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DIRECTOR'S REPORT 

The year 1993-94 witnessed forward surge 
in the growth of National Research Centre 
for Spices, Calicut. The Quinquennial 
Review Team (QRT) constituted by the 
ICAR submitted its report on December 3, 
1993 recommended to upgrade the Research 
Centre to a level of full-fledged Institute for 
effective function. Two projects viz., 
'Development of Phytophthora resistance in 
black pepper (Piper nigrum L.) through 
biotechnological approach' and 'Development, 
production and demonstration of biological 
pest control agents under integrated pest 
management' were sanctioned by the 
Department of Biotechnology, Government 
of India and two ad-hoc schemes viz., 'The 
parasitic nematode Trophotylenchulus piperis 
n.sp. Mohandas, Ramana & Raski, 1985 
and its interaction with black pepper' and 
'Biological control of scale insects infesting 
black pepper' were sanctioned by the ICAR. 
There were 14 projects in operation in Mini 
Mission I - Increasing production of spice 
crops through management of diseases and 
pests, 4 projects in Mini Mission II -
Developing agro-techniques for increasing 
production of spice crops, 13 projects under 
Mini Mission III - Increasing productivity of 
spice crops through crop improvement and 
3 projects under Supportive Research 
Programmes. The Krishi Vigyan Kendra at 
Peruvannamuzhi organized several training 
programmes to farmers. The NRCS is 
recognized as a centre for post-graduate 
studies by the Kerala Agricultural University. 
Disciplines of Entomology and Soil Science 
at NRCS are recognized for doctoral studies 
by the Calicut University. The budget 
allotted to the Centre during 1993-94 was 

RS.91 lakhs under Non-Plan and Rs.115.89 
lakhs under Plan. During the year 1.25 
lakhs single-noded pepper cuttings and 20 
tonnes of turmeric seed rhizomes were 
distributed to the states of Kerala, Karnataka, 
Tamil Nadu, Andhra Pradesh, Maharashtra, 
Orissa, Sikkim and Arunachal Pradesh. In 
cardamom, about 600 kg of seed capsules 
of CCS-l were also distributed from 
Cardamom Research Centre, Appangala. 

An ellective and cost-efficient strategy to 
manage Phytophthora foot rot in black 
pepper was standardized and put into 
practice in 1000 hectares in Wynad and 
Idukki districts of Kerala during the year. 
The management practice is expected to 
cover one lakh ha in 5 districts of Kerala 
viz. Wynad, Idukki, Calicut, Cannanore and 
Kasaragod during 1994-95. This is the first 
time a technology generated at this Centre 
is put on a massive scale by an integrated 
approach through efforts of State Department. 
of Agriculture, State Agricultural University 
and Directorate of Cocoa, Arecanut & Spices 
Development. Stunted disease of black 
pepper caused by virus was observed in 
Wynad (Kerala) and Gudalur (Tamil Nadu). 
A folder on stunted disease and Phyllody 
was distributed to development agencies 
for implementation. The year also saw 
strengthening the research capabilities. 
Equipments costing RS.37.8 lakhs were 
imported. They include solar radiation 
measurement system, refrigerated centrifuge, 
HPLC accessories, Nikon microscope and 
accessories. Ten indigenous equipments 
costing RS.8.6 lakhs were also purchased. 
The All India Coordinated Research Project 



on Spices was strengthened by addition of 
two centres during the year. Researches 
on cumin, coriander, fennel and fenugreek 
have received special attention during the 
year. The year witnessed strengthening of 
research programmes in the following areas 
viz. establishing a global gene bank of 
spices and conseNing germplasm collections 
in in vitro repository, evolving high-yielding 
varieties with high-quality and resistance to 
pests and diseases initiating research on 
seed spices, spice based cropping systems, 
pesticide residues and post-harvest 
technology, intensifying work on biological 
control of various diseases and pests of 
spices. India made an all time record export 

d,p~ 
(K.V.~R) 
Director 

II 

of 1.76 lakh tonnes of spices valued 
Rs.S40.12 crores during 1993-94 against 
the target of RS.l.27 lakh tonnes valued 
RS.500 crores India exported 46,650 tonnes 
of black pepper valued Rs.179.67 crores 
during the year against the target of 30,000 
tonnes valued RS.l0S crores. The Research 
CentHl worked in close collaboration with 
the development agencies to achieve the 
above target. 

The SCientists and staff are grateful to Dr. K 
L Chadha, Deputy Director-General (Hot.) 
and Dr. P Rethinam, Assistant Director 
General (Plantation Crops) for support and 
guidance. 
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(MINI MISSION I: INCREASINGPRObUCfioNOFSPICECROPSTHAOUG'H 
MANAGEMENTOF DISEASES AND PESTS 

EPIDEMIOLOGICAL STUDIES ON PHYTOPHTHORA FOOT ROT DISEASE OF 
BLACK PEPPER 

(M,Anandaraj, K.V.Ramana and Y.R.Sarma) 

1.Pathogenic variability: Oospores were 
produced when Phytophthora isolate from 
black pepper was paired with isolates from 
coconut and cardamom by using slide culture 
method. The pathogenic variabilities of the 
oospore progenies are being studied. 

2.Serodiagnosis: P capsici when cultured 
on protein free liquid medium produced 
protein in the medium. These are being 
characterized for possible use as antigen 
to evolve a serodiagnostic technique for 
early detection of the pathogen. 

3.Effect of sequential inoculation of 
Phytophlhora and nematodes : A pot 
culture experiment to study the effect of 
sequential inoculation of P. capsici and 

nematodes in causing slow decline was set 
up in a CRD with 12 treatments and six 
replications. The experiment is in progress. 

4.1solation of efficient VAM strain for 
suppression of root rot: Seven isolates 
of VAM belonging to two genera Glomus 
and Gigaspora were found to enhance 
growth of black pepper cuttings when 
inoculated in the nursery mixture. These 
were tested for their efficiency to suppress 
root rot caused by P. capsici on four varieties 
of black pepper viz., Sreekara, Subhakara, 
Panniyur-l and Kottanadan in pot culture 
studies. There were significant differences 
in suppression of root rot by all isolates 
(Table 1.1). 

Table 1.1 Effect of V AM isolates on suppression of root rot of black pepper caused by 
P. capsici 

Treatment Root rot index (0-4 scale)' Shoot wI. (g) 

T, Glomus sp 1.188 d 194.7 a 
T2 Gigaspora sp 1.688 bed 161.6 ab 
T3 Glomus sp 2.125 b 154.1 abc 
T4 Gigaspora sp 1.250 cd 178.8 a 
Ts Glomus sp 2.125 b 120.3 c 
To Glomus sp 1.813 bc 125.0 be 
T7 Glomus sp 1.938 b 130.3 be 
Ts Control 3.500 a 57.81 d 

LSD 0.574 41.23 

Scales: o· No rotting: 1 - up to 25'% rotting: 2 - up to 50% rotting 

3 . up to 75% rolting : 4 - up to 100% rotting 

Root wI. (g) 

55.19 ab 
46.25 be 
45.63 be 
59.38 a 
36.25 c 
35.75 c 
34.69 c 
20.69 c 

12.18 



NATIONAL RESEARCH CENTRE FOR SPICES 

DISEASE MANAGEMENT IN PHYTOPHTHORA FOOT ROT AFFECTED 
BLACK PEPPER PLANTATIONS 

(Y.R.Sarma, M. Anandaraj and K.V.Ramana) 

A field trial consisting of different 
frequencies of application of systemic 
fungicides viz., Ridomil MZ 72 WP and 
Akomin (Potassium phospho nate) and 
contact fungicide the Bordeaux mixture 

was continued for the second year. All 
the treatments were superior to control 
(Table 1.2 ). Treatments with neem cake 
along with fungicide showed bettel 
protection. 

Table 1.2. Frequency of application of fungicides on foot rot of black pepper (1993 - 94) 

Treatment 
Percentage of vines 

Dead Declining Healthy 

Control 20.8 33.3 45.8 
Neem cake (NC) 4.1 62.5 33.3 
Phorate 8.3 41.6 50.0 

Bordeaux mixture (BE) + 
Copper oxychloride (COC)+ 8.3 33.3 58.3 
Neem cake (NC) 

BE + COC + NC -3 Rounds 8.3 29.1 62.5 
Ridomil MZ 72 WP-3 Rounds + NC 20.8 29.1 50.0 
Akomin (AK) + NC - 3 Rounds 4.1 45.8 50.0 
AK + NC - 4 Rounds 4.1 45.8 50.0 

Table 1.3 Effect of varietal mixtures of black pepper on Phytophthora infection in Sick plot 

Combination Reaction type Healthyl total tested 

P. colubrinum (PC) R 616 
Subhakara (SU) S 6/6 
P~ T W 
P 1178 T 216 
P~ T ~ 

P 1534 T 1/6 
PC + SU R + S '1/6 
PC + P 24 R + T '4/6 
PC + P 1178 R + T '216 
P 1178 + P 24 T + T 4/6 (2+2) 
P 1534 + P 24 T + T 4/6 (2+2) 
P 339 + P 24 T + T 4/6 (2+2) 
" All the 6 plants of PC remained healthy . Figures indicate black pepper alone 

R=Resistant S = Susceptible T = Tolerant 

2 



An observational experiment on the effect 
of varietal mixture of susceptibles and 
tolerant black pepper lines along with Piper 
colubrinum, (a resistant type) was continued. 

ANNUAL REPORT 1993 - 94 

In the presence of P. colubrinum or in a 
mixture of tolerant types the surviving 
plants were more compared to susceptible 
types (Table 1.3). 

SCREENING GERMPLASM MATERIAL FOR REACTION TO PHYTOPHTHORA 
FOOT ROT DISEASE OF BLACK PEPPER 

(Y.R.Sarma and M. Anandaraj) 

Screening of open pollinated (OP) seedlings 
and varieties were continued (Table 1.4). 
Among the 20190 seeds sown, germination 
percentage was 2.9 per cent in Phytophthora 
sick beds and 36.7 per cent in sterile soils. 
A total of 155 cultivars and 109 hybrids 
were screened. C - 1052 showed tolerant 
rating. Field trials at Sirsi were continued. 
Field evaluation of tolerant lines at 
Peruvannamuzhi was continued. C - 847 
was free from infection. None of the screened 

material showed resistant reaction. 01 the 
145 cultivars screened C-1112 and C 1052 
gave tolerant rating. Of the 109 hybrids 
screened HP 345, and HP 134 gave tolerant 
rating. 01 the 10 NBPGR selection screened, 
NBPGR 29 gave tolerant rating. The 
Phytophthora tolerant line P 24 continued to 
remain healthy. Large scale screening of 
P - 24 along with other tolerant lines in 
five plots was taken up at Sirsi. The initial 
establishment and growth were satisfactory. 

Table 1.4 Leaf reaction of Piper sp. to P. capsicf (72 hours of Incubation) 

Piper spp. 

P. arboreum 

P. colubrinum 

P. chaba 

P. longum 

P. trichostachyon 

P wightii 

P. argyrophyl/um 

P. betle 

P. attenuatum 

P. longum 

P. barberi 

PP = Pin Prick PP- = No pin prick 

3 

Lesion length (mm) 

PP PP 

0.0 0 

0.0 0 

5.0 3 
5.0 3 

11.0 6 

12.0 5 
12.5 5 

14.0 5 

16.0 5 

25.0 3 
25.0 15 



NATIONAL RESEARCH CENTRE FOR SPICES 

EVOLVING A DISEASE INDEX FOR PHYTOPHTHORA I NEMATODE INDUCED 
DAMAGE IN BLACK PEPPER 

(Jose Abraham, K.V. Ramana, Y.R. Sarma and M.Anandaraj) 

The project was initiated during 1990 with an 
objective of evolving a disease index for 
Phytophthora I nematode induced damage in 
black pepper to rank the intensity of the 
disease. Indexing could be done for visual 
symptoms of foliar yellowing and defoliation 
by assigning scores from zero to four, depending 
upon the percentage of foliage affected. 
Scores of '0' for healthy, '1' for the vines 
having 1 to 25 per cent of the foliage 
affected, '2' for the vines with 26 to 50 per 
cent of the foliage affected and so on. 
Scoring is to be done for yellowing and 
defoliation. The incidence of these symptoms 
in the affected vines were approximately in 
the ratio of 1 :1. Also, the average of the 
scores for the affected vines over the years 
was nearly in the ratiO of 1:1 suggesting that 
a weightage of 1:1 can be given to these 
symptoms. Therefore, a simple index for the 
severity of the disease can be arrived at by 
adding these individual scores tor the two 

symptoms of yellowing and detoliation and 
converting to percentage. In the case of 
feeder root infection, the vines do not die 
quickly but continued to remain alive up to 
3 years with occasional remiSSion in the 
expression ot symptoms depending on climate, 
nutrition and the root regenerating capacity of 
the variety. Though all the varieties were tound 
to be susceptible to the fungus, lite span 
of the affected vines varied depending upon 
the above factors. 

Another salient observation was that the 
symptoms viz., yellowing and defoliation were 
expressed only alter significant damage caused 
to the feeder roots, especially during the 
rainy season, leading to a delay in 
diagnosing the disease. This could be the 
reason for the failure in saving the affected 
vines which are in the advanced stage of 
disease incidence. 

INVESTIGATIONS ON VEIN CLEARING VIRUS OF SMALL CARDAMOM 
(M.N.Venugopal) 

I.Distribution of disease: New disease 
affected plantations were located in Coorg, 
Chickmagalur and North Kanara districts of 
Karnataka state. The disease incidence in 
these plantations varied tram 0.1 to 78.4 
per cent 

2.Epidemiology of disease: The pattern 
of disease outbreak in different plantations 
suggested the dual pattern of disease spread. 
Random spread was noticed in newly planted 
plantations located 1 to 5 km away from the 
disease affected plantations. Within the 
infected plantations both centrifugal and 

4 

random solitary infections were noticed. A 
steep disease gradient was observed in the 
plots with higher percentage of disease 
incidence. The rate of disease spread per 
unit per year varied from 1.3 to 8.5 per cent 
in different plantations. Transmission 
experiments involving banana bunchy top 
and 'kokke kandu' from cardamom to banana 
and banana to cardamom through Penta/onia 
nigronervosa f. typica. did not result in positive 
infection. Repeated experiments conclusively 
suggested the lack of seed, soil and mechanical 
transmission. 



3.Vlrus-vector relationships: Studies with 
Hongadahalla and Sirsi isolates and respective 
bio-types of aphid vector Pentalonia nigronervosa 
f. caladii, indicated that the virus was acquired 
within 30 minutes of transmission feeding 
and persistence of virus in the vector was 
observed beyond 8 hours of acquisition 
feeding. In serial transmission also the 
virus persisted beyond 6 hours with positive 
transmission in the 3 rd transfer. 

4.Yield loss: Growth and yield data collected 
from infected plants at various stages clearly 
indicated yield reduction to an extent 
varying from 62 to 84 per cent in the first year 
of peak crop due to infection of 'kokke kandu'. 
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5.Management of the disease: Roguing 
was found to be effective in eliminating 
infection in three isolated recently infected 
test plantations. In the plots with selective 
rouging the fresh incidence was effectively 
reduced to 1.5 from 14 per cent initial 
incidence. In another joint study with ICRI, 
Saklespur, the feasibility of community 
approach to contain the disease was initiated 
with the cooperation of growers at Yadally, 
Sirs;' So far, the trend indicated that both 
'Kalle and Kokke kandu' can be effectively 
minimized by undertaking replanting followed 
by periodical surveys and roguing of new 
infections. 

RHIZOME ROT OF GINGER AND TURMERIC 
(T.G.Nageshwar Rao and G N Dake) 

Five districts viz.,Calicut, Cannanore, Idukki, 
Ernakulam and Palghat were surveyed for 
the incidence of rhizome rot of turmeric. 
(Table 1.5 and 1.6 ). The disease incidence 

ranged from 0 to 10 per cent in the districts 
surveyed. Pathogenicity test was conducted 
for Pythium aphanidermatum, Fusarium sp, 
and Macrophornina phaseo/ina. 

Table 1.5 Survey for the incidence of rhizome rot of turmeric 

Calicut 
Cannanore 
Idukki 
Ernakulam 
Palghat 
Total 

District No. of fields surveyed 

12 
14 
22 
08 
24 
80 

Disease incidence(%) 

0-5 
0-1 
0-5 
0-5 

5-10 
0-10 

Table 1.6 Frequency 01 isolation of organisms associated with rhizome rot of turmeric 

Organism Calicut Idukki Palghat Ernakulam Cannanore 

Pythium sp 21 29 54 15 10 
Fusarium sp 35 42 61 18 1 
R. bataticola 46 11 22 02 05 
R. so/ani 02 00 00 00 02 
Trichoderma sp 08 11 06 06 01 
Curvularia sp 00 00 00 00 02 
Bacterium 09 12 03 02 06 

5 
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Positive results were obtained with Pythium 
aphanidermatum and M. phaseolina. M. 
phaseolina took up infection only at low 
moisture levels. Yellowing and drying were 
noticed in infected plants. Cross inoculation 
studies were made with Pythium isolates of 
ginger and turmeric. It was observed that 

turmeric isolate of Pythium could infect ginger 
also, whereas ginger isolate did not infect 
turmeric. The taxonomic characters of 
Pythium isolated from turmeric was studied 
in detail and it has been identified as 
Pythium aphanidermatum. 

STUDIES ON BACTERIAL WilT OF GINGER - A GENETIC APPROACH TO 
PSEUDOMONAS SOLANACEARUM 

(G. N. Dake and T.G. Nageshwar Rao) 

1.Cross Inoculation test: Seven isolates 
of Pseudomonas solanacearum, Le., one 
isolate each from chilli, ginger, turmeric, 
tomato, marigold, Ageratum and 
Chromolaena spp. were cross inoculated 
with ginger and turmeric for pathogenicity 
test. Strains of P. solanacearum from ginger, 
turmeric, tomato and marigold were 
pathogenic to ginger while strains from 
chilli, Ageratum and Chromolaena were non 
pathogenic to ginger (Table 1.7). In general 
wilt symptoms varied with host plants and 
strains of P. solanacearum. The symptoms 
developed on ginger plants 12 days and 17 
days after inoculation with isolates from 
ginger and turmeric respectively. The ginger 
plants wilted rapidly in response to inoculation 
with isolates biotypes III and IV, whereas 
in turmeric the symptoms developed after 
45 days. 

2.Drug resistant mutants: Drug resistant 
mutants of Pseudomonas aeruginosa to 
Kanamyci nand P. putida the prototrophic 
strain resistant to rifampicin to provide 
contra - selective marker against the donor 
were used to generate chromosomal (Tn 5) 
mutation. On the basis of specific growth 
requirement, two auxotrophs which required 
methionine and leucine were identified. 

3.Virulence of P. so/anacearum: The fluidal 
extracellular-polysaccharides (EPS+) P. 
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solanacearum was isolated from naturally 
infected ginger crop from Pulpally area of 
Wynad district of Kerala and was identified 
as P. solanacearum biotype III. The log 
phase cu~ures of virulent pathogenic 
strains were stored in sterile distilled water 
at 400C for 48 hours in incubator and 
another set at 4 0 C in refrigerator as 
control. The cultures exposed to 400C were 
restreaked on nutrient sucrose agar (NSA) 
so as to get discrete single colonies. The 
well separated afluidal (Eps - colonies of 
isolates were picked up and stored on yeast 
glucose carbonate agar (YGCA) slants in 
sterile distilled water. The fluidal and afluidal 
strains of P. solanacearum were grown in 
NS broth for toxin extraction keeping one 
set of NS broth medium without inoculation 
either with fluidal or afluidal strains of P. 
solanacearum. 

The cell free cultures of fluidal, afluidal and 
uninoculated NS broth were passed through 
Dowex 50 and I. The elutes were collected 
and tested for bioassay. The cut shoots of 
pseudo stem immersed in elute collected 
from fluidal strain showed flaccidity while 
the pseudostem immersed in the elute 
collected from afluidal strain and NS broth 
did not show flaccidity, thereby implying 
that EPS is virulent factor of P. solanacearum 
(Table 1.8). 
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Table 1.7 Pathogenicity response of ginger to strains of Pseudomonas solanacearum 
from ginger and other host plants 

Bacterial strains Source plants Reaction'-

AcPs 1 
CoPs 4 
CaPs 7 
CIPs 13 
LePs 16 
TePs 21 
ZoPs 23 
Check 

Ageratum sp. 
Chromolaena sp. 
Chilli 
Turmeric 
Tomato 
Marigpld 
Ginger 
Water 

+ 
+ 
+ 
+ 

, + With symptom ; ~ Without symptom 

Table 1.8 Reaction of cut shoots of ginger to crude toxin solution produced by 
fluidal and afluidal strains of P. solanacearum 

Elute I toxin collected from Flaccidity observed after '3~ minutes in shoots 

Fluidal Strain -1 (EPS +) 
Fluidal Strain -2 (EPS +) 
Afluidal Strain -1 (EPS -) 
Afluidal strain -2 (EPS -) 
Control (Medium Broth without 
inoculation 

+ With symptom 
Without symptom 

+ 
+ 

2 

+ 
+ 

3 

+ 
+ 

INVESTIGATIONS ON STUNTED DISEASE OF BLACK PEPPER 
(V.R. Sarma, M.Anandaraj and S. Devasahayam) 

1.Survey: Survey for the disease incidence 
in Wynad was continued. In the 12 villages 
surveyed the disease incidence ranged 
from 0.6 per cent to 18.6 per cent. In 
general, incidence was less compared 100 
per cent noticed in some gardens in Pulpally 
area (Table 1.9). 

2.Transmlssion: Infected plant sap showed 
local lesion in green gram and cowpea. 

7 

However, sap transmission from pepper to 
pepper was not successful which needs 
further testing. Transmission studies with 
aphids were not successful. 

3.ELlSA Test: The infected plant sap gave 
a positive reaction with antisera of cucumber 
mosaic virus (CMV) strain of banana and 
groundnut thereby indicating that stunted 
disease is caused by a strain of CMV. 



NATIONAL RESEARCH CENTRE FOR SPICES 

Table 1.9 Incidence of stunted disease of black pepper In Wynad District 

Village Incidence (%) Mean (%) 

• a b c 

Kalpetta 6 8 6 6.6 
Thariyod 6 8 2 5.1 
Pozhudana 0 6 0 2.0 
Padinjarathara 14 2 4 6.6 
Vellamunda 14 0 0 4.6 
Nallurnadu 0 0 2 0.6 
Pottathara 2 10 6 6.0 
Meppadi 12 8 36 18.6 
Vaduvanchal 4 10 0 4.6 
Ambalavayal 0 4 2 2.0 
Nenmeni 30 2 4 12.0 
Noolpuzha 6 4 4 4.6 

• Clusters surveyed 

BIONOMICS OF MAJOR PESTS OF BLACK PEPPER AND EVOLVING 
INTEGRATED CONTROL MEASURES AGAINST THEM 

(S.Devasahayam) 

1.Screening ot black pepper germplasm 
Seven wild Piper species were screened for 
berry damage against 'poilu' beetle in the 
field and six of them viz., P. attenuatum, P. 
barberi, P. chaba, P. colubrinum, P. 
hymenophyllum and P. longum were 

resistant (Table 1.10). laterals of foUl 
cultivated accessions (Accession Nos. 816, 
841,1084 and 1114) identified as relatively 
resistant to 'poilu' beetle in the field were 
raised and maintained for screening under 
caged' conditions. 

Table 1.10 Screening of wild Piper spp. to berry damage against 'poilu' beetle 

Piper species 

P. attenuatum 
P. barberi 
P. chaba 
P. colubrinum 
P. hymenophyllum 
P.longum 
P. nigrum 
Panniyur-l (P. nigrum) 

2.Studies on antifeedants isolated from wild 
Piper spp:The effect of two promising 
antifeedant compounds viz., crotepoxide 
and pipoxide chlorhydrin isolated from P. 

Percent berries infested 

8 

Nil 
Nil 
Nil 
Nil 
Nil 
Nil 

19.4 
21.0 

attenuatum (a known resistant species) was 
tested for their antifeedant activity in various 
concentrations and combinations againsl 
'poilu' beetle using leaf disc technique and 



adopting no choice tests. Antifeedant activity 
was maximum in crotepoxide (500 ppm) 
where 44 per cent feeding deterrence was 
achieved. Various combinations 01 the com
pounds did not enhance the antileedant 
activity significantly. 

3.Evaluation of neern products: Two 
commercial neem products (Neem Azal and 
NEM-(04). neem leaf extract, neem seed 
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kernel extract and neem oil were evaluated 
lor their antileedant activity against 'poilu' 
beetle in laboratory bioassays using leal 
disc technique are adopting no choice tests. 
Among the various products Neem Azal, 
neem seed kernel extract and neem oil 
were more effective resulting in 100 per 
cent feeding deterrence at 3 and 4 per cent 
concentrations respectively, 24 h after 
treatment (Table 1.11). 

Table 1.11 Effect of neern products on feeding behaviour of 'poilu' beetle (no choice tests) 

Neem Azal 
NEM-l04 

Product 

Neem leaf extract 
Neem seed kernel extract 
Neem oil 

Percent leeding deterrence 

90% 100% 

3% 3% 
>10% >10% 

4% 5% 
3% 4% 
4% 4% 

Values denote concentrations at which 90 and 100 per cent leeding deterrence 
occurred 24 h alter treatment 

4.Evaluation of natural products: Leaf 
extracts of Piper colubrinum, Chromolaena 
odoratum and Strychnos nux-vomica were 
evaluated for their antifeedant activity against 
'poilu' beetle in laboratory bioassays using leaf 

disc technique and adopting no choice tests. 
Leaf extracts of C. odoratum and S. nuxvomica 
were more effective causing 100 per cent 
leeding deterrence at 3 and 4 per cent 
concenlrations, 24 h attertreatment (Table 1.12). 

Table 1.12 Effect of plant products on feeding behaviour of 'poilu' beetle (no choice lests) 

Product 

Piper coJubrinum 
Chromolaena odoratum 
Strychnos nux-vomica 

Percent feeding deterrence 

90% 

>5% 
3% 
3% 

100% 

<5% 
3% 
4% 

Values denote concentrations at which 90 and j 00 per cent feeding deterrence occurred 24 h 
alter treatment. 

STUDIES ON COCCIDS INFESTING BLACK PEPPER 
(K.M.Abdulia Koya and S.Devasahayam) 

I.Dlstribution Of scale Insects: Surveys 
were conducted in 21 locations in Kottayam, 

9 

Ernakulam and Nilgiris districts to record 
the incidence 01 scale insects on black pepper. 
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The pest infestation was negligible in the former 
two districts. In Nilgiris district, the percentage 
of vines infested by Lepidosaphes piperis 
and Aspidiotus destructor ranged from 6.7-80.0 
and 0.0 - 73.3 respectively, in various location. 

2.Mass rearing of scale Insects: Several 
plant materials such as rooted cuttings of 

black pepper, pumpkin, ashgourd, elephant 
foot yam, colacasia, potato and orange 
were evaluated as possible hosts for 
multiplication of L. piperis and A. destructor. 
Development of L. piperis was satisfactory 
on black pepper cuttings alone. A. destructor 
developed satisfactorily on black pepper 
cuttings and pumpkin. 

Table 1.13. Evaluation Of insecticides for the control of scale Insect on black pepper 
(combined analysis of two years 1993 & 1994) 

Insecticide (0.1 %) 
15 DASl 

Monocrotophos 96.0 (78.4) 
Phosphamidon 84.3 (66.7) 
Dimethoate 95.5 (77.8) 
Dichlorvos 77.5 (61.7) 
Methyl parathion 84.2 (66.7) 
Malathion 92.0 (73.6) 
Control 4.8 (12.7) 
CD at 5% 

DASF Days after first spray 
DAS2= Days after second spray 

7.4 

Figures in parentheses are transtormed values 

3.Field control: Six insecticides viz., 
monocrotophos, dimethoate, phosphamidon, 
malathion, methyl parathion and dichlorvos 
(0.1 % each) were evaluated for their efficacy 
in controlling L. piperis at Kuppadi (Wynad). 
Two sprays were undertaken at monthly 
intervals atter harvest of the crop. The 
results indicated that all the insecticides 
were effective in controlling the pest infestation. 

Percent mortality 

30 DASl 15 DAS2 

99.7 (86.7) 100.0 (90.0) 
83.8 (66.2) 91.2 (72.7) 
99.9 (88.2) 100.0 (90.0) 
58.1 (49.7) 66.2 (54.5) 
91.9 (73.5) 95.1 (77.3) 
99.5 (85.9) 100.0 (90.0) 

2.5 (9.1 ) 5.7 ( 4.3) 
6.1 6.9 

At the end of 15 days after second spray, plots 
treated with monocrotophos, dimethoate and 
malathion had maximum mortality (100 per 
cent). Combined analysis of two years 
(1993 and 1994) data also indicated that 
spraying of monocrotophos, dimethoate or 
malathion twice at 30 days interval is more 
effective in controlling L. piperis on black 
pepper (Table 1.13). 

INVESTIGATIONS ON NEMATODES ASSOCIATED WITH GINGER, TURMERIC 
AND BLACK PEPPER 

(K V Ramana) 

A survey was conducted in collaboration 
with Regional Agricultural Research Station, 
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Jagtial (APAU) in major turmeric growing 
areas of Adilabad, Nizamabad and Karimnagar 



districts of Andhra Pradesh. Fifty samples 
each of soil and rhizomes (Adilabad-l0, 
Nizamabad-20, Karimnagar-20) were 
collected and processed at Plant Quarantine 
Regional Station (NBPGR), Hyderabad. 

Results indicated that six genera of plant 
parasitic nematodes viz., Meloidogyne, 
Rotylenchulus, Hoplolaimus, Criconemoides, 
Longidorus and Pratylenchus were associ
ated with b.mneric crop. The most predominant 
nematode associated with turmeric was 
Meloidogyne (78%, Population range 2-
127/100cc soil) followed by Rotylenchulus 
(64%, Population range 23-215/100 cc 
soil). Other nematode genera recorded 
were Hoplolaimus (21%), Criconemoides 
(18%), Longidorus (16%) and Pratylenchus 
(14%). However, population of these 
nematodes were low. Survey in ginger 
growing areas in Kozhikode district indicated 
association of five genera of plant parasitic 
nematodes viz., Meloidogyne, Rotylenchulus, 
Helicotylenchus, Xiphinema and Criconemoides 
with the crop. 
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Meloidogyne sp. was the most predominant 
species (100%, population range 51-561/ 
100 cc soil) found in the rhizosphere of ginger. 

A pot culture experiment to assess the 
damage potential of M. incognita in ginger 
was conducted with five treatments replicated 
five times in earthen pots of 12" dia filled 
with sterilized soil mixture @ 10 kg/pot. 
Seed rhizomes of cultivar 'Maran' @ 20 g/ 
pot were sown and one month after 
germination nematodes were inoculated as 
per the treatments. Four months after 
inoculation the plants were harvested and 
observations recorded (Table 1.14).Nematode 
inoculation caused considerable reduction 
in the growth parameters in ginger. Plants 
inoculated with the highest inoculum level 
i.e., 2.0 nematodes/g soil caused 16.04%, 
21.87% and 16.97% reductions in plant 
height, number of tillers and weight of 
pseudostems respectively though these 
reductions were not statistically significant. 
Root-knot index increased with increase in 
the inoculum level from 1.2 to 2.8. 

Table 1.14 Effect of M. Incognita on growth of ginger (Means of five replications) 

Height % 
Treatment (cm) Reduction 

Control 62.4 
0.5Nematodesl 9 soil 61.3 1.79 
1.0 56.3 9.83 
1.5 " 55.7 10.75 
2.0 " 52.4 16.04 
CD 0.05% N.S 

Role of M. incognita In rhizome rot 
complex of ginger 

A pot culture experiment to asses the role 
of M. incognita in rhizome rot complex of 
ginger was conducted. Seed rhizomes of 
ginger cuttivar 'Maran' @ 20 g/pot were sown 

No. of % Weight % Root 
tillers Reduction (g) Reduction knot 

6.4 
5.6 
5.6 
4.8 
5.0 
N.S 

11 

index 

61.5 0.0 
12.50 65.9 1.2 
12.50 58.9 4.19 2.2 
25.00 52.4 14.79 2.8 
21.87 51.1 16.97 2.8 

N.S 

in pots (12" dial filled with 10 kg sterilized soil 
mixture. One month after germination the 
plants were inoculated with freshly hatched 
second stage juveniles of M. incognita @ 
5,000 nematodes/pot as per the treatments, 
Twenty days after nematode inoculation the 
plants were inoculated with Pythium sp and 
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Pseudomonas sp as per the treatments. Six 
replications were maintained per treatmen!. 
Incidence of the disease was monrtored 

and the plants were harvested at 2 months 
after final inoculation. The data are presented 
in Table 1.15. 

Tablet.tS Effect of M. Incognita In the disease incidence (Total of six replications) 

No. of Tillers (6 plants) 

Treatment Healthy Diseased Total • Onset % of 
of the Desease 

Desease 

M.i alone 29 0 29 Nil 
Py alone 6 21 27 14 77.7 
Ps alone 0 26 26 5 100.0 
M.i + Ps 10 18 28 14 64.3 
M.i + Ps 0 25 25 5 100.0 
Py + Ps 0 25 25 6 1000 

M.i + Py + Ps 0 22 22 6 100.0 
Control 37 0 37 Nil 

(No pathogens) 

• Onset at disease in days from the date of fungal and bacterial inoculations. 
M.i '" Me/oidogyne incognita, Py = Pyth;um aphanidermatum, Ps = Pseudomonas solanacearum 

Results indicated that symptoms of bacterial 
wilt started appearing from the 5th day alter 
inoculation in plants inoculated with either 
Pseudomonas alone or in combination with 
M incognita and from 6th day onwards in 
plants inoculated with bactera in combination 
with Pythium and Pythium and nematodes. 
Symptoms of Pythium infestation started 
appearing from 14th day after inoculation 
irrespective of nematode presence. SYfl1ltoms 
of bacterial will dominated in all the plants 
where bacteria and fungus were inoculated 
and in plants inoculated with fungus alone, 
77.7% tiller showed infestation of the fungus 

while in plants inoculated with fungus and 
nematode 64.3% tillers showed tungal 
infestation at 2 months after inoculation. 
Maximum number of tilers (37) were recorded 
in plants where no pathogens were inoculated 
followed by in plants inoculated with 
nematodes alone (29). The results indicate 
that nematode inoculation prior to fungaV 
bacterial inoculation neither enhanced disease 
incidence nor caused early incidence of the 
disease caused by Pseudomonas/Pythium 
indicating no positive role of the nematode 
in the disease complex in ginger. However, 
the results have to be confirmed further. 

INVESTIGATIONS ON PLANT PARASITIC NEMATODES ASSOCtATED WITH 
CARDAMOM 

(Santhosh J. Eapen and M.N. Venugopal) 

I.Field evaluation of nematicides and neem 
oil cake: Field trial using carbofuran, phorate, 

t2 

quinalphos and neem oil cake was continued 
for the fifth year. As in previous years, phorate, 



carboluran and neem oil cake gave good control 
of nematodes. Phorate @ 2.5 and 5.0 g a.i./ 
clump increased the yield of cardamom to 
478.4 and 504.8 g/pJant (wet weight) 
respectively, while the untreated control plants 
yielded only 249.9 g (Table 1.16). Besides, 
phorate treatment reduced thrips and root grub 
damage also. Cardamom samples were 
collected at 2, 4 and 6 weeks after application 
of the pesticides and were analyzed for 
pesticide residues. Carbofuran residues were 
found even at the 4-week interval while no 
residues could be detected at the same 
interval, with regard to phorate @ 2.5 g a.i.! 
plant. Pythium population in neem cake 
amended cardamom soils was found to 
increase during the post monsoon period. 
Phorate was applied @ 1 g a.i.lm2 alone and 
in combination with 0.2% copper oxychloride 
@ 511m2, applied thrice, viz., 2-3 leaf stage, 
rhizome formation stage and tillering stage. 

ANNUAL REPORT 1993 - 94 

Combined application of phorate and copper 
oxychloride improved the growth of 
cardamom plants and reduced the incidence 
of pests and diseases in cardamom nurseries 
(Table 1.17). 

2.Screenlng of germplasm: Fifteen 
germplasm accessions were screened for 
their reaction to root knot nematodes and 
all were fou nd susceptible. 

3.Solarization studies: Soil solarization was 
carried out at two locations (CRC, Appangala 
and Spices Board, Biligeri) for a period of 
45 days, using 400 gauge transparent 
polyethylene sheets. Observations on 
germination, growth of plants, incidence of 
pests and diseases, etc, were recorded and 
are represented in Fig 1.1 and 1.2. Biocontrol 
agents and plant protection chemicals were 
found to perform better in solarized soils. 

Table 1.16 Effect of three granular pesticides on growth and yield of cardamom 

Number of 
Dosage Height Yield. wet 

Treatment (g.a.i./plant) (m) Tillers Panicles Capsules wt. 
(g/plant) 

Carbofuran 2.5 1.92 20.83 14.35 68.4 246.2 
5.0 2.07 24.44 19.35 134.7 409.6 

Phorate 2.5 2.29 22.58 17.86 171.6 478.4 
5.0 2.21 22.55 18.50 184.6 504.8 

Quinalphos 2.5 1.97 20.58 14.95 100.8 235.6 
5.0 1.85 19.77 13.56 95.8 215.4 

Check 2.05 20.55 15.11 90.2 249.9 
LSD 0.18 NS 3.22 41.6 114.9 

Data are means of four replications combined over three neem oil cake levels 

13 
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Table 1.17 Efficacy of phorate and copper oxychloride for management of pests and 
diseases In cardamom nurseries'. 

Total No. of Incidence of 
biomass standard 

Treatment (g/plant) seedlings Rhizome Nematodesa Root 
(%) rot (%) grubsb 

Phorate 47.16 60.69 25.53 92.7 0.46 
(53.17) (30.35) (1.967) 

Copper 40.66 63.39 25.88 238.9 1.96 
oxychloride (52.77) (30.58) (2.380) 

Phorate+ 
copper 45.68 62.27 21.31 58.6 0.21 
oxychloride (52.10) (27.49) (1.768) 

Check 43.29 51.94 45.59 390.7 2.04 
(46.11) (42.47) (2.593) 

LSD NS (03.73) (03.96) (0.401 ) 077 

·Data are means of four replications combined over three trials. Figures in parentheses are transformed values 
a Final nematode level in one gram of root 

b Root grub damage based on a 0 - 5 scale 

BIOLOGICAL CONTROL OF PESTS AND DISEASES OF SPICES 
(M Anandaraj, M N Venugopal, S Devasahayam, 

K M Abdulla Koya, Y R Sarma and Santhosh J . Eapen) 

1.Diseases: Field trials using VAM and 
Trichoderma spp and Gliocladium virens were 
taken up against Phytophthora capsici, the 
causal organism of foot rot of black pepper. 
Two isolates of Trichoderma and one of 
Gliocladium were isolated from cardamom 
fields mix cropped with arecanut, coffee, 
cocoa and black pepper. Gliocladium was 
effective in suppressing Pythium vexans in 
dual culture. In a field trial in cardamom, a 
combination of Trichoderma spp and 
Paecilomyces lilacinus effectively reduced 
rhizome rot incidence by 39 per cent. 

2.1nsect pests: Three more species of 
coccineliid beetles were identified to be 
predaceous on scale insects of black pepper. 
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Mass mu~iplication of host insects on suitable 
host materials was being standardized for 
rearing of natural enemies of scale insects 
in the laboratory. An unidentified species of 
nematode and two unidentified species of 
hymenopterans were recorded as natural 
enemies of shoot borer. At Peruvannamuzhi, 
parasitization of larvae by the nematode 
and hymenopterans was as high as 25.0 
and 42 per cent, respectively. 

3.Nematodes: (a) In vitro testing:- Four 
isolates of Trichoderma spp. and an isolate of 
Gliocladium sp. isolated from cardamom fields 
were tested against root knot nematodes of 
cardamom in a pot study using sterile soil and 
native soil. Trichoderma sp.(isolate No.4) was 
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more efficient among all the isolates used in 
controlling nematodes(54.5 - 59.3 %) as 
well as improving the growth of seedlings 
(>30%). All the isolates performed well in 
native soil than in sterile soil. Generally, all 
the isolates improved the growth of 
cardamom seedlings, irrespective of the 
presence or absence of root knot nematodes. 

b) Field testlng:- Performance of 
Trichoderma spp. and Paecilomyces lilacinus 
were assessed in cardamom nurseries at 
Appangala and Biligeri. Incorporation of 
these biocontrol agents increased the number 
of quality seedlings and reduced the 
incidence of nematodes and other diseases 
like damping off and rhizome rot (Table 1.18). 

Table 1.18 Evaluation of Trichoderma spp. and Paecilomyces lIIaclnus In cardamom 
nurseries. 

Treatment 

Trichoderma spp. 
Paecilomyces lilacinus 
Trichoderma + P.lilacinus 
Check 

Std.seedlings 
(%) 

63.16a 
60.96a 
66.43a 
51.94b 

Rhizome rot 
(%) 

29.83a 
22.75a 
21.48a 
42.47b 

Root knot nematode 
Final' 

I 63.06ab 
100.62bc 
51.17c 

390.74d 

Means followed by the same letter are not significantly different at 5% level 
Data are means of four replications combined over three trials. 
-Root knot nematode population in one gram root. 

ISOLATION AND IDENTIFICATION OF NATURALL YOCCURRING COMPOUNDS 
AGAINST MAJOR PESTS AND PATHOGENS OF BLACK PEPPER 

(N K Leela) 

The aqueous leaf extracts of Azadirachta 
indica, Lantana camara, Strychnos nuxvomica 
and Chromolaena odorata were tested in vitro 
for toxic effect on Phytophthora capsici. 
Extracts from C. odorata and A. indica showed 
significant inhibition of mycelial growth at 2 per 
cent, even after 5 days of incubation. Extracts 
from C. odorata, A. indica and S. nuxvomica 
completely prevented sporulation even at 0.25 
per cent. One hundred per cent inhibition of 
zoospore release and germination were 
observed with I per cent extract of A. indica, 
where as with C.odorata corresponding 
concentrations were 2 per cent and 0.25 
per cent respectively. Leaf extracts of S. 
nuxvomica, A. indica, L. camara and Allspice 
were screened in vitro for nematicidal activity 
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against the second stage juveniles of M. incognita. 
Except L. camara, aU of therm showed significant 
nematicidal activity at I per cent, after 48 hours 
of incubation. One of the nematicidal principles 
in Allspice leaf oil was identified as eugenol 
by G.C. analysis followed by the bioassay of 
the authentic sample. 

For the isolation of fungitoxic principles in 
P. colubrinum, the aqueous extract was 
partitioned with petroleum ether followed by 
column chromatography on alumina and 
subsequent elution with Methanol-water mixture 
of increasing polarity yielded five fractions. 
Although inhibition of myceilial growth was 
observed with all the five fractions, one of them 
showed max inhibition (86%). These fractions will 
be further purified to isolate the active principle. 
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MUL TILOCATION PROJECT ON RHIZOME ROT OF GINGER (ICAR CESS FUND 
PROJECT 1991-94) 

(Y.R. Sarma) 

Summary 

Investigations carried out clearly brought 
out that Pythium aphanidermatum is the 
predominant pathogen in Kerala causing 
rhizome rot of ginger. Soil solarization and 
biocontrol agents were found effective in 
disease suppression. The survey carried out 
in Calicut, Cannanore, Ernakulam, Kottayam, 
Idukki and Wynad districts showed varying 
degrees of disease incidence in Wynad 
district, bacterial vv~ caused by P. so/anacearum 
either alone or in combination with P. 
aphanidermatum was noticed. Dry rot caused 
by M. phaseolina and B. theobromae was 
also noticed. Nematode infection caused by 
M. incognita did not show any increase in 
rhizome rot or bacterial wilt. The disease 
incidence started during July and was 
maximum by October. Disease management 
trials conducted in Pythium sick soil showed 
that soil solarization showed enhanced 
suppression of weed growth and disease 
incidence and increased yield. Among the 
biocontrol agents Trichoderma spp. and 
G/iocladium virens was isolated and studied 
for their in vitro activities. Their mode of 

action as hyperparasites or through their 
production of volatile and non-volatile 
antibiotics was studied. 

Effect of soil application of T. viride, T. 
harzianum, T. hamatum and G. virens was 
found to be effective in suppressing disease 
and increase yield. Their suppressive effects 
were more conspicuous when combined 
with soil solarizatioin conditions. The 
fungicides Dithane M-45, Ridomil MZ, 
Captafol application both as seed treatment 
and as soil application were found superior 
to control in disease suppression. However, 
they were not statistically significant. 

High degree of host resistance to both 
rhizome rot and bacterial wilt were not 
located in any of the germplasm accessions 
screened so far. However, a low variability 
for disease resistance was noticed. The 
studies clearly brought out the potential of 
soil solarization and biocontrol agents in 
disease suppression of rhizome rot of ginger. 
Soil solarization combined with biocontrol 
agents conspicuously reduced rhizome rot. 

MiNi MISSION it < DEVELOPING AGROTEcHNlaUES FOR INCREASING 
I,.. PRODUCTION· OF SPICE CROPS·. .,,::;:::;:, III 'I,',:·.,,· ""'.I; .,.",;::;,.""., ... 

STUDIES ON THE IMPACT OF INPUT TECHNOLOGY ON THE YIELD 
PERFORMANCE AND QUALITY ATTRIBUTES OF BLACK PEPPER 

(K. Sivaraman, A.K. Sadanandan, C.K. Thankamani and K. Kandiannan) 

1.NPK Experiment: Experiment was 
initiated during 1987 to study the effect of 

17 

fertilizer on black pepper. Twenty one 
treatments consisting of 4 levels of N, 4 levels 
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of K and two levels each of Ca and Mg, along + 280 g K20/vine/year in two equal splits (o,1e 
with control (No fertilizer) were laid out in at June and second at September) recordeo 
RBO with three replications, Yield recorded maximum cumulative yield of 12,117 kg/vine 
from third year onwards and cumulative yield whereas control gave only 2,680 kg/vine 
presented in Table 2,1. Application of 200 9 N The response to Ca and Mg was not apparent 

TABLE 2.1 Cumulative (1990-91 - 1993-94) green pepper yield (kg/vine) 

N 

50 
50 
50 
50 

100 
100 
100 
100 
150 
150 
150 
150 
200 
200 
200 
200 

o 
o 

50 
50 
50 

CD(o.os) 

Nutrients 

60 70 
60 140 
60 210 
60 280 
60 70 
60 40 
60 210 
60 280 
60 70 
60 140 
60 210 
60 280 
60 70 
60 140 
60 210 
60 280 
o 0 

60 0 
60 140 
60 140 
60 140 

2.Critical Nutrient Indexing: Two hundred 
yielding black pepper vines were selected 
at Pulpally, Wynad district, Kerala. Leaf and 
soil samples were collected and analyzed 
for major and minor nutrients and study is in 
progress. 

a.lrrlgation Experiment: Experiment on 
irrigation requirement of black pepper was 
initiated during 1988 and modified during 
1993 as per staff research council 
suggestions with following treatments. 

Ca 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

50 
50 
o 
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Mg 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

50 
50 

Treatments: 

Cumulative yield 

(kg/vine) 

3.308 
3.749 
4.903 
5.339 
5.617 
6.761 
6.489 
6.128 
7.554 
7.681 
8.824 
8.448 
9.495 

1.0186 
10.656 
12.117 

2.680 
2.955 
4.551 
4.336 
4.016 
1.047 

A Irrigation method 

1. 
2. 
3. 
4. 

Irrigation at IW/CPE ratio 

0.9 
0.6 
0.3 

Drip irrigation @ 
7 lit/day/vine' 



5. Unirrigated control 

B. Duration 

1 . October to March 

2. 
3. 
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October to April 
October to May 

Note: • Drip irrigation depending upon 
evaporation. 

STUDIES ON EFFECT OF ORGANIC NUTRITION AND SECONDARY NUTRIENTS 
ON ESTABLISHMENT, GROWTH AND YIELD OF BLACK PEPPER 

(M. Gopalakrishnan Nair, K.Sivaraman, C.K.Thankamani, M. Anandaraj and K.V. Ramana) 

An obseNation trial was initiated during 
1993 with a view to study the effect of 
organic nutrition and secondary nutrients on 

_ No plant protection 

black pepper. There are 16 treatments 
formulated by combining the following factors. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

Po 
P1 

M1 
M2 
Cao 
Ca1 
Mgo 
Mg1 

_ Plant protection (30 g phoratelvine + Ridomil 2.5 gllit) 
- Organic Manure - 30 kg Cowdunglvine 
- Inorganic fertilizer (100:40:140 g N, P205, K20Nine/year) 
_ No Calcium 
_ 900 g Calvine/year 
. No Magnesium 
. 300 g Mg/vine/year 

The treatment imposed on each two healthy 
and diseased vines of Karimunda variety 
trailed on concrete posts. Pre-treatment 
and post-treatment scoring for yellowing 
and defoliation were recorded. There was 

apparent reduction in yellowing and defoliation 
due to application of organics with calcium 
and magnesium. This needs to be studied 
in detail for confirmation. 

INVESTIGATIONS ON SPICES BASED CROPPING SYSTEMS 
(V S Korikanthimath and K.Sivaraman) 

A field experiment was laid out with eight 
crop combinations (Table-2.2) at NRCS, 
Cardamom Research Centre, Appangala 
during September, 1991, with each crop 
combination in an area of 0.1 ha. The 
objectives are to study crop compatibility, 
optimum utilization of natural resources like 
solar radiation, water and nutrients, organic 
recycling of crop residues, impact of crop 
combination on beneficial soil micro 
organisms, generating conducive micro 
climate and economic analysis of various 
crop combinations. During the year recorded 
observations on solar radiation on land and 
aerial space and related micro climatic 
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parameters. Microbial load in the root region 
of component crops and the growth 
characters of component crops were also 
recorded. 

1.Photosynthetically active radiation 
(PAR):The PAR recorded in the sole crop 
of cardamom was the highest (1192.28 Il 
mollm2/sec) followed by the component 
crop viz., Nutmeg (579.5), clove (513.8), 
cinnamon (282.77), allspice (282.77) and 
pepper (112.85). The sole crop of coffee 
recorded the PAR of 407.80 Il mol/m2/sec 
as against 376.50 in case of coffee mix 
cropped with cardamom. 
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2.Temperature: Temperature outside(TA): 
Amongst the sale crops, coffee recorded 
the maximum temperature of 33.48 oC 
followed by Cardamom (31.11oC). Amongst 
the component crops pepper recorded the 
lowest temperature of 30.87oC as it is covered 
both by the canopy of permanent live 
standard Erythrina lithosperma and overhead 
shade of forest trees. Leaf temperature 
was highest in case of sale crop of coffee 
followed by sale crop of cardamom (32.3()OC). 
Amongst the mixed crops, pepper recorded 
the lowest leaf temperature of 29.51oC. 

3.Transpiration: Among the main crops, 
transpiration was highest in coffee (3.40 
jJ.mol H20/m2/sec, followed by cardamom 
(2.24). In case of component crops, 
cinnamon had the highest transpiration (3.66 
jJ.mol H20/m2/sec) and it was lowest (1.76) 
in allspice. 

4.Stomatal Conductance: S 10m a t a I 
conductance was maximum in case of sale 
crop of coffee (0.098 jJ.moVm2/sec) as against 
0.058 in cardamom. Among the component 
crops, cinnamon recorded the highest 
stomatal conductance (0.131 jJ.mol/m2/sec). 

5.Photosynthesis: Amongst the sale crop, 
coffee recorded highest net photosynthesis 
(2.38 jJ.mol C02/m2/sec) followed by 
cardamom (1.90). Among component crops, 
cinnamon corded the highest net 
photosynthesis (3.51) 

6.1ntercellular C02 Concentration: Sale 
crop of coffee recorded the highest values 
(243.40 jJ.mol/m2/sec) followed by cardamom 
(180). Among the component crops, allspice, 
recorded the lowest value (173.27). 

7.Water use effiCiency: Among the sale 
crops, cardamom had highest water use 
efficiency (0.848) followed by sale coffee 
(0.700). The component spice crops had 
the maximum water use efficiency (average 
0.743) and the highest value was obtained 
in case of allspice (1.017). 
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II.MICROBIAL POPULATION 

Soil samples in the root region of both the 
sale crops and component crops were 
collected and analyzed for the microbial 
population of bacteria, fungi, Actinomycetes, 
N2 fixers and phosphate solubilizers (Table 
2.4). 

I.Bacteria (X 105): Population of bacteria 
was the highest (18.35) in case of cardamom 
mix cropped with various component crops 
followed by sale crop of cardamom (IS.0) 
and control Le." no cultivation (7.0). The 
root region of pepper recorded the maximum 
bacteria (IS.5) as against average (9.7) of 
all component crops. 

2.Fungi (X 103): The population of fungi 
was the highest (34.88) in case of cardamom 
mix cropped with various component crops 
followed by sale crop of cardamom (31.0) 
and control (7.5). The root region of clove 
recorded the maximum fungi population 
(48.0) as against the average of all the 
component crops (28.10). 

3.Actinomycetes (X 106 ): The microbial 
population of actinomycetes was highest 
(2.01) in case of root region of cardamom 
mix cropped with various component crops, 
followed by sale crop of cardamom (2.00) 
and control (0.30). Amongst the component 
crops, root region of nutmeg and allspice, 
recorded the maximum population of 
actinomycetes (1.4) as against the average 
of all the component crops (1.0S) put 
together. 

4.N2 fixers (X 104): The microbial population 
of N2 fixers was highest (14.16) in case of 
the root region of cardamom mix cropped 
with various component crops, followed by 
sale crop of cardamom (10.80) and control 
(4.30). Amongst the component crops root 
region of nutmeg recorded the highest 
population (12.4) of N2 fixers as against the 
average of all the component crops put 
together (7.71). 
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5.Phosphate solubilizers: The microbial 
population of phosphate solubilizing bacteria 
and fungi in the root region of sale crop of 
cardamom and component crops were 
analyzed. 

i) Bacteria (X 104):The microbial population 
of P solubilizing bacteria was highest (8.0) 
in the root region of sale crop of cardamom 
as against the least population in control 
(1. 70). The average of P solubilizing bacteria 
population in the root region of component 
crops was (5.65). Amongst the component 
crops the root region of clove recorded the 
maximum P solubilizing bacteria (6.0) as 
against the average of 5.38 of the component 
crops. 

ii)Fungi (X 104): The microbial population 
of P solubilizing fungi was the highest 
(2.00) in case of cardamom as against the 
sale crop of cardamom (0.70) and control 
(0.00). Amongst the crops, clove recorded 
the highest microbial population of P 
solubilizing fungi (1.38) as against the 
average of 0.87 in case of all the component 
crops put together. The above study clearly 
shows that the microbial population in the 
root region of cardamom mix cropped with 
component crops can be enhanced as 
against the sale crop of cardamom and 
control (no cultivation). 

III.LEAF NUTRIENT CONTENTS 

The physiologically matured leaves both 
from the main crop of cardamom and 

component crops were collected and 
analyzed for nutrient contents. The leaf 
nitrogen content of main crop of cardamom 
was 3.5%. Amongst the component crops 
pepper recorded the highest nitrogen content 
(4.3%) and the lowest N content of 2.2% 
was observed in allspice. In case of leaf 
phosphorous, sale crop of cardamom 
recorded 0.53%. Amongst the component 
crops, coffee recorded the highest leaf P 
content of 0.53% and the lowest was found 
in the leaves of clove (0.45%). 

1.Growth characters: The growth characters 
of both the main crop of cardamom and the 
component crops were recorded and the 
average was worked out. 

I)Cardamom: The average height of 
cardamom was 224.98 em. Out of the total 
number of tillers of 44.76 per clump, 30.53 
were bearing tillers and 14.23 were non 
bearing tillers respectively. The cardamom 
clumps could record an average of 51.46 
panicles/plant. The length of panicles was 
56.30 cm. The number of nodes was 17.90 
per panicle. 

2.Yield of cardamom: A promising maiden 
average cardamom yield of 0.339 kg dry 
cardamom yield per clump and 870 kg/ha 
was recorded during the second year (30 
months of planting). The moderate yield of 
coffee was also recorded. The component 
crops viz tree spices, (Nutmeg, clove, allspice 
and cinnamon) and pepper are yet to 
commence the bearing. 

NUTRIENT REQUIREMENT OF IMPROVED VARIETIES OF SPICE CROPS 
(A.K Sadanandan, K. Sivaraman and V.S.Korikanthimath) 

I.Nutritional requirement of pepper cv. 
Sreekara and Subhakara trailed on living 
and non-living standards: Experiment was 
initiated in 1992 with the objective of 
determining the fertilizer and micro-nutrient 
requirement of two released pepper cultivars. 
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There were six fertilizer treatment including 
micro nutrients laid out in a split plot deSign 
replicated four times. There were 95 and 
90% survival for Sreekara and Subhakara 
respectively. Studies are in progress. 

2.Long term effect of fertilization on 



black pepper: The NPK field experiment 
laid out in 1979 was retained to study the 
soil and nutrient changes due to fertilization 
for 15 years. Continuous fertilization 
decreased soil pH, increased N application 
increased molybdenum status and decreased 
AI content in pepper leaf. Increased P 
application decreased Zn status in leaf. 
Positive interaction of N x P, and N X K 
were also observed. 

3.Nutrient requirement 01 bush pepper 
(Inorganic fertilization): The experiment 
initiated during 1991, as pot culture 
experiment, was continued with the objective 
to determine the nutritional requirement of 
bush pepper. There were four treatments 
viz. three levels of NPK and a control 
replicated four times using two varieties 
viz. Panniyur-l and Karimunda. Application 
of NPK @ 1.0, 0.5, 2.0 g/pot (30 cm 
diameter with 10 kg soil) at bimonthly 
intervals gave highest number of spikes 
laterals, berry volume and yield (365 g). 
The increased levels of NPK fertilization 
increased both soil and leaf status of 
nutrients, in both the varieties 

4.Nutrition requirement of bush pepper 
(Organic farming): The study initiated in 
1991 with the objective of finding out the 
effect of application of organic manures on 
black pepper production using Panniyur 1 
and Karimunda as test varieties was 
continued. There were seven treatments 
(viz. Five organic cakes compared with one 
inorganic fertilizer and a check) replicated 
three times. Application of organic oil 
cakes equivalent to the nutrient level of N, 
P, K. @ 1.0, 0.5, 2.0 g/plot significantly 
increased leaf nutrient status, spiking 
intensity and yield of pepper. Among the 
treatments ground nut cake was superior. 
This was followed by cotton cakes. The BI 
C ratio was 1.0, 3.1 and 3.3 respectively for 
cheCK, lertilizer aoo ground nul cake. 

5.Nutrltional requirement of turmeric 
genotypes (inorganic fertilization): A field 
experiment was laid out in 1993 to study 
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the nutritional requirement of improved 
varieties of turmeric. There were four 
genotypes viz. Suva rna, Suguna, 
Sudarshana, and Alleppey and seven 
treatments, comprising NPK fertilizers each 
at 3 levels and micronutrients (Mn, Zn, B 
and Mo) each at two levels as soil application 
and also one treatment as foliar application. 
Studies showed that among the genotypes, 
the maximum dry yield (5663 kglhalha) 
curcumin recovery (401 kg/hal and nutrient 
uptake were registered by turmeric cv 
Alleppey. This was followed by Sudarshana 
(yield 4945 kg/ha curcumin recovery 282 
kg/hal then Suguna (yield 4503 kg/ha and 
curcumin recovery 245 kg/hal and the least 
by Suvarna (yield 3801 kg/hal and curcumin 
recovery 147 kg/hal. Among treatments 
application of NPK @ 60, 50, t 20 kg/ha 
was economical 

6.Turmerlc organic farming: A field 
experiment was laid out with the objectives 
to study effects of organic farming on the 
nutrition and quality of improved turmeric 
genotypes. The genotypes of turmeric 
tested were Suvarna, Suguna, Sudarshana 
and Alleppey. Studies showed that 
application of organic cakes increased the 
availability of soil available micro nutrients 
compared to application of fertilizer alone. 
Among the varieties maximum yield was 
registered by Alleppey (4925 kg). This was 
followed by Sudarshana (4708 kg) then 
Suguna (4565 kg) and Suvarna (3381 kg). 
Curcumin recovery was maximum for 
Alleppey (358 kg/hal. This was followed by 
Sudharshana (266 kg/ha), Suguna (359 kg! 
hal and the least was from Suvarna (134 
kg/hal. Among the treatments groundnut 
cakes applied plot continued to register 
highest B/C ratio (1.57) after fertilizer (1.66). 

7.Glnger (organic farming): A field 
experiment was laid out to study the e1fect 
of application of organic cakes on ginger 
nutrition, yield and quality, There were nine 
treatments which includes six organic sources 
one inorganic NPK fertilizer with and without 
micronutrients and a check. There were 
five replications. Among the treatments 
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cotton cake applied plot registered highest 
fresh yield(20.38 tlha) followed by Neem 
cake (19.73 tlha). Application of organic 
cakes, fertilizer and FYM had significantly 
increased the nutrient uptake, yield and 
oleoresin recovery. The maximum B/C ratio 
1.53 was registered by Fertilizer @ 75, 50, 
50 Kg NPKlha . 

8. Deficiency symptoms in spice crops: 
An experiment was initiated to study the 
nutrient deficiency symptom of pepper, 
ginger, turmeric, clove and nutmeg using 
quartz sand and Hoagland solution. It was 
found that Nitrogen deficiency is 
characterized by foliar yellowing and stunted 
growth. Phosphorous deficiency was 
characterised by dark green to purple yellow 
leaves with stunted growth and final death 
of plant. Potash deficiency was characterized 
by drying of tips and margins of the leaves 
which finally dried away especially in older 
leaves. The Ca deficiency was characterized 
by production 01 necrotic areas near the tips 

and margin of upper leaves followed by 
drying of the whole plants. The Mg deficiency 
was characterized by interveinal chlorosis 
of mature leaves at starting which then 
spread to younger leaves. The S deficiency 
was indicated by chlorosis of young leaves, 
shedding of leaves and death of plants. 

9.Nutritlonal diagnosis in black pepper 
using ORIS: The leaf analysis and yield 
data of pepper vines from major pepper 
growing areas of Kerala and Karnataka 
were used for the above study consisting of 
a population of 578 vines. Nutritional 
norms were worked out. It was found that 
if optimum nutrition maintained the expected 
yield would be 4400 glvine/year. The 
optimum nutrient arrived from this population 
is 2.2, 0.11, 2.02, 2.67, 0.22 and 0.21 % 
respectively for N, P, K, Ca, Mg and S. 
Regarding micronutrients the status were 
329, 467, 29 and 290 ppm for Fe, Mn, Zn 
and Cu, respectively. 

MINI MISSION III: INCREASING PRODUCTIVITY OF SPICE CROPS 
THROUGH CROP IMPROVEMENT 

COLLECTION, CONSERVATION, CATALOGUING AND EVALUATION OF BLACK 
PEPPER GERMPLASM 

(K.Johnson George, P.N. Ravindran, B. Sasikumar, R. Ramakrishnan Nair and 
V.S.Korikanthimath) 

Collection survey undertaken in Cannanore 
district, helped to assemble 39 cultivated 
black pepper types. Surveys in other 
regions of Kerala, Karnataka and Tamil 
Nadu resulted in gathering 10 cultivated 
types. Sixteen species of Eastern Ghat 
origin were collected from Kolli and Shevaroy 
hills of Tamil Nadu. Wild Piper nigrum, P. 
sugandhi, P. galeatum, P. trichostachyon 
and P. mul/esua and other unidentified 
species totalling 27 accessions were collected 
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from the forest areas in Idukki, Wynad and 
Nilgiris. Twenty two accessions of long 
pepper types cultivated in the hilly areas of 
AraKu valley, Paderu and Chintappally in 
Vishakapatnam district in Andhra Pradesh 
were collected and added to the germplasm. 
The tribals use them for the stem and roots 
that marketed locally for medicinal use. 
Morphological observations including the 
reproductive characteristics of 25 accessions 
of black pepper were recorded. 
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COLLECTION, CONSERVATION, CATALOGUING AND EVALUATION OF 
CARDAMOM GERMPLASM 

(Regy LuckoSe) 

The germplasm maintained in the centre 
consists of 232 accessions of small 
cardamom and 10 species of related genera. 
Growth characters viz., tillers/plant, yielding 
tillers/plant, height of the tallest tiller, length 

and breadth of the median leaf, leaves/ 
plant, panicles/plant and yield were recorded 
in Wynad collections. No significant difference 
were found between the treatments in any 
of the characters. 

COLLECTION, CONSERVATION, CATALOGUING AND EVALUATION OF 
GERMPLASM OF GINGER AND TURMERIC 

(P.N.Ravindran, B.Sasikumar, Johnson K. George and R.Ramakrishnan Nair) 

, _Germplasm colleCtion, conservation and 
cataloguing: Five hundred and sixty six 
accessions of turmeric and three hundred 
seventy three accessions of ginger and 
seven accessions of Kaempferia galanga 
were maintained. Hundred and twenty new 
accessions of turmeric, 28 accessions of 
ginger and 2 accessions of Kaempferia 
ga/anga were collected during the year. 
Cataloguing of 80 new accessions of turmeric 
was completed. Yield, dry recovery and 
rhizome characters of other 100 accessions 
of turmeric were recorded lor cataloguing. 
Morphological features of about 500 turmeric 
accessions were also recorded for 
distinguishing morphotypes / species. 

2.High curcumln varieties: Nine cultivars 
reported to be having high curcumin content 
viz., Mananthody, Sugandham, CII 328 
Sugandham, Wynad Local, Aizwal, 
Edapalayam, Eratlupetta, Palappally and 
Thodupuzha were evaluated for yield and 
dry recovery in replicated trials at 
Peruvannamuzhi. Differences among the 
cultivars were not significant for fresh rhizome 
yield / 3 m2 bed. However, fresh rhizome 
yield / 3 m2 bed ranged from 12.5 
(Mananthody) to 15.5 kg (Wynad Local). 
The dry recovery of these cultivars varied 
from 15.5 (Wynad Local) to 18.2% (Aizwal). 

3.North Eastern Collection: Twenty one 
turmeric accessions collected from North 
East India during 1990 were evaluated for 
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fresh yield and dry recovery in a replicated 
trial at Peruvannamuzhi. Differences among 
these accessions were significant for fresh 
rhizome yield / 3 m2 bed. Acc.313 recorded 
maximum fresh rhizome yield / bed followed 
by Acc.329. However, highest dry recovery 
was observed in Acc.295. Table 3.1 gives 
the fresh rhizome yield /3 m2 bed and dry 
recovery of these accessions. 

4.0pen pollinated progenies: Seven 
selections from open pollinated progenies 
of turmeric along with 4 controls were 
evaluated at NRCS larm Peruvannamuzhi 
and farmer s plot at Muvatlupuzha lor yield 
and driage for the 3rd consecutive year. 
The same set of progenies and control 
along with the local control (PTS-l0) was 
also evaluated at COimbatore (Farmer s 
plot). Significant differences were observed 
for mean fresh rhizome yield both at 
Peruvannamuzhi and Muvattupuzha. At 
COimbatore the yield varied from 10.83 
(Suguna) to 26 kg(Acc.366). The control 
PCT-14 ranked first in both the locations 
followed by Acc.358 at Muvatlupuzha and 
Acc.364 at Peruvannamuzhi. However, 
Acc. 367 had highest dry recovery at 
Peruvannamuzhi while PCT-8 registered 
maximum dry recovery at Muvattupuzha 
(Table 3.3). At Coimbatore Acc.366 out 
yielded the local ruling variety (PTS-tO) 
Highest dry recovery was recorded in 
Suvarna(22.4%) followed by Acc. 360 
(Table 3.2). 
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Table 3.1 Mean yield/bed and dry recovery of N.E. collections of turmeric germ plasm 

Acc. No. 

305 
297 
316 
325 
329 
322 
303 
319 
318 
327 
313 
330 
312 
290 
335 
295 
289 
308 
311 
321 
326 

CD 
(P=0.05) 
CV% 

Fresh yield Kg 3m2 I bed 

17.50 
16.33 
15.33 
13.67 
21.00 
18.00 
13.50 
17.33 
15.00 
17.00 
25.67 
13.84 
14.67 
18.67 
14.33 
12.00 
14.67 
15.00 
17.67 
8.67 

12.67 

1.77 

17.93 

Dry recovery (%) 

18.5 
16.0 
17.5 
20.0 
16.0 
18.8 
20.0 
17.0 
21.0 
20.0 
12.0 
19.5 
16.5 
17.5 
19.5 
22.0 
19.8 
19.8 
15.5 
12.5 
18.5 

Table 3.2 Yield and dry recovery of selected turmeric progenies and contorl at three 
locations. 

Acc. No. Mean fresh yield (kg / 3m2 bed) Dry recovery (%) 

P.muzhi M.puzha COimbatore P.muzhi M.puzha COimbatore 

366 18.50 16.05 26.00 12.5 10.0 17.5 
364 18.67 22.9 20.00 10.0 10.1 17.0 
363 16.30 22.3 16.00 10.0 10.0 19.0 
360 11.90 11.43 22.33 17.5 16.2 22.2 
367 10.50 14.77 19.83 21.5 17.0 24.0 
361 15.88 14.30 24.50 15.0 13.2 18.0 
358 18.50 25.63 16.83 10.0 10.0 15.7 
Suguna 11.70 15.65 19.50 20.0 18.0 17.0 
Suvarana 17.47 23.27 10.83 10.0 10.0 22.7 
Sudarshana 22.00 26.17 13.50 9.8 10.0 14.0 
352(Aleppy) 26.5 22.17 20.5 
Roma 24.83 20.5 

CD (P=0.05) 2.57 3.21 
CVO/O 18.4 19.8 
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5.Glnger - New yield trial: Twenty three 
selected accessions of ginger were evaluated 
for fresh yield and dry recovery for the 2nd 
consecutive year in a replicated trial at 
Peruvannamuzhi. The entries differed 
significantly for fresh rhizome yield / 3m2 
bed. Maximum fresh rhizome yield/bed was 
obtained from the accession 71 (11.5 kg). 
However. accession NO.238 had maximum 
dry recovery of 22 %). Mean yield data and 
dry recovery of the entries are presented in 
Table 3.3. 

6. Yield evaluation of 11 selected 
accessions and 4 controls (15 entries): A 
replicated yield trial with 15 entries of ginger 
was laid out at NRCS farm Peruvannamuzhi 
and Muvattupuzha for the 3rd consecutive 
year(Table 3.5). Differences among the 
entries were significant at both the locations. 
Acc. 64 ranked first at Peruvannamuzhi and 
second at Muvattupuzha. Dry recovery of 
Acc. 64 was 20 per cent at Muvattupuzha 
and 17.5 per cent at Peruvannamuzhi (Table 
3.3). 

7. Multiplication and evaluation of 
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primitive land race from forests. 
(Sabarimala Ginger):This Collection was 
multiplied and compared its performance 
with cultivar Maran (Table 3.4) Sabarimala 
Ginger is characterized by unusually small 
rhizome. small leaves, more tillers and 
small plant type. 

Based on the cumulative yield data for the 
last 3 years the ginger accession 64 is 
being proposed for release. This will be the 
first ginger variety bred in Kerala and also 
the first ginger variety of NRCS, Calicul. 
The salient features of this accessions are 
given in Table 3.6. 

Based on the cumulative yield of curcumin/ 
ha the O.P progeny accession of turmeric 
viz. Acc.360 is also being proposed for 
release. This will be the first turmeric 
variety developed through recombination 
breeding. The Acc.366, another O.P progeny 
which has out yielded the local ruling 
variety PTS-l0 at Coimbatore may also be 
considered for releasing for Tamil Nadu. 
Salient feature of Acc.360 are given in 
Table 3.7. 

Table 3.3 Mean yield data and dry recovery of ginger accessions 

Accession No 

238 
233 
193 
295 

61 
231 

71 
98 
7B 

110 
2 

226 
49 

117 
215 
179 
74 

210 
73 
50 

293 
101 
106 

CD(Poo.o5) 
CV% 

Fresh Yield 
(kg / 3m2 bed) 

B.83 
B.17 
8.00 
9.67 

10.50 
9.33 

11.50 
9.83 

10.67 
10.17 

9.84 
9.17 

11.17 
11.17 
10.17 
10.67 

9.67 
10.33 
10.33 
8.00 
8.83 

10.17 

0.62 
10.56 
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Dry recovery (%) 

22.0 
16.5 
18.5 
18.0 
17.5 
20.0 
11.0 

9.8 
16.5 
15.0 
2.0 

19.8 
16.0 
20.0 
19.0 
1 B.O 
19.0 
17.0 
16.0 
19.0 
21.0 
21.5 
17.0 
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Table 3.4 Salient features of Saba rim ala ginger and control 

Characters Sabarimala Ginger Maran (Control) 

Plant height (cm) 45.58 67.70 
Tiller No. 11.20 8.20 
Leaf No. 19.60 22.52 
Leaf leng1h (cm) 24.68 26.62 
Leaf width (") 2.58 2.96 
Days to maturity 198.00 210.00 
Fresh yield (kg/3m2 bed) 5.00 9.70 
Dry recovery (%) 19.00 20.00 

Table 3.5 Yield and dry recovery and quality of ginger cultlvars/accesslons at two 
locations 

Entries Mean fresh Dry recovery (%) Quality 
yield/bed (3m2) (Peruvannamuzhi) 

P.muzhi M. P. M. E.Oil(%) Oleoresin Crude 
Puzha muzhi puzha (%) fibre 

(%) 

51 11.00 9.40 17.0 19.8 2.1 6.8 5.7 
64 14.67 11.23 17.5 20.0 1.9 6.0 5.4 
141 10.83 10.77 20.0 17.5 1.9 6.5 4.0 
251 10.00 10.33 15.5 14.5 2.4 9.0 6.6 
222 9.17 9.28 22.0 21.0 2.0 7.0 3.9 
63 10.67 9.89 16.0 14.5 2.3 7.0 4.9 
151 10.33 9.50 15.0 16.0 2.0 7.0 6.0 
53 12.33 10.27 17.0 15.0 2.5 9.9 5.1 
11 10.67 9.53 17.5 15.5 2.0 7.0 4.0 
249 12.00 10.33 20.0 19.0 2.4 9.0 3.5 
65 10.33 8.63 18.0 15.5 2.7 8.0 5.3 
H.P.local 11.17 9.50 17.5 21.0 1.2 5.8 8.5 
Suprabha 9.17 9.15 16.0 15.9 1.9 6.3 4.4 
Maran 9.67 12.15 20.0 19.0 2.0 7.5 6.1 
M.puzha 
local 10.80 9.60 18.0 17.0 1.9 5.9 
CD(p= 0.05) 0.97 0.68 
CV% 11.90 9.17 

28 
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Table 3.6 Salient features of Acc.64 (New ginger variety In pipeline) (Mean of three 
yeras and two locations) 

Identity Pedigree Releasing Fresh Dry E. Oleo Crude 
from yield recovery Oil(%) resin fibre(%) 

(kg/ha) (%) (%) 

Acc.64 Germplasm NRCS, 27080 19.9 1.9 6 4.0 
Germplasm selection Cahcut 
collected 
from North· 
East India) 

Table 3.7 Salient features of new turmeric variet:r: bein!! released IAcc.360) 

Identity Pedigree Releasing Fresh Curcumin Curcumin (%)increase to 
from yield (%) kg/ha curcumin/ha over 

(kg/ha) • the best control 

Acc.360 O.P. NRCS 37452.0 7.0 587.7 53.29 
Progeny Calicut 
selection 

Computed from 3 m2 /bed @ 2000 beds/ha. 

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

(B.Krishnamoorthy, J.Rema and V.S.Korikanthimath) 

I.Coliection and conservation: A total of 
22 Cinnamomum verum types, 4 wild 
cinnamon types. 5 C. camphora types, 42 
Myristica fragrans types, 5 wild nutmeg 
types and 4 Syzygium aromaticum types were 
collected and added to the germplasm after 
surveying Shevroy and Koili hills of the 
Eastern Ghats and Ratnagiri, Kodagu, 
Wynad, Calicut, Ernakulam and Kottayam 
districts of the Western Ghats. Among the 
42 nutmeg collections, the most important 
ones are as tollows: 

i) Three types of 150 years old from Palai 
region of Kottayam district, ii) One "Intersex" 
type from Shevroy hills (Yercaud), producing 
around 5000 fruits/year; the tree is of 30 
years old; it had a lot of male and female flowers 
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in the same inflorescence and iii) Twenty one 
elite types and four double nut types. The 
genetic resources of tree spices being 
conserved in the germplasm conservatory 
are given in Table 3.8. 

2.Conservatlon of Cassia cinnamon: Air 
layering was found to be successful in 
Cassia Cinnamon. (Cinnamomum aromaticum). 
Hence conservation and muijiplication of this 
important type are easy. 

3.Fleld planting of germplasm: Twenty 
five elite nutmeg lines were field planted 
with arecanut as the intercrop. Close leaved 
clove types along with normal clove types 
were field planted at the NRCS Cardamom 
Research Centre, Appangala. 
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Table 3.8 Genetic Resources of tree spices 

51. No Crop Exotic 

1. Cinnamon and Cassia 
2. Nutmeg 
3. Clove 
4. Allspice 

4.Germplasm maintenance: Tree spices 
germplasm materials in Peruvannamuzhi, 
Chelavoor and Appangala were properly 
maintained. The live herbarium of tree 
spices was extended to the cement tubs. 

5.Multilocation trials: The multi location 
trials on elite tree spices, at Pechiparai 
,Yercaud and Ambalavayal under the All 
India Coordinated Research Project on 
Spices (AICRPS) were observed. Growth ot 
the entries in all the three centres was 
found to be satisfactory. 

6.Establishment of Spices Orchard and 
On farm trails on tree spices: A model 
Spices Garden was established at the 
Ca\icut University campus, in order to educate 
students and extension personnel. Potted 
plants of allspice, elite lines of clove, 
cinnamon and nutmeg were provided. Also 
two elite clove lines and two nutmeg 
selections are field evaluated at St.Michaels' 
Church, West Hill, Calicut. The planting was 
done during 1993 in a coconut garden, to 
serve as a spices demonstration cum on 
farm research trial. The growth of the plants 
is satisfactory. 

7.Progeny evaluation of clove at 
Appangala: Growth parameters were 
recorded in the progeny evaluation trial of 
clove with elite lines (6 Burliar; S Kallar and 
1 control), laid out at Appangala during 
1991. (Table 3.14). Analysis of data revealed 
that the progenies of lines B·9S, B·57, K-S, 
K-5, K-9, B·76 and B-Sl had significantly 
higher plant height than the rest. Within a 
line, K-4 exhibited the maximum coefficient 

14 
Nil 
2 

Nil 
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No. of accessions 

Cultivated Wild and Total 

18S 
398 
202 
135 

related 

44 
17 
1 

246 
415 
205 
135 

of variation (32.62%), while K-B, the minimum 
(S.22%) for the plant height. There was no 
significant difference between the lines for 
plant spread. Within a line, K-l0 exhibited 
the maximum variation (37.91%), while K·3 
the least (13.03%). With regard to plant 
girth at 30 cm. above ground level, the 
progenies of lines B·9S, B-57, K-S, K·5, K-
7, K-9, B·76 and B·Sl had significantly 
higher girth than the rest. Within a line, K· 
3 exhibited the maximum variation (26.46%), 
and B-57 and K-S the least (7.41%). 

8.Clove germplasm evaluation: Clove 
accession numbers 45, 46, 17B and B2 
recorded fresh clove yield of 1140 g; 490 g; 
370 g. and 350 g., respectively and the 
yield 01 other accessions was comparat'lvely 
low. 

9.Variability In nutmeg: In a progeny 
population of 16 elite mother trees from 
Kallar, Burliar, Balamore (TN), Kalady, 
Moovattupuzha and Kottayam (Kerala), 
significant variation was observed only for 
plant height, number of main shoots, number 
of years taken for flowering, fruit weight and 
ratio ot mace to seed weight (Table 3.13), 
in their 14th year. There was no statistically 
significant variation for number of erect 
shoots, mean girth at 1.4 m. above ground 
level, canopy size, yield of fruits and weight 
of seed and mace among the progenies. 
Estimates of genetic parameters for the 
significant attributes revealed high magnitude 
of phenotypic coefficient of variation (PCV) 
estimates, as compared to the corresponding 
genotypic coefficient of variation (GCY) 
estimates, indicating the predominant role 



of environment in the expression of these 
characters. The estimates of heritability and 
genetic advance were low for all the 
characters, barring the ratio of mace to 
seed weight, thereby implying that 
nonadditive genetic variances are more 
important here. Lack of significant variation 
for yield and certain other attributes as well 
as low estimates of heritability for most of 
the signiticant attributes may be attributed 
to the narrow gene pool of the original 
mother trees from which the present day 
nutmeg population evolved. 

Out of the total 90 progenies studied for sex 
segregation, 40 were male, 45 female and 
5 bisexual types (Table 3.15). Basically 3 
different canopy shapes, namely erect, 
spreading and conical were observed with 
variations of few intermediate types. Similarly 
leaf shape also varied among the population 
such as elliptic, oblong, ovate, obovate etc. 
Identification of high yielding nutmeg 
accessions from germplasm conservatory: 
Ten accessions viz; A9/20, 22,25,79,86; 
A4/12, 22,52, and All/29,70, had been 
identified as high yielders. A nutmeg type 
with a very big, bold and round fruit 
(Accession No.150-A9 progeny of Tree 
No.47, Kannampally, Chalakkudy) had been 
identified. 
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10.Polyembryony In nutmeg: In nursery, 
out of 4000 nutmeg seedlings, polyembryony 
was observed in 8 (Two seedlings with 
separate root and shoot system from a 
single seed). 

l1.1mmature fruit drop In nutmeg: Effects 
of Agrimor, a sea weed based plant stimulant 
on control of fruit fall in nutmeg were tried 
and resuns are encouraging. 

12.Productlon of nucleus planting 
materials: About 5000 cinnamon seedlings, 
8000 nutmeg seedlings, 3000 clove seedlings 
and 500 nutmeg grafts of elite trees ere 
produced as nucleus planting materials. 
Breeders' material of elite lines were supplied 
to APAU, KAU and ICRI for laying out field 
trials. 

13,1nducing flowering/lruit set in allspice: 
To induce flowering/fruit set in allspice, 
cunar (suspension concentrate containing 
250 g paclobutrazolilit) was drenched. r=our 
concentrations of paclobutrazol 19. aj., 1.5 
g. a.i, 2 g a.i, 2.5 g a.i were tried along with 
control (Water) As during 1992-93, season, 
1 g.a.i of paclobutrazol gave profuse 
flowering. 

Table 3.13 Genetic variability for vegetative and yield characters In nutmeg 

Mean Range GCV PCV Herita Gen.Adv. 
Characters bility %01 

(%) mean 

Height (Meters), 6.075 3-11 12.35 26.39 21.90 11.90 
No. of main shoots· 2.818 1-7 22.11 46.88 22.24 21.48 
No. of erect shoots (NS) 2.855 0-11 
Mean girth at 140 cm(NS) 25.60 8-49.5 
No. of years for flowering" 7.98 6-14 14.58 26.75 29.71 39.64 
Canopy size (cubic meters) (NS) 66.14 5.66-376.5 
Yield of fruits (NS) 204.88 28-843 
Weight of fruit' (g) 69.25 58.2-114 9.33 16.58 31.66 3.84 
Weight of seed and mace (g)(NS) 13.88 10-17.5 
Ratio of mace weight to seed weight •• 0.362 0.24-0.49 17.47 23.11 57.14 1563.14 

GCV,PCV=Genotypic & Pl1enotypic Coefficient of variation, NS : Non Significant 

31 
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Table: 3.15 Sex ratio In progenies of parent trees of nutmeg at different locations 

Sex proportion in progenies 

SI No Location 01 mother tree Male Female Bisexual 

1 Kallar 3 6 
2 Burliar 3 5 
3 Kozha 7 8 
4 Kalady 9 10 1 
5 Chalakkudy 6 9 1 
6 Moovattupuzha 7 5 
7 Balamore 2 2 
8 Kottayam 3 2 1 

TOTAL 40 45 5 

VEGETATIVE PROPAGATION OF TREE SPICES 
(J. Rema and B. Krishnamoorthy) 

1.Vegetative propagation 01 allspice 
Cuttings: Terminal cuttings Irom juvenile 
and mature trees were subjected to various 
hormonal treatments lor studying their rooting 
performance. Three rooting hormones viz. 
fSA, NAA and IAA were tested singly as 
well as in combination. IBA 2000 ppm and 
IBA 1000 ppm + NAA 1000 ppm aided in 
adventitious root production. Quick root 
(commercial rooting hormone) has also 
proved effective lor production 01 adventitious 
roots in an earlier studies. 

Layering: Air layering was carried out on 12 
years old allspice trees using the commercial 
rooting horrnone seradix. Rooting was 
observed in 20% 01 the layers in a period 01 
4-5 months and the rest 01 the layers are 
under observation to study their pertormance. 

Stooling: All spice trees were detopped at 
a height 01 one loot above the ground level. 
A one cm. band of bark was removed from 
the newly emerged shoots and was smeared 
with IBA 500 ppm. The shoots were covered 
with sand to facilitate rooting. However, 
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rooting was not observed in any of the 
shoots up to a period 01 8 months. 

Approach grafting: Approach grafting of 
allspice on 3 years old root stocks of syzygium 
aromaticum and Eugenia jambolana was 
carried out. No signs of union was noticed. 
Grafting was also carried out on 8 month 
old root stocks of Eugenia jambolana and 
allspice seedlings and is under observation. 

2.Vegetative propagation of cinnamon: 
Cinnamum aromaticum: Cinnamum 
aromaticum (cassia) is a closely related species 
of C. verum, the true cinnamon. Air layering 
in 2 year old cassia plants was achieved lor 
the lirst time. A success 01 87.5 and 50% 
rooting was obtained when carried out 
during July and November, respectively 
with 100% field establishment. 

3.Fleld evaluation of clove approach 
gratis: Growth observation viz., height, 
number 01 primary and secondary branches 
and girth above the graft union were recorded 
on 2 year old clove approach grafts. 



NATIONAL RESEARCH CENTRE FOR SPICES 

4.Perfonnance of top-worked nutmeg trees: 
Growth parameters of the top worked trees 
has been recorded. One 2 year old top 
worked nutmeg has flowered during this 
year; however there was no fruit set. 

5.1nducing orthotroplc shoots In nutmeg 
grafts: 50-60% of the epicotyl grafts 
(plagiotropic grafts) planted in the field 
showed natural production of orthotropic 
shoots. 

BREEDING FOR HIGH YIELD, RESISTANCE TO PHYTOPHTHORA, NEMATODE 
AND DROUGHT IN BLACK PEPPER 

(B.Sasikumar, P.N.Ravindran, K.Johnson George and R.Ramakrishnan .Nair) 

I.Yleld trials: Yield recording was done 
for the first time in CYT.IV. 183, 69, 
K.S.51, K.S.114 and the hybrids HP.1256, 
HP 1269. and H.P.1513 along with the 
controls K.S.27 and Panniyur-l started 
yielding for the first time. Other yield trials 
viz., Evaluation of wild Piper nigrum, 
evaluation of O.P progenies of 'Vadakkan', 

bush pepper yield trial etc were gap filled 
and maintained. 

2.Yield trial at Valparai: Among the hybrid 
lines being evaluated at Valparai (1067m 
abOve MSL) the following hybrid lines have 
performed well (Table 3.15). 

Table 3.15 Performance of hybrid lines at Valparai 

Line 

HP 34 
HP 105 
HP 728 
HP 813 

Control (Panniyur-l) 

3.New trial on black pepper: A new yield 
trial comprising selected O.P progenies of 
'Vadakkan' (Progeny NO.3,5,45) mother 
'Vadakkan', Kottanadan selection 1495,2559 
and 2563. Kalluvally 880, HP 732, HP 813, 
Panniyur- f ( ) HP 833, HP 846 and control 
(KS 27 and Panniyur-l) was laid out at 
Peruvannamuzhi. The trial was set to an 
RBD having 3 replications with 5 plants! 
plot. An exhibition plot of all released black 
pepper varieties was also laid out at 
Peruvannamuzhi. 

4.Studies on direct DNA uptake: Pollen 
grains of cV.Karimunda were collected, 
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Yield(Kg)!vine (fresh) 

2.268 
2.210 
2,710 
1,500 
0.637 

soaked in DNA extracted from P. colubrinum 
seedlings and used for pollinating 'Karimunda' 
spikes. A total of 10 spikes were pollinated. 
Out of these, 5 spikes with low to moderate 
berry setting are retaining upon maturity, 
the berries will be collected and sown and 
will be screened for transgenic plants if any. 

5.Hybridlzatlon: A total of 20 cross 
combinations were made during the year 
1993-94. Seeds collected are being sown. 
In 8 of the crosses 'Vadakkan' (2n= 78) is 
used either as female or male parent. 

6.0bservational trial on black pepper 
grafts: Using P. colubrinum seedlings and 



stem cuttings as stocks and runners, 
orthotropic and lateral shoots of Panniyur- t 
and Karimunda as scion material 20 grafts 
each were prepared for evaluating the 
performance of black pepper grafts. This 
will be planted in the field during the coming 
season. 
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7.Varieties on the pipeline: Two black pepper 
Fl(hybrids, viz., HP 732 and HP 813 for high 
attitude regions of the country are in pipeline. 
Drought tolerant Kottanadan and Karimunda 
selections are under field evaluation. A few 
other superior Fls (Hybrids) and selections, 
O.P progenies are at advanced stages of testing. 

BREEDING CARDAMOM FOR HIGH YIELD AND RESISTANCE TO 'KATTE' 
DISEASE 

(Regy lukose and M. N. Venugopal) 

1,Evaluatlon of selections in ML Ts: 
Vegetative characters viz., height of the 
tallest tiller, tillers/plant, leaves/plant, length 
and breadth of the median leaf were recorded 
in ML T I and ML Til. In ML T I, 6 Mysore 
type selections, and in ML T II, 13 Malabar 
type selections from various centres, are 
being evaluated. In ML T I, height of the 
tallest tiller, length of the median leaf, and 
in MLT II, height 01 the tallest tiller, length 
and breadth of the median leaf showed 
signilicant di1ferences between the 
treatments, while the other characters didn't 
show dil1erences (Table 3.16 and 3.171). 

Table 3.16 MLT·1 Vegetative characters 

Selections 

SKP-51 
MCC-12 
MCC-21 
MCC-61 
MCC-25 

CCS-l 
CI-3 

(Seedling) 
LSD 

Ht of the 
tallest 

tiller(cm) 

148.7 
139.0 
125.3 
109.1 
136.1 
134.1 
123.0 

19.7 

NS: Non Significance 

Length of 
median leaf 

(cm) 

48.5 
50.2 
46.7 
41.7 
50.7 
47.8 
44.7 

5.0 

2.Evaluatlon of hybrids: Six combinations 
of hybrids and their parents are being 
evaluated in a RBD trial. None of the 
vegetative characters showed signilicant 
dil1erences between the treatments. 

3.Collection of natural katte escapes: Twenty 
plantations distributed in Kodagu,Hassan and 
North Kanara were surveyed and lour 
collections were made. The duplicates 01 
these lour collections were screened in the 
green house. Three collections remained 
free lrom inlection after 1st round of 
inoculation with viruliferous aphids. 

Breadth of 
the median 

leaf (cm) 

Tillers/plant Leaves/plant 
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8.7 
8.8 
8.3 
7.2 
8.7 
8.2 
7.9 

NS 

7.0 
7.5 
7.4 
6.0 
6.9 
6.8 
6.7 

NS 

54.7 
59.4 
45.3 
38.6 
58.4 
50.4 
46.5 

NS 
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Table 3.17 MLT-II - Vegetative characters 

Ht. of the Length of Breadth of Tillers/plant Leaves/plant 
Selections tallest the median the median 

tiller (em) leaf (em) leaf (em) 

800 99.8 41.9 6.8 5.3 34.9 
872 114.5 44.7 6.9 4.9 33.2 
893 99.0 38.3 6.3 12.5 57.9 

el. 90.0 38.5 4.9 3.9 21.9 
679 119.5 42.8 6.4 7.7 46.6 

el. 61.9 32.4 6.0 3.1 16.1 
689 107.2 43.4 4.5 9.5 52.5 

el-729 125.9 44.9 7.2 9.9 64.9 
PI 111.5 43.5 7.0 6.8 58.1 

OVI 117.6 46.2 8.2 10.2 62.2 
SKP-14 158.9 45.4 8.2 11.3 65.7 
SKP-72 87.6 39.0 6.6 6.3 35.9 
SKP-21 73.0 33.5 6.3 4.4 25.2 

MCC-l00 142.2 45.9 7.4 10.8 99.4 
MCC-34 

CI-37 146.6 44.1 6.6 6.6 50.0 
(seedling) 

Malabar 
(Seedling) 33.0 6.1 2.6 NS NS 

LSD 

Table 3.18 Growth characters of hybrids 

Height 01 the Length of Breadth of the Tillers/ Leaves/ 
Hybrids tali est tiller (em) the median median leal plant plant 

leaf(cm) (em) 

800 x E.B 121 46 8 8 45 
872 x E.B 108 42 8 10 51 
893 x E.B 98 39 8 5 30 
EB x 800 122 46 8 11 54 
EB x 872 124 44 7 9 45 
EB x 893 104 41 .8 7 37 
800 129 47 8 12 61 
872 118 47 8 9 44 
893 110 43 8 8 41 
EB 123 44 8 10 53 
CI.37 (seedling) 136 49 11 58 
L.S.D 5% NS NS NS NS NS 

NS : Non significance 
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4.Evaluatlon of natural katte escapes In 
hot spot areas: Testing 16 promising lines 
in 3 hot spot areas continued. The test 
entries, which have been planted in single 
rows of 12 clones each, have been exposed 
for chances of natural infection amidst 
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severely infected plants. The test entries 
remained free from infection so far (after 20 
months). These results further confirm the 
resistant nature of these collections against 
natural infection of cardamom mosaic virus. 

CYTOGENETIC INVESTIGATIONS IN BLACK PEPPER AND RELATED TAXA 
(R. Ramakrishnan Nair) 

Ninety eight accessions of cultivated Piper 
nigrum and nine wild species of Piper were 
cytologically analyzed for chromosome 
number indexing. Mitotic metaphase 
chromosome count confirmed p 773 x the 
cultivars and six wild species analyzed 
have 2n=52. Chromosome number in Piper 
magnificum was confirmed as 2n=26. Piper 
crocatum has 2n=52 in its somatic cel/s. A 
wild species of Piper collected from North· 
Eastern Region found to' have 2n=91. 
Karyotype analysis of the cuttivar 'Karimunda' 
(Acc.No.91?) revealed that chromosome 

length ranges from 0.66 to 1.33 ~ and most 
of the chromosomes have median and 
submedian centromeres. Piper magnificum 
found to possess seven pairs of metacentric 
and six pairs of submetacentric chromosomes 
and chromosome size ranged from 1.41 to 
3 34~. One hundred and thirty two progenies 
derived from Colchicine treated seeds of 
different cultivars such as Narayakodi, 
Perumkodi, Thommankodi, Kaniakkadan and 
Valiyakaniakkadan were cytologically 
examined. All of them were found to be 
normal having 2n=52. 

QUALITY EVALUATION IN SPICES 
(T. John Zachariah and N.K. Leela) . 

I.Black pepper: Among the 22 germplasm 
accessions evaluated CL TP, 12, 99, 185 
and 210 contained high essential oil; 2 and 
41 had high piperine and CL TP 185 had 
high oleoresin. 

2.Cardamom: Among the 54 Wynad 
selections, APG·18?, 188 and 189 contained. 
high oil with high alpha· terpinyl acetate. 

3.Turmeric: Among the 225 germplasm 
accessions evaluated for oleoresin and curcumin, 
the high curcumin (above 6%) accessions are 
109,126,199,210 and 25? Accessions 126, 
199 and 361 contained more than 15% oleoresin. 

4.Glnger: 15 accessions evaluated at 
Moovatlupuzha and Cali cut Acc .. 251 had high 
oil am oleoresin at both places. Accns. 51 , 53, 65 
and 151 expressed high quality at Calicu1 only. 

MICROPROPAGATION OF BLACK PEPPER 
(J. Rema, K. Nirmal Babu, Johnson K. George and B. Sasikumar) 

I.Regeneratlon of black pepper callus: 
Callus was induced from leaf, stem and 
petiole of mature and juvenile explants of P. 

nigrum. Plant regeneration was achieved in 
woody plant material (WPM) supplemented 
with BAP and Kinetin. The regeneration 
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frequency was low (20-30%) and needs 
further manipulation of the media for 
increasing the frequency of regeneration. 

2.Field planting of Piper sp.: The tissue 
cuttured plantlets of P. nigrum, P. Jongum 
and P. coJubrinum has been planted in the 
field. Nine months old tissue cultured P. 
longum has flowered profusely after putting 
forth a good vegetative growth. The tissue 
cultured plantiets are under evaluation for 
various vegetative and reproductive 
characters. 

3.1nflorescence culture of p, nlgrum: 

Immature inflorescence of P. nigrum has been 
cultured in white s medium supplemented 
with hormone after cold treatment for 24-48 
hours at 7oC. The responses were different 
in different media. Berry development was 
noticed in white s media supplemented with 
BAP, where as anther development alone 
was observed when the media was 
supplemented with BAP and Kinetin. Basal 
media supplemented with BAP and IAA 
favoured callus growth from the inflorescence. 
The various cultures have been transferred 
to different regeneration media to study 
their regeneration and further development. 

TISSUE CULTURE FOR RAPID MULTIPLICATION AND EVALUATION OF ELITE 
CLONES OF CARDAMOM 

(Regy Lukose) 

I.Rapld clonal multiplication of elite 
clones: IS9S plant lets were transferred to 
soil + vermiculite mixture for hardening after 
rooting in White'S basal medium + NAA O.S 
J.1g/1. These plantiets were used for laying 
out three comparative yield trials(CYTs) 

2.Evaluatlon of tissue cultured plants In 
the field: Two CYTs were laid out 
during 1987 using tissue cultured plants, 
suckers and seedlings of eL37 and Pl· 
Mudigere. A third CYT was also laid out 
during 1989 using tissue cultured plants of 
the selections. In CYT-I significant difference 
between the treatments about yield were 
found only during 1991 & 1992 & cumulative 
yield of 3 years. In CYT-III, no significant 
difference were found between the treatments 
about yield during 1989, 1990 and 1991. 
But significant differences were found about 
yield of 1992 and cumulative yield of 3 
years. Even though significant differences 
were not found between the treatments 
about some of the vegetative characters 
during initial years it was noticed in the later 
years. 
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3,Regeneration of planUets from callus: 
A protocol for the regeneration of plantlets 
from callus, which was induced from the 
rhizome of cl-37xPVI was standardised. 
32200 somaclonal plantlets were regenerated 
from rhizomatic callus of cl-37x PV1. 2S0 
somaclonal plantiets were rooted in Whites 
medium + NAA O.Smg/1 and transferred to 
soil + vermiculite (1:1 v/v) medium. 120 
hardened plants were planted in the field for 
evaluation. Vegetative characters viz., tillers/ 
plant, yielding tillers/plant, height of the 
tallest tiller, panicles/plant and leaves / 
plant and yield/plant were recorded in CYT·III, 
which was planted during 1989 using 6 selections 
and a control. Significant differences were found 
between the treatments about tillers/plant, 
panicles/plant, height of the tallest tiller and 
leaves/plant except yield/plant (Table 3.19) 

200 somaclonal plantlets were regenerated 
from callus of cl.37 x PVI of these 200 
plantiets were transferred to soil + vermiculite 
mixture after rooting. Out of these, 120 
somaclonal plants were planted in the field 
for its evaluation. 
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Table 3.19 CYT III Growth characters 

Selections Tillersl Yielding Panicles 1 Height of Leavesl Yield! 
plant tillersl plant plant the tallest plant plant 

tiller (Cm) 9m wet 
wt. 

t271/2-6 17.2 54.7 8.3 253.0 110.5 400 
Hy·668 18.3 59.6 8.3 243.0 100.5 416 
cl.37xpvi 15.0 49.8 6.7 255.0 79.5 380 
cl.671 12.5 52.1 5.7 205.0 57.5 435 
Hy-43 15.5 51.4 7.4 283.0 117.8 538 
1271/2-10 18.9 66.0 8.9 239.8 101.0 443 
cl.37 14.6 46.7 6.8 227.5 94.3 495 

LSD 3.5 NS 1.9 34.8 32.1 NS 
(p=0.05) 

NS : Non significance 

IN VITRO SELECTION FOR RESISTANCE FOR SOFT ROT AND BACTERIAL WILT 
IN GINGER 

(K. Nirmal Babu, TGN Rao, GN Dake, N K Leela) 

I.Characterlzatlon 01 somaclones: Over 
one hundred and fifty somacJones were 
evaluated in pot culture for yield and eight 
lines were identified as promising. Field 
screening of somaclones for resistance 
against Pythium aphanidermatum and 
Pseudomonas solanacearum. Over 100 
somaclones were screened against P. 
aphanidermatum and P. solanacearum and 
20 lines were identified as tolerant to P. 
aphanidermatum and three lines tolerant to 
P. solanacearum. They are being multiplied 
for further testing. Two of the lines found 

tolerant to P. aphanidermatum also gave 
an yield of 300 9 of fresh rhizome. 

2.Muitipllcatlon and maintenance of 
embryoid cultures: Over 1000 cultures of 
embryo ids in ginger were maintained as 
stock cultures. 

2.Encapsulation of ginger embryoids and 
production of artificial seeds: Ginger 
embryo ids were encapsulated in sodium 
alginate. The encapsulated buds were 
germinated on MS basal medium with 1 
mg/l NAA with 100% success. 

DBT PROJECT: IN VITRO CONSERVATION OF SPICES GERMPLASM 
BLACK PEPPER AND CARDAMOM 

K.V. Peter, P.N. Ravindran and K. Nirmal Babu) 

I.Standardlzatlon of slow growth methods 

Cardamom: Slow growth method in 
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cardamom were standardized. By this 
method the culture could be stored without 
subculturing up to one year, in 1/2 MS 
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strength. MS medium devoid of growth 
regulators, supplemented with to gil each 
of sucrose and mannitol in closed culture 
vessels at 21+1-2oC. In this method, 
cardamom culture could be stored up to 10 
year with yearly subculturing. 

Retrieval of conserved material: After one 
year storage 80% of Cardamom cultures 
could be reverted to their normal growth 
within 30 days after subculturing to MS 
medium supplemented with lmg/l BAP and 
0.5 mg/l NAA. Slow growth method 
standardized in cardamom is found to be 
suitable for conserving other related genera 
of cardamom like ginger, turmeric and 
Kaempferia. 

Black pepper: In case of black pepper and 
three of its related species viz., P. !ongum, 
P. colubrinum and P. barberi an experimenl 
for standardization of slow growth methods 

were started. After 8 months, of observation 
WPM medium supplemented with 20 g I I 
sucrose and 109/I mannitol in closed 
culture vessel showed favorable results. 

Multiplication protocol: During this year, 
multiplication protocols were standardized 
in large cardamom (Ammomum subulatum) 
in MS medium supplemented with 1 J.19/1 
BAP and 0.5 mg.1 NAA. 

Field planting of tissue cultured plants 
for genetic evaluation: Eighty per cent of 
tissue cultured plants of P. colubrinum and 
P. longum flowered in the field. 

IN VITRO Gene bank: Added 140 new 
accessions of spices (including black pepper 
and related species and cardamom and 
related genera) were kept in in vitro gene 
bank to maKe a lotal of 240 accessions of 
spices in in vitro repository. 

OST PROJECT:RAPIO CLONAL PROPAGATION OF TREE SPICES 
(P N Ravindran, K, Nirmal Babu and J. Rema) 

Cinnamon: Bud break was achieved in 
Cinnamomum and Cassia on MS medium 
supplemented with Kinetin. Shoot tips and 
nodal segments ot cassia were induced to 
in vitro rooting in WPM medium supplemented 
with ISA and NAA. In Cinnamomum 
camphora in vitro rooting could be achieved 
in growth regulator free WPM medium. 

Clove: In clove in vitro rooting could be 
induced when shoots were cultured on 
WPM medium supplemented with ISA. 

Nutmeg: Nutmeg was slower in response 
to culture media than cinnamon and clove 
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and the various media tried viz., MS, WPM, 
B5 etc. did not help in nutmeg. A broad 
spectrum experiment (De Fassard et. al 
1974) was initiated with macronutrients, 
micronutrients, auxins, cytokinins, growth 
factors and aminoacids at three levels viz., 
low, medium and high. Shoot tips and 
axillary buds were activated to grow and 
maintain in a medium with low level of 
nutrients, medium level of growth factors 
and amino acids and activated charcoal. Aril 
tissue callus cultures could be established 
from immature aril tissue of nutmeg on 
WPM supplemented with IBA. 
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SUPPORTIVE RESEARCH PROGRAMMES 

INCREASING PRODUCTIVITY OF BLACK PEPPER AND CARDAMOM THROUGH 
LARGE SCALE DEMONSTRATION OF IMPROVED TECHNOLOGIES IN FARMER'S 

FIELDS 
(V_S.Korikanthimath and M.N.Venugopal) 

I.Conventlonal management followed by 
IntenSive cultivation of cardamom by 
adopting HPT (10ha): The mean yield 
over a period from 1985-94 was 438.3 kg 
dry cardamom / ha / year. The net return 
was RS.77350.93 / ha / year. The cost per 
kg of dry cardamom production was Rs.62.11. 
The study revealed that high yield could 
bring down the cost of production. 

2.1ntroduclng cardamom as a sole crop 
In place of Arabica (KENT) Coffee by 
adopting HPT (1982-1994): A mean yield 
of of 662.7 kg of dry cardamom over a 
period of 10 years (1984-85 to 1993-94) 
was recorded. 

3.Economics (Average of 5 years 1989-
90 to 1993-94): The cost of cultivation works 
out to Rs.34240, 18171 and 14541 / ha / 
year towards raising of cardamom, coffee 
and pepper. The gross income amounted to 
Rs.193027, 11810 and 529 for cardamom, 
coffee and pepper respectively. 

4.Multistoreyed cropping systems: 
Cardamom + Robusta Coffee + Pepper + 
Coorg Mandarin (Orange),system 
established. 

5.Cardamom + Arecanut: Recorded yield 
of 3800 kg arecanut and 650 kg of cardamom 
per ha. popularized triangular high density 
planting of cardamom in Areca. 

6.Cardamom + Coconut: Cardamom was 
successfully cultivated as a mix crop under 
13 year old coconut palms following high 

41 

production technology with sprinkler irrigation. 
A record first year yield of 509 kg dry 
cardamom, and 6900 coconuts were 
harvested per acre of this plantation. It 
amounted to Rs.2.29.207 from cardamom 
and Rs.24.150 from coconut indicating the 
possibility of growing cardamom under the 
shade of coconut palms in upghat region. 

7.Conversion of Marshy areas for 
profitable cultivation of cardamom: The 
cardamom yield of 700 kg (dry)/ha was 
obtained during the crop season (1993-94) 
as against 1350 kg/ha during the highest 
maiden crop (1992-93) just 30 months after 
planting. Amply demonstrated in locations 
that the low lying area could be suitably 
brought under profitable cultivation of 
cardamom by providing adequate drainage, 
and planting fast growing shade tree species 
like Acrocarpus fraxinifollius and Gideella 
toona etc. Locally available shade tree 
species like Neeranekki (water drinking 
plant) is also found to be quite useful in 
building up of adequate shade in marshy 
areas which are devoid of proper shade. 

8.Homestead cultivation of cardamom: 
Demonstrated the easy and profitable 
cultivation of cardamom in the homesteads 
particularly for small and marginal farmers 
and the agricultural laborers in their back 
yard. Monitored 6 plots under homesteads 
under controlled over head shade, two each 
covered on top with scrapings 01 shade 
regulating material like silveroak twigs, 
coirmat and agro shade nets. 
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PRODUCTION OF PARENTAL MATERIALS AND BREEDERS STOCK OF SPICES 
(K. Sivaraman, V.S.Korikanthimath and K. Kandiannan) 

One lakh twenty five thousand rooted cuttings 
of popular high yielding varieties viz., Sreekara, 
Subhakara, Panchami and Pournami were 
distributed as nucleus planting materials to 
various development agencies. Twenty tones 
of seed rhizomes of high yielding turmeric 
varieties viz. Suvama, Suguna, Sudharshana 
and Alleppey were also distributed for further 
muijiplication. Developed and popularized the 
rapid method for proliferation of suckers in 
cardarnom to generate large number of planting 
materials in short time from high yielding and 
elije clones with better qualijy and yield attributes. 

Trained several farmers in the selection of 
elile cardamom accessions in their fields. 
Generated planting material of elite lines 
viz. CCS-l (872) , 800 and 983 top ranking 
ones selected from the yield evaluation trial, 
by resorting to 'Rapid clonal muijiplication'. 
Supplied 654 kg cardamom seed capsules 
of CI-37 from NRCS Cardamom Research 
Centre Appangala besides, over 2000 kg 
from the Research -cum- Demonstration 
onfarm trials being conducted at farmers 
plantations. 

TRAINING OF EXTENSION AND RESEARCH WORKERS 
(Johnson K George, M.N.Venugopal & C.K.Thankamani) 

Training Programme Schedule prepared and 
distributed all over the country for various 
research and extension agents and following 
trainings were conducted. 

1. 

2. 

Spices Production technology 22-
27 Nov. 1993, 7 Participants 

Nursery management in spices 14 
& 15 Feb. 1994. 11 Participants 

ALL INDIA COORDINATED RESEARCH PROJECT ON SPICES 

The AICRP on Spices is vested with the 
mandate to research on 12 Spice Crops at 
16 Centres based in 11 Agroclimatic regions 
of India. The AICRP Centres are attached 
to the 11 Agricultural Universities and one 
ICAR Research Complex at Gangtok. 
Research Achievements made by 41 
Scientists from 61 research projects during 
1993-94 with reference to genetic resources, 
crop improvement, production, protection, 
quality upgradation, planting malerial 
production are summarized below. 

I.GENETIC RESOURCES 

Black Pepper: The Panniyur centre shifted 
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117 wild accessions in black pepper to 
Ambalavayal (KAU) for want of ideal climatic 
conditions. Out of the 76 cultivated types 
evaluated at Panniyur, Karimunda-I (PRS-
20), Karimunda-III (PRS-22) and Sullia (PRS-
49) have shown high yield potential. The 
Yercaud and Mudigere centres also 
assembled black pepper germplasm as per 
the decision - that all cardamom centres to 
initiate work on black pepper. Three wild 
types from Shevroy and Kolli hills were 
collected during this year by Yercaud centre. 

Cardamom: The germplasm evaluation at 
Pampadumpara identified cardamom types 
PS-21, PS-22 and clone-57 for the bold 



capsules. The CI-692 (638 kg/hal and P-20 
(556 kg/hal were promising collections with 
regard to yield. The entries CL-802 and 
CL-683 recorded higher values for most of 
the yield attributes in the germplasm collection 
at Mudigere. 

Ginger: One new accession was added 
making the progressive total to 147 at 
Pottangi and out of the 140 accessions of 
ginger, ZO-17 was the top yielder. Out of 
the 132 collections maintained at Solan, 
Collections BOTR-1267, PGS-l0, Kerala 
Local and SG-603 recorded maximum yield. 

Turmeric: Jagtial centre made 46 new 
collections and increased the accessions to 
t 88 while Pottangi centre added one new 
collection making to 147. Among these cv. 
Roma gave highest yield in the evaluation 
of 143 curcuma ionga types; Haridaguda 
and CAM-3 among C. aromatica and C. 
amada respectively at Pottangi. In the 
valuation at Jagtial, Ethamukkula gave 
highest yield in long duration type. At Solan 
maximum yield per plot was obtained in 
CLS-9, ST-41, BOJR-1156 and BOJR-1276. 

Tree Spices: The exploratory survey 
conducted for tree spices (clove, nutmeg 
and cinnamon) germplasm by the Yercaud 
centre identified 13 elite mother trees of 
clove from Courtallam, Nagercoii and Kallar 
areas and 15 high yielding nutmeg types 
from Kallar, Burliar and Courtallam. In 
cinnamon 10 accessions, along with one 
cassia cinnamon, are also maintained. 

Coriander: The existing 578 (468 indigenous 
and 50 exotic) collections available at 
Jagudan centre were critically examined 
and based on the genetic diversity, 143 
accessions having variability were retained. 
Extensive survey work also carried out by 
Jagudan centre during 93-94 in the state of 
Gujarat and collected 37 new coriander 
accessions. Jobner centre made 60 new 
collections and also received 175 (137 
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indigenous and 38 exotic) collections from 
other centres makes the total collection to 
683. Hundred and ten germplasm accessions 
were collected in collaboration with NBPGR 
and increased the collection to 230 in 
Guntur centre. Coimbatore centre made 
243 new collections making the total to 372. 
The new centre Hisar, made a collection of 
30 lines in coriander. 

Thirty seven exotic germplasm in Coriandrum . 
sativum received through NBPGR (1990-
91) have been distributed to Jobner and 
Jagudan centres. Another seven Coriandrum 
sativum (six from Germany and one from 
Japan) and medicinal plants Carum carvi 
(4), Anethum graveleus (3), A. beishei, A. 
anoonals, A. decursevia, Ammi visnga (one 
each), Anethum graveleous (2), Apium sp. 
(39) received from NBPGR also forwarded 
to Jobner. 

Jobner centre tested 45 entries against root 
knot nematode (M. incognita). Out of the 
45 entries tested UP-20 and UO-21 were 
resistant. 

Cumin: The existing collections 285 (278 
indigenous and 7 exotic) maintained at 
Jagudan were critically examined and 
screened from morphological and yield 
diversity. Based on diversity 106 entries 
having variability were retained. Others 
were discarded. With a view to collect 
diverse genotype of cumin, the whole growing 
area was surveyed and 460 new entries 
collected on the basis of diversity by Jagudan 
during 1993-94 makes the total collection to 
566 accessions. A total of 224 (214 
indigenous and 10 exotic) are maintained at 
Jobner. In the screening of 9 germplasm 
entries E.C 243373, EC 243375 and EC 
232684 accessions found to be resistant 
against Fusarium wilt disease in wilt sick 
plot at Jagudan. 

Fennel: At Jagudan the available 283 entries 
(262 indigenous and 21 exotic) were critically 
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examined and screened diversity. Based 
on the genetic diversity 98 entries having 
variability were retained. Jobner centre 
maintained 139 collections in fennel. Two 
fennel germ plasm (Germany and Japan) 
received from NBPGR (93-94) also forwarded 
to Jobner. 

Fenugreek: The germplasm collection was 
increased to 270 (258 indigenous and 12 
exotic) at Jobner centre as a result of 113 
indigenous collections received from other 
centres during 1993-94. The germplasm 
collection rose to 179 at Coimbatore Centre 
as a result of enrichment of 53 new 
accessions during 1993-94. Out of the 53 
accessions (received from the Coimbatore), 
evaluated, none was better than RMt-l with 
respect to yield, however, 19 accessions 
showed lower incidence of powdery mildew 
and 7 accessions showed lower incidence 
of root rot. The Hisar made 80 new 
collections. Seventy accessions were 
valuated at Guntur. Among the accessions 
UM-117 (1100 kg/hal followed by Lam Sel. 1 
(1092 g/ha) gave highest yields. Jagudan 
centre holds 185 accessions including two 
exotic accessions. During the year, the 
entries were evaluated for morphological 
and yield diversity. None was found superior 
in yield over control. Based on genetic 
diversity, 40 entries having variability retained 
and other discarded. In the screening of 
three exotic entries at Jagudan under natural 
condition EC-257566 (Bulgaria) was found 
resistant against powdery mildew disease. 

2.CROP IMPROVEMENT 

Varieties released: In black pepper variety 
Panniyur-5 from Panniyur (KAU), Cardamom 
ICRI-3 (SKP-14) from Indian Cardamom 
Research Institute, Sakleshpur (Spices 
Board) and Coriander DH-5 from Hisar 
(HAU) were recommended for release. 
Important characteristics of the varieties are 
given below: 

Black pepper: Panniyur-5 (Culture 239) 
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was evolved from the Pepper Research 
Station (KAU) Panniyur, Kerala It is a 
selection from the OP progeny of the local 
cultivar Perumkodi, recommended for growing 
in Kerala. The most distinguishing feature 
is the protandrous nature of flowers. The 
morphological characters are ovate leaf 
with acuminate tip, shorter internodes. 
Stipules are faint and violet. Spikes are 
long, length varies from 12 cm to 26 cm. It 
gives and average green yield of 3.196 kg/ 
vine with a projected dry yield of f 255 kg/ha 
(@ 1100 vines/hal. It contained 12.3 per 
cent oleoresin, 3.8 per cent essential oil 
and 5.3 per cent piperine, driage is 35.7 
per cent. It comes up well both under 
monocropping and companion cropping 
especially with arecanut. It is suitable for 
growing in all pepper growing tracts of 
Kerala and has better ability to survive 
under drought conditions. 

Cardamom: ICRI-3 (SKP-14) from Indian 
Cardamom Research Institute, Regional 
Station, Sakleshpur, Karnataka is a Malabar 
type with long and bold capsules, more 
than 73% of the capsules are above 7.5 
mm dia. It is an early maturing type 
recommended for growing in hills zones of 
Karnataka state which gives and yield of 
439 kglha (814% more than the local 
check) under rainfed and 599 kg/ha under 
irrigated condition (118% more than the 
local check) and is capable of giving potential 
yield of 790 kg/ha. It contains 6.6% essential 
oil and 54 per cent 1,8 per cent Cineole 
content. 

Coriander: DH-5 was proposed by 
Department of Vegetable Crops, HAU, 
Haryana. A selection from the indigenous 
material collection from Kamal district 
(Haryana). It is a dual purpose and high 
yielding variety (135 days duration) with 
wider adaptability, gives and average yield 
of 1400= 1600 kg/ha. Recommended from 
Haryana and Andhra Pradesh where long 
duration varieties are grown. 



Fenugreek: HM-57 was proposed by 
Department of Vegetable Crops, HAU, 
Haryana, selected from the germplasm 
collected from Kurukshetra district of Haryana. 
It is a quick growing dual purpose and high 
yielding variety. Average yield under normal 
condition ranges from 1600-1800 kg/ha. 

3.CROP PRODUCTION 

Black pepper: In black pepper highest 
yield was obtained at Panniyur by irrigation 
at IW/CPE of 0.25. Studies at Sirsi confirmed 
that in companion cropping system the yield 
of black pepper and arecanut could be 
increased with the application of 100:40:140 
g NPKlyear each to arecanut and pepper. 

Cardamom: At Mudigeri, studies indicated 
that in cardamom, the number of suckers 
per panicles and yield could be significantly 
increased with increase in Nand P levels 
under uniform shaded conditions. Similarly 
cardamom yield under irrigated situation 
was 75 per cent higher compared to yield in 
rainfed situation at Mudigeri. The average 
yield from suckers was 48% higher (500 kg/ 
hal as compared to that from seedlings 
(337 kg/hal in case of variety Mudigeri-l. 

Ginger: In ginger application of N125 Pl00 
Kl00 kg/ha recorded the highest yield of 
14.35 tlha with a maximum benefit at 
Pottangi. 

Tree spices: Research on Tree spices 
(Clove, nutmeg and cinnamon) was initiated 
at Yercaud centre. Standardisation of 
vegetative propagation in nLiimeg by different 
grafting methods is under progress. A 
considerable increase in the population 
dynamics of Azospirillum and Phosphobacteria 
in the root zone was observed in cloves and 
nutmeg plantations by the application of 
these organisms to the soils. 
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Seed spices: For cumin the Jobner centre 
recommended a three years crop rotation 
i.e., cluster bean· cumin - cluster bean -
wheat - cluster bean - mustard crop sequence 
to be the best for adoption in Rajasthan. A 
seed rate of 25kg/ha in fenugreek 
standardised at JObner gave the maximum 
yield of 11.12 q/ha; At Coimbatore, coriander 
sown in first week of November by adopting 
a spacing of 15 x 15 cm gave high yield. 

4.QUALITY EVALUATION 

The promising clones of cardamom viz., 
CL-683, CL-679 and CL-729 were superior 
to Mudigeri=1 with respect to essential oil 
and Aloha terpenyl acetate and 1,8 Cineole 
content. In ginger SG-673 recorded 
maximum essential oil and SG-675 maximum 
oleoresin. AN in turmeric PCT-14 followed 
by PCT-13 recorded maximum curcumin 
and oleoresin contents. 

In seed spices quality is judged by the 
presence of aroma, which is due to volatile 
oil content in coriander JCo-126 (0.4%0 
followed by JCo-81 (0.32%), cumin UC-198 
(4.9%) and in fennel by HM-39 (1.5%). 

5.CROP PROTECTION 

Black pepper: In the studies on the 
Phytophthora foot rot and nematode disease 
management in black pepper at Panniyur 
minimum defoliation was noticed in the 
treatment receiving all cultural practices + 
1 kg neem cake/vine + 3g a.i. Phorate/vine 
+ 1 % Bordeaux mixture + two drenching 
with 0.2% Copper oxychloride. At Sirsi 
Phytophthora foot rot incidence was lowest 
by adopting cultUral practices, combined 
with application of one kg neem cake/vine, 
3g a.i. Phorate/vine, Bordeaux mixture 
spraying @ 3 I/vine, and drenching copper 
oxychloride (0.2%), 5 l!vine, before the 
onset of monsoon. This was followed by 
spraying and drenching of Akomin (0.4%) 
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during second week of July and spraying 
and drenching Ridomil MZ-72 WP (100 
ppm) in second week of September. 
Bordeaux mixture spraying + pasting or 
pasting Bordeaux mixture + liotx (2%) 
drenching recorded only 14% disease 
incidence compared to 35% in control at 
Chintapalli. 

On farm trial in farmers' plot by Panniyur 
centre on Phytophthora disease management 
revealed that combined treatment of 
Bordeaux mixture spray, pasting and 
drenching combined with application of neem 
cake (2kg/vine) and lime on kg/vine was 
effective. Studies at Panniyur centre showed 
application of neem cake @ 2kglvine, Phorate 
3g ai/vine and Copper Oxychloride (0.3%) 
drenching was effective in checking slow 
wilt of pepper. 

Biological control studies of Phytophthora 
foot rot of black pepper at Sirsi using four 
antagonistic organisms showed that 
Trichoderma harzianum minimised the foot
rot incidence. Studies at Chintapalli revealed 
that percentage of Phytophthora disease 
incidence was less with application of T. 
harzianum and T. viride. 

Nursery diseases: In the trial on control of 
nursery disease of pepper, at Panniyur 
centre minimum infection was noticed in 
vines treated with Validacin 0.2% under 
medium shade condition. Spraying and 
drenching of Difolatan (0.1%) reduced the 
mortality of peper cutting in the nursery as 
compared to check under medium light 
intensity at Sirsi. 

Cardamom: At Mudigeri no shoot borer 
damager was noticed in 10 cardamom 
germplasm entries viz., CI-1228, C-57, C-
154, C-l0, P-9, PV-2, C-126, C-2, Ang, 
cap. and Ne1.12. Studies on the effect of 
shoot borer at Mudigeri in the three types of 
cardamom on yield, sucker and panicle 
production showed a significant yield 
reduction in damaged shoots. But no 
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difference between healthy and damaged 
shoots in the production of new suckers 
and panicles. The thrips control studies at 
Pampadumpara showed that six spraying of 
monocrotophos (0.05%) combined with 
thrashing was effective in checking shoot 
borer. 

Ginger: In ginger, pre-sowing seed treatment 
in combination 01 Indolil M-45 (0.25%) + 
Bavistin (0.1 %) plus soil application 01 
Phorate (10 kg/hal was effective in managing 
rhizomerot. 

Seed spices: For control 01 grain mould 01 
coriander spraying of Carbendazim 0.1% 
after 20 days of flowering was effective. 
Application of neem cake @ 150 kg/ha was 
most effective for the management of wilt 
(4.8% disease incidence) in coriander 
followed by seed treatment and soil drenching 
with 0.1% Bavistin gave 5.2% wilt incidence 
at Coimbatore during Khrail. The incidence 
of wilt disease has brought down to .1 % 
from 32.3% by the use of Trichoderma 
viride as a means of biological management 
and this has been recommended lor wilt 
management in coriander by the Coimbatore 
centre. The yield was also high in plots 
applied with Trichoderma (515 kg/hal 
compared to control (260 kg/hal. The effect 
01 T. viride either alone or with neem cake 
in the management of root rot disease of 
fenugreek was assessed by Coimbatore. 
The centre recommended application of T. 
viride along with 150 kg neem cake per 
hectare which reduced the incidence of 
root rot of fenugreek. Seed dressing with 
Bavistin (0.1%) consistently reduced the 
cumin wilt incidence and is recommended 
for adoption in Rajasthan. 

6.PLANTlNG MATERIAL PRODUCTION 

Small scale production of elite nucleus 
planting material/foundation seeds 01 
improved varieties are taken up by the 
AICRP centres under University sponsored 
programme. In addition to that lew AICRP 



centres are participating in the integrated 
programme for development of spices (IPDS) 
under centrally sponsored programme of 
Gov!. of India, Dept. of Agriculture & 
Cooperation and programmes sponsored 
by Spices Board for the production of 
foundation seeds of improved varieties. 

Pampadumpara: The centre produced 
planting material of cardamom viz., 10,000 
primary seedlings, 12,000 secondary 
seedlings, 40 kg seed capsules and 200 
Nos. of rooted pepper cuttings. 

Pannlyur: The centre distributed 58,468 
rooted cutting of black pepper of varieties 
Panniyur-l to Panniyur-5 and Karimunda. 

Pottangl: Under the University sponsored 
programme the centre distributed 25 quintals 
of ginger and 65 quintals of turmeric and 
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under IPDS 35 quintals of turmeric rhizomes 
were produced. 

Yercaud: The centre supplied 410 kg of 
coriander (Swat hi , Sadhana, Sindhu) and 
25 Kg of Lam SeL fenugreek. 

Colmbatore: The Centre produced 21 kg 
of seeds of coriander variety Co-3 and 
distributed. 

Jobner: The centre supplied 645 kg 
coriander (RCr-41), 1665 kg fenugreek (RMt-
1), 1408 kg cumin (RZ-190 under the 
Central Sector Scheme. 

Jagudan: Under the Spices Board Scheme 
430 kg Cumin (Guj. Cumin-I), 210 kg 
fennel (Guj. Fennel-l)m 45 kg fenugreek 
and under IPDS scheme 60 kg cumin (Guj. 
Cumin-I) and 200 kg fenugreek (Local) 
were produced by Jagudan centre. 

KRISHI VIGYAN KENDRA 
The Krishi Vigyan Kendra (KVK), Peruvannamuzhi, Calicut District, funded by the Indian 

Council of Agricultural Research, New Delhi 
was established on 16th November 1992 
has started functioning during the year As 
a humble beginning, with the available 
facilities and staff, the KVK has made rapid 
strides in transfer of technology by way of 
front line demonstrations, exhibitions, 
oncampus and off campus training, radio 
talks and farm advisory services. 

During the year 1993-94, a total of 16 
training programmes were conducted for 
the practicing farmers, rural youth and 
agricultural students and extension workers. 
To assess the training needs of the farming 
community of the district, a bench mark 
survey was initiated and is in progress. A 
front line demonstration in black gram was 
also conducted in three farmers fields in 
Mukkom panchayat with the assistance of 
the Karasserry Krishi Bhavan. 
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Five radio talks were also organised on the 
various aspects of spices production 
technology including nutrition, control of 
pests and diseases, quality control and 
marketing of spices. 

Four demonstration plots, two at 
Peruvannamuzhi, one at the Calicut University 
campus and one at West Hill, Calicut were 
established to enlighten the farmers, students 
and other sections of the society regarding 
spices cultivation and the potential for 
intercropping of spices in coconut based 
cropping system. 

Regarding construction of infrastructure 
facilities and recruitment of staff, the plans and 
estimates of the main building - Administrative 
cum farmers' Training block - were got 
prepared and approval and expenditure 
sanction obtained from the Council. The plans 
and estimates of the other buildings viz., 
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Farmers' hostel, Home science block, cattle 
poultry, goat and piggery sheds are being 
taken up in a phased manner depending 
upon the budgetory provisions provided by 
the Council. As regards to the recruitment 
of staff, 2 posts of Training Associates (T6), 
one post of Training Assistant (T4), one 
post of Office Superintendent, one Junior 
Stenographer, one Junior Clerk and three 
posts of Supporting staff including a Driver, 
Watchman and Peon-cum-Messenger were 
already filled up. The remaining posts are 
also being filled in a phased manner. 

During the short span of one year, KVK has 
estblished linkages with various organisations 
like Directorate of Cocoa Arecanut and 
Spices Department of Agriculture, Kerala 
Agricultural University, Spices Board, Centre 

for Water Resources Development and 
Management, University of Calicut and other 
extension and developmental agencies. 

The location of KVK, being in a remote 
place, about 55 km from Calicut city, the 
lack of accommodation for the trainees, 
especially for the farmers and rural youth, is 
a major constraint for conducting long term 
vocational training programs, essential for 
enabling them for self employment. Once 
this is overcome, there are ample scope for 
such programs with the collaboration of 
various agencies like District Rural 
Development Agency, Science and 
Technology Entrepreneurship Development 
Project, and other research and develop
mental organisations. 

STATUS REPORT: CHARACTERIZATION OF DROUGHT TOLERANCE IN BLACK 
PEPPER 

(A. Ramadasan and S. Vasantha) 

With the scope of improving productivity of 
black pepper under rainfed conditions, a 
study on characterization of drought tolerance 
was initiated during 1986 at National 
Research Centre for Spices, Calicut with 
the following objectives. 

1. To identify characters related to 
drought tolerance and 

2. To evaluate germplasm to locate 
drought tolerant genotype(s). 

Technical programme 

1. Characterization of drought tolerance 
2. Screening of germplasm lines 
3. Field evaluation of selected 

genotypes. 

Materials and Methods 
i) Plant materials: Three node pepper 
cuttings were planted in 12" earthern pots 
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and allowed to establish. When plants were 
six months old, they were used for screening 
work. One and half year old vines planted in 
cement tub were used for characterization 
work. 

ii) Characterization work: Cultivars used were 
Karimunda, Kalluvally, Kottanadan, 
Kuthiravally, Neelamundi, Aimpiriyan, 
Arakulammunda and Panniyur-l. For 
screening work, Karimunda selections 84, 
195,69,95, 140,81, 73, 141, 112, 125, 
158,63, 183, 117, 114, 159,60,83,94, 
154,25,51,62,70,80,85,98, 163 and 176 
were used. 

iii) Methodology: Moisture stress was imposed 
by withholding irrigation during summer 
(January - April). Popular cuijivars were planted 
in cement tubs (50 x 70 cm), trained on teak 
poles. When the vines were one and half year 
old, moisture stress treatment was imposed. 



Control plants (five number for each cu~ivars) 
were watered regula~y to maintain soil moisture 
at field capacity. 

Iv) Observations recorded: 

1.Soil moisture content 

2.Agro climatic parameters such as relative 
humidity (%), leaf temperature and radiation 
interception. 

3.Physiological parameters such as 
Transpiration rate (TR), stomatal resistance 
(rs) and water potential (Y) on youngest 
fully matured leaf. 

4.Growth parameters like leaf expansion 
rate (length and width wise for just opened 
leaves and leaf area development. Leaf 
area was calculated using the mathematical 
formula suggested by Shivashankar and 
Rohini Iyer (1986). 

5.Biomass partitioning and root/shoot ratio 
were studied in one and han year old vine 
in three popular cultivar, Karimunda, Kalluvally 
and Panniyur-1. 

6.Biochemical characteristics studied include 
total chlorophyll and carotenoid pig
ments free proline and enzyme activities 
viz., Nitrate reductase, peroxidase and acid 
phosphate. Activity maxima. for the enzymes 
was worked out for black pepper. 

v) Indexing for drought tolerance: 

Indexing was done based on the response 
of different parameters to soil moisture 
deficit (at critical soil moisture content. 
Critical soil moisture content was determined 
from stomatal response to depleting soil 
moisture. Stomatal resistance was taken on 
Y axis and soil moisture content on X axis; 
half max for stomatal resistance was drawn. 
This facilitated fixing of soil moisture content. 
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Stomatal resistance was taken in X axis 
and transpiration rate in Y axis. Half max 
line of both parameters divided the graph 
into four blocks. cultivars were placed in 
different blocks based on their data for 
stomatal resistance and transpiration rate at 
critical moisture content and cunivars 
belonging to I block (ie. higher Ys and low 
TR) were considered relatively tolerant. 

vi) Laboratory tests: 

I. Chlorophyll stability index (CSI): Leaf discs 
from different cultivars were suspended in 
10 ml of distilled water,heated in a thermistatic 
water bath at 600 C for one hour or kept in 
distilled water at room temperature (Control) 
and absorbance read at 663mm.l The 
difference in absorbance between control 
and treatment was represented as CSI. 

2.Membrane stability: Cell membrane stability 
was estimated by per cent injury to leaf 
discs of popular black pepper cultivars 
subjected to desiccation and heat treatments. 

Results and Discussions: 

I). Characterization of drought tolerance: 

Developmental, physiological and biochemical 
responses to moisture stress apart from 
laboratory tests were conducted to study 
their utility in screening large germplasm 
lines. 

I. Developmental responses: Leaf expansion 
rate showed a decline both in control and 
stress treatments, However, the expansion 
ceased in the stress treatment on the 26th 
day (much before leaf water potential (If/L.) 
SMC reached critical levels) while in control 
the leaf expansion continued at a decreased 
rate. Therefore based on leaf expansion 
rates, screening cultivars for drought tolerance 
may not be useful. The leaf area development 
was also affected by mOisture stress. 
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ii)Studies on biomass partitioning and root: 
shoot ratio for three popular cultivars indicated 
that, biomass allocation for stem was 
maximum followed by leaves and roots in 
all the cultivars. Root: Shoot ratio was 
higher in Cv. kalluvally compared to the 
rest. 

iii) Physiological response: In general 
stomatal resistance increased in all the 
cultivars studied and transpiration rate 
decreased. Leaf water potential became 
more negative in all the cultivars under 
moisture stress. Two cultivars viz., 
Kottanadan 14 and Kalluvallay 880 with 
moderately high stomatal resistance and 
lower transpiration rate are considered 
tolerant. 

ivY Biochemical responses: Activity maxima 
of Nitrate reductase was obtained at the 
following conditions: 

Incubation time 
pH 
Phosphate conc. 
Nitrate conc. 

5 hour 
7.0 
O.IM 
O.IM 

Activity of Nitrate reductase declined, where 
as activity of peroxidase and acid 
phosphatase increased due to moisture 
stress. Cultivars response varied with 
respect to these enzyme activities. Proline 
content increased in all the cultivars 
significantly over the control. Total chlorophyll 
ranged from 1.2 to 4.9 mg Ig fresh weight 
and carotenoids ranged from 0.3 to 1.3 mg/ 
g. Cultivars varied significantly for the pigment 
reduction due to heat treatment. 

v)Laboratory test: i) Chlorophyll stability Index 
(CSI): Kalluvally and Arakulammunda 
showed lower CSI compared to other cultivars 
studied. Lower values indicate less effect 
on photosynthetic machinery. 

ii).Membrane stability: Membrane stability 
test indicated that cultivars difference in 
response to desiccation is highly significant 
and hence the usefulness of the test for 
screening large germplasm for drought 
tolerance. 
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2.Screening Karlmunda selections and 
germplasm lines: 

Tolerant cultivars are Kottanadan (1495) 
and Kalluvally (931). Among high yielding 
Karimunda selections, selection 69, 114, 
and 51 were more promising. 

3.Field evaluation 

Promising lines identified from the screening 
work were planted in the field to test their 
field tolerance. During June 1989, Karimunda 
selection 69 along with Kottanadan (1495) 
were planted in the field and all cultural 
practices were carried out including irrigation 
during summer for better establishment in 
the first year. From the second year of 
planting these were maintained as rainfed 
crop and various physiological observations 
were recorded in the field. In 1990, 
Karimunda selection 51, 114, 92 and 
Kalluvally and Panniyur-1 were planted for 
field evaluation. 

Monthly observations on soil moisture 
indicated that soil moisture depletion started 
from October and reached a level of 10% 
during April. Stomatal resistance reached a 
peak in the month of March to April. 
However, a small peak was observed in 
December in cv. Kottanadan. TR showed a 
reverse trend to rs'I'L decreased with stress 
intensity. 

" is justifiable from the above information 
that soil moisture has a profound effect on 
the physiological parameters. As the soil 
moisture depletes, the plants adapt to the 
stress situation through stomatal regulation 
by cuttings down transpiration. 
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facilities were introduced in the library. 
Annual reports and other publications of the 
research centre were mailed to various 
organisations I institutes. 
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Months 

April 1993 
May 
June 
July 
August 
September 
October 
November 
December 
January 1994 
February 
March 
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Rainfall(mm) 

117 
411 
771 

1207 
708 
128 
793 
158 
79 
68 

54 

No. of Rainy days 

7 
14 
26 
30 
29 
13 
27 
10 
3 
2 

2 






