of Bya-
dagi Dabbi (ICBD) types possessed high colo-
ur value than the exotic paprika lines. The
exotic lines had low pungency than the
1CBD lines. The colour value of ICBD lines
ranged from 149 to 378 ASTA units (Table
23).

Externally Funded Projects
NATP

Collection, characterization and con-
servation of spices genetic resources

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

Exploration and collection

Four exploration trips were undertaken and
246 accessions including 93 cultivars were
collected which included, a high yielding
Piper nigrum with bold berries and good
quality from Silent Valley; Cinnamomum
gracile, a tare species from Siruvani Dam
site; Curcuma decipiense from Bajagoli

Table 23. Analysis of quality of paprika
germplasm

Accession Colour value
{ASTA units)
ICBD-1 2766
ICBD-3 3.7
ICBD4 2383
ICBD-6 3785
ICBD-8 2542
ICBD-9 336.8
ICBD-10 289.6
ICBD-15 259.4
ICBD-16 3071
PBC-171 2193
Papri King 3174
Kt. P1-19 3335

{Kudremukh); a bisexual wild P. nigrum from
Nelliampathy forests; a wild accession of
Zingiber officinale from Silent Valley and a
high yielding, low altitude cardamom
(Vandor cardamom) from Idukki District.

Characterization of germplasm

Black pepper

One hundred and fifty black pepper
germplasm accessions maintained under ex
situ conditions were characterized for quali-
tative and quantitative characters. High
variability was observed in the accessions
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for yield characters namely, spike length
(3.5-12.0 cm), number of fully developed
berries/spike (10-82), weight of 100 fresh
berries {5.5-20.5 g), volume of 100 fresh
berries (6-21 ml), dry weight of 100 berries
{2.0-7.5 g) and green yield /vine (0.500-2.841
kg). High variability for qualitative charac-
ters was also observed.

Ginger and turmeric

Vegetative and yield characters of 150 ac-
cessions of ginger germplasm were recorded
and high variability for the characters were
noticed. Yield per clump varied from 50 g to
980 g. One hundred and fifty germplasm
accessions of turmeric were also evaluated
for variability for vegetative and yield char-
acters, The yield of these accessions ranged
from 192 g to 1210 g with an average of 835
g per clump.

Herbarium sheets of 72 collections of spices
were prepared and important ones with
duplicates were deposited with NBPGR.
High elevation species like P. sugandhi, P.
geleatum and extra bold berried P. nigrum
were utilized for crossing with selected cul-
tivated black pepper cultivars as a part of
genetic enhancement programme.

DBT Project

Conservation of spices genetic re-
sources in in vitro gene banks

{P. N. Ravindran and K. Nirmal Babu)
In vitro genebank

Fifty accessions of spices germplasm were
added to the in vitro genebank that included
both male and female of high elevation spe-
cies of Piper such as P. schmidtii, P. wightii
and P. mullesua and important cultivars.
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DNA bank

DNA was extracted from 100 accessions of
black pepper, 100 accessions of cardamom,
50 lines of ginger, 17 accessions of cinna-
mon and 50 lines of vanilla and stored at -
85°C in DNA bank.

Micro rhizomes in ginger

Micro rhizomes of 5-10 g fresh weight/ex-
plant were induced in ginger tissue cultures
in 2-6 months on MS basal medium supple-
mented with higher levels of carbon. These
micro rhizomes could be directly planted in
the field and established with 90-100%
survival eliminating the need for harden-
ing, thus saving cost and labour. Field trials
conducted at Chelavoor indicated that the
micro rhizomes gave commercially viable
yields (300-500 g of fresh rhizomes/plants
12-20 kg /3 m? bed) comparable to normal
seed rhizomes, which normally give a mean
yield of 20 kg/3m?* bed. The micro rhizomes
had more tillers per plant though the tiller
height was less. The seed rate requirement
per bed was about 800 g/3 m’ (@ 40 plants
per bed) for normal seed rhizomes and in
case of micro rhizomes it was about 400 g.
The study indicated that micro rhizomes can
be a good source of planting material giving
reasonable yields with less of initial plant-
ing material.

DBT Project

A digitized inventory of plant re-
sources, Part II-Other economically
important species

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

Data on origin, occurrence, distribution, tax-
onomy, utility and other details were col-
lected and compiled in black pepper, carda-
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mom, ginger, turmeric, large cardamom,
vanilla, long pepper, nutmeg, cinnamon,
cassia, bay leaf, coriander, cumin, fennel,
fenugreek, dill, celery, aniseed, caraway,
black cumin, ajowan, star anise, greater
galangal, basil and sage.

ICAR Cess Fund Project

Organization of ginger and turmeric
germplasm based on molecular char-
acterization

(B.Sasikumar and T. John Zachariah)
Extraction of DNA

Among the various methods tested for ex-
traction of DNA from ginger and turmeric,
the method of Saghai-Maroof et al. (1984)
with slight modification was most suitable.
A modified Gawal and Jarret (1991} method
was used for isolation of DNA from fresh,
young turmeric rhizomes. In the modified
method, 3% CTAB extraction buffer contain-
ing 2 M NaCl and 1% p-Mercaptoethanol
was used instead of 2% CTAB buffer con-
taining 1.4 M NaCl and 0.5% -
Mercaptoethanol. During the extraction and
purification steps, 100% ethanol was used
for precipitation of DNA.

PCR conditions

The amplification condition found suitable
for ginger and turmeric leaf DNA was as
follows : denaturation at 94°C for 5 min-1
cycle; denaturation at 94°C for 1 min-40
cycles; annealing at 35°C for 1 min-40 cycles;
extension at 72°C for 2 min-40 cycles and
final extension at 72°C for 10 min-1cycle.

Two amplification conditions were tried for
DNA from turmeric rhizomes and both were
suitable. .
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1. Denaturation at 93°C for 3 min-1 cycle;
denaturation at 93°C for 1 min-40 cycles;
annealing at 37°C for 1 min-40 cycles;
extension at 72°C for 2 min-40 cycles
and final extension at 72°C for 10 min-
1 cycle.

2. Denaturation at 93°C for 1 min 15 sec-
1 cycle; denaturation at 93°C for 45 sec-
40 cycles; annealing at 37°C for 1 min
15 sec-40 cycles; extension at 72°C for 1
min 32 sec-40 cycles and final exten-
sion at 72°C for 10 min-1 cycle.
Amplification
Various concentrations of template DNA,
primer, Mg, pH of buffer and amplification
conditions were experimented for amplifi-
cation of DNA from leaves of ginger and
turmeric. A final concentration 0.15-0.25 mM
dNTPs along with 2-2.5 uM MgCl, , 05U
of Taq DNA polymerase, 10-20 ng genomic
DNA and 0.2 n M primer in 25 pl reaction
volume was suitable for good amplification
(Table 24).
A reaction volume of 25 pl containing 2.5
mM MgCl,, 100 uM each of dNTPs, 0.2 uM
primer and 1 U of Taq DNA polymerase
and 2 ng genomic DNA was suitable for
good amplification of DNA from turmeric
rhizomes.

RAPD profiling
Species level polymorphism was high in

Zingiber sp. and Curcuma sp. as compared
to varietal level polymorphism.

DBT Project

Improvement of selected spice crops
through biotechnological approaches
(Y. R. Sarma, K. Nirmal Babu, fohnson K.

George, M. Anandaraj, M. N. Venugopal and R,
Ramakrishnan Nair)
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Table 24. Amplification of DNA from Zingiber and Curcuma species

Primer No. of amplification products Size of amplification
Zingiber spp. Curcuma spp. products

OrQ-20 375 6.64 -

OrT-13 8.00 7.50 -

OPX-7 9.25 10.86 -

OPA-01 - 2.60 588-1477

OPA-04 - 2.85 268-1973

OPE-11 - 5.00 78-3996

Molecular characterization of cardamom

DNA was isolated from 100 lines of carda-
mom comprising of various species, released
varieties, promising lines and genotypes
collected from different regions. Fifty prim-
ers were screened and only 6 good polymor-
phic primers were identified. RAPD profiles
were developed from 24 lines of promising
lines and species with 6 primers.

Genetic transfonmaltion in black pepper

Embryogenic cultures of black pepper were
established and maintained in proliferating
condition through secondary embryogenesis.
Regeneration into plantlets was possible,
both in liquid and solid media. As the em-
bryos originate from sporophytic tissues of
the seed, the method will be helpful for
transformation experiments using biolistics.

Plant fransformation vector

The plasmid (p Cambia 1301 construct in
EHA 105) for biolistic experiments was pro-
cured from Tamil Nadu Agricultural Uni-
versity, Coimbatore, and glycerol stocks of
the cuitures were maintained at —86 "C. A
single colony of EHA 105 containing p

Cambia 1301 was inoculated into 5 ml of LB
broth containing 50 mg/ml of kanamycin,
The plasmid isolation was carried out from
this culture using two different methods
namely, lysozyme method (Sambrook et al.
1989) and boiling method (Ausubel et al,
1992). Among the two methods, the former
yielded plasmid of good quality.

Agrobacterium tumefaciens with osmotin gene
construct was used in transformation stud-
ies. Leaf discs were used as explants for the
study. The resultant calli were subjected to
kanamycin resistance tests.

fsolation of disease resistant genes
Isolation of RNA

Two different methods, namely, Guanidium
thiocyanate (GTC) method (Sambrook et al.
1989} and phenol/SDS method (Ausubel et
al. 1992) and their modifications were tried
for RNA isolation from P. colubrinum. Among
the two methods, a modified GTC method
{GTC method with addition of PVI? (0.01 g/
ml) and 2-Mercaptoethanol (7.5 ml/m}) in
the extraction buffer yielded more RNA {65
mg/g of leaf tissue). MRNA was also suc-
cessfully purified from total RNA using
oligo dT cellulose.
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DDRT-PCR of total RNA and mRNA

In this method, the first strand cDNA was
synthesized from total RNA using random
decamer primers. The first strand cDNAs
were then subjected to PCR amplification
using additional primers {Operon primers),
which amplified sequences based on chance
homology. First strand cDNA synthesis from
mRNA using random hexamers and subse-
quent ¢cDNA amplification using decamer
Operon primers were also successful. The ¢
DNA bands were resolved in agarose gels
and visualized under UV.

Differential Display RT-PCR was carried out
using RNAs isolated from P. colubrinum to
tag genes expressed in P. colubrinum in re-
sponse to Phytophthora inoculation. The
c¢DNA bands were resolved in agarose gel
and two cDNA bands corresponding to
differentially expressed genes in P,
colubrinum were eluted and reampilified for
cloning and sequencing.

Isolation of RGCs in black pepper

Eighteen degenerate primers designed from
NBS region of R genes were used and a
product of 500 bp was found amplified in
Karimunda, P-24 and P. colubrinum. This
PCR product would be cloned and se-
quenced.

NATP

Molecular characterization and
preparation of molecular maps in
black pepper

(X. Nirmal Babu, Johnson K. George, M.
Anandaraj and P. N. Ravindran)

Preparation of molecular maps

A mapping population of 200 progenies
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each was developed from selfed and crossed
progenies involving two crosses, Subhakara
x Panniyur-1 and Subhakara x P-24. DNA
isolation is in progress.

Molecular characterization of black pep-
per varieties

RAPD profiles were developed using six
polymorphic primers in released varieties of
black pepper namely, Karimunda,
Kottanadan, Kuthiravally, Thommankodi,
Balankotta, Kalluvally, Poonjaranmunda,
Neelamundi, Narayakodi, Perambramunda,
Arakulammunda, Valiakaniakkadan,
Cheriyakanjakkadan, Uthirankotta,
Panniyur-1, Panniyur-2, Panniyur-3,
Panniyur-4, Panniyur-5, Sreekara,
Subhakara, Panchami, Pournami and
Palode-2. Intra cultivar relationships were
also estimated using NTSY5 software. The
study proved that Sreekara and Subhakara
are different genotypes. Further collection of
data for realisfic estimation of intra cultivar
differences is in progress to develop RAPD
profiles/finger prints for the varieties.

DBT Project

Field evaluation of tissue cultured
plants of spices and assessment of
their genetic stability using molecular
markers

(K. Nirmal Babu and P. N. Ravindran)
Genetlic variability among somaclones
Molecular markers were used to estimate
the extent of genetic variability of micro-
propagated plants of black pepper. Twenty-

four operon primers were tested on Aimpi-
rivan and Subhakara. Morphological char-
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acters coupled with RAPD profiles indicated
genetic fidelity among randomly selected
micropropagated plants indicating that the
micropropagation protocol, used for rapid
cloning of these two genotypes can be
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commercially utilized. This is the first re-
port of using RAPD polymorphism to detect

genetic stability of micropropagated plants
of black pepper.

Crop Production and Post Harvest Technology

Agr. XX1 (813)

Efficacy of biofertilizers on nutritional
management of black pepper

(C. K. Thankamani, K. S. Krishnamurthy and
V. Srinivasan)

Black pepper cuttings were planted at
Peruvannamuzhi with Ailanthus sp. as stan-
dards during 2000. The main plot treat-
ments consist of application of Azespirillum
and without Azospirillum. The sub plot treat-
ments were: inorganic N 100% + FYM, inor-
ganic N 75% + 10 kg FYM, inorganic N 50%
+ 10 kg FYM, FYM 10 kg alone, inorganic N
50% + Zn, inorganic N 50% + Zn + Bo +
Mo, inorganic N 50% + Ca, inorganic N
50% + Mg, inorganic N 50% + Ca + Mg and
NPK alone, The available nitrogen and
phosphorus contents were higher in plots
in which Azespirillum was applied. Maxi-
mum available nitrogen and phosphorus
was observed in treatments in which NPK
alone was applied. Pretreatment Azospiriflum
population was low and gradually increased
and highest Azospirillum counts were re-
corded in the treatment NPK alone.

SSc. IT (813)

Nutritional requirement of improved
varieties of spices

(V. Srinivasan, K. S, Krishnamurthy and C. K.
Thankamani)

Black pepper

Soil application of Zn at various levels sig-
nificantly increased the DTPA-Zn availabil-
ity over control, the levels of application
behaving on par. The mean yield recorded
was highest in foliar spray @ 0.25% ZnSO,
applied twice with other higher levels of
soil application of Zn yielding on par.

An experiment is in progress for the third
year to assess the effect of Mg nutrition on
black pepper and the treatments consisting
of Mg @ 0, 50, 75 and 100 kg/ha were im-
posed. The soil availability of Mg increased
with application of different doses of Mg
fertilizers. The available K and Ca contents
were on par among the levels of Mg fertiliz-
ers added along with uniform application
of N, P and K. Highest yield was recorded
in the treatment NPK + Mg @ 100 kg/ha
which was on par to that of control. No
clear influence on yield was cbserved by the

application of Mg fertilizers in all the three
varieties studied.

Field experiments on targeted production of
black pepper were in progress at Madikeri
and Kalpetta by fixing the targets for yield
at three levels (5.0, 6.5and 7.5 kg/vine). The
yield recorded at Madikeri was well above
(15 kg/vine) the target and that of Kalpetta
was low (2.5 kg/vine) probably due to
unfavourable weather conditions.
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Ginger and turmeric
Integrated Plant Nutrient Management

Experiments on IPNM to scale down fertil-
izer use was laid out in ginger and turmeric
with sources like neem cake and phosphate
solubilizing bacteria to supplement the nu-
trients. The soil N, P, K, Ca, Mg, Mnand Cu
availability significantly increased with
application of neem cake, phosphobacteria
(PB) and P as rock phosphate and potash.
Application of neem cake increased the soil
availability of N significantly, irrespective
of the dosage of chemical fertilizer applied.
The highest available N was recorded in
beds applied with half the dose of N as urea
along with neem cake @ 2 t/ha. Pavailabili-
ty also increased significantly with applica-
tion of PB along with FYM and neem cake
and with increased dosage of rock phospha-
te. With the application of neem cake, soil
availability of Mg, Fe and Zn increased sig-
nificantly. Concentration of these nutrients
in the leaf was also significantly high in
neem cake, PB and at higher levels of I’
application.

Significantly high fresh rhizome yields of
18.5 and 29.4 kg /bed, were recorded in gin-
ger and turmeric respectively, in treatments
where FYM, neem cake, I’'B and rock phos-
phate were applied with half the quantity of
recommended urea. Nitrogen application as
urea could be reduced to half by the applica-
tion of neem cake and FYM and PB. Rhizo-
me uptake of major and micronutrients by
ginger and turmeric was also studied. Up-
take of P and K increased with combined
application of FYM, neem cake and PB over
recommended fertilizer package. The uptake
of micronutrients like Fe, Zn and Cu were
on par to that of control inbeds where IPNM
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was adopted. Olecresin content was high-
est (5.3%) in treatments with neem cake +
PB and FYM with half the recommended
urea over recommended package. The same
treatment recorded highest curcumin con-
tent (8.7%) in turmeric, which was on par
with recommended package (9.0%
curcumin).

Effect of micronutrients

The effect of application of Zn at different
levels in combination with or without coir
compost was studied in ginger and turmeric.
The soil availability of Zn and P were esti-
mated at 120 days after planting (DAP} and
at harvest. The available P content reduced
significantly with increased levels of Zn
application as compared to no Zn applica-
tion. Soil Zn availability also increased
significantly with levels of Zn applied. At
harvest there was reduction in soil avail-
able I’ due to uptake by the crop. Addition
of coir compost did not influence soil Zn
availability. But the available P content was
significantly high in beds in which coir
compost was not applied indicating a tem-
porary fixation of I’ by coir compost. But
there was significant reduction in soil avail-
able P due to uptake after harvesting the
crop. Leaf Zn level also followed the pat-
tern of levels of Zn applied and foliar treat-
ment recorded the highest concentration of
the nutrient.

There was no trend in the yield of fresh
ginger rhizomes among levels of Zn applied
(Table 25). Highest yield of rhizome was
recorded in the treatment where no Zn was
applied followed by foliar application @
0.25% ZnSO,. The quality (oleoresin) and
fresh yield of turmeric were on par among,
the treatments. Both soil and foliar applica-
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tions were on par regarding yield (22 kg/
bed). Application of coir compost had no
influence on yield of turmeric (Table 26).
Curcumin content was also on par with soil
and foliar application of Zn. As the soil
was fertile enough no response could have
been recorded. Uptake of Zn in the rhizome
also increased significantly especially in tur-
meric with increased dose of application and
in foliar treatment. In ginger, all the higher
levels of Zn application were on par regard-
ing its uptake. Rhizome concentration of P
was not influenced by levels of Zn applied
both in ginger and turmeric.

Phy. V (813)

Characterization of drought tolerance
in black pepper

(K. 5. Krishnamurthy and S. |. Ankegowda)

The accessions of black pepper which were
found to be relatively tolerant to water stress
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during preliminary screening were further
screened in pots using parameters such as
relative water content (RWC), membrane
damage, glutathione reductase (GR), cata-
lase and peroxidase activities and gas ex-
change characteristics.

Relative waler contens

Accs. 828 and 1223 maintained higher RWC
and lower membrane damage among the
tolerant accessions. The tolerant and sus-
ceptible accessions had similar values for
RWC and membrane damage up to 6 days
after stress induction (DASI); however the
difference was more at 12 DASI (Table 27).

Glutathione reductase activity

GR activity generally increased during stress
and the tolerant accessions had slightly
higher levels of activity, but the differences
were non significant (Table 28).

Table 25. Effect of Zn on soil availability of nutrients and yield of ginger

Treatment Soil P {mg/kg) Soil Zn (mg/kg) Fresh yield (kg/3m? bed)
WwCC cC Mean wCcC  CC Mean WCC CC Mean

in 0 123 11.3 11.8 1.4 1.8 1.6 17.4 16.8 171
Zn 1 9.7 7.0 8.3 2.2 29 25 13.5 17.0 15.2
Zn 2 74 7.0 7.2 28 3.7 32 13.7 13.8 13.8
Zn 3 7.0 7.6 7.4 63 6.7 6.5 14.8 15.8 153
Zn 4 8.9 5.0 7.0 123 9.0 10,6 130 13.3 13.1
Zn Foliar - - 9.8 - - 3.8 - - 16.2
Mean 9.1 7.6 - 5.0 4.8 - 14.5 15.3 -
CD  For CC NS NS NS
(P<0.05) Zn 27 0.8 NS
CC x Zn 38 1.2 NS

NS=Non Significant; WCC=Without Coir Compost; CC=Coir Compost; Zn 0=0 kg Zn/ha; Zn 1=5
kg Zn/ha; Zn 2=7.5 kg Zn/ha; Zn 3=10 kg Zn/ba; Zn 4=15 kg Zn/ha
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Table 26. Effect of Zn on soil availability of nutrients and yield of turmeric

Treatment Soil P (mg/kg) Soil Zn (mg/kg) Fresh yield (kg/3m? bed)
wcCC cC Mean WCC CC Mean WCC CC  Mean
Zn 0 1.4 1.0 1.2 1.92 1.94 1.9 204 226 215
Znl 1.7 14 1.6 214 2.84 25 210 235 223
Zn 2 1.6 14 1.5 3.02 .83 34 230 21.2 221
Zn 3 1.4 1.5 1.5 8n 7.27 7.7 205 237 221
Zn 4 22 1.7 1.9 1095 1.0 11.0 233 19.0 212
Zn Foliar - - 14 - - 39 - - 225
Mean 1.5 17 - 520 5.40 - 216 220 -
CcD For CC NS NS NS
{P<0.05) Zn 0.5 07 NS
CCx Zn 0.7 1.0 NS

NS=Non Significant; CC=Coir Compost; WCC=Without Coir Compost; Zn 0=0 kg Zn/ha; Zn 1=5
kg Zn/ha; Zn 2=7.5 kg Zn/ha; Zn 3=10 kg Zn/ha; Zn 4=15 kg Zn/ha

Table 27. Relative water content and membrane leakage in black pepper accessions

Accession Relative water content (%) Membrane leakage (%)
Control 6 DASI 12 DASI Control 6 DASI 12 DASI

Tolerant

Acc. 1104 920 83.5 77.5 9.8 7.9 10.1
Acc. 1123 93.4 88.3 79.5 4.6 6.7 8.7
Acc. 1110 943 86.0 78.5 5.0 83 9.4
Acc. 1321 924 85.8 779 5.5 84 9.6
Acc. 1039 95.6 87.3 79.0 4.7 7.2 9.0
Acc. 828 943 89.1 804 5.2 63 8.0
Susceptible

Acc. 1095 94.1 87.5 74.8 5.1 8.5 114
Acc. 1199 915 80.4 68.7 5.8 94 15.6
Acc. 1279 90.7 78.5 64.5 5.0 83 163
CD (P<0.05) 1.6 2.0 27 NS NS NS

DASI=Days after stress induction; NS5=Non significant
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Gas exchange parameters

Photesynthetic rate and transpiration rates
reduced drastically under stress conditions
and transpiration rate was very low (near to
zero) as the leaves wilted. However, the rate
of decrease in photosynthetic and transpi-
ration rate was less in tolerant varieties than
the susceptible ones. Acc. 828 maintai-ned
better photosynthetic characteristics.

Phy. VI (813)

Characterisation of drought tolerance
in cardamom

(S. J. Ankegowda, K. S. Krishnamurthy and D.
Prasath)

Six accessions namely, APG-18, APG-34,
APG-149, DR-3, DR-6 and DR-16 were
screened for moisture stress tolerance in
cement pots under shelter. Moisture stress
was imposed by withholding irrigation and
data on morphology related to drought tol-
erance was recorded at initiation of stress.
Recording of morphological and physiologi-
cal data is in progress for other stages.

Preliminary screening of 35 accessions for
relative water content (RWC), specific leaf
weight and stomatal count indicated sig-
nificant variations. Relative water content
ranged from 14.7% to 33.6% with a mean of
22.7%. Specific leaf weight ranged from 4.21
to 6.19 mg/cm’ with a mean of 5.19 mg/
ecm? Number of stomata per microscopic
field at 60 x ranged from 6.0 to 14.5 with a
mean of 9.3.

The genotypes APG-228, APG-239, APG-
242, APG-259, APG-260 and APG-271 re-
corded relatively higher RWC under stress.
The genotypes APG-224, APG-246, APG-
257, APG-262, APG-265 and APG-271 re-
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Table 28. Glutathione reductase activity in black
pepper accessions

Accession % increase/decrease over control
Control 6 DASI 12 DASI
Tolerant
Acc. 1120 4.5 152 2161t
Acc. 1104 6.6 45 ft 184 q
Acc. 1223 5.8 78 ¢ 225 ¢
Acc. 1110 39 841 104 ¢
Acc. 1321 24 56 2510
Acc, 1039 4.7 4.7 | 4.0y
Acc. 828 6.5 125 ¢ 194 ¢
Susceptible
Acc. 1095 5.6 381 113 ¢
Acc. 1090 3.2 64 4 10.5 4
Acc. 1199 48 145 ¢ 134 1
Acec. 1279 4.1 32 7.5 1
CD (P<0.05) NS NS

DASI=Days after stress induction
NS=Non significant

corded relatively lower stomatal counts. The
genotypes APG-227, APG-228, APG-239,
APG-244, APG-258, APG-259 and APG-265
recorded relatively higher specific leaf
weight. APG-228, APG-239 and APG-259
maintained higher RWC and specific leaf
weight.

Ten accessions were collected from farmers
fields in Idukki for further multiplication
and evaluation.

Agr. XVII (813)

Vermi-composting using organic
wastes available in cardamom areas

(V. S. Korikanthimath and S. |. Ankegowda)
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Growth and yield parameters

Observations on plant height, number of
tillers, number of bearing tillers, number of
non-bearing tillers and fresh yield was re-
corded in plots where various treatments
(Table 29) were imposed during the crop-
ping season. There were no significant dif-
ferences between treatments for growth and
yield characters. However, plant height was
maximum in T4 and minimum in T2. Total
number of tillers per plant was maximum in
T4 and minimum in T8. Fresh yield was
maximum in T5.

Microclimate

No significant variation in air temperature
and relative humidity was observed between
treatments. Air temperature ranged from
28.13 to 28.99°C and relative humidity from
35.99 to 38.7% in different treatments dur-
ing March.

Soil nutrient status

Phosphorus content was higher in T8 and

Table 29. Details of treatments in the experi-
ment to study the effect of vermicompost on
cardamom

T1 - Control

T2 - NPK (50:50:100 g/plant in two splits)

T3 - FYM (10 kg/plant in two splits)

T4 - Neem cake (NC) (1 kg/plant in two splits)

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

T6 - NPK + FYM

T7 - NPK + NC

T8 - NPK + VC

T9 - Half VC + Half NC

T10 - Half VC + Half NC + Half NPK

Ti1 - Half FYM + Half NC

T12 - Half FYM + Half NC + Half NPK
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T9 compared to other treatments. Very low
phosphorus content was recorded in T1, T3
and T11. Potassium content was higher in
T4 and T12 and lower in T1. Ca and Mg
status was higher in all the treatments (Table
30).

Agr. X1V (813)

Investigation on spice based cropping
system

(V. 5. Korikanthimath, C. K. Thankamani, S. [.
Ankegowda and V. Srinivasan)

Growth and yield parameters

Observations on height and number of
branches in component crops and height,
number of bearing tillers, non bearing tillers,
total number of tillers and fresh yield per
plot (0.1ha} of cardamom (main crop) in
various cropping systems was recorded.
Growth of nutmeg was poor whereas that of
clove, cinnainon, allspice and black pepper
was good. Growth parameters for carda-
mom were comparatively poor in all the crop
combinations except nutmeg. Cinnamon and
nutmeg plots yielded higher compared to
other cropping systems (Table 31).

Microclimate

No significant variations in air temnperature
and relative humidity were observed in
various crop combinations during March.
Air temperature ranged from 27.4 to 28.4°C
and relative humidity from 44.2 to 50.8% in
different crop combinations.

Soil nufrient status

Soil samples were collected from different
crop combinations from two depths and
analysed for P, K, Ca and Mg (Table 32).
The P content was higher in black pepper
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Table 30. Effect of vermicompost and other nutrients on soil nutrient status in cardamom

Treatment Depth r K Ca Mg
{mg/kg)

T1 Di 34 102.7 698.7 9.5
D2 1.7 823 473.7 645
T2 D 136 159.0 456.3 91.0
D2 8.4 111.7 368.3 650

T3 m 33 126.7 10943 118.7
i D2 4.5 823 713.3 97.4

T4 : 8] 114 2307 802.7 124.9
D2 4.4 127.0 457.0 50.5
TS D1 100 123.7 598.3 85.7
D2 - 11 770 335.3 538

Te 8] 9.7 150.7 971.3 128.7
; D2 7.3 120.0 700.3 1124
T7 D1 15.3 169.3 606.3 91.3
D2 13.6 123.3 459.7 70.2

T8 D1 236 135.0 6120 113.5
2 134 86.0 376.7 71.1

™ D1 19.4 123.3 838.0 117.i3
D2 17.2 92.3 526.3 955

T10 D1 10.2 165.7 1050.3 167.3

D2 5.0 94.3 700.7 130.2

™ m 7.8 180.7 9210 137.8
D2 17 73.0 584.0 99.6

Ti2 m 5.5 217.3 706.7 182.5

2 13.3 181.0 937.7 1419

D1=0-15 cm; D2=15-30 cm ; Refer Table 29 for

Table 31. Yield of cardamom in various crop-
ping systems

Treatment No. of Wet
panicles/ weight
plant tkg/plot)
Cardamom + Nutmeg 17.7 59.25
Cardamom + Clovue 34 17.30
Cardamom + Cinnamon 25.1 75.30
Cardamom + Allspice 7.6 3645
Cardamom + Black pepper 169 39.30
Cardamom + Coffee 24.4 44.05
Cardamom alone 17.7 24.25

treatment details

(52.74 ppm) followed by clove (47.49 ppm)
and lower in allspice (27.11 ppm) grown
with cardamom. The highest content of K
(407 ppm) was observed in nutmeg culti-
vated with cardamom followed by coffee (314
ppm) and was lowest in coffee alone (80

ppm).

The Ca and Mg contents were generally
higher in all crop combinations. However,
highest content of Ca {1497 ppm) was re-
corded in nutmeg grown with cardamom
followed by coffee (988 ppm). Higher Mg
content was recorded in allspice (158.2 ppm)
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Table 32. Nutrient status in various cropping systems

Treatment Depth K Ca Mg
{ppm)
Cardamom + Nutmeg D1 39.61 407 1497 121.6
D2 19.15 416 1267 102.4
Cardamom + Clove D1 47.49 169 505 106.4
m2 53.58 190 514 102.0
Cardamom + Cinnamon m 44.39 270 628 1149
2 9.37 284 479 996
Cardamom + Coffee Di 36.22 314 988 128.3
D2 1528 210 924 128.2
Cardamom + Black pepper Dl 52.74 133 709 135.4
D2 21.22 110 490 101,5
Cardamom + Allspice DI 2711 232 804 158.2
D2 38.33 172 388 872
Cardamom alone m 1478 189 551 127.2
D2 50.12 166 486 111.9
Coffee alone D1 3166 80 661 122.1
D2 27.96 B4 582 116.0

D1=0-15 cm; D2=15-30 cm

and lowest in clove (106.4 ppm) grown with
cardamom.

Agr. XIX (813)

Management efficacy of whole farm
approach in farming-A study on
spices based cropping systems

(V. S. Korikanthimath and S. |. Ankegowda)

Various cropping systems such as arecanut
+ cardamorm, coffee + cardamom, garcinia +
cardamom and monkey jack + cardamom
were included in the study. Growth param-
eters and microclimate were recorded in
various crop combinations. No significant
variations in air temperature and relative
humidity were observed in different crop-
ping systems (Tables 33 and 34).

Biachem. I (813)
Biogenesis of pigments in spice crops
{B. Chempakam and T, John Zachariah)

PAL activity during early germination and
growth phases in turmeric

The activity of phenyl alanine lyase (PAL)
was studied in turmeric during early germi-
nation and growth phase at 15-day inter-
vals from 30 days after sowing in leaf, root
and rhizome. PAL activity was maximum
in Jeaves and rhizomes during initial stages,
which declined later. However, in roots, PAL
exhibited a higher activity towards the later
stage (Table 35).

PAL activity in turmeric accessions

PAL activity was assayed in leaves of tur-
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Table 33. Growth parameters of crops in mixed
cropping systems

Crop Height (m) No. of branches/
leaves/tillers
Robusta coffee  1.00 95
Arabica coffeec  1.00 10.9
Garcinia 3.00 248
Allspice 3.67 310
Arecanut 3.08 6.4
Cardamom 1.56 123
Table 34. Microclimatic conditions in mixed
cropping systems
Crop Air tempe- Relative
rature ("C) humidity (%)
Robusta coffee 298 56.2
Arabica coffee 294 55.0
Garcinia 29.8 540
Allspice 298 55.2
Arecanut 304 55.6
Cardamom 304 52.0

meric accessions having low (>2%) and high
(<5%) curcumin levels. The enzyme activity
could be correlated with curcumin levels
(Table 36) which confirmed the role of PAL
as the rate-limiting enzyme during curcumin
synthesis. The probable phenolic acid pre-
cursors for the biosynthesis could be iden-
tified in the leaf as coumaric, caffeic and
ferulic acids.

45
Org. Chem. 1 (813)

Isolation and identification of
naturally occurring compounds
against major pests and pathogens of
black pepper

(N. K. Leela, M. Anandaraj, Santhosh. |. Eapen
and S, Devasahayam)

The antifeedant activity of hexane and
methanol extracts of Annona squamosa seeds,
Melia composita fruits and Polyalthia longifolia
leaves and essential oil of Zanthoxylum rhetsa
fruits at 1% concentration, was evaluated
againist pollu beetle in no-choice laboratory
tests. Both the hexane and methanol extracts
of A. squamosa seeds resulted in 100% feed-
ing deterrence at 1% concentration. Hexane
extracts from M. compesita fruits and P.
longifolia leaves caused 51.2% and 55.8%
feeding deterrence, respectively (Table 37).

The essential oil from allspice leaves
completly inhibited mycelial growth of
Phytophthora capsici at concentrations rang-
ing from 0.5% to 2.0%. Bioassay guided frac-
tionation of the essential oil led to the iden-
tification of the active principle as eugenol.

PHT. 1 (813)
Quality evaluation in spices

(T. John Zachariah, P. Heartwin Amaladhas and
B. Chempakam }

Table 35. PAL activity in rhizome, root and leaf in turmeric

Plant part PAL activity (uM trans-cinnamic acid released/min/mg protein x 102)
30 DAS 45 DAS 60 DAS 75 DAS 90 DAS

Rhizome 423 204 212 14.4 14.4

Root 6.8 8.1 218 254 28.4

Leaf 303 225 17.0 217 12.0

DAS=Days after sowing
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Tab!le 36. PAL activity in leaves of high and low
Curcumin accessions

Accession PAL activity
(pM trans-cinnamic
acid released/min/mg

protein x 10-%)

Low curcumin

Acc. 170 2198
Acc. 216 19.83
Acc. 288 24,02
Acc. 302 2517
Acc. 320 2045
High curcumin

Alleppey 45.08
Prabha 43.16
Prathibha 9.28
Suguna 30.89
Sudarshana 32.64

Quality of black pepper germplasm

Among the promising 22 black pepper ac-
cessions evaluated for quality from
Peruvannamuzhi Farm, six accessions were
promising (Table 38). Two hundred black
pepper accessions including wild species
were evaluated for oil, oleoresin and pip-
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erine and high quality lines were identified
(Table 39).

Quality of ginger germplasm

Fifty-four ginger accessions were evaluated
for oil, oleoresin and crude fibre and seven
accessions were promising (Table 40},

Storage of ginger

Studies on evaluation of suitable containers
for transportation and storage of fresh gin-
ger rhizomes without dehydration and pre-
vention of pest infestation in dry ginger
during storage are reported under the exter-
nally aided project ‘Integrated technologies
for value addition and post harvest man-
agement in palms, spices and tropical tuber
crops’.

PHT II. (813)
Harvesting and processing techniques
in spices

(P. Heartwin Amaladhas, T. John Zacharigh eand
A. Kumar)

Drying of mace

Studies were undertaken to standardize tech-

Table 37. Antifeedant activity of plant extracts against pollu beetle

Extract (1%)

Feeding deterrence (%)*

Annona squamosa seeds (H)
Annona squamosa seeds (M)
Melia composita fruits (H)
Melia composita fruits (M)
Polyalthia longifolia leaf (H)
Polyalthia longifolia leaf (M)

Zanthoxylum rhetsa fruits

100.0
100.0
51.2
208
55.8
38.4
0.0

*24 h after treatment; average of 4 replications
H=hexane extract; M=methanol extract
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Table 38. High quality black pepper accessions from IISR Farm, Peruvannamuzhi
Accession Bulk density Oleoresin Gil Piperine
(g/1) (%) (%) (%)
HP-1 488 11.6 3.6 37
HP-813 452 14.3 54 3.5
HP-1411 473 108 3.0 34
Acc1365 486 10.7 28 3.5
OPKm 589 B3 3.0 22
Sreekara 565 106 36 3.0

niques for drying of mace. Hot air drying of
mace took 4 h while blanched (for 2 min in
75°C water) and dried 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 148.98 and 182.23 mg/100 g,
respectively, for hot air dried and blanched
mace. Blanched mace gave 23% more colour
and more colour stability than hot air dried
mace. Volatile 0il and oleoresin contents of
hot air dried and blanched mace were com-
parable.

Mace was stored in PET, polythene and
polypropylene containers and the changes
in quality characteristics like moisture con-
tent, volatile oil, oleoresin and lycopene
contents were analysed. The moisture con-
tent increased during storage while volatile
o0il, oleoresin and lycopene contents de-
creased. After 3 months of storage, the ly-
copene content degraded by 68% to 86% in
hot air dried mace and 66% in blanched
mace (Table 41).

Table 39. High quality black pepper accessions

Accession Volatile Olecr-  Pipe-

oil (%) esin (%) rine (%)
Acc. 5302 9.0 19.8 38
Acc. 5305 3.0 99 20
Acc. 983 32 9.0 23
Acc. 1216 3.6 9.3 1.5
Acc. 4081 40 110 29
Acc. 1382 3.0 9.9 32
Acc, 4021 4.3 120 2.7
Acc. 1633 5.8 130 2.8
Acc. 1622 3.0 93 3.0
Acc. 1058 8.8 17.0 3.0
P. 11 4.9 133 34
Acc. 975 3.3 110 4.0
Acc. 1442 - 14.2 3.6
Ace. 1339 - 122 3.0
Acc. 845 3.0 11.3 28
Acc, 1095 5.0 11.5 22
Drying of Piper chaba

Drying of Piper chaba in hot air at 60 to 65°C
at three stages of maturity indicated that it
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Table 40. High quality ginger accessions
Accession Essential Oleo- Crude
oil (%) resin (%) fibre (%)
Acc. 11 20 7.2 25
Acc. 93 1.8 6.5 20
Acc. 156 2.2 6.7 25
Acc. 162 2.0 6.0 20
Acc. 197 25 7.0 28
Acc. 159 20 6.2 22
Acc. 225 20 6.2 25

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%, respec-

Table 41. Quality characteristics of stored mace

HSR Annual Report 2001-02

tively, 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
(Table 42).

Drying of cassia

Sun drying and hot air drying (50°C) char-
acteristics of cassia were studied. Sun dry-
ing was achieved in 1-2 days while hot air
drying took just 3 h. The dry recovery of
cassia after sun drying and hot air drying
were 34.0% and 33.7%, respectively.

Aerated steam treatment of ginger

Ginger rhizomes infected with soft rot patho-
gens were treated using aerated steam at 46

Category Moisture Volatile oil Oleoresin Lycopene
(%) (%) (%) (mg/100 g)
PET container + Hot air dried
After 1 month 7.0 9.5 226 121.2
After 2 months 7.0 9.5 2.1 55.2
After 3 months 7.5 9.5 21.8 48.1
Blanched + Hot air dried
After 1 month 6.0 110 21 180.6
After 2 months 6.0 11.0 216 119.0
After 3 months 6.5 100 216 62.1
Polythene bag + Hot air dried
After 1 month 6.6 10.8 213 1194
After 2 months 70 10.0 214 59.0
After 3 months 7.0 10.0 20 215
Blanched + Hot air dried
After 1 month 6.0 11.0 21 180.4
After 2 months 6.5 11.0 215 139.5
After 3 months 6.5 10.0 20.6 62.8
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Table 42. Quality characteristics of fresh and hot air dried Piper chaba
Category Moisture Volatile oi Oleoresin Piperine Starch
(%) (%) (%) (%) (%)
Fresh
Mature 718 0.4 38 09 142
Ripe 716 0.4 35 08 181
Over-ripe 714 0.4 33 0.7 185
Hot air dried
Mature 5.6 13 8.1 22 50.1
Ripe : 57 1.3 71 22 503
Over-ripe 6.5 1.1 6.6 20 50.5

and 51°C for 15 and 30 min, for standard-
izing optimum conditions for treatment.
After treatment, the rhizomes were treated
with biocontroel agents (Trichoderma sp. and
Pseudomonas sp.) and planted in the field
and the plant population and yield were
recorded. Aerated steam treatment at 51°C
for 15 min was most effective in controlling
the disease (Table 43).

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 thresh-
ing capacities of drum type and funnel type
threshers were 150 and 75 kg per hour, re-
spectively with a threshing efficiency of
99.6% and 98.5%, respectively. Two com-
mercially available medels namely, Vivega
hand-operated and Vivega power-operated
threshers were also evaluated for their per-
formance.

Development of black pepper cleaner cum
grader

A rotary hand-operated cleaner cum grader

was developed in collaboration with TNAU,
Coimbatore. The thresher cleans pin heads
and other small impurities and grades black
pepper into three commercially available
grades. The unit could clean and grade 430
kg of black pepper per hour.

Agr. XX (813)

Production of nucleus planting
materials of improved varieties of
spice crops

(C. K. Thankamani, V. S. Korikanthimath, P. A.
Mathew and S. |. Ankegowda)

Black pepper rooted laterals (25,000 nos.),
bush pepper (100 nos.), turmeric seed rhi-
zomes (5 t), ginger seed rhizomes (5 t), car-
damom seedlings (18,766 nos.), cardamom
seed capsules (226.35 kg) and nutmeg grafts
(6,000 nos.) were produced and distributed
to farmers. These planting materials were
produced under the Centrally Sponsored
Scheme ‘Integrated Programme for Develop-
ment of Spices” of Department of Agricul-
ture and Cooperation.
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Table 43. FEvaluation of aerated steam treatment of ginger rhizomes

Treatment Population of ginger plants Fresh
yield
227.0 22.8.01 229.01 221001 221101 (kg/3m?* bed)
C 37 34 28 15 8 0.18
C+T 38 35 K}l 26 20 4.04
C+P 37 32 22 16 6 0.28
46°C /15 min 36 34 31 25 17 273
46°C /15 min + T K] ¥ 35 28 22 238
46°C /15 min + P 38 35 33 30 5 477
46°C /30 min 36 35 35 K>S 33 567
46°C /0 min + T a7 36 35 30 28 3.02
46°C /30 min + P 38 34 34 ! 30 6.53
51°C /15 min 39 37 34 31 26 369
51°C /15 min + T ¥ 36 36 K7 31 5.05
51°C /15 min + I 37 35 H 2 32 747
51°C /30 min 37 36 3 28 16 0.79
51°C /30 min + T 36 M H 30 16 047
51°C /30 min + P 36 M 31 24 15 221

C=Control; T=Trichoderma sp.; P=Pseudomonas sp.

Externally Funded Projects
ICAR Cess Fund Project

Elucidation of biosynthetic pathways
of curcumin in turmeric

(B. Chempakam and N. K. Leefa)

Phenyl alanine lyase (PAL), the major en-
zyme which initiates a series of reactions
leading to curcumin synthesis in turmeric
was studied during early germination and
growth phases. Leaves possessed highest
activity among the vegetative parts analysed
and least activity was observed in
pseudostems. This indicates that leaves are
probably the site of synthesis of curcumin
precursors, which are mainly phenolic ac-
ids. An earlier study on PAL activity after 3
months up to maturity also confirmed this

trend. Preliminary studies on cell fraction-
ation of turmeric leaf and localization of
PAL in each fraction indicated higher activ-
ity in the mitochondria. However, chloro-
plast and microsomes too had considerable
amount of activity,

Studies on incorporation of “*CQ, were con-
tinued which would give an indication of
the origin of carbon atoms of curcumin. The
effect of light on PAL activity was studied
for manipulation under various environmen-
tal conditions.

HPLC separation of curcumineids in tur-
meric root and rhizome indicated variations
in the proportion of the three forms during
developinent, with curcumin IT] (natural form
of curcumin) having the maximum percent
age. Curcumin IIT also showed an increase
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at 180-210 days after sowing (DAS) which
declined at subsequent stages. However this
decrease was compensated with a rise in
levels of curcumin [ (Bisdemethoxy
curcumin) and II {Demethoxycurcumin). In

roots, curcuminoids could be detected only
after 90 DAS.

ICAR Emeritus Scientist Scheme

Integrated plant nutrient management
strategy for breaking black pepper
vield plateau and quality up grada-
tion

(A. K. Sadanandan)

The effect of Integrated Plant Nutrient Man-
agement System (IPNS5) in increasing nutri-
ent availability in soil, crop uptake, yield
and quality improvement in black pepper
was studied in four major black pepper
growing agro-ecological situations in
Calicut, Wyanad (Kerala), Polibetta
(Karnataka) and Pattiveeranpatti (Tamil
Nadu) for two years.

Among the soil attributes, organic carbon
and cation exchange capacity (CEC) were
the most discriminating attributes in all the
areas. Some of the soil quality factors were
almost similar in Wyanad, Polibetta and
Pattiveeranpatti.

The yield, spiking intensity and nutrient
uptake by berries were maximum when in-
organic N was applied at half the recom-
mended dose and the balance N as organic
form in conjunction with biofertilizers and
micronutrients. Significant increase in leaf
N status, for individual years as well as
over the years, was observed due to the
adoption of IPNS. Mineral fertilizer N level
can therefore be economically scaled down

5

to around 30% of the normal recommended
dose in IPNS.

Bulk density of the soil decreased due to the
adoption of IPNS. FYM application signifi-
cantly decreased the bulk density, irrespec-
tive of the soils, indicating that bulk density
of the soil is influenced by addition of or-
ganic matter. Adoption of IPNS decreased
the incidence of Phytophthora disease over
the years in all the areas.

Piperine and oleoresin contents were sig-
nificantly increased due to the adoption of
IPNS. In Calicut and Polibetta, maximum
piperine and oleoresin contents were re-
corded when inocrganic N was applied at
half the recommended dose and the balance
N as organic form supplemented with
biofertilizers and micronutrients. However,
in Wyanad and Pattiveeranpatti soils, maxi-
mum piperine and oleoresin contents were
observed where FYM and inorganic fertiliz-
ers were supplemented with micronutrients.

NATP

Development and evaluation of soil-
water conservation measures and land
use systems for sustainable crop
production in Western Ghats of
coastal region

(V. 5. Korikanthimath and 5. |. Ankegowda)

Four field experiments namely, assesstnent
of soil and water conservation measures in
cardamom, system of planting for efficient
utilization of rain water in cardamom, as-
sessment of frequency and duration of irri-
gation in cardamom and assessment of soil
and water conservation in coffee based
multi-storeyed cropping system were initi-
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ated. The first three experiments were laid
out in the Research Farm and the fourth in
a farmer’s field. Contour staggered trenches
were opened in three experiments for soil
and water conservation. Data on physical
properties of soil were analysed. The pH
ranged from 4.5 to 5.0 and bulk density
ranged from 1.14 to 1.18. Soil nitrogen was
in the range of 140-180 ppm, phosphorus
10-14 ppm, potassium 145-~180 ppm, cal-
cium 1100-1200 ppm and magnesium 85—
150 ppm. Growth parameters such as plant
height, number of tillers and number of
leaves were also recorded. Soil moisture
depletion and run off was recorded in the
three experiments.

ICAR Cess Fund Project

Characterization of
germplasm for quality

nutmeg

(B. Krishnamoorthy and T. John Zachariah)

The nutmeg germplasm available in the
germplasm conservatory at
Peruvannamuzhi were characterized for
quality. Thirty-six nutmeg accessions were
evaluated for oil and its chemical profile.
Essential oil in nutmeg varied from 3.9% to
16.5% and that in mace from 6% to 22%.
The major components of significance in
both the oils were g-pinene, sabinene,
myrcene, myristicin and elemicin. Among
the accessions screened, A9-71 and A%-95
were promising, with high sabinene and
myrcene and with low myristicin and
elemicin. A9-18 contained 22.0% mace oil,
24.0% myristicin, 1.2% elemicin, 10.4% -
pinene and 21.8% sabinene in mace oil. The
accessions had 16.5% nutmeg oil, 15%
myristicin, 4.6% elemicin, 12.2% q-pinene
and 35.6% sabinene (Tables 44 to 47).
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Essential oil

Among the 36 nutmeg accessions evaluated,
the essential oil content in nutmeg ranged
from 3.9% to 16.5% (v/w) and was highest
in A-9/18. Other accessions with high
nutmeg oil were A4/5 and A-11/12. In
mace, the cil content ranged from 6.0% to
22.3% and was highest in A-9/18. The ac-
cessions A-9/18 and A4/5 were relatively
rich in both nutmeg and mace oils.

The major components of significance in
both the essential oils were -pinene,
sabinene, myrcene, myristicin and elemicin.
Accessions with high sabinene and myrcene
coupled with low myristicin and elemicin
are highly desirable for confectionery and
perfume industry. Accessions which arerich
in myristicin have potential application in
pharmaceutical industry. A-9/18, A-9/4 and
its progenies had high myristicin content in
both nutmeg and mace. A-9/79 and A-9/18
had high myristicin and low elemicin in
both nutmeg and mace.

NATP

Integrated technologies for value
addition and  post harvest
management in palms, spices and
tropical tuber crops

(T. John Zachariah, P. Heartwin Amaladhas, B.
Chempakam, N. K. Leela and 5. Devasahayam})

Storage of fresh ginger

A study was carried out to find out a suit-
able container for transportation and stor-
age of fresh ginger rhizomes without dehy-
dration. Fresh ginger samples were stored
in polyethylene covers (with 0%, 2% and
5% ventilation), wooden box and in zero
energy chamber. Zero energy chamber con-
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Table 44. Nutmeg accessions with high myristicin and elemicin in nutmeg oil

Accession Oil (%) Myristicin Elemicin a-Pinene  Sabinene + Myrcene
(%) in oil (%) in oil (%) in oil (%) in oil
A4-5 14.7 134 87 13.6 Nz
Ad-12 8.7 4.5 12.1 9.3 HO
A94 71 125 137 7.5 359
A94/10 74 124 12.1 6.5 383
A94/15 68 114 10.8 6.3 384
A9-4/16 8.2 164 15.5 76 24.0
AG-18 165 15.1 4.6 122 35.6
AS-30 55 1.5 15.5 15.8 326
A9-53 104 113 0.55 189 38.5
AO-66 6.9 0.6 11.8 9.3 M0
A9-79 57 12.7 1.7 8.0 385
A9-86 87 6.3 11.8 8.3 371
All-12 10.8 7.0 17.3 16.1 328

sisted of a double walled brick structire with
lid, the space between the two walls being
filled with sand that is frequently moist-
ened with water.

Among the storage containers, polyethylene
cover with 2% ventilation and zero energy
chamber without any treatment were ideal.
The samples stored in zero energy chamber
retained the same dry recovery and volatile
oil, oleoresin and fibre contents as that of
the original sample without loss of mois-
ture.

Storage of dry ginger

Evaluation of dried leaf powder of various
plant species for prevention of infestation
by cigarette beetle (Lasioderma serricorne)
during storage of dried ginger rhizomes
indicated that storage in leaf powders of

Glycosmis pentaphylla and Azadirachia indica
and in sealed PET containers were more
effective.

NATP

Value addition and quality enhance-
ment of selected spices

(P. Heartwin Amaladhas, B. Chempakarmand T.
John Zacharigh)

Drying of black pepper

Drying characteristics of black pepper
(Panniyur-1 and Karimunda and P-24) were
studied by mechanical drying using ‘agri-
cultural waste fire batch type small holder’s
dryer’ (developed by CPCRI, Kasaragod) and
by sun drying. Sun drying took 4-5 days
while mechanical drying took only 9 h to
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Table 45. Nutmeg accessions with high myristicin and elemicin in mace oil

Accession Qil (%} Myristicin (%) Elemidin o-Pinene Sabinene +
in oil (%) in oil (%) in oil Myrcene
{%) in oil
Ad-11 179 159 0.5 156 294
A4 7.1 220 20.8 77 19.7
AS9-4/10 115 214 17.3 8.5 220
A9-4/15 145 235 16.5 6.4 214
A%-4/16 135 19.1 16.6 9.6 210
A9-18 220 240 1.2 104 218
A9-28 120 4.1 210 8.4 28.4
A9-41 124 18.8 19.2 7.6 2.0
A9-79 75 20.5 1.8 6.3 280
Al1-12 13.1 59 15.0 17.8 300
Table 46. Nulmeg accessions with low myristicin and clemicin in nutmeg oil
Accession Qil (%) Myristicin Elemicin a-Pinene Sabinene +
(%} in oil (%) in oil (%) in oil Myrcene
(%) in oil
Ad-11 99 3.30 0.69 15.0 394
Ad4-22 4.2 0.63 0.97 16.5 382
A9-53 104 11.30 0.55 189 385
A9-66 69 0.61 11.80 9.3 34.0
A9-71 63 1.90 0.80 41 45.0
A9-74 6.4 4.00 1.30 9.4 M2
A9-95 8.0 330 1.60 8.7 459
A9-107 6.0 220 0.52 14.3 330

achieve complete drying. The quality in
terms of volatile oil, oleoresin and piperine
contents was not significantly affected by
both the drying methods.

Preparation of white pepper

A refined method for preparation of white

pepper by adopting the traditional pit
method was evaluated. The pepper berries
(green, semi-ripe and fully ripe) were placed
in separate polybags and buried 60 cm be-
low the soil and the soil surface was moist-
ened every 3 days. At the end of 14 days,
all the three categories of berries were con-
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Table 47. Nutmeg accessions with low myristicin and elemicin in mace oil

Accession Qil (%) Myristicin Elemidn a-Pinene Sabinene +

(%) in oil (%) in oil (%) in oil Myrcene

(%) in cil
Ad-11 17.9 159 0.51 15.6 24
AD-30 112 1.3 12.40 15.0 24
A9-44 13.9 2.3 050 16.6 320
A9-69 75 9.4 1.10 4.7 24
A9-71 16.0 L] 1.00 83 419
AS-74 12.1 20 0.40 154 374
A9-95 14.7 21 1.50 109 36.2
A9-150 103 08 400 184 335

verted to white pepper due to fermentation.
The advantage of this method is complete
conversion of fully ripe berries into white

pepper. The quality and moisture percent-
age did not show any variation in compari-
son with the retting method.

Crop Protection

Crop Prot. 1.1 (813)

Screening black pepper germplasm
for reaction to diseases

(S. S. Veena, M. N. Venugopal and K. V. Saji)

One hundred and seventy one hybrids, 7
cultivars and 9 wild accessions were
screened for their reaction to Phytophthora
capsici through stem inoculation technique
among which 4 cultivars, 2 wild accessions
and 14 hybrids showed a tolerant reaction
(Tables 48 and 49).

Among the 4691 open pollinated seedling
progenies of 3 hybrids (HP-728, HP-778 and
HP-813) screened by root inoculation method,
5 seedlings remained healthy. These seed-
lings were replanted in fresh soil and the

Table 48. Reaction of black pepper cultivars and
wild accessions to Phytophthora capsici

Accession Disease index Lesion
length (mm)
C-809 35 0.8
C-886 4.0 0.6
C-1204 35 1.3
C-1206 3.6 21
W-273 3.5 0.5
W-3356 35 11

plants are being monitored. Fifty-four hybrids
which showed tolerance to P. capsici in first
round of screening were screened further to
confirm their tolerance and 5 hybrids (HP-
293, HP-400, HP-1372, HP-1375, and HP-
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Table 49. Reaction of black pepper hybrids to Phytophthora capsici

Hybrid Disease Lesion length  Hybrid Disease  Lesion length
index {mm) index (rmm)
HP-1751 38 29 HP-420 3.7 11
HP427 4.0 1.8 HP-449 3.5 1.6
HP42] 36 1.0 HP-430 3.7 0.3
HP-437 38 0.4 HP-854 37 1.0
HP-840 3.8 04 HP-1789 3.6 4.0
HP-820 38 0.6 HP-15%9 .38 20
HP-375 3.8 1.1 HPP-1654 3.6 5.0

1389) showed consistency in their reaction to
P. capsici. Seven hybrids (HP-10, HP-34, HP-
198, HP-359, HP- 664, HP-674, HP-1301 and
HP-1628) were selected for third round of
screening based on their reaction.

Eleven foot rot disease escape plants were
collected from Gudalur (Chumala-3,
Jeerakamundi-1), 1dukki (Thevanmundi-1)
and Kodagu (unidentified-6). Twenty-three
disease escapes were screened against P.
capsici and all succumbed to the pathogen.

Nematode tolerant lines of black pepper were
screened against P. capsici and three acces-
sions showed tolerant reaction (W-3299, C-
204 and C-847).

Path. I1.3 (813)

Disease management in Phyfophthora
foot rot affected black pepper
plantations

(5. 5.Veena, M. Anandaraj, K. V. Ramana, V.
Srinivasan and C. K. Thankamani)
Sensitivity ofPhytophthoera capsici

The sensitivity of 29 isolates of P. capsici
obtained from different parts of Kerala and
Karnataka to potassium phosphonate was

studied. The sensitivity was tested at four
critical stages of the life cycle of P. capsici,
namely, mycelial growth, sporulation,
zoospore release and zoospore germination.
The estimated ED,, and ED,, values for dif-
ferent isolates showed that there was a sig-
nificant variation in the sensitivity of these
isolates to the chemical (Table 50). Among
the four stages of P. capsici, sporulation was
the most sensitive stage to potassium
phosphonate and mycelial growth was least
affected.

Compatibility of pesticides

The in vitro and in vivo compatibility of
T. harzianum (1I5R-1369, a potential
biocontrol agent) with fungicides and insec-
ticides (Bordeaux mixture, copper oxychlo-
ride, potassium phosphonate, carbendazim,
quinalphos, monocrotophos  and
dimethoate) used for management of pests
and diseases of black pepper was studied.
Potassium phosphonate did not show any
deleterious effect on T. harzianum (in vitro
up to 60 pg/ml and in vive up to 1200 pg/
ml}. All the other chemicals showed adverse
effect on growth and sporulation of T.
harzianum and carbendazim and quinalphos
exhibited maximum adverse effect.
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Table 50. Variability in sensitivity of Phytophthora
capsici isolates to potassium phosphonate

Stage of P. capsici ED,, ED,,
{pg/mb (png/ml)
Myecelial growth 89.3-603.0 573.5-1635.2
Sporulation 0.3-36.3 2.1-1293
Zoospore release 0.8-27.9 14.3-72.8
Zoospore germination1.6-37.3 57-792

Rejuvenation of diseased gardens

The field trial consisting of 16 treatments
(including effect of weeds, susceptible and
tolerant lines, organic and inorganic nutri-
tion, chemicals and biological control) was
in progress. In general, the establishment,
health and yield of vines were better in plots
under clean cultivation compared to plots
with weeds (Table 51). However, the popu-
lation of Trichoderma sp. was higher in plots
where weeds were retained (0.44 x 10°-5.50
x 1P cfu/g soil) than plots under clean
cultivation (0.27 x 10°-13.00 x 10P cfu/ g soil).

A new field experiment was initiated with
the following treatments to study the effi-
cacy of copper oxychloride applied alternat-
ing with Trichoderma sp.: 1. Copper oxychlo-
ride (COC) twice, 2. COC (first round) +
Biocontrol agent (BCA) (second round), and
3. BCA twice. After first round of applica-
tion, highest population of Trichodersta sp.
was observed in the treatment BCA twice
and after second round application, there
was no significant difference in population
of Trichoderma sp. between COC + BCA and
BCA twice (Table 52).

A new observational trial was initiated to
study the effect of solarization in the spread
of foot rot disease. The growth of vines and
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number of leaves produced were highest in
the plot where weeding and solarization
was done (124.2 cm and 45.1, respectively)
followed by clean cultivation (64.9 cm and
23.6) and the least was where the weeds
were retained {51.1 cm and 20.4). The pro-
liferation of Trichoderma spp. was more in
solarized plots followed by plots with weeds
and the least multiplication was observed
in plots with weeding alone.

Effect of varietal mixtures

The establishment of vines ranged from
88.8% to 100.0% in the plot where Piper
colubrinum and Karimunda were planted
with Phytophthora tolerant lines. The popu-
lation of Trichoderma ranged from 1.3 x 10°
to 6.3 x 10? cfu/g soil. The establishment of
vines ranged from 86.1% to 100.0% in the
plot where biocontrol and chemical control
were superimposed with different propor-
tions of Karimunda and the plants exhib-
ited yellowing,

Path. XII (813)

Investigations on stunted and
phyllody diseases of black pepper

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

Black pepper gardens in Kodenchery Vil-
lage in Kozhikode District were surveyed
for the incidence of phyllody disease. The
disease ranged from 0% to 93% with an
average of 23% (Table 53) (Fig. 4). The inci-
dence of the disease was severe in areas
adjacent to forests. Among the 12 species of
insects recorded from diseased vines, two
types of plant hoppers were consistently
associated with diseased plants. A set of
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Table 51. Rejuvenation of black pepper in diseased garden

Treatment Establishment of Healthy vines Average fresh yield
vines (%} (%) f{g/vine)
With weeds
SIC 944 94.5 266.9
SIB 80.5 97.3 2789
50C 86.1 973 1778
0B £80.5 0.7 3303
TIC 916 945 1231
B 916 889 4.3
TOC 97.2 889 150.9
TOB 88.8 94.5 107.2
Without weeds
SIC 972 973 316.1
SIB 916 91.7 319.6
s0C 106.0 100.0 669.5
508 972 973 405.1
TIC 97.2 g97.3 352.6
TIB 972 97.3 288.2
TOC 972 97.3 226.0
TOB 100.0 100.0 173.0

5=KS-27; T=P-24; I=Inorganic nutrition; O=0Organic nutrition; C=Chemical control; B=Biological
control

Phytoplasma specific primers were obtained
and tested with phyllody affected samples.
The bands obtained were faint and needs to
be confirmed with fresh samples.

Path. X (813)

Investigations on vein clearing virus
of small cardamom

(M. N.Vengopal)

Furification of virus

Fig. 4. Phyllody disease of black pepper In order to identify propagation and indica-
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Table 52. Effect of copper oxychloride applied alternating with Trichoderma harzianum for the

management of foot rot of black pepper

Treabment Trichoderma population (log cfu/g soil)
Before After Tround of  After I round of
application application application
COC twice 3.203 3.487 3.870
COC + BCA 3.317 3.667 4.757
BCA twice 3.363 4.387 4.967
CD (P<0.05) NS 0.275 0.328

COC=Copper oxychloride; BCA=Biocontrol agent

tor hosts of kokke kandu disease, both me-
chanical and vector transmission was tried
using two isolates (Sirsiand Hongadahalla).
Mechanical transmission was tried with
borate buffer (pH 8.0) and potassium phos-
phate bufler (pH 7.5) using combination of
antioxidants and abrasive. Six hosts namely,
Nicotiana tobacum var. Harrison Special, N.
tobacum var. Samson, N. fobacum var.
Whiteburley, N. glutinosa, Physalis sp. and

Elettaria cardamomum (var. CCS-1} were
evaluated and no mechanical transmission
was observed in any of the tested hosts.
Vector transmission was tried with
Pentalonia nigronervosa f. caladii, P
nigronervosa f. typica, Myzus persicae, Aphis
spp. and Toxoptera sp. Different periods of
acquisition and transmission feeding was
given on virus source and inoculants, re-
spectively. However, no transmission was

Table 53. Incidence of phyllody discase black pepper in Kozhikode District

Village Incidence (%) in various clusters Mean
a b c incidence (%)

Nellipoyil-Meemutty 733 266 933 64.4
Nellipoyil-Mundoor 66.6 400 60.0 553
Kodenchery-Chembukadavu 933 13.3 733 59.9
Nellipoyil-Pathippara - - - -
Meemutty 20,0 - - 8.8
Vattachira 333 60.0 86.6 59.8
Muttithode 40.0 - - 13.3
Thiruvambady - - - -
Valanthode - - - -
Muthappanpuzha - - - -
Anakampoyil - - - -
Thiruvambady 46.6 - - 15.5
Mean 230
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observed in any of the inoculants other than
main host even after 45 days of transmis-
sion. Two more protocols standardized for
banana bract mosaic virus and badna virus
were tried with two isolates of kokke kandu
disease. No virus particles were observed in
the protocol tried for potty virus and few
isometric particles were observed in the
purified preparations of leaf sheath of in-
fected cardamom (Sirsi isolate).

Screening of germplasnor

The third individual inoculation with Sirsi
isolate of kokke kandu disease was under-
taken and 11 accessions did not take infec-
tion through vector transmission. These 11
accessions, 11 katte resistant lines (APG-300,
APG-303, APG-305, APG-306, APG-307,
APG-308, APG-309, APG-310, APG-328,
APG-331 and APG-333), 5 hybrids (APG-
336, APG-340) and 9 open pollinated selec-
tions are under clonal multiplication for next
phase of screening trials.

Path. XI (813)

Studies on bacterial wilt of ginger
{A. Kumar and M. Anandaraj)

SR Annual Report 2001-02

Disinfection of seed rhizome

Solarization

A simple method was developed for disin-
fecting seed rhizomes of ginger infested with
Ralstonia solanacearum by heating the rhi-
zomes to 47°C using solar energy. Various
trials were conducted to standardize the
heating process, without affecting germina-
tion, by exposing the rhizomes to sunlight
after packing them air tight in polythene
bags. When these rhizomes were solarized
during May a temperature of 60°C was re-
corded inside the seed rhizome at 1.00 pm,
whereas the air temperature in the polythene
bag was 51°C. Solarization for 2 h from 9.00
to 11.00 am, did not affect germination of
sprouts. When artificially inoculated rhi-
zomes were solarized for 2 and 4 h, the
developing ginger plants were free from
bacterial wilt disease, indicating the effec-
tiveness of rhizome solarization as a method
of disinfecting seed rhizomes of ginger
(Table 54). When such rhizomes were tested
for bacterium using NCM-ELISA, none of
the treated rhizomes yielded positive reac-
tion with Rs specific antibodies. This is the
first report of disinfection of ginger from
bacterial wilt pathogen using solar energy.

Table 54. Effect of rhizome solarization on germination and bacterial wilt incidence of ginger

Treatment Germination Days to express Disease incidence
(%) wilting symptom 4 months after planting (%)
No solarization 93.0 (76.00a 80 33.8 (32.1)a
2 h of rhizome
solarization from 85.4 (69.0)b 110 0.93 (6.1)b
9 o1l am
2 h of rhizome
solarization from 82.0 (67.1)b - 0 (4.5%b

10 am to 12 noon

Figures in parenthesis are angular transformed values
Figures followed by the same letter in a column are not significantly different in DMRT (P < 0.05).
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Table 55. Effect of discontinuous microwaving
of rhizomes on bacterial wilt incidence in ginger

Microwave Temperature Disease
treatment (*C) incidence*
(scc) after 120
DAY (%)
Unexposed 26 0.0
0 27 57.0
1x10s 3 26.7
2x10s a5 13.2
3Ix10s 12 19.1
4x 10s - 45 0.0
5x 10 s 47 0.0

*Disease noticed after 45 days; DAP=Days after
planting

Microwaving

Ginger rhizomes subjected to pulse
microwaving involving 4-5 cycles of 10 s,
with a pause time of 5 s between cycles
confirmed the effectiveness of microwave
disinfection in checking bacterial wilt inci-
dence in ginger (Table 55).

Detection of pathogen in ginger

Studies were undertaken to develop a
method for detection for R. solanacearum in
ginger exploiting the poly-beta-hydroxybu-
tyric acid (PBH) granules located in cyto-
plasm of bacterial cells. Nile blue is reported
to selectively stain these granules, which in
turn excites at 460 nm in epifluroscence
microscope. In order to know the effect of
nile blue on multiplication of bacterium,
assays were done and the growth was de-
termined spectrophotometrically. The con-
stant absorbance value obtained for 0.001%
to 0.006% nile blue amendments clearly in-
dicated the non-toxic nature of nile blue at
these concentrations. The cell thus multi-
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plied in nile blue added medium was in-
oculated in plants to know its effect on patho-
genicity of the cells. The inoculated plants
succumbed to the disease after 8 days indi-
cating the retention of virulence after nile
blue labeling.

Thin sections made from inoculated plants
were subjected to epifluorescence microscopy
in order to know the retention of fluores-
cence in the labeled bacterial cells. It was
observed that none of cells emitted orange
fluorescence indicating the partitioning of
nile blue concentration upon cell multipli-
cation in xylem vessels. Experiments were
also conducted to detect the movement of
bacteria] cells in the plant. Nile blue stain-
ing was performed on sections made from
different plant parts. There was greater ac-
cumulation of cells in the base and middle
of the pseudostem than the upper part of
the plant indicating the effectiveness of this
staining procedure in tracking the movement
of bacterial cells in plant tissues.

Characterization of pathogen

Twenty-five strains of R. solanacearum were
characterized using random and specific
primers including Rep primers. RFLP-PCR
technique was standardized to identify the
bacterial wilt pathogen R. solanacearum.

Deftection of pathogen in soil

In order to develop an assay system for
detection of bacterial inoculum in soil, a
simple technique based on staining of PHB
granules of R. solanacearum was developed.
It was observed that there was reduction in
the population of cells in unsterile soil as
compared to sterile soil where the cell num-
ber was found to be increasing, which could
be due to absence of antagonisin by native
microflora of sterile soil. It was also noticed
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that small sized particles were fluorescing
in the presence of nile blue. Considering the
size and shape of fluorescing particles, this
epifluorescence microscopy based detection
assay can be adopted as a routine method
in laboratories. When the wavelength of
light was reduced to 330 nm, the R.
solanacearum cells emited an unique fluores-
cence. The differential fluorescence can be
exploited as a marker for the presence of
bacterial wilt pathogen in soil.

Isolation of antagonists

The selectivity of nile blue staining and
development of assay system for identifica-
tion of antagonists against R. solanacearum
was studied. Though the PHB granules are
universal in prokaryotes, they are not likely
to be stained by nile blue. In the present
investigation, two of the candidate bacteria
representing two genera, Bacillus and
Pseudomonas, did not emit fluorescence after
staining with nile blue. This information was
exploited to study the antagonism between
these bacterial genera and R. solanacesrum.
In the presence of these bacteria, the multi-
plication of R. solanacearum was significantly
reduced indicating the antagonistic nature
of Bacillus and Pseudomonas on R.
solanacearum. This novel assay system could
be exploited for large scale screening of
antagonists against R. solanacearum.

Biocontrol 1. 1 (813}

Biological control of diseases of spices
(M. Anandaraj, A. Kumar and S. S. Veena )

Field experiments to study the effect of
biocontrol agents on Phytophthora capsici
were continued and the populations of the
biocontrol agent and the pathogen were
monitored before and after application of
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biocontrol agents. The population of Tricho-
derma spp. ranged from 10° to 10°cfu/g soil
in various treatments (Table 56). There was
positive baiting in all the treatments indi-
cating that the pathogen was active and
many vines showed slow decline symptoms
and succumbed {0 root rot.

The biocontrol agent is generally multiplied
with sorghum as the base. Since the popu-
lation of Trichoderma spp. did not multiply
beyond 10° cfu/g soil, the population of
microfauna was estimated in greenhouse
trials. The results indicated that when sor-
ghumbased Trichoderma formulation is used,
there was increase in populations of
saprophytic mites and nematodes which
probably affected the population of Tricko-
derma spp.

The taxonomic identity of 99 isolates of
Trichoderma spp. was determined based on
morphological characters. The isolates be-
longed to two sections namely, Trichoderma
and Longibrachiatum and to seven species
namely, T. koningii, T. harzianum, T.
longibrachiatum, T. citrinoviride, T. reesefi, T.
parceramosum and T. atroviride.

The biocontrel agents (30 Trichoderma iso-
lates and 35 bacterial isolates) obtained from
Silent Valley Biosphere Reserve, were
screened for their ability to suppress P.
capsici and the efficient isolates were short-
listed for further studies. Some of the dis-
ease suppressing isolates also enhanced
growth of black pepper plants in green
house studies.

Nema, III (813)

Investigations on nematodes associ-
ated with spices

(K. V. Ramana and Santhosh |. Eapen)
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Table 56. Trichoderma populations* where biocontrol agents and plant mulches were applied

Isolate Trichoderma Trichoderma Chromolaena
virens harzianum odorata
Glomus sp. Is.-1 4.8** 3.0 25
Gigaspora gigantea Is.-1 28 4.2 1.5
Glomus sp. Is.-2 1.3 15 0.8
Gigaspora gigantea 1s.-2 4.3* 08 2.6*
Glomus sp. 1s.-3 4.2% 2.3+ 1.7*
Glomus sp. Is.- 4 4.6 15.9 1.7+
Control 29.2 25 12.8

* x 10° cfu/g soil; **Presence of Phyfophthora

Screening of germplasm

In a preliminary screening six accessions
each of ginger and turmeric were screened
against Meloidogyne incognita, and among
them two turmeric accessions (Accs. 1 and
8) showed reasonably good resistance
against the nematode. Another seven gin-
ger {Accs. 26. 48, 73, 117, 202, 210 and 217)
and eight turmeric (Accs. 21, 31, 35, 43, 67,
68, 78 and 91) accessions, which were rated
as resistant lines in the preliminary
screening, were evaluated under simulated
field conditions; all the accessions contin-
ued to show their resistance to root knot
nematodes. )

Effect of organic amendments

Studies on effect of organic aminendments
for nematode management were concluded.
Incorporation of Piper colubrinum and Strych-
nos nux-vontica leaves in black pepper ba-
sins controlled nematodes and improved the
vield of plants.

Genetic diversity in nematodes

Morphometrics of three root knot nematode
cultures were carried out.

Crop Prot. 1.3 (813)

Screening black pepper germplasm
for reaction to nematodes

(K. V. Ramana, Santhosh ]. Eapen and K. V.
Saji)

Sixty black pepper germplasm accessions
{cultivars-8, wild-17 and hybrids-35) were
screened against Radopholus similis and six
accessions (C-1204, W-254, W-348, HP-39,
HP-47 and HP-532) showed resistance in
the preliminary screening. Sixty-two black
pepper hybrids were multiplied for screen-
ing against nematodes. Carrot cultures of R.
similis and Meloidogyne incognita were main-
tained on their respective hosts as well as
on coleus. Cultures of Pratylenchus spp. in-
festing ginger were also established.

Biocontrol 1.3 (813)

Biological control of nematodes of
spices

(Santhosh [. Eapen, K. V. Ramanaand A. Kumar)
Screening of metabolities

Culture filtrates of 77 bacterial isolates were
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studied for their nematotoxic activity, among,
which 22 isolates caused >90% mortality
while 40 isolates caused »50% mortality to
root knot nematodes. Metabolites (volatile
and non volatile) of 67 bacterial isolates were
also tested for their nematicidal activities
and the production of HCN and H.S by
these bacteria were monitored. Among the
98 isolates screened, only 6 isolates produced
HCN. H_ S production was observed in an-
other 6 isolates among the 50 tested.

Studies on PGPRs

Sixteen Pseudomonas spp. and 20 Baciilus spp.
were isolated from the rhizosphere of nema-
tode antagonistic plants and 4 unidentified
bacteria were obtained from black pepper.
Twenty and 52 rhizobacteria were screened
under in vitro conditions against R. similis
and M. incognita, respectively. Several iso-
lates were highly effective against M. incog-
nita, but very few showed promising results
against R. simlis. Among the 84 isolates
evaluated in a greenhouse trial, 21 caused
100% mortality to root knot nematodes.
Another set of 15 promising rhizobacteria
were tested for their antagonism on both R.
similis and M. incognita in a greenhouse trial
using black pepper cuttings.

Chitin based formulations of five promising
rhizobacteria were tested against R. similis
and M. incognita in a greenhouse trial. LS-
255 and L.5-260 caused maximum suppres-
sion of M. incognita and L5-255 and L5-256
were the best in controlling R. similis.

Scaling up of promising isolates

Among the four solid substrates evaluated
for multiplication of V. chlamydosporium,
sorghum was the best while starch water
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and coconut water were best among the lig-
uid substrates. The optimum pH and tem-
perature conditions for this fungus were 5
and 26° C, respectively.

Field trials with biocontrol agents

In the ongoing field trial at Pulpally
(Wyanad District), V. chlamydosporium per-
formed the best in improving the growth
and yield of black pepper vines, Phorate
treatment too caused a significant reduction
in yellowing and improvement in the yield
of black pepper vines. Another field trial
was initiated at Peruvannamuzhi using four
promising fungal biocontrol agents.

Inducing variability inVerticillium fisolates

A laboratory study was conducted to un-
derstand the effect of various C and N
sources on growth of Verticillium isolates.
The results of the study showed that the
most preferred C and N source were fruc-
tose and sodium nitrate, respectively. Cop-
per oxychloride even at 2000 ppm did not
inhibit the growth of one of the V.
chlamydosporium isolates,

Ent. XI (813)

Bioecology and management of mea-
lybugs infesting black pepper

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

Distribution

Surveys were conducted in farmers fields in
north eastern Kozhikode District, where
black pepper is cultivated to a large extent,

to study the distribution of root mealybug
Planococcus sp. on the crop. The areas cov-
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ered included Nellipoyil, Chembukadavu,
Pathipara, Meemutty, Vattachira,
Muthappanpuzha, Koorottupara,
Thusharagiri, Nooranthode, Kakkado-
mpoyil, Pannikuzhi and Poomaramthode,
However, the pest infestation was not ob-
served in any of the areas surveyed.

Life history

Studies on life history of root mealybug are
under progress. The total life cycle fromegg
to adult took 21-25 days. The duration of
various stages is being determined.

Management

Field trials were laid out in a farmer’s field
at Wyanad to evaluate the efficacy of four
insecticides  (quinalphos  0.075%,
chlorpyriphos 0.075%, prophenphos 0.075%
and malathion 0.075%) for the management
of root mealybug on black pepper. The in-
secticide application was done during May
and August and observations of incidence
of root mealybug were carried out 30 days
after second application of insecticide.

The trials revealed that all insecticides were
effective in reducing the population of root
mealybug on black pepper when compared
to control. Among the various treatments,
chlorpyriphos was the most effective and
was on par with quinalphos. Combined
analysis of data collected for 2 years also
showed that all the insecticides were effec-
tive in reducing the population of root mea-
lybug when compared to control.
Chlorpyriphos was most effective and was
found to be on par with quinalphos and
prophenphos. The addition of wetting agent
{Sandovit) did not increase the efficacy of
insecticides.
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Crop Prot. 1.2 (813)

Screening black pepper germplasm
for reaction to insect pests

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

The germplasm collections of black pepper
maintained at Peruvannamuzhi and black
pepper somaclones at Chelavoor were
screened for their reaction to pollu beetle
{Longitarsus nigripennis} to identify sources
of resistance against the pest.

Among the 187 cultivars and 34 hybrids
screened at Peruvannamuzhi, none were
found free of pest infestation, the range of
infestation varying from 1.2% to 34.8% in
cultivars and 3.7% to 10.4% in hybrids. All
the somaclones were also infested, the pest
infestation ranging from 41.0% to 54.5%.

Biocontrol 1.2 (813)

Biological control of insect pests of
spices

(S. Devasahayam, K. M. Abdulla Koya and T.
fohn Zachariah)

Evaluation of plant prmducts

The efficacy of capsicum extract that was
found to possess appreciable antifeedant
activity against pollu beetle (Longitarsus
nigripennis) in laboratory bioassays was
evaluated in the field at Peruvannamuzhi
for the management of the pest. The extract
was sprayed at 1% concentration at fort-
nightly intervals during July to October along
with a wetting agent (Sandovit 0.1%). The
present recommendation of spraying en-
dosulfan 0.05% during July and October was
also carried out. The trials indicated that
capsicum extract was not effective in reduc-
ing the damage caused by poliu beetle to
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black pepper berries and the incidence of
infested berries was on par with that of
control.

Evaluation of entomopathogens

Seven isolates of fungi belonging to the gen-
era Penicillium, Fusarium, Aspergillus and
Scopulariopsis collected from spice ecosys-
tems were evaluated for their pathogenicity
in laboratory bioassays against root mealy-
bug (Planococcus sp.} raised on pumpkins.
The trials indicated that among the isolates,
P. citrinum and P. fumiculosum were more
promising resulting in 41.1% and 37.5%
reduction in population of root mealybug,
21 days after treatment, when compared to
control.

Management of shoot borer

A commercial formulation of neem product
(Nimbicidine) was evaluated in the field at
Peruvannamuzhi at 0.5 and 0.3% concen-
trations for the management of shoot borer
(Conogethes punctiferalis) on ginger and tur-
meric. The neem product was sprayed at 15-
day intervals during July to October along
with a wetting agent (Sandovit 0.1%). The
present recommendation of spraying
malathion 0.1% during July to October at
monthly intervals was also carried out. The
trials indicated that on both ginger and
turmeric, spraying of the neem product at
0.5% concentration was significantly supe-
rior in reducing the damage on the shoots
when compared to control. However, the
present recommendation of spraying
malathion was the best treatment,

Pesticide residues In ginger

The pesticide residues in which the recom-
mended package of practices for the man-
agement of shoot borer on ginger involving
spraying of malathion 0.1% and
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monocrotophos 0.05% during July-October
(4 sprays) and September-October (2 sprays)
(along with pruning of infested shoots dur-
ing July-August) was determined. The resi-
dues of malathion and monocrotophos were
below detectable limits (<0.001 ppm) in
dried ginger rhizomes at harvest under both
the schedules of spraying.

Evaluation of repellent plants

Curcuma zeodaria (a related species resistant
to shoot borer) was planted along with gin-
ger in the border of the beds in the field at
Chelavoor to evaluate its efficacy as a repel-
lent crop for the prevention of infestation by
shoot borer on ginger. However, the trials
indicated that C. zeodariz was not effective
in preventing the infestation of shoot borer
on ginger.

Management of rhizome scale

Dried leaves of Chromoleana odorata,
Glycosmis cochinchinensis, Melia composita and
Strychnos nux-vomica were evaluated as stor-
age material for the management of rhizome
scale (Aspidiella hartii) on ginger during stor-
age. The trials indicated that dipping of seed
rhizomes in quinalphos 0.075% and storing
in dried leaves of 5. nux-vomica was more
effective for obtaining higher recovery of
rhizomes, higher number of sprouts and
lesser incidence of rhizome scale.

Tritrophic interactions

Studies on host plant-insect pest-natural
enemy interactions in ginger and turmeric
indicated that the incidence of shoot borer
was not significantly different on ginger and
turmeric when these crops were grown in-
dividually and as mixed crops. The inci-
dence of parasitism by hymenopterous para-
sitoids on shoot borer was also not signifi-
cantly different in these crops.
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Crop Prot. II (813)

Mechanisms of resistance to pests and
pathogens in spice crops

(M. Anandaraj, B. Chempakam, &.
Devasahayam, Santhosh [. Eapen and T. John
Zachariah)

Resistance to Phytophthora capsici

Open pollinated progenies of black pepper
varieties P-24 and K5-27 were screened for
their reaction to Phytophthora capsici. The
reaction ranged from hypersensitive to
highly susceptible. The seedlings showing
both the extremes were selected and are being
multiplied to study the molecular basis of
such reactions. For RAPD studies, 40 prim-
ers were screened and some of the primers
showed differential amplifications and these
are being utilized for RAPD work.

Resistance to pollu beetle

Pollu resistant lines were analysed for their
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biochemical characters. Phenols, total car-
bohydrates, reducing sugars and free amino
acid content were significantly higher in
pollu resistant lines (Tables 57 and 58).

The epicuticular wax content of susceptible
and resistant black pepper lines were esti-
mated and it was significantly higher in all
the pollu resistant lines (Table 59).

Externally Funded Projects
ICAR Cess Fund Project

National Network Project on Phyto-
phthora Diseases of Horticultural
Crops

(Y. R. Sarma and M. Anandaraj)
Characterization of Phytophthora

Four hundred and seventy-two isolates of
Phytophthora from different hosts were main-
tained in the National Repository of

Table 57. Biochemical constituents in leaves of pellu resistant and susceptible black pepper cultivars

and wild Piper spp.

Category Total Reducing sugars Phenols Free amino acids
carbohydrate (mg/100 g (mg/100 g) {mg/100 g)
{mg/100 g)

Susceptible (Cultivars)

Panniyur-1 1.74 0.288 0.293 0.203

Karimunda 1.20 0.178 0.210 0.159

Resistant (Cultivars)

Acc. 816 2.64 1.420 0917 0.725

Acc. 841 5.08 1.610 0.979 0.268

Acc. 1114 4,76 0.839 0.625 0.274

Ace. 2070 3.15 0.744 0.670 0.241

Resistant (Wild Piper spp.)

Acc. 1811 4.15 1.282 0.553 0.272

Acc. 1755 3.99 1.203 0.925 0.289

P. barberi 3.30 0.998 0.881 0.285
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Table 58. HPLC analysis of free amino acids in poltu resistant and susceptible black pepper cultivars

and wild Piper sp.

Amino acid Panniyur-1 Acc. 841 Piper colubrinum
(mg/100 g} (Susceptible) (Resistant) {Resistant)
Asp 99.67 54.71 Tr
Thr 360.50 380.90 51.39
Ser 179.80 141.80 64.16
Glu 19.87 30.75 Tr

Gly 2835 Tr 16.60
Ala Tr Tr 349.50
Val 7117 31.71 23.50
Met 22.58 44.92 Tr
Isoleu 38.57 21.04 15.80
Leu 27.75 3270 12.10
Tyr 42.15 30.80 6.72
Phe 198.90 194.30 97.60
His 5.55 26.86 4.17
Lys 50.72 44.86 52.66
Arg Tr 7.39 Tr
Tr=trace

Table 59. Epicuticular wax in pollu resistant and
susceptible black pepper cultivars and wild Piper

sp.

Category Epicuticular wax
(mg/100 g)

Susceptible (Cultivars)

Panniyur-1 161.5

Karimunda 149.6

Resistant (Cultivars)

Acc. 816 281.2

Acc. 841 338.3

Resistant (Wild Piper spp.)

Acc. 1811 284.0

Acc. 1755 410.5

P. barberi 300.2

P. colubrinum 333.4

P. chaba 417.8

Phytophthora. Phytophthora isolates stored
in sterile distilled water were viableup to 6
months. Phytophthora was isolated from new
hosts (nutmeg, Bauhinia sp., Vanilla sp., tapi-
oca and Piper chabua) for the first time. One
hundred and seventy isolates of Phytophthora
infecting black pepper were characterized
morphologically. Among these, 159 isolates
were P. capsici, 5 were P. palmivora, 3 were
P. parasitica and another 3 were atypical
isolates,

Fifty-two isolates of Phytophthora from
betelvine were characterized morphologi-
cally. Among these, 39 belonged to P.
parasitica and 13 to P. capsici. P. capsici and
P. parasitica isolated from betelvine were
characterized biochemically for their vari-
ability in isozyme (catalase, superoxide
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dismutase, esterase, malate dehydrogenase,
malic enzyme and diaphorase) patterns.
However, the banding patterns in catalase
and esterase were inconsistent and were not
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Fig. 5. UPGMA cluster analysis of
Phytophthora capsici from black pepper

included in the final analysis. Twenty-eight
electrophoretic types were isolated for 9 loci
across 4 enzyme system studied for 40 iso-
lates. The West Bengal isolates formed a
separate group and Jabalpur isolate 98.119
formed a distinct cluster from the other P.
parasitica isolates.

The variability among 19 black pepper iso-
lates for 4 enzymes (superoxide dismutase,
catalase, malic enzyme and glucose 6 phos-
phate dehydrogenase) was studied. The
results indicated the presence of two groups,
but there was no correlation between these
groups and geographical distribution
(Fig 5).

Protocols were standardized for DNA isola-
tion and RAPD analysis of Phytophthora
isolates from black pepper and cardamom.
Among the 20 random primers tested, primer
OPA-09 amplified a DNA (872 - 1353 bp} in
foot rot tolerant cultivars of black pepper
that was screened for RAPD analysis. Forty
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random primers were screened for
Phytophthora. Among these, OPABA-3,
OPAA-7, OPAB-4, OPAB-5, OPAB-7 and
OPAB-8 showed muitiple banding, Inaddi-
tion to this, ITS primers ITS6 and ITS4 were
used to identify different species of
Phytophthora. The primer sequence for ITS-
6-5'GAA GG TGAA GTC GTAACAAGG3”
and ITS 4-5 'TCC TCCG CTTATT-
GCATATGC3’ were obtained from internet
and the primers were synthesised by Ban-
galore Genei and PCR protocols were stan-
dardized. There was an amplified product
of B62 bp which when digested with restric-
tion enzymes such as MSP 1 revealed the
presence of species banding pattern. The
DNA from about 100 isolates have been
isolated and stored for this study.

Evaluation of anfagonists

Four hundred and seventy-three isolates of
Trichoderma and other antagonists of
Phytophthora were maintained in the Reposi-
tory of Biocontrol Agents. Four Trichoderma
species mainly, T. harzianum P-26 (TH), T.
virens P-12 (TV), T. aureoviride P-25 (TAV)
and T. pseudokoningii 4 (TPK) were applied
alone and in various combinations in order
to study their synergistic effect on growth
promotion of black pepper plants and con-
trol of foot rot. The treatments, TH + TV,
TAV + TPK, TH + TAV + TPK and TV +
TAV + TPK promoted plant growth signifi-
cantly. When challenge inoculated with P,
capsici, significant reduction in mortality
was observed with treatments of TAV,
TH+TAV, TH+TPK, TH+TV+TAV and
TH+TAV+TPK.

Protocols were standardized for isolation of
protoplasts from Trichoderma sp. and their
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regeneration. Protoplasts of T. harzianum,
T. virens and T. aureoviride were streaked on
PDA amended with copper oxychloride and
Ridomil MZ at 300, 500, 800, 1000 and 2000
ppm concentrations. Colonies that were able
to grow at higher concentrations of fungi-
cides were isolated. T. virens I-12 proto-
plasts tolerant to 300 ppm of copper oxy-
chloride, and T. aurepwiride protoplasts tol-
erant to 800 ppm of Ridomil and T.
harzianum P-26 protoplasts tolerant to 500
ppm of Ridomil were obtained.

ICAR Cess Fund Project

Compatibility, stability and potential
of biocontrol consortium on suppre-
ssion of Phytophthorafoot rot of black
pepper and their conservation

(Y. R. Sarma, M. Anandaraj and A. Kumar)
Evaluation of biocontrol agents

Isolations of biocontrol agents were made
from rhizosphere of black pepper and gin-
ger and added to the biocontrol repository
to make up a present strength of 789 iso-
lates of PGPRs and 567 isolates of Tricho-
derma. These isolates were screened in vitro
for antagonism against P. capsici. Bacillus
spp. (1ISR-398) and Pseudomonas fluorescens
(IISR-51) could inhibit the growth of P, eapsici
up to 68%. The efficient isolates were tested
in the greenhouse and P. fluorescens (1ISR-
396) and Bacillus sp. (IISR-398) protected
black pepper plants from root rotup to 74.5%
and 78.44%, respectively, after challenge in-
oculation with P. capsici. These strains could
also reduce the pathogen population in the
soil as indicated by decrease in disease
potential index (DI} from 32 to 8. The PGPR
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strains were tested for rejuvenation of in-
fected black pepper cuttings and soil drench-
ing followed by aerial spray with the bacte-
rial strain was more effective in protecting
the plants and P. fluorescens (IISR-52) rejuve-
nated infected black pepper cuttings by
68.5% over control. Two strains of P.
fluorescens ([1SR-51 and 1ISR-396) could also
enhance the growth of black pepper signifi-
cantly.

Basic studies on biocontrol agents

Antibiotic resistance markers in the PGPR
strains facilitated studies on population
dynamics and rhizosphere competence. P,
fluorescens (IISR-51) was resistant to kana-
mycin (50 ppm), rifamycin (100 ppm) and
nalidixic acid (40 ppm). The efficient strains
were tested for phosphate solubilization
potency and P. flucrescens (IISR-51 and IISR-
396) could release 0.6 ppm of phosphate to
the culture media from tricalcium phosphate.
These efficient bacteria were also rhizo-
sphere competent and colonized black pep-
per rhizosphere. The population of the in-
troduced bacteria did not come down below
10° cfu/g of the rhizosphere soil and 10¢cfu/
g of the root tissue, over a period of 30 days.
In addition, they were found to be endo-
phytic in black pepper and could be de-
tected not only in the root system, but also
in the shoot and leaf of the plant.

The biocontrol agents, fluorescent pseudo-
monads and Trichoderma spp. were compat-
ible and induced Phytophthora wall degrad-
ing enzymes such as lipases,
p-1,3 glucanases and p-1,4 glucanases in
culture.
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DBT Project

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

(Y. R. Sarma, A. Kumar, B. Sastkumar and M.
N. Venugopal)

Development of immunoKkits

Pelyclonal antibodies were developed
against membrane protein (42.3 kDa) spe-
cific for biovar Il of Ralstonia solanacearum
(bacterial wilt pathogen of ginger) as well
as heat and glutaraldehyde-treated R.
solanacearum cells and their dilution end
point was determined to be 1: 50000.

Survival of Ralstonia selanacearum

Serological studies on survival of R. solana-
cearum in seed rhizomes of ginger and the
status of rhizomes upon storage at different
temperatures revealed multiplication of the
bacterial cells resulting in complete rotting
of rhizomes when stored at 28-30°C (roown
temperature) and 37°C for 30 days of stor-
age. Attemperatures of 4°C and below there
was no multiplication of R. solana-cearum
when compared to high temperatures (15°C
and above) as revealed by the absorbance
value at 405 nm. However, throughout the
study period, minimum number of bacterial
cells were recorded in rhizomes stored at ~
80°C, ~30°C and ~20°C. The study confirms
that storage at 4°C may not be useful to
eliminate the pathogen from planting mate-
rial like rhizomes. However, storage tem-
peratures of 0°C and 4°C can be exploited
for maintaining the viability of infected rhi-
zomes without any further spoilage.
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Enrichment of Ralstonia solanacearum

In order to design a selective medium for
enrichment of R. solanacearum, the intrinsic
antibiotic resistance of the bacterium was
determined and it was observed to grow in
a mixture of antibiotics such as Ampicillin,
Chloramphenicol, Penicillin, Polymixin B -
sulphate, Bacitracin and Cycloheximide,
Sucrose peptone medium was modified by
incorporating the above antibiotics for se-
lective isolation and enrichment of R.
solanacearum for post enrichment ELISA,

The composition of the new selective me-
dium for R. selanacearum is as follows: su-
crose (20 g), peptone (10 g), K,HPO, (0.5 g),
Mg SO, 7H,0 (0.25 g) in 1 ] of distilled
water at pH 7.2. The medium is cheap and
involves the following antibiotics: Ampicil-
lin (5 pg/ml), Chloramphenicol (5 pug/ml),
Penicillin (1 pg/ml), Cycloheximide (50 pg/
ml), Polymyxin B-sulphate (25 y1g/ mi), Baci-
tracin (25 pg/ml), Crystal violet (5 pg/ml)
and Tetrazolium chloride (10 pg/ml).
Induction of defence proteins

By pathogen

Two month old ginger plants were artifi-
cially inoculated with R. solanacearum and
tissue samples were taken from roots, leaves,
rhizomes and pseudostems at different time
intervals and electophorated in SDS PAGE.
Protein with molecular weight of 14 KDa
was observed in root samples taken 4, 24
and 48 h after inoculation (HAI) and a pro-
tein with molecular weight of 38 KDa could
be noticed in roots 4 HAL. No induction
was noticed in other tissues beyond 4 h.
The accumulation of protein declined be-
yond 4 h. This protein could probably play
a role in the initial colonization of the bac-
terium in the roots.
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By elicitors

Ginger cells in suspension cultures were
exposed to varying concentrations (50, 100,
150, 200 and 250 pg/mi} of two plant elici-
tors namely, BD and CASRIP (courtesy: Prof.
H. N. Verma , Lucknow University). The
extracted total proteins is being analysed.

Development of transgenic plants

Transformation of ginger and cardamom for
constitutive expression of glucanase and
chitinase was performed using vector
pBZ100, driven by CaMV 35 S promoter.
The infected calli is under the first round of
selection for obtaining possible disease tol-
erant plants of ginger and cardamom.

The selected cardamom callus (infected with
osmotin construct pGV 2260) failed to re-
generate during the subsequent stage. None
of the ginger calli infected with this con-
struct could survive in the first round of
selection.

ICAR Cess Fund Project (Final Report)

Biological control of plant parasitic
nematodes of major spice crops

(K. V. Ramana and Santhosh |. Eapen)
Identification of bioconfrol agents

Soil and root samples (121 numbers) were
collected from rhizospheres of black pep-
per, cardamom, ginger and turmeric through
random surveys undertaken in seven dis-
tricts of Kerala and six turmeric samples
were collected from Andhra Pradesh. Bacte-
ria (251 isolates) and fungi (79 isolates) were
isolated from these samples using standard
methods. The rhizosphere of black pepper,
ginger and turmeric yielded 172, 42 and 37
isolates of bacteria, respectively. The rhizo-
sphere of black pepper, cardamom, ginger
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and turmeric yielded 20, 3, 49 and 23 fungal
isclates, respectively.

Forty-five of the fungal isolates were identi-
fied based on morphological characteristics
in consultation with Centre for Advanced
Studies in Botany, University of Madras,
Chennai. The isolates belonged to Tricho-
derma spp., Aspergillus spp., Verticillium spp.,
Paecilomyces spp., Fusarium spp.,
Scopulariopsis spp. and Humicola spp. The
bacterial isolates were maintained at —-80°C
in 20% glycerol for long-term storage. The
fungal cultures were stored in potato carrot
agar medium or liquid paraffin.

Screening for nematicidal activity

The initial screening of fungal isolates was
done in vitro by standard protocols namely,
hatching suppression and egg parasitiza-
tion. Among the 79 isolates tested, 19 iso-
lates caused more than 80% hatching sup-
pression while 24 isolates showed good
parasitization of nematode eggs. Seven iso-
lates (F. axysporum (Is. 11), Scopulariapsis sp.
(Is. 14), V. chlamydosporium (Is. 31, 32 and
34), V. lecanii (Is. 35) and P. lilacinus (Is. 36)
had a very high inhibitory effect (>90%) on
egg hatching while another 10 isolates sup-
pressed egg hatching by more than 80%.
Aspergillusspp. (Is. 2, 7, 10and 49), Fusarium
spp. (Is. 11 and 13), Scopulariopsis sp. (Is.
14), Scolicobasidium (1s.15), Trichoderma spp.
(Is. 16, 25, 33 and 56), V. chlamydosporium
(Is. 31, 32, 34 and 57), V. lecanii (Is. 35),
Paecilomyces spp. (Is. 20, 27 and 36),
Gliocladium sp. (Is. 40 & 41) and Drechleria
sp. (Is. 44}, showed good parasitization of
root knot nematode eggs. Thermostable toxic
metabolites in culture filtrates of V. chlamydo-
sporium (four isolates), V. lecanii and P. lilaci-
nus (one isolate) showed significant effects
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on egg hatching and mortality of juveniles
of root knot nematodes.

The bacterial isolates {99 numbers) were
screened initially by employing the buffer
method to assess their nematode suppress-
ing ability. Most of the bacterial isolates
caused very less mortality of nematodes.
Based on their efficacy, 30 bacterial isolates
were selected for further in vitro evaluation
using different methods like culture filtrate
assay, direct assay of bacterial suspension
and assay of volatile and non-volatile me-
tabolites, and promising isolates were iden-
Evaluation of nematode antagonists

P. lilacinus (1s. 36), F. oxysporum (Is. 11) and
A. tamarii (Is. 2) were studied separately in
three different experiments using tomato as
the test plant. All the fungal isolates signifi-
cantly suppressed nematode population in
both soil and roots and hence can be used
as potential biocontrol agents. However,
among the three fungi tested, P. lilacinus was
noteworthy as it had profound effect on the
growth of tomato plants (Table 60).
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In another greenhouse trial using four fun-
gal biocontrol agents (F. oxysporum - Is. 11,
A. tamarii - Is. 2, V. chlamydosporium - 1s. 32
and Trichoderma harzianum - 1s. 33), none of
the isolates had any significant positive or
negative effects on growth and yield of root
knot nematode infested ginger. However, V.
chlamydosporium caused a slight improve-
ment in growth of ginger plants even in the
presence of root knot nematodes.

Seventy-five bacteria were tested in four
different experiments for their ability to con-
trol nematodes. In Experiment-1, among the
12 bacterial isolates used, 8 isolates caused
significant increase in height of plants over
control and Js. 13 resulted in maximum
height. Seven isolates caused significant
increase in shoot weight. All the tested iso-
lates resulted in significant nematode sup-
pression and maximum suppression was
obtained with Is. 13. This isolate was very
effective, both in promoting the growth of
tomato plants and in nematode suppression.
In Experiment-2, where 18 isolates were
used, three isolates were effective in increas-

Table 60. Effect of Paecilomyces lifacinus on growth and nematode multiplication in tomato plants

Treatment Fresh weight (g/plant) Shoot No. of egg No. of Gall Re-
Shoot Root length masses galls index isolation

(cm) of Pl

Control 29.56¢ 5.26¢ 24.00a 0.00¢ 0.00c 000d -

RKN 31.19¢ 17.05a 23.33a 77 95a 67 46ab 400a -

n 44.11a 10.07b 26.00a 00.00c 00.00c pood 9.2x10¢

RKN + PI 40.38abc 8.96b 24.33a 47.18ab 91.49a 3.00b B87x10°

RKN > Pl 32.60bc 7.16bc 20.31a 31.46abc  35.39abe 167c 22x10¢

Pl > RKN 42.34ab 9.96b 28.00a 10.66bc 6.44bc 1.00c 6.6x1G*

Values indicate means of 3 replicates

Figures followed by the same letter in a column are not significantly different in DMRT (P<0.05)
RKN=Root knot nematode; Pl=Paecilomyces lilacinus
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ing the height of the plants significantly over
control and none except Is. 84 could induce
significant increase in total biomass.

In Experiments 3 and 4, where 9 and 21
isolates were used, respectively, none of them
caused any improvement in plant growth
characters. However, all the isolates caused
significant reduction in nematode develop-
ment and 100% nematode suppression was
obtained with three isolates (Is. 113, 117 and
123). Therefore, it can be summarized that
rhizobacteria belong to different categories
like prowth promoters, nematode antagonists
and some have both the capabilities.

Evaluation of biecontrol agents

Isolates of V. chlamydosporium (Is. 31 and
32), Trichoderma spp. (Is. 25 and 56), Penicil-
lium sp. (s. 4), V. lecanii (Is. 35), P. filacinus
(Is. 36), F. oxysporum (Is. 11), Scopulariopsis
sp. (Is. 14) and Aspergillus spp. (is. 10) were
selected based on their in vitro performance
and evaluated in three field experiments on
ginger and turmeric. None of the treatments
resulted in significant change in the num-
ber of tillers of turmeric and ginger whereas
the height of the plant increased significantly
compared to control on treating with the
biocontrol agents (Table 61}). Though the
fungal inoculation had resulted in increase
in yield of ginger and turmeric, a significant
change could only be observed in turmeric
with the inoculation of F. oxysporum. All the
fungal biocontrel agents evaluated except
Penicillium sp., Scopulariopsis sp., Aspergillus
sp. and one isolate of Trichoderma sp.,
proved their efficiency significantly in sup-
pressing root knot nematode population.
However, complete suppression of reot knot
nematodes could be achieved only by appli-
cation of F. oxysporum.
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Mass multiplication of biocontrol agents

Among the four synthetic chemical media
evaluated for culturing V. chilamydosporium,
Czapek Dox Agar (CDA) was the best for
sporulation of the fungus. Evaluation of solid
substrates for mass multiplying promising
fungi showed that both rice and ginger shoot
powder supported very good sporulation
and multiplication of P. lilacinus and A.
tamarii. A. tamarii multiplied well on tea
waste too. Ginger shoot powder is an ideal
carrier substance as it is light in weight and
easily available as an agricultural waste in
ginger fields. Among the various liquid
substrates evaluated for mass multiplication
of V. chlamydosporium, the highest mycelial
production was observed on starch medium
followed by coconut water. Very little myce-
lial mass was produced in media contain-
ing molasses and there was no mycelial
yield from media containing vermi-wash.
Large scale multiplication of the above fun-
gus was done by liquid fermentation using
PDB broth as the substrate. The yield of the
fungus correspondingly increased with in-
crease in incubation period.

Ecology of biocontrol agents

Studies were also conducted to determine
optimum pH and temperature conditions for
growth of promising fungal biocontrol
agents. Maximum growth of Trichoderma sp.
(Is. 33) was at pH 4 and another isolate of
Trichoderma sp. (Is. 56) was at pH 5. Is. 33
showed adaptation to a wide range of pH
(4-7) while 1s. 56 showed adaptability to
pH ranging from 4 to 6. Fusarium sp. showed
more adaptability to higher pH (>6). Simi-
larly, growth of Fusarium sp. (Is. 11) was
maximum at pH é. pH 5 can be considered
as the optimum pH for the growth of V.
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Table 61. Evaluation of fungal biocontrol agents against root knot nematodes in the fieid

Ginger-Chelavoor

Treatment No. of Height of Fresh Nematode population (per g root)

tillers plant yield
{em)  (kg/bed)  Eggs  Juveniles Females Total

T (Is. 25) 747a 50.17a 2.Ma 0.00b 0.00b 0.00a 0.00b
P (ls. 4) 7.98a 48.01a 2.08a 10.06ab 6.00ab 046a 16.52 ab
V (Is. 35) 7.70a 4971a 2.14a 0.46b 0.00b 0.00a 0.46b
T (Is. 56) 7.13a 48.8%9a 249 4.24ab 4.75ab 0.46a 9.45ab
Ve (Is. 31)-bed 744a 47 94a 2.37a 0.67b 0.00b 0.00a 0.67b
Ve (Is. 31)-seed 894a 47.70a 2.48a 297ab 3.02ab 132a 7.31ab
Control 6.56a 46.83a 1.71a 51.48a 24.64a 0.00a 76.12a

Ginger-Peruvannamuzhi

Treatment No. of Height of Fresh Nematode population (per g root}
tillers plant yield

(em) (kg/bed) Eggs Juveniles  Females Total
Pl (Is. 36) 6.01a 73.42b 5.50a (.46b 1.33c 0.00a 1.79b
Fo (Is. 11) 6.07a 70.45¢ 7.25a 3.03b 2.13kc 0.00a 5.16b
5 (Is. 14) 6.84a 75.76a 7.75a 10.11ab  26.93ab 0.46a 37.50ab
A (Is. 10} 6.06a 74.37ab  6.50a 7.33 ab 2.13bc 0.46a 9.92b
Ve (Is. 32) 6.15a 70.19¢ 5.00a 3.58b 1.14¢ 0.00a 3.72b
Control 5.94a 71.57¢ 6.50a 66.92a 126.93a 0.46a 194.31a

‘Turmeric-Peruvannamuzhi

Treatment No. of Height of Fresh Nematode population (per g root)
tillers plant yield

(ecm) (kg/bed) Eggs  Juveniles Females Total
Pl (Is. 36) 2.24a 129.13¢  12.76ab 5.54b 0.00b 0.46b 6.00b
Fo (Is. 11} 2.14a 134432 1573a 0.00b 0.00b (0.00b 0.00b
S (Is. 14) 2.06a 133.04b 12.55ab 8.20ab 1.45b 1.60ab 11.25ab
A s 10) 2.06a 134.49a 13.55ab 10.02ab 6.07ab 0.00b 16.09ab
Ve (Is. 32) 2.35a 134.64a 13.24ab 3.23b 8.09ab 0.00b 11.32ab
Control 2.38a 118.35d 11.16b 158.59a 61.66a 6.93a 227.18a

Figures followed by the same letter in a column are not significantly different in DMRT (P<(0.05)

T=Trichoderma sp.; P=Penicillium sp.; A=Aspergillus sp.; S=5copulariopsis sp.; Fo=Fusarium oxysporum;
Ve=Verticillium chlamydosporium; Pl=Pacilomyces lilacinus
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chiamydosporium. The optimum tempera-
tures for growth and multiplication of T.
hatzianum (Is. 33) and P. lilacinus (Is. 36}
were between 25°C and 30°C while that of
V. chlamydosporium (Is. 34) was 25°C. Fur-
ther studies revealed the exact temperature
requirement of V. chlamydosporium (Is. 34)
as 26'C.

The compatibility of the fungal biocontrol
agents Trichoderma sp. (Is. 33), Verticillium
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sp. (Is. 34) and Paecilomyces sp. (Is.36) with
metalaxyl mancozeb, potassium phospho-
nate, phorate and chlorpyriphos was stud-
ied by poisoned food technique. Potassium
phosphonate and insecticides like phorate
and chlorpyriphos at recommended levels
did have adverse effect on these biocontrol
agents. However, metalaxyl at all concen-
trations reduced growth and sporulation of
all the fungi.

Social Sciences

Econ. 1 (813)

Economics of spices production and
marketing

(M. S. Madan)
Economics of cultivation

Surveys conducted in Kerala and Karnataka
indicated marked increase in cost of pro-
duction of major spice commodities. Produc-
tion of black pepper was profitable with a
benefit-cost ratio of 1.9. However, both gin-
ger and turmeric growers faced benefit- cost
ratio of <1 because of drastic price fall.
Surveys in spice nurseries indicated poor
demand for black pepper, ginger and tur-
meric planting materials, while there was
an increased interest among farmers for va-
nilla cultivation. The status of spices pro-
duction in Andhra Pradesh and Kerala were
analysed and policy implications brought
out.

Data on production and marketing

Data on various aspects of production, pro-
ductivity, markets, market prices, arrivals,
auction prices, wholesale and retail prices
in the domestic market and spot prices for

spices in international markets were col-
lected and tabulated for preparation of a
database.

Digitized database

A ‘Spice Database’, that was developed was
integrated with NATP on ‘Integrated Na-
tional Agricultural Resources Information
System (INARIS)'. The data from the data-
base were tabulated and analysed to bring
out useful interpretations. The strengths and
weaknesses of Indian spice industry in gen-
eral and black pepper and cardamom in
particular were analysed in the context of
free trade in the world market.

The present scenario of spice production
and marketing and price behaviour were
analysed to know the opportunities in the
light of WTO impact. The trend in area and
production, change in productivity due to
change in technological inputs and devel-
opmental activities, price trends and impact
of international prices on domestic price
were worked out using time series data.

Economic evaluation of technologies

The cost of production of rooted black
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pepper cuttings following the bamboo and
pit methods were worked out to know the
economic viability of the technologies. The
cost of black pepper cuttings produced
through bamboo method was much costlier
than the pit method, which is more suitable
for small and medium farmers. The im-
proved technologies being popularized un-
der Pepper Technology Mission were evalu-
ated for their economic viability.

Ext. IV (813)

Training of research and extension
workers

(P. Rajeev and M. S. Madan)

Two regular institute training programmes
one each on ‘Spices Production Technology’
and ‘On-farm Processing of Spices” were
organised. Four on-demand training
programmes on ‘Spice Production Technol-
ogy’ were also conducted in which 59 train-
ees participated.

Externally Funded Projects
NATP

Integrated Agricultural Resources
Information System

(M. 5. Madan)

A requirement analysis workshop was car-
ried out to identify the relevant parameters
to be included in the Geographical Indexing
System (GIS) database that is being created
under the project. A brain storming session
on ‘Digitization of Database on Plant Pro-
tection for Spice Crops’ was conducted to
identify the requirements to create a sub-
database on plant protection. A national
level workshop on ‘Codification of Crop
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Resources’ was conducted to decide the code
numbers to be used for the parameters to be
included in the ‘National Data Warehouse’,
A database software ‘Spice Database’” was
created to store product and market statis-
tics components of the proposed database
for spices. Relevant statistical information
for the database is being collected and tabu-
lated. Primary bench mark surveys {one each
in Kerala and Karnataka) were conducted
to validate secondary data in the database.

NATP

Agricultural Technology Information
Centre

(P. Rajeev)
Information dissemination

The queries of farmers through post or as
personal visits to Agricultural Technology
Information Centre (ATIC) were monitored
and recorded in coordination with other
divisions of the institute. The publications
of ATIC including a technical bulletin on
‘Spices Production Technology’, pamphlets
on crop management of seven major spices
and four folders on specific technologies
were distributed to farmers. The sale of all
institute publications was also monitored
through ATIC. Publications worth Rs.
21,440/~ were sold during the year. The
Centre organised two exhibitions in connec-
tion with the Silver Jubilee celebrations of
the institute during October 2001.

Inputdelivery

A demonstration nursery of black pepper
with an annual production target of 20,000
single nodded rooted cuttings using rapid
multiplication method is being maintained
at the ATIC. Rooted cuttings worth of
Rs. 50,000/- were distributed to farmers.
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Audio-visyal aid support

A video film highlighting the achievements
of the institute on completion of 25 years of
service was released in connection with the
Silver Jubilee celebrations of the institute
during October 2001. Filming of two more
short documentaries on cultivation of black
pepper and ginger is in progress. An exhi-
bition hall (Technology Park) depicting the
research and development activities of the
institute has been set up in the ATIC build-
ing.

DBT Project

Distributed Information Sub-Centre
(Santhosh |. Eapen)

Infrastructure

The Bioinformatics Centre was shifted to the
main building of the institute during Octo-
ber 2001. New facilities like 64 kbps leased
line connection were established for unin-
terrupted internet connectivity.

Institute web site

A new web site (www.iisr.org) of the insti-
tute was developed and launched during
October 2001.

Databases and soffwares

Spice Genes Part I, a database on germplasm
resources of black pepper was brought out
in CDs. An online version of the database is
available on the net. Other databases like
‘Spice Prop” and ‘Spice Bibliography’ are
also available online.

Training

The Centre organized a 3 day training
programme on ‘Internet and Web Design-
ing’ during 21-23 November 2001 in which
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13 participants participated. A 3 day train-
ing programme on ‘Internet in Biological
Research’ was held during 16-18 january
2002 that was attended by 11 participants.

Government of Kerala Project
Technology Mission on Black Pepper

{Y. R. Sarma, V. Srinivasan, B. Sasikumar,
C. K. Thankamani and 5. 5. Veena)

The research programmes under Technol-
ogy Mission on Black Pepper were initiated
during 1999 with seven multidisciplinary
research projects. All the projects are being
implemented in farmers fields located in the
four northern districts of Kerala namely,
Kozhikode, Wyanad, Kannur
Kasaragod.

and

In all the districts surveyed, Karimunda
(44%) followed by Panniyur-1 (17.9%} was
the most popular cultivar/variety grown.
Only 2% of the surveyed areas were occu-
pied by other released varieties. Various
released varieties, local varieties and eight
new promising lines are being evaluated in
farmers fields (at least three farmers fields
in a district) to study location x genotype
interactions. In order to study the low input
responsive varieties, separate rials invelv-
ing elite lines/released varieties with half
the recommended dose of package of prac-
tices (¥4 POP) and no fertilizers were also
laid out in at least one farmer’s field in each
of the four selected districts.

Survey of fertilizer application for black
pepper revealed that 32% of the farmers
apply fertilizers. Trials on organic farming
and low input technology for black pepper
were also laid out in all the districts. Analy-
sis of pre experimental soil samples for
major, secondary and micronutrient status
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revealed that soils of Kannur and Kasaragod
districts showed low levels of phosphorus
and the Zn level was at critical concentra-
tion in all the districts. The available trend
from the first year results indicated that
providing black pepper vines with 50% N
as FYM + 50% N as inorganic +
phosphobacteria or biofertilizers have
yielded better and under low input technol-
ogy treatments, ¥2 POP + ZnSO, application
was ideal for obtaining higher yields,
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Experiments were laid out in alf the dis-
tricts for the management of Phytophthora in
the nursery and field. The treatment com-
prising of soil solarization + biocontrol
agents + systemic fungicides was compared
with the existing management practice of
application of copper fungicide. The initial
results indicated that the integrated strategy
gave better protection of black pepper vines
against Phytophthora infections in the feld.



Technology Assessed and Transferred

Management of root mealybug of
black pepper

The root mealybug (Planococcus sp.) is a se-
rious insect pest of black pepper especially
in Wyanad District of Kerala. The pest in-
fests the basal portions of stems and roots
of black pepper vines in the field and rooted
cuttings in the nursery causing yellowing
and wilting of leaves, drying of lateral
branches and mortality of young vines. The
pest infestation can be controlled by drench-
ing the affected vines during initial stages
of infestation with chlorpyriphos 0.075%.
The drenching has to be repeated after 30
days if the infestation persists.

Management of nematodes of black
pepper
Root knot nematodes (Meloidogyne spp.)

cause significant damage to black pepper
vines in South India and are currently being
managed through application of nematicides
like phorate and carbofuran. Verticillium
chlamydosporium, a facultative nematode
parasite, parasitizes egg masses and seden-
tary females of root knot nematodes. Appli-
cation of V. chlamydosporium with a spore
load of around x 10°(@ 50 g/vine) to the
rhizosphere soil twice a year (pre and post
monsoon) is effective for the management of
root knot nematodes when integrated with
other methods. The fungus multiplies well
on rice and sorghum grains and starch/
coconut water amended solid substrates.
Pesticides like phorate, chlorpyriphos and
potassium phosphonate are compatible with
the fungus.



Education and Training

Training programmes

Isotope Techniques for Water Management,
Centre for Water Resources Development
and Management, Calicut, 12-16 February
2001 (C. K. Thankamani).

MS Office T and II, Indian Agricultural Sta-
tistical Research Institute, New Delhi, 11-
23 June 2001 (C. K. Thankamani).

IPR and WTO Awareness Training,
Hyderabad, 10-12 July 2001 (B. Sasikumar).

Micropropagation of Horticultural and For-
estry Species, Regional Plant Resources
Centre, Bhubaneswar, 3-23 September 2001
(D. Prasath).

Advanced Training in Gas Chromatography,
Perkin Elmer, Mumbai, 17-19 QOctober 2001
(T. John Zachariah).

IX Refresher Course in Chemistry, Univer-

sity of Calicut, Calicut, 15 November-15
December 2001 (N. K. Leela).

Internet and Web Designing, Indian Insti-
tute of Spices Research, Calicut, 21-23
November 2001 (J. Remna).

Water Quality Monitoring Technique,
Centre for Water Resources Development
and Management, Calicut, 11-14 December

2001 (S. Hamza).

Trainers Training Programme on Plant Ge-
netic Resources Management, New Delhj,
8-31 January 2002 (J. Rema).

Application of Internet in Biological
Research, Calicut, 16-18 January 2002
(5. Devasahayam, C. K. Thankamani).

Management Development Programme on
Values, Ethics and Organisational Respon-
sibility, Calicut, 15-16 February 2002 (B.
Krishnamoorthy).



Linkages and Collaboration

Agency

National Bureau of Plant Genetic
Resources, New Delhi

Central Tuber Crops Research Institute,
Thiruvananthapuram

Central Plantation Crops Research
Institute, Kasaragod

Centre for Water Resources Development
and Management, Calicut

Rajeev Gandhi Centre for Biotechnology,
Thiruvananthapuram

Craigmore Plantations, Nilgiris

Tata Tea Ltd., Valparai

Kerala Agricultural University, Thrissur

University of Calicut, Calicut

Bharathiyar University, Coimbatore

Spices Board, Kochi

Directorate of Arecanut and Spices
Development, Calicut

Department of Agriculture/
Horticulture of States

Linkage

Collection and conservation of germplasm

Research collaboration in post harvest technology

Research collaboration in post harvest
technology

Research collaboration in biosynthesis of
pigments and translocation of pesticides

Research collaboration in molecular markers

Evaluating black pepper lines for high altitudes
Evaluating black pepper lines for high altitudes

Research collaboration in biotechnological ap-
proaches for improvement of spices and evalu-
ation of tissue cultured plants; PG Centre for
Post Graduate studies

PG Centre for Post Graduate studies; MOU for
teaching M.Sc. Biotechnology and M.5c. Plan-
tation Development courses

PG Centre for Post Graduate studies

Evaluation of improved varieties; training
programmes

Planting material preduction; implementation
of developmental schemes

Transfer of technology



AWl India Coordinated Research Project on Spices

The mandate of All India Coordinated Re-
search Project on Spices (AICRFS) is to con-
duct and ccordinate spice research being
carried out at 19 centres and 8 voluntary
centres in 12 spice crops in the country.
New programmes were formulated during
the year giving emphasis on integrated pest
and disease management and organic farm-
ing in spices.

Crop improvement

The AICRPS centres strengthened the ge-
netic resources of various spice crops and at
present the germplasm holdings consist of
421 black pepper, 330 cardamom, 443 gin-
ger, 1134 turmeric, 117 tree spices and 3681
seed spices accessions that are being main-
tained at different centres. Based on evalu-
ation of germplasm, 5 black pepper acces-
sions [Karimunda-IT and III, PRS-17, Cult.
5489 and Cult. 5308 (Panniyur)], 9 carda-
mom accessions [PS5-44, PS-27, S-1
(Pampadumpara), CL-692, CL-730
(Mudigere), MCC-13, MCC-18, MCC-200 and
MCC-347 (Myladumpara}l; 2 ginger acces-
sions [V C, and V. S-2 (Pottangi}] and 11
turmeric accessions [TCP-1 {Pundibari), PTS-
55, TU. No-1, PTS-11, PTS-15, PT5-52, PTS-
59 (Pottangi), JTS-6, JTC-313 (Jagtial) and
RH-5 (Dholi)] were identified for the new
Comparitive Yield Trials. Promising geno-
types in OP seedling progenies (D-237, CC-
730 and CL-692) and other superior clones
(Acc. B-4-D11 and 7-24-D11) were identified

in cardamom. Drought tolerant lines were
also identified in cardamom (CL-668, P-6,
D-237 and 2-2-D11). Acc. 239 was identi-
fied as a promising black pepper line at
Sirsi. V,5-8 and V E-2 in ginger and PTS-
59, PTS-43 and PTS-55 in turmeric were
identified as promising lines at Pottangi and
are in an advanced stage for release.

Seven new promising varieties (PV-2 in car-
damom; TCP-2 in turmeric; Hisar Sugandh
and UD-446 in coriander; and Hisar Mukta,
Hisar Madhavi and Hisar Suvarna in
fenugreek) were proposed/recommended
during the XVI National Workshop of AIC-
RPS for state/central release. The exotic line
of coriander EC-232666 was identified as
the best leafy type for commercial growing.

Three turmeric accessions (PCT-1, GL Puram
and PTS-16) and one turmeric accession (CL-
67) with 6.4% curcumin were identified to
be high curcumin types by Solan and
Coimbatore centres, respectively. The tur-
meric varieties Alleppey and BDJR-1260
were high yielding types with high
curcumin. Acc. BDJ-105 and Acc. 360 had
high dry recovery and ST-IM and ST-7M
had high essential oil and oleoresin, respec-
tively. The turmeric accession 5G-685 was
identified for high dry recovery at Solan. In
coriander, Jco-331 had high 0il (0.45%). The
highest volatile oil content in cumin was
recorded in EC-232684 (4.4%) and JC-147
{(3.9%) and in fennel for UF-144,



84

Crop production

The fertilizer and irrigation requirements for
black pepper-arecanut mixed cropping sys-
tem were standardized. Micronutrients
such as boron and molybdenum influenced
capsule yield of cardamom. A fertilizer dose
of 100:100:175 kg NPK/ha was recom-
mended in integrated nutrient management
using organic and inorganic manures in
cardamom. The package of practices for
ginger and turmeric production were also
standardized for Chintapalli region. A fer-
tilizer package including application of
biofertilizers was standardized for clove and
nutmeg in Yercaud region. Yield and qual-
ity of coriander and fennel increased by the
application of Zn, Fe, Mn and Cu. In
Gujarat, sowing of cumin on 15 th October
was most appropriate to obtain high yield
with less blight incidence. A closer spacing
of 15 ecm x 10 cm and sowing during first
week of October gave highest yield at
Coimbatore and during 31 st October in
Jobner for fenugreek. Sowing of fenugreek
variety RMt-1 by the last week of October
and UM-305 up to 15 th November at 25-30
cm row spacing was recommended to ob-
tain higher seed yield under semi-arid con-
ditions.

Studies confirmed that micronutrient appli-
cation increased the yield in coriander and
fennel. Foliar application (at pre-flowering
stage) of MnSO, ZnSO, and CuSO, each @
0.5% and soil application of FeSO, @ 5 kg/
ha or foliar application @ 0.125% was rec-
ommended to obtain higher seed yield of
coriander under micronutrient deficient
sandy loam soils. Application of ZnSO, as
foliar application (at pre-flowering stage) @
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0.5% or soil + foliar application @ 10 kg/ha
+0.25%, FeSO, as foliar application @.25%
or soil + foliar application @ 5 kg/ha +
0.125%, MnSQ, as foliar application @ 0.5%
or s0il + foliar application @ 12.5 kg/ha +
0.25% and CuSO, as foliar application @
0.5% was recommended to obtain higher
seed yield of fennel under micronutrient de-
ficient sandy loam soils.

Crop protection

A package of plant protection practices was
recommended for the management of
Phytophthora foot rot in black pepper. A
low-cost technology for mass multiplication
of Trichoderma sp. for field application was
developed. Rhizome rot under storage can
be managed by storing in sand layered pits
mixed with Dithane M-45 + Bavistin (5 g +
3 g/kgofseed). Surveys conducted in Bihar
established the severity of stem gall disease
in coriander. The coriander varieties RCr-
441, RCr-435, RCr-436, UD-446 and UD-684
were resistant to root knot nematodes., Sow-
ing cumin on 10 th November was best to
minimize wilt incidence with maximum
green yield (3.63 g/ha). Sowing of cumin
on 20 th December was recommended for
higher seed yield and lesser incidence of
wilt in Jobner region. Guj. Cum. 3, Acc.
1136, Acc. 1145 and Acc. 1165 were moder-
ately resistant to Furarium wilt. Kasuri methi
(fenugreek) was resistant to powdery mil-
dew. Two sprayings of either monocrotophos
(0.05%) or dimethoate (0.05%) at fortnightly
intervals after harvest of berries was effec-
tive for the management of mussel scale
(Lepidosaphes piperis) of black pepper at high
ranges of Idukki District.



Krishi Vigyan Kendra

The Krishi Vigyan Kendra (KVK) was estab-
lished under the institute in 1992 at
Peruvannamuzhi.

Training programmes

The KVK imparted 66 vocational training
programmes of 1 to 5 days duration in ag-
riculture and allied fields (Table 62).

Front line demonstration programme

The main objective of the front line demon-
stration (FLD) programme is to demonstrate
newly released technologies in farmers fields
under various agro-climatic regions and
farming situations.

Introduction of improved variety of tapioca

Tapioca is the most important tuber crop of
Kerala grown throughout the year. The farm-
ers generally cultivate local types with poor
cooking quality of tuber and 10-11 months
duration. In this programme it was envis-
aged to introduce a short duration tapioca

variety of 6-7 months with excellent cook-
ing quality namely, Sree Vijaya, from Cen-
tral Tuber Crops Research Institute,
Thiruvananthapuram. Three demonstrations
of 0.08 acre each were carried out and the
crop was raised following the package of
practices of Kerala Agricultural University.

In one of the demonstration plots, two spac-
ing were adopted namely, one at the recom-
mended spacing (90 cm x 90 cm) and an-
other at an increased spacing (1.2 m x 1.2
m) but well below the farmers practice of 2
m x 2 m, The yield and income obtained
were higher in the demonstration plot where
a higher spacing (1.2 m x 1.2 m} was
followed than the recommended spacing
(Table 63).

Even though the variety demonstrated was
characterized as short-duration type, in the
actual field situation, it took almost 9 months
for harvesting. The cooked tuber was also

Table 62. Training programmes conducted by KVK during 2001-02

Category No. of No. of participants No. of SC/ST
COUTSES Male Female Total participants

Practising farmers 59 1010 630 1640 89

Rural youth 6 78 44 122 6

Extension 1 40 2 62

functionaries

Total 66 1194 1824 1824 95
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Table 63. Demonstration of cultivation of improved variety of tapioca

Character Demonstration plot Control plot
| 11

Variety Sree Vijaya Sree Vijaya Salykappa (Local)
Duration 9 months 9 months 10-11 months
Spacing 12mx12m 09mx09m 2mx2m
Yield/plant 9.9 kg 5 kg 15 kg
Yield/ha 68.75 t 61.73 t 375t
Gross income/ha Rs. 3,43,750 Rs. 3,08,650 Rs. 1,87,500

slightly bitter especially in a plot where more
of FYM was applied compared to chemical
fertilizers. The skin of the tuber of this vari-
ety also peeled easily making it unsuitable
for long distance transport. FHowever, even
with these shortcomings, the high yield of
this variety makes it superior to the local
variety (Salykappa), which is highly sus-
ceptible to mosaic disease.

On-farm testing programmes

The on-farm testing (OFT) programme aims
at testing the new technologies developed at
the research institute in the field to ensure
their suitability and sustainability to spe-
cific locations and to suggest or modify or
refine the technology.

Effectiveness of pheromone traps

The red palm weevil and rhinoceros beetle
are serious pests of coconut in Poozhithode
and surrounding hills in Kozhikode Dis-
trict bordering Wyanad District. Most of the
farmers in this area loose 2-3 coconut palms
every year due to the attack of these pests.
The effectiveness of pheromone traps in trap-
ping these pests was tested in about 25 acres
of coconut gardens with the farmers prac-
tice as control.

Evaluation of ferrolure pheromone trap against
red palm weevil

The performance of ferrolure pheromone
trap was evaluated against red palm wee-
vil. The ferrolure traps were examined every
fourth day and replacement of bait was done
at 10 days intervals. The farmers were
trained to identify male and female weevils
based on the presence of pubescence on the
snout in males and its absence in the fe-
male. The ferrolure pheromone trap was
very effective in attracting both sexes of red
palm weevil. The total catch of adult weevil
from 10 ha was 2833 in 4% months. The

Table 64. Observations on catch of adult red
palm weevil in ferrolure pheromone trap

Plot

No. of weevils trapped from
December to May

Male Female Total
1 445 352 797
2 346 38 694
3 276 413 689
4 102 132 234
5 206 213 419
Total 1375 1458 2833
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average monthly catch of weevils in the traps
was 126. Summer months (December-May)
resulted in better catches suggesting that the
best time to use the traps was during sum-
mer (Table 64). The pheromone trap was
safer to the environment and poultry in the
homesteads compared to poison baited
stump traps.

Evaluation of stump trap against red palm weevil

Stump traps were prepared in two farmers
fields by cutting the palm 1.2 m above the
ground and making a transverse slit on top
of the stump and a bait of toddy, yeast and
sugar mixture was pasted with a pinch of
phorate. The bait mixture was replaced ev-
eryday. A total of 84 adults only could be
collected during 4 months from both the
traps. The average monthly catch was only
10 per trap. Both sexes of the beetle were
collected in almost equal proportion. The
stump trap required daily collection and
killing of trapped weevils. It was also risky
to the poultry in the homesteads, which fed
on the poisoned weevils fallen from the trap
(Table 65).

Evaluation of rhinoceros beetle pheromone traps

The rhinoceros beetle pheromone traps were
inspected for adult beetles once in 4 days.
The farmers were trained to identify male
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and female beetles based on the presence of
long horn head in matles and short horn in
females. The traps were very effective in
attracting both sexes of the beetle. The total
catch of adult beetles from 10 ha was 602 in
an average time span of 4 months indicat-
ing an average monthly catch of 27 beetles
per trap. Both male and female beetles were
equally attracted to the traps. The height of
trap recommended (8') was not effective for
hilly tracts as the catch was best at 6' height
from the ground.

Control of yellow leaf disease of arecanut

The trial was in progress in an area of 0.5
acres with South Kanara variety of arecanut.
The arecanut palms which were treated with
Trichoderma sp. 100 g + 1 kg neem cake +
Ridomil @ 1.25 g/1 x 5 per palm during the
previous year were monitored. However, the
palms did not show any improvement and
it was concluded that the treatment is not
effective against yellow leaf disease of
arecanut.

Efficacy of glyricidia extract against ecto-
parasites

Leaf extracts of Glyricidia sp. were evalu-
ated for their efficacy in controlling ecto-
parasites of farm animals. Various age
groups of farm animals consisting of both

Table 65. Comparison of ferrolure pheromone trap and stump trap

Particulars Pheromone trap Stump trap
Average catch efficiency per month 126 10

Frequency of trap servicing and

change of feed/bait 10 days 3 days

Average longevity of trap 4 months 1 week

Safety to environment and poultry Safe Risky

Easiness in setting and operation Easy Requires frequent inspection
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sexes having heavy tick infestations were
selected for the experiments. In group I, 92
cases were taken for the experiment. About
500 g of Glyricidia sp. leaves mixed with
sufficient quantity of water + 30 mi of neem
oil was boiled in a container and the mix-
ture was applied on the body of the ani-
mals. In heavily infested cases only 50% of
ticks were removed by first application and
all the ticks were killed during second ap-
plication, done after a week. There was no
allergic or photosensitization effect on the
animals and the technique was economical
and easy to adopt.

In group II, 62 affected animals were tested
by external spraying of deltamethrine and
cyamo-methyl cistrans 2-methyl cyclopro-
pane carboxylate (5 ml of 2% solution in 1
1 water); however, the chemicals had no ef-
fect on ticks at this concentration. At higher
concentration (15 ml of 2% solution in 1
litre water), all the ticks were killed when
applied at an interval of 7 days. The tested
animals were not exposed to sunshine and
were washed with cold water after half an
hour. Even though these chemicals con-
trolled ectoparasites at higher concentra-
tions, glyricidia extract with neem oil not
only control ectroparasites but had noharm-
ful effects and also had antiseptic and
antidermatitic properties. These chemicals
at higher concentrations may produce re-
sidual toxins, which may affect public health
through milk and meat.

Revolving Fund Programme

Under this programme, quality planting
materials of various crops were produced
and sold at moderate rates (Table 66). The
KVK operates a plant and animal clinic to
cater various services to the farmers. An

ISR Annual Report 200102

artificial insemination facility is also pro-
vided under the centre to upgrade the ge-
netic stock of livestock. The centre offers
consultation, treatment and door services at
a nominal fee. The centre also provides vac-
cination facility and organises animal health
camps in association with the state animal
husbandry department. Rs. 2.68 lakhs was
realised by sale of planting materials and
also through the Plant and Animal Heaith
Centre as confributions to the revolving fund
during the year.

Extension activities
Exhibitions

The KVK participated in three exhibitions
during the year.

@ Silver Jubilee celebration of [1SR, Calicut,
8-9 October 2001.

® Golden Jubilee celebration of St. Tho-
mas High School, Thottumukkam, 16~
18 November 2001.

@ District Agricultural Seminar and Ex-
hibition, Peruvayal, 22 November 2001.

® Swadeshi Vigyana Mela 2002, Kochi,
12-19 January 2002

e Calicut Agri-Horti Promotion Council-
Vasatham 2002, Calicut, 20 January-27
February 2002

@ Calicut Flower Show 2002, Calicut, 7-
12 February 2002

Radio talks and popular articles

The scientists of KVK gave two radio talks
and also contributed two popular articles

on various aspects of agriculture and allied
fields.
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Table 66. Planting materials produced by KVK

Crop Variety No. of plants No. of plants
produced sold

Arecanut seedlings  Mohitnagar, SAS-1 - 2636
Allspice seedlings Elite lines 400 553*
Anthurium plants 20 varieties 100 64*
Bush pepper plants  Sreekara, Subhakara,

Panchami, Pournami,

Panniyur-1 700 765*
Garcinia grafts Elite lines 1840 945
Nutmeg grafts Elite lines 13,500 12,854
Mango grafts Bennet Alphonso, Kalepady 180 111
Guava layers Allahabad Safeda 110 194*
Watery rose apple  Seedless type 100 134

rooted cuttings

* Includes previous years stock also

Demonstration units
Medicinal plant unit

About 100 species of medicinal plants col-
lected from Kottakkal Arya Vaidyasala and
other places were maintained in pots with
labels to motivate visitors and trainees. A
herbal garden in an area of 0.5 acre is being
established.

Model homestead garden

A coconut garden of 0.3 ha area was devel-
oped into a2 model homestead garden with
banana, pineapple, mango, papaya, minor
fruits and spices like black pepper, ginger,
turmeric, allspice, clove, nutmeg, cinnamon,
tubers and fodder grasses.

Improved black pepper varieties

A demonstration unit of released black pep-
per varieties and promising lines of black
pepper including high yielding local culti-
vars was established in an area of 0.5 acre.

Model arecanut seed garden

A seed garden cum demonstration plot of
Mohitnagar variety of arecanut was planted
in about 1 acre area along with clove.

Anthurium coltivation

Five hundred pots of 20 varieties of anthu-
riums are maintained for production of
planting materials and training purposes.

Cashew scion bank

An area of 0.2 ha is maintained as cashew
scion bank with the varieties, Selection 1
and 2, Ullal-3, Priyanka, UN-50, Mrudula
and Sulabha.

Collaborative activities

The KVK collaborated with other NGOs
such as Centre for Overall Development,
Vikas Volunteer Vahini Club, INFAM,
Womens Cell and Self Help Groups, func-
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tioning in Kozhikode District in conducting
training programmes in agriculture and al-
lied fields.

The KVK also maintained functional link-
ages with All India Radio, Krishi Bhavans
under the State Department of Agriculture,
Department of Animal Husbandry, Depart-
ment of Fisheries, Matsyafed, Agri-Horti
Society, Gramin Banks, National Agricul-
tural Bank for Rural Development, Kerala
Agricultural University, Central Plantation
Crops Research Institute, Central Marine
Fisheries Research Institute and Central
Tuber Crops Research Institute in organiz-
ing various training programmes and other
extension activities like animal health
camps, seminars and exhibitions.

The training programmes imparted from the
KVK have assisted some of the beneficiaries
to begin small-scale employment units with
follow up assistance from KVK, such as
nurseries, vermi-compost units, goatary units
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and contract production of planting materi-
als. The self-employment units helped the
beneficiaries to obtain adequate income from
these units.

Documentation of
knowledge

indigenous

The following indigenous technical knowl-

edge utilized by local farmers were docu-
mented.

® Swabbing juice from leaves and berries
of mullilliam (Zanthoxylum limonella) is
effective for control of pseudostern borer
of banana (Odoiporos longicollis) and
nematodes by mulching.

® Use of catfish as a biological agitator in
manure tanks for agitation and thor-
ough mixing of sediment and other
manures.

® Use of Manihot glaziooii as a source of
nectar and pollen for honeybees during
rainy season.



Publications

Books and chapters in books

Anandaraj, M., Devasahayam, 5. and Rema,
J. (Eds.) 2001. Invited Lectures and Ab-
stracts of Papers, Indian Phytopatho-
logical Society, South Zone Meeting.
Indian Institute of Spices Research,
Calicut, 69 pp.

Babu, K. N, Saji, K. V., Krishnamoorthy, B.
and Sarma, Y. R. 2001. Varieties of
Spices Developed at IISR. Indian Insti-
tute of Spices Research, Calicut, 33 pp.

Devasahayam, 5. 2001. Integrated manage-
ment of insect pests of spices. In:
Ignacimuthu, S. and Sen, A. (Eds.).
Strategies in Integrated Pest Manage-
ment. Phoenix Publishing IHouse Pvt.
Ltd., New Delhi, pp. 86-93.

Devasahayam, 5. 2001. Spices-Pest Man-
agement. In: Chadha, K. L. (Ed.). Hand-
book of Horticulture. Indian Council
of Agricultural Research, New Delhi,
pp- 883-887.

Korikanthimath, V. S. 2001. Coffee based
spices cropping systems. In: Sarma,
Y. R., Sasikumar, B. and Chempakam,
B. (Eds.). Spices Indica-Silver Jubilee
Souvenir, Indian Institute of Spices
Research, Calicut, pp. 105-115.

Korikanthimath, V. 5. 2001. Cardamom
(Small). In: K. V. Peter (Ed.). Hand-
book of Herbs and Spices. Wood Head

Publishing Ltd., Cambridge, Cam-
bridge, pp. 123-132,

Korikanthimath, V. S. 2001. Cardamom
(Small). In: Chadha, K. L. (Ed.). Hand
Book of Horticulture. Indian Council
of Agricultural Research, New Delhi.
Pp. 696-699.

Krishnamoorthy, B. and Rema, J. 2001. Cin-
namon. In: Chadha, K. L. (Ed.). Hand-
book of Horticulture, Indian Council
of Agricultural Research, New Delhi,
pp- 705-707.

Krishnamoorthy, B. and Rema, J. 2001,
Clove. In: Chadha, K. L. (Ed.). Hand-
book of Horticulture. Indian Council
of Agricultural Research, New Delhi,
pp- 708-709.

Krishnamoorthy, B. and Rema, J. 2001.
Nutmeg. In: Chadha, K. L. (Ed.). Hand-
book of Horticulture. Indian Council
of Agricultural Research, New Delhi,
pp. 722-723.

Krishnamoorthy, B. and Rema, J. 2001.
Nutmeg and mace. In: Peter, K, V. (Ed.).
Handbook of Herbs and Spices. Wood
Head Publishing Ltd., Cambridge, pp.
238-248.

Rajeev, P. 2001. Role of farmers organisations
in extension service. In:
Chandrasekhara, P. (Ed.). Private Ex-
tension-Indian Experiences. National



92

Academy of Agricultural Extension
Management, Hyderabad, pp. 103-118.

Ramana, K. V. and Eapen, S. [. 2002. Nema-
tology research at Indian Institute of
Spices Research. In: Koshy, P. K.,
Sosamma, V. K. and Gulsar Banu (Eds.).
Milestones of Nematological Research
in Kerala. Central Plantation Crops
Research Institute, Regional Station,
Kayangulam, pp. 36-50.

Ravindran, P. N. and Johny Kallupurackal,
A. 2001, Black pepper. In: Peter, K. V,
(Ed.). Handbook of Herbs and Spices.
Wood Head Publishing Ltd., Cam-
bridge, pp. 62-110.

Ravindran, P. N., Johny Kallupurakkal, A.
and Babu, K. N. 2002. Spices in our
daily life. Fifty Sixth All India
Ayurvedic Congress, Satabdi
Samaranika, Vol. 2., Kottakkal Arya
Vaidya Sala, pp. 227-242.

Sarma, Y. R., Chempakam, B. and John
Zachariah, T, 2001. Problems and Pros-
pects in Spices Production and Export.
Proceedings, Interface Between Spices
Exporters and Farmers with Scientists,
Indian Institute of Spices Research,
Calicut. 74 pp.

Sarma, Y. R., Ramana, K. V., Devasahayam,
S. and Rema, ]J. (Eds.} 2001. The Saga
of Spice Research-A Voyage Through
the History of Spice Research at In-
dian Institute of Spices Research, In-
dian Institute of Spices Research,
Calicut, 184 pp.

Sarma, Y. R., Sasikumar, B. and Chempakam,
B. (Eds.) 2001, Spices Indica. Silver
Tubilee Souvenir. Indian I[nstitute of
Spices Research, Calicut, 180 pp.

HSR Annual Report 2001-02

Sasikumar, B. 2001. Turmeric. In: Peter, K.
V. (Ed.). Handbook of Herbs and
Spices. Wood Head Publishing Ltd.,
Cambridge, pp. 297-310.

Sasikumar, B. and Ravindran, P. N. 2001.
Turmeric. In: Chadha, K. L. (Ed.). Hand-
book of Horticulture. Indian Council
of Agricultural Research, New Delhi.
PP- 727-728.

Research articles

Dhamayanthi, K. . M. and Reddy, V.R. K.
2001. Transfer of clustered and upright
fruit characters into two popular chilli
cultivars of Tamil Nadu. Journal of
Spices and Aromatic Crops 10: 41-43.

Dhamayanthi, K. P. M. and Reddy, V. R. K.
2002. Biological effects of physicaland
chemical mutagens and their combi-
nations in chilli (Capsicum annum L.).
Journal of Nuclear Technique in Agri-
culture and Biology 30 : (3 & 4): 204~
208.

Korikanthimath, V. 5. 2001. Mixed cropping
of arabica coffee with cardamom. Jour-
nal of Farming Systems Research and
Development 7 (1): 24-29.

Korikanthimath, V. S. and Ankegowda, S. ].
2001. Organic recycling of robusta
coffee (Coffea robusta) mucilage and
washed water. Journal of Farm Sys-
tems and Development 6: 118-121.

Korikanthimath, V. 5., Ankegowda, S. ]. and
Gaddi, A. V. 2001. Studies on opti-
mum spacing and leaf stage of carda-
mom ({Elettaria cardamomum Maton)
seedlings for transplanting in second-
ary nursery. Indian Journal of Horti-
culture 58: 282-285.



Publications

Korikanthimath, V. §., Gaddi A. V. and
Ankegowda S. ]. 2001. Studies on the
fertilizer management in cardamom in
secondary nursery. Karnataka Journal
of Agricultural Sciences 14 (4} 1147~
1148.

Korikanthimath, V. S, Gaddi, A. V. and
Ankegowda, S. J. 2001. Studies on
nutrient uptake pattern in cardamom.
Indian Journal of Horticulture 57: 164—
167.

Korikanthimath, V. S, Gaddi, A. V. and
Ankegowda, S.]. 2001. Status on ma-
jor nutrients in soils of cardamom
(Elettaria cardamomum Maton) planta-
tions in Kodagu District, Karnataka.
Journal of Spices and Aromatic Crops
9: 117-122.

Korikanthimath, V. S., Gayathri, A. G,,
Ankegowda, S. )., Rajendra Hegde and
Hosmani, M. M. 2001. Vesicular-
arbuscular mycorrhizae and phosphate
solubilizers in robusta coffee and car-
damom mixed cropping system.
Karnataka Journal of Agricultural Sci-
ences 13: 498499,

Korikanthimath, V. S. and Govardhan Rao
2001. Resource productivity in ginger
(Zingiber officinale) cultivation in paddy
fields and upland situations, Coorg,
Karnataka. Indian Journal of
Agronomy 46 (2): 368-371.

Korikanthimath, V. S., Govardhan Rao and
Hiremath, G. M. 2001. Long term per-
formance of cardamom-An economic
appraisal. Madras Agricultural Jour-
nal 88 (10-12): 564-571.

93

Korikanthimath, V. S., Govardhan Rao and
Hiremath, G. M. 2002. Cultivation of
cardamom (Elettaria cardamomum
Maton) in valley bottoms under natu-
ral forest ever green shade trees.
Journal of Medicinal and Aromatic
Plant Sciences 24 (1): 53-59.

Korikanthimath V. 5., Govardhan Rao,
Hiremath G. M. and Prasath, D. 2001.
Differential pattern of return-inflow in
relation to various grades of cardamom
(Elettaria cardamoum Maton). Journal of
Medicinal and Aromatic Plant Sciences
23 666-669.

Korikanthimath, V. S. and Prasath, D. 2001.
Association of yield attributes among
the quantitative characters of carda-
mom (Elettaria cardamomum Maton).
Journal of Spices and Aromatic Crops
9: 155-156.

Korikanthimath, V. S., Prasath, D. and
Govardhana Rao. 2001. Medicinal
properties of cardamom (Elettaria
cardamomum Maton). Journal of Me-
dicinal and Aromatic Plant Sciences
22/4A & 23/1A: 683-685.

Korikanthimath, V. 5., PPrasath, D. and
Mohamed Sayed, A. A. 2001. Evalu-
ation of cardamom accessions in rela-
tion to yield, recovery and oil content.
Indian Journal of Horticulture 57: 273—
275.

Krishnamoorthy, B., Rema, |. and Mathew,
P. A. 2001. Genetic resources and ex-
situ conservation of nutmeg, a tree spice
of medicinal importance. Journal of
Medicinal and Aromatic Plant Sciences
22/4A & 23/1A: 340-343.



94

Prasath, D., Venugopal, M. N. and Korikan-
thimath, V. §. 2001. Variability in
cardamom {Elettaria cardamomum
Maton). Indian Journal of Plant Genetic
Resources 14; 217-218.

Reddy, V. R. K. and Dhamayanthi, K. P. M.
2001. In vitro induction of haploids in
chilli. Journal of Cytology and Genet-
ics 2: 25-28.

Sadanandan, A. K. and Hamza, 5. 2001.
Studies on heavy metal residues due
to continuous application of rock phos-
phate for sustainable black pepper
production. In: Gupta, A. K. (Ed.). Pro-
ceedings, National Symposium on
Combating Pollution Accumulation in
Ecosystem for Sustainable Agriculture,
Allahabad, pp. 59-65.

Sadanandan, A. K. and Hamza, 5. 2001.
Potassium nutrition affects soil and
leaf K concentrations, yield and qual-
ity of Indian spices. In: Pasricha, N. 5.,
Bansal, S. K. and Bijay Singh (Eds.).
Proceedings, International Symposium
on Importance of Potassium in Nutri-
ent Management for Sustainable Crop
Production in India, Haryana, pp. 405-
407.

Saji, K. V., Sasikumar, B., Johnson George, K.
and Biju, S. 2001. Piper hapnium-a rare
Piper species from Peruvannamuzhi,
Kerala-a new report. Journal of Spices
and Aromatic Crops 10: 63-64.

Sarma, Y. R., Kiranmai, G., Sreenivasuly, .,
Anandaraj, M., Hema, M.,
Venkatramana, M., Murthy, A. K. and
Reddy, D. V. R. 2001. ’artial character-
ization and identification of a virus
associated with stunt disease of black

IISR Annual Report 200102

pepper (Piper nigrum) in South India.
Current Science 80: 459-462.

Shivprasad, C. R., Korikanthimath, V. S,
Gaddi, A. V., Niranjan, K. V.,
Venkatesh, . H. and Krishnan, P.
2001. Soil-site suitability evaluation for
cardamom-A case study. Journal of
Spices and Aromatic Crops 10 (2): 99—
103.

Srinivasan, V., Rubina, M. R., Hamza, 5. and
Kavitha Ramachandran 2001. Forms
of soil potassium as influenced by or-
ganic farming in bush black pepper
(Piper nigrum L.). Proceedings, Inter-
national Symposium on Importance of
Potassium in Nutrient Management for
Sustainable Crop Production in India,
New Delhi, pp. 413-416.

Stephen, R. J., Anandaraj, M. and Sarma, Y.
R. 2001. Induction of PR-proteins and
defence related enzymes in black pep-
per due to inoculation with
Phytophthora capsici. Indian Phytopa-
thology 54: 23-28.

Suryanarayana, M. A_, Shiva, K. N., Medhi,
R.P., Damodaran, T. and Sujatha Nair,
A. 2001. Genetic resources of planta-
tion and spice crops in Andaman and
Nicobar Islands. Journal of Andaman
Science Association 17 (1&2): 297,

Papers presented in meetings

Anandaraj, M. 2001. Digitization of data
base in plant pathology. Indian Phy-
topathological Society, South Zone
Meeting, Calicut, 10-12 December 2001.

Anandaraj, M. 2001. Feasibility of forecast-
ing Phytophthora diseases occurring in
the West Coast during South West
monsoon. National Symposium on



Publications

Crop Protection and WTO-an Indian
Perspective, Kasaragod, 22-25 January
2002.

Ankegowda, 5. J., Korikanthimath, V. 5. and

Krishnamurthy, K. 5. 2001. Light inter-
ception and microclimate in robusta
coffee, cardamom and black pepper
mix cropping system. National Semi-
nat on Role of Plant Physiolegy for
Sustaining Quality and Quantity of
Food Production in Relation to Envi-
ronment, Dharwad, 5-7 December
2001,

Ankegowda, S. J., Krishnamurthy, K. 5.,

Prasath, D., Venugopal, M. N. and
Korikanthimath, V. S. 2001. Geno-
typic variation in cardamom genotypes
for few physiological parameters.
National Symposium on Plant Physi-
ology and Biochemistry in Transgenic
Era and Beyond, Kolkata, 1-3 Decem-
ber 2001.

Ankegowda, S. ]. and Venugopal, M. N.

2001. Analysis of weather parameters
on sustainable cardamom production
in Kodagu District, Karnataka, India.
National Seminar on Agrometerolo-
gical Research for Sustainable Agricul-
tural Production, Anand, 27-28 Sep-
tember 2001.

Beena, B., Eapen, S. J. and Ramana, K. V.

2001. Antagonistic rhizobacteria of root
knot nematodes infesting black pepper
(Piper nigrum L.). National Congress
on Centenary of Nematology in India.
New Delhi, 5-7 December 2001.

Devasahayam, S. 2001. Biological control of

insect pests of spices-Present status and

95

strategies for the future. Seminar on
Molecular Modalities in the Manipu-
lation of Insect Natural Enemies,
Chennai, 14 July 2001.

EapenS. ]. and Ramana, K. V. 2002. Nema-

tode diseases of ginger, turmeric and
tree spices-‘Nema 100 Kerala’,
Kayamkulam, 21-22 February 2002.

Hareesh, P.S., Kumar, A., Sasikumar, B. and

Sarma, Y. R. 2001, Effect of toxic me-
tabolites of Ralstonia solanacearum on
ginger callus. Indian Phytopathologi-
cal Society, South Zone Meeting,
Calicut, 10-12 December 2001.

Jisha, P.]., Diby Paul, Kumar, A., Anandaraj,

M., Venugopal, M. N. and Sarma, Y. R.
2002. Towards developing a biocontrol
consortium for a cropping system in-
volving black pepper (Piper nigrum L.),
ginger (Zingiber officinale Rosc.) and
cardamom (Elettaria cardamomum
Maton). National Symposium on Crop
Protection and WTO-an Indian Per-
spective, Kasaragod, 22-25 January
2002.

Jisha, P. J., Kumar, A., Anandaraj, M. and

Sarma, Y. R. 2001. Compatibility of
fungal and bacterial biocontrol agents
for management of foot rot disease in
black pepper caused by Phytophthora
capsici. Indian Phytopathological Soci-
ety, South Zone Meeting, Calicut, 10—
12 December 2001,

Korikanthimath, V. S. 2001. Resources op-

timization in robusta coffee and carda-
mom-based farming system. National
Symposium on Farming systems Re-
search in New Millennium, Meerut,
15-17 October, 2001.



96

Korikanthimath, V. S. 2001. High density
planting in cardamom (Elettaria
cardamomum Maton). National Semi-
nar on Changing Scenario in the Pro-
duction Systems of Horticultural Crops,
Coimbatore, 28-30 August 2001.

Korikanthimath, V. S. 2001, Human (wo-
men) resources development and man-
agement in cardamom plantations. Na-
tional Seminar on Gender Issues and
Women in Agriculture and Manage-
ment, Coimbatore, 20-22 August 2001.

Korikanthimath, V. S. 2001. Potassium nu-
trition of cardamom (Elettaria
cardamomum Maton). International
Symposium on Importance of Potas-
sium in Nutrient Management for Sus-
tainable Crop Production in India, New
Delhi, 3-5 December 2001.

Korikanthimath, V. S. 2001. Systems of plant-
ing and nutrition in relation to ecology
and environment. Indian Science Con-
gress (88th Session), New Delhi, 3-7
January 2001.

Korikanthimath, V. S. and Govardhan Rao
2001. Ecology and economics of car-
damom cultivation in relation to em-
ployment security for rural women.
Indian Science Congress (88th Ses-
sion), New Delhi, 3-7 January 2001.

Korikanthimath, V.S, and Govardhan Rao,
2001. Food Security in relation to spices
in India. Indian Science Congress {88th
Session), New Delhi, 3-7 January 2001,

Korikanthimath, V. S., Drasath, D. and
Gaddi, A. V. 2001. Profitable cultiva-
tion of vanilla. National Seminar on
Transfer of Technology of Medicinal

HISR Annual Report 2001-02

and Aromatic Crops, Bangalore, 22
February 2001,

Krishnamurthy, K. S. 2001. Biochemical
changes during water stress in ginger.
National Seminar on Role of Plant
Physiology for Sustaining Quality and
Quantity of Food Production in Rela-
tion to Environment, Dharwad, 57
December 2001.

Kumar, A., Anandaraj, M. and Sarma, Y. R.
2002. Rhizome solarization and micro-
wave treatment: Ecofriendly methods
for disinfecting ginger seed rhizomes.
Third International Bacterial Wilt Sym-
posium, South Africa, 4-8 February
2002.

Lisha, K.I"., Anandaraj, M., Diby Paul, Jisha,
P. ]. and Sarma, Y. R, 2002. Evalua-
tion of biocontrol agents obtained from
Silent Valley biosphere reserve against
Phytophthora capsici the foot rot patho-
gen in black pepper (Piper nigrum L.).
National Symposium on Crop Protec-
tton and WTO-an Indian Perspective,
Kasaragod, 22-25 January 2002,

Madan, M. S, Srinivasan,V. and
Krishnamurthy, K. 5. 2001. Integrated
national agricultural resources infor-
mation systems-spices. Indian Phyto-
pathological Society, Southern Zone
Meeting, 10-12 December 2001.

Mathew, P. A., Krishnamoorthy, B. and
Rema, J. 2001. Cotlection and conser-
vation of Garcinid germplasm at Indian
Institute of Spices Research, National
Kokum Seminar, Vengurla, 12-13 May
2001.

Paul, D, Jisha, P. J., Kumar, A., Anandaraj,
M. and Sarma, Y. R. 2002, Induction of



Publications

mycolytic enzymes in Pseudomonas
fluorescens by Phytophthora capsici. Na-
tional Symposium on Crop Protection
and WTQO-an Indian Perspective,
Kasaragod, 22-25 January 2002.

Paul, D., Kumar, A., Anandaraj, M. and
Sarma, Y. R. 2001. Studies on the sup-
pressive action of fluorescent pseu-
domonads on Phylophthora capsici, the
foot rot pathogen of black pepper. In-
dian Phytopathology 54: 515.

Ramana, K. V. and Eapen, 5.]. 2001. Nema-
tode diseases of spices and condiments
and their management. National Con-
gress on Centenary of Nematology in
India. New Delhi, 5-7 December 2001.

Saji, K. V., Johnson George, K., Sasikumar, B.
and Krishnamoorthy, B. 2002. Diver-
sity and conservation of major spices.
Fourth Indian Agricultural Scientists
and Farmers Congress, Meerut, 16-27
February 2002,

Saju, K. A, Anandaraj, M. and Sarma, Y. R.
2002. Standardization of production
and delivery system for Trichoderma
spp- for biological control. National
Symposium on Crop Protection and
WTO-an  Indian  Perspective,
Kasaragod, 22-25 January 2002.

Saju, K. A., Anandaraj, M. and Sarma, Y. R.
2002. Evaluation of Trichoderma spp.
for controlling foot rot of black pepper
(Piper nigrum L1.) caused by
Phytophthora capsici. National Sympo-
sium on Crop Protection and WTO-an
Indian Perspective, Kasaragod, 22-25
January 2002.

Sarma, Y. R. and Sasikumar, B. 2001. Chal-
lenges and opportunities for [ndian

97

spice sector in the post WTO scenario.
National Seminar on WTO and its
Impact on Indian Agriculture,
Hyderabad, 11~12 October 2661.

Sarma, Y. R. and Sasikumar, B. 2001. Export
potential of spices. Agricultural lntex.
2001, Coimbatore, 4-8 August 2001.

Sarma, Y. R. and Sasikumar, B. 2002. Poten-
tial for spices production in Andhra
Pradesh and biotechnological interven-
tions-Green revolution to gene revolu-
tion. Indo American Millenium Meet,
Hyderabad, 6-8 January 2002.

Sarma, Y. R. and Sasikumar, B. 2002. Spices
for progress of Chattisgarh-Vistas and
Vision. Seminar on Horticulture Devel-
opment in Chattisgarh-Vision and Vis-
tas. Chattisgarh, 21-23 January 2002.

Sarma, Y. R. and Sasikumar, B. 2002. Spices
export scenario and geographical in-
dication. International Seminar on
Medicinal Plants and Spices-Patents
and Exports, Chennai, 6-7 April 2002.

Sasikumar, B. 2001. Spices in the post WTO
scenario-Impact of agreement on agri-
culture. Interface with Farmers and
Scientists, Calicut, 9 October 2001.

Sasikumar, B. 2001. On-farm conservation
of spices. Diamond Jubilee Sympo-
sium-Hundred Years of PPost Mende-
lian Genetics and Plant Breeding-Ret-
rospect and Prospects, New Delhi, 6~
9 November 2001.

Sasikumar, B. 2002. Current issues in spices.
Seminar on Trends in Applied Biol-
ogy-2002, Kannur, 27 March 2002.

Shanmugam, V., Kumar, A. and Sarma, Y.
R. 2001. Detection of Ralsfonia



98

solgnacearum in ginger seed rhizomes
stored at different temperature. Indian
Phytopathological Society, South Zone
Meeting, Calicut, 10-12 December 2001,

Veena, S. 5., Anandaraj, M. & Sarma, Y. R.
2002. Compatibility of potassium
phosphonate with Trichederma
harzianum. National Symposium on
Crop Protection and WTQO-an Indian
Perspective, Kasaragod, 22-25 January
2002.

Veena, S. 5., Vijaya, P., Anandaraj, M. and
Sarma, Y. R. 2001. Variability in sen-
sitivity of Phytophthora isolates to po-
tassium phosphonate. Indian Phyto-
pathological Society, South Zone Meet-
ing, Calicut, 10-12 December 2001.

Vijaya, P., Anandaraj, M. and Sarma, Y. R.
2002. Variability of black pepper
Phytophthora isolates in response to
temperature. National Symposium on
Crop Protection and WTO- an Indian
Perspective, Kasaragod, 22-25 January
2002.

Popular articles

Anandaraj, M., Venugopal, M. N_, Veena, S.
S., Kumar, A. and Sarma, Y. R. 2001
Ecofriendly management of diseases of
spices. Indian Spices 38 (3): 28-31.

Ankegowda, S. ]. 2001. Cardamom harvest-
ing and processing. Spice India
(Kannada) 14 (3);: 2—4.

Ankegowda, S. J. 2001. Points to be consid-

ered in cardamom production. Spice
India (Kannada) 14 (9): 4-5.

Ankegowda, S. ]J. 2001. Nursery manage-
ment in cardamom. Spice India
{Kannada) 14 (10): 4-6.

ISR Annual Report 2001-02

Babu, K. N., Geetha, S. P., Minoo, D., Benny,
D., Anu, A, Vimala, ]J., Dhamayanthi
K. P. M., Krishnamoorthy, B.,
Ravindran, P. N. and Peter, K. V. 2001.
Tissue and cell culture research in
spices. Indian Spices 38 (3): 24-27,

Devasahayam, 5. and Abdulla Koya, K. M.
2001. Scale insects of black pepper.
Spice Vision 3 (1): 5.

George, K. ]., Saji, K. V., Sasikumar, B. and
Krishnamoorthy, B. 2001. Spice variet-
ies of TISR. Indian Spices 38 (3): 13-15.

Kalloo, G., Pal, R. N., Ramana, K. V. and
Sarma, Y. R. 2001. Vistas in spices
research-An overview of 25 years of
spices research achievements at [ISR.
In: Sarma, Y. R., Sasikumar, B. and
Chempakam, B. (Eds.). Spices Indica,
Silver Jubilee Souvenir, Indian Institute
of Spices Research, Calicut, pp. 6-23.

Korikanthimath, V. S. and Govardhan Rao
2001. Cardamom-Regaining the lost
glory. Indian Spices 38 (4) : 3-11.

Korikanthimath, V. S., Rajendra Hedge,
Gaddi, A. V. and Parashuram
Chandravanshi 2001. Nutrition man-
agement in cardamom. Fertilizer News
46 (3) : 37, 38, 41-48 & 51-53.

Korikanthimath, V.S, Rajendra Hegde and
Kandiannan K. 2002. Water manage-
ment in spices-1. Spice India. 15 (5) :
20-22.

Korikanthimath, V. S., Rajendra Hegde and
Kandiannan K. 2002. Water manage-
ment in spices-2. Spice India. Vol. 15
(&) : 4-11.

Krishnamoorthy, B. 2001. Pollination in
black pepper-truth or myth. Spice In-
dia (Hindi} 13 (3): 16.



Publications

Krishnamoorthy, B. 2001. Anjarakkandy cin-
namon garden. Spice India (Tamil) 14
(5): 4-6.

Krishnamoorthy, B. 2001. Star tree spice and
star anise. Spice India (Tamil) 14 (6):
10-12.

Krishnamoorthy, B. 2001. Star fruit-
carambola. Spice India (Tamil) 14 (7):
9-10.

Krishnamoorthy, B. 2001. New spice vari-
eties and technologies. Spice India
(Tamil) 14 (8): 19-20.

Krishnamoorthy, B. 2001. Garcinia. Spice
India (Hindi) 13 (4): 7-9 & 15.

Krishnamoorthy, B. 2001. Silver Jubilee
Celebrations of [1SR, Calicut. Spice In-
dia (Hindi) 13 (5): 16.

Krishnamoorthy, B. 2001. Silver Jubilee Cel-
ebrations of [ISR-a preview. Spice In-
dia (Tamil) 14 (9): 16-19.

Krishnamoorthy, B. 2001. Medicinal uses of
turmeric. Spice India (Tamil) 14 (9): 8-
10.

Krishnamooerthy, B. 2001. Tree spices re-
search-a review. Spice India (Tamil) 14
(10): 10-14.

Krishnamoorthy, B. 2001. Bush pepper-a
new arrival. Spice India (Tamil) 14 (11):
12-13.

Krishnamoorthy, B. 2001. Saffron-an auspi-
cious spice. Spice India (Tamil) 14 (12):
10-11.

Krishnamoorthy, B. 2002. Garcinia-a natu-
ral medicine against fattyness. Spice
India 14 (1): 6.

Krishnamoorthy, B. 2002. Conservationand
improvement of cinnamon germplasm.
World Agricultural News 4 (9): 17.

99

Krishnamoorthy, B. 2002. Conservation and
improvement of clove germplasm.
World Agriculttural News 4 (11): 18,

Krishnamoorthy, B. 2002. High yielding and
disease resistant new cardamom vari-
eties. Spice India (Tamil) 15 (1): 10-12.

Krishnamoorthy, B. 2002. High yielding
ginger varieties of 1ISR, Calicut. Spice
India (Tamil) 15 (2): 8-11.

Krishnamoorthy, B. 2002. High yielding tur-
meric varieties of IISR, Calicut. Spice
India (Tamil) 15 (3): 18-20.

Krishnamoorthy, B., Rema, J. and Mathew,

P. A. 2001. Tree spices research at
[ISR. Indian Spices 38 (3): 20-23.

Krishnamoorthy, B., Rema. J., Zachariah, T.
and Mathew. . A. 2001. High quality
cassia selections from IISR, Calicut.
Spice India 14 (6): 2—4.

Krishnamoorthy, B., Rema, ]., John
Zachariah, T. and Mathew, P. A. 2001.
High quality cassia selections from
ISR, Calicut. Spice India (Hindi) 13
(6): 10-12.

Lawrence, B. and Sasikumar, B. 2001. New
ginger varieties. Kerala Karshakan
(Malayalam) 47 (1): 11.

Leela, N. K. 2001. Rice bran-a new source
for natural vanillin. Spice Vision 3 (1):
6.

Leela, N. K., Chempakam, B. and
Korikanhimath, V. S. 2001. Essential
oils in the management of diseases.
Indian Spices 38 (3): 32.

Mathew, P. A. 2001. Kokum-an ideal spice
crop for Kerala. Kerala Karshakan
(Malayalam) 47 (1): 18-19.



100

Mathew, P. A. 2001. Kokum-Punampuli.
Spice India (Malayalam) 15 (1): 4 &
20.

Mathew, P. A. 2001. Plant grafts and reap
the profit in the third year. Karshaksree
(Malayalam) 15 (9): 26.

Prakash, K. M., Manoj, P. S. and Mathew, P.
A. 2001. Innovation in sustainable or-
ganic black pepper production. Indian
Spices 38 (3): 17-19.

Ramana, K. V. and Eapen, §.]. 2001. Nemato-
logy research at Indian Institute of
Spices Research. In: Dhawan, S. C.
(Ed.). Indian Nematology-Progress and
Perspectives. Indian Agricultural Re-
search Institute, New Delhi, pp. 35-47.

Ravindran, P. N. and Johny Kallupurackal,
A, 2001. Black pepper research under
All India Coordinated Research Project
on Spices. Journal of Arecanut, Spices
and Medicinal Plants 2 (3): 71-78.

Ravindran, PP. N., Johny Kallupurackal, A.
and Nirmal Babu, K. 2001. Spices in
our daily life. Souvenir (Silver Jubilee
Special), Kottakkal Arya Vaidyasala,
Kozhikode, pp. 227-242.

Rema, J. and Krishnamoorthy, B. 2001.
African nutmeg. Indian Spices 38 (2):
5.

Sarma, Y. R. and Sasikumar, B. 2001. As-
pects and prospects of spices in the
post WTO scenario. Proceedings,
National Agricultural Fair, Hyderabad.
Pp. 66-68.

Sasikumar, B. 2001. Bangala thippali (Piper
chaba) is becoming popular. Karsha-
kasree {Malayalam) 7 (5): 52.

1SR Annual Report 2001-02

Sasikumar, B. 2001. Genetically medified
seeds and genetic contamination.
Karshakan (Malayalam) 9 (10): 68-72,

Sasikumar, B. 2001. The turmeric effect.
The Hindu, Sunday Magazine, 10 June
2001.

Sastkumar, B. 2001. Varada brings laurels.
Indian Spices 38 (4): 2.

Sasikumar, B. 2001. Diversity and conser-
vation of spices in the countryside.
Indian Spices 38 (2): 2.

Sasikumar, B. 2001. All turmeric are not
yetiow-all turmeric are not turmeric
too! Malayala Manorama(Malayalam),
Sunday Edition, 5 August 2001.

Sasikumar, B. 2001. Global warming in-
creases with passing of time. Deepika
(Malayalam), 4 September 2001.

Sasikumar, B. 2001. Varada is becoming a
varadanam. Karshakan (Malayalam)
9 (10): 27.

Sasikumar, B. and Sarma, Y. R. 2001. I[ISR
celebrates Silver Jubilee. Indian Spices
38 (3): 11

Sasikumar, B. and Sarma, Y. R. 2001. New
ginger varieties from IISR. ICAR News

7 (4): 12-13.
Sasikumar, B. 2002. Patenting-procedure
and formalities. Karshakan

(Malayalam) 10 (3% 32-34.

Sasikumar, B. 2002. Will gene revolution
come to the rescue of our farmers?
Karshakan (Malayalam) 10 (1): 18-22.

Thankamani, C. K. 2001. Black pepper the
black gold. Karshakasree (Malayalam)
45 (8): 10-12.



Publications

Veena, S. 5. 2001. Nursery management and
diseases in spices. Kudumbasree
(Malayalam) 3 (11} 18-19.

Veena, 5. 5 and Anandaraj, M. 2002. Dis-
eases of vanilla. Kerala Karshakan
(Malayalam) 47 (6) : 9-10.

Veena, 5. 5., Anandaraj, M. and Sarma, Y. R.
2001. Foot rot of black pepper. Kerala
Karshakan (Malayalam) 47 (1): 34.

Zachariah, T.]. 2001. Tips to produce clean
spices. Kerala Karshakan (Malayalam)
47 (1): 5-6.

Technical publications

Eapen, 5. ], Devasahayam, S., Anandaraj,
M. and Nirmal Babu, K. (Eds.). 2001.
About IISR, Indian Institute of Spices
Research, Calicut, 6 PP-

Eapen, 5. )., Devasahayam, S., Anandaraj,
M. and Nirmal Babu, K. (Eds.). 2001.
Indian Institute of Spices Research-
Blending Tradition and Technology,
Indian Institute of Spices Research,
Calicut, 24 pp.

Kallupurackal, A. ]. and Ravindran, P. N.
(Eds.). 2001 AICRPS Profile. Indian
Institute of Spices Research, Calicut.
25 pp.

Leela, N. K. and Krishnamurthy, K. 5. (Eds.).
2001. Spice Vision. Indian Institute of
Spices Research, Calicut. 3 (1): 1-8.

Leela, N. K. and Krishnamurthy, K. 5. (Eds.).
2001. 1SS Newsletter. Indian Institute
of Spices Research, Calicut. 3 (2): 1-10.

Rajeev, P., Sasikumar, B. and Kurup, K. N.
(Eds.). 2001 Agricultural Technology
Information Centre, Indian Institute of
Spices Research, Calicut. 20 pp.

101

Ravindran, P. N., Johny Kallupurackal, A.
and Shiva, K. N. (Eds.). 2001. Annual
Report 2000-2001. All India Coordi-
nated Research Project on Spices, In-
dian Institute of Spices Research,
Calicut, 178 pp.

Rema, J. and Madan, M. S. (Eds.). 2001. Cin-
namon (Extension Pamphlet), Indian
Institute of Spices Research, Calicut, 8
PP-

Rema, J. and Madan, M. S. (Eds.). 2001. Clove
(Extension Pamphlet), Indian Institute
of Spices Research, Calicut, 4 pp.

Rema, ]. and Madan M. . (Eds.). 2001, Black
Pepper (Extension Pamphlet), Indian
Institute of Spices Research, Calicut,
16 pp.

Rema, J. and Madan M. S. (Eds.). 2001. Gin-
ger (Extension Pamphlet}, Indian Insti-
tute of Spices Research, Calicut, 8 pp.

Rema, J. and Madan M. S. (Eds.). 2001. Nut-
meg (Extension Pamphlet) Indian Insti-
tute of Spices Research, Calicut, 8 pp.

Rema, J. and Madan, M. 3. (Eds.) 2001. Tur-
meric (Extension Pamphlet), Indian
Institute of Spices Research, Calicut, 8
PP-

Rema, J. and Madan M. 5. (Eds.). 2001. Va-
nilla- Extension Pamphlet, Indian Insti-
tute of Spices Research, Calicut, 8 pp.

Zachariah, T. J. and Krishnamurthy, K. 5.
(Eds.). 2001. Annual Report 2000, In-
dian Institute of Spices Research,
Calicut, 155 pp.

Zachariah, T. J. and Ramana K. V. (Eds.).
2001. Research Highlights 2000-01,
Indian Institute of Spices Research,
Calicut, 10 pp.



On-going Research Projects

Institute Projects

Crop Improvement and Biotechnology

1.

Gen. | (813): Collection, conservation,
cataloguing and evaluation of black
pepper germplasm

Gen. VII. 1 (813): Breeding black pepper
for high yield, quality, drought and
resistance to pests

Biotech. IV (813): Biotechnological ap-
proaches for crop improvement in black
pepper

Biotech. V1 (813): Development of DNA
markers for marker assisted selection
in black pepper

Biotech. V (813): Large scale multiplica-
tion of released varieties of black pep-
per through somatic embryogenesis and
genetic fidelity testing

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

Gen. IX {(813): Collection, conservation,
cataloguing and evaluation of carda-
morm germplasm

Gen. X (813): Breeding cardamom for
high yield and resistance to “katte” dis-
ease

Gen. II (813): Collection, conservation,
cataloguing and evaluation of
germplasm of ginger and turmeric

10.

11.

12.

13.

14.

15.

Gen. XIV (813): Cytogenetics and repro-
ductive biology of major spices

Biotech. I (813): In vitro selection for
resistance to soft rot and bacterial wilt
in ginger

Gen. VI (813): Collection, conservation,
cataloguing and evaluation of
germplasm of tree spices

Hort. IV (813): Rootstock-scion interac-
tions in tree spices

Gen. X111 (813): Collection, conservation
and improvement of vanilla

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

Crop Production and Post Harvest Tech-
nology

1.

Agr. XXI(813): Efficacy of biofertilizers
on nutritional management of black

pepper

SSc¢. 11 (813): Nutritional requirement of
improved varieties of spices

Phy. V (813): Characterization of
drought tolerance in black pepper

Phy. VI (813): Characterisation of
drought tolerance in cardamom

Agr. XVII (813): Vermi-composting us-
ing organic wastes available in carda-
mom areas



On-going Research Projects

6.

10.

11.

12.

Agr. XIV (813}): Investigation on spice
based cropping systems

Agr. XIX (813): Management efficacy of
whole farm approach in farming
-A study on spices based farming sys-
tems

Biochem. I (813): Biogenesis of pigments
in spice crops

Org. Chem. I (813): Isolation and iden-
tification of naturally occurring com-
pounds against major pests and patho-
gens of black pepper

PHT. I (813): Quality evaluation in
spices

PHT. II (813): Harvesting and process-
ing techniques in spices

Agr. XX (813): Production of nucleus
planting materials of improved variet-
ies of spice crops

Crop Protection

1.

Crop Prot. I. 1 (813): Screening black
pepper germplasm for reaction to dis-
eases

Path. I1. 3 (813): Disease management
in Phytophthora foot rot affected black
pepper plantations

Path. XII (813): Investigations on
stunted and phyllody diseases of black
Pepper

Path. X (813): Investigations on vein
clearing virus of small cardamom
Path. XI (813): Studies on bacterial wilt
of ginger

Biocontrol 1. 1 (813): Biological control
of diseases of spices

Nema, Il{ (813): Investigations on nema-
todes associated with spices

10.

11.

12.

13.

103

Crop Prot. I. 3 (813): Screening black
pepper germplasm for reaction to nema-
todes

Biocontrol. 1. 3 (813): Biological control
of nematodes of spices

Ent. XI {813): Bioecology and manage-
ment of mealybugs infesting black pep-

per
Crop Prot. 1. 2 (813): Screening black

pepper germplasm for reaction to
insect pests

Biocontrel. 1. 2 (813): Biological
control of insect pests of spices

Crop Prot. 11 (813): Mechanisms of re-
sistance to pests and pathogens in spice
crops

Social Sciences

1.

2,

Econ. 1 (813): Economics of spices pro-
duction and marketing

Ext. IV (813): Training of research and
extension workers

Externally Funded Projects
ICAR Cess Fund

1.

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

Characterization of nutmeg germplasm
for quality

Elucidation of biosynthetic pathways
of curcumin in turmeric

National Network Project on
Phytophthora Diseases of Horticultural
Crops

Biological control of plant parasitic
nematodes of major spice crops
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Department of Biotechnology 3. Development and evaluation of soil-
water conservation measures and land
use systems for sustainable crop pro-
duction in Western Ghats of Coastal
Region

1. Conservation of spices genetic resou-
rces in in vitro gene banks

2. A digitized inventory of plant resour-
ces. Part Il. Other economically
important spices 4. Integrated technologies for value addi-

tion and post harvest management in

3. Improvement of selected spice crops
palms, spices and tropical tuber crops

through biotechnological approaches

4. Field evaluation of tissue cultured 5. Value addition and quality enhance-
plants of spices and assessment of their ment of selected spices
genetic stability using molecular mark-

ors 6. Integrated National Agricultural Re-

sources Information System

5. Immunoserological approaches to
pathogen detection and use of defence
proteins in disease management in pla-
ntation crops-ginger and cardamom Department of Agriculture and Coopera-

6. Compatibility, stability and potentialof  don
biocontrol consortium on suppression
of Plrytophthora foot rot of black pepper
and their conservation

7. Distributed Information Sub-Centre Government of Kerala

7. Agricultural Technology Information
Centre

1. Centrally Sponsored Scheme-Integrated
Programme for Development of Spices

National Agricultural Technology Project 1. Technology mission on black pepper

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

Emeritus Scientist Scheme

1. Plant nutrient management strategy for
breaking black pepper yield plateau and
quality upgradation

2. Molecular characterization and prepa-
ration of molecular maps in black pep-

per



Consultancy and Commercialization of Technology

The Consultancy Processing Cell (CPC) of
the institute offers consultancy services,
contract research and services and training
programmes to individuals and the corpo-
rate in spice research and development.
The technology for large-scale multiplica-
tion of Trichoderma harzianum was much
sought after by entrepreneurs and a surn of
Rs. 70,000 was obtained through its sale.

Consultancy in management of ginger dis-
eases was another major service undertaken
by the institute under the Indo Swiss Project
at Sikkim. The CPC also offered short term
training and project work programmes to
post graduate students of various universi-
ties. Rs. 2.5 lakhs was collected this year
though consultancy services and sale of
technologies.



Institute Management Committee

Director, Indian Institute of Spices Research, Calicut. Chairman
Assistant Director General (Plantation Crops), Member
Indian Council of Agricultural Research, New Delhi

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

Dr. M. N. Venugopal, Head in Charge, Cardamom Member
Research Centre, Indian Institute of Spices Research,

Appangala.

Dr. B. Chempakam, Head in Charge, Division Member

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

Dr. M. Anandaraj, Principal Scientist, Indian _ Member
Institute of Spices Research, Calicut,

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

Director of Horticulture, Karnataka. Member
Director of Agriculture, Kerala. Member
Senior Finance and Accounts Officer, Central Marine Member

Fisheries Research Institute, Kochi.

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



Research Advisory Committee

Members
Prof. V. L. Chopra : Chairman
Prof. T. N. Ananthakrishnan : Member
Mr. C. V. Jacob : Member
Dr. Man Singh Manchar : Member
Dr. K. R. Maurya : Member
Dr. A. M. Michael : Member
Dr. P. N. Ravindran : Member
Secretary
Recommendations
The RAC meeting was held during 16-17

March 2001 and the following recommen-

da

tions were made.

General

1.

In addition to research support for in-
creasing spices production at national
level, 1ISR should also strive to stan-
dardize technologies for production of
quality spices to meet growing interna-
tional standards.

Brain storming sessions may be orga-
nized to identify future needs of spice
production.

Multidisciplinary approach should be
given more importance in all future re-
search programmes.

Prioritization of research programmes,
based on existing manpower and fa-
cilities may be made.

The institute should analyse critically
the global/national demand-supply
position and advice ICAR and other
agencies to bring out proactive measures
to help the growers.

Action taken reports should be sup-
ported with facts and figures.

Crop Improvement and Biotechnology

1.

Work on breeding for resistance to bi-
otic and abiotic stresses in black pep-
per and cardamom should be contin-
ued as a high priority item.

Genetics of resistance to Phytophthora
foot rot of black pepper must be stud-
jed,

More number of ginger accessions with
low fibre content may be identified.
Role of environment in development of
fibre in ginger may be studied.

Work on paprika improvement may be
discontinued at the institute level and
may be taken up through All India Co-
ordinated Research Project on Spices.

Crop Production and Post Harvest Tech-
nology

1.

The effect of root exudates on soil micro
flora/fauna dynamics needs investiga-
tion.

Cost-benefit ratio has to be worked out
for the recommendations made in agro-
nomic studies.
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Soil temperature, soil moisture regime
and stage of the crop are to be consid-
ered scheduling irrigation in cropping
systems.

Specific tools employed in planting,
harvesting and processing of spices are
to be identified and improved upon.

Collaboration with CFTRI may be
sought for developing post harvest tech-
nology including product development.

Crop Protection

1.

Induced systematic resistance against
fungal, bacterial and viral pathogens of
black pepper, ginger and cardamom
should be given priority in future
programines.

Diagnostics for viral diseases should
be given priority to ensure production
of disease-free planting material.

Biocontrol agents with multiple mode
of action and consortia need to be de-
veloped for disease suppression and
growth promotion.

Population dynamics of nematodes in
soil in response to various agricultural
inputs should be studied.

Studies on the effect of plant volatiles
on infestation of insect pests and their
natural enemies on spices may be
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initiated in collaboration with biochem-
ists.

The effect of neem extracts on reducing
the population of mealybugs on black
pepper may be studied.

Chemical analysis of root exudates of
resistant and susceptible species may
be carried out and the role of various
components in chemoattraction of in-
sect pests may be studied.

Social Sciences

1.

Periodic meetings of Social Sciences
Section should be convened to plan,
take stock and assess transfer of tech-
nology projects.

Database on total population employed
in spices production sector should be
prepared.

The database on spice production sta-
tistics already prepared should be com-
mercialized and made accessible to pro-
spective users on payment.

Village adoption programmes should
be followed up and strengthened.

Audiovisual aids like technology spe-
cific video films, user-friendly computer
demos and internet web sites should be
designed and produced.



Staff Research Council

The XVI Annual Staff Research Council
Meeting of the institute was held during 4-
6 june 2001 at Calicut. The Inaugural Ses-
sion of the meeting was held during the
forenoon of 4 june 2001. Dr. Y. R. Sarma,
Director, delivered the inaugural address
and highlighted the significant achieve-
ments of the institute during the past year.
He also exhorted the scientists to rededicate
themselves to the cause of spice research
and development in view of the changing
economic scenario of the country.

The progress of work in 39 institute projects
was presented and discussed in four tech-
nical sessions and the technical programme
for the ensuing year was approved in these

sessions. Two new project proposals were
also presented and were approved.

The Plenary Session was held during the
afternoon of 6 June 2001 and was chaired
by Dr. Y. R, Sarma. The publication ‘Re-
search Highlights 2000-01" was released
during the session. The significant achieve-
ments and future thrust areas of research
were presented by the heads of divisions/
section. Five improved varieties, three in
cardamom and two in ginger were proposed
for release. Recommendations for manage-
ment of rhizome scale of ginger and tur-
meric and shoot borer of ginger, for exten-
sion agencies, were presented and approved.



Participation of Scientists in Meetings

Brain Storming Session on Intellectual Prop-
erty Rights with Particular Reference to Plan-
tation Crops, Kasaragod, 9 January 2001 (K.
V. Ramana, B. Krishnamoorthy, B.
Sasikumar, J. Rema).

National Symposium on Pest management -
Current Trends and Future Prospects,
Chennai, 1-2 February 2001 (S.
Devasahayam).

National Symposium on Relevance of Plant
Biochemistry and Biotechnology-Modern
Trends, Madurai, 1-3 March 2001 (K. P. M,
Dhamayanthi).

National Seminar on Kokum, Vengurla, 12—
13 May 2001 (P. A. Mathew).

National Seminar on Statistical Methods for
Plantation Crops Research, Kayarmkulam,
18-19 June 2001 (M. 5. Madan).

Workshop on Requirement Analysis for
INARIS, Kasaragod, 27-29 June 2001 (M. 5.
Madan, V. Srinivasan).

Workshop on Requirement Analysis for
INARIS, Calicut, 30 June-2 July 2001 (M. S.
Madan).

Seminar on Molecular Modalities in the
Manipulation of Insect Natural Enemies,
Chennai, 14 July 2001 (5. Devasahayam).

Symposium on Plant Genetic Resources
Management: Advances and Challenges,
New Delhi, 1-4 August 2001 (ID. Prasath).

Annual Review Workshop on Development
and Evaluation of Soil and Water Conserva-
tion Measures on Land Use Systems for
Sustainable Crop Production in Western
Ghats of Coastal Region, Kasaragod, 6-7
September 2001 (5. J. Ankegowda).

Workshop on Alternate Crops, Karnataka,
13 September 2001 (S. J. Ankegowda).

National Review Workshop of Agriculture
Technology Information Centre, Dharward,
25-26 September 2001 (P. Rajeev).

Interface-Spice Exporters, Farmers and Sci-
entists, Calicut, 9 October 2001 (All scien-
tists).

Annual Review Workshop of Transfer of
Technology Centres of Kerala and
Lakshadweep, Ambalavayal, 11-12 Octo-
ber 2001 (P. Rajeev).

National Seminar on WTQ and its impact
on Indian Agriculture, Hyderabad, 11-12
Qctober 2001 (B. Sasikumar).

National Group Meeting of Research Work-
ers of AICRP on Spices, Thrissur, 1-3 No-
vember 2001 (P. N. Ravindran, M. N.
Venugopal, S. Devasahayam, B.
Krishnamoorthy, T. John Zachariah, B.
Sasikumar, K. $. Krishnamurthy, C. K.
Thankamani, K. V. Saji, V. Srinivasan, K. N.
Shiva, D. Prasath, Johny A. Kallupurackal).



Participation of Scientists in Meetings

Diamond Jubilee Symposium on Hundred
Years of Post Mendelian Genetics and Plant
Breeding-Retrospect and Prospect, New
Delhi, 6-9 November 2001 (B. Sasikumar).

Meeting on Spice Exports and Pesticide
Residues, Kochi, 22 November 2001 (5.
Devasahayam).

Seminar on Spices , Nagercoil, 23 November
2001 (B. Krishnamoorthy).

Symposium on Post Harvest Technologies
for Agricultural Produce and Prospects for
the Food Processing Industry in Konkan
Region, Goa, 23-24 November 2001 (. A.
Mathew).

National Workshop on NATP-PB, New
Delhi, 23-24 November 2001 (K. V. Saji).

Policy Makers Workshop on Farmers Rights:
From Legislation to Action and Kerala’s
Bioresources Conservation, Kalpetta, 24
November 2001 (Y. R. Sarma, B.
Krishnamoorthy, B. Sasikumar, ]. Rema, C.
K. Thankamani).

National Symposium on Plant Physiology
and Biochemistry in Transgenic Era and
Beyond, Kolkata, 1-3 December 2001 (5. ].
Ankegowda).

International Symposium on Importance of
Potassium in Nutrient Management for Sus-
tainable Crop Production in India, New
Delhi, 3-5 December 2001 (V. Srinivasan).

Awareness Seminar on Implementation of
New Ceographical Indication (Registration
and Protection) Act 1999, Kochi, 10 Decem-
ber 2001 (B. Sasikumar).

Southern Zone Meeting, Indian Phytopatho-
logical Society, Calicut, 10~12 December
2001 (All scientists).

Meeting on Spices Production Technology,
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Bhopal, 4-5 January 2002 (P. Heartwin
Amaladhas).

Annual Workshop of KVKs, Ambalavayal,
10 January 2002 (P. A. Mathew).

Implementing Farmers’ Rights for Conser-
vation and Utilization of Plant Genetic Re-
sources in Asia Pacific Regions-From Legis-
lation to Action, Chennai, 21-22 January
2002 (B. Sasikumar),

National Symposium on Crop Protection and
WTO-an Indian Perspective, Kasaragod, 22—
25 January 2002 (M. Anandaraj, S. 5. Veena).

International Conference on Biodiversity and
Conservation, Calicut, 24 January 2002 (B.
Sasikumar).

Annual BTIS Coordinators Meeting, Pune,
29-30 January 2002 (Santhosh J. Eapen).

Brain storming session on Stimulation Mod-
els in Perennial Crops, Kasaragod, 29-30
January 2002 (C. K. Thankamani).

Monitoring Committee Meeting, Review of
IPM /INM Programmes, Calicut, 30-31 Janu-
ary 2002 (M. Anandaraj, 5. Devasahayam
and 5. 5. Veena).

National Seminar on Indigenous Nutrient
Management Practices and Brain Storming
Session on Organic Farming, Bhopal, 30-31
January 2002 (V. Srinivasan).

Workshop on Codification of Crop Re-
sources, Calicut, 5-6 February 2002 (All
Scientists).

National Symposium on Biological Control
of Insect Pests, Chennai, 7-§ February 2002
(S. Devasahayam).

Seminar on Black Pepper, Kalpetta,12 Feb-
ruary 2002 (S. J. Eapen, C. K. Thankamani)
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Fourth Indian Agricultural Scientists and
Farmers Congress, Meerut, 16-17 February
2002 (K. V. Saji).

Nematode Diseases of Black Pepper-"Nema
100 Kerala’, Kayamkulam, 21-22 February
2002 (K. V. Ramana and Santhosh |. Eapen).

National Workshop on Germplasm Manage-
ment of Horticultural and Agro Forestry
Crops for Sustainable Utilization, New

ISR Annual Report 2001-02
Delhi, 27-28 February 2002 (K. N. Shiva).
Il Zonal Workshop of NATP, Kasaragod,
6-7 March 2002 (K. V. Saji).

NATP Annual Workshop, Kasaragod, 26
March 2002 (T. John Zachariah).

Seminar on Trends in Applied Biology 2002,
Kannur, 27 March 2002 (B. Sasikumar).



Meetings Organized by the Institute

Interface-Spice Exporters, Farmers and Sci-
entists, Calicut, 9 October 2001.

National Group Meeting of Research Work-
ers of AllIndia Coordinated Research Project
on Spices, Thrissur, 1-3 November 2001.

Kisan Mela, Peruvannamuzhi, 9 November
2001

Southern Zone Meeting, Indian Phytopatho-
logical Society, Calicut, 10-12 December
2001.

Department of Biotechnology, Monitoring
Committee Meeting, Review of IPM/INM
Programmes, Calicut, 30-31 January 2002.
Workshop on Codification of Crop Re-
sources, Calicut, 56 February 2002.



Radio Talks

Harvesting and processing of turmeric, All
India Radio, Calicut, 6 May 2001 (B.
Chempakam).

Diseases of ginger and turmeric, All India
Radio, Calicut, 31 May 2001 (5. 5. Veena).

Cropping systems, harvesting and process-
ing of cardamom, All India Radio, Madikeri,
28 June 2001 (S. ]J. Ankegowda).

Nursery management and cultivation prac-
tices of cardamom, All India Radio,
Madikeri, 14 July 2001 (5. . Ankegowda).

Processing of pepper, All India Radio,
Madikeri, 19 July 2001 (5. ]. Ankegowda).

Viral diseases of black pepper, All India Ra-
dio, Calicut, 8 August 2001 (S. S. Veena).

Spices varieties released from IISR and other
agencies, All India Radio, Calicut, 15 Au-
gust 2001 (B. Sasikumar).

Tissue culture and genetic engineering. Will
it come to the help of our farmers?, All India
Radio, Thiruvananthapuram, 4 September
2001 (B. Sasikumar).

Management of pests and diseases of carda-
mom, AllIndia Radio, Madikeri, 16 Septem-
ber 2001 (M. N. Venugopal).

Varieties of pepper and their productivity,
All India Radio, Madikeri, 30 September
2001 (M. N. Venugopal).

Management of pests and diseases of pep-
per, All India Radio, Madikeri, 7 October
2001 (M. N. Venugopal).

Improved practices for ginger cultivation, All
India Radio, Madikeri, 4 November 2001 (M.
N. Venugopal).

Improved practices for turmeric cultivation,
All India Radio, Madikeri, 25 November
2001 (M. N. Venugopal).

Clean spice production and organic spice
products for globalized market, All India
Radio, Calicut, 10 December 2001 (C. K.
Thankamani).

Patenting procedure, All India Radio,
Calicut, 15 December 2001 (B. Sasikumar).

Spice cultivation for better income, All India
Radio, Thrissur, 12 February 2002 (B.
Sasikumar).

The rhizosphere, All India Radio, Calicut,
22 February 2002 (Santhosh J. Eapen).



Lectures Delivered by Scientists

Post harvest processing of spices, Central
Plantation Crops Research Institute,
Kasaragod, 4 May 2001 (T. John Zachariah}.

Modern technologies and trends in food
processing with special reference to spices,
Workshop on Food Processing, Calicut, 24
May 2001 (T. John Zachariah).

Black pepper varieties, Planters Seminar on
From Lab to Land, Kalpetta, 27 June 2001
(B. Sasikumar).

Management of insect pests of black pepper,
Planters Seminar on From Lab to Land,
Kalpetta, 27 June 2001 (S. Devasahayam).

Black pepper and vanilla varieties and their
cultivation, Pepper Seminar, Malappuram,
17 July 2001 (B. Sasikumar).

Potential of spices based food products in
Kerala, Workshop on Initiatives in Develop-
ment of Food Processing Industries in Kerala,
Calicut, 18 August 2001 (T John Zachariah).

Equipments in spice processing and its
importance, Kisan Mela of Kerala Agricul-
tural University, Pilicode, 31 October 2001
(P. Heartwin Amaladhas).

Value addition in spices, Kisan Mela of
Kerala Agricultural University, Pilicode, 31
October 2001 (T. John Zachariah).

Black pepper cultivation and processing,
Karshaka Seminar, Malappuram, 22 Decem-
ber 2001 (S. Hamza).

Machinery and post harvest up gradation
in spices, Indian Institute of Plantation
Management, Bangalore, 1 January 2002 (P.
Heartwin Amaladhas)

Spices extracts with reference to market
potential and manufacturing aspects of
spices, Indian Institute of Plantation Man-

agement, Bangalore, 1 January 2002 (T. John
Zachariah)

Introducing Bioinformatics, ECIL-BDPS
Computer Education, Calicut, 9 February
2002 (Santhosh ]J. Eapen)

Pests and diseases of black pepper, Pepper
Seminar, Kalpetta, 12 February 2002
(Santhosh |. Eapen)

Agronomy of black pepper, Pepper Seminar,
Kalpetta, 12 February 2002 (C.K.
Thankamani)

Bicinformatics, Nest-Atlanta Computer Ex-
hibition, Calicut, 15 February 2002 (Santhosh
J. Eapen)



Distinguished Visitors

Dr. M. Balasubramaniam, Advisor, Depart-
ment of Biotechnology, New Delhi.

Dr. K. V. A, Bavappa, FAO Consultant and
Former Director, Central Plantation Crops
Research Institute, Kasaragod.

Dr. E. V. V. Bhaskara Rao, Director, National
Research Centre for Cashew, Puttur.

Dr. Bhushan Jalal , Director (Research),
Harayana Agricultural University, Hisar.

Dr. 5. Edison, Director, Central Tuber Crops
Research Institute, Thiruvananthapuram.

Mr. R. C. Gupta, Additional Director Gen-
eral (QA), Directorate of Supplies and Dis-
posals, New Delhi.

Mr. C.]. Jose, Chairman, Spices Board, Kochi.

Dr. G. Kalloo, Deputy Director General (Hor-
ticulture), Indian Council of Agricultural
Research, New Delhi.

Mr. Koshy John, Director (Development),
Spices Board, Kochi.

Dr. S. Lingappa, Director of Research, Uni-
versity of Agricultural Sciences, Dharwad.

Dr. T. Madhan Mochan, Director, Department
of Biotechnology, New Delhi.

Dr. R. Naidu, Director (Research), Coffee
Board, Bangalore.

Dr. Y. L. Nene, Chairman, Asian Agri-His-
tory Foundation, Secunderabad.

Dr. R. N. Pal, Additicnal Director General
(PQO), Indian Council of Agricultural Re-
search, New Delhi.

Dr. P. Parvatha Reddy, Director, Indian In-
stitute of Horticultural Research, Bangalore.
Dr. Paul Khurana, Project Co-ordinator,
Central Potato Research Institute, Shimla.
Dr. K. V. Peter, Vice Chancellor, Kerala
Agricultural University, Trichur.

Dr. V. Rajagopal, Director, Central Planta-
tion Crops Research Institute, Kasaragod.

Dr. M. S. Reddy, Coordinator, Biocontrol
Laboratory, Alabama University, USA.
Dr. P. Rethinam, Chairman, Coconut Devel-
opment Board, Kochi.

Mr. A. K. Sangma, Minister (Conservation},
Government of Meghalaya.

Dr. Seema Wahab, Director, Department of
Biotechnology, New Delhij

Dr. S. D. Shikhamany, Director, National
Research Centre for Grapes, Pune.

Dr. A. N. Shukla, Additional Director Gen-
eral (Extension), Indian Council of Agricul-
tural Research, New Delhi.

Dr. M. S. Swaminathan, Chairman, M. S.
Swaminathan Research Foundation,
Chennai.

Dr. O. P. Vijay, Director, National Research
Centre for Seed Spices, Ajmer.



Personnel

Headquarters, Calicut

Managerial

Dr. Y. R. Sarma, Director

Scientific

Dr. P. N. Ravindran, Project Coordinator,

All India Coordinated Research Project on
Spices

Dr. K. V. Ramana, Head, Division of Crop
Protection

Dr. V. S. Korikanthimath, Head, Division of
Crop ’roduction and Post Harvest Technol-
ogy

Mr. K. Narayana Kurup, Principal Scientist
(Agricultural Statistics} and Head in Charge,
Section of Social Sciences (Joined on 27 Au-
gust 2001)

Dr. M. Anandaraj, Principal Scientist (Plant
Pathology)

Dr. B. Chempakam, Principal Scientist (Bio-
chemistry)

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

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

Mr. K. M. Abdulla Koya, Scientist (Selec-
tion Grade) {(Agricultural Entomology)

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

Dr. M. 5. Madan, Senior Scientist (Agricul-
tural Economics)

Dr. T. John Zachariah, Senior Scientist (Bio-
chemistry)

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

R. Suseela Bhai, Senior Scientist (Plant Pa-
thology) (Joined on 1 February 2002)

A Ishwara Bhat, Senior Scientist (Plant Pa-
thology) (Joined on 18 February 2002)

Dr. ]. Rema, Scientist (Senior Scale) (Horti-
culture)

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

Mr. Santhosh . Eapen, Scientist (Senior
Scale) (Nematology)

Ms. N. K. Leela, Scientist (Senior Scale)
{Organic Chemistry)

Ms. K. P. M. Dhamayanthi, Scientist
(Senior Scale) (Genetics and Cytogenetics)

Mr. R. Ramakrishnan Nair, Scientist
(Senior Scale) (Genetics and Cytogenetics)

Dr. K. S. Krishnamoorthy, Scientist (Senior
Scale) (Plant Physiology)

Dr. P. Rajeev, Scientist (Senior Scale)
{Agricultural Extension)
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Dr. C. K. Thankamani, Scientist (Agronomy)

Mr. K. Kandiannan, Scientist {Agronomy)
(On 5tudy Leave)

Dr. 5. S. Veena, Scientist (Plant Pathology)
Dr. A. Kumar, Scientist (Plant Pathology)
Dr. V. Srinivasan, Scientist (Soil Science)
Dr. K. N. Shiva, Scientist {Horticulture)
Technical

Dr. Johny A. Kallupurackal, Technical
Information Officer (T-7)

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

Dr. P. Hamza Srambikkal, Technical Qfficer
(T-6)

Mr. V. Balakrishnan, Technical Officer (T-5)
(Retired on 31 May 2001)

Mr. M. M. Augusthy, Technical Officer
(T-5)

Administrative

Ms. K. Usha, Assistant Administrative Of-
ficer (Transferred on 18 September 2001)

Mr. T. Gopinathan, Assistant Finance and
Accounts Officer (Retired on 30 September
200T)

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

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

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

Mr. S. M. Chettiar Private Secretary

1ISR Annual Report 2001-02
Krishi Vigyan Kendra

Dr. Femeena Hassan, Technical Officer
(T-6) {Transferred on 21 November 2001)

Ms. V. Radha, Junior Accounts Officer (From
4 December 2001)

Experimental Farm, Peruvannamuzhi
Scientific

Mr. P. A. Mathew, Principal Scientist
{Horticulture) and Head in Charge

Mr. K. V. Saji, Scientist {(Economic Botany)

Mr. P. Heartwin Amaladhas, Scientist
(Agricultural Engineering)

Technical

Mr. V. K. Abubacker Koya, Farm Superin-
tendent (T-7)

Krishi Vigyan Kendra
Mr. P. 5. Manoj, Technical Officer (T-6)

Dr. 5. Shanmugavel, Technical Officer
(T-6)
Mr. K. M. Prakash, Technical Officer (T-6}

Cardamom Research

Appangala

Centre,

Scientific
Dr. M. N. Venugopal, Principal Scientist
{Plant Pathology) and Head in Charge

Dr. S.]. Ankegowda, Scientist (Senior Scale)
(Plant Physiology)

Mr. D. Prasath, Scientist (Horticulture}
Administrative

Ms, Enid Savitha, Assistant Administrative
Officer



Stlver Jubilee Celebrations

The Indian Institute of Spices Research,
Calicut, which had its beginning as the erst-
while Regional Station of Central Planta-
tion Crops Research Institute, Kasaragod, in
1976, has completed 25 years of service to
the cause of spice research and develop-
ment, and the Silver Jubilee celebrations were
held during 8-9 October 2001. Prof. M. 5.
Swaminathan, the renowned agricultural
scientist, was the Chief Guest during the
function and the main laboratory buildings
of the institute was dedicated to the nation
by him (Fig. 6). A Silver Jubilee Hall was
inaugurated by Dr. G. Kalloo, Deputy Direc-
tor General (Horticulture), ICAR, New Delhi,
during the occasion. A Greenhouse Facility
was inaugurated by Dr. R. N. I’al, Assistant
Director General (Plantation Crops), ICAR
and a Local Area Network and Leased Line
Connection of the instittue were inaugurated
by Dr. T. Madhan Mohan, Director, Depart-
ment of Biotechnology, New Delhi. An exhi-
bition depicting the achievements of the in-
stitute during the past 25 years was orga-

nized and various publications on research
achievements and technologies developed
by the institute were released. Two inter-
faces, one between scientists and exporters
of spices and another between scientists and
farmers were held as part of the Silver Ju-
bilee celebration. The retired staff of the in-
stitute were honoured in recognition of their
services to the institute.
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Fig. 6. Prof. M. 5. Swaminathan, being
felicitated during the Silver Jubilee celebra-
tions of the institute



Weather

Weather data for 2001 (Peruvannamuzhi)

Month Rainfall {mm) No. of rainy days
January 0 O
February 43 2
March 0 0
April 247 12
May 349 14
June 1048

July 927 z
August 632

September 204 12
October 333 18
November 285 13
December 10 1
Total 4078 153

Weather data for 2001 {(Appangala)

Month Temperature Rainfall (mm) No. of rainy days
Max. (°C) Min. (°C)
January 28.1 13.1 32 1
February 311 16.9 0 0
March 322 16.9 0 0
April 3.1 192 107 8
May 289 18.8 82 8
June 248 18.1 494 21
July 232 172.7 825 31
August 73 182 417 26
September 27.2 18.0 211 8
October 270 171 203 1
November 276 16.2 114 4
December 269 135 6 2

Total - - 2491 120
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TG 9@ 9 dieaot ¥aa 21 i
WIS 3ead I g T b 39 UASSH &

IR wiifear ARcdEar 7 2

or grael & for wiféd swwa & 37
sftifiesT & ReR ol § gt 9d 2.4%
A 16.5% s an gl # 6.0% I 26.1%
ad uran ) s A 9/18 & RER o
qu A SF1 & 999 SuTEl O 9T T
29 & gftm a0 § e waf firee
faRfEela ik vifiRm v wes &1 BYY
71 3R © 9/95 3 3usae &, fovm waif=
e fiRedtg s 3R Rkfes aum ofafulfes
B FU TS gl ar &l

Jo g i wenfadl o it aa & aldsar
12.9% A 20.5% a9 fim g & ik a 76
4 siftrean siedr do o s 21 dfefae
Ad & wfderaar ¥ 2.8 @ 7.7 a& & fima
ug St € 3R & 59 7 sftrman dffaa aa
fofea &1

FUIfstd qiuER wdaes

HIeN fired & deR whee & aremas 9 fafed
AT & 6 el 1 s & wom A 55 &
amn ¥ sow gt 881 e & wam 3 s
FueTET WIERRE $f AT &8 8 15| Saaa
NEER e 31 WoR o F Hedt # dei
B Juerrdr ¥ g 21 g 3R 3w 7 30%(qT )
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1 40% (@137 HATa Fufr THER wEOa
B WHR B A W hadRT Tene= 4T J
A1 g¢ 3R g e w0 # fRa &
HTAT SR O sEel H 3fs g5 s H
0.25% (@ aR) & & | ufydl & 57 &
M wRA 3 el § wm wa @ 3en
a6-3l ®f U N gfg ggl A & wam
A T A IueEan ¥ 3 afe gf ok foE
it § A5 &I 3l Jar YR F F0H
2 79 vfd TR & & ¥ AW Wt & A
TN e, 399 TE Sl T & STt
Ifda o M AEEeh wenEERar 3R
fehe et & T # wenRw, Sicaam,
aftalerey e 3R #Fm & Iucemr §
st A A gl gl

AR TEeH

tov wran & 9B Yfeal 1 A € gh 60-65
At W g afge a@fe 3w S
5.5% & W TR a & Fe 3R dekRma
8.1% o g |

50 AfeTga § sramd $ aEt S i Ear §
qEm & fofe ar O¢ wfge sigt fdaot &= don
[aEm & fore 3.5 o A e &1 SlaA &
75 Wt T wA ¥ gEw ¥ e 2 Fee
ac faaol @™ & 7 Ear A g@ ge e
A 23% 3 1 aur a1 Rexan fedt 21
o gar ¥ g@ ge 3R faau fev e sfeat o
@ IaT qUT AR A O

HIT & YT dH-1a! B Jeard 3 fafed &
T f5 gue M gar § gEm & fae 50 °C
% 3 g¢ uifge swl gu A gan & foe 1-2
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Rer e 1 7 & R g€ AR o A @
g = B g@ I mhe 34.0% @
33.7% 2l

S IRE B 2% IgHIR Ay difaefafea
&t ¥ WogRor H | 3EH <Aan (stemo
B & I DdE a9y 3R 3= gy adE R
A D 9 &1 I Tel 9rR § HUSRT
BV N Fieiator 78 1 &) aR "
& YUSRUI & 918 @ 3uF § 40% gl dqen
RS ot ® 20% HH A AR "EA
P WUERUT TR & g1 I JUSIER ATt
wa B 19.8% & 39, 1.6% o, 4.9%
et e g 3.9% Hs thax ua gel
Wiz & yosRY & A Rire diee (afadeda
AHH & dHeau B s & foe e
et & diell & g T & gl & e
¥ g o fF EEsiaa deiftheen 3R
fEaeT g & ool W g wEe)
gl ¥ WSRO B W dgR W B o |
Frand & A & wrerRm @ § &Y a4 3k
tfeefad= &M § & I 3o suET S
gl TqT FEfe araeid dd  aoiae a2
ETEHIN B qIaT T4

men Bd & aR wEs @ 99E (99R) B
TEY B & & fore graie far mar sik &
U9 T g 3R 90t SR [E &HTTETen O Tt
et emar 99.6% & 3R 33 150 f&. wm
B! ufd 9 me &t amar g

QAT WEerq
HIEEIHAR] 9% el
fafm el § gEewarr § TR | g
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UERI B AIECIAaRT & I g § @1 T
2 o fid = I S a mrselnakT
& R TPRI B TG ¥4 W wgae o
o1 foes 159 R ¢ qftasr 7§ 3R
TIdt Gt qeHIaRT @ O). aRIRE ey 1 e 2

Hen fra | 0|y fawewn & g 4
FaIfoa®! & o devgeE ¥ aw
T {6 g Wi # & suwenfaat @ 2
i Frd aw soa) @ PIsErwaRT NeRI &
3R U G 2t fagommr & foe R &1 aFdiaR
famar ma 21

Oiyg wiaxie

He Frd & 343 S, 7 Siccart g 9
et el & @ suits ¥ viafear &
e ora @ ¥ g man 5 9 TR 4
Bfecart e A ST sfifes wRkwp sl 31
gl B 4 syl A wiahar & foe iR
wieo] far mar 3R B EEY (vw @ 293 tm
dr 400 va @ 674 Ta 9 1372 va @ 1375
3k vg O 1389= wfgwyaw el @ 24(3fkReh
oz 3R & va 27 (yRurehd g & 0
gafoaa® & wfy fpamhaar & v orE
fosar mar sk @ v & 4l O s sfdema
¥ wfgwEr &) sfafbar @ wd)

HaeH

puor fipand

FIESIHART TEeH A HHiad difcad &
aml & ATssiad & o fvr me oheo 9
urgl T 6 TWRUAAR a@ @ie (88.9%) @
e | ©ic ¥ (97.7%) it B ded! qur
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3ua s | fRet gebrénl @t Hr wiwaaR
am whiel # aftrs urdt T e wied
¥ ST GRIERYT & §18 §F: Q0T Han o g
! & Fedt aEaR 2| WRUAIRAT T Jh
@t B 3WeT Vg @el d praiea sifte
uTg TSl

d Figlim & R moE d e
wiedt § grar T & aem s & g af
g% off gedl § &A1 @ oM = J 3iRea
3957 99 . uw (83n) wiy 4l &f e @ 3us
(VY dF BRIUST) I & M 0 T [T e
T e & gedtfas dei-e st @ o b
7 @igET au @ Jum o1 va gt anl
Tt oo

P auT HAed § WE 4, TR & 9
TEROll B Neas WROFE o T96 &T9a
& Feaas ¥ e 747 {6 gt Haed emar |

Aecayol faftrar & sk dismop sanfa &t srawn
A v afte Hcewa o T

ZrsaiaAf T aur R RN & 3
facr wn 3= faar wmad &1 segaE e
Tk 3w Toate ® 3 aflieRe yaa
#} g5Ra=7 R =) urn ma (waw 60 3R
1200 pg/ fa. foex aw)! creRe @ &
werere ¢ Fffa e & 9 faekma
frar mm, S deR Nfed FERms 3k
Fereniaad & afeo] 9 A

sfds Frazor
e Fraaor wolel & Rafied & geaed
AT 3 HgthedRT [EREN 473 gl 1@
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T gl el Al | I CIBRAKR JATDBROT
o Fdsie gfe | A anl # dier man, o,
gt 3R efsafaden stk ae =i
A enihe foen o, aF @Y gR[RERE
riistaicden| gedal ¥, & 12 Jr=a PR
& wan a&xd for T AitpaR ariiewor
uray fo5 22 geradon @1 dF ani § dfer s
goal ¢ e wed awe 2. e &)

TEPBAT WY, & 222 TUGHUT & @, wnfoaa
& vl R & e o= 5o w3k orn

& gugmoi g/ @ T &1 3R
20%1s.84% fm gl ot Bd & gt &
faw 79 gurdt gumwelt @t Sig @ T, 29
JUFEROT gt 1 g B aer A, wrew fird
F; gt o Ife 31.6% A 184.7% aF
firar Tt oty 3176 guEmRoN AN @A B
e A, A BT HHA 0% ¥ 30% o B
&, frdao 80%% 100% o e 2

3 Pl Tt & v = Pitad o< &
fore @ Fiitadt % AT B GRI gEHRH
T & fafim argar 7 30 3/ &1 I
fome am 2} eriorarm ik 2 vy 17 3 T
T T IR (bioassay) ¥ I Tepuor Sael
20% o, Jiaf® 10 ™ o gy 7w fedt &
R s § 90% Frdaor € A &, oTE
7 RAMERET 25 R A & ¢ 12 A Am
HEHAU B BF B & w10 W o gam
fiedl @t Fe=a @l e thd=e et &
fafir fsont & war (& effarmw, &t R
7 RANIRT 3k 2 v | wien i
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& act ot @edt § 107.5-132.5% e & g
IR 75% Jm g 0% fFrimo @ aeg /@
TN 3TE 3TE §9 W JO HA W I A
# 50% A 75% oF Ter W g U I3
e A uran 6 deree ael & did gedr
g TR VEHAFORD & PO ALY D
tAaR 310 oA AR 314 3R ew
IR 331) P 5d & ot ¥ 147-228%
ad ded! ¥ gig &) TBal g1 ¥ U TE AR
33] 3 WA O Futas! g4 fagl ¥ sifuwmm
82.7% &9 fcamn| v v ok 8, @ P oA
AR 11 3R @ ¢ oF AR 51 BT REHAE
A 36 ehd W O{ @ v wUod @
NCTATAT FBIoE WHETN & Ul 39AR
fean o et fd & & Y Yeoonfug & A
ToheT 9raT man ¥ o AR 8 0 0 vd 3R

13 3Rk ¢ ¢ o9 3R 51 3R wgAT TEHEE
¥ 0 wfsifafear & gferyedt arar wam

TERIC TRHIFTS 3R gieaRal 3 WRTmaR
& fufa soga &= 9 vaengA, Tr, ol
g -1.3 T R p-1.4 THIEE @
Feure fmam) 2 s Fraaw eofe, TR
e ¥ b e 3R 51 3R grzeeHE wh
(@ ¥ o 3R 1369) ot A A | Fwl
& Hwad! § Hatad geeAl W (R wa
IR 1369) 3R weldie e & Fsm
e 3R somd A fedl g S9efig ER
ae DT A dIH B Ham qr 74

freeEt Aur (Phyllody disease)

BN varad (Hss Sem) 3 et m
& fou e e wate & g man 6 o e
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g w0 & Gpfba € 3tk 379 90% e & =
1 b @& AW A & S & Frpead
gelidt ¥ 39 T SISl UIAT STl

fiheeiiet <m Sgpfia el & &t o5 v 3remeR
Sd WReerE M & fow gann aan
whiifer A= & 5T B O A IR aderon
& da g1 wifddl 7 9gd S d W o1 o
T A & MBS &I B thed 2l
freelE) I whia didt I Piet & 93 e
A gHR P diY Fe 39 I J g dag 2
Mo waea

Foftarr &, 3k wsafem vt wfea
st & © e Gl & GieeT uses M B
faepit & aifs dwaor R fe e awrE 3
uran man {5 &7 ARt &1 Hewor gifie v
¥ 9 & a8l wnga RiEy, o
W 3R Ok /). 3 oftew o ==
faamopit &1 dwHer 7@ IR Hwar 2

Stae Re= I e ddl & Sawm
TREH A6 & 9P IR, FEHRRRA & wil
B GgA & AU IR ow e @ o @ 3R
(RELP-PCR) adb-id &1 SIS0 far mai|
agiie® G & A 3R ge b e R
vat €t 4 & 3R (RAPD-PCR) & &es g3
s &, FAftd 3R IR wWika =i &
B B Tl TRA el el § I =it
ICTARIIRA & 31EX® JATHRN R Faferd
A A @ I IR TR rediees @
IUEIRA HR TTRIRA I & v vitaema
yfestfefedl 3= g1 of¥am wie fgdmor 9
urn & 0¥ 3 R afostfafedt g wm
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v fip ote & afemar TEd v vfRa
& 9 wferfmarene & man

ffi agam d 3 wEN 9 weror fer o
XD -HH-al B IR AeFRIORA & wfasiaq
& foe m denfe sreoas fear mm 0 @
3tk 4 I § @ e yeal W 3rena &
T 3Ef § AR =AqR ShaW] TR T,
S wie A a1 vier (ELISA) 3reaa- &
gran e 3R G Heak Seufdar § I HemHor
DI &R 0T |

qive wfeier

feeg weex for w0 IRE  HmeeEl A 3R,
THE SRS PR WSS B Sde] WU H
HUROT BRd gE 9feRia T & TIaHo B U
W B do-id [davwa [ marl Savs
REH & g T 250 3RS FHEAH
sl @ BHAA far Ty 3k @1 9 afoR)et
=21 1l

RS & Aew] Fad oigdl & a9+ & U
SAVE R AMoTHd & qurd JraRior &
i 3RS Bl B FdeTIAd & Jeaid &
fem o araR fastaa fear man

IED & EH Th=l & yam o ge v
wfrs Qa et F g & g o o
A 9oy WD & w9 A A fear s
THAT &1 YEA UH-al B W qediod I urar
fer TreRor <ot Tl B 3 gad g
It 2R

waerA

Fud et & for e v Hidtewor @ amn
T {5 yafed # 9-11 @or ad Wikiaw e
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U At ad=al § I A g ot (<1%)
#R 10-12 731 ao gales # |@Riaor fde e
@S vl B A9or & G4 wEN & a’ fa
3R 5 33.6% Wy < Ul T

gt & ugcidl Fegtl @ weem
giye uferter

e fafrfca & g 96 o
sfefHeT @ gHaA fhar T 3k B sfEREd
TR 1204, sa 254, Tayg 348 va @
39 vg @ 47 3k vg & 532 ¥ ufcReEd
wfafear et ares 3k eis © AfEfeE!
@1 Ao e & o ufafsar & fow
oHa fdar mar IRk B & & sifefdes
(zrfer 1 3k 8) wieRen wfaferan wer= fdans

stfee Ao

ot frd, et @ @ & anht A o
@I & & & fore Tare s sfoRidy
e 3R o dRRa tede (gRaRan dfg=a)
&1 weaie fear w3 grn fe 3 i
TFPHE & 2@ A Aeayel Hherr I B
ERaforem FohERas ngRRas /. 3R
wRIERaferE /i, 3 @t i @on srexs &
TAEHdl & e Hey & JeaT 3@t 395
¥ gl N Y. aenfrereanRam & Tedt od
oH & fore sgean @ va 3R ammE wEe
ura 37k 26 & SR Hieaa e w2
39 e ®f 3R gl A Tidd IR
A B qr T 39 wYE &1 O 'rd
@ TRTE T B st RE B 21 g9
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e & foe dET #R 9AeE & HE 3!
@ mae aun difcad FeT & gw taere §

AT & afd SReE (R shfdHaRgs
2000 Gt 9 gH) 0 o 1)

@It AERe, Tier SdT, R o
T Khra Ao difaer S gapth vierred
dieli & wRsIRoeR & 16 wgmme =t ik
20 sifaeere ¥4, 31enT s T 3R o i
¥ gggq A fev w4 dRKRar gw gel
TSI & 20 tRioe! & 3R ffafta &
fow @en 52 tReiel @ v sAoitTeT & fee
= fog Rt 7 eeae o manl &3
DEIE U, AT & Bl 37es! aRE wHTagef
3, ofer s fefafers & i sfafe arr e
TS Ul JE U # geaed for e 84
Yel # A 21 IpEEatiRga UEee 3 U,
sToIel & 100% <arg fean

Wi & wees & fore for o swhe
T & graie & T T b st &
Rl 7§ W 3R e Taaifam
& T e & I GEphr & fFamor 8 wwa
&l
T DIl BT &

Uee] died (eferery ) | i
U & fore Sl & teide 7 & Ieewd A
ot & 186 &fcar 34 dw 3k 3
Al & gEaE fear T 3R st fd
& 0P g W D A qhua e fe el
sffE 59 ®ic & Gmaur @ wnfaa &)
ot fird & el wrn yure sfufie &
uel & StaRrafe ga d W b afiR

129
et § odlesse, W a3 S
vfiTs IoaR ey 1 wieRred sRfeEt aen
Fient weN A (A wEn & s @
TR 3R @ i Ted daw wed Faa
QT T4

diee] dted & ot nfafafirat & s & foe
fafir wfiehg & ais @en oo el & geaieA
fEm mar sk g 5 v vemE @S &
WerFleT Ud 2o gl & SRer 4 95 argar
# 3 Bl & Hom fvard goia: farer &=
H gahd gl

T &1 AHHYUT S aret dielt |

G | TN Wl & ST & THH0T A
A aNETTIBIET T & T & v ar
e &1 Fraie fsar mar 3R g9y aran
a1 5 9l BT TERISANI 0.004S W JTUR
B A G waaT gHEgul & ¥ fean o
BT &

RiE des

WRig dud & eeE & forv FefRa foser
TP BN AT TP IE A S F
agy HfFaa o man 0.1% awrrn= ik
0.075% H-pRIANT & 9R 2R & fesoa
1 39 Hleeal & @ 2R & Bsea Twmig
WREl # &3 ¥ JRa & qW FHal A
DA & IEY F&1 & aEs I WA
qh< A

HeE & HUERYT | THAOT B dTeH Wb
ol (Irafedeen giel) & vEwE & fom
yougRer AHY F 9 H g4 & fore &3 dtal
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@ g ot & geaied fea mn =
Qe ¥ qrn w6 s wd= B 0.075%
famerRre  gEER [EEAR Ao difvdt B
T afal # HOBROT B | Ahal ¥ IR
393, IR GPperd 3R ud whall at o
HH g Tl

WUERU] & DI

e AR S & caaiRal & yusR) # fFHe
T wd&T A gray T b e 3k Bl &
@ vl B AGHAUT B aid D B
ARNRHT IRIPM. TZSMRRN SHHIE!, grgaiferam
weehan, R wigees ik Theea
SReifem = 2

effasm=

et 3R waes ¥ foe v wdeor I urn m
& T 79 BEell & IR AN B
"l H g TS| e Tord & 3eares 119 &
ATV AN 39 ¥ eTHERY g ganl afe,
Hexp R Fele! ®I I <1 & v - AN
WA | g T @it 3G g § saad
3ar g &1 fafim o9 vt & émw,
I@ES, o, Wi e gfd, g s
3R I & wawmg s wnfe @*a g U
Efegss seea dar fear m

A9 | &1 IWET

el i & o) deml (25,000) saric die
(14000) 3emadt €1 Famwge (100 6. um)
D Al s (6 ) & & al Yb<
(571 3Rk Fora & W (6800) dUR

IISR Annual Report 200102

foam Tl T el @ faraics iRl
& BRI 3eXs (awer, dfgm 3k = sk
geat (o 3R ufen & e 1000 5.
U | wdwal @1 3T fdhar Tl
frar

3a "o 1§ oy pEal 3R s iy ik
arrar Tl & siffreRal aun Fat sl
& foro wATen Sewred adie! W ufdteror wdw
yrafaa fear man fafts wonel & Jameq
& faazor & T faer st & FEkE 3=
af & erm foar mam 14 Juw@akt &
cEdRE wl. & I @ g o fam
B M| T & AmiHwl gRr o g wRreef
/Al & gR1 2.5 oA I9¢ W &Pl

PN e =

W Janed, anaE, 9y e AR aeas
¥ gaues gEe | UIGahd goal Tl
TIRTA & 91T FEHad & w0 ¥ el 3R
B & pUdl B ¥ s s & W
# 37000/- wuu 9fF vHs & &% 9 9F g
& TEN-UT & g @ Yotd] & g o
grar T f&s it wanfer qus @t amen |
3R AReT Uz ¥ Iapw g N A9 ayl
B HEM & 39 & & A &, a1 25 6. um
UR & 8 I g, a7 famt & 4 §eR as]d
B IO ATHSRI Gl 74T ST [IER0T
W5t & T A7 Auen-aet 3R TH S ™ @
¥ 3o godr # gfa o el Uaehr |
o wiiefta & aftada ot & gfte o =
o g P e S S Auer wEGl awm
Tl @i FUe, Td preen 3R Mae



Hindi Summary

(goatary) # UEHITT TIEH! W@ Al d
HEe &9 Ead [l dee & v a3 3
IR ®UT & uur gt & 3aes fea

T hadl & aREe arda aufag
FTEUH IR

@retenss adem 3R fafmal & gry wrwm
fopu e iR srfefEeT & T & s
vRge fvar w1 @wen e & o axfafam
e & ®9 ° fEfEaT 239 wgaa fEo
T e # Joa JuSEen ( ifEr 8-4-8)
11 3k 7-24-81 11) 3R e & wfew) ([
e 668, U1-6, 81 237, 2-2 5 11) sfufies
vgaE foran !l wfefeEm aga & ww A
3e=E A V,S1-8 sikgm@ A d &y em 59
AR @ & va 55 W vEEE o T 3k A
foem & for don fafa d A s &
VIE8-2 3k gedt & @1 & vw-43, &t =
@ (RO A 2 gl AR &
fore weafaa fear man 21 Bt & 3med 3R
@ N N AR-1260 wonkra H St AT ®
FEGAH B & PRV FH! g fear ma|
osl % 0 Ted o TR & w0 A afvar $
%5 o= (33 - 2-32666) @ gEdE fora
Tl SR # TEd e arugie da § @
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232684 (4.4%) 3k 3 &/ 147 3.9%)
3R | 7 g e 144 F arn

Fren frd ¥ faar gur 3RS & i waeh
faremorfat fostaa o FaRRa fear mn
e 3 BEMS TUT HBEHD GRS A
100:100:175 5. um T35 mRIH DereT
ufer &aex & = F Rowfe v man - gt
& wan | | 3k ol & 3us F gfs g8

der wReoT & B fewfia for me i ot
Fret frd § WE3EtdRT UIg e & waed &
o RonRel fFe 01 greeRd | & @€
i ) i - o (o o 2 N G e G s
fnfia o 11 =EdA vA 45 3k afaafiam
fieaR <diclt T8l o d5 Wl & HUSRY
HXh YUSRUT [T 0 3RS & Wb e Pl
Fraaor foan s waar &1

affar & RCr 441 RCr 435, RCr 436,
UD 446 3R UD 684 wanfadi 38 T
TIpiEdl & wieRer A1 SR F e B BH
Y td I 30 fiem & fore 10 ER @
AT GG DA IR A T R S G
3 anfer 1136 31fer 1145, afér 1165 3nf@

wgaRaH IR ¥ 3epd wfaRieh & |





