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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 germ plasm of spice crops 
particularly indigenous materials, from 
centres of biodiversity was taken up on 
a priority. Characteriza ticn of 
germ plasm 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 Agricultural Resources 
Information System (INARIS), 
Bioinformatics Centre, Agricultural 
Technology Information Centre (ATIC) 
and Krishi Vigyan Kendra (KVK). 
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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-D2, 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 

II 

DARE, Dr. G. Kalloo, Deputy Director 
General (Horticulture), ICAR and Dr. 
R. N. Pal, Assistant Director General 
(Plantation Crops), ICAR, New Delhi, 
in all our activities. lowe 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. /\. Parthasarathy 
Director 



r£XJ!cutive Summary 

The Indian Institute of Spices Research, 
Calictlt, established in ]975 as the erstwhile 
Regional Sta tion of Centra Il'lanta tion 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, Attappodi, Silent Val
ley, Nelliampathy, Idukki (Kerala), 
Kudremukh (Karnataka) and Nilgiris (Tamil 
Nodu) and 153 accessions of Pipcr 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 2.299 accessions of 
black pepper cultivars and 932 accessions 
of Pipcr spp. A database of black pepper 
germplasm was brought out in a CD. 

Twenty-six accessions of cardamom and 
related species were collected from Idukki 
(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 
Curcuma 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-gutta were collected from 
Kerala and Karnataka forests. Two cultivated 
accessions of C. 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 SYZygiWl1 cuminii var. gokak 
was collected from_ Vengurla. Two acces
sions of Cinnamomum verum from Vengurla 
and one accession of C. cecidodapJme from 
Nepal were also collected. The total collec
tions maintained in the conservatory in
clude 302, 482, 223 and 32 accessions of 
CiIl1!amomul1l spp., Myristica spp., Syzygium 
spp. and Garcinia spp., respectively. 

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

Various accessions of black pepper (20), 
cardamom (I), ginger (9), turmeric (18), va-
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nilla (85), paprika (12) and other spices (81) 
were added to the in vitro 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 Aces. 147 and 116 had a 
chromosome number of 2n=24 while the 
other accessions had a normal 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 
Curcuma were also developed with five prim
ers. Relatively good polynlorphism wasevi
dent at the species level. A protocol for iso
lation of DNA in cinnamon was standard
ized. DNA was isolated from 100 accessions 
of cardanlonl, 50 accessions of vanilla and 
10 species of Cinnamomum for molecular char
acterization. A RAPO based molecular 
marker technique for identification of true 
hybrids was developed in black pepper. The 
hybridity of three F1 hybrids namely, HP-
34, HI'-780 and HP-1411 was confirmed 
based on the inheritance of the male parent 
specific RAPD. 

Crop improvement 

The promising black pepper lines, Call. 1041, 
OPKm, HP-7HO, 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 atter 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 combinations of cardamom 
were identified based lOn 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, 0-3) and the 
yield varied from 137.6 g to 462.7 glplant. 
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
sulted in development of fruit. 

Proposals for release of two ginger acce
ssions namely, Acc.35 and Ace. 117 
with an average yield of 23.2 tlha and 22.4 
tlha (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 gennplasm for quality 

Two hundred germplasnl 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 
anlmonia lyase, the key enzyme involved in 
the forma tion of precursors of curcurnin 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 
varittd 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 a-pinene ... sabinene ... myrcene ... 
myristicin and 6-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 12.9% to 
20.5% and B-76 had maximum bud oil. The 
oil percentage in pedicel varied from 3.3% 
to 7.7% and B-59 had maximum pedicel oil. 

Drought tolerance 

Preliminary screening of 150 accessions of 
black pepper for dr~ught 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 Ace. H2H was 
relatively tolerant. Among the various spe
cies of Myristica evalua ted 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 P 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 incidenc~ of 
PhytophtllOra 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 tf 
ha. Availability of soil P, Ca, Mg, Zn and 
Mn increased significantly with applicMion 
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 5Q°C required 4 h while 
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blanching and drying took only 3.5 h. 
Blanching of mace in 75°C hot wa ter 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 SOoC 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 nutnleg mace in PET containers 
and polyethylene bags increased the mois
ture content while volatile oil, oleoresin and 
lycapene contents decreased. 

Evaluation of dried leaf powder of various 
plant species for prevention of infestation 
by cigarette beetle (Lasioderma serricnrne) 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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~anagernent of diseases 

Phytophthora foot rot 

Four hundred and seventy-two isolates of 
flhytophtllOra from various hosts were n1ain
tained in the National Repository of 
Phytophthora. One hundred and seventy 
isolates of Pltytophthora infecting black pep
per were characterized morphologically 
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 Pltytopltthora isolates from 
black pepper and cardamom. 

Screening of 343 black pepper hybrids, 7 
cultivars and 9 wild accessions for their 
reaction to 1'. capsici indicated that 9 hy
brids, 4 cultivars and 2 wild accessions were 
toleranl. Thirty-one promising hybridS were 
further tested for their reaction to 1'. capsici 
and 6 hybrids (HP-293, HP-400, HP-674, HP-
1372, HP-1375 and HP-1389) were tolerant. 
Seedling progenies of P-24 (resistant line) 
and KS-27 (susceptible line) were screened 
against P. capsici and a higher percentage of 
seedlings of P-24 showed a tolerant reac
tion. 

Trials on rejuvenation of PhytophtllOra 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 beller 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 deterioration 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 indica ted 
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 vivo compatibility of 
Tric/{(uermtl sp. and potassium phospl10nate 
was studied and the chemical did not show 
any deleterious effect on T. harzianum (up to 
60 and 1200 mg/ml 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 
PhytaphtllOra 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. llarzianum, T. koninxii, T. 
pseudokoningii, T. parceramosum, T. 
aure()viride~ T. citrinoviride and T. 
longibrachiatum. Molecular typing of Tric/l0-
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. capsid 
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. Bioassa ys cond ucted 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 10' clu/g 01 soil to re
duce the incidence of the disease signifi
cantly. Application of various combinations 
of biocontrol agents (T. harzianum, T. virens, 
T. aureaviride and T. pseudokoningiiJ 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 (PCPR) (IlSR-310, lISR-314 
and IISR-331) from Silent Valley could in
crease the growth of black pepper cuttings 
by 147-228% in greenhouse studies. The 
strain llSR-331 showed a maximum of 82.7% 
inhibition of P. capsici in vitro. The fluores
cent pseudomonad strains llSR-8, IISR-ll 
and IISR-51 could effectively rejuvenate 
black pepper cuttings when treated alone 
and also in combination and when supple-
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men ted with the fungicide, metalaxyl
mancozeb. The fluorescent pseudomonad 
strains, IlSR-8, IISR-13 and IlSR-51 were also 
resistant to many of the antibiotics. 

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

Phyllody 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 phyllody affected plants, 2 plant hop
pers (unidentified) were conSistently associ
ated with diseased vines. 

Vein clearing disease 

Studies on mechanical transmission of vein 
dearing 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 transmit the virus. 

Bacterial wilt disease 

A RFLP-PCR technique was standardized 
for identifying strains of R. solanacearum 
causing bacterial wilt of crop plants. RAPD
PCR using random primers revealed that 
most of the ginger isolates of Ralstonia 
solanacearum from different 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. solanacearum in ginger 
rhizomes stored at different temperatures for 
3 months. Rhizomes stored at O°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 somac1ones. 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 Rndoplwlus simi/is 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 (Aces. 
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. incognita 
indicated that all of them caused significant 
suppression of nematodes. Verticillium 
chlamydosporium, Fusarium sp. and 
Scopulariopsis sp. also Significantly increased 
the yield of black pepper and ginger besides 
controlling 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 neOla tode 
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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. simiIis 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. simiIis. In a green
house trial, 21 rhizobacterial isolates caused 
100% suppression of M. incognita among the 
84 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 

Poilu 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 clzaba, P. 
colubrinum, P. barberi and P. longum). 

Evaluation of seed and leaf extracts of vari
ous plant species against feeding activity of 
poilu 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. 

Rootmealybug 

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 stornge materials for the manage
ment of rhizome scale (Aspidiella hartii) on 
ginger during storage. The trials indicated 
tha t dipping of seed rhizomes in quinalphos 
0.075% and storing 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 pests 

Surveys conducted in traders godowns in 
Calicut and Kochi indicated that Lnsioderma 
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 fan 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 
t), turmeric seed rhizomes (5 t) 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 Rejathal and turmeric 
(Prabha and l'rathibha) 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 cultiva tion 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. 8-4-011 and 7-24-011) and drought 
tolerant (CL-668, P-6, 0-237, 2-2-011) acces
sions were identified. V, S,-8 in ginger and 
PTS-59 and PTS-55 in turmeric were identi
fied as promising lines and were in an 

9 

advanced stage of release. The ginger vari
ety V, E,-2 and turmeric varieties PTS-43, 
TCP-l and TCP-2 were proposed for release. 
The turmeric varieties Alleppey and BO}R-
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 leaf type. The highest volatile oil content 
in cumin was recorded in EC-232684 (4.4%) 
and in }C-147 (3.9%) and UF-144 in fennel. 

Irrigation and fertilizer schedules were de
veloped and recommended in black pepper. 
A fertilizer schedu Ie of 100: 1 00: 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 
Oithane M-45 and Bavistin. The coriander 
varieties RCr-441, RCr-435, RCr-436, U0-446 
and UO-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. Cuj. 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 
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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
lUre), leAR, during the occasion. An exhibi
tion depicting the achievements of the insti-
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lUte 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. 



Introauction 

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 
lakh 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 (lCAR). 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 (lISR) 
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
llhagamandala 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. 

• To develop post harvest 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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• To monitor the adoption of new and 
existing technologies to make sure that 
research is targeted to the needs of the 
farming community. 
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(Piper nigrum), cardamom (Elettaria 
eardamomum), ginger (Zingiberoffieinale), tur
meric (Curcuma [anga), cinnamon 
(Cinnamomum verum), cassia (Cinnamomum 
cassia), clove (Syzygium aromaticum), nutmeg 
(Myristiea fragrans), allspice (Pimenta dioica), 
garcinia (Gareinia gummi-gutta and Gareinia 
indica), vanilla (Vanilla planifolia) and pa
prika (Capsicum annuum). 

• 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 

~ Committe Director 
I I 

Staff Research Council r 
Division/Section ~ 

Genetics and 
Cytogenetics 

H Crop Improvement f- Plant Breeding 

and Biotechnology Economic Botany 
Horticul ture 

Biotechnology 

Agronomy 
Soil Science 

Crop Production Biochemistry 
I-- and Post Harvest -

Organic Chemistry Technology 
Plant Physiology 

Agricultural Engineering 

---j Crop Protection ~ 
Plant Pathology 

Entomology 
Nematology 

Economics 

---j Socia I Sciences ~ Statistics 
Extension 

Fig, 1. Organization of IISR 

Headquarters ,-
Calicut 

I- Experimental Farm 
Peruvannamuzhi 

Cardamom Research Centre r-
Appangala 

- Krishi Vigyan Kendra 
Peruvannamuzhi 

National Information Centre 
for Spices 

Bioinformatics Centre 

Administration and Accounts 

AICRP on Spices 

- Agricultural Technology 
Information Centre 

"-
Agricultural Research 

Information System 

f-



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, 13ioinformatics Centre 
and Krishi Vigyan Kendra. The institute also 
functions as the headquarters of the All 
India Coordinated Research Project on 
Spices, National Network on Pltytophtlwra 
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 

Particulars Plan 
(Lakh Rupees) 

Establishment 

Travelling allowance 5.0 

Works 60.0 

Other charges 135.0 

Total 200.0 
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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 1.96 

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 lakhs 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 

Non Plan Total 
(Lakh Rupees) (Lakh Rupees) 

204.0 204.0 

5.0 10.0 

60.0 

47.5 182.5 

256.5 456.5 



14 

Table 3. Staff position of the institute 

Category Sanctioned 
Chelavoor 

Scientific 42 28 

Technical 37 19 

Administration 21 15 

Supporting 67 26 

Total 168 88 

Past achievements 

Surveys were conducted for collection of 
gernlplasrn that were conserved in 
gerrnplasm 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 
germ plasm 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, 
Suvama, Sudarsana, Suguna, Prabha and 
Prathibha were released. Two high quality 
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In Eosition Vacant 
I)eruvannamuzhi Appongala 

2 3 9 

13 5 

2 4 

16 19 6 

31 29 19 

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, cinnamon, 
cassia and allspice for rapid clonal multi
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 PhytophtllOra foot rot disease was well 
adopted by farmers resulting in significant 
increase in production of black pepper. A 
repository of biocontrol agents of bacteria, 



Introduction 

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 propaga tion, cropping systems, 
nutrient and water requirements, pest and 
disease management and post harvest pro
cessing techniques were dissemina ted 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 



CJ?§searcli .llcliievements 

Crop Improvement and Biotechnology 

Gen. I (813) 

Collection, conservation, cataloguing 
and evaluation of black pepper 
gerrnplasrn 

(K. V. Saji, B. Sasikumar, Johnson K. George, K. 
Nirmal Bavu, D. Prasat/, and B. Chempakam) 

Collection of gennplasm 

Five explora tions 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 conserva tory 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. 
John Zachariah, K. S. Krishnamurthy, S. 
DL."asaitayam and Santhosit J. Eapen) 

Evaluation of new Jines 

Col!. 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-I05, Hr-
738 and HP-813, the hybrids suited to high 
altitude areas of Valparai... continued to 
maintain their superiority (Table 5). 

Call. 1041, OPKrn, 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 (CoIL 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 01' lines 
of cv. Neelamundi were evaluated for yield 
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Table 4. Collection of germplasm of black pepper and related species 

Trip 

2 

3 

4 

5 

Place 
No 

Attappadi, Palakkad 
District (Kerala) 

Kudremukh forests, 
Dakshina Kannada 
District (Karnataka) 

Nilgiris, Nilgiris District 
(Tamil Nadu) 

Silent Valley, 
Nelliampathy, Palakkad 
District (KeTala) 

Idukki, Idukki District 
(Kerala) 

Areas surveyed No. of accessions 
collected 

Siruvani, Varadimalai, 
Sholayur, Anakkatti 

Kudremukh, Samse 
forests, Dakshina 
Kannada, Agumbe 
forests 

Gudalur, Naduvattom, 
Paikara 

Sairandri, Arukanpara, 
Kummatanthodu, 
Punnamala, Panthenthode, 
KozhipaTa, Nelliampathy, 
Pothumudi 

Kattappana, Irattayar, 
Valiyathovala, 
Udumbanchola, 
ChemmannuT, Thadiampad, 
Chelachuvadu, Painavu 

21 

18 

8 

53 

53 

Accessions 
collected 

P. nigrum (2) 
P. longum (I) 

17 

P. hymenophyllum (2) 
P. galeatllm (2) 

P. sugandhi (2) 

P. trichostachyon (1) 

Cultivated black 
peppeT (11) 

P. nigrum (9) 
P. galeatum (I) 
P. bababudani (3) 
Cultivated black 
pepper (5) 

P. schmidtii (2) 
P. wightii (2) 
P. mullesua (3) 
Piper opp. (1) 

P. nigrum (22) 
P. longum (1) 
P. galeatum (6) 
P. sugandhi (21) 
P. bababudani (1) 

P. mullesua (2) 

Neelamundi (19) 
Vattamundi (8) 
JeeTakamundi (7) 
Vellanamban (2) 
Vellamundi (2) 

Malamundi (2) 

MaTampadathi (1) 

Kuthiravaly (I) 
Thulamundi (1) 
Arakulammunda (1) 
Karimunda (1) 
Thevanmundi (I) 
Koltanadan (1) 

Chengannurkodi (I) 
Kaniyakadan (I) 
Local type (I) 
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Table 5. Evaluation of promising black pepper lines at Valparai 

Line Fresh Hei.ght Spikes Spike Berries Dry Litre Bulk Piperine Oleare- Essenti~ 

y;ekl of !sq length /spike recove- weight density (%) sin (%) al oil 
(kg! bearing m (em) ry (%) (g) (g) (%) 

vIDe) column 
(m) 

HP-34 1.62 4_10 275 10_0 46 30 610 641 1.4 7.6 2.0 

HP-l05 8.40 4.50 248 8.0 46 32 610 582 1.4 8.5 3.2 

HP-728 2.13 4.30 200 11.0 48 31 610 

IlP-778 4.47 4.50 185 12.0 48 32 600 

HP-813 2.90 3.36 191 10.0 4. 34 610 612 2.4 11.7 2.8 

CoIU041 7.70 4.75 240 13.0 48 35 605 582 1.4 8.5 3.2 

Panniyur-l 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 
(fR>sh) recovery deru;ity (g) (%) (%) (%) 

/vine) (%) 

HP-34 2.75 34.0 

HP-105 2.20 32.0 

HP-780 2.97 35.3 

HP-813 1.80 30.6 

HP-1411 2.69 29.3 

Col.1041 3.15 29.0 

OPKm 2.15 29.0 

Sreekara (Control) 2.20 37.0 

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

554.6 8.4 3.6 2.4 

454.0 10.8 3.6 2.8 

611-4 8.7 2.8 2.8 

452.2 14.6 5.4 3.5 

473.0 10.8 3.0 3.4 

569.0 7.8 3.0 1.9 

588.0 8.3 2.8 2.2 

565.2 10.6 3.6 3.0 

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 

CPCIU, Kasaragod Panniyur-1, 2, 3, 4 & 5, Sreekara, Subhakara, Kottanadan, HP-
34, HP-l05, HP-813, HP-780, HP-728, HP-1411, OPKm and 
Call. 1041 (12 each) 

Craigmore Plantations, Nilgiris Patmiyur-l, HP-34, HP-I05, HP-780, HP-813, HP- 14: 1, Call. 
1041 and OPKm (20 each) 

MSSRF, Kalpetta HP-34, HP-I05, HP-728, HP-780, HP-813, HP-1411 OPKm and 
Call. 1041 (10 each) 

Agronomy Section, lISR, Calicut" HP-34, HP-105, HP-728, HP-780, HP-813, HP-1411 OPKm and 
Call. 1041 (40 each) 

AICRPS, AmbaIavayaI> HP-34, HP-105, HP-813, HP-1411, Call. 1041 and OPKm (46 
eaoh) 

AICRPS, Pampadumpara"" HP-34, HP-105, HP-813, HP-1411, Call. 1041 and OPKm (46 
ea~h) 

"Planting material supplied 

Table 8. Promising black pepper hybrids/line 
identified 

Hybrid/Line 

HP-45 

HP-117 

HP-127 

HP-1262 

HP-1264 

HP-1293 

HP-1313 

HP-1439 

Parentage 

Narayakodi x Karirnunda 

ChoIamundi x Thommankodi 

Neelamundi x Karimunda 

Anakampoyil x Katimunda 

Ace. 933 x Valiakaniakadan 

Kalluvally x Karimunda 

Thommankodi x Katimunda 

Thommankodi x Katimunda 

OP Neelamundi Open pollinated progeny of 
Neelamundi 

Identification of promising hybrids 

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). 

Hybridization 

A crossing block of 17 black pepper (bush 
pepper) lines namely, Karimunda 1472, HP-
34, HP-780, HP-813, HP-141l, Coli. 1041, P-
24, OPKm, Panniyur-l 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 

The Piper accessions C-1204, HP-532 and 
W-254 were found resistant to RodopllOlus 
simi/is. Ace. 816 (Neyyattinkaramundi), Ace. 
841 (Veluthakaniakadan), Ace. 1084 
(Chappakulammundi) and Ace. 1114 
(Kumbachola) were found tolerant to poilu 
beetle infestation. Ace. 828 (Vattamundi) 
and Ace. 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. Saji) 

Molecularcharacterizafian 

RAPD polymorphism was studied in exotic 
and indigenous species of Piper namely, P. 
longum, P. hapnium, P. peepuloides, P. c/,aba, 
P. mullesua, P. silentvalleyensis, P. attenuatum, 
P. argyrophyllum, P. Izymenoplzyllum, P. 
galealum, P. Irichoslacl,yml, P. sugandhi, P. 
nigrum, P. sci,midtli, 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,OPD'{)2, OPE-II, 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. 
attenuaturn, P. argyrophyllum and P. 
hymenophyllum formed a group and P. 
schmidtii and P. wightii belonged to another 
group. P. galealum and P. sugandhi were also 
in a similar group. P. longurn 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. Irichoslachyon and P. 
silenlvalleyensis with P. longum and P. 
hapnium, and grouping of Karimunda with 
P. argyrophyllum, P. hymenophyllum and P. 
attenuatum. In general, similarities were 
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noticed in male and female lines collected 
from the same location but those collected 
from different locations significantly differed 
in their RAPD prOfiles. The two collections 
of P. colubrinum were distinctly different from 
each other and P. colubrinum-Z 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. schmid Iii 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. galealum, 
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/ml. 

Biotech. VI (813) 

Development of DNA markers for 
marker assisted selection in black 
pepper 

(Johnson K. George and B. Sasikumar) 

RAPD analysis 

Good quality DNA was isolated from four 
black pepper hybrids (HP-34, HP-7BO, HP-
1411 and HP-1775) and their parents 
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(lrumaniyan, Karimunda, Panniyur-l, 
Aimpiriyan and Piper attenuatum) using a 
modified CT AB method. All the parents 
could be differentiated based on RAI'D pro
file using 12 primers. HI'-34, HP-780 and 
HP-1411 could be confirmed as true hybrids 
based on male parent specific RAPD mark
ers (OPE-18 ,,,. 753, OPE-16 "I and OPE-

11 11>', 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 RAI'D markers (OPE-11205<' and 
OPE-17'''''') 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 A Eca RI-Hind III 
double digest, Aimpiriyan, HP-1411 and 

Panniyur-l, 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-cyclic embryo
genesis. The plantlets were regenerated in 
liquid SH medium. Sixty plantlets were es
tablished ex vitro. 

Hort. II (813) 

Utilization of Piper colubrinum Link. 

and Piper arboreum as rootstocks in 
the management of foot rot disease of 
black pepper 

(1', A. Mathew, J. 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 
colubrinllm (em) (cm) Piper nigrnm scion (em) 

Wedge 1.82 2.46 1.52 

Saddle 2.06 3.20 2.00 

Splice 1.72 2.26 1.58 

Modified splice 2.15 2.67 2.16 

Tongue 2.16 3.10 2.16 

Double 2.93 3.12 2.08 

Vema (budding) 2.20 3.17 2.20 

Approach 2.27 3.03 2.17 

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

Variety /Cuitivar Essential oil (%) 

Grafted Non grafted 

Subhakara 2.7 2.9 

Uddakare 2.7 2.2 
Pournami 2.9 2.9 

Sreekara 3.0 2.9 
Panniyur-l 2.7 2.0 
Panniyur-2 2.4 2.5 
Panniyur-3 3.1 2.5 

Panniyur-4 3.3 3.7 

Panniyur-5 2.1 2.5 

Malligesera 3.0 29 

Field trials of black pepper grafts in farmers 
fields indicated that during the fourth year, 

an average yield of 1.2 kg (dry)/vine could 
be obtained and the maximum yield was 

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 poor management. 

Oleoresin (%) Piperine (%) 

Grafted Non grafted Grafted 

10.8 9.3 4.8 

12.0 10.8 3.0 
7.8 8.5 4.4 

lOS 9.8 4.7 

10.5 10.0 4.7 

8.2 7.3 4.2 
8.7 9.1 4.4 

10.7 10.8 4.7 

8.4 8.0 4.0 

9.2 9.6 4.0 

Gen. IX (813) 

Collection, conservation, 
and evaluation of 
gennplasm 

Non ~rafted 

5.0 

3.5 
5.0 

4.0 

4.8 

4.3 
4.4 

4.3 
4.4 

4.6 

cataloguing 
cardamom 

(D. Prasath and M. N. Venugopal) 

Collection of gennpJasm 

Twenty-six new accessions were collected 
from cardamom growing areas in Idukki (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 gennplasm 

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 katle disease 

(D. Prasath and M. N. Vmugopal) 

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 150.33 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 of9 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. II (813) 

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

(8. Sasikumar, Johnson K. George, K. V. Saji 
and K. M. Abdulla Kaya) 

Collection of gennplasm 

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 

Z. officinale 2 AG-697 and SG·698 from Himachal Pradesh 

Z. officinale 1 Mahim variety from Kolhapur 

Z. o/ficinale 1 Manipur variety 

Z. oificinale 1 Moovattupuzha local 

Z. nimnoni 1 Collected from Anamalai, Tamil Nadu 

Z. wightinurn 1 Collected from MukkaJi, 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. 

Evaluation 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 fron, 
germplasm collections (Table 13). Six gin
ger accessions (Aces. 26, 48, 73, 210, 217 
and 232) and eight turmeric accessions 
(Aces. 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 low borer 
incidence in 82 accessions among the 680 
accessi.ons screened. 

Eleven high curcumin lines of turmeric in~ 
eluding six Alleppey finger turmeric (AFT) 
selections along with Prabha and Prathibha 
(controls) were evaluated at Peruvanna
muzhi for the fourth consecutive year. Ace. 
585 (AFT Line) recorded maximum yield of 
fresh rhizomes of 29 kg/3m2 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) 51.3-75.4 60.5 

No. of leaves/ 
main shoot 17.G-JO.0 26.0 

No. of tillers 8.G-24.0 16.0 

No. of leaves/hill 11D.G-326.0 210.0 

Leaf length (em) 20.G-28.5 24.5 

Leaf width (em) 2.G-3.7 3.0 

Fresh yield (kg/3m' bed) 4.G-15.0 9.0 

Dry ""covery (%) 14.G-26.0 
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Table 13. High quality ginger lines identified 
from the germplasm 

Accession Essential oil Oleoresin Fibre 
(%) ('Yo) ('Yo) 

Ace. 11 2.0 7.2 2.2 

Acc.93 1.8 6.5 2.0 

Ace. 156 2.2 6.7 20 

Aex. 162 2.0 6.2 2.0 

Acx.197 2.5 7.0 2.8 

Acc.199 2.0 6.2 2.0 

Ace. 225 2.0 6.2 2.0 

Ace. 228 2.0 6.2 2.0 

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 
Lasinderma serricnrne 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. 

Relcase of new varieties 

Based on multiJocation data and trial in 
farmers plots, two new ginger accessions, 
Aces. 35 and 117, were proposed for release 
(State Variety Release Committee, Kerala) as 
lISR Rejatha and llSR 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 I'rabha, 1200 kg 
Prathibha and 50 kg Alleppey (turmeric 
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Table 14. Yield and dry recovery of high 
curcumin turmeric lines 

Accession 

Acc.126 

Acc.295 

Acc.584 

Acc.585 

Ace. 591 

Ace. 593 

Acc.656 

Ace. 657 

Ace. 691 

Prabha (Control) 

Fresh yield 
(kg/3m' bed) 

25.7 

20.8 

24.0 

29.0 

28.0 

24.3 

15.0 

26.5 

18.3 

25.4 

Prathibha (Control) 24.1 

CD (p<O.05) 4.4 

CV% 13.2 

Dry recovery 
(%) 

17.8 

16.0 

22.6 

18.6 

15.3 

16.9 

15.0 

18.8 

17.2 

17.5 

17.2 

varieties) were produced under nucleus seed 
multiplication programme. About 8 t of 
Varada and Mahima and 1 t each of Prabha 
and Prathibha were produced and distrib
uted through other agencies and progres
sive farmers. About 100 kg ,",sturi turmeric 
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(c. aromatica) and 30 kg black turmeric (c. 

caesia) were also multiplied. 

Gen. XIV (813) 

Cytogenetics and reproductive biol
ogy of major spices 

(R. Ramakrishnan Nair and K. V. Saji) 

Cytological analysis 

CytolOgical analysis of five open pollinated 
(OP) progenies of black pepper revealed 
variations in chromosome number <Table 16). 
Fifteen fast/normal growing OP progenies 
of cv. Vadakkan were planted in the field 
and some of them exhibited vigorous 
growth. 

Table 16. Chromosome numbers in open pol
linated progenies of black pepper accessions 

Accession 

Ace. 4135 

Acc.4139 
Acc.4144 

Acc.4146 

Acc.4170 

Chromosome 
number (2n) 

62 

96 

65 

52 
52 

Table 15. Comparative performance new ginger varieties 

Variety 

Acc.117 
(Mahima) 

Acc.35 
(Rejatha) 

Control 
(Varada) 

Fresh Dry 
yield yield 

(tfha) 

23.20 5.30 

22.40 4.25 

23.98 4.69 

Dry 
reco-
very 
(tfha) 

23.0 

19.0 

19.6 

Oil 
(%) 

1.72 

2.36 

1.68 

Oil Oleare- Oleore-
(lfha) sin (%) sin 

(I/ha) 

Fibre 
(%) 

Remarks 

91.24 4.48 237.4 3.26 Resistant to 

102.70 6.24 

78.70 3.96 

nematode; 
bold rhizome 

275.9 4.00 High oil 
content 

185.7 3.29 
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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 

Accession Chromosome 
number (2n) 

Ginger 

Acc.l08 22 

Acc.116 24 

Acc.145 22 

Acc.147 24 

Acc.l58 22 

Acc.470 22 

Acc.476 22 

Acc.477 22 

Acc.584 22 

Acc.602 22 

Turmeric 

Acc.336 42 

Acc.473 63 

Acc.514 58 

Acc.561 94 

Acc.761 64 
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inside the fruit. Different seeds derived from 
the same 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 genninalion 

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 El medium. In 
these media also only a small percentage of 
seeds germinated 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 somac/ones 

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 somadones) 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. 

MoJecuJarcharacterizalion 

Micropropagated and callus regenerated 
ginger plants were analysed for variations 
as expressed by RAPD polymorphism to de· 
tect the extent of variation in the DNA se· 
quence as an index for sornaclonal 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 gerrnplasm in tree 
spices 

(8. Krishnamoorthy, f. Rema, P. A. Mathl?W, D. 
Prasath, K. P. M. Dhamayanthi, V. s. 
Korikanthimath, T. John Zachariah, S. 
Devasahayam and S. S. Veena) 

Collection 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 (Kama taka) 
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 gerrnplasm. One accession of Syzygium 
cuminii vaT. 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-l 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 
gcrmplasm 
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quality cassia selections (A-2, C-l, 0-1 and 
0-3) planted during 1998 at 
Peruvannamuzhi, the first coppicing and 
bark extraction was carried out and mor
phological 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 harvestahle (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 donal progenies of elite cassia lines'" 

Elite Height (em) No. of main No. of branches Canopy Shoot thickness 
line shoots width (em) (em) 

A-2 164.0 1.7 9.4 96.2 1.8 

C-l 209.3 1.3 14.2 124.8 3.3 

D-l 160.0 1.2 8.2 97.4 2.2 

D-3 157.5 21 11.5 108.4 1.5 

CD (P<0.05) NS 0.49 NS NS 1.4 

"'Fourth year after planting 
NS = Non significant 

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

Elite line 

A-2 

C-I 

D-I 

D-3 

CD (P<0.05) 

No. of harvestable shoots 

4.2 

5.1 

5.9 

3.5 

NS 

"'Fourth year after planting 
NS=Non significant 

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

137.6 

409.6 

462.6 

240.2 

NS 

37.0 

109.2 

123.9 

71.1 

NS 
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Table 20. Inter-charactcr 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 0.97·· -0.22 -0.13 -0.03 0.83 ...... -0.06 0.03 

Fresh weight 1.00 -0.26 

Height 1.00 

No. of branches 

No. of main shoots 

No. of shoots 

Shoot thickness 

Shoot width 

•• Significant at P<O.Ol 

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 ICAR Cess Fund Project 
'Characterization of nutmeg germplasm for 
quality'. 

The proposal for release of I1SR Viswashree 
was sent to the State Variety ReJease 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 8-76. The oil percentage 

-0.18 0.04 0.87>1-· -0.08 -0.04 

0.87"" -0.02 -0.30 0.84 ... • 0.90"'* 

1.00 0.13 -0.20 0.63"· 0.87"" 

1.00 0.07 -0.36 0.17 

1.00 -0.12 -0.10 

1.00 0.68"" 

1.00 

in pedicel varied from 3.3 to 7.7 with maxi
mum (7.7%) in 8-59 (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 cassia lines (600) were produced for 
distribution. 

Hort. IV (813) 

Rootstock-scion interactions in tree 

spices 

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

Nutmeg 

Standardization of grafting 

Seeds of Myristica malabarica, M. beddomeii, 
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 Oil (%) 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 

8-95 15.0 5.9 52 70 

B-76 20.5 5.6 44 68 

8-59 17.5 7.7 46 71 

AI-Bulk 20.5 3.5 49 68 

K-6 16.3 7.0 49 72 

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 A9-4 and A9-69 scions respec
tively, on K. andamanica after 5 months of 
grafting. 

Softwood grafting of nutmeg with scions 
fro.m 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. 

Eva/uation of grafts for productivity 

The grafts of nutmeg on M. fragrans, 
M. malabarica and M. beddomeii rootstocks 
using two scions (A9-4 and A9-69) 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 

15.0 14.5 72.0 

14.0 20.2 18.0 

16.5 18.2 21.5 

16.9 14.9 18.9 

12.0 19.7 20.3 

18.7 15.1 18.8 

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, K. 
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, 
S. cumini; 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. Sa}i and S. S. Veena) 

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

The variability among different species, col
lections and interspecific hybrids between 
V. planifalia and V. aphylla was estimated 
using RAPO 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. 
planifalia and V. tahitensis. 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 
RAPO patterns and hence may b" ~ 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. planifalia. 
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 germpJasm 

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

Breeding 

Methods were standardized for seed treat
mentof 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 thatof control when treated with 
hydrogen peroxide. 

Reciprocal crosses were made with lCBO 
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. Gennplasm accessions of paprika maintained at Chelavoor 

Category Accessions 

Indigenous collections ICBD-I, ICBD-2, ICBD-3, ICBD-4, ICBD-5, ICBD-6, ICBI). 
7, ICBD-8, ICBD-9, ICBD-IO, ICBD-II, ICBD-12, ICBD-I3. 
ICBD-14, ICBD-15, ICBD-16, ICBD-17, ICBD-IB. 

Exotic collections PBC-171, Papri King. EC_", EC-14, EC-IB, EC-20, EC·31. 
EC-35, EC-38, EC-43, EC-45, EC-<i5, EC-71, EC-490. 

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 (ICBO) types possessed high colo
ur value than the exotic paprika lines. The 
exotic lines had low pungency than the 
ICBO lines. The colour value of ICBO 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 rare species from Siruvani Dam 
site; Curcuma decipiense from Bajagoli 

Table 23. Analysis of quality of paprika 
germplasm 

Accession Colour value 
(AST A units) 

ICBD-I 276.6 

ICBD-3 301.7 

ICBD-4 238.3 

ICBD_" 378.5 

ICBD-B 254.2 

ICBD-9 336.8 

ICBD-IO 289.6 

ICBD-15 259.4 

ICBD-16 307.1 

PBC-171 219.3 

Papri King 317.4 

Kt. PI-19 333.5 

(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 germ plasm 

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 m!), 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. 
galeatum 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. Nirma! 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. wight;; 
and P. mullesu. 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 uC 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 nOl'mally give a mean 
yield of 20 kg/3m' bed. The nlicro rhizomes 
had more tillers per plant though the tiller 
height was less. The seed rate requirement 
per bed was about BOO 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. Nirma! Babu) 

Data on originl occurrencel distributionl tax
onomy, utility and other details were col
lected and compiled in black pepper, carda-



34 

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 el 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% CT AB extraction buffer contain
ing 2 M NaCI and 1 % p-Mercaptoethanol 
was used instead of 2% CT AB buffer con
taining 1.4 M NaCI and 0.5% 11-
MercaptoethanoL During the extraction and 
purification steps, 100% ethanol was used 
for precipitation of DNA. 

peR conditions 

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

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

Amplification 

Various concentrations of template DNA, 
primer, Mg, pH of buffer and amplification 
conditions were experimented for amplifi
cation ot DNA from leaves of ginger and 
turmeric. A final concentration 0.15-{).25 mM 
dNTPs along with 2-2.5 "M MgCl, ' 0.5 U 
of Taq DNA polymerase, 10-20 ng genomic 
DNA and 0.2 " M primer in 25 "I reaction 
volume was suitable for good amplification 
(Table 24). 

A reaction volume of 25 "I containing 2.5 
mM MgCl" 100 11M each of dNTPs, 0.2 JIM 
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, Johnson 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 

products Zingiber spp. Curcuma spp. 

01'(}-20 3.75 

0f'f-13 8.00 

OPX-7 9.25 

01'A'()1 

OPA-04 

OPE-ll 

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 transformation 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 transfonnalion 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 cultures were maintained at -86 nc. A 
single colony of EHA lOS containing p 

6.64 

7.50 

10.86 

2.60 

2.85 

5.00 

588-1477 

268-1973 

78-3996 

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 el al. 
1989) and boiling method (Ausubel el 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. 

Isolation of disease resistant genes 

Isolalinn of RNA 

Two different methods, namely, Guanidium 
thiocyanate (GTC) method (Sambrook et al. 
1989) and phenol/50s 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/ 
m!) and 2-Mercaptoethanol (7.5 ml/mD 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 c 
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 
eDNA bands were resolved in agarose gel 
and two eDNA bands corresponding to 
differentially expressed genes in P. 
colubrinum were eluted and reamplified for 
cloning and sequencing. 

Isolation of BGes 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 
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each was developed from selfed and crossed 
progenies involving two crosses, Subhakara 
x Panniyur-l 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, 
Neelarnundi, Narayakodi, Perarnbrarnunda, 
Arakulammunda, Valiakaniakkadan, 
Cheriyakaniakkadan, Uthirankotta, 
Panniyur-l, Panniyur-2, Panniyur-3, 
Panniyur-4, Panniyur-5, Sreekara, 
Subhakara, Panchami, Pournami and 
Palode-2. Intra cultivar relationships were 
also estimated using NTSYS software. The 
study proved that Sreekara and Subhakara 
are different genotypes. Further collection of 
data for realistic 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 

Molecular characterization and (K. Nirmal Babu and P. N. Ravindran) 
preparation of molecular maps in 
black pepper 

(K. Nirmal Babu, Johnson K. George, M. 
Anandaraj and P. N. Ravindranl 

Preparation of molecular maps 

A mapping popUlation of 200 progenies 

Genetic variability among somadones 

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

riyan 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. XXI (813) 

Efficacy of biofertilizers on nutritional 
management of black pepper 

(e. K. Thankamani, K. S. Krishnamurlhy 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 Azospirillum 
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 Azospirillum was applied. Maxi
mum available nitrogen and phosphorus 
was observed in treatments in which NPK 
alone was applied. Pretreatment Azospirillum 
population was low and gradually increased 
and highest Azospirillum counts were re
corded in the treatment NPK alone. 

SSc. II (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 observed 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, 6.5 and 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 tunneric 

Integrated Plant Nutrient Manageme>lt 

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, Mn and Cu 
availability significantly increased with 
application of neem cake, phosphobacteria 
(PB) and P as rock phospha te 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. P availabili
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 P 
applica tion. 

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, PB 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 ca ke 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 in beds where IPNM 
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was adopted. Oleoresin 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 P 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 P 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 trea tments. Both soil and foliar applica-
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lions 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. S. Krishnamurthy and S. J. Ankegowda) 

The accessions of black pepper which were 
found to be relatively tolerant towater 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 water content 

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 (DASl); 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/3m2 bed) 

WCC CC Mean WCC CC Mean WCC CC Mean 

Zno 12.3 11.3 11.8 1.4 1.8 1.6 17.4 16.8 17.1 

Zn 1 9.7 7.0 8.3 2.2 2.9 2.5 13.5 17.0 IS.2 

Zn 2 7.4 7.0 7.2 2.8 3.7 3.2 13.7 13.8 13.8 

Zn 3 7.0 7.8 7.4 6.3 6.7 6.5 14.8 IS.8 IS.3 

Zn 4 8.9 5.0 7.0 12.3 9.0 10.6 13.0 13.3 13.1 

Zn Foliar 9.8 3.8 16.2 

Mean 9.1 7.6 S.O 4.8 14.5 IS.3 

CD For CC NS NS NS 

(P«).OS) Zn 2.7 0.8 NS 

CC x Zn 3.8 1.2 NS 

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

Treatment Soil P (mg/kg) Soil Zn (mg/kg) Fresh yield (kg/3m' bed) 

WCC CC Mean WCC CC Mean WCC CC Mean 

Zno 1.4 1.0 1.2 1.92 1.94 1.9 20.4 22.6 21.5 

Zn I 1.7 1.4 1.6 2.14 2.84 2.5 21.0 23.5 22.3 

Zn2 1.6 1.4 1.5 3.02 3.83 3.4 23.0 21.2 22.1 

Zn 3 1.4 1.5 1.5 8.11 7.27 7.7 20.5 23.7 22.1 

Zn 4 2.2 1.7 1.9 10.95 11.0 11.0 23.3 19.0 21.2 

Zn Foliar 1.4 3.9 22.5 

Mean 1.5 1.7 5.20 5.40 21.6 22.0 

CO For CC NS NS NS 

(P<0.05) Zn 0.5 0.7 NS 

CC x 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 21. Relative water content and membrane leakage in black pepper accessions 

Accession Relative water content (%) Membrane leakage (%) 

Control 60ASI 12 DASI Control 60ASI 120ASI 

Tolerant 

Acc.1104 92.0 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 94.3 86.0 78.5 5.0 8.3 9.4 

Ace. 1321 92.4 85.8 77.9 5.5 8.4 9.6 

Acc.l039 95.6 87.3 79.0 4.7 7.2 9.0 

Acc.828 94.3 89.1 80.4 5.2 6.3 8.0 

Susceptible 

Ace. 1095 94.1 87.5 74.8 5.1 8.5 11.4 

Acc.1199 91.5 80.4 68.7 5.8 9.4 15.6 

Ace. 1279 90.7 78.5 64.5 5.0 8.3 16.3 

CD (P<0.05) 1.6 2.0 2.7 NS NS NS 

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

Photosynthetic 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. Ace. 828 maintai-ned 
better photosynthetic characteristics. 

Phy. VI (813) 

Characterisation of drought tolerance 
in cardamom 

(S. T. Ankegawda, 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/ 
cm2• 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. Glutathionereductase activity in black 
pepper accessions 

Accession % increase/decrease over control 

Control 6 DASI 
Tolerant 

Ace. 1120 4.5 15.2 n 
Ace. 1104 6.6 4.5 n 
Ace. 1223 5.8 7.8 n 
Ace. 1110 3.9 8.4 n 
Ace. 1321 2.4 5.6 U 

Ace. 1039 4.7 4.7 U 

Ace. 828 6.5 12.5 n 
Susceptible 

Ace. 1095 5.6 3.8 U 

Ace. 1090 3.2 6.4 U 

Ace. 1199 4.8 14.5 n 
Ace. 1279 4.1 3.2 U 

CD (1'<0.05) NS 

DASI=Days after stress induction 
NS=Non significant 

12 DASI 

21.6 n 
18.4 n 
22.5 n 
10.4 n 
2.5 n 
4.0 U 

19.4 n 

11.3 n 
10.5 U 

13.4 n 
7.5 U 

NS 

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 Al'G-259 
maintained higher RWC and specific leaf 
weight. 

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

Agr. XVII (813) 

Vermi-composting using organic 
wastes available in cardamom areas 

(V. S. Korikanthimath and S. J. Ankegawda) 
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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 1'2. 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 2B.99"C and relative humidity from 
35.99 to 3B.7% in different treatments dur
ing March. 

Soil nutnentstatus 

Phosphorus content was higher in TB 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 (NO (1 kg/plant in two splits) 

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

T6 - NPK + FYM 

T7-NPK+NC 

TS - NPK + VC 

T9 - Half VC + Half NC 

no - Half VC + Half NC + Half NPK 

Tll - Half FYM + Half NC 

T12 - Half FYM + Half NC + Half NPK 
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T9 compared to other trea tmen ts. Very low 
phosphorus content was recorded in Tl, T3 
and T11. Potassium content was higher in 
T4 and Tl2 and lower in Tl. Ca and Mg 
status was higher in all the treatments (Table 
30). 

Agr. XIV (813) 

Investigation on spice based cropping 
system 

IV. S. Korikanthimilth, C. K. Thankamilni, 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 (O.lha) of cardamom (main crop) in 
various cropping systems was recorded. 
Growth of nutmeg was poor whereas that of 
clove, cinnamon, 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 temperature 
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 nutrient 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 l' K Ca Mg 
(mg/kg) 

TI 01 3.4 102.7 698.7 90.5 
D2 1.7 82.3 473.7 64.5 

12 D1 13.6 159.0 496.3 91.0 
D2 8.4 111.7 368.3 65.0 

1'3 D1 3.3 126.7 1094.3 118.7 
D2 4.5 82.3 713.3 97.4 

T4 Dl 11.4 230.7 802.7 124.9 
D2 4.4 127.0 457.0 90.5 

1'5 D1 10.0 123.7 598.3 85.7 
D2 1.1 77.0 335.3 53.8 

T6 D1 9.7 150.7 971.3 128.7 
D2 7.3 120.0 700.3 112.4 

T7 Dl 15.3 169.3 606.3 91.3 
D2 13.6 123.3 459.7 70.2 

1'8 Dl 23.6 135.0 612.0 113.5 
D2 13.4 86.0 376.7 71.1 

1'9 Dl 19.4 123.3 838.0 117.i3 
D2 17.2 92.3 526.3 95.5 

TID D1 10.2 165.7 1050.3 167.3 
D2 5.0 94.3 700.7 130.2 

TIl Dl 7.8 180.7 921.0 137.8 
D2 1.7 73.0 584.0 99.6 

Tl2 D1 5.5 217.3 706.7 182.5 
D2 13.3 181.0 937.7 141.9 

Dl=0-15 em; D2=15-30 cm ; Refer Table 29 for treatment detai1s 

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

Treatment No. of Wet 
panicles/ weight 

plant (kg/plot) 

Cardamom + Nutmeg 17.7 59.25 

Cardamom + Clove 3.4 17.30 

Cardamom + Cinnamon 25.1 75.30 

Cardamom + Allspice 7.6 36.45 

Cardamom + Black pepper 16.9 39.30 

Cardamom + Coffee 24.4 44.05 

Cardamom alone 17.7 24.25 

(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 nutnleg 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 cTopping systems 

Treatment Depth P K Ca Mg 
m) 

Cardamom + Nutmeg D1 39.61 407 1497 121.6 
D2 19.15 416 1267 102.4 

Cardamom + Dove Dl 47.49 169 505 106.4 
D2 53.58 190 514 102.0 

Cardamom + Cinnamon D1 44.39 270 628 114.9 
D2 9.37 284 429 99.6 

Cardamom + Coffee Dl 36.22 314 988 128.3 
D2 15.28 210 926 128.2 

Cardamom + Black pepper D1 52.74 133 709 135.4 
D2 21.22 110 490 101.5 

Cardamom + Allspice D1 27.11 232 804 158.2 
D2 38.33 172 388 87.2 

Cardamom alone D1 14.78 189 551 127.2 
D2 50.12 166 486 111.9 

Coffee alone D1 31.66 80 661 122.1 
D2 27.96 84 582 116.0 

Dl=0-15 cm; D2= 15-30 em 

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

Biochem. 1 (813) 

Agr. XIX (813) 

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

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

Various cropping systems such as arecanut 
+ cardamom, 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). 

Biogenesis of pigments in spice crops 

(8. 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 I5-day inter
vals from 30 days after sowing in leaf, root 
and rhizome. PAL activity was maximum 
in leaves 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 tunneric 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 

Robust. coffee 1.00 9.5 

Arabica coffee l.OO 10.9 

Carania 3.00 24.8 

Allspice 3.67 31.0 

Arecanut 3.08 6.4 

Cardamom 1.56 12.3 

Table 34. Microclimatic conditions in mixed 
cropping systems 

Crop Air tempe- Relative 
r.ture ("0 humidity (%) 

Robusta coffee 29.8 56.2 

Arabica coffee 29.4 55.0 

Carania 29.8 54.0 

Allspice 29.8 55.2 

Arccanut 30.4 55.6 

Cardamom 30.4 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. 
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Org. Chern. 1 (813) 

Isolation and identification of 

naturally occurring compounds 
against major pests and pathogens of 

black pepper 

(N. K. Leela, M. Anandaraj, Santhosh. J. Eapen 
and S. Deuasahayam) 

The antifeedant activity of hexane and 
methanol extracts of Annona squamosa seeds .. 
Melia composita fruits and Polyalthia longifolia 
leaves and essential oil of Zanthoxylum rhelsa 
fruits at 1 % concentration, was evaluated 
againist poilu 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. composila 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 
Phylopht/wra 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. I (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 (pM trans-cinnamic acid released/min/mg protein x 10-2) 

30 DAS 45 DAS 60 DAS 75 DAS 90 DAS 

Rhizome 42.3 20.4 21.2 14.4 14.4 

Root 6.8 8.1 21.8 25.4 28.4 

Leaf 30.3 22.5 17.0 21.7 12.0 

DAS=Days after sowing 
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Table 36. PAL activity in leaves of high and low erine and high quality lines were identified 
curcumin accessions (Table 39). 

Accession 

Low curcumin 

Acc. 170 

Acc.216 
Acc.288 

Acc.302 

Acc.320 

High curcumin 

Allcppcy 

Prabha 

Prathibha 

Suguna 

Sudarshana 

PAL activity 
(j.JM trans-cinnamic 

acid released/min/mg 
protein x 10-2 ) 

21.98 

19.83 

24.02 
25.17 

20.45 

45.08 

43.16 

9.28 
30.89 

32.64 

Quality of black pepper gerrnplasm 

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-

Quality of ginger gerrnplasm 

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 Zachariah and 
A. Kumar) 

Drying of mace 

Studies were undertaken to standardize tech-

Table 37. Antifeedant activity of plant extracts against poilu beetle 

Extract (1 %) 

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 

"24 h after treatment; average of 4 replications 
H=hexane extract; M=methanol extract 

Feeding deterrence (%)* 

100.0 

100.0 

51.2 

20.9 

55.8 

38.4 

0.0 
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Table 38. High quality black pepper accessions from IISR Farm, Peruvannamuzhi 

Accession Bulk density Oleoresin Oil Piperine 
(gil) (%) (%) (%) 

HP-l 488 11.6 3.6 3.7 

HP-813 452 14.3 5.4 3.5 

HP-1411 473 10.8 3.0 3.4 

Acc.1365 486 10.7 28 3.5 

OPKm 589 8.3 3.0 22 

Sreekara 565 10.6 3.6 3.0 

niques for drying of mace. Hot air drying of Table 39. High quality black pepper accessions 

mace took 4 h while blanched (for 2 min in Accession Volatile Oleor- Pipe-
75"C water) and dried mace required only oil (%) esin (%) rine (%) 

3.5 h for drying. The dry recovery of hot air Ace. 5302 9.0 19.8 3.8 
dried and blanched mace were 37.8 and Acc.5305 3.0 9.9 2.0 
37.1 %, respectively. 

3.2 9.0 2.3 Acc.983 
Analysis of quality of dried mace showed Acc.1216 3.6 9.3 1.5 
that fresh mace had a Iycopene content of 

Acc.4081 4.0 11.0 2.9 121.92 mg/l00 g which after drying 
changed to 148.98 and 182.23 mg/l00 g, Acc.1382 3.0 9.9 3.2 

respectively, for hot air dried and blanched Acc.4021 4.3 12.0 2.7 
mace. Blanched nlace gave 23% more colour 

Acc.1633 5.8 13.0 2.8 
and more colour stability than hot air dried 
mace. Volatile oil and oleoresin contents of Acc.1622 3.0 9.3 3.0 

hot air dried and blanched mace were com- Acc.l058 8.8 17.0 3.0 
parable. P. II 4.9 13.3 3.4 

Mace was stored in PET, polythene and Acc.975 3.3 11.0 4.0 
polypropylene containers and the changes Acc.I442 14.2 3.6 
in quality characteristics like moisture can-

Acc.1339 12.2 3.0 tent, volatile oil, oleoresin and Iycopene 
contents were analysed. The moisture can- Acc.845 3.0 11.3 2.8 

tent increased during storage while volatile Acc.l095 5.0 11.5 2.2 
oil, oleoresin and Iycopene contents de-
creased. After 3 months of storage, the Iy-

Drying of Piper chaba 
capene content degraded by 68% to 86% in 
hot air dried mace and 66% in blanched Drying of Piper chaba in hot air at 60 to 65°C 
mace (Table 41). at three stages of maturity indicated that it 
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Table 40. High quality ginger accessions 

Accession Essential Oleo- Crude 
oil ('!o) resin (%) fibre ('!o) 

Ace. 11 2.0 7.2 2.5 

Ace. 93 1.8 6.5 2.0 

Aex.l56 2.2 6.7 2.5 

Ace. 162 2.0 6.0 2.0 

Aex.197 2.5 7.0 2.8 

Ace. 199 2.0 6.2 2.2 

Ace. 225 2.0 6.2 2.5 

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 

Category 

PET container + Hot air dried 

After 1 month 

After 2 months 

After 3 months 

Blanched + Hot air dried 

After 1 month 

After 2 months 

After 3 months 

Polythene bag + Hot air dried 

After 1 month 

After 2 months 

After 3 months 

Blanched + Hot air dried 

After 1 month 

After 2 months 

After 3 months 

Moisture 
('!o) 

7.0 

7.0 

7.S 

6.0 

6.0 

6.5 

6.6 

7.0 

7.0 

6.0 

6.5 

6.5 
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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 (SO"e) 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 pa tho
gens were treated using aerated steam at 46 

Volatile oil 
('!o) 

9.S 

9.5 

9.5 

11.0 

11.0 

10.0 

10.8 

10.0 

10.0 

11.0 

11.0 

10.0 

Oleoresin 
(%) 

22.6 

22.1 

21.8 

22.1 

21.6 

21.6 

21.3 

21.4 

20.1 

22.1 

21.5 

20.6 

Lycopene 
(mg/100 g) 

121.2 

55.2 

48.1 

180.6 

119.0 

62.1 

119.4 

59.0 

21.5 

180.4 

139.5 

62.8 
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Table 42. Quality characteristics of fresh and hot air dried Piper chaba 

Category Moisture Volatile oi~ 
(%) (%) 

Fresh 

Mature 71.8 0.4 

Ripe 71.6 0.4 

Over-ripe 71.4 0.4 

HoI air dried 

Mature 5.6 1.3 

Ripe 5.7 1.3 

Over-ripe 6.5 1.1 

and 51°C for 15 and 30 min, for standard
izing optimum conditions for treatment. 
After treatment, the rhizomes were treated 
with biocontrol agents (Trichoderma sp. and 
Pseudomonas sp.) and planted in the field 
and the plant population and yield were 
recorded. Aerated steam treatment at 51°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 models namely, Vivega 
hand-operated and Vivega power-operated 
threshers were also evaluated for their per
formance. 

Development of black pepperc/eaner cum 
grader 

A rotary hand-operated cleaner cum grader 

Olcoft.."Sin Piperine Starch 
(%) (%) (%) 

3.8 0.9 14.2 

3.5 0.8 18.1 

3.3 0.7 18.5 

8.1 2.2 SO.1 

7.1 2.2 SO.3 

6.6 20 SO.5 

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. Korikanlhimalh, P. A. 
Malhew and S. /. Ankegowda) 

Black pepper rooted laterals (25,000 nos.), 
bush pepper (laO nos.), turmeric seed rhi
zomes (5 t), ginger seed rhizomes (5 I), 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. Evaluation of aerated steam treatment of ginger rhizomes 

Treatment Population of ginger plants Fresh 
yield 

22.7.01 22.8.QJ 22.9.01 22.10.01 22.11.01 (kg/3m' bed) 

C 37 34 

C+T 38 35 

C+P 37 32 

46°C /15 min 36 34 

46"C /15 min + T 38 37 

46°C /15 min + P 38 35 

46°C /30 min 36 35 

460C /30 min + T 37 36 

46°C /30 min + P 38 34 

510C /15 min 39 37 

51°C /15 min + T 37 36 

510C /15 min + P 37 35 

51°C /30 min 37 36 

510C /30 min + T 36 34 

SIOC (30 min + P 36 34 

C-Control; T - Trichodenna sp.; P -Pseudonwnas sp. 

Externally Funded Projects 

ICAR Cess Fund Project 

Elucidation of biosynthetic pathways 
of curcumin in turmeric 

(B. Chempakam and N. K. Leela) 

Phenyl alanine lyase (PAL), the major en
zyme which initiates a series of reactions 
leading to curcumin syntheSis in turnleric 
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 

28 15 8 0.18 

31 26 20 4.04 

22 16 6 0.28 

31 25 17 2.73 

35 28 22 2.38 

33 30 25 4.77 

35 35 33 5.67 

35 30 28 3.02 

34 31 30 6.53 

34 31 26 3.69 

36 32 31 5.05 

34 32 32 7.47 

33 28 16 0.79 

34 30 16 0.47 

31 24 IS 2.21 

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 14CO~ 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 curcuminoids in tur
meric root and rhizome indicated variations 
in the proportion of the three forms during 
development, with curcumin III (natural form 
of curcumin) having the maximum percent· 
age. Curcumin III 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 I (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 
yield plateau and quality up grada
tion 

(A. K. Sadanandan) 

The effect of Integrated Plant Nutrient Man
agement System (lPNS) 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 (Keralal, Polibetta 
(Kama taka) 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 
rnicronutrients. 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 
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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 inorganic 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 micronutrienls. 

NATP 

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

(V. S. Korikanthimath and S. ]. Ankegawda) 

Four field experiments namely, assessment 
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 11 00-1200 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 nutmeg 
gennplasm for quality 

(8. 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 a-pinene, sabinene, 
myrcene, myristicin and elemicin. Among 
the accessions screened, A9-71 and A9-95 
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% ex
pinene and 21.8% sabinene in mace oil. The 
accessions had 16.5% nutmeg oil, 15% 
myristicin, 4.6% elemicin, 12.2% a-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-ll/12. In 
mace, the oil 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 u-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 are rich 
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 S. 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 Elemidn a-Pinene Sabinene + Myrcene 
(%) in oil (%) in oil (%) in oil (%) in oil 

A4-5 14.7 13.1 

A4-12 8.7 4.5 

A94 7.1 12.5 

A9-4/lD 7.4 12.4 

A94/15 6.8 11.4 

A94/16 8.2 16.4 

A9-18 16.5 15.1 

A9-30 5.5 1.5 

A9-53 10.4 11.3 

A9-66 6.9 0.6 

A9-79 5.7 12.7 

A9-86 8.7 6.3 

All-12 10.8 7.0 

sis ted of a double walled brick structure 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 

8.7 13.6 31.7 

12.1 9.3 34.0 

13.7 7.5 35.9 

12.1 6.5 38.3 

10.8 6.3 38.4 

15.5 7.6 24.0 

4.6 12.2 35.6 

15.5 15.8 32.6 

0.55 18.9 38.5 

11.8 9.3 34.0 

1.7 8.0 38.5 

11.8 9.3 37.1 

17.3 16.1 32.8 

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

NATP 

Value addition and quality enhance
ment of selected spices 

(P. Heartwin Amaladhas, B. Chempaicam and T. 
John Zachariah) 

Drying of bJack pepper 

Drying characteristics of black pepper 
(Panniyur-l 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 rnyristicin and elemicin in mace oil 

Accession Oil (%) Myristicin (%) Elemicin a-Pinene Sabinene + 
in oil (%) in oil (%) in oil Myrcene 

(%) in oil 

A4·ll 17.9 15.9 0.5 15.6 29.4 

A94 7.1 22.0 20.8 7.7 19.7 

A94/10 115 21.4 17.3 8.5 22.0 

A94/15 145 23.5 16.5 6.4 21.4 

A94/16 135 19.1 16.6 9.6 21.0 

A9-18 22.0 24.0 1.2 10.4 21.8 

A9-28 12.0 4.1 21.0 8.4 28.4 

A941 12.4 18.8 19.2 7.6 20.0 

A9-79 75 20.5 1.8 6.3 28.0 

All-12 13.1 5.9 15.0 17.8 30.0 

Table 46. Nutmeg accessions with low myristicin and cJcmicin in nutmeg oil 

Accession Oil (%) Myristicin 
(%) in oil 

A4-ll 9.9 3.30 

A4-22 4.2 0.63 

A9-53 10.4 11.30 

A9-66 6.9 0.61 

A9-71 6.3 1.90 

A9-74 6.4 4.00 

A9-95 8.0 3.30 

A9-107 6.0 2.20 

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 

Elernicin u-Pinene Sabinene + 
(%) in oil (%) in oil Myrcene 

(%) in oil 

0.69 15.0 39.4 

0.97 16.5 38.2 

0.55 18.9 385 

11.80 9.3 34.0 

0.80 4.1 45.0 

1.30 9.4 34.2 

1.60 8.7 45.9 

0.52 14.3 33.0 

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 Oil (%) Myristicin 
(%) in oil 

A4-11 17.9 15.9 

A9-30 11.2 1.3 

A9-44 13.9 2.3 

A9-f>9 7.5 9.4 

A9-71 16.0 l.l 

A9-74 12.1 2.0 

A9-95 14.7 2.1 

A9-150 10.3 0.8 

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

Elemicin a-Pinene Sabinene + 
(%) in oil ('Yo) in oil Myrcene 

(%) in oil 

0.51 15.6 29.4 

12.40 15.0 29.4 

0.50 16.6 32.0 

1.10 4.7 29.4 

1.00 8.3 41.9 

0.40 15.4 37.4 

I.SO 10.9 36.2 

4.00 18.4 33.5 

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 germ plasm 
for reaction to diseases 

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

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, 
S seedlings remained healthy. These seed
lings were replanted in fresh soil and the 

Table 4B. Reaction of black pepper cultivars and 
wild accessions to Phytophtlwra capsici 

Accession Disease index Lesion 
length (mm) 

C-809 3.5 0.8 

C-886 4.0 0.6 

C-1204 3.5 1.3 

C-1206 3.6 2.1 

W-273 3.5 0.5 

W-3356 3.5 I.l 

plants are being monitored. Fifty-four hybrids 
which showed tolerance to P. capsid 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 
index (mm) 

HP-1751 3.8 2.9 

HP-427 4.0 1.8 

HP-421 3.6 1.0 

HP-437 3.8 0.4 

HP-840 3.8 0.4 

HP-820 3.8 0.6 

HP-375 3.8 1.1 

1389) showed consistency in their reaction to 
P. capsici. Seven hybrids (HP-lO, 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), Idukki (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. 11.3 (813) 

Disease management in Phytophthora 
foot rot affected black pepper 
plantations 

(5. S. Veena, M. Anandaraj, K. V. Ramana, V. 
Srinivasan and C. K. Thankamani) 

SensifivityolPhytophthora capsid 

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

Hybrid Disease Lesion length 
index (mm) 

HP-420 3.7 1.1 

HP-449 3.5 1.6 

HP-430 3.7 0.3 

HP-884 3.7 1.0 

HP-1789 3.6 4.0 

HP-1599 3.8 2.0 

HP-1654 3.6 5.0 

studied. The sensitivity was tested at four 
critical stages of the life cyde 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 (I1SR-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 IIg/ml and in vivo up to 1200 IIg/ 
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 
capsid isolates to potassium phosphonate 

Stage of P. capsid ED", 
(jIg/mD 

ED~ 
(jIg/mD 

Mycelial growth 

Sporulation 

Zoospore release 

89.3-603.0 5735-1635.2 

0.3--36.3 

0.8-27.9 

Zoospore germinationl_6--37.3 

2.1-129.3 

14.3--72.8 

5.7-792 

Rejuvenation of diseased gardens 

The field trial conSisting of 16 treatments 
(induding effect of weeds, susceptible and 
tolerant lines, organic and inorganic nutri
tion, chemicals and biological control) was 
in progress. In general, the establishment, 
heal th and yield of vines were better in plots 
under dean 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 lO" cfulg soil) than plots under clean 
cultivation (0.27 x 10"-13.00 x 10" cfuj g soill. 

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 (CaC) twice, 2. cae (first round) + 
Biocontrol agent (BCA) (second round), and 
3. BCA twice. After first round of applica
tion, highest population of Trichoderma sp. 
was observed in the treatment BCA twice 
and after second round application, there 
was no significant difference in population 
of Trichoderma sp. between cac + BCA and 
BeA 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 em 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 Trichodemti1 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 Phytophtlwra tolerant lines. The popu
lation of Trichoderma ranged from 1.3 x 10" 
to 6.3 x 10" dul 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 
phyUody 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. Rejuv.enation of black pepper in diseased garden 

Treatment Establishment of Healthy vines Average fresh yield 
vines (%) (%) (g/vine) 

With weeds 

SIC 94.4 945 266.9 

SIB 80.5 97.3 278.9 

SOC 86.1 973 177.8 

!OS 80.5 91.7 330.3 

TIC 91.6 945 123.1 

TIB 91.6 88.9 64.3 

TOC 97.2 88.9 150.9 

TOB 88.8 94.5 107.2 

Without weeds 

SIC 97.2 973 316.1 

SIB 91.6 91.7 319.6 

SOC 100.0 100.0 669.5 

!OS 972 97.3 405.1 

TIC 97.2 973 352.6 

TIB 97.2 97.3 288.2 

TOC 97.2 97.3 226.0 

WB 100.0 100.0 173.0 

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

Fig. 4. I'hyUody disease of black pepper 

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. Vengopa/) 

Purification of virus 

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 

Treatment Trichoderma population (log du/g soil) 

Before 
application 

cae twice 3.303 

cae + BCA 3.317 

BCA twice 3.363 

CD (P<0.05) NS 

Cae..copper oxychloride; BCA=Biocontrol agent 

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

After I round of After II round of 
application application 

3.487 3.870 

3.667 4.757 

4.387 4.967 

0.275 0.328 

Elettaria cardamomum (var. CCS-J) 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 inocu1ants .. re
spectively. However I no transmission was 

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

Village 

Nellipoyil-Meemutty 

Nellipoyil-Mundoor 
Kodenchery-Chembukadavu 

Nellipoyil-Pathippara 

Meemutty 

Vattachira 

Muttithode 

Thiruvambady 

Valanthode 

Muthappanpuzha 

Anakampayil 
Thiruvambady 

Mean 

a 

73.3 

66.6 

93.3 

20.0 
33.3 

40.0 

46.6 

Incidence (%) in various clusters 

b c 

26.6 93.3 

40.0 60.0 

13.3 73.3 

60.0 86.6 

Mean 

incidence (%) 

64.4 

55.3 
59.9 

8.8 

59.8 

13.3 

15.5 
23.0 
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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 germplasm 

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 katie 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 baderial wilt of ginger 

(A. Kumar and M. Anandaraj) 
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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 Maya temperature of 60°C was re
corded inside the seed rhizome at 1.00 pm, 
whereas the air temperature in the p01ythene 
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-ELlSA, 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 solMization 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 (76.0). 80 33.8 (32.1). 

2 h of rhizome 
solariza tion from 85.4 (69.0)b 110 0.93 (6.1)b 
9 toll am 

2 h of rhizome 
solarization from 82.0 (67.1)b o (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 iP < 0.05). 
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Table 55. Effect of discontinuous microwa.ving 
of rhizomes on bacterial wilt incidence in ginger 

Microwave Temperature Disease 
treatment ("C) incidence'" 
(sec) after 120 

DAI' (%) 

Unexposed 26 0.0 

0 Zl 57.0 

1 x 10 s 30 26.7 

2 x 10 s 35 13.2 

3 x 10 s 42 19.1 

4 x 10 s 45 0.0 

5 x 10 s 47 0.0 

IIDisease noticed after 45 days; DAP=Oays after 
planting 

Microwaving 

Ginger rhizomes subjected to pulse 
microwaving involving 4-5 cycles of lOs, 
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 
bacterial 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. solanaeearum were 
characterized using random and specific 
primers including Rep primers. RFLP-PCR 
technique was standardized to identify the 
bacterial wilt pathogen R. solanaeearum. 

Detection of pathogen in soil 

In order to develop an assay system for 
detection of bacterial inoculum in son, a 
simple technique based on staining of PHB 
granules of R. solanaeearum 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 antagonism by native 
microtlora 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 en1ited 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. solanacearum. 
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 I. 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 105 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 to root rot. 

The biocontrol agent is generally multiplied 
with sorghum as the base. Since the popu
la tion of Trichoderma spp. did not multiply 
beyond 10' dulg soil, the popUlation of 
microfauna was estimated in greenhouse 
trials. The results indicated that when sor
ghum based Trichoderma formula tion is used, 
there was increase in populations of 
saprophytic mites and nematodes which 
probably affected the population of Tricho
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, Trichodenna 
and Longibrachiatum and to seven species 
namely, T. koningii, T. harzianum, T. 
longibrachiatum, T. citrinoviride, T. reeseii, T. 
parceramosum and T. atroviride. 

The biocontrol 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 Trichodenna Trichoderma Chromolaena 

Glomus sp. 15.-1 

Gigaspora gigantea 15.-1 

Glomus sp. 15.-2 

Gigaspora gigantea Is.-2 

Glomus sp. 15.-3 

Glomus sp. 15.- 4 

Control 

.. X 10.1 efu/ g soil; ""Presence of Phytophthora 

SCIf!ening of gennplasm 

In a preliminary screening six accessions 
each of ginger and turmeric were screened 
against Meloidogyne incognita, and among 
them two turmeric accessions (Aces. 1 and 
8) showed reasonably good resistance 
against the nematode. Another seven gin
ger (Aces. 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 ammendments 
for nematode management were concluded. 
Incorporation of Pipercalubrinum and Strych
nas nux-vamica leaves in black pepper ba
sins controlled nematodes and improved the 
yield of plants. 

Genetic diversity in nematodes 

Morphometrics of three root knot nematode 
cultures were carried out. 

virens harzianum odorata 

4.8'" 3.0"· 25 

2.8 4.2 .... 1-5 

1.3 1.5 0.8" 

4.3" 0.8 2.6 .... 

4.2 .... 2.3 .... 1.7"" 

4.6 15.9 1_7"" 

29.2 2.5 12.8 

Crop Prot_ L3 (813) 

Screening black pepper germ plasm 
for reaction to nematodes 

(K. V. Ramana, Sanlhosh ,. Eapen and K. V. 
Saji) 

Sixty black pepper germplasm accessions 
(cultivars-8, wild-17 and hybrids-35) were 
screened against Radaphalus 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 Melaidagyne incognila were main
tained on their respective hosts as well as 
on coleus. Cultures of Pralylenchus spp. in
festing ginger were also established. 

Biocontrol 1-3 (813) 

Biological control of nematodes of 
spices 

(Santhosh ,. Eapen, K. V. Ramana and A. Kumar) 

SCIf!ening of metaboJities 

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 vola tile) of 67 bacterial isola tes 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 Bacillus 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 LS-260 caused maximum suppres
sion of M. incognita and LS-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 liq
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 Peruvannarnuzhi using four 
promising fungal biocontrol agents. 

Inducing variability in Verticillium isolates 

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 from egg 
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. 

65 

Crop Prot. 1.2 (813) 

Screening black pepper germplasm 
for reaction to insect pests 

(K. M. AbduJ/a Kaya and 5. Devasohayam) 

The germplasm collections of black pepper 
nlaintained at Peruvannamuzhi and black 
pepper somaclones at Chelavoor were 
screened for their reaction to poilu 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%. 

Biocontroll.2 (813) 

Biological control of insect pests of 
spices 

(5. Devasohayam, K. M. Abdulla Kaya and T. 
John Zachariah) 

Evaluation of plant products 

The efficacy of capsicum extract that was 
found to possess appreciable antifeedant 
activity against poilu beetle (Langitarsus 
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 pollu beetle to 
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black pepper berries and the incidence of 
infested berries was on par with that of 
control. 

Evaluation of en to mapa tho gens 

Seven isolates of fungi belonging to the gen
era Penicillium, Fusarium, Aspergillus and 
Scop!!lariopsis collected from spice ecosys
tems were evaluated for their pathogenicity 
in laboratory bioassays against root mealy
bug (Planococc!!s 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 
Peruvannarnuzhi at 0.5 and 0.3% concen
trations for the management of shoot borer 
(Conogethes punctiferalis! on ginger and tur
meric. Theneem 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. Howeverl 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 rhizonles 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. zeodaria 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 indica ted that dipping of seed 
rhizomes in qUinalphos 0.075% and storing 
in dried leaves of S. 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, S. 
Droasahayam, Santhosh J. Eapen and T. John 
Zachariah) 

Resistance to Phytophthora capsid 

Open pollinated progenies of black pepper 
varieties P-24 and KS-27 were screened for 
their reaction to PhytophtilOra capsici. The 
reaction ranged from hypersensitive to 
highly susceptible. The seedlings showing 
both the extremes were selected and are beiog 
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 poilu beetle 

Poilu resistant lines were analysed for their 
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biochemical characters. Phenols, total car
bohydrates, reducing sugars and free amioo 
acid content were significantly higher in 
poilu 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 poilu resistant lioes (Table 59). 

Externally Funded Projects 

ICAR Cess Fund Project 

National Network Project on Phyto
phlhora Diseases of Horticultural 

Crops 

(Y. R. Sarma and M. Anandaraj) 

Characterization ofPhytophthora 

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

Table 57. Biochemical constituents in leaves of poIlu resistant and susceptible black pepper cultivars 
and wild Piper spp. 

Category Total Reducing sugars Phenols Free amino acids 
(mg/100 gl (mg/l00 gl (mg/l00 gl 

Susceptible (Cultivars) 

Panniyur-l 1.74 0.288 0.293 0.203 
Karimunda 1.20 0.178 0.210 0.159 
Resistant (Cuitivars) 

Ace. 816 2.64 1.420 0.917 0.725 
Ace. 841 5.08 1.610 0.979 0.268 
Ace. 1114 4.76 0.839 0.625 0.274 
Ace. 2070 3.15 0.744 0.670 0.241 
Resistant (Wild Piper spp.J 

Ace. 1811 4.15 1.282 0.553 0.272 
Ace. 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 poilu resistant and susceptible black pepper cultivars 
and wild Piper sp. 

Amino acid Panniyur-l 
(mg/100 g) (Susceptible) 

Asp 99.67 

Thr 360.50 

Ser 179.80 

Glu 19.87 

Gly 28.35 

Ala Tr 

Val 71.17 

Met 22.58 

Isoleu 38.57 

Leu 27.75 

Tyr 42.15 

Phe 198.90 

His 5.55 

Lys 50.72 

Arg Tr 

Tr=trace 

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

Category EpicuticuJar wax 
(mg/IOO g) 

Susceptible (Cultivars) 

Panniyur-l 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 

Acc.841 Piper colubrinum 
(Resistant) (Resistant) 

54.71 Tr 

380.90 51.39 

141.80 64.16 

30.75 Tr 

Tr 16.60 

Tr 349.50 

31.71 23.50 

44.92 Tr 

21.04 15.80 

32.70 12.10 

30.80 6.72 

194.30 97.60 

26.86 4.17 

44.86 52.66 

7.39 Tr 

Phytophthora. Phytophthora iso\ates stored 
in sterile distilled water were viable up to 6 
months. Phytophthora was isolated from new 
hosts (nutmeg, Bauhinia sp., Vanilla sp., tapi
oca and Piper chaba) for the first time. One 
hundred and seventy isolates of Phytophthora 
infecting black pepper were characterized 
morphologicaHy. Among these, \59 isolates 
were P. capsid, 5 were P. palmivora, 3 were 
P. parasitica and another 3 were atypical 
isolates. 

Fifty-two isolates of Phytophlhora from 
betelvine were characterized morphologi
cally. Among these, 39 belonged to P. 
parasitica and 13 to P. capsid. P. capsid 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 

Fig. 5. UPGMA cluster analysis of 
Phytaphthara capsici from black pepper 

included in the final analysis. Twenty-eight 
electrophoretic types were isolated for 910ci 
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 dis mutase .. 
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 Phytophlhnra 
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 

69 

random primers were screened for 
Phytophthora. Among these, OPABA-3, 
OPAA-7, OPAB-4, OPAB-5, OPAB-7 and 
OPAB-8 showed multiple banding. In addi
tion to this, ITS primers ITS6 and ITS4 were 
used to identify different species of 
PhytophtilOra. The primer sequence for ITS-
6- 5 'GAA GG TGAA GTC GT AACAAGG3' 
and ITS 4-5 'TCC TCCG CTT A TT
GATATGC3' were obtained from internet 
and the primers were synthesised by Ban
galore Genei and peR protocols were stan
dardized. There was an amplified product 
of 862 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 antagonists 

Four hundred and Seven ty-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 (TA V) 
and T. pseudoknningii 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 + 
TA V + TPK promoted plant growth signifi
cantly. When challenge inoculated with P. 
capsici, Significant reduction in mortality 
was observed with treatments of TA V, 
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 P-12 proto
plasts tolerant to 300 ppm of copper oxy
chloride, and T. Qurewiride protoplasts tol
erant to 800 ppm of Ridomil and T. 
IIarzianum 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 Pilyfophfhora foot rot of black 
pepper and their conservation 

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

Evaluation of bioconlroJ 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. (lISR-398) and Pseudomonas fluorescens 
(IISR-51) could inhibit the growth of P. capsici 
up to 68%. The efficient isolates were tested 
in the greenhouse and P. fluorescens (lISR-
396) and Bacillus sp. (IISR-398) protected 
black pepper plants from root rot up 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 indica ted by decrease in disease 
potential index (DP]) 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 (IISR-51 and IlSR-396) could also 
enhance the growth of black pepper signifi
cantly. 

Basic studies on biocontroJ agents 

Antibiotic resistance markers in the PGPR 
strains facilitated studies on population 
dynamics and rhizosphere competence. P. 
fluorescens (lISR-51) was resistant to kana
mycin (50 ppm), rifamycin (l00 ppm) and 
nalidixic acid (40 ppm). The efficient strains 
were tested for phosphate solubilization 
potency and P. fluort'scens (lISR-51 and IlSR-
396) could release 0.6 ppm of phosphate to 
the culture media from tricakium 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' cful gof the rhizosphere soil and 10'cfui 
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-l,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. Sasikumar and M. 
N. Venugopal) 

Development of immunokits 

Polyclonal antibodies were developed 
against membrane protein (42.3 kOa) spe
cific for biovar III of Ralsiouia 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 ofRalstonia solanacearum 

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 (room 
temperature) and 37"C for 30 days of stor
age. At temperatures of4"C and below there 
was no multiplication of R. soiana-cearum 
when compared to high temperatures (l5"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 O°C and 4"C can be exploited 
for maintaining the viability of infected rhi
zomes without any further spoilage. 
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Enrichment ofRalstonia solanacearum 

In order to design a selective medium for 
enrichment of R. so/nnacearum, 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. 
solanaeearum for post enrichment ELISA. 

The composition of the new selective me
dium for R. soltmacearum is as follows: su
crose (20 g), peptone (10 g), K,HPO. (0.5 g), 
Mg SO, 7H,o (0.25 g) in 1 I of distilled 
water at pH 7.2. The medium is cheap and 
involves the following antibiotics: Ampicil
lin (5 pg/m!), Chloramphenicol (5 pg/ml), 
Penicillin (lpg/ m!), Cycloheximide (50 pgl 
m!), Polymyxin B-sulphate (25pg/ml), Baci
tracin (25 pg/ml), Crystal violet (5 pg/ml) 
and Tetrazolium chloride (10 pg/mJ). 

Induction of defence proteins 

By pathogen 

Two month old ginger plants were artifi
cially inoculated with R. solanaeearum and 
tissue samples were taken from r()()ts~ leaves, 
rhizomes and pseudostems at different time 
intervals and electophorated in SOS PAGE. 
Protein with molecular weight of 14 KDa 
was observed in root samples taken 4, 24 
and 48 h after inoculation (HAl) 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 coloniza lion 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/ml) of two plant elici
tors namely, BO and CAS RIP (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 /. Eapm) 

Identification of biocontrol 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 
isolates, 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., 
ScopuIariopsis spp. and HumicoIa 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 is0-
lates caused more than B<J% hatching sup
pression while 24 isolates showed good 
parasiti7.ation of nematode eggs. Seven is0-
lates (F. orysporum (Is. 11), Scopulariopsis sp. 
(Is. 14), V. chlamydosparium (Is. 31,32 and 
34), V. Iecanii (Is. 35) and P. IiIacinus (Is. 36) 
had a very high inhibitory effect (>90%) on 
egg hatching while another 10 isolates sup
pressed egg hatching by more than 80%. 
Aspergillus spp. Os. 2, 7,10 and 49), Fusarium 
spp. (Is. 11 and 13), ScopuIariopsis sp. (Is. 
14), Scolicobasidium (ls.15), Trichoderma spp. 
(Is. 16, 25, 33 and 56), V. chIamydosparium 
(Is. 31, 32, 34 and 57), V. Iecanii (Is. 35), 
Paecilomyces spp. (Is. 20, 27 and 36), 
GIiocIadium sp. (Is. 40 & 41) and DrecllIeria 
sp. (Is. 44), showed good parasitization of 
root knot nematode eggs. Thermostable toxic 
metabolites in culture filtrates of V. chIamydo
sparium (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
tified. 

Evaluation of nematode antagonists 

P. liIacinus (Is. 36), F. oxysporum (Is. 11) and 
A. tamar;; (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 - Is. 32 
and Trichoderma harzianum - Is. 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-I, among the 
12 bacterial isolates used, 8 isolates caused 
significant increase in height of plants over 
control and Is. 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 Ii/acinus on growth and nematode multiplication in tomato plants 

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

k~ ~~ 

Control 29.56c 5.26c 24.00a O.DOc O.DOc O.OOd 

RKN 31.19c 17.05a 23.33a 77.95a 67.46ab 4.00a 

PI 44.11a 10.07b 26.00a OO.DOc OO.DOc O.OOd 9.2 x 10' 

RKN + PI 40.38abc 8.96b 24.33a 47.18ab 91.49a 3.00b 8.7 x 10' 

RKN > PI 32.60bc 7.16bc 20.31. 31.46abc 35.39.bc 1.67c 2.2 x 10' 

PI> RKN 42.34ab 9.96b 28.00. 10.66bc 6.44bc l.ODe 6.6 x 10' 

Values indicate means of 3 replicates 
Figures followed by the same letter in a column are not significantly different in DMRT (P<O.OS) 
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. Howeverl 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 
rhizobacleria belong to different categories 
like growth promoters, nematode antagonists 
and some have both the capabilities. 

Evaluation of biocontrol agents 

Isolates of V. chlamydosporium (Is. 31 and 
32), Trichoderma spp. (Is. 25 and 56), Penicil
lium sp. (is. 4), V. leeanii (Is. 35), P. lilacinus 
(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 ofthe 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 biocontrol 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 root knot 
nematodes could be achieved only by appli
cation of F. oxysporum. 
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Mass multiplication of biocontroi agents 

Among the four synthetic chemical media 
evaluated for culturing V. chlamydosporium, 
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 
Trichodenna sp. (Is. 56) was at pH 5. Is. 33 
showed adaptation to a wide range of pH 
(4-7) while Is. 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 6. 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 field 

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) 7.47a 5O.17a 2.01a O.OOb O.OOb O.OOa O.OOb 

P (Is. 4) 7.98a 48.01a 2.08. 1O.06ab 6.DOab O.46a 16.52 ab 

V (Is. 35) 7.70a 49.71a 2.14a 0.46b O.OOb O.OOa 0.46b 

T (Is. 56) 7.13a 48.89a 2.49a 4.24ab 4.75ab 0.46a 9.45ab 

Ve (Is. 31)-bed 7.44a 47.94a 2.37a 0.67b O.OOb O.OOa 0.67b 

Ve (Is. 31)-seed 8.94a 47.70a 2.48a 2.97ab 3.02ab 1.32a 7.31ab 

Control 6.56a 46.83. 1.71a 51.48. 24.64. O.OOa 76.12a 

Ginger-Peruvannamuzhi 

Treatment No. of Height of Fresh Nematode population (per g root) 
tiU~rs plant yield 

(em) (kg/bed) Eggs Juveniles Females Total 

PI (Is. 36) 6.01a 73.42b 5.50a 0.46b 1.33e O.OOa 1.79b 

Fo (Is. 11) 6.07. 71l.45c 7.25a 3.03b 2.13bc O.OOa 5.16b 

5 (Is. 14) 6.84a 75.76a 7.75a 10.lIab 26.93ab 0.46a 3750ab 

A (Is. 10) 6.06a 74.37ab 6.50a 7.33 ab 2.13bc 0.46a 9.92b 

Ve (Is. 32) 6.15a 70.1ge 5.00a 358b 1.140 O.OOa 3.72b 

Control 5.94. 71.57e 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 

(em) (kg/bed) Eggs Juveniles Females Total 

PI (Is. 36) 2.24a 129.13e 12.76ab 554b O.OOb 0.46b 6.00b 

Fa (Is. 11) 2.14. 134.43a 15.73a O.OOb O.DOb O.DOb O.OOb 

5 (Is. 14) 2.06a 133.04b 1255ab 8.20ab 1.45b 1.60ab 11.25ab 

A (Is. 10) 2.06a 134.49a 13.55ab 1O.02ab 6.07ab O.OOb 16.09ab 

Ve (Is. 32) 2.35a 134.64a 13.24ab 3.23b 8.09ab O.OOb 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<O.OS) 

T =Trichoderma sp.; P=Penicillium sp.; A=AspergiIlus sp.; S=Scopulariopsis sp.; Fo=Fusarium oxysporum; 
Vc=Verticillium chlamydosporium; Pl=Pacilomyces lilacinus 
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chlamydosporium. The optimum tempera
tures for growth and multiplication of T. 
harzianum (Is. 33) and P. Iilacinus (Is. 36) 
were between 25"e and 30"e 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. (15.36) with 
metalaxyI rnancozeb, 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. I (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] .9. However, both gin
ger and turmeric growers faced benefit- cost 
ratio of <] 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 marl<eting 

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 (lNARlS)'. 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 nlethods 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. Rnjeev 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. S. 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) 

Infonnation dissemination 

The queries of farmers through post or as 
personal visits to Agricultural Technology 
Information Centre (ATlC) were monitored 
and recorded in coordination with other 
divisions of the institute. The publications 
of A TIC 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 A TiC. 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 200], 

Input delivery 

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 A TiC. Rooted cuttings worth of 
Rs. 50,000/- were distributed to farmers. 
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Audio-visual 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 A HC build
ing. 

DBT Project 

Distributed Information Sub-Centre 

(Santhash f. 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 softwares 

Spice Genes Part I, a database on germplasm 
resources of black pepper was brought out 
in COS. 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 trammg 
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 Proj ect 

Technology Mission on Black Pepper 

(Y. R. Sanna, V. Srinivasan, B. Sasikumar, 
C. K. Thankamani and S. S. 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 and 
Kasaragod. 

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 trials invo1v
ing elite lines/released varieties with half 
the recommended dose of package of prac
tices (Y, 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, y, POP + ZnSO, application 
was ideal for obtaining higher yields. 
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Experiments were laid out in all the dis
tricts for the management of PhytophtllOra 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 field. 
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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 
cltlamydosporium, 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 soHd substrates. 
Pesticides Uke phorate, chlorpyriphos and 
potassium phosphonateare compatible with 
the fungus. 
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Training programmes 

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

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

IPR and WTO Awareness Training, 
Hyderabad, 10-12July 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 October 2001 
(T. John Zachariah). 

IX Refresher Course in Chemistry, Univer-

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

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

Water Quality Monitoring Technique, 
Centre for Water Resources Development 
and Management, Calicut, 11-14 December 
2001 (5. Hamza). 

Trainers Training Programme on Plant Ge
netic Resources Management, New Delhil 

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). 
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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 gerrnplasm 

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.Sc. Plan
tation Development courses 

PG Centre for Post Graduate studies 

Evaluation of improved varieties; training 
programmes 

Planting material production; implementation 
of developmental schemes 

Transfer of technology 



flee India Coordinated CR,gsearcli Project on Spices 

The mandate of All India Coordinated Re
search Project on Spices (AICRPS) is to con
duct and coordinate 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 farnl
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 lKarimunda-lI and III, PRS-17, Cult. 
5489 and Cult. 5308 (Panniyur)], 9 carda
mom accessions IPS-44, PS-27, S-1 
(Pampadumpara), CL-692, CL-730 
(Mudigere), MCC-13, MCC-18, MCC-200 and 
MCC-347 (Myladumpara»); 2 ginger acces
sions [VIC, and V,S,-2 (PoUangi)] and 11 
turmeric accessions ITCP-l (Pundibari), PTS-
55, TU. No-I, PTS-ll, PTS-15, PTS-52, PTS-
59 (Pottangi), JTS-6, JTC-313 (Jagtia!) and 
RH-5 (Oholi)] were identified for the new 
Comparitive Yield Trials. Promising geno
types in OP seedling progenies (0-237, CC-
730 and CL-692) and other superior clones 
(Ace. 8-4-011 and 7-24·011) were identified 

in cardamom. Drought tolerant lines were 
also identified in cardamom (CL-66B, P-6, 
0-237 and 2-2-011). Ace. 239 was identi
fied as a promising black pepper line at 
Sirsi. V,S,·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 U0-446 in coriander; and Hisar Mukta, 
Hisar Madhavi and Hisar Suvarna in 
fenugreek) were proposed/recommended 
during the XVI National Workshop of AlC· 
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 BOJR·1260 
were high yielding types with high 
curcumin. Ace. BOJ-105 and Ace. 360 had 
high dry recovery and ST-IM and ST-7M 
had high essential oil and oleoresin, respec· 
tively. The turmeric accession SG·685 was 
identified for high dry recovery at Solan. In 
coriander, Jco-331 had high oil (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·I44. 
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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 cm x 10 em 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-l 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 Zn50, 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@:1.25% 
or soil + foliar application @ 5 kg/ha + 
0.125%, MnSO, as foliar application @0.5% 
or soil + 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/kg of seed). 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 q/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 Ace. 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. 
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The Krishi Vigyan Kendra (KVK) wasestab
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 situa tions. 

Introduction ofimproved varietyof 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 01 x 1.2 
01) but well below the farmers practice of 2 
01 X 2 m. The yield and income obtained 
were higher in the demonstration plot where 
a higher spacing 0.2 01 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 
courses Male Female Total participants 

Practising farmers 59 1010 630 1640 89 

Rural youth 6 78 44 122 6 

Extension 1 40 22 62 0 
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 

Variety Sree Vijaya 

Duration 9 months 

Spacing 1.2mx1.2m 

Yield/plant 9.9 kg 

Yield/ha 68.75 t 

Gross income Iha Rs. 3,43,750 

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. However, 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 (Off) 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. 

11 

Sree Vijaya 

9 months 

0.9 m x 0.9 m 

5 kg 

61.73 t 

Rs. 3,08,650 

Salykappa (Loca\) 

IO-ll months 

2 m x 2 m 

15 kg 

37.5 t 

Rs. 1,87,500 

Evaluation of ferrolure pheromone trap against 
red palm weevil 

The performance of ferro lure 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 414 months. The 

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

Plot 

I 

2 

3 

4 

5 

Total 

No. of weevils trapped from 
December to May 

Male Female Total 

445 352 797 

346 348 694 

276 413 689 

102 132 234 

206 213 419 

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 sugges ting tha t 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 
ITable 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 males 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 areca nut. 
The arecanut palms which were treated with 
Trichoderma sp. 100 g + 1 kg neem cake + 
Ridomil @ 1.25 gil x 5 per palm during the 
previous year were monitored. However f 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 glyriddia 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 ml 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 
I 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 no harm
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 
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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 Health 
Centre as contributions to the revolVing fund 
during the year. 

Extension activities 

Exhibitions 

The KVK participated in three exhibitions 
during the year. 

• Silver Jubilee celebration of IISR, 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 

• 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-l 2636" 
Allspice seedlings Elite lines 400 553" 
Anthurium plants 20 varieties 100 64" 
Bush pepper plants Sreekara, Subhakara, 

Panchami, Pournami, 
Panniyur-1 700 765" 

Cardnia grafts Elite lines 1840 945 

Nutmeg grafts Elite lines 13,500 12,854 

Mango grafts Bennet Alphonso, Kalcpady 180 111 

Guava layers Allahabad Safeda 

Watery rose apple Seedless type 
rooted cuttings 

It 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 a 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. 

110 194" 

100 134" 

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 cultivation 

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 ] 
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-cornpost units, goatary units 
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and contract production of planting materi· 
also The self-employment units helped the 
beneficiaries to obtain adequate income from 
these units. 

Documentation of indigenous 

knowledge 

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 pseudost~m bort!r 

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 Milnihnt glazicruii as a source of 
nectar and pollen for honeybees during 
rainy season. 
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Books and chapters in books 

Anandaraj, M., Devasahayam, S. 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 llSR Indian Insti
tute of Spices Research, Calicut, 33 pp. 

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

Devasahayam, S. 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. 

Koril<anthimath, V. S. 2001. Cardamom 
(Small). In: K. V. Peter (Ed.). Hand
bool< 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 
Bool< 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
bool< 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 
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Academy of Agricultural Extension 
Management, Hyderabad, pp. 103-118. 

Ramana, K. V. and Eapen, S. j. 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 
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Samaranika, Vol. 2., Kottakkal Arya 
Vaidya Sala, pp. 227-242. 

Sarma, Y. R, Chempakam, B. and John 
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pects in Spices Production and Export. 
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Indian Institute of Spices Research, 
Calicut. 74 pp. 

Sarma, Y. K, 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. K, Sasikumar, B. and Chempakam, 
B. (Eds.) 2001. Spices Indica. Silver 
jubilee Souvenir. Indian Institute of 
Spices Research, Calicut, 180 pp. 
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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, J(. L. (Ed.). Hand
book of Horticulture. Indian Council 
of Agricultural Research, New Delhi. 
pp. 727-728. 

Research articles 

Dhamayanthi, K. 1'. M. and Reddy, V. K 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 physical and 
chemical mutagens and their combi
nations in chilli (Capsicum annum L.). 
Journal of Nuclear Technique in Agri
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On-going Cj?gsearcfi Projects 

Institute Projects 

Crop Improvement and Biotechnology 

1. Gen. I (813): Collection, conservation, 
cataloguing and evaluation of black 
pepper germplasm 

2. Gen. VII. 1 (813): Breeding black pepper 
for high yield, quality, drought and 
resistance to pests 

3. Biotech. IV (813): Biotechnological ap
proaches for crop improvement in black 
pepper 

4. Biotech. VI (813): Development of DNA 
markers for marker assisted selection 
in black pepper 

5. Biotech. V (813): Large scale multiplica
tion of released varieties of black pep
per through somatic embryogenesis and 
genetic fidelity testing 

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

7. Gen. IX (813): Collection, conservation, 
cataloguing and evaluation of carda
mom germplasm 

8. Gen. X (813): Breeding cardamom for 
high yield and resistance to 'katte' dis
ease 

9. Gen. II (813): Collection, conservation, 
cataloguing and evaluation of 
germplasm of ginger and turmeric 

10. Gen. XIV (813): Cytogenetics and repro
ductive biology of major spices 

11. Biotech. II (813): In vitro selection for 
resistance to soft rot and bacterial wilt 
in ginger 

12. Gen. VI (813): Collection, conservation, 
cataloguing and evaluation of 
germplasm of tree spices 

13. Hort. IV (813): Rootstock-scion interac
tions in tree spices 

14. Gen. XIII (813): Collection, conservation 
and improvement of vanilla 

15. Hort.1II (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 

2. SSc. II (813): Nutritional requirement of 
improved varieties of spices 

3. Phy. V (813): Characterization of 
drought tolerance in black pepper 

4. Phy. VI (813): Characterisation of 
drought tolerance in cardamom 

5. Agr. XVII (813): Verrni-composting us
ing organic wastes available in carda
mom areas 



On-going Research Projects 

6. Agr. XIV (813): Investigation on spice 
based cropping systems 

7. Agr. XIX (813): Management efficacy of 
whole farm approach in farming 
-A study on spices based farming sys
terns 

8. Biochem. I (813): Biogenesis ofpigrnents 
in spice crops 

9. Org. Chern. I (813): Isolation and iden
tification of naturally occurring com
pounds against major pests and patho
gens of black pepper 

10. PHT. I (813): Quality evaluation in 
spices 

11. PHT. II (813): Harvesting and process
ing techniques in spices 

12. 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 

2. Path. n. 3 (813): Disease management 
in Phytophthora foot rot affected black 
pepper plantations 

3. Path. XII (813): Investigations on 
stunted and phyllody diseases of black 
pepper 

4. Path. X (813): Investigations on vein 
clearing virus of small cardamom 

5. Path. XI (813): Studies on bacterial wilt 
of ginger 

6. Biocontrol I. 1 (813): Biological control 
of diseases of spices 

7. Nema. III (813): Investigations on nema
todes associated with spices 
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8. Crop Prot. I. 3 (813): Screening black 
pepper germplasm for reaction to nema
todes 

9. Biocontrol. I. 3 (813): Biological control 
of nematodes of spices 

10. Ent. XI (813): Bioecology and manage
ment of mealybugs infesting black pep
per 

11. Crop Prot. I. 2 (813): Screening black 
pepper germplasm for reaction to 
insect pests 

12. Biocontrol. I. 2 (813): Biological 
control of insect pests of spices 

13. Crop Prot. II (813): Mechanisms of re
sistance to pests and pathogens in spice 
crops 

Social Sciences 

1. Econ. I (813): Economics of spices pro
duction and marketing 

2. 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 

2. Characterization of nutmeg germplasm 
for quality 

3. Elucidation of biosynthetic pathways 
of curcumin in turmeric 

4. National Network Project on 
Phytophthora Diseases of Horticultural 
Crops 

5. Biological control of plant parasitic 
nematodes of major spice crops 
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Department of Biotechnology 

1. Conservation of spices genetic resou
rces in in vitro gene banks 

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

3. Improvement of selected spice crops 
through biotechnological approaches 

4. Field evaluation of tissue cultured 
plants of spices and assessment of their 
genetic stability using molecular mark
ers 

5. Immunoserological approaches to 
pathogen detection and use of defence 
proteins in disease management in pla
ntation crops-ginger and cardamom 

6. Compatibility, stability and potential of 
biocontrol consortium on suppression 
of Phylophthora foot rot of black pepper 
and their conservation 

7. Distributed Information Sub-Centre 

National Agricultural Technology Project 

1. Collection, characterization and conser
va tian of spices genetic resources 

2. Molecular characterization and prepa
ration of molecular maps in black pep
per 
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3. Development and evaluation of soil
water conservation measures and land 
use systems for sustainable crop pro
duction in Western Ghats of Coastal 
Region 

4. Integrated technologies for value addi
tion and post harvest management in 
palms, spices and tropical tuber crops 

5. Value addition and quality enhance
ment of selected spices 

6. Integrated National Agricultural Re
sources Informa tion System 

7. Agricultural Technology Information 
Centre 

Department of Agriculture and Coopera
tion 

1. Centrally Sponsored Scheme-Integrated 
Programme for Development of Spices 

Government of Kerala 

1. Technology mission on black pepper 

Emeritus Scientist Scheme 

1. Plant nutrient management strategy for 
breaking black pepper yield plateau and 
quality upgradation 



Consu[tancy ana Commercia[ization ojTeclino{ogy 

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 sum 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 :Jr1anagement 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, Calicu t. 

Director of Horticulture, Karnataka. 

Director of Agriculture, Kerala. 

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

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

Member 

Member 

Member 

Member Secretary 



CJ?§searcli jIavisory Committee 

Members 

Prof. V. L. Chopra : Chairman 

Prof. T. N. Ananthakrishnan : Member 

Mr. C. v. Jacob 

Dr. Man Singh Manoh.r 

Dr. K. R. Maurya 

Dr. A. M. Michael 

Dr. P. N. Ravindran 

Recommendations 

: Member 

: Member 

: Member 

: Member 

: Member 
Secretary 

The RAC meeting was held during 16-17 
March 2001 and the following recommen
dations were made. 

General 

1. In addition to research support for in
creasing spices production at national 
level, IISR should a Iso strive to stan
dardize technologies for production of 
quality spices to meet growing interna
tional standards. 

2. Brain storming sessions may be orga
nized to identify future needs of spice 
production. 

3. Multidisciplinary approach should be 
given more importance in all future re
search programmes. 

4. Prioritization of research programmes, 
based on existing manpower and fa
cilities may be made. 

5. 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. 

6. 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. 

2. Genetics of resistance to PhytophtJlOra 
foot rot of black pepper must be stud
ied. 

3. More number of ginger accessions with 
low fibre content may be identified. 
Role of environment in development of 
fibre in ginger may be studied. 

4. Work on paprika improvement may be 
discontinued at the institute level and 
may be taken up through All India Co
ordina ted 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. 

2. Cost-benefit ratio has to be worked out 
for the recommendations made in agro
nomic studies. 



108 

3. Soil temperature, soil moisture regime 
and stage of the crop are to be consid
ered scheduling irrigation in cropping 
systems. 

4. Specific tools employed in planting, 
harvesting and processing of spices are 
to be identified and improved upon. 

5. 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 
programmes. 

2. Diagnostics for viral diseases should 
be given priority to ensure production 
of disease-free planting material. 

3. Biocontrol agents with multiple mode 
of action and consortia need to be de
veloped for disease suppression and 
growth promotion. 

4. Population dynamics of nematodes in 
soil in response to various agricultural 
inputs should be studied. 

5. 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. 

6. The effect of neem extracts on reducing 
the population of mealybugs on black 
pepper may be studied. 

7. Chemical analysis of root exudates of 
resistant and susceptible species may 
be carried out and the role of various 
components in chenloattraction 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. 

2. Database on total population employed 
in spices production sector should be 
prepared. 

3. The database on spice production sta
tistics already prepared should be com
mercialized and made accessible to pro
spective users on payment. 

4. Village adoption programmes should 
be followed up and strengthened. 

5. Audiovisual aids like technology spe
cific video films, user-friendly computer 
demos and internet web sites should be 
designed and produced. 



Staff CR.fsearcfi Counci[ 

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 Ca.use 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 9rteetings 

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, Kayamkulam, 
18-19 june 2001 (M. S. Madan). 

Workshop on Requirement Analysis for 
INARIS, Kasaragod, 27-29 june 2001 (M. S. 
Madan, V. Srinivasan). 

Workshop on Requirement Analysis for 
INARlS, Calicut, 30 June-2 july 2001 (M. S. 
Madan). 

Seminar on Molecular Modalities in the 
Manipulation of Insect Natural Enemies, 
Chennai, 14 july 2001 (S. Devasahayam). 

Symposium on Plant Genetic Resources 
Management: Advances and Challenges, 
New Delhi, 1-4 August 2001 (D. 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 (S. 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 WTO and its impact 
on Indian Agriculture, Hyderabad, 11-12 
October 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, 5. Devasahayam, B. 
Krishnamoorthy, T. John Zachariah, B. 
Sasikumar, K. S. 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 (S. 
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 (1'. 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, J. Rema, C. 
K. Thankamani). 

National Symposium on Plant Physiology 
and Biochemistry in Transgenic Era and 
Beyond, Kolkata, 1-3 December 2001 (S. J. 
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 Geographical 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. S. 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, S. Devasahayam 
and S. S. 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-!j February 2002 (All 
Scientists). 

National Symposium on Biological Control 
of Insect Pests, Chennai, 7-8 February 2002 
(S. Devasahayam). 

Seminar on Black Pepper, Kalpetta,12 Feb
ruary 2002 (S. J. Eapen, C. K. Thankamanil 
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Fourth Indian Agricultural Scientists and 
Fanners Congress, Meerut, 16-17 February 
2002 (K. V. Saji). 

Nematode Diseases of Black Pepper-'Nema 
100 Kerala', Kayarnkulam, 21-22 February 
2002 (K. V. Ramana and Santhosh J. Eapen). 

National Workshop on Germplasm Manage
ment of Horticultural and Agro Forestry 
Crops for Sustainable Utilization, New 
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Delhi, 27-28 February 2002 (K. N. Shiva). 

III 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). 



9rieetings Organized 6y tlie Institute 

Interface-Spice Exporters, Farmers and Sci
entists, Calicut, 9 October 2001. 

National Group Meeting of Research Work
ers of All India Coordinated Research Project 
on Spices, Thrissur, 1-3 November 2001. 

Kisan Mela l 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, 5-6 February 2002. 



(j{amo '[a[k,j 

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. S. Veena). 

Cropping systems, harvesting and process
ing of cardamom, All India Radio, Madikeri, 
28 June 2001 (5. J. Ankegowda). 

Nursery management and cultivation prac
tices of cardamom, All India Radio, 
Madikeri, 14 July 2001 (5. J. Ankegowda). 

Processing of pepper, All India Radio, 
Madikeri, 19 July 2001 (5. J. Ankegowda). 

Viral diseases of black pepper, All India Ra
dio, Calicut, 8 August 2001 (5. S. Veena). 

Spices varieties released from !lSR 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, All India Radio, Madikeri, 16 Septem
ber 2001 (M. N. VenugopaD. 

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. VenugopaD. 

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 (13. 
Sasikumar). 

The rhizosphere, All India Radio, Calicut, 
22 February 2002 (Santhosh J. Eapen). 



Lectures (j)e{ivered 6y 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 
(1'. Heartwin Amaladhas). 

Value addition in spices, Kisan Mela of 
Kerala Agricultural University, Pilicode, 31 
October 2001 (T. John Zachariah). 

llIack pepper cultivation and processing, 
Karshaka Seminar, Malappuram, 22 Decem
ber 2001 (S. Harnza). 

Machinery and post harvest up gradation 
in spices, Indian Institute of Plantation 
Management, Bangalore, 1 January 2002 (1'. 

Heartwin Amaladhasl 

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 J. Eapen) 

Agronomy of black pepper, Pepper Seminar, 
Kalpetta, 12 February 2002 (C.K. 
Thankamani) 

Bioinformatics, Nest-Atlanta Computer Ex
hibition, Calicut, 15 February 2002 (Santhosh 
j. Eapen) 



(j)istinguislied 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. S. 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. J. Jose, Chairman, Spices Board, Kochi. 

Dr. G. KaIIoo, 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 Mohan, 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. PaJ, Additional Director General 
(PC), 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 Delhi 

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. Swamina than, Chairman, M. S. 
Swaminathan Research Foundation, 
Chennai. 

Dr. O. P. Vijay, Director, National Research 
Centre for Seed Spices, Ajmer. 



Personne[ 

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 Production 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. S. 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. lshwara Bhat, Senior Scientist (Plant Pa
thology) (joined on 18 February 2002) 

Dr. j. Rema, Scientist (Senior Scale) (Horti
culture) 

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

Mr. Santhosh j. 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 Study Leave) 

Dr. S. 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 Officer 
(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 
2001) 

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 

IlSR Annual Report 2001-{)2 

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(EconomicBotany) 

Mr. P. Heartwin Amaladhas, Scientist 
(Agricultural Engineering) 

Technical 

Mr. V. K. Abubaeker Koya, Farm Superin
tendent (T-7) 

Krishi Vigyan Kendra 

Mr. P. S. Manoi, Technical Officer (T-6) 

Dr. S. Shanmugavel, Technical Officer 
(T-6) 

Mr. K. M. Prakash, Technical Officer (T-6) 

Cardamom 
Appangala 

Scientific 

Research Centre, 

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

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

Mr. D. Prasath, Scientist (Horticulture) 

Administrative 

Ms. Enid Savitha, Assistant Administra tive 
Officer 



Siever Ju6i(ee Ce(e6rations 

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. S. 
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. C. Kalloo, Deputy Direc
tor General (Horticulture), ICAR, New Delhi, 
during the occasion. A Greenhouse Facility 
was inaugura ted by Dr. R. N. Pal, Assistan t 
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. 

-;;; InsttUrte~· Of.Spice. ~L':. 
SlI¥I!R . _ _ R ....... 

, j 

Fig. 6. Prof. M. S. Swaminathan, being 
felicitated during the Silver Jubilee celebra

tions of the institute 



Weatlier 

Weather data for 2001 (Peruvannamuzhi) 

Month 

January 
February 
March 

April 
May 

June 

July 
August 

September 
October 

November 

December 
Total 

Rainfall (mm) 

o 
43 
o 

247 

349 

1048 

927 
632 

204 

333 
285 

10 

4078 

Weather data for 2001 (Appangala) 

Month Temperature 

Max. ('0 Min. ("C) 

January 28.1 13.1 
February 31.1 16.9 
March 32.2 16.9 
April 31.1 19.2 
May 28.9 18.8 

June 24.8 18.1 

July 23.2 17.7 

August 22.3 18.2 
September 27.2 18.0 
October 27.0 17.1 
November 27.6 16.2 
December 26.9 13.5 

Total 

Rainfall (mm) 

32 

0 

0 

107 

82 

494 

825 

417 

211 

203 

114 

6 

2491 

No. of rainy days 

o 
2 
o 

12 
14 

26 

27 
28 

12 
18 

13 

1 
153 

No. of rainy days 

1 

0 

0 

8 

8 

21 

31 

26 

8 

11 

4 

2 
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-.:mrR 'lffiffi il; ~ m ~ 31i<iflH 1Tci fcra;rn 

l!T ~ 1RlTfr l?ffi('I' ~ #'1F1 Calicut 

q)j <'l1l<1' tl ~ ~ ~ m QT m 3lR IT 
(~ ~) il; '1'T'l ~ JlRT "3lTill W 1 -i\ 
~ ~ ~ il; ~ d)lai'!i>D il; 3i<PTi! 
<TIm fuifu:cr ""l11' tlffiUT J!T m t 1 qq 200 1 

II W ~ fNil'ldl3i\ il; <lR II :ITa fcrcRuT t 1 

'1\(1 «l ('iq il<R ~ 1Tci d) 1 <'11 fi1 J d)We;d 1'( il; 

153 31mfi1(1;\i (jjf "f!l!1m fuxrr 11m1 ~fffi<lI"lfd 

;;irrffi ~ rfT .;'fmr (JPrffl) q)j fcroor ~ lIdTI< 

~ fc!r<n 11m 1 mfllJ(j)j 11' 3m ~ "Wt1 
31ql(1I3t1B CPTilllTN d)We;dl,( il; 2299 ~ 

~ r'/rR: ~ il; 932 31rofi1(1"t ~ tl 

dJIMfi1tl 31ql(1lJ<l iP STGTiffi !!d) m ;IT it 'mJ 

11mtl 

~~~~~q)j~ 
31roM(1 ... ) q)j '<141~'(01 ~ (15) fj(1'f:dl<'1"1 

-.:mrR'l'ffi('j 3lj<iflH 1Tci fcra;rn B ~ ~ (9) 3lR 'l,'5l':J (2) ~ fc!r<n 11m1 fjjFJI~{fuQ il; 

q)j qufu, qq q)j <lJTRR m th ~ 3tTff1l<1' II ~ 3f.'Rr iP ~ 3m MIlldlT it cWr w 
it ~ 8-9 200 I it 25 ciT c;$no 1RT<lT 11m 1 1:ffiTffi 31 roM(1:j ~ t 1 IT QT :sIT 3lR :mt 
~ ~ Cl$lIHd) >iT l.?l'l l!f! «lIM"tIi!R (%ffitsl{';1 il; 3lTW< lR 14 1JriI il; ffm ~ ~ 
(Prof. M. S. Swaminathan) ~ ~ il; ~ ~ q)j 'i~id)"t fc!r<n 11m1 

~ ~I ~ ~ 3f<ffi< lR ~ ~<lIlI~II(1I3li Gtf.dtiiN ~ iP ~ 3lrofi1('Hl (j)f M«<OI 

1l»"<T'i< iP ffm 'ffIl11fu M Dr. D. G. Kalloo fcnm 7]Z!f 3lR ~ 645 3lrof?i(1..{i <Wr d)''''i~1 
3l!lmaT ('lJT1TdRt) ~;'r '3)_<OOT ~ (j)f:rom;;! ~ il; 800 3lrofi1(1'11 MIlldlT it 'mJ 11m 

fc!r<nl !!d) ~ (j)f :mz:it3R M 11m ~ tl ~ il; 50 3lroM(1 ... 'j 1l» 3H'1'fctfil$lH 

~ ~ iP :mfrr 1l» ~ 11m1 Cl$llHctii 1Tci ~ <lW 3'lJI -pIT (j)f ~ fc!r<n 11m tl 

-.:mrR 'l'ffi('j H ~1i1d) 1 1l» 'fitrct i\ t1R il; ffm 
~ il; d)IMd)G <lW ~ ~ Wcoi\ ~ 
If fflf.j 1/1 If''lft ·lJCZT il; ffiO ~ filJ1! 1TI! 

fu{>dlofl, 3lHId)IGl ,~, 3lWlllJ1, #oR; 3lroMl'I..{i 1l» '<141(\,01 fc!r<n 11m tl ;it. If''lft 
dTffi, ~fITI~I"lfct ~ (iP<t1) ~ (d1'!\c;d)) TfCCT iP <rf! JPrffl ~ fMilH"1 ,#oR; 

~ :ofll'lli'l.(1 (<Wrt1' '1T3) it o5T ~ -m,rr il; dTffi (~) 3lR fi!5s (d)"t\cd));;irrffi ~ '<1'116'(01 
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!a>m 1T<1T1 (1mUlNI(iRrI) 3lR ~ (~) 
"# Jft. ~ iF ffift fcm! 11l! <it ~ em 
tll1lf',(OI IiPm 11<111 ~ 3fR dJlmd5G "# 
fftRR'cdJ/ lliT'R1 iF 13 3lf~ (j)f tll11nOI 

fcimr 11<111 M iks'I4T iF <1R 3lf~ ffi\ m 
514CMJ'I1 ~ m fun 1 ~ ~ ?iI$RtfJl4'i 

~ ~ ~ (j)f {!(j) 3lf~ (j)f 

tll1lf',(ol IiPm 11<111 ~ ~ Rt#'1)'1'1 cfkq- iF 
<it ~ i'lW ~ ~ -m fiftltlSI'hO\ em 
{!(j) 31m m C'H (j)f tll1l f''(0 I fcimr 11<111 Mam it 
~ 11l! '!5C'l ~ ~ ~ ~ ~. 
fftRR'cdJ/ ?<it. tii$Rt&4'1 ~ 3lR JII3i'iRQ 
~. iF 302, 482, 223 3fR 32 3lf~ 

wmrr~1 

#Im~. <it GIf&2Pil'il 3ik;fl: 'i'll'iTel'l<ti)1i141 

iF {!(j) (!(j) 3lf~ 514CMI5111 ~ f<rfIT fun tl 
'ffifam ~ C!f.rffi~. iF elm 31m mM 2i ~ 11l! 

~I 

m fmj (20) ~ (1) ~ (9) ~ 

(I8) C!f.rffi (85) iN 1M1¢'1 (12) 3fR 3R:l 

1Rlffi (8 I) iF 3lfol1rC'R ~ ~ m fun 
t 1 :ill=1 c'l:cn ~ 3l<l' fufmr 1Rlffi qrnffi iF <fA 
m 'l'<TRfi 31m m M 2i 3'l('j(!'.[ t I 

Jl4«'11J<1 i}; ¢) ~ I ct> I «i ct> 3lR 311 fO I i'j ct> 

M'alU'i 

~ iF 1 0 ~ iF i!iI~'dJl(i1d5 fd~rl401 
'<'! 'Q"g fc!fun it 11<11 t fcn 31mf<1 M'1 147 3fR 
116 CI5t (f)111fi111 ~ wtm 2n=22 tl 

Jl'1fi€t 3R:l 31mmM..,) CI5t 951'1fi111 ~ <lTtm 

2n=22 tl ~ iF qm q'\q tl'iiFciQl iF ~ 

lISR Annual Report 2001--02 

1'\ nmm ¢lllfi1'1 ~ ~ 1T$1 (2n=42-

94). 

m fim iF 514CMJ'1 iF 70 31mmM<il ~ ;IT 

1!'! 1! (DNA) (j)f '1~ IiPm 11<11 3fR 13 

~ ~ it B>=r llm: iF ITd\Tr ~ Sl! 3lR 

1! t\1 ;IT ~ ru¢f{l(\ fcnm 11<111 &f.:.jiiR 

iF OR ~ iF 3lR 1! t\1 ;IT ~ 3fR 
~ iF 12 (f)Rdl'< CIW 6 ~ m qm 
lIW'R iF W2! ru(f)ffl(\ IiPm 11<111 ~ «R 

~ i1 ~1\lliPi1 :mm "\i>""Q(1l ~ WI 
~IM0l..,'1 1'\ ;IT 1!'! 1! iF ~ ~ {!(j) 
'1W'IlT'( em '1 H d\1 (f) '(0 I IiPm 11<11 tl :l1lfil'<!ct> 
l'!1JU'! iF fu ~I M ill;fl iF 100 31m M M 0\. C!f.rffi 
iF 50 3lfol1rC'R (lW 10 RtM)'!'! ~. ~ ;IT 

1!'! 1! (j)f '1~ IiPm 11<11 t I 
m fmj 1'\ mil ~ (j)f qg"d 1'10\ iF fu1! 3lR 

1! t\1 ;IT 1R 3lTwful :JlfiJ'crm li<R ~ 
rudJftl(\ IiPm 11m tl 3lR 1! t\1 ;IT firnq fGQ 'ill! 
iF itra> iF 3lTW'< 1R 1!"d t\1 34 1!"d <fug 80 

3lR 1!"d t\1 1411 ~ CI5t ~ '1RiV"i'l (\ CI5t 

~I 

IflfTM <IOR 
~ iF ~ qq iF ctRR dJlrllmJ iF Wilf',(OI 

1041 3l'r t\1 iF 1!'1. 1!"d t\1 780 1!"d t\1 1411 

3lR 1!"d t\1 813 , 2-3 fcn. 'AT'1 31ffi<I = I1frr 
~ ("lr3'r ~) iF W2! HC!5T <fJfu; <AT fflt I 
m fmj iF ~ iF l!Tffilq; = >;(Rl i dJ., ~ 

mm 11m fcn ~ iF cmR qq 1'\ <ict>'< 1!"d t\1 
13 13 2. 1 fcn. 'AT'1 (Cl13't ~) I1frr <1M aft 
3ltm! = (lW 41.2% ~ = ~ CI5t Il!l1clT 

~tl 



Hindi Summary 

iPJill!lTil ~ IlWl CPTfucr;- wrr ("ffi. W. (f)RP51) 

(f)) ilful ~ iPJill futj ~ <jtl qffi;m 'J'R ~ 
jffiJ fu:c\m WI -~ ~ Fcl (f)ffj 11 fu>m 1lZIT I 

~ ~ 15 <iax ~ (f)) 3'1cl5T efJ1{jj, 

k(lffm, ~ efJ1{jj, ct<l1«;li1 ~ m, 
:m<pfu (1m trr 31R 4131I$(f) '<'m em qfu')<R 

efJ1{jj :mf?; ~ 3lTOR 'R ~ fffm 1lZIT t I 
3!\q o:m, 3tIJl, ct<ll «;li1 1J1Ii 31R q;j - m (!2lT 

Ifi!R <l5-! '<'m ~ ~mlit>i11 ~ = 'R W\C{11 J<1 

~ fuq;j 3lmf"1M~1 (4 ltw, 8 ~, 29 

'fffiIR 31R 12 ~ ~ qrj) (j)[ fI'1I,«(UI 

fu>m 1lZIT I ~ QJ\fu (f)fG'11 ~ ill'! qq em 

~ fi om <:<1 ~ 'i"" i (j)~ -ft ITm = 1lZIT fEn 
;r;ra, urn l!(f)ffi (A2, Cl, Dl, 03) i\ '1«('Cl'l:O\ 

Fclimrcm! ~ m t 31R ~ 3tIJl 137.6-

462.7 "lTfli qfu tltu 'R Fclfmr m tl 

ffirr i\ (f)ffI1 <i'iu't ~ frn! wtm ~ ?il$ iiiGt4'1 

~. ~ ~ ~ 'i""j(f)'1 ~ = 1lZIT fEn ill'! 
qq ~ = ~ 1!?1. #441'1'1 3ik fRf 31()'1d2Ch'l 

~ mt ~ ClJflll\ em ~ fi ,,)Q31 '1(f) ciT I 

rft. cd'fi2Rt?i (=) 31R rft. 011f.4q;,)m47 (OR) 

31R eft. :Jrfiifmr (OR) ~ l:RT fcDl! 1J1! ~ 

~ ~ ~.Fcl-mrn i\ ~ lIT'<! eml 

Pi "'101 Q i\ qfufam m. 3lfiliITrr ~ lRf1T ~ fcDl! 
1J1! lRJ1TUT ~ 'l\M - Fcl-mrn i\ <lRUTil WI 
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"'WI fu>m 1lZIT t I >itt ~ ~., ITJ.1R'r1:iI ~ 

!np9l'fe!l1T tl JITll1:!jl'f em {!(!) 3Q31aIM"1 l!JlTfrr, 
3122 fEn. "lTfli ~ 'l\M,% 31R 480 fEn "!WI 

~ (W'IT)'%. ~ 3l'R1<! 3Q31alt1l ~ 1m 

3lT'( m'll'llt ~ ~ IIJlTfu ~ "fIfiIfu, ~ 
(f)) "'WI fu>m 1lZIT t I 

~ ~ 't1 If! w1<11 c); fffi! I~r;q i dH 

(f)Ic\t futj ~ 150 3lf~ m"r Fclfmr W'IT 
lIfiT1'li ~ jffiJ (:mQf'1;f(j) Jll'lffl, (j))~ 1M ~ 

~ VldM, qill ~ Jll'lffl 0JlC, a;c;rcffl 31R 

q{lCffll $5 'I m Fclmdi 31R >htR ~ $l'fd\(l' ~ 
0d5R) fEn!' 1J1! IITffi1m wlllUit ~ ~ it 1lZIT 

fEn 3lf~ 828 3J11"1l!Tipi! flfctwJ<ilalC11 tl 

W'IT ~ m ~ jffiJ mffitrr ~ jffiJ >r<ITrr mB 
~ ~ ~ jffiJ 'i"" i (j)'1 fEn!' 1J1! filRR'c Chi 

~ Fclfmr ",'Mhi'i i\ 1Fl. 'IC1<11RdJl wiTm = 
TTmI 

IJ'Tffi c); fffi! I! ("ll i dH 

'J'Ti1T ~ jffiJ (f)Ic\t futj ~ cIT "fI'\ 314C{1IJ'1 

~ (j)[ 'i"" j(f)'1 fu>m 1lZIT 3"'fl1' 31 m f>iC1~ 

5302 i\ 8.0% ell'!, 19.0% <1Ml(HlC1 31R 

3.7% ~ Rl%<l tl 

'J'Ti1T ~ = ~ 54 314C{11J<1 3lmf>iC1~1 

(j)[ 'i "" i (j) '1 fu>m 1lZIT 31R 3lfufi'l 1 97 wrn 
'J"T<l'iIT 0TC1T = 1lZIT f3rn-il 2.5 % ell'! , 7.0% 
~ Th'! 31R 2.8% ~ f.!%<! t 

= em cIT ~ 311m dj zrr;lt, i'! i'! 1m 3lT'( ~ ~ ~ 3UJ (j)'(ctqf>i'1 d I A qrj f3rn-il1J W1'iiT 
(!2lT i'! i'! 1m 3lT'( = Ji\ lfjlffl 23.2 G'I,% (3l1C1Uft fIn-m:~) 31R \!fum (!2lT >mr 

31R 22.4 G'I,% 3Q31dlrfl t, (f)) '1'ihR mB ~31lmi1) ~ ~ t, <'l'C fu>m J!Ti11 t fEn 
(j)[ lffi'llQ ~ l!JlTfrr ~ "fIfiIfu, ~ (f)) 18.6 % ~ 3tIJl ~ w.r 3lfu 585 (1? 1?Ql iT 
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<'If0) "ffiR't 3lfua;- NJf m;:R fux:rr (29 fcp mil fr 40% (~) tidll}, ct ~ tWm:R witR 
"C1T3!T) qfu 3 em ~ amR) 3m TIW Rk! em ~ ~ fr Ch I $C'I Ch<11 ,I ql~JIi"H <TIT -q 
iP"<t<ffii~ JllUfiJf1;{i -q iP,<t<JfiJ~ -a, g{lCiffidi -a, C!J'lT ~ 3lR: <t9m "'" 1Tci ~ -q ~ em 
'«\4IiP,01 -q m iR om ~ Njll$1l l1ffi oRr 'J"TC1T mqffi -q cf.s:: ~I 3frrcP-q 
q)) ~ I $~f1 ~ 3lIl1Rm ~ em ~ fctf¢q I 0.25 % e<IT om:) em lR fr 1lfum -q f30Rp -a, 
iP"<t<JfiJ~ "C1l'I -ft qlff1R:arTI ~ %1 <t51~1(j)1 wITn ~ -ft mw -q wITn ~ em 3NalT 
l!'l1lJR 3ltwR"fr ~ 1Jm fcp $<1 NJlI$1l em ~ em NJf -q cf.s:: ~I ofIll<!l<11 il> wITn 
3W'<l< ~fctf¢ql IlI$Clq;'lfiiql -q %1 fr 'ffiR em 3Qi"lii1ctl -q = cf.s:: ~ 3lR: &or 

'J"TC1T mqffi il> fffi! tRtf'afil 3114 'li i"I ij; 3 7 

JllUfiJi"I..,'i -q ITrfu:R wiT -q tjJIRlct 'im 2.4% 

"fr 16.5% (j(jj TIW 31'TfcIit -q 6.0% fr 26.1 % 
(j(jj 4lm 1Jm 1 ~ A 9118 ij; fiRfc:R: QlrI 

OW 31'TfcIit <iRT ij; "ffiR't 0<lTG:T 'im 4lm 1Jm 1 

<iRT ij; ~ 'im -q ~.~ mffiR 
fiJRR'cffH 3lR: 8ff1fiJffH ~ UCCP %1 B 9/ 

71 3lR Ie 9/95 3m 34"'dlf\ %. f3mir ~ 
OW mffiR 0<lTG:T 3lR fiJRR'c'i TIW eff1fiJffH 

lPIl "«\'q <'rcP = 'J1TC1T % 1 

3m <fllfu cWr Il'J11frrm # ~ <li"! a\1 ~ fct~lctctl 

12.9% "fr 20.5% (j(jj fu;! ~ % 3lR <it 76 
-q 31 ftl (j) ctll mlIT<PT 'im mt '31T<ft % 1 l\t%fuc;! 

'im em ~fct~lctctl # 2.8 "fr 7.7 (j(jj a\1 fmIm 
mt '31T<ft % 3ffi: <it 59 -q 31 ftl iP ctll l\t%fuc;! 'im 
Rff'ct %1 

'i!>Tflt fl:ffi -q tWm:R lI<itR ij; ~ "fr rufuI 
E11Jm % fcp !i'rd\ 'ij f3Rp -a, m fr f.JRl> em 
l'!f.n 'ij 0<lTG:T cf.s:: ~ 1 f3Rp -a, wITn 'fr ~ 
34<'fd1' 'Ii 1 fl 'Ii 1 "fl em l1ffi CPIl lIT TTt 1 ti ql I}, 0 

tWm:R witR em ~ cffi' fr !i'rd\ -q q'Jqq,) 

a\134i"1ii1ol 'ij ~ i'r ~ 3lR 34i\ i\ 30%(CI<RTS) 

CR!1fuTI # 'ffiR em m l1ffi ZJ,Rm il> <'i1r -q 
2G'lqfu~emlRfr~~il>~ 

m fux:rr. Hi! "ffiR't = 'ffiR em 34i"1 ii1ctl 

:li1'1lxr em TTt 1 ..,11l <!l <11 Chi wM<t8R41 3lR 
ii1m !i'rd\ il> <'i1r # 'Ii 1t'li 1" fl . il> frlI q 4 • 

1l1T~R!lq4 f3Rp 3lR: ~'iJlofIll em 3Qi"litlctl -q 

rm mor il> qa\T ~ em ;ft tit (j(jj 60-65 
fJ~lqfl # ~ m%I! <nfcp ~ 'J1'l'!ffi 

5.5 % ij; ~afil «R' (j(jj E1 :JlT1! 3lR iklb<li"l 

8.1 % # f1 :JlT1!1 

50 fJ frlI@ 'ij 'J1T<I1:!li"I' il> 31'TfcIit em 1Jlf "MT i\ 
~ ij; fffi! om: tit m%I! '51(:] fcrquj cffi' <lW 

~ ij; fffi! 3.5 tit 'lr:I ff1fiff % 1 31'TfcIit em 
75 fJ frlI q fl 1Jl'I11Rt 'ij wsR 'fr 41fR <IT f?Rc; 

(j(jj fcrquj ~ 'fr 1Jl'I "MT # ~ §l! 31'TfcIit 
fr 23% 3lfua;- trr OW trr Rmm ~ %1 

1Jl'I "MT # ~ §l! 3lR fcraur rum 1W 31'TfcIit em 
~ NJf <lW dltq~nf1 'im ~ %1 

C!J1'<lT ij; ~ o(j)..,"IC!i1 ij; 'iR1iiP'i 'fr rufuI E1 

1Jm fcp ~ 1Jl'I "MT 'ij wsR ij; fffi! 50°C 

# 3 tit m%I! '51(:] ~ # wsR ij; fffi! 1-2 
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fu'! ffmHI 1f'i ~ -q ~ sh'R ~ -q ~ 
~ <Pf"TI ql\ ~ :NJl (!)'ffl 34.0% <1m 
33.7% :it I 

~ = <nT 2% q)gtitll{ om q')frWRJFcH 
~ -q jJU5RUI <Ii"B"fr ~ ~ RJirfi<t>'(O) 

nm "It Jit cr5'itiM <!<ffi 3l'R 3R[ ~ ~ -q 
~ "fr <hriR"lt1 ~ 1!'IOlf ~ -q 'IJUSRUT 

<Ii"B "fr m RJi('11i'fi'(o) ~ nm"ltl 'QT'( ~ 

a, 'lJ05RUT a, <W; ~ :NJl -q 40% ~ <1m 
,()f1)<1Ri'fi 'J"IClT -q 20% cnm WI 'QT'( ~ 

<fi'fi 'lJ05RUT <Ii"B a, <w; 3W 34J\Q)('1"1 >JJ!Tfu 
(f@"fr I 9.8% ~:NJl. 1.6%"ffi;!, 4.9% 

~ "'(lff <fW 3 .9% ~ ilfoR: = S1! I 
~ a, jJU5RUI a, ~ fu,fu" <l'tc:c1 ((1ffi('11Ml 

Afli'fi1;ff) a, ~ <nT ~ a, frm fuf''l'ffl 
~ il; q'\ti\ a, ~ <rill il; t).OT a, 'l'M 1<t>'1 

"fr = rmT fcp l(1I$(j)'IR<4f1 ~,{1fit;M"11 3i'R 
31 f1 I rn'( I CIt) $l%i'fiT a, l1il" t).OT # ~ tITVt 
~ # 'lJ05RUT <Ii"B "fr <hriR WI firctT m I 
;;nutffi'f a, JIlfcli\ "i'fiT 'lJU5RUT <It ~ er ~ 3i'R 
4'lfrwRJ c11 '1 ~ -q <Ii"B "fr ~ 3Zl1GT ~ 
= rmT Jrnfcp altq~n(1"ffi;! <4('1"1<1'(1(1 <fW 

IR l! <:! pr om oiNR "f1lri1 w, (i I a I (11 = rmT 

~ e.1ll<rr 99.6% t 3i'R ~ 150 fcp. m'l 

~ llfu tit ~ q\T am<lT M tl 

"U1r mitR 

q; I$C;~ (h<1h I q]4 Tfffi 

Fc!fmr ll'ItreT "fr 'Il1$c)lJ1i!),J a, 'QT'( "ffi ;rgm 
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llcriR1 <nT 'Il1$c)t"dm a, • ~ # -mT rmT 

#1 "i'fiTfi1 fmf q'( ~ <Ii"B cmlr 'Il1$cl'llri)'1I 

a, "(i""'('R lI"il5R) <nT '«iQa$l IRi'fi '«iq "fr ~ lWn 
rmT ~ "fr I 59 >JCI\"R <It <f<1IMi'fi1 # 3l'R 
omm rft Q!("!7d!,, <fW rfI: QmRlf2dJl # 3ffilT tl 

"i'fiTfi1 1m! "fr (l,,1 f1 I $11 RI ~ A " 0 I a, ~ rft 
tt4l~d;7 iP Jla,(If1I<1Ri'fi (1"i'<1oIQol-1~ "fr = 
rmT fcp ~ ~ -q cit 34~J\lfiI<1i M "It I 
"i'fiTfi1 fmT <1m ~ it <n1$c)lJ1(im l!Cl5Ri a, 
3lR l! <It it ~ a, frm ~"i'fiT I1Ha)\(jj,(ol 

fc!i<11 rmT t I 

tIT<rc:: ~u 

"i'fiTfi1 fmf il; 343 ~, 7 i'fiRal,('j <1m 9 

"JiTTfIt 31 m fA (1 '11 a, <It <f<1 1M i'fi "fr ~ fiI Rn <1 I a, 
frm ~ <Ii"B "fr = rmT fcp 9 ~ 4 
i'fiRa){ <fW cit "JiTTfIt 3lmfil(1~ ~:itl 3 I 

~ <nT rft dJl~dJ7 "fr ~ filRn<1 I a, frm fit;"'( 

<maJOi fcnm rmT 3i'R 13' ~ ((!Q <It 293 (!Q 

<It 400 (!Q <It 674 (!Q <It I3 72 (!Q <It I3 7 5 

3lR: (!Q <It 1389'1I ~ Qll! 1"Jl! I Qt 24(l!fcRiUt 

~) 3l'R iP TR! 27 (l'IE'OI~n(1 ~) <nT <It 
<f<1IMa)\ m llfu Rn<:mn(1 (1 I a, frm ~ 

'Il1$C;~iM~<1 41,,:>1(1'1 {rrr ~ i'fi1fr1fi1u a, 
mrii m T1 {i J 011 a '1 il; frm fcm! 1J1! <m!\lUij "fr 
= rmT fcp '&,(4(1QI'( cmlr tffic; (88.9%) ql\ 

~1JT"f1TIl\ "M"lc; -q (97.7%) -m9T q\T <IGill <1m 
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3Q3! ~ WI li'iR11t !($(f)lil'1l a\T >mIT ,,'(4(jol'< 

m lfilit it 3lf0i1'i Ql<lT ntl ,(l'lfi<tJM(j lfilit 
it ;;rif fl){1(f),(OI m orr<: :fl: -{\qur fum! W qif 

~ a\T ~ ~ WI ,,'(4(jol'(0IA <lW "ffi'l\ 

lfilit a\T 3NaTT ~ lfilit it fiI$W)J'IT 3lfucp 

~ntl 

rm: w)IjI'?H'I m l!fulW: ~ ~ fu! 111! 

tRTaTOT -B 'ITZIT mIT fcI; <!iMI1 iftR m q'fu- qtf 

orr<: m ~ it mm 'It!T WI ~ -B ~ 
3'lJl 9 9 lit. 'TJ11 CRT) I!fu tlIu a\T G{ -B 3'lJl 

em <IT (f)R:1051) = a\T WI 1!1!5 q<f ~ <!iMI1 

<iii <lim m ~~ ~ 3lWH -B = fcI; 
rft w)ijii'l'l (lW rft ;'/rr1:r 1PT ..m ~ WI 

~ <lW ~ -B = QT. (fiql~fn m 'l'\ 
~ <!it 4'ClffiQ'1 lfilffl~G -B ~ ilf'l(11 

m 31m<F1 -B 'ITZIT mIT fcI; $'Ia5T ~ ilf'l(11 il 
'1tt("(l,:!:ul ~ ~ ~ ~ 3«l1fu a\T ~ 
# ~ 3lfuq; ~1'Jl1<lT ~ ntl 
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mIT ~I ~ crrffi ~ = k$<ffi~'1I::i' ~ 
<!it '«i4~" IR (f) ~ -B eft cnTI it <i'iGr mIT, zrr;n, 
kl$(j)'I~'11 ~ (11GJ<IIfct;aG'1 31'R: <If(1' fl<Hhli 
# ~ fum! mIT, zrr;n it. 4 l,(fHi 11'1 fl '1 , 

it. ~R"lfclR';), it. Ri~·;'jf.lR';) 31'R: it. 
(11ofi~fct;aG'11 !(1$(f)1~'11~. m 12 ~ l\lRI 
m lI<Wr ~ fu! 1]<) 111mcpMI,( o'ITm,(OI -B 
'ITZIT fcI; 22 '1~ <!it <\R cnTI # <i'iGr ;nr 

m ~ ~ mffi llm<IT it. ttIGia'1'1 ~I 

kl$<ffi~'1\~. m 222 ~ m Qt. (fiqlfifm51 

m I!fu fcRro m ffm ~ fiiRlT 1J<lI ~ 'ITZIT 

fcI; ~ liRT QT. (fiq I fGlC!>l 1PT 31<Rltr 
20% Is. 84% ma: ~I lPTffi fim m ~ m 
ffm 79 l!m<IT ~ a\T Jifu a\T nt, 29 

~ d <!it ~ ax-'! m v, lPTffi fm! 
a\T d a\T ~ 3 1.6% -B 184.7% (!(fj 

~ ~ WI 3llO '1<lcttfj'(o[\ WI GJH l!5B 
m v, WI 1PT ~ 0% -B 30% (!(fj ma: 
~, R<tIOJ 80%-B 100% (!(fj 'f1lUl ~I 

~I$W)J'II ~ (lW 4kIRiQ'1 'li1{thl~G m '$"1 ;5\fuq; ~ l!3t1 m w:ITrr <!it RWtrcr l!5B m 
fcr!(T <lW '$"1 fcrcfr WTm 1PT 31m<F1 fclmr ffm QT (f)1~a5l ~ m m liRT kl$a>I~4) 

1T<m1'R ~ ,(lflIQR(f) 1PT CI5'rt aiR! (bi{en mrrcr ~ m fcrtmr <'fR!ill II '<!tit ~ 1PT 3iI<llJR' 
?!t e:JifRiJ'I'I lR ~ 'ITZIT mIT (QJlrn 60 3ffi fum! mITl it dJi2/H'I 3Ik it <1R1 17 ~ fcI;Q 

1200 Ilgl m. ~ (!(fj) I fi'$w)J'I1 ~ m 111! am:Jm)' (bioassay) # WI ~ <l;QR 

,ikll{'11 «: Tl: Rmcr (f)(1'IR ,,1 <!it m fcI (f)Ri(j 20% W, ~ 10m 1!'fi W lTf"I mctt m 
fum! mIT, 0lT 1l5Ta:R 3l'lfiRf CffIl,(I$5 3ffi mmrr ~ #90% ~ 'ttl m ~ , ;;rif 
GGIMIFcffiM ~ ~ m VI ;ft. 3J)R4)filRs7 25 3ffi it ~ QT 12 it '<ItT 

~ <!it iP'1 <RR m Iffir 10m 1!'fi W'JT'l 
mctt a\T ~ WI ;5\fuq; ~ l!3t1 m 

;5\fuq; ~ l!3t1 m R41RiG{1 # kl$<ffi~41 fcrtmr m'llUit m w:ITrr (it e:Jff4H'I, it. tIRr. 
<lW 3R< 4i$'liCc?l'<l FcRmI 4 73 ~ 'm1 ?!t dJfi4)filRs 3Ik it «/..s)w)f.'Iif)) ~ lPTffi fm! 



Hindi Summary 127 

ijn}fficmd-q 107.5-132.5% ~t:t~ <fur~~~~3lR~ 90% ti-q~ 

3lR 75% WI <:>R 0% f.rti:Iur "fr wm m WI m rll'JUT lffi! "3lTi\ t I Jirrffi m R(f)c;a<il 

TJ<ITI 3lWT 3lWT ~ "fr mITrr ~ 'f{ WI <:>R ~ -q ~ WI Jm<:T = ;)ffij[ tl 

-q 50% "fr 75% "ffi!) l!lf! lIT'<! Sl1T '1lH lfITIl' f<hIT1~g) WI ~ ti m g't Ie-f 1)' 3ffil'1'1!X 

3l1'.Z!ZR "fr = fip ~ ill1ft m q'\i) d i\ "3fiI 'll1$G~l{1I'1'l1 WI m fffi! mITrr (f){-1ali'~ 
~ (f){o141rl {i$",)lht8Rlll m W3 $I,~ ~ ~ ~ m mITrr (f)'{();- tlt "fit 3lR WI'JUT 
1!<"f 3lR 31 0 ~ ~ 1!<"f 3lR 314 3lR ~ ~ 1!<l fivm (!if ~ ~ i\ "S'l $<lmT i'hPiT,," W ffi 
3lR 33 1) <PTffi fir<T m (j)"fjljj i\ 147-228 % ~ WI m 'll1$G~l{11 'I'lM g<ffi1 sII'l <PT u'lna1 t I 

"ffi!) d -q ~ CR m tl ~ ~ 1!<l 3lR ~ WI ~ <lim "fr cmr m ~ ~ 'I'i'Mlt;'j 
331 ;'f ~ tlt (f(J I M1 a)) ~ Fcr¢ i\ 31m (f),1'1 i\ m If<t>R m q'\i) -a51c ~ WI "fr ~ ~ t I 

82.7% <:>R ~I ~ ~ 1!<"f 3lR 8, ~ ~ 1!<l 
~ R1l>G"I WI 

3lR 11 3lR ~ ~ 1!<l 3lR 51 'llC).{fi'G «I>;?i<li'lIS 

~ "3fiI \!CIJM' ~ <l m:rr fi'lJllUT ~ "fr <IT 

QC;IMFcR1M '11",,)3\0 Qi\(i<:'lI:ii1 m mzI = 
fivm ciT <PTffi fir<T m -am ~ g't'J","Imct ~ i\ 
~ = TJ<ITI ~ ~ 1!<l 3lR 8 ~ ~ 1!<l 3lR 

13 3lR ~ ~ 1!<l 3lR 5 1 ~ ~ «I>;?i")'lIS 

'Yl '1ft ~RI;j\rufip",1 "fr II'RImI\ = TJ<ITI 

'll,,!<fl'G «I>;?i<li'lIS 3lR 1(1$c51§Ai 2t 'll1$i'i'lldHI 

m f1:Ifu m ~ ~ e'lJlI $'1, 'i'!Rt, fr!,ffi 

13 -1,3 '''!dJ'lflfl 3lR 13-1,4 1,,!<I>O!fIfI <PT 

3C'Il<:'"! fivm I <:R\ -3Ifu<t> R<Mur ejjc;-, 'll"! < fl'G 

«I>S'I"~'lIS ~ ~ 1!<l 3lR 51 3lR 1<1$¢i)~'1\ «TI. 
(~ ~ 1!<l 3lR 1369) '1ft 'WTi1' it I <PTffi fir<T 
m ti(f)Qa)) "fr ~ 1(1$¢i'I~'1\ «TI. I ~ ~ 1!<l 

3lR 13 69) 3lR 'll"! < fi c; «1>5) .,) 'lIS m fi'l JlIUT 

~ 3lR ~ it fi'lW ID{T ~ rn 
~ ,) II JI 'l¢il "fr mrR i\ f\1\fI'l = TJ<IT I 

Rhct'l)J) ~ (Phyllody disease) 

¢i1soi)-i1 <iuTzrct (c51Rtc51s f3mT) i\ ~ WI 
m fffi! fiv1! 11e f\Ci\1'JUT "fr = TJ<lT fip W3 mrfj 

P!c51fh, H I «TI. 3lR 'll1$flff1f1 «TI ~ 
~ m \J ~ <lim m ~ l!<lK?1 WI m 
~ m <Iif:!<t>' 'tiiI>'lur 'f{ five 11e 3lI'.Z!ZR "fr 
=TJ<ITfip~~<PT~~~ 

<l ~ m m tl ~~, 1!f<hf\ 
«TI. 3lR G'ICffi)Gl" «TI. ;lRi ~ '1ft ~ 
~<PT~~CRmtl 

~ ~ WI fQ~'lq'lIl! ti m ~ 
~ ~ m ~ 3lR. t1)Mlo'iRiiH'1 mlNcil 
~ qgtl H'l m fffi! 3lR e'll eM tlt tlt "ffi 3lR 

(RFLP-PCR) ~ <PT IjHa))(f){OI fiv<n TJ<lT1 

llliffu§(f) ~ m mITrr <lJ<iI W five 11e 3lR 

1! tlt gr tlt"flt 3lR (RAPD-PCR) "fr a:rw Sl1T 
fip a;t" (f)"l\c;cp 3lR 3n{ ~ ~ m 
rrcn qjT <tffi ~ Cl'T'ri" $M1<t>1" <l1lTtil '<1i""t1'<1Rlll 

t1'IMI'lRi<l{1j m ~ ~ IffitR ~ 

it I miR m:rr WlT 3lR TC!GR eMg) g I$S "fr 
3<IUIfur 3lR flIMI~RlIHIj Jffidli m ~ 4ifrlactHC1 

~ RI;j\ ruRnlll 3<'Ti! ¢ I qfWj "-'l1c m~rl qUI "fr 
= fip ~ 3<'Ti! ~ ~RI;j\ruRnlll ~ mzI 
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l!ZlTrr ~ l!'&R ij; 3l?ITaT ~ :wR l!f.bR 
-fr 'lIT ~HRnlM\)M ir 1JllT1 

fufmr "iIl'l'lR -q 3 If(ft;jj ('f(f? ~ ~ TIl! 

~-~ -q 31R filMI~f{1i1'(~ ij; 3lH,,;lq'1 

ij; fffi? ~ ~ $lIRdJ 3lUllH fcm:rr 1JllT I 0 ~ 

3lR 4 <1Jl~llHi -q ~ TIl! ~ -q 3lWR c€r 

~ 3ic!fu ii ~ ~ ~ = 1JllT, 

;;i) * m.m oW l!frmT (ELISA) 3lWR ~ 
lITl!T W 3lR tfu; "(fJ("(I'{ ~ -q -wr ~ 
c€r c:<: '1IJU"l! W I 

~~U 

~ "(fJ("(I'{ ~ TIl! ~ fil AI Cful-1 'i ii 3R 

"'lTI'fdJ JjqIOJ'f' ~ ,'PljHdJ em Il(i!:!aj"ffl ~ 

"fiuRuT <lXi\ S1' ~ B1 ij; ~ iP\! \TdJ 

<RM ~ ~ ~ fcpm Tf<lT1 ~ 

~ ij; ~ fflTIlTT 250 ~ 51<\C('IIJ'l 

~ "dJl lJRiiH fcm:rr Tf<lT 3lR em 'lIT >IfrRmt 
"'li\ WI 

~ ij; ~ 3i{fdJ ~ ij; 'i!ZR" ij; ll! 
djqluJ'f' ~ ,1JI51'1dJ ij; Wnw 3qt"j'51~ ij; 
>ffiI 3lc:<:dJ qfuj1 c€r <A~ <';'1 ~\) M <"11 ij; 'i f'1 j (J)'1 ij; 

fffi? \TdJ ";fllTill'( fcl dJ Ri (1 fcm:rr 1JllT I 

~ ij; "'!a'Ii ~ ij; l!ZlTrr <lXi\ S1' ~ TIl! 

~ mr qfreJUit ~ = fcp ~ ~ -q 
~ '{)qur "ffi"'ffil ij; "ffl -q l!ZlTrr fcm:rr JlT 

<ldJ(1T t I ",!a+! ~ ij; mr 'if'1 j(J)'1 ~ = 
fcp <mfRUT '{)qur f1IA rn <;1 c€r :JJG-Iffi ~ ~ 
3l"irit WI 

Wl"tR 

~ ~ ii fcnTl TIl! ll"1.I1'G: ;RI8dJ'<o I -fr = 
Tf<lT fcp ~ -q 9-11 rl ('f(f? filildJ'(0 I ~ 
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TIl! <lb! ~ ii -wr ~ '1IJU"l! W «1 %) 

3lR 10-12 rl ('f(f? ~ -q fi'i{ldJ,(OI ~ TIl! 

<lb! ~ -q '{)qur ij; <IR If(ft;jj ij; = RA1 
fi'i{lip<"1 ~ c€r:JJG-1ffi -wr ~ ~ w, 
3lR O'f"j 33.6% lfi':! c:<: = 1JllT1 

q'iw m Qi3i"ftql PlAlpfll(Oj'i em mitR 

~~U 

'<I 51 If\lM f1 Rif<ifRl ij; ~ 'fflO C!ffi'IT futj 

3lmf<iM-1l em ~ fcpm Tf<lT 3lR 5' 3lmf<iM~ 

'lRt -m 1204. ~ 254, ~ 348 I!iJ QT 

39 I!iJ QT 47 3lR I!iJ QT 532 ~ ~m 

~HRnal mffil ~ 3lR ~ 5' 3lmf<iM-11 

em 4",151 dj'1 $'1<ti 1fT-iC; I ij; >ffiI qRi Rna I ij; fffi? 
lJRiiH fcm:rr 1JllT 3lR ~ ij; <iT 31 m f<i M ~ 

(3lfu 1 3lR 8) ~cit ~ H Rna I mrR fcm:rr 9 

C!ffi'IT futj, ~ nw ~ ij; mm ii Q'l 

$'1<t?lff-iGI ij; = ij; fffi? ~ W!furr ~ 
~ 3lR l!dJ ~i'tG1RaM ~ (qlf\lRal ~) 

"dJl A'if'1 idJ'1 fcm:rr 1JllT 3lR = fcp "iI' mft 
'i~ipf<i<;l ij; m -q Agii'l~"j ~ = c€rl 
i'I\tf{1W'1'l CfulfilgwlIR'1~ \li'If1Ra~ "(Q't 3lR 
Ml9flRal Mi f1 W. ;'j C!ffi'IT futj nw 3Jc:<:(j) -q 
'i~ipfil <;1 ij; fui;;-ur ~ ij; 3l?ITaT ~ 3'IJI 

-q 'lIT ~ c€rl m. CfulfilSl'IG1RaA c€r ~ l!<'i 
'J'R ij; fflQ' 3l'M1'1<"1 A QT I!iJ 3lR "iIl'l'lR lP'rn 

qm 3lR 26 f%m flM~ 1m f1 Rffirn fcpm Tf<lT tl 
$<I ~ c€r 31 m dJ<"1 A ~ JlT11'rdJ cllffi 3l1TR 

1'f1UIl1 -q = 1JllT I $<I ~ "dJl 'J'R <mf 'lRt 
oW ~ 'lRt it 3mft (ffi< irnr t I $<I 
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~ ij; fffi! ~ 3l'R: Q;I"3R C!JT mrn:mri't 31 m f?! M-11 it ihldi" I $~G. ~ <WT ~ 3lfi'Rj 

~ ~ <WT ~ ~ t ~ rn-frG it 1!fus 3"WiR ~ tl IiffRTm ~ <WT 

"'lTilT ij; ~ 'I1[%"'J<11 ("i!5lu:R :mfiffi<fMl{l$s 

2000 m m l!'l) m ~ ~I 
Iffi ~lctl '11 3lTs'RGT. lilir-GT 5Tlffim. IllR iP 1 cf<l q ~ 

<WT ~ih-11 '11 '1cffi ci\firmr :JR\ ~ llfrrmlT 
q'\m ij; '<1$V11Rtr'H ~ 16 «J51~1'11'11 ~ 3l'R: 
20 ~ IffrITI '11 <'1't. 3lCf1T W:n TmJ 3l'R: C!i1C!t fmj 

~ ~ "1 fcnr rm 4 ~ctt'1Rql lIT'<! ~I 

'<I $V11~ ctaRq I ij; 20 ~ mT 3lR ffrf?! Fcm ij; 

fffi! <WT 52 ~ mT l!'l $'1iP1[I"1CI ij; fffi! 
$"1 fcr0 mmrm it ~ W:n TmJI ~ 
rnfrc l!'l. $'1<t5I[I"1CI ij; ~ :mri't <m" ~ 

2T. ~ 3lR ffrf?!Fc1 '11 ij; ~ "If?! ffl' I = TmJ 

I!ih qrc:;q '% tffilljui it 'J:fl1lih'l fcnr rm 84 

~ it ~ 21 {I$'I11~cttlRqM ~;'j l!'l. 

$'1 iPl[I., GI ij; 100% m W:nl 

\\~ipf?!,"i'i ij; wlO"1 ij; fffi! fcnr rm ihl~Aih 

~ ij; 'J:fl1 idH ~ = TmJ fci; ih Ictlf?!a ij; 

311t!RT it IllR iP] cf<l '1 ~ 3l'R: ~ih -11 '11 '1 d'I11 Fc! ~ I 

ij; ~ IBm ¥f ~ \\~ipf?!"1 C!JT R<MuT (iT m 
~I 

~ Q\R;T l!ff miitA' 

irfi:! <l'tcM (i1l!JJcJ<1?1 :tmi!flm) ~ liffRTo 
qH ij; fffi! ~ mT rn-frG '<h'<"'! ij; ~ ~ 

ihlctlflla ij; 186 ihFc'Gdl'< 34 ~ 3l'R: 3 

'I11~ 1<fM] -11 mT ~ W:n TmJ 3l'R: C!i1C!t fmj 

ij; I!ih ~ ~'j:f 1NG ;'j Wrn W:n fci; mft 
31m fllMo1 ~ 1NG ij; ~ ~ I!mfcril t I 
C!JTctl flld ij; llfrrmlT <WT 1I'llTm 3lfWrM;li ij; 

qffi ij; $ld{l'l11 qAih ¥ ~ = TmJ fci; IlfrRrm 

'3irrffi *'<l~n'l1'i it (WR mm) m (j)'ICjr~'1~ m 
~ 3l'R: m ffirJll:r "I1"iIit il<fff ri 3"WiR 

=TmJI 

~ tftcM- ij; 'l1'tJr;r II rn Fc! m di mT '3IR'l ij; fffi! 
Fcrlm! 'ffiiiffi ij; <fur <WT <ffi fumij C!JT 'J:i'I q i ih'l 

fcnm TmJ 3l'R: = fci; 1! ",Wi] '111 ti ij; 
mRIfr t?Ci ~ f.rWsT ij; =r <T 9 5 ~ 

it $"1 M ij; 'l1'tJr;r ~ ~. f.raRUT '<h'<"'! 
it 'fI1l1M' t I 

;ns l!ff 3mf>1'lUT ~ m 1fu;ft 0fTf 

~ it C!JTctl flld ij; Jl5't C!JT 3ffiI5'lUT ih,<o'ldlfl 

..nm lPT(1i1Hld5ld5?1 ~) ij; ~ ij; fffi! 1'lR 

<t1C'Ilfiil"l C!JT 'J:fl1iih'l W:n TmJ 3l'R: ~ = 

TmJ fci; m-rr mT <fM1{~${lcnl'l1 0.0\9'-\5 ~ = 
'<h'<"'! ~ ~ wlO"1 1I~ irr ~ fcnm JII 

mtl 

~ cttlQ; 
\RTg mrcm ij; ~ ij; fffi! AUIR:<1 fuSihld 

cRtmT mT 3l'RT1! rm = it <l>lC'Ilfii Illl ij; 

~ RfurC1 fcnm TmJI 0.1 % ~ 3l'R: 
0.075% ~1-11i"f)'IG]cn]'I1 ij; 1'lR em: C!JT ft§5ihld 

UT $"1 <t1c'Ilfiil"l ij; it em: ij; f19Sihld ~ 

IR1tit it '<h'<"'! ~ = ij; ~ llCP-ift it 
<t1c '11 fii Illl C!JT ~ "l'it ij;"iRTiR t!TUT TmJ I 

~~ 

= mT 'IlU5T'<UT it 3ffiI5'lUT '<h'<"'! 'iITR ~ '*'" (311"" f%il ITII ro) ij; ~ ij; fffi! 
'IlU5T'<UT ~ ij; <'ill it ll<i\Tr ij; fffi! ~ q'\m 
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qjt wm ~ mr 'i<"l i (f)Oj fcnm Tlml ~ fctxrr 11<lT 1 l!1TJ11t pqctli (f2IT fd(f)I<1I«j(f) ~ 

,ffi1J:lOlT"fr <rrm 11<lT fcn fu ~ q5r 0.075% in GRT 3lrrcfJ (QW, ~ 3i't< WfilT) 3ffi: 
Fcffi'1It1 qi'm it ~ '1< 1$(f).,'1<1 "'1lffi "d'Ifllmr qjt ~ (mn 3ffi:!!fum) in ('I1lWT 1000 fcn. 

wm qfud\ it 'I1U5RUT """ "fr I!<RT "fr 3UR'R 1JJl1 fu I!<RT mr 3<'lTG:'1 fcnm TIm 1 

3'r3I, 3UR'R 'J¥R 3ffi: ~ ~ mr 3ffiPllUT ~ 

'l4051'(01 'iP ~ 

(f)lfrl (f)G 3fR: q5rift in '" 14IR,,) in ~ it ~ 
1l1! "ffij1\!UT "fr = TIm fcn 3lrrcfJ 3fR: ~ in 

~ I!<RT q5r 3lJlI5<!11T """ -crrR m it 
t1lrndl~~I~. ,(1$"IiQ,(2I1 ,Ml;f1(f)I. l<1$<liffl'l~ 

(f)*",IR'l4. :mfuffi'fi1rnWflG<1 3ffi: ~R<t15fl 
I{IRGIR(f)<1 '.f9'! etl 

3i~ 

iP<t1 3fR: WJIGq;- it ~ 1l1! "ffij1\!UT "fr = TJm 

fcn '.f9'! ~ ~ m 3<'lTG:'1 C'fT1T(l mrq\\ 

11"P-!T iT <IG 11t 1 mrffi f<m mr 3<'lTG:'1 1: 9 m 
fIN ffi11(j ~ it ~ ~ SJITI fifuH". = 3fR: tm€t mr 3<'lTG:'1 < 1 m <'1m - C'fT1T(l 

3f'j'lT{! it = TIm <f<l1fcp ~ "'iffi it 3RlZic! 
3<lRSJITeti ~~~m~. 
3<'lTG:'1. ~. >ifrr 1Tci 'Wi, f.rI:Wr ('(:aT <!5tG 
3fR: -{m mr >rnJ(j n >mfim axir Sl! l!QJ 

I%G1GI$Js ~ ~ fcnm TIm etl 

~ ~ mr 3«l1i'\'1 

mrffi f<m m JfS <!lCfIl (25 ,000) ~ tiic: 
(14000) ~ fu CN1"Wl (100 fcn. 1JJl1) 

=fu~(6C'1) ~mfu~ 

(5 C'1) 3ffi: 3\ 1'l'fiM m '..l'IlfiC (6800) ~ 

(f)'(il;-~ 3fR: ~ ~ a;'i ~ 

~ ~ it lflTTlTI ~ 3fR: ~ crl'r 3fR: 
~ ~ m 31fi'l(f)IRdi (f2IT Fr3lt ~ 
m !ffi! 'fflTf!l 3«IJC'\'1 (j(f).,1a\1 it urnl\!UT ~ 
:mm&rr fcnm TIm 1 ~ 'Iffil<'Il m 3<'lTG:'1 

q5r fcrcRoT """ m ~ ~ mr ~ ~ 
em m <iRT'1 fcnm TIm 1 14 3u~(f)(jI3IT a;'i 

\(I$<t5i~41 «IT. m 3<'lTG:'1 qjt (1d);\la\1 qjt mit 
qjt 11t1 ~ m ~$IIR"'l GRT qjt 11t ~ 
mrr m GRT 2.5 <'!R9 <"W lilt('( Sl! 1 

cpf?I fuIA' ~ 

1:!R1('1 3«IJC'\'1. ~. 'l'{j fcrsIR 3ffi ~ 
it ~ ~ fil(f)ldil'1 4Io'l"'''' 'tTl'I1m l'f<l11 

~ m mil' <1g'M1t1 m <"'! it = 3fR: 
~ m cptmT """ "fr 3lfrrfup ~ m <"'! 

it 37000/- '('i1:lQ' >!fcr l!QJS qjt C'\'< "fr lilt('( ircn 
etl ~-qRt m OF! qjt Mfctdi m 'i<"li(f)'1"fr 

= TJm fcn affur lIJIlfu 'J,"S'l q\T ~arr ~ 

3fR: ;ffi'3lT 3'lJl it ~ = 1T<lT 1 '"" 'l'{jii 
(9' ~ m 3lJ m gT 3I'T()- 'It. -aT 25 fcn 1JJl1 

'IlR m gT 3I'T()- et. mr mit """ -8 ~ l!Cllft 
mr 3<'lTG:'1 ~ = TIm 1 ,",,"fflORUT 

~ m "ffl2l" m "lUffi -ffi1 3fR: :Wr m <ffi ~ 
"fr 3'1CIit <!Gill it ~ Rmt 'lit 1 q N i1 ':!tTI it 
ffi ~ m 3l'\mlTq- <itm qjt ~ qjt ~ 

qjt 11t1 crl'r fcrslR ~ -'t ~ flI4P-l'l1 ('(m 

~ fu 3<'lTG:'1. q-.Tf (f)"llR'bl 3fR: ~ 
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(goatary) ij wTIuT '1Q'-;l>Q(f)1 q;1 ~ ~ ij 232684 (4.4%) 3l\o; o'! -ffi 147 (3.9%) ij 

~ <it9 31lCRfu> Rfu zilJRT ij; mITrr ~ 3 3l\o; "fI'fqj ij '-;l> l!1li 144 ij = "llZIT I 

lffiR'f 'Iffiffi -a, 3lfuM ~ '<'1"1 RI i1 

~UR qRQIJI'11 

i(9hlc~(j) ~aJUit 3l\o; fdR~"'i ij; GRT 1WtlR 

fffi1! TIT! II'lfilfuTT 3lfUli'rc.T;if "fr ~ ij; ,,1I1Q11 J~ 
~ fcnm "llZIT 1 CPTCl\ firn ij; I!Q) q !,<m Ron 1 

~ ij; "'" ij 31 fuf>l fH 239 1WtlR fcnm 
"llZIT1 ~ 1l JW 3QJjClIffl ( 31fu S-4-lit 

11 3l\o; 7-24-lit 11) 3l\o; ~ "fr ~ (-ffi 
1R'f 668. tIT·6. gr 237. 2-2 gr I!) :llfufirC'r;'( 

1WtlR form "llZIT I m m fflll ~ ij; '<"l ij 

= 1l V3 S 1-8 3l\o; ~ ij tIT it (ffi 59 

3l\o; tIT it (ffi 55 q;11WtlR form "llZIT 3l\o; ~ 

~ ij; fffi! elm mmr 1l :il I = ij; 

VIE8-2 3l\o; ~ ij; tIT it (ffi -43. it m 

CPTCl\ lmi ij ~ (lW 3CRcPT ij; mITrr ~m 
Nf1{o[Ril N(j)mct ~ ~ fcnm "llZIT I 
~ ij (j) 1 ~ R(j) (!W 31 d",fR (j) "X9Tci\ ij; ~ 

100:100:175 fcn, m ~ 4lIf1Q){f1 <ilc;m 

lIfir ~ qjt "'"fr mQ)IR~1 fcnm 1'T1!T1 '.l,~ 

ij; mITrr "fr "fI'fqj 3ih: uR<:rr <it Jt!J! ij ~ st I 
<!tu ffi:wr ij; fffi! NQ5fflct fffi1! TIT! cpRIlllmrii 
CPTCl\ lmi 1l Q) 1 $ G 1 Q) ~ 1 { 1 lire: 'I'Tt'R ij; witH ij; 

fffi! mQ)IR~l fffi1! TIT!I ~1$dM~\ 'f'lT ij; am 
= B 'J'R ij; fffi! (j)'f (1 II Icto 1(1"1 ct(j)..,1a51 

N(j)mct <it ~I ~ I!'l 45 3ih: ~'31'1 
~ <illffi 'IT5iii B fu ~ ij; 'IJUSRUT 

~ 'IJUSRUT fffi1! TIT! = ij; ~ 'I'Tt'R d51 

~ fcnm J!T ffi)(jj tl 

tIT I 3l\o; it -ffi tIT 2 MMdl R~~)tH ij; of.mT ij; Rer 441 Rer 435, Rer 436, 

fffi! ~«"1INct fcnm"llZlT tl ~ ij; 3lTffi'<TI 3ih: UD 446 31R UD 684 ~J1IMdl JI5 nlo 
it gr o'! 3ll'<:-1260 MM,,1 B am = 1l 1~1'm,,'i ij; ~:ill JlRr 1l ~ cnT (j)'f 
(j){Cf<:!m'1 "tiFt a;- Q)'RU1 3"ld51 'tIZR fcnm "llZIT1 ~ va JW Jt!J! ~ ij; fffi! 10 ~ "fr 
<rn1 a;- fffi! ~ 31't5 t.TinR a;- "'" B t1Rcn a;- ~ ~ <!X'1T ~ = 11m t I '}'I '!"1 
~ ~ (~ m -2-32666) cnT 1WtlR form 3 3lTfu 1136 3lfu 1145. 3lfu 1165 ~ 

"llZIT1 JlRr B wrn :3lfu<p "'tq~n(1 'fm ~ m Q)'1<1R"~ ~ "fr ~1'Jf<I"ll!fu'\m :il I 

, 




