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PREFACE 

I have extreme pleasure to present the Annual Report of IISR for 
the year1999. As a person grown along with the Institute it is heart
ening to note the spectacular growth the Institute has made in the last 
three decades. From a regional station of Central Plantation Crops 
Research Institute in 1975 it has acquired the Institute status in 1995. 
ICAR has bestowed the best Institute award to IISR in July 2000. As 
the award document covered the period 1994-1999 I consider it as a 
covetable achievement. 

As per International Trade Centre, Geneva report that India 
accounts for 50% of world's export of spices in terms of quantity and 
25% in terms of value. The total export of spices in 1998-1999 was 
around 2,10,000 tons. Even though there was decline in the quantity 
exported there was 17% increase in value compared to previous year. 
Spices still posses good market compared to other plantation crops. 

The Institute still possess the world's largest germplasm in black 
pepper, ginger and turmeric. Institute has participated in the XV 
workshop of AICRPS HELD AT Calicut during 18-21, November 1999 
and recommended rhizome rot resistant cardamom line RR-l and a 
phytophthora resistant black pepper line P-24 for release. 

In the crop production programmes application of FYM signifi
cantly increased the yield of bush pepper followed by verrnicompost 
and leaf compost. 

In the post harvest programmes the effect of different agroclimatic 
conditions on the curcurnin content of turmeric was documented per
taining to newly released varieties Prabha and Prathiba. 

The institute has lot of many progress during last year. It has 
made new collections in black pepper, ginger, turmeric, vanilla, cinna
mon, nutmeg and garcinia. Techniques have been developed for 
characterisation of RaIstonia sp. the causal organism of bacterial wilt 
of ginger. A combination of biocontrol agents and potassium 
phosphonate is found to be very effective in the control of Phytophthora 
foot rot of black pepper. National project on phytophtora species 
(PHYTONET) is progressing well in collecting and documenting the 
different Phytophthora diseases affecting the horticultural crops. 



Fundamental studies like PR ~rotein~ , isozyme s~udies e~c are beiz:g 
undertaken to establish t he blochermcal mechamsm of dIsease reSIS
tance. Root mealy bugs is a new problem emerging in black pepper. 
Chemical and biological measures are being undertake n to control the 
menace. Fundamental studies are being carried out to characterize the 
different races of nematodes affecting spices. Last year Institute has 
joined t he field survey to evaluate the impact of the Central Govern
ment sponsored programme on integrated measures against 
Ph ytophthora foot rot dis eas e of black pepper. The XV group meeting 
of AICRP on spices was also held at Calicut. The worksho p has 
recommended new varieties and packages for control of Phytophthora. 
The Krishi Vigyan Kendra under the Institute also performed well. An 
Agriculture Technology Information Centre and a Bioinforma tic Centre 
also started functioning in the Institute. 

I take this opportunity to thank Director General, ICAR, Deputy 
Director General (Hort.) and ADG (PC) and other government de part
ments like DBT, Pepper Technology Mission (Government of Kerala) etc. 
for their continuing support to the Institute's programmes. I thank the 
scientists and staff of IISR for the ir valuable contribution and whole 
hearted support. 

Calicut 

30 September, 2000. 

y. R. Sarma 
Director 
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NEW GERMPLASM 

Black Pepper: A total of 108 accessions were collected during this 
year. Sixty-four wild types and 44 cultivars were collected from Sirsi, 
Sagar and Coorg (Karnataka), Idukki and Kottayam (Kerala). Cultivated 
types collected include local types like Karimalligesara, Bilemalligesara, 
Vokkalu, Vellanamban, Thevanmundi etc. 

Ginger: A total of 13 collections were made from Sagar (Karnataka), 
Nepal (through NBPGR. New Delhi), Cooch Behar, North Bengal etc. 

Turmeric: Five collections were made this year. This include 
C. caesia (black turmeric-AICRPS, Pundibari). 

Vanilla: Four collections were added to germplasm. This include 
Vanilla pilifera, V. vatsalae, V. taltensis and V. planifolia with variegated 
leaves. 

Tree Spices: One Cinnamomum verum (Chettalli), one double 
nut type of nutmeg (Feroke, Calicut), one Myristica beddomeii (Idukki), 
two accessions of M . malabarica(Wynad) and five accessions of Garcinia 
gummigutta (Thrissur, Kerala and Mercara, Karnataka) were added this 
year. 

Crop improvement and maintenance 

+ Black Pepper hybrids HP 105 maintained superiority in yield at 
Valparai(6.025 Kg/vine) followed by HP 728 (5.67kg/vine) in the 
fifth year of yielding. CoIl. 1041 continued to show tolerance to 
Phytophthora foot rot and yellowing with a mean yield of 4.7 kg/ 
vine. HP 1411(Aimpirian x Panniyur-l) and an open pollinated line 
of Karimunda (OPKM) also performed excellent at Peruvannamuzhi. 

4- Bold rhizome selections of ginger viz., Acc.35 and 117 were evalu
ated in farmers' plot along with Varada. A multiplication ratio of 
1.20 was obtained in these varieties at farmers' plot as against 1:18 
of Varada. Acc.35 had a dry recovery of 21% and Acc.117-19%. 

+ Alleppey Finger Turmeric (AFT) Ace. 584 and 585 recorded 24.5 
and 30.3 t/ha (fresh rhizome yield) respectively with a driage of 17 
and 16 per cent. They had more than 6% curcumin. 

+ Paprika types consisting of 64 exotic and 77 indigenous (Bydagi 
Dabba) collections were field tested. Exotic collections were more 
prone to bacterial wilt (59.2 %) compared to indigenous material 
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·-~ ===================== EXECUTIVE SUMMARVt1Iit'" • 
(39.9%). Though Bydagi Dabba types were pungent, colour values 
were higher (131-349 ASTA units) compared to exotic types (34-
246ASTA)indicating possibility of getting high colour lines from 
Bydagi Dabba which is more adapted to local conditions. 

+ In the trial in cardamom to evaluate hybrids of crosses between 
mosaic resistant lines and high yielding pre-released selection,CCS-
1 x NKE-12 and NKE-19 x NKE-27 cross combination recorded 
maximum heterosis for plant height and number of tillers. 

+ Survival of black pepper graft on P. colubrinum stock after three 
years of planting indicated double root stock method as the 
best{88.9%) followed by tongue and saddle grafting (61.1 %). 
Colubrinum root stock has been found to be susceptible to mealy 
bugs that affects the collar region and root system resulting in 
death of grafts. 

+ A 9/4 in nutmeg and A
2

, C, D and D, in Cassia are the promising 
lines in tree spices. 

+ Myristica beddomeii and M. malabarica were found to be compat
ible root stocks for approach grafting of M. iragrans, the cultivated 
nutmeg. Grafting of clove on Syzigium beynianum root stock is 
successful. 

Cytogenetics & embryology 

Studies on embryo development in black pepper indicated that, 
three months after pollination embryo attains heart-shape structure. 
Further development takes place only after seed shedding, during the 
process of seed germination. 

Cytological analysis of ten seedling progenies of turmeric had 
shown chromosome number variations such as 63,74,77 and 84. 

Cytological analysis of four species of Amomum viz., A. subulatum, 
A. muricatum, A. microstephanum and A. canneicarpum revealed 2n 
=48 for all. 

Biotechnology 

In vitro multiplication has been induced in Piper cubeba and 
Piper attenuatum. The in vitro gene bank has been strengthened by 
the addition of P. cubeba, P. attenuatum and seed spices viz., Nigella 
sativa and T'rachyspermum ammii. 
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Nucleus Planting m aterial 

Black pepper rooted cuttings (93 ,000), black pepper rooted laterals 
(500), turmeric seed rhizome (6 ton), ginger seed rhizome (1.5 ton) , 
nutmeg grafts (2,630) and cinnamon seedlings (180) were produced and 
distributed . 

Drought tolerance in black pepper 

Black pepper accessions 4216 and 4226 w ere relatively tole rant 
to water stress . 

Nutrition and management 

• Application of FYM significantly increased the yield in bush pep
per (both in var. Panniyur-l and Karimunda) followed by vermi 
com post and leaf compost applications. The yield increase was 
upto 104 % in Panniyur-1 and 35 % in Karimunda over the applica
tion o f chemical fertilizers alone. 

+ In ginger, application of micro-nutrients viz., boron and molybde
num along with FYM (1 Ot/ ha) and the r ecommended NPK in
creased the yield by 32% and 43 % respectively. 

• In turmeric, among different organic sources applied, chilli spent 
w aste (@250g/pot) yielded highest and was comparable to FYM 
applicat ion (@lkg/pot) 

Qualit y evaluation 

+ Among the b lack pepper hybrids and collections evaluated at 
Valparai (high altitude area in Tamil Nadu) HP 34 had a high bulk 
density (wt/litre) of 628 g and coll.1041 had 536g. HP 728 and 813 
h ad high 01eoresin(>10%} and piperine(- 5 %). 

+ Curcumin content of Prabha and Prathibha showed locatio n effect 
a t Sangli (Maharashtra) . Thirty five to forty per cent reduction was 
observed there compared to Calicut. 

+ Among the ginger accessions evaluated, Acc.511 recorded 8 .9 % 
oleoresin and Acc. 191,288 and 302 recorded low fibre «3%).Acc.411 
and 420 recorded 2 .7%e ssentia l oil. 
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===================EXECUTIVE 

PLANT PATHOLOGY 

Disease etiology and pathogen characterisation 

..... ~ 
SUMMARY ...,1fJ 

• 

A simple biovar characterisation technique using microtiter plate 
and small quantity of reagent was standardised for rapid identification 
of biovars. Ralstonia solanacearum was also isolated from tomato, 
potato, chilli, eupatorium and ageratum in order to know their role 
in the epidemics of bacterial wilt of ginger in India. Difference among 
the isolates in colony character, carbohydrate utilization pattern, patho
genic potential, antibiotic resistance etc. could be found. Characterisation 
based on membrane protein pattern revealed the presence of 37-40 Kda 
protein in all the isolates of Ralstonia solanacearum. This protein may 
be useful as a species specific antigen for producing antibodies for 
developing an immuno-kit. 

Serological detection of Ralstonia solanacearum 

+ Dot-immuno-binding assay kit (NCMELISA) developed at Interna
tional Potato Centre (CIP, Lima, Peru) was evaluated to know the 
adaptability of the kit for ginger. The result indicates that the kit 
is suitable for detection of bacterium in ginger sample. 

+ P colubrinum with multiple resistance for Phytophtbora capsici, 
Radopholus sirnilis and M. incognita was found susceptible to CMV. 
This was based on graft transmission and subsequently checked 
by ELISA. 

+ A severe incidence of leaf rot and wilt in vanilla was noticed in 
the IISR farm, Peruvannamuzhi. Fusarium sp. was found to cause 
both leaf rot and wilt. Fusarium sp.was also isolated from vanilla 
from Valparai. A new fungicide formulation of carbendazim and 
mancozeb marketed under the trade name 'saff' was tested both 
in vitro and in vivo and was found effective in inhibiting the growth 
of Fusarium at 100 ppm. 

Screening germplasm for reaction to diseases 

Of the 133 germplasm types screened for their reaction to Pcapsici, 
3 germplasm types (HP 295, W 3241 and W 3073) showed resistant 
reaction in the initial screening. Field trials at Pulpally and Valparai 
showed consistent performance for tolerance to Phytophthora foot rot. 

Inoculation technique: Simple inoculation technique was standard-
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ized to screen germplasm of ginger for bacterial wilt tolerance. The 
technique was very rapid and easy to follow. Reaction could be noticed 
within 10 days of inoculation. The inoculation procedure was used for 
evaluation of ginger germplasm. 

A total of 21 somac1ones were evaluated in green house for bac
terial wilt tolerance. The somaclones were as susceptible as the variety 
Himachal. 

Biological control 

The synergistic growth promotive effect of efficient isolates of 
VAM and Trichoderma was studied in black pepper nursery. The variety 
Karimunda responded better than Panniyur-l.The combination of VAM 
and Trichoderma harzianum and T.virens enhanced sprouting and root 
growth in both the varieties. 

The population of T'ricllOderma in biocontrol plot was upto 104 cfu! 
g compared to zero level in uninoculated field . 

Disease management 

The activity of potassium phosphonate against P capsici in black 
pepper at the recommended dose of 3 mlll declines after 4 days. Studies 
with higher concentrations of potassium phosphonate (4ml/l to 10 mll 
1) were tried. The treatments,6-10 rnl could give greater protection upto 
30 days after drenching. At these concentrations no phytotoxicity was 
noticed. In a pot culture experiment with biocontrol agents alone and 
in combination with potassium phosphonate on root rot, least mortality 
was recorde d in treatment with a combination of verticillium tenerum 
and p otassium phospho nate (11.1 %), followed by Trichoderma virens 
and T.harzianum in combination with potassium phosphonate (16 .6%) 
compared to control (83.3%). 

Studies on integrated approach to rejuvenate the foot rot affected 
black pepper garden, growth of plants as indicated by crop stand, 
number of leaves and height of the plants were better in treatments 
with clean cultivation compared to treatments w ith no inte r-cultivation. 

In integrated disease management plot, the mortality was least 
in P-24 (1140) followed by Panniyur-4 (4/40). 

Mechanism of disease resistance 

In order to a nalyze RAPD profiles of disease resistant cardamom 

8 



· ... ~ 
========================= EXECUTIVE SUMMARY.~ • 
lines, 20 operon random primers were tried. Two of them OPA 08 and 
OPA 12 gave good amplification. The annealing temperature for car
damom was standardised as 40°C. In rhizome rot resistant cardamom 
variety RR 1, a distinct band was seen compared to the susceptible 
check. 

PHYTONET 

A total of 514 Phytophthora isolates from different hosts all over 
India are being maintained at National Repository of Phytophthora 
(NARPh). Morphological characteristics were studied in detail in 48 
Phytophthora isolates of black pepper and 32 Phytophthora isolates 
of betel vine. Out of 48 isolates, 44 are typical P capsici with long 
pedicels (20-206 mm) and umbellate ontogeny whereas four wera with 
sympodial ontogeny with sporangial stock length of 23-195 mm. Out 
of 32 betel vine isolates studied, 22 isolates were of typical P. parasitica 
with variable pedicels (0-20.7mm) and sympodial ontogeny whereas 10 
were typical P. capsici with long pedicels (20-246mm) and umbellate 
ontogeny. 

Induction of pathogenesis related proteins (PR-proteins) were 
reported in black pepper on inoCUlation with P.capsici. Occurrence of 
chitinases and ~-1,3 glucanases in the Phytophthora tolerant black 
pepper line, P 24 have been recognised using anti-rabbit antibodies. 
The 30 and 35 kDa proteins recognised as ~-1,3 glucanase and chitinase 
isoforms respectively were electroeluted and these eluted proteins 
showed antifungal activity. 

Isozyme work for characterization of the Phytophthora isolates 
was initiated with superoxide dismutase and catalase. Several extrac
tion buffers were tried. For SOD two loci and one locus for catalase 
has been identified in P. capsici isolate 99-101. 

Trichoderma virens isolates were screened in vivo for growth 
promotion of black pepper and suppression of Phytophthora. Isolate 
GV5 favoured maximum plant growth. Organic amendments such as 
coiT pith, FYM, neem cake and leaf litter of Glyricidia supported the 
survival of T harzianum in soil. There was clear increase in the number 
of colony forming units of T harzianum when there was higher amount 
of these organic matter. CoiT pith, coir compost and lignite were studied 
as carrier media for liquid fermentation products. All the three media 
recorded high colony forming units even after 60 days of mixing when 

9 



~ IISR ANNUAL REPORT 1999 ===================================== 
used in the sterile condition. Twenty five isolates of Trichoderma spp., 
23 isolates of bacteria and 16 other fungal antagonists were isolated 
from the rhizosphere of the black pepper. Biocontrol agent, T. harzianum 
was found to be compatible with phorate and chlorpyriphos at the 
recommended doses. A technique has been standardised for the iso
lation of protoplasts from Trichoderma harzianum using driselase, 
hemicellulase and cellulase (Onuzuka). 

ENTOMOLOGY 

+ Identification and characterisation of host resistance 

The black pepper accessions, wild piper species and interspecific hybrids 
identified to be resistant to poUu beetle were characterised for their 
biochemical constituents. The levels of free amino acids and surface 
wax were significantly higher in the resistant lines when compared to 
the susceptible check. 

+ Evaluation of natural products 

Laboratory bioassays were conducted to evaluate the anti feedant 
activity of chilli extract and seed kernel of Melia composita against 
'PoIlu' beetle. Chilli extract and M.composita seed kernel extracts 
possessed appreciable antifeedant activity, causing above 90% feeding 
deterrence at 1 and 2% concentrations, respectively. 

+ Determination of pesticide residues in black pepper 

The pesticide residues in black pepper in which the recommended 
spraying schedules of endosulfan and neem products were adopted 
were determined. Spraying of 2 rounds of endosulfan 0.05%; 1 round 
of endosulfan 0.05%, 3 rounds of Neemgold 0.6%and 4 rounds of 
Neemgold 0.6% resulted in 0.041 ppm, 0.009ppm and non detectable 
levels of endosulfan residues in black pepper at harvest. These residue 
levels were well below the permissible level of 0.1 ppm fixed by the 
importing countries. 

+ Distribution of root mealy bugs and nature of damage on 
black pepper 

Surveys were conducted at 8 locations in Wynad district, Kerala to 
study the distribution of root mealy bugs (Planococcus sp.) on black 
pepper. The pest infestation was observed in 6 locations where 6.7 to 
42.2 % of the vines were infested with root mealy bugs. Thirty three 
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per cent of the vines infested with root mealy bugs were also affected 
with Phytophthora foot rot disease. Infestation by mealy bugs caused 
yellowing and wilting of leaves, defoliation and mortality of vines. 
However, most of these vines were also affected by P. capsici and 
nematodes. 

+ Biological control of mealy bugs 

An unidentified species of fungus was collected from dead mealy bugs 
colonies in the field at Peruvannamuzhi. Laboratory bioassays were 
conducted to evaluate the pathogenicity of entomopathogenic fungi, 
viz., Beauveria bassiana, Paecilomyces lilacin us, VerticilJium 
chlamydosporium and Metarrhizium anisopliae against root mealy bugs. 
The bioassays indicated that among the various fungi, M. anisopliae 
was the most promising, causing 80% reduction in mealy bug colonies 
when compared to 175 % increase in control. 

+ Management of rhizome scale 

Various insecticides, plant and organic products were evaluated for the 
management of rhizome scale (Aspidiella hartm on ginger during stor
age. The trials indicated that among the various treatments, dipping 
of seed rhizomes in quinalphos 0.075% or methyl parathion 0.075% or 
dimethoate 0.075% were more effective for obtaining a higher recovery 
of rhizomes, higher number of sprouts and lesser incidence of rhizome 
scale. 

+ Management of shoot borer 

Cultural methods and spraying of insecticides in various schedules 
were evaluated for the management of shoot borer (Conogethes 
punctiferalis) of ginger in the field. The trials indicated that pruning 
of infested shoots during July-August and spraying of insecticides 
during September-October resulted in lesser incidence of the pest and 
higher yields. By adopting this cultural method, two insecticidal sprays 
can be avoided, thus conserving natural enemies and causing less harm 
to the environment. 

NEMATOLOGY 

+ Host resistance 

Evaluation under simulated field conditions confirmed the resistance 
of four turmeric (Acc.84, 142, 182and 198) and two ginger 
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(Acc.36 and 59) germplasm accessions to root-knot n em atodes. In t he 
second round of screening, another four turmeric (Acc.31,82,178 and 
200) and one ginger (Acc.221) accessions were resis tant to MeJoidogyne 
incognita. 

Five wild Piper nigrum accessions(W.3141, 3200, 3283, 3291 and 3299) 
and one hybrid black pepper (HP 309) were res istant to Radopholus 
similis. 

Post infectional changes in de fense related enzymes , viz., supe roxide 
dismutase(SOD), peroxidase (PO) and catalase (cat) were monitore d 
qualitatively by SDS-PAGE in root-knot n ematode tolerant ('Pourna rni' ) 
and susceptible ('Panniyur-1') black pepper varieties. Isoforms of PO 
and cat enzyme s were observed in 'Pournarni' at 24 and 48 h after 
inoculation which disintegrated subsequently. 

+ Nematode diversity 

Five more root-knot nematode population were added to the nematode 
live collections. A new root-knot nematode species, M . keralen sis , was 
identified from Peruvannamuzhi. 

+ Biological control 

Egg parasitic fungal isolates of Verticillium spp. , Paecilomyces Iilacinus, 
Trichoderma spp., Fusarium spp., Aspergillus spp., and the obligate 
bacterial hyper parasite Pasteuria spp., were identified through in vitro 
bioassays. In greenhouse studies, V. chlamydosporium partly sup
pressed Rsimilis population in black pepper rooted cuttings. 

Sorghum and decomposed coffee husk supported maximum growth and 
sporulation of V. chlamydosporium, while FYM and verrni compost were 
the least preferred substrates. But maximum growth and multiplication 
of P. lilacinus were observed in rice and ginger leaf powder. 

The nematicidal compounds in P. colubrinum leaves were characterized 
as 5,4'-dihydroxy-7-methoxy flavone a nd 5 ,3',4'-trihydroxy-7-methoxy 
flavone. 

SOCIAL SCIENCE 

Training programmes 

Training programmes were conduct ed on 'Spices production t ech
nology', 'Nursery manage m e nt' and 'On - farm processing of spices' . 

12 
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About 53 officers from seven states attended the training programmes. 
On request training to over 50 farmers from north-east and other states 
sponsored by Spices Board was also arranged. 

Economics of spices production and marketing 

The decentralized marketing channel for pepper with 11 % price spread 
and few intermediaries is more efficient that that for ginger 

Cost of production of pepper in the year 1998-99 was Rs. 33/kg against 
the estimated full supply price of Rs.43.50 

An expost evaluation of the central government sponsored programme 
on integrated measures against Phytophthora root rot disease of black 
pepper in Kerala was done. 

Most farmers (about 97%) in the region are aware of the programme 
and its components. About 73 % farmers adopted the recommended 
cultural and phytosanitation measures (component-I). 

Adoption quotient for chemical control measures (both pre-and post 
monsoon sprays) i.e., component-II was 41.4% only. 

Application of manures and fertilizers is not in the lines of recom
mended agronomic practices 

Positive growth rates of 6.54% and 3.37% respectively in the spice 
districts of Idukki and Wynad was attributed to the success of the 
technology. 

The survey indicated reduction in vine mortality from 7-44% to 3-7%. 

Productivity increased from 268 kg/ha during 1994 (base year) to 315 
kg/ha in 1999. 

KRISHI VIGYAN KENDRA 

Krishi Vigyan Kendra conducted 60 training programmes during the 
period that include 45 training for practicing farmers, 14 for rural youth 
and one for extension functionaries in the disciplines of agronomy, 
horticulture, fisheries and animal science. Altogether 2180 trainees 
attended the programmes. 

KVK also participated in 5 exhibitions and delivered 13 radio talks on 
various subjects through AIR, Calicut. 

13 
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Under the revolving fund programme, planting materials worth RS.1.97 

lakhs w e re sold. 

In t he Plant and Animal Health Centre, a total of 923 cases were 
atte n ded and 368 AI were done . The Kendra also conducted 3 animal 
health campaigns and attended one camp conducted by other agencies. 

ALL INDIA CO-ORDINATED RESEARCH PROJECT ON SPICES 

Two new varieties in black pepper (Panniyur -6 and Panniyur - 7), one 
in cardamom (RR-l), three in coriander (RCr-684, RCr-436 and RCr-435), 
two in fenugreek (Guj. Methi-l and RMt-303), one in cumin (Guj.Cumin-
3) and one in fennel (RF-101) were proposed for release in the workshop 
held at Calicut during November 18-21, 1999. 

A fertilizer lever of 150:60:210 g of NPK vine-! with irrigation at IW/CPE 
ratio of 0.33 is recommended for economic yield in black pepper in 
Karnataka. Sowing cumin during 15th Octobe r reduced the cumin wilt 
while in coriander November 4th s owing g ave best yield. 

A spacing of 30 x 20 cm and an increased level of nitrogen @ 150 kg/ 
ha is preferred for turmeric at Kumarganj (U.P'). 

The package of technology, recommended for the control of Phytophthora 
foot rot in black pepper involves application of 1 kg neem cake per vine, 
first round pre-monsoon spraying with Bordeaux mixture followed by 
copper oxychloride drenching and second round Akomin spray followed 
by Akomin drenching as post-monsoon treatment is recommended for 
Kerala condition in addition to the normal phytosanitary measures. 

Phorate @ 3 g a.i. can be given for nematode incidence. 
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The Indian Institute of Spices Research (IISR) was started in July 
1995 by upgrading the erstwhile National Research Centre for Spices 
(NRCS), based on the recommendations made by various committees 
like QRT and the Parliament standing committees (Rajya sabha) on 
commerce (1994-95). 

The Indian Institute of Spices Research will serve as an institute 
of excellence for conducting and co-ordinating research on all aspects 
of spices improvement, production, protection and post harvest tech
nology. 

Mandate 

.:. To extend services and technologies to conserve spices genetic 
resources as well as soil, water and air of spices agroecosystems 

.:. To develop high yielding and high quality spices varieties and 
sustainable production and protection systems using traditional 
and nontraditional techniques and novel biotechnology approaches 

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

.:. To act as a centre for training in research methodology and tech
nology upgradation of spices and to coordinate national research 
projf'cts 

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

.:. To serve as a national centre for storage, retrieval and dissemina
tion of technological information on spices 

Location 

The headquarters of the IISR is situated in Calicut (Kozhikode) 
city, where Vasco da Gama landed on 20 May 1498. The experimental 
farm of the institute is located at Peruvannamuzhi, in the foothills of 
the Western Ghats. The only sub-centre, the Cardamom Research 
Centre, is at Appangala in Coorg (Kodagu) District, Karnataka. 
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GfJ<F.:llCS & 
CYTOGfNEllCS 

PV.Nf BREEDING 
EroNOMIC BOTANy 

HORTICUL1'URE 
BIOTEOlNa..a;y 

I Organizational set-up of lIsa I 
Policy Committee and Staff Research Council assist th(3 Director 

in matters relating to management, research and extension. 
Multidisciplinary research on different aspects of black pepper, carda
mom, ginger, turmeric, nutmeg, clove, cinnamon, allspice, vanilla and 
paprika is conducted in three divisions and a section viz., Division of 
Crop Improvement & Biotechnology, Division of Crop Production & Post 
Harvest Technology, Division of Crop Pro~ection and Social Science 
Section. Besides, IISR is also the head quarters of the All India Coor
dinated Research Project on Spices with a network of 20 centres spread 
over 15 states. Krishi Vigyan Kendra established in 1992 at the 
Experimental Farm, Peruvannamuzhi, concentrates on transfer of tech
nology. An ATIC (Agricultural Technology Information Centre) and an 
ARIS (Agricultural Research Information System) cell are also operating 
since last year. Bioinformatics project has a lso been initiated in the 
institute. Apart from the research activities, the University of Calicut 
and Kerala Agricultural University recognize the institute as a centre 

17 



~ IISR ANNUAL REPORT 1999 ===========:::::=============:::::=========: 

for postgraduate studies. It offers consultancy and training in different 
fields and disseminates the information generated through regular 
publications and other mass media. 

PAST ACffiEVEMENTS 

Crop Improvement and Bjotechnology 

The institute has a large collection of spices germplasm consisting 
of 2778 black pepper, 293 cardamom, 499 ginger, 698 turmeric, 465 
nutmeg, 220 clove, 281 cinnamon, 30 Garcinia, 137 all spice and 28 
vanilla accessions. 

High yielding black pepper varieties like Sreekara, Subhakara, 
Pournami and Panchami, high quality cinnamon varieties Navashree 
and Nithyashree were released to farmers. Other varieties released by 
the institute are high yielding and low fiber ginger variety (Varada) high 
yielding cardamom variety (CCS-l) and high curcumin and high yielding 
turmeric varieties viz. Suvarna, Sudarshana, Suguna, Prabha and Pratibha. 

Vegetative propagation methods were standardized in clove, 
nutmeg, cinnamon, cassia and allspice. 

In vitro repository for spice germplasm was established. Methods 
for medium term storage and cryopreservation of genetic resources of 
spices in in vitro conditions are being standardized. Micro propagation 
protocols were standardized for major spices. 

Regeneration of plantlets from calli of ginger, turmeric, black 
pepper, vanilla, lavender, anise and cardamom were achieved to exploit 
the somaclonal variation and for in vitro selection of lines resistant to 
biotic and abiotic s tresses. 

Crop Production and Post Harvest Technology 

Rapid and efficient methods for clonal multiplication of black 
pepper and cardamom were standardized. A fertilizer dose of 140:55:270 
g of NPK/vine/year is optimum to increase yield of black pepper in 
laterite soils. Addition of vermicompost and bio fertilizers promoted 
growth in black pepper, cardamom and clove. Application of neem cake 
(2t/ha) increased nutrient availability in soil, increased ginger yield by 
33% and restricted rhizome rot incidence of ginger to 50%. 

Farmers have adopted high production t echnologies developed at 
the institute for sustainable high yield of pepper and cardamom. 
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Panniyur-1 and valiakaniakkadan are ideal among the pepper 

varieties to prepare white pepper. Black pepper varieties with high 
pungency are cv. Kottanadan and Kurnbhakodi. Cardamom accessions 
with high oil and flavor are APG 30, 55, 221 and 223, ginger varieties 
with high oleoresin and gingerol are Rio-de-Janeiro and Wynad 
Kunnamangalam and turmeric varieties with high curcumin are Prabha 
and Pratibha. A technology to prepare salted ginger has been stan
dardized. 

Crop Protection 

Among the several black pepper lines screened for their reaction 
to Phytophthora capsici, the causal agent of foot rot disease, P24, an 
open pollinated progeny of Perarnbramundi has been identified as tol
erant. An integrated management strategy involving phytosanitation, 
cultural practices and application of Bordeaux mixture (1 %) and copper 
oxychloride or potassium phosphonate (Akomin) is effective against 
foot rot disease. Field trials showed effectiveness of Trichoderma 
harzianum and T. virens to manage Phytophthora foot rot. Integrated 
disease management involving phytosanitation, soil solarisation and 
seed treatment was found effective in reducing rhizome rot and increas
ing ginger yield. 

Cultivated and wild Piper accessions resistant to poilu beetle, the 
most serious pest of black pepper, has been identified. Spraying en
dosulfan 0.05% or quinalphos 0.05% could control the pest. A number 
of potential bio control agents have been identified against major insect 
pests of black pepper. 

The role of Radopholus simiIis, Meloidogyne incognita and 
Phytophthora capsici in the etiology of slow decline disease complex 
of black pepper was established. A root knot nematode tolerant line, 
Pournami, has been released. 'c 

Several natural 'katte' escapes of cardamom were screened against 
cardamom mosaic virus and some of them were found to be resistant 
and are under field evaluation. A rhizome rot tolerant cardamom line 
is identified and is being evaluated. 
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Transfer of Technology 

Yield increase of over 200% was achieved as a result of the 
adoption of high production technology in black pepper. In cardamom, 
an all time high yield of 1600 kg of dry cardamomlha was obtained as 
a result of adopting the high production technology developed by IISR. 

Weather Data for 1999 

Month No. of rainy days 

Peruvannamuzhi 

January 2 

February 1 

March 7 

April 21 

May 24 

June 28 

July 23 

August 9 

September 27 

October 8 

November 1 

December 1 

Total 151 

Budget (Rupees in lakhs) 

Particulars 

Establishment 

Travelling allowance 

Works 

Other charges including 
equipment 

Total 

26 

Appangala 

2 

10 

16 

27 

13 

10 

11 

89 

Plan 

4.00 

43.20 

87.80 

135.00 

Rainfall (mm) 

Peruvannamuzhi 

34.6 

2.5 

54.60 

635.30 

869.00 

1362.00 

768.00 

122.0 

685.50 

42.50 

12.00 

4588.00 

Non plan 

186.90 

4.50 

25.43 

216.83 

Appangala 

14.6 

247.2 

313.5 

1047.8 

234.5 

67.9 

241.0 

2166.50 

Total 

186.90 

8.50 

43.20 

113.23 

351.83 
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Other Sources 

Particulars 

A.P. cess fund schemes 

KVK 

NATP 

AlCRP Spices 

DBT schemes 

IPDS 

Pepper technology mission 

Pension and gratuity 

Total 

Staff Po sition 

RMP 

Scientific 

Technical 

Administrative 

Supporting 

Sanctioned 

1 

41 

44 

22* 

72* 

'Sanctioned and filled posts were included in KVK 

Amount 

62.28 

26.79 

12.05 

89.98 

14.37 

6.93 

15.60 

9.50 

237.50 

Filled 

1 

34 

44 

22 

72 

Vacant 

7 
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CROP IMPROVEMENT AND BIOTECHNOLOGY 

GEN. 1.(813} 

COLLECTION, CONSERVATION CATALOGmNG AND EVALUATI ON 
OF BLACK PEPPER GERMPLASM 

(K. V. Sa ji, P. N. Ravindran, B. Sasiku mar, V. S. Korika n t h imath & B. Chempakam) 

Aim and scope 

1. Collection, conservation and evaluation of black pepper germplasm 

2. Establishment of black pepper germplasm in the nursery and field. 

Past achievement s 

1. Collections of Piper germplasm were made from both the centres 
of origin in India, viz. Western Ghats and North Eastern region. 

2 . About 3000 accessions are maintained in the germplasm nursery. 

3. Collected and conserved almost all the local cultivars and land 
races of black pepper grown in South India 

4. Rediscovered and described Piper barberi - an endangered species. 

5 . Three new taxa of Piper were reported. This includes two new 
species Viz. P silentvallyensis and P sugandhi and one sub species 
viz. P. sugandhi. var. brevipilis 

6. Four varieties of black pepper were released from the existing 
collections. 

GEN.IX(813) 

COLLECTION, CONSERVATION, CATALOGUING AND EVALUATION 
OF CARDAMAOM GERMPLASM 

(K.Padmini, V.S. Korikanthim a t h and D. Prasath) 

Aim and scope 

a) To collect cultivated as w ell as related genera of cardamom so as 
to make a genebank for various characters 

b) To evaluate the germplasm for yield and other des irable characters 
in cultivated types of cardamom. 
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Past achievem ents 

collection : 
310 cardamom accessions including related genera have been 

collected from cardamom growing areas such as Wynad, Anamalais, 
Majoli Hills, Karnataka, Nelliampathy, Lower Pulneys, Meghamalai, 
cardamom hills and maintained in the germplasm repository. An ac
cession with compact panicle is added to the genebank. 

In addition to the cultivated types of cardamon ten allied genera 
viz., Zingiber zerumbet, Alpinia galanga, Alpinia mutica, Alpinia aJbugus, 
Amomum muricatum, Amomum micro stephanum, Amomum 
cannericarpum, Hedychium coccineum, Hedychium green and a Florida 
type are also being maintained in the germplasm repository 

The germplasm collections include variants for almost all the 
characters, the interesting among them are pink stemmed type, Narrow 
leaf, Alfred clone (with basal and terminal inflorescence with few leafy 
bracts), multibranched panicle types, bold capsules and compact 
panicles. 

Evaluation : 

Evaluation of cardamom access ions in the germplasm reposi
tory has led to the identification of two Wynad selections APG-221 and 
APG-218 which contained more than 7.8% essential oil containing high 
a-terpinyl acetate which is responsible for the pleasant aroma. 

A selection of 873 which yielde d 400kg of dry capsules/hectare 
selected from OP progenies of Cl-37 suitable for high density planting 
was selected for release as CCS-1 (Coorg Cardamom Selection-i). This 
selection is suited for cultivation in cardamom growing areas of 
Karnataka. 

Cataloguing 

Cataloguing of multibranched collections for inflorescence and 
fruit characters is being done. Eight open pollinated progenies of 
multibranched panicle types viz., MB-45, MB-60, MB-29, MB-26, MB-3, 
MB-27, MB-25 and MB-6 were stu died for inflorescence and fruit char
acters. The performance of the OP progenies was inferior to that of 
the data recorded in the mother clu mps except for the branching habit. 
However, the percent fruit set recorded in the various multibranched 
types range from 12.99 to 50.00. 
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Progress Report 

Three hundred accessions are being maintained and seventy five 
entries have been shifted and are being maintained. 

Evaluation and characterization of cardamom accessions: 

Two hundred and ten accessions were evaluated based on the 
IPGRI discriptor for 15 characters. The mean number of panicles per 
plant was highest in Malabar (42.65) followed by Mysore (40.18) and 
Vazhukka (937.25). The mean yield per plant (wet weight in g) was 
highest in Vazhukka type (212.12) followed by Mysore (198.53) and 
malabar (192.70). 

Variability in Malabar types: 

The coefficient of variation was highest for number of panicles per 
plant (78.86) followed by capsule breadth (69.77) and bearing tillers per 
plant (56.30). The number of panicles per plant was highest in the 
Acc.75 (139.33). The capsule breadth was maximum in the Acc.40 
(3.20). The Ace.58 recorded the highest number of tillers per plant (27). 
The inter nodal length was maximum (2.17cm) in Acc.8. The leaf length 
and breadth exhibited low variability. Number of capsules per plant 
varied from 0 to 2055.9. 

Variability in Mysore types: 

The maximum number of panicles per plant (135.60) was recorded 
in Acc.98. The internodal length ranged from 1.30 to 4.63cm, the 
highest being recorded in Acc.l09. The mean number of capsules per 
plant was 250.82 and it ranged from 0 to 1322.90 

Variability in Vazhuka types : 

Highest coefficient of variation was recorded for number of panicles 
per plant (74.50%) followed by number of bearing tillers per plant 
(62.32%). The number of panicles per plant ranged from 2 to 138.7, the 
highest was recorded in Acc.138. The number of tillers ranged from 
1.33 to 33 and that of capsules per plant from 0 to 1156.20. 

25 



~ IISR ANNUAL REPORT 1999 ======================== 
GEN.ll (813): 

COLLECTION , CONSERVATION, CATALOGlliNG AND EVALUATION 
OF GERMPLASM OF GINGER AND TURMERIC. 

(D. Sasikumar, K.V. Sajj, J ohnson K. George a nd R.M. AbduUako ya) 

Aim and Scope 

1. Collection, conservation, cataloguing and evaluation of the 
germplasm of ginger and turmeric in addition to other related 
species of the family. 

2. Evolvin g high yielding, value added varieties of ginger and tur
meric. 

Achievements 

The ginger gene bank at present possesses 580 accessions of 
Zingiber while the turmeric repository contains 735 accessions of 
Curcuma. Zingiber and Curcuma accessions and 9 Kampferia collec
tions are also maintained. The germplasm collections include some 
types like putative wild type ginger, Kasturi turmeric (C.aromatica) , 
black turmeric (C.caesia) etc. 

Five turmeric varieties viz. Suvarna. Suguna. Sudarshana. Prabha 
and Pratibha are released. Prabha and Pratibha are the first ever 
varieties of t urmeric developed through open pollinated progeny selec
tion. 

Varada, a low fiber. high yielding ginger is also the outcome of 
the project. This variety is very popular with growers throughout the 
country. 

Two Alleppey finger turmeric (AFT) lines and 2 bold rhizome 
ginger lines are in the pipeline. 

Germplasm collection 

A total of 13 new accessions of ginger were collected such as from 
Sagar market-2; Farmers plot, Manegatta. Sagar, Karnataka-l, Nepal 
- 2 (through NBPGR. New Delhi), Amaravathi, Maharashtra-1, Satara-
1 ('Mahim' variety), Coach Bihar-Bhutan border market-5, North Ben
gal-1 ('Baise' variety) 

Five curcuma accessions were also collected and added to the 
genebank viz. C.caesia (black turmeric) and C.amada from AICRPS. 
Pundibari. West Bengal; C. longa one each from Nepal (through NBPGR, 
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New Delhi) and Cooch Bihar. 

Multiplication of bold rhizome accessions of ginger 

Two pre released bold rhizome lines of ginger viz. Acc 35 and 
Acc 117, selected after 4 years trial at 3 locations and also at farmer's 
plot were multiplied again at research farm, Peruvannamuzhi and 
farmer's plot along with Varada variety. 

a) Research farm 

Nucleus seed material of 175kg (Acc 117); 100kg (Acc 35) and 
75kg (Varada) were produced. 

b) Farmer's plot 

205kg of Acc 35 and 96kg of Acc 117 were produced through 
foundation seed production programme. 

Mean performance of Acc 35 and Acc. 117 over seasons and loca
tions along with Varada (control) 

Overall year performance of Acc 35 and Acc 117 along with 
Varada is given in Table-I. 

Table-i. Overall mean performance of Ace 35 and Ace 117 along with Varada. 

Acc.! Yield/3 m 2 Dry E. oil(%) Fibre (%) Oleoresin 
variety bed (kg,) recovery (%) 

(fresh) 

Acc.35 12.27 20.81 2.36 4.0 6.34 

Ace.117 11.43 18.50 1.72 3.26 4.48 

Varada 11.99 19.59 1.68 2.71 3.96 

Cataloguing of ginger germ plasm 

Fifty two ginger accessions were evaluated in 3 m' bed for yield 
and its attributes (Table-2) 

Variability studies for storage life of ginger 

Dry ginger from 41 accessions were screened against storage 
pest, Lasioderma serricorne. Frass weight of the samples were recorded 
after 8 months of storage of the samples in plastic jars. The samples 
were artificially infected with the pest. 
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Table Z. Yield and yield attributes of ginger gennplasm 

Character Range Mean 

Plant height (em) 49.8-79.4 65.15 

No. of leaves in the main shoot 16-24 19.82 

No. of tillers/plant 5-18 5.78 

Leaf length (em) 22-31 23.68 

Leaf width (em) 2.6-3.5 3.10 

Yield/ clump( g) 120-488 327.0 

Branching habit 1-2 tiers 

Scale celour Pale bro~n-bro~n 

Inner core colour Light yellow-yellowish blue 

Frass weight of the specimens ranged from 2-13g . Frass yield of 
less than 3g was recorded in the accessions Acc.420, 215, 84 and 182 
indicating the tolerance. 

Evaluation of AFT and other high curcumin turmeric lines 

Eleven high curcurnin lines of turmeric including six AFT lines as 
well as Prabha and Pratibha were evaluated in replicated trial at 
Peruvannamuzhi (Table 3). AFT line 593 had maximum curcumin 
percentage whereas in terms of yield / bed and dry recovery Acc.657 
was better. 

Table 3. Yield, dry recovery and curcumin content of high cun:umin turmeric 
Une •. 

Ace. No. Yield/3m' bed (kg) fresh Dry recovery (%) Cutcumin (%) 

126 12.5 17.0 6.0 

295 13.25 17.0 6.3 

360 (Prabha) 12.25 18.3 6.7 
361 (Pratibha) 13.0 16.0 7.1 
584 (AFT line) 12.20 17.0 7.0 

585 (AFT line) 11.40 15.7 6.7 
591 (AFT line) 9.0 20.0 

593 (AFT line) 11.25 18.3 7.7 
656 (AFT line) 17.1 14.7 5.9 
657 (AFT line) 14.9 18.0 7.5 
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GEN.VI (813) 

COLLECTION, CONSERVATION, CATALOGUING AND EVALUATION 
OF GERMPLASM IN TREE SPICES 

(B. Krisbnamoorthy. J_ kema, P. A. Mathew and V.S. Korikanthimatb) 

Aim and Scope 

To step up production of tree spices in this country it is essential 
to make available elite seeds to the growers at reasonable prices. 
Under the project it is envisaged to collect the available variability in 
cultivated types and related species of nutmeg, clove, and cinnamon 
from India and abroad to initiate research work on improving them. 

The present production of tree spices is far below our internal 
demands and we import clove, nutmeg and cinnamon worth about 25 
crore rupees annually. In order to reduce our import and become self 
sufficient, it is necessary to step up the production considerably. This 
could be achieved only by assembling the available variability from 
within the country and outside which will form the starting material 
for improvement of these crops. 

Past achievements 

A) National germplasm conservatories have been established for 
nutmeg, clove, cinnamon, allspice and garcinia (Table 4) 

Table 4. Genetic resou.rces of tree spices conserved at IlSR, Calicut. 

S1. No. Crop No. of Aco. Important species maintained 
--~--~~----------~---- --------~ 

1 Nutmeg 475 

2 Clove 220 

3 Cinnamon 299 

4 Allspice 180 

=5 _______ G==ar~c~iru==·a~ ______ _:26 _____ __ 

Myristica iragrans, M. futua var.magnifica, 
M.malabarica, M.beddomeii, M.andamanicB, 
knema andamanica etc. 

Syzygium aromaticum, S. jumbolana 

Cinnamomum ve.rllm, C. aromaticum, 
C. camphora, C. malabatrum, C.riparium etc. 

Pimenta dioica 

G.gummi-gutta, a.indica, G. tinctoria 

B) New varieties have been developed (Table 5) 
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Ta ble 5. Development of new variet ies 

Sl. No. Crop Variety 

1. Cinnamon Navashree and 
Nithyashree 

3. Nutmeg A-9/4 

Particulars 

Selection from germplasm. High quality 
lines, vanetles released as National 
varieties in 1997 

Selections from OP progenies of Chinese 
cassia - high quality - Prerelease. 

Stabilised very good yield, 8tn year yield : 
1000 fruits -Prerelease. 

Collection and conservation : The germplasm conservatory consist
ing of 299 accessions of cinnamon, 220 clove, 475 nutmeg, 180 allspice 
and 26 garcinia. One Cinnamomum verum accession from Chettalli, one 
double nut type of nutmeg from Feroke, Calicut, one Myristica beddomeii 
accession from Idukki, 2 M .malabarica accessions from Wayanad and 
5 garcinia accessions from Jog falls, (Karnataka), Thrissur and Mercara 
were collected and added to the conservatory. 

Evaluation: 

1. Cassia: Twelve accessions of Cinnamomum cassia viz. A2, Bl, B2, 
B4, B6, C2, C3, C4, C5, D2, D6 and D7 (four plants of A2 and 5 
each of the rest, totalling 59 plants) were planted a t Chelavoor 
farm. 

2. Clove: Progeny evaluation trials of elite lines of clove at Appangala, 
Peruvannamu zhi a n d Chelavoor farms were maintained. 

3. Nutmeg: Seventy per cent of clones of A9/4 planted at 
Peruvannamuzhi, had flowered and yielded during t he fourth year, 
after planting. The clonal block of elite nutmeg lines is maintained. 

4. Allspice: Eight approach grafts of allspice variant type (Le. dwarf 
and bushy type) and eight rooted cuttings of allspice were field 
planted at Appangala farm. 

5 . Garcinia: Five accessions of garclllla viz., Koovayil, 
(Peruvannamuzhi), Chavaramuzhi, Teeos-l and Teeos-2 (all G. 
gummi-gutta) and K,136685-21 (Garcinia indica) were planted at 
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Chelavoor farm @ 4 plants/ accession, thus making the total num
ber of garcinia accessions conserved at Chelavoor farm to 19. 

Eight seedlings each of G. indica, G. hombroniana, G. cowa and 8 grafts 
each of NIC 5062-2, IC 3679, Koovayil, Chavaramuzhi, Alakode T2, 
Alakode Tl, Kelakam (aU G.gummi-gutta) and 8 grafts of a.tinctoria, 
thus, a total of 11 accessions were planted at Peruvannamuzhi. Dam
age due to deer and wild boar attack is severe. 

Evaluation : 

Existing collections and progenies of C.cassia, progenies of clove, 
A9/4 clones of nutmeg, grafts of all spice and garcinia accessions were 
maintained and evaluated. 

GEN.XIII (813) 

COLLECTION, CONSERVATION AND IMPROVEMENT OF VANILLA 

(P.N. Ravindran, B. Krishnamoorthy, B. Sasikumar, K. Nirmal Babu and K.V. Saji) 

1. Collection of Germplasm 

Six new collections of Vanilla spp. were collected during the viz., 

V. piliferae 

V vatsalae .. . from TBGRI 

V. tahitensis 

V planifolia-variegated type .... from ICRI, Myladumpara 

Two collections made during last year viz., V. planifolia (Madagascar) 

V.planifolia (Coimbatore) were multiplied. 

2. Inter specific hybrids between V planifolia and V aphylla are being 
hardened and established in soil. 

HORT.rV (813) 

ROOTSTOCK SCION INTERACTION IN TREE SPICES 

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

Objectives : 

1. To study the influence of rootstock on productivity and abiotic 
stresses in nutmeg. 
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2. To study the influence of rootstock on productivity and tree vigour 
in clove 

A. Collection of rootstocks and raising for grafting. 

Nutmeg: Survey was carried out in different parts of CaHcut and 
Wynad districts and seeds of Myrist;ca species were collected and 
raised this year also to be used as rootstocks. The wild species col
lected include M.malabarica, M.beddomeii, M. andamacica, M.attenuata, 
and GymnocrantlJera can aria 

Clove : The rootstocks of Syzygium and related genera namely 
S.heynianum, Siryutucisym, S.cumini and S.zeyJanicum were maintained 
for grafting. 

B. Standardization of grafting in nutmeg 

Nutmeg ; High yielding Myristica !ragrans were used as scion and 
grafted on to different rootstocks namely M. malabarica, M. beddomeii, 
M. iragrans and M.attenuata. Cleft grafting and approach grafting was 
carried out to standardize an ideal method for grafting nutmeg. Cleft 
grafting and approach grafting was successful on M.maiabarica, 
M.beddomeii and M.!ragran. 

Clove : Soft wood grafting using scion 

Semi-hard wood shoots were grafted on to different rootstocks 
namely S cumini.S. fruiticosum, S.' Ian ceola tum, S ZeyIanium and 
E.uniflora and approach grafting was carried out on the rootstocks of 
S. heynianum, S jambos and E. uniflora. Soft wood grafting was found 
to be successful in S. heynianum, S. cumini and S. fruiticosum. 

GEN. VII. 813 

BREEDING BLACK PEPPER FOR HIGH YIELD, QUALITY AND 
DROUGHT 

(9. Sasikumal', P. N. Ravindran, T. John Zachariah, K.V. Sajj and K.S, Krishnamnrthy) 

The mean yield performance of promising hybrids and cultivars 
at Valparai (3000 ft. MSL) varied from 0.33 (Sreekara) to 6.08 kg (HP 
105) per vine during the 5th yielding year. Yield and quality attributes 
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of the promising lines are given in Table 6 

Table 6. Yield and quality attributes of promising lines of black pepper at Valparai 
(CoUaberati"'e trial with Tata Tea Ltd.) 

Line Mean yieJd/vine Bulk density Piperine Oleoresin E.eil 
(kg. Fresh) {g) (%) (%) (%) 

HP 34 2.08 628 2.5 7.0 2.0 

HP 105 6.08 516 3.8 7.2 2.0 

HP 728 5.67 468 4.9 10.0 3.0 

HP 778 2.55 476 4.4 9.2 2.0 

HP 813 2.90 564 5.4 lQA 3.3 

Coll.l041 4.71 536 3.1 7.3 2.0 

Panniyur 1 2.75 500 4.0 9.3 2.7 

Sreekara 0.33 

Subhakara 0.93 

Call. 1041, the foot rot tolerant cultivar recorded 4.71 kg fresh 
berriesfvine and was medium with respect to quality triaLs. 

Evaluation of Neelamundi collections 

17 Neelamundi clones and 37 O.P lines of Neelamundi were 
evaluated (2 plants/each). First year yield data of clonal lines ranged 
from 0.5 to 1 kg and that of 0 P lines varied from 0.2 to 1 kg/vine (fresh). 

GEN. X(813} 

BREEDING CARDAMOM FOR IDGH YIELD AND RESISTANCE TO 
'KATTE' DISEASE. 

(K. Padmini, M.N. Venugopal and D. Prasathl 

Aim and scope 

a) To identify high yielding types from the available germplasm and 
using them in the breeding programme to incorporate the charac· 
ters into the cultivated types. 

b} Isolating plants possessing resistance to katte disease a nd using 
them in the breeding programme to incorporate resistance to the 
cultivated types. 
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Past achievements 

Selection from OP progenies: 

Open pollinated progenies of NKE types, CCS-1 and RR-1 have 
been planted in the main field to select promising cardamom lines. 

Screening of plants for katte resistance 

The per cent infection of katte viral disease was comparatively 
lesser in natural katte escapes (NKE) than M-1, a released variety and 
Malabar control. The Malabar control recorded the highest per cent 
of infection (70.00) followed by M-1 (58.00). There was totally no 
infection in NKE-8 (after two rounds of screening) and the highest 
percent infection was recorded in NKE-18(16.00). 

Evaluation of natural katte escapes (NKE) for yield and other 
desirable characters have resulted in identification of two NKE types 
viz. NKE-12 and NKE 19 which are on par with the released variety M
i. 

Certain natural katte escapes (NKE) have been identified which 
are superior to Malabar types with 5 capsules/node and basal branch
ing character with 10-14 capsules. 

Current achievements 

In the field trial aimed to evaluate the hybrids of crosses be
tween mosaic resistance lines and high yielding pre-release selections, 
initial observations reveal varying degrees of heterosis ranging from -
26.22 to 171.81 for plant height and -48.82 to 177.30 for total number 
of tillers per plant in the pre bearing stage. CCS-1x NKE-12 and NKE-
19xNKE-27 cross combination recorded maximum heterosis for plant 
height and number of tillers respectively. 

Seedlings of natural polycross progenies of NKE selections have 
been raised for further evaluation. 

Field planting of hybrids obtained from MB-3 x RR-1 and RR-1x 
MB-3 have been carried out for further evaluation. 
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GEN: XII (813) 

CYTOGENETIC INVESTIGATIONS IN BLACK PEPPER AND RELATED 
TAXA 

(R. Ramakrishnan Nair) 

The project was started in 1993 with the following objectives 

(1) to study the natural polyploidy and its distribution in black pepper, 

(2) to study the cytotaxonomic relation between Pnigrum and related 
taxa and 

(3) to induce artificial polyploidy in black pepper cultivars. 

So far, chromosome indexing in 281 accessions of Piper including 
234 cultivars and 47 wild types was completed. One natural triploid 
of black pepper having 2n=78 (Acc.No.1344) was identified and numeri
cal variation of chromosomes was established among its OP progenies. 
Another six accessions having variable chromosome number (2n=52) 
were identified. An induced polyploid with 2n=104 was recovered from 
the seedlings raised from colchicine treated seeds of cultivar Panniyur-
1. Chromosome numbers of P colubrinum, P. magnificum, and P. arboreum 
were confirmed as 2n=26. Chromosome number of P.barberi was re
ported for t he first time as 2n=52 and P.chaba (female) found to have 
2n= 104. Karyotype of cultivar 'Kurialmundi' and wild species 
P.magnificum and P.colubrinum were analyzed. 

During this year chromosome indexing was completed in 50 more 
accessions. Out of the 43 cultivated types analyzed 41 were found to 
be normal having 2n=52. Acc.No.1253 had 2n=48 and Acc.No.4140 had 
2n=94. Among the 7 wild accessions analyzed, 6 were found to be 
n ormal and Acc.No.4509 had 2n=91. 

A polyploid plant with 2n=104 was identified from the plants 
re g enerated from old (> 1 year) somatic embryogenic cultures of cultivar 
'Karimunda'. 

Embryo development in black pepper was studied by anatomical 
sectioning of developing fruits of black pepper after 20, 30, 60 a nd 90 
days of pollination. Mature fruits, ripened fruits and seeds afte r 5 , 10, 
15 and 20 days of sowing. The results indicated that, by three months 
a fter pollinatio n e mbryo a tta ins 'heart-shaped' structure. This 'heart
s hap ed embryo rem ains in the same stage t ill seed ripening and further 
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development takes place only after seed shedding, during the process 
of seed ripening further during seed germination. 

GEN. XN (813) 

CYTOGENETICS AND REPRODUCTIVE BIOLOGY OF GINGER, 
TURMERIC AND CARDAMOM. 

CR. Ramakrishnan Nair) 

The project was started in 1996 to investigate on cytogenetics and 
reproductive biology of ginger, turmeric and cardamom. The studies 
conducted in this project indicated that some accessions of ginger are 
having B chromosomes and Acc.No.246 is having 2n=24 instead of 
normal 2n=22. Karyomorphological studies were also conducted in 
cultivars China, Maran, and Varada. Polyploidy studies were attempted 
using different cultivars of ginger. Attempts to induce seed set in 
ginger through artificial pollination failed so far. 

Cytological analysis of 10 seedling progenies ofturmeric indicated 
variation in chromosome number. Six of them found to have 2n=84 
(Acc.No.723, 716, 727, 721, 722, 725), two with 2n=63 (Acc.No.729 and 
cv.Prabha) and one each having 2n=74 (Acc.719) and 2n=77 (Acc.715). 

Cytological analysis of chromosome number in four species of 
Amomum viz. A.subulatum (large cardamom), A.muricatum, 
A.micTOstephanum and A.canneicarpum revealed that all are having 
2n=48. But the difference in size of chromosomes between these 
species were evident. 

BORT. II(813) 

UTILIZATION OF PIPER COLUBRINUMLINK AND PIPER ARBOREUM 
AS ROOT STOCKS IN THE MANAGEMENT OF FOOT ROT DISEASE 
OF BLACK PEPPER. 

(P.A. Mathew, J. Rems, T.J. Zachariah and Y.R. Sarma) 

Aim and Scope 

The project was started to evaluate and study i) a suitable graft
ing technique ii) growth and productivity iii) anatomy of graft union iv) 
compatibility of varieties of black pepper to the above species v) clonal 
and seedling root stock effects vi) the quality of berries and vii) the 
incidence of foot rot on a long term perspective. 
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Past achievements: 

Among the two species, union could be obtained only between 
black pepper and P colubrinum. P arboreum failed to form a union even 
after one year. Out of eight methods Le., cleft, saddle, splice, modified 
splice, tongue, approach and double rootstock methods of grafting and 
yemma budding, the best success was obtained with double rootstock 
method in terms of best union and early sprouting. After one year of 
planting also the best survival was indicated in this method. Both clonal 
as well as seedlings were good as rootstocks. Orthotropic shoot cut
tings were found to give the best union compared to the laterals of 
colubrinum. Anatomical studies indicated that the union is between 
the parenchyma of both stock and scion which is completed in 60 days 
and later on vascular tissues arise from both to form conducting vessels 
for sustenance. For early formation of laterals it is found advantageous 
to graft top shoots of pepper instead of runners. So far no incidence 
of Phytophthora foot rot has been observed. Eighteen pepper varieties 
were successfully grafted with Piper colubrinum and were established 
in field. 

Progress of work 

The growth of grafts were monitored. Formation of spikes on 
laterals of three year old grafts were observed. However, the yields 
were very low due to the lack of suffiCient lateral formation throughout 
the standard. The runner shoots used as scion grew into single vines 
on the standard without forming any laterals in the entire length but 
only at the top. This indicated that only top shoots need to be grafted 
to get early lateral formation and good crops. Data on survival of grafts 
indicated that double root stock method is the best (95.85%) though 
statistically it was on par with saddle (62.02%), tongue (69.93%) graft
ing and yemma budding. Colubrinum was severely affected by mealy 
bugs (18%) which could be controlled with chlorpyrifos in the early 
stages. Albizzia falcataria planted as shade tree has adversely affected 
the growth of grafts. 

Grafted plants of bush pepper with clonal and seedling root stocks 
of colubrinum did not show any appreciable difference in vegetative 
growth. Some grafts were found to become yellow on the root stock 
side and on examination, the fibrous roots have been found damaged 
and ridomil application has helped in survival of grafts in early stages. 
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Grafts and colubrinum were planted in the Kuttanad area to monitor 
the performance owing to the adaptability of the rootstock to marshy 
areas. 

HORT rrr (813) 

DEVELOPMENT OF PAPRIKA FOR WARM HUMID TROPICS. 

(P.A. Mathew, C. Vasugi, T.J. Zachariah and K.V, Peter) 

Aim and Scope 

The project was started to i) develop a germplasm resource of 
Paprika ii) evaluate germplasm for high colour, low pungency and high 
yield and iii) identify resistant lines against bacterial wilt and leaf curl 
virus. 

Past achievements : 

A total of 56 exotic lines with variability for different characters 
were collected. These entries were found to be susceptible to bacterial 
wilt, leaf curl virus and fruit rot. The colour values were analysed and 
it was found to be low under tropical conditions (4.2 to 89.00 ASTA 
units). These lines also were susceptible to leaf spot and rain damage. 
The only indigenously developed line kt-PI-19 was tested but was found 
to be completely susceptible to bacterial wilt, fruit rot and virus though 
the colour value was good (139.5 ASTA units) and free from pungency. 

Surveys were carried out in Byadagi Dabba growing areas of 
Dharwad district in Karnataka and a total of 162 single plant accessions 
were collected. However, many of these accessions perished due to 
low germination, bacterial wilt and mudra complex, a virus problem. 
However, these types offered good variability and adaptability for tropi
cal situations. The colour values were also higher than exotic types 
(51 to 500 ASTA units) indicating good scope for selection. Low seed 
germination has been observed under humid tropical situations. 

Progress of work : 

A total of 97 exotic lines and 137 Byadagi Dabba lines were sown 
but the germination was affected in many lines. There was no appre
ciable difference with regards to time taken for flowering or time taken 
for harvest in exotics and indigenous lines. The indigenous lines were 
taller than exotic lines. Both fresh and dry weight of fruits were higher 
in Byadagi Dabba lines. Byadagi Dabba types had longer fruits while 
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the exotic lines recorded better fruit girth (8.48 cm). The colour value 
range in ASTA units was higher in Byadagi Dabba (131 - 349) as 
compared to exotics (34 - 246). However, the former were not free from 
pungency. Therefore, these types need further evaluation for isolation 
of zero pungent types. Both exotic and indigenous lines were suscep
tible to bacterial wilt but the indigenous types recorded lesser inci
dence indicating some degree of tolerance. 

BIO TECH II (813) 

IN VITRO SELECTION FOR RESISTANCE TO SOFT ROT AND BAC
TERIAL WlLT RESISTANCE IN GINGER 

(A. Kumar) 

Somaclonal variants of ginger were evaluated for bacterial wilt 
resistance. It was carried out using pseudostem inoculation technique. 

Field experiments 

Trials were conducted in two locations of Wynad, the endemic 
area for bactenal w ilt of ginger 

Trial at Vytbiri 

Plot section was made after thorough inspection of site and also 
after obtaining previous history of the field . Experiment was conducted 
in Randomized Block Design with four replications . The soma clones 
were planted in 1 x 1 m bed at the rate of 16 seed rhizomes per bed. 
OCP 1222, OCP 816, RRE-l, 72-8, 70-3, 64-2, 61-9, Himachal 

No ginger rhizome could be harvested from Vythiri as none of the 
plants survived after 120 days. 

Trial at Pulpally 

Field trial for bacterial wilt tolerance was laid out at Pulpally with 
the following soma clones 

61-9, RRE-l,OCP-816, 64-2, 72-8, 70-3, OCP-1222, 72-4, 101 , 50-3, 
MP76-3, 49-7, 61-7, 1441, MP90-8, 61-4, MP74-5, 61-10, 70-5, 65-7, 68-
4, 74-4, 64-4, 70-7, 68-3, 72-6, 54-4, 54-2,72-4. 

At Pulpally no incidence of bacterial wilt could be noticed through
out the cropping season .. 
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BIOTECH IV (813) 

BIOTECHNOLOGICAL APPROACHES FOR CROP IMPROVEMENT 
IN BLA CK PEPPER 

(J • .Rema, B. Sasikumar and P.N. Ravindran) 

Somaclones 

About 100 cultures of black pepper somaclones were maintained. 

Field evaluation of somaclones 

Two yield trials one in Peruvannamuzhi and another in farmers 
field in Callcut district were maintained. 

ICAR AD-HOC PROJECTS 

Developing hardening protocols for tissue cultured plants of spices 

{J. Rema and P. N. Ravindranl 

Final Report 

The objectives as envisaged in the project are 

1. Establishing hardening facility for spices 

2. Developing protocols for h ardening spices. 

Crops ranging from different habits (perennial Climbers, annuals, 
seasonal herbs, trees), climatic zones (tropical to temperate), dicots and 
monocots, were selected for the present study. They were : 

Piper species Black pepper and related species like Piper betel, 
P chaba, P longum, P. colubrinum, P barberL 

Zingiberaceous taxa: Cardamom, ginger and turmeric 

Tree spices Cinnamon, curry leaf, camphor 

Herbal spices Peppermint, marjoram , thyme, ocimum. 

Orchid spice Vanilla. 

ESTABLISHMENT OF HARDENING FACILITY 

A hardening facility with separate control for temperature, light 
and humidity has been established. The roofing and side wa.il of the 
structure is with 8mm. thick polycarbonate sheet s. This facility consists 
of three separate chambers, the temp erature in the middle chamber can 
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be maintained at low temperature (upto 15°C), so as to provide con
ducive conditions for the establishment of crops growing under differ
ent habits (tropical to temperate). In each chamber the humidity can 
be adjusted by humidity controlled microclimate. The humidity is 
maintained between 30-100%, by the misting system, which is placed 
on both sides of the chamber. The temperature in two chambers is 
controlled by temperature controlled microclimate. It consists of a 
pump and cooling panel, which is placed on one side of the wall, and 
an exhaust fan placed on the opposite wall. Each room of the hardening 
facility is fitted with 11 PAR lamps with photo stimulator and the 
photoperiod can be adjusted according to the requirements. The 
experiments were carried out using this facility. 

DEVELOPING PROTOCOLS FOR HARDENING OF TISSUE CULTURED 
SPICES 

The project was envisaged to develop protocols for hardening 
of tissue cultured plants of tropical spices. Thus the elements of work 
include 1) establishment and multiplication of sufficient planting ma
terial 2) induction of rooting 3)hardening and planting out. 

MULTIPLICATION OF PLANTING MATERIAL 

Multiplication of sufficient material for experimentation was done 
in Piper species (P. nigrum, P. longum, P. betel, P. colubrinum, P. barberi) 
, Zingiberaceous taxa (ginger, turmeric, cardamom), tree spices (cinna
mon, curry leaf, camphor). temperate herbal spices (pepper mint, ocimum, 
thyme and Marjoram) and orchid spice (vanilla), for experiments on 
hardening and their establishment. Some of the species included in . 
the study are endangered and few are high elevation species. 

Piper species 

In vitro multiplication 

Explants (shoot tips and nodal segments) of black pepper (Piper 
nigrum), betel vine (P. betle), P. barberi, P. silentvalleyensis, P. schmidti 
and long pepper (Piper longum) were collected from nursery grown 
plants which were sprayed with fungicide regularly. They were wiped 
with weak detergent solution and immersed in fungicide solution for 
45 minutes and later transferred to laminar air flow chamber where 
they were treated with mercuric chloride (0.1 %) for 5-7 minutes. After 
washing the explants with sterilised distilled water and giving a fresh 
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basal cut, they were inoculated in the culture initiation medium. 

Embryo culture, from ripe seeds of black pepper cultivars was 
also attempted since embryo cultures were reported to respond faster 
and have a lower contamination rate. Mature berries were collected 
and treated with fungicide solution for 30 minutes after which the pulp 
was removed and the seeds were rinsed in 70% alcohol and treated 
with 0.05% mercuric chloride for 3 minutes. The embryos were then 
excised and inoculated. 

Culture medium and multiplication 

Based on earlier work done in this laboratory, Woody Plant Me
dium (WPM) was utilised for Piper species. Growth regulator free 
medium was used for establishing fresh cultures, after which they were 
transferred to medium supplemented with cytokinins (BAP and Kinetin) 
for multiplication and auxins (IBA) for rooting. All cultures were in
cubated under 2500 lux with 14h photoperiod. Embryo cultures were 
incubated initially in the dark for 21 days. 

Thirty five per cent of shoot tip and nodal segment cultures were 
lost by fungal and 40 % by bacterial contamination. In 10% of the 
cultures, buds opened in to leaves by the 26 day of culture. Among 
embryo cultures, rate of contamination was comparatively low. Em
bryos were established on growth regulator free medium. They were 
shifted to light after initiation of the growth of radicle and plumule 
50% of them germinated by the 15" day. 

Established cultures were sub-cultured on multiplication media 
i.e. WPM supplemented with BAP (3.0 mgl -1) and kinetin (1.0 mgl -1). 
Multiple shoots (3-4) could be induced from these in 70 days where as 
P. barberi, P. chaba, P. betle and P. colubrinum induced about 7-10 
multiple shoots within two months. 

Hardening and Planting out 

Different parameters have been known to affect hardening and 
establishment of tissue cultured plants. Initial factors like size and 
stage of the plantlets, the number of leaves, rooting pattern (root length 
and number of roots), water holding capacity and nature of planting 
mixture (light or heavy, porous or compact), and the environmental 
conditions to which they are transferred were studied. 
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Isolated shoots (from multiplying cultures) were transferred to 
media, free of growth regulators. Root initiation was observed by the 
seventh day onwards, in growth regulator free medium, without the 
addition of auxins. Ex vitro rooting was also tried in the case of P. 
nigrum by dipping the shoots in ceradix. 60-70% of the shoots produce 
good root system in sandy pots. About 200 shoots of black pepper have 
been rooted in vitro for hardening experiments. 

Shoots with well developed roots were taken for hardening. Plant
lets of different sizes were tried to identify the ideal size suited for 
better acclimatization. Plantlets were taken out carefully from the 
culture vessels, by disrupting the agar and washing the plantlet thor
oughly to remove any traces of nutrient media and treating with a 
fungicide solution to prevent any microbial growth, before planting into 
the rooting mixture in plastic cups. 

Different planting out mixtures viz., soil, sand, cow dung and coir 
dust were tried singly and in combinations. Among these, sand is found 
ideal for initial hardening when compared to the others. Among the 
different environmental conditions in the hardening chamber, black 
pepper plantlets hardened faster when subjected to a relative humidity 
of 70%, combined with a temperature of 28-30 0 C, in the hardening 
chamber for the first 15 days. 

Plants ranging from heights of 3.7 to 5.7 em, number of leaves 
(3-6), roots (2-6) and root length (3.2 to 7.6) were included in the study 
(Stage 1). After 15 days in the hardening chamber, the plants were 
transplanted to polybags (Stage 2) containing soil, sand and farmyard 
manure in 1 : 1 : 1 proportion, in nursery. The average increase in the 
growth of plantlets at Stage 2, is summarised in Table 7. Piper species 
showed 80% field survival. 

Zingiberaceous spices 

In vitro multiplication 

For ginger, turmeric, cardamom and large cardamom explants 
used were apical and axillary buds of rhizome. They were cleaned, cut 
in to pieces and washed with weak detergent solution and immersed 
in fungicide solution for 1 hour and washed thoroughly with running 
water and transferred to laminar air flow chamber where they were 
treated with sterilized distilled water. The shoot apical portions of the 
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Table 7 . Growtb pattern of spices during hardening process 

Crop Plant height No. of roots Root length 
(em) (crn) 

1 2 1 2 1 2 

P. nigrum 4.2 1.4 4.6 4.4 3.7 2.6 

P. betle 4.5 2.1 5.0 4.0 4.5 2.8 

P. barberi 4.9 1.7 4 .0 6.0 5.1 3.1 

P. chaba 4.1 1.5 5.9 3.3 4.9 3.4 

P. colubrin urn 5.6 2.1 5.3 4.3 5.7 3.8 

P. longum 4.8 2.0 4 .8 4.0 5.3 3.5 

1. Initial size at the time of h ardening (stage - 1) 

2. Increase in the stage 1 to transplanting (stage - 2) 

rhizomes were carefully taken and inoculated in the culture initiation 
medium. 

Culture media and multiplication 

Cultures of cardamom, large cardamom, turmeric and ginger were 
initiated in Murashige and Skoog's medium supplemented with kinetin 
(0.5 mg'l) and then multiplied on BAP (1.0 mg'l) and NAA (0.5 mg'!). 

Altering culture medium for shoot and root development in car
damom, to identify the more suited combination for better establish
ment and also to initiate hardening in vitro, by varying sucrose con
centrations (0%, 2% & 4%) and addition of non toxic osmoticums 
(mannitol, sorbitol), was tried. Equal sized plantlets, with a shoot 
length of 2.0 em, were separated from the multiplication medium and 
utilize d for the experiment. All the replications were incubated under 
the same culture conditions. 

Initial observations on effect of hardening treatments on shoot 
development and root development, after 60 days were incubated under 
the same culture conditions. 

Initial observations on the effect of hardening treatments on shoot 
development and root deve lopment, after 60 days were recorded. Shoot 
growth was maximum, with an average of 11 leaves per culture, in half 
strength MS with 2% sucrose. The different treatments tried are 
summarised in Table 8. Each treatment had twenty replications a nd 
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the response was observed with over sixty percent similarity. 

Maximum number of roots (9/culture) as well as increase in root 
length was observed in half strength MS with 4% sucrose. In medium 
devoid of sucrose, root development was negligible. The results thus 
indicated that higher sucrose concentration (2%, 4%) favoured root and 
shoot development, withdrawing carbohydrate sucrose and supple
menting the medium with auxins (IBA and NAA) did not initiate rooting 
in cardamom. However, earlier studies have indicated rooting in medium 
with auxins, when supplemented with carbohydrate source. Thus 
sucrose was essential for development of roots. Dark green colour of 
leaves were exhibited in treatments 3 and 9 whereas, a general yel
lowing and poor shoot growth was observed in treatments 1, 4, 5 and 
7. The identification of favourable treatments from the above will 
depend on their hardening and establishment rate. 

Table 8. Media tried for root and shoot development 
in cardamom 
~.--~.------------------------------

Treatment Media composition 
---------------- ~--------------

1 

2 

3 

4 

5 

6 

7 

8 

9 

lh MS 

liz MS + 2 % sucrose 

1fz MS + 4 % sucrose 

V2 MS + 2 % mannitol 

Y2 MS + 2 % sorbitol 

'h MS + IBA (0.5 mgt!) 

V, MS + NAA (0.5 mgt!) 

% MS + activated charcoal (O.2%) 

MS + 2 % sucrose. 

Hardening and planting out 

In vitro rooted plantlets were utilised for hardening. In cardamom, 
plants of height ranging from 4-5 em with 3-4 well developed leaves 
and 3-4 roots was ideal for hardening. Among the different environ
mental conditions tried for hardening, temperature of 24-26 °C and 
relative humidity of 50-60 % and covering the plants with poly bags 
inside the chamber, was suited for initial hardening of cardamom 
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plantlets, The different potting mixtures (sand 100%, sand + coir dust 
70%, sand + soil + cow dung 50%, vermiculate 50% and coir pith 40%) 
used showed different survival rate and growth, Among these potting 
mixtures sand was found to be the best medium for initial root devel
opment followed by sand and coir dust, Sand, used as planting mixture, 
was essential during the first 30-40 days and the morphological changes 
in the plants were recorded, About one hundred plants of cardamom 
were successfully hardened and has been transplanted in to field, 

In ginger, large cardamom and turmeric, among the different size 
of plantlets tried (1,5 cm- 7,0 em length), the optimum size required for 
better establishment during hardening was 4-5 em with 3-5 leaves and 
with a minimum of two roots, Different potting mixtures were used 
and sand was found to be best suited for early root development, A 
humidity of 70-80% coupled with a temperature of 28-300C resulted in 
80% survival rates, 

Tree spices 

In vitro multiplication 

Multiple shoots and roots could be induced from mature explants 
of two species of cinnamon viz" Cinnamomum verum and C, camphora, 
as well as curry leaf (Murraya koenigii) 

Culture medium and multiplication 

Cinnamomum spp, 

Multiple shoots from nodal segments were induced in WPM 
supplemented with BAP (3,0 mgl~') and kinetin (1.0 mgl~') in cinnamon 
species, Shoots separated from multiplying cultures when transferred 
to rooting medium, C, verum shoots developed roots in medium supple
mented with auxins (IBA 0,5 mgl~') whereas C,camphora shoots devel
oped roots when transferred to growth regulator free medium supple
mented with activated charcoal (2,0 gl -I) 

Murraya koenigii. 

Nodal explants were taken from root suckers of mature 7 years 
old curry leaf plants, After routine surface sterilisation methods, they 
were transferred to Woody Plant Basal Medium supplemented with 
various combinations of growth regulators like (BAP) 1-4 mg/l, kinetin 
1-4 mg/l and Indolebutric acid (IBA) 1-4 mg/L, The multiple shoots 
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developed were separated and transferred to culture medium of same 
composition for further multiplication and to medium containing 
naphthalene acetic acid (NAA) 0.25-2 mg/l and IBA 1-4 mg!l for rooting 

Ex vitro rooting 

Ex vitro rooting of shoots were tried with a dip in ceradix and 
80% of the shoots produced well developed roots within three weeks. 
The shoots were given a pulse treatment in IBA 0.5 mg/l for 1 minute 
and planted in cups containing sand and was kept in the hardening 
facility with 80-70% humidity, 80% of the plants developed healthy 
roots. This technique can be used as an alternative to in vitro rooting, 
since it reduces the cost and time of production considerably. 

Hardening and planting out 

Shoots of 3-4cms (length) with 3-5 leaves and 2-4 roots were 
chosen for hardening (Stage 1). Shoots with well developed roots were 
transferred to pots after washing in running water to remove agar. 
About three hundred rooted plants were subjected to hardening under 
different potting substrate (sand, sand: coir dust, sand: cow dung, soil, 
coir dust) and different humidity (90-60) levels. Hardening was achieved 
in a hardening chamber with 70-80% relative humidity and a tempera
ture of 28 ± 2 0 C using sand as potting mixture. After 30 days of 
hardening (Stage II) the morphological observations were recorded. 

Herbal Spices 

In vitro multiplication and culture conditions 

Cultures of peppermint (Mentha Piperata), marjoram (Marjorana 
hortensis), thyme, (Thymus vulgaris) parsely (Petro selinium crispum) 
and Gernan basuk (Ocimum basilicium) were multiplied in MS medium 
with IBA and BAP, to generate adequate material for further experi
ments. About 100 plantlets of were multiplied and transferred for 
rooting under in vitro condition. Well developed in vitro rooted plantIets 
were utilised for hardening. 

Hardening and planting out 

A minimum shoot length of 5-6 cm with 4-5 leaves and 5-6 roots 
is essential at the transferring stage. A temperature maintained at 24-
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26 'c and relative humidity of 50-60% helped in establishment of 
peppermint, marjoram and Ocimum spp. (Table 9). Tissue cultured 
plants of Mentha piperata, O.basticum were hardened and field planted 
with 80% survival rate. 

Vanilla 
Table 9 : Environmental conditions favourable for herbal spices 

~~~~-~~~--~-~~ 

Field 
__ --'= ___ -'= ____ --'=='--_-"survival 

80 

80 

90 

Based on earlier work in the laboratory vanilla shoots were 
multiplied in MS medium containing BAP (lmgl -1) and NAA 
(0.5mgl -1) and shoots with well developed roots were transferred for 
hardening. 

Hardening and planting out 

Plantlets with atleast two nodes planted in sand, are more suited 
for hardening and establishment. Normally orchids are planted in equal 
proportion of charcoal and brick pieces. For better survival of vanilla 
a temperature of 28-30 DC and relative humidity of 70-80% was found 
to be the best. After 25 days of hardening plantlets were transplanted 
to the field and with 90 % survival. 

Ex situ conservation 

High elevation species of Piper. 

The high elevation Piper spp. Viz. Psilentvallyensis (male and 
female), Ppeepuloides, collected from Nepal, P.wightii (male and female) 
Pschmidtii (male and female) were also conserved in the hardening 
facility. Two nodal cuttings were planted in polybags containing the 
potting mixture sand: soil: cow dung (1: 1 : 1) and kept in the hardening 
chamber with a temperature of 24 ± 2 °c and 70-60% relative humidity. 
80% of the cuttings established within one month. 
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Herbal spices 

The temperate herbal spices like parsely, sage and chives were 
established in the hardening facility at 24 ± 2 DC with a relative humidity 
of 70-60%. In vitro cultures were established for further hardening 
studies 

Differentiation of tissues 

As the plantlets pass from the in vitro condition to nursery 
through the process of hardening, a lot of anatomical changes take 
place in the tissue. Factors like stomatal functioning have been im
plicated in the water imbalance exhibited by micropropagated plants 
on transfer to soil. 

The lower epidermis was peeled off from the leaves for observing 
the stomatal structure, from both in vitro as well as field grown plants. 
Cross sections of in vitro derived leaves of black pepper showed poorly 
developed epicuticular wax epidermal cells, mesophylls and vascular 
bundles when compared to that of field grown plants where the tissues 
especially the mesophylls which are well developed and vascular tis
sues with functional phloem and xylem. It shows that the leaves are 
photosynthetically active and get hardened for field planting. Similarly, 
stem sections of in vitro leaves showed highly compact not well dif
ferentiated cortex vascular elements and pith. The vascular bundle 
shows primary structure and meristematic tissues but 15 days old 
hardened plants showed epidermis, cortex with intercellular spaces 
and fully developed bundles with functional xylem and phloem. The 
plants with roots which has connections with the main vasculature 
shows 80% survival and the sections taken at the region of root ini
tiation zone, showed that the root primordia originated from the peri
cycle of the stem. 

In zingiberacious crops the sections of in vitro leaves showed very 
thin walled cells with less chlorophyllous spongy tissues. Vascular 
bundles were poorly developed with very few phloem cells and xylem 
elements with very thin lignification. The vascular bundles were 
surrounded by thin bundle sheath .. The hardened leaves have a thin 
layer of epicuticular wax and the spongy tissues are more chlorophyl
lous than in vitro leaves. The T.S. of stem indicate that the roots 
originate endoge nous ly and are in dire ct conne ction with the main 
vasculature. 

49 



~ .4!iI" ilSR ANNUAL R[POR11999 ===================== 
Biochemical changes 

To assess the biochemical changes associated with the process 
of hardening, analysis of various biochemical components like chloro
phyll, reducing sugars, proteins and enzymes viz. peroxidase and cata
lase at various stages of plant growth starting from the in vitro stage 
to the nursery passing through the twenty days of hardening were 
studied. Ginger and cardamom were used for the study. 

A gradual increase in chlorophyll content from in vitro to nursery 
was observed. The low concentration of chlorophyll in in vitro raised 
plants may be attributed to the immature stage of the plant and low 
PAR availability. With gradual maturity and exposure to external 
environment in the hardening facility and nursery a gradual increase 
in chlorophyll content was observed. 

The sugar production in the leaves was less in the early stages 
and as the leaves developed production of sugars also increased. This 
is because of lesser photosynthetic activity of leaves in their initial 
stages of development. In fact, leaves act as a sink during this stage. 
Also some photosynthates would have been translocated to the roots 
for their development. In the hardening stage the roots were compara
tively more and well developed and the translocation to the roots may 
have been reduced. As the photosynthetic capacity increased because 
of higher leaf area and also increased PAR availability which in turn 
must have resulted in the increased synthesis of sugars. 

A high concentration of protein was obtained in in vitro plants and 
a gradual reduction was observed as the plants were hardened. In the 
initial stages the leaf acts as protein sink. Since the plant has not 
developed, the protein may not have been used for other metabolic 
activities or translocated to other plant parts. Hence, high concentra
tion of protein was observed in the early stage of development. As the 
plant reaches the hardening stage, its growth gets boosted, the meta
bolic activity increases and some proteins would have been utilized in 
the process. Also, it is possible that some proteins would have been 
translocated to other plant parts resulting in lesser quantities in the 
leaf. 

The activity of peroxidase and catalase were high in in vitro stage 
and as the plants were hardened their activity reduced. Peroxidase and 
catalase are detoxifying enzymes. Under in vitro conditions plants are 
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exposed to various kinds of stresses such as light, nutrients etc. and 
under such conditions more toxic compounds are produced. Hence, 
enzyme activity would have been high to detoxify such chemicals. As 
the plants were moved to the hardening facility the stress was gradu
ally removed and hence activity of detoxifying enzymes also would have 
got reduced. 

Biological hardening 

Black pepper 

Biological hardening of plants is necessary for increasing resis
tance against soil borne diseases. It further helps in the nutrient 
absorption and enhances the growth of the plant. The in vitro grown 
black pepper plantlets were treated with trichoderma at the· time of 
hardening the plantlets and at the time of transferring them in to 
potting mixture. The growth of the plants was comparatively better 
than the untreated plantlets. These plants were then transferred to 
field with 90% success. 

Ginger 

In ginger an experiment with five strains of beneficial bacteria 
obtained from the rhizosphere was tested with ten replicates during 
the hardening process. Morphological observations showed no signifi
cant difference with that of control. 

Summary 

A hardening facility with automatic light, temperature and humid
ity control was established to develop protocols for hardening of dif
ferent spices. 

In vitro cultures of black pepper, long pepper, betel vine, 
P colubrinum, Elettaria cardamomum, Zingiberofficinale, Curcuma longa, 
Amomum subulatum, Vanilla planifolia and tree spices like Cinnamomum 
verum, C.camphora, Murraya koenigii were established for experiments 
on hardening. 

Protocols for hardening of Piper nigrum, P betle, P. barberi, 
P colubrinum, ginger turmeric, cardamom and minor spices like ocimum, 
mentha, marjoram and thyme and tree spices namely curry leaf, camphora 
and cinnamon were standardised. 

Ex vitro rooting s tudie s were standardised in in vitro raised black 
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pepper and curry leaf. This can be used as an alternative to in vitro 
rooting there by reducing the cost of production and time before field 
planting considerably. 

High evaluation and endangered species of Piper spp. like 
P. silentvallyensiS, P. schmidti (male and female), P. wightii (male and 
female), P. mullesua (male and female), P. galeatum (male and female), 
P. peepuloides and herbal spices like parsely, chives, sage, Ocimum spp, 
which normally don't establish in the tropical climate were established 
ex vitro in one of the hardening chamber, which is maintained at 
24 ac. 

Anatomical changes associated with the hardening of black pepper 
and cardamom / ginger were determined. The tissues were well 
developed in hardened tissues than in the in vitro plantlets. 

Biological hardening of black pepper using Trichoderma harzianum 
was done during the process of hardening for protection againet 
Phythophthora foot rot, a dreaded disease of black pepper. However, 
application of biocontrol agents did not show any significant difference 
with that of the control in ginger. 

ESTABLISmNG IN VITRO CONSERVATORY OF SPICES GERMPLASM 

(K.V. Peter, PN Rlivindran, K. Nirmal Babu, B Sasikumar, SP Geetha and 
K Rajaiakshmi) 

1. Developing cryopreservation protocols 

Black Pepper: Methods such as vitrification and encapsulation / 
dehydration were tried for developing cryopreservation protocols using 
encapsulated black pepper embryos. Embryos along with endosperm 
encapsulated in 3% sodium alginate, when cryoprotected in 15% DMSO, 
10% sucrose and 10% glycerol for 30 minutes showed partial recovery 
and regrowth after freezing in Liquid N,. 

Cardamom: Apical and axillary buds of about 1mm - 2mm were 
precultured , vitrified and plunged into Liquid N,. The shoot buds 
remained green and showed viability on post-thaw reculture. 

Vanilla: Vanilla shoot buds (2-3mm) were encapsulated in 3% 
sodium alginate and dessicated in air flow for 1-4 hrs. The shoot buds 
dessicated for 1 hr showed viability and regrowth on par with control. 
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2. Establishment of new accessions. 

Piper species such as P. peepuloides, a high elevation species, 
P.cubeba, a medicinally important species, CCS-l released variety of 
cardamom and RRl - rhizome rot tolerant variety were established in 
vitro. 3 new speCies of vanilla viz., V vatsalae, V piliferae and 
Vandamanica, and two important collections (Madagascar and 
Coimbatore) were established in the in vitro gene repository. 

3. Maintenance of cultures under minimal growth 

About 500 in vitro cultures under minimal growth storage and 
newly established accessions are being maintained. 

PRODUCTION OF HAPLOIDS OF CARDAMOM (ELETTARIA 
CARDAMOMUM MATON) THROUGH ANTHERIPOLLEN CULTURE. 

(PH Ra'Vindran, K. Minnal Habu, J Dominic) 

Based on the last years success in inducing somatic embryo like 
structures, from anthers, more number of inoculations of anthers were 
made in different basal media like, Brewbaker and Kwack's, B5, Keller's, 
MS, N6, Nitsch and Nitsch and SH with different growth regulators like 
2, 4-D (0.0 - 10.Omg!!), lAA (0.0 - 10.0mg/I), IBA (0.0 - 3.0mg/I), NAA 
(0.0-3.0mg!!), BA (0.0-10.0mg!!) and Kinetin (0.0-10.0 mgll) at different 
concentrations and combinations, to identify better medium combina
tions and ideal stage of anther for androgenesis. 

PRODUCTION OF SOMACLONES AND SOMATIC HYBRIDS IN 
CARDAMOM (ELETTARIA CARDAMOMUM MATON) FOR HIGH 
YIELD AND RESISTANCE TO DISEASES. 

(K.v. Peter, P.N. Ravindran, K. Nirmal Babu, B. Daniel and P. V. Liji) 

Multiplication of somac1ones for screening against katte 

Plants regenerated from callus cultures of PVl x Cl 37 were 
transferred to the nursery for screening against katte. About 1500 
somacJones are ready for screening. 

Field evaluation of soma clones 

Somaclones planted in the field (400 nos. ) are in the 4'h year of 
evaluation. They exhibited considerable variation in terms of morpho
logical and yield characteristics. 

53 



~ IISR ANNUAL REPORT 1999===================== 

Protoplast isolation and culture 

Protoplast isolated from leaf mesophyll tissue did not develop 
further than the microcaJIus stage, even though different cultural com
binations were tried. Embryogenic callus and suspension cultures were 
initiated for the isolation of protoplasts. These embryogenic cultures 
are being used for the isolation of protoplasts. Efforts are on to obtain 
protoplasts in sufficient numbers to get further proliferation and regen
eration. 

Plant regeneration from callus cultures of NKE lines 

Callus was initiated from pseudostem section explants of two 
NKE lines in MS medium containing 2,4-D and BA in dark. The callus 
turned embryogenic when transferred to medium containing TDZ alone 
or in combination with BA. The embryos developed into plantlets on 
subculture to V2 strength MS basal medium. 
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CROP PRODUCTION AND POST HARVEST TECHNOLOGY 

AGR. XIV (813) 

INVESTIGATIONS ON SPICES BASED CROPPING SYSTEMS 

(v. S. Korikanthimath, Rajendra Hegde, K. Kandiannan, S. J. Anke Gowda and 
V. Srinivasan) 

Airn and Scope 

Investigations on spices based cropping systems aims at studying 
the compatibility of spices, efficient utilization of natural resources and 
the economic analysis of promising spices crop combinations. 

Past achievements 

The field experiments on spices based cropping systems have 
been in progress from 1991 onwards. Various growth and yield pattern, 
ground coverage, physiological and micro climatical parameters, or
ganic recycling and soil fertility buildup, microbial load etc have been 
studIed. Amongst various tree spices. the combination of clove and 
cardamom continues to perform better. 

Progress report 

Ground coverage and growth 

Amongst various crop combinations, cardamom + clove continued 
to record maximum ground coverage (9200.4 sq. m.), leaving only 799.6 
sq. m. of the ground area uncovered. Least ground/canopy coverage 
was observed in combination of cardamom and coffee (6552.3 sq. m.). 
Cardamom continued to show better growth in terms of its height in 
combination with allspice, whereas its growth showed reduction in 
combination with pepper. Sole crop of cardamom continued to record 
maximum number of bearing tillers and total tillers. Among the mixed 
crop treatments, cardamom in combination with clove showed better 
tillering. 

Yield 

During this year also, cardamom grown in combination with clove 
recorded higher yield (817 kg/hal compared to all other combinations. 
Lowest yield of cardamom was recorded when it was grown with coffee 
(285 kg/hal and cinnamon (328 kg/hal. Sole crop of cardamom with its 
full plant population (3086/ha) recorded highest average yield (833 kg/ 
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hal. All the component crops (except nutmeg) viz. , coffee, pepper, clove 
and cinnamon have commenced yielding. 

Soil status 

The soils were acidic in reaction and pH ranged from 5.0 to 6 .1. 
In general the surface soil had higher pH than the sub-surface layer. 
The soil was high in organic carbon content and it was more in com
ponent crop of coffee (3.3%) when mixed with cardamom followed by 
cardamom (3 .0%) in mixed cropping of cardamom + coffee combination. 
Interestingly a lowest organic carbon of 1.3% was noticed in sale crop 
of coffee. The P was higher in nutmeg (22.6ppm) cultivated in com
bination with cardamom. The lowest P was observed in cardamom 
(3.2ppm) cultivated along with cinnamon. The highest content of 
K (498ppm) was noticed in clove cultivated with cardamom followed 
by allspice (366ppm), nutmeg (321), cinnamon (308) and coffee (233) 
while (1 05ppm) lowest was observed in cardamom grown with pepper. 

The Ca and Mg contents in surface soil was more in cardamom 
sale crop than the coffee alone. However, highest content of Ca 
(1238ppm) was observed in coffee grown with cardamom followed by 
nutmeg (967ppm). 

The highest iron content (26.8ppm) was observed in clove and 
allspice grown with combination of cardamom and lowest was with 
pepper (14.3ppm). Allspice, cinnamon and clove recorded higher con
tent of Mn than the sale crop of cardamom. In general, Zn and eu 
availability in soil did not influence by cardamom based cropping sys
tem. However, slightly higher availability of Zn was observed with 
clove (1.0ppm) and allspice (0.9ppm) than the sale crop of coffee. But 
in general, the copper content was high in mixed cropping system than 
the sale crop of cardamom. 

Leaf nutrient content 

Leaf N content (3.5%) and P content (0.21 %) were highest incase 
of coffee mix cropped with cardamom. Cardamom plants in combina
tion with pepper as well as mono (sole) crop recorded highest K (3.0%) 
content. Allspice leaves contained highest Ca of 3.4% whereas Mg 
was maximum in nutmeg leaves (0.42%). The Fe content was maxi
mum (237ppm) in coffee mixed cropped with cardamom. The Mn was 
highest (805ppm) in cardamom mix cropped with coffee. The Zn content 
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was highest in nutmeg mix cropped with cardamom. It was interesting 
to note that eu content was highest (119 .9ppm) in case of pepper mix 
cropped with cardamom. 

Light distribution pattern 

Photosynthetically active radiation (PAR) was measured in open, 
below shade tree, above cardamom and below cardamom plants. Light 
available (PAR) in open condition ranged from 1296 to 1559.7j..t mole 
m·2 sec'!. Light filtered through shade trees and available to component 
crops was in the range of 64.5 to 610.2 j..t mole m ·2 sec-I. Light received 
b y cardamom in various cropping system ranged from 54.2 to 906.41-l 
mole m-2 sec-! with a mean of 265.92 I-l mole m-2 sec·l

• Available light 
filtered through cardamom canopy and that reached near to ground 
ranged from 15.0 to 111.35 with a mean of 63.94 j..t mole m·2 sec'!. Light 
intercepted by cardamom canopy ranged from 28 to 89.5 per cent. 
Approximate leaf area index of cardamom ranged from 0.65 to 2.08. 

AG:? XVI (813) 

IRRIGATION REQUIREMENT OF BLACK PEPPER MIXED CROPPING 
SYSTEM 

(C.K. Thankamani, K. Kandiannan and K. S. Krishnamurthy) 

The experiment is intended to find out irrigation requirement of 
black pepper - clove mixed cropping system. Black pepper plants have 
been planted with a spacing of 3m X 3m using Ailanthus as s tandard. 
On inter spaces, clove plants can be planted with a spacing of 6m x 
6m. 

AGR.XVII (813) 

VERMICOMPOSTING USING ORGANIC WASTES AVAILABLE IN 
CARDAMOM AREAS. 

(Rajendra Hegde, S.J. Anke gowda and V.S. Korikanthimath) 

Aim and Scope 

Project was aimed at comparing the efficacy of vermicomposting 
of organic wastes vis normal composting and determining the effect 
o f vp.rmicompost vis normal compost on the growth and yield of 
cardamom. 
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Past achievements 

The study indicated that earthworms Endrillus enginea is more 
efficient compared to local types. Mixture of various types of wastes 
is more ideal than any single type of waste. Vermi comsposting is 
costlier method of composting when compared to Bangalore method. 
Experiment on vermi compost vis normal compost with and without 
fertilizers in cardamom is in progress. 

Progress report 

Growth parameters 

The observations on number of tillers per plant, number of leaves 
per tiller and plant height recorded at 6 MAlT (6 months after initiation 
of treatment). There was no significant difference among the treat
ments in number of tillers per plant and plant height, however there 
was significant difference between the treatments in number of leaves 
per tiller. The more number of leaves per tiller (37.66) in treatments 
which receive vermi compost alone (T5) and treatments receive 50% 
VC+50% NC+50% NPK (T,o)' which were statistically different from T6 
(100% NPK + FYM), which recorded lowest number of leaves per tiller 
(33.22). 

Nutrient content in soils 

The application of organic and inorganic fertilizers significantly 
influence the nitrogen and phosphorus content in the soil. There was 
no significant difference among the treatments on the content of po
tassium in soil. 

The application of organic and inorganic fertilizer increased the 
status of nitrogen and phosphorus as well as potassium content in soil. 
The highest content of 241.67 kg ha" of nitrogen, 88.93 kg ha" of 
phosphorus and 737.67 kg ha" of potassium Was observed in Tg (100% 
NPK +VC), T6 (100% NPK +FYM) and T6 (100% NPK +FYM), respectively. 
The lowest amount of N (135.33 kg ha"), P(14.33 kg ha") and K(165.00 
kg ha") was observed in T,(50% VC+50% NC), T, (control) and T5 (vermi 
compost) respectively. Relatively higher build up of nutrients in soil 
was observed in combination RDF (recommended dose of fertilizer) plus 
organic fertilizers than using alone. 
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Secondary and micro nutrients 

The content of secondary and micro nutrients in soil was not 
significantly influenced by application of organic and inorganic fertil
izers except Mn content in soil. 

The relatively highest content of Ca2• (585.33ppm), M g 2. 

(204.67ppm) and Fe (43.67ppm), Mn(43.00ppm), Zn(2.6ppm) and Cu 
(7.93ppm) were observed in T" T3 T9 T6 and T3respectively. The lowest 
content of Zn (1.67ppm) and Fe (2i67ppm) were observed in control 
while that of Ca 2. (404.33ppm) and Mg 2. (111.0) in T,o' Mn (14.33) in 
T5 and Cu (4.50ppm) in T

8
. (Table 10) 

Microbial population such as bacteria, fungi, actinomycetes and 
beijerinckia was studied in different treatments (Table 11). They re
corded wide variation among the treatments. Bacterial population was 
ranged from 140.19 x 105 to 27.99 X 105 with a mean of 195.63 x 105. 

Fungi population ranged from 58.41 x 10' to 135.7 X 10' with a mean 
of 80.21 x 10'. Actinomycetes ranged from 28.46 x 103 to 76.26 X 103 

Table 10. Micro nutrient content in soils as influenced by different treatments 
(6 MAlT) 

Tr. Treatment Caz" Mgz+ Fe (pm) Mn Zn Cu 
No. (ppm) (ppm) (ppm) (ppm) 

1 Control 512.00 121.00 27.67 17.00 1.67 5.03 

2 100% NPK 460.00 121.00 42.67 2900 2.10 7.13 

3 FYM 498.67 204.67 43.67 23.67 2.17 7.93 

4 Neem cake 553.67 199.00 38.33 23.00 2.10 6.33 

5 Vermicompost 449.00 112.00 32.67 24.33 2.07 6.43 

6 100%NPK+FYM 425.00 136.33 38.03 22.00 2.60 5.37 

7 100%NPK+NC 427.67 129.67 09.33 30.67 2.23 5.50 

8 100%NPK+VC 437.67 120.33 31.33 15.67 2.20 4.50 

9 50%VC+50%NC 542.67 542.67 138.33 43.00 2.10 4.57 

10 50%VC+50%NC+ 50%NPK 404.33 111.00 32.00 21.17 2.43 5.47 

11 50%FYM+50%VC 585.33 189.33 40.00 21.33 2.57 6.80 

12 50%FYM+50% VC+50%NPK 418.33 158.67 35.67 24.67 2.17 6.23 

CD at 5% NS NS NS 24.631 NS NS 
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with a mean of 43.78 x 103
. Beijerinckia population ranged from 15.33 

to 71.64 with a mean of 37.7. 

Light availability (PAR) in different treatments were studied. Light 
availability in Coorg condition is 1520.78 micro mole/m2/sec. Almost 
70.69% of light was intercepted by the shade trees. On an average leaf 
area index of shade tree is 1.4 (approximate). Cardamom crop receives 
light (PAR) on an average 335.36 micro molel m 2/sec and intercepted 
62.91 %. 

Table 11. Microbial population in the soil after 1 year of planting 

Tr. Treatment Bacteria Fungi Actinomyctes Beijerinckia 
No x 105 X 10' X 103 X 102 

1 Control 186.88 97.55 45.84 43.45 

2 100% NPK 209.55 72.18 36.09 36.09 

3 FYM 195.92 66.87 43.01 35.20 

4 Neem cake 183.45 86.47 42.07 18.70 

5 Vermicompost 150.94 62.50 57.78 15.33 

6 100% NPK+FYM 274.93 83.19 76.26 71.64 

7 100%NPK+Neem cake 209.13 93.87 35.65 57.03 

8 100%NPK+VC 140.19 58.41 40.89 58.41 

9 50% VC+50%NC 153.85 69.82 36.69 50 .89 

10 50% VC+50%NC+50%NPK 211.75 135.70 31.59 19.89 

11 50%FYM +50%NC 219.23 68.44 51.04 20.87 

12 50%FYM+50%NC+50%NPK 211.79 67.59 28.46 24.90 

Mean 195.63 80.21 43.78 37.70 

AGR. XIX (813) 

MANAGEMENT EFFICACY OF WHOLE FARM APPROACH IN FARM
ING - A STUDY ON CARDAMOM BASED CROPPING SYSTEMS. 
(v.s. Korikanthimath and S.J. Ankegowda) 

Aim and Scope 

It aims at evolving and demonstrating an efficient farming system 
for the region, for small and marginal farmers, and study the economics 
of efficient farming system by comparing with existing system. 
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Progress report 

Various systems included in the study are-

1. Arecanut, banana and pepper 

2. Coffee (Robusta + Arabica) and pepper 

3. Garcinia gummi-gutta, monkey jack, cardamom and pepper 

4. Cardamom and pepper 

5. Bee keeping 

6. Biomass generation and nutrient recycling 

Co - 1 grass was used for Bangalore method of composting. Five 
hundred pepper rooted cuttings were raised for planting in the main 
field. Arecanut has establishment is well. Two hundred Garcinia 
gummigutta grafts were procured. Light interception studies using 
Accupar Ceptometer was done. Vanilla plants started producing flower. 
Fruit set was observed due to hand pollination. 

AGR. XX (813) 

PRODUCTION OF NUCLEUS PLANTING MATERIALS OF IMPROVED 
VARIETIES OF SPICE CROPS. 

(C. K. Tbankamani, V. S. korikanthimath, P. A. Mathew and P. Rajeev) 

Aim and Scope 

Central Sector Scheme on Integrated Programme for Development 
of Spices was implemented at IISR, Peruvannamuzhi farm with the 
objectives of supplying nucleus planting materials of improved varieties 
of spices to the various developmental agencies through out the coun
try. The scheme was implemented from August 1991 onwards. 

Progress report 

Black pepper rooted cuttings (93,000), Black pepper rooted later
als (500), Turmeric seed rhizomes (6 tons), Ginger seed rhizomes (1.5 
tons), Cinnamon seedlings (2,000 Nos), Clove seedlings (2,000 Nos), 
Nutmeg grafts (3,100 Nos). Vanilla cuttings (8,000 Nos), Cardamom 
seedlings (14,000 Nos) and Cardamom ~eed capsule (100 Kg) were 
produced and distributed. 
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SSC II (813) 

NUTRITIONAL REQUIREMENT OF IMPROVED VARIETIES OF 
SPICES 

(V. Srinivasan, K. S. Krlshnamnrthy and K. Kandiannan) 

Aim and Scope 

To find out the nutritional requirement (Major, secondary, micro 
nutrients and organic) of improved varieties of black pepper, ginger and 
turmeric for yield and quality. 

Past achievements: 

Optimum dosage of NPK @ 140,55,270 kg/ha is standardized for 
black pepper in laterite soils of Calicut region. 

Lime @ half the requirement of soil in alternative years increased 
the yield of spices by 25%. 

Under organic farming, application of 10 kg each of FYM and leaf 
mulch together with 0.5 kg groundnut cake, 2.2 kg neem cake, 200 g 
rock phosphate and 2 kg wood ash with 20 g bio fertilizer per vine per 
year is best for sustainable production of black pepper. 

For bush pepper in pots organic application as 30g neem cake or 
15 g groundnut cake or 50g vermi compost together with bimonthly 
NPK application @ 1,0.5,2 g is found to be optimum. 

Planting bush pepper in field at a spacing of 2 x 2m and manuring 
5 Kg FYM with NPK @ 10, 5, ZOg per plant in January, May and 
September is highly remunerative. 

Diagnosis Recommendation Integrating System (DRIS) norms 
standardized for soil and leaf nutrient concentration in black pepper. 

For released turmeric varieties 20 ton of FYM with NPK @ 60, 50, 
120 kg/ha and 15 tons of leaf mulch in two split is standardized as 
optimum. 

For ginger 20 tons of FYM with NPK @ 75, 50, 50 kg/ha and with 
15 tons of leaf mulch is optimum. Under organic farming NPK can be 
replaced by 350 kg groundnut and 1700 kg neem cake, 250 kg rock 
phosphate and 1 ton of wood ash. 
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Progress report 

i) Nutrit ional requirement of improved varieties of black pepper 

Response of black pepper varieties viz., Sreekara and Subhakara 
to the application of NPK and micro nutrients under living and non
living standards was studied. Soil and leaf analysis showed increased 
availability and uptake of applied nutrients with increasing levels. 
Highest yield (1.591 kg/vine) was recorded with the application of NPK 
@ 150, 60, 270 together with Zn, B, Mo @ 5, 2, 1 kg/ha. Non-living 
standard gave comparatively higher yield (1.25 kg) than living standard 
(1.06 kg/vine). 

ii) Effect of micro n u tr ients on y i eld an d quali ty of ginger and 
t urmeric. 

Effect of micro nutrients Zn, Band Mo applied individually and 
in combination on ginger and turmeric was s t udied. Soil analysis 
showed increased availability of Zn, Band Mo wit h application. In 
turmeric, application of Zn + B @ 5.2 kg/ha recorded the highest yield 
(12.5 kg/3m2) which was 25% increase over control. In ginger, B ap
plication @ 2kg/ha recorded the highest yield (10 kg/3m2) followed by 
Zn, B, Mo @ 5, 2, 1 kg/ha. The quality of ginger and turmeric also 
increased due to micro nutrient application. 

iii) Effect of organic residue on yield and quality of ginger a nd 
turm eric 

Ginger and turmeric were grown in pots with different organic 
residues, chilli spent waste, turmeric spent waste, mustard compost, 
cake and powder and FYM. In ginger, turmeric spent waste application 
@ 200g/pot recorded the highest yield (427 g/pot) whereas in turmeric 
FYM @ lkg/pot recorded the yield of 1, 100g/pot , which was on par with 
chilli spen d waste application @ 250 gJpot (1083 g/ pot). 

PRY V(813) 

CHARACTERIZATION OF DROUGHT TOLERANCE IN BLACK PEPPER 

(K. S. Krishna m u rthy and S. J. Ankegowda) 

Aim and Scope 

Since black pepper is mainly grown as a rain fed crop, it suffers 
from acute water shortage during summer months. In this context, 
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identification of drought tolerant varieties assumes great importance. 
The main aim of the project is to screen black pepper germplasm for 
drought tolerance and identify a few tolerant lines so that these lines 
can be used for further crop improvement. So far, over 250 black pepper 
germplasm accessions have been screened and screening a few of 
these accessions under field conditions is being taken up. 

Progress report 

Sixty four black pepper germplasm accessions were screened for 
drought tolerance in sets of 25, 20 and 19 accessions. The parameters 
used for screening were relative water content and cell membrane 
damage. 

Among them, 4216 in the first set (consisting of 25 accessions), 
1266 in the second set (consisting of 20 accessions), and 1251 in the 
third set (consisting of 19 accessions) showed relative tolerance. 

Further, the ten released varieties of black pepper were screened 
for drought tolerance in pots under open conditions. Parameters such 
as leaf water potential, relative water content, membrane leakage, 
catalase and peroxidase enzyme activities etc., were assayed. 

There was a drastic reduction in the leaf water potential in all the 
ten varieties due to water stress. The reduction was more pronounced 
in Pournami, Panniyur-5 and P24 while Panchami maintained higher leaf 
water potential than the rest. 

Leaf water potential ranged from 8.5 to 16 (-bars) at four days after 
stress inoculation (DASI) and it ranged from 14.0 to 26 (-bars) at 8 DASI. 

Cv Panchami also maintained higher relative water content and 
lesser membrane damage compared to other cultivars. Catalase activ
ity generally increased in all varieties under stress while peroxidase did 
not show any trend. In general, among the varieties, Panchami was 
better in terms of coping with stress though none of the varieties 
showed tolerance to water stress. 

Enzyme activities, RWC and membrane leakage in black pepper 
varieties as affected by water stress are presented in Table 12. 

Apart from these, quantification of individual amino acids (accu
mulation/disappearence in relatively tolerant varieties which can be 
used as a marker for identifying the tolerant varieties was done). Though 

64 



·-'1 
=======================================CROP PRODUCTION~~ 

• 
such trend was not observed, it was found that the tolerant accession 
(Acc.4216) had very high levels of all the amino acids (greater than 50% 
increase over control) under stress condition compared to the other 
accessions. 

Table 12. Variation in enzyme activities, membrane leakage and relative water 
content(RWC) due to stress 

Variety Cat (%i) PRX (%i/~) Memb. leak (%) RWC (%) 

P-24 69 2 ; 21.3 50.4 

Panchami 83 27 ~ 18.2 56.5 

Pournami 16 0 23.5 48.5 

Sreekara 150 34; 20.4 49.7 

Subhakara 185 40 ~ 22.6 46.4 

Panniyur - 1 48 51 ~ 23.8 48.7 

Panniyur - 2 0 32 ; 24.5 49.8 

Panniyur - 3 12 38 ~ 22.7 51.8 

Panniyul - 4 18 50 ~ 21.8 53.4 

Panniyur - 5 190 70 ; 25.3 44.7 

PRY VI (813) 

CHARACTERIZATION OF DROUGHT TOLERANCE IN CARDAMOM 

(8.J. Ankegowda, K. S. Krishnamurthy and K. Padmini) 

Aim and Scope: 

The broad aim of this study is characterization of drought toler
ance in cardamom in selected cultivars. 

The majority of land area under cardamom is rainfed. Cardamom 
experience drought situation from December to May. The screening 
of germplasm based on identified parameters of drought tolerance will 
help in development of drought tolerant lines suited for rainfed culti
vation. 

Past achievements 

Studies conducted earlier revealed that plant height, number of 
tillers; dry weight of leaves, stem and root were reduced under stress 
treatment. Number of dried leaves increased under stress, which clearly 
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indicated the leaves are the ones which are affected first under stress. 
Relative water content decreased and membrane leakage increased 
under stress treatment. Mysore types are susceptible to moisture 
stress compared to Malabar and Vazhuka. 

Progress report 
Six accessions namely NKE-12, NKE-9, RR-1, RR-2, 893 and LR-1 

were planted in cement pots under rainout shelter and grown for one 
year. Moisture stress was imposed by withholding irrigation and data 
on morphology, physiology and biochemistry related to drought toler
ance were recorded at initiation of stress. Thirty-five accessions were 
screened for relative water content, specific leaf weight and stomatal 
counts. They recorded significant variation. Relative water content 
(per cent over control) ranged from 11.56 to 25.43% with a mean of 
21.6%. Specific leaf weight ranged from 4.06 to 5.71 with a mean of 
4.56 mg/cm'. Number of stomata per microscopic field ranged from 8.25 

. to 16.75 with a mean of 11.57. Ten accessions were collected from 
farmer's field for further multiplication and evaluation. 

BIOCHEM.I (813) 

BIOGENESIS OF PIGMENTS IN SPICE CROPS 

(B_ Chempakam and T_ John Zachariah) 

Aim and Scope 

Studies on the biosynthesis of curcumin in turmeric was initiated 
in 1996. The major objectives of the project were to assay, localise and 
characterize the key enzymes involved in the biosynthetic pathway, to 
identify the precursors and intermediates during biosynthesis using 
tracer studies. The levels of curcumin and other secondary metabolites 
(oleoresin and essential oil) were seen during rhizome development. 
These constituents were maximum at 150 DAP (Days After Planting). 

Progress report 

Variation in the starch content and percentage of dry recovery was 
seen in 5 varieties of turmeric viz. Prabha, Prathibha, Alleppey, Suguna 
and Sudarsana. Higher starch content was seen in Prabha and Prathibha 
at maturity (59.4 and 56.1 % respectively),while Suguna and Sudarsana 
contained only 51.7 and 50.2% respectively. In Prabha, Pratibha and 
Alleppey, higher dry recovery was seen at maturity, while very little 
variation was observed during the early stages of rhizome growth. 
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PHT.I(813) 

QUALITY EVALUATION IN SPICES 

(T. Jobn Zacbariab, P. Heartwin Amaladbas and B. Cbempakam) 

Aim and Scope 

To characterise various spices for its chemical quality constituents 
and monitor the changes during maturity and at different locations. 

Past achievements 

Essential oil, oleoresin and piperine levels of 69 popular cultivars 
and many cultivated accessions of black pepper has already been carried 
out. Two high quality lines released based on the study are Sreekara 
and Subhakara. Traditional cultivars with high quality are Kottanadan, 
Kumbhakodi, Aimpirian, Balankotta and Jeerakamundi. About 50 
accessions have been evaluated for essential oil constituents like 
caryophyllene, myrcene, limonene etc and the best lines were identi
fied. Panniyur-l, Valiakaniakkadan and Balankotta were identified as 
the cultivars ideal to prepare white pepper. Synthesis of oil, oleoresin 
and piperine reach its maximum at 180-200 days after flowering. 

Ginger lines with high oil, oleoresin and gingerol were identified. 
Cultivar Varada is identified as the line with a fibre content of only 2.9 % 
and many such lines with low fibre content were identified. 

Many turmeric lines with high curcumin content were identified. 
Prabha, and Prathiba the newly released turmeric lines possess more 
that 6.5% curcumin. It was found that planting turmeric in April/May 
and harvesting in November give more curcumin recovery compared 
to full maturity. Curcumin remain unaffected if the rhizomes are stored 
properly even up to four months after harvest. 

Progress report 

Refining methods to prepare white pepper 

Ripe berries were treated with 2 % pectinase and cellulase pro
vided by CTCRI, Thiruvananthapuram and kept for retting for 3 days. 
The colour of white pepper is not as attractive as the traditional product 
by retting for 7-8 days. 

Storage changes in black pepper 

Black pepper variety Karirnunda is kept for long term storage in 
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gunny bag, polyethylene bag, gunny bag lined with polyethylene and 
thick polyethylene bag. Two years of storage did not affect the chemi
cal quality in all the containers. Essential oil content is around 3%, 
oleoresin 8% and piperine 2.8%. 

Quality evaluation of ginger 

Bold rhizome samples of 20 ginger lines planted at Kumarakam 
were evaluated for crude fibre, essential oil and oleoresin. Fibre content 
varied trom 2- 5.3%. (Acc.244, 116, 27, 415,179 and Varada had below 
3% fibre.) Essential oil content varied from 1- 3.0 % and oleoresin 3.2 
to 6.1 % . 

Among the 13 ginger accessions, Acc.511 had 8.9% oleoresin and 
199, 288 and 302 had less than 3% fibre. 

Among the ginger accessions evaluated for cataloguing, Acc. 411 
and 420 had 2.7% oil and 213, 114,385, 167,50, 269 and 386 had about 
3 % crude tibre. 

Quality of ginger accessions planted under shade net were evalu
ated. Levels of oil, oleoresin and fibre did not show any variation with 
and without shade net. 

Quality evaluation in turmeric 

Turmeric samples which include released varieties planted at 
Sangli (Maharashtra) were evaluated for curcumin (Table 13). 

There was a reduction of about 40% in curcumin content at Sangli 
compared to Kerala. 
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Table '13. Curcumin content of selected turmeric 
accessions at Peruvannamuzhi 

Accession % curcumin 

584 7.0 

295 6.3 

361 (Prathiba) 7.1 

657 7.5 

360 (Prabha) 6.7 

656 5.9 

585 6.7 

165 7.1 

121 6.5 

593 7.7 
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Colour value from paprika collections 

One hundred and seventy three collections were evaluated for 
ASTA colour value. Accessions with high colour value are listed below. 

Accessions Y-2, Y-4, K-16, K-l0, K-l1, K-12, K-4, K-17, Y-3, K-2, 
Dabba and Dabba Deluxe had more than 300 ASTA units colour value. 

ORG.CHEM.I (813) 

ISOLATION AND IDENTIFICATION OF NATURALLY OCCURRING 
COMPOUNDS AGAINST MAJOR PESTS AND PATHOGENS OF BLACK 
PEPPER 

(N.K. Leela, M. Anandarai and S. J. Eapen) 

Aim and scope 

To screen some botanicals for nematicidal and antifungal activi
ties against the root-knot nematode Meloidogyne incognita and 
Phytophthora capsici respectively and to characterise the active prin
ciple if any. 

Past achievements 

Aqueous leaf extracts of Piper colubrinum, Chromolaena odorata, 
Azadirachta indica, Lantana camara, Strychnos nuxvomica and the 
essential oil of allspice leaves were bioassayed in vitro for their nem
aticidal and antifungal activities. Aqueous leaf extract of C. odorata 
at 2 % concentration completely inhibited growth, sporulation, zoospore 
release and zoospore germination of P. capsici whereas that of 
P colubrinum and A,indica exhibited significa.nt inhibition of growth 
and sporulation only. Among the above extracts tested, significant 
n em aticidal activity was observed with allspice leaf oil, leaf extracts 
of S. nuxvomica and P colubrinum. The nematicidal principle in allspice 
leaf oil was identified as eugenol. 

Since the aqueous leaf extract of Pcolubrinum showed both 
antifungal and nematicidal activitie s, it was further studied to isolate 
the active principle. 
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Progress report 

Bioassay guided fractionation of the aqueous leaf extract of 
P. colubrinum led to the identification of the nematicidal principles 
Genkwanin and 7-methyl ether of luteolin. 

PHT. II. (813) 

HARVESTING AND PROCESSING TECHNIQUES IN SPICES 

(P. Heartwin Amala Dhas l T. John Zachariah and A. Kumar) 

Aim and Scope 

1. To survey the indigenous technologies followed in drying and 
processing of various spices 

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

3. To study the drying characteristics of nutmeg and optimise the 
drying parameters 

4. To study the death time characteristics of wilt causing bacteria in 
ginger and development of heat treatment unit 

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

6. To develop a cleaning and grading system for black pepper. 

Progress report 

Energy expenditure on cultivation and harvesting of ginger and 
turmeric in the Peruvannamuzhi farm was observed. It is done to 
identify the operation that consumes maximum energy and to study the 
scope of introducing tool level mechanization in those operation. It was 
found that 35 % of the total energy is spent on initial clearing. digging 
and bed preparation of the soil. Men carryout 55 % of the work in terms 
of energy expenditure while the women folk contribute 45%. Labour 
requirement in CUltivation of ginger and turmeric are given in Table 14. 
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Table 14. Per acre labour requirement in cultivation 01 ginger and turmeric 

S. No. Operation Labour Type of labour Energy 
requirement employed Requirement 

MJ 

1 Digging 38 Men 484.12 

2 Peg marking and bed preparation 7Z Men 917.28 

3 Cow dung application 1 + 4 Men/women 53.56 

4 Pit making 20 Women 204.10 

5 Fertilizer application 5 Women 51.03 

6 Seeding 4 Women 40.82 

7 Covering 4 Women 40.82 

S Mulching 15 Women 153.08 

9 Stick removal and weeding 30 Women 306.15 

10 Fertilizer application and raking 10 Women 102.05 

11 Mulching 22 Women 224.50 

12 Earthing up 19 Men 242.06 

13 Steps 9 to 12 repeated 19 + 62 Men/women 874.46 

14 Harvesting 27 Men 343.98 

Total 4038.01 

Digging and bed preparation - 34.7% 

Men 55.5% 

Women 44.5 % 

ADHOC PROJECTS 

INVESTIGATIONS ON CARDAMOM BASED CROPPING SYSTEMS 

(V.S. Korikanthimath, Rajendra Hegde, G.M. Hiremath and A. Gayathri) 

Detailed Survey on the cardamom based cropping systems was 
undertaken in Kodagu, Uttar Kannada, Hassan, Chikmagalur and 
Shimoga districts of Karnataka and Wynad district of Kerala to study 
the ecological feasibility and economic viability of crop combinations 
viz. 

1. Cardamom + Robusta coffee + Black pepper 

2. Cardamom + Arabica cofee + Black pepper 
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3. Cardamom + Arecanut 

4. Cardamom + Coconut 

5. Cardamom + Tree spices + Black pepper 

Agroforestry approaches in cultivation of cardamom and black 
pepper by afforestation of vacant/open slopy marginal areas was taken 
in 3 locations in Kodagu district of Karnataka. The results of these trials 
conducted in the farmers plantations are being compiled and the same 
is used for economic analysis. The photosynthetically active radiation 
(PAR) and the microclimate are also being studied. The soil and leaf 
samples in various cardamom based cropping systems have been 
collected and analyzed for nutrient content to work out the organic 
recycling of the farm wastes. The microbial load in the rhizosphere of 
various crop combinations are being analyzed. The crop combination 
of coconut and vanilla is being studied in a large scale on farm trial (9.72 
hal near Kadur in maidan areas of Chikmagalur district in Karnataka. 
It has given an encouraging yield of vanilla as well as coconut. The 
data collected on various input costs is being analyzed for studying the 
economic viability of the system. 

EFFECT OF ORGANIC FERTILIZER ON SOIL QUALITY, PRODUC~ 
TIVITY AND QUALITY OF BLACK PEPPER AND CARDAMOM 

(v. Srinivasan, M.R. Rubina) 

This experiment was carried out for standardizing the organic 
farming techniques to produce optimum yield and quality in black 
pepper and cardamom. 

Field experiment was laid out in Coorg district of Karnataka, on 
pepper and cardamom. Main plot treatments are with and without 
pesticides and SUb-plot treatments are check, FYM, neem cake, leaf 
compost, vermi compost and NPK @ 100:40:140 kg/ha. A greenhouse 
experiment with the same treatments is also in progress at IISR experi
mental farm, Peruvannamuzhi. 

Investigation showed an increase in the soil availability of organic 
carbon, phosphorus, calcium, m agnesium and micro nutrients due to 
organics application. The macro nutrient availability was high in leaf 
compost treatment followed by ve rmi compost treatment. Yield and 
N, P, K uptake was highest in FYM treatment followed by vermi com
post for bush pepper. 
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The humic an d fulvic acid fractions of the organic m at ter of pepper 

and cardamom soils have been separated and quantified . 

Th e population of phosphate solublizing bacteria was highest in 
vermicompost treatment for both black pepper and cardamom soils. 
Nitrogen fixing bacterial count was highest in vermi compost treatment 
in black pepper and FYM treatment in cardamom soils. 

For cardamom highest yield of 1.1 Kg/clump was recorded for 
neem cake and was on par with vermi compost treatment. Due to bad 
climatological factors in Madikeri area where field experiment is laid 
out, poor yield was obtained for pepper. With regard to qu~lity, leaf 
compost treatment recorded highest percentage of piperine and oleo
resin in bush black pepper. Quality analysis of cardamom showed that, 
1-8 cineole content was highest in FYM treatment where as alpha 
terpinyl actetate was highest in leaf compost treatment. 

C Ol\.""rRACT RESEARCH PROJECT 

STUDIES ON EVALUATION OF TERRA CARE FOR GROWTH, NUTRI
TIONAL AVAILABB.ITY, YIELD RESPONSE AND QUALITY OF SPICES 

(V. Srinivasan, M.R. Rubina, Kavitha Ramachandran) 

The experiment is conducted for the third consecutive year to find 
out the effect of soil conditioner (terra care) on growth, yield and quality 
of black pepper, ginger and turmeric. Field experiment on black pepper 
at Goorg district of Karnataka and that of ginger and turmeric at nSH 
farm, Peruvannamuzhi are taken up. Treatment consists of two levels 
of terra care in combination with N , p, K, FYM and biofertilizer. 

Terra care (TC) can be used as a good substitute for soil or sand 
in nursery mixture for production of rooted black pepper cuttings. 

Application of double dose of TG + Y2 NPK + Biofertilizer, FYM 
+ single dose of TG + % NPK + Biofertilizer and FYM + TC + full NPK 
were found to be superior with regard to yield and quality of bush 
pepper. 

In black pepper, TG (2.5 t/ha) + FYM + liz NPK + Biofertilizer 
re corded highest yield (4.03 kg/vine ). In ginger highest yield (9.33 kg/ 
3m2 b ed) was recorded in FYM + TC (1 .25 t/ha) + Biofertilizer treatment 
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and was on par with that of TC (2.5 t/ha) + recommended NPK fertilizer. 
In turmeric, FYM + TC at 2.5 tlha + NPK fertilizer recorded highest yield 
(11.47 kgl3m2 bed). 

Highest phosphate solubJizing bacterial population was recorded 
for the treatment where terra care alone was applied at a rate of 1.25 
tonsfha. 

Nitrogen fixing bacterial population(Beijerjnchia and Azotobactor) 
was highest for the combination of Terra Care + 'h NPK + Biofertilizer. 
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PATH. II.3 (813) 

DISEASE MANAGEMENT IN PHYTOPHTlIORA FOOT ROT 
AFFECTED BLACK PEPPER PLANTATIONS 

(S.S. Veena, Y.R. Sarma, M. Anandaraj, K.V. Rama n a, V. Srinivasan and 
K. Kandiannanj 

Aim and Scope 

The disease management programmes which were confined 
earlier only to chemical control have been strategically altered to in
corporate cultural, chemical and biocontroI methods coupled with host 
resistance/tolerance in order to develop JDM strategy. The leads obtained 
in earlier trial like efficacy of potassium phosphonate, biocontrol etc. 
are incorporated and varietal mixture has been taken up to avoid the 
vulnerability of monoculture to infection. 

Progress report 

a. Studies with potassium phosphonate: 

Initial study with potassium phosphonate (3ml/l) showed that 
inhibitory effect on root rot caused by Pcapsici dedined considerably 

Table 25 : Effect of potassium pbosphonate on P.capsici in hlack peppel' 

Treatment Cone.ml/l Healthy Plants% 

number "10 days 20 days 30 days 

1 3 53.3(46.9}C 39.3(38.8)D 32.9(35.0)C 

2 4 53.3146.9)C 46.7(43.1)D 40.1(39.2)C 

3 5 67.0(54.9)C 54.0(47.3}CD 46.7(43.1)BC 

<1 6 90.7(72.3)B ?9.9(63.4)BC 73.7{59.2)AB 

5 7 100(90.0}A 97.6(81.1}AB 86.D(68.0)A 

6 8 1 OO{90. D)A 97.6(81.1)AB 79.9(63.4)A 

7 9 100(90.0)A 100(90.0)A 90.1(72.3)A 

8 10 lOO(90.0IA 100(90.D)A 90.7(72.3}A 

9 Contml 19.9(26.6/D 26.2(30.8)D 19.9(26.6 )C 

LSD-l1 .10 LSD-17.25 LSD 1~.36 

F~gUIes followed by same letters within a column ale not significant in DMRT 
{Duncan's Multiple Range Testl 

Values in parentheses are transformed values. 
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8 days after application. An experiment was conducted to find out the 
effect of higher =ncentration on disease suppression and persistence. 
The higher concentrations (7rnl/l-l0rnl/l) showed significantly effec
tive protection even after 30 days and none of the concentrations 
showed phyto-toxic effect{Table 15). 

b. Effect of vermi compost on root rot caused by P.capsici. 

The treatment consisted of: 

1) Venni compost 100% 

4) T. barzianum (P-26) 

2) Vermi compost 50% 3) Vermicompost 25% 

5) T. barzianum+Vermicompost 6)Ridornll 

7) Control. 

Table t6. Effect of vermicompost on root rot caused by P.capsici. 

Treatment number Treatment Survival{ %) Root rot index 

1 Venni compost 100% 54.0(47.3)A 2.7 

2 Venni compost 50% 49.3(44.6)A 3.2 

3 Venni compost 25 % 74.3(59.6)A 2.5 

4 P-26, 72.2(58.2)A 2.4 

5 P·26, Vermi compost 40.9(39.7)A 3.0 

6 Ridornll 62.6(52.3)A 2.6 

7 Control 35.7(36.7)A 3.5 

Figures followed by same letters within a column are not significant in DMRT 
(Duncan's Multiple Range Test) 

Values in parentheses are transformed values. 

Root rot index: O-Healthy, 1-Upto 25% rotting, 2-Upto 50% 
rotting, 3-Upto 75% rotting, 4-Above 75% rotting. 

The root rot index was minimum (2.4) in T harzianum and 
vermicompost (25%) (2.5) and maximum (3.5) in control (Table 16). 

c. Rejuvenation of black pepper in diseased garden: 
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This field trial consists of 32 treatments (it includes effects of 
weeds, banana, susceptible and tolerant lines, organic and 
inorganic nutrition, chemical and biological control), growth 
parameters such as height {75.7-133.6 cm),numher of leaves 
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(9.6-18.1) girth(5.9mm-10.Omm) and mortality (0-3.6/6 plants) were 
recorded. Significant differences were not noticed among the 32 
treatments. In general, the growth of the vines was prominent in 
clean cUlt ivation plots. In plots without weed control, 61 out of 288 
plants succumbed to infection compared to 20/288 in plots with 
clean cultivation(Table 17). 

d. Efficacy of biocontroi agents and their compatibility with potassium 
phosphonate. The results clearly showed the efficiency of BeAts 
and their compatibility with potassium p hosphonate. 

Table 17. Effect of BCA, Potassium phosphonate and their combination on P.clJpsici. 

Treatment Healthy (%) 

1 Pseudomonas fluorescens 77.7 (61.8) ABC 

2 Treatment 1 + Potassium phosphonate 77.7 (61.8) ABC 

3 T.harzianum 65.9 (54.3) BCD 

4 Treatment 3 + Potassium phosphonate 82.9 (65.6) AB 

5 T.virens 65.9 (54.3) BCD 

6 Treatment 5+ Potassium phosphonate 82.9 (65.6) AB 

7 Verticillium chlamydosporium 77.7 (61.8) ABC 

8 Treatment 7 + Potassium phosphonate 38.5 (38.4) EF 

9 v.tenerum 38.5 (38.4) EF 

10 Treatment 9 + Potassi.um phosphonate 91.7 (73.7) A 

11 Treatment 1 + 3 and 5 42.9 (40.9) EF 

12 Treat 2 + Potassium phospho nate 44.2 (41.6) DE 

13 CoC 72.0 (58.0) BC 

14 Potassium phosphonate 55.3 (48.1) CDE 

15 Control 21.1 (27.3) F 

LSD - 12.10 

Figures followed by same letters withln a column are not significant in DMRT 

Values in parentheses are transformed values. 
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PATH.X(813) 

INVESTIGATION ON VEIN CLEARING VIRUS OF SMALL 
CARDAMOM 

(M.N.Venugopal) 

Aim and Scope 

1. Identification of hot spots and yield losses caused by disease 

2. Transmission of disease and study of virus vector relationship 

3. Epidemiology of disease and identification of virus sources 

4. Identification of resistant sources 

5. Characterization of virus 

6. Optimization of disease management measures 

Cardamom cultivation is threatened by the incidence of vein clear
ing disease (kokke kandu) in many endemic pockets particularly in 
Karnataka. The information gathered from various facets of disease can 
be directly used to contain this new threat to many productive carda
mom zones. 

Past achievements 

'" Random survey was conducted to identify the locations infected 
with kokke kandu and mosaic disease of cardamom in collaboration 
with spices board. 

• Several training programmes were conducted in hotspots and ad
jacent areas to create awareness and also disease management 
measures through audiovisual aids. 

'* Detailed studies conducted on transmission through seed, soil, 
mechanical contact, thrips and aphids. Transmission was estab
lished through cardamom aphid (Pentalonia nigronervosa f.caladiiJ 

,. Kokke kandu disease causes yield losses up to 98 % within two ' 
years of virus infection. 

.. Dual pattern of disease spread was recorded in the infected gar
dens and new infections are centered around primary sources. 

*' Roguing is found to be feasible as a strategy to contain both mosaic 
and vein clearing diseases in large holdings only (more than 4 
hectares ). 
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• Immunological testing with poty, cucuma, potex and carla virus 

antibodies indicated that vein clearing disease is a possible mem
ber of poty virus. 

Progress report 

Screening of 52 disease escapes was undertaken through virulif
erous aphids (Pentalonia nigronervosa). After two individual screening 
21 inoculants have not expressed symptoms. In the first round of 
screening six out of 16 mosaic resistant selections were found to be 
susceptible to vein clearing disease. 

PATH XI (813) 

STUDIES ON BACTERIAL WILT OF GINGER 

(A.Kumar and Y. R. Sarma) 

Project report 

Characterization of pathogen 

Ralstonia soianacearum, the causal agent of wilt of ginger was 
isolated from major ginger growing areas of India t hat include Kerala 
and Sikkim . Phenotypic characterization revealed that they belong to 
biovar-III. An ab errant biovar-III with dulcitol negaive phenotype could 
be isolated from Sikkirn. 

Ralstonia Solanacearum, was also isolated from tomato, potato, 
chilli, eupatorium and ageratum in order to know their role in the 
epidemics of bacterial wilt of ginger in India. 

Simple biovar characterization techniq ue using mircrotiter plate 
& small quantity of reagent was standardized for rapid ident ification 
of biovar. 

Differences among the isolates in clolony character, carbohydrate 
utilization pattern, pathogenic potential etc. could be found. 

Basic information on generation t ime of Ralstonia, suitable media 
for isolation and infectivity tit e r of bacterium were a lso generated. 
(Table 18) 

All t he i solates were also characterized for their int rinsic antibiotic 
r esistance . Differen ces in sens itivity among the isolates to antibiotics 
could be noticed. 
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Characterization based on membrane protein pattern revealed the 

presence of 37 - 40 Kda protein in all the isolates of Ralstonia 
solanacearum (Fig. 1). This protein may be useful as a species specific 
antigen for producing antibodies for developing an immunokit. 

Table 18. Infectivity titer of Ralstonia Solanacearum in ginger 

SI.No. 

1 

2 

3 

4 

5 

6 

7 

Cone. of 
cells(N o. of 
cells per 
Plant) 

3.2 x 108 

3 .2 x 107 

3.2 x lOG 

3.2 x 105 

3.2 x 10' 
• 3.2 x 103 

3.2 x 102 

Pseudostem inoculation 
(100~l) 

Days to % wilt 
start 
infection 

6 100 (8) 

6 100 (9) 

7 100 (20) 

7 100 (15) 

8 80 (35 ) 

8 80 (35) 

9 80 (35) 

Figures in parent.hesis - Days to wilt ginger 

Pouring around base 
(1000).11) 

Days to % wilt 
start 
infection 

12 100 (19) 

12 30 (13) 

13 30 (14) 

14 10 (14) 

.~ 

Fig. 1. M embrane protein pattern in is ola t es of Ralstonia soJanacearum 
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Inoculation technique 

Simple inoculation technique was standardized in seven germplasm 
of ginger for bacterial wilt tolerance. The technique was very rapid 
and easy to follow. Reaction could be noticed within 10 days of inocu
lation. The inoculation procedure was used for evaluation of ginger 
germplasm. 

Serological detection of Ralstonia solanacearum 

Dot-Immuno-binding assay kit (NCM-ELISA) developed at Inter
national Potato Center (CIP, Lima, Peru) was evaluated to know the 
adaptability of the kit for ginger. The result indicates that the kit is 
suitable for de tection of bacterium in ginger sample. However, it has 
got the limitation of high cost and safe transport from Peru as some 
of the reagents a re sensitive to heat. 

Biocontrol of bacterial wilt of ginger 

Eight bacteria isolated from ginger field and rhizosphere soil were 
evaluated for antagonistic effect on Ralstonia in green house. None of 
the bacteria evaluat ed could increase the yield of ginger under pot 
culture experiment. 

Disease management strategies 

In order to evolve environment and farmer's friendly disease 
management an experiment was set up t o know the effect of tempera
ture on survival and virulence of R. solanacearum . Temperature above 
45°C was found to be lethal to the bacterium. 

PATH XII (813) 

INVESTIGATIONS ON STUNTED DISEASE OF BLACK PEPPER 

(Y.R. Sarma and R.M. Abdulla Roya) 

Aim and Scope 

Stunted disease of black pepper was recorded from Mullankolly 
area of Pulpally in Wynad during 1978. Subsequently, it s tarted 
spreading. Since no information was available on the etiology of dis-
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ease, studies were undertaken. Recently it has been confirmed that 
it is caused by a strain of Cucumber Mosaic Virus (CMV) based on 
serological tests and EM studies. 

Progress report 

Studies on virus vector relationship and transmission with an 
aphid tentatively identified as Toxoptera citridus were negative. Aphid 
colonies when collected from black pepper and transferred to healthy 
pepper, there was no subsequent colonisation and multiplication. Aphids 
from disease affected vines when transferred to healthy plants, trans
mission could not be established. 

Susceptibility of P colubrinum with multiple resistance was tested 
by grafting healthy P colubrinum scion on infected pepper plants. Grafting 
infected pepper scion on P.colubrinum showed virus transmission by 
producing interveinal chlorosis symptom. The transmission was fur
ther confirmed with ELISA tests. Thus it is confirmed that Pcolubrinum 
is susceptible to CMV. 

CROP PROT. 1.1 (813) 

SCREENING OF BLACK PEPPER GERMPLASM FOR REACTION TO 
DISEASES 

(Y.R. Sarma, M. Anandaraj, 8.S. Veena, M.N. Venugopa) and K.V. Saji) 

Aim and Scope 

Identification of resistance/tolerance in black pepper to Pcapsici, 
causal agent of root rot is of high priority. The open pollinated seedling 
progenies, cultivars, hybrids and wild types are tested for their field 
reaction in hot spot areas of disease. 

Progress report 

During the year, 17918 open pollinated seedling progenies of 22 
cultivated hybrids were screened and all did succumb to infection. 

Disease escapes of 22 numbers Le. two Karrrnunda types, two 
vellamundi type and 6 Neelamundi types from Idukki, Chomala (3), 
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Uddagare (2), Vadakkan(4), Urutugere, Aimpiriyan and Okkalu one each 
from Kodagu were collected and are being multiplied for further screen
ing. 

Screening of cultivarslhybrids 

Besides 41 hybrids, 41 wild and 51 cultivars (totally 133) were 
screened. Of these HP 295, wild 3241 and 3073 showed tolerant 
reaction. 24/133, which showed tolerance is subjected to further 
screening for confirmation . 

Field trials 

Field trial at Pulpally is continued. P 24, Cl049, HP 780 and 
Karimunda (susceptible) showed good crop stand and no conclusion 
could be drawn. At Myladumpara, HP 780 and P1534 were found 
tolerant with good crop stand. 

CROP PROT. 1.2 (813) 

SCREENING OF BLACK PEPPER GERMPLASM FOR REACTION TO 
INSECT PESTS 

(K.M . Abdulla Koya and S. De vasahaya m ) 

Aim and Scope 

The project aims at locating sources of resistance to 'ponu ' b eetle 
in cultivated and wild Piper accessions for utilization in hybridization 
programmes and to develop black pepper varieties resistant to the pest. 

Past achievements 

Four accessions of black pepper (Accession numbers 816, 841, 
1084 and 1114) were found resistant to 'PoUu' beetle attack. Out of 
all the wild Piper nigrum screened only one accession was found to be 
resistant. Six species of wild Piper nigrum viz ., Piper attenuataum, 
P barberi, P colubrinum, P. hymenophyllum, P. longum and P. ch aba 
were found to be resistant. Out of the hybrids screened, two inter 
specific hybrids viz., Piper attenuataum x P nigrum and P. barberi x 
P. nigrum were found to be resistant to the pest. 

Progress report 

All the seven high yielding varieties screened during the p eriod 
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under report were found to be susceptible. The mean percentage 
infestation varied from 2.84 in Subhakara to 5.76 in Sreekara. Panniyur-
4 recorded less damage compared to Panniyur-2 and Panniyur-3. 

None of the 18 accessions of wild P. nigrum germplasm screened 
showed any resistance to 'Poilu' beetle. The percentage infestation in 
these accessions ranged from 14.4 to 43.2. 

CROP PROT. 1.3 (813) 

SCREENING OF BLACK PEPPER GERMPLASM FOR REACTION TO 
NEMATODES 

(K.V. Ramans, Santhosh J. Espen and K.V. Saji) 

Aim and Scope 

To locate sources of resistance to root knot and burrowing nema
todes and to develop resistant black pepper varieties. 

Past achievements 

Several accessions of black pepper germplasm including wild 
related species, intercultivar hybrids, open pollinated seedlings of popular 

Table 19. Screening of black pepper germpJasm accessions against plant para
sitic nematodes-results of the preliminary screening. 

~----------------

Nematode Cultivated Released Wild Hybrids Phytophthora Somaclones 
tolerant lines 

R.similis 24 9 4(4) 13(1) 5 4 

M.incognita 13(2) 8(1) 11(1) 12(3) 4(3) 

Figures in parentheses are number of resistant lines. 

cultivars, selections of cv.Karirnunda, released varieties and Phytophthora 
tolerant lines were screened for their reaction to Meloidogyne incognita 
and Radopholus similis. Acc.812 (Ottaplakkal-1), found resistant to 
M. incognita, was released as 'Pournami' for cultivation in root-knot 
nematode infested gardens. Piper colubrinum, a wild species is resis
tant to both M. incognita and R. similis. Some more wild accessions 
are resistant to M. incognita. 

Progress report 

One hundred and seven black pepper germplasm accessions were 
screened against nematodes (48 accessions against Meloidogyne inGog-
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nita and 59 accessions against Radopholus similis) in the preliminary 
round of screening. The results are given in Table 19. Besides more 
than 110 germplasm accessions and somaclones were multiplied and 
maintained for screening work. Cultures of root knot and burrowing 
nematodes are being maintained. 

CROPPROT . II (813) 

MECHANISM OF RESISTANCE TO PESTS AND PATHOGENS IN SPICE 
CROPS 

(M. Anandaraj, B. Chempakam, M. N. Venugopal, S. Devasa hayam, K. V. Ramana 
a nd Santhosh J . Eapen) 

Aim and Scope 

The project is aimed to identify the factors responsible for the 
resistance to various pests and pathogens affecting the spice crops. 

Characterization of nematode tolerant lines 

The activities of defense related enzymes such as SOD, catalase 
and peroxidase were studied in black pepper varieties, 'Pournami', the 
nematode tolerant line and 'Panniyur-l' the susceptible one. The 
experiment was done in a green house on two months old rooted 
cuttings. Enzyme activities were studied after inoculating with 
Meloidogyne incognita at 24, 48, 72 and 168h materials. There was no 
definite pattern in SOD isoforms. Peroxidase isoforms from roots of 
tolerant variety showed an additional slow moving band from cathode 
side after 24h and 48h which disappeared thereafter. Catalase isoforms 
exhibited degradation of polymeric forms with appearance of two sharp 
bands with lower EM at 24h and 48h. This showed that those two 
defense related enzymes undergo some confirmational changes during 
the early period of infection in the nematode tolerant line. 

Characterization of 'pollu' resistant lines 

Biochemical characterization of 'poIlu' resistant lines were done 
for total sugars, reducing sugars, total phenols and aD phenols. In all 
t h e resistant lines the OD phenols were significantly higher. SDS-PAGE 
analysis did not show any significant differences in the protein profiles 
of resistant lines. The free amino acid and surface wax contents were 
Significantly higher in resistant lines . 
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Lanel: Marker; 2:P24(H); 3:P24(I); 4:Panl(H); 5:Panl(I); 
6:Subhakara(H); 7:Subhakara(O; 

Fig 2. Induction of PR-proteins in black pepper leaf extracts 
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Lanel: Marker; 2:P24(H); 3:P24(I); 4:Pan1(H); 5:Panl(I); 
6:Subhakara(H); 7:Subhakara(l); 

Fig 3 . Induction of PR-proteins in black pepper root extracts 
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P. capsici of Black pepper 

The activities of related enzymes in black pepper variety P.24 was 
studied during pathogenesis. The activities of PAL is higher in P-24 
compared to the susceptible KS 27. So also the P 1,3, glucanase activity. 
There was induction of PR proteins during pathogenesis in Phytophthora 
tolerant variety P-24. There was found to be isoform of P 1,3 glucanase 
which was confirmed by west€rn hlot. The induced protein was 
electroeluted and tested in vitro, showed antifungal activity on the 
pathogens(Fig. 2&3). 

To study the RAPD profiles of Phytophthora tolerant line ampli
fication parameters were standardized. About 20 operon random prim
ers were tried for RAPD studies. OPA 9 gave differential amplification. 

In cardamom the katte resistant lines and rhizome rot resistant 
RR-1 were studied for RAPD profiles. The rhizome rot resistant RR-1 
line showed differential amplification for OPA-8 and OPA-12 primers. 

NEMA III (813): 

INVESTIGATIONS ON NEMATODES ASSOCIATED WITH SPICES 

CK.V. RamaDa and Santhosh J. Espen) 

Aim and Scope 

The primary objective of the project is to develop nematode 
management strategies to boost up the yields in spice crops. 

i. To identify plant parasitic nematodes associated with spice crops. 

ii. To identify economically important nematode species. 

iii. To screen spices germplasm for reaction to important nematode 
species. 

Past achievements 

Surveys to identify the nematodes infesting spice crops like black 
pepper, cardamom, ginger and turmeric in all the major areas of cul
tivation were carried out. Out of the several plant parasitic nematodes 
identified with these crops only a few species like root knot nematodes 
(Meloidogyne spp.), burrowing nematode (Radopholus similis), pepper 
nematode (Trophotylenchulus piperis) and lesion nematode (Pratylenchus 
spp.) are of economic importance. Pathology of these nematodes was 
established. The etiology of 'slow decline' disease was confirmed. 
Based on large-scale field trials, strategies for the management of 

87 



4!iP $ IISRANNUAL REPORT 1999===================== 

nematodes of black pepper and cardamom, both in nurseries and plan
tations, were recommended for adoption. Basic studies on host resis
tance, genetic variability in nematodes were also taken up. 

Progress report 
1. Screening of germplasm 

Ginger, turmeric and cardamom germplasm accessions were 
screened against root knot nematodes (Meloidogyne incognita). Twelve 
ginger accessions out of 43 and 10 turmeric accessions out of 73 showed 
resistance to M. incognita in the preliminary screening. Seven ginger 
and four turmeric accessions were retested for confirming their resis
tant reaction to root knot nematodes. Acc.221 in ginger and Acc.31, 
82 and 178 in turmeric repeatedly showed resistance to the nematodes. 

Two ginger (Acc.36 and 59) and four turmeric (Acc.84, 142, 182 and 
198) accessions, which are root knot nematode tolerant lines, were 
evaluated under simulated field conditions for the second consecutive 
year. Though their host status is confirmed none of them are agronomi
cally superior to the released varieties. However, these accessions can 
be utilized as a source of resistance to the nematode in future research 
programmes. 

2. Studies on organic amendments 

A microplot study (Design RBD; replications 5) has been set up 
to study the effect of organic amendments on the growth and yield of 
nematode-infested and nematode-free black pepper vines. The treat
ments incorporated are vermicompost (@2kg/plant), mulching with leaves 
of Piper colubrinum and Strychnos nuxvomica (@2kg/plant). The 
amendments were applied in last November and March. The growth 
of plants and the nematode population in the rhizosphere are being 
monitored. 

3. Population diversity in root knot nematodes of spices 

Isolates of root knot nematodes were collected from five locations 
(Peruvannamuzhi on Piper chaba, Pulpally, Koppa, Mohitnagar and 
Kahikuchi on black pepper). Perinneal patterns of eight populations 
were studied through image analysis and documented. An isolate of 
root knot nematode from Peruvannamuzhi, Kerala infesting black pep
per was identified as a new species and is tentatively named as 
Meloidogyne keralensis (Courtesy: Division of Nematology, lAID, New 
Delhi) 
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BIOCONTROL 1.1 (813) 

BIOLOGICAL CONTROL OF DISEASES OF SPICE CROPS .,. 

(M. Ananadaraj. Y. R. Sanna. A. Kumar and S. S. Veena) 

Aim and Scope 

The project is aimed at developing biological control measures to 
control the various pathogens which affect spices especially black pepper. 

Past achievements 

IISR has already developed and propagated among farmers the 
efficacy of Trichoderma and VAM. Demonstrations have been carried 
out in large areas of farmers field and they are convinced about its 
potential. 

Progress report 

The population build up of Trichoderma in biocontrol applied plots 
was monitored before and after the monsoon period. The population 
in Trichoderma applied plots ranged from 10' to 10'. There was no 
incidence of phytophthora foot rot. But phytoph th ora could be detected 
in the soils through baiting. 

The suitability of coir pith as carrier medium for Trichoderma was 
studied using addition of mature coconut water to the coir pith. When 
coir pith amended with coconut water was inoculated with Tricho
derma the population reached from !O' to !O' in five days and reduced 
to la' in 10 days. If the coir pith is autoclaved after addition of coconut 
water the population of Trichoderma reached from 10' to 107 in five days 
and was maintained upto ten days. The population could be main
tained upto 50 days in coir pith amended with coconut water. The 
efficient isolates of VAM identified earlier were treated along with 
Trichoderma for their synergistic activity. VAM incorporation in nursery 
mixtUre besides enhancing rooting also activated the native Tricho
derma in the rhizosphore. There was no mutual antagonism among 
the efficient isolates of VAM and biocontrol organisms tested. 

BIOCONTROL 1.2 (813) 

BIOLOGICAL CONTROL OF INSECT PESTS OF SPICES 
(5. Devasahavam and K. M. Abdulla Kova) 

Aim and Scope 

The project aims at developing biological control schedules for the 
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management of insect pest of spices. 

Past achievements 

The natural enemies of major insect pest of black pepper, ginger, 
turmeric, cinnamon, clove and nutmeg were documented and potential 
biocontrol agents were identified. Two commercial formulations of 
Bacillus thuringiensis were evaluated for the management of shoot 
borer on ginger and turmeric, among which dipel 0.3% was the most 
effective. An integrated approach for the management of shoot borer 
including pruning of infested shoots during July-August and spraying 
insecticides during September-October was effective. Various 
entomopathogenic fungi were evaluated against root mealy bug infest
ing black pepper among which Metarrhizium anisopliae and Paecilomyces 
lilacinus were promising. 

PJ:ogJ:ess report 

1. Bioassay of entomopathogens against root mealy bug 

Various entomopathogenic fungi namely, Aspergillus rugulosus, 
Paecilomyces lliacinus, Verticillium chlamydosporium (2 isolates), V lecanii 
and Fusarium oxysporum isolated from rhizospere of black pepper, were 
multiplied in the laboratory and bioassays conducted to evaluate their 
pathogenecity against root mealy bug (Planococcus sp.) infesting black 
pepper. The bioassay indicated that among the various fungi, 
A. mgulosus was the most promising causing 63% reduction in mealy 
bug population when compared to 60% increase in control, 15 days after 
spray. 

2. Evaluation of plant products against 'Pollu' beetle 

Three plant products namely, neem extract, chilli extract (Source: 
Mis Synthite Chemicals) and seed kernel extract of Melia composita 
were evaluated in laboratory bioassays adopting no choice feeding 
tests at 0.1 to 5% concentrations to determine their antifeedant activity 
against 'PoUu' beetle (Longitarsus nigripennis). The bioassay indicated 
that among the products, chilli extract and seed kernel extract of 
M.composita were more promising causing above 50% feeding deter
rence at 0.1 % and 0.5% concentrations, respectively. 

3. Pesticide residues in black pepper 

The pesticide residues in black pepper, in which the recommended 
spraying schedules of endosulfan and neem-based insecticide were 
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adopted, were determined at Quality Evaluation Laboratory, Spices 
Board, Kochi. Spraying 2 rounds of endosulfan 0.05% (July and Octo
ber); 1 round of endosulfan 0.05% (July) + 3 rounds of Neemgold 0.6% 
(August-October) and 4 rounds of Neemgold 0.6% (July-October) re
sulted in 0.041ppm, 0.009ppm and non detectable levels of endosulfan 
residues, respectively, on black pepper berries at harvest. These resi
due levels were below the permissible level of O.lppm fixed by the 
importing countries indicating that the recommended management 
schedule against 'poilu' beetle does not result in pesticide residues in 
the product. 

4. Demonstration of management of 'poilu' beetle with neem-based 
insecticide 

The efficacy of spraying neem-based insecticide such as Neemgold 
for the management of 'Poliu' beetle was demonstrated in a farmers 
field at Thiruvambady (Kozhikode district, Kerala). The treatments 
incit..ded spraying 2 rounds of endosulfan 0.05% (July and Octoher); 1 
round of endosulfan 0.05% (July) + 3 rounds of Neemgold 0.6% (August
October); 2 rounds of quinalphos 0.05% (July and October); 1 round of 
quinalphos 0.05% (July) + 3 rounds of Neemgold 0.6% (August-October) 
and 4 rounds of Neemgold 0.6% (July-October). The trials indicated 
that all the treatments were effective and were on par with each other 
and superior to control, for the management of the pest. 

5. Integrated management of shoot borer 

Cultural methods such as pruning infested shoots, pruning in
fested shoots + spraying insecticides and spraying insecticides alone 
were evaluated in the field for the management of shoot borer 
(Conogethes punctiferaIis) On ginger. The trials indicated that pruning 
infested shoots (at fortnightly intervals) during July-August and spray
ing insecticides (malathion 0.1 % at monthly intervals) during Septem
ber-October resulted in significantly lesser incidence of shoot borer and 
higher yield of rhizomes. By adopting this method, two insecticide 
sprays can be avoided, thus causing less harm to the ecosystem. 

6. Management of rhizome scale 

Six insecticides namely, malathion, methyl parathion, quinalphos, 
phosphamidon, dirnethoate and monocrotophos (0.075% each) and four 
plant/organic products namely, Neemgold 0.5%, Nimbicidine 0.5%, neem 
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oil 1 % and fish oil rosin 3% were evaluated for the management of 
rhizome scale (Aspidiella hartii) of ginger in storage. The trials indi
cated that among the various chemicals, dipping seed rhizomes in 
quinalphos 0.075 % prior to storage was significantly the most effective 
treatment for the management of the pest resulting in maximum seed 
recovery, minimum scale population and maximum sprouts on the seed 
rhizomes. Dipping seed rhizomes in methyl parathion also resulted in 
higher seed recovery, lower scale population and higher sprout forma
tion. 

BIOCONTROL 1.3 (813) 

BIOLOGICAL CONTROL OF NEMATODES OF SPICES 

(SanthoBh J. Espen, K.V. Ramana and A. Kumar) 

Aim and Scope 

The primary objective of the project is to develop bio-intensive 
and eco-friendly management measures to control nematodes of spices. 

a. To isolate and identify local isolates of biocontrol agents in spice 
crops 

b. To assess their efficacy and to identify efficient isolates 

c. To scale up their multiplication 

Past achievements 

A number of native isolates of fungi and bacteria were isolated 
from the rhizosphere of spices like black pepper, cardamom, ginger and 
turmeric. 

They were evaluated under in vitro conditions for their nemati
cidal properties and those short-listed were further tested under green
house conditions. The promising isolates so far identified are Verticil
lium chlamydosporium, Pasteuria penetrans and several vesicular 
arbuscular mycorrhizal fungi. Trichoderma spp. and P. lilacinus were 
field tested in cardamom nurseries and have been recommended for 
use. 

Progress report 

1. In vitro bioassay 

In vitro bioassays to evaluate the efficacy of fungi isolates were 
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performed in different ways like colonising nematode egg masses with 
fungi to study their effect on egg hatching, baiting with individual eggs 
to study the direct parasitization, if any, and toxicity studies using 
fungal metabolites. Egg hatching has been significantly suppressed 
with 10 isolates of fungi (Is. 4, 18, 27, 31, 32, 33, 35, 36, 40 and 53). 
Ten fungal isolates were good colonisers of root knot nematode eggs. 

Metabolites of 19 bacterial isolates were tested for their nemati
cidal activity. Out of these six isolates suppressed the egg hatchability 
by 71.7-92% and increased the nematode mortality by 75-100%. 

2. Mode of action of Trichoderma 

Secondary metabolites offive isolates of Trichoderma (T harzianum, 
Trichoderma Is. Tri. 6, Trichoderma mutant Mi 25, T. harzianum Is. 7 
and T. aureoviride Tav 34) on screening for their nematicidal activity, 
varied in their toxicity to second stage juveniles of root knot nematode. 
The extracts were redissolved in 0.5% dimethyl sulfoxide to overcome 
the interference of organic solvents. 

3. Field evaluation 

A new trial has been laid out in a root knot nematode infested 
black pepper garden in Pulpally, Wyanad. The mean root knot nema
tode population in this garden was 1615.97 nematodes per gram of root 
and 13.11 Jz per 100 cc soil. 

Three biocontrol agents viz. Trichoderma harzianum, Verticillium 
chlamydosporium and Pasteuria penetrans are being evaluated in com
parison with the application of phorate. Observations on nematode 
incidence, yellowing and mortality of vines were recorded 

V. chlamydosporium could be reisolated from the soil 6 and 12 
months after application in an observational trial conducted in a car
damom nursery at Igoor, Kodagu. In a green house trial, V 
chlamydosporium suppressed Radopholus similis in black pepper rooted 
cuttings. Black pepper cuttings treated with the fungus showed sig
nificantly less root damage and very good growth compared to those 
plants treated with nematodes alone (Table 20) 
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Table 20. Plant growth and burrowing nematode population in black pepper 
rooted cuttings treated with Verticillium chlamydosponum and Radopholus similis 
( ... ean of 20 rep:~lI::c __ a_tl_o_n_.~'. _____________________ _ 

Treatment RLIA Height Biomass (g) Final nematode population 
em (No.) 

Total Root In soijD 

RS alone 4.7 30.5 6.2 11.0 0.6 8.0 

VC+RS 1.0* 38.2' 9.0 19.2' 1.9" 3.0 

.. Root lesion index (1-5 scale); b in 100 cc soil; C in one gram root. 

. *Means in the column are significantly different (P=O.05) 
RS~ Radopholus similis, VC- Verticillium chlamydosporium 

ENT. XI (813) 

In rootsC 

110.0 

450.0' 

BIOECOLOGY AND MANAGEMENT OF MEALY BUGS INFESTING 
BLACK PEPPER 

(K. M. Abdulla Koya, S. Dev8sahayam and M. Anandaraj) 

Aim and Scope 

The project aims at conducting surveys to record the incidence 
of mealy bugs on roots of black pepper in various location and to assess 
the extent of damage caused by them and evolve integrated control 
measures against the pest. 

Past achievements 

Surveys conducted in Wynad showed that 20-80% and 4.4-17.8% 
of the vines were infested by mealy bugs during the monsoon and 
summer periods respectively. 

Studies on nature of damage showed that mealy bugs wee present 
on the roots up to a depth of 2 feet. They were noticed on main roots, 
secondary roots and also on tertiary roots. 

Out of seven host materials evaluated for culturing mealy bugs 
in the laboratory, pumpkins and squash were most ideal. Preliminary 
field trial conducted in the farmers field at Wynad indicated that 
chlorpyriphos 0.1 % and quinalphos 0.1 % were more promising against 
the pest, when the root zones were drenched with insecticide solution. 
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Progress report 

Surveys conducted in Wynad district showed that the incidence 
by mealy bugs varied from 6.7% to 42.2% in seven locations. However, 
at two locations mealy bugs were not noticed. 

Studies using mealy bugs, Phytophthora capsici and Radopholus 
similis in various combinations under green house conditions to study 
the interaction between the insect and pathogens are in progress. 

AD-HOC PROJECT 

Biological control of plant parasitic nematodes of major spices 

(K V Ra m ana, Santhosh J. Eapen and D. De e na ) 

Random samples were collected from Calicut, Idukki and·Ernakulam 
districts from the rhizosphere of ginger and turmeric. Out of these, 33 
isolates of bacteria and 43 isolates of fungi were obtained. In vitro 
bioassay was completed using 20 isolates while 25 isolates were 
screened for egg parasitization and promising isolates were short
listed. Growth and morphology of 57 and 20 fungal isolates, respec
tively, were studied and documented. Culture filtrates of Verticillium 
spp. and Paecilomyces lilacinus were highly toxic to second stage 
juveniles of Meloidogyne incognita. Screening of different solid sub
strates for multiplication of promising biocontrol agents showed that 
p. lilacinus multiplied profusely on rice (cfu 254 x lOll/g) followed by 
ginger leaf powder (cfu 210.3 '1011/g). Similarly, tea waste, ginger leaf 
powder and rice supported good multiplication of another isolate, 
Aspergillus rugulosus. Growth of different isolates of Verticillium spp. 
varied with the isolate and the culture media used. In green house tests 
Aspergillus sp. and Trichoderma sp. controlled root knot nematodes and 
increased the growth and yield of nematode infested ginger plants. 
Three different pot trials are in progress to evaluate isolates of 
P. 1i1acinus, A.rugulosus, Fusarium oxysporum,· Trichoderma harzianum 
and V. chlamydosporium. 
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SOCIAL SCIENCE 

EXT. IV (813) 

TRAINING OF RESEARCH AND EXTENSION WORKERS 

(M.S. Madan and P. Rajeev) 

Training programmes were conducted on 'Spices production 
technology', 'Nursery management' and 'On - farm processing of 
spices'. Fifty-three officers from seven states attended the training 
programs. On request training to over 50 farmers from various parts 
of the country were also arranged. On behalf of Spices board, spon
sored training programme on 'Spices production technology' to spices 
growers and extension officials from northeastern states were 
conducted. 

ECON. 1(813} 

ECONOMICS OF SPICES PRODUCTION AND MARKETING 

(M.S. Madan and Jose Abraha m ) 

~ The estimated average cost of production per kilogram of black 
pepper excluding rental value of land in Kerala was Rs.35.59 in the 
year 1998-99 (Table 21.) The estimated full supply price at 20% 
rate of return was around Rs.42/- and the minimum expected price 
of farmer was between Rs.50-60/kg. Thus looking to the estimated 
cost and expected price, the prevailed farm gate price (Rs.160/kg.) 
during the crop year was high enough to work as an incent ive to 
increase production an d productivity. On an average t he crop needs 
at least 178 man days per annum per hectare. This number will 
go up, when the intended end product is either white pepper or 
green pepper. Around 60% of the paid out cost of producing 1kg 
of pepper is attributed towards labour cost. Price of labour has 
increased by about 400% in the state of Kerala during the past 
decade. 

t? The decentralized commodity distribution system (marketing 
system) for black pepper with less number of intermediaries is 
comparatively more efficient that that for ginger. With 11 % price 
spread and low marketing cost (6 .74%) the system provides better 
share (87.7%)to the producer in the consumer price (Table 22). 
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Among the alternative channels available for pepper, more than 
60% of the produce moves through the most common channel of 

Producer > village assembler > local trader > wholesaler > 
exporter 

Table 21. The estimated cost of production of black pepper (1998-99) 

Cost component 

Investment during establishment 

Compound interest on investment @ 15% 

Total investment (S. No. 1+2) 

Annuity value @ 15 % for 15 years 

Annual maintenance cost 

Total cost of production 

Average annual production (kgs) 

Cost of production (Rs./kg.) 

Benefit cost ratio 

Amount (Rs. /ha) 

65480 

24623 

9Ql18 

14240 

28466 

42706 

1200 

35.59 

4.5 

Table 22. Distribution of marketing margin of black pepper 

Institution Percentage share from the f. o. b. price 

Export market Domestic market Overall 

Farmers share 86.34 89.09 87.72 

Marketing cost 7.23 6.24 6.74 

Marketing margin 5.94 4.68 5.31 

Price spread 13.17 10.92 11.06 

Exporter's/Internal 
wholesaler's price 100 100 100 

'*' An ex-post evaluation of central government s ponsored programme 
on 'Integrated measures against Phytophthora foot rot disease of 
b lack pepper in Kerala' revealed the following facts: 

~ Most farmers (about 97%) in the region are aware of the programme 
and its components. 
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'Cr About 73 % farmers adopted the recommended cultural and 
phytosanitation measures (Component - 1) 

'Cr Adoption quotient for chemical control measures (Component - II) 
was only 41.1 %. 

--cc Application of manures and fertilizers is not in the lines of recom
mended agronomic practices. 

--cc Positive growth rates of 6.54% and 3.37% respectively in the spice 
districts of Idukki and Wynad were attributed to the success of the 
technology. 

~ There is a reduction in vine mortality from 7.41 % to 3 .7% . 

~ Overall productivity in pepper increased from 268 kg/ha during 
1994-95 (base year) to 315 kg/ha in 1998-99. 

Database on spices economics is being created and maintained. 

'Cr Two software packages to store and retrieve spices database pre
pared and put into use: 

i. Spices information system 

ii. Spices economics system 

Data from the database were tabulated and analyzed to bring out 
useful interpretations: 

'Cr Total export of pepper and pepper products from 1989/90 to 1998/ 
99 increased annually by 14.07 per cent per annum in terms of 
quantity and 19.44 per cent in terms of value. 

'Cr There is also a marked change in share of value added products 
especially pepper oil and oleoresins (9.25% and 9.24% respectively) 
leading to a conclusion that the composition of export basket is 
changing rapidly. 

Based on the instability index worked out for the above period, 
value of pepper exported is more stable (55.40%) than the export 
volume (46%). 
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STAT.VI (813) 

ECONOMICS OF GINGER CULTIVATION 

(Jose Abraham and M.S. Madan ) 

Final Report 

Introduction 

Ginger (Zingiber officinale) is a herbaceous plant probably native 
to south-eastern Asia and now widely cultivated in tropical and warm 
temperate lands. It is cultivated commercially as an annual crop. The 
ginger of commerce is the dry product of the rhizome or underground 
stem. Harvesting is done by digging out the rhizomes from the soil, 
cleaning them, pealing the skin, and drying them in the sun. The dried 
ginger rhizomes are irregular in shape, and their colour varies from dark 
yellow through light brown to pale buff. They are usually ground to 
produce the spice commonly known as ginger. The spice has a slightly 
biting taste and is used to flavour breads, sauces, confections, pickles 
and gingerale. 

India accounts for about 50 per cent of the total world production. 
Other major ginger producing countries are Jamaica, Nigeria, Sierra 
Leone, Thailand, Taiwan, China, Fiji Islands, Australia, Japan and Ceylon. 
Jamaican ginger is well known for its lemon-like flavor and qualities. 
Indian ginger is regarded as Cochin ginger in the world market and is 
considered next best to Jamaica. 

Kerala is the major ginger producing State in India particularly 
the Wynad area. Karnataka, Tamil Nadu, Andhra Pradesh, Himachal 
Pradesh and Assam are the other major ginger producing states in 
India. Middle East is the biggest buyer of Indian ginger. There is great 
scope for ginger products like essence, oils, resinoids, oleoresins etc. 
in the Western countries of Europe and America. Saudi Arabia is the 
most important importer followed by Aden, Morocco, U.S. A, U.K. , 
Holland and Sudan. 

The major problems facing ginger product ion are the rh izome rot 
disease caused by the fu ngus Pythium aphanidermatum and bacterial 
wilt caused by Pseudomonas solanacearum. The unstable market price 
of the produce is another deterrent force in ginger production. The 
mounting cost of labour, farm yard manure and other essential inputs 
also makes ginger cultivation less remunerative. Indian Institute of 
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Spices Research (IISR), Calicut has developed effective biocontrol agents 
for rhizome rot disease and management practices to control bacterial 
wilt. IISR has also released high yielding, high quality selection of 
ginger as "Varada" which is getting very popular among the farmers. 

The adoption of any technology, whether it is a new variety 
evolved, a process or machinery, depends mainly on its economics. 
Similarly cost of production of agricultural commodities is an important 
parameter often sought for by the traders and government agencies for 
formulating procurement and export policies as well as deciding sup
port prices for the products. For the farmer, it is essential to know the 
economics of cultivation to select the crop so that it will be profitable 
for him. However, no reliable estimates are available on the cost of 
production of ginger, which being an export oriented spice as well as 
an important vegetable commonly used. A reliable estimate of its cost 
of production will be of immense utility for the farmers, policy makers, 
developmental agencies and crop insurance schemes. 

The present study is intented to estimate cost of production of 
ginger based on costs of inputs and to evaluate the economic potential 
of ginger cultivation in Kerala under scientific management practices. 

Materials and methods 

Collection of primary and secondary data on components of cost 
on various inputs like planting material, labour, fertilizer and other 
inputs were done through survey conducted in Calicut and Wynad 
districts. Secondary information from the farm data on scientific cul
tivation and yield was also utilized for estimating the cost. Planting 
material and labour are the major components of cost in ginger pro
duction, accounting for 70% and cost of other inputs like FYM, chemical 
fertilizers and plant protection chemicals together constitute the re
maining 30% of the cost. The productivity under scientific management 
was estimated to be 18 t/ha for a seed rate of 1.8 mt.lha with a 
moderate allowance for the losses due to soft rot and bacterial wilt. 
However, under the actual field conditions, the incidence of disease 
was in varying degrees, affecting the productivity drastically. Hence, 
for a realistic estimation of cost of production, data on the rate of 
incidence of disease and the resulting crop losses are to be worked out 
for which a detailed large scale survey is necessary. In the present 
context, the cost is worked out under the assumption of controlled 
disease incidence through scientific management. 
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Results and discussion 

The components of cost in ginger cultivation is given in Table 23. 
The cost is worked under the prevailing cost situations during the year 
1998-99. 

Table 23. Cost of cultivation of ginger under scientific management 

S. No. Component of cost Cost (Rs./ha) 

1 Seed @ Rs.25/kg for 1800 kg including transport charges 45,000 

2 Seed treatment (including cost of chemicals and labour 
charges @ Rs.l/kg) 1,800 

3 Land preparation including making of 3m x 1m beds 
(@ Rs.l0/bed, for 1800 beds) 18,000 

4 FYM @10kg /bed (18 tons x Rs.500) 9,000 

5 Chemical fertilizers (130kg urea, 68kg rock phosphate 
and 100kg potash with labour charges) 3,500 

6 Planting (cutting the s eed rhizomes, making pits, 
planting and mulching) 18,000 

7 Cost of mulch @ RS.200/ton 3,000 

8 Weeding, earthing up and green manure application (including cost 
of green manure) 18,000 

9 Top dressing (two rounds) and pest and disease management 6,000 

10 Harvesting, cleaning and transporting (18ton) 9,000 

Total 1,31,300 

The estimated cost of fresh ginger comes to Rs.7.29/kg 

Dry ginger is prepared after peeling the outer skin, washing and 
drying in the sun. Peeling is usually done manually and hence involves 
labour. Peeling can also be done effectively and safely by ke eping the 
rhizomes inside the rotating wire-mesh drums. Bleached ginger is 
obtained by soaking it in 3 per cent lime wat e r for a few minutes and 
then fumigated with sulphur and then dried. This process is repeated 
once or twice to get a fully bleached w hite product. The recovery of 
dry ginger is 18 to 20 per cent. 
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TECHNOLOGY ASSESSED AND TRANSFERRED 

Based on the studies conducted at IISR, Calicut and Kerala Ag
ricultural University, Trissur for the management of Phytophthora foot 
rot following recommendation has been given in the Staff Research 
CounciL 

Pre- and post application of Bordeaux mixture spray and Copper 
oxychloride drenching or potassium phosphonate (Akomin) @ 3mlll as 
pre- and post-monsoon spraying and drenching or Soil application of 
Trichoderma (twice pre- and post-monsoon) with one foliar spray of 
Bordeaux mixture/ Akomin. 

EDUCATION AND TRAINING 

Krishi Vigyan Kendra, (IISR) 

Krishi Vigyan Kendra conducted 60 training programmes 
(Table 24) during the period that include 45 training for practicing 
farmers, 14 for rural youth and one for extension functionaries in the 
disciplines of agronomy, horticulture, fisheries and animal science. 
Altogether, 2180 trainees attended the programmes. 

Table 24.. Training program.mes organized 

S. No. Category of trainees No. of training Male Female Total 
programmes 

1. Practising farmers 45 956 841 1800 

2.. Rural youth 14 153 187 340 

3. Extention functionaries 1 11 29 40 
Total 60 1123 1057 2180 

KVK also participated in 5 exhibitions and delivered 13 radio talks 
on various subjects through AIR, Calicut. 

Under the revolving fund programme, planting materials worth 
Rs.1.97 lakhs were sold. 

In the Plant and Animal Health Centre, a total of 923 cases were 
attended and 368 AI were done. The Kendra also conducted 3 animal 
health campaigns and attended one camp conducted by other agencies. 

Participation in exhibition :- The Kendra has also participated 
in the following exhibition organized by the state department of ag
riculture and other agencies (Table 25). 
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Table 25. Participation of KVK in exhibitions 

S1. No. Date Place 

1. 3.1.99 to 8.1.99 Chennai 

2. 8.1.99 to 11.1.99 Thiruvananthapuram 

3. 31.1.99 to 2.2.99 Olavanna 

4. 4.2.99 to 10.2.99 Calicut 

5. 2.11.99 to 4.11.99 Calicut 

On farm testing programmes 

Crop science 

Organizing agency 

Indian Science Congress - 99 
Exhibition 

Agri Fair - 99 organized by state 
department of Agriculture. 

Botany exhibition organized by 
Kozhikode district panchayath 
and Malabar Botanical garden, 
Olavanna. 

Calicut flower show '99 orga-
nized by Agri Horti society 

Exhibition organized by KINFRA 
(Food tech world exhibition) 

Management of Phytophthora foot rot of pepper through cultural 
practices and biocontrol agents 

The treatments were found to be effective in 3 out of 5 plots. In 
three plots, there was only 2% mortality due to the disease. In other 
2 plots where there was heavy incidence of disease and had heavy and 
frequent rains, the mortality was up to 20%. 

Testing the performance of salt tolerant rice variety 

The salt tolerant rice variety Vyttila - 4 was given to five farmers 
@ 10 kg each. The seedlings were raised and transplanted in all the 
plots. In one plot, the crop is in the heading stage. The seasonal 
inundation of salt water is expected at any time. The crop is being 
monitored regularly. 

The control of YLD of arecanut using Trichoderma 

In this, Trichoderma alone (inorganics) and in combination with 
Ridomil were applied in 150 YLD affected palms in June 1999 taking 
farmers' practice as control. The remission symptoms are yet to be 
noticed. 
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Fisberies 

Composite fish culture 

In a newly constructed tank the fishes stocked were Rohu and 
Mrigal in 1:1 ratio. The stocking density was 50,OOO/ha. As the 
stocking density was high, running water was given in the pond through
out. The water running out of the pond was directed to the agriculture 
field. As the pond was small, the shed of pig is kept aside and only 
limited quantity of waste was allowed to enter into the pond. Utmost 
care was taken to maintain water quality. Once in a week, rice bran 
and ground nut oil cake in 1:1 ratio mixed, tied in net and kept sus
pended in pond. The weight of this supplementary feed was 2 % of body 
weight of fish. After 18 months, fishes were harveste d. Yield/ha/year 
was found to be 30 tons. 

Animal science 

Efficacy of Ivermectin for control of ecto and endo parasites in bovines. 

Under this prograrnme 31 cases were tested by injecting ivermectin 
on the basis of clinical symptorns. It has been found that Ivermectin 
is effective for controlling endo parasites. All the treated animals 
showed satisfactory growth rate. Ivermectin is also effective for 
controlling various types of dermatitis in growing calves. 

Collaborative activities undertaken with other institutions/ devel
opment departments 

a. VVV club 

The Vikas Volunteer Vahini club (VVV) by name Karshakasadhusree 
sponsored by NABARD and supported by KVK started functioning from 
22.11.1997 at Koorachundu panchayath in Quilandy taluk, Calicut dis
trict. KVK organised need based vocational training programmes which 
aimed at bringing about lasting improvement in various enterprises 
carried out by the club members. 

Eleven short duration training programmes for the club members 
as well as neighbouring farmers in various fields like goat and poultry 
rearing, nursery management in horticultural crops, vegetable seed 
production, scientific aspects of m anuring, pineapple cultivation, com
posite fish culture, pig farming and post harvest technology of spices 
were organised. As a follow up of training programme, a group of 28 
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farmers were taken on a study tour to Dhony Cattle Farm, Palakkad. 

b. Centre for Overall Development (COD), Calicut. 

COD Thamarassery, Calicut is a reputed voluntary organisation 
engaged in rural development. KVK organised three training programmes 
on bush pepper production to 57 farmers who were the members of 
'Karshaka Maithri' clubs supported by COD. As a follow up, the mem
bers of the club were engaged in production of bush pepper plants. 
KVK proposes to buy back the plants after proper establishment. Planting 
materials will be procured into revolving fund programme. KVK also 
provided consultancy services for the establishment of a horticulture 
nursery at Maruthonkara by the COD. 

c. Karshaka Munnetta Samithi (Farmers' forum for development) 

It is an organisation of farmers located at Peruvannamuzhi and 
Muthukadu area in Chakkitttapara panchayat, Calicut. KVK proposes 
to organise training programmes on alternate income generating activi
ties apart from the traditional enterprises. A schedule for training in 
tropical fruit growing, nutrition garden and vermi compost production 
has been prepared. 

d. Routine l inkages 

KVK is maintaining functional linkages with All India Radio, Krishi 
bhavans under the state department of Agriculture, Department of 
Animal Husbandry, Department of Fisheries, Matsyafed, Agri-horti 
Society, Calicut, Gramin Banks around KVK etc. to organize various 
training programmes and other extension activities like animal health 
camps, seminars and exhibitions. 

Training Conducted at fiSR-CRC, Appangala 

A training programme on cardamom cultivars was imparted to 30 
planters on 16-6-1999. 

Radio talks from I1SR and KVK 

Dr. S. S. Veena 

S. J. Ankegowda 

'Seed procurements in ginger and turmeric', 
AIR, Kozhikode . 

'Agronomic practices in summer season in 
cardamom', AIR, Madikeri. 
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S. J. Ankegowda 

T. John Zachariah 

T. John Zachariah 

Santhosh J. Eapen 

Santhosh J. Eapen 

P. A. Mathew 

K. M. Prakash 

K. M. Prakash 

Femeena Hassan 

K. M. Prakash 

P. A. Mathew 

K.M. Prakash 

P. S. Manoj 

P. A. Mathew 

Femeena Hassan 

S. Ravi 
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'Harvesting and processing of black pep
per' , AIR, Madikeri. 

'Poovukalku 
Kozhikode. 

vedanikkumo' , AIR, 

'Value added products from pepper', AIR, 
Kozhikode. 

'Preservation and management of ginger 
and turmeric for seed purpose', AIR, 
Kozhikode. 

'Nematode management in black pepper', 
AIR, Kozhikode. 

'Harvesting of nutmeg and clove', AIR, 
Kozhikode. 

'Summer care of nutmeg and clove', AIR, 
Kozhikode. 

'Methods of cultivation of ginger and tur
meric and early cultural practices', AIR, 
Kozhikode. 

'Prawn, crab farming', AIR, Kozhikode. 

'Cultural operations of grown up vines of 
pepper', AIR, Kozhikode. 

'Suitable standards for pepper', AIR, 
Kozhikode. 

Questions on 'cultural operations of grown 
up vines', AIR, Kozhikode. 

'Planting of tree spices', AIR, Kozhikode. 

Questions and answer session on 'suitable 
standards of pepper', AIR, Kozhikode. 

'Value added fish products for international 
market', AIR, Kozhikode. 

'Food poisoning in cattle', AIR, Kozhikode. 
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P. Rajeev 

K. M. Prakash 

LECTURES DELIVERED 

s. Devasahayam 

'Farmers role in technology transfer', AIR, 
Kozhikode. 

'Control of quick wilt and 'PoIlu' beetle of 
pepper', AIR, Kozhikode. 

'Management of insect pests of spices'. Delivered to M.Sc. (Plantation 
development) Course, University of Calicut. 

K.V. Ramana 

'An introduction to the nematodes infecting plantation crops and spices', 
at department of Botany, University of Calicut. 

Santhosh J. E apen 

'Information technology in spices and plantation crops', Department 
of Botany, University of Calicut. 

'Diseases of black pepper' , Farme rs ' Seminar, Choothupara, Wyanad. 

'Pests and diseases of spices and their management' , Farmers' seminar, 
Rajakkad, Idukki. 

S. S. Veena 

'Foot rot management' to Panchayath Presidents of Calicut district at 
F.T.C., Feroke. 

'Integrated disease management with biocontrol agents in spice crops '. 
Sahyadri Training Center, Peermedu. 

'Integrated disease management in pepper', Kambalakkad (Wynad) 
organised by RASTA. 

'Biocontrol in pest management ', Calicut organized by SMGB. 

T. John Zachariah 

'Instrument techniques in biological Sciences', M. Sc. students, Govern
ment College, Madappally 
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'Processing and value addition of spices', at District Industries Center, 
Kozhikode for prospective entrepreneurs. 

'Processing of spices' to growers at Pepper Fest 1999 organized by Silk 
and Spices, Calicut at Vythiri resort. 

'Instrumental techniques in biological Sciences', Calicut University, 
refresher course in Department of Zoology. 

'Value added products from black pepper, cardamom and ginger', Food 
Tech World, organized by KINFRA at Hotel Taj Residency. 

'Processing of Spices', to Trainees from North East. 

AWARDS AND RECOGNITIONS 

1. Best Annual Report Award for the year 1996-97 is awarded to 
Indian Institute of Spices Research, Calicut. 

2. Jawaharlal Nehru Award for outstanding postgraduate agricultural 
research for the year 1998 in the field of Agronomy, to 
Dr. V. S. Korikanthimath 

3. Jawaharlal Nehru Award for outstanding post graduate agricul
tural research for the year 1998 in the field of Botany, to 
Dr. K. Nirmal Babu 

4. Rafi Ahmed Kidwai Award for the Triennium 1996-98 is awarded 
to Dr. K. V. Peter and Dr. A. K. Sadanandan for their outstanding 
contribution in the field of spices research. 

5 . Award for the best research paper published in Journal of Spices 
and Aromatic Crops. Vol. 7, 1998 for the paper "Anatomy of Piper 
colubrinum Link" to Dr. P. N. Ravindran and Dr. A. B. Remasree . 
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LINKAGES AND COLLABORATION 

-----------------------
Agency 

Spices Board, Kochi 

Directorate of Arecanut and Spices 
Development, Calicut 

Department of Agriculture/ Horticul
ture of States 

Kerala Agricultural University 

Calicut University 

Linkage 

Director, IISR, is a member of the 
Board 

Collaboration for planning and moni
toring of developmental Schemes 
implemented by DOAC, MOA, Govt. 
of India 

Transfer of technology, 

Technology assessment and Refine-
ment (TAR) 

PG. Centre for Post Graduate Re
search, TAR 

PG Centre for Post Graduate Re
search, MOU for teaching M. Sc. 
Biotechnology and M. Sc. Plantation 
Development courses 

Regional Research Laboratory, Research collaboration, partner in 
Thiruvananthapuram pepper technology mission 

Centre for Water Resources Develop
ment and Management, Calicut. 

Centre for Electronic Design and Tech
nology, Calicut. 

Farm Information Bureau, 
Govt. of Kerala 

S. V. University, Tirupathl 

Regional Research Laboratory, Jammu 

Research collaboration, 

Investigatorship in adhoc Schemes 

Technical collaboration, 

Computer database 

Transfer of technology 

Research collaboration for viral dis
eases 

Technical collaboration for 
biofermenter technology 
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Agency 

Bureau of Indian Standards 

NABARD, Canara Bank, 

State Bank of India 

Linkage 

Technical and scientific Collaboration 
to chalk out specification 

Interface with KVK, 

Peruvannamuzhi for funding 

ALL INDIA COORDINATED RESEARCH PROJECT ON SPICES 

Crop improvement 

Ten new promising spices varieties developed by AICRPS centres/ 
nSR were recommended for release in the XV National Workshop of 
AICRPS held at Calicut during November 18-21, 1999. The varieties 
proposedlidentified for state/central release are Panniyur-6 and Panniyur-
7 in black pepper, RR-1 in cardamom, RCr-684, RCr-436, RCr-435 in 
coriander, Guj. Methi-1, RMt-303 in fenugreek, Guj.cumin-3 in cumin 

I 
and RF-101 in fennel. Another two varieties in seed spices viz. RCr-
20 in coriander, Co-2 in fenugreek were released by the respective State 
Variety Release committee. 

The black pepper varieties Panniyur-6 and Panniyur-7 are devel
oped by the Pepper Research Station, Panniyur. KAU. The RR-1 in 
cardamom, the first rhizome rot resistant line is from IISR, CRC 
Appangala. RCr-435, RCr-436, RCr-684 and RCr-20 in coriander, RMt-
303 in fenugreek and RF-101 in fennel were developed by the Jobner 
centre of RAU, Rajastan, Guj. Methi-l in fenugreek is identified by 
TNAU, Coimbatore. 

Crop production 

In black pepper irrigation at IW/CPE ratio of 0.25 (100 lit. of water 
once in 8-10 days) during December-March followed by a stress period 
is recommended for Panniyur (Kerala). A fertilizer level of 150:60:210 
g of NPK/vine with irrigation at IW/CPE ratio of 0.33 is recommended 
for economic yield in black pepper for Karnataka. 

A quick method of clonal multiplication of cardamom suckers 
standardized involves close planting of suckers (O.9 x 0.9 m) in trenches 
and fertilizer application of 75:75:150 kg NPK/3000 plants in two equal 
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splits and regular plant protection measures, weeding, irrigation and 
mulching operations which yield 4-5 planting clonal units/tiller/year. 

A new fertilizer dose of 75:75:150 kg NPK/ha in cardamom was 
recommended by Mudigere (Karnataka), while Raigarh centre recom
mended 150:125:125 kg NPK/ha for higher yield in turmeric. Jobner 
centre found that sowing of cumin during 15'" October reduce the cumin 
wilt, while in coriander November 4th sowing gave best yield. Under 
Coimbatore, sowing at 15 x 10 cm spacing in October was best in 
coriander. A spacing of 30 x 20 cm and an increased level of nitrogen 
@ 150 kg N/ha is preferred for turmeric at Kumarganj (UP). The op
timum fertilizer dose recommended for turmeric is 150:125:125 kg NPKI 
ha (Raigarh). 

Crop Protection 

The package of technology for the control of Phytophthora foot 
rot in black pepper recommended for adoption involves the application 
of 1 kg neem cake per vine, first found pre-monsoon spraying with 
Bordeaux mixture followed by copper oxychloride drenching and sec
ond round Akomin drenching as post monsoon recommended for Kerala 
condition in addition to the normal phytosanitary measures, and wher
ever nematode incidence is high phorate @ 3 g a. i. can be given during 
September-October. 

In ginger, seed rhizome treatment with dithane M-45 (0.25%) + 
Bavistin (0.1 %) along with soil application of thimmet 10 G (12 kg/hal 
in Solan. Taphrina leaf blotch control on turmeric could be achieved 
with 1 % Bordeaux mixture spray (Pundibari) and by 200ppm Ridomil 
spray (Raigarh). Coriander wilt could be controlled by seed treatment 
with Trichoderma and Trichoderma + Thiphonate methyl foliar spray 
(Coimbatore). 
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Veena, S. S. 1999. Solarisation for 

plant protection. Karshakasree 
May, 1999. 

Books/Chapters 

John Zachariah, T. , Eapen, S. J . and 
Krishnamurthy, K.S . (Eds.) 
1999. Annual Report 1998. 
Indian Institute of Spices Re
search, Calicut, Kerala. p. 127 

John Zachariah, T., Krishnamurthy, 
K.S. and Eapen, S. J. 
(Eds)1999. Research High
lights 1998-99. Indian Insti
tute of Spices Research , 
Calicut, Kerala. p.8 

Madan, M. S. and Jose Abraham. 
1999. 'Spices Production Tech
nology'. Training manual, Ed. 
Indian Institute of Spices Re
search, Calicut. p.1€>9 

NirrnalBabu .K., GeethaS.P., Minoo 
.D., Ravindran P.N. and Peter 
.K.V. 1999. In vitro conserva
tion of germplasm. In. In S.P. 
Ghosh (ed). Biotechnology 
and its application in Horti
culture. Narosa Publishing 
House, New Delhi. pp.106-129 

Peter .K.V., Ravindran P.N., Nirmal 
Babu, .K., Anandaraj, .M. and 

Pal, R.N. 1999. Commercial 
applications of biotechnology 
in spices - status and scope. 
In S.P. Ghosh (ed). Biotechnol
ogy and its application in 
Horticulture. Narosa Publish
ing House, New Delhi. pp.254-
266 

Ramana, K.v. and Eapen, S. J. 1999. 
Integrated nematode manage
ment in spice crops. In IPM 
system in Agriculture-Volume 
VI Cash Crops , Eds. R.K. 
Upadhyay, Mukherji K.G. and 
Dubey G.P .. Aditya Books 
Pvt.Ltd., New Delhi, India. 
pp.381-399 

Ramana, K.V. and Eapen, S. J. 1999. 
Nematode induced diseases in 
black pepper-A Monograph. 
Ed. P.N. Ravindran. Harwood 
Academy Publishers, 
Amsterdam, The Netherlands. 
pp.269-295 

Sasikumar, B., Krishnamoorthy, B., 
Rema, J., Ravindran, P.N. and 
Peter, K. V. (Eds.) Bio diversity 
Conservation and Utilization of 
Spices, Medicinal and Aro
matic Plants. Proc. Golden 
Jubilee Nat. Symposium. In 
dian Institute of Spices Re
search, Calicut, p.355 
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LIST OF APPROVED ON-GOING PROJECTS 

Crop Improvement and Biotechnology 

1. Gen. 1 (813) 

2 . Gen. IX (813) 

3. Gen. II (813) 

4. Gen. VI (813) 

5. Gen. XIII (8 13) 

6. Hort. IV (813) 

7. Gen. VII.1 (813) 

8. Gen. VII.2 (813) 

9 . Gen. X (813) 

10. Gen. XII (813) 

11. Gen. XIV (813) 

12. Hort. II (813) 

Collection, conservation, cataloguing 
and evaluation of black pepper 
germplasm 

Collection, conservation, cataloguing 
and evaluation of cardamom 
germplasm 

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

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

Collection, conservation and improve
ment of vanilla 

Roots tock scion interactions in tree 
spices 

Breeding black pepper for high yield, 
quality and drought 

Breeding black pepper for resistance to 
phytophthora, pests and nematodes 

Breeding cardamom for high yield and 
resistance to katte disease 

Cytogenetic investigations in black 
pepper and related taxa 

Cytogenetics and reproductive biology 
of ginger and turmeric 

Utilization of Piper colubrinum Link and 
P. arboreum as root stocks in the man
agement of foot rot disease of black 
pepper 
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13. Hort.III (813) 

14. Biotech. II (813) 

15. Biotech. IV (813) 

Development of paprika for warm hu
mid tropics 

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

Biotechnological approaches for crop 
improvement in black pepper 

Crop Production and Post Harvest Technology 

1. Agr. XIV (813) 

2. Agr. XVI (813) 

3. Agr. XVII(813) 

4. Agr. XIX (813) 

5. Agr. XX (813) 

6. SSC. II (813) 

7. Phy. V (813) 

8. Phy. VI (813) 

9. Biochem. I (813) 

10. PHT. 1(813) 

11. Org.Chem.1(813) 

12. PHT.II (813) 
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Investigations on spices based crop
ping systems. 

Irrigation requirement of black pepper
clove mixed cropping system 

Vermi composting using organic wastes 
available in cardamom areas 

Management efficacy of whole farm 
approach in farming - A study on car
damom based farming system 

Production of nucleus planting materi
als of improved varieties of spice crops 

Nutritional requirement of improved 
varieties of spices 

Characterization of drought tolerance 
in black pepper 

Characterization of drought tolerance 
in cardamom 

Biogenesis of pigments in spice crops 

Quality evaluation in spices 

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

Harvesting and processing techniques 
in spices 
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Crop Protection 

1. Path.II.3 (813) 

2. Path X (813) 

3 . Path XI (813) 

4. Path XII (813) 

5. Crop Prot. 1.1.(813) 

6. Crop Prot. 1.2.(813) 

7. Crop Prot. 1.3.(813) 

8. Crop Prot. 11 (813) 

9. Nema. III (813) 

10. Biocontrol. 1.1 (813) 

11. Biocontrol. 1.2(813) 

12. Biocontrol 1.3(813) 

13. Ent. XI (813) 

Social Sciences 

1. Ext. IV (813) 

2 . Stat. VI (813) 

3 . Econ. 1 (813) 

Disease management in Phytophthora 
foot rot affected black pepper planta
tions 

Investigations on vein clearing virus of 
small cardamom 

Studies on Bacterial wilt of ginger 

Investigations on stunted diseases of 
black pepper 

Screening black pepper germplasm for 
reaction to diseases 

Screening black pepper germplasm for 
reaction to insect pests 

Screening black pepper germplasm for 
reaction to nematodes 

Mechanisms of resistance to pests and 
pathogens in spice crops 

Investigations on nematodes associated 
with spices 

Biological control of diseases of spice 
crops 

Biological control of insect pests of spices 

Biological control of nematodes of spices 

Bioecology and management of mealy 
bugs infesting black pepper 

Training of research and extension workers 

Economics of ginger 

Economics of spices production and mar
keting 
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CONSULTANCY, PATENTS, AND COMMERCIALISATION OF 
TECHNOLOGY. 

Consultancy Processing Cell: 

This year the Institute has commercialised the technology for 
large scale multiplication of Trichoderma harzianum P26 strain which 
is effective in suppressing the population of Phytophthora capsici, the 
causal organism of the major black pepper disease i.e. 'quick wilt'. The 
technology has been sold to six entrepreneurs @ Rs.l0,000/- per entre
preneur. Through this the Institute has earned Rs.60,000/-. The In
stitute also received Rs. 1 ,32,0641 - from Marson Biocare Pvt. Ltd., M umbai, 
the amount being the second installment for the contract research 
project undertaken by Soil Science Section on terra-care (coir compost). 
A few training programmes were also conducted, one each on nema
tological and pathological aspects and two one day training programmes 
were conducted at Cardamom Research Centre, Appangala, Madikeri 
for the benefit of farmers. Dr. Y. R. Sarma, Head, Crop Protection 
continues to be the consultant for the Indo-Swiss Project Sikkim on 
ginger disease programme. Contract services were also taken up in 
small quantities to help farmers as well as private estate owners. In 
all, the Institute earned about Rs.2,25 ,000I- through consultancy. 

RAC, MANAGEMENT COMMITTEE, SRC, ORT etc. 

Research Advisory Committee (RAC) 

The RAC meeting was held on 2n d and 3 rd February 1999. The 
members of the RAC are: 

Prof. V.L. Chopra 

Prof. T. N. Ananthakrishnan 

Dr. Man Singh Manohar 

Dr. K. R. Maurya 

Mr. C. V. Jacob 

Dr. A. M. Michael 

Dr. P. N. Ravindran 

Chairman 

Member 

Member 

Member 

Member 

Member 

Secretary 

The RAC gave the following recommendations 
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1. Genetic resources of black pepper and cardamom needs character
ization using advanced molecular techniques. 

2. IISR may try to enter into collaborative programmes with world 
class organizations. 

3. IISR may develop specific varieties suited for different agro-ecologi
cal situations. 

4. IISR may demonstrate biocontrol and IPM techniques in farmers' 
fields. 

5. Institute may develop a module to study the impact of various 
technologies developed by the institute. 

Staff Research Council 

The XIII Staff Research Council meeting was held during 21-23, 
April 1999 at Calicut. Dr. K. V. Peter, Director, IISR was the general 
chairman. Heads of Divisions functioned as co-chairmen. There were 
four technical sessions in which progress of 47 institute projects and 
externally funded projects were discussed. The plenary session was 
presided by Dr. K. V. Peter, Director. He released the Research High
lights 1998-99. The technology developed were transferred to exten
sion agencies during plenary session. Dr. T. John Zachariah, Senior 
Scientist (Biochemistry) functioned as the secretary. 

Management Committee 

Institute Management Committee (IMC) consists of following 
members: 

Dr. K. V. Peter 

Dr. R. N. Pal 

Dr. Y. R. Sarma 

Dr. V. S. Korikanthimath 

Mr. Jose Abraham 

Dr. K. Nirmal Babu 

Director, Academic & PG studies, KAD 

Jt. Director of Horticulture(Pl. Crops) 

Chairman 

Member 

Member 

Member 

Member 

Member 

Member 
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Govt. of Karnataka 

Director of Agriculture, Govt. of Kerala 

Asst. Finance & Accounts Officer, IISR 

Asst. Administrative Officer, IISR 

Member 

Member 

Member 

Member Secretary 

The IMC met during February, 1999 and reviewed the programmes. 

PARTICIPATION OF SCIENTISTS IN CONFERENCES, MEETINGS, WORK· 
SHOPS, TRAINING ETC. 

Name of Workshop/Seminar Name of officer(s} attended 

VIIIth National work shop of KVKs., 
Vidyabhavan KVK, Udaipur. 15-17 
January 1999. 

National seminar on development for 
transfer of fisheries technology, Fisheries 
College and Research Centre, Tuticorin. 
3-5 February 1999. 

National Symposium on Plant Physiology and 
Biochemistry in relation to Agriculture and 
Environment, School of Life Sciences. 
Devi Ahilya University, Indore. 
15-17 February 1999. 

4th Agricultural Science Congress, 
National Academy of Agricultural Sciences. 
Rajastan Agricultural University 
Jaipur. 21-24 February, 1999. 

Refresher course in advances in Plant 
Biotechnology at Division of 
Biochemistry, IARI, New Delhi 20-26 
March, 1999. 
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P. S. Manoj 

Femeena Hassen 

K. S. Krishnamurthy 
S. J. Ankegowda 

T. John Zachariah 

T. John Zachariah 
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• 
National symposium on sustainable 
Development of fisheries towards 2020 AD 
Opportunities and challenges, School of 
Industrial Fisheries, Kochi 21-23 March 1999. 

Town Official Language Implementation 
Committee (TOLlC) meeting, Regional Science 
Centre, Calicut, 23 April, 1999. 

Bay area-Plant Microbe Interaction Conference, 
University of California, Berkeley. 
7 May, 1999. 

One day seminar on revival and integrated 

development of Coorg mandarin in traditional 

regions at Coorg orange growers co-operative 

society Ltd. Gonikoppal, Kodagu, May 7, 1999. 

Condensed Translation Training Course 
conducted by Central Translation Bureau of 
Department of Official Language (Ministry of 
Home Affairs) at Hotel Asma Tower, Calicut 
10 May 1999. 

Commercialization of Plant Tissue Culture -
Role of MTPS. Organized by Department of 

Biotechnology and Biotech Consortium India 
Limited, New Delhi. 14 July 1999. 

Hatchery production and aquarium 
culture of ornamental fishes, TTC, CMFRI 
Cochin. 19-24 July 1999. 

A detailed map of lettuce downy mildew 
fungus Bremea lactuacae constructed from 
RFLP, AFLP and phenotypic markers. 
9th International Congress on Molecular 
Plant Microbe Interactions held at Amsterdam 
25-30 July, 1999. 

Femeena Hassen 

B. Krishnamoorthy 

K.Nirmal Babu 

v. S. Korikanthimath 

M. N. Veriugopal 

Rajendra Hegde 

S. J. Ankegowda 

K. Padmini 

B. Krishnamoorthy 

J. Rema 

Femeena Hassen 

Nirmal Babu, K. 
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National Seminar on Research and 
Development in aromatic plants: Current trends 
in biology, uses, production and marketing of T. John Zachariah 
essential oils held at CIMAP, Lucknow 
during 30-31, July 1999. 

NBPGR meeting on Biodiversity Conservation 
(NATP) at NBPGR (RS), Vellanikkara, B. Krishnamoorthy 
Mannuthy, Thrissur on 12 August 1999. 

National Seminar on Official Language 
Management at Central Institute of 
Fisheries Technology, Cochin 
on 18-20 August 1999. 

Scope of introducting irradiation of spices 
at IISR, meeting at BARC, Mumbai 
on 23-26 August 1999. 

'Brain storming session on post harvest 
research programmes in plantation 
and tuber crops', at meeting CTCRI, 
Thiruvananthapuram, 
24-25 September, 1999. 

Attended training on cDNA cloning at CAS, 
Biochemistry, IARI New Delhi, 
during 16 - 30 September, 1999. 

Fodder production and utilization. 
KLDB, Delhi. 4-24 October 1999. 

Orientation for Plant Genetic Resources (PGR) 

B. Krishnamoorthy 

T. John Zachariah 

T. John Zachariah 

B. Sasikumar 

K. M. Prakash 

Policy and Emerging Intellectual Property J. Rema 
Rights (IPR) issues. NBPGR (lCAR) New Delhi. 
October 25 - November 3, 1999. 

Swadeshi Science Congress, 
Fathima Matha National College, 
Kallam. 5-7 November 1999. 
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xv Workshop of the All India Co-ordinated 
Research Projects on Spices., Organized by 
Indian Coundl of Agricultural Research 
and India Society for Spices. Calicut, Kerala. 
18-21, November 1999. 

National seminar on Developments 
in Soil Science. TNAU, Coirnbatare, 
26-30 November 1999. 

National Seminar on Paprika, organised by 
Ministry af Agriculture, New Delhi and 
Department of Horticulture, Government of 
Karnataka, 4 December, 1999. 

Symposium on Integrated Plant Disease 
Management, CPCRI, Kayangulam, 
14-16 December 1999. 

Indo-UK workshop on Innovative 
integrated Crop protection practices, 
Chennai, 15 December 1999. 

National Seminar on Nematological Research 
in India, C. S. Azad University of 

Agriculture and Technology, Kanpur. 
17 December 1999. 

All Scientists 

Hamza S. , Sadanandan A. K. 
and Srinivasan V. 

v. S. Korikanthimath 

S. S. Veena 

S. Devasahayam 

K. V. Ramana. 

WORKSHOPS, SEMINARS, SUMMER INSTITUTES ORGANIZED BY 
THE INSTITUTE 

Fifteenth workshop of All India Coordinated Research Project on 
Spices (AIRCPS) was held at Hotel Asma Tower, Calicut during 18-21 
November, 1999. 

A pre-workshop meet was organised on 18th November. Panel 
d iscussion was arranged to sort out the programmes going on in various 
centres. Separate Panel members and resource persons were there for 
crop improvement, crop production and crop protection. The workshop 
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was inaugurated on 19th November by Dr. K. N. Syamasundaran Nair, 
Vice Chancellor, Kerala Agricultural University and was presided by Dr. 
R. N. Pal, Assistant Director General (PC), rCAR. Dr. S. Edison Director 
CTCRI and former PC (spices) and Dr, J .S. Pruthi, distinguished scientist 
and founder Director CFTRI felicitated the inaugural session. Various 
centres presented the achievements in the technical sessions. Session 
on release of varieties and recommendations to extension agencies was 
held on 21St November. Plenary session was chaired by Dr. R. N. Pal. 
Three new varieties in black pepper, one in cardamom, three in cori
ander, two in fenugreek, one in cumin and one in fennel were recom
mended for release in the workshop. Various plant protection recom
mendations also were finalise d in the workshop. 

DISTINGUISHED VISITORS 

Calicut 

Name Designation 

Prof. T. N. Ananthakrishnan Member, RAC 

Dr. Anwar Alam Deputy Director General (Engg.), rCAR, 
New Delhi 

Dr. K.L. Chadha National Professor (Hort), rCAR, New 
Delhi 

Dr. V.L. Chopra B. P. Pal National Professor and Chair
man, RAC 

Dr. S. P. Ghosh Deputy Director General (Hort), rCAR, 
New Delhi 

Dr. C . V. Jacob Member, RAC 

Dr. Kirti Singh Chairman, ASRB, New Delhi 

Dr. A. M. Michae l Member, RAC 

Dr. K. R. Mourya Dean, Rajendra Agricultural University, 
Bihar 

Dr. R. N. Pal Assistant Director General (PC), rCAR, 
Ne w Delhi 

Mr. Pa loli Muhammed Kutty Hon'ble Minis ter, Govt . o f Kera la , 
Thiruvananthapuram 
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Name 

Dr. S. N. Puri 

Dr. C. R. Sivadasan 

Dr. M. S. Swaminathan 

Designation 

Director, National Centre for Integrated 
Pest Management, New Delhi 

Senior Scientist (QC), Spices Board, 
Kochi 

MSSRF, Chennai 

Dr. K. N. Syamasundaran Nair Vice Chancellor, Kerala Agricultural 
University, Trissur 

Appangala 

Dr. U. N. Barma 

Mr. G.S. Gopalakrishna 

Mr. S.J. Kochar 

Dr. K. N agarajan 

Dr. Pratibha, D. Upasani 

PERSONNEL 

Planter and Environmentalist, Orissa 
Coffee Growers Association, Orissa. 

Deputy Commissioner of Agricultural 
Income Tax (Assessment), 
Chikamagalur. 

Hon'ble Judge, High Court Mumbai 

Director, Central Tobacco Research In
stitute (lCAR), Rajmundry, Andhra 
Pradesh. 

Hon'ble Judge, High court, Mumbai 

INDIAN INSTITUTE OF SPICES RESEARCH, CALICUT 

Managerial 

K. V. Peter Ph.D., Director 

Scientific 

Division of Crop Improvement & Biotechnology 

B. Krishnamoorthy M.Sc. (Ag.), Senior Scientist (Plant Breeding) and 
Head in charge 

K. Nirmal Babu Ph.D., Senior Scientist (Plant Breeding) 
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B. Sasikumar Ph.D., Senior Scientist (Plant Breeding) 

J. Rema Ph.D. , Scientist Sr. Scale (Horticulture) 

K. Johnson George M.Sc., Scientist Sr. Scale (Gen. & Cytogen) 

KP.M. Dhamayanthi M.Sc., Scientist Sr. Scale (Gen. & Cytogen) (On 
study leave) 

R. Ramakrishnan Nair M.Sc., Scientist Sr. Scale (Gen. & Cytogen) 

Division of Crop Production and Post Harvest Technology 

B. Chempakam Ph.D. , Senior Scientist (Biochemistry) 

T. John Zachariah Ph.D., Senior Scientist (Biochemistry) 

N. K Leela M.Sc.(Ag.), Scientist Sr. Scale (Organic Chemistry) 

K. S. Krishnamurthy Ph.D., Scientist Sr. Scale (Plant Physiology) 

C.K Thankamani M.Sc.(Ag.), Scientist (Agronomy) 

K. Kandiannan M.Sc.(Ag.), Scientist (Agronomy) (On study leave) 

V. Srinivasan Ph.D., Scientist (Soil Science) 

Division of Crop Protection 

Y. R. Sarma Ph.D., Principal Scientist (Plant Pathology) & Head in Charge 

K V. Ramana Ph.D., Principal Scientist (Nematology) 

M . Anandaraj Ph.D., Senior Scientist (Plant Pathology) 

S. Devasahayam M.Sc., Senior Scientist (Entomology) 

K M. Abdulla Koya M.Sc. (Ag.), Senior Scientist (Entomology) 

Santhosh J . Eapen M .Sc. Scientist Sr. Scale (Nematology) 

S. S. Veena Ph.D., Scientist (Plant Pathology) 

A. Kumar Ph.D. , Scientist (Plant Pathology) 

Social Science Section 

Jose Abraham M.A., M .Sc. Senior Scientist (Statistics ) 

M. S. Madan Ph.D., Scientist Sr. Scale (Agril. Economics) 
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Technical 

P. Azgar Sheriff M.LIS, Technical Officer T5 (Lib.) 

Hamza Srambikkal M.Sc., Technical Officer T5 (Lab) 

M. M. Augusthy, Technical Officer (T5) 

v. Balakrishnan, Technical Assistant (T5) 

V. Sivaraman, Technical Assistant (T-II-3) 

K. T. Muhammad, Technical Assistant (T-Il-3) 

K. Jayarajan, Stat. Assistant (T-II-3) 

M. Vijayaraghavan, Driver (T-II-3) 

N. Chandrahasan, Driver (T-U-3) 

K. Balan Nair, Driver (T-II-3) 

Prasanna Kumari, Hindi Translator (T-II-3) 

Minoo Divakaran, Tech. Assistant (T-II-3) 

A. Sudhakaran, Artist-Cum-Photographer (T-II-3) 

P. K. Chandravalli, Jr. Tech. Assistant (T-I-3) 

K. Krishna Das, Mechanic-cum-pump operator (T-I-3) 

K. K. Sasidharan, Jr. Tech. Assistant (T-I-3) 

Dr. Fameena Hassan, Technical Officer (T6) (KVK) 

T. C. Prasad, Driver-cum-Mechanic (T1) (KVK) 

Administration and Accounts 

K. Usha, Asst. Administrative Officer 

T. Gopinathan, Asst. Finance & Accts . Officer 

M.K. Sachidanandan M.A., Asst. Finance and Accounts Officer 

V.L. Jacob Asst. Finance and Accounts Officer 

V. Radha, Assistant 

A. P. Sankaran, Assistant 

V. Vijayan, A ssistant 

C. Padmanabhan, Assistant 
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S. M. Chettiar, Sr. P.A. to Director 

P. V. Sali, Stenographer 

Alice Thomas, Stenographer 

C.K. Beena, Jr. Stenographer 

P.K. Janardhanan, Sr. Clerk 

C . Venugopalan, Sr. Clerk 

R.N. Subramanian, Sr. Clerk 

K. Padminikutty, Sr. Clerk 

V. C. Sunil, Sr. Clerk 

P. Sundaran, Jr. Clerk (KVK) 

S. Sunitha, Jr. Stenographer (KVK) 

v.v. Sayed Muhammed, Jr. Clerk 

N. Prasannakumari, Hindi translator 

ALL INDIA CO-ORDINATED RESEARCH PROJECT ON SPICES, 
CALICUT 

P.N. Ravindran Ph.D., Project Coordinator 

Vasugi, M .Sc. (Ag.), Scientist (Horticulture) 

Johny A Kallupurakkal Ph.D., Sr. Technical Information Officer (T7) 

IISR EXPERIMENTAL FARM, PERUVANNAMUZm 

Scientific 

P. A. Mathew, M.Sc. (Ag.), Senior Scientist (Horticulture) and Scientist 
and Scientist in charge. 

K. V. Saii M .Sc., Scientist (Eco. Botany) 

P. Heartwin Amaladhas M.Sc., Scientist (Ag.Engg.) 

Technical 

V.K. Abubacker Koya, Farm Superintendent (T7) 

N. A. Madhavan, Jr. Tech. Assistant (T-II-3) 

K. Kumaran, Jr. Tech. Assistant (T-II-3) 
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V. P. Sankaran, Jr. Tech. Assistant (T-I-3) 

N. P. Padmanabhan, Jr. Tech. Assistant (T-I-3) 

P. Baskaran, Jr. Tech. Assistant (T2) 

A. K. Balan, Jr. Tech. Assistant (T2) 

M. K. Ravindran, Jr. Tech. Assistant (Tl) 

K. Chandran, Jr. Tech. Assistant (T2) 

K. P. Premachandran, Jr. Tech. Assistant (Tl) 

E. V. Ravindran, Jr. Tech. Assistant (Tl) 

M. Balakrishnan, Jr. Tech. Assistant (Tl) 

P. Sadanandan, Jr. Tech. Ass istant (Tl) 

T . R Sadasivan, Pump Operator (T1) 

P. K. Balan, Tractor Driver (Tl) 

CARDAMOM RESEARCH CENTRE, APPANGALA 

Scientific 

V.S. Korikanthimath Ph.D., senior Scientist (Agronomy) Head and 
HOD-in-charge, Crop Production 

M . N. Venugopal Ph.D., Senior Scientist (Plant Pathology) 

Rajendra Hegde Ph.D., Scientist Sr. Scale (Agronomy) 

S. J . Ankegowda Ph.D., Scientist (Plant Physiology) 

K. Padmini M.Sc. (Ag.), Scie ntist (Horticulture) 

D. Prasath Msc. (Ag.), Scientist (Horticulture) 

ADMINISTRATIVE 

Enid Savitha, Assistant Administrative Officer 

K. Vasudevan, Assistant 

Ramesh Babu, Jr. Stenographer 
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Technical 

L. Balakrishna, Jr. Tech. Assistant (T2) 

K. Ananda, Jr. Tech. Assistant (Tl) 

K. B. Prasanna Kumar, Jr. Tech. Assistant (T1) 

K. A. Soman, Farm Assistant (T-II-3) 

M.C. Rathish, Driver (T1) 

KRISID VIGYAN KENDRA, PERUVANNAMUZHI 

Scientific 

P. Rajeev, Ph.D., CTO-in-charge 

Technical 

P.S. Manoj M.Sc. (Ag.), Tech. Officer (T6), Horticulture 

K. D. Prathapan M.Sc. (Ag.), Tech. Officer (T6) (PLProtn.) 
(on study leave) 

S. Shanmugavel B. VSc., Tech. Officer (T6)Veterinary Science 

K. M. Prakash M.Sc. (Ag.), Tech. Officer (T6} 

S. Ravi, Ph.D., Trg. Asst.-cum-Tech. Asst. (T-1I-3) 

OTHER ACTIVITIES IN THE INSTITUTE 

AICRP Workshop 

The institute in collaboration with Indian Society for Spices has 
organised XV group meeting of the All India Coordinated Research 
Project on spices at Hotel Asma Tower, Calicut during 18-21 November 
1999. The meeting was inaugurated by Dr. K. N . Shyamasundaran Nair, 
Vice Ch ancellor, Kerala Agricultural University, Thrissur and was pre
sided by Dr. R. N. Pal, Assistant Director General (PC), Indian Council 
of Agricultural Research, New Delhi. Scientists from the 20 coordinat
ing centres spread all over the country attended the meeting. About 
150 delegates including spices s cientis t working in different centres 
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and experts from Spices Board, nSR, cpcru, KAU, DASD, NBPGR, SAUs, 
Spice industry, farmers , representatives from Agro-input agencies etc 
participated in the four day deliberations. The workshop deliberated 
on the progress of research made in the centres and recommended ten 
new varieties of spices for release. 

Women's cell 

The IISR women's cell organised its annual day on 18 November 
1999. Malayalam writer Mrs. P. Valsala was the chief guest. Mrs. 
Valsala Ramadasan, social activist and Lion's club member presided 
over the meeting. Dr. B. Sasiskumar and Dr. T. J. Zachariah, Scientists 
of USR offered felicitations. Dr. K. V. Peter, Director welcQlned the 
gathering and Dr. B. Chempakam, Chairperson, Women's cell proposed 
vote of thanks. 
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ffHi~1 

~ \iftilHlfl4 

Cfil"ffi fl:r;:f: ~ "ffiZVf "WT'qTJ 1 08 3"1 Cf8 ~ 111' qi"n:f~~ fcfi<n 1l<n I Ch 'i kCh ~ ~, "BrR 

~ FT (f2lT ~ ~ ~ it 64 CFl V<fiR (f2lT 44 ~ "'SfcliR q)T ~ fcfi<n I ~ 
fcFit ~"'SfcliR -q ChRGF<"'(1~~I{f, f«l8Gf<"'(1~~I{I, 641%1<t CI<:k1'i14'1, 8«l'i:{0:51 -mr 
~V<m~~mtl 

~: Ch1h:Ch~m, ~ (~~cft~3W, ~~~wr) ¥~, 

~ ~ ~ ~ -B' ¥f ~Z1ICh{ 13 ~ cnl ~ TT<n' 

~: ~ CfT:f 1:!Tq ~ fW:ry 1l<.n I ~ m mfu<n (~ ~-31fuK1 ~ 

'8Gf.:<:(ct ~'tlR SW:('('l111 - gf'-S«lID) '!.l1 ~ m t I 

~: \511-\q:;J1f14 -q T.ffi ~ cnl ~ m , ~ tTT -~ "1:ffilf ~ ~ 
cfl 81Ch {I , eft. ~, eft. 21<121f~H4 3W eft. 0i1f.1lhlf~flll ~ m % I 

~a;1 ~: ~ ~ ffl'itilQq ~ (~) CfiT ~ ~, 'l1ll1lhZ1 Cfil ~ 

fGfl l\lGR m (~, ChI<1f2fl2)'Cfi fqRfRChI ~ (~), ~. G(1«lRCflI ~ ~ 

~ (~) am lllffffill[ l1fAOj 11?_21 ~ 1:!Tq ~ (~, m 3W If{Cfil'U, 

Ch {112Ch) '4T ms 'Rit I 

Cfil"ffi fl:r;:f ~ ~ tit 1 05 ~ ~ ~ "ffiZVf q 1<1 q{1 { -q dT:ClC14 ~ 

( 6 .025 f<fl. ID11!<W) iiRT<l ~ ~ ~ lfu)-~ tit 728 (5.67 fcn. nm!<W) -3ffifT t r 
HP1041wm~~~q)T~~cfI(1lq'i~~~~4.7 

f<tl. 'IDl1~ -qUlll ~ t, ~ \ft 1411 (<Ut l'::qIR1I1 x ~ 1) (f2lT q:;11::{-Si ~ ~ 

~ ~ ~ '4T q <>Cf1 lljJtr if ~ "C:&lill ~ ctft I 
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~~~~~~\Z.m:m. 35 3th: 117 ~~~"BT~ fcf;m;ff~ 
l:ffiZ if 'i(V'llYf<h~ fcfim I ~ ~ ~ fcfim;if ~ ~ l:f 1 :20:ruR ~ 'qTlTJ 'T<:JT 

-it ~ ~ 1 :18 31Tfffi ~ F@f!llflitmtl\Z"ill"ill 35 en) 21% ~ ~ ~ CftRf 

~m 117 -B~ 19% >rft<l~~1 

~ ~ ~ \Z m m 584 3fu: 585 ~: 24.5 3'ffi 30.3 z.:r~ -mq:; 

~ ~ Cf11 mfu 3tfcJ;o Cfft m 17 31R 16 ~ ~ ~trr ~ I m 6% ~-m~ 
~{~F41 men ~ I 
~~ 64 fq'cimf'ltl 3'ffi 77 ~m (~~) %~.q-ffi1Fro~fcti<:n 

T«:I1I r~\Jllctl4 ~ eFt ~ fflGFw:rr (39.9%) Cf)T ~lffi' '5l1ClI'1Cf) ~ (59.2%) 

3TI~ ~ m CfiT ~'I.lTCRT ~ I m 'l:ft ~ ~ m if fCl\l'{(\14 m (34- 246 

ASTA) col ~~-ma:umr 3-iT\~ 31f~ (131 - 349 ASTA~) itmt-I~ m 
~ m ~ qft ~ ~ -B -m~ {TTSIIM <tft ~~ ~ ~ ~ mffif if ~ 
311fir:n ~ ~ I 

~(11441 ~~~~"$1~~-mm ifl~ fq141F~~ ~~ ~~ 

CfiI I[f4icfH -qUaJUTii CCS-I x NKE-12 Jffi: NKE-19 x NKE-27 ~ QU"llfl\Jl4 ft 
~ ~ ~ ~<tft ~ ~ W~ m ~ ~ ~ ir1uT~ ciR 
m ~ tIT Chlq~'i4 fCfCJ) 1R ~ fl:Ff Cf)T ~ ~ ~ ~ t fctj ~ 

~~ (88.9%) ~%~w~'l:ft 3:ffi'CfiTOTCf)fI1i~~ (61.1%) 31ffiT~ I 

q:,1(jr~H4 ~ (~ ~) ~ ~ % ]fu ~ ~ 'PIT \ll) ClilR1H ~ -q 
>f~ mm ~ m ~ ttfu (root system) ~ CliT ~ ~ imT ~ I 

~8J ~ it \JllllCfif! CfiT A 9/4 aiR ~ Cfi1 ~, C, D 3th D3 :mR 3i1~1I'll+:lh 
crn~t-I 

~ . "SfiT!R{, ~ \ij III Cfif! cn1 ~)iFnrrf1hcll ~ r4ftfRCfi) ~ atR 11:4. G f!6'l ftCfiI 

en)WTa~~~~TflITl f~f~f\l1ll4 %f1£jH4~~i:R~tfil~~ 
~~, 
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qi)~ICf)1 ~~f~Chl am-~ fq~F1 

CfiTBt fl:Rf ~ ~ mm 'R 31~ m i1 W ~ mm t- fcfi-cmTTUT ~"ffi1 ~ 
~ ~ ~ 31TCfiR ~ ~ men t- 13Flf mm afj\i!ill{OI Cfit >rfsfi<:rr ~ ~ ~ 
~~~~]ll{f~lm~1 

~~~-tfR fi(1fcj\q~'j~ Chlr<ICflI Fq~8t!jOI ~ $I-;)YWY ~cfiTf~~ 63,74, 

77 3fu84~~1 

~q~'iilf1ICfll 

~ ~ am ~ ~3WA ~ ~ ~ :IUR ~ fcnm 'l1n -n ~, -n 
~3lR.l1 am: ~ ~ \l)i1 f.PlRiI 'BfZcrr ~ ~FCflfi qFI q .:wm CfiT 4Fscf){ ~ 

fcf?T~~cR~~~1 

Ch~Cf) (rqol f'l1f1f!llli 

Cfil'ffi ~ ~ ~ ~ "Cfi"<1'B 93,000 "CflTffi 'fl:F.f ~ lf1 ~ ~ 2{Ri (500), ~ 

CfiT ~"U~ ( 6~) ~ C8 ~ ~ (1.5) c.; ;jjlqq:;e C8 ~1Cf){.B (2630) 

<1e1tfl:ft CfiT @sf0 l B (180) ~ 3«1lf~(1 ~ fcfclfuf fcfi<n I 

en l(ql ~ q:ff ~ ft( (;((=u 

"CfilBt ~ ~ 4216 am 4226 ~ ~ (Water Stress) ~ ~~ 

~mmt-I 
" . 
4(t(O(~~ 

FYM WIR ~ ~ ~ (~ am: Cflfbj'S\ zyn ~ if) q;1 ~ ~ ql=ft 

CfluilR ~ 'qUf Cfluile ~ qff 3N&lT q~('qcrof ~ F I Ufilljf~Cfl~"tlm WTR 
<:fll ~PJ1 ~ ~ 104% ~ Cflr:S~)\ if 35% ~ ~ ~ ~ mm ~ I 
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• 

~ if FYM (10 c-:r~) 3fu: ~ liffi Cf>l NPK ~ m~ ~~ ~ ~ 
~ 3fu: l{j<.vfjCi4f$111 wrR"it ~ if~: 32% 3fu: 43% ~ ~ I 

~ if, fcfi'lA 311{lllf1Cf) Wcf wrR if FYM (1 ~ mtlfl1l1ffi ~~ if) WTR 
cn1 :Wl:a.1l fi::p.f cnr ~ ( 250 1JI11~ ~ ~ if) W1R "it ~ ~ ft:rffi I 

lJUT 'i~ICh'1 
ClI<.1Q{I{ ( 1f~<.111§ ~~Wrm ah) if l£("'l!lfCf)(1 cnrffi~ ~ 3fu:m:if HP 

34 "Cf)) 628 1JTl1 ~ ~ 3lT~ ~ (Wt/litre) ~ t 3fu: 'B% 1041 "Cf)) 536 1JTl1 

~ t I HP 728 am: 813"Cf)) ~ 3TIfua:ITffi:R (> 10%) am: QI~ qR1 (>5%) ~ t I 

"Sf'qT 3fu:"l«ff'qT~ ~{~f~1 ~~ (11~1{1~1) if~~"RcnTm I Cf)1f~Cf)20 
Cf>l :Wl:a.1l ~ 35-40 ~ ~ ~ m I l£f'lflTCf)(1 fcfiit ~ 31C1~WI;l'i if 
ACC 511 ~ 8.9% a:ITfc13mft:R ~ fcfl<n 3fu: ACC 191,288 3fu: 302 ~ 'Cf)"q tw 
«3%) ~ Cf>ll ACC 411 3fu: 420 ~ 2.7% wrF~ Wvl ~ fcfl<n I 

~m-fq~I'1 

~~~~~ I1 I~sf;kl~2{'~ 3fu:miTliffiif 31f~~&ro~ 
~ ~ ~a.fUT (1Cf)11Cf) "Cf)) I1HCfl1t>d fcfl<n I 'qRij if ~ ~ \:;:i1c~Il!!Cf) ~~ 
11~II1Hl Cf>l ~~~v:rTl{, 31Rt~, q:(12lRl44 3fu:~"it {1C'l0f1l41 

fll C'l11 (=11\11 "Cf)) ~ fcn<:rr I ~ fCf1fm lif ~ ~ Cf) I (1,);:fl ~a.fUT Cfi I <Iif~ I f%o:G ~ 'Cfl1 
Ufu, U II \l"11 Cf) 'B~, q:;i1 Ci4111 fc:Cf) :;rftr{r~ ~ ~~ ~ 1"f<:fT I ~ '5I1iR 1R 

31T~ ~a.fUT"it UC'l0F1l4 ffl<.1HBll4I{11 ~ 'fl''4t fqqfqfjlll' if 37- 40Kda '5I1iR CflT 

"Sf'l.j\c{ ~a:l ~3lT I ~ ~ ~ 'feR: ~ fa:Cfim ~ ~a:lCfi' 3cq(f~ii 'CflB ~ 
f41 Bl B ~ ~ ~ ~ if ~«t 111C'l M '\l1l 'fI'CIiCIT t I 

~1e;H~lf""~1 W('111fu~IV'l ~ ~{JC1f~Cf)C1 fSlCWI'1 

31"~Hr~ll4 31Kt ~ (CIP, Lima , Peru) if fqCf)ffld me: ~ ~ ~ fcg 

(NCM-ELISA) "Cf)) ~ ~ fcfic: Cf>l31j~<.11 ~ ~ %TI l£~"IfCf)d fc8:rr I 
~: ~ fcfic: ~~if Ci41Cf2.1Rl411 ~lffiTWTR gg~ ~ 1P1l1 
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~ "hlc41fij, {[shiMA fAf'1i'1ffl afu:1J!I. $'1''1,lr;e:t ~'TJT'ntfcm~ 

~ <1l~ 1ft. <t>1<'lf~14""hl CMV ~ ~ ~ IT'n I ~ ~ ~ ~ 31T'tlR 1:f1: 

men ~ afu: ELISA ];RT ~ -;;fq 'Ijt f<n<:rr IT'n I 

~ ~ 11:'1 3'Il\ ~ ~1"IWI"h m q"if1I'if~ if ~ if "l'!~ am ~ q:;r 

mer 31T'l(R ~ ~ I "l'! ~ am ~ m q:;r 'fiR1JT 31ft R'14 11:'1 .1ft.men ~ I 
iilli'1Q<I{ if ~ it 31ftR'14 11:'1 -qr '!i't ~ f<n<:rr I "h1<Q1SI"l14 afu: 411<t>HliiI 

~ q:;r ~ '1'1l "hiil' 11 I ~n '<l'F' 0!lT'!T< "'lT4 it ~ f<n<:rr ~ ~ ~ am ~ 
fcrcIT if ~ f<n<:rr am 100 ppm 31ft R'14 q;'t ~ f.litf'ml q;B if "$i'l <l'Fi'1 ~ IT'n I 

-wr !1Ifdr<JIlil CFir('lQ; "14011'44 Cfil ~ 
133 "'14~lfl4 if ~ -qr "hllfllfll q;'t ~fdf$li'11 q;'t -me: q;B 1:f1: &1i:f 3 "'14~lfl4 

(HP 295, W3241 amW3073) m~-me:if 9fdfMI 'ltfuiTmwnlT'n I~ 
am iii I (';'HI { if fo!;it 'Ti't <Irn 'lft1\M if 401 $i1404m W ~ q;'t ~ ~ Wi<! 
<:lWIT 'lR'i'fiT q;'t t 

R 21 II 1 '1 ('1 cti ;:ft cti 

~ "'14~lfl4 i'ii "11ii1 I '!l"h ~ ~ q;'t -me: ~ "flm ~ d"h~'I"h 

411 <t>1 if d f'f;<:n I ~ d "h;fj "h ~ <ft9: am <'IT'L q;B if "flm men ~ I ~ ~ 10 fc;;r 

~ ~ 9fdf$li'1I ~ 'ifT m ~ I ~ "'14~1fl4 i'ii 'i.("l[i"h"1 ~ ~ ~ 

q:;r 6'l"'i'rT f<n<:rr 'ifTd1 ~ I 

"11ii11'!l"h ~ ~ ~"liR ~ if ~ fYi'1I'h< 21 fl14tili11 q:;r ,"[("l[i"h1 

%<n Tf'111 ~ fl141'k'1'11 fi!41"1i'1 fo!;B:j q;'t em; T<RT 1ft wmt:'t men ~ I 
Jt rq cti f.:gj =l 0 1 

3"lC::'(cti ifi ;it Cli OJCfi "<11";'1 'CfiT Jt rqcti r-'1<01"'i4 0 1:-

~mit ~:me iilICRW'11 am R",ilff'h'1c'i~""hl"liR~if <I i'1Rlf1'1I 

1:f1: fi'rom"lt"ii[lC! ~ 'i.<'41'h1 f<n<:rr Tf'111 'i.<'4lf'hd ~CR1R'11 if""hl{ 'Ijt lj'tm '!i't ~ 
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========::=:=========== SUM MAR y.~ -* ~ ~ \iff m I fiR m ~ Fci'3)PChl\QjYI2 ~ Wll;lUl' ~ ~ CfiT ~ 
~~~I 

<fi1ZVft fl:rcl-:ffiU -q V AM 3W ?Wh" 6{41 CfiT C!:~ fcrlm qft lj"p 1 Cm~l CIfu ~ <llT 

31~ fc:n<:rr TP1T 1 Cfin.lj-Sl fcR:q ~ 1 -B 3TI'1Tcfl 4tcq,{uf ~ TP1T I VAM am: 
?1~Chl'5{BI (;~l\Jj\QHB 3ffi: it ~ CfiT ~ ~ ~ -q ~ 3Th 'iB ~ ~ 
~~, 

34f.:t~~lct ~ -q ~ ~ -B ~ m <n: ~qf-il1;;;jOI ~ -q ?1~Cf>1'5{41 qft ~ 

104 cfu/g ~ TP1T I 

Wr~ 

<fi1ZVft fl:rcl-q cft.CfilcB1Bl ~"!.Tfu 41~~1114 411B1h112 ~ Tfrn if WTR -B 4 ~ ~ 

~ ~ ~ ~ I 4l~f.<1114 Cf)1<1411~2 (4 mIll "fr 10 ml/ 1) ~ ~ fi&l~ol % m?t 

~~ CfiT ~ CfiT 1 ~ ~ -q 6-10 ml 1jRT ~ fqffi ~ ~ 30 ~ dCfl ~ 

m~ M ~ ~ ~ I ~ ~rC\;'1\on ~ q;T{ ~ 341fCl41¢11 ~ ~ 1M ~qFp~;;;jOl 
~ it;- m2f -q)z ~ -qUa;rrT if 3Th 41~r.M 4 411<1 41112 ~ if ~ fcrrR11 'R ~ 

~ % ~ qRJBR1114 ~ am: 41~f~1114 41lfi41112 (11 .1%) ~ % m?t 

~ m -B Cfl11"1"ro ~ \lffifT ~ ~ W ?1~Cf>16{41 ~ am: it (;{f\ij11114 

qW~144 41lfi41112 ~ i'f (16 .6%) f.1~;;;jOI -q 83.3% men ~ I 
<fi1ZVft fi:Ff ~ -q ~ W 1"l"ffi ~ ~14q 1 ~ q:Cf>1 'f ct fl:lwn 1R ~ 31'D:p:R * 
~ ~ ~ ~ ~ 'I:JmT qft ~ 3fu ~ ~ 31TR 3=Rl\ ~ ~ ~ qft 

Wl~ tffi1- "tfffi ~ ~ ~ ~ ~ men ~ I 
q:Cf>l'flct (llISl~~ ~ if P 24 i'f ~ Cfi1=f ~ (1/40) m ~ ~ ~ 
~-4 (4/40) 3ffiIT t I 

Urr "SIfcr{tm fcR::qT if mmT~ CfiT fsfl\QlfClf1:l ~ 

~01\QT.Il ~ it;- ~ll1S1R1um RAPD \ij411%0 rq~8qol ~ ~ ~ 20 ~ 

;q I ~f-\ijCfi 34 f-i \Q flict CfiT cl1Tf.mrChl TPft I ~ 0 PAO 8 J 0 PA 12, ~ ~ ~~.f;nr~ 
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fcn<:rr I ~(1I11:q') en) dlqlj~nf(jd m CfiT"d'J11I1R 40°C ~ ~ 1l11l1cf;lCfld fcn<:rr I ~ 
~ "'SffiriT'tfCfldl1l ~(1I11'Cj1 ~ RR -1 ~ ~ ~ ~ ~ ~ ct>l ~8;lT ~ 

~l1Tllll 

Cfil $2. 1 ... 2 

'lffi(f~fcTfq'l:l q{C{)Ft'j41·it~ FA01cH 514 ~ Fq~FCkl41cn)~ 

~ ~ {q'lffl2:<1 (NARPA) 1l ~ "("@ ~ m "%1 "Cf1T"ffi ~ ~ 48 lf11~alf1mu 

fq1fCkl41' (f~ ~ ~ ~ 32 lf11~alf1mu fcl1fCkl41' 1l :6iICflf('lCh ('faraT CfiT ~ 

31't.lf<R fcn<:rr 1']<TI 1 48 fq~fCklCfld 1l 44 ~ ~ 20-206 ).lm ~ -tIT.ChILB1m 

Sl I ~qCh 3ffi 9)&li9:11 oqfCklCfl('d men"%~ 4 01Df""lll(1 ~~ 23- 19S).lm ~ 

~~ oqFCk1<p1 men "% 1 31't.lf<R fcnit 32 ~ ~ fq~fCk1l[i 1l 22 fq~FCk111i 

fcn~ ~ (0-20.7).1m) ~ -tIT. ChILBlfil ~ am: m'l:lill~ 6llfCk1'1('d men"% 

~ 10 ~~ (20-24).1m) ~-tIT. ChILB1m ~ am 9)&li9-:.i1 Cllf'*1'f1 men"%l 

"Cf1T"ffi ~ 1l-tIT. Ch I LBl fi1 ~ 'R ~"\p I \Sj "jCfl ~~ >ftiR (PR - -srrir.1) CfiT ftq)i 

fcn<:rr 1']<TI 1 ~ ~ >ffin:~ ~ >r<WT ~ bID ~ ~ ~ "Cf1T"ffi fl:Rf ~ 
-tIT 24 1l ChI~fG1fi am ~-1,3 1<1<'hl1fi ~ ~ CfiT ~ fcn<:rr Tfllli ~-l, 3 
I<1Cfll1fi am Ch I ~R:1fi ~fi"lf1TI1 ~ ~ 1l ~ fcnit 30 am 3S ~ KDa mit~: 

~<.1 <t?1 ~ C't{U; Cfl\ 'fu::rr am ~ ~ f("'l{20S >ftiR if ChCj II $I f('l ~l m ~ ~ 1 

~ fq~fCk14"\i ~ +.!fbiCh1 ~ ~ 3lictfll$S fSfl"120I~fi 3ffi Ch2:l<.1fi ~ 

'B1~ ~fi',;jj I ~11 "Cfi"Tlf m-{'ll fcn<:rr 1 ~ tm: ~m ct>l"CfiTftrn ct>l 1-tIT. Chi "'81 fi1 fq1fCk1 99-

101 1l SOD ~ ctt 'ffim 3th: ~ ~ 42:I<.1fi ct>l ~ ct>l'flIT 1 

"Cf1T"ffi fl:Rf ct>l ~ am ~ RU'I:l ~ ~ fcfq) if ?1~cfll'S{111 ~ 
fq~fCk141' ct>l ~ cnll ~ GVS aTI'tfc'fiOl1 ~ ~ ~ ~ m "%13l1{llf1Cfl 

~'l:R\iffitwfq~ FYM it, ~ am r<.1RfBfslll ~mfuG\~-qit.IH1;jjlll'il1 

~ 31ful\q if fi~lljCfl men "%1 ~ it 311(llf14 "Cfi"Tlf "fit ~ 1l ~ mm "% ('I"al it. 
U~f->:111I1G ~ Cfll~l;fl ~~ct>l~ll~~mcn"%lhrr, Ttr?l, tw Cfl~lR 
~ Cflld',il ~ ~ cn1 ~ 1l ~ ~ men "%1 rm, Ttr?l, rm Cfl~lR 3itt 
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f(.'1 j 111 {c coT ~ fcI:;"ucR '3"q\lf ~ CfiT<f 'GTu:p:j ~ ~ if ~ Cflrill t I fql3fUT ~ 60 K-l 
~ ~ ~ ~ -q 'B'4T (fR l1Ull1 c8~ ~ ~ ~-q ~%<rr I ~ 

fi:r;:.f ~ Rq11Bf4;~{ -B ?1~cfl'l:5{ql ~ 25 fq1fCR1~i, ~Cf2.1R~1 ~ 23 fq1fCffi~ 3i'R CfiCPl 

fcro~ ~ 16 ~1fCR1q'j cnT 3"ffiTf M 1l<n I ~ 3i'R CkihMRq)'lB ~ 11m if 
~ ~ -m~ ~qF-ill;:;;jOI ~ it. ~{f"111114 ~ ~ 1TlIl1 f~B8B ~41fHt(9fl 

(hemicellulase) am B<t<3B 3{)j'1CfiI (Cellulase Onuzuka) 'Cf1T ~W41(1 ~ 

?1~cfil:5~ \'?{f-ij~114 -B SililCZ9IRB qft ~ ~ ~ M~ 4I1Cfll;PZ'l cn111<ft I 

CfITG fCf'il H 

4(4ftO ~ctT 4~ilH ~ ilR~iCfi'" 

CfiTffi fl:r;:t 3{Cffi~HB ) cp:r ~ fY'hflB 3fu: 3{~({fq~(lZ ~ ~ ~ ~ ~ 
>I'f(rir~ WllT IifTill ~ fmr 31tRT J/cH( BIlIRCh ~ ~ 't:4 R5fi Fen (f M 7J?1f r 

~ f-i t.j;:;;j 01 "Cfl1 ~ -q >rTIrUWfl ~ -q ~ 31fT:r;:IT ~ 3ih ~ liJq CfiT "RR 

'Sf~~mmtl 

~ 1i fo Cfi d q 'lfi. enr '1 ~ i Cfi"1 

~ ~ ~ >ffif f1:1r.l ~ ~ t?>'"27 lhls '"2 ~ 3tR ~ Cfiuilf~21 ~ ~ fT7tt 
CfiT 'i0'liCfi, CflG ~ Slq'jJl~I1(11 ~ 31fl1TtR (bioassay) 3llqlf\l1\"1 M 'Pn I fl:rcf 
'BR 3th: ~ . Cfioft fB 2:1 ~ f1ro 'BR CfiT o::<il q)) 'S '"+l armrr wi \'? on ~ mm ~ ~ CfiR1JT 

Sfilrn: 1 3fu 2% O::Cfi I ~ctl if 90% ~ ~ men t I 

6hl<11 ftra ~ qffG~l$$ ~f~~~ q;r ~ 

cnrm ~ if qfRB 1$:5 ~ ~ O::~61 «1 t:J'iB 3ffi -;ftq ~ ~ f~%Cfilq 'Cfl111BfT 
~ t 31lRR CfiT f.luP::f m-r I ~ ~ !J>161Brl1I, ( 0.05%) CfiT f~~Cfilq ~ ~ 

O::161B0hR (0.05%) ~"BT2l iR ~ 11!pnC":5 0.6% 3fu: 4 ~. -;ftq ~ 0.6% 

f~% en ~ ih lh<1 fq {C\g Cfi1ffi f1v:f ~ if q:,61 «'jlfi r i Rfl '\ 'i (1 CfiT ~ R j r 4 i «R 

0.041 , 0.009ppm irnr tr ~ ~"«R.3Wmfcfj ~ ~ ~ 0.1 ppm ~ 

~«i\-B~mmtl 
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~ lfu;fi qTT qrr feHHIJ I ~ <fI1 ctI f1n=f lIT fC!'1I)(1 qrr ~ 

q;R'ft fiR! 'R 'iR "J:frffi 'f1T ('<"1111 if;l 'hA <AI m A) it ~ 'li1 3WflR 'liB %"TI 
~ it Cf'R18 -Rffi it 8 ~ il wl~ il1llllf"1<'1 ~ I ~m 'li1 f.Rt~ 6 ~ 

il f<Ii"'TI ~ ~ it 6.7 ~ 42.2 % "'" 'iR "J:frffi 'f1T q;'t ~ fc;w{ -.m I 'Ff tftffi <ilf'ml 

33% ~ 'R ~ W ~"Uri 'ljt ~ ~ % I mffi 01"Tl q;'t 'Ilm it 'liW'l ~ 

m ~ ~ ~ %, ~ 3Th: ~ 'li1"'!Jl1T 'ljt -mrr t I ~ ~ 3lf~ itffi 'R 

'tit.<'IiI"8Iii11 3Th: ~ q;'t 'Ilm m % I 

~ qTT qrr JJ PC! <fI f.:1'!'I;;;:j IJ I '1 

q{ii!'WiM it -@a illfl mffi 'f1T ~ ~ cncrrr it ~ 3Rf~ <AliillA 'li1 ~ fo!;<:n I 

'iR l=fmt 'f1T it m<r ""'1a41ql~ 'fiC!1T ~ <>{qf{'ll ''If{l'lI'1I, ~ -.:rm:rn 
P.'1I'1IF{l'1A, crfc:f+1f<"l114 <:tI'1lf'FSl <AIRilY 3Th: 4i':\{fqf,ijilY il1f1Aqf<"lll q;'t n'l~'1if><'11 

'li1 'is'''li<'li'1 'liB ~ ~'lI'l~II"'1 ~ 3WWf! (bioassay) 'li1 ~ ~ TJ<!T I 

~ "l6 ~ 'Ii"«IT % filo fcIf'\A 'fiCI1if il 11:'1. <>1 f1 iill q f <"I i'\ ~ 3lf'!-:['i!; <>11~" ~ '1 'li 

%, f;mit 'liW'l mffi 'f1T <'Ii 1 <:11 'il if fill".! 01 q;'t 175% ~ q;'t ar<tm 80% 'Rfc! mar t I 
., 

~ 1$ ,>:11 q )( I {Oi:h qrr ~ 

~ it ~ 3W<'Ii' 'R ~ ~ <>1ffl'lfslJR'l1 '!lW it >I'PR ~ fcIf'\A 
ifl\c'1If!illll', 'W;!I 3Th: 3fWllf1<'1i ~ 'li1 'i.0"li'li'1 ~ I ~ q;'t 3lf'!-:['i!; 'IIfi:i'!, ~ 

"lrn if a:i¥ur 3Th: ~ ~ 'li1 ~ 3'fT"I(R anR >IT'{! 'liB ~ fcIf'\A ~ 
it <iTq ~ ~ <it f¥l'1I",qi)fI 0.07% if ~ 'IT 'ift'1.Jm'l 411fdlil'l 0.075% <TI 

SllJil~llJc 0.075% WlRT anR ~ 'liB ~..w~ it 31T\'ffi 'R ~ ~ "IRlT 

tl 

-m-il'~ qrr~ 

~ -@a if ~ -a;'!-:['i!; ('liI;I'R,{+1 tifik'fRlf<"llOi)it ........ ..q;( ~ ~ ~ 

3Th: fcIf'\A "lrnan il 'lili':'1If!illl" it f0"i<"h,,3\ 'hi 'i.0"li<'li'1 ~ I ~ ..w~ ~ ~ 

mar % filo ~-31'ffiI il ~'ml ~ q;'t 'hIC - me: "liBl 3Th: fB<'\k1~ ~ il 
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• 

Cfil~il~n f~$Cfl~ 7t" \fl(1~~q Cfi1c 6lTm Cfil1 men % am mOT ~ % I ~ ~ urn 
q;1 ~ ~ c:) Gffi Cf11~il~n f'i.§4Cf)~ "CflT Ufu ~ ~ ~ ~ % I ~ SlI$fuCfl 

~~ en) ~mJ ~ ql1TCl{UI Chl m tn1i C8: m % I 

1n~qir", rq~tl1" ( ~,"k.1M\iil ) 

~~7t"31~i~lCf1i"Cf1"8'R~~-:;:m~(ACC84.142. 182 

~ 198) 3iR ~~c;) ,jjl:f01JB ~-ij'iB-11h91n(.1TfrJ ~·~ftnrftrit'$fiOTctt 

~"Chll ~ CfiR: ~ it ~ 7t" ~ ~ ~ (Acc31, 82, 178 ~ 200) ~ 

~.~ ~ ~ G<:'i)f<n;"'PII$i $iChllli21 ~ ~ >mm'tFfi m ~ I 
1:JWR ~ ~ m ti81 ~ (W-3141, 3200. 3282. 3291 3ih: 3299) 

3lR Cf1Tffi tiFf ~ ~ ~ (HP 309) {1'51q:i)(1B fflf4F<.1fl ~ >lfu ""SIfuU'tlCf) m ~ I 
~&:ff ~~ l0Z1jI~rJ ~ ~ -3"1iCflfll~:S f:S4iU{2:I$f{ (SOD} qflfCflB:h:i (PO) am: 
Cfl~I@lB (Cat) it lf11lic In <.1'f f4 ~ (~) ~ ~ fl:Rl ~ ~ ~ 
(~ 1) it SDS-PAGE &RT ~m ~ ~1~ql<i1 ~ CfiT :IU1krJCfl ~ ~ 
~~ fcf;<n \ J J ~" -q ~ ~ 24 31l1: 48 ~ ~ qz1f4;fl~B ~ ~Bl\flIG ~ 

q:) co l@l fl QOi 'SII ~ rJ CfiT i¥tll;lUT ~ Tf<1T I 

In(1q;fq~ 

~ li)<.1'ff4 ~ if 3tR ~ ~ 1lic -qfq ritB ~ coT m R<:rrl q~q;:;:fI:!f~ it 
~ l@ 1lic 7ffivr 'fflr fl1l m B, -q;:l. tp {I <.111 ffl fI "CflT ~ fcf;7:rr I 

~rqCf) H4~OI 

n-~~ ~bm 4{f2f~f<:1l/4 t4l41B, qIR"I(;;(141~Bfl R1<.1lf~HBJ ?1~Cfll\5{1"11 
~x;h:nflJ ~f1Rqq ftfn:llfl 3HXHI'l11ff flI1Blfl 3ih: ~ <s!ICfl(!.lRq~ ~ q{lfll~C: 
qR'CRlJl f41BlB anR ~ 3ft ~ CfiCPT fClgF*:p:n CfiT ~ fct;<:rr Tf<n 1"tiR-mB 

31~ if 1ft CffOfq'51 ftllRlIG (~~~) ~ ~ ~ ~ ~ CflW1-q 3fu: 
f~f4F<1B ~ c8 ~ ~ I 3"l1~1f'Sl1ih ~qF1lj~Ul ~ ~ i('l/iCfl1 ~ ~ it 
fcom;:IT ~ 7ffivr cpfll ~'mf ~ fi:Ff ~ if ~ "1<lT ~ -qUll;lUT ~ -rr:rr I mtTfl1 ~ 
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~ ~ ~ STffi -B 3TI~ ~ aW: eft. ili(1lf'"lSllA iR4li 'fit 41"11 '!jili ""1'R 

m ~ ~ FYM aW: q4Tili'"4l& ~ .m ~'tlR m ~ 1li'11: eft f0.1lfA~fl 'fit 
3TI~ ~ 3W: TR 'Wffi aW: ~ -&; -qui ~ ii mtllJ1'l fi'f;<:rr 1T'lT 1 

eft. 'I11'd:f<i1'1li -.:rm1 ii ~ ~ ~ 'liT 5" 4' ~\\I~,*lfcm - 7 fl:!mfcm 
~ aW: 5, 3' ,4' ~\\I~,*lfc.H1 7- fl:!~ ~ -&; ~ ii '4fHlfq;(1 fcI:;<n 1 

flql\il fCl#jlq 

'9fu2_1UT CflI4'l·;q 

'~~ 91'01fi1'l11 " '~ ~' aW: '~'fiT W<i'l<Fnn'I1"R' 'tf1: <:!fu~11Jf 

ili14Sf>4 '31141f"1ct M 1 <ml w<IT -B ~ '(111'1'T 53 3TI~ ~ ~ <:!fu1lJ1'l ili14Sf>4 

ii OWl fi34T 1 ~" 'it;" ~ 'ftI1~@ <itt 'it;" ~ ~ 'tf1: ~ ~ aW: 3R 

w<IT -B ~ 50 -B 3TI~ ~ 'liT <:!fu1lJ1'l '311 '41 f"1 <1 fcI:;<n 1 

qm<'l dl"tlld>'1 3ltt fClqol'1 qft ~ 

<m'ft i1ltf ~ fCj4;;{1'f<1 fcr:m ~ fimii 11 % ~ ~ aW: ~ TJv:w:I ~. 

~~m-B 3TI~¥R1m~1 

Cf!! 1998-99 ii <m'ft i1ltf q;j ~ ~ '!lfu fof;ffi mG 33 ~ m % -;;IT 

i>iliflf<:1ct 'F<f ~ 43.50 ~ -&; ~ 'tf1: m % I 

~ ii q:;rffi flF:f -&; 'l'll~ i\ q:;~1 {I w: ftrrTffi -ttrr -&; '!lfu Q}"hl'f(1 owif 'tf1: ~ 

~ 'it;" i$ro {<;I41 ifll4Sf>li 'it;" 101' ifll4\ro{ 'i 04i ifl~ M Tf4T 1 

~ ~ 'it;" 3TI~ fonm;{ '(111'1'T 97% ~ ilil4S!lli -&; '!lfu -3WR! m ~ aW: ~ % 
. 'R'6~~tl 

'(111'1'T 73% ~ ~ ~ ~ q;>fur 3W: 'li1~8fllf1'2:~I~ ~ 'liT 31'Rf fi34T1 

('R'6-1) 

Ufl1JPlif> f11J'1"1 ~ ~ ~ 3l,nifl{"1 (~-&; ~ a:lh: <IT<; -zyn om: 
fuifl';rr) ~ 'R'6 -II ~ 41.4% tl 
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• 
(5fR 3ffi ~ m ~ ~ fsfi<:rr ~ ~ ~ 31fct 1 

~ ~ ~ ~ ~ ~,m i:i m«f ~ ~ ~ Sfil1M: 6.54% ~ 
3.37% ClCfl11fl41 ~ ~ it >TRi mm % 1 

'ifcf&fUT i1 ~ mm % fq:j ~ Cf>l Cfi1fr (~qft~) 7-41 % i1 3.7% ~ men 
%1 

~ 1994 qi1 3f"lI<CflClI 268 f<flffi lJTt:f~ 'B ~ Cft'.t 1999 it 315 ~ mtJ/ 

~m-rr:nl 

~fq~l'1~ 

~ ~ ~ ~ ~ ~ if 60 ma,:TUT Ch14~li ~w:j)f~{f ~ ~ &jqi?lfhl 

fetiW.,'i ~ 45 ~, mmur ~3TI ~ 14 "9'M&TUI', fH"4fCf:ilH, iilPIc:U;:ft, ~ 

~ ~ ~ fcrw.l ~ M~ ~3if if fcmm: CfiP;fChRl ~ ~ >rM1l;lUT ~ 
~mm%l¥1 flOOlfllCfl{ 2180~~?ff~~~1~~~~ 5 roAr 
if mrT fu<:n 3ffi &11 Cfll ~I q I un $1 f~ Cf) C! ~ 1iT'UfIi ~ M'IR m<IT 1TI 13 tfu<:rr ~ '4T 
~ I qf<Sfi41 f.1f'1:1 Cfil4SfiCJ (Revolving Fund Scheme) ~ 31~ 1.97 'C1mf ~ Cf>l

~ BI4fi,:p:ti ~ 'ffi I 

CfRtf ~ ~ ~ # ¥1 923 ~ ~ ~ cn1 3W 368 ~ 4l4~:q1 tIT 
~ -rr:n I ~ ~ ~ <fA ~ ~ ~ CflI4~G 311~lf,Jf(j fcFm am 3Fl ~;WffP~l' 

&m 3i14)fJj(j ~ if ~ Gft' fw:rr I 

t:tfllMf m- 3tf€H1 ~H~Jt(Of flqf..qi"i ~UR qft4l\i11r 

CFTBt fi::R1 'Cfl1 ~ ~ ~ (~6 3ffi ~ 7) ~fl lll-ql cn1 ~ fcm1:r (RRD) 

~qftm,~ (Rcr-684, Rcr -436 ~ Rcr-435) ~~qft~fcRif:rr~~-

1 3fu: (Rmt 303), ~c;1~~ (:pf~-3), ~'BTI:fiCfft~~ RF-lOl 

;mRcn)~ 18- 21, 1999 ~~ ~fl21cm?l CflFhllfll i:f fClGlfild mCf)T~"t& 

Kml 
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'Ii'1fc>:'Ii ij 'l'>R'itfi:Ri"'fiT a:nf$n~~~~~ij)lfu iwr 150:60:210 

"!fTll ~ ~ ij NPK 3ilnll'l m 0.33 ~ ij rw /CPE ~ "h'f.\"'fiT fflYiIfl:~I"'fiT1 

~ 15 ~ ~;;fro "lR il ;;fro "'fiT ~ "fi1'/ 'Ii<: ~ % ~ ~ 4 "'fiT 

tff.r1n "lR il ~ ~ )IR! ihrr t J 

, ~ '11 {I i "I ('i 1ft) ij 30 X 20 il.-,:ft. 3RRR'l ij ~ "'fiT-&ill "'hBl 3ffi ~ fu"Q: )Ifu 

~ 150 ~ lJTlT ~ ~ ij '11$i?l"l'1 ~ ~ ~ ihrr t I 

'I'>R'it fi:Ri ~ YiI$ilYi.nu ~ ~ ~ Fl'l"'1 "I ~ ~'li11 <'1", [ ~ ~ f<f;<n 

fimij ~ 1 ~"!fTll ~ ~ ij -;ftq ~ WTT'11, ~ ~ 'r'f qlf4<jlOffl fi:r-3[Uj 
6R"RT ~ "R "'fiTtR 3{1 f <"h 'RoMlU$S ~ fi:r<;rr;rr 3ffi <;.mt 'iiffi ~ f ,§$, 'Ii '11 

f;m'it 'W; ~ ~ 'W; ~ <;a;I ~ ~ ~ ~ "'fiT ~ ij 'ctl!WUT 

YiI$iI'Rlf1<':U m ~ ~ "h'f.\ ~ fflYiIfl:¥1 f<f;<n TJ"lT I 

( 
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PUBLICATIONS AVAILABLE FROM 

INDIAN INSTITUTE OF SPICES RESEARCH, CALICUT 

Foreign 

1. DISEASES OF BLACK PEPPER -Rs 300/- US $ 60 

Proceedings of the International 

Pepper Community Workshop held 

at Goa during 27-29 October 1988 

2. SPICE VARIETIES -Rs 125/- US $ 25 

3. BIOLOGICAL CONTROL IN SPICES -Rs 125/- US $ 30 

4. BIODIVERSITY CONSERVATTION AND 

UTILIZATION OF SPICES, MEDICINAL 

AND AROMATIC PLANTS -Rs 300/- US $ 30 

The following publication of Indian Socie ty for 

Spices are also available at nSR, Calicut. 

1. Black pepper and Cardamom : Problems 

and Prospects -Rs 60/- US $ 10 

Procee dings of the National Seminar held 

at Calcut During 17-18 May 1992 

2 . Biotechnology of Spices, Medicinal and 

Aromatic Plants 

Proceedings of the -Rs 300/- US $ 30 
National Seminar h eld at Calicut 

during 24-25 April 1996. 

3. Water and Nutrient Management 

for Sustainable Production and -Rs 200/- US $ 30 
Quality of Spices 

Proceedings of National Seminar held at Madik eri 

During 5-6 October 1997. 

4. Journal of Spices and Aromatic Crops -Rs 300/- US $ 50 

For copies p lease w rit e to Library and Info rmation Office r , P.B. No. 1701, IISR, 

Calicu t - 673 012 , India or Secretary, ISS C/o IlSR, Calicut - 12, Kerala. 
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