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DIRECTOR'S REPORT 

The year 1994-95 witnessed all -around gro\\1h 
and development of spices research. Upgrading 
CPCRI Regional Station to National Research 
Center for Spices during 1986 a.nd subsequently 
to Indian Institute of Spices Research with effect 
from July 1995 is a result of untiring efforts of 
scientists and staff of the Institute striving for 
excellence in their endeavors. This institute 
hosted a group meeting of Phytophthora 
workers in horticultural crops and hosted the 
first International Symposium on Plantation 
Crops (PLACROSYM-XI) from November 30 -
December 3, 1994. Dr R S Paroda, Director
General and Dr K L Chadha, Deputy Director
General (Hort.), ICAR, visited NRCS on 
November 29, 1994. 

For the first time, Staff Research Counci l (SRC) 
was constituted by including three external 
experts, Dr P C Sivaraman Nair, Director of 
Research, KA U (Rtd.); Dr C K George, 
Executive Director, Spices Board, Cochin and 
Dr. V K Gupta, Professor and Head, Department 
of Plant Pathology, HPKVV, Palampur. The 
progress of work in 33 research projects and. 
three supportive fcscarch programmes \vere 
presented, di scussed and finali zed technical 
programmes for 1995-96. Six new research 
projects were approved. Seven research projects 
funded through A P Cess Fund and DBT were 
also reviewed. The Mini Mission I on Spices 
Crop Protection operated 16 research projects, 
out of which 3 projects were completed and 
closed during the year. The viral etiology of 
stunted disease of black pepper was proved. 
Natural 'KOlle Escapes' and 'Rhizome Rot 
Tolerant Lines' in cardamom were identified as 
sources of possible resistance / tolerance. Usc of 
VAM in nursery of black pepper cuttings 
against Phytophthora foot rot was found 

effective. Solarization coupled with usc of 
'li-jchoderlllo has made ginger cultivation 
poss ible in rhi zome rot prevalent soils. Mini 
Mission II on spices production operated eight 
projects including three projects initiated during 
the year. Cardamom based cropping system is 
being evaluated for economic returns per unit 
volume of space and time. Experiments on 
orga nIc spIces arc In progress. Organic 
amendments are assessed for better performance 
in bush pepper. Water requirements of black 
pepper and cardamom arc worked oul. In Mini 
Mission 111 on spices improvement, gennplasm 
enrichment continued with vigour in black 
pepper, ginger, turmeric, cloves and nutmeg. A 
dwarf clove was identified during the year. Elite 
lines of cinnamon, clove and nutmeg arc further 
evaluated. Two seedling progenies of tunnerie 
(Aee.360 and Acc.36 I ) having a mean curcumin 
content of 7.2 and 7.0% and dry recoveries of 
19 and 18% respectively and a high yielding 
gingercullivar (ARC.64) with low fibre content 
were recommended for release. Somaclones in 
ginger resistant to rhizome rot arc further 
eva luated. Protocols have been developed and 
standardi zed for micropropagation of Piper 
bet/e, Piper choba, Piper cO/llbrinlllll and 
Ammomum slIbll1011l111 . Research on in vitro 
conservation of spices gennplasm is in progress. 
Over 265 accessions of spices, including black 
pepper, cnrdnmom, ginger, turmeric, vanilla, 
minor spices and their related species have been 
conserved in in vitro repos itory. Protoplast 
isolation in black pepper was success ful. Out of 
16 ad-hoc research projects submitted for 
funding , eight projects were approved. The 
Study Circle of the Research Center met 17 
timcs, 18 research papers were discussed and 17 
approved for publication. The Post-graduate 
Committee met six times, five scientists were 



deputed ror advanced training during the period . 
The recently constituted Institute Managemcnt 
Committee (IMC) met on March 16, 1995 and 
took important dccisions. The Institute Joint 
Counci l met on April 26, 1994 and November 
25, 1994. 

The Integrated Programme ror Development or 
Spices (IPDS) made significant strides. Two 
lakh cuttings or black pepper, 30 tonnes or 
tlmlleric seed rhizomes, 23 ,800 secdlings / gra rts 
or tree spiccs and 1800 kg or cardamom seed 
capsules were distributed among Statc 
Agricultural Departmcnts or Kerala, Karnataka, 
Trullil Nadu, Andhra Pradesh, Madhya Pradesh, 
Andaman & Nicobar Islands, Maharashtra and 
Orissa. Four short term trainings were 
orgrulizcd on various racets or spices production 
technology. 

During the year, the Library subscribed to 58 
roreign journals and 90 Indian journals. An 
amount or Rs.5.5 lakhs was spent on 
strengthening Library. Equipments worth RS .R8 
lakhs were purchased during thc year. Works 
costing RS.244 lakhs arc in various stages or 
constnlction. The budget or thc Center was 
Rs. IOO lakhs under Non-Plan and Rs. 160 lakhs 
under Plan during the ycar. 

d~ 

The Research Centcr was honoured by many 
awards during the year. The Young Scientist 
Award constituted by Kcrala State Committce on 
Science, Technology and Environmcnt was 
awarded to the research team in the 
Biotechnology Facility or the Center. The 
Rcsearch Centcr continued as a centcr ror Post
graduate Research or Ca licut Uni versity and 
Kerala Agricultural Uni versity. 

The All India Co-ordinated Research Project on 
Spices also cnl arged its nctwork to cover more 
states. Numbcr or ccntcrs was raised rrom 16 to 
20 during the year. Research on seed spices 
rcccivcd due attention during the year. 

On bchalr or the scientists and starr or the 
institute I place on rccord my gratitude to Dr P 
C Sivaraman Nair, Chairman, QRT, Mr A R 
Antulay, Hon. Membcr or Parl iament and 
Convener, Spiccs in the Parliament Conll11illee 
on Commercc, Dr. R S Paroda, Director
Gcnera l, Dr. K L Chadha , Deputy Director
Gcneral (Horl.), ICAR who together racilitated 
the dream or Spices Fanners into a reality - the 
elevation or NRCS into a rull-nedged Institute 
' Indian Institute or Spices Research' with errect 
rrom 0107.1995 . 

(KVPETERI-------------------
DIRECTOR 
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MINI MISSION I INCREASING PRODUCTION OF SPICE CROPS THROUGH 
MANAGEMENT OF DISEASES AND PESTS 

EPIDEMIOLOGICAL STUDIES ON PHYTOPHTHORA FOOT ROT DISEASE OF BLACK PEPPER 
M Anandaraj Y R Sarma and K V Ramana 

1 Effect of sequential inoculation of black 
pepper with Phylophlhora capsici and plant 
parasitic nematodes 

Previous studies showed that feeder root damage 
caused by P capsici and nematodes either alone 
or in combination lead to slow decline. In this 
study, the effect of different sequences of 
inoculation of these on black pepper causing the 

disease was studied. One year old black pepper 
vines(var. Panniyur- I) were inoculated with P. 
capsici , Jladophoills similis and Meloidogyne 
incognita in various combinations (Table I I). 
High mortality and O,e high incidence of root rot 
and yellowing were observed. Inoculation with 
V AM resulted in reduction in hardening time 
and enlu",eed survival and subsequent gro\\1h on 
tissue cultured black pepper seedlings. 

Table 1.1 Effect of sequentia l inoculation of pathogens on mortality, root rot, root lesion, 
root knot on black pepper 

Treatment M0I1nlity Root Root Root Fresh IVeight(g) 
(%) rot* lesion* knot· 

Shoot Root 

Phytophthora capsici (PC) 20 4.0 0.0 0.0 188.8 16.8 

Jladophoills similis (RS) 20 2.6 2.3 0.0 193.8 21.5 

Meloidogyne incognita (MI) 0 1.5 00 2.3 198.0 26.4 

RS + MI 0 2.5 2.5 1.0 156.3 16.2 

PC+RS 0 2.6 2.6 0.0 192.0 13.5 

PC + MI 0 2.4 00 1.6 192.0 20.0 

PC+MI + RS 40 2.8 0.6 0.6 146.0 15.0 

RS+PC 20 3.8 2. 0 0.0 11 5.0 9.0 

MI + PC 40 2.8 0.0 1.2 116.4 12.4 

RS+MI + PC 100 4.0 0.0 0.0 t o 5.4 

RS +MI + PC 60 3.4 1.0 1.0 11 .0 

Control 0 0.4 0.2 0.2 228.0 30.0 
'Index: (0 - 4); 0- no rot, 1- 25%, 2- 50%, 3-75%, 4- 100% 
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DISEASE MANAGEMENT IN PIlYTOPHTIlORA FOOT ROT AFFECTED BLACK PEPPER PLANTATIONS 
Y R Sarm a, M Anandaraj and K V Ramana 

A fie ld tri al conducted at NRC S experimental 

fann , PCnlvannrunuzhi was concluded aficr 
three yenss. Apart from all cultural practices, the 
treatments with two systemic fungicides viz .. , 
Metalaxyl Mancozeb (Ridomil MZ n Wp) and 
Potassium phosphonate (Akomin) and 

Bordeaux mixture both as foliar spray and soil 
drench were tested at different frequencies of 
application both as pre-monsoon and post-
1110nsoon treatments. The results indi cated the 
superiority of Potass ium phosphonate (Table I 
2) 

Table I 2 Effect of frequency of application of fun gicides on foot rot of b lack peppel' -fi eld 
trial 

Treatments 

Control 
Neem cake 
Phoratc 

BM+CoC 2R 
BM +CoC 3R 
RMZ 3R 
Akomin 3R 
Akomin4R 

Totnl 

9 
5 
7 
3 
3 
3 

0 

Vinl! death Foliar yellowing 

Percentage (0-4 scnle) 

37 .5 1. 25 
20.5 1.05 
29.1 1. 14 
12.5 1.00 
12.5 1.00 
12.5 1.00 
4.1 1.00 
0.0 0.08 

BM=Bordeaux mixture ; CoC =Copper oxych loride; R=Rounds 

Dcloliatioll 

(0-4 scnlc) 

1.66 
1.88 
2.30 
2.16 
IAI 
1.95 
1.41 
1. 29 

Table I 3 Effect of systemic fungicides on PhytophtluJrll foot rot of b lack pepper 

Treatments (ppm 

Akomin 400 
Akomin 800 
DimetholllO'llh 300 
Dimctho11l0lVh 400 
Aureofungin sol 100 
Aureofun gin sol 200 
Aurcofungin sol 300 
Control 

No. of plants 
dead 

0 
0 
I 
I 
0 
2 

2 

4 
2 
2 
2 
I 
0 
I 
4 

No. of plants 
health 

4 
6 
7 
7 
7 
8 
8 
3 
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A ll treatments except control received neem 
cake @ I kg/vine as a pre-monsoon treatment. 
Initial pot culture experiments with Aureofungin 
sol, Akomin and Dimethomorph showed 
superiority of Aureofungin sol in checking root 

rot (Table I 3). A comprehensive field trial has 
been laid out with PhYlOphlhora tolerant lines 
wi th Subhakara, a susceptib le check with a pre
plant treatment with biocontrol agents. 

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

Y R Sarma and M Anandaraj 

I Sc reening Or seedlings 

Seedling progeni es ( 156000) from 59 culti vars 
were screened wi th P. capsici and none was 
found to be to lerant. 

2 Screening of cultivars using leaf 
inoculation techniques 

Of the 81 culti vars screened, the les ion size 
ranged from 12.5-29.5 mm after four days of 

inoc ul at ion in leaves inoculated with pin prick. 
The lesion range was 2.5-24.5 mm in leaves 
inoculated with out pin prick. Of these, 13 
culti vars did not show les ion development in 
Icaves without pin prick even after 10 days after 
inoculation indicating epidermal /cuticular 
resistance (Table I 4). New field tri als with 
Phylopizlhora tolerant lines were started at 
va lparni , Kodancheny and Pulpally. A field 
tri a l s tarted during 1988 with 80 pepper types 
was concluded. Of these II types showed 
minimum vine death (Tab le I 5). 

Table I 4 Screening of germpl as", (lea f inoculation techn ique) 

Cullivnr 

C 853 
C 955 
C 1069 
C 11 08 
C 1091 
C 1124 
C 1588 
C 1590 
C 1519 
C 1585 
C 1503 
C 1587 
C 1507 

Lesion diamcll!r pin prick(I11Jll) 

3 

22AO 
23.30 

24.75 \ 
24 .25 
12.50 
23. 25 
24.00 
24 .00 
23 .50 
28.50 
23.50 
2700 
25.75 
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Table 1 5 Field screening of OP cultivars and hybrids 

Cultivarlhybrids 

P 334 (Cholamundi) 
P 339 (Cholamundi) 
P 105 (Mundi) 
P 603 (Yaliakaniakadan) 
P 856 (Malamundi) 
HP 3 (Panniyur I x Karimunda) 
HP 104 (Narayakodi x Neelamundi) 
HP 780 (Panniyur I x Karimunda) 
C 813 
C 847 (Arakulam) 
Panniyur I 
Karimunda 

Number of plants 

Healthy 

5 
5 
5 
G 
5 
5 
5 
5 
5 
5 
5 

Dead 

I 
I 
o 

INVESTIGATIONS ON STUNTED DI SEASE OF BLACK PEPPER 
Y R Sarm a, S Devasahayam and M Anandaraj 

Collaborator: Prof. P Sreenivasulu, Dept of Virology S V University 
Tirupati 

Studies on transmission and serology 

Graji transmission: 

Graft transmission [rom black pepper to black 
pepper was success[ul. Healthy Piper longllm 
grafted on infected black pepper showed 
chlorosis and crinkling of leaves. 

Sap transmission 

Sap transmission from black pepper to black 
pepper was successful. Local les ions were seen 
on Chenopodillm amaranlicolor and on black 
gram with infected black pepper sap. 

4 

inseCllronsmission 

Pseudococcids like PlanococcllS sp. P. minor, 
Psedococclls longispirolls, scale insects 
Aspidiotlls destructor, ·Lepidosaphes piperis , 
aphid, Toxoptera allrantii , thrips, Liothrips 
karnyii, Leptocentrus sp., hoppers, Tambinia 
sp., Mandera sp. and Colla ceylonica arc the 
insect fauna associated with black pepper. 
HO\\,CVCf, t11cir role in disease transmission is yet 
to be studied. Studies on disease transmission 
with Toxoptera (llIrantii arc III progress. 

Serology 

Infected plant samples collected were subjected 
to ELISA test. The antigen strongly reacted 

IfldiaIJ Institute of Spices Resea,'ch 

with cucumber mosaic strains (CMY) of 
legume, CMY Arachis and CMY Banana. 
Similarly, the antigen of infected Piper longllm 

also gave positive reaction with CMY (Table I 
G). 

Table I 6 Reaction of black pepper stunted disease virus with othel' st.-ains of CMV 
through ELISA 

Antigen 

Piper nigrllm (stunted) 
P. nigmm (vein clearing) 
P. nigl'llm (mosaic) 
P. longllm healthy 
1'. longlllll (mosaic) 
P. longllm (healthy) 

CMY-L** 

0.3 11 
0.48 
0.32 
0.01 
1.25 

0.004 

Reaction to antisera · 

CMY-A CMY-B 

1.1 7 0.41 
1.63 0.62 
1.50 0.61 
0.01 0.01 
1.1 7 0.83 

0.00 1 0.002 

* Readings at 405 nm 30 mts aflerreaetion; * * CM Y L = Cucumber mosaic strain of legume 
CMY A = Cucumber mosaic strain of Arachis ; CMY B = Cucumber mosa ic strain of 
banana 

The purified virus resolved in SDS-PAGE into 2 
bands, one representing a diamer and the other a 
monomer. This was confirmed by performing 
eleetroblot immunoassay (Western blotting) 
lIsing CMV -banana antiscnlln. The vims 
genomic RNA was resolved into three species 

like othl MY isolates. The dsRNA isolated 
from blac epper leaves was also resolved into 
thrcc species. The agar gel double diffusion test 
indicates that CMY banana and CMY black 
pepper are antigenically identical. Piper longllln 
mosaic was also found to be a CMY strain. 

INVESTIGATIONS ON VEIN CLEARING VIRUS OF CARDAMOM 
M.NVenugopal 

Epidemiology of disease: 

In the selected experimental plots, the disease 
progress was monitored periodically. After 3 
years of continuous monitoring, the result, 
clearly indicate (I) dual patten! of disease spread 
with solitary infection m distant 

5 

blocks/plantation and centrifugal spread around 
the primary sources of infection, (ii) plotting of 
disease against distance and duration clearly 
indicated steep disease gradient followed by 
shallow gradient in the next 100 meters, (iii) 
mitial disease spread pattern suggests that for 
raising planting material a minimum of 200 m 



di stance from infectcd pla<llation should be 
maintained to avoid chances of infection in the 
nursel)' stage, (iv) rate of spread (r) in different 
situations val)' from .1 -28 to 8-16 per unit/year. 
The r depended on the distance and level of 
incidence in the surrounding plots/plantations 

Persistence of viI' us in the ve.C(()I' 

Studies were repeated with different periods of 
acqu isition (30 min - 4 days) and transmiss ion 
fceding (30 min - 4 days). The results confirmed 
that the virus was retained in the vector for more 
than 8 hours of post acquisition period. 

Yield loss 

Growth and yield parameters wcre recorded from 
the plants with val)' ing stagcs of infection. Data 
clearly suggcst the yicld reduction to thc extent of 
68-94%. These studies furthcr confirm the 
destructive potential of this discase. 

Disease management 

EfTect of sclcct ive roguing: Periodical roguing in 
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plantations with different levels of initial 
incidence and sources of infection clearly indicate 
that in thc rcpresentativc plots/plantations, the 
pcriodical inspcction and elimination of virus 
SOlu·ces cffcctively rcduced thc rate of sccondary 
sprcad. Even in thc plantation with 14% initial 
incidencc the cumulative secondary sprcad/year 
can be rcduced to Icss than 3%. Only in two 
isolatcd plantntions with velY init ial stage of 
infection, total elimination of the di seasc was 
rccordcd continuously for t\\'o years period. In 
the rest, with roguing even at monthly intcrva ls, 
total elimination orthe disease was not observed. 
ii) Fcasibility of community approach to conta in 
discasc sprcad: A joint study with ICRI 
Saklcspur was undertaken in one of the 
contiguous hot spot with high levcl of discase 
incidcnce (48%). Aftcr total removal of 
cardamom crop in areca based mi xed crop, 
rcplant ing was followed in about 12 acre 
planta tion comprising eight contiguous blocks. 
Periodical inspection and roguing was followed 
in all the plots. Aftcr two years of study, the 
results indicate that the cunu.llativc fresh 
incidencc for two years in differcnt blocks valY 
from 0.3 to 5.8 pcr ccnt 

RHI ZOME ROT OF GINGER ANO TURMERIC 
T G N Rao and G N Dake 

Surveyed four southern districts of Kerala viz., 
Trivandrum, Quilon, Alleppey and 
Pathanamthilla for assessing the incidence of 
rhi zome rot of turmeric. Surveyed 23 gardens 
during October 1994( Table I 7). The frcquency 
of isolation of fungi IS given in 
Table I 8. 

Studies on storage rots of tunneric 

6 

Both soft and dl)' rot symptoms were noticcd in 
storage. The incidencc of storage rot varied from 
17 to 43 per cent. The cffect of infcction on 

. germination, plant height and yield was studied 
by planting healthy, partially rollen and severely 
roll en rhizomes in beds of 3 x I m separately. 
The res ult are presentcd in Table I 9. The 
affected rhizomes recordcd decreased growth 
and yield . The fungi developed in storage rots 
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were isolated and pathogenicity test was provcd. 
Aspergilllls, Fllsarium and M. phoseiolina 

wcre found associated with storage rots of 
turmeric. 

Table 1 7 Survey for incidence of rhizome rot of turmeric in Kerala 

District No.of garden visited Disease incidence 

Quilon 
Trivandmlll 
Alleppey 
Pathanamthitta 

5 
9 
6 
3 

I - 7 
I - 5 
I - 3 
I - 4 

Ta ble 1 8 Frequency of isolation of orga nisms associated wi th rhizome rot 

Organisum Frequency l-
-"------------'---'---'----

~~~ 4 
Fusarilllll sp 22 
II balalieola 

Table 1 9 Effect of stora ge rot on plant stand and yield 

Parameter Healthy Partially rotted Severiy rotted 

Germination % 97.00 22.50 5.00 
Plant height (cm) 19.80 1390 8.00 
No. of leaves 6.57 4.57 3.00 
Yield (Kg/Plot) 3.30 0.40 0. 35 

STUDIES ON BACTERIAL WILT OF GINGER 
G N Dake and T G N Rao 

The pot culture experiment was conducted in 
randomised block design with five treatmcnts 
Viz., (I) plant inocu lation with avinl lent P 
solanaeearllm, (ii) Soi l amendment with sea 
shell, (i ii) Soil app lication of Streptopenicillin, 
(il') Steri le water and (v) Control. Replicated 
five times to explore the poss ibilities of inducing 
resistance either by prior inoculation with the 

7 

host by avirulent strain of Pseudolllonas 
so/anacearlllJl, soil amendmcnts with sca shell or 
so il drenching wi th antibiotic and challenge 
inoculation with virulent strains of Pseudomonas 
solanacearlllll against bacterial wilt of ginger. 
Ninty-day old plants of cultivar 'Maran' grown in 
30 ems diameter earthenware pots were 
inoculated with Bacterial suspensions I D· cfuJml 



.... 
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of avimlent strain of P .I'olanaeearulll . Sea 
shell (powdered fonn) was mixed in soil by 
adding (I :50 by w/w) proportion . Strepto
penicillin (Dierystiein) 100 ppm @ 100 ml per 
pot was poured at the base of ginger plants. The 
challenge ineoulation of vimlent strain of l' 
solanaeearllm was done after 48 hrs by adding 
100 ml bacterial suspensions of 10' cfu I ml 
around Ole plant bases in pots. The observations 
were recorded for initi ation of symptoms dai ly at 

10.00 am and resuiLs arc presented in Table I 10. 
The initiationlexpression of symptoms were 
delayed by 5 days in treatment combinations of 
application avirulent strains of P s%ncearuIJI , 
amending the soil with sea shell or drenching 
with antibiotic (Diclysticin) and challenge 
inoculation ' with vimlent isolate of I' 
.I'olaneearulll than pouring water and challenge 
inoculation of }' . .I'olanaeearum. 

Table I I 0 Symptom expression" in 'Maran' cultivar of ginger arter challenge inoculation ' 
with vil'ulent strain of Pseudomonas solmraceuI'II1/I Smith. 

Number of 
Treatment inoculated 

planls 

Avirulenl slrain of P salanacearl/III (A VSPS) 53 
Sea shell +A VSPS 57 
Slreplo-penieillin +A VSPS 56 
Slerile waler +A VSPS 54 
Water alone (un-inoculated control) 55 

'Date of inoculation : Oct 10 1994 " Initiation of symptoms : 

Table I II Minimum inhibitory concentration (MIC) 

Aminoglycosides 
Tetracyclines 

Polyenes 

Name 

Aminoglycosides +Jl-Iaelum 
Jl--laclullI 

Bacterial strains used in experiment: 
Isolate No. Hosts 

Generic name 

Kanmnyein (km) 
Telracycline erc 
Chloramphenicol (cm) 
Slreplopenicillin (SI') 
Ampicillin (AP) 

ZoPs - 52 Zingiber ofJicinale Rose. 
Sal's - 57 SYZygi1l1ll arolllalieulII M&p 
KgPs - 63 Kaempferia galanga L 
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No.of planls wilted (Days afier 
clwllcngc inoculation) 

5 

0 
0 
0 
12 
0 

Oct 15 1994 

10 15 

4 28 
5 31 
7 31 

42 
0 0 

MIC (ppm) 

5 
10 
10 
2.5 

20 

21 
21 
18 

0 
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Curing plas m ids 

The antibiotics which arc water soluble were 
sterilized by adding few drops or alcohol and 
then allowed to get evaporated before adding 
sterile double distilled water to adjust the 
conccntration. The tetracycline was di ssolved in 
small quantity of ethanol by vigorous shaking 
and made up vollOne to 100 ml by adding double 
dislilled sterili zed water. 

Studies were carried out to determine the 
minimum inhibitOIY concentration (MI C) of 
Aminoglycosides (Kanamycin), Polyenes 
(Chloramphenicol), Tetracyclines (Tetracycline), 
Strepto-penicillin (Dicrysticin) against 
PselidolllonaS sensitive strains keeping p-Iactum 
(Ampicillin) as Pselldomonas res istant check 
(Table I. II). The growth of Pseduolllonas 
strains viz. ZoPs-52, SaPs-57 and KgPs-63 was 
inhibited at 2. 5 ppm in Diclystin rollowed by 
Kanamycin (5 ppm), Tetracycline and 

Table I 12 Isolation of drug resi stant mutants 

Anlibiolics 
5 ppm 

Kanamycin 
Chloramphenicol 4 
Terareyelines 17 

Bacterial suspension used 10 ' cfu/ml 

Chloramphenicol at ( I Oppm). The Dicrystin is 
more effecti ve because of combination of two 
anli biotics i.e. Streptomycin and penicillin . 

The colonies of insensit ive (resistant) cells of 
Pseudolllonas solanacearlllll survived [rom 10' 
cfu/ml) on nutrient Sucrose agar plates 
supplemented with Kanamycin ( I 0 ,..~ 
Chloramphenicol at 20 fl g/ml) and Tetraeyc 
at (30 fl g/ml) were selected (Table I I . 
Furlher work on curing of plasmids usmg 
mitomycin -C I, Acridine orange dye is in 
progress. 

In addition, two more new hosts of Pseudolllonas 
solanaeeal'lllll have been recorded. The 
occurrence of bacterial (I'. solanaeeal'lllll ) wilt 
on Kaempjeria gaianga L. in Calicut district and 
on SYZygi1l1ll arolllalieulII L. Merr and Perr 
caused by Pseudomonas '11. in Wynad district of 
Kcraln Slale nrc Ule authentic records of bacterial 
wilt from India. 

Selection of clll/ll1l 

10 ppm 

3 

8 

20 ppm 

5 

30 ppm 

2 

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

S Devasahayam 

I. Screening of black pepper germplasm 
against 'poilu' beetle 

9 

Twenly-four wild Piper access ions maintained in 
the gennplasm of NRCS Penrvarmamuzhi were 



screened for berry damage by 'poilu' beetle 
(Longitarslis nigripennis) tmder field conditions. 
Two accessions werc free of pest infestation; the 
incidence of 'poilu' infested berries ranged 
between 3.4-26.2 per cent in Ule other accessions. 

2. Bioassay of neem and other natural 
products against 'poilu' beetle 

Four commercial neem formulations (Neemark, 
Nccm Gold, Nimbieidine and Neem Azal), neem 
seed kernel extract and custard apple seed extract 
(sourcc: Indian Institute of Chemical Technology, 
Hyderabad) were evaluated for their antifeedant 
activity against 'poilu' beetle in laboratory 
bioassays using 'leaf disc technique' and adopting 
'no choice tests'. 

All the commercial · products were effective 
resulting in 50 per cent feeding deterrence at 0.2 -
1.0% concentrations and 90 per cent feeding 
deterrence at 2.0 - 6.0% concentrations, 24 h 
after treatment. Among the natural products, 
custard apple seed extract was more promising 
resulting in 50 and 90 per cent feeding deterrence 
at 0.025% and 0.2% concentrations, respectively, 
24 h after treatment. 
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3. Eva luation of neem products against 
'poilu' beetle in the field 

Four commercin l nccm formulations (Nccmark, 
Neem Gold, Ni mbieid ine and Neem Azal) and 
endosttlran (present recommendation) were 
evaluated against 'poilu' beetle in the lIeld at 
Pcruvannamuzhi . The trcntmcnlS included fOllf 

rounds of spraying (J uly, August, September and 
October) with neem products; one round of 
spraying (July) with endosulfan and three rounds 
(August , September and October) with neem 
products and two rounds of spraying (July and 
September) wi th endosulfan. A control without 
spray was also maintained . The crop was 
harvested during Jamla!)' and the percentage of 
berries dmnaged by 'poilu' beetle was assessed 
and the data subjected to statistical analysis. 

The tri als indicated that all the treatments wcre 
effective in reducing the infestation caused by 
'poilu' bcetle significantly when compared to 
control. The perccntage of berries damaged by 
the pest was minimum in plots sprayed with one 
round of cndosulfan 0.05% and three rounds of 
neemgold 0.3%; ho\\'ever, it was on par with 
othcr treatments cxccpt four rounds of spraying 
with Ncem Gold and Nimbicidine alone. 

INVESTIGATIONS ON NEMATODES ASSOCIATED WITH SPICE CROPS 
K V Aamana and Santhosh J Eapen 

1. Screening sp ices germplasm against 
nematodes 

Fifty eulli vated black pepper gennplasm 
accessions were tested using standard techniques 
for reaction to the root knot nematode M 
incognita. All the accessions tested showed 
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susceptible reaction to the nematode with gall 
index ranging 4.0 to 5.0. Ten accessions of black 
pepper, 5000 seedling progenies of black pepper 
cultivnrs, 5 cardnmom accessions, 50 accessions 
each of Ginger and turmeric arc being tested for 
their reaction to M. incognita. 
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2. population variabi lity in root knot 
nematodes associated with various spices 

Thirty six populations of Mincognita from black 
pepper, ginger and turmeric were collccted from 
different areas in Kerala and Tamil Nadu. 
Sixteen populations arc being maintained on 
their respective hosts for studying their 
variability. 

3. Effect of M. illcogllita on growth and yield 
of ginger 

A pot culture trial with the following treatments 
was laid out to study the effect of M. incognita 
on growth and yield of ginger. 

Treatments. 
1. Control (no nematodes) 
2M. incognita @ 0.2 II stage juveniles / 100 ee 
soil 
3M incognita @ 2 
4M incognita @ 20 
5M incognita @ 200 

" 

" 
" 

The experiment was laid in CRD with 8 
replications . Himachal' was used as test 
material. 

4. Role ofM. illcogllita in rhizome rot complex 
of ginger 

A pot culture experiment was conducted to study 
the role of M incognita in rhizome rot complex 
of ginger in a RBD with 10 treatments replicated 
4 times. Cultivar 'Himachal' was used for the 
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trial. In treatments T8 , T9 & T I 0, the plants 
were inoculated with root knot nematodes 20 
days prior to inoculating other pathogens and 
observation on the disease incidence " 
recorded one day afier affecting all 
treatments. The results of the study indicate t 
the plants inoculated with root-knot nematode 
alone did show any symptoms of the ·disease. 
Plants inoculated with P . .l'o/anacearulll alone or 
in combination with nematode/fungus showed 
bacterial wilt symptoms (100%) on the 3 rd day 
after bacterial inoculation except in treatment 
TIO where the incidence was 95.9%. This 
indicated the presence of root-knot nematode 
had no influence on the severity of bacterial wilt 
caused by P. so/nnaceorllm in ginger. However, 
prior inocu lation of plants with root knot 
nematode resu lted in increase in the severity of 
the rhi zome rot disease and advanced the 
expression of disease symptoms. Plants 
inoculated with nematode and fungus 
simultaneously, only 16. I % tillers showed 
disease symptoms while in plants inoculated with 
the nematodes 20 days prior to funga l inoculation 
46.5% tillers expressed disease symptoms 3 rd 
day afler inoculation of the fungus. All the tillers 
in plants inoculated with nematodes prior to 
fungal inoculat ion expressed disease symptoms 
by th day whereas the plants inoculated with 
both the pathogens simultaneously all the tillers 
expressed disease symptoms at 10th day after 
funga l inoculation. The study shows that root 
knot nematode predisposed ginger plants to 
fungal infection resulting in increased severity of 
the disease (Table I 13). 
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Table 1 13 Ro le of M. incognita in r hizome rot and bacterial wilt in ginger 

Treatment 

TI Control (No Pathogcn) 

'1'2 MI alone 

T3 PY alone 

T4 PS alone 

TS MI + PY(Simuitaneously) 

'1'6 MI + PS(Simuitaneously) 

3 

DAI ' 

Ni l 

Ni l 

N il 

100.0 

16. 1 

100.0 

T7 MI + PY +PS(Simuitancously) 100.0 

Disease incidence (% ti llers alTected) 

7 10 

DAI DAI 

Ni l N il 

Nil N il 

3SA 94 .0 

44 .6 100.0 

'1'8 MI > PY (20 days) 46.5 100.0 

T9 MI > PS (20 days) 100.0 

TlO MI > PY +PS(20 days) 95.9 100.0 

' DAI Days artcr inoculation 
MI = Me/oidogyne incognita; PY = PylhiulI1 aphaniderll1olulI1 ; 
PS = Pseudomonas s%nocearum 

BIOLOGICAL CONTROL OF DISEASES OF SPICES 
M Anandaraj. Y R Sarm a and M N Venugopal 

Two ongoing trials in the ficld on the efficacy of 
YAM in suppressing root rot of black peppcr 
were continued. In the first trial YAM in main 
plot and 5 sub plot treatments viz., Control 
application of YAM, copper oxychloride, 
Ridomil MZ and Akomin. This has 3 
rep lications with a plot size of 6 vines / 
trea men , planlcQ in a discased- arca. hc 
disease incidence was 16.5% in YAM treatcd 
plots compared to 28.5% in Non-YAM control 
plot. In another trial, six isolates of YAM arc 
inoculated first followed by application of 
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biocontrol agcnts viz., Trichoderma hamalum, 
Glioc/adillm virens and use of Chromo/aena 
odO/'ola as mulch. The incidence of discase was 
less than 5% in this trial. YAM colonization on 
the roots, soil population of YAM, applied 
biocontrol agcnts and· pathogen populations were 
monitorcd regularly, Biocontrol of foot rot of 
black pepper was taken up in Wynad district in a 
farmer's plot wi th 7 trea/ments replicated four 
times with a plot size of 12 vines/treatmcnt. No 
mortality of vinc was not observed in 
G/ioc/odium virens (Table I 14) amended plot. 
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Table I 14 Effect of biocontrol agents on foot rot of black pepper 

SL No. Treatment Mortality of vines (%) 

2 
3 

4 
5 
6 
7 

Gliocladitofl virens I 
Trichoderma po/ysporum 

Glioclodium virells II 

0.0 

5. 1 
4 .7 

7.3 

13.2 

2.3 

t L3 

1'. harziol1ll1f1 

l'.kollingi 
Mixture 01'3 . 4, 5 

Controt 

Table 1 15 Growth of bioco ntl'Ol agents in coconut water amended with nutrients 

Composition (for 100 ml) 
Medium used 

Coconut water(CW) 100% 

CW 50 + Distilled Water (OW) 50 

CW 25 + OW 75 

CW I0+DW90 

CW 50 + OW SO Micro Nutrients' 

CW 50 + OW SO Glucose I g 

CW 50 + OW SO Yeast Extract 0. 1 g 

Fungal Medium (Martins Rose Bengal) 

Mycelium dl}' weight (mg) afier 30 days 

growth (mean) 

T hamatum G. virells 

530 674 

480 492 

403 26 t 

256 213 

S IS 477 

555 459 

556 636 

SO t 455 

• Micronutricnts Fe- ( FeNH.(SO,), 12 H20} = 0.2 mg ; Zn++ (Zn SO, 7 H20) = 0.2 mg 
Mn++ (M n SO, HP) = 0.1 mg; Thiaminc HcI = 100llg 

Coconut liquid cndosperm (coconut water) 
supported good gro\\1h and spomlation of 
Trichoderma and Glioclodium (Table I 15). 
ThIS could be effectively uti lized for mass 
culturing of these fungi . In cardamom 
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Trichoderma isolates were mass mu ltiplied on 
partly decomposed coffee husk and applied in 0.4 
ha of rhizome rot prone plantation . In thc first 
years result , rhizome rot incidence was 1.2% in 
treated plots as against 5.3% in untreated plot. 
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BIOLOGICAL CONTROL OF INSECT PESTS OF SPICES 
S Devasahayam 

Identification of natural enemies of insect 
pests of ginger and turmeric 

The incidence of natura l enemies of shoot borer 
(Conoge lhes pllncli/eralis) and rhi zome scnle 
(Aspidiella harlii) on gi nger and turmeric was 
studied. Larvae of shoot borer (collected from 
Peruvannamuzhi) nnd rhi zomes of ginger and 
turmeric infcsted with scales (collectcd from 
Peruvannmnuzhi and Mnnnnthavady) were 
observed in Ihe laboratory for the occurrence of 
natural enemies. The natural enemies recorded 
include two species of hymenopterous pnrasiles 
and an entomophagus nematode on shoot borer 
and two species of hymenopterolls paras ites and 
a species ofpredalory beetle and ant on rhizome 
scale. 

2. Seasonal incidence of natural enemies of 
shoot borer of ginger 

The seasonal incidence of natural enemies of 
shoot borer of ginger was sludied al 
Peruvannamuzhi. Larvae of shoot borer were 
collecled at regular intervals during the crop 
period July to December and brought to the 
laboratory and observed for the occurrence of 
natural enemies. The entomophagous nemntode 
parasilized larvae of shoot borer during July to 
o~r wilh a peak Ilarasitisalion of 72 per 

cent during August. The hymenopterous parasiles 
were observed during October to December wilh 
a peak parasilisalion of 28 per cent during 
November. 

3. Bioassay of Bacillus tllllrillgie""i .. against 
shoot borer of ginger 

14 

Laboratory bionssays were conducted to test the 
emcacy of a commercial fannulation of Bacillus 
Ihllringiensis (Dipel) against larvae of shoot 
borer. Ginger pseudostems were splil into two 
and dipped in 0.25%, 0.50% and 1.00% 
concentrations of the product and healthy larvae 
were inlrodueed into them. A control without 
app lication of H. thuring iensis \VIIS also 
maintained. The mortality of larvae in variolls 
Irealmenls was recorded at 24 h intervals after 
appl ication. 

The fonnul nl ion was highly effective resulting in 
100 per cent mortality of the larvae I, 3 and 5 
days after trentment at 1.0, 0.5 and 0.25% 
COllccntrnt ions' respectively. 

4. Eva luation of lJ. thurillgiellSis aga inst 
shoot borer of turmeric 

The commercial fonnulntion of B. Ihllring iensis 
(D ipel) was evaluated against shoot borer of 
turmeric in the field al Peruvannamuzhi . The 
treatments included Ihree rounds of spraying 
with two concentlrntions of Dipel (0.50 and 
0.75%) and Malathion 0.1 % (present 
recommendalion) during August, September and 
October. An untrealed eonlrol was also 
mainlained. The percentage of tillers infested by 
the pest was recorded during November and the 
dala were subjected to slnlistical analysis. The 
trials indicaled that all the Ireatmenls were 
elTeclive in controlling the pesl infeslalion when 
compared to control. Dipel 0.75% was Ihe mosl 
effeclive being significantly superior to other 
treatments 
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BIOLOGICAL CONTROL OF NEMATODES IN SPICES 
Santhosh J Eapen, K V Ramana and Y R Sarm a 

I. III vitro studies 

Trichoderllla harzianlllll (two isolates), T 

halllalulII, T aureoviridae, T viridae, T 
pO/ySpOI'llIll , T /ongibracheallllll , T koning i, T 
pselldokoningi and GliociadiulII virens were 
lesled under in vilro condi lions 10 study their 
interaction with root knot nemalodes . All Ihe 
fungi colonised egg masscs of root knol 
nematodes, bul the colonisation level varied 
between isolates . T hal'zianulII, 1: 

/ongibracheollllll , T koningi , T viridae and G. 
virens were beller coloniscrs. Howevcr, no 
hypha I development was observed on individual 
eggs or larvae. Distortion of cggs were 
commonly seen and was more pronounced wilh 
regard 10 T harzianlllll (lsolale No.7 and 44), T 

viride mld G. viren.\', suggesling the involvement 
of toxic metaboliles. Howevcr, culture fillral es 
of all the fungal isolates killed the sccond stage 
juveniles of M. incognita within 24 hours, in a 
separate study. 

2. Pot culture studies 

J} EfJecI of1i'ichoderma iso/ales on roOI knol 

nemalodes of cardalllolll 
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Four isolates of 1i'ichoderma 'pp . and a 
Glioe/odium isolate from cardamom plantat ions 
of Coorg were tested against root knot 

nematodes of cardamom in a pol trial starled 
during 1993. Among these isolates, one T 
harzianllm isolale and anolher unidentified 
'li'ichoderma species suppressed root knot 
nematodes to the mnx imum extent. The results 
nre given in Table I I G. ii} 

ii}EfJecI of " selldolllonas jlllorescence on rool 
knol nell/alodes 

Four isolates of Pseudomonas fluorescence , 
collecled from blnck pcp per soils of Easlern 
Ghals in Andhra Pradesh were lested against root 
knot nemntodes using tomato as a test plant. 

Tomnlo planls were dipped in the bacterial 
suspension at the time of lransplanting. After 
establishment, these planls were inoculated with 
500 second slage juven iles of M. incognita. The 
root weight, number of egg masses and the final 
nematode level in roots were recorded after two 
months. Isolnte No.1 and No.44 were found 10 

possess mnx imum inhibitory effect on root knot 
nematodes . 
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Table I 16 Effect of Trichoderma isolates on growth of cardamom seed lings and root knot 

nematode development 

Treatment Total Biomass / Seedling Final nematode level ! g roa t 

s- s+ Di ficrcllcl: s- S+ DilTcrcncc 

Trichoderma Is. 1 22.58 2301 0.43 1.307 0 1.307' 
T. viriclae 24.62 2108 3.54 0.'1 5 I 0 0.45 I 
T.harziol1uIII Is. 1 1904 22. 12 3.08 0.5 12 0 0.512 
T. harziamml 15. 2 26.75 25 .00 U 5 1.304 0 1.304' 
Glioclodium sp. 21.46 22.86 1.40 0.45K 0 0.458 
All isolates together 29.1 2 19.20 9.92 ' I. 136 0 1.1 36 ' 
7i'ichoderllla Is. I +N 17.D2 15.17 1.85 2.216 2.4 57 0. 241 
T.vil'idae +N 18.25 17.37 0.88 2.025 2.828 0.803 
T.harziamtm Is. 1 +N 15.21 17.92 2.71 2.074 1.943 0.131 
T,harzimllll1l 15. 2 +N 22.85 16.50 6.35' 1.630 2.4 16 0.786 
Glioclodium sp. +N 15.08 18.96 3.88 2.504 2.654 0.150 
All isolates together +N 20.54 1708 3.46 1.748 2.572 0.820 
Nematode alone 11 .33 15.33 4.00 2.380 2.818 0.438 
Check 20.29 19.16 1.05 1.120 0 1.120' 

LSD 0.0> 4.50 4.50 0.93K 0.938 

N- Root knot nematode; S- native soil; S+ sterile soi l; , Significant dificrencc between means in a row. 

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

N K l eela. K V Ramana and M Anandaraj 

Leaves or Piper cO/llbrinlll11 and Chromo/aena 

odora/a were extracted wiUL.-various solvenls 
and tested against Phy/oph/hora capsici. 

Petroleum ether rraction showed maximum 
inhibition (Table I 17). The petroleum ether 
rraction rrom Piper cO/llbrinllm 

chromatographed on silica gel were eluted with 
benzene-chlorororm and chlorororm-thanol with 
increasing polarity. This yielded 5 rractions, the 
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first rraction rcchromatographcd on si lica gel and 
chlorororm. This showed rour UV absorptive 
maxima at 278, 26 1, 255 & 242 nm. This is 
being purified rurther. Petroleum ether retracts 
rrom Chl'omo/aena adora/a were 
chromotographed on neutral alumina with 
chlororOllll - Mctllanolmixture. This yielded rair 
rraction among which the first rraction showed 
maximum inhibitory errect on P. capsici. 
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Table I 17 Inhibition of P. capsici by leaf extracts of Piper cO/llbrilllllll and Chrolllo/aella 

or/orala 

Concentration Per cent inhibition 

Extractant (%) 
P. CO /UbrilllllJl Chromo/aella oc/orata 

Petroleum ether 05 41.3 22.5 
Petroleum ether 1.0 47.6 44.0 
Chlorofonll 0.5 17.6 14 .2 
Chlorofonll 1.0 37.0 37.0 
Meth. nal 0.5 13.4 16. 1 
Methanal 1.0 29.0 49. 1 
Acetone 0.5 0 0 
Acetone 1.0 2.5 
Water 0.5 0.0 
Water 1.0 0.0 

MINI MISSION II :DEVELOPING AGROTECHNIQUES FOR INCREASING 
PRODUCTION OF SPICE CROPS 

STUDIES ON THE IMPACT OF INPUT TECHNOLOGIES ON THE YIELD PERFORMANCE AND 
QUALITY ATIRIBUTES OF BLACK PEPPER 

K Sivaraman. A K Sadanandan. C K Thankam an i and K Kandiannan 

1. NPK Experiment 

The experiment started during 1987 wi th rour 
levels or nitrogen (50, I 00, 150 and 200g per vine 
Iyenr) four levels or potassium (70,140,2 10 and 
280g per vine/year) along with contr! , consisting 
or twenty one treatment combinations was laid 
out in RBD with three replications. The black 
Pepper variety Karimunda Planted by using 
Ery/hrina indica as standards. The linal 
cumulative yield or live years presented in table 
2 I. Application or 150g Nand 280g K 2 0 
Ivinelyear recorded higher yield. 
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2. Critical Nutrient Indexing 

This experiment initiated during 1 993-94~ Black 
Pepper garden was identified as pulpally, Wynad 
district , ror sampling. Hundred high yielding 
ench fifiy medium and low yielding vines were 
selected rrom the garden. The lear samples (8 
Icaves/vine) were collected during April and 
ana lyzed ror major, secondary and micro
nutrients critica l nutrients content were worked 
out and presented in the Table 2 2. 

• 
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Table 2.1 Cumulative green pepper yield (1990 - 9 1 to 1994 -95) (kg/vinc) 

T rca I mcn I (g/vi nc/year) 

N K ea Mg 

50 70 

50 140 

50 210 

50 280 

100 70 

100 140 

100 2 10 

100 280 
150 70 
150 140 

150 210 

150 280 

200 70 

200 140 

200 2 10 

200 280 

50 140 50 

50 140 50 

50 140 50 50 

0 140 

0 0 

CD(0.05) 

• P- common dose -----------------
3. Irl'igation exper iment. 

trial was started during 1988. Black pepper 
variety Karimunda planted by using Eryth rino 
Indica as standards. As pCI' the suggestion of 
sta ff Research Council the treatments were 
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Cumulative 
Yield 

4.4 1(, 

5.347 
5.649 

6.370 
7.678 

8.87 1 

10. 392 
I 1.022 
6.767 
I 1. 991 
12.518 
15. 38 1 

9.0 13 
9. 845 
8.07 1 

6370 

3.880 

4.776 

4.4 16 
3.288 
2.980 
1.0 10 

modified during 1993-94. Thirteen treatments 
replicatcd two timcs in completely randomized 
Dcs ign. The yield recorded treatment wise and 
presented in Table 2.3 . Highest yield was 
recorded by daily irrigation with drip during 
October to May. 
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Table 2 2 Crit ica l nutrients content (avercge) in black peppel' 

Nut rient element 

N( %) 
1'( %) 

K(%) 
Ca (%) 

Mg(%) 
S( %) 

Zn (ppm) 
Mn( PI)l 1) 
Fc( ppm) 
Cu( ppm) 

Hi gh yielding ( 100)* 

2.67 ( 10.2)" 
0.25 ( 16.7) 
2.10 ( 19.8) 
1.78 ( 14.1) 

0.36 ( 18.2) 
0.26 (20.8) 
39.0 ( 17.7 ) 

60.0 (23 .9) 
152.0(22 1) 

10.0 (23 .9) 

'Number of experimental vines 
**Coefficient of variance 

Table 2.3 Effect of irriga t ion 0 11 Arccil peppe r )'ic lcJ 

Treatment 

liTigation at 0.3 IW/CPE 
a - Oct. - March 
b - Oct - April 
e - Oct - May 
liTigation at 0.6 I W ICPE 
• - Oct. - March 
h - Oct - April 
c - Ocl - May 
In igalion al 0.9 IW/CPE 
a - Oct. - March 
b - Del - April 
e - Del - May 
Conlrol 

CD !!ill.) 

Medium yielding (50)' Low yielding (50)' 

2.5 I (13.9) 2.40 ( 13.0) 
0.22 (26.6) 0.19 (2 1.7) 
1.95 ( 1.58) 1. 78 ( 19.9) 
1. 58 (22.7) 1.45 (22.0) 

0.33 (2 1.5) 0. 29 ( 16.0) 
0.23 (2 1.0) 0.19 ( 15.7) 
32.0 (7 .2) 25 (6.5) 
53 .0 ( 13.8) 47 (1 7.4) 
145.0 (25.6) 14 1 (28.5) 
7.5 (20.0) 6 (20.0) 

Yield (kg/vine/year) 

1.733 
2.125 
2.03 1 
2. 23 1 
2.250 
2.265 
2.267 
2.278 
2.3 18 
2.385 
2.563 
2.585 
1.566 

0.456 

INVESTIGATIONS ON SPICES BASED CROPPING SYSTEMS 
V S Korikanthimath. R Hegde and K Sivaraman 

The field study consisted of 8 crop comb inations 
with each combination in an area of o. I ha. The 
study was inirtiated during 1991 , at Cardamom 

19 

research centre Appangala. The obj ectives of the 
study were to investigate the crop compatability, 
utili zation of natural resources like solar 
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radiation water and nutrients. organic recycling of 
crop wasteds and also to study the microbial 
behaviour, besides yield and economics. 

Growth parameters: Dirrerences in height , 
number or bearing and non bearing tillers or 
cardamom grown in combination with pepper, 
cinnamon, clove, nutmeg, all spice, corree didnot 
ditTer significantly. Avcragc height or cardmllom 
was 220.5 cm and total number or ti llers were 
40.00. The cardamom clumps wcrehav ing on an 
average 28 paniclcs and length or panicles was 
41.0 cm. The number or nodes was 16.00 per 
panicle. 

Yield or Cardamom: An avcrage yield or 0.17 kg 
dry ca rdamom per clump and 436 kg I ha as 
recorded during the rourth ycar or planting. The 
component crops except coffce arc yet to 
commence the bearings . The dirrercnees in yield 
or cardamom grown with di rrerent components 
was not significant. 

Lcar nutri ent content: There wcrc no significant 
ditTerences in the lear nutrient content (N and P) 
or cardamom grown with dirrcrent component 
crops. The lear nitrogen content or c}1rdamom 
was 3. 1 per cent and 0.42 per cent was the 
Phosphorus content.. 

WATER REQUIREMENT OF SPICES IN MU LTIPLE CROPPING SYSTEM 
C K Thankamani, K Sivaraman, K Kandiannan. B Krishnamoorthy 

The title orthe experiment changed as 'Irrigation 
requirement or black pcp per, clove mi xed 
cropping system' initiatcd during 1995. 
Following arc the treatmcnts rcplicated thrice in 
RBD. 

As drip : 
T I 10 I/day with ru ll dose or rertilizer 
T2 15 I/day with ru ll dose or rcrtilizer 

T3 20 IIday with rull dose or rerti lizer 
T4 25 IIday with rull dose or rertili zcr 
T5 10 I/da)' with halrdosc orrcrtilizer 
T6 1511day with hair dose orrcrtillzer 
T7 20 IIday with hair dose or rerti lizer 
T8 25 Iiday with hair dose or rerti lizer 
T9 25 IIday with I'/, dose or rertilizer 
TIO Control 
Ai/anril".> sp seed lings arc planted as standards. 

VERMICOMPOST PRODUCTION USING ORGANIC WASTES AVAILABLE IN CARDAMOM 
AREAS 

R Hegde, and V S Korikan thimath 

An investigation was initiated to find out the 
possibility or converting various kinds or 
organic wastes available in cardamom growing 
areas into nutrient rich compost using 
earthworms as the digesters . During the first 
year or study ( 1994-95), a species or local earth 
worm and an introduced earthworm spe~i es 
(Eudril/us eugenia) were being multiplied on a 
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mixturc or shade trce Ica r Iiller and cowdung 
(10: I). Thc initial obscrvations havc revealed 
that tile introduced earth worms were emcient in 
converSIOn of orgnnic wnstes. Their 
multiplication rate was also considerably high 
cOl11pmed to local ear1hworms and studies are in 
progress. 

NUTRITIONAL REQUIREMENT OF IMPR OVED VARIETIES OF SPICES 
A K Sadanandan, K Sivaraman and V S Korikanthimath 

I Nutritional requirement of improved 
varieties of black pepper 

The fi eld experiment laid out during 199 1-92, 
with the objective to work out the optimum 
response or the improved vari eties or Pepper 
released (sreekara and subhara ) to graded dose 

or NPK and micronutricnts on living and non
li ving standards was maintained. Yield data of 
vines recorded. Vines rcceiving the treatment 
NPK @ 150, 60, 270 with micro nutrients 
recorded the highest yield, during first year or 
harvest. (Table.2.4). 

Table 2.4 Response of black pepper variety to nutrien ts under different standards(Yield 

kg/hal 

Srcckara 

Treatmcnt Living Non 

li ving 

Control 75 
NPK @ 50:20:70 88 
NPK @ 100:40:140 11 5 
NPK @ 150:60:270 177 
NPK @ 50:20:70 11 7 
+Micronutrient 186 
NPK @ 150:60:270 
+Micronutrient 126 

2 Nutritional requirement of bush pepper 

Two field experiments laid out in 1992-93 with 
two varieties or bush pepper (Panniyur-I and 
Karimunda) witll two spacings ( I x 2 m, 2 x 2 m 
and NPK applied @ 10,5, 20 g per plant in 
January, May and September. Growth and yield 

70 
80 
100 
171 
93 
176 

11 5 
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Living 

94 
11 6 
137 
144 
140 
178 

135 

Subhakara 

Non 

living 

67 
83 
102 
159 
105 
169 

11 4 

Overall 
mean 

77 
92 

11 4 
163 
114 
177 

123 

were recorded. Among the varieties maxlmum 
yield (weI) record was 1850 g ror Karimunda and 
2350 g ror Panniyur- I per bush during the 
second year of planting. Among the spacing 2 x 
2 m registercd 1897 kglha while 2 x I m 
recorded 950 kg/ha (Table 2.5) 
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Table 2 5 Response of bush pepper for spacing (Creen pepper yield Kg/ha) 

Spacing 2 X 1m 2 X 2 m Ovcrallmcan 

PanniYlIr - I 
Karimunda 
Mean 

820 
1080 
950 

1873 
1920 
1897 

1347 
1500 

Ta ble 2 6 Effect of residues of organic cakes on soil properties and turmeric yield 

Soil Properlies 
Treatment 

Moislure (%) 

Check 8.5 
FYM 11.2 
Neem Cake 10.5 
Collon Cake 10.2 
Brassiea Cake 104 
Groundnut Cake 11.6 
Gingelly Cake 11.2 
Ferti lizer NPK 10.0 

CD at5 % NS' 

3 Lime requirement of pepper 

The effect of application of lime in a red lalerile 
so il sludied using bush pepper. Appliealion of 
lime al 3/4 lime requiremenl was on par wilh fu ll 
lime requiremenls. 
4 Sources of potassium for black pepper 

The effeel of different sources of K (Polass ium 
chloride, POlassium sulpha Ie, POlassi um nilrale 
and wood ash) for black pepper was sludied 
using bush pepper. Soil availabilily of pOlassi um 
and yield response were recorded. Polassium 
sulphate was found 10 be a beller sources of 
polassium for pepper. 
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Bulk DensilY (glee) 
yield (tlha) 

1.2 1 15.5 
1.1 4 17.1 
1.03 17.3 
1.08 17.6 
0.98 18.5 
0.85 17.8 
0.94 184 
1.1 2 16.5 

0.09 2.1 

5 Organic fanning of bush pepper 

Green house experimenls using bush pepper 10 

Sludy ~,e effeel of appliealion of organic manures 
(poultry manure, goat mnnurc, pig mallure and 
farm yard manure), laid oul in 1994-95 was 
conlinued. Poullry manure followed by goal 
manure were found 10 be superior Ihan farm yard 
manure. 

6 Studies on residua l effect of organics in 
ginger and turmeric 

In ginger, field ex peri men I laid oul in 92-93 and 
applied wilh fi ve sources of organic cakes, which 
was kepI fallow during 93-94 was planled wilh 
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ginger, ev Maran wilhoul app liealion of any 
malmre/ferti lizer wilh Ihe objcel ive 10 sludy Ihe 
residual effect of app lied organ ics. 

In IlInnerie, Ihe field experiment laid OUI in 92-93 
with fOllr variet ies of turmeric (S uvarna , Suguna, 
Sudarshana and Alleppey) with five sources of 
organic cakes, kept fallow during 93-94 was 
plmlled wilh Ihe same variety wilhoul application 
of any manure with Ihe objeeli ve of studying Ihe 
residual effeel wilh respeel to physica l property 
and lurmerie crop was harvesled , yield data 
recorded . The soil samples collected and 
analysed for physica l and chemica l properties. 
Application of organics, red uced soil bulk 
density, increased root gro\\1h, nutrient uplake 
and yield (Tab le 2.6). 

7 Studies on nutrient buffer power of 
pOlassium in different soil s 

The nutrienl buffer power of potassiulll was 
stud ied in three soi l series (Penrvannamuzhi 
series 1, 2 and 3) using lurmeric ev Alleppcy as 
a lesl crop. Polassium was applied al four levels 
(0, 100, 200, 400 ppm). Soil pOlass ium was 
c:x lrnctcd using two cxtrnctants (Ammonium 
acetale - I N and Calcium 0.0 I m) during critical 
stages of lurmerie growth 40, 90 days and at 
maturity. Nutrient uptake and clIfclIrnin recovery 
of lurmeri e was studied al maturity. Yield and 
ClIfClIllIin recovery wns maXlIl1l1lll 111 

PCfllVannal1lllZhi - 3 soil series. 

Economics of black pepper cultivation 
IJose Abraham) 

Survey of 50 pepper gardens were done in 
Calicul district and dala on various inputs like 
planling malerials, fertili zers, planl prolection 
chemicals and labour were recorded. PreliminalY 
observalions showed Ihal Ihe major component 
of cosl is labour. Very few fanners purchased 
planting materials from out side agencies. Usc of 
fertilizers for black pepper is also very meagre, 
mosl of Ihe farmers were using only farm yard 

manure for black pepper, which is generally 
available at Ihe house hold. Li me was also 
applied by a few of Ihem. The highly nuclualing 
markel price of bl ack pepper, the high incidence 
of fOOl rol di sease and Ihe increased labour cos I 
arc Ihe dcterrent fnctors for scientific culti vation. 
II is observed th at, based on Ihe changes in the 
inpul costs, a tentalive estimate of Rs.26.60 per 
kg. of black peppcr was obtained. 

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

Collection. conservation. ca taloguing and eva luation of black pepper germplasm 
Johnson K George, P N Ravindran. B Sasikumar and V S Korikanthim ath 

Sixly-one wild Piper collections were made from 
Gonrsappa, Jog Falls, Akumbe, Kudremukh and 
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Tnlakavcri arens in Karnataka and Sugandagiri / 
Chempra eslate areas in Kerala. The coli eel ions 



include P. allenllallllll, P. argyrophylllllll , P. 
hYlllenophylllllll, P. brachyslachyon , P. 
sligandhi and a distinct plant related to P. 
sligandhi \\;Ih vel)' long spikes (28 cm) and bold 
berries. Wild P. nigl"ll lll collections consistcd of 
high altitude types with bold berries and low 
altitude types with smaller berries. An e"otic 
Piper species was collected from TBGRI , 
Trivandrum. Ten cultivated black pepper 
germplasm collections from Kerala and 
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Karnataka include three drought tolerant types 
from South Kanara district in Kanmataka. 
Preliminmy studies on the characterization of 
Piper using electrophoretic pattern of proteins 
were undcrtaken. Proteins with molecular weight 
ranging from 14 to 42 KD were separated in the 
gel and high concentration of high molecul ar 
weight proteins observed in the wild species, as 
compared to cultivated types. 

Collection, conservation, cataloguing and evaluation of ca rdamom germplasm 
Ravindra Mulge 

A Total of 282 accessions of cardamom and 
related genera were maintained at the Center. 
Evaluation of Wynad collections along with 
checks revealed that height of the tallest tiller and 
number of bearing tillers per plant did not differ 
significantly among the entries. Total number of 
tillers per plant differed significantly at P=0.05 
and number of leaves per plant differed 

significantly at p=o.O I among the entries. 
Entries differed significantly (at P=O.O I) for 
cumulati ve wet capsule yield per plant. The 
highest cumul at ive wet capsule yield was 
recorded in Vazhukka suckers (2 106.5 g/plant) 
followed by APG 223 ( 1713.25 g/plant), APG 
2 15 (1583.00 g/plant), APG 230 (1569.00 
g/plant) and Vazhukka seedlings (156 1.75 g). 

Collection, conservation and cataloguing and eva luation of ginger and turmeric germ plasm 
P N Ravindran, B Sasikum ar, Johnson K George and R R Nair 

I Genetic resources: 

I) Ginger : Eight cultivated types from South 
Karnataka, Thcnmalai and Trivandnll11 areas, 
one cultivated type from Brazil (CoTlrtesy : 
Project Co-ordinator (Spices) and two cultivated 
types from Thalakaveri and Peruvannamuzhi 
areas were collected and added to the gennplasm 
repositol)'. 

ii) 7imlleric: Seven cultivated types of Cllrcllllla 
tonga L. collected from South Karnataka and 
Western UP, and an accession of Cllrcll llla 
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alllada Roxb. collected from South Karnataka 
and an accession of Cllrcllllla anglli.l'fi!o/ia 
Roxb. collected from Raipur (Courtesy : 
Director, IISR) and one accession of Cllrcllllla sp 
were added to the gennplasm reposi tol)'. 

2 Maintenance 

Four hundred and twenty eight accessions of 
ginger, 697 access ions of turmeric and 9 
access ions of Kaelllp!eria galanga were 
maintained. 
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3 Multi locat ion trials in ginger 

Fifiecn cuit ivars of ginger were evaluated for the 
4 th consecutive year -at, Pcnlvannarnuzhi and 
Muvattupuzha. The same materia ls were also 
evaluated at Ambalavaya l, Niravilpuzha (both 
hilly tracts of Wynad) and Peeehi (Triehur) 
during the year. Differences among the entries 
were significant at all the locations (Table 3 I). 
Another gi nger yield trial with cleven selected 

entries was also laid out at Peruvannnmuzhi and 
Ambalavayal. Differences among the entries 
were significant at both the places. At 
Peruvannamuzhi the trial was repeated for the 3 
rd year. At both the locations the differCilCes 
among the entries were significant (Table 3 2). 

4 Multi location trials in turmeric 

Seven OP progenies and 4 controls were 
evaluated at Muvattupuzha and Pcruvannalllllzhi 
for the 4 th consecutive year and at Coimbatore 
for the 2 nd year. Observations were recorded as 
plant height , tiller number, maturity and yield. 
DilTerenecs among the entries were significant at 
all the locations for fresh rhi zome yield! 3 m' bed 
(Table 3 3). 

5 New turmeric and ginger varieties 

Based on the cumulative yield and quality 
parfonnanee of the past 3 years, two new high 
curcumin turmeric varieties and II new high 
yielding good quality gi nger line was proposed 
for release (Table 3 4 and 3 5). 

6 Evaluation of high curcumin turmeric lines 
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Ten high eurclUnin Itmnerie lines were evaluated 
for fresh yield at Peruvannamuzhi. Four of these 
lines were also eva luated at Coimbatore. It may 
be mentioned here that out of the 10 lines on ly 2 
lines (Aec. 109 and Ace. 126) were found to be 
consistenL in perrormance with respect to 
eureumin content of about 7 per cent . The lines 
dilTered significantly for fresh yield!bed. Aee.44 
ranked first with 17.87 kg rhizomes 13 m' bed. 

7 Multip.lication of 'Alleppey turmeric' and 
A.P. collections oftunneric and ginger 

Sixty-two access ions of Alleppey turmeric 
collected [rom Muvattupu/Jm and adjoining areas 
during 1992 were mult iplied for further 
evaluation, in addit ion to the multiplication of 39 
turmeric accessions and II ginger accessions 
collected from Andhra Pradesh during 1993. 

8 Open pollinated progeny rai sing in 
tunllcric 

Open pollinated seeds from 28 access ions were 
co llected and sown. Germination has been 
observed in 10 of the access ions. 

9 Multiplication of wild species of Curcuma 

Twelve large bulb species Curcllllla were 
multiplied and dlY recovelY recorded. The same 
arc being analyzed for eureumin content. 01)' 
recover), of these 12 accessions afC given in 
Table 3 6. These aecess ions arc characterized by 
very big mother rhi zomes and vel)' few fingers . 
The dly reeovelY varied from 22 (Ace.469) to 
33.5 per cent (Aee.459). 
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Table 3 2 Yield of p"omising gingel' accessions at two locations 

Accession Number "resh yield kg I 3111' 

llcl1Iva llnamuzlli Ambalavayal 

10 1 12.5 6.91 
2 15 12. 17 4.94 
226 10.83 5.70 
293 10 .83 5.97 
238 10.33 5. 10 
106 10.83 645 
23 1 10.33 5.32 
74 9.0 5.13 
2 11.67 5.08 

179 10.83 4.88 
11 7 12.3 5.38 
CD 0 .90 0.696 

CVO/O 11.26 12. 11 

Table 3 3 Yield and dry recovery of open pollinated progeny lines of turmeric and controls at 
different locations 

Mean fresh yield I 3 III 1 Dry recovery 
Ace, Coirnbato Muva ttu 
No. Peruvanna Muv<lllu Coirn- MOlhe Finger bulk rc bulk puzha 

Illllzhi puzha balorc (colllpulcd~ bulk 

366 19.33 15.83 24.0 21.75 11.5 16.6 18. 17 20.0 
364 22.83 19.0 19.33 23 .5 11 .25 17.37 14.0 15.5 
363 23.67 16.0 15.0 16 .5 I 1.5 14.0 14.0 14 .5 
360 15.78 15. 17 20.3 3 24 .0 17.0 20.5 20.6 19.5 
367 15.63 19.30 18.67 26.5 18.0 22.25 20.0 15.5 
361 16. 17 19.83 23.33 23 .25 14 .0 18.62 22.0 2 1.1 
358 22.33 17.90 14 .67 16.0 85 12.5 12.0 22.2 
Suv8nw 17.67 15.67 18.33 26.0 20.0 22.0 15. 17 22.2 
Suguna 25.0 22.0 9.67 18.0 10.5 14 .5 13.0 14 . 1 
Sudarshana 23 .50 23 .67 11 .33 17.0 10.5 13.75 14 .0 16. 1 
Allcppcy 12.50 16.0 22.0 22.75 17.5 20.53 18. 1 17.0 
PTS-10 18.67 23 .67 20.0 16.0 
CD1rS) 1.70 1. 77 1.13 
CV Yo) 9.82 11 43 7.2 1 
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Table 3 4. T he salient features of new turmeric varieties. 

Identi ty Breeding Average Maturity DIY CurclImin 
method yield(tlho)* (doys) rCCOVCI) /(% ) % (kg I ho) 

Acc.360 Open 35.67 200 19 7.2 432 .. 95 
pollinated 

Acc.36 1 progeny 38.6 198 180 7.0 423 .00 
selection 

Table 3 5 The sa lient fealures of new gin ger va riety. 

Iden- Breeding 
tity method 

Acc. 64 selection 

Average 
yield(tlha) 

270 

Maluril Diy 
y rccovcl)' 

(days) (%) 

200 19.9 

Edibl Cmde Oleor-
c fibrc CS IIl 

oil (%) (%) 
(%)" 

1.8 3.95 6.0 

Table 3 6 Dry recovery of wild Curcullla species 

Acc.No. 

458 
459 
469 
472 
476 
478 
479 
487 
488 
489 
490 
491 

Dry recovery (%) 

28.5 
33 .5 
22 .0 
3 1.0 
24.0 
25 .0 
23.5 
26.0 
23 .5 
24.0 
27.5 
29.0 

Collection, conservation, cata loguing and evaluation of tree spices germ plasm 
8 Krishnamoorthy. J Rema and V S Korikanlhimath 

I Collection and conservation 

Germplasm collection surveys were made in 
Kanyakumari (Tamil Nadu) and Wynad (Kerala) 
districts. One elite nutmeg tree and two elite 
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clove trees were located. Thrce morphologica l 
variants, (two dwarf types ; one king clove type 
and three small lea fed types) in elove and one 
nora l variant in nutmeg werc also idcntified in 
the Ashamboo hills, where clove was originally 

indian Institt/te of Spices Rescm'ch 

introduccd in the carll' 19 th century by the 
British. 

One wild nutmeg type (Myrislica bee/doll/eii) 
from the Sugandh agir i forests of Wynad, seven 
new nutmeg collections, four Cinnall/Ollfll/fl 

Table 3 7 Genetic resources of tree spi ces 

Crop 

verl/II/ types and twelve C. lI/a/abariculI/ types, 
two allspice types were also the othcr important 
add it ions made. Thus the gcnetie resources of 
tree spices being conserved in the gerrnp las m 
conservatolY is given in Table.3 7. 

Number of Accessions 

Exotic Culti vatcd Wi ld and Tota l 
related 

Cinnamon and 14 192 56 262 
Cass ia Nutmeg Ni l 405 18 423 
Clove 2 2 10 2 13 
Allspice Ni l 137 137 

Table 3 8. Morphological obse rvations in 3 year old cassia plants 

Characters 

Planl height (em) 

Plant canopy width (cm) 

No. of main branches 

No. of secondary branchcs 

Girth (mm) al40 cm above ground 
level 

Cassia cinnamon 

A gene pool of 32 cassia plants were maintained. 
Morphological observations in 3 year old cassia 

plants were recorded and they arc presented in 
Table 3 8. 
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Range Mean 

40-340 159.4 
5-90 41.3 
1-3 1.1 

1- 19 7.3 
1.5- 10 4.8 

Cinnamon 

The yield evaluat ion tri al of elite cinnamon lines 
was maintained. Table 3 9 indicates the 
perfonnance of clonal progenies of the nine elite 
lines during 1994. 
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Table 3. 10 Performance of elite clove progenies at Pcruvannamuzhi 

Elite line 
No. 

Height (m) Max.canopy 
width (m) at 
I m. height 

Girth at 40 
elll . (mm) 

No.ofma in stems No. of 
branches 

Mean CY 
(%) 

Mean CY 
(%) 

Mean CY 
(%) 

Mean CY 
( %) 

Mean CY 
(%) 

K-6 
B-76 

B.95 
B.59 

C 

1.78 

2.65 

3.04 
3. 13 

2.94 

30.3 
34.7 

27.3 

14.1 
18.0 

1.03 

IAI 

I. 74 

1.64 

1.6R 

39.8 
41.8 

37.4 

18.9 
14.9 

4.78 

7.25 

9.05 
9.6 1 
7.n 

Clove - progeny evaluation tri als 

Fourteen elite lines planted at Calicut (Chelavur 
campus) and another progeny eva luation trial 
with 141incs with a control arc being maintained. 
Table 3.10 gives the data regarding various 
growth characters recorded on 2 Kall ar and 2 
Burliar elite clove progenies along with control. 
This trial was laid out 111 a arccanut plot at 
Pemvannamuzhi during 1992. 

Gcnnplasm evaluation 

Zanzibar clove (Acc. ISO) out yielded the other 
accessions. Table 3. 1! gives the quality 
parameters of 24 accessions. 

Nutmeg 

Fifty per cent of the 106 nutmeg grafts of the 
clonal progenies of nutmeg selection A- II / 170 
planted during 1992 started nowering during 
1994. 
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Gcrmplasm evaluation 

31.0 

56.8 

23.50 
28. 10 
3 1. 75 

33.80 
33.00 

69.2 
43 .3 

44 .7 

32. 1 

18.8 

Accession No.A-9179 recorded the maxi mum 
yield of 534 emits/tree with a total fmitweight of 
Mound 30 kg. Maximum single fmitweight of 
103.8 g was recorded by Accession No. A9/150. 
Pcr nut weight was max nnum (25 .9 g) 111 

Accession No. A 11 142. Max imum mace 
weight/ fruit (5.2 g) was observed in A911 . 

Immature fnlit drop in nutmeg: 

Immature fmi t fall was found to be maximum in 
May (30.5%), followed by April (26.9%) in the 
gennplasm conservatory. The fmit fall was 
100% 111 Acccssion No.A 9/28. Out of 33 
accessions studied, 32 recordcd more than 30 per 
cent fruit fall . indicating the severity of the 
problem in nutmeg gennplasm conscrvatory. A 
mean fall or 189 immature fruits/trce was 
obscrvcd with a range of 44 to 600 with the 
coefficicnt of variation 01'73.6 per cent. Inducing 
nowcringlfruit set in allspice: 



I 

.". 

II 
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Drenching paclobutra7.01 Ig. a.i. (4 ml oreultar, pac iobutrazol / l) gave pro ruse nO\l'ering. 
II slIspension conccntrntc containing 250 g 

Table 3.1 1 Quality analysis of clove accessions (93-94 harvest) 

Accession Bud oil (%) Eugenol (%) Eugenyl acetate (%) 
No. 

I 15 61 24 
39 13.4 65 2 1 
40 13 83 6.4 
42 18 61 20 
43 18 6 1 20 
45 19 68 15 
46 16.6 74 
47 14.3 61 20 
49 15 74 10 
50 18 59 23 
69 14 88 7.8 
70 13 71 19 
79 14 71 20 
82 12 71 23 
83 14 69 19 
11 2 18.5 72 15 
119 14 65 20 
134 17 75 15 
135 20 66 20 
155 \I NA NA 
169 14 71 20 
178 18.5 74 NA 
180 19 62 24 
189 15.2 72 18 

Vegetative propagation of tree spices 
___ _ __ J Rema & B Krishnamoorthy 

I .Allspice 

Layering : Layering was carried out at bimonthly 
intervals on the terminal shoots in allspice using 
seradix and a combination or NAA and !BA. 
The combination orNAA and IBA at 4000 ppm 
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aided in the production oradventitious roots. 
Approach graftil1g Approach graning was 
carried out in allspice in mature and seeding 
using t\l'O dirrerent root stocks viz. 2 year old 
allspice and I year old Eugenia j alllbolana. No 
gra ft union was observed up to 8 months ancr 

India/l Institute ~r Spices Research 

grafling. however, a pseudo union was observed 3 Clove 

on Eugenia jambolana root stock. 

Blldding : Donnant buds or allspice was patch 
budded on to 3 year old Eugeni a jambolana. No 

bud take was observed. 

2. Nutmeg 

Budding: Forket and patch budding was carried 

out bimonthly interva ls on culti vated and wild 

(Gymno uanthera) species or nutmeg. Bud 
union was observed in 30-45 per cent or the 
plants. However, bud sprout is yeL Lo be 
observed. 

In situ grafting: A trial on in si tu graning in 

nutmeg was undertaken to improve the existing 

method or epicotyl graning. 

Field evaluolion oj approach grafts oj clove : 

Vegetative characters slich as height, number of 

primary and sccondar)1 shoots, girth above the 

gran union and canopy were recorded in the 

approach grans or clove plan led in the field . 

4 Cinnamon 

liiochelllical constiluems ond their relarion to 

rooting 

Varin(iol1 in rooling percentage were observed in 

fiveS Sri Lnnkan accessions of cinll lllllon, 

Biochemical parameters such as nitrogen, 

carbohydrates reducing sugars, non reducing 

sligar. tolal phenols and amino acids were 

analyzed to sllJ(ly their changes whi le rooting or 

cuttings and to work oul their relat ion to rooting. 

Breeding for high yield and resistance to Phytophthora and nematodes in black pepper 
B Sasikumar P N Ravindran. Johnson K George and R R Nair 

Yield eval1lolionlriols : . 

The existing yield trials (CYT.II , CYT. 11 1 & 

CYT.lX) were maintained. Observations on 

fresh weight or the berries were recorded rrom 
CYT.I11 & CYT.IV. 
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At the high altitude tria l al Va lparai, (1067 m 

above MSL, hybrids 34, 105,728,769, 778 and 

813 wcre round promising. Observations on 

var iolls reproduction chnrnclcrs and yield arc 

recorded (Table 3.12). 
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Table 3_12 Reproductive characters and yield of promising hybrids of black pepper at Va lparai 

Mean Mean no. Mean 110. Mean Max. 100 100 Mea Dry* Hybri 
d spike of fully of half no. of no. of berry berr n recover 

l en~th develope develope Rill berries wl y yield y (%) 
(em d berries d berries leads 111 a (g) vol. I vine 

spike ee 

34 13.02 60.60 10.0 6.28 78.0 9.26 8.50 1.83 39.5 
105 11.05 59.56 2.44 9.52 82.0 9.60 9.0 2.29 36.7 
728 10.77 63.70 6. 12 3.44 92.0 7.35 8.0 1.05 32.0 
769 1306 47.20 4.44 5.80 62 .0 12.4 12.0 39.0 
778 11.64 48.65 5.28 9.80 78 .0 5 10.0 38.2 
8 13 10.90 45.0 6.20 7.96 56.0 9. " 11.0 I. G6 34.80 

" .6 0 

* Sun my bas is 

Observational trial on black pepper grajis : nigrlllll cllitivars: About 500 seedlings each of 

An observational trial on black pepper grans the two bold berried access ions viz. 'Yadakkan' 

wherein three different scion materials viz. and 'Perumkod i' were raised. Seedlings of 

laterals, runners and orthotropie shoots of two 'Vadakkan' exh ibited wide morphological 

different black pepper varieties viz. Panniyur-I 

and Karimunda graned on to two different root 

stocks viz. cuttings and seedlings of Piper 

coillbrinlllll was laid out. 

Stlldies on 01' progenies of bold berried P. 

variation where no sLich varintion was observed 

in the progen ies of 'Perumkodi'. 

fnre/varietal hybrid,' : Eight intervarietal hybrids 

involving the tr iploid eu ltivar 'Yadakkan' and 

fe male parent were attempted. 

Breeding cardamom fo r high yield and resistance of Katte disease. 

Ravindra Mulge, MN Venugopal 

Evaluation of selections in MLT 

In ML T- I, live Mysore type selections arc being 
assessed for growth and yield parameters along 
with CCS- I & CL-37 as local checks in RBD 
trial Wi tll 4 replications. Among the entries, total 
number of tillers per plant, number of bearing 
ti llers per plant, height of the ta llest ti ller and 
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number of leaves per plant did not differ 
signi Iican tly. 

In MLT-2, 13 Malabar type entries arc being 
assessed for gro\l1h and yield parameters along 
with CL.37 and Malabar bulks as local checks in 
RBD trial with 3 replications. Entries differed 
signilicantly (at p=o.O I) among themselves for 

Indian [1I,I1itllte o{Spice.' R C.'Ci1l'ch 

total number of ti llers per plan!. number of 
bearing tiller per plant , height or the ta llest ti ller 
and number of leal'es per plant (Tab le-}. 13). 

Evaluation ojHyhrids 

Six hybrids (including reciprocal crosses) along 
with four parents and one local check arc being 
assessed for grollth and I'ield parameters in RBD 
trial wi th 4 replicat ions. Among the entries total 
number of tillers per plant and number of lea" es 

per plant did not'di/rer s igni/icant ll'. Number of 
bearing tillers per plant (at 1'=0.0 I) differed 
signilieant"· among the entries (Tab le 3 14). 

Hyhricli zatiOJ1 hC/u 'pcn seleclions 

,A total of 141) plants arc deril'ed for eight cross 
combi llnli olls using sc.!ected parent s. These 
seed lings arc being maintained in po,," bags to 
plant thelll in main fi eld in the enSiling planting 
scnsotl . 

Table 3. 13 MOl'p hologiral para meters observed in entries· of I\fLT-2 

Entry Total tillers! Bear ing till ers! Plant height No. or lea"es 
plant plal;t (em) ! plant 

872 2(, .5 (519) 4.93 (2 :12 ) 154(1 2.4 1) 144 (11 .94) 
893 20. 1 (4 .5 1) 2.93 (184) lSI ( 12 31 ) 141 ( I IXI ) 
800 517 (70:1) (,53 (252) 158 ( 1249) 2 13 ( 14 28) 
CI.679 23 ') (47:i) 3. 9} (205) 1(,9 ( 12 ')5) 179 ( 1299) 
CL,683 18.3 (4 17) 3.00( 1.81) 158(1 2 5')) <)(i (949) 
CL726 22.5 (47(, ) 2.33 ( 1 (,5) 125(11 18) m ( 1174) 
MUD- I (PI) 4(, (22:i) OW(III) 14 1(1158) 28 (5 .25) 
PY- I 42. 1 «(,4 7) (d3 (2 :i9) 185 ( 13:i ')) 250 ( 15 (i7) 
SKP 14 2% (:i4 I) 5.53 (243) 1(,3 ( 12 77) 177(1 3 15) 
SKP 72 30.9 (55X) X.20 (2 93) 187 ( 13li3) 2')9 ( 17 0 1) 
SKP 21 344(59 1) X.')3 (:1 07) 224 ( 1489) 342 ( 1842) 
SKP 100 34.1 (5 79) 4.50 (223 ) 15X(1 2 58) 168 ( 12 82) 
MCC 34 12.2 (34 2) 1. ')3 ( 1.4(,) 121) (10')5) 62 (755) 
CI.37 (sd) 33 . 1 (.'il8) 9.')3 (3 17) 202 ( 14 18) 30 I ( 17 17) 
Mal. Bulk 33. 7 (5 85 ) 800 (2 ')0) 180 (1342) 247( 15(,8) 

F test ** ** ** ** 
SEm+- 0.2(.3 0.252 0614 1.348 
CD(005) I. 43 073 1. 78 }.9 I 

** signilieant at P = 0.0 I 
Note: ANOYA performed alter square root. trnnsfornwt ion and \'allics in parent heses arc sqarc rooL. 
trnnsformcd vallies. 
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Screening of Katte ' resistant plants 

Screening of . Kalle' resistant plants for fi eld 
resistance was continued in the center's sick plot 
and in 3 different hot spots. Sixteen e10nal 
accessions continue to show res istance to natural 
infection. Mild breaking symptoms were noticed 
in 3 accessions (NRE-16, NKE-7 1 & NKE-28) 
which was not observed in subsequent leaves. 
Back indexing showed that three entries arc free 
from virus infections. Selfed and OP progenies 
have been raised from all these 16 e10nal 
accessions and screening against ' Kalle' is under 
progress. 

Comparative yield evaluation of Katte' 
resistant plants 

In the on-going yield evaluation trial all the 16 
promising ' Kattc' resistant plants arc being 
cvnluntcd in compnrison with local cultivcr and 
two pre-release selections. In the first year's crop 
I I accessions of ' Kalle' resistant plants yielded 
significantly superior over local Malabar cuitivar. 
In these I I accessions the mean yield/plant 
varied from 1500 g to 2027 g compared to 11 58 
g in local Malabar cuitiver. 

Table 3 14 Morphological parameters observed in entries of hybrid trial 

Entry 

800 x EB 
872 x EB 
893 x EB 
EB x 800 
EB x 872 
EB x 893 
800 
872 
893 
EB (suckers) 
CI. 37 (sd) 

I' test 
SEM+
CD (0.05) 

Total tillers 
/ plant 

35.0 
29.7 
23.0 
40A 

34.5 
30.0 
37.5 
36.1 
33.0 
39.1 
39.1 

NS 
0.373 

NS : Not sigllificant 
• : Significant at P = 0.05 
•• : Significant at P = 0.0 I 

Bcaring tillers Plant height No. of leaves 
/ plant (em) / plant 

5.65 (2 A 5) 175 (13.23) 213 
4.70 (2.19) 150 (12.25) 219 
2.70 (1.75) 138 (11.72) 150 
6.35 (2.59) 180 ( I3 A2) 308 
4.90 (2.28) 177 (13 .3 1) 234 
3AO ( 1. 93) 157 (12.53) 187 
5.60 (2 A 5) 207 (14.37) 246 
4.10 (2.14) 157 (12.55) 230 
3.70 (2.04) 167 (11.95) 21 7 
6. 50 (2.6 I) 157 (11.52) 224 
5.85 (2 A 8) 192 (13 .54) 245 

• •• NS 
0. 189 0.367 0.975 
0.5 1.06 

Note: ANOVA performed after sqare root. transformation and figures in parentheses are 
square root. transformed values . 
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Cytogenetic investigations in black pepper and related taxa 
A Ramakrishnan Nair 

Indexing of chromosome number of 96 
accessions of black pepper was done. All except 
3 accessions were fOlilid to show a sornallc 
chromosome number of 2n=52. One accession 
(Ace.656) showed a somatic chromosome 
number of 2n= I 04. 

A new tetraploid (2n= 104) of Panniyur- I was 
produced by treating the seedlings of Panniyur- I 
culti var with colchicine for 24 hours (root 
dipping in colchicine solution). 

Quality evaluation in spices 
T .John Zachariah and N K Leela 

Turmeric 

Location studies in turmeric Turmeric 
accessions cultivated at Muvattupuzha, Calieul 

and Coimbatore were compared. The details arc 
given in Tablc3 15. 

Table 3 15 Location studies on curcumin content 

Accession Curcumin (%) 
Number 

Calicut Mo\>valtupuzha 

360 7.0 7.0 
361 7.1 7.2 
352 6.7 7.2 
364 6.8 5.3 

SuYama 15 3.0 
Suguna 5.8 5.5 

Sudarsha·na 6.0 5.4 

Evaluation for curcumin content : About 150 
accessions from germplasm, North East 
collections, North East (aromatica) and general 
selections from Penlvannamuzhi farm were 
evaluated for its curcumin content. About 14 
acccssions were found to contain more than 7% 
curcumin. Aecn. 290 and 351 contained 8% 
curcwllin. Aecn. 360 and 36 I had 7% curcumin . 
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Coimbatore 

5.5 
4.5 
5.6 
4.8 
2.3 
4.4 
4.6 

Difference (%) 

2 1 
38 
16 
29 
34 
19 
19 

It had about II % oleoresin . 

Ginger: Among the accessions cultivated at 
Moovallupuzha and Calicut which were 
evaluated for cl1lde fibre Accns. 64, 250, 226 and 
106 contained relatively low fibre (about3%). 
Accession 71 contained II%oicores in with 2.9% 
essential oil . 



Cardalllolll 

Among Ihe segreganls el'a lualed for oil and 
qualily ASH-A-M B 37, AS II -A-V·2 and AS H· 
B-B-\ contained about 9'X, oiL As the quality is 
indiealed by Ihe lerpinyl aeelale, ASH ·A·E·7, 
AS H·C·MB 39 conlained aboul 50'1., Icrpinl' l 
acctntc and 30CX, ci neole. 
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Clove 

Among the sampl es from Pcru\'lln nmnll l.hi 
no.135 conlained 20% I'olal ile oil and nO.69 had 
XXIX, eugenol in the oil. Other high oil accessions 
arc no.45 and I X() ( I ()'Yo). 

Micropropagati on of black pepper 
J Rema, K Nillnal Babu, Johnson K George and 13 Sasikumar 

11/ vitro plant regeneration of economically. 
important Piper species 

The relative c (fccti,'cncss o f different cxp lants all 
in \'itro regellera ti on o f fOllf ccollollli cn lly
importanl piper species viz. P. nigrum L. . I'. 
helle L. , I'. longl/III L. and I'. ehoha Hunt. III 

Woody Planl Medium "as studi ed. 

li eSl'anse oj'species' All Ihe species sludied 
responded readily 10 WPM supplemenled with 
BA 3 mgll and Kinetin I mg/l. In vilro 
regeneration through direct and indireci 
organogenesis was obscn'cd from shoot and lea r 
explant. The fOlIf species showed \'ariatioll in 
their degree of response 10 Ihe med ia . 1I0we\'er, 
P IOI1Kum Wfi S quick to respo nd where as the 
response of P. nigrum was slow, 

Morphogenetic rL'slJOl1se (~(c:xf1lanfs: 

Leaf 

Among Ihe four species , leaf explants of J'. 
10ngllll1 was best 10 respond. In thi s species, 
thcre wns direct development of shoot primordia 
(50·100 nos.) from the leafmargin wilhoul callus 

38 

formation. Indirect rcgcncrntion was [ll so 
observed from Ihe cui surface louching Ihe 
mcdin . Tender IC[lves of JI. hef/e with a portion 
of lir e pelioic inlacl \\'a s ideal for planl 
rcgcllcf:lti oll . shoot formati on was observed ill 

(lY!';, orlhe cultures through direct organogenes is 
gi\ing rise 10 10· 12 plantlels. The response of P. 
nignlill was rcJati\'cly poorer when compared to 
P. belle. Aft er 3-5 subcultures inlo Ihe same 
mediulll «()O· t50 days). there was regenerati on in 
15% or Ihe cullures. Ihe number of shOalS 
ran ging li'om 2-10. The response of I'. chaha 

\\'as similar 10 Ilral of I'. Irmglllll excepllhal the 
regeneralion efficienc\ ' \\'as lower (20·40 shOal 
primordia in 45 days) , 

ShOal 

As in the case o l'lea r e~planls . Ihe shOal e;,;planls 
of P. longum "as quick 10 respond . Callus 
del'elopmenl was obserl'ed in 70% of Ihe cultures 
within 20-30 dal's and organogenesis in the form 
of numerous shoal primordia (10·100 nos. ) was 
oblained from Ihe ca llus cultures. Direcl 
orgnnogcllcsis WIlS observed in 30 l Xl of the 
cuhures . The response o f /1. chabn was s imilar 
10 Ihal of P. longum. The response was slower 
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and the regeneration emeiene\' (5 · 15 shoots) was 
low. Direct regeneration was observed from 
shoot explanls of P. nigrum , the number of 
Shools ranging from 6· 1 () wilhin a period of 60. 
90 days. Mulliple shoot formal ion was obser\'ed 
In P. hetle withoul ca llus formalion in 50% of 
cullures while in Ihe res t Ihere was callus 
devciopmenl and subsequenl organogenesis. The 
number of shoals ranged form 5. 10. 

Rool 

The in I'ilro grOl\'ll rools of I'. nigmlll. I'. helle 
and P. ehoba did nol respond 10 Ihe medium 
Rcgcllcrntion "'ilS observed in the rools of 1'." 
10nSil/lli in 40 days. 

lIegel1CJ'alion nj'hlad p epper caill/s 

Callus was induced from leaf. Slelll and peliole of 

seedling explanls of black pellper R . 
I' I I . . egenerallon 

a p ani Cis was obla llled from all II I . 
WPM . 1e exp an Is III 

supplemenled wllh BAP al1d K' . T I . ( lOc tll1 . he 
p anilels were rOOled III han none free WPM T 
rooled planllels were hardened aJ1d I r' he 

'1 ( runs lcn ed to 
SOl . 

Field ('vall/ation o/!'i!)e!' \'/)eei"I' . TI . . ' " Ie tIss ue 
cultured planllels of I '. l1i o mlll P . I h . 

) 0 •. co 11 I'Inlim 
I . b('lle. I'. 10n);1I1II and!' choho ad ' " . (rc un cr 
c \ 'alunlloll for Vil fiOlIS 

rcproducti" c charnclcrs. 
vegetative ilnd 

In vilro I!,}'ojiinu ojP tlf",.,,/}} "II /' "01 h . , ', . ,.... . ,... . ... 11 rmum : 
In vifro graltmg o f 1'. ni;;rlllJl was sliccessfully 
dOIl~. OIl rooted pl'lIltlcl.S of II. co/ubril1l1tn growl~ . 
In \ li ro gro\\'n P. lll gnrm slrool were wedge 
grafted on 10 decapl laled P. coll/hrimJlIl shOals 
and gro\\'n in vilro for 2 \\'eeks for successful 
grnrt Uill on. 

Tissue culture for rapid multiplica tion of elite clones of ca rdamom 
Ravindra Mulge and M N Venugapal . 

For assessing the mosa ic virus resis tance, yie ld 
and quality parameters of somaclonai plants, 
100 planls arc being mainlained in the fi eld . In 
glass house 237 samac lanai planls derived 

from ca llus ofCL. 37 x PVI arc being screened 
fa: Ill osmc \'Irus res is tance. Shoot tip and 
rhi zomes of G/ 13 and CCS· I arc being induced 
for ca llus fonn<llion . 

In vitro selection for resistance to so ft rot and bacterial wilt in ginger 
K Nrrm al 8abu, T G N Raa, G N Dake and N K Leela 

Field evall/alion oj'samac/ones: 

Over one hundred somaciones were evaluated in 
pol e(Iiture experiment for " ield and six lines 
were promi s ing. . 

MlIlfljJ/ication o/dixense escapes: 
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Twelve lines viz. 47·4 5 1-1 61·9 63·1 70.3 
70·4. 72·4 , 73. 75-4, 8'1.2.85.4 , 99 and 5 line; 
vi z. 5 1·3. 53.3 , 64.4 , 67·3. OCP-1351 which 
were idenlifi ed as disease escapes for Py thil/III 
aphonic/erina/lim and j'seudol11onas 
so/anacearll lll rcspccti vcly were multiplied In 

Ilursel)' for furth er screcning. 



Mulliplication and maintenance of cultures: 

Over 1000 cultures of gi nger embryo ids and 
organogenetic callus were maintained for routine 
screening and production of somaelones. 

Field establishment of somac/ones: 

Fifty lines of somaclones were transferred and 
established in soil (poly bags) 
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/'sel,domol1as solanacearum : 

The culture fi ltrate from P. solanacearum was 
reduced to 111 0 of its initial volume and 
extracted with ethyl acetate (thrice). The ethyl 
acetate fract ion yielded a white solid and an oily 
material upon evaporation under reduced 
pressure. White solid material did not show toxic 
symptoms in vivo assays. But the oi ly material 
showed toxicity. However, further studies cou ld 
not be taken up because of thc poor yield of thi s 

Isolalion of toxin ji-om culture filtrate of material 

SUPPORTIVE RESEARCH PROGRAMME 

Increasing Productivity of black pepper and cardamom through large scale demonstration of 
improved technologies in farmers fields 

A K Sadanandan. Jose Abraham. V S. Korikanthimath ,M N Venugopal and A Hegde 

For transferri ng high production technology of 
pcp per in farmers fields ten plots at 
Peruvannamuzhi were selected. Bench mark 
survey was carried out for assess ing thc input 
requirements which will be supplied and 
monitored during the onset of monsoon. 

Adoption of high production technology was 
monitored both in mono and mixed cropping of 
cardamom with corrce(Robusta and Arab ica), 

arecanut and coconut. Intensive culti vation of 
cardamom in Home stead was taken lip. 
Con vcrs ion of low lying lands for profitable 
culti vation of cardamom was monitored. Based 
on thc yield obta ined economic returns wcre 
worked out. The economic analysis and the 
labour empIO)""ent opportunities arc worked out 
in the above on farm trails. The pest and disease 
were also monitored in the fields. 

Production of parental materials and breeders stock of Spices 
K Sivaraman. V S Korikanthimath. K Kandiannan and B Krishnamoorthy 

Black pepper 

About 2.75 lakh rooted cullings of released 
varieties were produced by rapid multiplication 
through split bamboo method and distributed to 
various government development agencies in 
Kerala, Karnataka, Tamil Nadu, Goa and North 
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Eastern states cuHings also supplied to 
progressive fanllers. 

Cardamom 

Over 300 kg of cardamom seed capsules from 
elite lines from Cardamom Research Center, 

i1ldian Institllfe of Spices Hesem'ch 

Appangala and 1200 kg from Research cum 
demonstration plots at Coorg wcre supplied to 
developmental departments and fanners. Twenty 
SIX thousands cardamom seedli ngs distribnted to 
farmers. Totally 1500 clona lmaterial(Suckcrs) 
from CCS- I and other elite lines were ra ised for 
supplying to f.1nners and for mass multiplication 
through tissue culture. 

Turmeric 

About 30 tOlmes of sced rhizomcs of improVed 
vanet les of tw'meric viz., Suvama, Sugunil, 
Sudarshana and Allcppey wcre distributed as 
nucleus planting materials. 

!i'ee spices :' Twenty three thousand eight 
hundred seedhngs I grafts were produced and 
dlstnbuted. 

Training of extension and research workers 
Johnson K George. M.N.Venugopal and C K Thankamani 

Printing and distribution of annual training 
programme schedule 

The training programme schedule was printed 
and dlstnbuted to various extension and 
developmental agencies of different states and 
union territories and to universities having 
centres of All India Coordinated Research Project 
on Spices. 

Conducling training programmes 

Tw~ training programmes were organized at 
Calrcul. The duration varicd from 1-6 days. 
SIxteen offiCIals sponsorcd by agricu ltumll 
hortlcuiturn l departments of different states and 
lIIlIon territories were participated ill training 
progralnmcs. 

Table 4 I pl'Ogrammes conducted during 1994-95. 

Tille of training Duration 

Spices production 21-26 Nov '94 
technology 

On farm processing of 8 -9 Feb '95 
spIces 

Nursery Management 
in Spices 

14 - 15 Feb '95 

Venue 

Calicut 

Ca lieut 

Calicut 

41 

No.of 
participants 

4 

3 

9 
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ICAR AP CESS FUND SCHEMES 

1 BIOLOGICAL CONTROL OF SCALE IN SECTS INFESTING BLACK PEPPER 
S Devasahayam, S Selvakumar and Mlnr Kalill 

I Survey for collection and identili cation of 
natural enemies of scale insects 

Surveys were carried out in Wynad (14 locations) 
and Idukki ( 18 locations) dlstncts 01 Kerola and 
Coorg (12 locations) district of Karnataka dunng 
Dccember 1994 and March 1995 to record the 
incidence of natural enemies of scale IIlsects of 
black pepper. Severe infestations of ASI'"lwl/I.I' 
desl/'ilCIOI' were observed in most of the 
locations viz. 12, 12 and 9 locations In Wynad. 
Idukki and Coorg districts respectively 
Infestations of Lel'idosal'he.l' 1J//~<'I'I .1' were 
'observed in some locations VIZ., ). 3 and 3 
locations in Wynad, Idukki and Coorg districts. 
respeclively. 

The natuml enemics recorded on both thc specics 
of scale insects from all the districts surve"ed 
include I 'SelldosG)'lIInll.l' spp. (Cocclllellldae). 
Chi locorll.l' Cil'Cllllldolll.l' (Coecinellldac). 
I'horoscylllnllS horni (CoeclIl?llrdae). 
Cybocephoills sp. (N itidulidae) and I"'C(~I'.I'W 
/OlmsblllJ'i (Aphelenidae). Mallado hO/llnel1.lI ,' 
(Chrysop idae), /,es l odll'lo.l'I.I' sp. 
(Cecidomyiidae) and Korn)'olhl'il's lIIelole llClI.I' 
(Phlaecothiripidae) were recorded from WI nad 
district. the fonner two being new records of 
predators of scale insects of black pepper. 

2 Biology of natural enemies 

Preliminary studies on the lire cycle or I ' . 11/1/'111 

were completed. The egg. larval. prepupal and 
pupal stages were completed in 4-5 , 9- 1 D .. I ancl 
4-5 days respectively, dUring March-Aplli. The 

feeding behaviour and potential or adult 
coleopteran predators was stud ied. Adults or 
I 'S<'lIdo.l'C),lIInlis sp.( I), 1'.I'elldo.l'cYIllI1I1.1' sp. (2) 
and C. cil'CllllldolllS red on 2X-44. %-3X and 40; 
75 indi"iduals or A. de.l'lmewl' per da" . 1. 
/1(Irni prcdated on 3-9 indi "iduals of L I' ll'el'ls 

pcr day. 

3 Standardization of techniques for masS 
culturing or sca le insects and th eir natural 

enemies. 

. I t ·' I " 1/ Illllnpkin rweke pant nw ella s .. . , . 
«('lIclIl'hi/(l lIIo.l'clw/(I) . serpent melon «( IICIIIIIIS 
.I'p.). grecnlel110n «('; /1'11.1' sp .). sweet orange (c. 
sinensis) . bottle gourd (I ,(I)!,c/1{/rl(l sicerarw) , 
ash gourd (llel1inCII.l'o 1i.l'/iido). swe?t pot~to 
(ll'ollloeo horolo.l'). ColoeaS!" «( oloeo.llo. 
e.l'clllel1/(1) , elephant foot yam (AIIIOl'l'hophollll., 
COIIII'Ol1l1lo l ll.l'). potato (Solonlllll I IIbel'osli III). 
coconut !callets (Cocos nlicl/era) and lOoted 
laterals or black pepper (/'il"'1' l1igrlllll) \\e.'e 
evaluated l'or their suitab ility as host lIlatenal lor 
mass cuhuring A. cies lfllclUf. 

Among the plant matcri als. e"ahl ated. eoeo.nut 
!ca llets. rooted laterals 01 black pcpper ,md 
pUlllpkin were morc suilable l'or the seulemenl. 
gro\\lh and mlillil~licalioll of A .. t/Csll'lu.; lOr,. 

Cuitures 01' I .. I ,il"'/'IS on rooted latel als of black 
pepper. A"l'il'IIo hairel" on turmene rhll.Ollles 
and 1I11mpis sp. on pUlllpkm werc also lIutlated. 
the laller two \\ hich could serye as add itIonal 
prey 1'01' the col'c ill alli ci predators. 
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2 The Parasitic Nematode, Trophotylenchu/us piperis Mohandas, Ramana & Raski 19B5 and its 
Interaction with black Pepper 

K V Ramana, P Sundararaj and M S Mohammed Mustaffa 

Seven districts in Kerala were surveyed for the 
incidence of T piperis on black pepper. Out of 
140 samples collected , the nematode was found 
in 65 samples (45.8%) with the population range 
of 24 - 248 nematode cases / g of roots. 

Second stage larvae of T pipeds entered into the 
black pepper roots within three days after 
inoculation and formation or case started 
between 30 - 40 days after inoculation 

Brownish necrotic region at the port of entry 
proved the involvement of phenolic substances 
and the total lire cycle is completed between 50 

to 55 days after inoculation Glyricidio sepilllll 
and ArlocarplIs helerophy/ills arc new hosts 
recorded for T piperis 

More number of cases arc found on the librous 
roots than the main roots. 

Population dynamics of the nematode is being 
monitored in a naturally infected black pepper 
garden 

Pathogenicity or the nematode on black pepper 
is initinted. 

DBT Funded research schemes 

1 Rapid clonal propagation of tree spices 
P N Ravindmn, K Nirmal 8abu, J Rema, Minoo Oivakaran, Mini P Mathai, Sajina Adams and John C Zachariah 

C;innamon 

Mieropropagation of three species Cin)101ll0mllm 
vert/Ill , C calliphora and C cassia were 
standardized. The mieropropagated plant lets 
were hardened by transferring to soil - rite 
mixtufC keeping them in incubation rool11 for a 
month and then establi shing them in soi l under 
nursery conditions. About 100 plants of C 
camphora have already been established in soil. 
Suspension cultures of C vert/III , C camphora 
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and C /a))w/a have been established for studies 
on production of secondary metabolites in vitro. 
"Synsccds" or artificial seeds of C vert/m and C 
comphoro have been made by encapsulating 
shoot buds and calli in sodium alginate. 

Clove 

Standardization of micropropagation: In vitro 
rooting and multiple shoots have been induced 



but the results arc inconsistent. Howevcr 
multiple shoots up to 15 could be induccd from a 
single node. Callus induction and regencration 
studies : Callus could be induced and initial 
attcmpts led to devclopment of morphogenetic 
calli and stress in thc mcdium led to development 
of roots from callus. 
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Nutmcg 

Attcmpts to induce multiplc shoots as wcll as 
rooting has not yielded any rcsults so far. Efforts 
nrc 111 progress to standardize a med ium for 
nutmeg. 

2 in vitro conservation of sp ices germplasm 
(K V Peter, P N Ravindran, K Nirmal Babu, Geetha S Pillai and C Manjula) 

Standardized cryoprcscrvation method in black 
pcppcr and cardamom. Programmable freezcr, 
cryocans and other accessories were procured and 
installed. Arrangements have been made to 
cnsure regular supply of liquid nitrogcn for 
cl)loprcscrvation experiments. Isolation and 
culture of mcristclll in cardamom and cmbl)lo I 
black peppcr have been initiated for 
cryopreservation studies. Initial expcrimentation 
to cryopreservc black peppcr embryos and 
cardamom seeds afC under way. Standardization 
of slow growth method in ginger and turmcric. 
The method standardized for cardamom was 
suitable for ginger and turmeric. Based on thcse 
24 treaUnents wcre imposed in ginger for further 
studies. Refined the existing slow growth 
meOlOd in cardamom. Furthcr expcriments wcre 
initiatcd for this in during 1994 and it was 

observcd that modi fying the culture mcdium by 
increas ing 5 g I ·1 each of sucrose and mannitol 
led to healthier growth of cnltures and addition of 
glycerol induced slow growth but led to callusing 
of tissues. Cu ltures maintained under slow 
growth were tnUlsfcrred to normal multiplication 
med iulll and later to soi l. Preliminary studies 
based on morphologica l and biochcmical 
parameters to analyzc thc genetic stability of 
retrieved muterinl has been initiated. 

Co ll ected Piper schidti , P Wig/Hi, P 
IIII111aslla, and I' si/entvaliensis . Added six new 
additions in thc il1 vitro rcpository. Cuitures of 
seed and herbal spices, CinnamolJluJn Verlil1l and 
allspice arc now maintained under slow growth 
conditions. 

3 Development of Phytophthora resistance in black pepper through biotechnological approac hes 
Y R Sarm a, M Anandaraj. Shaji Philip and M R Bindu 

Protocols havc been standardized to induce callus 
and regeneration into whole plants in 100 days. 
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Callus initiation was notiecd in 20-25 days, 
regeneration in 40-60 days and rooting in 30 
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days. The plantlets wcre hardcned in polythcne 
chambers for 10 days beforc planting in pots. 
Friable ca lli has been obta ined in various 
culUivars. Standardization of protocols to obtain 
ce ll cu ltures arc inn progress. Cnlde toxin has 
been obtained from all free culture filtrates and 
zoospore germination fluid and is being uscd for 

111 vitro screcning. Protocols have been 
standardized to isolate protoplasts from leaves of 
black pepper. The viable protop lasts showed 
multiplication and micro callus has been 
obta ined. Isolation of protoplasts has bcen 
successful from Piper cO/Ilbrinlllll . 

4 Development of production and demonstration of biological control agents under integrated 
pest management 

Y R Sarma, M Allandaraj an d P Lakshmi 

Cardamom 

In Karnntaka, cardamom Ilurscry managcmcnt 
for the control of rhizome rot was undertaken in 
four nurseries in Coorg district in coll aborat ion 
11101 Spiccs Board. The sceds wcre treated with 
bioeontrol agents and later the bcds (4 .5 x 1m) 
were treated with 100 g inoculum / bed as a basal 
application. The rccovelY of the plantable 
seedlings ranged form 66.6-78.4% compared to 
57.8% in control. 

Ginger 

Biocontrol inoculum for thc management of 
Pythilllll aphaniderlllatlllll was distributed to 40 
farmcrs nrollnd PcnlvaJmamlizhi for soi l 
application. 

Black pepper 

Farmers Day / Seminars / Group 1;lectings were 
conducted at Mercara, Chickmaga lur & 
Saklcspur in Karnataka, Pulpally in Wynad 
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district and Penll'annaJlluzlli of Ca licut district to 
exp lain the importance of biocontorol in 
managing l'hytophthora foot rot. A programme 
on biocontrol in foot rot managcment in black 
pepper was telecast from Doordarshan on 20 th 
july 1995. 

NlirsclY management: 

NurselY mixture with 'li'ichoderllla halllatulII, T 
harzianulII and GliociadiulII virens cultured on 
sorghum!coffee bark has been used to 'raise 

nuclcus planting material. About 1.5 lakh rooted 
cuttings wcre then trcated (calcul atcd area 95 .00 
hal 

Preplant application 

Bioeontrol inoculum of 1: halllatllm, 1: 
harzianlilll and G. viren.\' was applied to the 
planting pits along with FYM. About 20 ha has 
bcen covercd in peppcr plantations in Kerala, 
Ka rnataka and Andhra Pradesh. Thc treated 
plants showed 90-95 establi shment and were 



robust. Field application ofbiocontrol inoculum 
was carried out in farmers' fi eld. About 60 ha 
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has been covered so far during the year. 

COLLABORATIVE PROJECT 

ICAR AP Cess fund project : Water requirement of multiple cropping system with spices 
K V Satheesan ICWRDM Calicut) and A K Sadanandan 

An automatic weather station to monitor the 
evapotranspiration and drought of pepper vine 
has been installed in a 5 ha plantatIon of seven 
year old pepper at Pulpally (Wynad district) the 
traditional pepper growing tract of Kerala. The 
meteorological techniques called Bowen ratio 
energy balance method to measure 
evapotranspiration is employed. Sensors to 
measure air temperature, vapour pressure at 

difTerent heights of pepper canopy along with the 
sensors for direct measurement of radtatlOn, wmd 
speed, soil heat flux and soil temperature were 
used. The system is powered by an 18 watt solar 
panel. Weather parameters arc automatically fl.nd 
continuously stored in a data logger from whIch 
it is retrieved using a storage module and fed to 
computer. Studies arc in progress. 
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ALL INDIA CO-ORDINATED RESEARCH PROJECT ON SPICES 

The AICR.P on Spices is vested with a mandate 
to develop loeation·specifie agrotechniques for 
sustainable spices production. A multi pronged 
approach is envisaged and research projects 
formulated to tack le pests and di seases. There 
are 67 projects and discipline wise distributions 
arc 3 1 in Crop Improvement (including Genetic 
Resources), I I in Crop Production, 5 in Quality 
Improvements and 14 in Crop Protection. The 
crop wise distribution of projects arc pepper 8, 
small cardamom 6, large cardamom 3, ginger 7, 
turmeric 5, tree spices 6, seed spices 24 
(coriander 7, cumin 6, fennel 6 and fenugreek 5). 

I GENETIC RESOURCES 

I I Black peppel' 

The Yereaud Center collected 20 elite lines from 
Shevroys Hills. The Sirsi Center undertook a 
survey of the Terihalli forests , Honnavar & 
Karsur areas in search of gcnnpiaslll , similarly 
the Chintapalli Center took up the survey in 
Tintada and Pontapadu areas. The work on 
evaluation of germplasm has been initiated at the 
Yereaud Center. At Panniyur, Karimunda·lll 
gave a mean green berry yield of 2.17 kg/vine, 
followed by TMB· IV and Balaneotta· \. 
Panniyur·1 continued to perform as the best 
variety in the Chintapalli zone, giving the highest 
yield of 4.17 kg/vine. The Panniyur, Sirsi, 
Chintapalli and Yereaud Centres maintained 76, 
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58, 46 and 106 accessions respectively. 

I 2 Cardamom 

Among the 72 accessions evaluated at 
PampadlUllpara in lET, accession No.57 gave the 
highest yield of 507 g dry capsule/plant. Among 
the 195 accessions from Mudigere, CL-698 was 
found superior in sucker and panicle production. 
The Pampadumpara and Mudigere centres 
maintained 89 and 243 accessions respectively. 

13 Ginger 

At Pottangi , the mutant V,S,-8 gave the highest 
yield 0[3.075 kg fresh rhizomes/3 m' plot. The 
Solan and Pottangi Centres maintained 132 and 
138 germplasm accessions. 

I 4 Turmeric 

One more new accessions has been added in 
Pottangi center bringing the total to 191 which 
includes 20 wild and related species. Accessions 
No.6 gave the highest yield of 8.53 kg/3 m 2 at 
Pottangi. Among the 164 accessions at Solan 
Center, ST-6 16, ST·154, ST-330, ST-323, TC-4, 
ST-55 and ST-49 I arc promising. From Jagtial, 
entries PTS-24, PTS-383 and PTS·\ were found 
promising; besides, 22 accessions showed 
res istant reaction to Taphrina disease. The 
Pottangi, Jagti al and Dholi centres maintained 



19 1, 188 and 58 acccss ions rcspcclively. 

I 5 Tree spices 

The Ycrcaud cenler added 13 elile lincs 10 lheir 
colleclions of elove. 

I 6 Coriander 

The Jobner, Jagudan, Coimbalorc, Gunlur, Hisar 
and Oholi cenlres mainlained 683, 146, 372,230, 
58 and 100 accessions respeclively. The 
promising enlries idenlified from differenl 
centres were TG-400, from Jobner, LCC-25 from 
Gunlur, OH-13 from Hissar and J. Co-45 and 
J.Co-126 from Coimbalore. 

I 7 Cumin 

The Jobner and Jagudan cenlres mainlained 224 
and 467 accessions. From lhe Jngudan cenler, 
131 accessions were seleclcd based on gcnelic 
diversilY for furlher sludies. Thc Jobncr cenlcr 
recorded lhe highesl yield of 4. I q/ha from 
variely RZ- 19. The enlry JC- 147 gave 7.68% 
higher oil conlenllhallhe conlrol. 

18 Fennel 

The Jobner, Jagudan. Hi sar & Oholi cenlres 
mainlained 139, 98, 44 and 56 acccssions 
respeclively. Al Hi sar, lhe accessions HF-7 1, 
HF- I02, HF-I04 and HF-119 gave beller 
performance. 
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I 9 Fenugreek 

The gennplasm colleclions mainlained al Jobner, 
Jagudan, Coimbalore, Gunlur, Hi sar and Oholi 
were 270, 47 , 179,70.82 and 58 respeclively. 
The promising gennplasm idenlified were UM-
124 & UM-144 from Jobner, HM- IIO, HM- 129, 
HM- 141 and HM-145 from Hisar and JF- IO 
from Coimbalore. Al Gunlur, 70 seleclions 
showed divers ill' in lheir perfonnance. Al 
Coimbalore, access ion No.464 was idenlified as 
a superior line, giving an yield of 380 kg/ha in 
lhe lET. In CYT al Coimbalore, accession CF-
390 gave lhe highesl yield of 433 g/plol. 
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2 CROP IMPROVEM ENT 

Several MLTs arc in progress viz. five in black 
pepper, two in cardamom and turmeric and one 
each in clol'e and ginger. In seed spiccs, lhe 
dceisions oflhc Workshop were rcinforccd by lhc 
rccomlllcndntions made during the Group 
Mceling (cxclusively for seed spices) held in 
Novcmber 1992 (Coimbalore) and accordingly, 
a number of ML Ts arc in progress in all lhe 6 
ccnlres : Coriandcr, Fenncl and Cumin in Jobner, 
Jagudan and Hisar and Fenugreek in Jobner, 
Jagudan. Gunlur. Coimbalore and Hisar. 111 lhe 
casc of fenugrcck, a second ML T (1993-Series 
II ) has also becn inilialed al Gunlur, Coimbalore, 
Jobncr and Jagudan cenlrcs. 

Jll dian 11Iftitute or Spices Rem ",,;' 

2 I Black pepper 

At Pmmiyuf in the intcrvnrictal hybridization 
lrial , cui lures 5308, 4700, 5 19& and 4563 
performed well , producing more lhan I kg grcen 
berries/vine. In lhe M L T, Cullure 11 7 1 gave lhe 
highesl yield of 1.14 kg grecn berries/vine. In lhe 
CYT, Knri1l1undn and Panniyur-5 were 
pronllsmg. 

2 2 Cardamom 

The ML T III series (199 1) laid oul wilh Mysore 
types and Malabar types during 1993 have come 
10 bearing lhis year. 

23 Ginger 

In lhe CYT al POllangi, V, E,-2 was lhe lop 
yieldcr wilh 18 lflw al POllangi cenler. Al Solan, 
V,E,,2, SG-692, SG-67 1 and SG-702 have given 
lhe higher yield lhan conlrol viz. SG-6G6. In lhe 
ML T-1Il al POllangi, V,S,-7 gave lhe highesl 
yield of 15.3 l/ha . 

2 4 Turmeric: 

PTS-1 9 was lhe lop yielder wilh an yield of 2 16 
lfl,a and 5% curcumin al POllangi; among lhe 13 
cullivars lesled. In lhe CYT. however, PTS- 19 
gave an yield of 19.5 lIha and lopped lhe 6 
enlries lesled . Accession No.PTS-43 was 
idenlified as lhe besl (yield 25.3 1 l/ha) in lhe 
lET, followed by PTS-8 (2323 I), PTS-59 
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(17.06 I) and PTS-15 (1606 I). Al Oholi , variely 
Suga ndham gave lhe besl yield of38.79l1ha in 
lhe lET. Cullivar Ouggirala gave 17.83 kg/3 m 
2 al Jaglial, followed by TC-2 ( 16.76 kg) and 
check Armoor ( 12.56 kg) 

2 5 Tree spices 

As a follow up of lhe group meeling on lree 
spices (May 15, 1992), lhe work has been 
inilialed al Yercaud and Ambalavayal cenlres in 
1992-93 and laler al Pechipara and 
Thadiyankudissa i. A MLT wilh 5 el ile lines of 
clove has been laid out in Vcrcaud and 
Pechipami. In Cinnamon, a ML T has been laid 
oul wilh 5 promising lines al 4 cenlres viz. 
Yercaud, Ambalavayal, Pechiparai and 
Thadiyankudissai. In vegelalive propagalion of 
nulmeg, roOl slocks selecled at 2 leaf slage gave 
the InaxilllUI11 percentage of success viz. 52 .50%. 

2 6 Coriander: 

In lhe lET al Coimbalore, oul of lhe II enlries 
under evalualion, CC-745 an CC-748 recorded 
higher yields of 5R3 kg/ha which is 20.7% higher 
lhanlhe check viz. Co-3 . Al Gunlur, lhe highesl 
yield of 1050 kg/ha was oblained from A TP- 14 7 
whereas al Oholi , accession OH-38 was found 
mosl promising. Among lhe lea fy lypes, Panl 
Olmnia- I gave lhe highesl leaf yield followed by 
RCr-41. Access ions JCo- 123 and CC-964 gave 
6.37% and 10.34% higher yields respeclively 
lhan Guj. Coriander-2 al Jagudan Cenler. Al 



Coimbatore, JCo-64 gave an yield of 683 kg/ha 
compared to 583 kg/ha of Co-3, a 17.2% 
increasc. The ML T at Guntur center revealed 
tlmt CC-964 gave the highest yield of 1078 kg/ha 
followed by A TP-77 giving 1025 kg/ha. In the 
evaluation of mutants at Coimbatore, the line 
16/6 gave an yield of 550 kg/ha while Co-3 gave 
517 kg/ha. 

2.7 Fennel 

At Jobner, accession UF -125 was identified as 
superior with high yicld potential, earliness and 
dwarfrtcss. The Hisar accessions HF-33 and HF-
39 gave a maximum of 1.5% volatile oil as well 
as high yields. 

2.8 Fenugreek 

CC-464 was found to be most promising with a 
yield of380 kg/ha at Coimbatore. At Dholi and 
Hisar centres, HM- I 03 performed very well and 
gave maximum seed yield. At Jobner, ~he 
irradiated seeds which were put under an lET 
indicated that "40 Kr-3-4" gave 12.6 Q/ha and 
had less incidence of powde.)' mildew. 

3 CROP PRODUCfION 

3 I Black pepper 

At Panni),," center, the irrigation-cum-fertilizer 
trial with 2 varieties indicated that irrigation at 
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IW/C PE ratio of 0.25 was found best for 
maximum yield. The cuttings soaked in 1% 
Potassium Sulphate for 12 hours gave 66% 
establishment at Thadiyankudissai. 

3 2 Cardamom 

Spacing of 0.3 m x 0.9 m increased the suckcr 
production to 1.25 suckersll10 at Mudigere. Thc 
clonal material gave 370/0 more yield than 
scedlings material. Phosphobacteria applied @ 
4g/kg of soil gave highest number (3.6) of 
branches and in combination with Azospirilllllll, 
recorded still higher number viz. 9.0, as reported 
from Thadiyankudissai . 

3 3 Tree spices 

Hard wood cuttings of cinnamon gave high 
percentage of rooting (8 2.6%) when dipped in 
NAA 2500 at Thadiyankudissai. There was 
increase in tree girth, mean fmit yield and fmit 
girth (size) in nutmeg by application of 
Azospirillum and Phosphobaeteria. 

34 Ginger 
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At Pottangi center, an yield of 14.15 tlha 
rhizomes was obtained at 125: I 00; I 00 kg 
NPKlkg. The profil was Rs.53,OOOI per ha. 

3.5 Turmeric 

Intercropping bhendi with turmeric was 
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profitable at Dholi center; the ideal spacing for 
t,m11eric as monocrop being 30 cm between rows 
and 20 cm between plants. At Pottangi, soybean 
as intercrop afler the first mulching has been 
rcconullcnded. 

3 6 Coriander 

Pcndimcthalin @ I kg/ha with one hand wceding 
gave a net profit of Rs. l5, 1771110 and a cost 
benefit ratio of 2.93 at Jobner center. Guntur 
center recommended DH - 5(from Hisar) for light 
soils in Andhra Pradesh. 

37 Fennel 

t Jobner, hand weeding done thrice in Fennel 
gave an yield of 1.02 till a and a net profit of Rs. 
15 177 I ha and a cost : benefit ratio of 3.35. In 
Hisaar, application of Pendimcthalin ( I Kg! hal 
followed by one hand weeding 45 days afler 
sowing gave maximum seed yield. 

3.8 Fenugreek 

Preplanting application of Fluochloralin @ 0.75 
kg/ha plus one hand weeding gave maximum 
seed yield of 1.598 1Il,a with a net profit of 
Rs .14,6211 and bcnefit cost ratio of 2.33. At 
Dholi , variety Rajendra Kanti gave the highest 
yield when sown on 26 October and at 20 em x 
10 em spacing and at Hisar gnvc maximum yields 
obtained when sown on 5 November. 
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4 CROP PROTECTION 

4 I Black pepper 

At Panni),]", the Phytophthora foot rot incidence 
was low in plots receiving I kg neem cake + 3 g 
Ph orate + spraying I % Bordeaux mixture + 
drenching with 0.2% Copper Oxychloridc. Sirsi 
had similar rcsults. At Chintapalli , Akomin 
trcatmcnt gavc bcttcr resuits, when followcd to 
neem cake + Phorate+ Bordeaux mixture; the 
treatments rcducc diseasc incidencc and 
defoliation. In biocontrol of thi s discase, 
Trichoderllla harzianlllll inoculations rcduced 
the disease incidencc to 16%. 

Nurscry diseases at Pal1lUliyur arc controlled by 
Bordeaux mixture sprays. Stunted di sease has 
been noticed in the Lower Pulneys of Tamil 
Nadu. Defoliation due to semilooper insect has 
bccn noticcd in Chickmagalur district, Karnataka. 

4 2 Cardal1lom 

Selective thrashing during Feb. March 
combincd witll insccticidal application controlled 
borer infestation. Spraying Monoerotophos 
controlled thrips at Mudigere, whcn followed 
afler tll rashing in Feb and May. Ncem pesticides 
like Nelllark, Nilllbecidinc are also useful in 
controlling the thrips. 
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Seed rhizomes dressing with Indofil M-45 + 
bavistin recorded minimum disease incidence at 
Solan Center. Soil application with Trichodermll 
harzianlllll resulted in reducing the di sease 
incidence. 

44 Turmeric 

PCT-IO, PCT- 13 and PCT-14 were free from 
rhizome rot disease in lagtial center and gave 30 
t seed rhizomes/ha. 

45 Large cardamom 

Cultivar Golsey was found to be tolerant to both 
Chirckey and Foorkey diseases of large 
cardamom. Anthracnose has been controlled by 
spraying Dithane M-45 (0.2%), Kavach (0. 1%) 
or Cum an L (0.2%). 

46 Cumin 
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A three year crop rotation with c\usterbean
cwnin-c1uster bean - mustard gave the maximum 
yield of257.59 kg/ha and wilt incidence of36% 
as compared to 96.27 kg/ha and 57% disease in 
one year rotation. 

4 7 Coriander 

Seed treatment with li'ichodenna harzianulII @ 
4 gfkg of secd reduced will. Ncem cake @ 150 
kg/ha also reduccd wilt in Coimbatore. 
Coriander powdery mildew was controlled by 
foliar spraying with onion leaf extract (5%), 
among fungicides, Calix in was effective. 

5 QUALITY EVALUATION 

SG-710 gingcr selection from Solan gave highest 
oil content High volatile oil in cumin was from 
job ncr and reconllnended for export purposes. 
The Jobner center has undertaken the analysis of 
seed spices received from all the centres. 
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KRISHI VIGYAN KENDRA 

The Krishi Vigyan Kendra (KVK), for Calicut 
district is located at NRCS Experimental Fann, 
Pemvannamuzhi and is funded by the Indian 
Council of Agricultural Research (ICAR), New 
Delhi. It was established on 16 th Novembcr, 
1992. During 1994-95, various training 
programmes were organized for fanners, nlral 
youth and extension functionaries. Field days, 
conventions and exhibitions were also organized. 

Five training programmes under crop production 
and three in horticulture were organized for 
farmers on various aspect of spices. Two 
trainings for mral youths in crop production and 
for extension functionaries, one in crop 
production and three in horticulture were also 
organized. One field day and two conventions 
were arranged for 17 and 25 participants, 
respectively. Three exhibitions were conducted 
and fi ve radio talks delivered on various aspects 

53 

of spices production technology. Front-line 
demonstration (FLO) on production tec\mology 
of green gram for rice fallows was organized. 
Totally 6 12 participants attended 23 courses 
organized by KVK. 

The KVK has linkages with the Department of 
Agriculture, Kerala, Spices Board, Cochin and 
Gandhi Smarak Grama Nirmana Samiti . These 
linkages help in organizing training programmes 
and implemcntation of various schemes of KVK. 

Regarding infrastmcture faciliti es, administrative 
building including seminar hall , the work is being 
taken up by the CPWD. The schematic plans are 
prepared by the CPWD for Home Science block, 
statT quarters and sheds for demonstration units. 
Two hectares of land arc developed and 
horticultural/spice plants arc planted in the 
Horticulture Farm. 
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• 
COMPLETED PROJECTS 

1 Investigations on plant parasitic nematodes associated with cardamom 
(Santhosh J Eapen and M N Venugopalj 

Objectives 
• 

• 

To lind out the plant parasitic 
nematodes associated with 
cardamom in different areas. 
To lind out the role of plant 
parasitic nematodes, if any in 
the ineidcnee of disease like 
' Kattc', clump rot, immature 
fmit drops, etc. 

• To study the effects of 
nematodes on gro\\1h and yield 
of cardamom. 

• To develop control measures 
against nematodes. 

Technical Programme 

a. 

b. 

c. 

d. 

e. 

Survey and collection of soil 
and root samples from different 
cardamom growing arcas . 
Identilleation of various plant 
parasitic nematodes associated 
with cardamom. 
Studying the pathogenicity of 
nematodes on cardamom. 
Studies on interaction of 
nematodes with other di sease 
eausing--organisms of 
cardamom. 
Screening of gennplasm to 
locate resistance / tolerance to 

f. 

A. Survey 

mnjor nematode parasites. 
Developing various pre sowing 
and post sowll1g control 
measures to manage nematode 
problems 111 cardamom 
nurseries and in lIelds. 

Materials and methods 

Random samples of soil (250 g) and roots (10-
15g) were collected from nurseries and main 
fields of variolls plantations in Kerala, Karnatnka 
and Tamil Nadu. Nematodes were extracted 
from soil samples and roots through standard 
methods and were identilled to species level. 

Results and discussion 

Twenty five species of plant parasitic nematodes 
were fmUld associated with cardamom (Table 1). 
The root knot nematode (Meloidogyne 
incognita) was detected in almost 98% of 
smllplcs while M. arenol'in was found only in 
Rajapalayam taluk (Tamil Nadu) and M. 
javanica in Chittoor and Wynad areas of Kerala 
State. Among these, Jladophoills simi/is and 
Pratylenehus eoffea were found in samples from 
mixed plantationsin Sirsi Taluk of North Kanara 
and Kodagu districts respectively. Other 
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economically important nematodes of common 
occurrence were /Ioly lenehll /lls spp. and 
Helieolylenehlls sp. 

B. Pathogenicity of M. illeogllita on 
cardamom 

Materials and methods: A trial was laid out using 
monoclonal vegetative suckers of a cardarnom 
access ion (P,), There were live treatments 
(0, 100, 1000, 10000 and 100000), and ten 
replications. The design was RBD and 
observations on nematode multipli cation, growth 
and yield were recorded at regular intervals. The 
final observations were recorded afier live years. 

Results and discussion: Monitoring of gro\\1h 
and yield of test plants revealed that signillcant 
reduction in number of tillers occurred six 
months afier inoculation while the other 
parameters were mostly uniform in all the 
treatments. Highest reduction in the IIrst year 
yield was noticed at Pi = I 0,000 followed by Pi 
= 1000. The pathogenic effccts were not 
correspondingly related to the initial ncmatodc 
population. The clUl1ulative damage and crop loss 
were maximum at lower initial populations and 
minimum at higher initial inoculum lcvels (Fig 
1). Final observations showcd that root knot 
nematode infestation, caused stunting and 
narrowing of leavcs in cardamom plants. Apart 
from these, nematodes reduced the total biomass 
production, the most noticeable and early 
detectable being the reduction in number of 
tillers. 
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CROP lOSS 
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o " '" CROP YEAR 

Figure 2: Effect of M. illcogllita on cardamom 
yield 

C. Interaction Studies 

a) Illteractioll betweell M. illcogllita ai,d 
'kalte' virus. 

Materials and methods 

Samples from ' Katte ' affected and 'Katte ' free 
cardamom plants wcre collected and analyzed for 
nematode presence. A pot trial was conducted 
using uniform cardamom seedlings in which the 
plants were inoculated with M.incognita and 
' Katte ' virus in various sequences. Final 
nematode counts and di sease symptoms were 
recorded afier seven months. 

Results and discussion 

Root samples from Katte affected plants yielded 



an average population of 4 16.7 root knot 
nematodes I g root, while this was only 64 in 
Katte - free (healthy) plants. All the plants that 
received Katte vinlses exhibited the characteristic 
mottling s)"nptoms on leaves. Highest 
population of M. ineognitn was recorded in 
plants pre infectcd wi th thc vinls, followcd by 
plants infected simultaneously by both 
organi sms. This study estab lished that infection 
by vinos increased O,e susceptibility of cardamom 
plants to root knot nematodcs. 

b) Interaction between M. incognita, 
Rhizoctonia solani a/lll Pythilllll vexans 

Materials and methods 

The prevalence of damping off and rhi zome rot 
diseases in the nematode infectcd nurseries was 
studied in a survey of four districts of Karnataka . 
Diseased cardamom seedlings (6-2 1 months old) 
were removed with intact rooLS at random from 
each nursery site for assessing ncmatode 
population and for isolation of fungi . Two 
separate trials were conducted to study thc 
interaction between M. incognita and 
Rhizoetonia solani and M incognita and 
Pythilllll vexans. Nematodes and fungi were 
inoculated alone and together in various 
sequences. Four field trial s wcre conductcd in 
nurseries of Spices Board and that of the 
research center at Appangala to evaluate the 
effect of post sowing application of diffcrent 
fungicides alone and in combination with 
nematicide to control damping off and rhizome 
rot diseases in cardamom nurseries. 
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Results and discussion 

All the nine nurseries werc infcsted with high 
populations of root-knot nematodes. Damping 
ofr and rhiwme rot diseases were noticed in 6-2 1 
months old seedlings of different cultivars in 
seven nurseries. Isolation studies from roots and 
rhizomes revealed the presence of fivc genera of 
fungi viz. I~ /.wrilllll sp., Rhizoetonia solani, 
Pythi/lIIs p., CylindroeOlpon sp. and SclerotiulII 
rolf.i·ii. R. sol ani and Pythilllll sp. were found 
associated either singly or together wherever 
disease was present. In the pot cxperiment with 
R. solani, maximum mortali ty was observed 
when R. solani was inoculated after nematode 
infestation. Root rotting was more severe 
wherever nematodes were associated with the . 
fungus. Similar studies wi th Pytililllll showed that 
the fungus alone cn n cause the di scnsc within 
eight days and root knot nematodes had no 
signi ficant role in causing disease. In the field 
trials, least mortality of cardamom seedlings was 
noticed when fungicides were applied in 
combination with nematicide and the best rcsults 
were gIven by Ridomil and carbofuran 
combination. 
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D. Population dynamics 

Materials and methods 

Root and soil samples were collectcd at monthly 
intervals for three years from an infested field . 
Soi l samples were collectcd up to a depth of 45 
cm in Orrce parts 0- 15, 15-30 and 30-45cm from 
thrce spots each, 30 and 45 em away from thc 

India .. Institute of Spices Ruem'ch 

base of ti,e plant. Rainfa ll , soil temperature and 
mOIsture were also monitored. 

Results and discussion 

The population levels were comparatively high in 
samples collected at 30 em distances mId 15-
30cm depth. Therefore, th is can be considered as 
the optimum zone for samp ling in cardamom. 
The J2 densities in soil increased from December 
onwards and reached the peak during March 
(224.8 I 250ec). In roots their densi ties reached 
maXlllllUll during Novcmber - December and the 
mlll lmum densitics were observed during the 
monsoon season, Le. June - September. Among 
the vartous ecologIca l factors, monthly rainfall 
and number of rainy days showed a negative 
correlation 1"10, root knot nematode population in 
cardamom rools. 

E. Developing conlrol measures 

a) Chemical control 

1. Pre sowing treatments 

Materials and methods 

Several trials were conducted at Chithirapuram 
and . at Appangala to compare the efficacy of 
fumIgants VIZ. Formaldehyde solution, Methyl 
Brollllde, Ethylene di bromide and Durofume as 
a presowlllg measure against plant parasitic 
nematodes 
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Results and discussion 

It was found that fumigation with MBr enhanced 
the germlllat lon and growth of scedlings. Total 
chmlllatlon of nematodes and weeds was also 
cncolUltered in this study. App lication of EDB @ 
201/ha was also found economic and effective 
aga lllst root knot nematodes. Whi le MBr and 
Durofume were found effective against 
ncmatodes and other soil borne fungi like 
Ril/zoetonia solani. Pythilllll sp. and Phyllo.l'tieta 
eiellal'la, EDB was effective against nematodes 
alone. 

2. Post sowillg treatments 

Materials and methods 

Effi cacy of aldicarb, carbofuran and phorate at 
threc dosages (5 , 10 and 15 kg. a.i. / hal were 
cva l uatc~ III a cnrdal110m nursel), ill Appangala. 
Ten scedllllgs \\'ere removed from each bed after 
th ree months and the growth characters were 
rceorded. Pre and post treatment nematode levels 
III these beds were assessed through soil 
samplong. In anothcr study, fena miphos was 
tested lIlan infested cardmnom nursery where CI 
37 sccdllllgs were raiscd in 6 x 1m nursery beds. 
About 200 seedlings were retained in each bed 
and after two months they were trented with 
fenruniphos by soil drenching and foliar spray at 
three dosages. The experiment was concluded 
after three months and observations were made 
as described above. 



Results and discussion 

Root knot nematode level was quite high in 
untreated beds and the seedlings showed 
narrowing ofleaf lamina, rosette appearance and 
stunting. Highest reduction in nematode 
population was recorded in aldicarb followcd by 
carbofuran and phorate @ 15 kg a.i. I ha. 
However, seedling growth was comparatively 
better in carbofuran treated beds compared to 
corrcsponding treatments of aldicarb and phorate. 
All the nematicide treatments provided increase 
in root and shoot length, rhizome girth and total 
biomass over control. Fenamiphos, applied by 
soi l drench and foliar spray, reduced the 
nematode population with the higher doses bci ng 
better than O,e lower ones. Plant growth was also 
much better than untreated at all levels with 
maximum number of tillers, better rhi zome 
development, increase in the root, shoot and lea f 
area recorded at 15 kg I ha level . Generally plant 
growth was better with soil drenches than foli ar 
application. 

3. In main fields 

Materials and methods 

A field trial was initiated in 1988 at Appangala 
with monoclonal suckers of cardamom (P I) in an 
area of 0.9 ha . The experiment was laid down in 

~--,""'"plirplo,des ign-;-where fi ve plants in five row~ 
comprised a subplot and seven subplots a main 
plot. Each subplot contained 12 test plants 
surrounded by a guard row of boarder plants. 
The main plot treatments were nccm oil cake at 0, 
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250 and 500 g per clump. Carbofuran, phorate 
and quinalphos each at 2.5 and 5g app lications 
wcre done twice a year and observations on 
growth, yield, nematicide residues and nematode 
population level in soil and roots were recorded 
every year for five years. 

Results and di scuss ion 

Plants treated with carbofuran and ph orate had 
given significantly higher yields than the rest of 
Olc treatments, the lowest being recorded in plots 
treated with quinalphos (Table I). Phorate at 
both levcls increased the yield, improved the size 
of the capsules and reduced the damage due to 
thrips by 32. I - 37.6%. Nccm oil cake alone or in 
combination with nematicide failed to boost the 
crop production. This may be due to the poor 
quality of the neem oil cake (oil content, 3.4 
appro" .). However, there was significant 
reduction in the nematode population with neem 
oil cake as with carbofuran and phorate. It was 
also noticed that e1ump rot incidences were more 
in untreated control plots, followed by neem cake 
treated ones. Cardamom samples, collected at 2, 
4 and 6 weeks afier application of the above 
chcmicals, were analyzed for detecting pesticide 
residucs, if any. Carbofuran residues were found 
e\'en at four wcck interval while no residues were 
detected in samples of phorate (2.5 g a.i.1 plant) 
trcated plants at the same interval. 

b) Host resistallce 

I.Standardization of screening methodo logy 
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Materia ls and methods 

PI monoelinal vegetative suckers were planted 
in sterile soil and were inocul ated with 500, 1000 
and 5000 root-knot nematode (M. incognita) 
larvae per plant. Five plants in each treatment 
were uprooted 2, 3, 4, 5 & 6 months afier 
inoculation. Nwnber of galls and nematode level 
in the roots were assessed for each plant and ga ll 
index, reproduction factors etc. were worked out. 

Results and discussion 

The data showed a gradual increase in ga lling, 

nematode population and their mu ltiplication 
with thc increasc in e"posure period. However, 
the variation was not lUlifonn with the increase in 
Pi. The greatest rate of population increase 
occurred at the lowest Pi, the rate decreasing as 
Pi increased. Susceptible reactions (G > 2 and 
R> I) were consistently observed with 100 and 
500 initial populations at all intervals. 
Morcover, Oley showed significant differences in 
GI and Pf from the rest of the Pi at the 3-month 
interva l. Therefore, an initial inoculum level of 
500 nematodes and an exposure period of 3 
months were found optimum for screening of 
cardamom gennplasm suckers. 

Table I EtTect of three granu lar pesticides on growth and yield of cardamom - Pooled data for 
1990-91 to 1993-94 

Height Number of Yield 
Treatment 

(m) -wet wi. 
Ti llers Panieles Capsules (glplant) 

Carbofuran 2.5 g* I. 76*' 17.20 12.95 123.32 207.66 
5.0 g 1. 86 19.33 15.7 I 177.04 282.4 I 

Phorate 2.5 g 1.9G 17.47 15.04 210.98 324.86 
5.0 g 1.9G 18.30 16.8 I 239.72 380.23 

Quinalphos 2.5 g 1. 81 15.97 13. 13 125. 12 190.47 
5.0 g 1.74 16.53 12.09 I 17.46 181.59 

Check 1.83 16.37 13.4 1 122.01 198.57 

L.S.Do.os 0.08 135 1.62 4 1.26 49.50 

• Dosages arc g a.i. I plant for single application . • * Data arc means of four replications, combined 
over three neem cake levels and four years. 
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2. Screening of germplasm 

Materials and methods 

Five units of 48 cardamom gennplasm 
accessions were planted in stcrile soil. AIlcr 
establishment. they were inoculated with 500 
root-knot nematode larvae per plant. Gall index 
and reproduction factor for each plant wcre 
recorded and the plants were classificd for thcir 
reaction to root knot ncmatodes. 

Results and discussion 

All the accessions testcd against root-knot · 
nematodes, Meloidogyne incognila were 
susceptible. However, there was wide variability 
in their reaction to root-knot nematodes . Some 
accessIons that showed low rates of 
multiplication of Mincognita are accessions with 
wide variability in thcir rcaction to root knot 
nematodes. 

c)Biological control 

1. Interaction between M. incognita and V.A. 
Mycorrhizae 

Materials and methods 

Six VAM fungi, viz. Glomlls Jasciclllaillm, G 
versi/orme, Gmacrocarpllln-. - Gigaspora 
margarita. G. calospora and Acalliospora sp., 
were tested alone and in the presence of roof knot 
nematodes in various sequences. There were 26 
treatments and each was replicated six timcs in a 

60 

Anllt/al Report 1994 - 95 

completely randomized design . Three 
replications each were rcmoved allcr six and 12 
monUls for assessing the growth of plants and for 
observ ing nematode and mycorrhizal 
colonization. 

Results and discussion 

Inoculation with Gigaspora margarila and G. 
Jasciclllatllm resulted in a maximum of 10 and 
12-fold increase in the shoot dry weight as 
compared to control. The detrimental effects of 
nematodcs wcrc obscrved whcn they werc 
inoculated alone or inoculated before inoculations 
with YA mycorrhi zal fungi. Number of 
ncmatodes in roots decreased in presence of 
YAM fungi . The study revcalcd that G 
margarita and G.jasciclllatlllll , when inoculated 
before nematode inoculation, significantly 
reduced Ule nematodes in roots and improved the 
vegetative growth of cardamom plants. 
Maxinllun root colonization of G margarita and 
G. Jasciclllaillm was observed when they were 
inoculated alone or prior to nematodes. 

2. Interaction between M. incognita and 
Paecilomyces liIacinlls 

Materials and methods 

In a pot trial, P. lilacinlls multiplied on coffee 
husks was incorporated into the top 20 cm of soil 
around the cardamom seedlings inoculated with 
5000 larvae of M incognita. The growth of the 
plants and nematode build up were studied. 
Further, P. lilacinlls was evaluated under field 
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conditions in cardamom nurseries. The fungus 
was added to the soil using rice grains as the 
ca rrier (Spore load of 2.9 x 10' -g). It was 
incorporated in seedlings fu rrows @ 50g/4.5 x 
1m bed at the time of sowing and three months 
aOer gcmlinalion. 

Results and discussion 

There was no significant difference in growth of 
plants in the pot study. However, about 48.5 to 
57.0 per cent reduction in nematode population 
was observed in plants that received 1'. lilacinlls. 
Incorporation of 1'. lilacinlls in primary nurse,)' 
beds has not given any additional improvement to 
germination of cardamom or their growth. This 
may be because of the poor colonization of the 
fungi in Ule soil or beeause of the low population 
of the target organism viz. Me/oidogyne spp. III 
the above site. 

d) Integrated lIematode mallagemellt 

Materials and methods 

Nursery beds were prepared at two sites (0.15 ha 
each)in the summer season. Half part of thi s area 
was solarized using 400 gauge transparent 
polyUlene sheets for 45 days while the remaining 
part was left as Stich. Sowing in these beds was 
taken up @ 1000 cardamom sceds (CI37) per bed 
(4.5xl m) in September 1991. At the time of 
sowing bioeontrol agents (7 -day-old culture of 
Trichoderma isolates on decomposed coffee 
husks -3 .7 x 10' conidialg and 15 days-old 
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cul tures of P. lilacinlls on rice grains -2 .9x lO' 
spores/g) were also incorporated in selected 
beds. They were used @ 2.5 kg and 50g per bed. 
A booster dose of the above fungal antagonists 
was given afier Uucc months as described earlier. 
SimuHaneously other treatments, viz. phorate @ 
5g a.1. / bcd, 0.2% copper oxychloride @ 
20 IIbed and phorate + copper oxychloride, were 
also imposed. Suppression of nematode and 
fWlgal populations, weed growth, germination 
and growth of cardamom seedlings were 
monitored during the experiment at different 
illtcrvnls. 

Results and discussion 

Mean soil temperature during the solarization 
period increased by 8.7°C in beds covered with 
polytllene shcets and number of days > 40°C was 
2- 17 in solari zed beds at di fferent depths of soil. 
Germination of cardamom seeds was enhanced 
by 25.5% while weed growth was reduced 82% 
in solarized beds. Populations of Rhizoctonia 
solani, Phyl/oslica efellaria, Meloidogyne sp. , 
ROlylenchllllls reni/orlllis, Helicolylenchus sp. 
were suppressed to varying levels and Pylhilllll 
vexans was eliminated. Solarization was also 
found to inOuence the gro\\1h and vigour of 
cardamom plants. Incidences of lea f spot disease 
were compamtivcly high in the non solarized 
plots (Table 2). Incorporation of biocontrol 
agents and phorate helped in production of 
healthy and vigorous seedlings than the other ' 
treatments (Table 3). 
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Table 2 Effect of soil so larization on growth of cardamom seedlings and pests and diseases in 
cardamom nu rsen es (d t f 28 e llications) a a a re means 0 r I , 

Treatment Gemlina Weed Growth of seedlings Pest & disease control 

lion growth 
No. or Biomass Lear spot Gall Root 

(%) wet w1. I-leight 
index grubb (em) tillers wet wt . (g/ m') 

(g I pl ant) Inci- Seve-

denccb ritt 

S 54.77 24.0 38.8 1. 88 36.25 1. 9 0.5 0.9 7.2 

NS 43 .33 140A 35 .7 204 3508 20.2 8.6 1.0 13.5 

• Observations recorded 9 months after germinationb Percentage of seedlings affectetl. Disease 
severity. . . 
d Gall index based on a scale of 0 -10, 0 - no galling and 10 - maxtmum galltt1g. 

Table 3-Effect of biocontrol agents and plant protection chemica ls alone and in combination 
d . with soil solal'lzahon 111 cal' amom nursenes 

Total biomass Std. Rhizome Root Root knot 
(g I plant) seedlings· rot grub nematode 

Treatment (%) incidence damage Final 
(%) populationb +: 

Trichoderma spp. 42.99 52.63 26A4 1.87 2.2 15 

P. liIacil/lls 54. 14 51.32 28A9 2.00 2.007 

Tricho. + P.lilacilllls 51.67 54.59 27.6 1 1.83 1.709 

Phorate 47 .16 5 1. 17 30.35 OA6 1.967 

Copper oxychloride 40.66 52.77 30.58 1.96 2. 380 

Phorate + copper ox)'. 45 .68 52. 10 27A9 0.2 1 1.768 

Check 43 .29 46. 11 42A7 204 2.593 

LSD 0.0> 8.69 3.73 3.96 0 .775 OAO I 

NS - Not solarized, S - Solarized. • Transformed data .• Based on a 0-5 scale. b Nematode population 
per g rooL 
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2 EVOLVING A DI SEASE INDEX FOR PHYTOPHTHORA / NEMATODE 
INDUCED DAMAGE IN BLACK PEPPER 

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

Objectives 

To evolve an indexing technique for quantifying 
the severity of disease on Phylophthora / 
Nemntode affected black pepper. 

Technica l Programmc 

I. Seleclion of a large sample of black pepper 
vines in the hot-spot areas of Calicut, Wynad 
and Idukk), and labeling them serially. 

2. Monitoring Ule wines for recording the disease 
scores by allocating scores from '0' to '4' 
depending on the percentage of 
foliage affected. 

3. Soil and root sampling for assessing the 
inoculum load of Phytophthora and 
Nemdtodes . 

the visual symptoms of Foliar Yellowing (FY), 
Defoli ation (OF), Foli ar Infection (Fl), and 
Collar Infection(Cl) wcre recorded for the three 
locations of Pemvannamuzhi fann at Ca lieut 
district, Kuppady plantat ions in Wynad district 
and in II farmers' plot at Nedumkandam in 
Idukki district. The incidence of disease in these 
gardens were severe and vines of all stages of the 
disease wcre present for observation. In order to 
study the relationship between the symptom 
expressions and the root damage in the vines, the 
dala generated by a pot culiure study conducted · 
by the Pathology Section of National Research 
Centre for Spiccs were utilized. The growth 
parametcrs like, Height (HL), No. of nodes (N), 
Root Volume (RV), Root Weight (RW) and 
Shoot Wcight (SW) were recorded. The vines 
which were inoculated with the pathogen, were 
also scored from '0' to '3 ' visually, depending on 
the exprcssion of foliar yellowing and root rotting 
as Foliar Index (FI) and Root Index (RI) . 

4. Statistical ana lys is of data and preparation of Results and discussion 
repot!. 

Material and mcthods 

The stuHy was carried out in thrce locations, viz. 
Calicu!, Wynad and Idukki . A large sample of 
1500 I' ines in the disease affected gardens in 
these districts were selected and monitored for 
thrcc years during 199 1 to 1993. During the first 
year of the study, the frequencies of incidence of 
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For idcntifying the predominant symptoms in 
foot rot/ncmatode infectcd black pepper vines, a 
sample of 1,000 vincs were scored for various 
symptom expresstons VIZ., Yellowing, 
Defoliation, Foliar infection and Collar infection. 
Scores from '0' to '4' were allocated for 
'healUl)", ' I to 25%' , ' 26 to 50%', '5 1 to 75%' 
and ' above 75%' of the foliage affected, 
respectively (Tab le I.). 
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Table L Percentage Incidence of various symptoms in foot rotl nematode affected Black 

pepper ga rdens 

Score Yellowing Defoliation Foliar Coll ar infection 

0 4 1.0 36.7 

I 42.4 3\3 

2 13.1 22.6 

3 33 8.0 

4 0.2 1.4 

The correlations between these scores were also 
worked out to study whether there is any 
interrelationship between these symptoms .. In 
general, defoliation had sigmlicant posillve 
correlation with yellowing, fohar mfectlon and 
collar infection. 

The data from the pot culture experiment 
revealed that there exists a signilicant positive 

97.7 
1.9 
0.3 
0.0 
0.2 

92.6 
6.8 
0.6 
0.2 
0.0 

correlation betwecn root rot index (RI) and foli ar 
yellowing index (FI) while these. indices have 
signilicant negative correlatIOns with the growth 
parameters viz., Height (Ht), Root Volume (RV), 
Shoot Weight (SW) and Root Weight (R W) 
(Table-2) . The percentage distribution of these 
vines in relation to these indices were worked out 
and arc given in Table-3. 

Table-2. Correlations between Root Index (RI). Foliar index <1'1) and Growth factors 

Factor Rl FI 

RI 
FI 0.5124 
Ht -0.4862 -03 178 

RV -0.720 I -0.4276 

SW -0.5 18 1 -0.35 18 

RW -0.6758 -0.4232 

--xIT1he correlations arc signlfl ant ( p<O.O I). 
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Ht 

0.6651 
0.8255 
0.6300 

RV 

0.7085 
0.9 108 

RW 

0.6962 
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Table 3 Percentage distribution of vines in relation to RI and 1'1 

Index 

o 
I 
2 
3 

It is seen from the table that, even though, only 
8.2% of the vines were free from the disease 
(root index = 0), 37.4% were apparently healthy 
(foliar index = 0), indicating that at the initial 
stages of infection at the roots, the vi ncs do not 
express any external symptoms. This is more 
apparent in the case of vincs with root rot index 
3. While 3 1.9% of the vines arc in the advanced 
stages of infection, only 3.5% of the vi nes arc 
showing advanced stages of foliar yellowing. 
Hence, it is evident that there is a timc lag 
between the root rot and its foli ar exprcssion as 
yellowing, leading to a delay in detecting the 
disease at the initial stages, which could be the 
reason for poor response of affectcd vines to 
control measures. 

From the frequencies of incidencc of the 
symptoms viz., foliar ycllowing (FY), defoliation 
(OF), foliar infcction (FI) and collar infection 
(CI), it was found that 59 and 64 percent of the 
vines showed mild to severe yellowing and 
defoliation, only 2.3 and 7.4 percent of the vines 
were showing foliar infection and collar infection 
respectively. Hence it was found that foliar 
yellowing and defoliation arc the more prominent 

Percentage of vines expressing symptoms on 
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Roots 

8.2 
25 .7 
34.2 
31.9 

Foliage 

37.4 
46.5 
12.6 
3.5 

and persistent symptoms which could be scored 
for worki ng out an index. Accordingly, scores 
from ' 0' to '4' were allocated for these two 
symptoms, dcpending on the pcrcentage of the 
foliage affected, say, the score ' 0' for healthy, ' I ' 
for diose vines showing up to 25% of the foliage 
affected, score ' 2' for 26 to 50%, ' 3' for 51 to 
75% and the scorc '4' for those vines having 
more than 75% of the foliagc affected, Scoring 
was done separately for yellowing and defoli ation 
for all the selected vines based on the above 
cr itcria. The frequencies of incidence of these 
scores wcre recorded for 8 rounds in different 
seasons and the average of these scores worked 
out with a view to gct the ratio of occurrence of 
these scores, The percent distribution of these 
scorcs wcrc obta ined and arc given in Table 
4.From the table it is seen that 48% of the vines 
were hav ing score' 0' for yellowing and 5 1 % 
were having score ' 0' for defoliation, This means 
dlat dle remaining 52 and 48 percent of the vines 
arc having the symptoms of yellowing and 
defoliation respectively indicating that a I: I ratio 
exists in the expressions of these symptoms in 
the affected vi nes. 
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Table-4. Percent distribution of different scores for FY and DF 

Score FY 

0 48.2 
34.6 

2 IDA 
3 1.7 
4 5. 1 

Further, the mean score for yellowing and 
defoliation works out to be 0.81 and 1.00 
respectively, which is also closer to the ratio I: I . 
Thus, giving equal weightage to these symptoms 
for obtaining a sin;ple index for the disease is 
justified. Integrating these two scores by taking 
the total of these scores and converting to 
percentage of the total of maximum possible 
scores for these two symptoms (4+4 = 8), wi" 
give a simple index for the disease. Thus, if 'y' 
stands for the score for yellowing and . d' for 
defoliation score, Olen the index' I ' for the vine is 
given by 

= Y +D x 100 
8 

Foot rot disease of black pepper, though, 
conventionally known as ' quick wilt' di sease, it 
was observed that once the feeder roots get 

-affected the process of decline onhe vines arc 
gradual and foliar symptoms express only aner a 
substantial portion of the feeder roots arc 
damaged. Sudden death of the vines occur only 
when the collar region of the vine is affected . 
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OF 

5 1.1 
20A 
13.6 
7. 1 
7.8 

Also, depending up on the root regenerat ion 
capacity of the vines and the favourable weather 
conditions, the remission of the symptoms are 
onen observed. 

Summary and conclusions 

For indexing the foot rot disease of black pepper, 
the visual symptoms of foli ar yellowing and 
defoliation arc scored separately from '0' to '4' 
depending on the percentage of the foliage 
affected. As Olese two symptoms are found to be 
the consequence of the feeder root damage and is 
directly related to the degree of damage occurred 
to the roots, the index derived by adding these 
scores and ,converting to percentage gives a 
realistic measure of the extend of damage caused 
to the vine. When the collar region of the vine is 
directly affected by the fungus, the death of the 
vine is fa ster and the symptoms of foliar 
yellowing and defoliation may not manifest on 
the foliage. However, the frequency of collar 
infection is only in 7% of the vines observed, 
while foliar yellowing and defoliation was found 
in about 50% of Ole vines in the affected gardens. 
Hcnce, the index was developed based on the 
prominent and more pers istent symptoms of 
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foliar yellowing and defoliation. Also these arc 
Ole two symptoms which can easily be visualized 

and assessed for allocating the score. 
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3 Studies on coccids infesting black pepper 
K M Abdulla Kaya and S Devasahayam 

Objectives 

The project nims nt identifying the vnrious 
species of eooccids (scnle insects nnd men ly 
bugs) infesting blnek pepper nnd studying the 
nnture of dmnnge, life cycle, sensonnl popul ntion, 
incidence of natural enemies and evolving 
suitnble control mensures against nwjor species. 

Technica l programme 

Survey for distribution of scale insects and 
mealy bugs in major blnek pepper areas 
Nature of damage and life eyele of sealc 
insects 
Seasonal population of natural enemies of 
scale insects 
Identification of natural enemies of scale 
insects 
Seasonal population of natural enemies of 
scale insects 
Evaluation of insect icides for the control of 
scale insects in the fi eld. 

Materials and methods 

I Distribution 

Surveys were conducted in 165 locations in 
Trivandnull , KOllayam, Ernakulnm, Palaghat, 
Malappura, Kozhikode, Wynad" Kannur and 
Kasaragod districts of Kerala: Kodagu, Uttara 
Kmmada and Shimoga districts in Karnatakn nnd 
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Kanyakumari . Salem and Nilgir is districts in 
Tamil nadu to study the di stribution of various 
spec ies of sca le insects (lnd mealy bugs in major 
black pepper areas. Three gardens were surveyed 
in each location and 15 \"innes wcre selected nl 

cneh, location and 25 Internls branches wcre 
obseryed criti cally too record the incidence of 
sca le insects and mealy bugs on them. The 
various species collected were iden tified by the 
International Inst itute of Entomology. United 
Kingdom. 

2 Nature of damage and life cycle 

i) Nature of dama ge 

The nature of damage caused by L. piperis nnd 
A. destructor was studied in detail. Infested 
leaves and laternl branches of rooted laterals in 
the green house and vincs in the fie ld were tagged 
and the progress of vnriolls symptoms was 
obscr:\'cd at regular intcrvn ls. 

ii) Life cycle 

The life cycle of L. piperis nnd A. destructor was 
studied in the green house. portions of ifnested 
stems and leaves of black pepper were collected 
from tllC_field and 'cli pped on' to leaves of 
healthy rooted laterals rai sed in pots and the 
emerging crawlers were allowed to settle 0 11 

them. The progress in development of settlers 
was observed under a steromi crseope at daily 
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intervil ls to determine the duration of varioliS 
stages and life eyele. 

3 Seasonal population 

The seasonal population of 1.. p;per;s and A. 
destrllc /or wns recorded at monthly itncrvn ls at 
Ka lpetta (Wynad dis!. Kerala). Infested leaf 
samples were collected from vi nes (var. 
Pmll1nkyur- l) and brought to the laboratory. The 
number of crawlers and sca les present on them 
was eOllsntcd under a stereomi crsseope in three I 
x I cm areas from the distal. middle and basa l 
portions of each lea f. 

4 I denti licat ion of natural enemies 

Natural enemies of scale insects and mealy bugs 
were collected from the field during the survey 
for the incidence of ti,e pest in vnrious areas. The 
predatory, parasitic ncti\'ily of the natural 
enemies was confirmed in the laboratOlY. The 
natural enemies were identified by the 
Internat ional Institute of Entomology. united 
Kingdom. 

5 Seasonal population of natural enemies 

The scnsonal populatiion or import ant natural 
enemies of L. piperis and A destrlletor was 
recorded at monthly interya ls at Kalpetta . Leaf 
samples isnfested with scalc insects were 
collected from vines (var. Panniyur-I) and 
brought to thc laboratory for re3eording the 
natural enemies. The number of sca les 
pnrasitiscd by 1!: IOI/.\'hIllY; was recorded in three 
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I x I em areas forom the di stal , middle and basal 
portions of the leaf. The number ofl arvael adults 
of C. eireumdatus and Pseodoseymnus sp. was 
recorded frosm each sampled leaf. 

6 Control 

Six insecticides vrz. monoerotophos, 
phosphamidon, dimethate, dieh lorvos, methyl 
parat hion and malath ion (0. I % each) were 
evaluated in the fie ld for the control of 1.. 
piper;.\'. The tri" ls were laid out in a 15 year old 
black pepper (el'. Kariinllmda) plantation at 
Kuppadi (Wynad di strict). A radomised block 
design was adopted and each treatment wns 
repl icated four times. The insecticides were 
sprayed twice at 30 days interva l wi th a rocker 
sprayer to nlll off level aller harvest of the crop 
during early Febnrmy An untreated control was 
also ma intained. the population of life selae 
insects was detenn inned 15 and 30 days aller the 
first spray and 15 days aller the second spray by 
smnpling stem portions of laterals from various 
treatments. The trials were conducted for two 
years consecutively and the data were subjected 
to pooled analysis. 

Results and discuss ion 

Distribution 

Eleven species of sca le insects and 5 species of 
mea ly bugs were observed to innfest black 
pepper II oflhem being first records ont he crop. 
Among the various species Lepdiosapahes pipers 
and Aspidiotus destructor Sign. were more 
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common and serious. Infestations of L. piperi s 
were relatively higher at Trivandrum, Idukki , 
Wynad, Kodagu and Niligiris districts. A. 
destructor was smore serious at Idukki, Wynad, 
Kodagu, North Kanara, Shimoga, Salem and 
Nilgiris districts). L. piperis was also common 
on older rooted cUllings and laterals inn 
nurseries. The incidcnce of both the spccics was 
more serious at higher al titudes. 

Nature of damage 

L. piperis infested main stems (in YOlmger vines) 
stems of lateral branches, ' mature leaves and 
berries. the pest infestation resulted in chlorotic 
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patches, yellowing ruld drying of leaves. younger 
vines succumbed Uo the pest auack during the 
course of2-3 syears . On older vines, the ifested 
lateral branches wislted and dried. A destructor 
generally ifnested leaves and rarely stems of 
lateral branches and bcrries. The pest infestation 
resulted in chlorotic patches on leavcs and their 
subsequent ycllowing. The other spccies of scalc 
insects rcsu ltcd in localised nccrotic patches on 
leaves. the mealy bugs generally infcstcd tcnder 
shoots and leavcs; howcvcr, infestation by 
Plannococcus sp. was also observed at the basal 
portions of stcms ncar the root zone and the 
roots. 

4 Studies on effect of organic nutrition and secondary nutrients on establishment. growth and 
yield of black pepper 

K Kandiannan, K Sivaraman •. C K Thankamani, M Anandaraj and K V Ramana 

This observational trial was started during. With 
the objective to study the effect of organics and 
secondary nutrients on reducing the yellowing 
and defoliation of black pepper. 

Materials and methods 

There were sixteen treatments formulated by 
combining fo llowing eight components, apart 
from maintainign control as normal 
reconmlended practice. These seventeen 
treatments ere imposed on each two healthy and 
diseased vines of Karimunda variety trailed on 
concrete posts. 
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Treatments 

I. PO 
2. PI 

3. MI 

4. M2 

5. Cao 
6. Cal 
7. Mgo 

No plant protection 
Plant protection (30 g 
phoratclvine + Ridomi l 
0.25% 5-10 litres/vine 
(spray + 
drenching/year) 
Orgrulic manure - 30 kg 
cow dung/vine/year 
Inorganic fertilizer 
(l0040: 140 g N, 
P205, K20 / vinci year 
No calcium 
900 g Calvinclyear 
No magnesium 
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8. Mg l 300 g Mg/vinc/year 

Technical programme 

• Yellowing ruld defoliation index were worked 

Results (Table I) and summary 

out as pcr the method evolved by Jose 
Abraham et al (1994) . 

• Appropriate leaf ruld soil samples wcre drawn 
and analysed for major and secondary 
nutrients as per the standard procedures 

Table I Effect of secondary nutrients and organic malter yellowing and defoliation of black pepper 

Healthy Disease 

°l'rcalments Yellowing Derolia tion Yellowing Defoliation 

Initial f-in tl l Initial Final Initial Final Initial Final 

PO MI CoO MgO as 1.5 1.0 1.5 0.5 1.0 2.5 2.5 
POM I CaOMg I 1.0 0.0 1.0 1.0 1.0 0.5 3.0 3.0 
POM I Ca I MgO 1.0 0.5 1.0 0.5 0.5 0.5 3.5 3.0 
POM I Ca I Mg I 0.5 0.0 1.0 0.5 0.0 1.0 3.0 2.5 PO M2 CaO MgO 0.5 1.0 1.5 1.5 0.5 2.0 3.0 3.0 PO M2 CaO Mg I 0.5 0.0 1.5 1.0 0.5 1.0 3.0 2.5 POM2 Co I MgO 0.5 00 1.5 1.0 0.5 1.0 3.5 3.0 
PO M2 Ca I Mg I 0.5 00 1.0 00 0.0 0.0 3.0 3.0 
PI MI CaO MgO 0.0 0.5 1.0 1.0 1.0 1.0 3.0 3.0 
PI MI CaOMg I 1.0 0.5 1.0 as 1.0 0.5 3.5 3.0 
PI MI Ca I MgO 1.0 0.5 1.0 0.5 1.0 0.5 3.0 3.0 
PI MI Ca I Mg I 1.0 0.0 1.0 0.0 0.5 0.5 3.5 2.5 
PI M2 CaO MgO 1.0 0.5 1.0 1.0 0.5 1.0 1.0 2.0 
PI M2CaOMg I 0.5 00 1.0 0.5 0.5 2.5 3.5 3.0 
PI M2 Ca I MgO 1.0 0.5 1.5 1.0 0.5 2.5 4.0 4.0 
PI M2 Ca I Mg I 1.0 0.0 1.0 00 1.0 2.5 3.5 3.0 

Scale : 0 = No yellowing / defoliation ; I = up to 25 % . 2 = 26 - 50 % . 3 = 5 1 - 75 0/. 
4 = 76-100% ,,0 
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PO 
M2 
Mg O 

= No Plant Protection: PI = Plant Protection : M I = Organic manu ring : 
= Inorganic Nutrient : Ca 0 = No Calcium : Ca I = Ca lci um 
= No Magnesium : Mg 1= Mg I = Magnesium 

Combined application or organi c or inorganic 
nutrition along with ctllciulll . IlHlgncsiulll and 
plant protcction improved thc gro\\th 0 1' 

hcnlthy vines 
2 The yellowing and dcroliation inde~ remain 

unaltered even after imposing treatments in 
diseases vines. 

3 Nutrient content or health), vines wer higher 
than the di seased vines 

4 Death or vincs wcre noticed when there was 
higher yellowing and deroliation 

5 The reeder roots were less or absent in 
diseased vine compared to healthy ones 

G The npplicntion of either organics or inorganic 

along with cnlciulll . magnesiulll nnd pklllt 
protection im prm'es the grm'th or the "ine 
which begin to show ),e llowing and deroliation 
symptoms. 
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Mr. N Cho lurap!" , S5.Gr.! (Lab. Attender) 
M r. K K T hilllm. iah , 55.Gr.I (Watchm an) 

Budget (in Rs.) 

Item of expenditure 

Establishment 
TA 

Expenditure on Assets 
Contingent expenditure 

Total 

AI' Cess fund 
KYK 

Plan 

29,698 .00 
99,900.00 

113,80,231.00 
44,89,859.00 

159,99,688 .00 

1,90,501.00 
17,99,629.00 

Non-plan 

72,72, 140.00 
' 1,99,95 7. 00 
2,70,206.00 

22,31 ,679.00 

99,73,982.00 

LIBRARY 

Eighty seven new books, 155 bound volumes and 
30 reprints apart rr01l1 subscribing to 90 Indian 
and 58 roreign journals. 27 roreign and Indian 
jOllnutls were also received on grati s in addition 
to Annual Report s, Technical Rep0l1s and 
Newsletters rrom ICAR Institutes and 
Agricultural University (Total expenditure in 
Library RS.5.5 lakhs). 

Bibiliography on Spices is published regularly in 
Jounlal orSpiees and Aromatic Crops published 
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by the Indian Society ror Spices. 

Contcnt Page Service: Contents or pages or all 
the roreign journal s received in this Library were 
photocopied and sent to II SR, Regional centre, 
Appangala C" CI), month . The requests ror 
photocopies or articles rrolll the content pages 
wcre also providcd ror the lise or Scientists or the 
concemcd Institutes. Four isslles or Agri Science 
Tit Bits were compiled and distributed to various 
agencies involved 111 spices research 
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utilised the library facility available in the 
Research Centre. Interlibrary loan facilites wcre 
introduced in the Library. Annual Reports and 

other publications of the research centre were 
mailed to variolls organisations / Institutes . 

Dr. Hamdy M. Eisa 
Mr. T. C. Jain 
Dr. P. K. Iyengar 
Sri . W. Pongte 
Dr. Maxwell Noronah 
Dr. V .Krishnabhramam 
Mr. O.B. Okwudiri 
Sri . Amitabh Kant 
Dr. B.S. Basnet 
Sri . T.T. Dorji 
Dr. K. L. Chadha 
Dr. P. Rethinam 
Dr. R.S. Paroda 
Sml. Neela Gangadharan 
Dr. D.P. Singh 
Dr. C. R. Bhatia 
Dr. V. K. Vinayak 

IMPORTANT VISITORS 

World Bank, New Delhi 
World Bank, Ncw Delhi 
Chainnan, STEC, ThinJvananlhapuram 
Minister of Agriculture, Govl. of Arunachal Pradesh 
Bishop. Kozhikode 
Director, CEDT, Kozhikode 
National Root Crop Rcs. Insl. , Nigcria 
Disl.Colicctor, Kozhikode 
Director (Agri.), Gangtok, Sikkim 
Secretary (Agri .), Gangtok, Sikkim 
DDG (Hort.), ICAR, New Delhi 
ADG (PC),ICAR, New Delhi 
Dircctor General , ICAR, New Delhi 
Secretary,(Agri.), Govl. of Kerala, Thiruvananthapuram 
ADG (Crop Science), ICAR, New Delhi 
Secretary, DBT, New Delhi 
Advisor, DBT, New Delhi 
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Rainfall data of Peruvannamuzhi \994-95 

Month 

Apri l 1994 
May 
June 
July 

August 
September 

Octobcr 
November 
Decembcr 

January 1995 
FcbnlUl), 

March 
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Rainfa ll (mm) 

242.0 
155.5 

1369.0 
1616.8 
796.7 
337.0 
578.0 
153.0 

9.0 
34.0 
8.0 

Rainy days 

12 
10 
29 
31 
28 
17 
23 
II 

I 
3 
I 

• 


