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PREFACE

I am happy to present the Annual Report of [ndian institute of Spices Research for the year 2008-09. 1 am
proud to place on record the taunch of outreach programme on wilt diseases aftecting crops with an outlay of
Rs 19.65 crores with IISR as the lead centre with 20 centres spread all over the country for research on
Phytophthora, Fusarium and Ralsionia. The institute enriched its germplasm on all the mandate craps with
two more accessions having been registered with NBPGR. The PPV & FR Authonty has finalized the DUS
guidelines and is in the process of getiing it cleared threugh a gazette notification. Surveys conducted revealed
the incidence of Erythring gall wasp in al} the areas where Erveiiring spp is being used as standard for trailing
black pepper vines. Microsatellite markers were developed lor the characterization of Curcima species.
Biosurfactants from potential endophytic bacteria showed biocidal activity against Phvtophihora and Pythium
spp. lirigation during summer months at fortnight intervals and targeted application of nulrients based on soil
test resulls increased the yield in black pepper. Ginger when dried with and without peeling has shown no
variation i oi} and oleoresin contents. Turmeric samples stored under controtled atmosphere showed no varation

in oleoresin and curcumin contents besides being free from insect attack.

The achievements made were published as research papers and use ol information technology has helped in
updating our research capabilities. Front Jine demonstrations on black pepper have been laid out with the
' varieties and technologies developed by the institute. The impact of various technologies developed by the

institute 1s also being studied. Besides, KVK conducts training programmes based an the farmers’ needs.

I consider 1l as my privilege to place on record the encouragement and support given by Dr. Mangala Rai,
Director General. ICAR. But for the strong encouragement and guidance we received from Dr. H.P. Singh,
Deputy Director General (Horticulture) we would not have made such achievements. e was a source of
strenrgth for us. We are also grateful to Dr. Umesh Srivastava, ADG (Hort, 11) for all the support he gave (o us.
I'am equally thankful to the Chairman and members of Research Advisory Commitiee for their suggestions and
fine tuning our research programmes. [ appreciate the efforts taken by all the staff of this institute for their

united support in tunning ouwr programmes for the welfare of farmers, 1 appreciate the editors for having

compiled and hrought out this Annual Report.
\Q \I
-

Calicut V.A. Parthasarathy
‘ Date: 0] September 2009 Director

* & Indian Instiiute of Spices Research
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Genetic resources ‘
Two thousand five hundred and seventy five

accessions (1266 wild accessions, 1300 local cultivars
and pine exotic accessions) are maintained in the black
pepper germplasm conservatory. An alFernate
germplasm conservalory for wild Piper accessions has
been established at CRC, Appangala with 238
accessions in the fieid gene bank. Survey was
conducted for collecting germplasm from Charmadi,
Mudigere, Khalsa and Kudremukh forests and
collected 32 Piper accessions. Bush peppers of
important local cultivars and wild relatives were
developed and planted at TISR, Caficut. Herbarium
specimens of black pepper accessions were prepared
and preserved in the phenomics fachity developed for

Piper.

Registration of germplasm accessions
Twa accessions were registered with NBPGR for their
unigue characters. They are:

1. INGR 8099- Piper thomsonii (1C- 398863) -
for its unique character for sex change (from
male to bisexual plant).

2, INGR 8104 Piper nigrum (IC- 563950) — A
novel spike variant with proliferating spikes.

Water use
An experiment conducted in a planter’s field at
Madikeri revealed that irrigating pepper vines once in

2 fartnight from March to May months @ 50 litres/
vine can enhance pepper yields substantially. The mean
dry yield obtained was 6.8 kg/vine in irrigation treatment
against 3.25 ke/vine under rainfed condition.

Intercropping

AMONg various crops tried for a period of three years
€rops such as ginger (Varada), tapioca (Sreejaya),
Gok'.us (Nidhi), amorphophallus {Gajendran) and hybrid
napier (Co-3) were tound suitable for intercropping in
hlack Pepper gardens of more than 15 years old.

Nutrient requirement for targeted yield

In black Pepper 5, 7.5 and 10 kg dry yield/ vine was
Ial:geted and fertilizer doses for the same based on
r‘:m! ﬁ’:rtﬂity was calculated and imposed in two splits
M Mrigarajendrs csiare, Madapur, Madikeri. The yield
Wirgets could be achicyed with minimum deviation from

Indlan Il!Stf:flIfP ff,lf.s.f.l.'r'r'\ Research
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the targets. The recorded yield levels were 5.5, 7.3
and 8.2 kg/vine in the targets of 5, 7.5 and 10 kg/vine,
with a deviation of +11%, -2.2% and -18.0%
respectively. The yield increase as compared to the
control was 39-104%:.

Soil fertility management by cover crops
Nutrient addition by cover crops viz., cowpea and horse
gram for three seasons from September to May was
estimated in the black pepper plantation. The crop
sequence with cowpea alone could add 95.04, 5.81,
27.46, 24.29, 3.96 kg N, P, K, Ca, Mg, per ha,
respectively, whereas, a sequence with horse gram
alone could contribute 26.08, 2.36, 15.90,7.58,2.48 kg
of N, P, K, Ca, Mg, per ha, respectively. A sequence
with cowpea followed by horse gram or vice-versa
could contribute less than the sequence with cowpea
alone.

Locational effect on constituents of essential oil
of cultivars

Germacrene DD and elemol were found to be the major
constituents of leat oil of black pepper cultivars from
TISR Experimental Farm, Peruvannamuzhi, Calicut and
from Pepper Research Station (PRS), Panniyur. 3-
caryophyllene was high in berries at both locations and
it showed more variability in berries compared to leaf
samples. The concentration of 3-caryophyliene in leaf
01l varied from 2.03 to 8.47% and that of germacrene
D from 4.08 to 44.2%. Highest germacrene D content
was found in Panniyur-3 followed by Panniyur-2,
Panpiyur-6 and Pannjiyur-7. Another major constituent
in the leaf oil of many cultivars was elemol and its
concentration varied from 2.37 to 55.2%. Highest
concentration of elemol was found in Vatarmunda
followed by Neelamundi and Angamalt.

Controlled atmospheric storage and guality
Black pepper samples stored with a moisture content
of 10% under controlled atmosphere (90% nitrogen +
10% oxygen) for 480 days did not show significant
variation in essential oil, oleoresin and piperine contents
compared to controf.

Phytophthora resistance

Open pollinated progeny of IISR Shakthi (04- P24 -1)

continued to show resistance to root infection by P
capsici with repeated inoculations. Out of 155 hybrids,
68 cultivars and 13000 seedling progenies screened,
three op progenies viz., HP 1533(2), HP 1533(3) and

f
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04-P24-1; four hybrids, HP 449, HP 490, HP 521, HP
1375 and one cultivar C 1530 were found moderately
resistant. The promising lines showing moderately
resistantl reaction towards £ capsici are under field
evaluation, Among the eight wild accessions screened
against P. capsici, R. similis and M. incognita,
accession 3362 (P ornatum}) showed resistance
towards Phytophthora and also towards both the
nematodes.

Phiytophthora management

Biological control: Endophytic and rhizospheric
biocontrol agents viz., Bp 35. Bp 25, Bp 17, TC 10,
[ISR %53 and IISR 6 are being evaluated in an
integrated management trial under field conditions
against P capsici, R. similis and M. incognita. The
observations on six month old plants indjcated that the
treatments TC 10 + metalaxyl-mz and [ISR 853 +
metalaxyl-mz are promising.

Evaluation of new chemicals against
Phytophthora: New chemicals such as benzoic acid,
salicylic acid (a.i. from Chromualaena odorara),
potassium bicarbonate, captanhexaconazole and
carbendazim mancozeb were tested in vitro against
P. capsici. Captanhexaconazole was found to be
completely inhibitory at 50 ppm. Benzoic acid and
salicylic acid were inhibitory at 100 and 200 ppm

respectively. Minimum inbibitory concentration for

potassium bicarbonate and carbendazim mancozeb
were [000 ppm and 500 ppm, respectively.

Management of anthracnose disease

In the disease management trial with combination of

fungicides {1% Bordeaux mixture, hexaconazole.
carbendazim. potassium phosphonate, mancozeb) and
biocontrol agents (Trichoderma harzianum and
Pseudomonas fluorescens) conducted in hot spots
of anthracnose and spike shedding under coffee + black
pepper cropping system, the treatment with basal
application of T. harzianum and aerial spray with 1%

Bordeaus mixture was superior, No foot rot incidence

was noticed in this treatment compared o 22.6 %

mortality in untreated control. This treatment

effectively reduced foot rotincidence also. Under field
conditions, the anthracnose pathogen survived beyond
8 months in the infected debris,

Management of diseases in black pepper nursery
An experiment was conducted with solarized potting
mixture. having 12 different treatments including control
viz., COC 0.2% + phorate. carbendazim 0.2% +
phorate, metalaxyl-mz G.125% + phorate. potassium
phosphonate 0.3% + phorale, carbendazim-me 0.25%

+ phorate, mancozeb 0.25% + phorate, T. harzianium
+ phorate, 1ISR 853, Paecilomvees {ilacinus,
Pochonia chlamvdosporia, 1ISR 6 and control
(potting mixture alone) to study their efficacy in
controlling nursery diseases. No Phytophthora
infection could be neticed in any of the treatments or
control where the moisture content of soil in the poly
bag was less than 10%.

Establishment of virus-free mother vines of black
pepper

PCR technique was used to identify virus-free nucleus
materials of all released varieties of black pepper. They
are being maintained under insect proof conditions and
used for further multiplication in nurseries.

Transformation of bluck pepper with viral
constructls

PYMoV ORF IIT construct containing 409 bp region
in sense and antisense orientation and CMV coat
protein gene construct in sense orientation were used
for Agrobacterium mediated transformation of
different explants like leaf, internode and petiole. Callus
formed readily from leaf, internede and petiole within
30 days when they were cultured both on SH and MS
media supplemented with BAP. NAA and TDZ. Types
of callus observed in different phytohormone
combinations were friable creamish, white powdery
and hard callus (both green and creamy).

Seed transmission of Piper vellow motile viruy
(PYMaoV) in black pepper

Symptomatology and PCR tesls of seedlings showed
the existence of seed transmission of PYMoV in black

pepper.

Sereening of Piper germplasm against Piper
vellow moitle virus (PYMoV)

All the 481 accessions of Piper screened against
PYMoV showed susceptible reaction.

Field screening for pollu beetle (Longitarsus
nigripenniy) resistance

Black pepper germplasm accessions (113 cultivary and
72 hybrids) were screened for resistance to pollu
beetle. Among the cultivars, Acc. No. 35 recorded the
highest berry damage (36.5%), followed by Acc. No.
88 (34.5%). The lowest damage was on Acc. No. 1636
(1.75%). tollowed by Acc. No. 1423 (2.74%). Among
the hybrids the damage was highest on Acc. No. 861
(44.49). followed by Acc. No. 1471 (41.5%). The
lowest damage was recorded on Acc. No. 1388
(4.49%). followed by Acc. No. 1726 (5.74%).
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Incidence of Ervthrina gall wasp (Unadrastichus
ervthrinae

Su.lrw.yﬁ conducted in 276 black pepper (Piper
nigrum) gardens in 13 taluks 1in 4 districts (Tdukki,
Kozhikode. Kannur and Wayanad) in Kerala and 3
taluks in 1 district (Kodagu) in Karnataka. during April
to July 2008, on the incidence of Eryrhrina gall wasp
(Quadrmn'e‘ims erythrinae). on Ervthrina spp., used
as standards for trailing black pepper vines indicated
that gall wasp incidence was observed in all the
locations surveyed and the percentage of trees infested
by the pest was significantly higher in Wayanad District
(59.6% | that was on par with Idukki (53.4%), Kodagu
(51.8% ) and Kannur (39.1%) districts. The percentage
of twigs infested by the pest was also significantly
higher in Wayanad District (39.7%) that was on par
with Tdukki (35.5%), Kodagu (33.4%) and Kozhikode
(31.6%) districts. The severity of incidence varied on
various spectes / types of Erythrinag and was
significantly higher in £. variegara (white-thorn type)
wherein a mean of 91.8% trees and 66.8% twigs were
infested by the pest. The surveys indicated that
infestation of Erythring spp. by the gall wasp has
bectime one of the major constraints in black pepper
production in Kerala and Karnataka, in recent years.

Phenyl propanoids in nematode resistance
Activities of phenylalanine ammonia lyase (PAL}Y and
caffeic acid-O-methyltransferase (COMT) increased
i roots and leaves of susceptible black pepper varicty
{IISR Sreekara) on infection with Radopholus similis
indicating the role of phenyl propanoids in btack pepper
- nematode interactions.

Sequence similarity
Sequencing of the polymorphic 650 bp fragment cloned
from nematode tolerant accession HP 39 of black
pepper showed maximum similarity to acetyl-CoA
carboxylase and not to any genes attributed for
nematode resistance.

Genelic resources

Filly accessions were characterized during the year
thus making total number characterized so far to 350.
A lotal of 442 accessions have been maintained in the
€t sify gene bank at Cardamom Research Centre,
Appungala (Malabar 278, Mysore 73. Vazhukka 63
and others 28).

Evaluation of hybrids

Evaluation of hybrids under PET ) and PET 2 during
2008-09, led to the identification of the following hybrids

Indicn Trestirnti il Spices Research
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viz, CCS-1 x RR-1.RR-1 x CCS-1, MB-5 x GG, ASH,
NKE 19 x GG, GG x NKE 19. In MLT trials, SAM,
CP-4 and NHY- 10 performed better compared to
others.

Drought tolerance

Evaluation of four eross combinations of cardamom
(hybrids and selfed seedlings) (or drought tolerance in
field revealed that Green Gold and its cross
combinations were better in termns of growth and yield
characters under stress compared to other crosses.
893 x RR1, GG x RR1, CCS| x GG, GG x 893 and
CCS1 x GG took more time to fold Jeaves (leaf rolling)
under open light than other crosses,

Quality evaluation

Sixty two accessions of cardamom, including 5 hybrids
were analyzed for seed content, essential oil yield and
essential oil composition. The cardamom capsules
contained 55- 82% seeds and 4.0-6.5% essential oil.
The accession nos. VA-1, MA-18, IC 391657, IC
547147, 1C 547144, 1C 349052, 1C 349633, IC 547153
and 1C 547220 recorded 66-74% seed content and
6.5% essential oil yield. The major constituents of the
oil, viz., 1. 8-cineole varied from 22 to 40% and o-
terpenyl acetate from 32 to 47%. The accession
numbers, GG x NKE 12, NKE 19, OP27, MA 29, IC
547147, 1C 547154 and 1C 547144 were jdentified as
1, 8-cineole rich accessions (>335%) and PC. CP-4,
NKE 12 x GG, NKE 19 x GG, GG x NKE 19 and GG
suckers were rich in o-terpenyl acelate (>45%).

Soil gquality

Soil samples collected from various cardamom based
cropping systems viza cardamom + nutmeg, cardamom
+ allspice, cardamom + cinnamon, cardamoin alone,
cardamom + coffee and cardamom + arecanut were
analyzed for various soil quality parameters. The results
revealed that the component crops had little influence
on the various physico-chemical and biochemical
parameters studied. Soil pH varied between 4.8-5.2
and organic C between 1.9- 2.7%. Available N levels
ranged between 121- 148 mg/kg, Bray P between 21-
41 mg/kg, and avaifable K between 212-338 mg/kg.
Among the micronutrients, DTPA Zn was low at all
the sites (0.72-1.04 mg/kg).

Karte virus purification and detection

Eighteen Katize 150lates were collected from Karnataka
and Kerala states and established under insect proof
glass house conditions. Protocol for purifying the causal
virus {Macluravirus) of Kaite/mosaic disease of
cardamom has been standardized. Protocols for RNA
isolation for detecting Macluravirus by RT-PCR from
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the leaves obtained from Karte affected cardamom
plants has been standardized.

Screening for resistance to diseases

Fifty eight cardamem accessions were screened for
leaf blight. thizome rot and leaf blotch resistance under
natural field conditions. Based on their reaction towards
leaf blight and rhizome rot diseases. the accessions
were categonzed into different groups by combining
the information obtained from two consecutive years
ie.. 2007 and 2008. None of the accessions were
found highly resistant to leaf blight disease. However,
1C- 349646 was found to be resistant to this discase
with an average leaf blight incidence of 20%. Twenty
three accessions exhibited highly resistant reaction to
rhizome rot disease.

Turmeric

Genetic resources

Thirty four turmeric accessions were added to the
germplasm repository during 2008-09, thus raising the
total germplasm collections to 1026,

Development of microsatellite markers and
characterization of Curcuma species

A total of 140 microsatellites containing genomic DNA
fragments were i1solated from turmeric (Curcuma
longa LL.) adopting the selective hybridization method
with di and trinucleotide biotinylated probes. Expressed
sequence tags (EST's) of turmeric hosted in the NCBI
database were screened for type and frequency of
class T (hypervariable) simple sequence repeats
(SSR’s). Eight polymorphic primers were identified for
amplifying SSR containing ESTs. These primers were
also transferable to 13 different species of Curcuma.
The AL HPLC elution profiles of water soluble rhizome
proteins of thirteen Curcuma species on UPGMA
formed six major clusters with C. malabarica and C.
zedoaria showing maximum similarity. The biologically
active peptide turmerin isolated from all the 3 species
of Curcwna showed highest concentration in Curcuma
syivatica (320 mg/100 gim).

Phenology and dry matter distribution

Turmeric varieties viz., Prathibha, Alleppey Supreme,
Suguna, Prabha and Kedaram on an average took 23.5,
18.5,16.5, and 12.3 days for emergence and 98 4. 59.9,
56.7. and 48.5 days for producing first tiller under 30
April, 15 May, 30 May and 15 Fune planted crops.
respectively. The dry matter distribution among root.
rhizome, pseudo-stem and leafl was cstimated by
destructive sampling at fifth month after planting. On
an average twmeric varieties recorded 8.10%., 60.7%,

8.90% and 22.29% dry matter in root, rhizome:. pseudo-
stemn and leaf, respectively.

Controlled atmosphere storage and quality
Turmeric samples stored with a moisture conteng of
10% under controlled atmosphere (90% nitrogen +
10% oxygen) for 480 days showed minimal variation
in essential oil and no variation in oleoresin apg
curcumin contents compared to control. Samples storegd
under controlled atmosphere were totally {ree from
insect attack.

Influence of drying methods on quality
Turmeric varieties Prathibha and Alleppey were
processed with and without beotling. Later, these
samples were dried in hot air oven, reverse fliw drier
and sun dried and evaluated for oil, oleoresin and
curcumin. Processing with or without boiling or
different drying methods did not tead to variation in oil;
oleoresin and curcumin contents.

Rhizome rot

Management using Trichoderma: Twenty two
isolates of Trichoderma spp. isolated from the turmeric
rhizosphere were evaluated for their antagonistic
potential against £, aphanidermatum causing rhizome
rot of turmeric. Out of twenty two 1solates, s1x 1solates
showed mycelial inhibition of above 70% in vitro. The
highest inhibition by volatile metabolites was <hown
by CLT 118 (84.82%) and CLT 121(82.22%). The non
volatile metabolites produced by CLT [02 (37.75%),
CLT 107 (38.52%), CLT 110 (46.30%) and CLT 114
(42.22%) were comparatively effective againsi the
pathogen. CL.I' 114 from Bidar {Karnataka) and CLT
102 from Wayanad (Kerala) induced cytoplasmic
coagulation of the pathogen in dual culture.

Management using chemicals: Field trial conducted
during 2007-09 in turmeric fields at Settiputhur. near
Annur in Coimbatore District, Tamil Nadu, using
varieus chemicals to manage the disease indicated that
the disease s a serious threat to turmeric farmers in
the region. Out of ten treatinents. maximum disciase
reduction was observed with metalaxyl-mancozeb
(44.5%) followed by copper oxychloride (36.5 %)
when compared to control,

Molecular characterization of Pythinm isolates

The combination of universal primers [TS1 and [T54
were used (o characterize pathogenic Pythium 1s0laies
(collected from turmeric growing tracts of southern
districts of Kerala) which generated a 900 hp fragment
in PCR. The wmplified products were digested wilh
restriction enzymes Msp 1, Tag 1 and Afu [ for PCR-
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analysis. RFLP finger print data grouped the
il:llﬁ two main groups with 10% similarity.

w horer (Conogethes punctiferalis) .
pfasm screening: Turmeric accessions (913
) were field screened against the shoot borer. The
xi ﬁm shoot damage (80%) was ohserved on

o and 88 ‘essi Accs.
H*Ep@.ssmns 345, 525 and 882. Twelve accessions (
@5, 444, 455, 692, 718, 880, 888, 897,917, 981

d 695) recorded 755 shoot damage on them. Forty
four yecessions remained free from the shoot borer

attack.

Natural enenies: [T natural enemies of shoot borer
(Conogethes punctiferalis) infesting turmeric were
documented. The natural enemies documented during
the crop season included Apanteles wragamme (1),
an un-identified hy menopterous parasitoid and earwigs.

Management: Four insecticides (malathion 0.1%,
carbosulfan 0.075% , imidaclopnid 0.0125%, and lamda
gyhalothrin 0.0125%) that were promising in the
gféesﬁouse were evaluated in the field at
Peruvannamuzhi for their efficacy in the manageinent
of the shoot borer. The insecticides were sprayed at
21-day intervals during July to November and the
wncidence of infesied shoots was recorded at crop
maturity during December. The trials indicated that all
the insecticides except imidacloprid (0.0125%) were
promising in reducing the percentage of shoots infested
by the shoot borer.

Genetic resources

Six hundred and eighty accessions of ginger are being
maintained in field sermplasm conservatory. Twenty
accessions were acdded to the germplasm repository
durizig 2008-09.

G!i'mplasm evaluation

wue selected cxatic (Nepal) accessions along with
eheck IISR Varada were evaluated for morphological
and. li"lel_d characters. Tillers/clump and rhizome vield
varied significanily among the accessions. Maximum
yield per clump was recorded in Acc. 578 with 9.82
kg.“EmI which was on par with check (9.63 kg/3m?).
Evaluation of 13 high oil ginger accessions for
EI?""F‘t.“)l(’gical and yield characters revealed highest
Yield in Acc. 162 f[lowed by Acc. 217 and Ace. 209,

Yield varied from 526 10 8.74 kg/3m’ bed in these
accessions.

R ETSiU_" with high pollen fertility
Collection with high pollen fertility was identified from
EtMplasm of yinger by pollen fertility screening
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through stainability as well as in vitro germination.
Ginger Acc. No. 195 showed mean pollen fertility of
67.73% by glycero-carmine staining and 60.31% by
in vitro germination. Pollen germination was observed
on stigmatic surface also on self pollination. The
genotype is suitable for future studies on induction of
seed set 1n ginger.

Phenology and dry matter distribution

Ginger varieties viz.. Rejatha, Mahima, Himachal,
Varada and Maran took on an average 30.9, 25.3,25.7
and 23.9 days for emergence and 74.8, 46 .8, 46.4 and
42.6 days for producing first tiller under 30 April, 15
May, 30 May and 15 June planted crops, respectively.
The dry matter distribution {estimated by destructive
sampling at fifth month after planting) indicated on an
average 12.35%, 65.34%, 7.69% and 14.61% dry
matter in root, rhizome, pseudo-stem and leaf,
respectively.

Essential oil composition of fresh and dry ginger
rhizomes

Comparison of essential oil constituents of fresh and
dry ginger rhizomes indicated that fresh rhizomes
contained higher level of monoterpenes namely, Z-citral
and E-citral whereas the dry rhizomes were
predominated by the sesquiterpene hydrocarbons
namely, zingiberene, farnesene and sesquipheliandrene.

Drying methods and quality

Ginger variely Varada, was dried with and without
peeling in hot air oven, reverse flow drier and sun dried
and evaluated for oil, oleoresin and gingerol contents.
No variation was observed in oil and oleoresin contents
between peeled and unpeeled samples but unpeeled
samples took more time for drying.

Shoot borer (Conogethes punctiferalis)
Germplasm screening: Four hundred and ninety two
accessions of ginger were screened in the field against
the shoot borer (Conogethes punctiferalis). The
accessions were rated for their resistance/susceptibility
and 49, 251, 130 and 62 accessions were rated as
resistant, moderately resistant, susceptible and highly
susceptible, respectively to the pest.

Life cycle studies: The life cycle of the shoot borer
was studied on 3 resistant accessions (Acc. Nos. 31,
247,409,430 and 631), 6 highly susceptible accessions
(Acc. Nos. 17, 43, 70, 190, 191 and 514) and one
susceptible cultivar (Varada). In the resistant, highly
susceptible and susceptible accessions, the pupal
period vared from 6-21, 7-11 and 8-9 days respectively.
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The adult longevity was 2-3, 2-4 and 3 days on resistant,
highly susceptible and susceptible accessions
respectively.

Genetic resources

Five collections (rwo from YSPUHF, Solan, Himachal
Pradesh, two from Kerala and one from Tam! Nadu)
were added to the germplasm. Fifty four germplasm
accessions including 21 Bydagi collections and six
exotic collections were raised and multiplied. Twenty

seven new germpfasm accessions were purified by
single plant selection and by selfing.

Characterization of germplasm

Morphological and guality characterization of
germplasm accessions revealed maximum varability
in fruit weight (31.26% CV) followed by yield per plant
{30.88% CV). Least variability (3.34% CV) was
recorded for pericarp thickness.

Colour and pungency

Among the indigenous germplasm accessions, I[CBD-
11 ICBD-23 and ICBD- 10 registered the highest colour
value of above 300 ASTA units. In case of exotic lines,
high colour value was recorded in EC-71, EC-6, EC-
490 and EC-18. The capsaicin content among
germplasm accessions varied from 0.0081 10 0.513 %.
Overall, the lines ICBD-10, Kt-pl-19 and EC-18 were
found promising with bigh colour value and low
pungency.

Vanilla

Flowering in Vanillo tahitensis

Vanilia tahitensis, the second commercially important
species of vamilia after V. planifolia flowered at [ISR
Farm, Peruvannamuzhi, for the furst time, after 4 years
of growth. The flowering occurred in two phases unlike
in V. planifolia. The first phase started in the month
of September and ended by October. Second phuse
started in the month of February and ended in March.

Detection of viruses
RT-PCR based method was developed for the
detection of all the four viruses {Bean common
mosaic virus, Bean vellow mosaic virus, Cucumber
mosaic virus and Cvmbidium mosaic virus) known
to infect vanilla in India.

Tree Spices

Mutmeg

Evaluation of progenies
In the progeny evaluation trial of eljte nutmeg linas
accession AD/185 recorded maximum mear tizight (569
cm), width {582 cm), number of main branches (63,2
and girth at 30 cm above ground level (50.3 cm), while
elite line A9/150 recorded the maximum mean number
of fruits per plant (28). '

Cassia (Cinpamomum cassia)

Germplasm registration

The cassia elite line Al (IC No. 370400) has been
registered with NBPGR, New Delhi for high
cinnamaldehyde content in bark ol (81.5% ) and Jeaf
0il {80.9%) (Reg. No, INGR 080435).

Morphological and guality evaluation
Significant differences were observed among the 4.
elite cassia lines for plant height, width and number of
main branches. Elite line D1 recorded the maximum
plant height (296.9 cm), width (234.8 cm) and number
of main branches/plant {14.6). Biochemical characters
namely bark oil, oleoresin and cinnamaldehvde were
recorded for 15 accessions grown at Appangala. Bark
otl ranged from 1.2 (D1) to 3.71% (B2) and percentage
of oleoresin varied from 7.52 (BB) to 14.14 (B2).
Cinnamaldehyde content varied from 65.07 (B8) to
89.63 % (D1). RAPD profiles were developed and
species inter refationships was studied in seven species
of Cinnamomum.

Essential oil constitvents of Cinnamomuam
species

GC-MS analysis of the chemical constituents of
essential oils in leaves of Cinnamomum sulphiratum,
C. glaucescens, C. glanduliferum, C. macrocarpum
and C. perroiteiti revealed that the major chemical
constituents in these oils were (3-phellandrene, o=
phellandrene, camphor, t-caryophyllene and
germacrene-D respectively.

Essential oil from leaves of C. tamala was dominated
by eugenol whereas the oil from petiole, terminal shoots
and shoots contained a-phellandrene and p-cymene
as major components. Similarly, t-caryophyllene was
the chief compound in the leaf oil of C. malabatrum
and the essential oils from petiole, terminal shoals and
shoot were rich in linalool. The essential oil from petiole
and terminal shoots of C. sulphuratum contained
linalool as chicl constituent whereas that from leaves
contained B-phellandrene. Essential oils from flowers
of C. verum and C. malabatrum were dominated by
(-caryophyllene,
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Antiosidant petential of spice extracts

The antioxidant properly of spice extracts of black
pepper (Thevam). ginger (Rejatha), turmeric (Alteppey
Supreme) and cinnamon (Nithyasree) were compared
at different time periods and quantified using the in
vitro methods: total antioxidant capacity by the
phosphomolybdenum method. DPPH radical
scavenging ability and Fe(Ill) to Fe(Il) reducing
activity. DPPH radical scavenging activity was less in
water extract while total antioxidant capacity and
Fe(TTI) to Fe{1l) reducing activity were greater in water
extract compared to the other extracts.

Extension

Training programmes
The training programmes conducted during the year
were,
e Production and processing technology of
spices for Department of Horticulture and
Food Processing, Uttarakhand, 1-6 May 2008
s Orientation traimng programme on research
and development in spices for field officers of
Spices Board, 2{-24 May 2008
o Production and precessing technology of
ginger and turmeric for agricultural assistants,
Department of Agriculture. Kerala, Palakkad
District, 17-20 August 2008
e Training workshop under the technotogy
mission for integrated development of
horticulture in NE states -MM-I at Horticulture
Research Complex, Nagecherra, Agartala, 3-
5 February 2009

Technology dissemination

Front line demonstration: Front Jine demonstration
programme on performance of improved varieties of
black pepper released from [ISR was laid out in 18
selected farmer's plots in three villages in Calicut
District. A multi disciplinary team of scientists visit
these plots as per a schedule to follow up and provide
advisory services. A total of 14 visits were carried out
to these fields.

Video conferencing: Under the Rashtriya Sam Vikas
Yojana/VSAT programme sponsored jointly by ISRO
and Kerala State Planning Board, 10 video
conferencing lessons were broadcasted to the 5 Village
Resource Centers {VRCs) in Wayanad District of
Kerala. Three hundred and nineteen farmers from 35
VRCs attended the sessions.

Impact of technologies developed by IISR
Studies on performance of IISR varieties of black
pepper in farmers’ fields indicated that the mean yield
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for high yielding varieties was 1160 kg/ha with the
adoption of scientific packages as compared to 620
kg/ha for traditional varieties. The estimated cost
benefit ratio was 2.48. The level of adoption studies 6f
recommended technologies indicated that the adoption
fevel for foliar spraying of Bordeaux mixture for the
control of fungal diseases was 57.14% and for
application of bio control agents was 64.2%. The
adoption levels for application of soil fungicides,
fertilisers and pesticides were very low at 21.14%,
7.7% and 7.6 % respectively.

Bioinformaftics

New databases
The Bioinformatics Centre has developed the following
databases during the period under report:

e SpiclEST: A database of ESTs of turmeric and
ginger was developed and hosted
(www.spices.res.in/spicest). SpicEST
contains all ESTs of these plants, their
annotation, and information on SSRs and
SNPs.

e Spice Genes: The black pepper germplasm
database was updated with several additional
features. Another database on cardamom
germplasm was developed for the first time.

« Radobase: A new database on burrowing
nematode containing the information on various
Radopholus species and their sequence
information was developed. About 70
miRNAs were identified in R. simifis using in
silico tools.

miRNAs in spices

A total of 47 microRNAs were predicted in Wrmerie,
82 in ginger and 98 in paprika using in siljey
approaches on EST resources, The resulig Wers
incorporated in SpicEST database. A microRNA blag
tool was aiso developed using NCBI - BLAST sgangd
alone version 2.2.19.

Human Resource Development

Seminars
e National Seminar on Piperaceae during 21-22
November 2008,

LICAR sponsored trainings

¢  Winter School on Flavours, Nutraceuricals and
Food Colours from Horticultural Crops from 79
to 28" January 2009.

¢ Application of GIS in Plant Biodiversity and
Horticulture from 25® February to 6" March
2009,

Bioinformatics training

o  Agr-Bioinformatcs: Tools and Applications, 20-
24 Qctober 2008.

s Insilico analysis and annotation of ESTs, 17-19
December 2008,

s Summer training for MSc students on biochemistry,

biotechnology and bioinformatics from |2 May
to 11* June 2008.

Tndinn Institute of Spices Research



g research on spices in the country was initiated
ectablishment of a Regional Station of Central

o Crops Research Institute (CPCRI) at
at. Kerala, during 1975, by the Indian Councii of
ural Research (ICAR). This Regional Station
seraded as National Research Centre for Spices
?ﬂ.m in 1986 by merging with it the Cardamom
earch -Centre of CPCRI at Appangala, Madikeri,
. aka. The NRCS was further elevated to the
ssent Indian Institute of Spices Research (IISR)

]995

L9

horatories and administrative offices of the
ute are located at Chelavoor (50 m above MSL),
am Calicut (Kozhikode), Kozhikode District,
‘ 011 the Calicul- Kollegal road (NH 212), in an
a of 14.3 ha. The research farm 1s located 51 km
yrth East of Calicut at Peruvannamuzhi (60 m above
L), on the Peruvannamuzhi-Poozhithode road in
zhikode District, in an area of 94.08 ha. The
damom Research (entre, Appangala (920 m above
SL) is located ar Appangala, Kedagu District,
\amnataka, on the Madikeri-Bhagamandala road, 8 km
-Madxﬁen in an area of 17.4 ha.

s To extend services and technologies 10
conserve genetic resources of spices as well
as soil, water and air of spices
agroecosysiems.

» Todevelop high yielding and high quality spice

" varieties and sustainable production and
s proteetion systems using traditional and non-
- traditiona) :bchniques and novel
re biotechnological approaches.
o, todevelop post harvest technologies of spices
N* With emphasis on product development and
Product diversification for domestic and export
et purposes.
o ® Toact as a centre for training in research
b methodo}otn. and technology upgradation of
. Spices and (o coordinate national research
. projects,
- To monitor the adoption of new and existing
- fechnologies 10 make snre that research is

fargeted (» the needs of the farming
Community.

'hmﬂl!é' af .'}p.'. s Research
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INTRODUCTION

» To serve as a national centre for storage,
retrieval and dissemination of technological
Information on spices.

The spice crops on which research is being conducted
at the institute include black pepper (Piper nigrum),
cardamom ( Elettaria cardamomum), ginger (Zingiber
officinale), turmeric {Curcuma longa), cinnamon
(Cinnamonuem verum), cassia {C. cassia), clove
(Syzygium arematicum), nutmeg {(Myristica
Sragrans). allspice {(Pimenta divica). Garcinia
(Garcinia gummi-gutia and G indica). vanilla
(Vanilla planifolia)y and paprika (Capsicum annuum).

Organization

The Director is the administrative head of the institute.
The Institute Mapagement Committee, Research
Advisory Committee and Institute Research
Committee assist the Director in matters relating to
management and research activities of the institute.
Research on various aspects of the mandate crops is
conducted in three divisions, namely, Division of Crop
Improvement and Biotechnology. Division of Crop
Production and Post Harvest Technology and Division
of Crop Protection and a Social Sciences Section, The
other facilities available at the institute inctude
Agricultural Technology Information Centre,
Agricultural Research Information System,
Biownformatics Centre and Krishi Vigyan Kendra. The
institute also functions as the headquarters for the All
India Coordinated Research Project on Spices, and
Indian Society for Spices. An outreach project on
Phytophthora, Fusarium and Ralstonia diseases of
horticultural and fiefd crops was afso sanctioned in the
X1 plan (20071 23 with I{SR, Calicut as the lead centre
and {7 coardinating centres at differeat ICAR
institutes/ SAUs across India. The institute has also
linkages with severa) universilies, research institutes,
and developmental agencies for collaborative research
and developmental activities in spices.

Budget
The total budget of the institute was Rs. 820.93 lakhs

during the year, which included Rs. 199.93 lakhs under
Plan and Rs. 621.0 lakhs under Non Plan.

Resource generation
Institute earned a total of Rs. 27.30 lakhs through

sale of planting materials, biocontrol agents, training,
publications and consultancy services.
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Non Plan:

621.0\akhs

m Establishment M TA 7 Petty Works  mVichicke & Others B TA ®'\Warks ® Fouipments ® Library 1T w Furniture 8 HRD » Contingenay

Position
Category Sanctioned Total Vacant
Calicut ‘ Peruvannamuzhi Appangala
Scientist | 43 i 3 5 B 6
Technical 36 16 13 3 . 4
Administration 19 32 - 1 13 6
Supporting 61 21 11 18 30 11
Total 159 f 78 29 [ 27 12 | 27
Staff position of KVK
] Position
Category Sanctioned Total Vacant

Calcut Peruvannamuzhi
]
Technical | 7 1 4 . |

Administration

Appangala

Supporting
Total ] 1
1

+

]
-
1
Rt
I~

Staff: The institute has a sanctioned strength of 43 jnstalled at TISR. Calicut. The Biolog System rapidly
seientifie. 19 administrabve, 36 technical and 61 jdentifies over 1.900 species of acrobic bacteria.
supporting staff. of which 37. 13,32 and S0 of scientific. 1 aerobic bacteria, yeast and filamentous fungi. This
administrative, technical and supporting staff are in
position, respectively. The KVK has a sancuoned
strength of 2 administrative. 7 technical and 2 supporting

casy 1o use system provides reference lahoralory
quality identification without the labour-intensive

requirements of conventional micrpbiological assays.

stuft,
Biometric facility in Libr:
Research omet Ay Lib ay
TSR Library is equipped with hlometne system (o
New Facilities access management and control. All the statt imembers

BIOLOG for automated microbia) identification  4r¢ chiolled in the system by registering their finges
A new auromated .‘)_V.\'il.:ﬂ] o idenlif}, bUCiCJ'jB ':JIJL:‘ :.U-'i'IT'ZJ i s which are SUhH"CLjLI(".'.Ij_Y uscd lor avthenticarion
based on conventional phenotypic tests has been  The binmetric technology provides a single pamnt ol
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| Management Committee

Headquarsrs

Calicug
Rezoarch Advisory —“—x_—|
Committee Experimenal Farm
E Director Peruvan=muzhi
i 1}
ey Cardamgn Research
ivision / Section : Al
| Division/ 5&ctio Genetics and Centre, gpangala
Cylogenetics
Plant Breeding Krishi Vigan Kendra
Crop Improvement and Economic Botany Peruvanramuzhi

Biotechnology Horticulture
Biotechnology

Nationa| nfarmatics
Centre onSpices [

Agronomy i
Soll Science
Biochemistry Bioini .
Crop Production and Post Ormatics Centre

Organic Chemistry
Plant Physiology

B

Harvest Technology

Administiation and

Agricultural - Accounts
Engineering
LA‘CRP on Spices ||

Plant Pathology Agric

Crop Protection Entomology lnngor Ultural Research

: Nernatology | Mation System

Economics AgriCultural Technology

Social Sciences Statistics Information Centre
Extenstion

Organization of Indian Institute of Spices Research,

control for administrators (o manage access to library
resources such as camputers, buildiags, doors, the
internet, and software applications. The database is
uselul in analyzing the Iibrary usage pattern and
generating vavious reports. CCTV cameras are also
installed in the library for real time surveillance.

Net house for virus free material multiplication
For the production of virus free nucleus planting
matcrials of released black pepper varieties an insect
praui net house was constructed at Chelfavoor, to
prevent the entry of aphids and mealybug which are
the Lnown vectors of viruses infecting black pepper.

Phenomics facility (Herbariom)
The facility o develop database on Piper has been
started with imaging and herbarium facilities.

BIOLOG - Automated mjcr[)bial idenﬁﬁcaﬁon System

Inclic iy Fistiteete aof Spicey Ke vl 27
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PAST ACHIEVEMENTS

Black pepper: Germplasm collections obtained over
the years through explorations are being maintained at
[ISR as well as in other alternate sites wiz., Madikeri
and Kidu of Karnataka state for developing improved
varieties for yield, guality, abiotic and bijotic stresses.
GIS ts being employed to 1dentify species richness.
The genetic stock has lead to release of improved
varieties such as IISR-Sreekara, IISR-Subhakara,
[ISR-Panchami, 11SR-Pournami, [[SR-PLD-2, IISR-
Thevam, IISR-Girimunda, [TISR-Malabar Excel and
[ISR-Shakthi. Front-line demonstration programme was
undertaken using the released varieties in the farmers’
field. Some of the unique germplasm have been
registered with NBPGR at New Delhi. Putative
transgenic black pepper plants with osmotin gene
conferring resistance to drought and Phvtophthora
capsici has been developed. In vitro and in vive
propagation methods were standardized. Plantlets
developed through micropropagation were established
in farmers® field in Kerala and Karnataka. Gene
conferring resistance against Phytophthora capsici
was isolated by targeted gene amplification using
degenerate primers {rom Piper colubrinum. The
spacing, nutrient and water requirements were
standardized for different soil types of pepper growing
regions. High production technologies and mixed
cropping systems were developed for increasing
productivity. Among different forms of potash, water-
soluble and available K had signilicant positive
correlation with berry yield, olecresin and piperine.
Organic production technology for black pepper has
been standardized. Cost effective method for production
ol disease-free rooted cuttings was developed.
Mathemarical models for optimum climatic factors for
high production of black pepper have heen developed.
Major pests. pathogens, viruses & their insect vectors
and nematodes affecting pepper were characterized
and documented. Morphoiogical and moiecular
characterization of black pepper isclates of
Phytophrhora further revealed that isolates shared
the characters of both P. capsici and P tropicalis. A
RNA virus. Cucumber mosaic virus (CMV) and a
DNA virus, Piper yellow mottle virus (PYMoV) are
found to be associated with stunted disease of black
pepper. A method for simultaneous isolation of RNA
and DNA from infected black pepper plants and
multiplex PCR for simultaneous detection of CMV and
Badna virus in a single reaction was standardized.
Phytoplasma with phyllody symptoms was most closely

related to members of aster yellows group (1651 I) of
Phytoplasma. Integrated strategies involving cultural
methods, biocontrol agents. plant products and resistant
varieties were developed for the management of pests
and diseases including nematodes that resulted in
substantial increase in yields and pesticide free produce.
Large scale multiplication of biocontrol agents such as
Trichoderma and Pseudomonas for distribution to
farmers for management of disease was also
undertaken. These organisms were deposited in the
national repository of microorganisms ai IMTECH.
Chandigarh for future reference. Species-specific
primers were developed for detection of R similis in
soil and plant samples. Black pepper accessions, HP-
39 and Acc. 1090 were found to be resistant to
nematodes besides being rich in caryophyllene.
Endophytic bacteria found effective against
Phytophthora capsici and R. similis in black pepper
have been found. An integrated pest management
schedule for management of root mealy bug has been
developed. PCR based technigues were developed for
identification of traded black pepper and to detect
adulterants in commercial black pepper powder. Post
harvest technologies for drying, processing, storage
and production of value-added product like white
pepper were standardized.

Cardamom: For all the available germplasm, IC
numbers have been obtained. Meanwhile, germplasm
bearing unique characters have been registered with
NBPGR. New Delhi. GC-MS study confirmed
superiority of Indian cardamom over Guatemalan and
Sri Lankan cardamom. Molecular profiling of Indian
cardamom revealed the existence of two genetically
distincg clusters such as “Kerala cluster”™ and
“Karnataka cluster among the germpiasm colfections.
The improved varicties such as [ISR-Vijetha, TISR-
Avinash and ITSR-Suvasini have been developed. Two
of them having mosaic or rhizome roi resistance have
been popularized among the farming community.
Coupled with production technologies. these varieties
resulied in increasing productivity of cardamon. New
high yielding varieties such as APG 293, 398 416 and
250 are found to be promising. Characlerization of
export grade cardamoms from India. Sri Lanka and
Guatemala based on physical, biochemical parameters
and molecular techniques revealed the supcriority of
Indian produce for the physical parameters such as
seed 1o husk ratio. weight of 100 capsules. number of
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capsules in 100g. bulk density and moisture content.
High production technology has been standardized.
Drip irrigation and sprinkler irrigation once in 12 days
recorded significantly for yield attributing characters.
Sail and water conservation measures have been
standardized in cardamom based cropping system.
Curdamom accessions APG 257, APG 414 and APG
434 were found to be promising for drought tolerance.
High quality (more than 40% o- terpinyl acetate)
cardamom such as NHY-14, MB-3. NHY-18 and OP-
28 have been identified. The screening programme
against leaf spot and leafl biotch resulted in several
moderately resistant types.

Ginger: Germplasm repository at HSR has the largest
collections with several exotic collections and high
quality accessions. These accessions have been
regularly utilized in the genetic improvement
programme. An in vifro gene bank was established
for conservation of germplasm. Three ginger varieties
namely, ISR Varada, ISR Rejatha and IISR Mahima
were released for high yield and quality. Ginger oil
componenis have been characterized by GC-MS. A
relationship between leaf P/Zn ratio and soil P/Zn ratio
to rhizeme yield of ginger have been established. Post
harvest technologies for processing and technologies
for preparation of value added products such as salted
ginger were standardized. Bacterial wilt pathogen,
Ralstonia solanacearum in North Eastern states,
Sikkim and Kerala were found similar in a4 molecular
fingerprinting indicating strain migration frorm one place
to another. Ginger strain of R. solanacearum was
found to infect turmeric. cardamom. C. gromafica,
C. zedoaria. Kaempferia galanga. Zingiber
zerumbet and tomato. Indian Mango ginger, Curcunc
amada was found to be free from bactenal wilt even
under inoculated conditions. The species of” Pyrhium
causing rhizome rot of ginger in Kerala., Karnataka,
Uttar Pradesh and Sikkim was identified as P
mrveiotviam. Technique for ginger seed rhizomes
treatment (tor elimination of bacterial wilt pathogen)
and ntegrated disease management strategy for soft
rot & bacterial wilt diseases and shoot borer was
developed. The improved varieties and technologies
developed on cropping system, nutrient and water
requirement, pest and disease management and post
harvest processing techniques were disseminated to
farmers and other agencies through publications,
training programmes and demonstrations. Large scale
multiplication and distribution of elite planting material
was also undertaken.

Turmeric: The germplasm collected over the years
have been conserved in the field gene bank and they
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were characterized (or yield, quality, and resistance to
pests and diseases. Op seedling progenies generated
over the years are being evaluated for their yicld and
quality characters. Molecular genetic fingerprints of
sixteen Curenma species using RAPD and Inter Simpte
Sequence Repeats (ISSR) technique revealed high
degree of polymorphism among the accessions.
Microsatellites have been isolated from Curcuma
longa. Seven high curcumin and high vielding varieties,
[ISR-Suvarna, 1ISR-Sudarsana, {ISR-Suguna, ITSR-
Prabha. [1SR-Prathibha, IISR-Alleppey Supreme and
IISR-Kedaram were relecased for commercial
cultivation. Efficient protocol for piant regeneration
through organogenesis and somatic embryogenesis
was standardized. Variations in rhizome morphology
were observed among calli-regenerated somaslones
indicating somaclonal variation. Accessions with high
curcumin and root knot nematode resistance were
identified. Three different curcuminoids (curcumin, de
methoxy curcumin and bis de methoxy curcumin) could
be separated from oleoresin of turmeric rhizomes by
employing chromatographic techniques. Turmeric o1l
components have been characterized by GC-MS. A
PCR based method was developed (o detect
adulteration of turmeric powder with wild Curcuma
species. The optimum spacing, nutrient and water
requirement were standardized for different soils.
Organic farming system was developed for turmeric.
Basic data on distribution, bioecology, population
dynamics of shoot borer (Conogethes punctiferalis)
and its natural enemies and crop loss due to shoot borer
was generated. The improved varieties and
technologies were disseminated to farmers and other
agencies through publications and demonstrations.

Tree spices: The germplasm holdings of three
important tree spices. nutmeg, clove. cinnamon
including cassia. garcinia and alispice are being
conserved. 1C numbers for cinnamon, clove, nutmeg
and allspice accessions were obtained from NBPGR,
New Delhi. Cassia C1 {IC 3704 15) has been registered
as INGR 05029 with NBPGR, New Delhi for its high
oleoresin content (10.3%) besides a dwarf clove
accession. Two high quality cinnamon vaueties, ITSR-
Navashree and [ISR-Nithyashree and a nutmeg variety,
[ISR-Viswashree were released. Nutmeg accession,
A 11725 was found to be promising for high yield. Tissue
culture protocols have been developed for nutmeg.
Protocols for DNA isolation from nutmeg have been
standardized. Performance of nutmeg on M.
malabarica continued to be better than other rootstocks
for productivity. GC-MS study revealed the presence
of two chemotypes in Cinnamomum verum. Drying
and processing methods for cinnamon, nutmeg and
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mace have been developed. Antioxidant properties and
food color value are being studied in tree spices.
Vegetative propagation techniques were standardized
for nutmeg, cassia and cinnamon. Major pests and
diseases on tree spices were documented. The
smproved varieties and technologies developed on
propagation and post harvest processing were
dissemipated to farming community.

Vanilla: Vanilla gecmplasm are being maintained in
the repository, which includes a flower colour variant
collected from Andaman and Nicobar islands.
Comparative anatomical analysis of different vanilla
species was carried out. Interspecific hybrdization was
made between Vanilla planifolia and V. aphylia.
Over 1000 seed progenies of V. planifolia are being
field tested for yvield and disease resistance. Protocols
for micro propagation through direct shoot
multiplication as well as callus regeneration were
standardized. Root rot and wilting were found to be
the major preblems in mast of the plantations. Root rot
incidence ranged from 5 to 100%. Mosaic and necrosis
were also observed in all the plantations and the

30

incidence ranged from 2 to 80%. Cucumber mosaic
virus (CMV) of vanilla was characterized on the basis
of biological and coat protein (CP) nucleotide sequence
properties, which showed that CMV infecting vanilla
belongs to subgroup IB. A virus caesing mild chiorotic
mottle and streaks on leaves of vanilla was identified
as a strain of Cymbidium mosaic virus (CymMV)
based on coat protein gene sequence comparison and
phylogenetic studies. Similarly, a virus associated with
necrosis and mosaic was identified as a strain of Bean
common mosate virus (BCMV) based on coat protein
gene sequence studies,

Paprika: The germplasm collected from various places
of cultivation have been characterized for various
morphological, yield and quality characters such as
oleoresin, pungency and colour value. Considerable
variability was observed in capsaicin content
(pungency) of selected paprika accessions. Accessions
with bigh yield and colour values and low pungency
were also dentified. PCR based technique was
developed to detect adulterants in commercial chilli
powder.

Indian Institure of Spices Kesearel



Genetic resources

Conservation and characterization

Presently, 2575 accessions of black pepper germplasm
(Wild pepper - 1266, Cultivars - [300, Exotic species -
9) are conserved in the nursery and field genebank.
In order to safeguard the germplasm accessions two
alternate centers have been identified for conserving
the germplasm. The alternate centers are CPCRI Kidu
(for cultivated accessions) and CRC, Appangala (for
wild accessions). Two hundred and thirty eight
accessions were planted at CRC, Appangala during
the year.

The wild accessions established in the ficld genehank
and nursery premises were characterized for
morphological characters using TPGRI descriptors.

A bush pepper germplasm block consisting of 42 local
cultivars and 30 wild species was established at I1SR.
Calicut,

Phenomics (acility (herbarium) was established art the
head quarters. About 750 herbarium specimens of
black pepper and related species are available at
present in the facility.

Registration of germplasm: Two black pepper
accessions having unique characters were identified
and registered by the Plant Germplasm Registration
Committee of NBPGR. They are:

[ Collection number 5529 INGR 08099, Piper
thomsonii- a transexual species. male changed
to bisexual. Bushy form

2. Collection number 5705: INGRO8 100, Piper
nigram having noval spike variant with 100%
proliferating spikes

Breeding

Resistance to ‘pollu’ beetle

total of 650 cross combinations were made by using
LiR spikes of [TISR-Subhakara with identified “pollu’
esislant lines. Maore than 640 hybrid seedlings were

frdian fnstitute of Spices Research
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raised using “pollu™ resistant lines (Acc. 1114, Acc.
841, Acc. 1084 and Acc. 816} as donor parents and
the improved variety, [ISR-Subhakara as female
parent. The hybrid progenies were characterized
morphologically and multiplied vegetatively for planting
them in the field for further studies.

High vield and caryophyllene

Four hundred and fifty seedlings were raised from
different cross combinations for planting them in the
field for further evaluation.

B-caryophyllene is a sesquiterpene very specific to the
flavouring properties of black pepper. It shows wide
variation with respect to cultivars, altitude and location.
Leaf and berry samples of major black pepper cultivars
from I1SR Experimcntal Farm Peruvannamuzhi,
Calicut, and from Pepper Research Station (PRS),
Panniyur, Kerala were collected and studied for its
constituents,

Among the cultivars, [ISR-Subhakara showed high oil
content (6%) followed by Kottanadan and ITISR-
Sreekara. Among the hybrids. HP-1117 had high leaf
oil followed HP- 785. Highest oleoresin-in berries
(13.9%) was found in 11SR-Subhakara followed by
IISR-Panchami. TTSR-Sreekara and Kottanadan.

AU PRS, Panniyur. Panniyur-4 recorded highest berry
0il (5%) followed by Karimunda. Maximum oleoresin
content (11%) was found in Panniyur-4 followed by
Neelamundi and Panniyur-3. The leaf oil content at
PRS. Panniyur was maximum for cultivar Angamali.
Piperine content was maximum (4.2%) for TISR
Sreekara at Calicut. followed by [ISR Panchami while
it was maximum (3.8%) for Panniyur-4 followed by
Pannjyur-5 and Karimunda at PRS, Panniyur.

All cultivars collected from PRS, Panniyur showed [3-
caryophyllene in the feaf oil. Germacrene D was a
major constituent in the leaf oil. The concentration of
B-caryophyllene in leaf oil varied between 2.03 (o
8.47% and that of germacrene D varied between 4.08
to 44 2%. Highest germacrene D was found in
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Panniyur-3, Panniyur-2, Panniyur-6 and Panniyur-7.
Another major constituent in the leaf oil of many
cultivars was elemol. Its concentration varied between
2.37 10 55.2%. Highest elemol was found in cultivars
such as Vatamunda, Neelamundi and Angamali
followed by Panniyur-4. Few cultivars had c-bisabolol,
eudesmol, nerolidol and famesol.

Major berry oil constituents were pinene, sabinene,
myrcene, limonene, 3-caryophyilene and germacrene
D (Table 1.1). Pinene, sabinene, myrcene and [imonene
were absent in the leaf oil of most of the cultivars.
Compared to the leat il more variability was observed
in the B-caryophyllene of berry oil. Except Panniyur-4
and Angamaly all the cultivars had relatively high B-
caryophyllene with the highest concentration in
Panniyur-[, Panniyur-2, Kettanadan, Panniyur-3 and
Atmpiriyan. The concentration of germacrene-D in the
berry oil was less than 20% of that of the leaf oil in
many cultivars,

Like samples from PRS, Panniyur, in cultivars grown
at [ISR  Farm, Calicut, B-caryophyllene and
germacrene D were found in the leaf oil of all the
cultivars evaluated (Table 1.2}, Vanability was more
with germacrene D than -caryophyllene in leaf oil.
B-caryophyllene ranged from 1.2 to 10.2% with the
highest in Panniyur-3. Germacrene 1> ranged from 4.56
t0 56.71% in the leaf oil. Panniyur-2, Panniyur-3, I[ISR-
Sreekara, Neelamundi and LISR-Malabar excel had
higher concentration. The pattern followed the same
trend as that of cultivars grown at PRS, Panniyur.
Elemol levels in leaf o1l vaded from 1.64 to 51.6%
with the highest being in cultivars such as TISR-
Thevam, HP-1117, Kottanadan and Panniyur-4. Other

constituents of leaf o1l were nerohdol, eudesmol, ©-
bisabolol and farnesol.

In the berry oil, pinene, sabinene, myrcene, limonene,
B-caryophyllene, germacrene D, nerolidol and elemol
were the major constituents. High caryophyllene was
found in HP-1117 and HP-785 (Table 1.1).

*ath analysis

Path analysis was carried out to tind out the direct and
indirect effects of the leaf constituents on berry
constituents. Leaf piperine has shown direct effect on
berry piperine and the Jeaf constituents such as
caryophyllene, germacrene D, nerolidal, elemol,
essential oil, piperine, total phenol, total amino acids,
total starch, total carbohydrate and protein had a
residual effect of about 49% on berry piperine. Leaf
piperine and leaf phenols showed strong positive
correlation with berry piperine. This 1s strongly
supported by direct effects of these two on berry
piperine.

Resistance to Radopholus similis

Planting of hybrid progenies from the cross IISR-
Subhakara x HP39 was undertaken in the Experimental
Farm at Peruvannamuzhi. The three black pepper lines
(IISR-Subhakara, HP 39, C-820) were analyzed using
36 RAPD primers out of which one primer (OPJ-09)
produced an unigue band of 650 bp in HP 39 (resistant)
which was absent in other two lines, I1ISR-Subhakara
(susceptible) & C-820 (toterant). The particular band
was excised from the agarose gel and successfully
cloned. Sequencing of the polymorphic 650 bp fragment
cloned from HP 39 was found to have maximum
similarity to acetyl-CoA carboxylase. Selfed seeds
collected from HP 39 were also germinated for
screening for resistance to Radopholus similis.

Table 1.1. Major constituents in back pepper berry oil — I[ISR Experimental Farm (Peruvannamuzhi,

Calicut)

Pinene | Sabinene| Myrcene | Limonene | Caryo- |Germacrene|Nerolidol |Elemol

Variety (%) (%) (%) (%) phyllene D (%) (%) (%)
(%)
Kottanadan 1207 | 2747 - 2384 13.4 8.75 4.49 -
HP-785 488 | 1277 | 21.04 16.68 23.97 8.19 049 | -
HP-1117 483 18.2 16.83 19.58 29.24 - = L -
HP-846 5.51 20.11 18.21 26,78 103 4.67 | -
[ISR-Sreekara 6.4 17.82 19.92 18.62 18.64 9.09 - 1.15
IISR-Subhakara | 5.75 16.83 20.4 18.78 18.68 10.15 0.49 0.91
Karimunda 4.6 15.39 18.51 17.92 21.7 - - -
Panniyur | 4.65 18.18* , 17.99 22.62 12.77 A v ) -
*percentage composition of Sabinene+ Myrcene is given.
az Indian Institute of Spices Research



Table 1.2. Major constituents in black pepper leaf oil - [ISR Experimental Farm (Peruvannamuzhi,

Calicut)
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B-caryo- | Germacrene D

_\,Turiety Nerolidol | Elemol | Eudesmol | g-bisa- | Farnesol
phyliene (%) (%) (%) (%) bolol (%)
(%) | (%)
Kottanadan 182 9.16 361 4148 - )
HP-785 6.15 29.29 - 35.58 A 2 p
HP-1117 5.12 9.4] 0.91 42.07 i 3 =1
HP-846 7.87 30 943 [ 198 i -
[1SR-Sreekara 5.38 37.64 ] 2239 : 1.97 -
11SR-Subhakara 6.95 [3.85 19.88 27.82 ] 3.03 ]
Karimunda 5.27 17.33 1175 26.16 - ] !
Panniyur ] 5.99 30 9.43 1.98 - 14.67 .49
Panniyur 2 5.5 56.71 - 5.16 - - -
Panniyur 3 10.24 44.31 : 1.64 5.8 4.82 226
Panniyur 4 1.9 10.94 421 40.05 456 | 31.62 -
[ISR-Panchami 121 6.19 305 3397 - 3297 154
[ISR-Pournami 7.14 10.65 21.84 3152 | 1408 3.35 =
Neelamundi 356 2983 2.11 348 - - -
[ISR-Malabar excel | 7.12 28.95 10.81 348 | - - 1.61
[ISR-Thevam 4.44 4.56 2.56 51.66 | ] -
IISR-Girimunda 6.45 9.2 2224 29.7 ] 3.46 5

Felerance to drought

Bush pepper plants of [ISR-Subhakara and drought
tolerant lines viz., Coll. 1495, Coll. 813 and Coll. 931
were raised. Intercultivar crossing was initiated using
male and female parents. The total number of spikes
pollinated were 74 in IISR-Subhakara x 813, 66 in IISR-
Subhakara x Coll. 1495 and 70 in 11SR-Subhakara x
Coll. 931.

Seedlings generated were collected, germinated and
iransferred to plastic bags. The number of seedlings
venerated were 215 in LISR-Subhakara x 813, (24 in
IISR-Subhakara x 1495 and 60 in lISR-Subhakara x
Coll. 93).

Screening for drought was initiated with first batch of
30 seedling progenies by withdrawing watering for a
period of 15 days and then the plants were revived.
Dbservations were taken on relative water content and
membrane stability.

Resistance to Phytophthora

Data on floral and other morphological characters
which are segregating in Panniyur-1 x 11ISR-Subhakara
mupping population were recorded. Spike characters
like spike length, firuit set. [ruit size. male-female flower
ratio were seen segregaling and most of the progenies

Iniliqn Institute of Spices Research

33

were found to be inter mediate in forms.  The mappig
population was screened with 3 RAPD prmers and 3
[SSR primers and molecular profiles were recorded.
Twenty crosses were made between [ISR-Subhakara
x 11SR-Shakthi for tagging Phyrophthora resistance
and about 100 seedlings were germinated and
established from the crosses made last year. About
100 lines were collected and multiplied for screening
against Phytophthora and to develop a population for
association mapping. Fifty more lines from mapping
population were field planted during the year.

Development of transgenics

For resistance to Phytophthore and drought
About 20 more transgenics were regenerated with
osmotin. Ten putative transgenic plants were
transferred for hardening. Another 30 more are ready
for transfer. Five putative transgenics with osmotin
were multiplied into 30 each for screening. The
transgenics showed different expressions of resistance
when tried with one isolate in leaf, stem and root
inoculation methods. One TGP 3 has given initial

tolerant reaction in root moculation,




ANNUAL REPORT 2008 -09

Development of core ESTs and cloning of genes
trom Fiper nigrum and E colubrinum

As anapproach towards isolating genes of importance
from Piper on the basis of homologous sequence
comparisons, genes previously reported in other plants
as responsive to stress factors, defense, primary and
secondary metabolism were downloaded. All the
conserved motifs will serve as candidates for

degenerate primer synthesis and amplifications from
RNA.

Rootstock intervention to manage root infection
of Phytophthora and nematodes

Wild species Piper ornatum (Acc. 3362), Piper
galeatum (Acc. 3030), Piper attenuatum (Acc. 664)
and Piper trichostachvon (Acc. 611) were screened
against Phytophthora capsici and the nematodes
Radopholus similis and Melordogyne incognita using
rooted cuttings. Out of these only Piper ornatim was
found resistant (o alj the pathogens.

Grafting 1SR -Sreckara on HP-39, IISR-Shakthi and
C-1090 was performed giving a success of 10%,
66.67% and 78%, respectively. HP-39 gave very poor
success owing to its very poor growth habits. Screening
of grafts of Sreekara with C-820, 4 nematode resistant
line, as rootstock indicated that the graft combination
was infested by the nematode-Radopheluy similis.
Hence C-820 cannot be used as a resistant rootstock.
Grafts of Sreekara on IISR-Shakthi and C-1090 as
rootstocks both being tolerant to Phytophthora
capsici, were screened against the pathogen with
nematode control using pborate. The results showed
that C-1090 is highty tolerant to root rot. The survival
ol grafts was 91.67% with the lowest root rot incidence
of 14% when nematodes were conlrolled. The
combination IISR-Sreekara grafted on C-1090 is found
very promising and needs ficld evaluation aleng with
nematode control.

Enhancing the productivity

Intercropping

Tapioca, amorphophallus, coleus, ginger. turmeric,
hybrid napier, Congo signal grass, and Guinea grass
were raised in black pepper gardens of [5 years old at
RARS, Ambalavayal to select profitable intercrops in
black pepper garden (Fig 1.1). Maximum yield was
recorded by the intercrop hybrid napier grass {ollowed
by amorpbophallus, Maximum net return (Rs 82700/
ha) was obtained from the crop combination of black
pepper with Amorphophallus followed by black pepper
with ginger (Rs 75337/ha) (Table 1.3). Based on B:C

i 2 _u‘-

Ll i, T

Fig. 1.1. Black pepper intercropped with (Guinea
grass

ratio, profitabte and suited intercrops are greater vam
(B:C ratio 4.6), ginger (B:C ratio 4.5 and
amorphophallus {B:C ratio 4.4). Maximum incoime was
obtained from the crop combination of black pepper
with amorphophallus (Rs.1,31,100/ha) followed by
greater yam (Rs.1,26.400/ha) in juvenile garden.

Soil fertility management by cover crops
Nutrient addition by cover crops viz., cowpea and horse
gram for three seasons from September to May was
estimated in the black pepper plantation. The crop
sequence wilh cowpea alone could add 95.0, 5.8, 27.5,
24.3, 3.9 kg N, P, K, Ca and Mg per ha respectively,
whereas, a sequence with horse gram alone could
contribute 26.1, 2.4, 15.9, 7.6, 25 kg of N, P, K. Ca
and Mg per ha, respectively. A sequence with cowpea
tollowed by horse gram or vice-versa could contrihute
less than the sequence with cowpea alone.

Summer irrigation on spiking and yield

In an attempt to study the factors influencing spiking
in black pepper, irrigation of pepper vines during
summer was included as one of the treatments.
Irrigation was started during March [ fortnight and
continued till May Il fortnight. The pepper vines were
irrigated @ 50 litres/vine/day at 15 days interval. The
results showed that in irrigated treatment. the spiking
was uniform and the spikes emerged in July while in
rainfed treatment, around 60 % spikes emerged in July
and the rest emerged in September. Spiking was [c58
under rainfed condition and the dry yield per vine was
also reduced significantly under rainfed condition
(Table 1.4y
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Mean intercrop Cost of Gross returns |Net returns | B:C ratio
yield (kg) cultivation (Rs) (Rs) (Rs)
6000 80117 54000 Nil 0.6
7600 38820 121600 82700 3.1
2760 66614 55200 Nil 0.8
6970 22243 97580 75337 4.4
7016 38893 70160 31267 1.8
67150 15000 67150 52150 4.5
signal grass 26060 15000 4 26060 11060 1.7
JP+Guinca grass 29413 15000 20413 14413 2.0
Shade regulation on yield Nutrient requirement for targeted production

Shade regulation of pepper plantations during summer
forms an integral part of cultural operations. Timing
of shade regulation is very crucial to maintain the
productivity of vines. The effect of shade regulation
during April and June on spike production and yield
was studied (Table 1.5). The results indicated that early
shade regulation during April produced uniform, good
spiking compared to July shade regulation which
produced stazgered low spiking. The dry yield per
vine was also significantly higher in early shade
regulation treatment.

In black pepper 5, 7.5 & 10 kg dry yield was targeted
and fertilizer doses for the same based on soil fertility
was calculated apd imposed in two sphts at
Mrigarajendra Estate, Madapur, Madikeri. The yield
targets could be achieved with a minimum deviation
from the targets. The recorded yield levels were 5.5,
7.3 and 8.2 kg/vine in the targets of 5, 7.5 and 10 kg/
vine, with a deviation of +11%, -2.2% and -18.0%
respectively. The yield increase as compared to the
control was 39 to 104%.

Targeted drv yield N PO, K,O Realized yield (kg/vine) | Deviation (%)
(kg/vine) (g/vine)
5 100 . -] 55 +10.80
15 200 30 350 7.3 -2.20
10 350 120 1200 82 -182
Tabie 1.4. Effect of summer irrigation on black pepper spiking and yield
New spikes | Old spikes | New 0Old No of Spike Spike Dry
Treatmeni (September) (July) leaves | leaves | laterals length | length yield
. (O1d) {(New) | (kg/vine)
Imrigated 10 39.4 15 48 9.0 13.5 13.0 6.5
i | e
E._mnfed | 12.5 9.0 15 42 8.5 10.0° 9.0 3.4
—_— .
LS. Influence of timing of shade regulation on black pepper spiking and yield
New spikes | Old spikes New Old No of | Dry yield
- (September) (July) leaves | leaves laterals | (kg/vine)
| 1y shade reoulation (April) 3.0 37.3 3.5 45 9.0 25
At shade regulation (June) 13.0 11.0 17 36 10 A
‘wm Instituie of Spices Research 35
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Organic farming

The particle size distribution and aggregate analysis
studies of soil samples from different management
systems namely, organic, chemical and integrated
systems in black pepper showed higher percentage
distribution of soil aggregates with > 0.5 mm diameter
under organic system. The organic carbon content of
different size fractions (0.5 — 0.1 mm) also showed
higher content in organic system compared to that of
integrated and chemical systems. The mean weight
diameter was aiso higher in organic (3.24 mm) system
(Table 1.6).
Physiological and bhiochemical basis  of
productivity

A study was casried out 1o investigate the relationship
between physiological and biochemical characters of

: Table 1.6. The particlé size distribution in different management systems

Drouvght tolerance

Two hundred germplasm accessions were screeqed
for drought tolerance based on relative water cortens,
membrane leakage and chlorophyll fluorescence.
Among the accessions screened. acc. 1476 fottowed
by acc. 1086 showed tolerance characteristics. These
two accessions maintained very high rejative waie
content and low membrane leakage after 14 days of
stress compared to other accessions. Protein profiles
were also studied in a few relatively tolerant and
susceptible accessions 1dentified during previous
screenings. Both the tolerant and the susceptible
accessions showed similar banding pattern but the
quantity of proteins was very less in susceptible
accesslons {as indicated by the intensity of bands).

| Treatment/ Mean wt

| Sieve size Soil aggregates (%) Organic carbon (%) diametex

| (mm) K {mm)

Z- 05 | 025 } o125 ol | 05 025 | 0125 ] o1 B
] Organic 71.40 18.97 4.29 0.32 3123 273 3.33 3.78 324 |
Llnorganic 63.69 21.13 542 0.42 2.63 2.66 235 2.80 3.04

| Integrated 68.25 20.59 4.17 041 2.4 2.65 2.75 3.68 3.15

rooted cuttings (during juvenile stagej with vine
productivity during bearing stage so that probable high
yielders could be identified during juvenile stage itself.

Various metabolite levels, isozymes and enzyme
activities of photosynthetic and respiratory cycles such
as malate dehydrogenase, glu 6 phosphate
dehydrogenase, sucrose phosphate synthase, nitrate
reductase. photosynthesis and gas exchange
parameters efc. were analysed in rooted cuttings of a
few selected high as well as low yielding accessions
to characterize the parameters contributing to
productivity and develop relationship between these
parameters and productivity.

Among the various parameters studied. highey nitrate
reductase activity. higher photosynthetic rate and higher
total carbohydrate content were correlated with higher
productivity. About 150 germplasm accessions were
screened for higher productivity based on the identified
parameters. Among the accessions screened. Ace.
[395 maintained high nitrate reductase activity,
photosynthetic rate and tota) carbobydrates in leaves
followed by Acc. 898.

Biodiversity in Piper using GIS

Piper accessions collected from Karwar, Goa, Wynad,
ldukki. Dapeli. Coorg and Palakkad were analysed for
leaf o1l constituents. [t was interesting to note that the
accessions having myristicin did not show nerolidol in
the leat oil (Table 1.7). The GIS study showed that
only the higber latitude samples had myristicin. (14°12°
to 17 °26') while the lower latitude (9 ®to 12 °40")
samples, especially the Kerala samples did not have
myristicinin leaf oil.

Myristicin, a major compound present in nutmeg and
1y not vet reported in P rigrim leat oll, except a trace
amount in Piper nigrum berry oil. In this study
mytisticin recorded an average of 46.5 % in leaf oil of
Piper nigrum species.

Post harvest guality

Chemical quality profile under suitable storage
atimosphere

Black pepper variety Panniyur-1 with a moisture
content of 10.0% was stored for 360 and 480 days in
three layered metalised polyester cover under vacuum,

fndian Tustitute of Spices Research
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T e - - - - . - - - - 1
Table 1.7. GCMS volatile oil profile of wild Piper nigrum leaves collected from different places o
Kerala, Karnataka and Maharashtra
Accnno | Place of Lati | Longi | Neroli| Pinene| Caryoph | Myris | B o Germa| Safrolq Sabi| B
Collection| tude | tude | dol yllene ticin elem | hum | crene nene| seline
| J ene | elen 1]—
2067 |Karwar 14072 | 749527 - | 2821 | 465 | 729 | - - - - ] :
JoRd | Karwar | 14920 | 4059 | . 099 | 5438 536 | - . - ; -
l————— —
2081 | Karwar 14001 | 74% 10| - 30.09 | 391 - - - . ]
2075 | Karwar 14954 | 740637 ) - 458 | 5940 | - b2 |- ] -
7087_ | Karwar 14930 | 74975 16.17 - - - - - _J
7075 Karwar 14734 | 74072 - - - 6. 75 - - i4.47 - - -
7076 |Karwa1‘ 14933 | 74%7° | 412 | 10.25 7.49 - ~ 5.30 - - 43.68 - J
7073 | Karwar 14954 | 74°70° | 36.40| 3.88 - - - - - - 11.74 - J
6480 | Dapoli 179267 73918’ 26.81 1.67 2025 | 3.69 1.14 2.60 | 3.56] - -
6487 _|. Goa 15%60" | 73°95° - - 5.99 55.06 | 2.84 1.61 - 338 - 4.80
430 | Wynad L1Y36° | 76%G5° 1.12 - 5.18 - - 5.99 358 - - 15.49
BT |C00rg 12938 ‘ 750347 213 - 543 - 1.46 2.07 2.89 - 7.86
4586 | ldukki 09%39° ‘ 77°04° 1.15 - 373 - 1.51% - 4.03 - - 8.26
756 | Palakkad 10958 | 76%35° | 1.52 - 2.88 - 2.10 - 28.03 - - -

1009 N, and 90%N,+10%CO, atmosphere and the
sample was compared with that of black pepper stored
in urdinary gunny bag. Samples coilected were
powilered and evaluated for oil, oleoresin and pipenne.
No significant variation was observed in the oil,
oleoresin, piperine and oil constituents. The appearance
of the sample was cleaner in metalised containers
compared to normal gunny bag packing.

Phytophthora foot rot and slow decline

Identification of resistant sources

Cultivars (35) and hybrids (32) of black pepper
shurtlisted  earlier were screened against
Pliviophthora capsici by root inoculation method;
however, none of the lines screened showed resistance
to oot infection. The lines that showed resistant
reaction towards £ capsici in earlier screening (04
P24-1, HP 1533 (2), HP 1532 (3), HP 449, HP 490,
HP 521 HP 1375 and C 1530) are being evaluated in
the field.

Eight witd accessions (Aces. 3357, 692, 4381, 3030.
T362.3296, 611 and 612) were screened against £
capsied and nematodes among which Ace. 3302 (Piper
arnaiim) showed resistance towards Phyviophihora
ani both the nematodes (Meloidogyne incognira and
Radopholus simdilisy {Fig 1.2y,
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Fig. 1.2 Piper ornatum, resistant to Phytophthora
capsici and nematodes

The 15 P capsici tolerant lines identified earlier were
screened once again using stem, leaf and root
inoculation methods with viralent isolate of P capsici.
All the lines showed susceptible reaction towards leaf
and stem infection (Table 1.8) whereas on rool
screening, Accs. 1098, 847, 813 and 803 and (4-HP
1533 (3) showed no root infection till 45 days after
inoculation.

The ftour transgenic plants (TGP 1. 3.7 and 10) were
subjected to stem. leaf and root inaculation. Steat and
leal inoculated plants of TGP 7 died by the 10" day of
inoculation. TGP-1, 3 and 10 also took up infection by
stem and leat inoculation methods but the lesion
extended only )1 the next node from where an
abscission layer was formed and the infected portion

KT =

n
)



T]Iﬂ.u 1.8. Sereening of promising tolerant fines
against Phyiophthora capsici

e % : :

Acc. Leaf Stem Root

infection | infection | Index infection
(av.lesion | (av.lesion (%) up
length, length, to 45 days
) mm)

P339 229 54 | 4 200
HP 1533(} L_Z"J.U 220 4 0.0
HP1 253 M2 4 800
1099 153 | 25 4 00
1098 18.1 270 4 0.0
1003 266 442 4 200
1052 28.1 440 4 400
1047 29.7 334 4 60.0
1038 293 355 4 200
84 19.7 370 4 200
884 194 396 4 60.0
847 26 322 4 00 |
B13 340 246 4 00
803 334 310 4 00
816 25 ‘ 16.2 4 200

got detached from the plant and the plants are still
surviving. However, all the plants were susceptible to
root infection (Table 1.9).

Evaluation of biocontrol agents

A field trial was wndertaken at IISR Farm,
Peruvannamuzhi, with endophytic and rhizosphere
biocontrol agents (Bp 35, 25, 17, TC 10, ISR 853 and
[ISR 6) comprising of eight treatments and designed
in such a way that chemical nematicide {phorate) was
integrated with biocontrol agents (Bp 35, Bp 25 and
1ISR 6) which are antagonistic towards I capsici and

fungicide (metalaxyl-mz) was integrated with
biocontrol agenis (Bp 17, TC 10 and [ISR 853) which
are antagonistic to R. similis. A contyol treatment was
included with the chemicals phorate and metalaxyl-
mz. Three node cuttings from healthy vines of var.
Panniyur-1 were treated with the chemuical as well as
the biocontrol agents before planting and the pits for
planting were drenched with the respective biocontro]
agents. The microbial load in the interspaces and
rhizosphere, pH of the soil and moisture content are
being recorded periodically. The treatments were
imposed at the time of planting and repeated at 3
months interva) twice. Observations on growth
parameters were recorded at the end of sixth month
(Table 1.10).

The data on growth parameters showed significant
difference between control and treatments. Among the
treatments, TC 10 + metalaxyl-mz and IISR 853 +
metalaxyl-mz were promising with increased plant
height and number of leaves. No disease inc¢idence
{yellowing or roiting) was noticed during the penod. P,
capsici population was very negligible, but K. simifis
population was present in the rhizosphere and was
lower where nematicide was included in the
treatments.

Evaluation af new chemicals

Five new chemicals (benzoic acid, salicylic acid,
potassium bicarbonate, captan-hexaconazole and
carpendazim-mancozeb) were tested in vifro against
P. capsici. Carbendazim-mancozeb was highly
inhibitory even at 500 ppm (Fig !.3). In vivo
experiments were also conducted with the inhibitory
concentrations of these chemijcals after challenge
inoculation. Potassium bicarbonate showed disease
contro] of 61.5% over control followed by captan-

hexaconazole and benzoic acid (46.2%) when

Table 1.9. Screening of transgenic plants against Phytophthora capsici
Ace. Leaf inoculation Stem inoculation Root inoculation Present status
-
TGP 1 | Lesion not extended | Lesion not extended to | Infection on the 7" day | Stem and leaf
to the stem the stem downwards inoculated plants
survived
TGP 3 | Lesion not extended | Lesion not extended to | Infection on the 30" day | Stem and leaf
to the stem the stem downwards inoculated plants
‘ survived
TGP7 | Lesion extended to Plants died on the Infection on the 10" day | All plants died
the stem 10" day
TGP 10| Lesion not extended Lesion not extended to | Infection on the 7M day | Stem and leafl
to the stem the stem downwards inoculated plants
| survived
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lable 1.10. Evaluation of chemicals and biocontrol agents for the management of Phytophthora l'lllud

rot and slow decline diseases
|
Treatment Ht. of the No. of No. of Branch

. plant (cm) leaves branches ht. (cm)
| BP 35 + Phorate 32.79 6.17 0.0 0.0

BP 25 + Phorate 4547 742 0.29 6.05
| ISR 6 + Phorate 36.65 6.88 0.13 1.90
| BP 17 + Metalaxyl-Mz 47.36 8.34 0.79 19.08

TC 10 + Metalaxyl 69.76 11.29 1.00 20.57

IISR 853 + Metalaxyl-Mz 67.31 11.75 0.88 15.90

Phorate + Metalaxyl 27.04 5.67 0.13 229
| Control 17.00 392 021 142
;_CD (P=0.05) 7.09 1.166 0.26 4.805
compared to other chemicals. The results showed that — papte 111 I vive e aluation of new chemicals |
the concentration which exhibited 100% inhibition in on the incidence of Phytophthora ~
vitro was not sufficient for obtaining the same level of capxici
inhibition of the fungus in the soil (Table 1.11). Cone. % I

Disease management in the field Chemical (ppm) i:(i:isjgrslse

New refined disease management trial was initiated | Potassium bicarbonate 1500 25.0
in sick plot with over 20 years of disease history on Carbendazim-Mz, 1000 55.0 t
Panniyur -1 under coftee based mixed crop conditions. Captan-hexaconazole 100 35.0 '
[n this disease management trial, combination of  Tgo - roag™ 00 350
t'ungicide§ (1% Bo.rdeaux mixture, hexaconazole. Salicylic acid 500 550
carbendazim, potassium phosphonate, mancozeb) and
biccontrel agents (Trichoderima harzianum and Control ) 65.0
Pseudomonas fluorescens) were imposed during pre- £D_ (VPZO'OS%) - 296

monsoon and mid-monsoon periods. The data on
disease index of anthracnose, spike shedding, foot rot
incidence and yield were collected. The results
indicated that the treatment with basal application of
T harzianum and aerial spray with 1% Bordeaux
mixture was superior. No foot rot incidence was noticed
in thig treatment compared to 22.6 % mortality in
untreated control.

ﬁ; ] ‘
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Fig, 1.3,

In vitro evaluation of new chemicals
against Phytophthora capsici
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Carry over of anthracnose pathogen

The study was conducted under simulated field
conditions by burying the infected debris around plant
basin of 3 -5 year old Panniyur — | pepper plants and
exposed for known period of rain (rain splash). The
study indicated that the pathogen survives beyond 8
months in the debris and rain sptash piays major role in
rapid spread of disease to tender parts of the vine.

Viras indexing

Maintenance of virus-free mother vines

PCR based method was used in indexing black pepper
plants representing 14 varieties for Piper yellow
mottle virus (PYMoV), Total DNA isolated from 50
mg leaf tissue (from first fully opened leaf) was used
as template in the PCR. Primers designed for the
amplification of either 450 bp region of open reading
frame (ORF) I or 400 bp region of ORF Iil were used.
PCR was performed using two template volumes (0.5

Y
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and 1.0 ul). A plant was declared infected if it showed
expected size amplicon in the PCR using either 0.5 or/
and 1.0yl template. The identified virus-free materials
were multiplied and maintained under insect proof glass
house to serve as nucleus planting material which was
then multiplied in another insect proof glass house to
serve as foundation blocks of released varieties.
Material from foundation block was multiplied in
nurseries before distribution to farmers. In addition,
black pepper mother plant samples received from
Directorate of Arecanut and Spices Development,
Calicut and State Department of Agriculture, Kerala,
were indexed through PCR for the presence of virus
and results communicated.

Preparation of Cucumber mosaic virns (CMV) coat
protein gene construct

A 657 bp CMYV coat protein gene sequence amplified
through reverse transcription polymerase chain
reaction (RT-PCR) using CMV CP specific primers
was cloned in te TA cloning vector pTZ537R/T.
Compelent E, coli (strain DH50) was transformed
using Transform Aid bacterial transformation system.
Positive recombinant clones were identified by
restriction digestion and its nucleotide sequence
determined by sequencing. The sequenced region
contained a single ORF with 657 bases coding tor a
protein of 218 amino acids. One selected clone where
CMYV CP got « loned in sense orientation was restricted
with Bam H1 .nd Sacl. The resulting fragment
containing CMV CP region was isolated from the gel
and ligated into binary vecter, pB1 121 restncted with
same enzymes (Bam HI and Sac 1). Competent E.
coli (strain DH50) was used for transformation. The
presence of recombinant pB1 121 containing CMV CP
gene was confirmed by jsolating the plasmid and
subjecting it to restriction analysis and PCR using
primer designed for CaMV 338 promoter region as
forward and CMV CP as reverse primer. This was
then mobilized into A grobacterium numefaciens strain
EHA 105 by triparental mating with the help ot helper
plasmid pRK 2014. The transformants were sclected
on Kanamycin and rifampicin plates. The presence of
recombinant pB1 121 containing CMV CP gene {(sense
orientation) in A. fumefaciens was confirmed by
isolating the plasmid and subjecting it to restriction
analysis and PCR. The construct was designated as
pBII2ICMVS.

Transformation of black pepper explants

CMV CP construct in antisense orientation designated
as pBIIZICMVAS was used for transformation.,
Explants (leaf, internode and petiole) harvested from
in vitro grown plants were co-cultivated with

Agrobacterium harbouring the construct for 15 min,
blot dried and kept in basal MS medium at 28°C for 48
h. Explants were then washed in cephataxime and
streptomycin (both at 100 pg/mi) and kept in basal MS
containing cephataxime and streptomycin {both 100
a/ml) for 2-4 days to kill Agrebacterium and other
bacterial contaminants. Among the different explants,
leaf explants showed beiter survival (64.8%) followed
by petiole (54.1%) and internode (45.8%). Other
explants either died due to phenolic exudates from cut
ends or were contaminated by bacteria and fungi.

After 15 days, the surviving explants were transferred
to five different regeneration media containing
different concentrations of BAP, NAA and TDZ along
with selective marker, kanamycin. Calius formed
readily from leaf explant within 30 days when they
were cultured on SH medium supplermented with BAP.
NAA and TDZ. Hormones @ 3 and | mg/l of BAP
and NAA gave better response followed by hormones
of BAP and NAA both at 1 mg/l while no response
was seen with hormone BAP @ 3 mg/l. Two kinds of
callus (creamish friable and white powdery) were
observed. Many of the calti turned brownish even afier
continuous sub culturing and fatled to give
organogenesis.

Piper vellow mottle virus (PYMoV) ORF 11l
construct containing 409 bp region in sense and
antisense orientation designated as pBI 121 PYMoVS
and pBI 121 PYMoVAS respectively were used for
iransformation of different explants like leaf, internode
and petiole. Explants harvested from in vitro grown
plants were co-cultivated with Agrobacterium
harbouring respective constructs for 15 min, blot dried
and kept in basal MS medium at 28°C for 48 h. Explants
were then washed in cephataxime and streptomycin
(both at 100 pg/mi) and kept in basal MS containing
cephataxime and streptomycin (both 100 pg/ml) for 2-
4 days to kill Agrobacterivm and other bacterial
contaminants. Among the different explants. leal
explants showed better survival (61.5 and 44%)
followed by petiole (533 and 26%) and internode (45
and 11%) 1in sense and antisense constructs. About
38.5t0 89% of explants either died or got contaminated
within 15 days. The death of explants is mainly due to
phenolic exudates from cut ends while contamination
was mainly due to bacteria and n a few cases with
fungi.

After 15 days the surviving explants were transferred
to 16 different regeneration media containing different
concentrations of BAP, NAA. TDZ and kinetin along
with setective marker, kanamycin. Callus formed
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readily from leaf, internode and petiole within 30 days
when they were cultured both on SH and MS media
supplemented with BAP, NAA and TDZ. Types of
callus observed in different phytohormone combinations
were friable creamish, white powdery and hard callus
(hoth green and creamy). Use of kinetin {1 mg/1) along
with NAA (1-2 mg/l) in both SH and MS medium
induced rooting in the leaf explants within 1S days of
culture. Rooting as well as callusing was seen in leaf
explants placed in MS medium added with both 3 and
I mg/l of BAP and NAA or MS with 1mg/! each of
kinetin and NAA_ In the case of intemaode and petiole
explants. 100% callusing was observed in SH media
supplemented with 3 or | mg/l of BAP, | mg/l of NAA
and 0.1mg/1 of TDZ. While no response was seen in
SH medium supplemented with 2 mg/l of BAP and |
mg/l of NAA. In contrast, onty 14-30% of petiole
cxplants showed callusing in MS medium added with
different hormones.

Seed transmission ol Piper yellow muottle virus
PYMoV)

Berries collected from four varieties of black pepper
(IISR-Sreekara, [ISR-Subhakara, 1ISR Shakthi and
Panniyur 1) infected with PYMoV (identified by PCR)
were sown under insect proof conditions. The seedlings
when checked for presence of symptoms, showed
typical symptoms in a few plants indicating the
presence of PYMoV. The highest number of
symptomatic seedlings was in the var. [ISR-Sreekara
{26%) while in other varieties it ranged from 10% to
13%. When 50 seedlings of each variety (including
both symptomatic and asymptomatic) were subjected
lo PCR using PYMoV specific primers, highest
number of PYMoV infected seedlings were seen in
var, [ISR-Sreekara (30%) while in other varjeties it
ranged from 22% 1o 28%. Thus results of
symptomatology and PCR clearly confirm the
existence of seed transmission of PYMoV in black
pepper and hence seeds can also serve as primary
source of inoculum for the virus,

screening of Piper germplasm against PYMoV

Four hundred eighty one accessions of Piper (290
accessions of cultivated black pepper and 191
accessions of wild Piper germplasm) were screened
against PYMoV and all the 48[ accessions tested were
susceptible.

Nematodes

Black pepper - burrowing nematode interactions

Changes in three phenyl propanoid pathway enzymes
namely. phenylalanine ammonia lyase {(PAL), cinnamic
acid-4-hydrolase (C4H) and caffeic acid-O-
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methyltransferase (COMT) were monitored in a
susceptible (1ISR-Sreekara) and resistant (HP 39)
black pepper varieties consequent to R. similis
infection. The PAL activity was constitutively high in
HP 3% compared to the susceptible line. However, PAL
activity increased in susceptible plants immediately after
wounding or infestation by R. simsilis and subsequently
reduced over a period of 30 days. However, R. similis
infestation lowered PAL activity in the resistant plants.
There was not much variation in the constitutive activity
of C4H in susceptible as well as resistant black pepper
plants. But on infestation with R. similis. the activity
of C4H shot up in HP 39 plants (Table 1.12). Three-
fold increase in COMT activity was noticed in
susceptible Sreekara plants infested with R. similis.
Preliminary assays indicated the presence of cellulose
degrading enzymes in burrowing nematodes.

Yew host af root-knot nematode

The root-knot nematode, Meloidogyne incognira was
recorded for the first time from a weed. Achvranthes
spra, prevalent in black pepper gardens of IISR
Experimental Farm. Peruvannamuzhi. Plants infested
with root-knot nematode exhibited dense yellowish
discoloration of leaves. The average nematode
population was 11 adult fernales/g root and seven
second stage juveniles/ 100 g soil. The species status
was confirmed on the basis of morphological analysis
and perineal pattern (Fig. 1.4).

Pollu beetle (Lgnka ramakrishnai)
ldentification of resistant sources

Cultivars (113) and hydrids (72} of black pepper were
screened against pollu beetle (Lanka ramakrishnai)
for identification of sources of resistance. Among the
cultivars, Acc. 35 recorded the highest berry damage
(36.5%) and the lowest damage was observed on Acc.
1636 {(1.8%). Among the hybrids the damage was
highest on Acc. 861 (44.4%), and lowest damage on
Acc. 1388 (4.5%).

Erytirina Gall Wasp (Quadrastichus erythrinae)

Infestation

Surveys were conducted in 276 black pepper gardens
in 13 taluks in 4 districts {Idukki, Kozhikode, Kannur
and Wayanad) in Kerala and 3 taluks in 1 district
{Kodagu District) in Karnataka, to study the damage
and incidence of FErythring gall wasp (Quadrastichus
erythrinae). an invasive species on Eryrhrina spp.,
used as standards for trailing black pepper vines,

The incidence of Erythring gall wasp was ohserved
in all the locations surveyed and the percentage of trees

L '}
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| 1ﬂh|l. 1.12. Changes in the activities of phenyl: |l nine unrr:m_ﬂ!. ase antd cinm ”““—“7”(4 hvdrol: J\T
enzymes in susceptible and resistant black pepper lines in response to K. similis
infestation
Treatment Resistant line (HP 39) Susceptible line (IISR-Sreekara) Gen.
2d 7d 30d Mean 2d 7d 30d Mean Mean
Activity of phenylalanine ammonia lyase (PAL) — units x 10
Control 18.65b 18.53c | 18.58b | 18.59b | 6.0a 6.08a 6.08 6.08a 12.34b
R.similis 12.54a 8.78a 1.70a 7.67a 12.97b 12.05b | 11.8a 12.27b 9.97a
inoculated
Wounded 22.89h 1497b | 17.75b | 18.354b | 21.00c 9.03b 11.2a 13.73b 16.13¢
Mean 18.03 14.09 12.67 14.93 1335 1 905 | 968 10.69
LSD variety — NS ; LSD variety x interval — 2.32
: Activity of cinnamic acid-4-hydrolase (C4H) - units x 10~ !
Control 0.93a 0.93 0.93 0.93ab | 0.98a 098 | 098 0.9%a 0.95b
R.similis 1.57a 249 | 0.66a 1.57h 0.84a 3.80b 0.00 1.54b 1.56¢
inoculated .
Wounded 1.07a 1.11a 0.60a 0.93a 0.64a 0.60a 0.24 0.50a 0.71a
Mean 1.19 | 1.51 0.73 1_.14 0.82 1.79 041 1.01 | -
LSD variety — NS ; LSD variety x interval — 0.33
(Means followed by the same letter are not significantly different at p = 0.01) ‘

Fig 1.4. Root knot nematode infestation in Achyranthes spra. (a) Root galls (b) Root-knot nematodes
inside the root (¢) Adult female of M. incognita.

infested by the pest was significantly higher in
Wayanad District (59.6%) that was on par with Idukki
(53.4%), Kodagu (51.8%) and Kannur {39.1%) district.
The percentage of twigs infested by the pest was zlso
significantly higher in Wayanad District (39.7%) that
was on par with Tdukki (35.5%), Kodagu (33.4%) and
Kozhikode (31.6%) districts (Table 1.13). The severity
of incidence varied on various species / types of
Erythring and was significantly higher in £. variegaia
(white-thorn type) wherein a mean of 91.8% trees

42

and 66 8% twigs were infested by the pest. The pest
was recorded for the first time on £ subumbrans.
Damage

The larvae of the Envthring gall wasp induced the
formation of galis in leaflets. petiotes and tender stems.
As the infestation progresses, the leaves curl and
appear deformed while the petioles and tender stemns
become swollen, forming many thick-walled globular
galls. Heavily galled leaves and stemns resulted in loss
of growth and vigour of the trec and severe infestations
caused defoliation and death of trees as observed in
Wayanud District (Fig. 1.5).
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i [able 1.13. Infestation of Quadrastichus ervihrinae on Erythrina spp. in major |1|&;|:|::'|:-pt'r growing |
districts of Kerala and Karnataka .
District No. of Noa. of No. of Mean per cent infestation
taluks locations gardens Tree TTWig
surveyed surveyed surveyed
| Tdukki 4 29 87 534 (470yab | 33.7(35.5)ab
kozhikade 3 19 65 329 (350)a 274 (31.6)ab
| Kannur 3 27 6] 39.1{38.7)ab 172 (24 5) &
l Wayanad 3 22 60 59.6 (50.5)b 40.8 (39.7 b
| Kodagu 3 39 63 51.8 (46.0) ab 30.3(33.4)ab
[ FFigures in parentheses are arcsine transformed values; Means followed by the same letter are not significant]y

different at P=0.01)

{a) i{b)

Fig 1.5. (a) Tender leaves and stem of Erythrina sp. infested with Erythrina gall wasp (b) Severely
infested plantation

Inelian Institute of Spices Research 43
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Genetic resources

Collection of germplasm

I'ive new unique collections viz., Pacchaikai, Pink stem,
Parrot green, Nattu Vazhukka, and Kodai Mysore
(Fig. 2.1) were collected from Megamalai area of Tamil
Nadu.

The present ex-situ gene bank consists of 447
collections, hybrids and disease resistant selections.
Fifty accessions have bheen characterized for
morphological and yield characters based on TPGRI
descriptor (Table 2.1). Variability was found to be the
maximum for capsule wet weight (84.95 %) followed
by number of capsules (83.49 %) and minimum for

Fig. 2.1. Unique collections made during 2008-09. a. Pachaijkai, b. Pinkstem, ¢. Parrot green, d.

Nattu Vazhukka, e. Kodai Mysore

44
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[uble 2.1. Variability for morphological and vield characters in hreeding lines

"Character Range Mean S$.D CVv Promising genotype
Plant height (cm) 105-290 179.8 41.78 23.32 1C 349630
Total tillers 5.5-27 15.38 4.85 31.54 1C 5347146
Hearing tillers 4.25-23 11.29 4.08 36.10 IC 547142
Leaf length (cm) 32-552 44 .89 5.04 11.24 IC 349630
Leaf width (¢m) 5.5-11.8 7.635 1.18 15.48 1C 547223
No. of panicies 3-35 12.41 6.17 49,73 1C 547160
ranicle length {cm) 245-56.2 3628 6.95 19.17 IC 547144
Internode fength (cm) 2-548 3.56 0.78 21.96 IC 547146
Capsule length (cm) 1.14-1.9 1.47 0.15 10.00 1C 349653

| Capsule width (cm) (1.99-1.38 1.17 (.09 7.33 IC 349627
No. of sceds G4-2472 15.83 331 20.89 IC 547147

. No. of capsules/plant 16-1275.8 331.05 276.38 83.49 IC 547167

| Capsules wet weight(g) ~ 10-1125.5 28978 246.17 84.95 1C 547167,

L

[C 547222 and IC 547146

capsule characters (capsule length 8.92% and capsule
width 6.78%%). Three promising accessions (1C349632,
1C547 146 and IC 349650) were identified with desirable
yield contributing characters. [C547219 was found to
be bold with maximurm capsule tength and breadth.

Characterization [or biotic stress

Fifty eight cardamom accessions were screened for
resistance against leaf bhight (Collerotrichum
gloeosporivides). thizome rot (Rhizoctonia solani
and  Pyriiwnm vexansy and  teaf  blotch
(Phaeoductylivm alpiniae) under natural conditions.
The screening was carried out to identify resistant
sources of cardamormn accessions against leaf blight,
rhizome rot and leat blotch by recording natural
incidence of the digeases under field conditions.

The accessions were screened for leaf blight resistance
using 1 to 6 disease rating scale. The disease rating
scale was tormulated based on the extent of symptoims
developed on leaves, pseudosiems and panicles.
Disease scoring was done based on the rating scale
vatues and percent disease index {PDI) was calculated.
Based on PDI, the cardamom accessions were further
grouped into different calegories like highly resistant,
resistant, moderately resistant, moderately susceptible,
susceptible and highly susceptible. None of the
accessions exhibited highly resistant reaction while one
accession was found to be resistant to feaf blight
infection {Table 2.2).

For the screening of accessions against rhizome rot,
to 5 disease rating scale was employed which 1s based
on the number of infected tillers in a clump. Percent
disease index was calculated based on the rating scafe

fudicerr fresedvncte af Sprices Researeh

and the accessions were classified into five groups
viz., highly resistant, resistant, inoderately susceptible.
susceptible and highly susceptible. Some accessions
exhibited resistant reaction while one accession was
found to be susceptible to thizome rot (Table 2.3).

To identify accessions with dual resistance 1o bath leat
blight and rhizome rot diseases. accessions exhibiting
resistant reaction to both these diseases were selected
and the yield dala was also used for comparison (Table
2.4y

However, leal blotch was not found to be a serious
disease. The damage caused by this disease was less
and the symptorns were mostly confined to the senile
leaves.

Breeding

Considerable extent of heterosis for yield and yield
contributing characters in cardamom has been
demonstrated and cardamom being vegetatively
propagated crop. the heterosis advantage can be
exploited at F, generation. The superior hybrids
evolved thus, can be multiplied either through rapid
clona) multiplication or tissue culture techniques to
produce large number of true to type planting materials.
Large number of hybrids between high yielding and
disease resistant sefection have been evaluated under
various trials for yield and disease resistance, (o exploit
the heterosis for yield and disease resistance.

Preliminary vield evaluation trial (PET 1)
The PET I was laid out during 2004. Among the 16

hybrids, the highest two year mean yield per hectare
was recorded int the hybrid combinations RR1 x CCS |
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}fnhle 2.2. Grouping of cardamom accessions based on reaction against leaf blight

1

Disease Classification Accession nos.
index (%)
<10 % Highly resistant (HR) Nil
11 =20 % Resistant (R) 1C 349646
21-30% Moderately resistant IC 547223, 1C 547221, 1C 547220, IC 547219, 1C (MR)
547218, 1C 547165, 1C 547159, 1C 547158, IC 547222,
IC 349650, IC 349649, IC 349648, IC 349645, IC 349637,
IC 3496306, IC 349629, 1C 349627
31 —40 % Moderately suscepltible 1IC 547217, IC 347166, 1C 547164, 1C 547163, [C (MS)
547562, IC 547160, IC 547156, 1C 547140, IC 349657,
IC 3496352, 1C 349639 IC 349634, 1C 349633, 1C 349632,
IC 349631, IC 349630, IC 349628
41 -50 % i Susceptible (S) IC 547167, 1C 547161, 1C 547152, 1C 547149, 1C 547147,
1C 547146, 1C 347144, 1C 547143, 1C 547142, 1C 5471414,
IC 547139, 1C 349659, 1C 3496355, [C 349654, 1C 349644,
IC 547138,
> 50 % Highly susceptible IC 547157, IC 547)53, IC 547137, 1C 349658, 1C
(HS) 349656, 1C 349653, [C 547154

I
Table 2.3. Grouping of cardamom accessions based on reaction against rhizome rot

Disease Classification Accession nos.
index (%)
0.0-5.0 Highly resistant (HR) 1C 547223, 1C 5347166, 1C 347159, 1C 547158, IC 547156,
1C 547154, IC 547153, IC 547143, IC 547142, 1C 547141,
IC 547138, 1C 349659, 1C 349658, 1C 349657, 1C 547222,
IC 349653, 1C 349650, 1C 349649, IC 349645, I1C 349637,
1C 3496306, IC 349630, IC 349628
} 5.1 -10.0 Resiseant (R) IC 547217, 1C 547161, 1C 547160, 1C 547157, 1C 547152,
IC 547149, [C 347146, 1C 547144, IC 547140, IC 547137,
IC 349655, IC 349652, 1C 349646 1C 349644, [C 349634,
1C 349632, IC 349629 1C 349627
10.1 -25.0 Moderately susceptible 1C 547221, 1C 547220, IC 547219, IC 547218, IC (MS)
347167, 1C 547165, 1C 547164, 1C 547162, 1C 547147,1C
349656, IC 349654, [C 349648, [C 349639, IC 349633, 1C
349631, 1C 547139
25.1-50.0 Susceptible (S5) IC 547163
>50.0 Highly susceptible (HS) 1 Ni

and CCS1x RRT with 1081 and 970 kg/ha, respectively

{Table 2.5).
PET 11

To get desirable recombinants having high yield.
superior quality and mosaic resistance, hybridization
was carried oul between two mosaic resistant
selections (NKE 12 and NKE 19} and most popular
high yielding tarmer variety Green Gold (GG) during
2005. The crosses were effected in four combinations
(both direct and reciprocal). Among the crosses. GG
x NKE 19 recorded significantly higher mean yield of

1057 kg/ha. (Fig. 2.2; Table 2.6).

Fig. 2.2. Hybrid crosses with higher yield
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Tahle _Z.::lr:h;nnm :ur:t-a.uiun.x; with mﬁ Table 2.5, Evaluation of promising hybrids for|
resistance againsi feaf blight and yvield in PET 1
! rhizome rot ! Entry | Dry yield per hectare (kg)
- 2007 2008 Mean |
|[Accession Reaction Mean fresh
[no. yield (g plant") GGXMB-5 585.5 | 24638 | 415.94
| Leaf Rhizome GGXCCS-] 55863 | 51353 | 53608
blight | rot | GGXRR-1 68738 | 7814 | 38276 |
1C349650 | MR | MR | 102417 | |GGXNKE-2 | 135035 | 16720 | 75878 |
1C 547222 MR HR 882.75 'RR-1XMB-5 54784 | 401.26 | 474.55
[C 547223 MR HR 529.60 || CCS-1XGG 1208.92 | 398.13 | 803.52
1C 547159 1 MR HR 394.50 . |RR-1XGG 75 149.00 112.00
IC 349629 MR R 287.57 GGXNKE-(9 32544 7534 | 20039
IC 3496435 MR HR 285.00 NKE-12XMB-5 149959 | 440.04 | 969.81
1C 349627 MR R 243.30 RR-1(5) 47.73 87.40 67.57
IC 3496406 R R 170.65 NKE-12XGG 99.44 130.08 114.76 ‘
IC 349636 MR HR 160.60 NKE-19XGG 1312.84 4354 | 678.19
IC 349649 MR HR 129.80 MB-5XNKE-12 682.04 15529 | 418.66
1C 547158 MR HR 95.40 MB-5XNKE-19 1461.63 | 38445 | 923.04 ‘
E 349637 | MR HR 37.50 CCS-1(S) 41522 | 9138 | 253.30
_ MB-5XGG 80,78 | 76375 | 42227
| Table 2.6. Performance of hybrids (mosaic GG(S) 320.63 132.19 | 226.41
re-ci..-itanl .muilmmf popular Farmer MB-5(S) 740.98 487.63 614.30
variety) tor yield
: RR-1XCCS-1 124541 | 91750 [108].46
Entry Dry yield per CCS-1XRR-1 91944 (102225 | 970.85
hectare (kg)
Mean 70823 | 33422 | 521.23
2007 | 2008 | Mean ]
SEd 49231 289.96
GGXNKE-12(APG499) | 93476 | 174,51 55464 '
CV(%) 4951 | 56.75 |
.GGXNKE—lQ(APGSOO) 1635.35 | 479.83 |1057.59
!NKE_HXGG(APGSOD 1746.75 | 157.29 | 952.02 Evaluation of promising selections (for MLT)
NKE-19XGG(APG502) | 1212.23 | 355.54 | 783.89] To get desirable recombinants having high yield and
5 i lity, aid out during 2006. Amon
GG (seedlings) v | fﬁﬁfiﬁﬁﬁﬁff gf;iif ;]ie;)crof%gnlband 622 kg/hi
(APG 3268) 1413.03 | 295.04 | 854.04 were recorded in CP-4 and SAM, respectively
GG (suckers) (APG326)| 1206.93 | 9444 | 650.69) (Table 2.7).
|NKE-12(APG306) F5001 435 S9.25| Secreening short listed hybrids against diseases
| -ni ' i lanted f
‘NKE-IQ(APGMO) 112004 | 4356/ 5818 Twenty nm.e f}ht? access.mns have'been planted tor
clonal multiplication for field screeming.
|CCS-1{seedlings) - . .
e . Studies on genetics of Katte
(o S b ARG Four hundred and thirty one seedlings raised from
|ASH (seedlings) selfed and back cross progenies are under final stage
'(APG453') 19309 | 825.21 |1378.00| of astificial screeming.
Mean 1299.83 | 265.98 Drought tolerance
":\Ed 53502 | 7966 Mechanism of drought tolerance
J Three genotypes (RR1, CL-893, Green Gold) relatively
CV(%) [ 4123 | 2995 3 tolerant to moisture stress and CCS-1, a susceptibie
D(p 0.05) 168 89| 757 genotype were crossed to develop drought tolerant
fndian Institute of Spices Research 47
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! Table 2.7. Evaluation of promising selecltions under ML'I'.

1

\ Entry Plant height No. of Leaf |  Leaf Panicle | Nodes Dry
(cm) tillers length breadth | length per yield/ha
| {em) {cm) icm) panicle (kg)
MA-18 208.00 29.80 46.67 7.97 364 12.00 516.75
MA-28 204.00 30.00 48.67 7.30 167 | 1293 | 33323 |
SAM 184.33 22.53 49.60 8.07 39.6 13.27 622.06
HY-3 226.00 26.93 47.13 8.27 37.4 12.33 429.80
NHY-35 176.33 18.93 44.73 7.87 43.43 14.80 365.38
OP-27 ‘ 146,33 13.73 40.40 720 2507 9.00 108.00
RR-1XMB-3 [ 24133 2573 50.40 8.63 5993 14.87 580.28
MA-29 161.00 20.00 4720 7.77 3242 10.57 164.17
SKP-170 163.33 24.87 42.47 7.23 25.6 11.73 218.54
AMB-2 224.67 2673 45.60 8.23 36.73 15.27 500.76
CP-4 238.67 31.40 45.53 8.27 4933 | 1893 | 63134
VA-1 198.00 22.93 48.33 9.33 3047 | 13.73 344.04
1 OP-11 20400 1913 47.60 8.13 32 10.13 161.19
‘ NHY-10 212.33 32.00 43.80 b.50 32.33 10.40 595.00
\ PC 184.67 28.33 4547 8.13 48.07 17.93 498.12
RR-] 220.67 21.93 45.80 830 4427 15.87 380.73
GG 236.67 26.20 5033 10.27 30.53 14.07 35512
CCS-1 202.67 31.33 47.40 8.60 36.13 14.67 44908
Mean 201.83 25.14 46.51 8.11 3747 13.47 403.31
SEd 29.26 5.39 4.59 0.71 8.63 3.22 19.61
CV(%) 17.76 26.26 12.09 10.81 28.22 28.69 5.95
CD(p=0.05) 59.49 10.95 933 1.46 17.55 6.54 39.86

Soil moisture content was recorded gravimetnically in
surnmer months, Soil mojsture content reduced under
stress. Relative water content (percent reduction aver
stress) ranged from 7.81 to 20.3 per cent. Stomatal
intensity ranged from 25.8 0 38.6 per microscopic field
at 40 x in twenty cross combinations. Specific leafl
weight ranged from 4.3 to 6.1 mg/em®.

variety with good yield and quality characters. Crosses
were evaluated for growth and yield parameters by
withholding two imigations compared to control. Growth
parameters such as plant height, number of tillers per
clump, yield parameters such as number of panicles
per clump, panicle length (em) and dry capsule yield
(kg/ha} were recorded. Plant height. number of shoots

per clump. number of bearing shoots, number of
panicles per clump. number of capsules per panicle
recorded significant variation and reduced under
moisture stress. Dry yield (kgiha) recorded signiticant
reduction under moisture stress. It ranged from 131.2
kg/ha -218.5 kg/ha with a mean of 177.8 ka/ha in control
and 71.5 kg/ha to 171.3 kg/ha  with a mean vield of
110.3 kg/ha in stress treatment. CCS1x GG recorded
maximum yield under stress followed by RR] OP. GG
x RR1 recorded higher yield in control followed by
CCS1 x GG

48

Gas exchange parameters were recorded using
photosynthesis system in control and stress treatments
in selected cross combinations. Stress recorded
reduced assimilation rate compared te control.
Assimilation rate was not consistent between
genotypes in control and stress treatments.

Leafl rolling test

In cardamom, under moisture stress conditions plant
starts folding its leaves. Fourth and fifth cardamom
leaves [Tom above twenty crosses were cotlected and
exposed Lo apen sunlight on concrete ground (o find

Tndian Institute of Spices Researeh
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oul ime taken by different genotypes for leat folding.
BR3 x RR1, GG x RR1, CCS1 x GG, GO x 893 and
CCS1 x GG ook longer time to fold than other
zenotypes.

inzyme studies

Peroxidase activity was assayed in control and stress
freatments in ditferent crosses (Table 2.8). Peroxidase
activity increased under stress. CCS-1 selfed recorded
higher activity under stress followed by RR1 self, 893
% GG recorded decreased activity in stress followed
by GG x 893. Isezymes of peroxidase were also
assayed. Three distinct bands with Rim values of .07,
0.50 and 0.60 in both control and stress treatmeats
were observed.

Viral discases

Collection and maintenance of katte and kokke
kandn isolates

Eighteen karre isotates (12 from Karnataka and 6 from
Kerala) (Fig. 2.3a) and six kokke kandu 1solales (all
from Karnataka) (Fig. 2.3b) were collected and
established under insect- proof glass house conditicns.

(b}

’ Table 2.8. Peroxidase activity in different er-;ms-;‘

combinations
— == — b |
Genotype Peroxidase (% increase/|
aCﬁVity | decrease
(a.n./mg protein) | over [
Control | Stress t
_con rol
893  self 0.167 0.194 1651 |
893 x GG 0191 | 0462 | 1504 |
297 xRR | 0254 0253 | 096
|GG self 0230 | 0289 | 2530
GG x 893 0200 | 0.182 -9.04
GG x RR1 0.210 0.229 9.03 |
CCS] self | 0.127 0.236 86.46
iccsn x 893 0.198 0.254 28.68
CCS1 x RR1 0.170 0.237 39.35
RR1 self 0.185 0267 44 55
RR1 % GG 0.086 | 0258 2% 66
RR1 x 893 0.195 0.261 3390 |

(d)

Fig. 2.3. Samples with viral infection and the detection by RTPCR (a) Katte infection; (b) Kokke kandu
infection; (c, d) - Detection of Cardamom mosaic virus by RT-PCR

Indian Institate of Spicey Resvarch
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Purification of Cardamom mosaic virus

Protocal for purifying the causal virus (Cardamom
mosaic virus) of karre/mosaic disease of cardamom
was standardized.

Development of nucleic acid based diagnostics
Protocols for RNA isolation and Reverse Transcription-
Polymerase Chain Reaction (RT-PCR) for detecting
Cardamom mosaic virus from the Jeaves obtained
from katte affected cardamom plants were
standardized. RNA isolated (using RNA isclation kit
and a standardized protocol) from the infected leaf
sample (Appangala isolate) was subjected to RT-PCR
reaction using forward primer
(CACCGCTTGCACCAATGAC) and reverse primer
(GAAAACCCACAAAAACTCCO) vielded
amplicon ot 1 kb size. The virus could be detected at
1.5 and (G pi ternpiate concentrations using RNA
isolated by kit (Fig. 2.3¢) while the standardized
protocol could detect the virus at 2 and 7 ul template
concentrations from the samples (Fig. 2,3d).

Identification of resistant sonrces

Five planting units each of nine cardamom land races
namely, Kalarickal White, Green Gold, Hombale Long
Green, Palakudi, Wander Cardamom, Ashok (ASH),
Sampaje, MB -3 and AMB were established in the
green house. The plants were imocufated with mosaic
virus using viruliferous aphids fellowing the standard
inoculation method. All the land races were found
susceptible to the mosaic disease though there were
variations in infection percentage and incubation period
ammong the land races. The sympioms induced by the
virus {Appangala isolate) on different land races were
also varied (Fig. 2.4) indicating that, these land races
could be used as differential hosts for identifying strains
among the kaife isolates.

(@) ()

Fig 2.4. Symptoms induced by mosaic virus
(Appangala isolate) on different land
races (a)-Njaltani Green Gold, (b)-
Palakudi

Leaf spot

Ditferential |J;=.|:hm_n:niu'll_\ of Colletotrichum
isolates

Five predominant black pepper {Appangala, ldukki.
Anamalai, Byakaravally and Cooverkolly) and
cardamom (Appangala, [dukki, Anamalai. Byakaravally
and  Pollibetta) isolates of Colletotrichum
gloeosporinides and 1 turmeric isolate (C. capsici)
{(Appangalaj were inoculated on three varieties/
cultivars of black pepper {Panniyur |, Panniyur 5 and
Chomala) and cardamom (IISR Kodagu Suvasini, [ISR
Vijetha and Njallani Green Gold) and lecal culavar
{Bhavamsagar Local) of turmeric, The results indicated
that, the host range of Calletorrichim isolates infecting
black pepper, cardamom and turmeric have the potential
to infect the varieties/ cultivars of crops other than
their natural host (Fig. 2.5 a & h) (Table 2.9).

Fig.2.5. Differential
Colletotrichuam isolates: (a). Cardamom
isolate (Appangala) on Panniyur-1; (b)-
Black pepper isolate (Byakaravally) on
IISR Vijetha

pathogenicity of

I order to identify the compatible groups among the
isolates. selfing and crossing of predominant
Colletorrichum isolates infecting black pepper
(Appangala, Idukki. Anamalai. Byakaravally and
Cooverkolly), cardamom (Appangala. [dukki,
Anamalat, Byakaravally and Palhibetta) and turmeric
(Appangala) in all possible combinations was made.
The results indicated that, all the isolates were
heterothallic (lack of perithecial formation when the
inolates were selfed). Similarly, when the isolales were
crossed in all possible combinations perithecial
Formation was nol observed in any of the combinations,.
The crosses either resulted in the formation of a
barrage at the point of contact between two colonies
(barrage reaction — Fig. 2.6 a) or merging of both the
colonies (merging reaction — Fig. 2.6 b) (Table 2.1(),

Survival of pathogen

The survival of Colletorrichum glocosporioides
infeciing black pepper and cardamom was studied by
conducting potexperiments. Leaves exhibiting typical

Indian Instituee of Spices Research
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lable 2.9, Pathogenicity and cross inoculation of cardamom, black pepper and turmeric isolates of

Colletotrichum

Isolates — Black pepper Cardamom Turmeric
|
Cultivars/ Var. 4 Bya | Coov| Ana| APG | Idk | Bya|Polli{ Ana | APG| Idk| APG |
|Black pepper | Panniyur-5 + + + + + + + + -+
Chomala + + + + - + + + -+
\ Panniyur-1 + + + - - + + + o
Cardamom | Njallani Green
Gold - - - +
‘ ISR Vijetha | + - + . +
IISR Kodagu
Suvasini 4+ + - - + + + + + .
Turmeric Bhavanisagar . '
Local - + - - - . " - ~ 4 +
!-Bya = Byakaravally, Coov = Cooverkolly, Ana = Anamalai, APG = Appangala, Idk = Idukki, Polli = Pollibetta

(a}

Fig. 2.6. Selling and crossing of Colletotrichium isolates infecting black pepper and cardamom: (a) -

harrage reaction; (b)- merging reaction.

leal blicht/ anthracnoese symptoms were used for the
study. The leaves were placed on the soil surface (O
m) and buried at a depth of 30 cm. The results
indicated that, C. gloeosparioides infecting black
pepper survived for 90 (24.15% recovery) and 103
(20.51% recovery) days at 30 and 0 cm respectively.
(. wioeosporioides infecting cardaimom survived {or
UL 20.760% recovery) and 105 (8.1 3% recovery) days
30 and 0 cm. respectively. In comparison with
Collerorrichuny infecting black pepper and cardameom.
urvivability ol C capsicl infecting turineric was found

Inedian lustitute of Spices Research

to be low bath at 0 cm (60 days) and 30 cm (45 days)
with & recovery percentage of 12.77 and 7.22 %,
respectively (Table 2.11)

Quality profile

Sixty two accessions of cardamom germplasm
including 5 hybrids. were analyzed for seed conteat,
essential oil yield and essential oil composition. The
<ced content In the cardamom capsule varied from
55.25 10 82.45%. The cardamom accessions recorded
4.0t0 6.5% essential oil content in capsules.  Sixteen
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Table 2.10. Selfing and crossing between cardamom, black pepper and lurmeric isolates of

. Colletotrichum

‘) f Isolates Black pepper !i Cardamgtzx ﬂ;rmeriu

Bya | Coov| Ana | APG | Idk |Bya |Polli |Ana |APG |Idk | APG

- Black pepper | Bya SB)|-M)| -(B)Y | -B)|-(M)|-(BY|-(B)|-B)|-(B)|-B)| -(B)

Coov | -(M)[-(My| -(M)| -(M)|-(M)[-<B)|- (M)[-(B)|-(B)|- (M) -(B)

Ana -B)|-M)] -(M)| -(B) | -(B) -(B)|- (M) -(M)|-(M}-(M)| -(M)

APG | -(B}Y|-(M)| -(B) | -B) [ -(M)|-M)-(M)|- (M) -(B)- (M) -(B)

Idk -M)-M) | -(B) | -y -(M) - (M- M) - (M) - (B) |- (M) - (B)

(Cardamom | Bya | -(B)[-(B) | -(B) | -(M) - (M) -(B)|- (M)|-(B) |- (M)|-(B)| -(B)

Polli -B)y|-My | -M) [ (M) | - (M) - (M)]- (M) | - (M) | - (M- (M) - (M)

Ana -(B)i-(B)Y i -(M) - M) -(MYL-(B)Y - (ML - (B) |- (M)f- (M)} - (M)

APG -B)|-B) | -M) | -B) | -B) | -M)- M- M) |- (M)|- (M)} -(B)

Tdk -B)|-M)| -(M) | -(M)| -(M)| -(B)|-(M) | -(M) |- (M)|- (M) ~-(B)

Turmeric APG | B -B) | - | -B) | -®) [-B) -y -] - By |- By - M)

B = Barrage reaction, M = Merging reaction, + = Perithecia present, - = Perithecia absent

['I'nhiu 2.11. Suarvival of Colletotrichum spp. infecting black pepper, cardamom and turmeric in soil

Position in
Crop relation to Percentage recovery after different time intervals (days)
soil surface
(cm)
15 30 45 60 75 90 105 | 120
Black pepper 0 92.83 83.76 72.92 6642 | 5554 50.40 20.51 | 0.00
30 . |9193 80.33 64.93 5424 40.75 24.15 0.00
Cardamom 0 88.93 80.83 5277 4429 | 41.19 31.69 8.15 | 0.00
30 85.27 77.14 53.81 41.64 | 3678 20776 0.00
Turmeric 0 84.44 62.23 37.22 12,77 0.00
30 75.55 3118 7.22 0.00
accesstons recorded above 6% oil vield. The accessions  rich and a-terpinyl acetate rich types. The accession

having 6.5% oil content {VA-1, MA-I8, IC 391657. numbers, GG x NKE 12, NKE 19, OP27. MA 29 IC
IC 547147, 1C 547144, 1C 349652, 1C 349633, IC 547147, 1C 547154 and IC 547144 were identitied as
547153, and IC 547220) had 66 to 74% seed content. 1. 8-cineole-rich accessions (>35%) and PC, CP-4.
Based on the chemical composition of the essential NKEI12 x GG, NKEI19 x GG, GG x NKE 19 and GG
oil, the accessions were classified into 1, 8-cineole-  Suckers were rich in ¢-terpiny! acetate (>45%).

52 Tedian Institute of Spices Research
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Genetic resources

Six hundred and cighty accessions of ginger are being
maintained in the field germplasm conservatory. Twenty
ginger accessions were added to the germplasm
repository during 2008-09. Fifty ginger accessions
were characterized based on morphological and yield
characters. Maximum variability was recorded for the
character tullers/plant (32.33%) followed by yield/plant
(25.80%).

Breeding

High oil ginger germplasm

The trial was latd out with 13 high of] ginger accessions
along with a check, ISR Varada (replications 2. design

ANNUAL REPORT 2008 -09

RBD). The ginger accessions were evaluated for
morphological and yield characters. Among the
genotypes. yield (kg/3m” bed) ranged from 5.26 to 8.74
and the maximum yield was recorded in Acc. 162.
followed by Acc, 217 and Acc. 209 (Table 3.1).

Exotic ginger germplasm

Twelve selected exotic {Nepal) accessions along with
contro} lISR Varada were evaluated for morphological
and yield characters. Among the characters. significant
difference between genotypes was observed for tillers/
clump and yield (Table 3.2). Maximum rhizome yield
per plunt was recorded in Acc 578 with 982 kg/dm?
which was on par with check (9.63 kg/3m?).

frddian Isvitute of Spices Research

lable 3.1. Performance ol high oil ginger accessions lor yield and yield contributing characters
Accession Plant No of No. of No.of | Yield/ Yield/
height leaves/main tillers leaves ' plant (g) 3 m? bed
(cm) tiller (kg)
Acc. 57 4361 19.90 7.50 93.30 2387 7.161
Acc. 228 55.97 22.10 7.90 98.60 2202 6.876
Acc. 162 4955 22.60 7.60 108.30 291.4 8.742
Acc. 197 56.68 21.60 7.20 94.40 1752 5.256
Acc. 209 57.45 23.90 7.30 98.60 278.5 8.355
Acc. 420 49.19 20.10 8.80 90.60 2295 6.885
Acc. 225 5898 23.00 9.70 104.70 198.5 5955 |
Acc. 50 46.90 2040 7.70 90.40 2633 7899 |
Acc. 99 58.30 22.60 7.80 83.20 211.8 6.354
Acc. 411 55.67 2000 7.90 96.90 2328 6.984
Acc. 217 55.64 22.00 9.80 115.40 280.3 8.409
|Acc. 95 52.65 23.60 7.90 104.00 2543 7.629
Acc. 156 55.39 23.20 £1.10 145.60 254.7 7.641
Varada 54.71 20.30 8.60 108.20 2779 8.337
Mean 53.62 21.94 8.34 102.30 24401
SEd 309 1.19 091 2322 23208
CD(p=0.05) 6.68 NS 1.95 NS 71.26 B
CV (%) \ 5.77 541 10.84 2.70 13.42
53
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|:]‘,ﬁ[nl.-: 3.2. Performance of exotic ginger accessions for yield and yield contributing characters :]

Entry | Plant Leaves/ No. of No. of Yield/ Yield/
height main leaves tillers plant (g) 3w’
(cm) tiller (kg) |

Acc. 597 54.87 22.07 108.53 9.40 194.20 5.83

Acc. 552 61.03 2260 86.33 6.47 277.67 83 |

Ace. 591 54.82 2093 | 12273 9.93 283.60 851 |

Acc. 592 56.43 20.73 116.40 9.87 22780 6.83

Acc. 593 5953 2273 109.53 R.07 300.87 9.03

| Acc. 574 5822 20.55 107.60 8.27 287.00 8.61

| Acc. 573 60.40 2200 12627 913 | 26487 7.95

Acc. 598 59.76 21,30 10100 7.30 222,00 6.66

Acc. 589 57.17 20.60 ~99.00 747 242.87 7.29

| Acc. 581 5300 | 2107 | 10880 840 26020 | 781

Acc. 553 6079 | 2280 [ 10640 [ 707 23567 7.07

A58 | 5423 | 2133 | 1920 | 1160 3740 | 982 |

Varada | 5651 | 2127 ] pse0 | 953 | 32107 | 963

| Mean | 5745 | asa ] w9ers 1 wes | 26502 | 795

| SEd | a14 | 130 | 1405 | 109 | 3805 B

CD(p=005)) NS | NS | NS | 235 7853 | |

|V () L g8y | 138 _7‘ 159 L1527 1795 | _"

Cytogenetics 309,253, 25.7. 23.9 days for emergence and 74.8.

46.5. 46,4 and 42.6 days for producing fivst tiller,
respectively. The dry mutter distribution between root.
rhizame. pseudo-stem and leat” was estimated by

Pollen fertility and pollination studies
Pollen fertility was assessed in 50 cultivars by pollen

stwminability, foviteo and i vive pollen germination

=

i et . destructive sampling of cinger at Gifth month after
studies were completed n 27 of them. Cne collection : PR = ;

planting, Ginger varicties vz, HSR-Rejatha. 115R-

¥ A with comparatively higher pollen Tertiliny (=307 ) was Ny o = - )

! AGRTIEG. Clrosichie. M | 95 vk Foiii o R mi Mahima, Himachal, HHSR-Varada and Muaran on an
e oie Atk R0 R G AR average recorded 12.35%, 65.34%, 7.69% and 14.61%
pollen fertility of 67.736 by glycero-carning staimng i bR Al ot I Sytid
and 60.3V% by in vitro sermination. PoVen sermimnaiion L}rxj..-_l;._ll._l L[(I-:I,‘I,L‘I_LI,;:F;;,C }, ;;Ié”“““ peudo-stemm and

- . . - fedl, respectively { tapie 3.0,
was abserved o stigmutic surface also on self ' I .
pollination. The genotype is suitable for lulure studies Nutrient requirement
on induction of seed set in ginger. s
Targeted production
Mutation stadles Based on the initial soil availability of major nutrients,
'Mq’ and M2 generation plants were raised from the nutrient required lor targeted rhizome production (NR).
gl o 2 o : F § - H A 2 .
thizomes of gulti\'arﬁ radiated with different doses contribution of nutricnt from soil (CS) and contribution
. < . “ a
T ‘ . © lrom Tertilizer (CF) were calculated for ginger and
during ;006 and 2007 1‘espe(,1|v€|y. A t.otal (.)f 122 M3 fertilizer doses t obtain yield tareers of 25, 3{4:? kg/
generation plants and 230 M2 generation plants were i A e S o GOl
_ ; _ _ bed was caleulated and upplied. The highest vield ol
maintained in bags. Morphological characters and yield
were recorded. Variation in morphology and yield was — — R — -
observed. No flowering was observed in any of them. FYield target | |
(kg/bed) Vield (kg/bed) Deviation (% y!
Phenology == = - - = —
W : s " . 7 i) 7 - [
Ginger varieties viz., 11SR-Rejutha, USR-Mahima. 2 ! 207 13 |
Himachal. IISR-Varada and Maran planted duning 30 35 282 419
April, 15 May, 30 Mav and 15 June took on an average 45 20.0 36
i 54 Tudian Institiee of Spices Research
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fable 3.3. Dry matter distribution of ginger varieties at 150 days after planting |

Variety Root Rhizome Pseudostem Leaf Total
Varada 241 | 1329 1.65 3.20 20.62
Rejatha 342 18.07 2.16 455 28.20

' Mahima 2.51 14.22 1.79 271 21.23

| Himachal 397 25.26 2.00 436 3559
| Maran 2.93 9.98 1.91 325 18.08
‘Mean 3.06 16.17 1.90 362 2474 |
 Percentage share to total 12.4 65.3 7.7 14.6 100.0
SEd ; 345 - 0.61

CD(P=0.05) | Ns 7.52 NS ]

24 kg/bed was obtained for the target 25 kg/ bed and
the deviation from the target was -8 to -24%, The
yield targets could be achieved with a mean dewviation
of -13 10 -36% from the targets. The mean recorded
yield levels were 21.7, 28.2 and 29 kg/ bed against the
targets of 25, 35 and 45 kg/bed, with a deviation of -
13%, -19% and -30%, respectively,

Organic farming

Ginger was grown organically by applying FYM. vermi
compost. ash and rock phosphate, Azospiriffium and
phosphohacteria and 7Trichoderma & Pseudaomonas
sp. (JISR-6 & 853) as bio control agents for disease
control. The mean yield recorded was (var, TISR-
Varada and 1ISR-Mahima} 4.3 kg/3 n° under
integrated system which wus on par to organic system
(4.1 kg/bed). Under organic management var. [ISR-
Varada and [ISR-Rejatha yielded higher compared to
that of USR-Mahima. The ¢verall vield levely were
low due 1o heavy incidence of rhizome rot diseasc.
Soil nutrient buildup and microbial biomass carbon were
observed to be high in organic and integrated
mapagements as compared to conventional system.
The rhizome rotincidence was 40-51% in all the ginger
varieties and in all the three management systems.
Among the endophytic bacteria tried, GEBI17 &
GEBI8 and GRB57 recorded < 20% rhizome rot
incidence compared to other treatments which recorded
33-63% incidence.

Quality profile

Drying methods

Ginger s traditionally dried after peeling the outer skin.
Peeling involves human labour and it1s a kind of skilled
job to prevent volatile oil loss as hard peeling may lead
1o 1oss of volatile oil. However drying without peeling
require double the time for complete drying compared
to peeled samples. The objective of the study was 10
compare the difference in chemical quality due to the
two different processes,

fndian Institute of Spices Research

Ginger [ISR-Varada collected from Experimental Farm
Peruvannamuzhi was used for the study. The peeled
and unpeeled ginger rhizomes were dred on a clean
concrele floor for sun drying and sun drying in poly
bag. Another set of six samples ol each group were
also dried in hot air oven at 60°C and RRL reverse
Mow drier. Peeled samples dried in sun or poly bag or
hot air oven toek abour 12-13 days for complete drying.
RRL drier took about 15 days for drying. Unpeeled
samples ook 22-26 days for complete drying in all
techniques. The o1l, oleoresin, tolal gingerol and (otal
shogaol did nol show any variation 1n peeled and
unpeeled samples,

Flavour profiling of Zingiberaceae spices
Volatile flavour constituents of ginger and turmeric
rhizomes were studied. Fresh ginger rhizomes
contained 0.2-0.4% essential o1l where as the oil yield
was 1.1-2.2% i dry rhizomes. The Acen. nos 2. 11,
127, 225 recorded >29% oil yield.

A study conducted on 20) accessions indicated that the
essentiat o1t from fresh rhizomes of ginger and turmeric
was rich in monoterpenes whereas the dried rhizomes
contained higher levels of sesquiterpenes. The oil frém
fresh rhizomes of ginger contained higher levels of
camphene, 1.8-cineole, phellandrene and citral
compared to dried rhizomes. Among these constituents
the content of citral was markedly high (35-44%) in
fresh rhizome oil. The oil from dried rhizomes was
dominated by the sesquiterpenes. zingiberene {24-
30%), farnesene ([ 1-20%) and sesquiphellandrene (3-
14%) as against 2-5% representation of these
constituents in fresh rhizomes.

Shoot borer (Conogethes punctiferalis)

Life evele

The life cycle of shoot borer (Conogethes
puncitiferalis) was studied on [ive resistant accessions
(Aces. 31,247 400, 430 and 631) and six susceptible

e
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accessions (Accs. 17.43.70, 190, 191 and 514). In
the resistant and susceptible accessions, the pupal
period varied trom 6-21 and 7-11 days, respectively.
The adult longevity was 2-3 and 2-4 days on resistant
and susceptible accessions, respectively.

Isolation of entomopathogenic pematodes (EPNs)
Seventy ong soil samples were collected from the
rhizosphere of ginger. turmeric and black pepper from
Peruvannamuzhi (Kozhikode District), Ambalavayal
{(Wayanad District), Adimali, Peerumedu,
Udumbanchola and Devikulam taluks (Jdukki District)
and Settiputhoor and Satyamangalam villages

(Coimbatore District). Entomopathogenic nematodes
(EPNgs) were baited out and multiplied on host insects,
greater wax moth, Gulleria mellonella and rice moth,
Corcyra cephalonica . Out of these, only six samples
were found to be positive to entomopathogenic
nematodes. Among the new strains of EPNs, only one
species each of Heterorhabditis sp. and Steinernema
sp. were identified on the basis of morphometric
analysis. Both species were obtained from ISR
Experimental Farm, Peruvannamuzhi {Kozhikode
District) while the remaining four strains were found
from Idukda District. [dentification of these strains are
in progress {Fig. 3.1).

Fig. 3.1. Isolation of EPNs from ginger (a) White trap (b) Emergence of 1JS from Galleria larva

56
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Genetic resources

One thousand twenty six accessions of turmeric are
being maintained in field germplasm conservatory.
Thirty four turmeric accessions were added (o the
germplasm repository during the period under report.

Development of microsatellite markers

A total of 135 microsatellite containing genomic DNA
fragments were isolated from turmeric (Curcuma
fonga 1..) adopting the selective hybridization method
with di and trinucleotide biotinylated probes. Expressed
sequence tags (EST’s) of turmeric hosted in the NCBI
database were screened for the presence of Class 1
{hypervariable) simple sequence repeats (SSR’s).
Fifteen primers were designed for amplifying EST-
SSR’s, of which eight turned out to be poly morphic
{(Fig.4.1a & b). These pnmers were transferable to 13
Curcuma species analyzed. AE HPLC analysis of
Curcuma rhizome proteins was standardized. Thirteen
Curcuma species were characterised based on the
elution profiles of water soluble rhizome proteins
obtained by AE HPLC at wavelength of 260 nm
(Fig. 4.2). The thirteen species were grouped in $ix
clusters based on UPGMA analysis (Fig. 4.3). The
biologically active peptide turmerin was isolated from
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thirteen species of Curcuma with a highest
concentration of 320 mg/100 gm ftresh tissue in C.
sylvatica.

Morphology and yield of seedling progenies

Seedling progenies (260 nos.) and 23 mother plants
were evaluated in pot culture. Morphological
characters such as plant height, leaf Jength, leaf
breadth, number of tillers and flowering status were
recorded. The yield was recorded at the end of the
season and majority of the progenies showed
multiplication rate above 10 times. Eight progenies
showed multiplication rate above 20 times (Table 4.1)

Seventy one second generation seedling progenies were
raised using OP seeds of five seedling progenies namely
138/23, 138/74, 138/76,435/7 and 69/10. All the advance
generation progenies showed vigorous growth and nine
of them flowered in the first year itself. Weight of first
rhizome produced by the progenies was recorded.

Cytological analysis of seedling progenies

Cytological analysis has been completed in 4 mother
ptants and 36 seedling progenies. Mother plants showed
chromosome numbers such as 2n=63 and 2n=84.

(b)

Fig. 4.1. Successful amplification of EST derived microsatellife marker in turmeric accessions
revealed in 10.0% polyacrylamide gel. Lane M- 50bp DNA ladder, Lane 1-17- turmeric
accessions. (a) CLEST-ssr01 (b) CLEST-ssr02

Indian fustitufe of Spices Research
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Table 4.1. Yield range among progenies of a few mother plants®

Mother Yield of Number of Yield range No. progenies No. progenies
plant mother seedling of progenies (g) showing showing
no. plant (g) progenies multiplication multiplication
rate rate above 20 |
above 10
18 | 7R3 29 346.67 - 993.33 25 0
20 813.33 11 100.00 - 807.04 5 0
65 900.00 22 120.0 - 905.67 11 0
69 673.33 10 300.00 - 1056.67 7 3
126 630.00 15 486.67 - 1046.67 14 2
138 1133.33 76 100.00 - 1120.00 69 4
300 660.00 4 | 333.33-706.67 3 0
354 83.0.00 5 346.67 - 613.33 2 0
399 360.0 12 100.00 - 666.67 3 0
414 453.33 3 400.00 - 700.00 1 0
415 646.67 13 340.0 - 800.00 10 0
{ 417 580.00 3 160.00 - 433.33 0 0
421 313.33 10 280.00 - 652.33 6 0
426 733.33 4 200.00 - 733.33 2 0
434 573.33 14 200.00 - 700.00 7 0
435 553.33 7 320.00 - 633.33 4 0
442 213.33 2 240.00 - 320.00 0 0
447 733.33 2 340.00 - 606.67 I3 0
449 413.33 10 320.00 - 893.33 9 0
* (50 -60 g seed material used for planting per pot)
0.060
0050+
o.o-aoa'
2 000
0,020
0.010
]
0.0003
0.0101 L LA S TT T T TYY T T T T

' T T T T '| (L T r K] * 1 b I L] 1] L]
3000 3500 40,00 45.00 5Q.00 S&00 an.g
Mintes

Go0 ' %00 10.00 o 1‘5300 2000 - l25.l(l?)
Fig. 4.2. AE-HPLC profile of water soluble rhizome proteins of Curcuma sylvatica

Majonty of the seedling progenies showed 2n=84 while  showed wide variation for curcumin compared to oil
a few showed chromosome numbers such as 2n=82,  and oleoresin (Table 4.3).

72, 74 etc. (Table 4.2). Phenalogy

Quality analysis of seedling progenies Turmeric varieties viz., [ISR-Prathibha. IISR-Alleppey
Preliminary analysis for curcumin. oil and oleoresin Supreme, IISR-Suguna, ISR-Prabha. [ISR-Kedaram
among 25 seedling progemnies of 10 mother plants planted during 30 April, 15 May, 30 May and 15 Junec
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Fig 4.3. UPGMA dendrogram showing genetic similarity between different Curcuma species
calculated by AE HPLC data of water soluble rhizome proteins using Jaccard’s similarity
coefficient

Table 4.2. Chromosome number among mother plants and seedling progenies

Chromosome No.(2n) Mother plant/ Seedling progeny

84 395,359, 18/10, 18/27. 138/52, 138/49, 138/42, 138/3, 138/33, 138/9, 138/31,
[38/75, 138/14, 138/23, 138/5, 138/63, 138/7. 69/5, 65/3, 449/10, 300/4, 399/4,
415/1,415/2,415/9,415/11, 449/6, 449/8

63 447,431, 138/26

82 18/23, 18729, 138/13
72 18/6,421/4

76 138/67

78 138/15

74 421/9

75 3599/6

tock on an average 23.5, 18.5, 16.5, and 12.3 days for  month after planting. On an average turmeric varieties
emergence and 98.4, 59.9, 56.7 and 48.5 days for  viz,, IISR-Prathibha, IISR-Alleppey Supreme, IISR-
producing first tiller respectively. The dry matter  Suguna, IISR-Prabha, [ISR-Kedaram recorded 8.10%,
distribution between root, rhizome, pseudo-stem and  60.7%. 8.90%. 22.29% dry matter in root, rhizome,
leaf was estimated by destructive sampling at fifth  pseudo-stem and leaf, respectively (Table 4.4).
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| Table 4.3. Qualiiy analysis of OF seedling progenies of turmeric

Progeny No. Oil (%) Oleoresin (%) Curcumin (%)
138/13 3.5 7.53 1.93
138/17 2.7 7.79 237
138/18 3.7 9.82 3.06
138/31 37 8.87 2.88
138/41 32 7.76 1.19
138/42 3.6 7.17 0.75
138/47 35 3.16 198
138/61 3.07 8.51 1.33
138763 20 7.32 1.6
138/65 3.1 10.79 319
138/69 32 8.74 272
138/70 33 12.85 2,14
18/15 33 7.59 1.07
18/19 32 6.355 0.88
18/26 2.67 5.38 0.96
| 18129 35 69 (38
41572 44 7.58 217
42144 4.4 9.57 1.62
435/8 2.5 6.48 1.04
44917 313 6.50 1.05
126/5 3.73 8.84 32
126/9 347 10.52 1.46
65/2R1 3.2 5.7 1.05
69/9R1 3.5 10.21 2.45
203 16 8.61 1.58 |
Table 4.4. Dry matter distribution of turmeric varieties at 150 days after planting
Variety Root Rhizome Pseudostem Leaf Total
Prabha 2.60 19.71 2.05 8.04 32.40
Prathibha 4.14 10,27 4.46 9.53 28.41
Alleppey Supteme 193 28.04 2.61 491 37.49
Suguna 1.89 12.12 2.02 7.18 23.20
Kedaram 274 29.47 347 6.92 42.59
Mean 2.66 19.92 292 7.32 32.82
Percentage share to total 8.1 60.7 8.9 223 100.0
SEd 0.63 3.26 0.62 -
CD (p=0.05) 1.39 7.12 1.34 NS ’

Input use efficiency

Micronutrients influence

The role of micronutrient elements viz., boron {B) and
zinc (Zn) were studied at [ISR Experimental Farm,
Peruvannamuzhi. Turmeric was raised with six Jevels
of Zn viz. 0, 5, 10, 15 kg/ha and one and two foliar
sprays (0.3%) with and without application of P {50
kg/ha). The baron levels were (0, 0.5, | and 2 kg/ha
and one and two sprays of borax (0.25%) with and
without apphication of time.

60

Higher soil P availability was recorded in O level Zn
with P application and the soil Zn availability was
significantly higher in soil Zn application (5, 10and 15
kg/ha) without P. Among the treatments, fohar
apphcation of Zn twice recorded highest rhizome yield.
The mean yield of rhizome was higher in 10 kg soil Zn
application on par with foliar spray twice. Application
of 1.0 kg B per ha after liming increased the yield up
to 9.44 kg/ bed. Higher concentration of both Zn and
B reduced the growrh of turmeric {Table 4.5).
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turmeric
Zn level Soil P Soil Zn Yield (kg/bed) |
(kg/ha) +P -P Mean +P -P Mean | +P -P Mean
0 17.1 54 113 0.8 0.6 0.68 | 6.2 3T 6.97
5 76 5.8 6.7 39 47 428 |73 8.5 7.91
10 7.4 5.6 6.5 4.6 59 527 | 86 8.7 8.62
15 37 4.0 39 37 6.5 513 |70 73 7k
| foliar spray- 0.5% 7.3 7.0 7.1 0.6 0.6 057 | 6.7 7.1 6.9
2 foliar spray— 0.5% 35 7.3 54 0.6 0.6 060 | 7.7 9.1 84
Mean 7.77 5.85 2.36 3.1 7.23 8.07
CD (p=0.03) Zn levels 1.4 0.71 1.28

Organic farming

Turmeric was grown organically by applying FYM,
vermi compost, ash and rock phosphate. Azospirillum
and phosphobactenia, Trichoderma & Pseudomonas
sp. (IISR-6 & 853) as bio contro] agents for disease
control. The integrated system recorded highest vield
which was on par to that of organic system of
management. The yield in integrated system was 6.9
and 7.1 kg/ 3 m? bed followed by organic system (6.2
and 6.0 kg/ bed for var. ISR-Alleppey Supreme and
USR-Prathibha, respectively). Soil nutrient buildup and
microbial bicmass carbon were observed to be high in
organic and integrated managements as compared to
conventional system. FYM (151), neem cake (2t) and
vermicompost (4t) applications showed higher nutrient
buildup and yield.

Quality profiling

Influence of drying and storage methods
Turmeric is generally dned after curing (boiling) for
45 to 90 minutes. Curing reduces drying time and
enhances keeping quality of dried rhizome. Turmeric
IISR-Prathibha and [ISR-Alleppey Supreme were
evaluated in different mechanical driers to study the
effect of curing and drying, on chemical quality. Cured
and uncured turmertc rhizomes were dried in hot air
iven, sun dried, sundried in poly bag and also in a
reverse flow RRL drier. All the dried rhizomes had a
moisture content of 8- 10%. No variation was observed
in oil, oleoresin and curcumin content among the
different drying methods.

Turmerie variety 1ISR-Prathibha was also stored for
60 and 480 days under similar storage atmosphere in
three layered metalised polyester cover under vacuum,
% N, and 90% N, + 10% CO.. The curcumin
conlent of stored samples varied from 5.0 10 5.8%.
No significant variation was observed in the quality

Inifian Institute of Spices Research

constituents oil, olegresin and curcumin content
compared to control which was stored in ordinary gunny
bag.

Influence of biochemical lfactors on cuorcuminoid
levels

Three hundred and one samples have been analyzed
for total curcurninoids, 255 of which have also been
analyzed for oil and oleoresin content. Assay of
phenylalanine ammonia lyase (PAL), cinnamate-4-
hydroxylase (C4H) and caffeic acid-O-methyl
transferase (COMT) completed in leaves for 13
accessions planted at Peruvannamuzhi farm and 19
accessions planted at Chelavoor farm.

IISR-Sudarsana with high PAL and IISR-Prathibha
with low C4H activities both had high curcumin content.
Released varieties of turmeric, IISR-Prathibha, [[SR-
Sudarsana and ISR-Alleppey Supreme were high in
secondary metabolites,

Flavour profiling

The il from fresh and dried rhizomes of turmeric was
dominated by sesquiterpenes. However fresh oil
contained higher level of the monoterpene and 1, &-
cineole (2-13% as against 1-5% indry). The oil from
dried rhtzomes was richer in zingiberene (2-12% as
against 1-5% in fresh). The contents of turmerone,
curlone, ar-turmerone and other minor components
were on par in fresh and dried rhizomes. The study
indicated the loss of high-volatile constituents during
drying of rhizomes.

Cloning of pal gene

Twenty five sequences of pal genes of monocots
(ginger. banana, rice, maize) from NCBI site were used
for multiple sequence alignment using CLUSTAL W
and conserved regions were used for designing four
degenerate primers. Template DNA was isolated by

i
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the CTAB method. PCR amplification of pal gene 111
in Curcuma longa was optimized, to yield a 350 bp
fragment: PCR mix: 10x assay bufter — 2.5 pl. dNTP
- 0.5 pl; Forward primer - 2.0 pl; Reverse primer - 2.0
ul: Tag polymerase - 0.33 pl: DNA (50 ng) - 5.0 pl:
Water to— 25 pl. PCR conditions: After an initial 94°C
-4 min; 30 cycles of 94°C — | min; 50°C - 1 min;
72°C — 1 min: and extension at 72°C — 10 min. The
sequence of the primers used for pal I11 ure:

57,

Forward primer:

CCGGCTCGTTATATAAAAGCTCCAGACTTG-3”

Fig. 4.5. Amplification of pal gene 111 in Curcuma
fonga L (L - 100 bp DNA ladder; Lane 1-
5: C. longa)

62

3

Reverse primer: )
G-

CCCGAGCCTCCTCAGAAAGCTCCACTGTC
3"

Shoot borer (Conogethes punciiferalis)
Identification of resistant sources

Nine hundred and fifteen accessions of turmeric were
screened against the shoot borer tn the field. Maximum
shoot damage (80%) was observed on Accs. 345, 525
and 882. Forty four accessions remained free from

the shoot borer allack.

Documentation of natural enemies

Apanteles rtaragamme? (Braconidae} and an
unidentified hymenopteran were observed to parasitize
larvae of the shoot borer throughout the crop season

at Peruvannamuzhi.

Evaluation of insecticides

Four insecticides viz.,. malathion 0.1%, carbosullan
0.075%. imidacloprid 0.0125% and lamda cyhalothrin
0.0125%, promising in the greenhouse were evaluated
against the shoot borer in the field. The insecticides
were sprayed at 3 week intervals during July to
November. The trials indicated that among the

insecticides, malathion 0.1% and lamda cyhalothrin
0.0125% were promising.
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Genetic resources
Characierization ol germplasm
Morphological characters such as leaf length, leaf
breadth. Internode length and girth were recorded from
3.5 year old plants of 37 germplasin cellections planted
in the fietd. Morphology of V. rahirensis was
contrastingly different from the collections of Vuniifa
planifolia. Twenty three collections {lowered during
this season. Self pellination was done @ 5-10 flowers
per inflorescence (o raise seedhng progenies of these
collections.

Flowering of Vanilla tahitensiy

Vanilla tahitensis. the second commercially important
species of vanilla after V. planifolia flawered at [ISR
Farm, Peruvannamuzhi. tor the first time, after 4 years
of growth. The flowering occurred in two phases unlike
in V. planifolia planted in the same field. The first
phase started in the month of September and ended
by October. Second phase stared in the month of
February and ended by March. The flowers were self
pollinated to produce seedling progenies and reciprocal
crosses were made with V. planifolia to produce
interspecific hybrids. V tahitensis is veparied g have
more relative tolerance to root diseases compared (o
V. planifolia.

Breeding

Establishment of interspecific hybrids

Inter specific hybrids between V. planifolia x V
pilifera and Vanilla sp.(A&N islands) x V. pilifera

Indian Institute of Spices Research
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were eslablished {n viiro. Additional crosses were
performed between these species and seeds were put
n cultures. :

Induced mutation in vanilla

Fruit samples of vamlia {5 months after pollination)
were irradiated with 1kr. 2kr and 4kr doses of y-
radiation and inoculated on solid SH medium, after 24
hrs. Germination of seeds was affected by radiation
dose. Profuse germination was observed in seeds
derived from fruits irradiated with Tkr and sparse
germination in the case of fruits treated with 4kr,

fn vitro seed germination cultures (3 months old) were
treated with (0.5kr. 1.Okr, 2.0kr and 3.0 kr doses of v
radiation and sub-cultured to fresh media in 15
replicates after 15 days. Untreated cultures were
maintained as control. Plants formed from treated
cultures of all doses. In cultures treated with 3.0 kr
peor conversion and siunted growth of plantlets were
observed. One albino plant was recovered from
cultures treated with 1.0 kr (1.0 kr = 100 gray).

Detection of viruses

Atotal RNA isolation method based on acid guanidium
phenol chioroform was developed for vanilla. RT-PCR
based method was developed for the detection of all
the four viruses (Bean common mosaic virus, Bean
vellow mosaic virus, Cucumber mosaic virus and
Cymbidium mosaic virus) known to infect vanilla in
India.

Lo
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Genetic resources
Colleciion, characterization, evaluation and
maintenance

Five collections (two from YSPUHE, Solan, Himachal
Pradesh, two from Kerala and one from Tamil Nadu)
were added to the germplasm. Fifty four germplasm
accessions, which include 21 Bydagi collections and
six exotic collections, were raised and multiplied.
Twenty seven new germplasm accessions were
purified by single plant selection and by selfing.

Crop improvement

Morphological and quality characterization of

64

germplasm revealed maximum variability in fruit weight
(31.26% CV} followed by yield per plant (30.88%).
Least vartability of 3.34% was recorded for the
character pericarp thickness. Among the indigenous
germplasm, ICBD 11, ICBD 23 and ICBD [0 registered
the highest color value of above 300 ASTA units. In
case of exotic lines high colour value was recorded in
EC7I, EC6, EC 490 and EC {8. The capsaicin content
among germplasm accessions varied from 0.0081 to
0.513. Over all, the lines ICBD 10, Kt-pl-19 and EC
18 were found promising with high colour value and
low pungency.

Tadian Institute of Spices Research
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(senetic resources
Evolving high yielding and high quality clones
Evaluation of high yielding nutmeg lines: The progenies
at'high yielding nutmeg lines are being maintained. Elite
line AG/185 recorded maximum mean height (592 cm).
width (582 cm). no. of main branches (63.2) and girth
at 30 cm above ground level (50.3¢cm), while elite line
A9/150 recorded the maximum mean number of fruits
per plant (28).

Grafts of four elite lines (A9/4(3), AY/4(1 1), Adl17
and A4/20) having high myristicin and elemicin in
nutmeg and mace oils were field planted in RBD with
5 replications and a plot size of 4 grafts/treatment/
replication.

Grafts of 4 clite nutmeg lines (A4/22. A9/T1, A9/95
and A9/102) having low myristcin, elemicin and safrole
and high sabinene in nutmeg and mace oils were field
planted in RBD with 5 replications and a plot size of 4
grafts / treatment / replication.

Canopy management

Induction of orthotropic shoots in plagiotropic
prafls

An experiment was initiated to study the possibility of
inducing orthotropic shoots from plagiotropic grafis of

nutmeg, so as o get an erect canopy as that of a
seedling raised plant. Grafting was done on nutmeg
with scions from four accessions namely. A9-20. A4-
22,A9-4and AT1-10 with an average success of 85%.
These grafts would be used in the coming season for
imposing various treatments 10 see whether it js
passible to induce orthotropic shoots in the plagiotopic
grafts.

Lo order to study the difference in the plagiotropic and

orthotropic sheots, various metabelites in the leaves
and twigs of plagiomopic and orthotropic shoots located

fudian Institute of Spices Researcht
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at three levels of the tree were analyzed in two
different accessions. The proteins, total carbehydrates,
reducing sugars, starch, phenols and nitrate reductase
in leaves of nutmeg (A-9-76 and A-4-22) were
estimated. All these parameters were higher in leaves
from orthotropic hranches when compared 10 the
leaves from plagiotropic branches except for NR
activity which was slightly less in leaves from
orthotropic branches compared to the leaves from
plagiotropic brapnches. There were no significant
differences in metabolite content between leaves from
top, middle and bottom portions of the tree.

The proteins, total carbohydrates, reducing sugars,
starch, and phenols in twigs of two nutmeg accessions
namely, A-9-76 & A-4-22, were estimated. All these
parameters were higher in orthoetropic twigs when
compared to plagiotropic twigs. There were no
significant differences in metabolite content between
twigs from top, middle and bottom pertions of the tree.

Improvement of Chinese cassia (Cinnamomum
cassia)

Evaluation of elite cassia lines

Significant differences were observed among the 4
elite lines for plant height, width and number of main
branches. Elite line D1 recorded the maximum plant
height of 296.9 cm and width (234.€ ¢m) and no. of
main branches/plant (14.6). The elite lines did not show
significant difference for other morpholegical
characters namely, no. of main shoots and girth at 30
cm above ground level. Elite line D1 recorded the
maximum ne. of main shoots (3.08) and plant girth
(35.2 cm). Thus elite line D is found to be the best
with regard to the different morphological characters
(Table 7.1).

The cassia elite line A1 (IC No. 370400) has been
registered with NBPGR, New Delhi lor high

v
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cinnamaldehyde content in bark o1l (81.5%) and leaf
oil (80.5%), registration No, (INGR 08045).

Morphological characters for fifteen accessions namely
A2, A6, A7, A8, B2, B4, B8, C1,C4, D1, D2, D3, D5,

the constituents of essential o1l of bark of Cinnamiormuum
sulphuratum were determined. Linalool and
tetradecanal were the chief constituents (both 15-16%)
in the oil. The oil contained a large number of

[Table 7.1. Evaluation of elite cassia lines grown at 1ISR E.\p{ﬁmmml Farm, Peruvannamuzhi |
Elite line Height Canopy Girth No. of main No. of main
{cm) (cm) (cm) shoots branches

A2 216.5 178.2 29.1 1.9 8.3

Cl 2756 193.4 31.2 27 11.2

DI 296.9 234.8 35.2 3.1 146
D3 172.6 138.0 29.2 2.3 6.7 N
SE 30.1 21.7 2.7 0.87 1.4

CV (%) 279 26.1 19.4 78.2 307 |
CDh @ 5% 92.6 66.9 - - 4.3

D6 and D7 were recorded at Appangala. Biochemical
characters namely bark oil, oleoresin and
cinnamaldehyde for these fifteen accessions have been
recorded. Bark oil ranged from 1.2% (D1) to 3.71%
(B2). Percentage of olearesin varied from 7.52 (B8)
to 14.14 (B2). Percentage of ¢cinnamaldehyde varied
from 65.07 (B8) to 89.63 (D1) (Table 7.2).

Chemical characterisation

Cinngmomum germplasm

A study was conducted to chemically finger print the
Cinnamomum germplasm  mainly, in terms of its
volatile constituents. During the period under report

constituents in <2% concentration. Another aspect
of the study was to find out the best period of harvest
to obtain maximum essential o1l from leaves. Variation
n the oil content of leaves of C. maiabatrum during
different months indicated that the highest leaf oil yield
could be obtained by harvesting leaves duning Feb-
March. The of cinnamaldehyde,
caryophyllene and benzyl benzoate showed wide

contents

vanations compared to other components, during this
period. A crystalline constituent isolated from the leaf
extract of . malabatrum was identified as [3-

sitosterol.

Table 7.2. Biochemical characterization of cassia lines grown at Cardamom Research (-_'.l:nlr;
Appangala

Accession Essential oil (%) Oleoresisn (%) Cinnamaldehyde (%)
A, 3.06 14.02 74.18

A, 3.26 11.37 66.15 |
A 2.37 9.97 84.20

Al 1.23 11.92 67.01

B, 37N 14.14 81.58

B, 2.63 12.05 69.62

B, 2.65 7.52 65.07

C, 312 10.76 7877

C, 1.41 10.28 75.60

D, 1.20 8.87 89.63

D, 2.52 8.58 83.71

D, 2.56 11.58 | 7793

D, 3.28 9.48 75.45

D, 3.37 933 73.39

D, 1.58 9.02 7340

66

Indian Institute of Spices Research



Carcinia

I'wo varieties each of G kydia and G rinctoria were
collected from West Khasi hills of Meghalaya (Fig 7.1)
and their HCA % was compared with the Western
Ghats samples (Table 7.3).

DINA was extracted from four species collected from
western ghats and amplified with eight established
RAPD primers. The heterogenetic index was 0.43 —
G gummigutta, 0.48 — G indica, 0.32 - (G cowa and
0.41 — G rtinctoria. The results indicated that the

genetic variability within the species is lower than the
oufcrossmg wind pollinated woody plants which 1s 0.53.
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Table 7.3.  HCN content of samples from different

geographical locations

Species (%) HCAl

Dry fruit samples from Western Ghats

G gummigutta 15.16
G. indica 1012
G tinctoria 0.07
G cowa 3.60
Dry fruit market samples from Assam

Bara thekara 454
Kuchi thekara (G cowa) 4.36
Fresh fruit samples from Meghalaya

G kydia (red) 10.97
G indica (yellow) 8.37
G tinctoria Nil

Fig. 7.1.

Indian Institute of Spices Research
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Garcinia sp. collected from West Khasi hills of Meghalaya; (a)- G ikydia;
(b)- G tinctoria.
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BIOLOGICAL CONTROL

Rhizohacteria

Isolation

One hundred and seventy four rhizobacteria were
isolated from black pepper (74) and ginger (100) from
Peruvannamuzhi and Wayanad in Kerala and Kodagu
in Karnataka.

Characterization of rhizobacteria

One hundred and seventy-four isolates were tested in
vitro for beneficial traits, viz., mobilization of phosphate,
potassium, zine, silica and amunonia production. These
isolates were also tested for growth promotion trait and
indole acetic acid (TAA) production. Out of the 174 straing
tested, 72 isolates were positive for both [AA and
phosphate solubilization (4 1%) and ammonia production
was observed in 124 isolates (71%). Out of 174 isolates
only 35 were found to be potassium mobilizers (209,
26 were zinc mobilizers (15%) and 9 were silica (5%)
solubilizers.

One hundred and seventy-four 1solates were tested for
the production of primary and secondary metabolites.
These 1solates were tested for phenazine -1- carboxylic
acid (PCA). Only two isolates of black pepper namely.
BRB 5 and BRB 28, were positive. The primers were
synthesized and tested for the detection of
diacetylphloroglucinol (DAPG), pyrolnitrin, pyoluteorin,
and chitinase, and none of the short-listed isolates were
positive.

Evaluation of rhizobacteria

In vitro screening of isolates indicated that seven black
pepper (BRB 5, BRB 24, BRB 28, BRB 49, BRB 53,
BRB 60 and BRB 72) and eight ginger (GRB 25. GRB
35, GRB 36, GRB 57, GRB 58, GRB 68, GRB 72 and
GRB 91) isolates showed more than 50% inhibition

against Phytophthora capsici, Pyrhium sp. and
Fusarium sp..

Evaluation of six (GRB 25, GRB 335, GRB 36, GRB 57,
GRB 58 and GRB 68) of the short-listed isolates of ginger
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for biocontrol and growth promotion in the greenhouse
indicated that among the various isolates. GRB 35
reduced symptom expression due to Ralstonia
solarnacearwm and also enhanced growth of plants
compared to contro).

Identification of rhizobacteria

The identity of eight of the promising isolates from
black pepper and ginger was confinned by molecular
characterizaiion using 16s rDNA sequencing. The
black pepper strains belonged to Pseudomonas
aeruginosa and Serratic marcescens. The ginger
strains belonged to Burkholderia pyirocinia. Bacillus
amyvlolequifaciens, Serratia marcescens and
Klebsiella sp. Sequences of the five identified 1sclates
were deposited with National Centre tor Biotechnology
[nformation Database.

Isalation and evaluation of anti-microbial
compounds

Bio-surfactants from different endophytic bacteria
were extracted. £ aeruginosa 1ISR BP35 produced
88-90 ug of bio-surfactant per mt which was inhibitory
to P capsici. Maximum production of bio-surfactants
was observed in 48-72 h old cultures. Ameong the eight
bacteria screened, the highest production of the bio-
surfactant was noticed in P geruginosa ISR GB 9.
The bio-surfactanis from different bacteria were
identified as massetolide A using RP-HPLC studies.
In vitro studies using this cyclic lipopeptide showed
biocidal activity against zoospores and mycelium of P
capsici (Fig. 8.1). It also inhibited mycelial growth of
Pythiun mvriotylum. In vive studies using stem
cuttings of black pepper treated with the bio-surfactant
also proved its bicefficacy against P capsici (Fig.
8.2).

Protease enzyme present in crude extracis of P
aeruginesa ISR 853 was punfied by RP-HPLC and
lested against K. sindlis Tor its nematicidal activity.
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Fig. 8.1. Effect of massetolide-A on mycelium of
Phytophthora capsici

[Fraction 2 was found 1o contain maximum enzyme and
nematicidal activities.

Collection of VAM isolates

Rhizosphere soil was collected from black pepper from
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Lesicn lergth{cm)

VWater Metaltax yl-

mancozeb

Mass A

Fig. 8.2. Effect of prophylactic treatment of black
pepper singie-node cuttings with bio-
surfactants against Phytophthora
infection

38 locations distributed in four taluks of [dukki namely,
Thodupuzha, Devikulam. Udumbanchola and
Peermade. Isolation and identification of mycorrhizal
spores is In progress.
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STUDIES ON THE NUTRACEUTICAL PROPERTIES
OF BIOACTIVE COMPOUNDS IN SPICES

The antioxidant property of the spice extracts -
essential o1], water and ethanol extracts of black pepper
(IISR-Thevam), ginger (IISR-Rejatha), turmeric
(IISR-Alleppey Supreme) and cinnamon (IISR-
Nithyashree) - were compared after extraction, and
quantified using the following methods: total antioxidant
capacity by the phosphomelybdenum method, DPPH
radical scavenging ability, Fe(Ill) to Fe(Il) reducing
activity. The results indicated that,

L Cinnamon extracts had greater DPPH radical
scavenging activity (~80.6% over control,
irrespective of other vanables) and Fe(IlI) to
Fe(II) reducing activity (~117.5 mmoles ascorbic

acid equivalents/g)

The DPPH radical scavenging activity was less
in water exiract compared to the other extracts
{~36.3% over control, irrespective of other
varables)

Total antioxidant capacity as measured by the
phosphomolybdenum method (~236.4 mmoles
ascorbic acid equivalents/g, irrespective of other
variables) was more in water extracts

Turmeric ethanol extract was more stable in its
antioxidant character over a year (~160.0
mmoles ascorbic acid equivalents/g)

70

Fe(ITl) to Fe(Il) reducing activity (~118.3
mmoles ascorbic acid equivalents/g, irrespective
of other variables) was more in ethanol extracts

All the above three parameters reduced in all
the extracts on storage

The total phenol content of the extracts was
directly correlated to the Fe(I11) to Fe(Il)
reducing activity, and was the most in the ethanol
extracts of cinnamon

The chemoprofiling of the essential oils was done
using GC-MS to reveal the major components;
in black pepper, caryophyllene decreased from
[8-11% while caryophyllene oxide increased
from 0.24 to 9.6% over a year.

‘PASSCOM’, a database on predicted activity
spectrum of spice compounds, is under construction
for the compounds of biack pepper, cinnamoen, clove,
nutmeg, garcinia and allspice. Work on compounds with
promising antimicrobial properties from spices is
complete and has been integrated with the existing
‘PassCom’ database. From docking studies using
AutoDock, two spice phytochemicals, 1,8-cineole and
cugenol showed promise as lead compounds that can
bind by H-bonding with VacA virulence factor of
Helicobacter pylori, and thus may be used to treat
peptic ulcer caused by H. pylori.

Indian Institute of Spices Research
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ASSESSMENT OF QUALITY OF SOILS UNDER
SPICES BASED CROPPING SYSTEMS

Soils under ginger:

soil microbial biomass carbon (CM]C) varied
significantly among the treatments, with the maximum
levels in INM treatment (480 mg g') followed by
organic treatment (462 mg g”'). Similarly, microbial
biomass N (N, ) levels were markedly higher in the
organic and integrated sites (48 and 51 mg g’
respectively) compared to the chemically managed sites
(27 mg g} and microbial biomass P (P, did not
vary markedly among the sites (11-14 mg g/
respectively). Soil basal respiration (measured as CO,
evolution) ranged from 25-36 mg CO.-C 2
"day' and was greatest in organic and INM treatments
(35 and 36 mg CO,-C g'day”’ respectively) and least
in the chemical treatment (25 mg CO,-C g'day").

Soils under turmeric:

Soil microbial biomass carbon (C,,c) varied
significantly among the treatments, with the maximum
levels in organic treatment {498 mg g followed by
integrated treatment (491 mg g"). Higher N . levels
were observed in sotls under organic and INM
treatments (51 and 48 mg g respectively). However,
P .. did not vary markedly among the sites (11-15 mg
g'! respectively). Soil basal respiration ranged from
19-29 mg CO,-C g-'day’ and was greatest in organic
and INM treatments (28 and 29 mg CQ,-C g'day”
respectively) and Jeast in the control treatment (19 mg
CO,-C g''day’). The soils from both ginger and
turmeric sites were also assayed for enzymes involved
In C, N, Pand S cycles.- Results revealed that variation
In activities was not consistent among the sites,
however, the organic and INM treatments registered
greater activities of most of the enzymes assayed.
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To study the relationships among the properties in soils
under ginger and turmeric, principal component analysis
(PCA}) was applied. The analysis revealed thay 83%
of the variance was explained by three factors. The
first, which accounted for 37% of the total variance,
was defined by available N and the measured
biochemical parameters like C, .. dehydrogenase,
BAA-protease, casein-protease and phosphodiesterase
activities. This reflects the size and activity of the
microbial biomass and possibly reflected the strong
relationship between the availability of labile and easily
mineralisable organic matter and the acnvity of
microbial populations. The positive part of the second
factor (31% of the variance) was defined by the soil
respiration, P, ., phosphomonoesterase, B-glucosidase,
urease, cellulase, invertase and the negative part by
gCO,. This indicates the strong relationship between
microbial activity and N/ P cycles in soils. Also the
higher loadings of B-glucosidase, invertase and CM-
cellulase suggested that in soils relying solely on
chemical fertilizers the potential to mineralise organic
matter, and so the activity of the C-cycle, is reduced.
The negative loading of qCO, in this factor suggests a
decrease in substrate use efficiency in plots with low
organic matter especially the chemical and control
plots, The third factor with 15% of the vanance was
defined by Bray P and exchangeable K possibly due
to the logical dependence of microbial biomass on
available P and K in the soil. The fact that organic C
content is included with high loadings in more than one
factor indicates the effect of the different nutrient
management regimes on the composition of soil organic
matter and the typical interactions among the properties
involved in the C, N, P and S cycles.
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ALL INDIA COORDINATED RESEARCH PROJECT

ON SPICES

The All India Coordinated Research Project on Spices
(ATCRPS) is vested with the mandate to conduct and
coordinate research in 12 spice crops with jts
headquarter at [ndian Institute of Spices Research,
Calicut. ATCRPS has at present 34 centres  which
includes 19 regular centres. 7 co opting and 8 voluntary
centres located in 21 states of India under State/
Central  Agricultural Universities (SAUs) Research
Institutes. The X! Plan budget of AICRPS is Rs, 1400
lakhs with Rs 456 lakhs (State share) during 2008-09.
About 115 research programmes covering the mandate
spice crops are being conducted at various centres.

Black pepper

Five hundred and eighty five accessions of black pepper
germplasim consisting of cultivated, exotic, wild and
related species is maintained under different AICRPS
centres, The characterization of germplasm resulted
in identification of high vielding accessions viz., KM
11, Angamali , KM 1l and Valiyaramund: with more
than 2 kg /vine of green berry yield from Panniyur
centre. Panniyuy -1 (2.63 kg drv/vine) and PN-57 (4
kg dry/vine) were identified as high yielders from Sirsi
and Yercaud centres respectively. Among the
intervarietal hybrids developed at Pannivur centre, the
hybrid P6 x P35 was found to be promising with a fresh
yield of 2.5 kg/vine and was proposed for release.
Amang the different cultivars of pepper evaluated at
Amhalavayal in CVT, cul. 5308 recorded the highest
wet weight of berries/standard (3.01 kg) (ollowed by
Panniyur-1 {2.79 kg}. At Panniyur ¢centre maximum
yield/vine was recorded in cul. 5489 (3.8 kg green
berry/vine) followed by cul. 1041 and HP 105 with 2.5
kg/vine. Rooting of orthotropic shoot of black pepper
cuttngs at Dapoli centre indicated that the treatment
combination 3-node + PGPR (Pseudomonas
Juorescens-10% cfu) recorded maximum rooling
success (97.33%) followed by 2-node + PGPR
(Pseudomonas fluorescens-10% ctu) (94.66%).
Integrated nutrient management treatment recorded
maximum yield at Panniyur and Sirsi centres when
compared to organic and inorganic treatments whereas

mnorganic and integrated nutrient management
treatments were found to be on par at Pechiparai
centre. Among the current technolfogies availabie for
foot rot management all the treatments were found to
be significant in reducing the foot rot incidence at
Pampadumpara cenfre. Spraving potassium
phosphoenate (0.3%) and application of 7richoderm
harzignum @ 50 g/vine with 1 kg of neem cake was
found to be the best treatment in controlling the disease
at Chintapalle, Panniyur and Pampadumpara centres
whereas, Bordeaux mixture (1%) spray and COC
{0.39) drenching was found to be effective at
Mudigere centre. Among the biorationals evaluated.
neem gold (0.5%) was found o be eflective i the
suppression of mussel scale (Lepidosaphes piperis)
population and the least scale population was recorded
on vines treated with dimethoate (0.05%).

Cardamom

Three hundred and five germplasm accessions have
been maintained by two (Pampadumpara and
Mudigere) AICRPS centers. Among the cardamom
germplasm evaluated at Mudigere centre, the accession
Pothamedu recorded highest green capsule yield (208
kg/ha)y followed by D-141 and C1-730.  Under CVT.
entries CL-722, PS-27, MCC-309 and MCC-246 were
found promising for dry capsule yield (347.96 kg/ha)
at Mudigere centre and entries SKP 170 (706.1 kg/
hay, SKP 165 (627.7 kg/hay from Sakleshpur centre.
Based on the yield trial PS-27 and MHC-26 were
identified as promising entries from Pampadumpara
centre. The yield of cardamom treated with inorganic
P alone or with P-solubilizer was significantly superior
aver other treatments. Panicle and clump infections
due to capsule and rhizomne rot disease were found to
be minbmum n plots treated with 7 harzianum and
consortium of bacteria @ 50 g/plant. The efficacy of
four insecticides viz.. phorate, fiproml. thiamethaxam
and imidacloprid and three organic msecticides viz.,
neern cake, fish oil rosin soap and neem sced kemael
extract were compared for the management of shoot
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flv in newly planted cardamom plantation and it was
tound that phorate. imidacloprid, thiamethaxam and
neem cake were found superior in recording lowest
number of dead hearts per clump compared to other
chemical treatments. Significant reduction of
cardamom root grub was observed in plots treated with
combined application of imidacloprid (0.006%) and
Heterorhabditis indica (100 11/grub).

Giinger

Citnger germplasm consisting of 659 accessions have
been maintained under various AICRPS centers. The
experimental results at various centers revealed that
foliar spray of 0.5% zinc sulphate (60 and 90 DAP),
0.2%% of borax (60 and 90 DAP) and 1.0% ferrous
sulphate (60 and 90 DAP) increased the yield and
guality parameters. In an [ET at Raigarh, maximum
yield was obtained in 1G 5-1 and 1G 5-24 (3.8] t/ha)
tollowed by 1G-5-2 (3.6 vha).

Turmeric

One thousand three hundred and twelve turmeric
germplasm accessions have been maintained by eight
centers under AICRPS. Out of the 267 germplasm
accessions screened for resistance against leaf spot,
accessions viz.. CL- 3. 14, 20 and 91, registered low
PDI (10 to 12) indicating moderate field resistance o
the disease. TCP-11 registered resistance against
Colletotrichum ‘Yeal spot and Taphrina leaf spot  atl
Raigarh. CL-101 was identified as a high yielder at
Coimbatore and was proposed for release. PTS-39
recorded maximum fresh rhizome yield (32.44 t/ha)
followed by TCP-11 (27.44 t/ha) at Chintapalle. Quality
evaluation of turmeric resulted in short listing
accessions with high curcumin content (CL 101 with
3.63%), highest oleoresin content (CL -213 with
12.5%) and high essential 0i] content (CL.20 with
4.14%}3. So1) application of FYM (30 t/ba) +
vermicompost {20 g/ha) + neem o1l cake (8 g/ha)
produced maximum plant height, number of tillers per
plant, number of leaves per tillers and vield per plot
(15.20 kg/3m?) followed by soil application of FYM
(30 t/ha) + vermicompost (15 g/ha) + neem oil cake (8
g/ha) at Dheli center. In an experiment to study the
genotype x environment interaction on the quality of
turmeric it was observed that the yield of genotypes
varied from 18.61 {1ISR-Prathibha) to 32.13 t/ha (I1SR-
Alleppey Supreme ), curcusnin content from 2.87 (11SR-
Prathibha) to 6.07% ¢(Narendra Haldi): and oleoresin
content from 7.70 ([ISR-Alleppey Supreme) to 15.30%
in Roma al Coimbatore centre; where as the varnety
Rajendra Senia produced significantly more yietd (24.83
kg/3m®) when compared to other genotypes in Bihar
conditions. At Chintapalle, Roma (30.11 t/ha) recorded

Inedian Tastitite of Spices Research

ANNUAL REPORT 2008 -09

maximum fresh rhizome yield followed by Rasmi
(28.78 tha), whereas BSR-2 recorded lowest vields
(8.78 t/ha).

Tree spices

A total of 38 clove. (19 nutmeg, 39 cinnamon and 10
cassia germplasm accessions have been maintained
under three AICRPS centres. Characterization of
cinnamon germplasm at Pechiparai led to the
identification ot sel.65 with a bark yield of 469 ¢ of
dried bark/tree and feaf yield of 6.3 kgfiree. A local
collection from Pechiparai was also identified for high
leaf yield of 6.2 kg/tree and bark yield of 464.5 g/tree.

Coriander

One thousand nine hundred and eleven germplasm
accessions of cortander have been conserved at various
AICRPS centres Tor further evaluation and
characterization. At Guntur, LCC-147 (11.95 g
recorded maximum per plant yield followed by LCC-
246(9.39 g). LCC-189 (9.1 ), LCC-194 (9.0 g) and
LCC-221 (8.98 g). RCr-728 from Jobner, LCC-170
from Guntur. DH-206 from Hisar were identified as
promising entries and proposed for release. The
promising entries UD- 475 and UD-801 from Jobner,
LCC-237, LCC-236 from Guntur. DH-220, DH-233
from Hisar and NDCor- 30 and NDCor-49 from
Kumarganj were identified as promising accessions
in {ET and promoted to CVT. For production of leafy
type coriander in off-season at Guntur, two accessions
LCC-244 (6.9 t/ha) and LCC-234 (6.18 t/ha) were
identified. Studies on the effect of bioregulators on
coriander at Jobner recommend two foliar sprays of
50 ppm NAA or 1.0 ml/l triacontanol at 40 and 60
DAS for obtaining higher seed yield as well as net
refurns. Among the fifty high yielding genotypes
evaluated for drought tolerance at Coimbatore, the
genotype CS-127 was found to be promising. Seed
treatment with Pseudomonas fluorescens {(11SR-6)
at the rate of 10 g/kg of seed followed by foliar
application at 10¥ cfu on 60 days after sowing was
found to be effective in reducing the powdery mildew
intensity in coriander. Seed treatment and soil
application of rhizobacterial strain FL-18 gave an yield
of 1779 kg/ha in coriander followed by the application
of Trichoderma MTCC- 5179 (1611 kg/ha).
Rhizobacteria (seed treatment + sotl application with
FK 14 & FL. 18) recorded maximum yield (1283 kg/
ha) followed by seed treatment + soil application with
FK 14 (1269 kg/ha). Seil solartzation + soil application
of frichoderma (1 kg/plot) + spray with calixin
(0.1%) after 60 DAS was found to be superior among
all the treatments followed by seed treatment and
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drenching with calixin (0.1%) + spray with calixin
(0.1%) 60 DAS and spray with wettable sulphur
(0.2%).

Cumin

Jobner and Jagudan centres hold 526 accessions of
curnin germplasm. The germplasm accessions UC-273.
UC-294, UC-276, UC-281, UC-315, UC-340, UC-339,
UC-343, UC-320 and UC-338 wese identified as high
yielders from Jobner centre. UC-331 and UC-225 were
identified as resistant entries against wilt. blight and
powdery mildew at Jobner. The entries UC- 239 and
UC-299 from Jobner were identified as promising in
JET and promoted to CVT. Spraying mancozeb @
0.25% at 40, 50, 60 and 70 DAS was found to be
effective in controlling blight. Seil solarization + sotf
application of Trichoderma harzianum + spraying
mancozeb @ 0.25% at 60 DAS and application of
vermicompost + soil application of Trichoderma
harzianum + spraying mancozeb @ 0.25% at 60 DAS
were also effective for controlling the disease.

Fennel

Six hundred and twenty five accessions are conserved
in different centres under AICRPS. UF-205 from
Jobner, LFC -84 from Guntur and HM-219 from Hisar
were ldentified as promising and recommended for
release. The entries RF-21 & RF-3f from Dhofi, NS-
63, NS-46 from Jobner, NDF-16, NDF-24 from
Kumargang and HF-131, HF-143 from Hisar were
identified as promising entries frorm IET and promoted
for further evaluation in CV'T. The maximum volatile
oil of 3.20% was recorded in NS-63 followed by 2.93%
in NS-37, 2.87% in NS-45 and 2.73% in NS-32.
whereas minimum of 2.37% was recorded in NS-11.
The entries NS-63, NS-46, RF-125 and NS-45 have
shown better performance as compared to local check
with respect to volatile oil yield in terms of litre per

T4

hectare. Application of inorganic nitrogen (100%) +
FYM 5 Uha + Azospirifium, inorganic nitrogen (75%)
+ Azospirillum + FYM 5St/ha and inorganic nitrogen
(50%) + Azospirillum + FYM 5ttha were found
significantly superior as compared to control regarding
number of umbels per plant. number of umbellets per
umbel, number of grains per umbellet and grain yield.

Fenugreek

AICRPS centres maintain 978 germplasm accessions
of fenugreek. The entries RMt-361 from Jobner, LFC-
%4 from Guntur and HM-219 from Hisar were
identifted as promising and were proposed for release.
The germplasm accessions UM-11, UM-16, UM-27,
RMi-1, RMt-305. UM-17, UM-13, UM-32, UM-28,
UM-7, UM-8, UM-33, UM-6 and UM-20 were
identified as tolerant to limited moisture condition from
Jobner centre. The entries UM-330, UM-364, UM-
366 and UM-3635 from Jobner. LFC 105, LFC-103 from
Guntur, HM-348, HM-355 from Hisar and NDH-25,
NDH-19 from Kumarganj were identified as promising
and promoted for CVT. Studies on the effect of
bioregulators in enugreek at Coimbatore indicated that
spraving tricontanol 0.5ml/l at 40, 60 and 80 DAS
recorded an yield of 522.9 kg/ha. At Jobner, two foliar
sprays of 50 ppm NAA at 40 and 60 DAS has been
recommended for obtaining higher seed yield as well
as net returns. Treatment of seeds with rhizobacterial
strain FL- [8 was effective in increasing yield and yield
attributing characters in fenugreek at Dohli centre.
Among the treatmeants to study the effect of
biofertilizers on yield of fenugreek. inorganic nitrogen
L00% + Azospirillum + 5t/ha FYM recorded the
maximum number of pods per plant (72) and yield
(2.18 t/ha) followed by inorganic nitrogen 75% +
Azospirillum + 5 t‘ha FYM (2.00 t/ha).
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BIOINFORMATICS CENTRE

Jeveloping and updating databases

I'ne Bioinformatics Centre has developed the following
new darabases during the period under report:

™ SpicEST: A database of ESTs of two
major spices, turmeric and ginger was
developed and hosted
(www.spices.res.in/spicest). SpicEST
containg all ESTs of these plants, their
annotation, and information on SSRs and
SINPs (Fig. 12.1).

o PASSCOM: A database on predicted
activities of spice compounds is being
developed. The module on black pepper
has been completed (Fig. 12.2).

The black pepper germplasm dara in the database Spice
Genes was updated with several additional features.
Cardamom germplasm database was developed for
the first time.

Organizing training programmes

The Bioinformatics Centre has organized the following
training programmes during the year

" ‘Agri-bioinformatics:  Tools and
applications” (20-24 October 2008):
Fifteen candidates from various ICAR
institutions and agricultural unmversities
participated in this programme.

. I silico analysis and annotation of spice
ESTs™ (17-19 December 2008): The three

Indian Institure of Spices Research
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day programme was attended by 11
trainees from different institutions.

The Centre also assisted other training programmes
organized in the institute. These include

. Summer Training in Biochemistry,
Biotechnology and Bioinformatics, 12
May to [1 June 2008, 24 trainees.

S ICAR sponsored Winter School on
Flavours, Nutraceuticals and Food
Colours from Horticultural Crops, 7 — 28
January 2009

During the period, traineeship was offered to two
candidates while studentship was offered to four
bioinformatics students.

Biological activities of spice compounds

During the period the Centre has worked out biological
and druggability properties of various phytochemicals
from major tree spices like clove, putmeg, allspice,
cinnamon, garcima efc. The data were updated in the
PASSCOM database.

In silico identification of miRNAs

in sitico tools were used to identify miRNAs in ginger,
turmeric, paprika and a nematode Radopholus similis
{rom the publically available EST data. Presence of
several novel miRNAs was proved and their structures
were predicied using bioinformatics tools.




SPICEST-

Disc ring S5R%,5NPs, Primers and Genes

. Home Welcome to Splce EST database

» EST/Contigs SPICEST -Splces EST As

aficn [atabase (s
SNP databace It o
oadesd from NCEIE

af w51
1 be accessibla th
ice datab

+ Spices SSRs

a
* SMP Rcsults Were Auted

TARA tesulis wele Laow
= separated 2 W based EST
¢+ Primer Resuits wre stoced s Hy 488

Litimd S§5#s
A, SSR PRIMER, SSR
1 thig SSRepeal targat

+ Est Annotation

FRIMER I softws e auality were checkad w
+ Gene Search ravgl b i the datahase. P
all E5Ts af bot s wede annotated wsl

ative gene and metabolic

5 SSR TOOL usad to find the o

SpiceSNIP databese = deveinped for both spires tu
se an pe celled Mened SNPs from E5T Nbra i curna fonga s
7 vale  |not detabass Ywo uograms ke CaP3 1 AUTOSHE are
analysis. SNE results can e ratrieved by ¢licking tha st of contigs, which
darlved fram  cur and rhizomes F5Ts piovkdad with tran
yNsVars i and

wEriL and ginger of &lsa this
il

s €

I,

aemmntilic o
pf this &

2 who ars
y practical

'SPHCEST' dartabmae would felp e
g on birmersc and jer. Tha

ians for curcuma and Zingiber broede

Imgslica

50 Edrrics

Copynght £ 2008-2012 DISC, ndan mstilute of spuen issasich, Mankine £.0, Calicut. Al nghts resstyd.

Fig. 12.1. SpicEST, a database of ESTs in spices

PASSCOY - s, ."; E

R | TG RV HNNTREL SRR TSI - -

Botanical Wes - Piper MNpTIATLL

x> Fammaly . PEArECE

Comimon Mamae  : Black Pepper

Slack peppar. Wi Commonty B8y biack gold’, i 3 peranndel, cimbing ving NdgeEnoud o the Meaber Coaet of e | Bas kngwn the kmg of ol porces’ W
LormiaTed B the hiest and bew Wnown e n The word. Pepper reached South ERED SEIE Mofe Than Two ThOULENS ve sl 300 and = grown m
Malpyps and Ingonesa since sbout thet tma. Thare are many vanetaesypes of black peoger known m the world trada. Thike peopens &fer shphtly m

thar phymcsl snd chamical cth

stenwtcs, oolor. gizes shapd. Navor end bra Cameaties, @imulent, sromabc doestre. durebc tom dnd

SNU-CORpRARDnG #gent — thi Fow the cursive propeies of black pepper have been depcnbeid in Avmveds. Abmit |18 chema 8 (oAFOtUEREs m Black

Peppa maiiahng Mamgderper Hvdrotarbe Cupgenitad Monotepenonds. Seigdepens iy drocaboni. Teygenatad Seiedarpens. mrtalaneous

compounds ~ Aromate s others B nouded n thes delakee

“h. Desiga wil Cuveicpid by Biilpirmiis Canper. Median Nesials o T Meyesgh Sk

M righty cescreed Aol 210

Fig 12.2. PASSCOM. a database of predicted activities of spice compounds

76 Indian Institute of Spices Rescarch




ARIS CELL

Mudifications in ARISoft

ARISoft, the ISR office automation software was
further modified and several new features viz. payroll
as per the 6" pay commission report, stock numbering/
barcode facility, tools for auctioning of unserviceable
articles efc. were incorporated.

Software development
e-office. a software for computerizing DDG’s office
was developed and implemented at ICAR
headquarters (Fig. 13.1).

Development of new websites and other e-resources

Action has been initiated to redesign and modify the
[ISR website. The bioinformatics website has been
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revamped with several new features. PhytoFuRa, a
new website (www.phviolura.net.in) was developed
and launched for the new outreach prograwme on
Phytophthora, Fusarium and Ralstonia (Fig.13.2),
Services were also extended for designing websites
for National Academy of Biolegical Sciences (NABS)
and Confederation of Horticulture Associations of India
(CHAL. Technical write up (in Malayalam) on
"Nursery management in black pepper’, ‘Black pepper
varieties and their maintenance’ and ‘Integrated pest
management in black pepper’ were added to the touch
screen facility available in ATIC.

Training

A personal training on website management was given
to the technical personnel from ASRB, New Delhi
during 15-20 Feb. 2009.

8 - Niea

HORTICULTURE DIVISION

Decument Register
Engagement Diary

Contacts

Desgnad s Developed by . 1SR, Ceiok

Fig. 13.1. e-office, the software tool developed for computerization of DDG’s office
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What is PhytoFuRa ?

PhiytoFuRa is a rescarch initiative of Indian Council
of Agricltural Research, New Dahi to deal with
three major pathogens viz. Phytophthora, Fusarium
and Ralstonia. It is envisaged as a network project
with three separate sub-network projects: 1. Sub
project on Phytophthora 2.5ub project on Fusarium
and 3.5ub project on Ralstonia.

Message from Dr. Mangala Rai, DG, ICAR Latest News

Wit, caused by PhytoaMthora, Fusarfum and
Rafstends , Is the most devastatng disease
| causing senous losses o a wida range of crops.
The effarts made in past had succeeded in
‘corta'rinq the disease through devdopmert of
| ragistant cultiy J5/r0ot stocks and
| M anagem ert technok ges.

Read mare.

R

Message from Dr. H.P. Singh, DDG (Hort}, ICAR

Phytophthora, Fusarium and Ralstorda are the
_|three major pathogens affecting several
hortcukural and field crops in India, causing
enormous economi josses. Efferts are being
ltaken by varous ICAR institides to manage
diseases caused by these pathogers.

Bgad more.,

HEHEBIR LOGIN

HWome Abool wenires Crops  Invesligofors  oonbad Us

Fig. 13.2. PhytoFuRa, the web portal of the I[CAR outreach programme on Phytophthora, Fusarium
and Ralstonia.
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LIBRARY

During 2008-09, ISR library significantly improved its
infrastructure as well as technical resources. New
computer systems, printers and hbrary furniture were
added and Wi-Fi connectivity was established in the
library for better and smooth network connectivity. The
library has added 135 reference books, 18 technical
reports, 12 project reports and three theses during this
period. Twenty eight foreign journals and 115 Indian
journals were subscribed. JISR library has become a
part ot CeRA | the E-joumal consortium of [ICAR under
the NAIP. Tn view of the availability of CeRA
resources and the library resource sharing programme
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existing among CPCRI and NRCC, the library funds
were utilized for subscribing online datahases like CAB
Abstracts Online, Academic Search erc. Access to
these databases was extended to CRC, Appangala and
ISR Experimental Farm. Peruvannamuzhi. The digital
institutional repository, DSpice @IISR, was updated
with more research publications of scientists. To
enhance the usage of library resources by IISR staff
and students, twe training programines were organized
viz., BBSCO online databases on 14 July 2008 & 12
Feb. 2009 and use of CeRA resources on 26 July 2008,
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KRISHI VIGYAN KENDRA

Training programmes

The Kendra has conducted 81 training programmes
on various subjects during the period under report. A
total of 2464 persons have benefited out of the
programmes. The details of the training programmes
are furnished in Tables 5.1, 2 and 3.

Revolving fund programme

Under this programme, quality planting materials of
various crops are produced and made available to public
at affordable rates. Presently, bush pepper. allspice
seedlings. garcinia grafts. mango grafts, guava layers,
arecanut seedlings of Mohitnagar etc. are produced

Table 15.1. Training programmes::(;;lducted
SI Category B No. of ‘ No. of participants ' No. of SC/ST
No. courses | Male Female Total participants
[. |Practising farmers, B
farm women and
rural youth 61 1038 748 1786 91
2. | Rural youth 12 183 239 i 422 19
3. | Extension
functionaries 8 197 59 256 7
Total 81 1418 1046 2464 117
Table 15.2. Discipline-wise training programmes conducted
Sl. Discipline No. of No. of participants | No. of SC/ST
No courses Male Female Total participants
1. | Crop production 42 837 377 1214 35
' 2. Horticulture 9 56 137 193 33
3. | Animal science 30 547 510 1057 44
| Total 8l 1440 1024 2464 117
Table 15.3. Training programmes organised for women SHG members
SL. [Title of the programme Period No. of participants
Ne.
1. |Goat rearing 7.6.08 26
2. |Milch cow management and fodder cultivation 9.6.08 to 14.6.08 4]
3. |[Milch cow management and fodder cultivation 23.6.08 t028.6.08 43
4. _|Milch cow management and fodder cultivation 14.7.08 to 19.7.08 30
5 |Milch cow management and fodder cultivation 11.8.08 to 16.8.08 33
6 Milch cow management and fodder cultivation 31.1.09 to 4.2.09 22
|8 _|Milch cow management 4.2.09 10 6.2.09 5
[N ' 200

a0
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under this programme. During the period an amount
of Rs. Five lakh has been realised through sale of
planting materials, chicks and the activities of Plant &
Animal Health Centre and the resource generation
under revolving fund was Rs. 2,35,050/-

The Kendra operated a Plant and Animal Clinic offering
various services to the farmers. An artificial
insemination facility is also maintained at the centre to
upgrade the genetic stock of livestock. The centre
offered consultation, treatment and doorslep services
charging nomina! fee. In addition to the various
treaiments, the centre also provided vaccination facility
and organised animal health camps in association with
the state animal husbandry department. The various
activities taken up by the clinic during the period are
as follows:

1. Cases treated/ advisory services - 1110

2. Al carried out in eattle using exotic frozen
semen - 233

3. Al'in goats - 46

4. Anima] health campaign / infertility camps - 3

5. Video conference - 2

6. Animals vaccinated against Foot and mouth

disease efc. - 15035

Field days - 6

Layer chicks produced - 1964
Broiler chicken - 746.2 kg

0.  Sale of pregnant heifers - 4

= O 50 =

Other extension activities
Kisan mela and exhibitions
KVK is regularly participating in exhibitions and
seminars within the district. During the peried under

report, KVK participated in the exhibition conducted
during Malabar Fest, 2008 at Calicut.

Human Resources Development
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Farmers™ study tours

Two study tours of gardeners trainees were conducted
to Malabar Botanical Garden, Olavanna and to KAU,
Trichur benefiting 49 trainees. Six study tours were
carriec out to Vetennary College, Pookode and Dhoni
Farmn as part of animal husbandry training benefiting
159 farmers and farm women.

Seminar

The KVK conducted a seminar on Preservation and
feeding of fodder crops and care during pregnancy at
Naduvannur with 58 participants.

Maintenance of demonstration blocks/units

The KVK is maintaining the following model
demonstration blocks/units in its farm for “secing and
learning’ by the farmers. ‘

@ Moedicinal plant unit

® Model Homestead garden

# Demonstration plot of improved vaneties in black
pepper

Model arecanut seed garden

Nutmeg scion bank

Guavablock

Sapota block

Vermicompost umt (newly constructed)

Poultry demonstration unit

Dairy demonstration unit

Mango scion bank

Quail demonstration unit

Goatary unit (under construction)

Other activities

Collaborative activities: KVK is conducting its many
mandatory activities in association with NGO’s such

SI. | Name of the Training programme/ Period of Place of
No.| person workshop training training
t. |S Shanmugavel |Web site design and development 21.7.08 1o 1.8.08 TNAU, Coimbatore
2. |K M Prakash Web site design and development 4.8.08 to 16.8.08 TNAU, Coimbatore
3. [P S Manoj Web site design and development 18.8.08 to 29.8.08 TNAU, Coimbatore
4, |P A Mathew Web site design and development 1.9.08 to 12.9.08 TNAU, Coimbatore
5. |K M Prakash Lan-Wan connection —Ernet training | 18.10.08 t0 24.10.08 | TNAU, Coimbatore
6. |S Shanmugavel |Lan-Wan connection ~Emet training  |27.10.08 to 31.10.08 | TNAU, Coimbatore
7. |K M Prakash Seminar on Protection of Plant

Varieties & Farmers Right Act. 23.3.09 KAU Trichur
8. |K M Prakash Trainers training on commodity

futures 27.3.09 CTI, KAU, Trichur

Indian Fnstitute of Spices Research B1
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as Centre for Overall Development (COD), The Vikas
Volunteer Vahini club (VVV} INFAM erc.

Visitors, field visits, advise on telephone, film shows:
A total of 704 farmers visited KVK during the period
for consultation, purchase of planting matetials and
other inputs. One hundred and fifteen field visits to
farmers’ plots were made benefiting 281 farmers. Five
hundred and fifty one advise on telephone were
rendered. Eighteen film shows were carried out on
various technologies to create awareness among
tarmers.

Technologies transferred

Front line demonstrations

In this programme, technologies are demonstrated by
the scientists, before being fed inte the main extension
systein of State Department of Agriculture. The results
of various FLD programmes conducted by the Kendra
during the period are detailed below:

| Introduction of high yielding varieties of ginger
The percentage increase in yield of Varada
was 25.5%. Rejatha and Mahima 14.7%
respectively over the local variety with a B:C
ratio of 1.38 indicating the superiority of the
varieties.

2. Demonstration of HY Vs of black pepper

[ISR varieties are being demonstrated and the
egrowth of the vines are satisfactory.

3. Introduction of HYV of oyster mushroom
Hypsizygus almaricus (CO2)

The CO2 variety is capable of yielding 40%
(980a/kg bed) over the oyster mushroom varieties
with better keeping quality.

FLD on HY Vs of pepper at Koorachund

4, Demenstration on milk production performance
in dairy cattfe by feeding with silage under
scarcity conditions

It has been found to be a good technology for
Kerala where fodder s scarce during summer
months. Silage not only increased milk yield in
cows but also increased fat content and reduced
the cost on concentrate feed.

3. Demonstration of bush pepper production
technology 1s tn progress.

6. Management of budrot in coconut

The latest technology of using satchet containing
3g of Dithane-M-45 was demonstrated in 10 ha
in Moorikuthi village with the help of ATMA.

7. In site green manuring with cowpea in coconut

Successful demonstration of this technology has
indicated that 25 kg of green manure/coconut
basin can be produced with 200 g of cowpea
sown during rainy season and this can meet the
N requirements of’ coconut.

OFT Programmes

These programmes aim at testing the new technologies
developed at research stations in the field of crop
husbandry, horticulture, animal husbandry, fisheries, etc.
to ensure their suitability and sustainability (o the
specific locations and to suggest or modify or refine
the technology accordingly. This is done by testing a
released technology in real farm situation with the
participation of farmer. The problems faced by the
farmer in the adoption of new technologies can also
be fed back to the research stations by this programme.
KV bears the cost of critical inputs in this programme.

Study tour for gardener’s trainees to KAU

Indian Institure of Spices Research



The major OFT programmes carried out during the
period are listed below:

I.

Performance of Pseudomonas fluorescens and
Vermicompost for Foot rot management in Black
pepper.

The results indicated that application of 5 kg
vermicompest/vine/year either mixed with 50 g
of Pseudomonas fluorescens alone or
drenching with 1-2% solution of the same
biocontrol agents at the onset of monsoon and

Indian Institute of Spices Research
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mid season gave the lowest incidence of 1.3%
foot rot in black pepper. It also helped to improve
the vigour of the vine and vield. This is better
than application of Trichoderma alone.

Fertility management in repeat breeder cows
and goats following double PGF2 alpha injection.
PGF?2 alphainjection at 11 days interval followed
by fixed time breeding at 72 and 96 hours
enhanced conception rate in cows upto 84% and
in goats upto 65.35%.

e
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CENTRE

Technology inputs and advisory services

The technology inputs distributed from the centre
include quality planting material of improved varieties
of spices, bio control agents, vermi compost, fresh
whole spices and scientific publications including
extension literature. During the year 2008-09 planting
material worth Rs. 51231 was distributed from the
centre. The proceeds from sale of publications amounts
to Rs. 112980. The total income generated was
Rs. 176634, An amount of Rs. 5250 was realized
through soil and manure sample analysts. Trichoderma
and Pseudomonas formulations worth Rs. 11823 were
distnbuted to farmers.

AGRICULTURAL TECHNOLOGY INFORMATION

Two hundred and fifty seven farmers from Calicut
district, 127 farmers from outside Cahcut, but within
the state and 265 farmers from out side state availed
advisory services. Students {1663 nos.) from
educational institutions spread across the country
visited the centre on study tour. The total visit recorded
to the centre was 2368. The total visits to ATIC by
various stake holders registered an increase of 13.5%
over the visits recorded during 2007-08. The number
of queries through different modes by the farmers over
a pertod ol five years has showed that gueries through
personal visit by farmers was highest followed by
queries through letters, phone calls and emails
(Fig. 16.1). From the secondary data recorded on the

500 1] K
800 1] |
700 + | ) - o
600 A
500 1]
400 1|
300 +
200 - i
100 -
0 : . ; . t
2004-05  2005-06  2006-07 200708  2008-09

W Farmer's Visit ®Queries By phone ® Queries By letters ® Queries By E-mail
Fig.16.1. Mode of queries made by farmers through ATIC
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visit of farmers 10 the institute the pattern of advisory
services delivered by the institute was detailed using
frequency scores.

Out reach extension services

Front line demonstration programme on Performance
of improved varieties of black pepper released from
ISR was laid out in 18 farmers’ plots in three villages
Anakkampoyil, Koorachund and Thalayad in Calicut
district. The A muiti-disciplinary team of scientists
visited these plots as per a schedule to fotlow up and
provide advisory services. Under the progarmme, each
farmer was given with planting material for gap filling
along with other critical inputs. A total of 14 visits were
carried out to these fields. The institute participated in
2 exhibitions, | at national leve] and one at district/
state levet.

Satellite technology based Village Resource
Centre (VRO

The Satellite Technology based Viltage Resource
Centre (VRC) Scheme under the Rashtriva Sam Vikas
Yojana (RSVY) sponsored by the Kerala Siate
Planning Board has been commissioned by [SRO 1n
2007. The scheme envisages interactions between
experts in identified knowtedge centers and farmers
enrolled in Village Resource Centres (VRCs) in
Wayanad district of Kerala through video conferencing.
During the year, Il conferencing lessons were
broadcast to the 4 Village Resource Centers in
Wayanad district of Kerala in which 369 farmers
participated.

Training for development

The partnership services offered by the institute include
training, consultancy and contract research. The
Institute offers training programme on demand from
various agencies targeted for field exteunsion
functionaries of departments, research workers of other
ICAR institutes and State Agricultural Universities
{SAU). The topics covered included spices production
technology. nursery, pest and disease management in
major spices, post harvest technology and computer
and statistical applications in research and
development.

fndian Institute of Spices Research
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This year, 6 training courses were offered in which
168 trainees participated. Two of the programmes were
carried out off campus under the Technology Mission
for Integrated Development of Horticulture in NE
States including Sikkim, Uttarakhand and Jammu and
Kashmir, MM-] scheme. In these two programmes,
126 officers participated. On an assessment and
research mode, all the training programmes conducted
were subjected 10 an evaluation study to study the
effectiveness of the training programmes manly in
terms of knowledge transfer and record feedback from
the participants on the organization of the programme.
In general, the mean knowledge score of the
participants increased from 8.9 before the training to
17.5 after the training.

List of training programmes offered

. Production and Processing Technology of Spices
- for Department of Horticulture and Food
Processing, Uttarakhand, 1-6 May 2008 - 15
officers of the state department participated.

B Spices Production - Potenuials and Prospecis
under the Central Sector Scheme on Technology
Mission for Integrated Development of
Horticulture in NE Stateg, Departiment of
Horticulture. Tripura, Agarthala, 3-5 Feb 2009,

. Orientation training pregramme on Research and
Development in Spices - Field officers of Spices
Board - 21-24 May 2008 - 8 officers of the state
departiment participated.

@ Production and Procesiing Technology of Ginger
and Turmeric - Agricultural assistants,
Department of Agriculture, Kerala, Palakkad
district - 17-20 August 2008 - 17 officers of the
state department participated.

L] Training programme on Production and
Processing Technology of Major Spices under
the State Horticulture Mission, Commercial
Horticulture Development Scheme - 23-25
March 2009 - 12 officers of the state
Department of Horticulture and Food
Processing, UP participated.
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EDUCATION AND TRAINING

Post graduate studies
Ph.D

Vijaya I’ Studies on characterization and variability of
Phytophthora species pathogenic to black pepper
(Piper nigrum). University of Calicut.

Yamuna George, Studies on cryopreservation of
spices genefic resources, University of Calicut.

Syamkumar S, Molecular, biochemical and
morphological characterization of selected Curcuma
accessions, University of Calicut.

M.Sc. projects

Twenty seven students from various universities
undertook their M._Sc. project work in biotechnotogy,
brochemistry, microbiology, bioinformatics and
plantation development under the guidance of the
scientists of the institute.

Post M.Sc. training

Eight post M.Sc. candidates underwent hands on
training in various technigues of microbiology and
biotechnology

Summer training for M.Sc. students

One month summer training course on Biochemistry,
biotechnology and bioinformatics for 24 M.Sc. students
was jointly organized by HRD cell and CPC during 12
May to 11 June 2008 and coordinated by Dr. R. Dinesh
and Dr. R. Ramakrishnan Nair. There were lectures
and practicals on the advanced technigues in the field
of training and on instruments handling. The trainees
were evaluated based on pre and post evaluation tests,
term papers and surprise test and the best trainces
were awarded with a merit certificate.

rainings / Meetings organized by the Institute
ICAR sponsored Winter School/Short course

Winter School on Flavours, Nutraceuticals and
Food Colours from Horticultural Crops: This was
organized from 7* (0 28" January 2009. The Course
Director was Dr. B. Chempakam, Head, Division of

B6

Crop Production & PHT and was co-ordinated by Drs.
A. Shamina and K.N. Shiva. The Winter School was
inaugurated on 7" January 2009 by Dr. GR.C. Reddy.
Director of NIT, Calicut, and presided over by Dr. V.A.
Parthasarathy, Director. There were 16 participants.
There were Jectures (including guest speakers) and
practical exercises on flavor and color principles and
nutraceuticals present in horticultural crops.

Application of GIS in Plant Biodiversity and
Horticulture: This was conducted from 25* February
ta 6" March 2009. Dr M. Tamil Selvan, Directaor,
DASD, Calicut inaugurated the training programme.
The training was attended by 15 participants. Dr. T
John Zachariah and Dr Utpala Parthasarathy co-
ordinated the training programme. The most attractive

axidla myeaala nlemm a(me
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I'raining programmes/workshops attended by the staff

Name of the staff

Name of the training

Duration

Organized by

rg Devasahayam &
T K Jacob

Interactive Workshop on
Microbial Interactions for
Food Security

29-30 September 2008

NABS, Chennai

S Devasahayam

Workshop on Production

and Post-harvest Technology
of Ginger and Turmeric for
Uttaranchal. Dehradun

5-7 March 2009

ISR & Uttarancha] Statel
Department of Agriculturs

30 October to 01

T K Jacob ICAR Training-cum-workshop Central Tuber Crops
on Intellectual Property and November 2008 Research Institute,
Technology Management Sreekarivam, Trivandrum
D Prasath National Workshop on Spices | 22-23 May 2008 DASD., Calicut, Kerala
V Srinivasan Statistics
| MS Madan
K Kandiannan & National Workshop cum 23-25 January 2009 CARI, Port Blair,
D> Prasath Seminar on Status and Future A&N Islands

Strategies for Horticulture
Development in A&N [slands

Rashid Pervez &
S Hamza

Winter School on Flavours,
Nutraceuticals and Food
Colours from Horticultural
Crops

7-28 January 2009 ITISR. Calicuat

R Senthil Kumar
K Jayarajan

Application of GIS in Plant
Biodiversity and Horticulture

25 February to 6 March
2009

IISR, Calicut

part of the training was hands on sessions on GIS and
lectures on GIS application in various fields.

Bivinformatics training

Two Bioinformatics training programmes viz.. Agri-
Bioinformatics: Tools and Applications, 20-24 October
2008 and /n silico analysis and annotation of ESTs,
17-19 December 2008 were held during the year for
scientists/research fellows.

National Seminar on Piperaceae was held ar IISR.
Calicut during 21-22 November 2008 to discuss the
problems faced by farmers in black pcpper and
betelvine cultivation and to educale farmers on the
latest technologies aviulable to improve production.

Visits abroad
5 Pevasahavam

Third Meeting on Good Agricultural Practices for
Pepper, Ho Chi Minh City. Vietnam, 21 November
2008.

indian Institnte of Spices Research ar

Second Meeting on Integrated Pest Management for
Pepper, Ho Cht Minh City. Vietnam, 22 November
2008.

Awards

J S Pruthi award 2008 for the best research paper
awarded to Hamza S, Srinivasan V and Dinesh R for
the research paper “Nutrient diagnosis of black pepper
(Piper nigrum L.) gardens in Kerala and Karnataka™
published in the Journal of Spices and Aromatic
Crops. 2007, 16 (1): 77-8 L.

Bulletin & Training Manuals

Application of GIS in Plant Biodiversity and
Horticulture, ICAR sponsored short course, 25 Feb-6
Mar 2009. [Utpala Parthasarathy and John Zachariah,
T. (Eds.)]. [ISR, Calicut. 2009. 210 p.

Flavours. nutraceuticals and food colors from
Horticultural Crops, ICAR sponsored Winter School,
7-28 Jan 2009, [Shamina. A., Krishnamurthy, K.S,,
Shiva, K.N., Leela, N.K. and Chempakam, B. (Eds.}].
[ISR. Calicut. 2009. 238 p.
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CONSULTANCY PROCESSING CELL

During 2008-09, the Consultancy Processing Cell
(CPC) took up various analytical services such as
analysis of soil. plant, manure and fertilizer samples

for major, secondary and micronutrients, analysis of

samples for microbes like Trichoderma,

Pseudomonas, Phosphobacteria, Azospirillum etc. for

both public and private entrepreneurs. Based on
planter’s requests, scientists provided technical

guidance on cultivation and rnanagement aspects of

spices on consultancy basis. Technology for large scale
multiplication of Trichoderma was sold to
entrepreneurs. The know-how on biocentrol agent
Pseudomonas sp. (1ISR-6) with toxicological data was
transferred to District Agricultural Farm, Kottukkal,
Anchal. Kerala.
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One month summer training course on Biochemistry,
biotechnology and bioinformatics for 24 M.Sc. students
was jointly organized by HRD cell and CPC during 12
May to 11 June 2008. During the year, the total receipt
through consultancy was around Rs 5.17 lakhs. Like
previous years, this year also the major share (46%)
was from analysis of samples for nutrients (NPK) and
biocontrol agents know-how transfer (25%) (mainly
Trichoderma and Pseudomonas). Other consultancy
services like sumimer training to M.Sc. students (23%),

visits of scientists to private farms based on requests
(6%) and analysis of biocontrol agents efc. also
contributed to the CPC revenue.
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OFFICIAL

The Official Language Implementation Commiltee
(OLIC) meetings were held four times during the year
2008-09. During the year four Hindi Workshops were
conducted on “Noting and Drafting” and “Use of
Computer in Hindi”. Four quarterly progress reports,
two half yearly reports and One Arnnual report on
official language implementation were prepared.

Hindi Week was observed during September 2008.
Hindi Day/Hindi Week was inaugurated on 15.09.2008.
Various competitions {extempore speech. hindi song,
hindi recitation, noting and drafting, calligraphy, rhemory
test. Hindi quiz ez ) were conducted and prizes were
distributed to the winners. Hindi word/phrase and the
equivalent english word/phrase were displayed both
on white board and in the lISR website.

Sri B. Krishnamoorthy. Hindi officer and Ms. N.
Prasannakumari, Hindi translator attended Town
Official Language Implementation Committee
(TOLIC) meetings on 17.04.2008 and 23.09.2008.
Ms. N. Prasannakumari attended two days Hindi
Computer Training conducted by TOLIC, Calicut and
visited Cardamom Research Centre, Appangala on 4*
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IMPLEMENTATION

April 2008 to monitor the implementation of Official
Language. All the name boards and sign boards were
newly prepared in bilingual and institute’s name in
trilingual.

During this perjod one Scientist was nominated (or
Hindi Prabodh training through correspondence course.
Nominated Mr. E, V. Ravindran and Ms. P. V. Salj for
attending Hindi Workshop conducted by TOLIC,
Calicut. Sri. B. Krishnamoorthy, Ms. N,
Prasannakumari, and Ms. P. V. Sali attended
valedictory function of joint Hindi competitions of
TOLIC. Calicut and Ms. N. Prasannakumari attended
TOLIC sub committee meeting on 20.02.2009 at State
Bank of Travancore. Calicut.

Hindi versions of the half yearly publication of Spices
News volume 19¢1) January- June 2008 and 19{2) July
- December 2008 were published as Masala Samachar.
Executive summary of project coordinator’s report and
executive summary & preface of annual report were
translated in Hindi and incorporated in annual report
of AICRPS and IISR. Research Highlights 2007-08
was translated and published in Hindi.
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INSTITUTE MANAGEMENT COMMITTEE

Members
1. Dr. V A Parthasarathy, Director. 1ISR, Calicut

2. Assistant Director General (Hort. 11). ICAR,
New Delhi

3. Dr. George V Thomas, Director, CPCRI,
Kasaragod

4. Dr. S Devasahavam. Head, Crop Protection,
1ISR, Calicut

3. Mr. P A Mathew, Programme Coordinator,
KVK. Peruvannamuzhi

6. Dr. K V Nagaraja, Principal Scientist,
Directorate of Cashew, Puttur

7. Mr. M J Ummen, Mangalath Parambil House,
Arivilanjapoil P O, Alakkode (Via), Kannur

8. Sri. G Rathikumar, Deepthi, Kizhakkekara,
Kottarakkara, Kollam

9. Mr. C Padmanabhan, Assistant Administrative
Officer, ISR, Calicut

| : i a0 Indian Institute of Spices Research



ANNUAL REPORT 2008 -09

RESEARCH ADVISORY COMMITTEE (2007-10)

Dr. N. Mohanakumaran

(Formerly Director of Research, KAL)
Chirakkara Palace

Pappanamcode

Thiruvananthapuram — 695018

Dr. Umesh Srivastava

Asst. Director General {Hort. D)
ICAR, Krishi Anusandhan Bhavan-II
New Delhi—110012

Dr. [. Iralappan

(Formerly Dean, Horticulture, TNAU)

28, Abhirami Nagar, Narayanapuram, 1* Main Road
Narayanapuram West, Madurai - 625014

Dr. M. Udaya Kumar

Formerly Professor & Head

Department of Crop Physiology

University of Agricultural Sciences

GK.VK. Campus, Bangalore - 560 065, Karnataka

Dr. K.U.K. Nampoothin

Director, Biju Patnaik Medicinal Plants Garden and
Research Institute

M. S, Swaminathan Research Foundation, Phulbad
Jeypore R.S.{P. O.) 764 (002, Koraput Dt. Orissa

Dr. N.S. Rao

(Formerly Principal Scientist)

N-109, Innovative Natura, Vinayaka Layout,
Puttanahalli, Yelahanka, Bangalore - 5600064

Dr. V.A. Parthasarathy

Director

Indian Institute of Spices Research
Calicut - 673 012, Kerala

Mr. M.J. Ummen, Mangalath Parambil House,
Arivilanjapoil PO, Alakkode (Via),
Kannur - 670571

Sri. G. Rathikumar, Deepthi,
Kizhakkekara, Kottarakkara,
Kollam

Dr. B. Chempakam

Head, Division of Crop Production in PHT
Indian Institute of Spices Research
Calicut - 673 012, Kerala
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RECOMMENDATIONS OF RAC 2009

SLNo. Recommendation

Action Taken

The work on i vitro conservation of germplasm
may he undertaken with DBT funding
| (Action: K Nirmal Babu)

2 | Results should be presented with suttable statistical
analysis (Action: All Scientists)

KAU Panniyur has produced two interspecific

hybrids between Piper colubrinum and P nigrum.

The performance of these hybrids may be observed for
their consistency before taking up incompatibility studies in
the above cross (Action: BK Moorthy)

suitable statistical analysis in future

, o . |
Project on in viiro conservation
will be submilted 1o DBT.

Results will be presented with

The reason for incompatibility ts due
to difference in ploidy level.

Peolubrinum is 2n:26 while

Pnigrim is 2n:52. It has been
studied and reported in Euphytica.
Hence, the recommendation may be
dropped.

Organic package may be developed for various spices
including varieties (Action V Srinivasan)

3 Sample size may be increased for the estimation of
biochemical parameters (Action: KS Krishnamurthy)

. i
4] A slatus paper on ideotype of black pepper may be circulated
to RAC members before 31 July 2009
{Action: K S Krishnamurthy).

This witl be daone under the
Network Project on Organic

[Farming which is in progress. The
objective of the project is to develop
a package for organic farming in
major spices.

Sample size will be increased for the
analysis of biochemical parameters
as suggested.

Status paper on ideotype of black
pepper will be circulated to RAC
members before 31 July 2009.

7 Acceptance of uncured and dried turmernic in the market
and use of turmeric as salad are to be assessed
{Action: T] Zachariah)

Linkage with spice industry may be strengthened
(Action: T4 Zachartah).

Quality analysis of stored samples under various
atmospheric conditions may be presented along with that

| - of fresh samples. [ncrease the number of samples with

i statistical analysis (Action: T] Zachariah)

'& 92

f

Turmeric samples will be prepared
as suggested to study the market
acceptance in the coming season.
Use of low curcumin thizomes for
application as salad will also be
attempted in the coming season
during October.

A letter will be sen( to Director
(Marketing) Spices Board, Kachi
seeking s opinien regarding the
services of IISR 1n Spice Industry.

Fresh sample of Panmiyur-1 will be
collected in the coming season for

guality analysis under various
atmospheric conditions and the data
will be subjecied to statistical
analysis.

Indian Institnie vf Spices Research



ANNUAL REPORT 2008 -09

The work on nutmeg and black ‘

The nutraceutical parameters (viz.,
|

chemical composition of the I

detection of cardamom mosaic virus l

samples from different cardamom

‘ [ Factors contributing 1o plagiotropy and orthotropy in
nuimeg and laterals and runners/ (op shoots in black pepper pepper would be studied in the
{ may be studied (Action: J Rema and CK Thankamani) respective projects.
_ . — — e e
11 During release of varieties. nutraceutical properties and
chemical composition of the variety may also be furnished the antioxidant potential) and
wherever data are available. (Action: A Shamina)
varienies 1o be released will be
quantified and made available.
12 The RT-PCR method standardized for the detection of The RT-PCR method for the
cardamom mosaic virus may be validated by testing large
number of field samples (Action: CN Biju & Al Bhat) will be validated by testing field
. ZYOWINE regions.
13 The number of locations and observations may be increased | The farmers from Kerala and

in plots planted with virus indexed black pepper plants for
recording the incidence of viral diseases (Action: AT Bhat
& CN Biju)

Karnataka who have laken virus
indexed black pepper plants will be
visited for recording the incidence
of viral diseuses.

The vield data of promising Phyviophithora and nematode
tolerant lines may be collected (Action: R Suseela Bhai
& SJ Eapen)

Studies may be made on the bionomics of shoot borer on
resistant and susceptible accessions separately with
increased population with suitable statistical anatysis
(Action: TK Jacob)

The available data will be compiled
and presented in the next IRC.

Studies on bionomics of shoot borer
on resistant and susceptible
accessions would be made with
increased population and suitable
statistical analysis during the current
Crop seasorn.

Efforts may be made to document natural enemies of
Ervihrina gall wasp and stimultaneously to find out
the feasibility of introducing promising exotic natural
enemies may be explored with the help of NBAITL
Bangalore (Actiorn: TK Jacob & S Devasahayam)

Collections of infested galls woum
be made regularly to document
natural enemies of Eryihrina gall
wasp during the current flushing
season, Attempts would also be
made to find out the feasibility of
introducing promising exotic natural
enemies with the help of NBAIL
Bangalore.

In addition to the baiting method used to collect EPNs,
exploration may be made to collect naturally infested
shoot borer larvae with EPNs (Action: Pervez Rashid
& SJ Eapen)

Attempts will be made to collect
EPNs from naturally infested shoot
borter Jarvae.

Primary data from Guvt. nurseries may be collected to
analyse the.impact of varietal spread (Action: MS Madan).
. 7] . "

LR

.

Data on investment and return in research may be

re-visited and confirmed at least for one crop
(Action: MS Madan). i

| . |

Data from Govt. sources of nursery
material in black pepper will be
collected and incorporated in
analysis of impact of tesearch
investment on pepper research.

The analysis will be repeated with
the new data.
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20 | Consclidate the data on impact analysis and present the Data in case of impact assessnicon |
satient findings {Action: P Rajeev) in ginger and furmeric will be |
collected and all the data will be
consolidated to arrive at indicator
based impact of technologies/
improved varteties
Y 21 Questionnaire may be developed after obtaining inputs from All the questionnaires will be ‘|
all the concerned scientists {Action: P Rajeev) developed in consultation with
subject matter specialists.
22 Feedback may be obtained from those who got training for Regular feed back using |
evaluation purpose and presented in mid term IRC and next questionnaires and open forums wii|
RAC. (Action: P Rajeev) be collected and recorded for all the
raining programies,
23 Comiponent of expert system may be included in the project Efforts to develop an expert system
on development of softwares and expert system and for diagnosis of black pepper
' interaction may be made with Dr. Ganesan of KAU diseases and pests have been
(Action: S8J Eapen) initiated. Detailed discussions will be
held with Dr.Ganesan, Dean, KAU.
24 Explore the possibility of using Agrl. officers as master As this 1s one of the mandatory
trainers by KVK (Action: KVK/ATIC). activities of KVK, KVK is routinely
traning extension functionaries
including agricultural officers in
: agriculture and allied tields,
25 Data pertaining to prices may be obtained from Spices Board | Suitable software will be developed
and updated in touch screen (Action: M § Madan) to be loaded in touch screen to
provide updated price data.
26 In view of labour shortage, collaboration with CIAE may be | A research project on development
explored to develop various labour saving devices of machine for making potting
(Action: HD, Crop Production) mixture has aleeady been started
with CIAE Regional Station,
Coimbatore. One Senior Scientist
(Agronomy) is an associate in the
| project.
27 Obtain feedback on adoption of various technologies for their | Feedback will be obtained and
refinement when surveys are undertaken for impact analysis | passed on to concerned Heads for
{Acuon: All HDs) refinement.
I-ZS All the presentations should be highty focused with minimum | Noted for future guidance.
. number of slides. Use of softwares for enhancing the effect
} of presentation using style manuals for presentation styles.
, tables with statistical analysis and internationally accepted
units may be followed (Action: All Scientists)
29 ATR should be circulated along with agenda notes at least This suggestion will be followed.
one week before RAC (Action: Member Secretary, RAC)
30 Where ever possible projects should have transferable Transferable technologies if any, will
technologies, if any, with clear conclusion of each year’s be identified.
findings (Action: All Scientists)
31 Patentable areas of research may be briefly presented | Patentable areas of research will be
- (Action: All concerned) presented briefly in future.
32| RAC felt that yield in black pepper may hence forth be | The matter would be discussed
expressed as yield/standard with definition of number of during the ensuing AICRPS
vines/standard. Project Coordinator, Spices may discuss this | workshop with all research workers

L.

matter in the next workshop and take a decision
| (Action: PC, B K Moorthy).

during June 2009 and decision will

be taken.

a4
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LIST OF PROJECTS

I. Institute projects

Mega Project I: Collection, conservation, characterization and cataloguing of germplasm of spice
crops for yield and other economically important characters [Project Leader: P A Mathew]

1. Gen 1(813): Collection, conservation. catalogning and evaluation of black pepper germplasm (1972-2008)
[KV Saji and Utpala Parthasarathy]

b

Gen. XXVIHI (813): Conservation and characterization of Piper germplasm (2008-2014) [K V Saji and R
Senthil Kumar|

3. Gen. XIX (813): Conservation, characterisation, evaluation and improvement of Zingtber and Curcuma
Spp (2007-2012) [D Prasath and K V Saji]

4. Gen. IX (813): Conservation and characterization of cardamom germplasm (2007-2012) [R Senthil Kumar
and C N Biju]

5. Gen. XXVI1 (813): Evolving high yielding and high quality nutmeg clones by selection (2007-2011) [B
Knshnamoeorthy and J Rema]

6. Gen. XXVII (813): Improvement of cassia by selection (2007-2010) [B Krishnamoorthy and R Senthil
Kumar]

7. Gen. XVI (813): Maintenance, enhancement and characterization of genetic vamability in vanilla (Vanillu
planifolia Andrews) (2005-2010) [R Ramakrishnan Nair and P A Mathew]

& Gen. XXIX (813): A comparative study of molecular and bio-chemical diversity of garcinia of Eastern
Himalayas and Western Ghat ranges with GIS (2008-2011) [Utpala Parthasarathy and K Nirmal Babu]

9. Hort. III (813): Collection, characterization, evaluation and maintenance of paprika and paprika alike chilies
(2004-2009) [D Prasath and K N Shival]

Mega Project 1I: Breeding improved varieties of spice crops for yield, quality, drought and resistance
to pests and diseases {Project Leader: B Krishnamoorthy]

Gen. XVII (813): Breeding black pepper for high yield, quality, biotic and abiotic stress. (2006-2011) [V A
Parthasarathy, B Sasikumar, T John Zachariah, K Nirmal Babu, R Suseela Bhai, Johnson K George, Santhosh
J Eapen, K V Saji, S Devasahayam, K S Krishnamurthy and T E Sheeja]

I. Gen. XVII (813): Breeding black pepper for high yield and caryophyllene  (2007-2010) [K V Saji and T
John Zachariah]

Gen. XVII (813): Breeding black pepper for Phytophthora resistance (2007-2011) [K Nirmal Babu, T E
Sheeja and R Suseela Bhail

!\J

3. Gen. XXI (813): Breeding black pepper for resistance to “pollu” beetle (2007-2010) [K' V Saji and S
Devasahayam]| '

4. Gen. XXII (813): Breeding black pepper for tolerance to drought (2007-2010) [T E Sheeja and K S
Krishnamurthy]

5. Gen. XXIII (813): Breeding black pepper for developing resistance (0 Radopholus similis and its molecular
genetic analysis (2007-2010) [Johnson K George and B Krishnamoorthy]

6. Gen. X (813): Breeding cardamom for high yield and disease resistance (2007-2012) [R Senthil Kumar and
M N Venugopal]
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Gen. XV (813): Investigations on the reasons and solutions for the absence of seed set in ginger (Zingibe,
officinale Rasc.) (2005-2010) (R Ramakrishnan Nair and 2 Prasath]

Biotech X (813): Development of core ESTs and cloning of genes from Piper nigrum and P. colubrinum
(2008-2011) [Johnson K George and K S Krishnamurthy]

Biotech. IX (813): Development of transgenics for resistance to Phyrophthora and drought in black pepper
(2006-2011) [K Nirmal Babu and T E Sheeja}

10. Gen. XXV (813); Genetics of seedling progenies of turmeric (Curcuma longa L.)
(2007-2011) [R Ramakrishnan Nair and K N Shiva]

Mega Project 111: System approach for sustainable production of spices [Project Leader: K
Kandiannan]

i, SSC.II(813): Assessment of quality of soils under spices based cropping systems (2005-2009) [R Dinesh,
V Snnivasan and S Hamza]

2. SSC.1V {813): Nutrient budgeting for improved varicties of spices (2005-2010) [V Srinivasan, R Dinesh,
C K Thankamani, S ] Ankegowda and S Hamza]|

3. Agr. XXIV {813} Phenology of ginger and turmeric (2006-2009) [K Kandiannan and Utpala Parthasarathy|

4. Agr. XXVII(813): Enhancing the productivity in black pepper by intercropping (2006-2009) [C K Thankamani
and K Kandiannan]

5. Apr. XXVIII (813): Input use efficiency in turmeric in relation to quality (2007-2010) [K Kandiannan and
V Sninivasan]

Mega Project IV: Production physiology of spice crops [Project Leader: B Chempakam]

1. Phy. VII (813): Physiological and biochemical basis of preductivity in black pepper (2003-2008) [K §
Krishnamurthy and B Chempakamy]

2. Phy. VIII (813): Mechanism of drought tolerance in cardamom and black pepper (2005-2010) [S J
Ankegowda and K S Krishnamurthy]

3. Phy. IX (813): Investigation on factors controlling spiking in black pepper (2008-2011) [K S Krishnamurthy
and S J Ankegowda]

4, Biochem VI {813} Influence of biochemical factors on curcuminoid levels in tuwrmeric (2008-2011) (B
Chempakam and A Shamina]

Mega Project V: Value addition and post harvest processing of spices [Project Leader: T John
Zachariah)

[. PHT. NI (8i3): Studies on drying and storage paramelers in black pepper, ginger, turmeric and nutmeg
(2004-2009) [E Jayashree]

2. PHT. IV (813): Evaluation for physical and biochemical quality of spices (2005-2009) [T John Zachariah,
K.N. Shiva and N K Leela]

3. Biochem VII (813) Management of mycotoxins in black pepper, ginger, turmeric and nutmeg (2008-2011)
[B Chempakam and R Suseela Bhai| '

Mega Project V1: Propagation studies in spice crops [Project Leader: C K Thankamani]

I. Hort. V (813): Reotstock intervention to manage root infection of Phvtophthora and nematodes in black
pepper (2006-09) [P A Mathew]

2. Hort. VI (813): Induction of orthotropic shoots in plagiotropic grafts of nutmeg (2008-2011) [J Rema and P
A Mathew]
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Mega Project XIII: Investigations on nutraceutical and pharmacokinetic aspects of spices [Project
ieader: A Shamina]

1. Biochem. IIl (813): Studies on the nutraceutical properties of bicactive compounds in a few spices (2007-
2010} [A Shamina and N K Leela]

2. Biochem. TV (813): Exploration of spices for natural food colours and pigments (2007-2010) [K N Shiva
and T J Zachariah|

3. Biochem. V (§13): Cloning of pal gene from turmeric (Curcuma longa L)) (2008-2011) [A Shamina and T
E Sheeja)

4. Org. Chem. lII: Flavour profiling of Zingiberaceae spices (2008-2012) [N K Leela and S Hamza]

Mega Project VII: Identification, characterization and development of diagnostics against pests,
pathogens and nematodes of spice crops [Project Leader: M N Venugopal]

1. Path. XIX (813): Development of diagnostics for viruses infecting small cardamom (Elettaria cardamomum
Maton} (2008 — 2012) [C N Biju and A Ishwara Bhat]

Mega Project VIII: Conventional and molecular approaches for developing pest, pathogen and
nematode resistance in spice crops [Project Leader: R Suseela Bhai)

1. Crop Prot. 1.4 (813): Identification of black pepper genotypes with multiple resistance against Phytophthora
and Nematodes (2006-2009) [R Suseela Bhai and Rashid Pervez]

2. Ent. XIII (813): Screening of germplasm accessions of spices and evaluation of antibiosis resistance to
major insect pests {2006-2011) [T K Jacob and S Devasahayam]

3. Path. XX (813): Screening of Piper germplasm accessions against Piper yellow mottle virus (PYMoV)
(2008-2012) [A Ishwara Bhat and T K Jacob]

Mega Project IX: Developing integrated pest and disease management strategies in spice crops
[Project Leader: S Devasahayam]

1. Crop. Prot. 1.5 (813): Integrated management of Phytophthora foot rot and slow decline diseases of
biack pepper (2008-2011) [R Suseela Bhai, Santhosh J Eapen, A Kumar and Rashid Pervez]

2. Org. Chem. IT(813): Characterization of bioactive compounds with pesticide properties (2002-2010) [N K
Leela and Rashid Pervez}

3. Nema. IV (813): Role of phenyl propanoids in black pepper - burrowing nematode interactions (2008-2011)
[Santhosh J Eapen and A Shamina] -

4. Path. XVIII (813): Isolation and evaluation of antimicrobial compounds from bacterial endophytes against
major pathogens of spice crops (2008-2011) [A Kumar and Santhosh J Eapen]

5. Ent. XII (813): Bioecology and integrated management of shoot borer Conogerhes punctiferalis Guen.
infesting turmeric (2005-2009) |S Devasahayam and T K Jacob]

6. Path. XVII (813): Characterization, epidemiology and management of Colletotrichum spp. infecting black
pepper, cardamom and turmeric (2006 - 2009) (M N Venugopal and C N Biju]

7. Nema V (813): Survey and identification of efficient entomopathogenic nematodes (EPNs) against major
insect pests of ginger and turmeric (2008-2012) [Rashid Pervez, Santhosh J Eapen and S Devasahayam]

Mega Project X: Economics, statistics and modeling [Project Leader: M S Madan]

i.  Econ. Il (813): Remote sensing and GIS in evaluating the impact on socio—ecolog_ical changes on spices
production in Western Ghats region (2003-2008) [M S Madan and A K Johny]

2. FEcon. IV (813): Assessing sustainability of cropping systems involving spices (2007-2010) [M S Madan, A
K Johny and K Jayarajan]
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Mega Project XI: Extension and training [Project Leader: P Rajeev]

1.
2.

Ext. IV(813) ; Training of research and extension personnel (2005-2010) [P Rajeev]

Ext V(813 A Study on diffusion, adoption and impact of varieties released from IISR and scientific crop
management pracfices (2006-09) [P Rajeev and M S Madan]

Mega Project XII: Developing customized software and expert-system on spices [Project Leader:
§ J Eapen]

i

Stat. 1 (812 Development of databases and software (2004-2010) [K Jayarajan)

[I. Externally aided projects

iv)

v)

Department of Biotechnology, New Delhi

DBT-CIB-3: Development of microsatellite markers and characterization of Curcuma spp. (2006-2009)
(T E Sheejal

DBT-CIB 4: Development of Microsattelite markers, Molecular characterization of small {£ietiaria
cardamomuwn Maton) & large cardamom. (Amoemum subulorum Roxb.). identify core collections and
developing data base of impaottaat genotypes (2006-2009) (K Nirmal Babu. R Senthil Kumar, T E Shegja}

DBT-CP4: Accredited Test Laboratory {ATL) under the national certification systemn for tissue culture
raised plants (NCS-TCP) (2008-2011) [A Ishwara Bhat and K N Babu]

DBT-CP 3: Genetic transtormation of black pepper to confer resistance against viruses (2006-2009}) [A
Ishwara Bhat and R Susecla Bhai]

DBT-551: Distributed information sub-centre {2000-2012) {Santhosh | Eapen]
Indian Council of Agricultural Research, New Delhi

ICAR-CP 4: Apphication of Microorganisms for Agriculture and Allied Sectors (AMAAS) © Nutrient
management, PGPR and biocontrol (2006-2009) {M Anandara) and R Dinesh)

TCAR-CPPHT-1: Network Project on Organic Farming (2007-2012) [V Srinivasan, C K Thankamani and
A Kumar]

ICAR Mega Seed Project: Seed production in agricultural crops and fisheries (2006-2012) [K Kandiannan
and P A Mathew]

Outreach Project on Phyrophthora, Fusarium & Ralsionia Diseases of Horticultural and Field crops
(2008-2012) (M Anandaraj. K Nirmal Babu, A Kumar, R Suseela Bhai. Santhosh ] Eapen and Johnson K
(ieorge]

Ministry of Environment and Forests, New Delhi

MOEF. I (813): Biodiversity in Piper and Garcinia and identification of spots of species richness in Western
Ghats (using GIS and molecular markers) {2006-20093 {P A Mathew. Utpala Parthasarvathy, Johnson K
George and KV Saji)

National Horticoltural Mission, New Delhi

NHM-CPPHT-1: Production of nucleus planting materials of improved varieties of spice crops (2005-
2010) [C K Thankamani, S Hamza and S J Ankegowda)

National Agricultural Innovation Project, New Delhi

NAITP-SS-T: Multi-enterprise farming madels to address the agrarian crisis of Wayanad district of Kerala™
Under Component-3: (Sustainable Rural Livelihood Security) of NAIP (2008 - 2012) |[K N Shiva]
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Designation

Headquarters
Scientific
Dr. V.A. Parthasarathy Director
Dr. M. Anandaraj Project Ceordinator (Spices)
Dr. B. Chempakam Head, Division of Crop Production & PHT

. 5. Devasahayam

. B. Krishnamoorthy
. K. Nirmal Babu

. M.S. Madan

. T. John Zachanah

. B. Sasikumar

. T.K. Jacob

. J. Rema

. C.K. Thankamani

- R. Ramakrishnan Nair
. R. Suseela Bhai

. K. Kandiannan

. P. Rajeev

. K.S. Krishnamurthy
~. Santhosh I. Eapen
. N.K. Leela

. A Kumar

" V. Srinivasan

. A. Shamina

. K.V Saji

. K.N. Shiva

. T.E. Sheeja

. Rashid Pervez

Dr. D. Prasath

Dr. K. Abiramj

Technical Officers

Dr. Johny A. Kallupurackal
Dr. Hamza Srambikkal

Mr. P. Azgar Sherifl

Dr. Utpala Parthasarathy
Mr. M.M. Augusthy
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Head, Division of Crop Protection
Principal Scientist (Plant Breeding)
Principal Scientist (Plant Breeding)
Principal Scientist {Agri. Economics)
Principal Scientist {(Biochemistry)
Principal Scientist (Plant Breeding) -on deputation
Principal Scientist (Entomology)
Principal Scientist (Horticulture}

Sr. Scientist (Agronomy)

Sr. Scientist {Gen. & Cytogenetics)
Sr. Scientist (Plant Pathology)

Sr. Scientist (Agronomy)

St. Scientist (Agril. Extension)

Sr. Scientist (Plant Physiology)

Sr. Scientist (Nematology)

St. Scientist (Org. Chemistyy)

Sr. Scientist (Plant Pathology)

Sr. Scientist (Soil Science)

Sr. Scientist (Bio chemistry)

Sr. Scientist (Economic Botarny)
Sr. Scientist (Horticulture)

Sr. Scientist (Biotechnology)

Sr. Scientist (Nematology)
Scientist (Sr. Scale) (Horticulture)
Scientist (Horticulture)

Technical Officer (T9)

Technical Officer (Lab) (T7-8)

Technical Officer (Lib.) (T7-8) - upto July 2008
Techaical Ofticer (T7-8)

Technical Ofticer (T6)
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Mr. K. Jayarajan

Mr. M. Vijayaraghavan
Mr. K.T. Muhammed
Mr. V. Sivaraman

Dr. C.K. Sushama Devi
Ms. N. Prasannakumari
Mr. A. Sudhakaran

Administration

Mr. V.L. Jacob

Mr. C.P. Padmanabhan
Ms. PV, Sali

Mr. K.G. Jegadeesan
Mr. A.P. Sankaran

Technical Officer (Stat) (TH

Technical Officer (T3) (Workshop)

Technical Officer (T3) (Farm)

Techunical Officer (T5) (Farm)

Technical Officer ('T5) (Lib.)

Technical Officer (T5) (Hindi Translator)
Technical Officer (T5) (Artist-cumn-Photographet)

Asst. Fin. & Accts. Officer

Asst. Admn. Officer (- ¢ w.e.f. March 2009)
Private Secretary

Asst. Fin. & Accts. Officer

Asst. Admpn. Officer (upto February 2009)

ISR Experimental Farm, Peruvanamuzhi

Scientific

Mr. P A Mathew

Dr. Johnson K. George
Dr. R. Dinesh

Dr. A. Ishwara Bhat
Ms. E. Jayashree

Technical Officers

Mr. V.K. Aboobacker Koya
Mr. N.A. Madhavan
Mr. K. Kumaran

Principal Scientist (Horticulture)

Sr. Scientist (Gen. & Cytogenetics)

Sr. Scientist (Soil Science)

Sr. Scientist (Plant Pathology)

Scientist (Sr. Scale) (AS&PE) (on study leave)

Farm Supdt. {T9)
Technical Officer (TS) (Farm)
Technical Officer {15) (Farm)

Krishi Vigyan Kendra

Technical Officers

Mr. P.S. Manoj
Dr. S. Shanmugavel
Mr. K.M. Prakash

(T7) (Hort.) (on study leave)
(T7-8) (Veterinary Science)
{17-8) {Agronomy)

IISR Cardamom Research Centre, Appangala

Scientific

L. Dr. MUN. Venugopal
2. Dr. 8.7, Ankegowda
3. Dr. R. Senthil Kumar
4. Dr. C.N. Biju

Administration

L. Mr. V. Vijayan

-
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Principal Scientist (Plant Pathology)
Sr. Scientist (Plant Physiology)
Sr. Scientist (Horticulture)

Scientist (Plant Pathology)

Asst. Admn. Officer (we.f. August 2008)
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WEATHER DATA - 2008

IISR Experimental Farm, Peruvannamuzhi, Kerala
Month Temperature (°C) Rainfall (mm) Rainy days (no.)
Maximum Minimum
January 31.7 18.3 0.0 -
February 341 210 11.8 1
March 333 214 2324 10
April 337 23.0 13.9.0 12
May 327 23.3 2122 12
June 28.8 23.0 891.4 28
July 287 22.9 769.2 27 i
| August 28.9 22.8 533.6 21
| September 30.7 226 414.8 14
Qctober 317 22.4 431.6 14
November 33.1 214 53.4 3
December 331 20.5 38.4 3
Mean/ Total 313 219 3638.8 145

Cardamom Research Centre, Appangala, Madikeri, Karnataka
Month Temperature (*C) Rainfall (mm) Rainy days (no.)
Maxamum Minimum '

January 293 10.0 0.0

February 294 12.0 9.8 2

March 29.7 13.4 2290 8

April 310 16.9 14.6 2

May 29.0 16.7 6.2 1

June 254 (6.0 5586 26

July 25.2 15.9 506.6 22

August 237 7.5 530.2 o

September 26.1 6.9 166.2 10

Qctober 28.2 17.6 1718 9

November 28.6 14.9 0.0 ' =

December 28.5 14.4 0.0 -
\_Miam’ Total 2748 | 152 ! 21930 100
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