iy RO
Annual Report
2009-10

A I.I !
(vredter Piy e uikfvg)
TIdrDT - 673012 , BT, ARA

Indian Institute of Spices Research
Calicut - 673012, Kerala, India




HE A TH AR SI9F RS
2009 - 10

IISR Annual Report
2009 - 10

WA AEAT HHA
FHITeTH e

Indian Institute of
Spices Research
Calicut

WA FHiS
FEa Uiy
% Tt

Indian Council of

Agricultural Research

New Delhi



3 a———
/

Correct citation

Indian Institute of Spices Research

ANNUAL REPORT 2009-10

Indian Institute of Spices Research, Annual Report 2009-10, Calicut

Publisher
Director

Indian Institute of Spices Research
Calicut - 673 012, Kerala, India

Phone: 0495-2731410,
Website: www.spices.res.in, E-mail: mail@spices.res.in

Editorial board
V. Srinivasan

A.l. Bhat

R. Dinesh

D, Prasath

Utpala Parthasarathy

Hindi translation
Rashid Pervez
N. Prasanna Kumari

Type setting
Shyna K.S.

Cover design
A. Sudhakaran

ISBN:13-978-81-86872-33-8

June 2010

Printed at

Modern Graphics
Malu’'s Complex

Kalocor
Cochin-682 017, Phon

Fax: 0485-2731187

e: 0484-2347266




Indian Institute of Spices Research

B ANNUAL REPORT 2009-10

Contents

................................................................................................................. 56

Extension and Impact ASSESSMENt .. ... e 58
All India Coordinated Research Project 0n SPICES ..o oo, 60
OFMAHCS CONIIE L. e 63
B LBl .ottt et e 65
............................................................................................................................................. 66
Agricultural Technology INformation CeMre .—............o.oiveerrooeeoe oo 67
KHSHI VIGYAN KENGIA -.............oooocviveeeeeeveone e e 68
EAUCAION AN TTAINING ... eee oo ettt 72
NSURENTY ProCessiNg CEIl ..o 74

icial Language Implementation Committee ACtiVItIES .......c...cooviv oo, 75

.......................................................................................................................



Indian Instituie of Spices Research

ANNUAL REPORT 2009-10




Indian Institute of Spices Research - @

B ANNUAL REPORT 2009-10 )

5 Rare § g 2000 - 10 W IyArRIAT @ ave I & | e ¥ w9 Ay Feell B
9 1 gETHl T STl ATEUT BR, AU AR BRY AV HH JHEH FHIH,
F ge Ty WRIE BT R B B AU O dpfeue SiEe s Bl AT fhan
fird @ miecadl ¥ UfEIRREE BT Ihoayde ua o @ foy uewR e @ forg
SiEcd @l et | siedi g O after ok amerdifen @ Il et A
seqrEs 3 o BHA B B0 W AMEd © | el § @ell il 3 Refaa gorfaal 4 @
§i amR R g Ry RT mo amtE o fted wve See agi| B o w2
SR B a1 SEITSTG R (IS T 547146 MR M WY 349630) DI I IfTF IqS qT
e aiftls dRE B ANR R 9T 3§ qeaies @ foru ared gae &t |

@Y 13 Tanforal B e IUGIGAl H Higeedise Jiad ®f ey foear Tan | ura 9
g o1 FEila fRar) ge1 ol @ R R Afdd dve aedl 1 wanT e @
W o 8 aT Sifdd Eef F oy Afgwr wonty e Suge B | Jevd ISSINGIR A
B Ol @ gUdEwl fHar | Fel BN oRe, g g e @ w6 |
op 1) SHET T TS {ha T 9eN YTeSRY B SR IA®! AT § Big IR A8t
fear | woerer @ veaiq &Y ufordt @ gafa @l & omr aefent J T-fhareT W
iﬁaﬁmﬂﬁémwﬁaHWaﬁaﬁmﬁuﬁ(wsﬁﬁﬁaﬁWa%m
: & @1 army fdar T |

ﬁﬁﬁéwﬁm@zﬁ%ﬁﬁrﬁamﬁ@mw%a@umwwmwagmgw
[ GIT OSSRl 9t St e e Ud Hed Wikl B3 | AR dsGl g
p @ @ieT el § T 16,000 Baex H ®rell FE @ Rt H HwerT grr e
hal B TheATyds YSe B | i fasi $vg v ofesw 7 el @1 sz @
4000 ¥ AfRF Fami & ulEe g | SR g Qe d@nliedl @
& @ fau e ware vg Hfear die e e

O G 2 P, § S uw. agEwH, mEewe wRde Y e uRkve g R ™
Td WEGT & ol 9@ gaie § | ueg € T9. 4 g, 99 weewe (armer) @
b HITE U A & [ gW ogw ol w8 av wed O 8w wn SR shaner
TS FEIFCe® (TETam) o 590 gRT <1 T 'l et &l 3r9e S T B

ﬁﬂmmﬂﬁﬁa%maqamaﬁmaﬂﬁaﬁgmﬂ%ﬁmﬁaww@mﬁé
M%%mmwmwalmmﬁmmwﬁzﬁﬁm
ﬁéwﬁm@maﬁaﬁaﬁ%mwyﬁmﬁaﬁqﬁéwwwwm
T ST B Rl s E )

o

Tetepe (@ © orefemel)
&I 16,06.2010




p - _l_mlian Institute of Spices Research
: ANNUAL REPORT 2009-10

PREFACE

The Annual report for the year 2009-10 presents the details of our achievements. The insutute entiched its
germplasm on all the mandate crops with an alternate germplasm block [or conserving the wild Piper species
established at CRC, Appangala and CPCRI, Kidu. Microsatielites developed for Piper species was successtully
used to detect polymorphisin in black pepper cultivars. PCR technigue is being used to identfy virus-free
nucleus naterials of all released varieties of black pepper for further multiplication in nurseries. Two promising
cardamonm accessions (1C547146 and 1C349630) with high yield and more capsules per plant were shortlisied

for further evaluation.

Cross species amplification studies of microsatellite markers were carried out in 13 Curcuma species. Partial
sequence of pal gene was determined. Targeted application of nutrients based on soil test results increased
vield in ginger and var. Mahima was more suitable for organic cultivauon. Potential entmmopathogenic nematiodes
were isolated from rhizosphere soils of ginger. Antioxidant potentials of black pepper, ginger, turmeric and
cinnamon extracts were studied and no change in the activity potential was nroticed on storage. Chemo-profiling
of curry leaves essential oit showed no major changes except a decrease in l-phellandrene over storage. In

sitico screening on drugability of spices based phytochemicals was studied.

Impact assessment studies to assess the level of adoption of scientific cultivation practices in black peppe

revealed an increased benefil: cost ratio realization with technology adoption by farmers. Our scientists have
been able to successfully demonstrate technologies in black pepper in about (6,000 ha in Kodagu District of
Karnataka. The KVK and ATIC conducted programmes to the farmers’ need and trained more than 40010
beneficiaries. Technology week and Media meet were also conducted for showcasing the technologies develoged

by the institution.

T consider it a privilege to place on record the encouragement and support given by Dr. S. Ayyappan, Directur
General, ICAR. But for the strong encouragement and puidance we received from Dr. H.P Singh, Deputy

Director General (Horticulture) we would not have made such achievements. We are also grateful to Dr.

Umesh Srivastava, ADG (Hort. II) for all the support given to us. I am equally thankful to the Chairman and
members of Research Advisory Committee for their suggestions to reorient our research programmes. |
appreciate the efforts taken by the staft of this Institute for their support in running our programmes. [ appreciate

the editors for having compiled and brought out this compilation.

"

Calicut V.A. Parthasarathy
Date: 16.06.2010 Director
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EXECUTIVE SUMMARY

BLACK PEPPER

(renelic resonrces

Surveys were conducted to collect black pepper
accessions (cultivars) in Thodupuzha of Idukki district,
Poonjar and Valamukku of Kottayam district,
Perumbavoor, Malaytoor and Kunnathunadu of
Ermakulam district. Altogether 105 accessions were
coflected and planted at Experimental Farm,
PPeruvannamuzhi. A Piper species from Dimapur,
Nagaland was also collected. In the black pepper
germplasm conservatory, 2595 accessions are being
conserved (Wild pepper- 1286, Cultivars- 1300, Exoue
species- 9). The unidentified Piper species collected
from North Eastern Region was identified with the
help of Central Nationa) Herbarium (BS)), Kolkata.
Herbarium specimens were prepared, mounted and
preserved in the phenomics tacility. Microsattelites
developed for Piper species were successfully used
to detect polymorphism in black pepper cultivars.

Root stock studies

Secreening studies helped to identify Piper ornatum, a
wild species refated to black pepper, resistant to
Phliytopthora capsici, Radopholus similis and
Meloidogyne incogrita involved 1n quick and slow
wilt of black pepper. Hence, grafting was attempted
with variety Sreekara as scion and the above species
as rootstock, Since the growth was poor, other Piper
species compatible with black pepper was tested as
possible interstock for further testing using £ ormaturn
ix rootstock. P betle, P longum, F. argyvrophylium,
F. chaba, P. anenuanon and P colubrinon were
tound to grow satisfactorily and appeared compatible.

Development of core ESTs and cloning of genes
Homology searches for three genes were undertaken
and primers were-designed. The specific genes include
Betaine aldehyde dehydrogenase, Glutathione S-
transferase and Superoxide Dismutase for amplification
from mRNA of field grown black pepper plants.
Transcript based cloning attempts for WRKY
regulatory gene resulted in the amplification of a
fragment of size of approximately 100 bp.

Intercropping in juvenile garden
Intercropping medicinal plants in juvenile black pepper
ganien recorded 4 maximum net return of Rs. 46,225

per ha from black pepper + Vetiveria zizanoids
followed by black pepper + Alpinia calcarata (Rs.
44,600) with a Benefit: Cost ratio of 2.3 and 22
respectively.

Nutrient and plant hormone levels in relation to
hearing

Quantification of nutrient and plant hormone levels in
the altermate bearers showed that the stem and leaf
nutrients levels were low during the bearing year
compared to non-bearing year. Carbohydrate to
cytokinin ratio was more during the bearing year
compared to non-bearing year.

Influence of storage an guality

Storage of black pepper powder prepared by hammer
mill and manual grinding showed reduction in oil and
oleoresin content after five months of storage. Profound
reduction was ohserved in manually ground sample.

Medicinal value of pepper was analysed for examining
the antioxidant property using alcohol extract, water
extract and petroleum ether extract. Three tests viz,
DPPH radical scavenging assay, phosphomolybdenum
assay and ferric reducing power were carried out for
the antioxidant test. Five months storage of powdered
sample did not show change in antioxidant property.
Black pepper oil constituents were monitored using
GC-MS for the tive months storage period. Significant
changes were observed for pinene. myrcene, limonene
and linalool contents.

Phytophthara foor rot and slow decline diseases
Evaluation of chemicals

Three chemicals such as captan hexaconzole, benzoic
acid and salicyclic acid were tested in vitro and in
vivo against P, capsici. Among them, 100% inhibition
of mycelial growth was obtained at 100 ppm captan
hexaconzole and benzoic acid and at 200 ppm salicyclic
acid. In vivo experiments with these chemicals
indicated disease inhibition of 46.2%, 46.2% and 16.4%,
respectively.

Among the four new chemicals such as Sectin
(Fenamidone 10% + Mancozeb 50%), Equation Pro
(Famoxadone 16.6% + Cymoxanil 22.1%), Curzate
M8 (Cymoxanil 8% + Mancozeb 64%) and Acrobat
50 (Dimethomorph 50%) tested in vifro aganst i
capsici. Acrobat 50 showed 100% inhibition at 50 ppm
concentration. Sectin and Equation Pro showed 100%




inhibition of mycelium at 400 ppm and >500 ppm.
respectively.

Metalaxyl sensitivity of Phytophthora isolates was
tested with different concentrations of Metalaxyl-
mancozeb in comparison with Mancozeb. Metalaxyl-
mancozeb could inhibit (100% inhibition) the growth
of Phytophthora 1solate at 5 ppm whereas Mancozeb
could inhibit the growth of the same isolate only at 200

ppm.

Evaluation of promising antagonisis

Among eighty endophytic fungal isolates isolated from
black pepper and evaluated in vitro against P. capcisi,
four isolates (EFP 11, 73, &1 and 83) were promising
with >80% inhibitory effect on mycelial growth of P
capsici. Observations on growth parameters indicated
that application of Curtobacrerium luteum (TC-10) +
Metalaxyl-mancozeb and Pseudomonas fluorescens
(IISR- 853) + Metalaxyl-mancozeb were promising
with increased height and canopy of the plant.

Integrated management in the nursery

An experiment was conducted 1n the nursery for the
production of healthy disease free planting material
with four different sotl disintfection methods followed
by integration of plant protection chemicals and
biocontrol agents. All the disinfection methods and
integration of chemical application such as copper
oxychloride (0.2%) + phorate and potassium
phosphonate (0.3%)} + phorate were promising in
reducing Phytophthora infection under challenge
inoculated conditions when the moisture content of the
potting mixture was maintained below 15%.

Resistance

The resistance of open pollinated progeny of ISR
Shakthi 04-P24-1 to root infection by P. capsici was
confirmed even after 4 years after planting in the field.
Selfed progenies of Piper colubrinum, a species
known to be resistant to Phytophthora infection,
segregated for Phyrophthora resistance,

The activities of cinnami¢ acid-4-hydrolase (C4H) and
caffeic acid-O-methyltransferase (COMT) increased
in the susceptible black pepper variety Sreekara than
in the resistant hybrid (HP 39) and wounded samples
on inoculation with R. simifis. Lignin content was
comparatively low in HP 39 compared to Sreekara.
Butin HP 39, it increased to double the control values
in a month after inoculation with R. similis.
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Establishiment of virus-free mother vines

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

Transformation of black pepper

Two constructs each of Piper yellow moitle virus
(PYMoV) and Cucumber mosaic virus (CMV) in
Agrobacterium tumefaciens EHA 105 were used for
transformation. The embryogenic mass was wnfected
with Agrobacterium harbouring respective constructs
and cultured on basal SH medium for 48 h. The co-
cultured embryogenic mass was transferred to selection
medium and growing points were removed onto the
same medium with a higher kanamycin concentration.
The proliferated embryogenic mass was then
transferred to basal SH for further development into
fully developed plantlets. Fully developed plantlets
were transferred individually to WPM. Total genomic
DNA isolated from leaves of fully developed plants
was vsed o confirm the presence of nserts through
PCR. The PCR positive plants were hardened under
green house for challenge jnoculation with viruses.

Screening of black pepper germplasm against
Pollu beetle

One hundred and eighty five accessions of black
pepper were screened against pollu beetle (Lanka
ramakrishnai). Among the cultivars. Acc. 78 and 4044
were free from pollu beelte attack. The highest berry
damage (36.5%) was recorded on Acc. 1484 followed
by Acc. 1611 (34.3%). Among hybrids, Accs. 1055,
1069. 1769 and 1752 remained free from pollu beetle
damage. Acc. 1339 recorded 100% berry damage,
followed by Acc. 807 (73.5%).

CARDAMOM

Genetic resonrces

Five accessions were collected from Sabarimala area
of Kerala making the total germplasm repository to
447 (Malabar 278, Mysore 78, Vazhukka 63 and others
28). Morphological characterization has been recorded
in 50 accessions. Accessions 1C547 146 and 1C349630
were short listed for high yield with more number of
capsules per plant.

Evaluation of hybridy

Evaluation of F, hybrid progenies of Preliminary
Evaluation Trial-I{PET-I) (19 combinations) and PET-
I1 (10 combinations) was carried out and two high
yielding selections were short listed for further
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evaluation. Hybrid GG x NKE-19 was promising with
more than 70 per cent 8 mm capsules and showed
lield rolerance to rhizome rot and leaf blight. Among
the entries evaluated in Multi Location Trial, NHY- 10,
MA-18 and SAM performed better compared to check.

Identification of molecular markers linked to Katte
resisiance genes

[IMA was extracted from two parents namely, Green
Ciold (GG) (karte susceptible) and NKE 12 (katte
resistant) and PCR was performed with seven sets of
[SSR primers (834a, 841a, 854a, 866, 867, 812, and
813) to study parental polymorphism. Two prnimers (866,
§15) have shown polymorphism. primer 866 for
susceptible parent- Green Geold and primer 815 for
resistant parent- NKE 12.

Dranght tolerance

Three genotypes RRI[ (1C349591), CL-893 (IC
349537). Green Gold (IC 349550) relatively tolerant to
moisture stress and CCS -1 (IC 349589) a susceptible
genotype were crossed to develop drought tolerant
variety with good yield and quality characters. Cl.-
893 and its cross combinations recorded better growth
and yield parameters which were reduced under stress.

Essential oil profile

Twenty accessions of cardamom germplasm were
evaluated for essential oil content. Oil content in
capsules ranged from 3.5-6.7% on dry weight basis,
with highest in GG-self followed by GG-OP (6.0%).
GC-MS analysis of the oil indicated that these
accessions contained 26.2% and 27.7% 1,8- cineole
and, 45.8% and 46.2% o- terphenyl acetate.
respectively.

Screening of germplasm

Thirty eight breeding lines and 20 collections of
cardamom were screened under natural field conditions
to identify resistant sources against leal blight and
rluzome rot. Six genotypes each of breeding lines and
collections exhibited highly resistant reaction to rhizome
rof. Six genotypes namely, IC-547222, IC-547223. 1C-
349645, 1C-349649, 1C-547158 and 1C-349637,
exhihited moderately resistant and highly resistant
reactions against leaf blight and rhizome rot.

Development of diagnostics for viral diseases

Six katte isolates were collected from Kamataka (5
wolates) and Kerala (1 isolate) and established under
insect prool glass house conditions. Enzyme Linked
Immunosorbent Assay (ELISA) based detection of
Cardamom mosaic virus (CdMV) was standardized
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and the titre of the antiserum was found to be 1:250. A
procedure for total RNA isolation from cardamom and
detection of CAMV through reverse transcription—
polymerase chain reaction (RT-PCR) using primers
designed for the conserved region of coat protein was
standardized. The RT-PCR method was validated by
testing more than 50 cardamom field samples
representing different geographical locations of
Karnataka and Kerala,

Two kokke kandu 1solates from Karnataka and one
Nilgiri Necrosis disease 1solate from Suryanelli (Idukki
District, Kerala) were collected and established under
insect proof glass house conditions. Surveys conducted
in major cardamom growing areas of Kamataka and
Kerata, revealed the prevalence of Banana bract
mosaic virus (BBrMV) infection. The symptoms
induced by BBrMYV included
discontinuous or continuous spindle shaped streaks
along the veins. continuous light green or Light yellow
streaks along the midrib and discontinuous mottling
along the pseudostem and petiole.

TURMERIC

Gienetic resources

One thousand one hundred seventy three accessions
are being mainrained in the field germplasm
conservatory. The breeder’s seed of released varieties
of turmeric {7 varieties) was multiplied.

in cardamom

(P seedling progenies

Pot culture evaluation of 256 seedling progenies and
23 mother plants of turmeric showed high variability
with respect to yield. Twenty nine progenies showed
multiplication rate above 20 times. Of the 68 second
generation seedling progenies of five seedling
progenies. many showed very high multiplication rate.

Self incompatibility studies

Sixty five flowers of Rajendra Sonia and more than
00 flowers of BSR-2 were manually self pollinated
but no fruit set was observed. Pollen fertility analysis
by staining showed 60.4% fertility in Rajendra Sonia
and 55% in BSR-2. /n vivo germination on stigma was
found to be sparse after 4 h of pollination. Self
incompatibility mechanism in these varieties is
suspected.

Microsatellite markers and characterization
Cross species amplification studies of microsatellite
markers were carried out in |3 Curcuma species. Two
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synonymous Curcuma species vig., C. zedoria and
C. malabarica showed identical SSR profiles for 40
microsatellite Joci.

Flowering on vield and dry recovery

The flowering and non-flowering plants of turmeric
were compared for yield and dry recovery. On an
average, flowered plants recorded fresh yield of 504
g/plant with a range of 298 to 956 g/plant and CV of
41.9%, whereas, non-flowered plants yielded 524 gf
plant with a range of 321 to 861 g/plant and CV of
31.1%. The flowered and non-flowered plants did not
differ in yield and dry recovery.

Cloning of pal gene

Partial sequence of pal gene was isolated with PCR
conditions optimized using pal gene specific primers,
designed based on sequences available in the public
domain. A 522 bp product amplified by PCR was
isolated, cloned and sequenced. BLAST analysis
revealed that the sequence showed 94.3% identity with
the pal gene from ginger.

Evaluation of chemicals against rhizome rot

The field experiment to evaluate the efficacy of copper
oxychloride 0.25%, Cheshunt compound 0.3%,
Bordeaux mixture 1%, metalaxyl + mancozeb 0.125%.
mancozeb 0.3%, potassium phosphonate 0.3%,
carbendazim + mancozeb 0.3%, captan + hexoconazole
0.3% and carbendazim 0.5% and biocontrol agents
(CLT 102 and CLT 110} for the management of
rhizome rot disease indicated that application of
metalaxyl-mancozeb 0.125% + CLT110 was at par
with individual application of either metalaxyl-
mancozeb 0.125% or CLT 110 with a disease reduction
of 69.1% compared to 69.7% in individual treatments.
There was an increase in yield of [2% in the combined
treatment when compared to 13.4% in individual
treatments.

Bionomics of shoot borer and its management

The life cycles of shoot borer. Conogethes
punctiferalis were studied on five moderartely field
resistant and five susceptible accessions. The average
adultlongevity, pupal period and fifth instar larval perod
were 2.9, 12.4 and 7.5 days, respectively on moderately
resistant accessions and 2.8, 15.7 and 7.8 days,
respectively, on susceptible accessions. However. the
ditferences were not statistically significans. The trials
indicated that among the various insecticides, lamda
cyhalothrin 0.0125% was more promising in reducing
the percentage of shoots infesied by the shoot borer.
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Genetic resources

Six hundred accessions of ginger are being maintained
at the field germplasm conservatory. The breeder’s
seed of released varieties of ginger were multiplied.
Cross species amplification of rice microsatellites was
successfully done in ginger. Three of the primers tested
gave good amplification products

Yield evaluation of high oil type uand exoric
collections

Among [3 genotypes analysed for brochemical
parameters, oil content varied from 1.2 to 2.8%, while
the oleoresin content ranged from 2.0 to 4.6% and
fibre from 1.87 to 5.13%. Of the 12 exotic (Nepal)
lines, the oil content ranged from 1.2 to 2.4%, oleoresin
from 3.3 to 4.8% and fibre from 2.50 10 5.11%.

Yield evalnation af low fiber lines

Eight ginger accessions were evaluated for their
biochemical parameters. of which the oil content ranged
from 1.2 to 2.0%. while the oleoresin from 1.8 to 3.6%.
The fibre content varied from 3.54 to 5.15%.

Polyploidy in ginger collection with high pollen
Jertiliry

Chromosome number of ginger collection No.195
which was identified during last year as high pollen
fertile line was verified from mitotic metaphase plates
at the root tips. Analysis of mitotic metaphase plates
showed that the plant is a tetraploid having 2n=44 in
majority of the cells.

Nutrient requirement for targeted yield

Based on the initial fertility levels of N, P, K, the fertihizer
doses for obtaining 25, 35 and 45 kg/6 m” bed yieid
targets in ginger were worked out and applied in 3-5
splits at Appangala on variety Rio-de-genero. The yield
levels observed were 21.7, 28.2 and 35.8 kg/ 6 m” bed
for the targets 25, 35 and 45 kg, respectively. The
highest yield of 35.8 kg/bed was obtained for the target
45 kg/ bed and the deviation from the target was -15
to -40%. A mean deviation of -13, -19 and -20% at 25.
35 and 45 kg target levels, respectively was observed.
The farmers practice has recorded a yield of 35.6 kg/
bed.

Organic management on soil quality and yield

Under different management systems like conventional.
integrated and organic the soil nutrient availability of
N and K were higher in integrated system on pur with

H’ -
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that of organic system. The Ca and Mg availability
was higher under organic system. The foliar
concentration of P and Zn was observed to be highest
in fully organic management followed by integrated
and conventional systems.

The mean yield recorded was 8.1 kg/ 3 m” under
prpanic system which was on par to other management
systems (7.4-7.7 kg/bed). Under organic management.
vur. Mahima yielded highest (9.5 kg/bed) and Rejatha
vielded on par with conventional svstermn. Highest yield
in Varada was recorded in integrated {7.4 kg/bed)
lullowed by conventional and organic systems.

Fvaluation of rhizobacterial strains against rhizome
rot

The promising rhizobacterial isolates were evaluated
for their biocontrol potential against Ralstonia
volanacearum and Pythium aphaenidermatum and
srowth promotion in green house. The 1solates GRB
35 and GRB 36 showed highest disease suppression
foilowed by GRB 70 and GRB 91 against R.
solanacearum. GRB 35 and GRB 91 followed by
(7RB 68 showed highest disease suppression against
P. aphanidermaturm.

Soil biochemical and microbial indices as intluenced
by rhizobacteria were evaluated in a pot culture
experiment. The isclates GRB 25, GRB 36. GRB 38
and GREB 70 applied alone, did not significantly
influence microbial activity. However, when applied in
combination with 75% N + 100% P + 100% K, gave
significantly higher microbial biomass C values. The
activities of urease, acid phosphatase, alkaline
phosphatase and dehydrogenase were highest in
treatments involving the isolates GRB 36 and GRE 38
apptied in combination with 75% N + 100% P + 100%
K.

Bionamics of shoot borer and its management
The life cycle of shoot borer, Conogethes punctiferalis
was studied on five moderately field resistant and five
susceplible accessions. The average adult longevity,
pupal period and fifth instar larval period were 2.9,
12.3 and 6.4 days, respectively on moderately resistant
accessions and 3.0, 11.3 and 6.8 days, respectively, on
susceptible accessions.  However. the differences
were not statistically significant, Among various
msecticides, lamda cyhalothrin 0.0125% was more
promising in reducing the percentage of shoots infested
by the shoot borer.

_

Entomopathogenic nematodey

Sixty two rhizosphere soil samples were collected from
different locations of Wayanad, Kottayam, Tdukki
(Keralaj, Kodagu (Karnataka), Guwahati (Assam) and
Barapani (Meghalaya) and baited using Galleria
mellonella Jarvae. Out of 62 soil samples baited, 6
strains of entomopathogenic nematodes were
recorded. Four hundred and twenty four shoot borer
larvae were collected from various sites in Kozhikode,
Wayanad and Kodagu Districts among which eight
were associated with rhabditids nematodes and ¢ne
with EPN.

NUTMEG

Induction of erthetropic shoois in plagioirepic
grafis

The auxins and cytokinins in the leaves and buds of
orthotropic and plagiotropic shoots of nutmeg were
studied and it was observed that the auxin content was
highest in the axillary buds of the plagiotropic shoots,
whereas the terminal buds contained more auxins in
orthotropic shoots, Cytokinin was high in the leaves of
hoth orthotropic and plagiotropic shoots when compared
to the buds.

Ouality

Twenty accessions of mace were analysed for oil
content. The oil content ranged trom 12-33%, with
highest oil yield in IC-548917 (33%) followed by 1C-
5489272 and 1C-548932 (30% each).

CASSIA

In the clonal evaluation of elite lines at
Peruvannamuzhi, D1 (IC 370423) recorded
significantly higher height (320.6 cm) and dry bark yield
(92 g). Among the 15 cassia lines tested at CRC
Appangala, Cl (IC 370415) recorded significantly
higher height (545 cm}, while no siginiftcant difference
was observed among the lines for number of branches,
girth, leaf length and breadth. IC370406 recorded the
maximum fresh (1290 gitree) and dry weight (405.3
g/tree) followed by 1C370425 and [C370427. But the
highest dry recovery of 56.25% was recorded in
1C370401 at Appangala condition on first coppicing.
IC 370410, 370423 and 370425 recorded maximum oil

vield of 4%. 1C370415 recorded 21.57 % oleoresin.

Cinnamon bark was extracted in the month of
November and powdered in bammer mill for oil and
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oleoresin. Hammer mi}l ground sample was stored in
three layered polyester cover. Samples were drawn
at monthly intervals and analysed for oil, elearesin and
antioxidant activity. Except for slight reduction n oil
content, no profound change was noted for antioxidant
activity due to storage.

GARCINIA

Diversity exploration

With the help of BIOCLIM models (Altitude and
Rainfall) of DIVA GIS, the existence of Garcinia in
the North Eastern Himalayan states was predicted.
Four species of Garcinia viz., G kydia (Kuji Thekera),
G lancifolia (Rupohi Thekera), G pedunculata (Bor
Thekera) and G xanthochymus (Tepor Tenga) were
located in Meghalaya and Assam.

Natural food colors and pigments

The fruits or rinds of G gummi-gutra, G
hombroniana, G indica, G tincroria and nutmeg
(Myristica fragrans) were collected and used for color
extraction. The total carotenoids content varied from
0.013 (G. gummi-gutta) to 0.065 mg/100g (G
tinctoria) and anthocyanin content from 0.007 (G
hombroniana) to 0.053 mg/100g (G indica). The
lycopene content ranged from 3.72 (G tinctoria) to
4.95 mg/100g (G indica), among the gaicinia species.

VANILLA

Reciprocal crosses were conducted between V.
planifelia and V. tahitensis (species reported as
resistant to root rot disease). High percent of [Tuit set
was observed in both the crosses. Fifty five cultures
of selfed progenies of V. tahitensis and 60 cultures of
V. planifolia X V. tahitensis were established in vitro.

: SPICES

Antioxidant activity

In curry leaves, the DPPH radical scavenging activity
of essential oil was reduced by half by the 3 month
of extraction compared to the fresh samples and by
another 50% by the next quarter. The water and
ethanol exiracts were relatively stable in this property
over this period. No significant change in total
antioxidant capacity, as measured by the

phosphomelybdenum method, or Fe(Ill) to Fe(ll)
reducing activity was observed in any of the extracts
in six months after extraction compared to the fresh
samples. Chemo-profiling of curry leaves essential oil
showed no major changes except a 50% decrease in
I-phellandrene by the 3™ month after extraction

OUTREACH PROGRAMMES

PhvtoFuRa

Phyrophthora isolates (241 isolates) maintained in the
repository have been revived and was enriched with
43 new Phytophthora isolates collected from different
parts of Kerala and Kodagu district of Karnataka. The
virulence of 100 Phyrophthora isolates was tested in
vitro,

Genomic DNA was isolated from 126 black pepper
Phytophthora isolates and SSR profiling was done.
ITS region of R. similis was amplified with universal
primers. Genomic DNA isolation from 75 Panniyur-|
x Subhakara progenies was carried cut and ISSR
profiling is in progress to develop a linkage map.

PhytoWeb. a comprehensive portal on Phytophthora
diseases of horticuttural crops in India was developed
by modifying the existing PhyDisH. PhytoLib, an
electronic database of research publications on
Phyiophthora has also been developed and launched.

Leaf spot diseases

Surveys were carried out in Karnataka, Keraia and
Tamil Nadu for assesing leaf spot diseases. Out of
150 samples including cardamom, black pepper,
arecanut, turmeric, ginger, chilli and clove, 100 were
infected with Colletotrichum spp. The cultures were
identified and characterized based on colony and
conidial morphology.

BIOINFORMATICS

In silico research

EST assembly and annotation of two
entomopathogenic nematodes, Steinernema feltiae (83
nos.) and Hererorhabditis bacteriophora (53614
nos.) was also attempted. Syntenic relationship between
Radopholus similis and other nematodes was studied
using mitochondrial genome sequences.

A virtual screening of phytochemicals from De. Duke’s
phytochemical and Ethnobotanical database, literature
search, PASS prediction and ADME/Tox screening
has identified 56 promising lead compounds with
potential nematicidal activity. Flexible docking studies
revealed that phytochemicals - curcumin, brucine-n-
oxide, colubrine, brucine, vanillin, genostrychnine and
strychnine. had good binding score (MolDock score)
and favorable hydrogen bond interaction with
glwtathione-S-transferase (GST) of Brugia malayi.




Vew Database

A new database, GST Lead Base (www.spicebioinfo.
res.infgstleadbase) was developed and hosted. The
database includes chemical properties and other details
of potential nematicidal compounds that inhibit
glutathione-S-transferase in nematodes.

[T initiatives

» SpiceStat, the database on vital statistics of spice
cultivation, production and export was
relaunched with additiona) features.

* A new accounts module was developed and
integrated in ARISoft. the existing office
automation software.

® An interactive CD on ginger and turmeric
package of practices was developed.

s As per the guidelines received from ICAR. the
[ISR website was modified by using Joomla, an
open source CMS sofrware, and it 1s under trial

run.
EXTENSION
During the year, 111] farmers (241 from within district,

157 from the state and 713 from outside the state)
avaiied farm advisory services from ATIC and 1273
farmers visited the Experimental Farm.
Peruvannamuzhi. More than 1000 students visited the
institute on study tour. The institute conducted one on-
campus training programe (5 days) for the State
Department extension functionaries, spensored by the
Kerala State Horticulture Mission. Two off-campus
training programmes on black pepper for farmers
sponsured by M 5 Swamintahan Research Foundation,
Wayanad were organized in Wayanad District. The
institute also participated in one farmers’ seminar under
the Janasree mission of the Kerala Government, five
exhibitions/farmers fairs at national level and four at
regional level. Seven video conferencing sessions with
village resource centers in Wayanad District were
organized in which 389 farmers participated.

A Media Meet was also organized to mobilize mass
media support for sharing Agro-Information, under
NAIP project. Over 30 media persons from around 20
various media organizations attended. Over 20 news
ttems appeared in various print media, one audio item
i AIR-Calicut and news in channels.

Training prograommes

The KVK has conducted 73 training programmes on
various subjects during the period and trained 3024
beneficiaries. About 400 farmers visited for
consultation, purchase of planting materials and other
inputs from KVK. Three study tours were arranged
for the farmers during the period, benefiting 96 farmers.
Eight Front Line Demonstrations and four On-farm
trials were undertaken.

Techunology Week / Kisan mela - *Karshika
Sankethika Darshanam 200107

A five day farmer’s festival ‘Karshika Sankethika
Darshanam -2010° was jointly organised by the Indian
Institute of Spices Research (IISR), Calicut, Krishi
Vigyan Kendra (KVK) and NAIP, at Peruvannamuzhi
during 8-12 February 2010. Five progressive award
winning farmers were felicitated. Exhibition stalls
were put up by six [CAR, Central government and 14
private cntrepreneurs and input agencies for
showcasing the technologies deveioped by the
institutions. About 250 farmers participated in the
technical sessions and about 1500 in the exhibition and
benefited by the technological inputs/services provided.
Technical sessions on different aspects of agriculture
like organic farming. animal husbandry, floricutture,
mushroom culture, farm machinery and pisciculture
were arranged by inviting technical experts to train
and interact with the farmers.

Impact assessment of technologies

Survey of 1615 ha of black pepper plantations in
Kodagu District (Karnataka) where [ISR had
technology intervention programmes to assess the level
of adoption of scientific cultivation practices revealed
the following level of adoption of technology inputs in
the purposive samples: foliar spray of Bordeaux mixture
- 100%, soil drenching of fungicides - 80%, application
of nematicides - 60%, basin irtigation in summer - 70%,
application of chemical fertilizers - 20% and application
of bioagents - 20%.

The average yield (with an average of 63% yielding
vines) in the purposive sample was 3.24 kg/standard
compared to 1.9 kg/standard in the control plots where ‘
conventional practices where followed. The recorded
cost of cultivation in the purposive sample was Rs 80
per vine and the estimated cost: benefit ratio at the
given level of adoption of technologies was 3.025. In
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conventional black pepper growing tracts of Kerala, a
previous survey tecorded a cost benefit ratio of 2.4.

HUMAN RESOURCE MANAGEMENT

A bioinformatics training programme on ‘Recent
advances in EST analysis and their annotation’
was organized during 20-23 Oct., 2009 in which
17 trainees from vancus institutes/universities
participated.

( @]

One month summer training on Biochemistry,
Biotechnology and Bioinformatics was
conducted for M.Sc. students during 6" May —
5% June 2009.

Twenty-one M.Sc. students carried out project
work in various disciplines. Five students have
undergone Post M.Sc. training and one for M.
Phil project work and five students were
awarded Ph.D.
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INTRODUCTION

History

Intensive research on spices in the country was initiated
with the establishment of a Regional Station of Central
Flantation Crops Research Institute (CPCRI) at
Caticut, Kerala, during 1975, by the Indian Council of
Agricultural Research (ICAR). This Regional Station
was upgraded as National Research Centre for Spices
(MRCS) in 1986 by merging with it the Cardamom
Research Centre of CPCRI at Appangala, Madikeri.
Karnataka. The NRCS was further elevated to the
present Indian Institute of Spices Research (IISR)
during 1995.

L ocation

The laboratories and administrative offices of the
institute are located at Chelavoor (50 m above MSL).
Ik from Calicut {Kozhikode ), Kozhikode District,
F.erala, on the Calicut- Kollegal road (NH 212). in an
area of 14.3 ha. The research farm 1s located 51 km
MNorth East of Calicut at Peruvannamuzhi (60 m above
WMSL), on the Peruvannamuzhi-Poozhithode road in
Kozhikode District, in an area of 94.08 ha. The
Cardamom Research Centre, Appangala (920 m above
MSIL.) is located at Appangala, Kodagu District,
Karmataka. on the Madikeri-Bhagamandala road. 8 kmn
from Madikeri. in an area of 17.4 ha.

“landate

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

. To develop high vielding and high quality spice
varieties and sustaipable production and
protection systems using traditional and non-
traditional technigues and novel biotechnological
approaches.

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

. Te act as a centre for training n research
methodoelogy and technology wpgradation of
spices and to coordinate national research
projects.

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

* 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 (Elertaria cardamomum); ginger (Zingiber
officinale), turmeric (Curcuma longa), cinmamon
(Cinnarmomum verum), cassia (C. cassia), clove
(Svzygium aromaticum). nutmeg (Myristica
fragrans). allspice (Pimenta dioica), Garcinia
(Garcinia gummi-gutia and G. indica), vanilla
(Vanilla planifoliay and paprika (Capsicum annuum),

Organization

The Director is the administrative head of the institute.
The Institute Management Commitiee, Research
Advisory Commitltee and Institute Research
Committee assist the Director in matters relating to
management and research activities of the mstitute.
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 include
Agricultural Technology Information Centre,
Agricultural Research Information System,
Bioinformatics Centre and Krishi Vigyan Kendra. The
institute also functions as the headquarters for the All
India Coordinated Research Project on Spices, and
Indian Soctety for Spices. An outreach project on
Phytophthora, Fusarium and Ralstonia diseases of
horticultural and field crops was sanctiened in the XI
plan (2007-12} with 1ISR, Calicut as the lead centre
and 17 coordinating centres at different ICAR
institutes/ SAUs across India. The institute has also
linkages with several universities, research institutes.
and developmental agencies for collaborative research -
and developmental activities in spices.

Budget: The total budget of the institute was Rs. 1287
lakhs during the year, which included Rs. 450.0 lakhs
under Plan and Rs. 837.0 lakhs under Non Plan.
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Resource generation: Institute earned a total of RS.  Now [acilities

19.99 lakhs through sale of planting materials,

biocontrol agents, training, publications and consultancy ~ Seed storage unit

services. Seed Storage Unit for storing turmeric and ginger seed

Staff: The institute has a sanctioned strength of 43 rhizomes was established at IISR Experimental Farm,

scientific, 18 administrative, 36 technical and 61  Peruvannamuzhi.
supporting staff, of which 36, 14, 33 and 50 of scientific,
administrative, technical and supporting staff, Fost harvest technology Lab .

respectively are in position. The KVK has a sanctioned Post Harvest Technology lab was established at 1I5R
strength of 2 administrative, }) techpical apd 2 Experimental Farm, Peruvannamuzhi with equipments
supporting staff. like driers, graders and cleaners for processing spices,

Staff Position of the Institute

Position
Category Sanctioned Total Vacant
Calicut Peruvannamuzhi Appangala B
Scientist 43 29 2 5 36 7
Technical 36 16 14 3 33 3
Administration 18 12 - 2 14 4
Supporting 61 21 11 18 50 11
"~ Total 158 8| 27 3

&
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M‘iiﬁun of KVK

E i Position
~ Category Sanctioned Total Vacant
v Calicut Peruvannamuzhi Appangala

" Technical il I 10 i 1 ;
" Adminisiration 2 ! 1 i 2 :
%up;ﬂin I 2 - 2 - 2 .
Ewl 15 2 13 - 15 ]

Institute Management Committee Headguarters
3 Calicut
|Research Advisory Committee
| Experimental Farm
Director Peruvannamuzhi
I - Cardamom Research
| Division / Section Centre, Appangala
Genetics and
Cytogenetics
Crop| g Plant Breeding Krishi Vigyan Kendra
B'mt;:;;:s;?vemem an Economic Botany Peruvannamuzhi
iieehinalogy Horticulture
Biotechnology
National Informatics
Centre on Spices
¥ Agronomy Bioin tics Cont
0Cai ioinformatics Centre 1
Crop Production and Post S.O” Eme_n?e —
Harvest Technology lochermistry
Organic Chermistry Administration and ||
Plant Physiclogy Accounts
Agricultural Engineering
AICRP on Spices

Crop Protection Ptant Pathology Agricultural Research
i Entomology information System
Nematclogy
Sorial Sciences ECOT‘O.”‘ cs Agricultural Technology
Statistics Information Centre

Extenstion

Organization of Indian Institute of Spices Research
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PAST ACHIEVEMENTS

Black pepper: Germplasm collections obtained over
the years through explorations are being mawntained
at ISR as well as in other alternate sites viz., Madikeri
and Kidu of Karnataka state for developing improved
varieties for yield, quality. abiotic and biotic stresses.
(1S 15 being employed to identfy species richness.
The genetic stock has lead to release of improved
varieties such as [TSR-Sreekara, TISR-Subhakara,
HISR-Panchamu, 1IISR-Pournami, [ISR-PLD-2, 1ISR-
Thevam, HSR-Girimunda, 1ISR-Malabar Excel and
JISR-Shakthi. Front-line demenstration programme
was undertaken using the refeased varieties in the
farmers’ field. Some of the unique germplasm have
been registered with NBPGR at New Delhi. Two
accessions, INGR 8098- Piper thomsonii (1C-
398863) - for its unique character for sex change and
INGR 8100- Piper nigrum (1C- 563950) — A novel
spike variant with proliferating spikes, were registered
with NBPGR for their unique characters.

Putative transgenic black pepper plants with osmotin
gene conferring resistance to drought and
Phytophthora capsici has been developed. [n viiro
and in vivo psopagation methods were standardized.
Plantlets developed through micropropagation were
established in farmers’ field in Kerala and Kamataka.
Portion of gene conferring resistance against
Phvtophthora capsici was isolated by targeted gene
amplification using degenerate primers from Piper
colubrinum. The spacing, nutrient and water
requirements were standardized for different soil types
of pepper growing regions. Irrigating pepper vines
once in a fortnight from March to May months @ 50
litres/vine enhanced yields substantially. High
production technologies and mixed cropping systems
were developed for increasing productivity. Among
different forms of potash, water-soluble and available
K had significant positive correlation with berry yield,
oleoresin and piperine. Qrganic production technology
for black pepper has been standardized. Crops such
as ginger, tapioca, coleus, amorphophallus and hybrid
napier were found suitable far intercropping in black
pepper gardens that are more than 15 years old. Cost
effective method for production of disease-free rooted
cuttings was developed. Mathematical models for
optimusm climatic factors for high production of black
pepper have been developed. Major pests, pathogens,
viruses and their insect vectors and nematodes

affecting pepper were characterized and documenied.
Morphological and molecular characterization of black
pepper isolates of Phytophthora further revealed that
1solates shared the characters of both P capsici and
P tropicalis.

A RNA virus, Cucumber mosaic virus (CMV) and a
DNA virus, Piper vellow mottle virus (PYMoV) are
found to be associated with stunted disease of black
pepper. A method for simultancous isolation of RNA
and DNA from infected black pepper plants and
multiplex PCR for simuitaneous detection of CMV and
PYMoV in a single reaction was standardized.
Phytoplasma with phyilody symptoms was most closely
related to members of aster yellows group {1651 B) of
Phytoplasma. Integrated strategies involving cultural
methods, blocontrol agents, plant products and resistang
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
Trichaderma and Pseudomonas for disiribution to
farmers for management of disease was also
undertaken. Open pollinated progeny of IISR Shakthi
(04- P24 -1) continued to show resistance to root
infection by P capsici with repeated inoculations.
These organisms were deposited in the national
repository of microorganisms at IMTECH, Chandigarh
for future reference. Species-specific primers were
developed for detection of R. simiiis 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. Endephytic bacteria
effective against Phyfophthora capsici and R. similis
in black pepper have been isolated. Basal applicaticn
of 7. harziaiman and aerial spray with 1% Bordeaux
mixture was found effective in controllhing anthracnose
disease. An integrated pest management schedule for
management of root mealy bug has been developed.
PCR based techniques 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 production were standardized.

Impact studies on adoption of I1SR varieties of black
pepper in farmers’ fields indicated that the mean yield
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for high yielding varienies was 1J60 ke/ba with the
adoption of scientific packages as compared to 624
kefha for traditional varieties. The estimated cost
benefit rano was 2.48. The level of adoption studies of
recommmended technologies indicated that the adoption
tevel for aerial 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 level for application of soil fungicides, fertilisers
and pesticides were very Tow at 21.14%, 7.7% and
7.6 % respectively.

Cardamaom: For all the available germplasm, IC
numbers have been obtained. Meanwhile, germpliasm
bearing unique characers have been registered with
NBPGR, New Dethi, GO-MS study confirmed
superiority of Indian cardamom over Guatemalan and
Sri Lankan cardamowm. Molecuolar profiling of Indian
cardamom revealed the existence of two genetically
distinct clusters such as “Kerafa cluster”™ and
“Karnataka cluster” among the germplasm coliections.
The improved varieties such as [[SR-Vijetha, 1ISR-
Avinash and [ISR-Suvasini have been developed. Two
of them having mosaic or thizome ot resistance have
been popularized among the farming community.
Coupled with production technologies, these varieties
resuited in increasiag productivity of cardamom. New
high vielding varieties such as APG 293, 398, 416 and
250 are found to be promising. Characterization of
expart grade cardamoms from India, Sn Lanka and
Guatemata based gt physical, biochemical parameters
and molecuiar technigues revealed the superiority of
Indian produce for the physical parameters such as
seed to husk ratio, weight of 100 capsules. number of
capsules tn 100g, bulk deasity and moisture content.
High production technology has been standardized.
Dirip irvigation and sprinkier irrigation once in 12 days
sipmiticantly improved yield attributing characters. Soil
and water conservation measures have been
standardized in cardamom based cropping system.
Cardamom accessions APG 257, APG 414 and APG
434 were found to be promising for drought tolerance.
Crosses 893 x RR1, GG x RRI1. CCS1 x GG, GG x 893
and CCS1 x GG showed more drought tolerance as
they took more time 1o fold leaves (leaf rolling) under
open light than other crosses. High quality {more than
4% a- terpiny! acetate) cardamom such as NHY- (4,
MB-3, NHY-18 and OP-28 have been identified. The
sereening programme against leaf spot and leaf bloteh
resulted in several moderately resistant types.
Protocals for RNA isolation (RT-PCR) {or detecting

Maciuravirus from the leaves obtained from Katte
aftected cardamom plants have been standardized.

Ginger: Germplasm repository at 11SR is the largest
with several exatic collections and high guality
accessions. Seven hundred accessions of ginger are
being maintained in field germplasm conservatory.
These accessions have been regularly utilized in the
genenic impravement programme. An in vitro gene
bank was established tor conservation of germplasm.
Three ginger varieties namely, [{SR Varada, ISR
Rejatha and USR Mahima were reteased for high yield
and quality. Ginger Ace, No. 195 showed mean polien
fertitity of 67.73% by glycero-carmine staining and
60.31% by in vitro germination and 1s sutable for future
studies on induction of seed set. Ginger oil comparents
have been characterized by GC-MS. A relationship
between leaf PYZa ratio and soil P/Zn ratio to rhizome
yield of ginger has been established. Post harvest
technologies for processing and techaalogies for
preparation of value added producis such as salted
ginger were standardized. Comparison of essential oil
constituents of fresh and dry ginger rhizomes indicated
that fresh rhizomes contained higher level of
monoierpenes namely, Z-citral and F-citral whereas
the dry chizomes were predominated by the
sesquiterpene hydrocarbons namely, zingiberene,
farnesene and sesquiphellandrene. Bacterial wilt
pathogen, Ralstonia solangcearum in North Eastern
states, Stkkim and Kerala were found simifar in a
molecular fingerprinting ipdicating strain migration
from one piace to another. Ginger strain of R.
selanqcearum was found to infect turmeric,
cardamom, C. aromatica, C. zedoarin, Kaempferia
galanga, Zingiber zerumbet and tomato. Indian
Mango ginger, Curcuma amada was found to be free
from bacterial wilt even under tnoculated conditions.
The species of Pyrhiwm causing thizome rot of ginger
s Kerata, Karnataka, Uttar Pradesh and Sikkim was
dentified as £ wmveriorvium. Technique for ginger seed
rhizomes treatment (for elimmination of bacterial wilt
pathogen) and integrated disease mansgement stralegy
for soft rot & bacterial wilt diseases and shoot borer
was developed. The improved varneties and
technotogies developed oun cropping system, nutrient
and water requirement, pest and disease management
and post barvest processing techmiques were
disseminated to farmers and other agencies thropgh
publication, training programmes and demonstrations.
Large scale muliipbcation and distribution of elite
planting material were also undertaken.
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Turmeric: The germplasm collected over the years
have been conserved in the field gene bank and they
were characterized for yield, quality, and resistance to
pests, diseases and drought. OP seedling progenies
generated over the years are being evaluated for their
yield and quality characters. Molecular genetic
fingerprints of sixteen Curcuma species using RAPD
and Inter Simple Sequence Repeats (ISSR) technique
revealed high degree of polymorphism among the
accessions. A total of 140 microsatellites containing
genomic DNA fragments were tsolated from turmeric
{Curcuma longa L.) adopting the selective
hybridization method with di and trinucleotide
biotinylated probes. Seven high curcumin and high
yielding varieties, Suvarma, Sudarsana, Suguna, Prabha,
Prathibha, IISR-Alleppey Supreme and HHSR-Kedaram
were released for commercial cultivation. Efficient
protocol for plant regeneration through organogenesis
and somatic embryogenesis was standardized.
Variations in rhizome morphology were observed
amang, calli-tegenerated somaclones indicating
somaclonal variation. Accessions with high curcumin
and root knot nematode reststance were identified. The
natural enemies of shoot borer (Conogethes
punciiferalis) infesting turmeric were documented.
Three different curcumineids (curcumin, de methoxy
curcumin and bis de methoxy curcumin) could be
separated from oleoresin of turmeric rhizomes by
employing chromatographic techniques. Turmeric oil
components have been characterized by GC-MS. A
PCR based method was developed to detect
adulteration of turmeric powder with wild Curcuma
species. Processing with or without boiling or different
drying methods did not lead 1o variation in oil, oleoresin
and curcumin contents. The optimum spacing, nutrient
and water requirement were standardized for different
soils. Organic farming system was developed for
turmeric. Basic data on distribution, bicecology,
population dynainics of shoot borer (Conogethes
punctiferalis) and 1ts 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 allspice are being
conserved. IC Numbers for cinnamon, clove, nutmeg
and allspice accessions were obtained from NBPGR,
New Delhi. Cassia C1 (IC 370415) has been registered

as INGR 05029 with NBPGR, New Delhi for its high
oleoresin content (10.5%) besides a dwart clove
accession. The cassia elite hine At (IC No. 370400)
has been registered with NBPGR for high
cinnamaldehyde content in bark oil (§1.5%) and leaf
o1l (80.5%). Two high quality cinnamon varieties,
Navashree and Nithyashree and a nutmeg variety.
Viswashree were released. Nutmeg accession, All/
25 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
mace have been developed. Antioxidant properties and
food color value are being studied in tree spices. GC-
MS analysis of the chemical constituents of essential
oils in leaves of Cinnamomum sulphuratum, C.
glaucescens, C. glanduliferum, C. macrocarpum
and C. perrotterti revealed that the major chemical
constituents in these oils were 4-phellandrene, a-
phellandrene, camphor, t-caryophyllene and
germacrene-I> respectively. Vegetative propagation
techniques were standardized for nutmeg, cassta and
cinnamon. Major pests and diseases on tree spices
were documented. The improved varieties and
technologies developed on propagation and post
harvest processing were disseminated to farming
community.

Vanilla: Vanilla germplasm are being maintained in
the repository. Comparative anatomical analysis of
different vanilla species was carried out. Interspecific
hybridization was made between Vunilla planifolia
and V. aphylla. Over 1000 seed progenies of V,
planifolia are being field tested for yield 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 problems in 1nost of the plantations. Root
rot incidence ranged from 5 to 100%. Mosaic and
necrosis were also observed in all the plantations and
the incidence ranged from 2 to 80%. Cucumber
mosaic virns (CMV) of vanilla was characterized on
the basis of biological and coat protein {CP} nucleotide
sequence properties, which showed that CMV infecting
vanilla belorngs to subgroup IB. A virus causing mild
chlorotic motile and streaks on leaves of vanilla was
identified as a strain of Cymbidium mosaic virus
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(CymMYV) based on coat protein gene scgquence
comparison and phylogenetic studies. Another virus
associated with necrosis and mosaic on vanilla was
identified as a strain of Bean common mosaic virus
(BCMV) based on coat protein gene sequence
comparison and phylogenetic studies.

paprika: The germplasm collected from various places
of cultivation were 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. The lines
ICBD-10, Kt-pl-19 and EC-18 were found promising
with high colour value and fow pungency. PCR based
technique was developed to detect aduiterants in
commercial chilli powder,




\ Indian Institute of Spices Research £

ANNUAL REPORT 2009-10}

\PEPPER

Conservation and characterization of germplasm
The germplasm assembled at the consetvatory are
conserved in the nursery and field genebank with 2595
accessions (Wild pepper- 1286, Cultivars- 1300, Exotic
species- 9. In addition, 100 more accessions were
planted at CPCRI, Kidu during this year. One hundred
and fifty accessions of germplasm planted at CRC,
Appangala were characterized for morphological
characters. Surveys were conducted in Thodupuzha
(Arakulam, Vannapuram, Karikunnu, Mundan mudi,
Pattayakudi) area of Tdukki district, Poonjar and
Valamukku of Kottayam district, Perumbavoor,
Malaytoor and Kunnathunadu Taluks of Emakulam
district. The major areas surveyed were farmer’s field
and tribal hamlets and 105 accessions were collected.
The accessions are planted at the germplasm
conservatory at Peruvannamuzhi. One Piper species
from Dimapur, Nagaland was also collected.
Herbarium specimens of 75 black pepper accessions
were prepared and mounted and preserved in the
herbartum facility.

Breeding for high yield and caryophyllene

Four hundred and fifty seedlings raised from different
cross combinations were maintained periodically in the
germplasm nursery. Sufficient numbers of each
combination were multiplied for further planting. Leaf
oil constituents wiz., B- Caryophyllene, Germacrene-
D. Elimol and Nerolidol were analyzed from the
identified lines such as Malabar Excef, HP-785, HP-
1117, Sreekara, Subhakara. Panchami, Pournami,
Panniyur-1, I[ISR Thevam and ISR Girimunda.
BB- Caryophyllene was highest in HP-846.

Breeding for resistance to ‘pollu’ heetle

Six hundred and fifty hybrid progeny combinations are
being maintained and multiplied vegetatively for planting
them in the field for further evaluation. Fifteen hybrid
progenies from each of the combinations, Subhakara
x Acc. 1114, Subhakara x Acc. 841. Subhakara x Acc,
1084, Subhakara x Acc. 816 were planted in the field.
Observations showed that all the plants were free of
poliu infestation on the leaves.

Breeding for Phyfophthora resistance

One hundred and forty lines from Panniyur-1 x
Subhakara mapping population were maintained in the
field and in the nursery (Fig 1.1). Data on floral and
other morpholegical characters showed segregation
4MONg pProgenies.

Fig. 1.1. Maintenance of mapping population in
field

Fifty new crosses were mude and 75 progenies were
developed between Subhakara x [ISR Shakthi for
Increasing the mapping population size for tagging
Phytophthora resistance.

Screening of SSR primers against black pepper
A set of nine microsatellite markers reported by
Menezes er al.. (2009) were screened against black
pepper genotypes. Of these, four were found to be
polymorphic among genotypes tested (Fig. 1.2).

5% 7 B 910711121314 1516

Fig. 1.2. SSR profiling of released varieties of
black pepper
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Lanes Y-16: Pannivur V., Panniyur 2. Panniyur 3,
Panniyurd, Panniyur 5, Panniyur 6, Panniyur 7, I[ISR
Subhakara, [ISR Sreekara. TISR Panchami. IISR
Pournami. PLD 02, ISR Sakthi, ISR Thevam, ISR
Girimunda. IISR Malabar Excel, Lane M: 10(bp ladder

screening of lines from germplasm and hybrids
for resistance to Phytophthora

Amoeng 50 lines selected for association mapping from
germplasm, ten were screened using leaf, stem and
root inoculation techniques. Cultivar 1324 was the besl.
showing resistance reaction (Fig. 1.3) for both stem
and leaf screening (Tuble 1.7).

-

"

ANNUAL REPORT 2009-10 1

Development of transgenics for resistance to
Phytophthora and drought

About 80 transgenics were regenerated with osmotin
and 12 putative transgenic plants (with osmotin) were
hardened. The putative trasgenics with osmotin were
multiplied for screening. The transgenics which showed
resistance reaction in last year's screeming were kept
for multiplication.

Cloning of genes

Homology searches for three genes were undertaken
and primers were designed. The specific genes include
Betaine aldehyde dehydrogenase, Glutathione

Fig. 1.3 Reaction of black pepper lines to Phytophthora by leaf screening {a) HP 365 (b) Coll. 1324

Table 1.1 Reaction of hlack pepper cultivars and hyhrids for Phytophthora

Leaf Stem
! et Ratie LL (mm) | LL(mm) | DP (mm) ]
| 984 Kalluvally 5.2 3 1.2
1050 13.4 I 13.3 25 |
| 1109 Vellanamban 10.4 9 3.1
L1324 Aimpiriyan No Lesion 4 - 14
HP 117 Narayakodi X Neelamundi 12 10.7 3.0
| HPI127 Neelamundi X Karimunda 13.6 10.6 Zoti
| HP344 Narayakodi X Karimunda (3.2 (.14 26
HP 365 ‘Perumkodi X Karimunda 128 L 18.15 2.35
HP 427 Panniyur | X Balankotta 13.8 i0.3 3.18 |
 HP 441 Perambramunda X Panniyur] 125 8.43 292 |

LL=Lesinn”l.eng1h: DP=Depth of_penetra[i?m

2
T
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S-transferase and Superoxide Dismutase. The primers
are being tested for amplifying specific sequences from
black pepper mRNA population. Primers were
designed from the WRKY domain, a 60 amino acid
region that is highly conserved amongst the family
members. Amplification froin black pepper and Piper
colubrinuwm RNA using these primers resulted in the
PCR preduct of different lengths (110 bp, 125bp, 500
bp and 850 bp). The products are being clened for
sequencing.

Rootstock intervention to manage root infection
of Phytophthora and nematodes

The wild species Piper magnificum, P. hamilioni F.
peepiloides, P hymenophyllum were screened
against Phvtophthora capsici, Radopholus similis
and Meloidogyne incognita. Prelimary results
indicated that P hamilioni s resistant to Phytophthora
capscic.

Screening of grafts of Sreekara variety of biack pepper
using TISR-Shakthi and C-1090 as rootstocks (tolerant
to Phytophthora capsici) indicated that root rot can
be controlled to below 10% with the use of phorate
alone to control nematodes. Growth studies showed
that the growth of Sreekara is not influenced by grafting
on IISR Shakthi and C-1090. Since growth of pepper
grafted on P. ornatum, a species resistant to major
pathogens s very slow, other spectes were tried as
interstock. Out of seven species tested, F. colubrinum,
P.oargyrophyllum, P attenuatum, P chaba. P.
longum, and P. betle are compatible with £ orarun
but . galeatum is not compatible. Black pepper variety
Steekara formed good union and expressed good
growth on P hamiltoni.

Nutrition and Cropping system

Nutrient requirement for targeted production

Dry yields of 5,7.5 & 10 kg was targeted and fertilizer
doses for the same based on soil fertility was calculated
and imposed in two splits at Mrigarajendra Estate.
Madapur, Madikeri. The recorded yield levels were
5.9, 5.4 and 6.6 kg/vine in the targets of 5, 7.5 and 10
kg/vine, with a deviation of +17.8, -28.3 and -33.5
respectively. Through targeted equation, nutrient
requirement for 5 kg/ vine yield could be predicted
with a positive deviation of +17%. The recorded yield
at higher targets was negative due to the lean crop
during this year after a good crop in last year.
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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 that the organic
carbon content in finer fractions of sotl particles was
significantly high under organic management system
as compared to conventional systern. It also increased
significantty with the decreasing particle size. highest
with 0.25 mm followed by 0.75 and 1.25 mm.

Similarly, available N. P, Ca and Mg were found to be
significantly high in finer soil fractions of organic and
integrated systems compared to conventional systern.
Moreover their availability increased significantly with
increased fineness at both the depths (0-15 cm & 16-
30 cm) studied.,

Studies on allelopathy in tree species-hlack
pepper interactions

The alcohol extracts of tree species like ailanthus,
garuga. gliricidia, and erythrina were analysed for
allelochemicals using TLC. The solvent used was ethyl
acetate: petroleun ether (1:1) with MeOH- H,S0, and
CHCI -MeOH (90:10 and 95:5) as the spray reagents.
No sﬁots could be detected. In the pot study on the
allelopathic effect of tree standards on growth of black
pepper, the leal and stem extracts of these standards
were applied at varying rates (0, [2.5%. 25%, 50%,
and 100%) to three-month old rooted black pepper
cuttings (IISR Thevam). The extracts were applied at
monthly intervals. Data on growth parameters (no of
leaves and plant height) were recorded at 120 DAP.
The results revealed that increasing concentration of
extracts did not significantly influence plant height.
Among the tree species, gliricidia extract consistently
registered greater plant height (range 56.5-69.0 cm),
followed by garuga (45.3-67.3 cm). ailanthus (44.0-
61.0 cm) and erythrina {41.0-61.0 ¢m) extracts. The
number of leaves did not vary markedly between tree
species and extract concentration. However, at all
conecentrations, relatively greater number of leaves was
registered by gliricidia (range 7-11).

[mpact of irrigation on spike setting and yield

Vines which received irmigation (@ 50 litres/vine) from
March T fortnight (FN) to May Il fortnight at fortnightly
intervals recorded significantly higher number of spikes,
increased spike length, uniform spiking and higher berry
yield than those which did not receive irrigation during
this period.
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[ Treatment Old spikes New spikes Spike length = Dry yield
‘ {July) {September) Total (cm) L (kg/vine)
_E_u--igated = T
March IT FN to 31.2 30 34.2b 12 .0 7 5
nay 11 FN)
I_]{:f.infed 27 [7.5 20.2 9.5% 2.8

(Values in a column followed by different alphabets indicate significant difference between the treatments)

Hormones and notrients in relation to alternate
hearing

Leul carbohydrate, TAA and cytokinin levels have been
guantified in alternate bearers. Carbohydrate to
cytokinin ratio was more during the bearing year
compared o non-bearing year. The altermate bearers
had lower level of stem nutrients while there was not
much difference in leaf nutrient content during the
bearing year compared to non-bearing year.

To investigate if spiking can be regulated by providing
nutrients during spike initiation period, three rounds of
sprays (April I week, May I week and May IV week)
of 19:19:19 NPK complex fertilizer (0.5, 1.0, 1.5 and
2.0 % nutnent solution) were given. Among the nutrient
sprays, 2.0 % spray recorded the maximum berry yield
(5.8 kg dry yield/vine) followed by 1.5 % spray (4.9
kg/vine). Control (water spray) recorded the least (3.8
kg/vine) indicating that yield levels can be enhanced
during the poor bearing year through nutrient sprays
during spike initiation period.

Post harvest technology

Black pepper powder and chemical quality
Black pepper powdered using hammer mil) to fine
mesh and stered in laminated polyester packs for five
months were drawn at monthly intervals and analysed
for chemical quality (oil, cleoresin, piperine and oil
constituents) and medicinal property (antioxidant
property). Antioxidant property of water, alcohol and
petroleum ether extract were analysed for DPPH
scavenging assay, phospho molybdenum assay and
ferric reducing power. Maximum activity was obscrved
for alcohol extract and al} the three methods gave
consistent activity. Five months of storage of powdered
sample did not give any change in medicinal activity.
Gradual reduction of oil, oleoresin and piperine was
observed during the storage period. Low boiling oil
constituents such as pinene, sabinene, myrcene and
terpinolene showed reduction during the course of
slorage.

Storage of black pepper

Black pepper stored in 90% nitrogen and 10 % carbon
dioxide in three layered laminated polyethylene packing
and analysed for 0il, oleoresin and piperine. The data
was statistically analysed and compared with that of
fresh samples of Panniyur- 1. The results indicated
that storage for 430 days, retained the chemical quality
equivalent to that of fresh sample, except for a miid
reduction in moisture content.

Management of Phytophthora foot rot

Evaluation of new chemicals

Three chemicals namely, captan hexaconzole, benzoic
acid and salicyclic acid were tested in vitro and in
vivo against P capsici. Among them, 100% inhibition
of mycefial growth was obtained at {00 ppm captan
hexaconzole and benzoic acid and at 200 ppm salicyclic
acid. In vive experiments with these chemicals
indicated disease inhibition of 46.2%, 46.2% and 16.4%,
respectively.

Four new chemicals namely, Dimethomorph 50%
(Acrobat 50), Fenamidone 10% + Mancozeb 50%
(Sectin), Famoxadone 16.6% + Cymeoexanil 22.1%
(Equation Pro), Cymoxanil 8% + Mancozeb 64%
(Curzate M8) reported effective against Phyfophrhora
spp. were evaluated in vitro against P, capsici. Among
the four chemuicals tested, Dimethomorph 50% showed
100% inhibition at 50 ppm concentration. Fenamidone
10% + Mancozeb 50% required 400 ppm and
Famoxadone 16.6% + Cymoxanil 22.1% required 500
ppm for 100% inhibiticn of mycelium (Table 1.2).

In silico screening of nematicidal compounds
from Strychinos nux-vomica
The biolegical activity of 62 compounds from Strychnos

nux-vomica collected from literature and web -

resources was predicted using SAR (structure-activity
relationships) method based on a training set containing
35000 knewn biologically active compounds with 565
types of biological activity. However, none of the
compounds was known to have nematicidal or
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Fable 1.2. Evaluation of chemicals against Phyrophthora capsici

Conc. ' In vitro ( % disease | % disease
| Chemical {(ppm) inhibition (%) incidence reduction |
. of pathogen (In vivo)

Capatan hexoconazole i 00 10 B 35.0 46.2 ‘l
Benzoic acid 100 100 35.0 46.2
Salicylic acid 200 100 550 | 154
Fenamidone 10% + Mancozeb 50% 400 100 0.0 | 00 |
{Sectin) }
Famoxadone 16.6% + Cymoxanil 22.1% 500 100 6.6 0.0
(Equation Pro)
Cymoxanil 8% + Mancozeb 649 >2000 100 0.0 0.0
{Curzate M8)

' Dimethomorph 50% (Acrobat 50) 10 100 0.0 00
Conrol - - 65.0 -

antihelmintic activity, but Strychnine, Pseudostrychnijne,
N-oxystychnine, Geissoschizine, Brucine-N-oxide and
Secologanin were known to have antibacterial, antiviral
and antifungal activity. Therefore synthetic strychnine,
its hydrochloride and brucine sulpbate were procured
and tested against M. incognita at 1000, 1500 and
2000 ppm concentrations. Strychnine hydrochloride
showed 97% nematicidal activity at 2000 ppm
whereas, strychnine showed 75% activity and Brucine
sulpbate 74% activity over control at 2000 ppm.

Evaluation of biocontrol agenty

The efficacy of endophytic bacteria (BP-35, 25, 17
and TC-10) and rhizobacteria (1ISR-833 and IISR-6)
against £ capsici, R. similis and M. incognita was
evaluated in the field. Observations on growth
parameters indicated that application of TC-10 +
Metalaxyl-mancozeb and 1ISR- 853 + Metalaxyl-
mancozeb were promising with increased height and
canopy of the plant. No disease incidence was noticed
during the period.

Evaluation of resistant lines and biocontrol agents
A field nal was in progress with three promising
disease/nematode resistant lines (HP 39, IISR Shakthi,
C 1090) and biocontrol agents (Trichoderma
harzianwm. Pseudomonas fluorescens (IISR 6 and
IISR 853} and Pochonia chiamydesporia). The
establishment and growth of plants was higher in C
1090 + ISR 6 followed by TISR Shakthi + T
frarzianum and HP 39 + [ISR 853, No disease
incidence was observed during the year.

Tutegrated management of P ocapsici, R, similis
and M. incognita in nurseries

An experiment was conducted in the nursery with
solarized potting mixture, with 12 treatments including
chemicals and biocontrol agents. Observations on
disease incidence indicated that all the disinfection
methods and integrated and chemical methods were
equally effective in checking disease incidence.
Besides, so1l moisture content was maintained below
15% by irrigating the plants once in two days. Among
the integration of plant protection chemicals, copper
oxychloride 0.2% + phorate was comparatively better
in reducing the infection {54% disease reduction over
control) under challenge inoculated conditions followed
by potassium phosphonate 0.3% + phorate {44,95%).
No difference in disease incidence was noticed
between NPK (reated and non-treated plants.

Role of phenyl propanoids in black pepper -
burrowing nematode interactions

Estimation of COMT and C4H activities

Caffeic acid-O-methyltransferase (COMT) and
cinnamic acid-4-bydrolase (C4H) of the roots of the
susceptible Sreekara and resistant HP-3% were
estimated at 48 h. seven days and one month after
tnoculation. C4H activity increased in HP39 on
inoculation with R. similis and reached almost three
times by seven days after tnoculation compared o
coutrol. The changes in C4H activity were only
marginal in wounded samples. The acrivity declined
hy one month after inoculation in both cases. However,
in the susceptible Sreekara there were no discernible




changes in the enzyme activity. COMT activity
increased within 48 h after R. similiy inoculation in
both Sreckara and in HP-39, compared to the activity
in control plants and decreased thereafter.

imarion of phenyl propanoidy
liznin content of the roots was comparatively Jow in
resistant HP-39 than the susceptible Sreekara.
However, it decreased significantly in Sreckara within
19 hours of inoculation. but increased to control vajues
1 a week. In HP-39, which had only 173" the Yignin
content of the susceptible variely. the decrease inlignin
content continued up to the 1st week after inoculation
and increased to doubie the control values in a month,

Viral disease

ndexing and maintenance of virns-free mother
vines
PCR based method was used for indexing black pepper
plants of popular varieties against Piper vellow mottle
virgs (PYMoV). The identified virus-free material was
then maintained and multiplied under insect-proot
conditions.

Fransformation of black pepper with virus
CORSIFRCES

Two constructs each of Piper vellow morrle virus
(PYMoV) and Cucumber mosaic virus (CMV) in
Agrobacterium tumefaciens EHA 105 were used for
transformation. The embryogenic mass was infected
with Agrobacteritim harbouring respective constructs
and cultured on basal SH medium for 48 h. The co-
cullured embryogenic mass was transferred to selection
medium and growing points were removed onto the
same medium with a higher kanamycin concentration.
The proliferated embryogenic mass was then
transferred to basal SH for further development into
fully developed plantlets. Fully developed plantlets
were transferred individually to WPM. Total genomic
DNA isolated from Jeaves of fully developed plants
was used to confirm the presence of inserts through
PCR. The PCR positive plants were hardened under
green house for challenge inoculation with viruses (Fig
L.4).

Screening of transgenic plants for the presence of

transgene

Total genomic DNA isolated from 100 mg leaves of
hardened plants were used for PCR and dot blot
hybridization. All PCR positive plants were used for
dot blot hybridization. About Jug of DNA was dotted
in to nitrocellulose membrane and fixed by heating at
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Fig. 1.4 Transformation of black pepper with viral
constructs (a) Plantlets of 2-3 leaves in
liquid medium (b) Well developed
putative transformants in WPM medium
and (c¢) Putative transgenic plants
hardened in the green house

80"C for 2 h. A 940 bp DNA fragment corresponding
to the kanamycin gene was labeled with digoxigenin -
and used as a probe for hybridization according to the
manufacturer’s insiructions (Roche Molecular
Biochemicals, Mannheim, Germany). The hybridized
membrane  was  washed, subjected to
chemilluminescent development using CSPD substrate,



and then exposed to X-ray film. Plasmid pBI121{ (250
ng) was used as a positive control while genomic DNA
from a non-transformed plant served as a negative
control. Of the 99 plants tested from different
constructs, 78 showed positive reaction in dot blot,

Screening of Piper spp against PYMaV

Four hundred sixty accessions of Piper spp including
wild Piper species, cultivated and wild species of P.
nigrurm were screened for PYMoV under glass house
conditions through mealybug, Ferrisia virgata. After
60 days of inoculation, the plants were scored both
visually (based on symptoms) and through PCR test
using PYMoV specific primers. The results showed
that all the 460 accessions tested were susceptible to
PYMoV.
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Pollu beetle

Fdentification of resistant sources

One hundred and eighty five accessions ot black
pepper available in the germplasm conservarory were
screened against potlu beetle in the field. Among the
cultivars, Accs. 78 and 4044 remained free {from pollu
beetle attack during the year. The highest berry damage
(36.5 %) was recorded on Acc. 1484 followed by Acc.
1611 (34.3%). Among the hybrids, Accs. 1055, 1069,
1769 and 1752 remained free from pollu beetie damage.
Acc 1339 recorded 100 % berry damage, followed by
Acc 807 (73.5%).



Indian Institute of Spices Research

B ANNUAL REPORT 2009-10

Characterization of germplasm

From the present ex-sifu gene bank collection of 447
accessions/ hybrids and disease resistant selections,
50 accessions have bheen characterized for
morphological and yield characters based on TPGR1
descriptor. Variability was found to be the maximum
(Table 2.1) for capsule wet weight (91.22 %) followed
by number of capsules (80.80 %) and minimum for
capsule characters (capsule length 0.15% and capsule
width 0.09%). Two promising accessions (IC349630
and 1C547146) were identified with desirable yield
contributing characters. During this year five
accessions were collected from Vandiperiyar block of
Sabarimala area.

Characterization for biotic and abiotic stress
During the year fifty eight cardamom accessions were
screened for leaf blight and rhizome rot resistance
under field conditions using 1-6 and 1-5 disease rating
scales, respectively, and the percent disease index
(PDDI) was calculated. The accessions were further
grouped into different categories based on their
reaction to the disease.

Breeding for high yield and disease resistance
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. Large number of hybrids
between high vielding and disease resistant selection
have been evaluated to exploit the heterosis for vield
and disease resistance. The PET I was laid out with
16 hybrids, the highest three vear mean vield was
recorded in the hybrid combinations RR1 x CCS1 and
CCS1x RRI with 868 and 765 kg/ha respectively.

To get desirable recombinants having high vield,
superior quality and mosaic resistance, hybridization
was carried out between two mosaic resistant
selections (NKE 12 and NKE 19) and most popular
high yielding farmer variety Green Gold {GG) in
PET 11. The crosses were effected in four combinations
(both direct and reciprocal). Among them ASH and
GG x NKE 19 recorded significantly higher mean yield
of 1119 and 833 kg/ha, respectively (Table 2.2).

Table 2.1. Variability of morphological and yield characters recorded in cardamom germplasm.

| Characters Range [ Mean | S.D C.Vv Promising genotype
| Plant height (cm) 128-323 | 198 | 042 2099 | 1C547218
Total tillers 580-4220 | 1935 | 6.69 3456 | 1C547142
Bearing tillers 42523 (1.29 408 3610 | 1C547142
[ Leaf length (cm) 40-63.40 4972 5.18 1042 | 1C547222
| Leaf width (cm) 5.60-12.10 | 805 1.19 14.78 IC 547165
No. of panicles 1.50-30.60 | [1.72 6.10 52.03 | .IC 547146
Panicle length (cm) 24.5 -56.2 36.28 6.95 19.17 IC 547144
Inter node length (crm) 2548 3.56 078 21.96 IC 547146 ]
| Capsule length (cm) i.14-19 147 0.15 1000 | IC 349653
Capsule width (cm) 0.99-1.38 117 0.09 7.33 IC 349627 |
| No. of seeds/capsule 0.4-242 15.83 331 20.89 IC 547147
| No. of capsules/plant 23-819.46 20247 171.68 80.80 IC 547146
| Capsules wet weight () | 5-754.25 | 18890 T 7232 | 9122 | IC 349630 & IC 547146 |

39




Table 2.2. Performance of cardamom hybrids for

vield -

Entries i Dry yield (kg ha')
2007 2008 2009 Mean
| GG x NKEI2 | 93476 | 17451 | 213.16 | 440.81
| GG x NKE 19}1635.35 | 479.83 | 384.99 | 833.39
| NKEI2 x GG | 1746.75 | 157.29 | 320.81 | 741.62
| NKEI9x GG 121223 | 355.54 | 23567 | 601.15
GG Seedling |1413.03 | 295.04 | 236.97 | 648.35
| GG Suckers [1206.93 | 94.44 | 12491 [ 47543 |
NKE\2 75.00 | 4350 | 4600 | 54.83
NKEI9 112004 | 43,56 | 101.08 | 421.56 |
| CCs) 1723.38 | 190.85 | 326.19 | 746.81 |
| ASH 1930.90 | 82521 | 601.78 111930 |
| Mean 1299.83 | 265.98 | 259.16 | 608.32 |
CV% 4123 | 2995 52,99 I
 CD (p=0.05) | 16889 |  7.57|235.24 /

Morphological characterization ol selected
germplasm accessions

Cardamom genotypes. 100 numbers depicting
maximum diversity (including eight released varieties.
10 farmer’s vareties and seven related genera) were
selected for morphological characterization and
preparing a descriptor with about 46 taxonomically and
agronomically important characters based on IPGRI
cardamom descriptor and DUS guidelines (PPV &
FRA 2009). Available morphological and floral
characters were recorded as per the proforma devised
in the selected fines.

Molecular characterization
DNA was isolated from 109 accessions using the
protocol standardized at ISR for molecular profiling.
ISSR profiling of cardamom genotypes and related
genera is in progress (Fig 2.1).

Fig. 2.1. ISSR profiling of 20 genotypes of

cardamom using ISSR primer, UBC 807
Give lane infirmation - Lane 1-20: PV1. CCS.RR | _NKE 12.
ICRI 2. ASH I, ASH, AMB 2. CP 10, MB 3. GG, Sampaji,
Palakuzhi local, Vander cardamom. Kalarickal White, Pink
stem, Narrow leaf, VAL, MY 1. MA 29: Lane M: 1| kb ladder
(Fermentas)
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Microsatellite development

EST database searches of cardamom did not reveal
SSRs. But EST data base searches for sequence
information containing mjcro satellites from ginger, a
closely related species revealed over 900 SSR
containing regions. Twelve rice SSRs were tested in
small cardamom for cross generic amplification and
three of them gave amplification in cardamom
(Fig2.2).

Fig 2.2. Profiling of five genotypes of cardamom
using four rice SSR primers

Lane [-5: RR1, GG ICRI 3, Mudigese |. PV I; Lane

C: Negalive control, Lane M: 100 bp Ladder

(Fermentas)., Primers: A - RM 01: B - RM 72;
C-RMI1I7; D~-RM 131.

Identification of molecular markers linked to
Katte resistance genes

DNA was extracted [rom two parents namely Green
Gold (karre susceptible) and NKE 12 (katte resistant)
and PCR was performed with seven sets of ISSR
primers (834a, 841a, 8544, 866, 867,812 and 815) to
study parental polymorphism. Two primers (866, 815)
have shown polymorphism, primer 866 for susceptible
parent-GG and primer 815 for resistant parent-NKE 12,

Drought tolerance in cardamom

Three genotypes RRI (IC 349591}, CL-893 (IC
3495373, Green Goid (IC 349550) which is relatively
tolerant o moisture stress and CCS -1 (IC 3495895 a
susceptible genotype were crossed to develop drought
tolerant variety with high yield and quality characters.
CL- 893 and its cross combinations recorded better
srowth and yield parameters which were reduced

l@‘iﬂ_ﬂiﬁ“
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under stress. Plant height ranged from 204-296 em
with i mean of 262 cm in contrel and in stress it ranged
from 201-280 cm with a mean of 257 ¢m. Numbery of
panicles per clump ranged from 20.6-37.4 with a mean
of 28.5 and in stress it ranged trom {1.4-20.8 with a
mean of 16, Dry capsule yield (kg/ha) ranged from
220,610 521.7 with a mean of 402.9 kg/ha in control
and in stress it ranged from 38.6 to 267.7 with a mean
ol 164.] kg/ha. Cross CCSY x 893 recorded maximum
vield (521.7 kg/ha) in irrigated condition foliowed by
COS1 OP (5197 kg/ha). In stress conditions, GG x
COS T recorded maximurn yield (267.7 kg/ha) followed
by 893 self (210.7 kg/ha). GG x 893 recorded 1839
kg/haand 893 x GG yielded 187 kg/ha with bold green
capsules (Fig 2.3).

Enzyme assays in selected drought tolerant and
susceptible genotypes

Superoxide dismutase (SOD) as well as glutathione
reductase {(GR) activities differed significantly ameng

.

Fig 2.3. Hybrid combinations with yield and quality traits
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capsules ranged from 3.5-6.7% on dry weight basis,
with highest in GG-self followed by GG-OP (6.0%).
GC-MS analysis of the oil indicated that these
accessions contained 26.2% and 27.7% 1.8- cineole
and 45.8% and 46.2% 4~ terpinyl acetate, respectively.

Leal spot

Sereening of permplasm

Thirty eight breeding lines and twenty collections of
cardamom were screcned under natural field conditions
to identity resistant sources against leat blight and
rhizome rot. Six genotypes each of breeding lines and
collections exhibited highly resistant reaction to rhizome
rot. Six genotypes viz., 1C-547222, 1C-547223,
IC-349645, 1C-349649, 1C-547158 and 1C-349637,
exhibited moderately resistant and highly resistant
recactions against leaf blight and rhizome rot,

respectively.

(a) GG x 893 (high yield with green capsule); (b) 893 x GG (high yield with compact setting)

cardamom accessions both under control and stress
conditions. But the accessions showed similar activity
between control and stress treatments indicating that
these enzymes may not be useful as markers for stress
tolerance. Ascorbate peroxidase activity was
inconsistent and accession to accession variation in
activity was high.

Flavour profiling of essential oil
Tweniy accessions of cardamom germplasm were
evaluated for essential oil content. Oil content in

Viral diseases

Development of diagnostics

Six katite isolates were collected from Karmnataka (5
1solates) and Kerala {1 isolate) and established under
insect proof glass house conditions. Enzyme Linked
Lnmunosorbent Assay (ELISA) based detection of
Cardaniom mosaic virus (CAMV) was standardized
and the titre of the antiserum was found to be 1:250. A
procedure for total RNA isolation from cardamom and
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detection of CdMV through reverse transcription—
polymerase chain reaction (RT-PCR) using primers
designed for the conserved region of coat protein was
standardized (Fig 2.4). The RT-PCR method was
validated by testing more than 50 cardamom field
samples representing different geographical locations
of Karnataka and Kerala,

Two kokke kandi isolates from Karnataka and one
Nilgir Necrosis disease isolate from Suryanells (Idukki
District, Kerala) were collected and established under
insect proof glass house conditions. Surveys conducted
in major cardamom growing areas of Karnataka and

4 5464 78 210 1)

Fig. 2.4. Detection of CdMV by RT-PCR.

Lane M. DNA molecular size markers: Lane 1-9:
cardamom samples from ditferent regions; Lane
10: Positive control (known infected plant), Lane
11: Negative control (known healthy piant)
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Kerala, revealed the prevalence of Banana bract
mosaic virus (BBrMV) infection in Sirsi (Uttara
Kannada District, Karnataka), Upputhara, Konnathady
and Vellathooval villages (Idukki District, Kevala). The
symptoms induced by BBrMV in cardamom included
discontinuous or continuous spindle shaped streaks
along the veins. continuous light green or light yellow
streaks along the midoib and discontinuous mottling
aleng the pseudostemn and petiole (Fig. 2.5). An RT-
PCR method using virus specific primers designed for
the coat protein gene was developed for the detection
of BBrMV infecting cardamom.

Fig. 2.5. Symptoms of Banana bract mosaic virus
(BBrMYV) infection in cardaniom
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Conservation, characterization, evaloation and
improvement

About 680 accessions of ginger are being maintained
in the lield germplasm conservatory. Herbarium
specimens of 54 ginger accessions were prepared and
mounted and preserved in the herbariurn facility. In
ginger. 500 kg of IISR-Varada, 250 kg ot lISR-Mahima
and 123 kg of IISR-Rejatha were produced as breeders’
seed. Fifty accessions were characterized based on
quality parameters in which the ot} content varied from
1.2 10 2.0%. oleoresin from 1.6 to 3.4% and fibre
content from 2.7 to 7.6% with minimum variation of
9.08% 1n moisture, followed by o1l content (15.02%).

1n a trial laid out with 13 high oil ginger accessions
along with a check (IISR Varada), oil content varied
from 1.2 to 2.8%. the maximum being in Acc. 162,
followed by Acc.95. while the oleoresin content ranged
from 2.0 to 4.6% and fibre from 1.87 t0 5.13%. Of the
12 exotic {(Nepal) lines evaluated for quality
parameters, the oil content ranged from 1.2 to 2.4%.
oleoresin from 3.3 to 4.8% and fibre from 2530 t0 5.17,
the lowest in Acc.239. followed by Acc. 91 (4.0%).

Multiplication of high pollen fertility line and
pollination studies

The Acc. [95 was multiplied and morphological
characters were recorded. In vive and in vifro
pollination studies were performed using Aces. 3, 4. 7.
12, 25 and 77. No seed set was obtained so far. Ovule
development was observed in case of in vitro
pollination using flowers of Acc. 7.

Maintenance of M3 and M4 generations of
irradiated planis

One hundred and seventy seven M3 generation plants
and 123. M4 generation plants derived from irradiated
buds of different ginger cultivars were maintained.
Morphological observations and yield were recorded.
Variation depending upon the radiation dose and
varieties was observed. Pollen fertility analysis was

completed in 11, M3 geveration plants one, M4
generation plant and 10 cultivars. Pollen fertility was
low (< 25%) in all of them,

Cytological studies

Analysis of mitotic metaphase plates of high pollen
fertile tine, Acc. No. 195 showed that the plant is a
tetraploid having 2n=44 in majonty of cells. Cytological
analysis of {3 plants of M4 generation derived from
irradiated buds showed normal chromosome nuraber,
2n=22.

Optimum PrZn ratio reguirement

In earlier studies the optimum leaf P/Zn level for ginger
was worked out as 90 through response functions. To
validate this, sot! Zn and P levels were analyzed at the
time of plapting and leaf/ soil samples were taken for
anajysis at 60 DAP. The soil Przn ratio was in the
range of 8.8 to 15.3 and that of leal was 168 to 228,
To adjust the ratic into the optimum range, soil
application of Zn as well as foliar application were
given and the soil and leaf samples were analysed on
120 DAP and yield data was recorded. The soil Zn
ratio has lowered to 3.4 {varying from 1.2 to 4.9) and
the leaf P/Zn ratio was brought down to 73 (varying
from 49 to 86) by the supplementation. The P/Zn ratio
of the control was 110, The rhizome yield in Zn
supplement (reatment was 7.76 kg/ bed as compared
to 5.7 kg/bed in control with an increase of about 35
% over the control.

Organic Farming

Ginger was grown organically by applying FYM, vermi
compost, ash and rock phosphate, Azospirillum and
phosphobacteria and Trichoderma & Pseudomonas
sp. {IISR-6 & 853) as bio control agents for disease
control. The mean vield recorded was 8.1 kg/ 3 m*
under organic system which was on par to other
management systems (7.4-7.7 kg/bed). Under organic
management var. Mahima has yielded higher (9.5 kg/
bed) and Rejatha has yielded on par with conventional
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system. Highest vield in Varada was recorded in
integrated (7.4 kg/bed) on par with conventional and
organic systems. Soi] microbial parameters v/z.,
phosphediestrase and dehydrogenase were highet
under organic system. FYM (15t), neem cake (2t) and
vermicompost (41) application supplemented with
Panchagavya and BD (3501} sprays recorded
significantly highest yield (11.16 kg/bed) on par with
FYM + NC + VC application (9.7 kg/bed).

Quality

Variability in germplaym

Among the 13 high oil types Acc.162 had high oil of
2.8%, 4.6% oleoresin and 4.2% fibre. Accs. 95, 50,197
and 99 also retained high oil property. Among the
identified low fibwe types Accs. 91, 239 retained low
fibre and high quality. Among the Nepal collections,
Ace. 591 with 2.4% cil. 4.8% oleoresin and 3.5% fibre
possessed high quality. Among the 35 germplasm
samples Acc. 603 had 2% oil and 3.4% oleoresin.

Essential oil profile

Thirty one accessions of ginger were evaluated for
essential oil content and it ranged from 0.7% - 2.3%
with the highest yield in Acc. 566 followed by Acc.
T30 (2%). GC — MS analysis of essential oil of ten
accessions indicated compositional variations among
the accessions and the chief components namely,
ar-curcumene, zingiberene, farncsene and
B-sesquiphellandrene ranged from 6-15%. 13-26%.
5-11% and 8-16%. respectively. Acc. 29 (26%) and
21 {23%) were superior 1n zingiberene content.

Effect of micronutrients on flavour

Preliminary studies indicated that application of Zn had
no significant effect on essential oil content in ginger
and turmeric. The application of Zn in soil resulted in
higher levels of citral-a, caitral-b and zingiberene in
ginger.

Studies on non-volatiles
Ten accessions were analysed for gingercl composttion.
Total gingerol content in these accessions varied from
1.28-5.83% whereas 6-gingerol, 8-gingerol and 10-
gingerol were in the range 0.6-5.3%. 0.11-0.4]1% and
0.06-0.26%. respectively.

Shoot horer

Life cycle
The life cycles of shoot borer were studied on six field
resistant and susceptible accessions of ginger. The
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average adult longevity, pupa! period and fifth instar
larval period were 2.9, 12.4 and 7.5 days, respectively
on resistant accessions and 2.8, 15.7 and 7.8 days.
respectively on suscepltible accessions. However. the
differences in days taken to complete each stage were
not statistically significant.

Ivelation of EPN

Sixty two soil samnples were collected from ginger
rhizosphere from different locations of Kozhikode,
Wayanad. Kottayam, Idukki (Kerala}) and Kodagu
{Karnataka) districts. Guwahati {Assam), Faizabad
(Uttar Pradesh) and Barapani (Meghalayaj for
detection of entomopathogenic nematodes (EPNs).
EPNs were extracted by insect-baiting and white trap
method. Out of 62 soil samples baited out. only two
strains of EPNs were obtained. Among the two strains
of EPNs, one strain each was found from
Peruvannamuzhi, and Faizabad.

Four hundred twenty four shoot borer larvae were
collected from pseudostem of ginger from Kozhikode,
Wayanad and Kodagu districts. Out of these, 112 larvae
were found dead. Among these dead larvae, 11 were
associated with mermithids, eight with rhabditids and
only one was EPN.

Rhizome rot

Evaluation of rhizobacteria

The promising rhizobacterial strains were evaluated
for their bjocontrol and growth prometion potential on
ginger in the green house. The strains GRB 35
(Bacitlus sp.) and GRB 36 (Klebsielia sp.) showed
highest disease suppression foliowed by GRB 70
(Unidentified) and GRB 91{Unidentified} against
Ralstonia solanacearum. The isolates GRB 35 and
GRB 91 followed by GRB 68 (Seratia sp) showed
highest disease suppression against Pythium sp. GRB
70 followed by GRB 35 and GRB 68 were more
promising for obtaining higher germination (Table 3.1).

The levels of microbial substrates {dissolved organic
C and N; DOC and DON, respectively) were
significantly greater in treatments involving PGPR
strains (GRB 25, GRB 36, GRB 38 and GRB 7}
applied in combination with chemical fertilizers. The
PGPR strains applied alone did not significantly
mfluence soi) microbial activity. However. when applied
in combination with 75% N + 100% P + 100% K. the
PGPR strains positively influenced microbial bioinass-
C. -N, -P. s0il respiration and N mineralization. Also,
the activities of urease, acid- and —alkaline phosphatase

1
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and dehvdrogenase were highest in treatments
involving POGPR (GRB 36. GRB 38) applied in
combination with 75% N + 100% P + 100% K. The
metabotic quotient (qCO,). which has heen used as a
linindicator for environmental stress, was markedly

lower in treatments involving PGPRs.

—@®

The selected rhizobacteria were also evaluated in field

on ginger and the rhizobacterial isolate, GRB 68

showed good germination percentage, disease
suppression and higher yield followed by GRB 35 and

GRB70.

Table 3.1 Evaluation of rhizobacteria against bacterial will and rhizome rot in ginger in the

areenhouse

['I'reatment

Germination (%)T Bacterial wilt (%)

Rhizome ra (”/;s)

i. Burkholderia sp. GRB 25 81.3 (64.6%) ) 96.3 (78.9) 96.3(78.9) !
| Bacillus sp. GRB 35 | 963(789) ‘f 35.2 (36.4) 48.1 (43.9)
i‘ Kiebsiella sp. GRB 36 ‘ 69.9 (56.7) | 44.4 (41.8) 66.7(54.7)
| Unidentified GRB 38 96.3 (78.9) ] 88.9 (70.5) 61.1(514)
; Unidentified GRB 57 88.9 (70.5) 81.5(64.5) 92.6 (74.2)
"Seratia sp. GRB S8 88.9(70.5) 88.9 (70.5) 92.6 (74.2)
| Seratia sp. GRB 68 1 963789 66.6(54.7) 57.4 (49.3)
| Unidentified GRB 70 100 {90.0) 481 (43.9) 704 (57.0)
| Unidentified GRB 71 96.3 (78.9) 88.9 (70.5) 70.4{57.0)
| Unidentified GRB 91 85.2 (67.4) 53.7(47.1) 44.4(41.7)
' Pseudomonas aeruginosa -1ISR 51 88.9(70.5) T 81.5(64.5) 62.9 (52.5)
Streptomycin sulphate 1 g/L.

(seed treatment) 88.9(70.5) T2.2(538.2) T4.1(59.4)
Metalaxyl- Mancozeb 1.25g/L. [

(Seed treatment + Soil drench) B88.9(70.5) 88.9(70.5) 50.8(46.1)
Control 66.6 (54.7) 100 (90.0) 100 (90.0)
| CD (p=0.05) 18.4 | 16.87 2193

*Values in parenthesis are Arcsine transformed
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Conservation and characterization of germplasm
About 1173 accessions of turmeric are being maintained
at field germplasm conservatory. Herbarium specimens
of 50 turmeric accessions were prepared and mounted
and preserved in the herbarium facility. In turmeric
1057 kg Prabha, 1571 kg Prathibha, 1250 kg IISR-
Alieppey Supreme, [000 kg [ISR-Kedaram were
produced as breeders’ seed.

Maintenance and evaluation of
progenies

Two hundred and fifty six seedling progenies and 23
mother plants were recorded with morphological
observations and yield. High variability with respect to
yield was observed. Twenty nine progenies showed
multiplication rate above 20 times. Sixty eight second
generation scedling progenics of five seedling

progenies were also maintained. Many of these second

seedling

generation progenies showed very high multiplication
rate.

Chromosome number analysis was also completed in
25 progenies. All of them showed deviation from
normal number of 2n=63. Most frequently occurring
number was 2n=84 {Table 4,1).

Percentage of curcurmn, o1} and oleoresin was analysed
from 12 mother plants and 150 seedling progenies of
last year harvest. Wide vanation was observed between
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seedling progenies of different mother plarts as weil
as among the progenies of the same mother plant
(Table 4.2).

Development of microsatellite markers and
characterization of Curcuma

Characterization of the 30 geographically distinct
turmeric accessions using microsatellite markers
indicated the existence of limited genetic diversity.
Grouping of accessions within the cluster was
independent of geographical area, except in a few
cases. The 1dentification of identical allelic fingerpnints
generated by geographically distinct accessions
indicated the movement of turmeric within the length
and breadth of the country and subsequent
popularization and acquiring of a different vernacular
name. From this study, it is evident that accessions
collected on the basis of vemacular tdentities may not
be genetically distinet (Fig. 4.15.

Pollination studies in cultivars

Sixty five Howers of Rajendra Sonia and more than
144 flowers of BSR-2 were manually self pollinated
and observed for fruit setting. No fruit set was
abserved. Pollen fertility analysis by staining showed
60.4% fertility in Rajendra Senja and 55% in BSR-2.
In vivo germination on stigma was found to be sparse

Tahle 4.1 Chromosome number of 25 seedling progenies
' Chromosome ? Seedling Progeny Number _ ‘
Number (2u)
| 82 | 1261213829 |
| 84 126/10. 126/12. 126/13, 126/15. ]?8/8 138724, 138/35, 138/36. 138/39, 1'%84
l ! 64, 138/66. 138/70. H‘%/TG 415/1, 415/4.434/1 1. 434/13,447/1, 449/3 J
[ %6 | 126/16.415/10 |
| 73 IR a a |
| 76 | nsr ' |

“"‘h

)
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Table 4.2 Comparison of quality parameters among few mother plants and their progenies

" “Mother ‘Number { Quality in mother plants ] Range among seedling progenies |
Plant No. of 0il | Oleoresin | Curcumin 0il } Oleoresin Curcum_%
progenies | (%) (%) (%) (%) (%) %) |
analyzed |
18 4.00 7 66 173 267-60 | 5381209 | 0.883.71 |
20 3.87 7.63 1.70 3.6-4.8 | 7.29.1079 | 1.03-1.77
65 4.40 7.32 1.85 3252 57989 | 1.05-3.13 |
69 400 | 867 1.99 4456 | 792-10.88 | 1.02-191 |
126 520 | 14.40 5.67 3260 | 6.43-109 | 090-3.24 |
138 4.00 10.70 37 2072 | 6001334 | 064161 |
300 5.20 976 1.58 3648 | 581149 | 019300
415 4.40 8.66 273 2.67-6.4 |

5.19-11,55 0.98-2.97

ALERLLLEY

Fig. 4.1. The amplification pattern of SSR markers in 30 turmeric accessions.

Lane N - 10 bp DNA ladder. Lane M- 20 bp DNA ladder. Lane 1- 30- turmeric accessions coilected from

diverse geagraphical locations from india.

atter 4 h of pollination. Operation of self incompatibility

mecharisin in these varieties 1s suspected.

Nutrient requirement for targeted production

Based on the initial soil availability of major nutrients,
nutrient required for targeted yield production (NR),
contribution of putnent from sonl (CS), contribution from
FYM (CFym) and contribution from fernlizer (CF)
were calculated for urmeric var, Prathiba and fertifizer
doses to obtain vield targets was calculated and applied.
The highest yield vp to 22.0 kg/bed was obtained for
the target levels 15 & 20 kg/bed. Through targeted
equation, nutrient requirement for 15 & 20 kg/bed yield
could be predicted with minimum deviation of -5.8 to
+14.8%. At highest target level of 25 kg/bed there
existed a deviation of -44% which might be due 10 the
excess of fertilizer nutrients causing imbalance. The
t¢ the normal

yield increase as compared

recommendation was in the range of 42-75%.

——

Yield N PO, K,O Realized Deviation
kg/bed (g/bed) yield %
(kg/bed) .
15 30 - 60 17.2 +14.8
20 60 130 18.8 -58
25 90 15 210 13.8 -44.6
Recom-
mended 35 25 60 9.75 -

Micronutrient on quality

Application of one foliar spray of 0.25% Zn and soil
application of 5 kg/ha Zn have recorded higher rhizome
vield of 14.5 and 13.7 kg/ bed. respectively. They were
on par with 10 kg Zn soil application and two foliar
sprays. All the Zn application treatments recorded
significantly superior yield than control. Oil, curcumin
and oleoresin contents were significantly higher intwo
{oliar sprays of Zn @ 0.25%. Application of B as two
foliar sprays (0.2%) has increased the yield significantly
up o 16.3 kg/bed on par with lime application alone

g

-

R |
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(14.7 kg/bed), indicating the benefits of correcting the
soil pH in increasing the B availability. Boron showed
no influence on oil and curcumin contenls. Bul
oleoresin content increased significantly with two folar
sprays @ 0.2% B application ([ (.5%).

Organic Farming

Turmeric was grown organically by applying FYM,
vermicompost, ash and rock phosphate, Azospirillum
and phosphobacteria and, 7richioderma and
Pseudomonas sp. (11SR-6 & 853) as bio control agents
for disease control. Organic system recorded
significantly highest rhizome vield of 13.7 and 12.0 kg/
bed in Alleppey Supreme and Prathiba, respectively
as compared to conventional system. which recorded
10.5 and 9.7 kg/bed. The integrated system recorded
on par yield levels of organic system. Soil enzyme
activities under integrated system was significantly
higher than conventional system but was an par with
organic system. FYM + neem cake (NC) +
vermicompost (VC) application yielded significantly
highest riuzome yield (14.98 kg/ded) on par with FYM
+ NC + VC supplemented with Panchagavya (13.0
kgy and FYM (30t) application alone (12.7 kg).

Effect of flowering on vield and quality
Eleven varieties of turmeric viz., Rajendra Sonia,
Suramyana TCP, Kedaram, BSR 2, Roma, Prathibha.
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Alleppey Supreme, Resmi, Duggirala red. Mega
turmertc } and Narendra Haldi were evaluated for two
years in the field. Out of these, Duggirala red and Mega
turmeric 1 did not tlower in both the years (2008-09
and 2009- 1)), Narendra Haldi flowered during second
year (2009-10) only. The two year mean indicated that
on an average flowered plants recorded fresh vield of
504 g/etomp with a range 298 to 956 g and CV of
41.9%, whereas, non-flowered plants yielded 524g/
clump with a range 321 to 861 g and CV of 31.]%.
Similarly. mean dry recovery of flowered plants was
£53.9% with a range of 10.0t0 19.2% and CV of 21.1%:
whereas, non-flowered plants recorded 17.5% with a
range of 12.7 to 19.8% and CV of 17.2%. The study
indicated that {lowered and non-fowered plants did
not differ in yield and dry recovery (Table 4.3).

Cloning of pal gene

Partial sequence of pal gene was isolated with PCR
conditions optimized using pal gene specific primers,
designed based on sequences available in the public
domain. A 522 bp product amplified by PCR was
isolated, cloned and sequenced. BLAST analysis

Table 4.3. Comparisons of yield and curcumin content of flowered and non-Mlowered plants

Fresh yield Dry recovery Dry yield Curcumin
Varieties (g/clump) {(Ge) (g/clump) (%) % plants
| NE** F NF ¥ NF ¥ NF  flowered
Rajendra Sonia a56 861 10.0 127 05.9 109.0 4.4 4.36 2.00
Suranjana TCP &04 376 14.7 17.9 88.6 1019 405 393 1.50
Kedaram 325 393 164 19.8 534 77.8 4.05 5.10 0.88
BSR 2 525 554 121 12.8 63.6 71.1 5.17 4.57 1.50
Roma 298 321 19.2 19.5 572 627 4.06 475 1.50
Prathibha 419 486 18.8 193 739 96.1 4.09 506 0.56
Alleppey Supreme 524 438 18.3 18.4 959 ®0.5 4.38 435 0.74
Resmi 383 561 17.6 9.2 674 1080  4.54 4.64 1.88
Mean 5044 5238 (59 (7.5 757 88.8 4.23 4.57 1.32
SD 2111 i63.0 34 3.0 152 15.7 0.21 0.48
CV (%) 41.9 311 21.1 17.2 20.0 17.7 5.06 10.43
CD (p=0.05) NS NS NS NS

*Flowered plants; ** Non-flowered plants

e @ v @



revealed that the sequence showed 94.39% dentity with
the pal gene trom ginger.

Influence of hischemical Factors on corcuminoid

levels

Awsay of downstream enzymes

Assay of Hydroxy cinnamate: CoA figase (4CL;
F0.6.2.1.12) (using two substrates - p-coumanc acid
and ferulic acid) in 4, 5 and & month old roots and
rhizomes and curcuminoid synthase (CS)m S and 6
tonth old roots and rhizomes of high and [ow curcumin
lurmeric accessions was completed. The 4CL activity
was negligible during rhe Jater phase of rhizome
development. C5 activity in the roots ol high curcumin
varieties — Prathibha, Suguna, Sudarsana and Alleppey
Supreme (60% ) — and the Jow curcumin accessions —
170, 279, 384 and 390 - increased significantly from
5% to 6™ month after planting. 1n rhizomes, the CS
activity in the high curcumin varigties was either on
par or increased slightly: while in the low curcumin
accessions, the C8§ activity decreased from the 57 1o
& month.

Secondary metabolites in turmeric accessions

Lower concentration ol olearesin and essential oil was
secen in accessions with Jow levels of curcumin
indicating a partial involvement of these metabolites in
the syuthesis of curcunin precursors. GC and GC MS
analysis of the essential oils from representative
samples of high and low EO types indicated higher
levels of turmerone, ar-turmercne and zingiberene in
the accessions with high essential oil content. These
components have been conclusively proved for its
varied medicinal and pharmacelogical properties.

Starch. the major reserve carbohydrate in turmeric
rhizome, exhibited an inverse relationship with curcumin
levels among the furmeric accessions screened. This
shows that the primary metabolite is being utilized tor
the formation of the very early precussors of cucumin
biosynthesis, thus supporting the pbeny! propanoid
pathway accepted for the pigment synthesis. HPLC
analysis to find out the distribution of the three
curcurminoids was also dane during the study in a few
turmeric accessions. Among the 11 high curcumin types
analysed. all the accessions except Acen 608 had higher
levels of curctmin I Accessions 366, 608 and 702 had
elevated levels of curcumin 11, while Accs 227 and
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883 possessed higher levels of carcumin JIL. Among
the Tow curcumin accessions, Accs 5.38.48 83 and 355
were having high levels of curcumin I, which were
alse rich in curcumin [I. Highest range of variation
was seen in the case of curcumin 111, which showed a
range from 4,74 to 23.8%,

Post Harvest Technology

Sorage stuwdies

Turmeric vanety Prathiba stored in 90% nitrogen and
{0% carbon dioxide in three lavered faminated
polyethylene packing was analysed for oll, cleoresin
and curcumin. Mild reduction in meisture content and
oll was noted by 480 days and the study indicated that
storage Tor 480 days retasus the curcumin and oleoresin
equivalent to freshly stored sample. The sample had a
moisture content of 8.3%, 2.80% oil, 13.2% oleoresin
and 5.2% curcumin.

Showt borer

Life cvele

The life cycle of shoot borer was studied on five field
vesisiant and susceptible accessions of turmeric. The
average adult longevity, pupal period and fifth instar
farval perod were 2.9, 12.3 and 6.4 days, respectively
on resistamt accessions and 3.0, 11.3 and 6.8 days,
respectively, on susceptible accessions. However, the
differences in days taken to complete each stage were
not statistically significant.

Evaluation of insecticides

Four insecticides namely, malathion 0.1 %, carbosulfan
0.075%, imidacioprid 0.0125% and lamda cyhalothrin
0.01253% found promising in the greenhouse were
evaluated against the shoot borer in the field. The
insecticides were sprayed at three week intervals
during July to November and the incidence of
infested shoots was recorded at crop matunity during
December. The trials indicated that among the
various treatments lamda cyhalethrin 0.0123% was
significantly more effective in reducing the
percentage of shoots infested by the shoot borer.

Disease management

Evaluation of chemicals
The field 13a} at Settiputhuy (Coimbatore Distriet) 1
evaiwate the efficacy of copper oxychlnridﬂ 0.
Cheshunt compound 0.3%, Bordeaux Mixture

25%;
1%




metalaxyl + mancozeb 0.125%. mancozeb 0.3%.
potassium phosphonate 0.3%, carbendazim +
mancozeb 0.3%, captan + hexoconazole 0.3% and
carbendazim 0.3% for the management of rhizome rot
disease indicated maximum disecase reduction with
metalaxyl-mancozeb (69.7%) followed by copper
oxychloride {63.7%) when compared to control
(Table 4.4},

Evaluation of biocontrol agents

The field trial at Settiputhur (Coimbatore District) to
evaluate the efficacy of six short listed Trichoderma
isolates (CLT-102, CLT-107, CLT-110, CLT-114, CLT-
118, and CLT-121 and IISR-6) showed that CLT-107
and CLT-110 application recorded significantly lower
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incidence of the disease (7.71% and 7.75%,
respectively) when compared to control (21.44%).

Integrated management

A field trial was conducted at Settiputhur (Coimbatore
District), with 11 reatments including different
combinations of promising chemicafs (metafaxyl-
mancozeb 0.125% and copper oxychloride 0.25%) and
biocontrol agents (CLT 102 and CLT 110). The results
showed that application of metalaxyl-mancozeb
0.125% + CLT 110 was at par with individual
application of either metalaxyl-mancozeb 0.125% or
CLT 110 with a disease reduction of 69.1% compared
to 69.7% in individual treatments. There was an
increase in yield of 12% in the combined treatment
when compared to 13.4% in individual treatimencs.

Table 4.4. Evaluation of chemicals for the management of rhizome rot
Treatments i Disease incidence (%) f
2007-08 2008-09 2009-10 Pooled |
| Copper (.)xyc.hloride (0.25%) 16.48 17.49 9.17 9.04 J
Cheshunt compound (0.3%) | 2290 | 2080 1472 1260 |
Bordeaux Mixture (1%) i _26.06 23.60 16.81 | 15.78 '
| Metalaxyl-Mancozeb (0.125%) 19.63 16.13 7.09 s
Mancozeb (0.3%) 26.30 25.24 13.01 15.63
Potassium phosphonate (0.3%) 26.63 24 .69 18.19 1622
J_Carbendazim— Mancozeb (0.3%) 26.54 25.58 19.58 17.52
aptan + Hexoconazole (0.3%) 24.14 25.34 17.22 16.85
Carbendazim (0.5%) 22.64 22.47 18.06 15.51]
Control 30.49 28.96 23.33 22.00
CD (p=01.05) 305 4.17 3.93 4.39

s
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Jaintenance of germplasm, seedling progenies
and interspecific hybrids

Minety three germplasm collections were maintained
at TISR Experimental Farm, Peruvannamuzhi. Fifty
seedling progenies, 50 interspecific hybrids and 150
mutants were established ex vitro. A total of 544 in
virro cultuses of selfed seedling progenies. interspecific
hybrids invelving different species and plants dernved
from irradiated fruits were also maintained.

Maintenance of evaluation trials and recording
morphology

Field trials of germplasm collections and seedling
progenies were maintained. Ohservation on fruit length
was recorded from 15 germplasm accessions
pollinated last year. Data on morphology and flowering
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were recorded from 29 accessions and variation in
morphological characters was observed. Seventeen
collections flowered during the period from January-
March 2010, Number of inflorescence ranged from
1- 15 in different collectons.

In vitro establishment of interspecific hybrids
between V. Planifolia and V. Talitensis

Seventy cultures of V. planifolia x V. tahitensis and
111 cultures of selfed progenies of V. tahitensis were
established (Fig. 5.1}. Fruit setting was achieved in
crosses between V. rahitensis x V. planifolia and
germination cultures were initiated. As V rahitensis
is another cultivated species of vanilla having tolerance
to roof diseases these hybrids are important for
resistance breeding.

e _



Cassia

In the clenal evaluation of cassia elite lines at
Peruvannamuzhi, IC-370423 recorded significantly
higher height (320.6 cm) and IC-370415 highest dry
bark yield (218 g).

Among the 15 cassia lines tested at CRC, Appangala,
1C-370415 recorded significantly greater height
{545¢cm), while no significant difference was observed
among the lines for number of branches. girth, leaf
length and breadth. IC-370406 recorded the maximum
fresh weight (1290 g/tree) and dry weight (405.3 g/
tree) followed by [C-370425 and 1C-370427. But the
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highest dry recovery of 36.25% was recorded in IC-
370401 at Appangala condition at 1" coppicing which
was performed two years afler main harvest. JC-
370410, 370423 and 370425 recorded maximum oil
vield of 4%. [C-370415 recorded 21.57 % oleoresin
yield (Table 6.1).

Nulmeg

Herbarium specimens of 25 nutmeg accessions were
prepared, mounted and preserved in the herbarium
facility. In the tria) on clonal evaluation of high vielding
nutmeg lines. A9/185 was found to have significantly
more height (597.1 ¢m). canopy (548.6 cm). girth
(206.25cm) and number of primary branches (74.5).

Table 6.1. Clonal evaluation of cassia lines at Appangala (vield data-1" coppicing, quality}

Ace. No I1C No. Fresh Wt Dry Wt Dry Recovery Oil (%) Oleoresin
(g/tree) {g/tree) (%) (%0)
A2 | 370401 355.0 200.0 56.25 33 13.20
A6 370404 651.0 213.0 32.68 2.6 12.96
A7 370405 96.9 54.5 56.20 26 19.20
A8 370406 1290.0 405.3 31.40 33 14.90
B2 370408 580.0 106.6 18.35 2.0 17.87
| B4 370410 144.0 350 | 24.30 4.0 17.72.
BS 370414 696.3 1525 | 2190 2.6 15.99
Cl 370415 758.5 173.7 22.90 2.0 21.57
c4 370418 3589 120.6 33.60 33 20.68
DI 370423 331.0 1087 | 3283 4.0 16,90
D2 370424 736.8 210.0 28.50 2.6 1851
D3 370425 810.2 263.3 32.50 4.0 15.97
D5 370427 75%.6 220.0 20.00 2.0 17.45
D6 370428 606.6 165.0 27.20 33 18.76
D7 370429 6238 | 1693 27.14 3.3 17.84 B
Mean | %65 | 1732 31.65 3.0 17.30
CV (%) 509 | 518 3455 237 14.05
CD (p=0.05) 31 | 53 ]
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[ the triad on clonal evaluation of nutmeg lines having
hreh myristicin and elemicin, A%/4(3) recorded
slenificantly higher height (47.6 ¢m). canopy (28 cm)
and gireh (0.705em ). while A9/4(11) recorded
ggnificantly higher height (459 cm) and girth
((1.705 cm}.

In the trial on clonal evaluation of nutmeg lines having
[ow myristicin and elemicin and high sabinene, A9/95
had a significantly higher girth (0.99 cm). while A%
102 had a significantly higher numher of primary
branches (2.69).

Induction of orthotropic shoots in plagiotropic
grafts

Fifteen different treatment combinations. including
pruning. bending, spraying of three different hormones
namely, TAA, Kipetin and GA at different
concentrations and combinations, were carried out in
plagiotropic grafts of two nutmeg accessions, Ad-22
and A-11-10. Though large number of branches was
induced in the graft none of tham were orthotropic.
The grafis would be observed for one year.

Budiding for production of orthotropic graffs

Budding was done with orthotropic and plagiotropic
buds of nutmeg on M. fragrans rootstock. Patch
hudding with brown and green buds on M. fragrans
rootstock and chip budding with green buds on M.

fragrans and M. malabarica vootstecks with buds

from orthotropic shoots. In 60% of the plants. initial
union was observed after a period of 30 days from
budding in chip budded plants. The percentage success
was low on patch budding.

Hanipulation in trees and orthotropic shoots (o
produce large number of orthotropic shoeots for nse
as Seions

Varicus treatments like de-topping of trees and de-
topping of orthotropic grafts were carried out to
produce large number of orthetropic shoots in nutmeg.
which in turn could be used for grafting/budding purpose
as there 1s a constraint in the availability of orthotropic
shoot production in nutmeg. Large numbers of
orthotropic shoots were produced. The height at which
pruning t¢ be done need to be standardized.

Factors responsible for orthotropic and plagiotropy
in nutmeg

The auxins and cytokinins In the leaves and buds of
orthotropic and plagiotropic shoots of nutinep were
studied and it was observed thar the auxin content was
highest in the axillary buds of the plagiotropic shoots
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whereas the terminal buds contained more auxing in
orthotropic shoots. Cytokinin was high in the leaves of
both orthotropic and plagiotropic shoots when compared
to the buds. The protein. tota} carbohydrate, reducing
sugars, starch, phenol and nitrate reductase in leaves
and twigs were also determined in nutmeg.

Analysis of nutmeg germplasin samples

Mace samples of (wenty accessions were analysed
for oil content. The ol content ranged from 12 to 33%,
with highest otl yield in 1C-5489-17 (33%) followed by
1C- 5489-22 and [C-5489-32 (30% each). GC- MS
analysis indicated 1C5489-45 had high safrole of 23%
and IC- 5489-22 had high myristicin of 24.1%.

Garcinia

North Eastern States of India was surveyed according
to the prediction of BIOCLIM model of DIVA GIS
for garcinia species and six species were collected.
Of which, three species, Garcinia lanceaefolia
{Rupahi thekara). G pedunculara (Bor thekara) and
Goooxvphytla (Mahi thekara) are not reported in
Western Ghats. Rupahi thekara and Bor thekara
showed a HCA content of 4.5% and 2.8%, respectively
and no HCA was found in Mabi thekara.

Fig 6.1 Garcinia species collected from North
Eastern India; (a) Garcinia lanceaefolia;
(b) G oxyphylla; (¢) G pedunculata
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1 STUDIES ON THE MYCOTOXINS AND
NUTRACEUTICAL PROPERTIES OF BIOACTIVE
COMPOUNDS IN SPICES

Identification of bacterial antagonists ggaingi
Aspergillus sp.

Four endophytic and two rhizosphere bacteria were
evaluated for their antagonistic property against
Aspergitius species. Among these bacterial angonists.
[ISR 853, Bp 35, Bp 25. Bp 17, TC, species of
Pseudomonas (1SR 6) was highly effective in
preventing the growth of the fungus in vitro. Extracts
from seven plant species were also evaluated for their
antagonistic property. Plant extracts (leaves) from
lvora sp, Nutmeg, Polvalthia longifolia, Fectonia
grandis, Garcinia indica, Garcinia gummigutia and
Acassia sp. were ried. No detectable antagonism was
seen with alcohol and aqueous extracts.

Identification of potential aflatoxin inhibitory
ixolatesy

Using six different mycological media, morphological
characterization of 15 isolates from toxigenic and non
toxigenic species of Aspergilius was done, among
which six were identified as toxigenic and nine as
nontoxigenic, Molecular characterization of toxigenic
and non toxigentc strains from the existing cultures of
Aspergillus sp. are in progress.

Nutraceuticals

The antioxidant property of water and ethanol extracts
of Garcinia indica, G gummi-gutta, tamarind and
curry leaves, and essential oil of curry leaves were
compared at different time periods - immediately after
extraction (I quarter), after three (1l quarter) and six
months (111 quarter) - and quantified using the in vitro
methods: total antioxidant capacity by the
phosphomolybdenum method, DPPH radical
scavenging ability and Fe(IlT) to Fe(Il) reducing
activity; the total phenols of the extracts were also
quantified. The chemoprofiling of the essential oils was
done using GC-MS.

(rarcinia indica .

e The total phenol content of water and ethanol
extracts were stable up to three months after
extraction; after which it decreased to half in the
water and ethanol extracts

(x pummi-gutia

e The total phenol content of water and ethanol
exiracts were stabte for three months after
extraction and decreased thereafter by /3% the
original value in the water extract, and by half in
the ethanol extract

e The DPPH radical scavenging activity decreased
in water extract, from 65% to 409 within three
months after extraction

Tamarind

e The total phenol content of water and ethanol
extracts were stable for three months after
extraction: after which it decreased, by /3% in
water and ethanol extracts

e The DPPH radical scavenging ability of tamarind
water extract decreased from 54% in fresh extract
o 37% by the 3" month after extraction and in
the ethanol extract it decreased from 62% to 41%
in the same period

Curry leaves

e No significant change in total phenols was
recorded in essential oils, water and ethanol
extracts, in the first three months after extraction.
But by the sixth month, it reduced from 2.3 to
0.03 mg/ml essential oil and by hall in the water
and ethanol extracts.

e The DPPH radical scavenging activity of the
essential ol decreased significantly by half the
original value with every quarter of storage.

e The main component of curry leaf essential oil
was f-caryophyllene; the minor components being
o-pinene, g-humulene, ¢-guaiene and epiglobulol.

e All the above extracts were either on par with or
super1or 1o the synthetic phenols BHA and BHT,
In their antioxidant potential, even on storage

e Nosignificant difterence was observed in the total
aptioxidant potential and the Fe(Ill} to Fe(ll)
reducing ability in the samples up to six months of
storage.
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PASSCom - GST lead DB: /n silico and in vitro
studies revealed that the spice phylochemicals
curcumin, brucine-n-oxide, -cotubrine, brucine.
vaniilin, genostrychnine, linafool, a-pinene. strychnine.
NVA. piperine, isocugenol. f-caryophyllene, cinnamic
acid. capsaicin, citronellol and geraniol showed promise
as lead compounds that can bind with the greatest
inhibitory potential, the detoxifying enzyme. glutathione-
S-transferase (GST) of both human lymphatic filariasis
causing nematode Brugia malavi and canine
Dirofilaria immins GST.

In silico screening of nematicidal compounds from
Stryelnos nuxvomica

Using in silico tools and SAR (structure—activity
relationships) method biological activity of sixty two
compounds isolated from Stychros nux-vomica was
predicted. None of them were reported to have
nematicidal or antihelmintic activity. Among these, two
chief compounds that possessed antibacterial, antiviral
and antifungal activity, strychmne and brucine were
subjected to bioassay against the second stage juveniles
of M. incognira at 1000, 1500 and 2000 ppm
concentrations {Table 7.1}, In vitro bioassay showed
that brucine possessed higher nematicidal activity

compared to strychnine. But the efficacy of strychnine
increased in the hydrochloride form where as in the
casc of brucine, the activity decreased in the sulphate
form.

Exploration of spices for natural food colors and
pigments

The fruits {rinds) of G gwnmi-gutta, G. hombroniana,
G. indica. G. tinctoria and nutmeg were subjected to
biochemical analysis in order to know pigment contents.
The total carotenoids content varied from 0.013 (G.
gummi-guttay 10 0.065 mg/100g (G tinctoria) and
anthocyanin content from 0.007 (G hombroniana) to
0.053 /1002 (G. indica). The lycopene content ranged
from 3.72 (G tinctoria) 1o 4.95 mg/100g (G indica),
among the Garcinia species with minimum variation
of 20%. However, nutmeg-mace yielded 91.50 mg/
100g of tvcopene.

A total of 130 accessions of paprika and paprika like
chillies including hybrids are being maintained and
evaluated for color value. The color value varied from
230 o 510 ASTA units, the highest being with EC-35,
followed by EC-05 with a mean value of 300 ASTA
units and varatonof 33%, However, oleoresin content
ranged from 9.0 to 13.0% with a variation of 11.48%.

Table 7.1. Efficacy of compounds from Strychnos nuxvomica leaf against root-knot nematode

Concentration % Mortality of nematodes over control

(ppm) T1(Strychnine) | T2(Strychnine | T3 (Brucine) | T4 (Brucine
hydrochloride) sulphate)

1000 41 (39.7%) 66 (-54.1) 67 (55.0) 32 (34.0)

1500 48 (42.7) 78 (62.5) 85 (67.6) 44 (41.2)

2000 58 (49.8) 97 (82.5) 87 (69.7) 74 (60.57)

Mean 48 (44.1) 8O( 66.4) 80 (66.1) ) SQ (45.2)

*Values in parenthesis are Arcsine transformed
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OUTREACH PROGRAMMES

PHYTOFURA

Phytoplhthora characterization

Phytophthora isolates (24] isolates) maintained in the
repository have been revived and wus enriched with
43 new Phytophthora isolates collected from different
parts of Kerala and Coorg district of Karnataka.
bringing the total to 284. The virulence of 100
Phvrophthora isolates were tested in vitro by
detached leaf inoculation method and were grouped
the isolates into three viz.. highly virulent, virulent and
less virulent.

Genomic DNA was isolated from 126 black pepper
Phytophthora isolates and SSR profiling was done
with one primer pair GTCTGCGCTGTCUGGAACT

(113FY TRATGATGCGGTTCATCTCG (114 R). TS
region of R. similis was amplified with universal
primers. Species specific markers for detection and
quantification of P. capsici and R. similis have been
designed and employed. Putative Phytophthoru
isolales containing eficitin genes were identified
through custom designed primers. Two SCAR markers
developed for Phytophihora resistance were tested
and validated 1n black pepper.

Genomic DNA 1solation of 75 Panniyur 1 x Subhakaru
progenies was completed and 1SSR profiting is in
progress to develop a linkage map. ESTs (56,457
numbers} of Phyvrophthora capsici available from
dbEST of NCBI were downloaded. cleaned and
assembled into 5966 contigs using CAP 3 program.

oweb

A web partel fer
1

Ly

@hytophthora..Dissasesr..in.. . Horticultural..Crops

HOME 1SR DATARASE ARCIT CONTACT US
Phytaphthora Phytophthora News
Plwyto finder
Species
Structure Phytophthora is nat a trua fungus, although it shares many featuras with il P e
the fungi. Thara are many spacies, and the diffarentiation batwaeen indwidual A P F P
croes Fhytophthora spacies can be extramely difficult. Although identification requires Irish potato famine
Search Dultures a hugh dagree of expertise and traning, it is important as species can vary P-‘l”’ulj.m Py tophthora
Research At 1SR sigmificantly in therr aggressivenass as pathogens. There is much debate and :i?;':;:

confusion in the charactars used to define species, but genecal features such
as colony morphology, and tha production of structures such as sporangia and
© oosparas are the basis of the tawonomy. 12 is lkety that molecular techniQUEs g phwytophithora Metwiork
will become tha best mathod for identification in the future,

COMNG S,

Extarnal Links
Other Resources
New Disease Reports

Under Tha suthorty of ISR, daveldoped by the Bicrformahcs Cinbng

Fig. 8.1. Phytoweb a portal on Phytophthora diseases
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Functional annotation of these centigs revealed Lhat
#d 73% of the ESTs displayed significant similarity to
known sequences in GenBank. About 3.37% (213
numbers) ESTs were assigned to hypothetical proteins
ol unknown function while 699 (11.7%) had “no hit™.
Aboul 223 microsateliites were detected 1n EST
sequences of Pocapsici and primers were designed
for them. Based on the EST annotation made using
Ricinformatics tools, avirulence-associated protein has
been identified. Sequence information from reported
Flivitn genes from NCBI database was aligned and
hree sets of primers were designed.

PhytoWeb, a comprehensive portal on Phytophthora
diseases of horticultural crops in India was developed
by modifying the existing PhyDisH. Phytolib, an
clectronic database ol research publications on
Phyviophthora has also been developed and launched
through this portal.

Fig. 8.2. Typical colonies of Ralstonia
solanacearum Biovar 3 causing
bacterial wilt of solanaceous

vegetables and ginger
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Ralstonia solanacearum causing bacterial wilt of
ginger was isolated from major ginger growing regions
of the country such as Kerala and Sikkim (i-'ig-S.Z).
Ralstonia solanacearum wilted ginger plants in 7-10
days upon soil inocufation. All isolates were found to
be Biovar 3 of Hayward's biovar classification.
Isolates could be identified by Ralstonia
solanacearum specific primers in PCR. Primer
sequences specific for 65 different virulence genes
aind housekeeping gene for DNA repair protein (RecN)
was designed from ftull genome sequences of
GMI1000 for genome wide analysis of Ralstonia
solanacearum.

Ralstonia characterization

LEAF 5POT DISEASES

Colfection of isolates

Surveys were carried out in Karnataka, Kerala and
Tamil Nadu for collection of samples of leaf spot
diseases. Out of |50 samples including cardamom, black
pepper, arecanul. turmeric, ginger, chilli and clove, 100
were infected with Collesotrichwm spp. The cultures
were tdentified based on colony and conidial
morphology. The identified cultures were subsequently
pure cultured and maintained for further studies. The
cultures were further charactenized based on colony
characteristics and conjdial and appressorial
morphology.

SUCKING PESTS IN HORTICULTURAL CROPS

Woleculur systematics of cardamom thrips
{Sciothrips cardamom)

Sixty eight samples of cardamom thrips were collected
from 48 [ocations. covering five major cardamom
growing districts in Kerala and Kamataka for studies
on molecular diversity using mitechondrial cytochrome
oxidase as marker, in collaboration with Indian Institute
of Horticultural Research, Bangalore, The study
indicated that there were no significant genetic
differences in various populations of cardamom thrips.




P

.Y
\ff)

Indian Institute of Spices Research

I ANNUAL REPORT 2009-10 §

EXTENSION AND IMPACT ASSESSMENT

Mobilising Mass Media Support for Sharing Agro

— Information

A Media Meet was organized to mobilize mass media
support for sharing Agro-Information, under NAIP
project (Fig. 9.1). Over 30 media persons from atound
20 media organizations attended. Over 20 news jtems
appeared in various print media, one audio iterm in AIR-
Calicut and news in channels.

Dissemination of Innovative Technologies through
Media

o Over 50 news items have come in print. Two
success stoties printed in The Hindu and
Theekathir (Tamjl).

e A video film based on the success story on ISR
intervention in black pepper gardens at Kodagu
was made.

e Twelve Audio capsules on technologies, high
vielding varieties and integrated management of
pest and disases were prepared and broadcast
through AIR Calicut.

Diffusion and impact surveys

The survey carned out in 48 farmers’ field on adoption
and impact of improved varieties of black pepper in
four districts of Kerala yielded the tollowing results:

e The mean area under black pepper as a mixed
crop was 0.73 ha with an average nomber of 250
Vines.

e The ratio of bearing to non bearing vines was 3:2.

e Theexlent of coverage of improved varieties was
65.30%.

e The mean yield for HYV was [160 kg/ba as
compared to 620 kg/ha for traditional varieties

o  The estimated cost benefit tatio from the primary
data on cost of cultivation, yield and average

wholesale price of black pepper during 1998-2007
was 2.48.

e The major constraints as perceived by the farmers
were disease incidence, high cost of cultivation
especially fabour. and non availability of quality
planting material.

e  The comparisons of yield data of adopter and non
adopter categories indicated that three technologies
namely, aerial spraying of Bordeaux mixture,
irrigation during summer and application of
blocontrol agents and growth promoters are major
determinants of yield.

The survey to study impact of scientific echnological
interventions in 1615 ha of black pepper gardens
covering 14 estates in Kodagu district where the
institute had already launched intervention programrnes
vielded following yesults:

e Thelevel of adoption of critical technology inputs
was as follows: Foliar spray of Bordeaux mixture-
96%, soil drenching of fungicides-80%. application
of nematicides -60%. basin irrigation in summer-
70%, application of chemical fertilizers- 20% and
application of bioagents-20%.

e The mean yield with an average of 63% yielding
vines was 3.24 kg/vine. The yield recorded in the
control sample was 1.9 kg/vine.

e The mean cost of cultivation was Rs 80 per vine.

o The estimated cost benefit ratto was 3.025 (in
conventional black pepper growing tracts of
Kerala, the previous survey recorded a cost:
benefit ratio of 2.4).

Secondary data pertaining to the number of black
pepper cuttings distributed over the years from the
institute as nuclear planting material was collected and
compiled. Based on this, esfimate on the probable extent
of spread of these varieties based on the number of
cuttings distributed for direct planting and the rate of
diffusion or spread rate were worked out. (Table 9.1},
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Fig. 9.1. Media meet organized to mobilize mass media support

Fable 9.). Estimated spread of released black pepper varieties
No. of Estimated Estimated
Year of cuttings area covered Potential Expected total
Variety release | distributed | @ 850 nos/ha | yield (dry) | yield @ 60% | production
{ (ha)* (kg/ha) of potential {tonnes)
Panniyur-1 1971 | 48457254 | 57009 1242 745 42483
Panniyur-2 | 1989 | 565616 | 665 2570 1542 1026
Panniyur-3 | 1989 | 565616 | 665 1953 1172 779
Papniyur-4 | 1989 | 565616 | 665 1277 766 509
Sreekara 1990 | 18540 | 218 2671 1606 345
hubhﬂma 1990 | 190145 | 224 2352 1411 315
| Panniyur-5 1993 | 3220783 | 380 1826 1096 a16 |
| Panniyur-6 1999 | 19412 | 223 2127 1276 293 |
| Panniyur-7 [ 1999 T 195414 | 230 1410 846 194 |
| Panchami | 2001 | 56863 | 67 2828 1697 113 |
[Pournami | 2001 | 83646 | 98 2333 1400 138 |
TSR Thevam | 2005 | 5600 | 7 2148 1289 9023 |
| ISR M. Bxeel | 2005 | 212 | 3 1440 864 2592 |
| ISR Girimunda) 2005 | 2678 | 3 2880 1728 5184 |
}HSR Shakthi } 2005 63 0 BEE 1352 0 j
| Average/ Total | | 2088 1253 63410 |

(* The average stand combining mixed or pure cropping systems is assumed as 425 per ha and two vines/
standard)
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ALL INDIA COORDINATED RESEARCH
PROJECT ON SPICES

The All India Coordinated Research Project on Spices
{AICRPS) 15 vested with the mandate to conduct and
coordinate research in 12 spice crops with it's
headguarter at Indian Institute of Spices Research,
Calicut. AICRPS has at present 34 centers which
include 19 regular. 8 co opting and 7 veluntary centres
located in 21 states of India under 21 State/Central
Agnicultural Universities/Research Institutes. The XI
Plan budget of AICRPS is Rs. 1400 lakhs with Rs
250,00 lakhs (JCAR share) during 2009-[0. About 110
research programmes covering the mandate spice
crops are being conducted at various centres. These
programmes are carried out under the major disciplines
of genetics and crop improvement, crop production and
crop protection. The salient findings in the mandate
crops are presenled here.

Black pepper

Black pepper germplasm consisting of cultivated.
exotic, wild and related species are maintained under
different AICRPS centres. The characterization of
germplasm resulted in identification of high yielding
accessions. Among 22 accessions evaluated at
Chintapalli, Panniyur-1 recorded highest fresh yield of
7.6 kg/vine followed by Neelamundi (6.84 kg/vine).
Among the new germplasm dccesstons evaluated at
Panniyur, Angamaly, Chalakudy. ICP 48 and
Vattamunda were promising during the vear 2009 with
aspike yield more than 3 kg/vine. The number of spikes/
vine were maximum for Angamaly (1300) followed
by Chalakudy (854). In a CVT in black pepper at
Panniyur maximum green berry yieid/vine was
recorded by Cul 1041 (2.5 kg/vine} followed by Cul
5489 (2 kg/vine) whereas at Sirst dry berry yield was
maximum in Paniyur-1 {963 gfine) followed by HP-
105 (747 gifvine) and HP-34 (383 g/vine). Al
Ambalavayal maximum setting percentage was shown
by PRS 22, followed by Cul 5489, Coll.104],
Karimunda OP (98%). Among the intervarietal hybrids
in black pepper, P6 x P5 was found to be promising
with green berry yield of 5 kg/vine. In a fertilizer trial,
black pepper vines treated with the integrated methods
recorded significantly higher dry berry yield (1.20 kg/
vine) compared to those with fully organics (1.01 kg/
vine) and fully inorganic (0.94 kg/vine) methods at Sirsi.

where as at Pechiparai. the highest vield of 3.78 kg/
vine was recorded in the fully inorganic trial and it
was on par with integrated which recorded an yield of
3.54 kg/vine. Application of Potassium phosphonate +
Trichoderma harzianiom and Bordeaux mixture +
COC were equally efficient in reducing foot rot
incidence by 70.47 and 56.85 per cent respectively.
compared to farmers’ practice.

Cardamom

Among the germplasm evaluated during 2009-10 at
Pampadumpara. highest fresh and dry yield was
recorded in CRSP-147 (5550 g/plant & 1055 g/plant
respectively) followed by CRSP 145 (3035 g/plant &
575 gi/plant). PV-2 registered the highest drying
percenlage (23.4%) among the accessions.

The open pollinated progeny 4C recorded maximum
no. of capsules/plant (58.50) at Mudigere. Ina CVT
at Pampadumpara, highest dry yield was recorded in
PS 27 (1016.58 g/plant) followed by MHC 26 {335.42g/
plant). The damage caused by thrips ranged from 26
to 48%. Thrips attack was the lowest for CL. 722 and
highest for MCC 246. The damage due o uzhukal
disease was highest for MCC 246 and GG and lowest
for MCC 309. The percentage loss due to capsule
borer was least for MHC 26 and CL 722 and highest
for MCC 73 and GG. At Mudigere, clone CL-722 was
found superior for dry capsule yield {341.00 kg/ha) in
thhe CVT trial.

Large cardamom

Five accessions viz., SCC 213 (Golsey). SCC 214
(Golsey), SCC 215 (Golsey), SCC 216 (Ramla) and
SCC 217 (Ramla) were collected from Middle Singhik.
Seatam and Nung village of North Sikkim and planted
at Sikkim. Characterizations of the collected germplasm
were made as per descriptor.

(zinper

Among the promising accession evaluated at Dholi,
RG-14 and RG-24 gave maximum yield (8.00 kg/7.2m*)
followed by RG-13(7.30kg/ 7.2m"). Highestrhizome
vield/plant was recorded in GCP-1{672.33 g) followed
by GCP-28 (502.00 g), GCP-48 (355.00 g) and GCP-
9(350.67) at Pundibari. The accessions SG 962, SG




g6, and 2672004 were found superior for dry matter
andl essential oil contentin comparison to check Himgir
a1 Solan. In an TET at Dheli. RG-3 was found to be a
promising accession with a yield of 21.54 t/ha as
compared to check variety Nadia (17.81 tha) and could
be promoted to CVT. [n a trial o study the intluence
ol environment on genotvpes of ginger it was observed
that the variety Surabhi recorded highest yield (32.60
Uhia) of fresh rhizome followed by variety Nadia (21.13
1y at Phasighat. In ginger apphication of fully organic
fertilizers gave highest yield (12.90 t/ha) followed by
integrated fertdizer (11.62 t/hat at Dholi centre. Ginger
planfed i soil treated by biofumigation using cabbage
cave highest yield and registered lowest incidence of
soft rot at Dheli and Kumargan;.

Tuirmeric

Among the [80 accessions evaluated at Pundibari
centre, TCP-88, TCP-36 and TCP-25 were found to
be promising with respect to yield. At Jagtal, JTS-
315 and JTS-14 were found to be promuising. In a
CVT of turmeric at Chintapalle PTS-39 recorded
maximunm yield of 36.37t/ha where as at Raigarh,
Narendra Haldi-1 gave the highest vield of 21.49 t/ha.
TCP-128 recorded the highest yield (21.24 t/ha) in an
IET on turmeric at Pundibari. The performance of the
varieties Rajendra Sonia at Dholi, Roma at Chimapatle,
Suprabha at Kanke. Narendra Haldi at Pundibari.
Duggirala, TSR Pratibha, Roma and RUT-1 in Mizoram
were superior (¢ other varieties. At Dholi application
of integrated fertilizer of organic and inorganic resulted
i maximuny yield of 54.93 tha followed by fully organic
(50.30 t/ha). The cost: benefit ratio of integrated
fertilizer management gave the maximum return of
Rs.4.46 per unit cost (1:4.46) followed by fully
inorganic i.e., Rs.3.80 perunit cost (1:3.80). Application
of 100% of the recommended dose of fertilizer of
turmeric through drip irrigation at fortnightly interval
gave highest yield (39.34 kg/plot). Mechanical
harvesting indicated that the time taken by the tractor
mounted harvester s less when compared to power
tiller mounted harvester. The percentage of damaged
rhizome is also minimum (1.7%) and cost for operating
the tractor mounted harvester was low in comparison
with power titler mounted harvester and manual
harvestng.

Tree spices

Tree spices germplasm is maintained at Dapoli and
Pechparai centre. Among the four selections of cassia
evaluated in 2a CVT, D3 was found 1o be promising at
Pechiparai.
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Among the 275 accessions evaluated at Coimbatore,
the coriander grain vield ranged from 360 kg/ha to 1080
kg/ha. The highest mean yield was registered by the
accession CS- 121 (1080 kg per ha). In a CVT, COR-
3] at Dholi and Raigarh and COR-30 at Guntur were
identified as promising. At Guntur, LCC-200 (594 kg
ha') and LCC-143 (547 kg ha’) recorded significantly
tugher yield than the best check Sadhana (484 kg ha')
and were found suitable for growing under drought
conditions. At Jobner, genotype UD 510 was found
suitable for growing under irrigated conditions while
UD 277 and UD 324 were suitable for drought
conditions. lrrigation at 30 and 60 DAS recorded
highest yield (995 kg/ha) followed by irrigation at 30
and 45 DAS (883 kg/ha) at Guntur. The entry COR-
34 recorded a high volatile oil yield (7.17 1/ha) followed
by COR-31(6.94 I/ha), COR-27 (6.75 Vha), and RCr-
435 (6.49 VVha).

Coriander

Cumin

Genotypes, UC -239, UC -274 and UC -225 were
identified as suitable for growing under limited moisture
conditions. The entry, CUM-13 recorded maximum
seed yield of 667.71 kg/ha at Jobner. The entries GC-
4 (4.45%) and CUM-11(4.2%) recorded very high
volatile oil at Jobner,

Fennel

Among the fifty three collections evaluated at Dholi,
twelve accessions, namely, RF-31. RF-21, RF-23, RF-
5.RF-11, RF-15, RF-16, RF-33, RF-d44-1, GE-2, RF-
10 and RF-38 gave the maximum yield ranging from
1.05 kg to 0.70 kg/5.4m? as compared to high yielding
variety Rajendra Saurabh (check). Among promising
lines, RF-31 produced maximum yield (1.05kg/5.4m?)
followed by RF-21 ie.. 1.00kg/5.4m”*. The entry FNL-
40 gave maximum vield of 121667 kg/haina CVT
trial at Raigarh. Two entries FNL-26 and FNL-25 were
identified as promising and proposed for release from
Jobner centre. The highest mean volatile oil content of
2.89% was recorded in FNL-26 followed by 2.78% in
FNL-30 at Jobner.

Fenugreek

Among the one hundred seventy seven germplasm
evaluated at Dhofi, RM-190 gave a maximum yield of
0.92 kg/4.5 m” followed by RM-191 (0.91 kg/4.5 m*).
None of the entries screened against powdery mildew
at Jagudan were found to be free from the incidence
of powdery mildew and the incidence ranged between




24.50 to 84.75 %. Among the accessions screened,
minimum incidence was noticed in JFG-212 (24.50%)
followed by JFG-217 (28%). Among the thirteen
genotypes evaluated at Coimbatore, the CVT line
FGK- 28 recorded the highest grain vield of 348.33
kg/ha followed by FGK-34 & HM-57 of 335.00 kg/
ha. At Raigarh and Jabalpur accessions FGK -27 and
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FGK 28 performed better than lines. At Jobner the
entry UM-126 recorded maximum seed yield of
2163.43kg/hainan IET. In a large scale demonstration
it was observed that, seed treatment and soil application
with the rizobacteria FK -14 + FL-18, resulted in a
very high yield of 1800 kg/ha followed by seed
treatment with FI.-18 alone (seed yield 1630 kg/ha).
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BIOINFORMATICS CENTRE

Functional annotation of Phytophthora capsici
ESTs

Functional annotation of Phytophthora capsici EST
resources was carried out and putative transcripts were
identified. EST assembly and annotation of two
entomopathogenic nematodes, Steinernema feltiae (83
nos.) and Heterorhabditis bacteriophora (53614
nos.) was atso attempted. Syntenic relationship between
Radopholus similis and other nematodes was studied
using mitochondrial genome sequences.

Virtual screening of phytochemicals

A virtual screening of phytochemicals from Dr. Duke’s
phytochemical and Ethnobotanical database, literature
search, PASS prediction and ADME/Tox screening
has identified 56 promising compounds with potential
nematicidal activity. Flexible docking studies revealed
that phytochemicals - curcumin, brucine-n-oxide,
B-colubrine, brucine, vaniliin, genostrychnine and
strychnine, had good binding score (MolDock score)
and favorable hydrogen bond interaction with

glutathione-S-transferase (GST) of Brugia malayi.
Thus, these phytochemicals can be taken as promising
Jead compounds (o treat filariasis caused by B. malay;.
fn vitro assay confirmed that the phytochemicals with
the greatest inhibitory potential against canipe
Dirofilaria immitis GST were linalool, a-pinene,
strychnine. NVA, vanillin, piperine, isoeugenol,
curcumnin, [3-caryophyllene. cinnamic acid, capsaicin,
citronellol and geraniol, in descending order.

(ST Lead Base, a new database

A new database, GST Lead Base
(www.spicebioinfo.res.in/ gstleadbase), was developed
and hosted (Fig. 11.1). The database includes chemical
properties and other details of potential nematicidal
compounds that inhibit glutathione-S-transferase in
nematodes.

Bioinformatics {raining programmes

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

k3

GST Lead Base

Hompe | Search | Lontactu

Filariasis is a helminthic infaction found principally in tropical and subtropical
areas in Afnca, and in the South Pacific ragions, it is caused by infection with
members of the Phylum Nemata Wucharsna bancrofti, Brugua malay! and Brugia
firmori, The disease 1s transmitted from man through several genara and species
of mosquitoss. The acute disease is manifested by racurrent chills and fever and
by visible swelling or nodules of the lymphatic system and redngss of the
averaying skin due to parasitic involvamant.

The human filarial parasite Arugia mafayi is an arthrapod-borne nematode which
causes lymphatic filariasis, an infection afflicting more than 120 millign peopls
worldwide. Glutathions S-transfarase(s) (GST) anzyme from Brugid malay! has
been axploitad as a targat in lymphatic filarasis therapeutics. An active GST 15 a
homagimer aof a 208 residus long monomer cansisting of two domains, smafler a/M
domain and larger a domain. The companents aof the glutathione {QSH) systam
mainly GST anzymes are critical antioadant and getoxfcation systam raspensibla
for the long-term existence of filarial worms in mammahan host hencg they are
major chamotharapeutic targets in filarial species. [n the present study, fifty-five
phytochemicals from ten plants predicted and reported to havg potential
namaticidal activity along with ADMET satisfaction hava been docked to 8.
Myl GST anzyme to accass their binding end consequently, their inhibitory
activity.

¥
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Training prograrmme on ‘Recent advances in EST
analysis and their annotation’ during 20-23 Oct.
2009. 17 trainees.

The Centre also assisted in other training programmes
orgamzed by the Institute. These include

Summer Training on Biochemistry, Biotechnology
and Bioinformatics. (6 May to (5 June 2009 for
nine trainees.

The ISR Bioinformatics Centre and Regional
Science Centre, Calicut jointly organized a
Bioinformatics camp for higher secondary students
during 20-25 Apri) 2009,

During the period, two scientists {one each tram NRC
Citrus and NRC Banana) were given special (raining
in Bioinformatics during 27 Jan — 2 Feb 2010, The

traineeship was offered to two candidates while
studentship was offered to four Bioinformatics
students.

PhytoFuRa. the web portal of the ICAR outreach
project on Phytophthora, Fusarium and
Ralstonia Diseases of Horticultural and Field
Crops was created and hostied. The portal has a
public domain consisting of databases and external
links. All the participating centres can access the
portal with a user name and password for online
submission of yeports and for accessing various
custom made resources. Phytolib, a web based
bibliography service, was made available in this
portal. The portal facilitates speedy dissemination
of nformation, exchange of 1deas and online
monitoring of research progress.
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ARIS CELL

SpiceStar. the database on vital statistics of spice cultivation. production and export was relaunched with
additional features.

A new accounts module was developed and integrated 1in ARTSoft, the existing oftice automation software.
An interactive CD on ginger and turmeric package of practices was developed (Fig. 12.1),

As per the guidelines received from ICAR, the HISR website was modified by using Joomla. an open
source CMS software. and it 1s under trial run.

An expert systemn on black pepper pests and diseases was developed.

Fig. 12.1. Interactive CDs on package of practices: (a) Ginger (b) Turmeric

Sy
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JISR library significantly improved its technical
resources by procuring new hooks. databases and
Journals. About 162 books have been procured during
the period while 91 books, four technical reports, four
theses and 14 project reports were received on grafis.
To facilitate this, a book exbibition was organized during
1-2 March 2010. New computer systems (6 Nos.) were
added. The library software, LIBSYS. was upgraded.
Biometric access control svstem along with CC TV
and camera were introduced in the library to ensure
better security. An LCD TV facility was installed to
help in multimedia presentations. The library continued

to be a part of CeRA, the E- journal consortium of
ICAR. The online bibliography database. CAB
Abstracts. was procured directly from CABIL The Agri
Til Bits being published from library was made
electronic since Aug. 2009 and seven issues were
brought out (Fig. 13.1). The digital mstitutional
repository. DSpice, was updated with more research
pubtications of scientists. A new bibliography service,
Phytellib, was conceived, developed and [aunched.
Similarly a tool to locate appropriate journals in each
subject domain (Journal Finder) was also developed.
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AGRICULTURAL TECHNOLOGY
INFORMATION CENTRE

Tecimoplogy inpuiy and advisory services

The technology inputs distributed from the centre
include planting material of improved varieties of
spices. biocontrol agents, vermicompost, spice products
and scienific publications including extension literature.
During 2009-10 planting material worth Rs 59,479 was
distributed from the centre. The proceeds from sale
of publications amounied lo Rs 18,492, Trichoderma
and Prerdomeonas formulations worth Rs. 17,688 were
distributed to farmers. The sale of bio agents also
showed an increase of 49.6% over last year. The total
income generated from the centre was Rs.98 510,

Oul reach extension services

The partnership services offered by the institute include
training, consultancy and coniract research. The
institute offers training programmes on demand from
various agencies targeted for field extension
functionaries of state departments, research workers
of other ICAR institutes and state agricultural
universities, During the year, 1111 farmers (241 from
within district. 157 from the state and 713 from outside
the state) availed farm advisory services from ATIC
and 1275 farmers visited the Experimental Farm,
Peruvannamuzhi. About 1050 students visited the

institute on study tour. The total visits to ATIC by
varicus stake holders registered an increase of 25%
over 2008-09. The information seeking behaviar of
farmers showed the following trend: Direct visits -
1186, Phone calls — 281; Letters — 153, E maid - 119,

The Hindi version of the package of practices of black
pepper. ginger and turmeric were printed for free
distribution to farmers. Front line demonstration
programmes on performance of improved varieties of
black pepper released from USR laid out in 18 farmers’
plots in Anakkampoyil, Koorachund and Thalayad in
Kozhikode district were continued and multi disciplinary
tean of scientists visited these plots as per a schedule
to follow up and provide advisory services,

The institute conducted one on-campus training
programe (ive days) for the state department extension
functionaries, sponsored by the Kerala State
Horticulture Mission., Two off-campus training
programme on hlack pepper for farmers sponsored by
M S Swamintahan Research Foundation, Wayanad
were organized in Wyanad District. The institute also
participated in one farmers” seminar under the Janasree
mission of the Kerala Government, five exhibitions/
fanmers fairs at national level and four at regional level.
Seven video coaferencing sessions with vilfage resource
centers in Wayanad Districl were orgamized in which
389 tarmers participated.

A training evaluation methodology of academic traimng
programmes organized at the institute was developed,
tested and used. The analyisis showed that the gain in
knowledge by the trainees was statistically significant
and the calculated training effectiveness index was
above 0.83.

——
(=)
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KRISHI VIGYAN KENDRA

Training programmes

The Kendra has conducted 116 training programsmes
on various subjects during the period under reporf. A
tatal of 3837 persons have benefited out of the
programmes. The details of the traiping programmes
are furnished in tables 15.1a & b,

bio products. chicks and the achivities of Plant & Animal
Health Centre.

The Kendra operated a Plant and Animal Clinic offering
various services to the farmers. A artificial
insemunation facility is also mainiained at the centre o

Table 15.1a. Training programmes conduocted during 2009-16

I Category No. of No. of participants No. of SC/ST E
courses } Male Female Total participants
{ Practising farmers, I '
Farm Women apd
Rural Youth 2 ’ 2280 1440 3720 611
’ Extension ’ ‘
functionaries 4 102 L5 117 13
| Toul ] ue | 282 1455 w7 | 6w
Table 15.1b. Discipline-wise training programmes conducied
{ Discipline No. of | No. of participanis No. of SC/ST J
courses Male Female Total participants
Crop production 4 661 372 ] 1033 l 41
Horticulture 12 184 51 ; 235 | 8
Animal science 771 144 968 | 2409 | 557 |
Soil Health & Fertulity ? F ]
! Management 2 18 46 64 5
' Plant Protection B 78 18 | % 13
L Total 16 2382 1455 ‘ 3837 624

Revolving Fund Programme

The Kendra has a revolving fund programme (o
generale income for productive uses. Under this
programme, quality planting materiais of various crops
are produced and made available to public at atfordable
rates. Presently, bush pepper. allspice seedlings.
garcinia grafts, mango grafts, guava layers, arecanut
seedlings, anthurium plants, minor fruit plants,
miscellangous ornawental plants ete. are produced
under this programme. A total of 2891 farmers
visited KVEK during the peried for consultation,
purchase of planting materials and other inputs trom
KVK. During the period an amount of Rs. 4.56 lakh
has been realised through sale of planting materals.

Lo
g

upgrade the genetic stock of livestock. The centre
offered consaltation, treatment and doorslep services
charging neminal fee. The various activities taken up
during the peviod are as follows:

1. Cases treated/ advisory services provided © 683

2. Alin caitle using exotc frozen semen— 276

3. Alin goats - 109

4. Amimat Health Campaign/ Infertility camps
organised— 5

5. Animals vaccinated against Foot and Mouth
disease: 20756

6. Ksheerathsavam attended: Black level: 3




7. Cattle show and calf rally: 3

8. No. ot layer chicks produced: 3386
9. Brotler chicken (vencab): 456 kgs.
1G. Sale of pregnant heifer: 4 nos.

Other extension activities

Kisan mela and exhibitions
KWK isregularly participating in exhibitions within the
district. In addition, the Kendra also participates

Indian Institute of Spices Research
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exhibitions outside the district in association with the
host institute. Duving the period under report, KVK
has participated i the folfowing exhibitions.

Farmers® study tours

Ateam of 30 progressive farmers visited the Livestock
Farm at Veterinary College. Pookkode as a part of
post exposure farmers’ study tour programme on
23.09.09,

18.1.10t0 26.1.10

Exhibition — Gandhiji Study Centre

X Thodupuzha

11.3.10t0 14.3.10

Exhibition- National Conference on Quality

N Bate/peried 1 In connection with/ organised by Venue _E
( 07.7.09 1 Kisan Gosthi- ATMA at Nalanda Auditorium, Calicut FCaﬁcut j
08.7.09 l Kisan Gosthi- ADA Koilandy ‘F Koilandy
16.7.09 | Kisan Gosthi- ADA Perambra | Perambra 4}
25809 1031809 | Exhibition -Farm and Home-Subiksha Trade Fairs | Perambra j
(06.10.09 TT Exhibition- IV National Conference of KVK | TNAU Coimbatore |

Planting Materials- Health Management

New Delhi

23.02.10

T Field day (Silage making and feeding of silage)

( Kalpathur

Table 15.2. Seminars conducted by KVRK during the period

Date [ Topic { Organised by ; Venue { No. of
participants
16.7.09 Diseases of cattle and their KVK Meppayyur 110
[ control measures 4’ f
20.7.09 Preservation and feeding KVK Changaroth 39
L of fodder crops 1 r t
17.8.09 { Organic farming ( Dept. of Agri. f Thiruvalloor T 92 f
17.8.09 L Organic farming rDept. of Agri. f Changaroth ‘l 103 ’
17.8.09 Diseases of cattle and their rDepr. of Agri. t Perambra 1 75 '
control measures
Preservation and feeding of KVEK Perambra 97
fodder crops ? T
06.10.09 Calf management and ecto and Pillapperuvanna &6
O] i cont e | |
24.10.09 Heifer management and Balussery 97
postpartum care of cows l l
‘ 10.02.10 Backyard poultry rearing KVK, T 112 ]
Peruvannamuzhi o _{
11.02.10 Oestrus synchronisation and KVK, 75
artificial insemination in cattle Peruvannamuzhi ﬁ l\
12.02.10 Broiler goat rearing KVK. 92 J
Peruvannamuzhi

o
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Farmer's Mela for showcasing Agricaliural

technologies

A five day farmer’s festival ‘Karshika Sankethika
Darshanam -2010" was jointly organised by the Indian
Institute of Spices Research (IISR), Calicut, Krishi
Vigyan Kendra (KVK) and NAIP, at Peruvannamuzhi
during 8-12 February 201(. Five progressive award
winning farmers were felicitated. Exhibition stalls
were put up by six ICAR, Central government and 14
private entrepreneurs and input agencies for
showcasing the technologies developed by the
institutions. About 25() farmers participated in the
technical sessions and about 1500 in the exhibition and
benefited by the technological inputs/services provided.
Technical sessions on different aspects of agriculture
like organic farming, animal husbandry, floriculture,

TR 7Y nmm.mﬂa ﬂfbtﬁmo 2{}10

__....._.-....- —
v E=3ifl

Fig. 15.1. Farmer’s Mela for showcasing
Agriculatral Technologies

mushroom culture, farm machinery and pisciculiure
were arranged by inviting technical experts to train
and interact with the farmers (Fig. 15.1).

Table 5.3, Staff deputed for Training/ Workshop |

~

Name of the Title of the Period of Place of training
person programme training
P A. Mathew Convergence Meeting | 04.04.09 KVK, Kannur
K.M. Prakash of KVKs, ATMA
Dr. 8. Shanmugavel and Department
P. A. Mathew Workshop on Jack fruit- 28.05.09to KVK,
The under exploited fruit 29.05.00 Pathanamthitta
of Kerala — Challenge in
supply chain management
K.M. Prakash Special training on water 27.07.09 ZPD, Bangalore
harvesting
K.M. Prakash Watershed Development — 3.08.09t0 CRIDA, Hyderabad
New Guidelines 11.08.09
K.M. Prakash Creative writing in 5.10.0910 Indian Institute of
Agriculture 9.10.09 Mass Communication,
n | New Delhi
P.5. Mang IV National ‘) 06.11.0910 TNAU, Coimbatore
K.M. Prakash Workshop of KVKs 08.11.09
K.M. Prakash Sensitisation Workshop on 12.02.10 National Bureau of
coconut leaf beetle, Agricultural Important
(U Brontispa longissima ‘ Insects. Bangalore
K.M. Prakash Climate change 23.03.10t0 | Central Training
L ] 25.03.10 ‘ Institute, KAU
[ Dr. S. Shanmugavel National Seminar on 12-13 Veterinary College
Wealth from Livestock and November, and Research
Agriculture Waste 2009 Institute, Namakkal

-~y .
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Viaintenance of Demonstration blocks/units
The KVK maintains mode) demonsiration

blocks/units in its farm for *seeing and learning’ by the

tarmers. The details of the units are shown below:

e  Medicinal plant unit

¢ Modet Homesiead garden

# Demonswration plot of improved varieties in black

peppes

= Model arecanut seed garden

e Nulmeg scion bank

e (uavablock

e  Sapota block

e Vermicompost unit

o Poultry demonstration unit

e  Dairy demonstration unit

e Mango scien bank

e Goatary unit

Technologies transferred

Front Line Demonstrations

These programmes are carried out with the co-
operation and complete participation of progressive
farmers under the direct supervision of KVK scientists.
A part of the expenditure of this demonsiration is met
by KVK. The results of various FLD programmes
conducted by tbe Kendra during the period are detailed
below:

e  Demonstration of HY Vs of black pepper with high
mtrinsie quatices.

*  Popularization of pepper production through bush
pepper production technology

e Farmer participatory bud rot management ig
coconut (ATMA sponsored)

e [n situ green manuring in coconut garden using
grain cowpea

® Fead management in goat for meat production
Demonstration on mifk production performance
in dairy cattle by feeding with silage under scarcity
condilions

e Popularization of hormone treatment for fertility
management in cows

e Popularization of hormone treatment for fertility
management in goats

OF T Programemes

These programmes are done by testing a released
technology in real farm situation with the participation
of farmers. The problems faced by the farmers in the
adoption of new technologies can also be fed back to
the research stations by this programme. KVK bears
the cost of critical inputs in this programme (Fig. 15.2).
The major OFT programmes carried out during the
period ase fisted below:

o Control of foot rot disease of black pepper using
biocontrol consortium

e Assessment of mixed crop of nutmeg variety
Vishwashree grafts in coconut garden

e Management of coconut stem bleeding using
Hexuaconazole

e Ferulity in anoestrus cows following CIDR
treatimennt




N

Post graduate studies

Ph.D

Jayashree E, 'Studies on mechanization of field level
post harvest operations in ginger (Zingiber officinale)
with reference to washing, peeling and drying’”, Tamil
Nadu Agricultural University, Coimbatore.

Bhadra Murthy V, “Tdentification, melecular
characterisation and development of diagnostics for
the viruses associated with vanilla (Vanilla planifolia
Andrews)’, Mangalore University

Hareesh P. S, ‘Motecular characterization and seed
transmission of the Badnavirus infecting black pepper
(Piper Nigrum 1.} in India’, Acharya Nagarjuna
University

Elizabeth Thomas, ‘Biochemical and molecufar
characterization of major traded spices to augment the
trade through geographical indication’. Mangalore
University

Gobinath P ‘“Biochemical and molecular
characterization of chith (Capsicum annuwm 1) for
variability with special emphasis on colour and
pungency’. Mangalore University
K

Balaji S, “In silico analysis and drugability of the
compounds from the family Zingiberaceae’,
Mangalore University

Visits abroad
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EDUCATION AND TRAINING
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M.5¢./M.Phil projects

Nineteen students from various universities undertook
their M.Sc. project work in Biotechnology.
Biochemistry., Microbiclogy. Bioinformatics and
Plantation Management and one student has joined for
M.Phil project work in Biolechnology.

Post M.Sc. training
Three students undertook Post M.Sc. training in various
techniques of Microbiology and Biotechnology.

Summer training for M.Sc. students

Nine students participated in the one month summer
training course on Biochemistry. Biotechnology and
Bioinformatics. jointly organized by HRD Cell and CPC
duripg 6" May to 5" June 2009.

Awards

1.S. Pruthi award for the best research paper published
in Journal of Spices and Aromatic Crops. 2008, Vol 17
(3): 215-222, entitled "Development of SCAR marker
for Phvrophthora resistance in black pepper (Piper
nigrum 1..)" authored by Anandaraj, M., Chandran.
5., George, R.S., Bhat. A.l, and Bhai, R.S.

The H § Mehta memorial best poster award for the
paper “A SCAR marked based method for sex
determination tn divecious betel vine™ authored by T.E.
Sheeja, K. Himabindu, P. Anto, K. Dhanya, S. Siju
and T. Vasantha Kumar.

Year of visit
and duration

Name of the
staff

Name of country visited
and type of visit

Remarks

Dr. B Sasikumar 2008-2010 (2 years)

Guyana as Spice technology
expert

Spice technology expert

Dr. D Prasath 2009-2010 (1 year)

University of Gﬁelph, Canada
under DST-BOYSCAST

Applied genomics (isolation
and characterization of

Dr. A Kumar 2009-2010 (1 year)

programme disease resistant genes)
Wageningen University, Biotechnology and
The Netherlands under DBT- | Molecular Biology and

Overseas Associateship

Bacterial genormics

| Dr. Santhosh J Eapen| 2009 (15 days)

Vietnam, FAQ consultancy

h’

-
.-:J i.ﬁ‘

First hand information about
black pepper cultivation in
Vietnam
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Training programmes/ workshops atiended by the staff

[Name of the staft

Name of the training

Duration

—

Organized by )

!Dr. S I Ankegowda

(

Right to Information Act, 2005

29-30 May 2009

Institute of Public
Administration,
Bhubaneswar

Dr. C K Thankamani

IPR - Patents

22-26 June 2009

NIIPM, Nagpur

Dr. M S Madan

Public-Private Partnerships
for lnnovation in Agriculture

1-7 July 2009

NAARM, Hyderabad

Dr. T R Usharani

Per! scripting for genome
analysis

10-14 August 2009.

CPCRI, Kasaragod

Dr. § Shanmugavel
and Mr. V L Jacob

Right to Information
Act — 2005

19-20 August 2009

ISTM. New Delhi

Dr. P Rajeev

Impact Assessment of
Improved Agricultural
Technologies

26-28 August 2009

NCAP, New Delhi

Mr. V L Jacob and
Mr. C Venugopalan

Special Programme on
Pension and other Retirement
benefits

05-09 October 2009

ISTM, New Delhi

Dr. 8 Hamza

Natural Resource Management
of § & T Departments, Govl.
of India

5-11 Qctober 2009

Indian Institate of
Public Administration,
New Delhi

Dr. § Devasahayam

Vigilance admjnistration

29-31 October 2009

NAARM, Hyderabad,
=

Dr. T John Zachariah
and Dr. T K Jacob

Technical aspects of
Agricultural Communication
and Knowledge Management

16-20 November 2009

1M, Lucknow

Dr. T R Usharani

Application of Molecular Tools
for Crop Improvement

2-22 December 2009

SBI, Coimbatore

Dr. C N Biju

Recent advances in production
and delivery system of biopesti-
cides, bioagents and
biofertilizers

05-25 January 2010

Dr. PDKV, Akola

Mr. K Jayarajan

IT-based Decision Support
Systems for Multimedia Content
Development

20-20 January, 2010

NAARM, Hyderabad.

Mr. C Padmanabhan
and Mr. V L Jacob

Technical and Administrative
Support for Consortia based
Research in Agriculture

22-27, February 2010

|
NAARM, Hyderabad

Dr. K N Shiva

Priority Setting, Monitoring
and Evaluation for Innovation
in Agriculture

22-26 March 2010

|

1IM, Lucknow 1
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CONSULTANCY PROCESSING CELL

During 2009-10, the Consultancy Processing Cell
(CPC) took up various analytical services such as
analysis of soil. plant, manures, anaiysis for biochemical
properties, analysis of samples for microbes like
Trichoderma, Pseudomonas, Phosphobacieriu,
Azospiritium etc. for both public and private
entrepreneurs. Based on planter’s requests. scientists
provided technical guidance on cultivation and
management aspects ol spices on consultancy basis.
One month summer training course on Biochemistry,
Biotechnology and Bioinformatics for 9 M.S¢. students

was jointly organized by HRD Cell and CPC during
6" May o 5" June 2009. During the year. the total
receipt through consultancy was around Rs 2,75 lakh
with a major share of 47% from analysis of samples
for nutrients (NPK) and 16% each from brochemical
and bio control agents (mainly Trichoderma and
Pseudomaonas). Other consultancy services hike
Summer Training to MSc students (18%). visits of
scientists to private farms based on requests (4%) etc..
also contributed to the CPC revenue.




Indian Institute of Spices Research

ANNUAL REPORT 2009-10 1IN

OFFICIAL LANGUAGE IMPLEMENTATION
COMMITTEE ACTIVITIES

The Official Language Implementatzon Cormmaittee
(OLIC) meets once 1 every quarter and reviews the
official language ymplementation activities of the
institutes. Quarterly, half yearly and annual reports on
official language activities of the institutes prepared
and sent to ICAR. New Delhi. TOLIC. Calicut and
Regional [mplementation Office, Cochin. Four
workshops were conducted on Rules of official
tanguage and ity implementation, noting and drafting
and use of computer in the implementation of official
language.

Dr. Urmila Harith, Asst. Director (OL). DARE, New
Delhi visited this Institute on 03.02.2010 and inspected
official language implementation activities of the
instirute. Daily a word/ phrase in Hindi and ils
transliteration in Malayalam and English were displayed
on the board.

Hindi week was celebrated during 14-19" September
2009. During the week various competitions vic.,
exlempore speech. song, debate, noting and drafting,
calligraphy, memory test, anthakshar for the staff

members and prizes were distributed to the winners
in the valedictory function. Dr. A. Achuthan,
Professor, Department of Hindi. Calicut University.
Calicut was the chief guest.

Ms. N. Prasannakumari, Hindi translator attended 43
and 44" meeting of TOLIC. Sri. B. Krishnamoorthy
and Dr. K. N. Shiva attended the workshop conducted
by TOLIC on 30.11.200% and 16.02.2010,
respectively. Dr. Rashid Pervez. Hindi officer and
N. Prasannakumari attended TOLIC subcommitiee
meeting at SBT, Calicut on 20.10.2009.

During the vear, Hindi version of the half yearly
publication of Spices News volume 20 () January-
June. 2009 and 20 (2) July-December, 2009 were
published as Masala Samachar. Summary of annual
report and project coordinator cell (Spices) were
translated in 0 Hindi and incorporated in 1SR and
AJCRPS annual report. Also published Amusandhan
ke Mukhya Ansh (2008-09) and pamphlets in Hindi
on ginger (Adarak), turmeric (Haldi) and black
pepper (Kalimirch).

—®



(7;\\ Indian Institute of Spices Research

o - ANNUAL REPORT 2009-10}

INSTITUTE MANAGEMENT COMMITTEE

[. Dr V A Parthasarathy, Director, ISR, Calicut

2. Dr. Umesh Srivastava, Assistant Director General (Hort 1), ICAR, New Delhi

3. Dr. M. Ananadaraj, Project Co-ordinator (Spices), [ISR, Calicut

4. Dr. R.P. Shukla, Principal Scientist (Entomology), CISH, Lucknow

5. Dr. M. Unnikrishnan, Principal Scientist, CTCRI, Thiruvananthapuram

6. Dr Jagdish Singh, Principal Scientist, [IVR, Varanasi

7. Addl Director of Agricultural (C.P). Directorate of Agriculture, Vikas Bhavan. Thiruvananthapuram
8. Dean. HC &RI, Periyakulam, TNAU, (TN)

9. Director of Research, Kerala Agricultural University, Thrissur

10. M. M T Ummen. Mangalath Parambil House, Arivilanjapoil P O, Alakkode (Via), Kannur
11. Sn. G Rathikumar, Deepthi, Kizhakkekara, Kottarakkara, Kollam
12. Sr. Finance & Accounts Officer,CMFRI, Kochi

13. Assistant Administrative Officer, IISR. Calicut
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RESEARCH ADVISORY COMMITTEE (2007-10)

Dr. N. Mohanakumaran Chairman
(Formerly Director of Research, KAU)

Chirakkara Palace

Pappanameode

Thiruvananthapuram — 695018

Dr. Umesh Srivastava Member
Asst. Director General {Hort. 1D

ICAR, Krishi Anusandhan Bhavan-I]

New Delhi=110012

Dr. I. Lrulappan Member
(Formerly Dean, Horticulture, TNAU)

28, Abhirami Nagar, Narayanapuram. [¥ Main Road

Narayanapurarn West, Madurai - 625014

Dr. M. Udaya Kumar Member
Formerly Professor & Head

Department of Crop Physiology

University of Agricultural Sciences

G KV K. Campus, Bangalore - 560 065, Kamataka

Dr. K.U.K. Nampoothiri Member
Director, Biju Patnaik Medicinal Plants Garden and

Research Institute

M. §. Swaminathan Research Foundation, Phulbad

Jeypore R.S.(P. 0.3 764 002, Kerapur Dt. Orissa

Dr. N.S. Rao Member
{Formerly Principal Scientist)

N-109, Innovative Natura, Vinayaka Layout,

Puttanahalli, Yelahanka, Bangalore - 560064

Dr. V.A. Parthasarathy Member
Director, Indian Institute of Spices Research
Calicut - 673 012, Kerala

Mr. M.I Ununen Member
Mangalath Parambil House, Arivilanjapoil P O, Alakkode (Via),
Kannur - 670571

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

Kollam

Dr. B. Chempakam Member Secretary
Head, Division of Crop Production in PHT (upto May 2009)

Indian Institute of Spices Research
Calicut - 673 012, Kerala

Mr. B. Koshnamoorthy Member Secretary
Acting Head, Division of Crop Improvement & Biotechnology (from June 2009)
Indian Institute of Spices Research

Calicut - 673012, Kerala
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RECOMMENDATIONS OF RAC 2010

Recommendation

Comments of the Director

Core collections may be worked out using ditferent
models available for other crops and elimination of
duplicates in black pepper germplasm need to be
taken up in a phased manner. (Action: K.V. Saji)

Core collections would be identified based
on morphological, biochemical and
molecular characteristics, as being
followed in other crops.

Unexplored areas may be surveyed and collections
may be made to fill the gaps in germplasm (if any)
in planned manner before 1t is eroded.

(Action: K.V, Saji)

Svystematic collection surveys are made
1o unexplored areas.

Development of black pepper with multiple resistance
may be given priority as extension of present

project on breeding multiple lines.

{Acnon: B. Krishnamoorthy)

As extension of the present project on
breeding multiple lines, a new project on
Phytofura was initiated with developing
black pepper lines resistant o
Phytophihora and nematodes as one of
the objectives.

Breeding programmes may be concentrated on
genotypes with high quality parameters.
{Action: B. Krishnamoorthy)

In all the breeding programmes, quality
aspects are kept in mind and all varieties
released are having high quality
parameters.

[n targeted yield experiments, economic optimum Jevel
of nutrients may be worked out. The reason(s) for
the negative response observed at the higher levels

of fertilizer need to be investigated

{Action: V. Srinivasan)

The economic optimum level of nutrients
will be worked out using the existing data
and will be validated during the current
year.

Results of quality parameters may also be included.
(Action: K.S. Krishnamurthy)

Data on quality parameters will be
included

Packaging studjes under medified/controlled
atmosphere may be conducted
{Action: T.J Zachariah)

Suggestion is noted and results will be
presented in the coming IRC.

Modified patch budding may be tried in nutmeg.
The reasons for failure of “bud take™ need to be
investigated(Action: J Rema)

Will be carried out in the project “Induction
of orthotropic shoots in nutmeg”

General Comments

e [n Jong term experiments, pooled data may be
presented especially for yield and quality.

e For alternate bearers, yield of six years may be
considered (instead of 3 years).

e Efforts may be made to identify better performers
under changed climatic conditions.

These suggestions are noted and will be
followed.
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10 Two technologies developed (1. Chemical contral of These will be incorporated in the KVK
turmeric shoot borer 2. Chemical and biocontynl of lraining/demonstration programme
turmeric rhizome rot) may be transferred to KVK for |
field testing. (Action: Programme Coordinator, KVK)

11 Visitors to KVK and the Farm at Pemvannamuzhi Records are being maintained pertaining
may be included in the (otal number of visitors (o to all visitors at KVK which would be
IISR. Calicut. (Action: P. Rajeev) compiled periedically for inclusion in the

compilation of total visitors to ISR,
Calicut.

12 Training programmes organized at KVK, Records of all training programmes are
Peruvannamuzhi may be included in the total number being maintained at KVK and evaluation
of training programmes of ISR, Calicut. of the programmes will be carried out
(Action: P. Rajeev) under the institute project on “Training of

research and extension personnel’. The

training programmes conducted at KVK
would also be included in the compilation
of total programmes conducted at [ISR,

Calicut.

13 | Farmer to farmer spread of varieties released Case study method will be adepted based
from I1ISR need to be further studied. on sccondary data available where bulk
(Action: P. Rajeev) material of seeds has been supplied to

farmers in recent years and where there
is report or evidence of farmers partici-
pation in seed distribution. The seed village
concept to be implemented by KVK will
also be used to collect the necessary
information.

14 Work on investment and returns In rescarch may Since there is no economist in position at
be confirmed utilizing KVK staff (Consequent on 1ISR, Calicut, this aspect of study will be
the transfer of the PI) (Action: P. Rajeev) undertaken after an economist joins.

15 Antioxidant potential of curry leaf may be studied This program will be carried out in the

| at different maturity stages. (Action: A.Shamina) current year in the project: Studies on the
nutraceutical properties of bicactive
compounds in a few spices.

16 Collaboration with suitable institutes under ICMR This collaborative work will be taken up |
may be explored for validation of neutraceutical and as a separate project, preferably with
antifilarial potential of spice compounds. external funding.

{Action: A. Shamina)
17 Neutraceutical properties may be furnished when Nutraceutical propertes will be assayed

varietles are recommended for release.
{Action: A.Shanuna)

in released varicties.

e
2
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High quality planting materials and the improved
technologies developed at 1ISR need to reach
farmers through the State Department of Agriculture,
NHB and Spices Board who are in touch with the
farmers. KVK may take a lead in this in this regard.
(Action: Programme Coordinator, KVK)

Planting materials of spices are produced
under NHM and seed project and sold
through the farm/KVEK/ATIC. For others
such as fruits, flowers, etc. KVK
Revolving Fund is involved. KVK is
involved to develop seed villages to produce
certified seeds.

19

Information/data on varietal/technology spread need
to be collected. KVK staff may be utilized for the
study and compilation. (Action: P.Rajeev)

Estimates of varietal spread of black
pepper have been worked out based on
the secondary data on disteibution of
nuclear planting material from IISR,
Calicut. The work will be continued in
ginger and turmeric under the institute
project ‘A study on diffusion, adoption and
impact of varieties released from 1ISR and
scientific crop management practices’ in
association with AICRPS.

The Database on Spices may be linked with that of
TNAU (Dr. Anandaraja of TNAU) to get daily
updates of price of spices. (Action: P. Rajeev)

The KVK websijte will be hyper linked with
TNAU website to obtain daily updates of
price of spices.

21

For mechanization of farm operations, selection of
instruments/small equipment / designs available in the

internet may be exptored. {Action: E. Jayashree)

The suggestion will be considered along
with the list circulated by Head (Engin.)
HHR.

22

ldentification of varieties suited to the changing
climatic conditions need to be given importance.
Varieties and technologies to meet moisture stress
need to be developed. Breeding for drought tolerant
varieties should be given priority.

A new project on Evaluation of cardamom
genotypes for yield and quality atiributes
under moisture stress condition has been
initiated during 2010 [RC.

23

Effective collaboration with ICAR complex NEH
Region is needed for developing location-based
technologies. AICRP centers in this region may
also be involved.

Under AICRPS. new centres have been
sanctioned at ICAR Complex as well as
at CAU,

24

Production of nucleus planting materials needs further
emphasis. Programimes may be initiated for
muitiplication by certified nurseries, with the help

of State Agriculture Department/Spices Board.
(Action: Head, Crop Production)

Same as Point 18

i

Linkages with spice industries need to be
strengthened through continuous and persistent
efforts. Scientist-industry interface meeting may be

arranged to gert feedback on research requirement
from industry people.

This suggestion will be followed when next
interface with stake holders 1s held.

-«uﬁ’ .
" - ’
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LIST OF PROJECTS

[. 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. XX VI 813: Conservation and characterization of Piper germplasm (2008-2014) [K V Saji and R
Senthil Kumar]

Gen. XIX (813): Conservation, characterisation, evaluation and improvement of Zingiber and Curcuma
Spp (2007-2012) [K N Shiva and K V Saji]

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

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

Gen. XX V11 (813): Improvement of Chinese cassia (Cinnamomum cassia) by selection (2007-2010) [B
Krishnamoorthy and R Senthil Kumar]

Gen. X VI (813): Maintenance, enhancement and characterization of genetic vanability in vamlla (Vanilla
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]

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

1.

10.

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

Gen. XVIII (813): Breeding black pepper for Phvtophihora resistance (2007-2011) [K Nirnal Babu
and T E Sheeja]

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

Gen. XXII (813): Breeding bilack pepper for tolerance to drought (2007-2010) |T E Sheeja and K §
Knshnamurthy}

Gen. XXIII (813): Breeding black pepper tor developing resistance to Radepholues similis and its molecular
genetic analysis (2007-2010) [Jehnson K George and B Krishnamoorthy]

Gen. X (813): Breeding cardamom for high yield and disease resistance (2007-2012) [R Senthil Kumar
and M N Venugopal]

Gen. XV (813): Investigations on the reasons and solutions for the absence of seed set in ginger (Zingiber
officinale Rosc.) (2005-2010) [R Ramakrishnan Nair]

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 Phytophthora and drought in black
pepper (2006-2011) [K Nirmal Babu and T E Sheeja]

Gen, XXV (813): Genetics of seedling progenies of turmeric (Curcuma longa 1) (2007-2011) [R
Ramakrishnan Nair and K N Shiva]
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Mega Project IIl: System approach for sustainable production of spices [Project Leader: K
Kandiannan]

. S8C.1V (813): Nutrient budgeting for improved varicties of spices (2005-2010) [V Srinivasan, R Dinesh,
5 J Ankegowda and 5 Hamza)

=

Agr. XXVIII (813): Input use efficiency in turmeric 1n relation to quality (2007-2010) [K Kandiannan
and V Srinivasan]

3. S58C V(813): Swudies on allelopathy in tree species-black pepper interactions (2009-2013) [R Dinesh and
S Hamza)

Mega Project I'V: Production physiology of spice crops [Project Leader: B Chempakamyj

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

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

3. Biochem VI(813): Influence of bicchemical factors on curcuminoid levels in turmeric (2008-2011)[RB
Chempakam and A Shamina]

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

1. PHT. 111 {813): Studics on drying and storage parameters in black pepper, ginger, tarmeric and nutmeg
(2004-2009) {E Jayashree, T John Zachariah and K N Shiva]

2. PHT.1V (813): Evaluation for physical and biochemical quality of spices (2005-2010) | T John Zachariah,
K N Shiva and N K Leelal

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

Mega Project VI: Propagation studies in spice crops {Project Leader: C K Thankamani]

L. Hort. V (813): Rootstock intervention t¢ manage root infection of Phytophthora and nematodes in black
pepper (2006-09) [P A Mathew]

2. Hort. V1 (813): Induction of orthotropic shoots in plagiotropic grafts of nutmeg (2008-2011) [J Rema and
P A Mathew]

Mega Project XIII: Investigations on nutraceutical and pharmacokinetic aspects of spices [Project
Leader: A Shamina]

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

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

3. Biochem. V (813): Cloning of pal gene from turmeric (Curcuma longa 1..) (2008-2011) [A Shamina]
4. Org. Chem. 11l (813): Flavour profiling of Zingiberaceae spices (2008-2012) {N K Leela and 5 Hamzaj

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

1. Path. X1X (813): Development of diagnostics for viruses infecting small cardamom (Elettaria cardamomum
Maton) (2008 - 2012) [C N Biju and A Ishwara Bhat)
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Mega Project V111: Conventional and molecolar approaches for developing pest, pathogen and
nematode resistance in spice crops {Project Leader: R Suseela Bhai]

1. Ent. X111 (813): Screening of germplasm accessions ol spices and evaluation of antibiosis resistance to
major insect pests (2006-2011) [T K Jacob and S Devasahayam]

2. Path, XX {813): Screening of Piper germplasm accessions against Piper vetlow mottte 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 Phyvtophthora foot rot and sfow decline diseases of
black pepper (2008-2011) [R Suseela Bhai, Santhosh J Eapen. A Kumar and Rashid Pervez]

2. Org. Chem. i1 (813): Characterization of bioactive compounds with pesticide properties {2002-2010) [N
K Leela and Rashid Pervez|

3. Nema. IV (813} Role of pheny propanoids tn black pepper - burrowing nematode interactions (2008-
2011) [Santhosh I Eapen and A Shamina]

4. Path, XV (813): Isolation and evaluation of anfumicrobral compounds from bacterial endophytes against
major pathogens of spice crops (2008-2011) {Kumar and Santhosh | Eapen]

3. Ent. X1 (813): Bioecology and integrated management of shoot borer Conogethes puncriferalis Guen.
infesting turmeric (2005-2009) (S Devasahayam and 'I' K Jacob]

6. Path, XVI1 (813): Characterization, eptdermology 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}

1. Econ. TV (813): Assessing sustainability of cropping systems involving spices (2007-2010) [M § Madan,
A K Johny and K Jayarajan]

Mega Project X1: Extension and Training [Project Leader: P Rajeev]
l. Ext. IV(813) : Training of Research and Extension Personnel (2005-201(}) [P Rajeev]

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

Mega Project XII: Developing Customized Software and Expert-System on Spices [Project Leader:
S J Eapen, K Jayarajan]

1. Stat. T (813): Development of databases and sofiware (2004-2010) [K Jayarajanj
. Externally aided projects
i) Department of Biotechnology, New Delhi

1. DBT-CIB-3: Development of microsatellite markers and characterization of  Curcuma spp.
(2006-2010) [T E Sheeja]

2

DBT-CIB 4: Development of Microsattelite markers. Molecular characterization of small {Eleraria
cardamomum Maton) & large cardamom, (Amomum subulatum Roxb.), wdentify core collections and

developing data base of important genotypes (2009-2012} |K Nirmal Babu. R Senthil Kumar. T E Sheeja
and T R Usha Rani]

R
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3 DBRT-CP 4: Accredited Tesl Laboratory (ATL) under the national certification system for tissue culture
raised plants (NCS-TCP) (2008-2011)) [A Ishwara Bhat and K Nirmal Babu)

4, DBT-CP 3: Genetic transformation of black pepper (o confer resistance against viruses (2006-2010) [A
[shwara Bhat and R Suseela Bhai]

5. DBT-SS1: Distributed information sub-centre (2000-2012) [Santhosh J Eapen]
ii) Indian Council of Agricultural Research, New Delhi

1. ICAR-CP 4: Application of Microorganisms for Agriculture and Allied Sectors (AMAAS) : Nutrieat
management, PGPR and biocontrel (2006-2010) |M Anandaraj and R Dinesh, N K Leela and A Kurnar)

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

2

3. 1CAR Mega Seed Project: Seed production in agricultural crops and fisheries (2006-2012) {K Kandiannan
and P A Mathew]

4, Outreach Project on Phytophthora, Fusarium & Ralstonia Diseases of Horticultural and Field crops
(2008-2012) [M Anandaraj. K Nirmal Babu, A Kumar, R Suseela Bhai. Santhosh J Eapen and Jobnson K
George)

3. Qutreach Programme on Managemens of sucking pests in Horticultural Crops: (2009-2012) [TK Jacob

anu S Devasabiayam]

0. Outreach Programme on Diagnosis and Management of Leaf Spot Diseases in Field and Horticultural
Crops (2009-2012) [C N Biju and R Praveena]

iti)  Ministry of Environment and Forests, New Delhi

1. MOEF. 1 (813): Biodiversity in Piper and Garcinia and identification of spots of species richness m
Western Ghats (using GIS and molecular markers) (2006-2009) [P A Mathew, Utpala Parthasaratfy,
Johnsen K George and KV Saji]

iv)  National Horticultural Mission, New Delhi

L. NHM-CPPHT-1: Praduction of nucleus ptanting materials of improved varieties of spice crops (2005-
2010) [C K Thankamani, S Hamza and S J Ankegowda]

2, Collaborative project: Development of potting machine for spices nursery (2009-2010) |C K Thankamani
and M Muthamil Selvan)

V) National Agricultural Innovation Project, New Delhi

1. NATP-CPPHT-1: Studies on cryogenic grinding for retention of flavour and medicinal properties of some
important Indian spices (2009-2012) [T John Zachariah and N K Leela]

2. NAIP-SS-1: Multi-enterprise farming models to address the agrarian crisis of Wayanad district of Kerala”
Under Component-3: (Sustainable Rural Livelihood Security) of NAIP (2008 - 2012) [K. N Shiva]

3. NAIP SS-1I: Mobilizing Mass Media Support for Sharing Agro-Information (2009-2012) [M S Madan, P
Rajeev, T K Jacob]
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PERSONNEL

Headquarters

Scientific

Designation

1 Dr. V.A. Parthasarathy Director
2 Dr. M. Anandaraj Project coordinator (Spices)
3 Dr. B. Chempakam Head, Crop Production
4 Dr. S. Devasahayam Head, Crop Protection
5 Mr. B. Krishnamoorthy Principal Scientist (Plant Breeding)
6 Dr. K. Nirmal Babu Principal Scientist (Plant Breeding)
7 Dr. M.S. Madan Principal Scientist (Agri. Economics) - upto July 09
8 Dr. T. John Zachariah Principal Scientist (Biochemistry)
9 Dr. B. Sasikumar Principal Scientist (Plant Breeding) — on deputation
10 Dr. T.K. Jacob Principal Scientist (Entomelogy)
11 Dr. J. Rema Principal Scientist (Horticulture)
12 Dr. Johnson K. George Principal Scientist (Gen. & Cytogenetics)
13 Dr. C.K. Thankamani Principal Scientist (Agronomy)
14 Dr. R. Dinesh Principal Scientist (Soil Fert/Chem/Microbiol)
15 Dr. R. Ramakrishnan Nair Sr. Scientist (Gen. & Cytogenetics)
16 Dr. R. Suseela Bhai Sr. Scientist (Plant Pathology)
17 Dr. K. Kandiannan Sr. Scientist (Agronomy)
18 Dr. P. Rajeev Sr. Scientist (Agril. Extension)
19 Dr. K.S. Knshnamurthy Sr. Scientist (Plant Physiology)
20 Dr. Santhosh J. Eapen Sr. Scientist (Nematology)
21 Dr. N.K. Leela Sr. Scientist (Org. Chemistry)
22 Dr. A. Ishwara Bhat Sr. Scientist (Plant Pathology)
23 Dr. A. Kumar Sr. Scientist (Plant Pathology) — on deputation upto Feb 2010
24 Dr. V. Srinivasan Sr. Scientist (Soil Soil Fert/Chem/Microbiol)
25 Dr. A. Shamina Sr. Scientist (Bio chemistry-PS)
26 Dr. K. V. Saj Sr. Scientist (Economic Botany)
27 Dr. K.N. Shiva Sr. Scientist (Horticulture)
28 Dr. TE. Sheeja Sr. Scientist (Biotechnology)
29 Dr. D. Prasath Srt. Scientist (Horticulture) — on deputation from May 2009
30 Dr. Rashid Pervez Sr. Scientist (Nematology)

Fechnical Officers

l Dr. Johny A. Kallupurackal Technical Officer (T9)
2 Dr. Hamza Srambikkal Technical Officer (Lab) (T7-8)
3 Dr. Utpala Parthasarathy Technical Officer (T7-8)
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4 Mr. M.M. Augusthy Technical Officer (T6)

5 Mr. K. Jayarajan Technical Officer (Stat.) (T'5)

6 Mr. M. Vijayaraghavan Technical Officer (T'S) (Workshop)

7 Mr. K. T. Muhammed Technical Officer (T5) (Farm)

8 Mr. V. Sivaraman Technical Officer (T3) (Farm)

g Dr. C.K. Sushama Deyi Technical Officer (T5) (Lib.)

10 Ms. N. Prasannakumari Technical Officer {(T5) (Hindi Translator)

1] Mr. A. Sudhakaran Technical Officer (T5) (Artist-cum-Photographer)
Administration

1 Mr. V.L. Jacob Asst. Fin. & Accts. Officer

2 Mr. C.P. Padmanabhan Asst. Admn. Officer — wef July 09

3 Ms. P.V. Sali Private Secretary

4 Mr. K.G. Jegadeesan Asst. Fin, & Accts. Officer

IISR Experimental Farm, Peruvanamuzhi

Scientific
i Mr. PA. Mathew Principal Scientist (Horticulture)
2 Dr. E. Jayashree Scientist (Sr. Scale) (AS&PE)
Techmical (Mficers
1 Mr. V.K. Abocbacker Kova Farm Supdt. (T9)
2 Mr. N.A. Madhavan Technical Officer (T5) (Farm)
3 Mr. K. Kumaran Technical Officer (T5) (Farm)

Krishi Vigvan Kendra

Technical Officers

1 Mr. P.S. Manoj (T7y (Horticulture)

2 Dr. §. Shanmugavel (T7-8) (Veterinary Science)
3 Mr. K.M. Prakash (T7-8) (Agronomy)

4 Dr. B. Pradeep T6 (Fisheries)

5 Ms. A. Deepthi T6 (Home Science)

IISR Cardamom Research Centre, Appangala

Scientific
1 Dr. M. N. Venugopal Principal Scientist (Plant Pathology) — upto Oct 09
2 Dr. 5.J. Ankegowda Sr. Scientist (Plaat Physiology)
3 Dr. R. Senthil Kumar Sr. Scientist (Horticulture)
4 Dr. C.N. Biju Scientist (Plant Pathology)
5 Dr. TR. Usha Rani Scientist (Biotechnoelogy)
6 Dr. R. Praveena Sceintsit (Plant Pathology)
Administration
] Mr. V. Vijayan Asst. Admn. Officer
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WEATHER DATA - 2009

Cardamom Research Centre, Appangala, Madikeri.
Month Temperature (°C) Rainfall (mm) Rainy days (no.)
Maximum Minimum

January 242 12.2 0.0 0
February 309 15.4 0.0 0
March 310 17.4 80.2 6
April 30.8 20.1 49.9 3
May 30.6 19.7 72.5 9
June 25.5 18.7 228 .8 18
July 22.6 18.3 1589.3 28
Aungust 24.7 18.7 364.0 25
September 25.0 i8.5 288.8 17
QOctober 26.5 17.3 206.5 7
November 26.6 W78 89.6 10
December 264 16.9 39.2 2
Average/Total L 275 17.6 3008.8 125

IISR Experimental Farm, Peruvannamuzhi, Calicut.
Month Temperature (°C) Rainfall (mm) Rainy days (no.)
Maximum Minimum

January 341 19.5 0.0 0 '

February 34.2 19.7 0.0 0

March 34.8 22.7 112.0 5

April 34.6 23.6 119.6 9

May 329 23.9 398.4 14 |

June 29.9 23.2 680.8 19

July 26.6 22.4 1986.6 29

August | 285 227 | 5876 29

September 289 231 676.0 24

Cctober L6 22.6 421.6 [

November 31.9 | 22.6 301.2 12
ﬁeccmber 32.9 .2 136.6 | 6
| Average/Total 31.8 22.3 5420.4 158
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