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PREFACE

It is my distinct honour to present the Annual
Report of the ICAR Indian Institute of Spices
Research for the year 2023, marking yet another
milestone in our journey of innovation and
excellence. This year, amidst a backdrop of
global and national challenges, our institute has
delivered transformative achievements while
continuing to push boundaries and deliver
impactful outcomes.

As we reflect on the events of this past year, one
cannot overlook the release of our new black
pepper variety, /ISR Chandra. The release of this
high yielding variety not only represents a
significant advancement in spice cultivation but
also coincides with India's successful completion
of the Chandrayan mission, symbolizing our
nation's prowess in scientific fields. Furthermore,
the introduction of 'Tricholime,' an innovative
lime-based formulation of 7richoderma,
underscores our commitment to pioneering
sustainable and eco-friendly agricultural
solutions. Similarly, the release of 'TISR Amrit," a
mango ginger variety with a distinctive flavor
profile, exemplifies our dedication to enhancing
crop diversity and quality.

Under the umbrella of the one ICAR policy, our
institute has embraced new research initiatives
and expanded its horizons, catalyzing innovation
across various fronts. The identification and
characterization of Metarhizium indicum, a new
species of entomopathogenic fungus, exemplify
our ongoing efforts to harness nature's diversity
for pest management solutions.

In alignment with the spirit of progress and
inclusivity, we have designed specialized
programs to empower women entrepreneurs. The
establishment of Incubation facility for Women
Entrepreneurship and Development
(IMPOWER) is a progressive step in this
direction. As a team, we are delighted that these
initiatives happened in the year when Indian
Parliament passed the historic Women's

Kozhikode,
31 January 2024

Reservation Bill-2023, Nari Shakti Vandan
Adhiniyam.

As we embrace the International Year of Millets,
our Institute remains at the forefront of
innovation, synthesizing the nutritional benefits
of millets with the aromatic richness of spices to
develop novel products that cater to evolving
consumer preferences. Furthermore, the
establishment new facilities like Zebrafish animal
facility, Bioinformatics and Integrative
Genomics (BIG) unit, Kisan Seva Kendra etc.
signifies our commitment to exploring and
unlocking new avenues for research, discovery
and enterprise.

Moreover, our Institute's dedication to
stakeholder engagement is reflected in
customized training solutions offered to rural
youth, start-ups, and priority sector beneficiaries,
including tribal and SC farmers. Our focus on the
NEH region persisted, with numerous training
programs and input distribution activities across
seven NEH states.

In closing, I extend my sincere gratitude to Dr.
Himanshu Pathak, Director General of ICAR and
Secretary DARE, for his steadfast support and
guidance. I also express my appreciation to Dr. A
K Singh, former Deputy Director General
(Horticultural Sciences), and Dr. S K Singh,
Deputy Director General (Horticultural
Sciences), for their invaluable contributions.
Special thanks are extended to Dr. Vikramaditya
Pandey, former Assistant Director General (Hort
IT) and Dr. Sudhakar Pandey, ADG
(Flower/Veg./Spices/Med.Plants)for their
valuable guidance.

Special thanks are extended to the editors for their
diligence in compiling this report, which serves
as a testament to our Institute's commitment to
excellence and innovation.

With determination and optimism, we look
forward to another year of impactful research and
transformative achievements.

-

Dinesh
Director
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EXECUTIVE SUMMARY

BLACKPEPPER

Three thousand five hundred and eleven
accessions are being maintained at the
Experimental Farm, Peruvannamuzhi,
Kozhikode, Kerala. At the alternative
germplasm site at CHES, Chettalli,
Karnataka, 542 germplasm accessions are
being maintained.

Sixteen accessions of various Piper spp.,
including Piper nigrum, P. hapnium, P.
galeatum, P. barberi (IUCN-listed
endangered species), P. mullesua, P.
velaudhanii, P. hookeri, P. hymenophyllum
and P. argyrophyllum, were added to the
collection.

Hybridization was carried out between five
varietal cross combinations viz., Thevam %
Shakthi, Thevam x PLD-2, Thevam X
Sreekara, Thevam x Panniyurl and Panniyur-
1 x Thevam and a total of 107 hybrid seeds
were successfully germinated.

An early maturing hybrid variety with high
fruit set and long spikes was developed and
released as IISR-Chandra. Nonexclusive
licence agreements were signed with five
nurseries in Kerala and two from Karnataka
for commercial production.

Average Yield Relative Environment
Maximum (YREM) and Best Linear
Unbiased Predictor (BLUP) were observed as
the most effective measures for evaluating
cultivar performance. Genotypes with YREM
values <0.41 and BLUP values < 1.50kg/ vine
can be considered as inferior, while those with
YREM values > 0.66 and BLUP values > 2.9
kg/ vine can be considered as superior .

A total of 41 Heat Shock Transcription

Factors (HSFs) family genes were identified
in the P. nigrum genome and these genes were
unevenly distributed on 19 chromosomes.
Detailed annotation using the HEATSTER
indicated that 19 belong to HsfA class, 21
belong to HsfB class, and one belongs to HsfC
class.

The fertigation trials (2015-2023) indicated
that providing drip irrigation @ 8 L per plant
and application of 50 % of recommended dose
of fertilizer (N:P:K 140:55:270 g /plant) in 24
splits (May, June, Sep, Oct, Feb, March)
recorded maximum yield with a BC ratio of
2.59.

Cross-infectivity analysis of Phytophthora
isolates showed the Phytophthora isolates
that infect nutmeg, tomato, chilli, pumpkin,
cucumber, and a few of the isolates were
found to infect cardamom.

Mating type analysis of eight P. capsici
isolates viz., 98-81, 01-04, 02-20, 05-06, 06-
12,07-03 18-12, 20-05 and eight P. tropicalis
isolates viz., 97-55, 98-93, 03-07, 06-17, 09-
01, 11-29, 13-23 and 13-53 with A1 (ATCC
2338) and A2 (ATCC 4034) reference isolates
indicated that the isolates belong to the Al
mating type.

Sensitivity of P. capsici (05-06) and P.
tropicalis (98-93) isolates towards new
molecule fungicides showed that
fluopicolide-fosetyl-Al and copper sulphate
pentahydrate completely inhibited the
mycelial growth at 0.3% and 0.5%,
respectively.

A recombinase polymerase amplification-
lateral flow assay (RPA-LFA) protocol for the
detection of Phytophthora spp. and Pythium

Annual Report2023 |11



iifr
spp. was developed.

Differential expression of effector genes
during P. capsici infection showed that few R
x LR effector genes were up - regulated at the
early stage of infection.

The structure of two highly up-regulated R x
LR effectors (R x LR29 and R x LR132) was
predicted and protein-protein docking was
performed with the DRB4 gene of
Arabidopsis and CMPG1 gene of Solanum
lycopersicum, respectively.

Duplex recombinase polymerase
amplification-lateral flow assay (RPA-LFA)
for detection of PYMoV and cucumber
mosaic virus (CMV) was developed. The
detection limit of RT-RPA-LFA was 10
dilution and the assay will be useful to identify
virus-free mother plants.

Pre-and post-monsoon application of
fluopyram @ 0.5ml/L reduced nematode
population by 95% compared to single
application.

Screening of new generation low-risk
insecticides against pollu beetle (Lanka
ramakrishnai) indicated that chlor-
antraniliprole @ 0.3 ml/L was found to be
effective in managing the pest.

Evaluation of low-risk insecticides against
root mealy bug Planococcus lilacinus under
field conditions indicated that application of
clothianidin 50 WDG @ 1g/L reduced
maximum number of mealy bugs on the 20"
day after drenching (83.4%) followed by
spiroteramat 15.31 OD @ 1 mL/L (74.8%).

CARDAMOM

Six hundred twenty-eight accessions are
being maintained in the National Active
Germplasm Site (NAGS) of IISR, Regional
Station, Appangala.
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Hybrid progenies were developed by
hybridization between four female parents
(Appangala-1, IISR Avinash, Njallani green
gold and IC 584058) and four male parents
(IC 349606, IC 547167, IC 349364 and IC
349358).

CVT on farmer's varieties viz., Arjun, Wonder
Cardamom, Panikulangara green bold no.1,
Thiruthali, Elarajan, Pachaikkai, Pappalu,
Njallani green gold, PNS Gopinath for three
years revealed that Panikulangara Green Bold
No. 1 (301.65 kg/ha) had the highest yield
followed by Thiruthali (273.86 kg/ha).

Multilocation trial with five leaf blight
tolerant genotypes viz., IC 349650, IC
547222, 1C 547156, IC 349649, 1C 349648
along with resistant checks, Appangala 1,
Njallani Green Gold and susceptible check,
IISR Vijetha showed that the disease
incidence (%) ranged from 11.66 to 23.33,
with maximum incidence recorded in IISR
Vijetha.

Cardamom germplasm line IC 584058
(INGR23102) with compact flowering
genotype, bold capsules (80% of the capsules
are >7mm), moisture tolerance has been
registered by Plant Germplasm Registration
Committee (PGRC) of ICAR.

Metallised polyester package was found to be
the best packaging material for cardamom and
black pepper flavored millet cookies with a
shelflife of 120 days.

An assay based on reverse transcription-
recombinase polymerase amplification
combined with lateral flow assay (RT-RPA-
LFA) was optimized for the specific, and
sensitive detection of cardamom mosaic virus
(CdMV) using crude extract from the plants.

Dose-response studies of arbuscular
mycorrhizal fungi (AMF) (Rhizophagus
irregularis) showed enhanced plant growth
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and nutrient uptake.

GINGER

Six hundred and sixty-eight accessions are
being maintained in the field gene bank.

Genetic fidelity of in vitro induced micro
rhizomes screened using SSR and ISSR
markers revealed monomorphic nature and
true-to-type status of micro rhizome derived
plants under in vitro as well as in field
conditions.

Differential transcriptome analysis of
Ralstonia infected and uninfected samples
was performed and 446 transcripts were
differentially expressed. Functional
annotation of DE genes using homology
relationship identified 227 annotated
transcripts.

Application of nano urea as foliar spray @ 0.4
% combined with 50 % N as RDF increased
the yield and use efficiency of applied N. Nano
urea as foliar spray combined with 50 % N as
soil application resulted in 33.0 % and 66.9 %
increase in fresh rhizome yield over RDF (100
% N) in 0.2 % and 0.4 % of nano urea
treatments, respectively.

Lac resin-based coating for fresh rhizome to
enhance the shelf life, coupled with
sterilization using sodium hypochlorite
revealed that the fresh rhizomes can be stored
at 20°C up to four months with market
acceptable traits.

The operating conditions for the production
of spray dried ginger-lime juice powder were
optimized using response surface
methodology.

Ralstonia pseudosolanacearum formed
microcolonies or co-aggregates 2 h post
incubation and biofilm formation was noticed
3 hafter incubation on the rhizome scales.

Bacterial endophytes from wild relatives of

ginger, Bacillus amyloliquifaciens, B.
velenzensis, Pantoea hercicii, Priestia
megaterium, Pseudacidovorax intermedius
against Pythium myriotylum and P. deliense
were isolated.

Developed a linear regression model for leaf
spot for high altitude and high rainfall regions
of Kodagu. Correlation analysis revealed a
positive correlation between PDI and rainfall,
rainy days, and a negative correlation with
temperature.

Out of 19 cultivars and germplasm accessions
screened for resistance against root-knot
nematode, Meloidogyne incognita, cultivars
Jamaica and Queensland and accessions 17,
578,891, and 9073 were found to be resistant.

Integrated Pest Management (IPM) package
for the management of C.punctiferalis
infesting ginger and turmeric indicated that
application of insecticides (chlorantranili-
prole, spinosad and lambda cyhalothrin) and a
neem product in combination with a liquid
formulation of Metarhizium pingshaense
were effective in controlling the pest .

MANGO GINGER

Based on the three-year coordinated varietal
trial (CVT) on mango ginger, Acc. 347
recorded the highest average yield of 31 t/ha
and a potential yield 0f45.75 t/ha was released
as IISR Amrit. This genotype is characterized
by a light-yellow core, desirable flavor with
myrcene (55.54%) and B3 pinene (14.53%) and
with essential oil content 0f 0.32%.

TURMERIC

1404 Curcuma spp. germplasm accessions
are being maintained at ICAR-IISR,
Kozhikode.
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CVT on high yield and high curcumin
indicated that CL 272 (23 t/ha) and the two
check varieties (IISR Pragati, I[ISR Prathibha)
recorded higher yield.

CVT on light yellow colour turmeric for
speciality market indicated that Acc 849 had
the highest yield of 36.17 t/ha followed by
Acc. 1545 (31.17 t/ha).

Flow Cytometry ploidy study of 92 turmeric
genotypes indicated that 83 were triploids and
nine were tetraploids.

Thirteen accessions of Salem Local (Erode
and Salem district of Tamil Nadu) and seven
accessions of Mydukkur (Andhra Pradesh)
were evaluated for extra-long and bold
turmeric lines and the accession SL5 recorded
maximum yield followed by SL3.

Response of genotypes for yield and quality
under different production systems showed
that greenhouse conditions were the best for
fresh yield and recovery of cured turmeric in
the order of IISR Pragati>Rajendra
Sonali>NDH 8>CO-3.

Categorization of genotypes based on
reaction towards leaf blotch (Taphrina
maculans) indicated that 31 seedling
progenies were resistant to the disease.

Site suitability analysis in Kerala for 2050
under various SSP scenarios showed that 28
% of area were highly suitable; 41% of area
were moderately suitable and 11 % were not
suitable for turmeric cultivation.

Eleven varieties of turmeric were tested under
five treatments viz., organic 100%, organic
75%, INM (75% organic + 25% chemical),
INM (50% organic + 50% chemical) and
100% chemical. Highest yield was recorded
in Pragati, (40 t/ha) followed by Suguna and
Sudharsana under INM (50% organic + 50%
chemical). Under 100% organic management
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also var. IISR Pragati yielded highest fresh
rhizomes (29.1 t/ha) followed by Suguna (26
t/ha)

The farming system model consisting of
organic cultivation of crops such as coconut
(65 cents), fodder (15 cents), turmeric (10
cents), tapioca, banana, vegetable cow pea
(2.5 cents each) with livestock (2 HF cows
and calves) yielded a net income of Rs 1.89
lakhs per acre per year and the model was
found to be economically viable. Cost of
cultivation for the model plot was Rs 2.57
lakhs per acre.

Natural farming package including seed
treatments with Beejamrit, and application
(soil drenching) of Jeevamrit &
Ghanajeevamrit at monthly intervals till 120
DAP, intercropping with cowpea and residue
mulching recorded maximum content of
curcumin (5.3 %) and essential 0il (4.6 %).

Chemo-profiling of essential oils of Curcuma
species showed that rhizome oil of C. amada
was mainly constituted by myrcene (63 %)
and B-pinene (8.6 %) whereas curzerenone
(17.5 %), germacrone (13.9 %) furanodienone
(13 %) and furanodiene (7 %) dominated in
the leafoil.

C. aromatica rhizome oil was dominated by
camphor (18.5 %), curdione (11.4 %),
furanogermenone (7.5 %), 1, 8-cineole (8.6
%) and isoborneol (6.7 %), whereas its leaf oil
was mainly constituted by 1,8-cineole (16%),
camphor (11.0%) curdione (11.9%) and
furanogermenone (6.2%).

Studies on antioxidant potential of C. caesia
revealed that eugenol, a minor component of
the essential oil, possessed promising
antioxidant potential with IC,, value of 140
ug/mL.

Encapsulation of turmeric extract using ionic
gelation showed that highest release of
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curcumin was observed in the sample
prepared with 0.5 % chitosan five hours after
incubation.

A non-chemical methodology for identifying
adulteration in spice essential oils using
optical properties was developed.

The nematode population dynamics study
revealed that the highest population of
Pratylenchus spp.was during November,
while no population was recorded in the
months of February to May.

An interaction study between Pratylenchus
spp and Pythium spp showed that
simultaneous inoculation of nematode and
Pythium resulted in the highest percentage of
rhizome rot (80%) and yellowing of leaves
(90%).

Studies on the influence of plant phenology
and time of planting on the occurrence of
shoot borer (Conogethes punctiferalis)
recorded that in early planted crop (May), the
incidence of the pest was first observed in the
third week of July and the infestation reached
its peak during last week of September. In the
case of normal planting (June), the incidence
of the pest was first noticed during the third
week of July and the peak infestation was
noticed during last week of October.

VANILLA

A total of 77 accessions (65 Vanilla planifolia
and 12 Vanilla sp.) are being conserved.

Twenty-two genotypes of Vanilla accessions
(11), Andaman collection (2), Wayanad
collection (2) and other Vanilla spp. (7) were
characterised using 11 SSR markers. Low
similarity was observed between V. tahitensis
and three genotypes (Acc. 4795, Wayanad
collection 2 and V. wightiana) and between
Vanilla sp. and three genotypes (Acc. 4795,

Wayanad collection 2 and V. wightiana).

In vitro seed germination of 150 day old
beans in different media compositions
showed protocorm like bodies (PLBs) in the
cultures with BM" orchid medium+ 2,4-D (2
mg L ). BM" orchid medium supplemented
with growth regulators like BAP (1 mg L") +
NAA (0.5 mg L") under dark conditions
regenerated into more shoots, whereas the
same media without any growth regulators
maintained under light regenerated into more
roots.

TREE SPICES
NUTMEG

A wild dominant species of Myristica
swamps, M. magnifica was collected. The
species is characterised by stilt roots which
emerge from the base of the main trunk and
bend downwards to support the tree.

F1 Hybrids were produced in five cross
combinations viz, Keralashree x Konkan
Sanyukta, Keralashree x Acc 590,
Keralashree xAcc 562, Viswashreex Acc 590,
Viswashree xAcc 562.

Studies on the effect of microwave pre-
treatments on drying of mace showed that
microwave at optimal power of 320 W was
found to have better retention of essential oil,
oleoresin and colour of dried mace.

A eugenol infused membrane for packaging
chilli and nutmeg was developed and
evaluated.

CINNAMON

Eight accessions comprising of C. verum C.
riparium, C. malabatrum and three
unidentified species were collected and
maintained.
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CLOVE

* Two accessions including a high yielding and
regular bearer and a pink flowered variant
were collected and maintained from farmer's
plotin Kannur district.

» Studies on mechanical drying of clove
indicated that a temperature of 55°C was
optimum for drying with maximum essential
oil and oleoresin content of 11.2 and 16.9 %,
respectively.

* Plant-hormone based formulation for
chemically induced harvesting was
developed. The cost of harvesting using this
method is around Rs.65/kg on dry weight
basis.

GARCINIA

* Four accessions of Garcinia namely G.
morella, G. wightii and G. gummi-gutta were
collected and maintained.

ALLSPICE

+ SEM studies on anti-bacterial activity of
Pimenta racemosa essential oil against R.
pseudosolanacearum showed structural
alterations of cell membrane, breakage of
cells, indentation of cellular membrane and
blubbing on bacterial surfaces as compared to
control samples.

GENERAL

* Development of packaging film for foods
indicated that film prepared with 2% corn
starch and plasticizer level of 1:2 was best in
terms of a maximum tensile strength and
minimum water vapor permeability.

* A granular lime-based Trichoderma
formulation named 'Tricholime' was
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developed and a process patent was filed after
trials under greenhouse and field conditions.

Consortia of Raoultella terrigena, B.
safensis, Acinetobacter sp. and B.
amyloliquefaciens were evaluated on
turmeric plants under field conditions.

Among the six temperature-tolerant
Trichoderma isolates, the isolate 7.
harzianum (IISR APT2) recorded highest
production of hydrolytic enzymes viz.,
protease (578.12 pg/mL™"), glucanase
(1325.61 pg/mL") and chitinase (1325.61
pg/mL™").

HPLC and LCMS analysis of culture extracts
indicated that three isolates of APT2 (T
harzianum), KA1S5 (T. lixii) and
NAIMCCO0049 (T. asperellum) produced
peptaibol. LC-MS analysis recorded
maximum alamethicin concentration (14.84
ppb) for the isolate, IISR APT2 (T.
harzianum).

Combined application of B. safensis with
different levels of ZnSO, significantly
increased the number of tillers, shoot length,
number of leaves, dry root weight, and shoot
weight compared to the application of 100%
ZnS0O, and absolute control.

Compatibility studies of insecticides with M.

pingshaense indicated that, flubendiamide,
imidacloprid, spinosad and chlorantranili-
prole were found to be compatible, whereas
quinalphos, malathion, lambda cyhalothrin
and neem oil inhibited the growth of the
fungus.

Among the fungicides tested, tebuconazole,
metalaxyl, and copper hydroxide were found
to inhibit the growth of M. pingshaense,
whereas mancozeb and copper oxychloride
were found to be less harmful to the growth
and development of the fungus.
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A new species of entomopathogenic fungus,
Metarhizium indicum which derives its
species name after its Indian origin was found
to induce epizootics in garcinia leathopper,
Busoniomimus manjunathi. The new species
was characterized based on its distinct
morphological features and multi-gene
analyses.

A zebrafish animal facility was established to
undertake research on pharmacological
properties of extracts and compounds isolated
from spices.

Twenty one example varieties of black pepper
are being conserved at Kozhikode and CHES,
Chettalli. Fifteen cardamom example
varieties are being maintained at Regional
Station, Appangala. Twenty-three example
varieties of ginger and 35 of turmeric are
being maintained and multiplied.

A Shiny based module of Data Analysis and
Visualization Toolkit for performing PCA and
correlation profiles of samples for meta-
analysis was developed.

The Kisan Seva Kendra- Bio Input Resource
Centre facility was established for the sale of
farm bio inputs of various ICAR institutes as a
facilitation service for farmers to access high
end input technologies from ICAR system.

During the year, the ITMU issued 16 licenses
for various technologies and four licenses
agreements for utilizing the spice processing
facility at the institute.

The institute organized 52 training
programmes of various duration for its
stakeholder communities. The training
programmes focussed on transferring high
end skills and entrepreneurship support to
women, rural youth and primary producers.

Socially and geographically vulnerable
groups were supported with 27 training
programmes focusing exclusively on tribal
and scheduled caste beneficiaries and primary
producer stakeholders in NEH region.

The choice limitations in plant protection,
slow pace of varietal replacement, lack of
effective technology dissemination of GAP
and organic management strategies and
absence of MRL values for spice crops were
identified as some of the key research-policy
gaps in the spices sector.

A study on the asafoetida sector in the country
was undertaken with focus on the processing
sector, crop introduction, policy environment
and trade related issues to identify the
constraints in asafoetida economy and to
develop effective policy inputs.
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INTRODUCTION

History

Intensive research on spices in the country was
initiated with the establishment of a Regional
Station of Central Plantation Crops Research
Institute (CPCRI) at Kozhikode, Kerala, during
1975, by the Indian Council of Agricultural
Research (ICAR). This Regional Station was
upgraded as National Research Centre for Spices
(NRCS) 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.

Location

The laboratories and administrative offices of the
institute are located at Chelavoor (50 m above
MSL), 11 km from Kozhikode (Calicut),
Kozhikode District, Kerala, on the Kozhikode -
Kollegal road (NH 766), in an area of 14.3 ha. The
research farm is located 51 km North East of
Kozhikode at Peruvannamuzhi (60 m above
MSL), on the Peruvannamuzhi-Poozhithode road
in Kozhikode District, in an area 0of 94.08 ha. The
Regional Station (920 m above MSL) is located at
Appangala, Kodagu District, Karnataka, on the
Madikeri-Bhagamandala road, 8 km from
Madikeri, in an area of 17.4 ha.

Mandate

The mandate of the institute was revised with
effect from 16 May 2016 during the 87" Annual
General Meeting of the ICAR Society held on 04
February 2016 (DARE vide Letter F.No.
13(102)/2015-Cdn.Tech. dated 20 May 2016)

e Basic, applied and strategic research on
genetic resource management, crop
improvement, crop production and protection
technologies for enhanced production of safe
spices.

I (8 | Annual Report2023

e Transfer of technology, capacity building and
impact assessment of technologies.

e Coordinate research and validation of
technologies under AICRP on Spices.

The spice crops on which research is being
conducted at the institute include black pepper
(Piper nigrum Linn.), cardamom (Elettaria
cardamomum Maton), ginger (Zingiber officinale
Rosc.), turmeric (Curcuma longa Linn.),
cinnamon (Cinnamomum verum J. Presl.), cassia
(C. cassia Nees ex Blume), clove (Syzygium
aromaticum (L.) Merrill & Perry), nutmeg
(Myristica fragrans Houtt.), allspice (Pimenta
dioica (L.) Merrill & Perry), Garcinia (Garcinia
gummi-gutta (L.) N. Robson) and G. indica
Choisy) and vanilla (Vanilla planifolia Jacks. ex
Andrews).

Organization

The Director is the administrative head of the
institute. The Institute Management Committee,
Research Advisory Committee and Institute
Research Council assist the Director in matters
relating to management and research activities of
the institute. Research on various aspects of the
mandate crops is conducted in three divisions,
namely, Division of Crop Improvement and
Biotechnology, Division of Crop Production and
Post Harvest Technology and Division of Crop
Protection and a Social Sciences Section. The
other facilities available at the institute include
Agricultural Technology Information Centre,
Agricultural Knowledge Management Unit,
Bioinformatics Centre and Krishi Vigyan Kendra.
The institute also functions as the headquarters
for the All India Coordinated Research Project on
Spices (AICRPS). The institute has also linkages
with several universities, research institutes, and
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developmental agencies for collaborative

research and developmental activities in spices. Staff

The institute has a sanctioned strength of 47
Budget scientific, 35 technical, 31 administrative and
The total budget of the institute was Rs.2240.07 31 supporting staff, of which 37, 24, 14 and 4
lakhs during the year. The institute earned of scientific, administrative, technical and
revenue through sale of planting materials, supporting staff, respectively are in position.
biocontrol agents, trainings, publications and The KVK has a sanctioned strength of 1
consultancy services etc. scientific, 11 technical, 2 administrative and 2

supporting staff.

Staff position of the Institute

Category Sanctioned Position Total Vacant
Kozhikode Peruvannamuzhi Appangala

Scientist 47 28 02 06 37 10

Technical 35 14 07 03 24 11

Administration 31 12 01 01 14 17

Supporting 31 01 01 02 04 27

Total 144 56 11 12 79 65

Staff position of KVK, Peruvannamuzhi

Category Sanctioned Position Total Vacant
Scientist 01 - 01 - 01 -
Technical 11 - 08 - 08 03
Administration 02 - - - - 02
Supporting 02 - 01 - 01 01
Total 16 - 10 - 10 06
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PAST ACHIEVEMENTS

Black pepper

About 3466 germplasm accessions are presently
being maintained at ICAR-IISR, Chelavoor;
Experimental Farm, Peruvannamuzhi as well as
in alternate sites (Appangala and Chettalli of
Karnataka). So far, the Institute has released nine
improved varieties such as Sreekara, Subhakara,
Panchami, Pournami, PLD-2, IISR Thevam, IISR
Girimunda, ISR Malabar Excel and IISR
Shakthi. Three unique accessions, INGR 8099-
Piper thomsonii (IC 398863) -for its character for
sex change and INGR 8100 - P nigrum (IC
563950) - anovel spike variant with proliferating
spikes, and 1C-0619910, known for its spike
length were registered with NBPGR, New Delhi.

cDNA library of Piper nigrum leaf, stem and
fourstages of berry (2MAP, 4AMAP, 6MAP and
8MAP) were constructed for the evaluation of
candidate genes and for combined co expression
analysis. The BAHD-AT gene from Chromosome
six showed a relative expression correlating with
piperine content. Microsatellites developed in the
past for Piper species were successfully used to
detect polymorphism in black pepper cultivars.
Additionally, six polymorphic ISSR primers for
fingerprinting varieties of black pepper were also
identified. Assembly and functional annotation of
sequences derived from the transcriptome of P,
colubrinum and P. nigrum helped in the
identification of many genes involved in defense
and secondary metabolism.

Seedlings of P. colubrinum on screening for
Phytophthora capsici showed segregation of the
resistance character. Putative transgenic black
pepper plants with osmotin gene conferring
resistance to drought and P. capsici have been
developed. In vitro and in vivo propagation
methods were standardized. Eighteen black
pepper genotypes consisting of varieties /hybrid
sand land races/farmers selection characterized
based on traits like spike length, number of
mature berries/spikes, dry seed weight, fresh seed
weight and berry weight showed high positive

correlation with spike weight. Grouping of
genotypes based on Scott-Knott test revealed
Panniyur-1 and Nedumchola as contrasting
genotypes for maximum number of traits.

The adoption of site-specific soil fertility
management helped in increasing the
productivity of black pepper besides enhancing
soil quality. Soils from all Panchayats of Kerala
state have been analyzed for their physico-
chemical properties and nutrient advisory cards
have been generated and distributed to
farmers. Mathematical models for optimum
climatic factors for high production of black
pepper have been developed. Antitranspirants
such as Kaolin 2.0%,Kaolin 2.0% + 0.5 % MOP,
lime 1.5% and lime 1.5% + 0.5% MOP were
tested for imparting drought tolerance in black
pepper. Spraying lime 1.5% showed higher
photosynthetic rate with lower leaf temperature.

Targeted yield equations for predicting nutrient
requirements for fixed yield targets in soils with
varying fertility levels were standardized.
Irrigating pepper vines once in a fortnight from
March to May months at the rate of 50
L/vineenhanced yield substantially. Drip
fertigation schedules for three black pepper
varieties, IISR Thevam, Girimunda and Shakthi
have been standardized. Quality analysis of black
pepper genotypes indicated that the total alkaloid
content (mg/g) ranged from 16.7(Panniyur
4) to 35.7 (Subhakara). Oleoresin was negatively
correlated with bulk density but positively
correlated with essential oil content and piperine
content. Organic production technology and GAP
for black pepper have been developed and
standardized. Cost effective method for
production of disease-free rooted cuttings was
developed. Novel soil pH based micronutrient
mixture for enhancing growth, yield and quality
of black pepper has been developed and licensed.
Package for enhancing sustain ability of black
pepper in coconut based cropping system through
site specific nutrient management was also
standardized. Major pests, pathogens, viruses and
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their insect vectors and nematodes affecting
pepper were characterized and documented.
Morphological and molecular characterization of
black pepper isolates of Phytophthora further
revealed that isolates shared the characters of
both P.capsici and P. tropicalis. RNA virus,
Cucumber mosaic virus (CMV) and a DNA virus,
Piper yellow mottle virus (PYMoV) were found
to be associated with stunted disease of
blackpepper. A method for simultaneous isolation
of RNA and DNA from infected black
pepperplants and multiplex PCR for
simultaneous detection of CMV, PDV-1, PDV-2
and PYMoV in a single reaction was
standardized. SYBR green based real-time PCR
was developed for detection of PYMoV and
CMV in black pepper. Integrated strategies
involving cultural methods, biocontrol agents,
plant products and resistant varieties were
developed for the management of pests and
diseases including nematodes.

The application of fluopyram twice a year (pre-
and post-monsoon) was found to be most
effective against burrowing nematode
(Radopholus similis) under field conditions in
reducing the nematode population. Species-
specific primers were developed for detection of
R. similis in soil and plant samples. Black pepper
accessions, HP-39 and Acc. 1090 were found to
be resistant to nematodes besides being rich in
caryophyllene. Basal application of Trichoderma
harzianum and aerial spray with 1% Bordeaux
mixture were found effective in controlling
anthracnose disease. Finger printing data was
generated for biocontrol agents, Trichoderma
asperellum (NAIMCC-SF-0049) and Pochonia
chlamydosporia (NAIMCC-SF-0048) and these
organisms were deposited in NAIMCC, NBAIM,
Mau under safe deposit. Large scale
multiplication of biocontrol agents such as T
asperellum, P. chlamydosporia and
PGPR was also undertaken for distribution to
farmers. A PGPR consortium (Micrococcus
luteus +Enterobacter aerogenes + Micrococcus
sp) for enhanced growth promotion and disease
management in black pepper has been developed
and licensed for large scale production. A novel
method for targeted delivery of beneficial
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microorganisms by encapsulation(biocapsules)
was developed and licensed to two companies for
mass production.

An integrated pest management schedule for
management of root mealy bug has been
developed. Metalaxyl-MZ sensitivity of 81
Phytophthora isolates was tested and the
EC50and EC90 values ranged from 0.0002 to
14.4 ppm and 1.1 to 68.5 ppm, respectively. 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 products
like white pepper were standardized.

Genetic diversity of Phytophthora isolates from
black pepper was studied by SSR profiling and
ITS sequencing with the universal primers ITS 6
and ITS 4. A native isolate of P. capsici (98-93)
infecting black pepper was completely sequenced
using next generation sequencing platform. A
new database, Phytophthora Genome Database
(http://220.227.138.212/genomedb/) based on
Phytophthora whole genome sequencing and
annotation was developed. PhytoWeb, a
comprehensive portal on Phytophthora diseases
of horticultural crops in India was developed.
Phytolib, an electronic database of research
publications on phytophthora and database on
Radopholus genus RADOBASE were developed
and launched. A multiplex PCR assay has been
developed for simultaneous detection of
Phytophthora, Pythium and Fusarium. Climate
analogues sites were identified for cultivation of
pepper in newer areas to reduce climate change
effects on production. The Carbon Equivalence
(CE) from the shade trees commonly used as
black pepper standards, Ailanthus spp. showed
the highest C sequestration potential with 2.98 kg
C per year (equivalent to 10.94 kg CO,
sequestration per year) followed by Glyricidia
spp. with a potential of 1.9 kg C per year (6.99 kg
CO, sequestration per year).The level of adoption
studies of recommended technologies indicated
that the adoption level for aerial spraying of
Bordeaux mixture for the control of fungal
diseases was 57.14% and for application of



Three times winner of Sardar Patel Outstanding ICAR Institution Award ————

biocontrol agents was 64.2%. The adoption level
for application of soil fungicides, fertilisers
and pesticides were very low at 21.14%, 7.7% and
7.6 % respectively. A video on “Augmenting
Black Pepper Production — A Success Story”
(Malayalam, English, and Hindi) was produced.
A facility for DNA fingerprinting and barcoding
was established for undertaking fingerprinting
services to facilitate varietal release from
AICRPS centres. 31 varieties of spices have been
fingerprinted and their uniqueness was
established for the new varieties in comparison
with its closely related/resembling varieties.

Cardamom

Germplasm collections are being maintained at
the National Active Germplasm Site at ISR
Regional Station, Appangala, Karnataka and IC
numbers have been obtained for all the available
622 accessions. Four germplasm accessions with
unique characters have been registered with
NBPGR, New Delhi. Improved varieties such as
Appangala-1, IISR Vijetha, IISR Avinash and
Appangala-2 (hybrid) have been developed,
which has immensely contributed in increasing
the productivity of cardamom. Eight genotypes
were evaluated under both irrigation and
moisture stress conditions and the genotype
I1C349537, which out performed the other
accessions was recommended for release as IISR
Manushree.

Molecular profiles were developed for 100
accessions of small cardamom germplasm using
25 ISSR markers for studying the genetic
diversity. Molecular profiling of Indian
cardamom revealed the existence of two
genetically distinct clusters such as “Kerala
cluster” and“Karnataka cluster' among
the germplasm collections. Characterization of
export grade cardamoms from India, Sri Lanka
and Guatemala based on physical, biochemical
parameters and molecular techniques revealed
the superiority of Indian produce. GC-MS study
confirmed superiority of Indian cardamom over
Guatemalan and Sri Lankan cardamom. High
production technology has been standardized.

Drip irrigation and sprinkler irrigation once in12
days significantly improved yield attributing
characters. Soil and water conservation measures
have been standardized in cardamom based
cropping system. Organic packages and GAP
have been developed and standardized.
Cardamom accessions APG 257, APG 414
andAPG 434 were found to be promising for
drought tolerance. Targeted yield equations for
predicting nutrient requirements for fixed yield
targets in soils with varying fertility levels were
standardized with minimum deviations.

A small cardamom-mosaic virus interactive
transcriptome database (SCMVTDb) was
developed in collaboration with ICAR-IASRI. A
protocol for SYBR green based real-timeRT-
PCR for detection of Cardamom mosaic virus
(CdMV) and Banana bract mosaic virus
(BBrMV) in cardamom was developed. Surveys
conducted in Karnataka and Kerala, revealed the
prevalence of Banana bract mosaic virus
(BBrMV) infection. A reliable RT-PCR based
method was also developed for detection of the
virus in plants. Based on molecular studies, the
cardamom vein clearing virus (CdVCV) was
found to be a new virus species in the genus,
Nucleorhabdovirus. Two isothermal molecular
assays viz., reverse transcriptase loop mediated
isothermal amplification (RT-LAMP) and
reverse transcriptase recombinase amplification
(RT-RPA) were developed to detect the CAVCV.
A rapid assay based on the reverse transcription
recombinase polymerase amplification (RT-
RPA) was developed for the detection of
cardamom mosaic virus (CdMV). Multiplex
PCR assay was developed to simultaneously
detect Phytophthora spp., Pythium vexans, and
Rhizoctonia solani infecting cardamom.

The survival of C. gloeosporioides infecting
cardamom in infected plant part (leaves) was
studied under laboratory, greenhouse and field
conditions. Colletotrichum gloeosporioides
isolate from cardamom showed the presence of
dsRNA indicating association of a mycovirus.
This is the first report of a mycovirus infecting C.
gloeosporioides from India. A new bacterial wilt
disease on small cardamom was noticed in

Annual Report2023 ] 23



Wayanad, Kerala. The causative organism was
identified as Ralstonia solanacearum biovar 3
phylotype 1, which is 100% similar to the ginger
strain of R. solanacearum. An entomopathogenic
fungus, Lecanicillium psalliotae (IISR-EPF-02)
was found to reduce damage by thrips, Sciothrips
cardamomi significantly and also promotes plant
growth. Field screening of 180 cardamom
germplasm accessions for three years at
Appangala resulted in identification of eight
accessions resistant to cardamom thrips.
Different morphological traits such as panicle
type, persistence of bract and nature of adherence
of leaf sheath were found to impart resistance
against thrips. A novel soil pH based micro
nutrient mixture for enhancing growth, yield and
quality of cardamom has been developed and
non-exclusively licensed. The sustainability
index of the soil was measured and the overall
index was the highest under INM system
followed by conventional and organic systems.

Ginger

Six hundred and sixty eight accessions are being
maintained in field germplasm conservatory.
Four varieties namely, IISR Varada, IISR Rejatha,
IISR Mahima and IISR Vajra were released for
their high yield and quality. A superior red ginger
genotype with high essential oil (4.3%) along
with high pungent principles, gingerol (1.92%)
and shogaol (0.55%) has been identified. Acc.
195, a tetraploid having 2n=44, showed mean
pollen fertility of 67.73%by glycero-carmine
staining and 60.31% by in vitro germination and
is suitable for future studies on induction of seed
set. Three potential mutants have been identified
through gamma ray irradiation which showed
resistant reaction against bacterial wilt caused by
Ralstonia solanacearum. “Gingerarium” a
dedicated facility for conserving ginger
accessions and related species collected from
different parts of the country was established at
IISR Experimental farm. Targeted yield
equations for predicting nutrient requirements for
fixed yieldtargets in soils with varying fertility
levels were standardized with minimum
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deviations. The relationship between leaf P/Zn
ratio and soil P/Zn ratio to rhizome yield has been
established. The economic optimum in terms of
profitable response for money invested was found
to be Rs. 3.75/ bed for N, Rs. 1.30/ bed for P and
Rs. 0.60/ bed of 3m’ for K. Novel soil pH-based
micronutrient mixtures for enhancing growth,
yield and quality of ginger has been developed
and licensed. Under the evaluation of production
systems on ginger, integrated management (75%
organic + 25% inorganic) recorded maximum
yield of 14.9 t/ha on par with organic (25%) +
inorganic (25%) + seed treatment with Beejamrit
(BA), Ganajeevamrit (GJA) and Jeevamrit (JA)
(13.3 t/ha).

Post-harvest technologies for processing and
technologies for preparation of value-
addedproducts were standardized. Comparison
of essential oil constituents of fresh and dry
rhizomes indicated that fresh rhizomes contained
higher level of monoterpenes namely, citral and
E-citral whereas the dry rhizomes were
predominated by the sesquiterpene hydrocarbons
viz., zingiberene, farnesene and sesqui-
phellandrene. Indian mango ginger, Curcuma
amada was found to be free from bacterial wilt
even under inoculated conditions.

The species of Pythium causing rhizome rot of
ginger in Kerala, Karnataka, Uttar Pradesh and
Sikkim was identified as P. myriotylum. Nine
actinomycetes isolates from ginger soil were
found to be antagonistic to R.solanacearum.
Technique for ginger seed rhizomes treatment
(for elimination of bacterial wilt pathogen) and
integrated disease management strategy for soft
rot and bacterial wilt diseases and shoot borer was
developed. Bacillus amyloliquefaciens (GRB 35)
and B.safensis (IISR TB4) were effective for
disease control and plant growth promotion in
ginger. PGPR formulation to enhance nutrient
mobilization and growth, yield and biocontrol
was developed and commercialized. New
technology for integrated management of wilt
integrating physical (soil solarization), chemical
(soil amelioration with calcium chloride -3%)
and biological (ginger apoplastic bacterium — B.
licheniformis) methods was developed. The
formulation of the bioagent was launched as
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'Bacillich'. A protocol for priming rhizomes with
Trichoderma spp. was developed to regulate the
germination process, prevent the growth of dry
rot pathogens during storage, to improve the
vigour of buds and to provide uniform tillering of
seed rhizomes.

Seed treatment and three rounds of foliar spraying
with tebuconazole (0.1%) at 15 days interval was
found to be effective in managing foliar diseases
of ginger. Alternatively, first spray with
tebuconazole (0.1%) followed by
carbendazim+mancozeb (0.2%) at 15 days
interval was also found to be equally effective.
Two viruses associated with chlorotic fleck
disease of ginger were identified as ginger
chlorotic fleck associated tombusviridae
virus(GCFaTV) and ginger chlorotic fleck
associated ampelovirus (GCFaAV) and the
complete genomes of GCFaTV and partial
genome of GCFaAV were cloned, sequenced and
analyzed. Two isothermal assays, RT-LAMP and
RT-RPA assays were developed and validated for
the quick detection of GCFaV-1 and GCFaV-2.

The life cycle of shoot borer (Conogethes
punctiferalis) on six resistant and six susceptible
accessions was studied. The infectivity of EPNs
strains IISR-EPN 01 to 08 was tested against
shoot borer larvae under in vitro conditions. One
species of EPN belonged to Oscheius gingeri and
was identified as new species on the basis of
morphological and molecular characterization.

Field studies indicated that spinosad,
flubendiamide and chlorantraniliprole were
effective in the management of ginger shoot borer
(Conogethes punctiferalis) even at the lowest
dose (0.3ml/litre of water) tested. The
combination of chlorantraniliprole and spinosad
was also equally effective in managing the insect.
The improved varieties and technologies
developed on cropping system, nutrient and water
requirement, pest and disease management and
postharvest processing techniques were
disseminated to farmers and other agencies
through publications, training programmes and
demonstrations. Large scale multiplication and
distribution of elite planting material were also
undertaken.

Turmeric

The germplasm with over 1404 accessions is
being conserved in the field gene bank. These
have been characterized for yield, quality, and
resistance to pests, diseases and drought. Seven
high curcumin and high yielding varieties,
Suvarna, Sudarsana, Suguna, I[ISR Prabha, I[ISR
Prathibha, IISR Alleppey Supreme and IISR
Kedaram were released for commercial
cultivation. Molecular genetic fingerprints of 16
Curcuma species using RAPD and ISSR markers
revealed high degree of polymorphism. A total of
140 microsatellites containing genomic DNA
fragments were isolated adopting the selective
hybridization method with di and trinucleotide
biotinylated probes. Two synonymous Curcuma
species viz., C. zedoria and C.malabarica showed
identical SSR profiles for 40 microsatellite loci.
Efficient protocol for plant regeneration through
organogenesis and somatic embryogenesis was
standardized.

Variations in rhizome morphology were observed
among calli-regenerated somaclones indicating
somaclonal variation. Accessions with high
curcumin and root knot nematode resistance were
identified. About 40 seedling progenies with
higher curcumin (> 3%) and dry recovery (>
20%) were identified. Three different
curcuminoids (curcumin, demethoxycurcumin
and bisdemethoxycurcumin) could be separated
from oleoresin by employing chromatographic
techniques. Turmeric essential oil components
have been characterized by GC-MS. A PCR based
method was developed to detect adulteration of
turmeric powder with wild Curcuma species.
Through transcriptome analysis the genetic basis
and regulation of curcumin biosynthesis in
Curcuma sp. were unravelled and microRNAs
that showed differential expression with respect
to curcumin in turmeric accessions with
contrasting curcumin content have been
identified. Land suitability assessment for
turmeric in India was analysed based on the 5"
Assessment Report Scenarios of IPCC. Climatic
parameters such as temperature and rainfall and
land characteristics such as soil drainage, texture,
pH and depth and slope for 2020 & 2050.
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Targeted yield equations for predicting nutrient
requirements for fixed yield targets in soils with
varying fertility levels were standardized with
minimum deviations. The economic optimum in
terms of profitable response for money invested
per bed of size 3 x 1 m was found to be Rs. 0.65,
0.40, 0.85 for N, P and K respectively. Increase in
curcumin content was recorded when sprayed
with micronutrients like zinc and boron. The
optimum spacing, nutrient and water requirement
were standardized for different soils and an
organic farming system was developed for
turmeric. Among the management systems,
organic system (75.0%) recorded maximum
yield(13.9 t/ha) which was on par (13.8 t/ha) with
integrated system (75.0%+25.0%). Maximum oil
content (5.3%) was recorded by organic 100.0%
and organic 75.0% management system. Among
the 12 turmeric varieties evaluated under 100.0%
organic management, significantly higher yield
was recorded in IISR Pragati (22.1 t/ha) followed
by Kanthi (19.2 t/ha). Higher oil content was
noticed in varieties IISR Prathibha (6.0%) and
IISR Alleppey Supreme (5.9%) and least oil
content was noticed in Suvarna. Novel soil pH
based micronutrient mixtures for enhancing
growth, yield and quality of turmeric has been
developed and licensed.

A novel spice mix formulation with turmeric,
ginger and cinnamon was developed for turmeric
milk preparation; one as ready to serve flavoured
turmeric milk and the other one as turmeric milk
instant mix powder. The technologies were
commercialized to Kerala Cooperative Milk
Marketing Federation Ltd (MILMA),
Kozhikode.

Basic data on distribution, bioecology, population
dynamics of shoot borer (Conogethes
punctiferalis) and its natural enemies and crop
loss due to shoot borer was generated.
Lamdacyhalothrin 0.0125% was more promising
in reducing the percentage of shoots infested by
the shoot borer. New generation insecticides such
as, chlorantraniliprole, flubendiamide and
spinosad were also found effective in the
management of shoot borer even at the lowest
dose (0.3 mL of water) tested. The combination of
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chlorantraniliprole and spinosad was also equally
effective in managing the insect. Evaluation of
multi-trait PGPR, Bacillus safensis for plant
growth promotion and zinc solubilization in
turmeric showed that combined application of Zn
and B. safensis was found to increase physico-
chemical parameters like organic carbon,
available nitrogen and dehydrogenase enzyme
activity in soil. Spray application of M.
pingshaense at 1 x 10’ conidia/ml was found to be
effective in managing shoot borer infesting ginger
and turmeric Application of fluopyram (0.5 ml/L)
effectively reduced the lesion nematode
(Pratylenchus spp.)population, enhanced the
number of tillers and the yield in turmeric. A
novel soil pH based micronutrient mixtures for
enhancing growth, yield and quality of turmeric,
ginger, black pepper and cardamom were
developed.

Tree spices

The germplasm of important tree spices like
nutmeg, clove, cinnamon including cassia,
garcinia and allspice are being conserved. A high
yielding nutmeg accession; IC0645756 has been
registered with ICAR-NBPGR (INGR22092) for
its monoecious character. IC numbers for
cinnamon, clove, nutmeg andallspice 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 dwarf clove
accession. The cassia elite line A1 (IC 370400)
has been registered with NBPGR for high cinnam
aldehyde content in bark oil (81.5%) and leaf oil
(80.5%). Two high quality cinnamon varieties,
IISR Navashree and IISR Nithyashree and a
nutmeg variety, IISR Viswashree were released.
Nutmeg accession, A11/25 was found to be
promising for high yield. Nutmeg accession A9-
71(IC-537220), as a source of high sabinene
(45.0%sabinene in nutmeg oil and 41.9%
sabinene in mace oil) was registered with
NBPGR. Tissue culture protocols have been
developed for nutmeg. Protocols for DNA
isolation from nutmeg have been standardized.
Performance of nutmeg on M. malabarica
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continued to be better than other rootstocks for
productivity. Green chip budding with
orthotropic buds was standardized in
nutmeg on Myristica fragrans rootstock with 90-
100% success. GC-MS study revealed the
presence of two chemotypes in Cinnamomum
verum. GC-MSanalysis showed that eugenol,
myrcene, chavicol and limonene were the volatile
constituentsin leaves, berries and fruit stalk of
Pimenta racemosa. Drying and processing
methods for cinnamon, nutmeg and mace have
been developed. A package was developed for
enhancing sustainability of nutmeg in coconut
based cropping system through site specific
nutrient management. 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 C.sulphuratum, C.
glaucescens, C. glanduliferum, C. macrocarpum
and C. perrottetti revealed that the major
chemical constituents in these oils were a-
phellandrene, B--phellandrene, camphor, t-
caryophyllene and germacrene-D respectively.
Vegetative propagation techniques were
standardized for nutmeg, cassia 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 the
farming community. Unique ISSR markers, for
distinguishing Pimenta dioica from P.racemosa
have been identified.

Vanilla

Vanilla germplasm is being maintained in the
repository with 82 accessions. Protocols for
quantification of major flavour compounds viz.,
vanillin, p-hydroxybenzoic acid,p-hydroxy
benzaldehyde and vanillic acid were
standardized.

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
inmost 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%.
Cucumbermosaic virus (CMV) of vanilla was
characterized on the basis of biological and coat
protein(CP) nucleotide sequence properties,
which showed that CMV infecting vanilla
belongs to subgroup IB. A virus causing mild
chlorotic mottle and streaks on leaves of vanilla
was identified as a strain of Cymbidium mosaic
virus (CymMV) based on coat protein gene
sequence comparison and phylogenetic studies.
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.

Awards

Besides numerous prestigious fellowships and
awards to scientists, the Institute was bestowed
thrice with the Sardar Patel Outstanding ICAR
Institution Award (1999, 2009 & 2021). The All
India Coordinated Research Project on Spices
(AICRPS) won the prestigious Chaudhary Devi
Lal Outstanding Award for the best AICRPS in
the year 2017-18. Other notable awards obtained
by the Institute in the past include, Rajbhasha
Shield Award 2013, 2014 & 2015, Best official
Language Magazine Award 2015 for Masalon Ki
Mchak, ICAR Swachhta Pakhwada Award
Second Prize 2018, Fakhrudin Ali Ahammed
Award for outstanding research in tribal farming
systems 2019 etc. The Institute has been awarded
eight patents for encapsulation technology,
designer micro-nutrient formulations developed
for black pepper, cardamom, ginger and turmeric
etc.
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RESEARCH ACHIEVEMENTS

BLACK PEPPER
Genetic resources

Three thousand five hundred and eleven
accessions are being maintained in the
germplasm nursery at the Experimental Farm,
Peruvannamuzhi, Kozhikode, Kerala. In the
alternative germplasm site at CHES, Chettalli,
Karnataka, 542 germplasm accessions are being
maintained. Besides, a field gene bank consisting
of 222 accessions and 80 core accessions are
being maintained at ICAR-IISR, Kozhikode.

Sixteen accessions of various Piper spp.,
including Piper nigrum, P. hapnium, P. galeatum,
P. barberi (IUCN-listed endangered species), P.
mullesua, P. velaudhanii, P. hookeri and P.
argyrophyllum, were collected from the forests of
Athirappilly, Vazhachal, Sholayar, Malakkappara
and Valparai. Piper hapnium and P.
hymenophyllum accessions were collected from
the Kulathupuzha forest ranges of Kollam,
Kerala. A unique line was identified and collected
from the Boothanakadu estate, Madikeri,

Fig. 1 : Unique pepper line with long spike and good setting
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Karnataka (Fig. 1). The genotype has long spike
with mean spike length of 27.20 cm, and an
average of 166.40 mature berries per spike.
Average weight of 5-spikes was 83.2 g and the
bulk density ranged between 600-620 g/L

Hybridization

Hybridization was carried out between five cross
combinations viz., Thevam x Shakthi, Thevam x
PLD-2, Thevam X Sreekara, Thevam x
Panniyurl and Panniyur-1 x Thevam. A total of
107 hybrid seeds successfully germinated from
these crosses. A substantial cross combination
involving Thevam x Panniyur-1 was undertaken,
in which 51 seeds germinated out of 194 seeds
sown.

Release and commercialization

of hybrid /ISR Chandra

An early maturing hybrid variety
with high fruit set and long spikes
developed by the Institute was
released as IISR-Chandra (Fig. 2).
The hybrid boasts an average spike
length of 17.5 cm, which is longer
than some of the commonly
cultivated landraces and varieties.
The spikes bear bold berries with
compact setting and an average
number of 90 berries/spike. This
hybrid has a dry recovery of 33.5 %,
piperine content of 5.1 %, essential
oil content of 3.2 % and oleoresin
content of 8.7 %. Average yield from
six-year-old vine was 7.5 kg fresh
(2.5 kg dry) with a maximum yield of
21.5 kg fresh and 7.1 kg dry (vine
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15) (Fig. 3). The identified gene-based SSRs were
found to be distributed throughout the 26 pseudo-
chromosomes of the genome.

height — 12-15 feet). Non exclusive licence
agreements were signed with five nurseries in
Kerala and two from Karnataka for its

commercial production.

Predictive power of YREMs and
BLUPs for selecting superior genotypes
Eleven genotypes were evaluated over
three years to study the Genotype x Year
interaction (GY]I) pattern and its impact on
yield, as well as for selection of parameters
for identifying stable and high-yielding
cultivars. Average Yield Relative
Environment Maximum (YREM) and Best
Linear Unbiased Predictor (BLUP)
emerged as the most effective measures for
evaluating cultivar performance, as they
accounted for relative yield and stability.
Genotypes with YREM values < 0.41 and
BLUP values <1.50 kg/ vine can be considered as
inferior, while those with YREM values > 0.66
and BLUP values > 2.9 kg/ vine can be considered
as superior. Among the tested cultivars, OPKM
demonstrated better stability estimates, but
considering the high mean yield and stability, HP
2173 was ranked first.

Molecular characterization of Piper sp. using
novel gene based SSR markers

In the black pepper genome, 63,466 inferred
protein-coding gene sequences were analysed for
the presence of simple sequence repeats (SSR).
As a result, 5422 (8.54%) genes were found to
contain 6751 SSR loci. 821 genes have multiple
SSRs in their sequence of which 467 were
compound SSRs (microsatellite repeats
occurring within 100bp distance in the same
gene). Among the SSR motifs, tri-nucleotide
repeats were the most abundant (56.3%, 3803),
followed by mono-nucleotide (29.3%, 1979),
dinucleotide (13%, 899), hexa-nucleotide
(0.58%, 39), penta-nucleotide (0.24%, 16) and
tetra-nucleotide repeats the least present (0.22%,

Fig. 2: IISR Chandra

a. Yielding vine;

b. Long spike with bold
berries and compact setting

& Mono-nuclactide

# Di-nuclectide
Tri-nuclkectide
Tetra-nucleotide

B Penta-nucleotide

Fig. 3: Types of SSR motifs in the inferred protein-coding
genes in black pepper genome
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Identification of the heat shock transcription

factor family genes
A total of 41 Heat Shock Transcription Factors

(HSFs) family genes were identified in the P,
nigrum genome through a genome-wide search
and these genes were unevenly distributed on 19
chromosomes. Detailed annotation using the
HEATSTER database for the different domains
and motifs indicated that 19 belong to HsfA class,
21 belong to HsfB class, and one belongs to HsfC
class. The Hsf genes in the same group had
similar gene and protein structures with reference
to HEATSTER database.

Impact of location on yield parameters

The yield characters such as number of spikes per
0.5 m’, spike length, number of berries per spike
and fruit set percentage was recorded in 30 black
pepper plantations in Karnataka (Kodagu,
Hassan and Chikmangalore districts) and Tamil
Nadu (Valparai and Kulashekaram). The spike
intensity, spike length, number of berries per
spike and fruit set percentage recorded average
values of 48.64, 12.81 cm, 57.14 and 66.91%,
repectively per 0.5 m’ canopy area. The values of
spike intensity, spike length, number of berries
per spike and fruit set percentage at the black
pepper plantations in Tamil Nadu were observed
to be 55.81, 9.81 cm, 49.74 and 73.36%,
respectively per m” of canopy area.

Fertigation

The fertigation trials of seven years (2015-2023)
indicated that providing drip irrigation @ 8 L per
plant and application of 50 % of recommended
dose of fertilizer (N:P:K 140:55:270 g /plant) in
24 splits (May, June, Sep, Oct, Feb, March)
recorded maximum yield and profit with a BC
ratio 2.59 (Fig. 4).

Chemo-diversity analysis of germplasm
accessions

Fifty-six accessions maintained at CHES,
Chettali were analyzed for their quality

I 30 | Annual Report 2023

parameters. The piperine content ranged from
3.26 % (Acc. 4111) — 6.26 % (Acc. 1516);
essential oil (EO) content from 1.33 % (Acc.
1516) —4.0 % (Acc. 1411); oleoresin from 6.0 %
(Acc. 1166) — 12.2 % (Acc. 1124) and the total
phenolic content from 2.51 % (Acc. 1516) —
12.34% (Acc. 1411).

Fig. 4. Black pepper fertigation field

Foot rot disease: Analyzing the virulence
pattern of Phytophthora isolates

A study was undertaken to analyze the virulence
pattern of Phytophthora species (Phytophthora
capsici: 09-34,09-41, 18-02 and P. tropicalis: 98-
03, 98-02, 11-21) on several landraces viz.,
Uthirankotta, Kottanadan, Perumkodi,
Narayakodi and Kalluvally. Among the P.
tropicalis isolates tested, 98-02 was highly
virulent on Kottanadan, Perumkodi, Narayakodi
and Kalluvally and avirulent on Uthirankotta.
The isolate 98-93 was avirulent on all the
landraces. The isolate, 11-21 was avirulent on
Uthirankotta, Kottanadan and Kalluvally. Among
the P. capsici isolates, 09-34 was avirulent on
Uthirankotta, Kottanadan and Narayakodi and
highly virulent on Perumkodi and Kalluvally.
The isolate, 09-41 was avirulent on Uthirankotta,
Perumkodi and Kalluvally. However, 18-02 was
avirulent on all the land races, except Kalluvally.

Cross-infectivity analysis of Phytophthora
isolates

Sixteen isolates were used in cross-infectivity
analysis under in vitro conditions. All the sixteen
Phytophthora isolates tested were found to infect
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nutmeg, tomato, chilli,
pumpkin, cucumber, and a few
of the isolates were found to
infect cardamom (Fig. 5)

were found to infect coconut,
arecanut and vanilla.
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Fig. 5. Cross infectivity assay of Phytophthora isolates on nutmeg, tomato, chilli,
cucumber, vanilla, pumpkin, cardamom, coconut and arecanut (PC and PT denotes
Phytophthora capsici and P. tropicalis, respectively)

Fig.6 . Microscopic view of oospores produced in a pairing test with A2 reference isolate

Phytophthora mating type analysis

Eight P. capsiciisolates viz., 98-81, 01-04, 02-20,
05-06, 06-12, 07-03 18-12, 20-05 and eight P,
tropicalis isolates viz., 97-55, 98-93, 03-07, 06-
17, 09-01, 11-29, 13-23 and 13-53 were used in
pairing test with A1 (ATCC 2338) and A2 (ATCC
4034) reference isolates from ATCC. All the
tested P. capsici and P. tropicalis isolates
produced oospores when mated with an A2
reference isolate (ATCC 4034), which indicated
that they belong to the A1 mating type (Fig. 6).

Sensitivity of P. capsici and P. tropicalis
isolates towards fungicides

Sensitivity of selected isolates of P. capsici (05-

06,09-10,09-34, 18-13,20-04,22-01, 18-02) and
P, tropicalis (98-02,98-93,98-177, 11-21, 13-23)
were tested against commonly recommended
fungicides viz., Bordeaux mixture, copper
oxychloride and metalaxyl-mancozeb under in
vitro conditions. The fungicides completely
inhibited mycelial growth and significantly
reduced the sporangial production of both P
capsici and P. tropicalis isolates at the
recommended dosage. Among the two new
molecules evaluated against P. capsici (05-06)
and P. tropicalis (98-93), fluopicolide-fosetyl-Al
and copper sulphate pentahydrate completely
inhibited the mycelial growth at 0.3% and 0.5%,
respectively.
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Differential gene expression analysis of
selected R x LR effectors and identification of
host protein interacting with the R x LR
effector protein

Differential expression of 11 R x LR effector
genes during P. capsici infection was studied
using a qPCR assay. Few R x LR effector genes
were up-regulated at the early stage of infection
(4 and 6 h after inoculation,). The structure of two
highly up-regulated RxLR effectors (RxLR29
and RxLR132) was predicted and protein-protein
docking was performed with the DRB4 gene of
Arabidopsis and CMPG1 gene of Solanum
lycopersicum, respectively. Docking results
confirmed that these two sets of proteins can
interact with each other (Fig. 7).

Development of recombinase polymerase
amplification-lateral flow assay (RPA-LFA)
protocol for the detection of Phytophthora spp.
and Pythium spp.

The RPA protocol with labelled primers was
optimized for different concentrations of
magnesium acetate (6, 8, 10, 12, 14 mM) and
incubation time (5, 10, 20, 30, 40 min) to remove
the non-specific band using healthy black pepper
DNA as template. RPA-LFA was also optimized
with different concentrations of betaine (0.6, 0.8,
I, 1.2, 1.4 M) and 1.2 M betaine was found
optimum The developed RPA-LFA protocol was
specific to Phytophthora and did not show cross-

Phytophthora Pythi
1 2 3 4 2 31 4 tum

1 23 456 12 3 4

il b0

Fig. 8 RPA and RPA-LFA detection of Phytophthora and
Pythium using optimized RPA-LFA conditions, Lane 1. 100 bp
DNA Ladder, Lane 2. Water control, Lane 3. Healthy control,
Lane 4. Phytophthora/Pythium, Lane 5. Pythium, Lane 6.
Pythium
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amplification of other pathogens like Pythium
spp, Fusarium spp., Colletotrichum sp.,
Rhizoctonia solani and Sclerotium rolfsii (Fig.8).
The assay was also validated using different
isolates of Phytophthora and using infected black
pepper leaves.

Production of recombinant protein-based
antibodies against Piper yellow mottle virus
(PYMoV)

The 303 bp region of the coat protein gene of
PYMoV identified to give a good antigenic
epitope, was cloned into the expression vector,
pET28a+, and transformed into BL21 DE3. After
confirming its orientation through sequencing, it
was overexpressed using IPTG and the protein
(13 kDa) was obtained in the insoluble phase. An
IPTG concentration of 0.8 mM, temperature of 37
°C, and incubation time of 5 h, was found to be
optimum for expression. The recombinant
protein was purified under denaturing conditions
using a Ni NTA column, renatured and used for
antiserum production in rabbits. The antiserum
collected on five, seven, and nine weeks after the
first immunization showed a specific reaction
against the PYMoV antigen and could be used to
detect the PYMoV both in ELISA and western
blotting.

Development of duplex recombinase
polymerase amplification-lateral flow assay
(RPA-LFA) for detection of PYMoV and
cucumber mosaic virus (CMYV)

Duplex recombinase polymerase amplification-
lateral flow assay (RPA-LFA) for the detection of
PYMoV and CMV was developed using
TwistAmp DNA amplification reagents and total
RNA isolated from the infected plant as a
template. The forward and reverse primers
specific for PYMoV were labelled with FAM and
biotin and those for CMV were labelled with
FAM and digoxigenin respectively at the 5" ends.
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3D structure of DRB4
from Arabidopsis thaliana

3D structure of RxLR 29

A) 3D surface model B) Cartoon model

3D structure of RxLR132

30 structure of CMPG1
of Solanum lycopersicum
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B) Cartoon model

Fig. 7 Interaction of RXLR protein of Phytophthora with host proteins

The assay was optimized for parameters like
concentration of magnesium acetate, betaine,
temperature, and time. The formation of a
coloured line at the digoxigenin test line and at the
biotin test line was considered positive for CMV
and PYMoV, respectively. The formation of the
coloured line at the control line indicated method
control. Thus, the coloured lines produced in both
biotin and digoxigenin test lines indicated that the
sample is infected by both viruses (Fig. 9). The
detection limit of RT-RPA-LFA for the combined
detection of both PYMoV and CMV was 10
dilution of the template RNA. The assay will be
useful to identify virus-free mother plants.

Development of duplex recombinase
polymerase amplification-lateral flow assay
(RPA-LFA) for detection of PYMoV and
cucumber mosaic virus (CMYV)

Duplex recombinase polymerase amplification-
lateral flow assay (RPA-LFA) for the detection of
PYMoV and CMV was developed using
TwistAmp DNA amplification reagents and total
RNA isolated from the infected plant as a
template. The forward and reverse primers
specific for PYMoV were labelled with FAM and
biotin and those for CMV were labelled with
FAM and digoxigenin respectively at the 5’ ends.

G e
LAl

Fig. 9. Detection of PYMoV and CMV by duplex RT-RPA (a) and
RT-RPA-LFA (b). Lane M: 100 bp ladder. Lane 1: negative
control for PYMoV, Lane 2: PYMoV-positive control, Lane 3:
negative control for CMV, Lane 4: CM V-positive control, Lane 5:
PYMoV and CMV combined infection-positive control

The assay was optimized for parameters like
concentration of magnesium acetate, betaine,
temperature, and time. The formation of a
coloured line at the digoxigenin test line and at the
biotin test line was considered positive for CMV
and PYMoV, respectively. The formation of the
coloured line at the control line indicated method
control. Thus, the coloured lines produced in both
biotin and digoxigenin test lines indicated that the
sample is infected by both viruses (Fig. 9). The
detection limit of RT-RPA-LFA for the combined
detection of both PYMoV and CMV was 10”
dilution of the template RNA. The assay will be
useful to identify virus-free mother plants.
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Management of Radopholus similis

Fluopyram 34.48SC was evaluated for the
management of R. similis under field conditions.
The different treatments included fluopyram
0.5ml/L, fluensulfone 20g/plant, carbosulfan
2ml/L (reference control) and absolute control
(without treatment). Fluopyram and carbosulfan
were applied as drench, while fluensulfone was
broadcasted in the rhizosphere around the vine.
The highest nematode reduction was recorded
with fluopyram treatment. Pre- and post-
monsoon application of fluopyram reduced
nematode population by 95% compared to single
application .

Screening of new generation low-risk
insecticides against pollu beetle

Low-risk insecticides such as chlorantraniliprole,
flubendiamide and spinetoram at two doses (0.3
& 0.5 ml/L) along with quinalphos (2 ml/L) as
control were evaluated for their efficacy against
pollu beetle, Lanka ramakrishnai under field
conditions for the second consecutive year.
Among the insecticides, chlorantraniliprole was
found to be more effective in managing the pest.

Evaluation of low-risk insecticides against
root mealy bug Planococcus lilacinus

Five low-risk insecticides viz., clothianidin,
spiromesifen, flonicamid, spirotetramat,
triflumezopyrim and thiamethoxam were
evaluated for the management of root mealy bug
under field conditions. Application of
clothianidin 50 WDG @ 1g/L reduced maximum
number of mealy bugs on the 20" day after
drenching (83.4%) followed by spiroteramat
15.31 OD @ 1 mL/L (74.8%). Similarly, on the
40" day after drenching, the reduction in
population of mealybugs was high with the
application of spiromesifen 22.9 SC @ Iml/L
(92.2%), which was followed by clothianidin 50
WDG @ 1ml/L (89.8%) and spirotetramat 15.31
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OD @1ml/L (84.8%).

CARDAMOM

Genetic resources

Six hundred twenty-eight accessions are being
maintained in the National Active Germplasm
Site (NAGS) of IISR, Regional Station,
Appangala, which consist of 423 accessions from
RS, Appangala; 102 accessions from CRC,
Pampadumpara; 41 from ZAHRS, Mudigere, 59
from ICRI, RS, Sakaleshapura and 3 from ICRI,
Myaldumpara. Seven distinctive accessions
(CRSP85, CRSP86, CRSP87, CRSP8S,
CRSP89, CRSP156 and CRSPI185) were
submitted by the Cardamom Research Station
(Kerala Agricultural University), Pampadumpara
to NAGS.

Sixty accessions have been characterized based
on morphological traits and yield parameters. The
plant height, number of bearing tillers, number of
leaves, number of panicles, number of capsules
per plant were recorded. The highest fresh and dry
weight (2094.80 g and 416 g, respectively) were
recorded in the accession IC 547196. Essential oil
content of 60 m accessions ranged from 6.11 %
(IC 349508) to 8.96 % (IC 349426) and oleoresin
content ranged from 2.30 (IC 547149) to 4.24%
(IC 547204).

Hybridization

Hybridization was carried out between four
female parents (Appangala—1, IISR Avinash,
Njallani green gold and IC 584058) and four male
parents (IC 349606, IC 547167,1C 349364 and IC
349358). From these cross combinations 80
hybrid progenies were developed.

CVT on farmers varieties
CVT on farmer's varieties viz., Arjun, Wonder
Cardamom, Panikulangara green bold no.1,

Thiruthali, Elarajan, Pachaikkai, Pappalu,
Njallani green gold, PNS Gopinath supplied by
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National Innovation Foundation (NIF) and a local
check variety Appangala-1 was carried out. The
pooled data of three years (2020-21 to 2022-23)
revealed that Panikulangara Green Bold No. 1
(301.65 kg/ha) recorded the highest yield
followed by Thiruthali (273.86 kg/ha).

CVT on hybrids

The CVT on nine hybrids viz., Bold x IC 547219,
(GGxBold) x Appangala 1, (GGXNKE 19) x
Bold from ICAR-IISR RS, Appangala; MHC-1 &
MHC-2 from ICRI, Myladumpara; SHC-1 &
SHC-2 from ICRI RS, Sakaleshapura and PH-13
& PH-14 from Pampadumpara is under progress
(Fig. 10). During 2023-24, hybrid Bold x IC
547219 recorded the highest fresh weight (1.71
kg/plant) as well as dry weight (0.32 kg/plant).

1&
14
L2
1
5
055
gf‘ o 06
0.1 o t‘
: I

@Pe“'aﬁ#ﬁ'rw

N

143 142

19 o 5
P lgfplant)

= [ (gl ainty

ot

AF

&
«*ﬁ

&
..;»‘*ﬁ

Fig.10: Fresh and dry yield per plant (kg) from different hybrids
multilocation trial on leaf blight tolerant lines

Multilocation trial is in progress with five leaf
blight tolerant genotypes viz., IC 349650, IC
547222,1C 547156, 1C 349649, I1C 349648 along
with resistant checks, Appangala 1, Njallani
Green Gold and susceptible check, IISR Vijetha.
Disease incidence (%) ranged from 11.66 to
23.33, with maximum disease incidence in IISR
Vijetha.

Registration of unique germplasm

Cardamom germplasm line IC 584058
(INGR23102) has been registered by Plant
Germplasm Registration Committee (PGRC) of

ICAR on 22 November, 2023 (Fig.11). It is a
compact flowering genotype with bold capsules
(80% of the capsules are >7mm) and is relatively
tolerant to moisture stress.
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Fig.11: Plant Germplasm Registration Certificate

Development of RPA-LFA assay for
cardamom mosaic virus (CAMYV)

An assay based on reverse transcription-
recombinase polymerase amplification
combined with lateral flow assay (RT-RPA-LFA)
was optimized for the specific, and sensitive
detection of CAMV using crude extract from the
plants. The entire RT-RPA-LFA from sample
preparation to visualization of results could be
completed within 40 min and the assay is suitable
for point-of-care testing. The assay was validated
using field samples collected from different
cardamom-growing regions of Kerala and
Karnataka.

Dose-response effects of arbuscular
mycorrhizal fungi (AMF) for enhanced plant
growth and nutrient uptake

Effect of different doses (5, 10, 15 g) of AMF
(Rhizophagus irregularis) at different application
intervals was studied on the growth, mycorrhizal
colonization, nutrient uptake and disease
incidence of seedlings for two years.The results
showed that the shoot length and dry weight were
significantly increased with 10 g of AMF. Three
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applications of 5 g each were sufficient to
improve the number of fibrous roots. While K
uptake was unaffected by AMF inoculation, P and
Ca uptake was highest with a 10 g dose. AMF
inoculation also enhanced acid and alkaline
phosphatase activity in the rhizosphere with 5 and
10 g doses, respectively. AMF structures,
including hyphae, arbuscules, and vesicles were
observed in the roots of inoculated seedlings.

Spray schedule optimization of low-risk
insecticides against shoot and capsule
borer

Field trial with two different spray schedules (1.
Jan-Feb, Mar-April, Sep-Oct and 2. Feb-Mar,
Sep-Oct) was initiated for three low-risk
insecticides (spinosad, flubendiamide,
chlorantraniliprole) and a neem based botanical
insecticide with a standard check (quinalphos).

Both the spray schedules were effective in
reducing the shoot and capsule damage. The
mean shoot damage recorded in chemical
treatments ranged from 0 to 2.64%, whereas, in
the case of neem-based insecticide, the shoot
damage was in the range of 1.3 to 4.24%. In
untreated control, up to 14.0% shoot damage was
recorded.

Cardamom and black pepper flavored millet
cookies

Standardization of spice contents in millet-based
cookies was carried out and physical,
biochemical and microbial quality were
evaluated under MAP (Modified Atmosphere
packaging) in two different packaging materials
(Biaxially oriented polypropylene (BOPP) and
metallized polyester). The metallised polyester
package was found to be the best packaging
material for spice flavoured millet cookies with a
shelflife of 120 days (Fig. 12 a, b).

Fig. 12 a. Cardamom flavoured millet cookies

GINGER

Genetic resources
Six hundred and sixty-eight accessions are being
maintained in the field gene bank.
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Fig. 12 b Black pepper flavoured millet cookies

Genetic fidelity of in vitro induced micro
rhizomes

In vitro induced micro rhizomes were screened
using SSR and ISSR markers and compared with
the mother plant, various stages of subcultures (5-
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8) and subsequent generations (V1 and V2). Five
SSR primers (ZOC 11, ZOC 28, ZOC 92, ZOC
98,Z0C 100) and five ISSR primers (IS 02, UBC
813, UBC 840, UBC 857, ISSR 02) were used for
the study. A total of 343 bands were produced,
with sizes ranging from 100-3100 bp.
Comparison of two generations of progenies of
micro rhizomes with mother plant and in vitro
subculture stages revealed monomorphic nature
and true-to-type status of micro rhizome derived
plants under in vitro as well as in field conditions.
This protocol will be very useful for micro-
propagation, germplasm conservation and
genetic transformation studies in ginger and
related species.

Effects of Nano Urea on N use efficiency and
increased productivity

Application of nano urea as foliar spray @ 0.4 %
combined with 50 % N as RDF increased the
yield and use efficiency of applied N with good
monetary returns. Nano urea as foliar spray
combined with 50 % N as soil application
resulted in 33.0 % and 66.9 % increase in fresh
rhizome yield over RDF (100 % N) in 0.2 % and
0.4 % of nano urea treatments, respectively.
There was no effect of nano urea on the quality as
there was no increase in its essential oil or
oleoresin contents. Spray of nano urea @ 0.4 % as
additional supplementation over the farmers
practice also resulted in 15 % increased yield.

Transcriptome analysis

Differential transcriptome analysis of Ralstonia
infected and uninfected samples was performed
and 446 transcripts were differentially expressed.
Functional annotation of DE genes using
homology relationship identified 227 annotated
transcripts. Out of these 227 transcripts, there
were 36 transcription factors, 6 kinases, 10
structural RNAs, 69 enzymes of various
metabolic pathways and 109 other proteins.

Trial on disease tolerance

Ten entries (five from IISR, 3 from Pottangi, 1
from Raigarh, one control) were evaluated for
three years. Based on the pooled data R 1.25/4
(mutant from IISR) recorded highest yield of
37.85 t/ha which was on par with V1E4
(Pottangi) (36.60 t/ha).

Modes of survival of bacterial wilt pathogen,
Ralstonia pseudosolanacearum

On rhizomes, Ralstonia pseudosolanacearum
formed microcolonies or co-aggregates 2 h post
incubation and biofilm formation was noticed 3 h
after incubation on the rhizome scales. Among
the common weeds found in bacterial wilt sick
plot, association of R. pseudosolanacearum with
Chromolaena odorata (Eupatorium odoratum)
was confirmed through artificial inoculation.

Identification and evaluation of potential
bacterial endophytes from wild relatives for
biocontrol

Endophytic bacterial colonies were isolated from
the rhizome, stem, and leaves of seven different
crop wild relatives of ginger. Screening for
antifungal capabilities against Pythium
myriotylum and P. deliense was conducted by
dual culture assay. Out of the 50 isolates, 30
showed > 50% inhibition against P. myriotylum,
and 12 isolates showed more than 85% inhibition
against P. deliense. The methanolic crude
extracts from the selected endophytic bacterial
extracts showed complete inhibition of P.
myriotylum at 40% concentration. Additionally,
the growth of P. deliense was entirely inhibited at
extract concentrations ranging from 80% to 90%.
These promising isolates were identified as
Bacillus amyloliquifaciens (ZM5), B. velenzensis
(ZZ11), Pantoea hercicii (NCC7), Priestia
megaterium (NCC4), Pseudacidovorax
intermedius (NCC15).
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Development of a linear model for leaf spot
for high altitude and high rainfall regions of
Kodagu

A linear regression model using R statistics for
early prediction was developed. Correlation
analysis revealed a positive link between PDI and
rainfall, rainy days, and a negative correlation
with temperature. Mean Percent Disease Index
(PDI) ranged from 0.37% to 35.53%. IISR
Rejatha had the highest disease incidence
(35.55%) in September, contrasting with IISR
Varada, lowest at 26.85%. Maximum Area Under
Disease Progress Curve (AUDPC) occurred in
IISR Rejatha (456.7) in August, opposite to PDI's
peak in September. The study concludes that
disease peaks during the monsoon and diminishes
post-monsoon with rising temperature after
September.

Root-knot nematode (Meloidogyne incognita)
Out of 19 cultivars and germplasm accessions
screened for resistance against root-knot
nematode, Meloidogyne incognita, cultivars
Jamaica, and Queensland, and accessions 17,
578,891, and 9073 were found to be resistant.

Field evaluation of an IPM package against
shoot borer infesting ginger and turmeric

An Integrated Pest Management (IPM) package
for the management of C. punctiferalis infesting
ginger and turmeric was evaluated under field
conditions. Three insecticides (chlorantranili-
prole, spinosad and lambda cyhalothrin) and a
neem product in combination with a liquid
formulation of M. pingshaense were evaluated at
a spray interval of 21 days. The results indicated
that all the treatments were effective in
controlling the pest compared to the control.

Lac resin-based coating for fresh rhizome
storage

The experiments on coating of fresh rhizome to
enhance the shelf life, using the lac resin based
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edible coating solution (20% formulation)
developed at ICAR- National Institute of
Secondary Agricultural (ICAR-NISA),
Namkum, Ranchi coupled with sterilization
using sodium hypochlorite revealed that the fresh
rhizomes can be stored at 20'C up to 4 months
with market acceptable traits. Reduction in
weight loss and sprouting, minimum shrivelling
and retention of essential oils were observed
(Fig. 13).

Fig. 13 Effect of lac resin-based coating on fresh ginger rhizomes

Ginger-lime juice powder

The operating conditions for the production of
spray dried ginger-lime juice powder was
optimized using response surface methodology
(Fig. 14). Optimized conditions of 26.91 %
maltodextrin level, 156.1°C inlet air temperature
and 2207.6 rpm blower speed resulted in
maximized encapsulation yield of 66.64 %.

Fig. 14 Ginger lime juice powder and rehydrated juice
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MANGO GINGER

Based on the three-year
coordinated varietal trial
(CVT) on mango ginger,
Acc. 347 recorded the
highest average yield of 31
t/ha and a potential yield of
45.75 t/ha. This genotype is
characterized by a light-
yellow core, desirable flavor
with myrcene (55.54%) and
B pinene (14.53%) and with
essential oil content of
0.32%. Based on its
performance, Acc 347 has
been recommended for
cultivation in all mango ginger growing areas of
India by the All India Coordinated Research
Project on Spices (AICRPS) and was christened
as [ISR Amrit (Fig. 15).

TURMERIC

Total of 1404 Curcuma spp. germplasm
accessions are being maintained at I[CAR-IISR.
Among them 1132 are turmeric accessions,
which have been characterized for
morphological, rhizome characters and 817
accessions were characterized for quality
characters.

CVT on high yield and high curcumin

Eleven entries (one from IISR, 2 from TNAU, 2
from Pottangi, 1 from Raigarh, 2 from Navasari,
three control) were evaluated for two years. In the
second year (2022-23) CL 272 (23 t/ha) and the
two check varieties (IISR Pragati, IISR
Prathibha) recorded high yield.

CVT on light yellow colour turmeric for
specialty market

Eleven entries (five from IISR, 2 from TNAU, 1
from Pottangi, 1 from Kammarpally, two control)

Fig. 15 Rhizomes of IISR Amrit (Acc. 347)

were evaluated for two years. In the second year
(2022-23), Acc 849 recorded highest yield of
36.17 t/hafollowed by Acc. 1545 (31.17 t/ha).

Flow Cytometry ploidy study

Among 92 turmeric genotypes studied, 83 were
triploids and nine were tetraploids. Significant
difference in plant height, number of shoots,
petiole length, leaf length, length of mother
rhizome, length of primary rhizomes, length of
secondary rhizomes, girth of secondary
rhizomes, inner core diameter of primary
rhizome, weight of mother rhizomes, weight of
primary rhizomes, total fresh yield of thizome per
plant and dry yield of rhizome per plant between
triploid and tetraploid genotypes was observed
among the genotypes (Fig. 16).

Evaluation of extra-long and bold turmeric
lines

Thirteen accessions of Salem Local (Erode and
Salem district of Tamil Nadu) and seven
accessions of Mydukkur (Andhra Pradesh) were
evaluated for yield and rhizome characters.
Maximum yield (pooled) was recorded in SL5
(11.88 kg/3m’) followed by SL3 (11.38kg/3 m’).
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Fig. 16 Density plot summarises the trait variation in triploids (group A) and tetraploids (group B)

Evaluation of seedling progeny

Seedling progenies, somaclones and inbreds (113
Nos.) were evaluated in mini beds for yield and
quality traits in augmented design. Among them,
three accessions (69/5/22/1,9/1,1, 69/5/22/ 19,
69/5/22/ 19/ 1,4) produced high fresh rhizome
yield per plant (>450 g/plant).

Response of genotypes for yield and quality
under different production systems

A trial was taken up to study the response of
genotypes for yield and quality under vertical
structures, greenhouse growing conditions and
field conditions. Fresh rhizome yield was
maximum under greenhouse conditions followed
by field conditions. IISR Pragati>Rajendra
Sonali>NDH 8>CO-3 (>800 g/plant) performed
better under greenhouse conditions. CIM
Pitambar followed by IISR Pragati was found to
be best under vertical structures. Among three
environments, greenhouse conditions were found
to be best for fresh yield and recovery of cured
turmeric.

Site suitability analysis in Kerala for 2050
under various SSP scenarios

Present and future suitability of turmeric
cultivation within the humid tropical region of
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Kerala, India was evaluated using advanced
geospatial techniques. Presently, in Kerala, 28 %
of area falls under highly suitable; 41% of area
falls under moderately suitable and 11 % falls
under not suitable for turmeric cultivation (Fig.
17). However, considering the projected
scenarios for 2050 under the share
socioeconomic pathway framework, there will be
a 19% decrease in highly suitable area for
cultivation.

Effect of Nano Urea on N use efficiency and
increasing productivity

The first-year study showed that foliar
supplementation of nano urea combined with 50
% RD of N did not produce encouraging results in
terms of rhizome yield, as compared to 100 %
RDF as soil application which recorded highest
rhizome yield. Unlike yield, the quality in terms
of curcumin content increased significantly with
nano urea supplementation @ 0.2 %. The results
showed that using lower rates of nano fertilizers
(0.2 %) as foliar application proved to be an eco-
friendly alternative with sustainable productivity.

Organic farming
Under Network Project on Organic Farming
eleven varieties of turmeric were tested under
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Fig. 17 Turmeric suitability map of Kerala for 2050 under different SSP scenarios

five treatments viz., organic 100%, organic 75%,
INM (75% org + 25% chemical), INM (50% org +
50% chem) and 100% chemical for yield and
quality. The soil pH, available P, Ca, Mg, Zn and
Cu were significantly higher in 100% organic on
par with 75% organic followed by integrated
nutrient treatments (75+25% and 50+50%) over
100% inorganic management. Significant
activities of acid and alkaline phosphatase were
higher under organic and that of dehydrogenase
was higher in integrated (50+50%) management
systems. Significantly higher fresh rhizome yield
was recorded in integrated (75:25 & 50:50) (23.5

g;l"-ht "W

1.."-"-* L‘rﬁa' =

t/ha) nutrient managements as compared to 75%
organic (20.5 t/ha) and inorganic (18.1 t/ha).
Among the varieties, Pragati, recorded
significantly highest yield (40 t/ha) followed by
Suguna and Sudharsana under integrated 50+50
management. Under 100% organic management
also var. IISR Pragati yielded highest fresh
rhizomes (29.1 t/ha) followed by Suguna (26 t/ha)
as compared to other varieties and highest benefit
costreturn (2.80) was observed for these varieties
under organic management. Geo tagged
characterization of four organic and natural
farming farmers of Kannur District was carried
out.




Weed management practices under organic
production

Results of three-year experiments on weed
management (2020-2023) revealed that
application of dried coconut leaves @ 5400 kg/ha
effectively controlled the weed growth in under
organic management. The B: C ratio of 1.97 and
netreturn of Rs 2.81 lakhs were obtained with this
practice of weed management.

Integrated organic farming system model for
small and marginal farmers

The farming system model consisting of organic
cultivation of crops such as coconut (65 cents),
fodder (15 cents), turmeric (10 cents), tapioca,
banana, vegetable cow pea (2.5 cents each) with
livestock (2 HF cows and calves) yielded a net
income of Rs 1.89 lakhs per acre per year and the
model was found to be economically viable. Cost
of cultivation for the model plot is Rs 2.57 lakhs
peracre.

Natural farming

Complete natural farming package which
includes seed treatments with Beejamrit, and
application (soil drenching) of Jeevamrit &
Ghanajeevamrit at monthly intervals to plants till
120 DAP, intercropping with cowpea and residue
mulching and whapasa was taken up in the
variety Prathibha. Natural farming practices
recorded maximum content of curcumin (5.3 %)
and essential oil (4.6 %) whereas maximum
oleoresin was noticed in AI-NPOF package.

Chemo-profiling of essential oils of Curcuma
species

The chemical composition of the volatile
components of rhizomes and leaves of three
Curcuma species was determined. The rhizome
oil of C. amada was mainly constituted by
myrcene (63 %) and B-pinene (8.6 %) whereas
curzerenone (17.5 %), germacrone (13.9 %)
furanodienone (13 %) and furanodiene (7 %)
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dominated in the leaf oil. The C. aromatica
rhizome oil was dominated by camphor (18.5 %),
curdione (11.4 %), furanogermenone (7.5 %),
1,8-cineole (8.6 %) and isoborneol (6.7 %),
whereas its leaf 0il was mainly constituted by 1,8-
cineole (16%), camphor (11.0%) curdione
(11.9%) and furanogermenone (6.2%). Dominant
components of C. caesia rhizome oil were
curzerenone (22.5 %), furanogermenone (9.2 %),
1,8-cineole (9.4 %) P-elemene (5.7 %) and
curzerene (5,8 %), while the major constituents of
leaf oil was furanodienone (15 %), curzerenone
(11.5 %), furanogermenone (9.4 %) and
curzerene (5.7 %).

Antioxidant potential of C. caesia

Antioxidant potential of the compounds viz., 1, 8-
cineole, camphor, 4-terpineol, linalool, borneol,
isobornyl acetate, eugenol and their
combinations were evaluated by DPPH free
radical scavenging assay. The results revealed
that eugenol, a minor component of the essential
oil, possessed promising antioxidant potential
with IC50 value of 140 pg/mL.

Encapsulation of spices extract using ionic
gelation

The turmeric extract (T1-0.05 %; T2 -0.1 %; T3 -
0.15 %) was encapsulated with sodium alginate
and the resultant calcium alginate beads were
characterized for its encapsulation efficiency and
in vitro release capacity ( Fig. 18). The size of the
beads was higher in control samples followed by
beads prepared in chitosan (1 %). efficiency (EE
%) in terms of curcumin was found in the sample
encapsulated with 0.15 % turmeric with 1.0 %
chitosan. The highest release of curcumin from
beads was observed in the sample prepared with
0.5 % chitosan with 0.15% turmeric extract at 5"
hour of incubation in phosphate buffer pH 7.0
(Fig. 19).
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Alginate beads + TE with chitosan (0.5 %)

Sodium Alginate with turmeric
extract at different concentration

Fig 18. Encapsulation of turmeric extract in calcium alginate beads with or without chitosan
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Methodology for identifying adulteration in
spice essential oils using optical properties

A non-chemical method for detection of
adulteration in spice essential oil using optical
property was developed. Difference in the
specific rotations due to adulteration was
compared with specific rotation of pure oils and
the extend of adulteration was detected. The
study was successful in differentiating the
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Fig. 20a Effect of mixing turmeric rhizome oil with varying
degree of turmeric leaf oil

adulterants in two cases viz. a) Turmeric rhizome
oil with turmeric leaf oil (adulterant) and b)
Cinnamon bark oil with cinnamon leaf oil
(adulterant) (Fig. 20 a,b). Therefore, this method
can be adopted as a confirmatory method for
rapid detection of oil adulteration in spice
essential oils with high efficiency and accuracy.

Categorization of genotypes based on reaction
towards leaf blotch (Taphrina maculans)
Among the 187 genotypes screened, the seedling
progenies RRN 2, RRN I, RRN 3, RRN 4, SL. 3,
SL 5, SL 9, SL 8, SL 6, SL 4, SL 2, SL 14,
Mydukur 8/16, MK 1, MK 3, MK 4, MK 7,
69/5/22/1,1, 69/5/22/1,2, 69/5/22/1,3, 69/5/22/1 4,
69/5/22/1,5, 69/5/22/1,6, 69/5/22/1,7, 69/5/22/1,8,
69/5/22/1,9, 69/5/22/1,10,
69/5/22/1,11,69/5/22/1,12, BSR White and SLP
389/1 were found to be resistant to leaf blotch.

Lesion nematode (Pratylenchus sp.)
The population dynamics study revealed that the
highest population of Pratylenchus sp.was

I 44 | Annual Report 2023

during November while no population was
recorded in the months of February to May. The
interaction study between Pratylenchus spp and
the oomycete (Pythiumspp) carried out through
pot culture showed that simultaneous inoculation
of nematode and Pythium resulted in the highest
percentage of thizome rot (80%) and yellowing of
leaves (90%).
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Fig. 20 b Effect of mixing cinnamon bark oil with varying
degree of cinnamon leaf oil

Influence of plant phenology and time of
planting on the occurrence of shoot borer
(Conogethes punctiferalis)

It was observed that in early planted crop ( May),
the incidence of the pest was first observed in the
third week of July (i.e. about 75 days after
planting) and the infestation reached its peak
during last week of September. Whereas, in the
case of normal planting (June), the incidence of
the pest was first noticed during the third week of
July (i.e. about 45 days after planting) and the
peak infestation was noticed during last week of
October.

VANILLA

Conservation

Atotal of 77 accessions (65 Vanilla planifolia and
12 Vanilla sp) are being conserved in the
germplasm repository. Based on preliminary
germplasm evaluation Acc. 4766 recorded fresh
weight of 32.37g with maximum length of 21.33
cm.
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Molecular characterization

Twenty-two genotypes comprising of Vanilla
accessions (11), Andaman collection (2),
Wayanad collection (2) and other Vanilla spp. (7)
were characterised using 11 SSR markers. The
similarity coefficients based on SSR markers
ranged from 0 to 0.80. The genotypes Acc. JPN
20-69 and Acc. JPN 20-58 had maximum
similarity (0.80). Low similarity was observed
between V. tahitensis and three genotypes (Acc.
4795, Wayanad collection 2 and V. wightiana)
and between Vanilla sp. and three genotypes
(Acc. 4795, Wayanad collection 2 and V.
wightiana).

Fig.21 Plant regeneration from protocorm like bodies (PLBs)

TREE SPICES

NUTMEG
Collection of wild Myristica sp.

A wild species of Myristica, M. magnifica was
collected from the sacred grove, Vallikkattukavu,
at Chellannur, Kozhikode and also from the
Mpyristica swamps at Sasthanada, Kulathupuzha,
Kerala (Fig. 22). M. magnifica, is one of the
dominant species of Myristica swamps and have
stilt roots that support the tree (Fig. 23). These

Invitro seed germination

The seeds of 150 day old beans were extracted
and cultured in different media compositions. A
protocorm like bodies (PLBs) were formed in the
cultures with BMorchid medium+2,4-D (2 mg L
") (Fig. 21). These PLBs were inoculated into
different media combinations maintained both
under light and dark conditions. BM" orchid
medium supplemented with growth regulators
like BAP (1 mg L")+ NAA (0.5 mg L") under
dark conditions regenerated into more shoots
(5.2), whereas the same media without any
growth regulators maintained under light got
regenerated into more roots (4.6).

a. Germination of seeds into
protocorm like bodies
(PLBs)

b.Formation of embryogenic
callus from PLBs

¢. Multiplication of
embryogenic callus

d. Formation of green
structures

e. Induction of shoot
primordia

f. Multiple shoot formation

g. Formation of leaves

h. Induction of roots

i. Elongation of roots

j- Enlargement of leaves

roots emerge from the base of the main trunk and
bend downwards to reach the ground. The stilt
roots form a tangled network of roots around the
tree. These swamps are water-logged for a large
part of the year between June and December, and
hence M. magnifica offers tolerance to water
logging conditions.
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Fig. 23 M. magnifica at Kulathupuzha

Hybridization

Hybridization was attempted in nutmeg using
high yielding varieties as female parent and
monoecious lines as male parent. F, Hybrids were
produced in five cross combinations viz;
Keralashree x Konkan Sanyukta, Keralashree x
Acc 590, Keralashree xAcc 562, Viswashreex
Acc 590, Viswashree xAcc 562.

Microwave pre-treatments on drying of mace
Effect of microwave pre-treatments on mace
were studied under microwave power levels of
160, 320 and 480 W for an exposure time of 1
min. The drying time of the mace was reduced by
18.2, 27.3 and 36.4 % at microwave powers of
160, 320 and 480 W respectively. Microwave at
optimal power of 320 W was found to have better
retention of essenti