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PRESIDENTIAL ADDRESS

Enhancing economic leverage in coconut by 
crop and product diversification 

Chowdappa P.*
ICAR-Central Plantation Crops Research Institute,

Kasaragod-67124, Kerala
(*pallem22@gmail.com)

Coconut palm, widely acclaimed as the ‘Kalpavriksha’, provides food and 
nutritional security and livelihood opportunities to more than 20 million 
people across the globe and 10 million people in India. Coconut is grown in 
an area of 12.20 million ha with an annual production of 69,836.36 million 
nuts. India occupies a prominent position in the world map with an annual 
production of 20,439.60 million nuts from an area of 1.98 million ha. Thus, 
the crop contributes ̀  92,000 million annually to the Gross Domestic Product 
of the country. The coconut sector also contributes to foreign exchange 
earnings to the tune of ` 21385 million through the export of coconut and 
coir products. 

The coconut plantation sector is confronted with a number of challenges, 
which has resulted in declining farm income, deterioration of production 
environment and total factor productivity. In India, coconut is predominantly 
cultivated in small and marginal holdings. Most of these holdings neither 
provide gainful employment opportunities for the family labour throughout 
the year nor generate sufficient income to meet the family requirement. 
Presently, coconut growers are more exposed to economic risks and 
uncertainties owing to the high degree of price fluctuations. In this context, 
it is needless to emphasize the importance of crop diversification in coconut 
gardens and value addition in coconut. It is necessary to promote coconut 
as food crop for nutrition, health care and environmental services, thereby 
upgrading the status of the crop from present oil seed label.

Coconut gardens offer tremendous opportunities to exploit the inter-space 
potential for maximizing returns per unit area. The coconut based cropping 
system (CBCS), and coconut based mixed farming system (CMFS) have 
categorically proven the advantages of the system approach. The CBCS using 
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multi species cropping of coconut with pepper, banana, nutmeg, pineapple, 
ginger, turmeric and elephant foot yam generates a net income of  ̀  3,62,595 
per ha, which is 150% higher than that of coconut monocrop (` 1,41,505), 
while the CMFS wherein the components are coconut, pepper, banana, 
crossbred cows, poultry birds, goat, and pisciculture generates a net return 
of ` 5,50,214 which is 288% higher than that of coconut monocrop. This 
system approach provides social, economic and environmental benefits. 

India has tremendous potential for the production and sale of value added 
products both in the domestic and international markets. About 50% of 
coconut production in the country is utilized for edible and social purposes, 
35% is converted into copra and 15% is consumed as tender nut water. Of 
the 50% consumed as raw nut, 92% is consumed in the edible sector and 8% 
in the industrial sector for producing value added products.There is need to 
raise present level of value addition from 8% to 20-25% for achieving price 
stability and increased returns achieved over copra and coconut oil.

Major coconut products traded in the world market are coconut oil, 
desiccated coconut, coconut milk, coconut cream, coconut milk powder, 
coconut palm sugar, coconut shell charcoal, activated carbon, coir and coir 
products. New products like packaged tender coconut water, virgin coconut 
oil (VCO), coconut flour and oleochemicals, vinegar, health foods like bakery, 
extrudates, confectioneries, candies etc. have entered the market. Tender 
coconut water is emerging as one of the world’s finest natural drinks and its 
demand in packaged form is growing manifold. Other value added products 
obtained from coconut are coconut milk, coconut milk powder; cream, 
desiccated coconut, virgin coconut oil, edible copra and activated carbon. 
Coconut milk powder, being a ready-to-use convenient product, is poised 
to achieve a growth rate of 20% per annum. Virgin coconut oil, in view of 
its therapeutic and nutraceutical properties, is expected to grow at a rate 
of 10% per annum. Coconut shell based activated carbon, considered to be 
superior to all activated carbons, likely to attain a growth rate of 20% per 
annum in the export market.

In view of potential health benefits of dietary fibre, protein and anti-
oxidants, development of health foods, nutraceuticals from neera, coconut 
sugar, coconut milk residue, VCO cake and copra cake is the need of the hour. 
ICAR-CPCRI in collaboration with Central arecanut and cocoa marketing and 
processing co-operative limited (CAMPCO Ltd.)  developed coconut sugar 

based ‘Kalpa Dark Chocolate’ and  ‘Kalpa Drinking Chocolate’. Similarly, 
coconut milk residue based extruded product, ‘Kalpa Krunch’ was developed 
by ICAR-CPCRI in collaboration with ICAR-CIFT, Cochin. Due focus should be 
given to standardize/optimize the formulations of various coconut products 
such as tender coconut water, coconut water, coconut milk and coconut 
neera powders, ready-to-serve (RTS) beverages, coconut ice cream, coconut 
jam, coconut honey, coconut jaggery, coconut based traditional sweets and 
confectioneries. 

Further, in view of low shelf-life of coconut products, new approaches such as 
nanotechnology/nanocomposite technology for packaging and preservation 
and microencapsulation need to be employed to enhance the shelf-life of 
the coconut products. The use of nanotechnology in the production of nano-
fibres from coconut husk and shell need to be envisaged for its application 
in food packaging, converting into nano-sized bioactive compounds for 
its easy absorption in the body, nano-encapsulation of antimicrobials and 
anti fermentation compounds in order to improve the shelf life of tender 
coconut water, coconut water, coconut milk and coconut neera. The use of 
nano-level coatings of edible grade antimicrobials and preservatives on the 
surface of highly perishable tender and mature coconut kernel and coconut 
haustorium, also needs to be explored to develop nutritive and marketable 
products

The demand for various coconut value added products has been increasing 
across the globe, for instance the demand for VCO is increasing in USA, 
Canada, Germany, Lithuania, UK, New Zealand, Australia, Russia, Finland, 
and Turkey. Similarly, coconut sugar’s demand is on the rise in New Zealand, 
South Africa, Australia, U.S., France, Canada, and Norway, so does desiccated 
coconut in the USA, Europe, Canada, Australia, Middle East, Japan and Russia. 
China is the major buyer of coir fibre (90%) and its requirement is expected 
to increase 10 to 20% every year. At present, there is deficit of nearly 20% in 
supply of coir fibre in the world.

In the present context, we need to realign our thought process and attempt 
to capture the market for “ecotourism” wherein the direct and value 
added products of coconut sector suits very well due to its multifaceted 
characteristics. Moreover, coconut based ecotourism will enhance rural 
employment and thereby improves livelihood security. Adding value to farm 
products becomes vital for rural growth by enhancing farm income and 
providing employment in the processing businesses.
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KEYNOTE ADDRESS

Strategies for increasing the vegetable oil 
production in India through oil palm cultivation 

and doubling the income of oil palm growers
Rethinam P.

Founder & President, Society for Promotion of Oil Palm Research & Development 
(SOPOPRAD), Former Asst. Director General Plantation Crops, ICAR, New Delhi &

Former Director, National Research Centre for Oil Palm, ICAR, Pedavegi, 
Andhra Pradesh

(*palms02@hotmail.com)

Vegetable oils play a very vital role in the Indian Agricultural Economy, next 
to the food grains. Indian vegetable oil economy is world’s fourth largest after 
USA, China and Brazil. All the efforts that have been made so far to boost the 
vegetable oil production in the country  could make substantial increase in area 
and production and marginal improvement in productivity  but could not meet 
the growing  demand  resulting in a huge gap .The total vegetable oil production 
has increased from 16.072 million tons in 1960-61  to 179.569 million tons  as on 
2015 with major contribution from Palm Oil (62.558 million MT, 35.93% share 
), soybean  (48.860.73 million MT ,28.6% share), rape seed (26.290 million MT, 
15.10% share), sunflower (15,.05 million MT,8.73 % share) and coconut(2.980.
million  MT,1.71 % share).  From the above, we can very well understand the 
significance of Oil Palm Development in the global vegetable oil economy. 
India, with 161.7 million ha of arable land of which 56.0 million ha  is under 
irrigation, is blessed with wide range of Agro climatic zones suitable for growing 
many oil seed crops. However, oilseeds are  grown in marginal and sub marginal 
lands mostly under rain fed conditions. India contributes to 8% of global oil 
seeds production. Nine annual oilseed crops grown in 26.9 million ha in the 
country produces about 20.3 million t of oilseeds with an average yield of 757kg 
/ha during 2015-16.Total production of edible and nonedible vegetable oils is 
7.2 million T, nevertheless the demand for edible oils was 20.0 million T   and 
the import of  edible vegetable oil during 2014 -15(Nov-Oct)was 15.8 million T. 
The per capita consumption in 2015 was 15.8 kg and is expected to rise by 5.0 
to 5.5% per annum.
India plays a significant role in global vegetable oil market being the world’s 
largest importer and the world’s third largest consumer of edible oils.  Indonesia 
is supplying 73% of India’s local market in the form of Crude Palm Oil(CPO)  followed 
by Malaysia mostly in the form of Refined , Bleached and Deodorised Palm Olein.

Why oil palm for India? Fast shrinking of agricultural land for food production 
warrants high value crops of high yielding nature like oil palm which provides the 
highest oil yield of 4-6 tons/ha/year/ with a global average of 3.80 tons/ha/year 
replacing some low value crops since horizontal expansion alone is possible.The 
highest theoretical oil yield of this crop is projected to 18 t /ha/year. In India itself 
the best farmers have obtained 6 to 8 tons crude palm oil/ha /year and highest 
being 10 tons of oil/ha/year.Oil palm is an eco-friendly crop and as it supplies  
lot of organic matter to the soil for its enrichment. Through proper recycling of 
organic residues in the plantations, the inorganic fertilizer requirements can be 
reduced and thereby help reduce the import of inorganic fertilizers. Palm oil is 
a source of nutrition and health due to its high calorific value and richness in 
vitamin A and E content. Palm kernel oil is emerging as a major source of lauric 
oil which has lot of uses in nutritional, pharmaceutical and cosmeceuticals. Palm 
oil is the major source of Bio fuel/ bio diesel /bio lubricant. It also offer the 
possibility of co-generation and alternate source of energy. Owing to its high 
returns and sustained income generation, oil palm cultivation elevates the socio-
economic status of the farmer.  It provides opportunity for higher employment 
generation in the plantations and allied agro-based industries as well. In the 
Indian context cultivation of oil palm is very much needed to increase vegetable 
oil pool of the country.
Potential Areas for growing Oil Palm in the country: Government of India, 
promoted oil palm development as a forest crop in 1980s however it failed   since 
the performance was not convincing. Subsequently the concept of irrigated oil 
palm was mooted and the GOI through various expert committees identified the 
potential areas of 1.952 million ha in 18 states including North East for growing 
oil palm under irrigated conditions. North Eastern States provide enough 
potential to expand area under oil palm over 3.0 to 4.0 lakhs ha. The stratgegy 
followed was to provide subsidies,   by giving 100 % subsidy for inputs supply 
and the entire labour cost to be borne by the farmers. If another 4.0 million ha 
of cultivable wastelands with underground water potential is identified, this will 
go a long way in increasing  vegetable oil pool and can be used as bio fuel also. 
Khozy River valley (Bihar) farmers who lost their cultivable land due to flooding 
and breaching can be provided livelihood security through group farming of oil 
palm cultivation. Aliapet island in Baruch District of Gujarat has about 15,000 
acres can be brought under oil palm as Corporate crop. 
Government of India initiatives to increase vegetable oil production: In order 
to increase the vegetable oil production, GOI formed Technology Mission on 
Oil Seeds in the year 1986 along with four other Missions. Besides nine annual 
oil seeds, coconut and Oil Palm were also included. As part of TMOP a separate 
project by name Oil Palm Development Project (OPDP) was launched in the year 
1990-91. The entire TMOP was implemented by a Special Secretary Agriculture 
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supported by four Joint Secretaries. Over a period of time, the scope of TMOP 
was widened by adding pulses and maize. Presently only Additional Secretary 
with a Joint Secretary are managing the programme under the Secretary 
Agriculture. A new name was coined for the Project Integrated Scheme of 
OilSeeds, Pulses,Oilpalm and Maize (ISOPOM) and Rashtriya Krishi Vikas Yojana 
(RKVY)  came in with some additional financial facilities. This set up was fairly 
providing financial support for various aspects of oil palm cultivation including 
intercrops, fencing, creating irrigation facilities etc. During the current Five 
Year Plan, it is again rechristened as National mission on oilseeds and oil palm 
(NMOOP) where financial assistance has been reduced in many areas.
Progress made in oil palm  in the  Technology Mission on Oil Seeds: Small holders 
‘ irrigated Oil Palm was started  in 1987-88 under DRDA, followed by three 
large scale demonstration of 1000 ha jointly by Department of Bio technology 
in the states  of Andhra Pradesh, Karnataka  and Maharashtra. Department of 
Agriculture and Cooperation, Ministry of Agriculture, GOI, implemented the 
OPDP since 1992-93in nine states to start with and so for about 300,000ha has 
been planted and 26 processing units with a total capacity 509.3 t fresh fruit 
bunches (FFB ) /hr are crushing the FFB.
Problems affecting the area development in Oil Palm: The major goal for 
introducing Oil Palm in the Technology Mission on Oilseeds  in 1986 was to 
increase the vegetable oil production through this crop. But while formulating 
the project it was projected to promote small holders and SC/ ST and thereby 
the subsidy was limited only to 15ha land holding.
Slow pace of area expansion with low budgetary provision is a major issue as only 
300,000 ha could be covered against assessed potential of 1.952 million ha over 
period of 24 years. This is due to non-uniformity in implementing programme 
in different states like seedling price, price fixing for FFB, supply of inputs etc. 
Some of the identified states have not yet started the activities.
Sudden reduction in the already targeted area expansion in the middle of year 
resulted with huge number of old seedling to be maintained by the Processors 
beyond 18 months. Low yield realization in general is due to various reasons, 
mainly irrigation and nutrition which are the two important requirements. 
Resource constraint farmers could not adopt the package due to non-availability 
of crop loan for oil palm cultivation.
Lack of confidence among the growers due to fall in price; delayed  support 
price, absence of  a price policy for  a long time considerably slowed down the 
area expansion and also resulted in the  removal of 30,000 ha of planted Oil 
palm prior to year 2006 by the farmers.
In the states like Orissa and Gujarat, Oil Palm was planted by farmers due to 
direct promotion by the Govt. Dept. of Horticulture however no industrial 

support was provided for  processing. When the palms started yielding there 
was no processing unit or buyer of FFB and this has resulted in the removal of 
large number of palms. The farmers also lost interest in Oil Palm cultivation. 
Even though, this problem was settled now by allocating the oil palm areas to 
five processors the fear of farmers could not be wiped out and hence oil palm 
development is taking place in slow phase. Moreover , resource poor small 
farmers could not develop irrigation facilities and get power connections and 
hence could not irrigate properly.
Monitoring and Evaluation by outside agency on low contract tender system had 
not brought out the real situation. Oil Palm Development Programme in many 
states was implemented as one of  the routine developmental programmes 
and due attention was not paid.  . There was considerable delay in dispersal of 
subsidy amount to farmers and processors.
Import Policy, inadequate financial support by Government  for implementing 
the project, resource and security related issues viz. credit from commercial 
banks and NABARD, delay in implementation of crop insurance schemes,  delay 
in enactment of legislation Oil Palm Act  in many states etc. lack of  unified price 
policy, absence of appropriate Market Intervention Scheme (MIS) at proper 
time, not having regular Project Monitoring  Committee(PMC) meetings etc also 
considerably affected the progress of the project.

Way forward:
i.	 26.9 million ha of nine  annual oil seed crops  along with  cotton seed  and 

copra  could  only produce  about 7.2 million tons of  edible and non-edible 
oil per year but  2.0 million ha of Oil Palm  from  the age  3 to 5 years could 
produce  6.0 to 8 .0 million t of Crude Palm Oil,  0.6 to 0.8 million t of palm 
kernel oil, palm kernel cake,  for period of 25 to 30  years continuously. Oil 
palm cultivation will also supply large quantity of bio-mass for bio energy, 
ecofriendly bio diesel etc., besides efficient  land use.

ii. 	 Time targeted mission oriented project to be formed with full commitment 
and dedication at all levels with adequate assured price support, power 
and fund to run the project followed by proper monitoring and evaluation.

iii. 	 Annually ` 65,000 crores is being spent for importing vegetable oil, hence 
a portion of that outgoing Indian currency (for e.g.) `  1000 Crores  could 
be spent every year for oil palm development and processing to augment 
vegetable oil production, uplifting socioeconomic situation of farmers, 
generate employment potential and to produce eco-friendly fuel and 
energy.

iv. 	 Increase in subsidy on micro irrigation system from the current 2 hectare 
per farmer to 20 hectare per farmer specifically for Oil Palm cultivation. 
Another possibility is to providing micro irrigation facility by the Government 
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and recover the cost borne by farmers only when the fruits are supplied to 
the Processors. The processors can recover and remit to the Govt. account 
regularly in installments.

v. 	 For  improving  oil Palm yield with an aim to reach productivity of 5 MT oil 
/ha/ year or 20 MT of  FFB/ ha /year and 25% OER , integrated approach 
to crop production viz. high yielding planting material,  optimum use of 
fertilizers, inter ,mixed , multiple crop/ mixed farming, drip irrigation etc. 
Malaysia, Indonesia, Thailand, Coasta Rica, PNG  etc. are having  advanced 
planting materials which can give even 8 MT of palm oil per hectare/year. 
It is imperative to import the material.

vi. 	 Supply of inputs like fertilizers should be done by the Processors to ensure 
timely application of fertilizer and in adequate quantities.

vii. 	 Encouraging group farming concept  by providing irrigation facilities, 
electricity for pumping water , drip irrigation,raising inter/ mixed / multiple 
cropping  and farming system in the juvenile and maturity age of palm , 
proper organic recycling  through compost / vermicompost  system and 
thereby  reducing the quantity of inorganic fertilizer usage etc will help to 
double income  of farmers ,paving way for “More Crop Per Drop” . 

viii. It should be borne in mind that Oil Palm cultivation was taken up to boost 
vegetable oil production in the country and not only as small holders’ 
crop but also as big corporate plantations. Relaxation of land ceiling 
norms similar to that of coffee, tea, rubber etc., and treating Oil Palm as a 
plantation cropwill help to promote oil palm in large areas and people are 
ready to take up oil palm cultivation.

ix. 	 Implementing  Market Intervention Scheme (MIS), an effective price  
intervention instrument and review of FFB price  regularly ,fixing formula  
for price based on the location specific expenses in respective States, 
creation of Price Stabilisation Fund,implementation of crop insurance 
scheme, sensitization of commercial banks and NABARD for promotion of 
oil palm cultivation will create confidence in the farmers.

x. 	 Difficulties in harvesting of FFB from adult palms are being expressed by 
farmers can be solved by establishing Harvest Banks with modern tools 
and experienced /trained man power and helping farmers in the harvest 
process.

xi. 	 Special package may be announced to boost area expansion program for 
Oil Palm Development on Fast Track Mode to save foreign exchange on 
import of edible oil and to become self-reliant. 

SESSION I

GENETIC RESOURCES
AND GENOMICS
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TS1-LT1

Decoding and utilization of crop genome
Nagendra K. Singh

National Research Centre on Plant Biotechnology, New Delhi-110012
(nksingh4@gmail.com)

We started our genomics journey by joining the international rice genome 
sequencing project and sequenced the long arm of chromosome 11 (IRGSP, 
Nature 11 Aug 2005).  With the experience gained through rice genome we 
became a leading partner in the international tomato genome sequencing 
consortium (TGC, Nature 31 May 2012) and subsequently played a role in 
publishing chromosome-based draft sequence of the wheat genome through 
international partnership (IWGSC, Science 18 Jul 2014).  While rice, tomato 
and wheat are crops of global importance which made it feasible to develop 
international consortia with funding supports from the respective countries, 
there are a number of tropical grain, horticultural and medicinal plants 
uniquely important to India with large production volume and economic 
significance where no other nation has stake, and therefore development of 
genomic resources in such crops should be a high priority for India that will 
pay rich dividend by characterization of our germplasm resources and genetic 
improvement for productivity and quality enhancement.  With this in mind 
we started work on development of genomic resources in pigeon pea, jute 
and mango through national partnerships largely with ICAR funding support. 
Pigeon pea is the second most important pulse legume for India crucial for 
the nutritional security of largely vegetarian population and is grown in 
all parts of the country. India is by far the largest producer, consumer and 
importer of pigeon pea. It has a genome size of 858 Mbp packed in eleven 
chromosomes.  After generating RNA sequence from different tissues of 
pigeon pea and transcriptome sequence assemblies we created first intra-
specifc high density genetic map of pigeon pea and the first draft of the pigeon 
pea genome in 2012. This was the first plant genome decoded entirely by 
indigenous efforts and first genome of a pulse crop anywhere in the world. 
The pigeon pea genome was predicted to have 47004 protein coding genes 
out of which 1213 were disease resistance and defence response like genes. 
A large number of SSR and SNP markers were identified and two major QTLs 

for semi-dwarf plant height, early maturity and branching patterns were 
mapped which are now being used in the pigeon pea breeding programme.  
A 60K SNP genotyping chip has also been developed on Affymetrix platform 
for high density genotyping.
Jute is an important tropical fibre crop with increasing demand for 
environment friendly packaging and industrial usage. India is the largest 
producer of jute fibre, closely followed by Bangladesh. After an initial over 
estimation the size of jute genome has been estimated to be 350-450 Mbp 
based on flow cytometry studies by CRIJAF, Barrackpore, India. Transcriptome 
sequence from different tissues of jute have been generated, a high density 
genetic map of 503 RAD markers developed and a major QTLs for best fibre 
quality mapped in collaboration with CRIJAF. A draft genome of jute has 
been assembled using Illumina MiSeq overlapping pair-end sequence reads 
and submitted to the NCBI Genbank.  Additional sequence data have been 
generated for improvement of the genome assembly. The high-density SNP 
map is being further enriched for the anchoring of the genome assembly.
Mango is the king of fruits for its production volume, taste, flavor, color, 
diverse end usage, and India is the largest producer with growing international 
demand for high quality fruits, but no genomic resources were available till 
recently. A major challenge for mango genome assembly is its high level 
of heterozygosity and lack of open source software for diploid genome 
assembly. To solved this problem we have used long sequence reads PacBio 
single molecular real time (SMRT) sequencing and Falcon diploid genome 
assembler to generate over 400 Mb of high quality reference genome of 
hybrid mango cultivar Amrapali and have completed the genome analysis 
and annotaiton.  The impact of changing genome sequencing technology on 
decoding of large number of plant species uniquely important for India will 
be discussed.
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Genetic and genomic resources of spices 
Saji K.V., Santhosh J. Eapen and Nirmal Babu K.*

ICAR- Indian Institute of Spices Research, Kozhikode -673012, Kerala
(*nirmalbabu30@hotmail.com)

India is the land of spices. It grows over 50 different varieties of spices.  While 
spices such as black pepper and cardamom originated in India, it is also a 
major production centre of many other spices like ginger, turmeric, chillies, 
vanilla and tree spices (nutmeg, clove and Garcinia).  Among the seed spices, 
India is one of the centers of origin for ajwain and dill besides being a major 
producer of other seed spices such as coriander, cumin, fennel, fenugreek, 
celery and kalongi.  During 2014-15, India had a total area of 3.317million 
ha under spices with 6.108 million tonnes production. ICAR-Indian Institute 
of Spices Research (ICAR-IISR) considers conservation of the existing 
biodiversity in the country is a high priority.  The institute has played a key 
role in collection and conservation of genetic resources of spices, which 
include cultivated, wild and endangered spices.  The ex situ genebank of the 
institute is augmented regularly by undertaking collection programs from 
the primary and secondary centres of origin. IISR is designated as the NAGS 
(National Active Germplasm Site) for the major spices. 

The valuable collections  in the spice genebank includes endangered 
spices like Piper barberi , P. hapnium, P. silentvalleyensis , Myristica fatua 
var. magnifica, Vanilla andamanica, V. pilifera, other wild spices like Piper 
mullesua , P. thomsonii, P. peepuloides, multi - branched panicle types, narrow 
leaf type, natural ‘katte’ escapes, low elevation types and bold capsule types 
of cardamom, Zingiber zerumbet, Z. nimmonni, Curcuma aromatica (Kasturi 
turmeric) Curcuma caesia (black turmeric) Vanilla aphylla, V. tahetensis, 
Garcinia gummi-gutta (wild), G. morella, G. hombroniana, Cinnamomum 
tamala, C. riparium, C. glaucens etc. 

A South American Piper species viz. Piper colubrinum having multiple 
resistances to Phytophthora, Radopholus similis, Meloidogyne incognita and 
‘pollu beetle’ is another important species conserved in the genebank.  Multi 
branch type of cardamom double nut types of nutmeg, king cloves, putative 

wild types of ginger, high curcumin types of turmeric were also collected and 
conserved in the ex situ gene bank.  At present the spice germplasm at IISR is 
the biggest in the world comprising about 6961 accessions. The major spices 
discussed here are all distributed in Western Ghats and Eastern Himalayas in 
the forest ecosystem.

Piper nigrum belongs to the genus Piper, of the family Piperaceae.  The 
distribution of Piper species ranges from sea level to the high ranges of 
Andes and the sub Himalayas. Trans-Gangetic region and the South Deccan 
are considered to be the two independent centers of origin of the genus 
Piper in India.  The sub - mountainous tracts of Western Ghats are believed 
to be the center of origin of black pepper – Piper nigrum Linn.  More than 
1000 species are included in the genus Piper of which 119 are from Indian 
origin.  Brazil, Central America, Malaysia, Mexico, Indian -subcontinent, 
Tropical Australia, East Africa, Malagasy Republic, West Indies, Pampas 
area and Siam-Burma region are considered to be the centres of world 
distribution of the genus Piper. Even though ecosystem diversity does not 
contribute much to biodiversity of black pepper, species diversity and varietal 
diversity are considerable. South Indian species are economically the most 
important, as they are closely related to the cultivated black pepper. The 
other economically important species is P. betle (L) which is mainly used 
for pan industry. Several species of Piper are used as important medicinal 
plants.  P. longum, P. cubeba, and P. retrofractum are some of the important 
species used in indigenous medicine system. Presently, ICAR-IISR is having 
a large collection of black pepper germplasm with 3395 accessions. These 
accessions have been characterized, evaluated and catalogued. Accessions 
with desirable traits were incorporated in the breeding programs. Promising 
lines emerged from the germplasm characterization programmes were 
released as improved varieties for farmers benefit. So far, 19 black pepper 
varieties are available for farmer’s cultivation. 

Cardamom (Elettaria cardamomum Maton) is indigenous to evergreen 
forests of Western Ghats in South India.  It is a tall, herbaceous perennial with 
branching subterranean root stock belonging to the family Zingiberaceae.  
The cardamom of commerce is the dried mature capsules of the plant.  The 
present germplasm holding of cardamom in ICAR-IISR is 618 accessions 
collected from cardamom growing regions of South India and also the 
accessions from other research institutes. Sixteen cardamom varieties were 
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released from various research organizations. Besides this farmer developed 
varieties are also prevalent in cultivation.  

Ginger consists of the dried and digitately branched rhizomes of Zingiber 
officinale of the family Zingiberaceae. The ex situ genebank of ginger at 
ICAR-IISR is having 675 accessions. All accessions are being maintained in 
cement tubs for protecting them from diseases and also to maintain the 
purity of the genotypes. Ten improved varieties of ginger were developed 
from research organizations.  The genus Curcuma is mainly Indo-Malayan 
in distribution. Species diversity, morphotype diversity and varietal diversity 
are characteristic of this genus. Among the related species C. aromatica is 
important in medicine and in the preparation of cosmetics.  C. amada is used 
as a vegetable, while C. zeodoaria, the Indian arrow root, is a major source of 
starch in many parts of India, through C. angustifolia, C. caulina, C. montana, 
C. leucorrhiza, C. decipiens, C. raktakanta, C. pseudomontana, C. erubescens, 
C. xanthorrhiza, C. malabarica and C. harita are also reported to be useful 
for arrow root preparation. The turmeric conservatory of IISR consists of 
1358 accessions. So far 18 turmeric varieties were developed and are under 
cultivation in turmeric fields. 

Tree spices are spices originating from tree crops.  Altogether 17 species are 
put under the group ‘tree spices’. Nutmeg, clove and cinnamon, kokum and 
tamarind are the important tree spices grown in India.  Allspice is another tree 
spice introduced to India recently but less popular.  Tamarind and curry leaf 
are grown widely. Garcinia is mainly grown in the South West region of India. 
Tree spices conservatory at ICAR-IISR includes 510 nutmeg, 226 Syzygium, 
311 cinnamon and 116 Garcinia. Altogather 10 improved varieties are there 
in tree spices consisting five nutmeg, three cinnamon and two Garcinia. In 
vanilla we have 90 accessions including five species. The databases of black 
pepper, ginger, turmeric and nutmeg genetic resources are also available.

Genomic and transcriptomic resources

Spices are high value commercial crops of greater economic importance and 
play a vital role in improving Indian economy. In spite of the biological and 
economic importance, none of the genomes of these plant species have 
been sequenced. Complete genome sequencing of plant species is very 
important as it provides an understanding of how important agronomic traits 
are expressed and controlled which can greatly help in crop improvement. 

Sequencing, assembly and analysis in plant biology faces many problems  
compared to microbial and animal system, owing to the large size and 
repetitive nature of its genome. Assembly based on reference genome may 
not be possible in case of spice crops, as they do not have their near relative 
species completely sequenced. On the other hand, de novo sequencing 
is the only option which continues to remain a great challenge in plant 
sequence analysis. In contrast, expressed sequence tags (ESTs) offer a rapid 
and cost effective method to explore the transcriptome of an organism thus 
providing an alternative to whole genome sequencing in understanding of 
plant sequence. 

In recent times, transcriptome sequencing has been utilized in many spice 
crops. Besides IISR has completed whole genome sequencing of some 
important plant pathogens associated with spices like Phytophthora capsici/
tropicalis (2 isolates) and Ralstonia solanacearum (2 isolates). Table 1 
provides the status of genome/transcriptome sequencing in spices and wish 
to share our experiences with spice transcriptomes and the challenges and 
confounding factors we faced in the de novo assembly and annotation of 
plants of our interest.

Table 1. Current status of genomics/transcriptomics in spices
	

Spice           No. of transcriptome 
projects

Total ICAR-IISR
Piper nigrum 7 2
Piper colubrinum 1 1
Elettaria cardamomum 3 1
Zingiber officinale 30 1
Curcuma longa 7 1
Curcuma aromatica 1 1
Curcuma amada 1 1
Vanilla planifolia 31 -

In Piper nigrum (2n= 52) is a tetraploid, predominantly self-pollinated, with 
a genome size of approximately 6.68952 Gbp (1C (mean) = 1.71 pg) (http://
www.kew.org/cvalues/ . Accessed 2013 Jan 17). The whole genome of black 



16 17

pepper is not sequenced. However, RNAseq data  are available under various 
aspects such as Phytophthora stress and piperine biosynthetic pathways. 

Piper spp. Tissue Sequencing 
platform

Total no.

of reads

Genbank ID References

Piper nigrum 
var. Panniyur-1 

Leaf- 
Microsatellite 
mining

illuminaHiSeqTM 
2000

55072366 

(4.9Gbp)

SRA050094 Joy et al. 
2013

Piper nigrum 
cv. Bragantina 
(An ecotype 
of the Asian 
Panniyur-1 
cultivar)

Root SOLiD platform 13300000 
(665Mbp)

SRA047721 Gordo et al. 
2012

Piper nigrum L. 
cv. Reyin No. 1

Fruit-for 
Piperine 
biosynthetic 
pathway

Illumina HiSeq 
2000

52098738 SRS856941 Hu et al. 
2015

Piper nigrum 
var. IISR Sakthi

Leaf challenged 
with P. capsici

Genome Analyzer 
IIx – Illumina

Johnson et 
al. 2012

Piper 
colubrinum 
(resistant to P. 
capsici)

Leaf challenged 
with P. capsici

Genome Analyzer 
IIx – Illumina

Johnson et 
al. 2012

Piper 
flaviflorum 
(resistant to P. 
capsici)

Leaf challenged 
with P. capsici

Genome Analyzer 
IIx – Illumina

Johnson et 
al. 2012

Piper 
flaviflorum 
(resistant to P. 
capsici)

Roots 
challenged 
with P. capsici

illuminaHiSeqTM 
2000

SRX708503 Hao et al. 
2016

Piper nigrum  
cv. Reyin-1

R o o t s 
c h a l l e n g e d 
with P. capsici

illuminaHiSeqTM 
2000

SRX708503 Hao et al. 
2016

In addition there were many candidate genes  responsible for pathogenesis 
and biosynthesis of many quality attributes in Piper (Black pepper) and 
Zingiber (Ginger), Curcuma (Turmeric) and vanilla are available in NCBI Data 
bases and other sources.

Z i n g i b e r 
officinale

Tissue Total no. of 
reads

S e q u e n c i n g 
platform

Genbank ID References

Z i n g i b e r 
o f f i c i n a l e 
Rosc. Var. IISR 
Rejatha

Infected with 
R a l s t o n i a 
solanacearum

I l l u m i n a H i 
SeqTM 2000

SRX1588788 Prasath et 
al. 2014

Z i n g i b e r 
o f f i c i n a l e 
Rosc. cv. 
S u p r a b h a 
(S1Z4 and 
S2Z5)

H e a l t h y 
rhizomes

60,452 and 
54,748

I l l u m i n a 
Nextseq 500

h t t p : / / w w w .
n c b i . n l m . n i h .
gov/biosa mple/ 
?term=SAMN03 
761176 for Ginger 
cultivar S1Z4 
http://www.ncbi.
n l m . n i h . g o v / /
osample/?term= 
SAMN 03761169 
for Ginger cultivar 
S2Z5

Gaur et al. 
2016

Curcuma spp. Tissue S e q u e n c i n g 
platform

Total no.of reads Genbank ID References

Curcuma longa 
L. cv. Nattu, cv. 
Erode and cv. 
Mysore

Rhizome Illumina GAIIx 137,148 
91,995 
203,400

SRA052613 Annadurai et 
al. 2013

Curcuma longa 
cv. Suvarna 

Rhizome I l l u m i n a 
Nextseq500

42994 SRR4042181 Sahoo et al. 
2016

Curcuma longa 
var. Mega 
turmeric 

Rhizome Illumina HiSeq 
2000

99,482 PRJNA270561 Sheeja et al. 
2015

C u r c u m a 
aromatica

Rhizome Illumina HiSeq 
2000

104,514 PRJNA277549 Sheeja et al. 
2015

Curcuma longa 
resistant cultivar 
Cl210-27

R h i z o m e 
inoculated with 
P. aphanid-
ermatum

Illumina 55,014 S R X 8 5 7 3 6 4 -
SRX857365

Chand et al. 
2016

Curcuma amada Infected with 
R a l s t o n i a 
solanacearum

Illumina Hiseq SRX1640169 Prasath et al. 
2014

Genomes of parhogens affecting spices viz. Ralstonia and Phytophthora are 
also available o he we can understand host pathogen interactions better.
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Phytophthora spp. Sequencing platform Genbank ID References

P h y t o p h t h o r a 
capsici/05-06

IlluminaHiSeqTM 2000 SRX328365 -

Phytophthora isolate_
black pepper/98-93

IlluminaHiSeqTM 2000 -

P. capsici Illumina GAII sequencer ADVJ00000000 Lamour et al 2012

P. infestans AATU01000000 Haas et al., 2009

P. sojae AAQY00000000 Tyler et al., 2006

P. ramorum AAQX00000000 Tyler et al., 2006

P. pluvialis LGTT00000000 /
SRX1116285

Studholme et al., 2015

These resources are invaluable for better understanding of genome 
architecture, gene function and accomplish genetic manipulation including   
modern era tools such as  gene editing,  gene silencing and genetic 
modification.

 TS1-LT03

Genetic resources and genomics of oil palm
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Oil palm has become a major source of the world supply of oils and fats 
worldwide and its cultivation has been expanding rapidly in recent years. It 
is the highest edible oil yielding crop (Crude Palm Oil - 5-8 and Palm Kernel 
Oil - 0.4 to 0.6 tonnes per ha per year) which is much higher than that of any 
major oil producing crop. Oil palm, although an introduced crop in India, is 
grown in an area of 3.06 lakh ha in 18 states during year 2015-16. Indonesia 
followed by Malaysia, Thailand and Nigeria are the leading countries in area 
and production of oil palm. Major exporters of palm oil in the world are 
Indonesia and Malaysia. The major palm oil importing countries are India, 
China, the Netherlands and Pakistan.
Origin and distribution
The centre of origin and diversity of cultivated species of Elaeis (E. guineensis, 
known as African/ Nigerain oil palm) appears to be concentrated in the 
tropical rainforest of West and Central Africa consisting of countries Angola, 
Cameroon, Congo, Ghana, Ivory Coast, Nigeria and Zaire (Zeven, 1964). 
Pollen dating method (Zeven, 1968), as well as genetic diversity studies using 
molecular markers, indicate that Nigeria may well be the centre of diversity 
of the African oil palm (Maizura et al., 2006). Other related species of the 
genus Elaeis is oleifera which is native to South and Central America and is 
also known as American oil palm. E. guineensis when crossed with E. oleifera 
shows homoeologous pairing reflecting similarity between two species. 
Both species are monoecious and produce male and female inflorescences 
separately on the same palm. 
African Oil Palm (Elaeis guineensis)
The commercially grown species is Elaeis guineensis which has three types of 
palms, dura, pisifera and tenera based on the thickness of shell (endocarp of 
the fruit) in the fruit. Tenera, which is a cross between the parental type Dura 
(female) and Pisifera (male), is characterized by the presence of thin shell 
between kernel and the mesocarp. The existing commercial cultivars in oil 
palm have very narrow genetic base as they were selections over the years 
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for limited traits (mostly for yield), which poses major constraint in achieving 
genetic progress through breeding. 
Until 1930’s, dura was cultivated on commercial scale in Asia as well as in 
African countries. Pisifera is not cultivated as it is mostly female sterile and 
no bunches are produced. The superior oil content of the tenera, resulting 
from natural crossing of dura and pisifera, led to the use of TxT seed for 
commercial planting from 1930’s. It was later found out (in 1938) that about 
25% palms are sterile (pisifera) in TxT population resulting in great loss to the 
farmers as a fourth of plantation were not yielding. Selfing of tenera palms 
for obtaining planting material was found to yield dura, tenera and pisifera in 
1:2:1 ratio as the shell character is controlled by single gene. Beirnaert (1940) 
found the hybrid nature of tenera and advocated use of hybrid seed (from 
DxP). Consequently, in Congo (late 1940’s), Sumatra (1953) and Malaysia 
(1956), large scale planting of tenera has been taken up owing to its superior 
oil content. Thus the hybrid seed from selected mother palms (dura) and 
pollen parents (pisifera) has become the commercial planting material. The 
oil palm breeding program aims at improvement of mother palms (Dura 
improvement) and pollen parent (Pisifera improvement) separately and 
testing their combining ability in order to use the selected mother palms 
and pisifera’s in hybrid seed production.
American oil palm (Elaeis oleifera)
Elaeis oleifera (syn. Elaeis melanococca, Corozo oleifera) is a species of oil 
palm commonly called American oil palm. It tolerates both swamp and 
shady conditions but under shady conditions very few plants  bear fruits. It is 
found in tropical countries of South and Central America and collected from 
Colombia, Venezuela, Panama, Costa Rica, Nicaragua, Honduras, French 
Guinea and Surinam. The palms are much shorter than E. guineensis, annual 
height increment may be only 5-10 cm i.e. one fifth of the E. guineensis. The 
period of anthesis in the female flower is erratic which lasts for 3-4 weeks 
and cause uneven ripening. Bunches are conical in shape 8-12 kg weight but 
occasionally 30 kg also. Shell thickness varies from 1-3 mm and shell formed 
between 43 and 53% of the fruit. Fruit to bunch ratio is often low. There is 
no evidence for existence of different fruit form like dura, tenera and pisifera 
in the populations. Quality of oil is superior having more oleic acid content 
and iodine value. E. oleifera is not used for commercial production but has 
significant value in breeding as it has many desirable traits like dwarfness, 
compact canopy, superior oil quality, tolerance to biotic and abiotic stresses 

etc.
Genetic resources in oil palm
The success of any crop improvement programme depends on the availability 
of wider spectrum of genetic variability (germplasm) in the species. It’s more 
important especially in crops like oil palm where narrow genetic base is the 
major constraint in achieving genetic progress through breeding. The present 
day oil palm breeding mainly depends on the Deli Duras derived from four 
seedlings planted in Bogor Botanical garden in Java, Indonesia during 1848 
as a source of female palms (Rajanaidu and Jalani, 1999). Further, the source 
of Pisifera (males), in oil palm breeding is also limited to a few palms.  
Oil palm exists in wild, semi wild and cultivated state (within 10º latitude 
of the equator, Southeast Asia and South and Central America) in three 
main areas of the equatorial tropics, i.e. Africa, South-East Asia, South and 
Central America but it has been spread as a result of its domestication by 
man. However, it is endemic to the tropical lowlands of West and central 
Africa spreading from 16ºN in Senegal to 15ºS in Angola (Hartley, 1988). 
Despite vast wild or semi-wild populations existing in the palm belt across 
west and central Africa, most breeding programmes have a narrow genetic 
base. Oleifera is found scattered in wild palm groves in South and Central 
American countries like Brazil, Ecuador, El Salvador, Peru and Amazonian belt 
(Rajanaidu, 1986). This species is under-utilized and is considered to have 
tolerance to several biotic and abiotic stresses, high oil quality, compact 
canopy and dwarfness (Hayati et al., 2004).
Global Scenario
Realizing the importance of genetic resources, many countries have started 
prospection programme and the earliest and   important was that carried 
out in Congo in 1920s. After World War-II, prospection in Congo was done 
in estates planted with Yangambi material, among palms of local origin 
on estates and in grove areas. In Nigeria collection and exploitation of oil 
palm was started in 1912 & 1939. Nigerian Institute for Oil Palm Research 
(NIFOR) played important role in aggressive exchange programme with 
other countries to collect Deli Dura from as many sources as possible. In 
1970s, a major collection programme was organized jointly by NIFOR and 
Malaysian Agricultural Research and Development Institute (MARDI, later 
PORIM (Palm Oil Research Institute of Malaysia) and now MPOB, Malaysian 
Palm Oil Board). Extensive germplasm collections were made in its natural 
range in Africa and in Tropical America (Rajanaidu and Jalani, 1994).  
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PORIM in Malaysia, designated as having ‘Primary core collection of oil palm 
germplasm’ has assembled the largest collection of E. guineensis and E. 
oleifera germplasm in the world. It has collections worldwide from primary 
centres of diversity, Nigeria (more than 52% of total collection), Zaire (23%), 
Cameroon, Tanzania, Madagascar, Angola, Senegal, Gambia, Sierra Leone 
and Guinea through bilateral collaborations or with FAO and/or other 
organizations. The E. oleifera genetic materials (about 7%) were collected in 
Honduras, Nicaragua, Cost Rica, Panama, Columbia and Surinam. From the 
selected Nigerian germplasm material, PORIM has developed series of elite 
materials viz., PS1 (high yield & low height increment), PS2 (high yield & high 
iodine value), etc.
In Brazil, oil palm was introduced by Portuguese during 15th century, but it 
did not flourish. In 1963, two crosses selected by Institute de Recherches pour 
Les Huiles et Oleagineux (IRHO) were introduced for hybrid seed production 
locally. During seventies, introductions were made from MARDI and from 
IRHO. Some collections were made from oil palm groves of Brazilian state of 
Bahia, close to Valenca, Taperoa and Nazare districts, which are mostly Dura 
and believed to be brought by African slaves. E. oleifera was collected from 
Brazilian Amazon.
International collaboration among four African research stations in Ivory 
Coast, Benin, and the two Congos, along with a station located in Malaysia, 
enabled large scale exchange of materials among them. A joint breeding 
programme was set up by the Unilever and Harrisons & Crosfield groups, 
which enabled a major exchange of materials between several countries 
(Cameroon, Colombia, Indonesia, Malaysia, Papua New Guinea, Thailand 
and the Democratic Republic of Congo). 
The collection set up at MPOB is derived from surveys undertaken in 
numerous African countries: Senegal, Gambia, Sierra Leone, Guinea Conakry, 
Ghana, Nigeria, Cameroon, Zaire, Angola, Tanzania and Madagascar. Malaysia 
currently has the highest collection of oil palm germplasm in the world. Since 
1973, Malaysia has collected guineensis from 11 countries and E. oleifera 
from seven countries. At present all the genetic materials from Africa and 
Central- South America are maintained in the form of a field genebank to 
safeguard the long term interest of the Malaysian oil palm industry. Further, 
useful collections of E. oleifera have been established in Malaysia, Ivory 
Coast, Costa Rica, Brazil, etc. Though many accessions are available, most 
of the genetic crosses studied in Malaysia were derived from a single palm, 

KLM palm (Kuala Lumpur Melanococca, the earlier name of E. oleifera being 
melanococca).
Scenario in India
In India oil palm was first introduced as an ornamental palm at the National 
Botanical Garden, Calcutta in the later part of 19th century (Rethinam, 1998). 
During 1947-48, Maharashtra association for cultivation of science (MACS) 
introduced African oil palm in Pune. Systematic research work on oil palm 
started in 1960 when Kerala State Department of Agriculture had undertaken 
a 40 ha plantation at Thodupuzha (now under OPIL) using Deli Dura materials 
introduced from Malaysia and Tenera x Tenera population from Nigeria. Later 
some more introductions received from Nigeria, Malaysia, Cote de Ivoire, 
Papua New Guinea and Zaire were planted in Oil Palm India Ltd., Kerala and 
between 1971 and 1983. In Andaman and Nicobar Islands, the Andaman 
forest and plantation development corporation planted with materials from 
Nigeria, Malaysia, Ivory Coast, Papua New Guinea and Zaire during 1976 to 
1985. ICAR has taken up systematic collection of oil palm germplasm during 
1979 at CPCRI Research station, Palode, Kerala. Accordingly, materials from 
different sources were collected consisting mostly of random sample of 
Teneras. During 1994-95, as a result of the prospection in African countries, 
a large number of such accessions were collected from Cameroon, Tanzania, 
Zambia and Guinea Bissau (Pillai et al., 2000). Two accessions of Elaeis 
oleifera were also introduced from Malaysia and Costa Rica. 
In India ICAR- Indian Institute of Oil Palm Research (formerly Directorate of 
Oil Palm Research upto 2009; Or National Research Centre for Oil Palm since 
its inception in 1995) has been identified as the National Active Germplasm 
Site (NAG) for oil palm. The major collection is being maintained in field gene 
bank at IIOPR- Regional Station, Palode and a portion at HQ, Pedavegi. The 
present collection stands at 128.
Requirement of oil palm genetic resources
In India, the present germplasm collection is extremely inadequate to 
meet the requirements of varietal development programme. The existing 
collections are mostly obtained from secondary sources and are Teneras 
having limited utility in direct breeding programmes. Hence, there is an 
urgent need for obtaining oil palm germplasm and enhancing the existing 
collection for achieving any breakthrough in development of varieties. It 
is absolutely necessary to continue collection from primary collections of 
Elaeis guineensis from Africa and Elaeis oleifera from South America to 
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utilize them for introgression and inter-specific hybridization and subsequent 
improvement of oil palm (Mathur et al., 2005). Rosenquist (1986) introduced 
the term ‘Breeding Population of Restricted Origin’ (BPRO) to describe 
populations that can be traced back to distinct, usually small groups of wild 
or unimproved ancestral palms. Details of such BPROs which have immediate 
utility in present day breeding programmes are given below. 
Sources of genetic resources or BPROs of African oil palm 
Deli: This is thick shelled Dura derived from the original four Bogor palms in 
Java. Distribution of subsequent progenies to other countries followed by 
local selection led to the development of the Elmina, Serdang, Avenue and 
Ulu Remis. Deli Dura sub-population/selection in Malaysia and the Dabou 
and Le Me Dura sub-population/ selections in Ivory Coast. The rather high 
yielding uniform populations lead to speculation of common progenitors for 
the four Bogor palms. Deli dura provides the mother palms for all major palm 
commercial hybrid seed production programmes. The Dumpy and Gunung 
Melayu palms are short variants of the Deli.
AVROS (Algemene Vereniging Rubberplanters ter Oostkust van Sumatra): 
Seeds from the Dejongo from Eala Botanical Garden in Zaire were obtained 
and planted in 1923 by AVROS at Sangai Panchur to give rise to the well known 
the SP 540 Tenera palms. AVROS pisifera are noted for vigorous growth, 
precocious bearing, thin shell, thick mesocarp and high yielding. Major seed 
production programme in Colombia, Costa Rica, Indonesia, Malaysia, Papua 
New Guinea are based on Deli x AVROS pisifera lineage.
Yangambi: Breeding programme started at INEAC, Congo at Yangambi, Zaire 
with open pollinated seeds of Dejongo palm and tenera of Yawenda and 
developed Yangambi population. This population characterised by excessive 
vigour, bigger fruit and high oil content.
La Me: IRHO developed the La Me populations from 21 tenera palms 
from seeds collected from wild grooves of Ivory Coast. It is used in seed 
production in West Africa and Indonesia. La Me progenies and teneras are 
characteristically smaller palms with smaller bunch and fruits, but they 
appear to be more tolerant to suboptimal growing conditions.
Binga: This sub-population derived from F2 and F3 of Yangambi progenies 
planted in Binga plantation, Yangambi, Zaire. Palms Ybi 69MAB and Bg 312/3 
are the parent palms of breeding interest.
Ekona: Ekona population derived from wild palms of the Ekona area of 

Cameroon and bred further in the Unilever plantation of Crown Estate, Ndian 
Estate, and Lobe estate. It is noted for its high bunch yield, good oil content 
and wilt resistant.
Calabar: Breeding population of NIFOR are much broader based collections 
from Aba, Calabar, Ufuma,Umuabi.
Trait specific germplasm for breeding and improvement
The objectives of oil palm breeders are maximization of oil and kernel yield 
and thus contribute to plantation profitability. The breeding objectives 
in general are oil productivity (high FFB yield & oil percent; dwarfness & 
compactness (low annual height increment), drought tolerance (higher 
water use efficiency), superior oil quality (higher unsaturation and iodine 
value), longer stalks (proper development of all fruits &increasing bunch 
weight and easy harvesting), bigger kernel (higher PKO), resistance/tolerance 
to diseases (vascular wilt, caused by Fusarium oxysporum elaeidis in Africa, 
Ganoderma in southeast Asia, bud rot disease in Latin America ) and varieties 
with higher input (fertilizer) use efficiency. Interspecific hybridization of 
guineensis and oleifera is a valuable source of important traits like oil quality 
(higher unsaturated & iodine values iodine values of 60 to 80 rather than 
50 to 60 for E. guineensis), slow vertical growth (20 cm/year rather than 60 
for the control) and resistance to diseases (vascular wilt and bud rot). The 
current objective of breeders is to introgress the qualities of E. oleifera into 
E. guineensis through backcross programmes. Accordingly, available oil palm 
germplasm and their sources in general (Table 1) and sources of materials for 
specific requirements (Table 2) are as follows.

Table 1. Availability oil palm germplasm and their sources

Desirable traits Name of 
species

Available sources
Region Name of country

High yield, Drought 
tolerance, short 
stature, High oil 
extraction ratio, 

Elaeis 
guineensis

West Africa Ghana, Nigeria, Ivory 
Coast, Benin, Togo, 
Sierra Leone; 

Central Africa Congo region, Gabon, 
Zaire, Uganda;

South Africa Angola,  Mozambique
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Dwarfness, 
compact canopy, 
superior oil quality, 
long bunch stalk

Elaeis 
oleifera

South 
America

Brazil, Ecuador, Peru, 
Columbia, Surinam, 
Panama, Amazonian 
belt

Central 
America

Costa Rica, Nicaragua 
& Honduras

Drought tolerance, 
Dwarf with 
Compact canopy, 
High oil extraction 
ratio, superior Oil 
quality, big kernel, 
long bunch stalk

Elaeis 
guineensis, 
Elaeis 
oleifera

SE Asia Malaysia, Indonesia, 
Papua New Guinea, 
Thailand

Table 2. Specific requirements for oil palm germplasm 

Material type/Traits  Required genotype/variety  
Pisifera Ekona, AVROS (SP540), La Me’, Yangambi 

(derivatives of D’jongo) and Calabar (NIFOR). 
(available with ASD Costa Rica)

Dura Deli Dura and  it  sub population like Serdang 
(S), Ulu Remis ( UR), Banting ( BM series) and 
Johore Labis  ( JL), MARDI series(MAR), Angola 
Dura (Ivory Coast) (available with ASD Costa 
Rica)

Dwarfness/compactness/
oil quality

a)Dumpy Dura (E206) -from MPOB (Malaysia)
b)Pobe’ Dwarf (Pobe’ Dumpy)- from IDEFOR 
(Benin)
c)Compact palms –from ASD Costa Rica
d) E. oleifera collections from South &Central 
American countries (Eg. Brazil)

Tenera Advance generation material from sources like 
NIFOR, MPOB, ASD Costa Rica, IOPRI, Thailand 
, Papua New Guinea, EMBRAPA

Strategies for enrichment and management of oil palm germplasm in India

Considering the importance of the crop in the national economy especially 

in saving significant amount of foreign exchange by reducing the import of 
vegetable oils and its scope of cultivation in about 19.30 lakh ha covering 
18 states (Rethinam Committee, 2012), collection, evaluation, conservation 
and utilization of oil palm genetic resources needs utmost priority. PGR 
management is particularly important in the light of fact that it is an 
introduced crop.

(a)	 There is an immediate need for enrichment of germplasm collections 
from Asian countries (like Malaysia, Indonesia, etc) who are doing 
pioneering work in this sector and also from some of the African 
countries (like Nigeria, Costa Rica, Zambia, Tanzania, PNG, Cameroon, 
Ghana, etc) which are considered to be the centres of origin of this 
valuable crop. Though, Malaysia has the ‘primary core collection of oil 
palm germplasm’, our experience showed that germplasm exchange 
from that country has been difficult, hence, emphasis should be on 
collections from the primary centres or institutions or wild palm groves 
in African countries (E. guineensis) as well as from South American 
countries (E. oleifera).

(b)	 Harnessing the variability available in exotic plantations within the 
country through survey, collection, evaluation and utilization and taking 
up hybridization and population improvement programmes. 

(c)	 Infrastructure (land and human resources) needs to be enhanced for 
the germplasm evaluation and use in breeding. Being a perennial with 
long juvenile period coupled with extended time for stabilized yields, 
resource requirements are high.

(d)	 Planting materials are being produced from 6 seed gardens at present. 
There is an urgent need for establishing more seed gardens in order 
to cater to the needs of area expansion under oil palm which in turn 
requires advanced breeding material. The protocol for tissue culture 
of oil palm needs to be perfected to enable large scale production of 
true to type planting materials from elite palms. Of-late, the corporate 
companies in Malaysia, Indonesia, Thailand, Costa Rica which have a 
strong R & D have resorted to production of semi-clonal (either of the 
parent, mostly dura mother palms, multiplied through tissue culture) 
is or bi-clonal materials (both the parents, dura & pisifera multiplied 
through tissue culture). Eg. AA Hybrids IS from AAR; clonal seed from 
United Plantations, Berhard, etc. 
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(e)	 So far, only in situ conservation is being practiced in oil palm but seriously 
there is need for ex situ conservation. Ex situ conservation in the form 
of cryopreservation has enabled long term storage of embryo (zygotic 
or somatic) and pollen is required. The facility for cryopreservation has 
to be established on priority.

OIL PALM GENOMICS 

Oil palm with its long life-cycle and large land requirement for field planting is 
an ideal candidate for the application of genomic tools for value enhancement. 
Internationally at MPOB, Malaysia, CIRAD, France and at ICAR-IIOPR, India, 
efforts in genomics research are geared towards the generation of various 
molecular tools for application in breeding and tissue culture are in progress.

Next generation sequencing and gene discovery to enhance oil palm 
germplasm

The genome sequence of oil palm will be a rich resource for oil palm breeders, 
geneticists and evolutionary biologists alike. Singh et al. (2013) reported 
the 1.8 Gb genome sequence of the African oil palm, Elaeis guineensis, 
the predominant source of worldwide oil production. A total of 1.535 Gb 
of assembled sequence and transcriptome data from 30 tissue types were 
used to predict at least 34,802 genes, including oil biosynthesis genes and 
homologues of WRINKLED1 (WRI1), and other transcriptional regulators. 
They also reported the draft sequence of the South American oil palm Elaeis 
oleifera, which has the same number of chromosomes (2n=32) and produces 
fertile interspecific hybrids with E. guineensis but seems to have diverged in 
the New World. It has revealed that palms are ancient tetraploids, and that 
the African and South American species probably diverged in the Old and 
New Worlds. Over represented genes in lipid and carbohydrate metabolism 
are expressed differentially in mesocarp and kernel, accounting for the 
different properties of palm fruit and palm kernel oils.

Fruit forms (Dura, Pisifera and Tenera) based on shell thickness

Importance is given for the identification of the fruit form or variety owing to 
the time and resources employed in the breeding and hybrid seed production 
of oil palm. A single character (shell thickness) distinguishes these fruit types. 
The mapping and identification of SHELL genes responsible for different fruit 
forms by Singh et al. (2013) was a breakthrough on the subject. Accordingly, 
using homozygosity mapping by sequencing, they found two independent 

mutations in the DNA binding domain of a homologue of the MADS box 
gene SEEDSTICK (STK, also known as AGAMOS-like 11), which controls ovule 
identity and seed development in Arabidopsis. The SHELL gene is responsible 
for the tenera phenotype in both cultivated and wild palm from sub–Saharan 
Africa, and their finding provided a genetic explanation for the single gene 
hybrid vigour attributed to SHELL via heterodimerization. This mutation 
explained the single most important economic trait in oil palm.

At our institute (ICAR–IIOPR), a single cleaved amplified polymorphic site 
(CAPS) marker has been identified which can differentiate the dura, pisifera 
and tenera fruit forms. The CAPS marker produced two alleles (280 and 250 
bp) in dura forms, three alleles in tenera forms (550, 280, and 250 bp) one 
allele in pisifera form (550 bp). This marker will be useful to diagnose the 
fruit form at seedling stage instead of waiting for 4-5 years by traditional 
means. It is also useful in certification of high yielding seed production by 
eliminating contamination and maintaining hybrid purity of DxP crosses. 

Lipase mutant gene for hydrolysis of fatty acids

The oil palm fruit mesocarp contains high lipase activity that increases 
free fatty acids (FFA) and necessitates its post-harvest inactivation by heat 
treatment of fruit bunches. The mesocarp lipase activity causes consequential 
oil losses and requires costly measures to limit FFA quantities. Morcillo et al. 
(2013) demonstrated that elite low-lipase lines yield oil with substantially less 
FFA than standard genotypes, allowing more flexibility for post-harvest fruit 
processing and extended ripening for increased yields. They identified the 
lipase and its gene co-segregation with the low-/high-lipase trait, providing 
breeders a marker to rapidly identify low lipase lines and introgress the trait 
into major cultivars. 

Fruit types, nigrescens (deep violet to black) and virescens (green) based 
on colour

Singh et al. (2014) revealed the identification of the VIRESCENS (VIR) gene, 
which controls fruit exocarp colour and is an indicator of ripeness. VIR is 
a R2R3-MYB transcription factor with homology to Lilium LhMYB12 and 
similarity to Arabidopsis PRODUCTION OF ANTHOCYANIN PIGMENT1 
(PAP1). They identified five independent mutant alleles of VIR in over 400 
accessions from sub-Saharan Africa that account for the dominant negative 
virescens phenotype. Each mutation resulted in premature termination of 
the carboxy-terminal domain of VIR, resembling McClintock’s C1-I allele in 
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maize. The identification of VIR will allow selection of the trait at the seed 
or early nursery stage, 3-6 years before fruits are produced and thus greatly 
advancing introgression into elite breeding material. 

Dwarfness (slow vertical growth or low annual height increment)

For short stature of oil palm, at our institute (ICAR – IIOPR), Bulk Segregant 
Analysis (BSA) analysis with 400 SSR markers (both genomic and genic) among 
dwarf and tall bulks DNA was attempted and a total of 50 SSR markers were 
able to find polymorphism between the bulks of dwarf, and tall genotypes. 
However, only two SSR markers were able to clearly differentiate the dwarf 
from tall genotypes, which can be used in selection of dwarf palms at early 
stages.

Genetic diversity analysis of oil palm germplasm

Molecular marker techniques have revolutionised the tree genomics 
and understanding of structure and behaviour of palm genomes through 
detection of novel and superior genotypes. Since only four Bogor palms laid 
basis for the development of the present industrialized development of oil 
palm, there exists a narrow genetic diversity among the oil palm germplasm. 
However, against to that a considerable amount of variation is also present 
among the different sources of oil palm germplasm. The development of 
modern plant breeding techniques has greatly facilitated the wider use of a 
wealth of diversity from many sources including landraces. 

Initially, several genetic diversity works were based on using RAPD (Shah, 
1994). RFLP and AFLP (Barcelos et al., 2002) markers and Rival et al, 1998 
used RAPD for genetic diversity and reported contardictory results. However, 
due to certain drawbacks, these markers were replaced by SSR and SNP 
markers. Further, the genetic diversity was focussed on trait specific diversity 
of oil palm accessions using different molecular markers. Arias et al. (2015) 
studied genetic and phenotypic diversity of natural American oil palm 
germplasm. The results from SSR markers and agro-morphological traits 
showed that Analyses of Variance (ANOVA) for yield and bunch components 
demonstrated statistically significant differences among countries and 
geographical regions for several of the traits evaluated. SSR marker analyses 
revealed high genetic diversity (HT=0.797) and the presence of specific 
alleles by each country of origin from E. oleifera. Recently, Okoye et al. 
(2016) studied genetic relationship between elite oil palms from Nigeria and 

Malaysia using SSR markers. 

Functional markers and their use for characterization

EST-based SSRs Simple sequence repeats offer several advantages much 
above simple SSRs. The SSRs developed from expressed sequence tags (ESTs), 
popularly known as EST–SSRs or genic microsatellites, represent functional 
molecular markers as a putative function for a majority of such markers can be 
deduced by database searches and other in silico approaches. Furthermore, 
they represent genic regions of the genome. In oil palm a considerable 
amount of EST sequences (nearly 40,979) were available till June, 2016 in 
the NCBI website. The first report of a systematic study of genes expressed 
by means of expressed sequence tag (EST) analysis in oil palm was done by 
Jouannic et al. (2005). A total of 2411 valid EST sequences were obtained 
from five different cDNA libraries that were generated from male and female 
inflorescences, shoot apices and zygotic embryos. Similarly, data has been 
generated on EST – SSRs (Ting et al., 2010; Timothy et al., 2011) which revealed 
that mostly they related to transcription and post-transcriptional regulation. 

Construction of linkage maps and QTL mapping

Trait specific markers are the pre-requisites for marker assisted selection. 
Development of linkage maps by screening a large population of sibs of many 
different markers, pair or groups of markers that are linked, and tend to be 
inherited together (such groups are expected to be on the same chromosome) 
and the closeness of the linkage, calculated statistically, shows the relative 
position of the markers along the chromosome (Corely and Tinker, 2003). 
Mayes et al. (1996) developed the first AFLP marker based genetic linkage 
map from a mapping population generated by the selfing of an important 
breeding material segregated for the shell thickness character. The closest 
RFLP marker (pOPgSP1282) was located at a distance of 9.8cM from Sh locus. 
The map was updated by Jack et al.  (1998) where they reported tagging of 
two genes, namely shell thickness (Sh) and Virescen (Vr).  Billotte et al. (2005) 
developed a first high density linkage map using microsatellite markers. 
They used a tenera palm from the La Me´ population (LM2T) and a dura 
palm from the Deli population (DA10D) and a set of 390 SSR markers. They 
constructed a linkage map consisting of 255 microsatellites, 688 AFLPs and 
identified locus of the Sh gene, near an AFLP marker E-Agg/M-CAA132 at 4.7 
cM from the Sh locus. Pootakham et al. (2015)reported genome wide SNP 
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discovery and identification of QTLs associated with agronomic traits in oil 
palm using genotyping – by- sequencing (GBS) out of 3417 fully informative 
SNP markers, they were able to place 1085 on a linkage map, which spanned 
1429.6 cM and had an average of one marker every 1.26 cM. 

The use of relatively new Diversity Array Technology “Genotyping-by-
Sequencing (DArTSeq) platform through genotyping of two closely related 
tenera self-pollinated F2 populations, generated a total of 11675 DArTSeq 
polymorphic markers of good quality. These markers were used in the 
construction of the first reported DArTSeq based high density maps for oil 
palm. 

Genome wide association mapping studies for QTL identification

Most of the agro-morphological characters are controlled by multiple 
quantitative trait loci (i.e. complex traits). Genetic mapping of these functional 
loci facilitates marker assisted breeding. Two of the most commonly used tools 
for dissecting complex traits are linkage analysis and association mapping 
(Bodmer, 1986). The association mapping offers several advantages, of which 
few like requirement of natural population, high resolution of mapping the 
QTLs, more allele number, less time and broader reference population are 
important (Mott et al., 2000). Recently Teh et al. (2016) performed GWAS 
for oil-to-dry-mesocarp content (O/DM) on 2,045 genotyped tenera palms 
using 200K SNPs. They found that eighty loci were significantly associated 
with oil-to-dry mesocarp yield (p ≤ 10−4) and three key signals were found. 
They reported the most comprehensive use of high density SNP genotyping 
in oil palm to date, the use of a GWAS approach to identify SNP variants 
associated with differences in the key oil-to-dry mesocarp yield trait, and 
confirmation of their action in an independent cross. Here at our institute 
(ICAR – IIOPR), we initiated association mapping study for identification of 
QTLs linked to different agro-morphological traits and yield related traits. 

Conclusion

Oil palm breeders must continue to improve the yields of this crop, given the 
continually increasing demand for fats and oils and the substantially reduced 
possibility of increasing the areas planted to oil palm. This necessitates 
availability of genetic diversity hence, collection, evaluation, characterization, 
documentation and utilization of oil palm genetic resources should be 
accorded utmost priority. Germplasm exchange needs to be strengthened 
from Malaysia, Indonesia, Thailand, Nigeria, Costa Rica and other countries 

in primary centres of origin. In this direction, international evaluation/ 
testing trials may be encouraged which benefits not only the participating 
nation but the total mankind in the world. There should be more focussed 
research on association mapping for important traits including fine mapping 
studies. The oil palm also requires more attention towards cloning of full 
length gene sequences of important traits for their effective utilization in 
molecular breeding programmes. Marker assisted selection for important 
traits like shell thickness, short stature of oil palm and lipase gene need to be 
exploited for the benefit of oil palm breeders.
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Andaman Ordinary Tall is the widely grown coconut population in Andaman 
and Nicobar Islands of India. The genotype, though found occupying major 
area in these islands, most of the individual palms are unselected as there 
is large variation observed due to cross pollination and heterozygous 
nature. Survey conducted among the Andaman coconut population in 
South Andaman, Middle Andaman and Car Nicobar Islands revealed wider 
variability and diversity for morphological, reproductive and yield traits. The 
potential coconut tall types identified during the exploration includes palms 
with several important economic traits such as very stout stem, close leaf 
scars, micro sized fruits suitable for ball copra processing, high copra content, 
soft and sweet endosperm, less fibered endosperm suitable for desiccated 
coconut powder, loosely arranged husk in matured fruits, self colouring 
tender nuts upon cutting, large number of female flowers per inflorescence, 
giant sized tender fruits with over one litre of water and persistent leaves and 
bunches on the stem. These types could be useful in breeding programmes 
for higher yield, product diversification and biotic and abiotic stress 
tolerance. This inherent intra-population variability and diversity in Andaman 
Islands is the reason for hindered productivity. However, considering the 
wide adaptability of this cultivar to the diverse coconut growing areas in 
island and mainland India; development of improved lines from Andaman 
coconut population would be a boon for research on coconut improvement. 
Observations made on the selected palms during the exploration and the 
selected adult palm population available at ICAR-CIARI was compared to 
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showcase the amount of variability between unselected and selected palms 
of this population. The individual palm data on yield, nut characteristics and 
other morphological traits were compared. It was also observed that there 
was significant difference for traits related to Virgin Coconut Oil processing 
as compared to other selected coconut populations from the conserved 
coconut germplasm. The information on the diverse coconut types from the 
Andaman Ordinary Tall population highlights the potential of the population 
to be used in future breeding programme. Earlier works on selected palms 
of this population resulted in release of high yielding coconut varieties viz., 
VPM 3 and Kalpa Dhenu. Hence, careful selection, repeated inter se mating 
followed by progeny selection and evaluation of selected palms will help 
in developing novel coconut varieties with diverse uses, ranging from high 
yield, wider adaptability and product diversification.
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 In a perennial tree crop like cashew, efficient conservation and utilization 
of germplasm demands development of core collection representing the 
spectrum of diversity present in base collection. So far, approaches based on 
stratified clustering and genetic distance sampling were used for developing 
core collections in different crops. However, these methods have culminated 
in skewed quantitative trait variances in core sets. Hence, a relatively new 
technique, the Advanced M strategy with Heuristic Approach was deployed 
in cashew which ensures retention of maximum diversity with minimum 
number of accessions. 

The base collection conserved at the ICAR-Directorate of Cashew Research 
consisted of 478 accessions characterised for 68 traits. The data was 
subjected to heuristic analysis resulting in core collection of 49 accessions. 
Further, another core collection of similar number was constituted by 
K-Means clustering for comparing the efficiency of two approaches. The 
validation parameters like mean difference (MD %), variance difference 
(VD %), coincidence rate (CR %), variable rate (VR %) and class coverage (CC 
%) along with PCA distribution patterns, range, mean, variance, skewness, 
kurtosis and CV (%) of 27 quantitative characters and, Shanon-Weaver 
and Nei’s diversity indices of 41 qualitative characters were worked out. 
The results revealed that heuristic core collection was more efficient in 
representing and retaining the diversity compared to core collection made 
out of clustering. This is the first ever application of advanced M strategy 
with heuristic approach for germplasm management in plantation crop like 
cashew and could be suitably extended to other plantation crops. 
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Coffea arabica L., popularly known as Arabica coffee, is one of the 
commercially cultivated coffee species in India. The main focus of arabica 
coffee breeding across the world has been on imparting disease resistance 
coupled with increasing  production. Identification of mutants in arabica 
as well as few spontaneous tetraploid inter-specific hybrids facilitated the 
development of several semi-dwarf genotypes with compact bush stature, 
high yield potential, early bearing habit and varying levels of field tolerance 
to coffee leaf rust (Hemiliea vastatrix), the major disease of arabica coffee. 
Semi-dwarf genotypes are  suitable for high density planting and responsive 
to intensive cultivation practices, hence, there has been a great demand 
for dwarf genotypes worldwide. In this context, the present study has been 
carried out with the main objective of evaluating the field performance 
of eleven semi dwarf genotypes derived from international breeding 
programmes. The projected crop yield (mean of six years) ranged from 821 
kg cc/ha to 1416 kg cc/ha among different genotypes. Genotype, S.4940, a 
derivative of Sarchimor developed from the cross, Villasarchi x HDT (832/2) 
recorded highest mean yield of 1416 kg cc/ha followed by S.4941, a Cavimor 
line derived from Catuai x Catimor hybrid yielding 1306 kg cc/ha. Statistical 
analysis of mean yield over 6 years established significant differences between 
genotypes with S.4940, S.4941, S.4939, S.4938 and S.4949 forming the high 
yielding group whereas the remaining genotypes S.4942, S.4943, S.4946, 
S.4947, S.4950, S.4951 formedlow yielding group. Assessment of bean grade 
percentages revealed that S.4940 recorded the highest percentage of ‘AA’ 
(56.2) and ‘A’ grade beans (17.1) followed by S.4941. The bean density as 
assessed by 100 bean weight varied from 18 g (S.4949) to 22.93 g in S.4938. 
The differences between the genotypes for percentage of ‘AA’ and Bulk ‘A’ 
(A+AA) were statistically significant while the differences among other bean 

grades as well as bean parameters viz., bean length, breadth and thickness 
were not significant. Nevertheless, based on evaluation data, a simple 
selection index was developed where the genotypes were ranked based 
on means of all the four characters that showed statistically significant 
differences. The genotypes that scored the lowest total score were ranked 
best in the order. The study validated the performance of various semi-dwarf 
genotypes and found that the genotype S.4940 with lowest total score of 
3 followed by gentoypes S.4941 and S.4938, are the top performers. The 
superior genotypes have been supplied for multi-location trial and the 
prospects for exploitation of these genotypes for commercial cultivation are 
highlighted and discussed.
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Biosynthesis of natural rubber (cis- 1,4- poly isoprene) takes place through 
mevalonate pathway in Hevea. There are clonal variations in the productivity 
of rubber and it may be the result of variations in the activities of the 
enzymes involved in rubber biosynthesis. In the present study, expression 
of 14 genes corresponding to enzymes / regulatory proteins involved in 
rubber biosynthesis was analysed in 3 each of high / low yielding clones of 
Hevea brasiliensis. The level of expression of HbSUT3 a sucrose transporter 
and enzymes like hydroxymethyl glutaryl- CoA synthase (hmgs), HMG-CoA 
reductase (hmgr) and mevalonate diphosphate decarboxylase (MVD) was 
found to be significantly higher in high yielding than low yielding clones. The 
higher expression of these genes might result in an increased supply of IPP, 
the isoprenoid monomer, for rubber biosynthesis. Expression of genes in the 
downstream biosynthetic pathway like FPPS, RuT and REF2 was also found to 
be significantly higher in high yielding than low yielding clones. The results 
suggest that high rubber yield is associated with high expression of these 
genes and may be useful as biomarkers for high yield potential of Hevea.
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A novel transcription factor, ClMYB4 is a 
repressor of curcumin biosynthetic pathway 
in turmeric (C. longa) under nutrient stress
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Curcumin from cultivated turmeric (Curcuma longa L.) is turning out to be 
a potent cure for a variety of ailments. Rhizomes of turmeric are the main 
source of curcumin and its content varies with genotypes and agro-climatic 
conditions. Biogenesis study of this yellow pigment is an active area of 
research across the globe. In our previous transcriptome and expression 
studies, we found that a novel polyketide synthase (clpks11) is found to be 
significantly correlated with curcumin content. The full length gene of clpks11 
has already been amplified and characterized. The ORF is 1176 bp encoding 
391 amino acids and comparative bioinforamtics analysis showed its high 
similarity (72%) to curcumin synthase 3, one of the downstream enzymes 
involved in synthesis of curcumin. In the present study promoter region of 
clpks 11 was isolated, resulting in the identification of distinct cis-regulatory 
elements (CRE). For this, the genomic DNA was first digested with Pst1- that 
specifically cut within the ORF of clpks11- and was then self circularized. 
The amplification of circularized products using nested inverse PCR yielded 
a 496 bp sequence upstream of clpks11 ORF. Sequence analysis revealed 
the presence of core promoter elements (TATA box and CAAT box) and other 
cis-acting elements involved in abscissic acid (ABRE), light (ATCC and ATCT 
motif, BOX 4, G-BOX, GA- motif, L- BOX), fungal elicitor (BOX W1), cold and 
dehydration (C-repeat/ DRE), methyl jasmonate (TGACG and CGTCA motif), 
gibberellins (GARE motif), heat stress (HSE) responsiveness etc. Two MYB 
binding sites (CGGTCA and CAACTG) are also be identified using PLANTCARE 
database. MYB4 specific binding site, ACCAACC was also present in the 5’UTR. BLAST 
analysis with other reported MYB4 sequences identified c42378_g2_i4 designated 
as Clmyb4 (Curcuma longa myb4) transcript from Curcuma transcriptome and was 
found to be having a repressive role on clpks 11 expression under nutrient stress 
condition. Docking analysis predicts the binding of CLMYB4 with the promoter 
sequence of clpks11. Further functional characterization of clmyb4 might help in 
understanding the regulation of genes modulating curcumin biosynthesis.
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Evaluation of African oil palm germplasm 
for indigenous seed production

Murugesan P.1*, Ramajayam D.2, Ravichandran G.2, Sunilkumar K.1, Kumar N.1, 
Aswathy G.M.2 & Mathur R. K.2

1 ICAR-Indian Institute of Oil Palm Research, Regional Station, Palode-695562, 
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2ICAR-Indian Institute of Oil Palm Research, Pedavegi-534 450, Andhra Pradesh 
(*gesan70@gmail.com)

Investigation was undertaken with an aim to evaluate African base germplasm 
so as to select promising palm genotypes for inclusion in the current 
breeding programme and further improvement for indigenous hybrid seed 
production. Considerable yield variation has been reported in the present 
base germplasm materials. Fifty two palms of African germplasm population 
of four different sources namely Guinea Bissau (N=23), Tanzania (N=14), 
Zambia (N=14) and Cameroon (N=1) (Which were collected during 1993-94 
under FAO programme) were planted during 1998 at ICAR-Indian Institute 
of Oil Palm Research, Research Centre, Palode. The palms were evaluated 
for vegetative, yield and bunch quality traits following standard procedure. 
All the 52 palms were ranked based on fresh fruit bunch (FFB) yield, bunch 
number, fruit to bunch, oil to bunch, height increment and rachis length. 
Three palms namely G57 (ZS 4)-72, G59 (ZS 8)-48 and G56 (TS 11)-85 were 
selected for seed production and all other top ranking palms were earmarked 
for conservation and improvement of their respective desirable traits.   

TS1-PP1

Evaluation of new cross combinations of oil 
palm for growth, yield and yield attributes 

in different agro-climatic regions
Reddi S.G.1*, Gawankar M.S.1, Maheswarappa H.P.2, Latha P.M.3 & Mathur R.K.4

1ICAR-AICRP on Palms (Oil palm), Gangavathi, Karnataka
2ICAR-Central Plantation Crops Research Institute, Kasaragod-671 124, Kerala

3HRS, Vijayarai, West Godavari-534 450, Andhra Pradesh
4ICAR-Indian Institute of Oil Palm Research, Pedavegi-534 450, Andhra Pradesh 

(*aicrpgangavati@gmail.com)

High yielding hybrids play an important role in increasing the yield and oil in 
the oil palm. With a view to develop and evaluate high yielding new oil palm 
cross combinations, a field experiment was conducted in different agro-
climatic regions viz., ARS, Gangavathi,  (Karnataka), College of Horticulture, 
Mulde, (Maharashtra) and HRS Vijayarai, (Andhra Pradesh) to evaluate ten 
new hybrid cross combinations of oil palm (NRCOP 1 to 10). Hybrids were 
planted during 2007 in a replicated trial and  recommended package of 
practice (1200:600:1200 g N, P2O5, K2O per plant per year and irrigation 
based on potential evapotranspiration) was followed. The average data from 
all three locations over the years indicated that, significantly higher annual 
rate of leaf production was recorded with NRCOP-6 (21.7) over NRCOP-3 
which was on par with other hybrid combinations. Significantly higher sex 
ratio was recorded with NRCOP-4 (63.1) over NRCOP-1 (54.6) & NRCOP-6 
(54.8) and it was on par with other hybrid combinations. With regard to FFB 
yield (average of all three locations) the hybrid cross combination, NRCOP- 4 
recorded significantly higher FFB yield (12.5 t/ha) over NRCOP-1, NRCOP-3, 
NRCOP-7 and NRCOP-9 and it was on par with remaining hybrids and similar 
results were observed for bunch weight and number of bunches per palm. 
Pooled data on FFB yield for 2013-15 indicated that, the hybrid combination 
NRCOP - 4 which recorded higher FFB yield (12.6 t/ha) at Gangavathi and 
Vijayarai (22.6 t/ha) appears to have better prospects for adaptation under 
Tungabhadra command area and coastal region of Andhra Pradesh. Similarly, 
NRCOP - 8 recorded higher FFB yield in Konkan region of Maharashtra.
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Studies on performance of certain cashew 
(Anacardium occidentale L.) genotypes for 

growth and nut yield
Sethi K.1*, Tripathy P.2 & Muhkerjee S.K.1

1All India Coordinated Research Project on Cashew, Orissa University of Agriculture 
and Technology, Bhubaneswar-751 003, Odisha

2Orissa University of Agriculture and Technology, Bhubaneswar-751 003, Odisha
(*kabita2273@yahoo.com)

A performance evaluation study was undertaken with eleven cashew 
genotypes collected from different cashew growing areas of India. The 
genotypes were evaluated for vegetative growth, nut yield and yield 
attributing parameters under Bhubaneswar, Odisha conditions during 2013 
to 2015. The field experiment was carried out at Cashew Research Station 
(CRS) under OUAT, Bhubaneswar, Odisha, India by adopting RBD replicated 
thrice with eleven diverse genotypes such as  BH-6 (Jagannatha), BH-
85(Balabhardra), H-1597(Amrutha), H-662, H-675 , H-32/4 ,K- 22-1, H-11, 
H-14, and Goa-11/6(Bhaskara) including BPP-8 as national check. The clonal 
planting materials were planted at a spacing of 7.5 m x 7.5 m during 2003 
by adopting recommended package of practices to raise a good crop having 
four plants per treatment. The results obtained from pooled data of over 
three years showed significant variations among the genotypes for all the 
traits under study. The plant height and trunk girth ranged from 2.57 – 3.61 
m and 23.0 – 41.20 cm (K-22-1) to 5.23-5.88m and 82.50-89.37 cm (H-
32/4) during 2013 to 2015, respectively. Similarly, the mean canopy spread 
in E-W directions ranged from 2.99 - 4.69m (K-22-1) to 8.25 – 8.76m (BPP-
8) while that of N-S direction from 4.07 - 4.70m (H-675) to 8.77 - 9.24m 
(BPP-8). The study also indicated the dwarfing growth habit of both K-22-
1 and H-675, indicating their suitability for high density planting system in 
cashew. The genotype, H-675 took shortest flowering duration of only 73 
days, while H-14 being longest of 101.78 days. Similarly, the hybrid, H-662 
recorded significantly highest sex ratio of 0.67. The results on nut yield and 
yield attributing parameters indicated significant variations among tested 

genotypes, ranging from 4.83 g (H-675) to 8.88 g (Jagannath), 3.48 (H-662) 
to 5.99 (H-675), 28.47% (H-32/4) to 31.88% (Jagannath) for nut weight, nuts 
panicle-1 and shelling per cent, respectively. Invariably, over the three years, 
the genotype Balabhadra recorded significantly highest nut yield annum-1(kg 
tree-1) as 10.30, 8.15 and 14.68 having pooled value of 11.06 than rest of 
the genotypes. The other better performing genotypes were Jagannath (9.50 
kg), Amrutha (9.21 kg), including check variety BPP-8 (8.42kg). Thus, it can be 
concluded from pooled results of three years, that Jagannath, Balabhadra, 
Amrutha and BPP-8  are recommended not only for better growth but also 
for nut yield in a sustainable manner under Odisha condition. Similarly, both 
K-22-1 and H-675 may be used for high density planting system in cashew.



46 47

TS1-PP3

Performance of large cardamom (Amomum 
subulatum Roxb.) genotypes and F1 hybrids 

at ICRI farm North Sikkim
 Bhat S.S.*, Chhetri P., Dhanapal K. & Gudade B.A.

Indian Cardamom Research Institute, Regional Research Station, Spices Board, 
Tadong, Gangtok-737102, Sikkim

(*sk9bhat@yahoo.co.in)

A field experiment was conducted at Indian Cardamom Research Institute, 
Regional Station, Spices Board, Research Farm at Kabi, North Sikkim during 
the year 2010-2014 to evaluate eight F1 hybrids (SHC 1 to SHC 8) and their 
parental lines viz. SCC 72, SCC 75 and SCC 82 (three Varlangey cultivars) SCC 
57 and SCC 81 (two Sawney cultivars) with regard to growth, yield and also 
compared with the released variety ICRI Sikkim 1 as standard check. Results 
indicated that F1 hybrid SHC 8 (SCC57 x SCC75) produced significantly 
more number of tillers (28.9) and more spikes/clump (12.5). This genotype 
recorded significantly highest dry yield (704 kg/ha) which was 17.7 percent 
increase over released variety ICRI Sikkim1. Since the large cardamom is 
cross pollinated, clonal propagation of these improved lines is suggested to 
produce ‘true to type’ planting materials.  Large scale planting of these lines 
is recommended for augmenting the production and productivity of large 
cardamom in north eastern states.   

TS1-PP4

Simple sequence repeat marker-based 
molecular characterization and genetic 
diversity studies in cultivated and wild 

species of arecanut
Nagaraja N.R.1*, Ananda K.S.1, Sabana A.A.2 & Rajesh M.K.2

1ICAR-Central Plantation Crops Research Institute, Regional Station, Vittal-574 243, 
Karnataka 

2ICAR-Central Plantation Crops Research Institute, Kasaragod - 671 124, Kerala
(*naga_gene@yahoo.com)

In this investigation, molecular characterization and genetic diversity analysis 
of 20 arecanut genotypes comprising 16 cultivated types, including 13 
cultivated varieties, two dwarf hybrids and one natural mutant and four wild 
species viz., Areca triandra, Areca concinna, Normanbya normanbyii and 
Actinorhytis calapparia, was carried out using simple sequence repeat (SSR) 
markers. Highest genetic similarity was observed between the cultivated 
varieties, Kahikuchi and Mohitnagar as well as Nalbari and Sumangala, 
similarly the lowest similarity value of 0.33 was found between the wild 
species, Normanbya normanbyii and cultivated variety, Sreemangala. The 
dendrogram was constructed using similarity coefficient values by following 
the Unweighted Pair Group Method with Arithmetic Mean (UPGMA). The 
cultivated and wild species of arecanut clustered at 53% similarity. The 
dendrogram formed two major clusters with cluster I consisting of all the 
16 cultivated varieties and 2 wild species viz., Areca triandra and Areca 
concinna and the second major cluster comprised of remaining wild species 
like, Normanbya normanbyii and Actinorhytis calapparia.
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Field evaluation of new selections in tea 
(Camellia spp.) for high yield and quality

Saravanan M.*, Ranjith K. & Ilango R.V.J.
UPASI Tea Research Foundation, Valparai-642127, Tamil Nadu

(*sm_saravanan@rediffmail.com)

Clonal selection work was carried out in the F1 progenies raised through 
the seed stocks released by the Tocklai Tea Research Institute, Assam during 
2010. The F1 progenies are maintained in the germplasm of UPASI Tea 
Research Institute, Valparai from the year 2000. Based on the leaf size, density 
of crop shoots, leaf colour and pubescence, seven potential accessions 
were identified and were multiplied through vegetative propagation in the 
nursery. All the accessions were field planted during 2011 and trained as per 
the recommended practices. Bush vigour was assessed in terms of stem girth 
and canopy cover after four years of planting. Inter nodal length of the crop 
shoots, leaf area and number of plucking points of the accessions was also 
studied. When compared to the standard clones UPASI–3, UPASI–9 and CR 
– 6017, stem girth and canopy area of the accession numbers 02, 03 and 06 
recorded higher values. Among the accessions studied, accession number 02 
registered higher numbers of primary and secondary branches followed by 
accessions number 03 and 06. Green leaves harvested from the accessions 
were processed separately and the tea prepared was assessed for its quality. 
All the seven accessions were found to be superior in quality, compared to 
the standard clone UPASI – 3. High content of theaflavins and thearubigins 
was recorded in the accession numbers 05, 07 and 10. Tea preparations 
were sent to the professional tea tasters for analysis. As per the professional 
tea tasters score, accession number 07 had high scoring compared to other 
accessions. Based on the results, accession numbers 02, 03, 06 and 07 were 
found to be promising for high yield and quality.

TS1-PP6

Field performance of new graft 
combinations in tea (Camellia spp.)

Ranjith K.* & Ilango R.V.J.
UPASI Tea Research Foundation, Valparai-642127, Tamil Nadu 

(*kranjith09@gmail.com)

As South Indian tea industry is under crisis due to poor land productivity, high 
production cost and low price realization, replanting the old unproductive 
tea with high yielding and high quality clones is being recommended. 
However, the modest drought tolerance level of existing high yielding clones 
and low yield potential of the high quality clones has been the major factors 
limiting their commercial acceptance. Grafting is a promising technique 
in tea to produce composite plants with high yield. Hence, in the present 
study, one year old composite plants of the tea clones UPASI-28, TRF-1 and 
TRF-2 were cleft-grafted on the drought tolerant rootstock clones UPASI-2, 
UPASI-9, ATK-1 and TRI-2025 and planted in the field in a randomized block 
design. The ungrafted scion and rootstock clones and one recommended 
graft combination were used as standards for comparison. The plants were 
trained and brought to plucking in accordance with the standard practices. 
Field performance of the grafts was assessed in terms of survival rate, 
number of plucking points per unit area, weight of crop shoot, leaf area, 
inter-nodal length, branching pattern, canopy cover and yield. The results 
indicate that, the yield potential and drought tolerance level of TRF-1 grafted 
on the rootstocks of UPASI-9 and ATK-1 increased significantly compared to 
the self-rooted TRF-1 plants. In case of TRF-2, all the four rootstock clones 
increased the yields at various degrees. However, UPASI-9 appears to be 
the more suitable rootstock for the scions of TRF-2 with high field survival 
rate and increased yield. Similarly, the scions of UPASI-28 grafted on the 
rootstocks of UPASI-9 recorded a significant increase in the yield followed by 
TRI-2025 and UPASI-2. Increased number of plucking points, weight of crop 
shoot, inter-nodal length and leaf area observed in the grafted plants than 
the self-rooted scion clones is directly correlated to improved yield. 
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Variability study for yield and vegetative 
characters in nutmeg 

(Myristica fragrans Houtt.)
Khandekar R.G.*,  Pethe U.B., Rathod R.R., Salvi B.R., Mahadkar U.V. & Babu N.

College of Agriculture (Dr. BSKKV), Dapoli- 415712, Maharashtra
(*rgk.bskkv@rediffmail.com)

The present study on assessment of variability and correlation for yield and 
yield contributing, characters in 30 nutmeg genotypes was undertaken at 
Department of Horticulture, College of Agriculture, Dapoli, Maharashtra. 
The ANOVA revealed that the difference among the genotypes were highly 
significant for all the characters under study. This indicates that there is 
substantial scope for selection of the genotypes. Correlation coefficient 
is one of the important biometrical tools for formulating the selection of 
the indexsince, it reveals the strength of relationship among the group of 
character. Correlation studies were carried out to determine the degree 
of direction in between yield and yield contributing characters. In general, 
most of the characters had higher genotypic correlation as compared to 
phenotypic correlation. The correlation analysis indicates that most of the 
parameters except yield had strong and positive correlation among each 
other. Importantly yield had positive association with all these parameter 
and this association was significant.

TS1-PP8

Effect of pretreatment and culture medium 
on in vitro germination of oil palm (Elaeis 

guineensis Jacq.) zygotic embryos obtained 
from open pollinated Dura palms

Prasanna H.S.1*, Ramajayam D.2, Swami D.V.1, Kalyanababu B.1 & Umakrishna K.1

1Dr. YSR  Horticultural University, Venkataramannagudem- 534 101, Andhra 
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2ICAR-Indian Institute of Oil Palm Research, Pedavegi-534 450, Andhra Pradesh
 (*prassu.prasanna11@gmail.com)

Oil palm (Elaeis guineensis Jacq.) cultivation has acquired economic 
importance due to rising demand for vegetable oils used in food, 
pharmaceutical, cosmetic and most recently, in biofuel industries. However, 
the commercial production of oil palm is limited by plantlet production, as 
seeds require a long germination period and exhibit low germination rate. 
Thus, there is need for developing techniques that improve germination and 
reduce the time for establishing new plantings. Tissue culture can be used as 
a tool for optimizing embryo germination of oil palm through excision, in vitro 
culturing under appropriate conditions. A factorial experiment was conducted 
with two pre-treatments and five culture media for the development of rapid 
regeneration protocol for the germination of oil palm ZEs (zygotic embryos). 
The results shows that, soaking of open pollinated dura seeds for 3 days 
did not show any significant difference in improving the germination of ZEs. 
Among media the highest germination was recorded in N6 (79.17%) followed 
by Y3 (75.83%), ½ MS (69.2%), MS (65.83%) and the least in MS + 0.05% 
Activated charcoal (60.00%). The mean germination time observed was very 
less in N6 medium and the speed of germination index was also faster in N6 
medium. Among the  growth parameters studied, the height of seedlings, 
leaf length and width, number of roots, root length and width, fresh/dry 
weight of shoot, root and seedlings, compound growth rate, relative growth 
rate was recorded significantly highest in MS + 0.05% Activated charcoal 
medium. In conclusion, the germination and subsequent growth of ZEs were 
highly affected by culture media rather than pre-treatments.
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Cost effective micropropagation of Vanilla 
planifolia using vermicompost extract as 

plant tissue culture media
Jain A.* & Yadav R.P.

ICAR-National Bureau of Plant Genetic Resources, New Delhi -110012
(*anju.jain@icar.gov.in)

A cost effective regeneration protocol for Vanilla planifolia Andrews was developed, 
using vermicompost extract as an organic supplement in the media without any 
chemical supplementation. Vanilla, an endangered orchid, is a crop of great 
commercial importance as a source of natural vanillin, a major component of flavour 
industry. The primary gene pool of V. planifolia is narrow and threatened due to 
deforestation and over collection that has resulted in disappearance of natural 
habitats and wild species. Therefore, effective procedure for micropropagation and 
in vitro conservation of vanilla diversity is of paramount importance. Low cost in 
vitro propagation protocol for Vanilla was standardized using vermicompost extract 
as tissue culture media. For media preparation, vermicompost was procured 
from Biomass Utilization unit, IARI, New Delhi. Extraction was conducted through 
12-hour agitations with 5000 rpm followed by sedimentation for 24h at room 
temperature. The liquid extract was filtered and 3% sucrose (w/v) and gelling 
agent, clarigar 5gl-1 was added for preparation of media. Nodal explants, 1.5 to 
2cm long with single node were cultured on medium containing 25%, 50% and 
aqueous extract of vermicompost and kept in sealed culture tubes at 25±20C. Basal 
salts of MS (Murashige and Skoog, 1962) medium fortified with 0.1mgl-1 BAP was 
used as control. The experiment was conducted in completely randomized design 
with 3 replicates of 12 cultures each. Effect of the treatment was evaluated on the 
basis of the initiation period of shoots and/or the number of nodes and length 
of the shoots. The duration of shoot initiation was significantly shortened in the 
medium with aqueous extract. In comparison with MS salts, the use of aqueous 
vermicompost extract yielded the fastest growth of vanilla explants. Economics of 
media preparation revealed that to prepare one litre medium with MS salts, Rs. 92/− 
is required, whereas use of aqueous extract of vermicompost, Rs. 6/− is required to 
prepare a litre media. Thus, the approach is economical  micropropagation. The in 
vitro derived plantlets showed good growth and developed into normal plants. This 
medium can be utilized for conservation and exchange of vanilla genetic resources.

TS1-PP10

Evaluation of coconut hybrids and varieties 
in East Coast region of Andhra Pradesh
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2Horticultural Research Station, Vijayarai- 534 475, Andhra Pradesh
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(*drramanandam@gmail.com)

Coconut is an important palm grown widely in the humid tropics of India 
which provides nutritious food and refreshing drink, edible oiland fibre of 
commercial value, shell for fuel and timber and a variety of miscellaneous 
products for domestic and industrial use. In recent years, coconut is being 
increasingly considered as a healthy food, as virgin coconut oil, tender 
coconut water and inflorescence sap are being promoted for consumption. 
Hence, location specific identification of high yielding varieties/hybrids is very 
important to attain higher production and productivity. An experiment was 
initiated at Horticultural Research Station, Ambajipeta in 2002 to evaluate 
the performance of hybrids and varieties in coconut developed by CPCRI and 
SAU’s. A total of nine entries were evaluated which includes seven hybrids 
and two varieties viz., Chandrasankara (COD x WCT), Lakshaganga(LCT x 
GBGD), Keraganga (WCT x GBGD), Chandralaksha (LCT x COD),VHC-I(ECT x 
MGD),VHC-II(ECTx MYD), Godavari Ganga (ECT x GBGD), Chandrakalpa and 
Double Century. The experiment was laid out in randomized block design 
with three replications at 6 palms per replication. Data on growth, yield and 
yield attributes were recorded for 6 years (2009-2014) and subjected to 
statistical analysis . The results revealed that T x D hybrid “Godavari Ganga”  
released from AICRP on Palms centre, HRS, Ambajipeta  was found superior 
over other hybrids and varieties and recorded significantly highest yield 
of 103.4 nuts per palm per year followed by Lakshaganga ( 92.2 nuts ) at 
14 years of age. With respect to copra out turn, Godavari Ganga followed 
by Chandralaksha recorded significantly higher values i.e., 15.76 kg per 
palm per year and 15.01 kg per palm per year, respectively. However, no 
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significant differences were noticed with regard to oil content among hybrids 
and varieties evaluated. Further Godavari ganga is precocious which comes 
to first flowering within 45 months after planting, followed by Lakshaganga 
(47 months). It was concluded that based on precocity,higher nut yield and 
copra out turn, the hybrids Godavari Ganga followed by Lakshaganga were 
found suitable for East coast of Andhra Pradesh.

TS1-PP11

Studies on growth and development of 
infloroscence and fruit in palmyrah palms 

(Borassus flabellifer L.)
Murthy G.N.1*, Vengaiah P.C.1, Maheswarappa H.P.2  & Ramana K.T.V.1

1 AICRP on Palms, Horticultural Research Station, Dr.Y.S.R Horticultural University, 
Pandirimamidi-533 288,  Andhra Pradesh
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Palmyrah palm is an important multipurpose tree of great utility as it plays significant 
role in the day to day life of poor and landless farmers. Due to its multifarious 
uses, palmyrah is equated to the “Kalpavriksha” in the mythology.  Studies were 
conducted at Horticultural Research Station, Dr.Y.S.R Horticultural University, 
Pandirimamidi during 2015-16 to know the growth behaviour of inflorescence and 
fruit in young (15 year old) and adult (25 year old) palmyrah palms of the existing 
germplasm. Observations were recorded on growth rate of fruit length, growth rate 
of fruit girth, total number of inflorescences produced per tree, number of days 
taken for successive production of inflorescence in male and female palms, mean 
length of male and female inflorescence and numbers of fruits per each female 
inflorescence in ten selected palms in each of the above two categories. The results 
indicated that the average length of male inflorescence was 123 cm in young palms 
and 168 cm in adult palms. The average length of female inflorescence was 120 
cm in young palms and 151 cm adult palms. The average number of days taken for 
successive production of inflorescence was 14 and 12 days respectively in young 
and adult trees of male palms and it was 13 and 12 days respectively in young and 
adult trees of female palms. The average number of fruits per bunch was 9 and 14 in 
young and adult palms, respectively. The mean length of fruits was 13 cm in young 
palms and 19 cm in adult palms and the average growth rate of length was recorded 
as 0.25 cm/day in young palms and 0.53 cm/day in adult palms during the entire 
developmental stages of the fruit and the average girth of fruit was found to be 18 
cm in young palms and 25 cm in adult palms and the average growth rate of girth 
was recorded as 0.34 cm/day in young palms and 0.57 cm/day in adult palms. 
A gradual and steady increase in fruit growth values right from initiation to 
maturity was noticed in all the observed young and adult palms.
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Eleven ortet selections belonging to the states of Assam, Tripura and 
Meghalaya were evaluated for growth parameters and dry rubber yield in 
a clonal nursery trial with RRIM 600 as a check. The poly-bag plants were 
planted in the field at a row to row spacing of 3 m x 3 m and plant to plant 
spacing of 1.5 m x 1.5 m in the Randomised Block Design (RBD) replicated 
thrice with 6 plants per plot. Observations on the growth parameters were 
recorded one year after planting and continued up to 5 years of crop growth. 
Three years after planting, test tapping was initiated and continued upto 
fourth and fifth year. The plants were test tapped ten times to obtain the dry 
rubber yield of the individual clones. On the basis of the continuous 3 years 
of test tappings, the clone RRST 37 attained the highest girth (30.3 cm) and 
yield (71.7 g/t/10tap)  followed by RRSG X9 (66.0 g/t/ 10 tap) and RRSA 121 
(57.2 g/t/10 tap)  where as the check clone RRIM 600 yielded 44.4 g/t/10 
tap. In case of girth increment RRST 24 attained highest girth increment of 24 
cm over a period of 5 years followed by RRST 37 (22 cm) and RRST 39  (21.5 
cm) whereas the check clone RRIM 600 achieved the girth increment of 21.2 
cm. This experiment suggests the scope for preliminary evaluation of clones 
in a nursery.

TS1-PP13

Assessment of variability and performance 
of some new landraces of small cardamom 

(Elettaria cardamomum Maton)
Akhila P.R.1*, Radhakrishnan V.V.1, Pradipkumar K.2 & Mohanan K.V.1

1University of Calicut 673 635, Kerala 
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Even though fourteen improved varieties of small cardamom have been 
released in India so far, many of the farmers in the traditional cardamom 
tracts still use farmer selected landraces as planting material and hence 
the importance of landraces could not be disregarded.  Four new landraces 
of small cardamom identified from Idukki District of Kerala State of India 
namely Pulari, Pappalu, Kalarikkal Bold and Arjun were evaluated along with 
Njallani Green Gold (popular landrace) and ICRI-2 (improved variety released 
by Indian Cardamom Research Institute) for growth, yield and quality 
characters. Eight growth characters, eight yield characters and eleven quality 
characters were analyzed. All the traits except two yield characters showed 
statistically significant variation indicating the occurrence of significant 
genotypic difference between these landraces. A comparative analysis of 
overall performance of the four landraces was also carried out and the results 
showed that Pappalu, Kalarikkal Bold and Pulari performed significantly 
superior to Njallani Green Gold and ICRI-2, the controls.  Pappalu showed 
132.22% increase in yield over Njallani Green Gold and 158.02% over ICRI-2. 
The cumulative performance indices of all the new landraces were worked 
out and the landrace Pappalu had the highest performance index of 30.06 
followed by Kalarikkal Bold (27.45), Arjun (25.57) and Pulari (24.14).  All the 
four new landraces have been found to be superior to ICRI-2 while three 
of them showed superiority over Njallani Green Gold, under preliminary 
evaluation.
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Unique tropical climatic pattern prevailing in Dakshina Kannada (D.K.) District of 
Karnataka State, characterised with heavy rainfall and prevalence of leaf diseases 
followed by long dry spell, is one of the limiting factors in rubber cultivation. The 
present study is aimed at developing suitable high yielding clones with Phytophthora 
tolerance. Ortets of polyclonal origin or plus tree selection method is expected to 
provide clones with broad genetic base and diverse from a base population. Sixteen 
ortet clones (Ayr 1, Arl 53, Ert 40, Ces 150, Ert 38, Arl 54, Pkm 16, Pov 1, Kan 46, 
Pkm 14, Edm 37, Ces 151, Mkm 23, Mkm 22, Tly 57 and Ces 9) selected from the 
traditional region along with three recommended clones (GT 1, RRIM 600 and RRII 
105) as controls were evaluated over 25 years in a small scale trial at Nettanna, 
D.K. District of Karnataka State.  Girth of trees at 125 cm from the bud union, yield 
(grams/tree/tap), tappability (%), bark thickness (mm) and incidence of abnormal 
leaf fall disease (ALF) were assessed from the replicated field trial. Analysis of 
variance estimates showed a critical difference of 14.8 and 28.3 (P<0.05) for girth 
and pooled mean dry rubber yield, respectively. Clones showed significant variability 
in growth (11.2%) and yield (28.3%). Ortet clone Ayr 1 registered significantly high 
girth (114 cm) and dry rubber yield (78 g/t/t) followed by GT 1 (girth 92 cm; yield 
71 g/t/t), Arl 53 (girth 90 cm and yield 51 g/t/t), RRII 105 (girth 73cm; yield 47g/t/t) 
and RRIM 600 (girth 76 cm; yield 40 g/t/t). Percent Diseases Intensity (PDI) upon 
Abnormal Leaf Fall Disease (ALF) caused by Phytophthora spp. was scored. The 
results illustrates that among the high yielding clones, second best ortet clone Arl 
53 registered highest level of tolerance (12%) towards ALF disease, compared to 
other clones, followed by Ert 40 (25%) and Arl 54 (32%) that are comparatively 
less susceptible, while control clones GT 1, RRII 105 and RRIM 600 registered 44%, 
42% and 96% disease incidence, respectively. High yielding ortet clones could be 
selected for further evaluation and confirmation in on farm trials. Selection of 
clones with vigorous growth, yield and ALF tolerance could maximize genetic gain 
and provide further impetus to breeders and growers. The present study could also 
identify potential parents which can be either utilized directly for cross breeding 
programmes to generate more productive progenies suitable for D.K. region.

TS1-PP15

Evaluation of progenies for assessing the 
influence of palm combinations to refine 
the selection of parents in coconut hybrid 

production
Samsudeen K.*, Nirmala A., Deepa P. & Chandran, K.P.
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 (*samsu10@rediffmail.com)

Developing hybrids is a major breeding strategy in coconut improvement. 
Generally, hybrids are developed by combining tall and dwarf varieties or 
genotypes. Hybrids in coconut are not a uniform population due to the 
built-in heterozygosity of parents. Seedling selection based on vigour is the 
major step in coconut hybrid development and hybrid seedling production. 
Selection of parent palms for obtaining more number of vigorous seedlings 
(hybrid seedlings) is very important in commercial hybrid production of 
coconut. In this study, selected West Coast Tall (WCT) and Chowghat Orange 
Dwarf (COD) palms are used to produce Kerasankara and Chandrasankara 
hybrids for assessing the role of individual palms in recovery of hybrid 
seedlings. As many as 130 specific crosses were made and the progenies 
were evaluated for hybrid vigour based on seedling height, girth and number 
of leaves at three stages, viz. 6, 9 and 12 months after sowing. Significant 
differences were observed between the crosses for all the traits. Number 
of seedlings that could be selected for higher vigour also showed significant 
difference underlining the importance of selection of parents in recovering 
more number of hybrid seedlings. Another important observation was that 
there existed significant differences in progenies of TxD and DxT crosses. 
Differences in DxT and Tx D were more in 6 month stage as compared to 
later stages. More number of hybrids could be recovered in DxT than in TxD 
crosses.
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Rind or pericarp is the outermost part of nutmeg fruit which is thick and 
fleshy. Fresh rind contributes 80 to 85% of total fruit weight and it has an 
astringent taste with aromatic flavour. Due to these qualities, the use of rind 
for food purpose is restricted. At the same time the medicinal properties 
namely, anti oxidant, anti microbial and anti diarrheal effects have evinced 
great interest in nutmeg rind. The biochemical composition of the rind is a 
major factor processors are interested at. In the present study, seventeen 
distinctly featured nutmeg accessions, selected from core collections in 
central Kerala, were employed for biochemical analysis of rind. A total of 
10 biochemcial constituents of ripe rind were estimated using standard 
analytical techniques. Data was statistically analysed and sub groups of 
accessions were formed using DMRT. The range of variation found for various 
components were  87.13 – 89.10 (mg/100g) for ascorbic acid, 0.205 – 1.083 
(% calcium pectate) for pectin content, 0.213-1.853 (g/100g) for protein, 
0.30 – 1.233 (g/100g) for starch, 27.77 – 57.55 (mg/100g) for total phenol, 
143.30 – 750.00 (mg/100g) for tannin, 2.013 – 2.57% for total minerals 
and 2.060 – 3.65% for crude fibre. Since various overlapping subgroups 
were obtained upon analysing biochemical constituents, the method to 
make decisions jointly on a number of dependant characters as proposed 
by Arunachalam and Bandyopadhyay (1984) was co-opted. The final score 
is an indicator of the relative superiority of the accessions in terms of the 
biochemical constituents of rind. The accessions were categorized for various 
end uses based on the score obtained for each constituent. The variation in 
biochemical composition may be due to inherent genetic character of the 
tree and also the geographic location and management practices. Analysis 
of biochemical composition of nutmeg rind which at present is discarded as 
a farm waste reveal that it could be utilized for value addition in the food, 
nutraceutical and pharmaceutical sectors.

TS1-PP17

Investigations on developing a key for 
identification of elite nutmeg (Myristica 

fragrans) tree
Vikram H.C.1*, Mini Raj N.2 & Krishnan S.2
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2Kerala Agricultural University, Thrissur-680656, Kerala
(*vikram.hc@gmail.com)

Nutmeg (Myristica fragrans Houtt.) is unique among tree spices, as a donor 
of two distinct spices; nutmeg and mace. Yield is a complex phenomenon 
in nutmeg. Fruit yield per tree is a quantitative trait which is dependent 
on several other yield related components. Hence, an attempt was made 
towards identification of an elite nutmeg tree using desirable characteristics 
which are easily measurable and recognizable. Fourty six morphotypes 
of nutmeg selected from core collections in the Chalakudy river basin in 
Kerala in the age group of fifteen years formed the material for study. These 
samples of nutmeg represented almost all nutmeg growing tracts of Kerala. 
The accessions were evaluated based on 51 qualitative and 38 quantitative 
characteristics and grouped based on similarities. Thirteen key quantitative 
characters were selected based on their impact on yield as well as commercial 
importance. The qualitative clusters were ranked based on relative best 
performance of the perceived key characters. Data base was generated for 
the key characters and from this database, plausible value of each character 
was predicted. An overall assessment of the predicted key characteristics 
was made. Accordingly, an elite nutmeg tree may be characterized as having 
the ideal characteristics with approximate values viz., tree height (8m), 
canopy spread E-W (7m), canopy spread N-S (8m), number of flower/10cm2 
(6), fruit set percentage (37), number of fruits/m2 (19), fruit weight (81g), 
thickness of pericarp (14mm), dry mace weight (2g), dry nut weight (10g), 
kernel weight (7g), ratio of nut to mace (6.63) and number of fruits per tree 
(3342). It is a simple key comprising characters which are measurable and 
recognizable at the farmer level. 
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Commercial coffee production mainly relies on two species, Coffea arabica 
(Arabica coffee) and Coffea canephora (Robusta coffee). Coffea canephora is 
more tolerant to the major pests and diseases, but is rather inferior in quality 
compared to arabica coffee. Thus, improvement in yield and quality of 
robusta coffee are the major objectives of breeding. As robusta contributes 
a major share in the production and is the second important species of 
coffee, improving robusta coffee is pertinent to the coffee sector in India. 
With this background a study was undertaken in the experimental farm 
of Regional Coffee Research Station, Chundale, Wayanad to fix ideal plant 
type in robusta based on evaluation of 74 different accessionscomprising 
both indigenous and exotic collections. Data was recorded on 28 characters 
pertaining to growth, yield and quality characteristics for three consecutive 
seasons. The data was subjected to analysis for correlation of characters 
as suggested by Rangaswamy (1995) and character association by way of 
principal component analysis as proposed by Sneath and Sokal (1973). The 
correlation and association of agronomic characters is the result of the action 
of a polygenic system that contributes towards the expression of character 
complexes which results in the morphology of plant. Among such characters, 
the lead characters of each complex contribute at a higher level towards the 
morphological expression.  Hence, the ideal plant type of a particular species 
can be derived based on the lead characters and their association with other 
characters. The present study highlighted the characters that are required to 
be present in an ideal plant type in robusta coffee.

TS1-PP19

Functional annotation of coffee simple 
sequence repeats and their potential 

applications
Jeena Devasia1*, Rajkumar R.2, Madhura J.N.3, Kulkarni R.S.3, Udayakumar M.3 & 

Mishra M.K.1

1Central Coffee Research Institute, Coffee Board, Mysore, Karnataka
2ITC Ltd., Bengaluru, Karnataka

3University of Agricultural Sciences, GKVK, Bengaluru-560065, Karnataka
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Functional annotation of 267 microsatellite repeats developed in Coffea 
canephora, using pre cloning enrichment protocol, were carried out for 
their potential use in coffee research. A total of 216 (81%) sequences were 
annotated with known functions/sequence similarity of which, 26 (12%) 
were found to be in the genic region and 190 (88%) in inter-genic region, 
while the other 51 (19%) of the sequences were found to be novel repeats. 
About 61 (28%) of annotated sequences were found to be located in 
conserved domains. The annotated genic repeats cover wide range of genes/
metabolic pathways involving traits of agronomic relevance, demonstrating 
their potential application in development of useful molecular markers. This 
paper discusses the detailed categorization of various functions of these 
repeat motifs, validation and their relevance in coffee molecular breeding 
programs.
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Coffee is one of the most important plantation crops and it is traditionally 
propagated through seeds.  However, variation in seedling progenies is often 
noticed due to meiotic recombination. Thus, micropropagation through tissue 
culture techniques is considered to be the viable alternative for large scale 
production of true to type of plants. In the present study, plant regeneration 
was achieved through somatic embryogenesis using cultured leaf tissues of 
two F1 hybrids of C. arabica cv. Chandragiri and BBTC x Chandragiri which 
were developed by Central Coffee Research Institute (CCRI). The somatic 
embryos were induced and multiplied on MS medium supplemented with 
0.5 mg/l of IAA, 1.0 mg/l of 2,4-D and 4 mg/l of Kn  with 50 mg/l of cysteine 
HCl and 100 mg/l of PVP and 20 mg/l of proline. A batch of regenerated 
plants of C. arabica cv. Chandragiri hybrid were hardened and established 
in the field for evaluation. The genetic fidelity of somatic embryogenesis 
derived plants and the mother plant was assessed using sequence related 
amplified polymorphism (SRAP) markers. A total of 22 SRAP primer pairs 
were employed for DNA analysis of which 18 primers produced a total of 
108 clear, distinct and reproducible amplicons of variable size. Based on the 
molecular marker (SRAP) analysis, 95% genetic similarities were obtained 
between mother plant and the somatic embryo derived plants indicating 
high genetic uniformity among regenerated plants.

TS1-PP21
 

Isolation, characterization and expression 
analysis of flowering related (FT and TFL1) 

genes in coffee
Huded A.K.C., Pavankumar J. and  Mishra, M.K.*

Central Coffee Research Institute, Mysore-570 006, Karnataka
(* manojmishra.m@gmail.com)

In angiosperms, flowering is governed by phosphatidyl ethanolamine-binding 
protein (PEBP). PEBP gene family consists of large number of genes which are 
involved in regulation of different physiological process. Flowering locus T 
(FT) and Terminal flowering locus T (TFL1) are class of PEBP gene family. These 
genes are highly conserved across many species and play important role in 
regulation of flowering mechanism. In the present study, an attempt was 
made to understand the expression level of these genes in different parts of 
plant, with an objective to develop new strategies for improving agronomic 
traits and understand the mechanism of biennial cropping in coffee.  FT 
and TFL1 gene specific primers were designed using available homologous 
protein sequences from database. Genomic DNA from 17 different coffee 
species was screened using FT and TFL1 gene specific primers. In different 
species, variation was observed among the homologous fragment amplified 
from both genomic DNA and cDNA using FT and TFL1 gene specific primers. 
The differential fragments generated by screening genomic DNA and cDNA 
with the gene specific primers were characterized by sequencing.  The 
expression levels of both FT and TFL1 genes were tested in different parts of 
plant such as leaf, callus, embryo, bark, root etc using Real-Time PCR and the 
important findings related to these genes are discussed.
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Insect pollinators of cocoa, Theobroma 
cacao L. in India

Suganthy M.*, Gopi Krishna K., Jegadeeswari V. & Suresh J.
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Cocoa flowers are produced in large numbers but only few of them develop 
into fruits. Self-incompatibility and pollination are  major concerns in this 
crop. Field experiment was carried out in the farmer’s holdings at Sethumadai, 
Pollachi and at Coconut Research Station, TNAU, Aliyar Nagar during 2013-
2014 to study the insect pollinators of cocoa in India. Results of the field 
experiment on pollinators of cocoa revealed that, cocoa is pollinated by 
small midges, For cipomyia spp belonging to the family Ceratopogonidae, 
Diptera. Results of field experiments to study the mechanism of pollination 
revealed that caging of two cocoa entries viz. CCRP 1 and CCRP 2 with 100 
kg of decomposed leaf litter as pollinator breeding substrate resulted in the 
production of twenty seven matured pods in both the trees over a period 
of four months. Whereas, the same entries, under similar setup without 
pollinator breeding substrate resulted in no pod set in both the trees over 
a period of four months. These results proved the entomophilous nature 
of cocoa. From the field experiments, Forcipomyia spp is identified as a 
potential pollinator of cocoa in India. Decomposed banana pseudostem 
and decomposed leaf litter were identified as the best pollinator breeding 
substrates. 
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(Theobroma cacao L.) through cuttings
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Cocoa (Theobroma cacao L.) is an important plantation crop used in 
chocolate making and cosmetic industries. As seedling progenies show high 
variability, vegetative propagation is resorted to multiply the high yielding 
superior trees. The investigation on rooting ability of two node and long 
cocoa cuttings treated with 5000 ppm of IBA , NAA and a combination of 
NAA+IBA in different media such as sand, coir and combination of sand 
and coir under automated mist chamber was studied. Observations were 
recorded at 30, 60, 90 and 120 days after planting.  The results revealed that 
the IBA treated cuttings in sand medium showed better rooting ability than 
NAA and NAA+IBA treatments.
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Through the intervention of clonal propagation techniques, it is now possible 
to multiply high yielding disease free palms in arecanut through direct or 
indirect somatic embryogenesis. The maintenance of embryogenic calli at 
present is carried out by its passage to fresh media at specific time intervals. 
This may cause genetic variations as well as loss of embryogenic potential of 
the callus.  Using cryopreservation technologies, the embryogenic potential 
of the calli can be maintained for unlimited period of time. This also ensures 
ready to use material for multiplication as and when required. The present 
study was carried out to standardize the procedure for cryopreservation 
of embryogenic calli derived from immature inflorescence of arecanut by 
V cryo-plate method. The embryogenic calli were pre-grown in Y3 medium 
supplemented with sucrose (0.2, 0.3 and 0.4 M sucrose) for 3 or 6 days and 
later desiccated  using plant vitrification solution 3 (PVS3) at different time 
durations (10, 20 and 30 minutes).  The results showed 8-10 % recovery of 
embryogenic calli that resulted in normal plantlet production. The clonal 
fidelity studies, using SCoT markers, showed no variation of cryopreserved 
calli with that of the original calli. 
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(*meena@rubberboard.org.in)

Hybrids and ortets of Hevea brasiliensis selected from diverse locations 
were cloned and evaluated in Central Kerala with a view to identify 
promising clones with high, stable yield and desirable secondary attributes 
under conducive environmental conditions. Five hybrids and five ortets 
selected from Paraliar, Kanyakumari, four ortet selections from Panamaram, 
Wayanad, a high altitude region and six ortet selections from Guwahati in 
N.E. India, a nontraditional rubber growing tract were included in the study. 
The performance in a clonal nursery evaluation in terms of test tap yield and 
component traits including growth and bark structural traits and response 
to ethepon were compared with the checks  viz., clones RRII 414, RRII 430 
and RRII 105. The trial was laid out in RBD with 3 replications and a plot 
size of six.  Among the check clones RRII 430 was the highest yielder with 
15.45 g/t/t followed by RRII 414 (12.44 g/t/t). The hybrid clone Par 18 (RRII 
105 x PB 235) from Paraliar recorded the highest test tap yield (17 g/t/t). 
Three hybrids from Paraliar viz., Par 9, Par 10 and Par 11 and two ortets from 
Guwahati viz., RRSG 4 and RRSG 9 showed test tap yield comparable to the 
high yielding checks RRII 430 and RRII 414 (11-12 g/t/t). The hybrids from 
Paraliar performed better than the ortets from the region. The test tap yield 
of ortets from Panamaram was poor compared to the other locations. The 
ortet P 270 showed test tap yield comparable to the check clone RRII 105. 
With regard to growth, Par 10 and Par 18 (42-43 cm) recorded better growth 
than the high girthing check clone RRII 414 (39 cm). The growth of other 
clones with high test tap yield was on par with that of RRII 414 and RRII 430. 
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Bark thickness of the test clones was 4-5mm and did not show much clonal 
variability. Latex vessel rows (LVR) were highest in Par 18 (10.63) followed 
by Par 10 (10.27). RRSG 6 and RRSG 4 also registered high LVR. Based on 
overall performance two hybrids from Paraliar (Par 18 and Par 10) and two 
ortets from Guwahati (RRSG 4 and RRSG 9 were comparable to that of RRII 
414 and RRII 430. The high yielding hybrids / ortets identified from Paraliar 
and Guwahati, after bud grafting and evaluation in Central Kerala continued 
to be the top performers indicating their general adaptation also. RRSG9 
showed the best response to stimulation with superior post stimulated yield 
improvement over RRII 414 and RRII 430. The present study is one of the 
earliest trials where the selections are compared with modern check clones. 
The four selections performing on par with RRII 430 offers scope for further 
large scale and multilocational evaluation.

TS1-PP26
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cacao L.) clones from Central and South 
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Cocoa (Theobroma cacao L.) adapted well to arecanut and coconut based cropping 
systems of India. In the process of widening the genetic base, initial introductions of 
cocoa germplasm were made from Malaysia and Nigeria and were utilised in breeding 
programs of ICAR-CPCRI, Regional Station, Vittal. Later few collections were made 
from the native zones of cocoa, the Central and South America comprising fifteen 
specific clones such as Bolivar (B), Pound (POU), Rio Branco (RB), Rosario Izupa 
Marico (RIM), Santa Cruz (SCZ) and Trinitario Selected Hybrid (TSH). The selected 
genotypes were planted at a spacing 2.7m x 5.4m under 2.7m x 2.7m spaced arecanut 
during 2007 and observed for their adaptability and performance. Five trees each 
of these clones were conserved and evaluated in completely randomized design 
with single tree plots. Growth characters were recorded annually and tree height 
(m), girth (cm) and canopy area (m2) which showed significant difference among 
the clones is given here from nine year old trees. The pod yield of individual trees 
was compiled for five years from fifth to ninth year of bearing. Pod characters such 
as individual pod weight (g), length (cm), breadth (cm), ridge and furrow thickness 
(cm), number of beans and wet weight of beans per pod were measured from five 
pods of each clone. Fermented and dried beans were observed for single bean dry 
weight, shelling percentage, nib recovery and fat content. Data were analysed using 
SAS program. Precocious bearers and promising high yielding clones were identified 
from their pod and bean yield with optimal canopy and desirable bean traits. After 
five years of stabilization, pod yield ranged from 15-43 among the clones with small 
to medium canopy of 8-13m2. Among the clones, pod size ranged from 200-400 g 
with 30-45 beans of 0.65-1.00 g dry bean weight. Only the beans with 1 g dry bean 
weight showed required percentage of shelling, recovery and fat contents. The 
clones, SCZ-1 and SCZ-20 yielded an average of >30 pods with 1 kg dry bean yield 
followed by POU-16A and TSH-516 which produced 25 pods with 0.9 kg dry bean 
yield per tree per year and were selected as potential clones. These clones which 
showed significant adaptability to the introduced environment and high bearing 
behaviour will be utilised in improvement and area expansion programs.
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Collection, conservation and characterization of genetic resources constitute 
major initiative for  effective utilization of Oil Palm (Elaeis guineensis Jacq.) 
genotypes. There is a scope for identification of desirable traits in these elite 
germplasm materials for the development of high yielding oil palm hybrids to 
meet the domestic edible oil requirement. The present study was conducted 
on fourteen different germplasm accessions which were locally collected 
from plantations of different part of India and planted in the field gene bank 
of ICAR-Indian Institute of Oil palm Research, Pedavegi during 2009 in RCBD 
with three replications. Vegetative and yield traits were recorded over the 
years. Among these accessions, CO-1 recorded highest palm girth (319.85 
cm) while lowest (266.46 cm) was recorded in IC-0610032. The bunch index 
was recorded highest in IC-0610022 (0.41) and lowest in IC-0610033 (0.12). 
Other parameters like height, height increment, number of bunches and 
bunch weight were not significantly different among the accessions. Fruit 
typing has been initiated and found that tenera constituted 63.23% , whereas 
dura and pisifera formed 26.47, and 10.29 per cent of population respectively. 
Average bunch weight was moderately positively skewed and all vegetative 
and yield characters followed symmetric distribution which suggests that the 
germplasm collection has sufficient variation in the population.
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Para rubber tree, Hevea brasiliensis (Willd. ex A. Juss.) Müll. Arg., belongs 
to the family Euphorbiaceae (diploid, 2n=36) and native to the tropical 
rain forests of Central and South America is monoecious, entomophilic and 
predominantly out-crossing (>60%). Breeding Hevea clones with potential to 
produce more dry rubber is predominantly achieved through introduction, 
ortet selection or hybridization and finally through clonal selection. In order 
to take advantage of out-breeding trait of the tree, polyclonal seed gardens 
have been established for production of genetically improved genotypes 
(polycross progenies) through natural hybridization between superior clones, 
through polycross breeding. Progenies derived from a seed garden reflect both 
the genetic quality of the traits and the genetic diversity of the reproductive 
material in the garden. This paper discusses phenotypic segregation among 
open-pollinated polycross progenies raised from a polyclonal seed garden 
collected from New Ambady Estate, Kanyakumari District in terms of their 
growth and test tap yield. The above polyclonal seed garden consisted of 
two hybrid clones from India, four hybrid clones and one primary clone from 
Malaysia and two hybrid clones from Indonesia. These clones were originally 
selected for the polyclonal seed garden based on their superior yield 
performance as well as other desirable secondary traits. Polycross progenies 
were collected and raised in seedling nursery evaluation trial in the Central 
Experimental Station,  Rubber Research Institute of India located at Ranni 
(Kerala, India). Two years after planting, 600 progenies were evaluated for 
growth and test-tap yield performance. Results showed that there was 
very high variability for growth and yield among the polycross progenies. 
Regarding growth, girth of progenies ranged from 8 to 25 cm indicating very 
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high variability for this trait. With reference to yield performance, test tap 
yield of the progenies ranged from 0.8 to 132 g/t/15t. Seventy progenies 
showed more than 50 g/t/15t. Totally, 172 progenies performed well above 
the population mean yield of 32.9 g/t/15t. Eight progenies had more than 
75 g/t/15t. 172 progenies performed above the population mean yield. The 
results indicated very high rate of recovery of superior natural recombinants 
of open-pollinated progenies with potential for selection from the polyclonal 
seed garden. Recovery of a high proportion of superior performers from 
selected families of clones in the polyclonal seed garden reconfirmed 
prepotency nature of these clones. Genotypic segregation and out crossing 
rate shall be confirmed using molecular markers.

TS1-PP29

Evaluation of different cocoa clones 
(Theobroma cacao L.) under different 

ecological condition of Tamil Nadu for pod 
characters

Murali K.*, Suresh J. & Jegadeeswari V.
Tamil Nadu Agricultural University, Coimbatore-641 003, Tamil Nadu

(*muralihort@yahoo.com)

Field experiment was conducted in three different agro-ecological zones 
(Coimbatore, Aliyar Nagar and Thadiyankudisai) of Tamil Nadu with seven 
improved clones of cocoa  released from Kerala Agricultural University. The 
cocoa clones namely CCRP1 to CCRP7 were planted and evaluated for pod 
characters for two seasons during 2014-2015. The results revealed that CCRP 
5 recorded the highest pod weight (526.6 and 507.1g) at Aliyar Nagar and 
Coimbatore (358.3 and  331.4 g),  husk weight (322.4 and  313.8 g) at Aliyar 
Nagar and Coimbatore (263.2 and  244.0 g) and CCRP 3 recorded the highest  
pod length of 24.5 and 22.1 cm at Aliyar Nagar and  Coimbatore (18.2 and 
16.2 cm), pod girth at Aliyar Nagar (28.9 and 27.5 cm) and  Coimbatore (28.7 
and 26.8 cm) conditions during season I and season II, respectively. Whereas, 
CCRP 4 recorded the highest pod weight (318.4 and 315.3 g), husk weight  
(230.1 and  224.8 g), pod length (16.5 and 16.3 cm) and pod girth (26.8 and 
26.5 cm) at Thadiyankudisai condition during first (July – December) and 
second season (January – June), respectively. A significant difference was 
observed in different locations and finally it could be concluded that, CCRP 
5 performed well under Coimbatore and Aliyar Nagar conditions, whereas 
CCRP 4 at Thadiyankudisai condition with respect to pod characters.



76 77

TS1-PP30

Performance of different oil palm hybrid 
combinations in Cauvery delta region of 

Tamil Nadu
Sumathi T.1*, Rajendran R.1 Mathur R.K.3 & Maheswarappa H.P.4

1 AICRP on Palms, Agricultural Research Station, Pattukkottai-614 602 Tamil Nadu
2IOPR, Pedavegi, Andhra Pradesh

3AICRP on Palms, CPCRI, Kasaragod, Kerala
(*sumathihort@gmail.com)

Oil palm (Elaeis guineensis) plays a significant role in meetings the vegetable 
oil requirements of India. Oil palm is the highest oil producer among the perennial 
oil yielding crops. India is the largest consumer of palm oil in the world (18% of 
world consumption) and also largest importer of palm oil (45% of world imports). 
Andhra Pradesh has been the leading palm oil producing state in India (85% of 
country’s production) followed by Kerala (10%), Karnataka (2%). A trial was initiated 
at farmer’s field in Peraiyur village, Thiruvarur district, Tamil Nadu during 2006 
with the objective of evaluating ten tenera hybrids on growth and productivity of 
oil palm and to select the most suitable oil palm tenera hybrid for cauvery new 
delta zone in Tamil Nadu. Ten hybrid combinations were planted in Randomized 
Block Design with three réplications (six palms per genotype per replication). The 
fertilizers were applied in four equal split doses during June, September, December 
and March by uniformly spreading them within 3 metre circle around the base of 
the palm followed by forking to incorporate applied fertilizers into the soil. Boron 
deficiency was met by applying Borax @ 100g per palm per year. Regular biometric 
and yield observations viz., palm height (m), palm girth (m), number of leaves/
palm/year, number of female and male inflorescences, and fresh fruit bunch (FFB) 
yield (kg) were recorded and the data was statistically analyzed. The palm height 
ranged from 2.3 to 3.3 m between hybrids. The lowest palm height (2.3 m) was 
recorded in NRCOP 16. The hybrid NRCOP 11 recorded significantly the highest 
palm girth (3.4 m). Number of leaves produced per year (26.8) was the highest in 
NRCOP 14 and the highest number of female inflorescence (13.7) was recorded in 
NRCOP 17.  Based on the mean data on yield attributes from 2012 to 2016 (age of 
palm 6-10 years), it was observed that the highest FFB productivity (163kg/palm) 
and FFB yield (23.3t/ha) were registered in the hybrid NRCOP 17 followed by NRCOP 
20 for FFB productivity (159.8kg/palm) and FFB yield (22.8t/ha).

TS1-PP31

Root anatomical characters of coconut 
(cocos nucifera L.) Growing in two different 

agro-climatic regions of Kerala
Manjula C.1*, Samsudeen K.2 & Rajesh M.K.2

1 NAS College Kanhangad, P O Padanekad- 671315, Kerala, India
2Central Plantation Crops Research Institute, Kasaragod-671124, Kerala, India

(*manjucnasc@gmail.com)

West Coast Tall (WCT) is the most popular coconut variety grown by the 
farmers of Kerala. It occupies over 95 percentage of the area under coconut 
cultivation. The long history of cultivation along the length and breadth 
of Kerala has resulted in the development of many ecotypes of WCT. This 
work was aimed at studying the anatomical adaptations of coconut palms 
from two different geographical regions namely Midland region (kuttiyadi 
and Bedakam) and Coastal region (Annur, CPCRI and Kolkathbail). Root 
anatomical characters, showed significant differences among and within the 
WCTs and ecotypes. Length and width of epidermal cells, size of the cortical 
air chamber, area of metaxylem, area of protoxylem and the area of phloem 
patches were found decreased in midland palms compared to Coastal palms. 
The hypodermal cell thickness (sclerenchyma patches), root cortex thickness, 
metaxylem lignification thickness and scelenchymatous patches in pith 
region was significantly higher in the ecotypes of midland, compared to that 
of coastal growing ecotype and WCTs.   From the result it was noticed that 
coconut palms from both midland and coastal regions had some anatomical 
adaptations to survive the ecological conditions where they are grown.  
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Morphological characterization and 
evaluation of local black pepper genotypes 
(Piper nigrum L.) for yield and quality under 

areca nut based cropping system
Sameer Md., Laxminarayan Hegde*, Hegde, N. K., Manju, M.J. & Gurumuthy, S.B.

Horticultural Research and Extension Station, (UHS, Bagalkot), P.O. Box no. 23, 
Banavasi Road, Sirsi-581401, Karnataka

(*hegdelax@gmail.com)

Twenty two black pepper genotypes were characterized morphologically, 
evaluated for growth, yield and quality parameters under arecanut based 
cropping system during 2015-16 in Uttar Kannada District of Karnataka. 
Among them var. Panniyur-1 (control), SV-18 and SV-21 showed light green 
cloured shoot tip, whereas, SV-6, 16, 17 had dark purple while others were 
having light purple coloured shoot tips. The maximum spike length (20.6cm) 
was recorded in var. Panniyur-1 followed by SV-12 and SV-20 (17.3cm each). 
The var. Panniyur-1 recorded significantly highest spike yield (24.23 kg/vine) 
and dry berry yield (8.22 kg/vine). However, yield components like number of 
spikes per unit area, number of spikes per 100 leaves, individual spike weight 
and berry characters like, number of berries per spike, volume, fresh and dry 
weight of 1000 berries, diameter of berries differed significantly. Among the 
quality attributes, the bulk density was recorded maximum (650 g/l) in SV-15 
followed by SV-14 (627.67 g/l). The essential oil content was found highest 
in var. Panniyur-1, SV-7, SV-2 and SV-16 (2.8 % each). The oleoresin content 
was maximum (10.74 %) in SV-7. The highest piperine content (5.5%) was 
recorded in SV-15 followed by SV-7 (5.49%).

TS1-PP33

DNA fingerprinting of cocoa (Theobroma 
cacao L.) varieties using ISSR markers

Sujith S.S.*, Minimol J.S. & Deepu Mathew
(*sssujith303@gmail.com)

Cocoa is a native of Andes in South America and was introduced to India 
during 1970s.In India, cocoa is cultivated as an important intercrop in 
coconut, arecanut, rubber, oil palm etc. Kerala Agricultural University (KAU) 
plays a lead role in cocoa research, as many promising varieties of cocoa viz.,  
CCRP 1, CCRP 2, CCRP 4, CCRP 5, CCRP 6, CCRP 7 and CCRP 8 and CCRP 9 have 
been released from KAU. DNA fingerprinting of these varieties is very much 
essential to protect breeders right and prevent any kind of infringement. 
The present investigation aims to fingerprint eight promising cocoa varieties 
released from KAU using Inter Simple Sequence Repeats (ISSR) markers. 
Molecular characterization was performed with genomic DNA isolated 
using modified CTAB protocol. Initially primers were screened and based on 
the polymorphism, ten ISSR (inter simple sequence repeats) primers were 
selected and used for developing DNA fingerprints of varieties under study. 
During further analysis, amplicon generation pattern were carefully scored 
to locate polymorphism. ISSR primers UBC 810 and UBC 826 were found to 
differentiate CCRP 6 from other genotypes. Primers UBC 827, UBC 846 and 
UBC 866 generated unique amplicons in CCRP 9. UBC 841 and UBC 846 were 
capable of distinguishing CCRP 5 from other genotypes. Primers UBC 835 
and UBC 866 generated amplicons in hybrids CCRP 8 and CCRP 9 alone and 
the markers can be used for differentiating these hybrids.
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Characterization of pink husked selection of 
coconut (Cocos nucifera L.)

Regi J. Thomas*, Aswathy L., Soumya Gopal, Sreelekshmi J.S. & Shareefa M.
ICAR-CPCRI, Regional Station, Kayamkulam, Alappuzha - 690 533, Kerala

(*regijacob@yahoo.com)

Coconut palms with pink husked mesocarp have rarely been reported from 
different coconut growing countries. Ten palms with pink husked mesocarp 
were identified among the West Coast Tall (WCT) population in the root 
(wilt) disease prevalent tract of Kerala. Morphologically the palms are 
similar to normal WCT palms, except for the conspicuous pinkish colouration 
of mesocarp just beneath the perianth.  Tender nuts harvested from pink 
husked selection are used in traditional system of medicines, for curing 
jaundice and for treating many eye infections. Morphological, biochemical 
and molecular characterization of pink husked selection was carried out. 
Biochemical analysis showed that the nut water of pink husked coconut 
selection constitutes the following composition: total protein (38.75mg/
ml), amino acids (29.75µl/ml) and total phenol (23.79µg/ml). The tender nut 
water has antioxidant scavenging activity against DPPH radical (IC50=19.5µL/
ml ascorbic acid). The tender nut water was also analyzed by GC/MS and 
various constituents were identified.  A total of 25 SCoT and 16 RAPD primers 
were screened for molecular analysis and among these only few primers 
could differentiate pink husked coconut selection from normal WCT palms. 
Molecular characterization can help in identifying genuine pink husked 
potential types in the nursery stage for commercial exploitation.

 

TS1-PP35

Population improvement in coconut 
using West Coast Tall cultivar aiming high 

homogeneity for desirable traits
Jerard B.A.*, Niral V., Rajesh M.K., Samsudeen K. & Nair R.V.

 ICAR- Central Plantation Crops Research Institute Kasaragod- 671124, Kerala
(*jerardba@yahoo.com)

West Coast Tall (WCT) is the predominantly grown coconut cultivar in 
India, occupying nearly 70 per cent of coconut area. Individual palms 
of this population are known to be heterozygous and the population 
is heterogeneous for the desirable traits due to cross pollination. This 
inherent intra-population variability and diversity hinders realization of 
high productivity. Since, the cultivar has wide adaptability to the indigenous 
coconut growing areas; improved uniform lines developed from WCT 
population would be a boon for coconut research programmes as well as 
for development of crop production systems. An attempt was made to 
study the WCT population available at CPCRI to select a sub population with 
desirable traits. The individual palm data on yield, nut characteristics and 
other morphological traits were analyzed, grouped and fifty uniform WCT 
palms with desirable traits were selected. The fifty palms were subjected 
to molecular marker analysis for further selection of uniform palms. From 
the study, predominant group within the WCT was identified which could be 
used to describe the characteristics of WCT selection for further exploitation 
and utilization of WCT mother palms. From these morphological grouping 
followed by grouping based on molecular marker analysis, five uniformly 
performing palms (morphologically identical with similar molecular marker 
profiles), were selected for further inter se mating programme. A careful 
inter se mating followed by progeny selection and evaluation would give a 
more uniform WCT population with all desirable traits which has potential 
use in seed production as well as in breeding programmes.  As this cycle of 
crossing, evaluation of progenies and selection at seedling and adult stages 
has to be repeated till lines uniform for high yield and other desirable traits 
are realized, a programme is charted out for implementation.
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Coconut milk and VCO recovery in selected 
accessions of coconut

Niral V.*, Jerard B.A., Hebbar K.B. & Manikandan K.
ICAR-Central Plantation Crops Research Institute, Kasaragod- 671124, Kerala 

(*niralv@yahoo.com)

Studies on coconut milk and VCO recovery was undertaken at ICAR-CPCRI 
in eight coconut accessions viz., Palawan Tall, Gangapani Tall, Panama Tall, 
Nicobar Beak Tall, Jamaica Tall, Cameroon Red Dwarf, Andaman Ordinary 
Tall, Federated Malay States Tall. Around 100 mature fruits of 11-12 month 
maturity were harvested and evaluated in this study.  Major fruit component 
traits were recorded, in addition to observation on milk yield and VCO 
recovery.  Higher fruit and kernel weight was recorded on Panama Tall and 
Palawan Tall, while Cameroon Red Dwarf, Nicobar Beak Tall and Gangapani 
Tall recorded lower values. Highest milk yield was recorded in Jamaica Tall 
followed by Panama Tall and Palawan Tall, while lowest milk yield was in 
Cameroon Red Dwarf. Higher VCO yield of 6.3 L was obtained in Palawan 
Tall, Jamaica Tall and Federated Malay States Tall, while CRD produced 
only 2.9 L of VCO. CRD and ADOT recorded poor VCO recovery of 13.40 per 
cent and 13.23 per cent, respectively. Higher percentage of VCO recovery, 
however, was recorded in NIBT (22.72%), FMST (22.57%) and JAMT (21.20%), 
indicating the potential of these accessions for VCO extraction. Further, in 
addition to quantitative differences in coconut milk and oil yield, qualitative 
differences in oil quality, with respect to aroma and colour was observed 
among the accessions, indicating the possibility of selection for development 
of premium varieties for coconut milk and VCO purposes.
 

TS1-PP37

Varietal variations in relation to 
inflorescence sap yield and quality in 

coconut
Reghu R.S.1*, Biju Joseph1, Gladis R.1, Babu Mathew P.1, Suresh P.R.2 

& Jayaprakash Naik B.3

1College of Agriculture, Vellayani - 695522, Kerala 
2College of Agriculture, Padannakkad-671328, Kerala 

3Coconut Mission, Kerala Agricultural University
(*raghuagri7593@gmail.com)

A field experiment was conducted at Nileswaram farm, Regional Agricultural 
Research Station, Pilicode, Kerala Agricultural University during 2014-
2016 to study the influence of varieties on yield and qualities of coconut 
inflorescence sap.  The varieties tried were Malayan Yellow Dwarf, Kerasree, 
West Coast Tall and Keraganga. Fully emerged unopened bunches were 
selected for tapping.  The sap yield was measured for the harvesting 21st day 
after starting of tapping. Sample for chemical analysis were also collected 
on the same day. From the results it was revealed that the varieties varied 
significantly with respect to coconut inflorescence sap yield. It was maximum 
in the tall variety West Coast Tall (3.14 L/day) followed by the hybrid varieties 
Kerasree (2.09 L/day) and Keraganga (1.80 L/day). The dwarf variety Malayan 
Yellow Dwarf gave the lowest coconut inflorescence sap yield of 0.84 L/day. 
The varieties did not vary significantly with respect to pH and phenol content 
of coconut inflorescence sap. Non reducing sugar dominated over reducing 
sugar in all the varieties. More than 95 % of the total sugars in all varieties 
were contributed by non reducing sugars. Non reducing sugar content of sap 
was significantly higher in the dwarf variety Malayan Yellow Dwarf and tall 
variety West Coast Tall. Reducing sugar was highest in the tall variety West 
Coast Tall which was on par with hybrid Kerasree and significantly superior to 
the hybrid Keraganga and dwarf variety Malayan Yellow Dwarf. The varieties 
West Coast Tall and Malayan Yellow Dwarf were superior with respect to 
vitamin C content.
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Expression analysis of genes invovled in 
gibberellic acid biosynthesis in coconut

Shafeeq Rahman*, Rachana K.E., Sabana A.A., Rexon G. & Rajesh M.K.
ICAR-Central Plantation Crops Research Institute, Kasaragod- 671124, Kerala

(*shafee.biotech@gmail.com)

Plant height is one of the important agronomic traits in crop breeding. A 
majority of the dwarfing genes used in agriculture are a result of primarily 
mutations of genes invovled in gibberellic acid (GA) biosynthesis or response 
pathways. One of the ways to gain insights into the regulation of GA 
biosynthesis is to observe the expression pattern of genes encoding enzymes 
involved in GA biosynthesis at different developmental stages. In the present 
study, we have carried out expression analysis of seven genes invovled in 
GA biosynthesis (CPS, KS, KO, KAO, GA2-ox, GA3-ox and GA20-ox) in a dwarf 
(Chowghat Orange Dwarf) and tall (West Coast Tall) coconut cultivar. Embryos 
of these two cultivars were treated with GA3 and paclobutrazol (PBZ; a GA 
inhibitor), supplemented exogenously in media and the expression pattern 
of genes involved in GA metabolism was studied at weekly intervals (for 0-4 
weeks) using RT-qPCR. Application of GA3 decreased the transcript levels 
of genes encoding GA20-oxidase and GA3-oxidase, but increased the levels 
of expression of genes encoding GA2-oxidase, whereas supplementation 
of PBZ was found to induce the reverse effect on these genes.  Differential 
expression pattern of these seven genes was noticed in different plant parts 
of two year old embryo cultured plantlets.
 

TS1-PP39

Screening for resistance to Phytophthora 
meadii in embryo cultured plantlets of 

Areca triandra and Areca concinna
Muralikrishna K.S.*, Rajesh M.K., Sharadraj K.M., Prathibha V.H., Nagaraja N.R.,

 Sajini K.K. & Anitha Karun
ICAR-Central Plantation Crops Research Institute, Kasaragod- 671124, Kerala

(*kskmurali@gmail.com)

Areca triandra and Areca concinna, wild relatives of arecanut (Areca 
catechu), are possible candidates to develop disease resistant inter-specific 
hybrids, particularly against Phytophthora meadii, which causes fruit rot of 
arecanut. Inter-specific hybrids often results in premature embryo abortion 
and fruit fall. Maturation stage of the zygotic embryo and composition of 
culture media can influence the efficiency of protocol for raising plantlets in 
vitro. In this study, immature embryos (four months old) were isolated from 
sterilized nuts of A. triandra and A. concinna and cultured onto four different 
basal media viz., Y3, MS, B5 and White. All basal media were supplemented 
with 3 % sucrose and 0.1 % charcoal. Initiation of germination of the zygotic 
embryos was noticed after three weeks of culturing. Germination percentage 
was more in A. triandra as compared to A. concinna. Y3 medium was found 
to be the best basal medium as indicated by higher germination both in A. 
triandra and A. concinna. Challenge inoculation of Phytophthora meadii 
was done on intact leaf in embryo cultured plantlets of A. triandra and A. 
concinna and detached leaf segments leaves from adult field grown plants 
keeping A. catechu as control. Results revealed the resistance of A. concinna 
and A. triandra to P. meadii both in intact and detached leaf segments while 
the infection was severe in A. catechu. Thus, embryo cultured plantlets can 
be used as a viable system for screening the resistance against P. meadii.
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Evaluation of fruit component traits in 
conserved coconut accession of Pacific 

Ocean region
Gayathri U.K., Niral V.*, Jerard B.A. & Samsudeen, K.

ICAR-Central Plantation Crops Research Institute, Kasaragod- 671124, Kerala
(*niralv@yahoo.com)

A study was undertaken to determine the variability for fruit component 
traits in conserved coconut accessions of Pacific Ocean region. A total of five 
accessions including WCT as a check were studied for 16 fruit component 
traits viz., fruit weight, fruit length, fruit breadth, fruit circumference polar-
equatorial, nut weight, husk thickness, husk weight, nut length, nut breadth, 
nut circumference-equatorial, shell thickness, cavity diameter polar - 
equatorial, cavity volume, copra content, shell weight, endosperm thickness 
and endosperm content.  The fruit component analysis showed variability 
between the accessions. The accession Samoan Tall was found to have 
significantly higher fruit weight, fruit length, fruit breadth, fruit circumference 
polar- equatorial, nut weight, nut length, nut breadth, nut circumference-
polar, nut weight from rest of the accessions, while Niu Bulavu had distinctly 
lower fruit weight, nut weight, nut circumference-polar, nut weight without 
water, cavity diameter polar - equatorial and shell weight.  Fruit component 
traits have been most extensively used  to characterize Coconut diversity and 
in breeding programme. The variability observed in the present study has 
potential for development of descriptors, trait specific genetic stocks and 
further utilization in the coconut improvement programme.
 

TS1-PP41

Effect of charcoal in callogenesis and 
embryogenic callus induction in coconut 

plumule culture
Neema M.*, Aparna V., Sajini K.K., Muralikrishna K.S. & Anitha Karun

ICAR-Central Plantation Crops Research Institute, Kasaragod- 671124, Kerala
(*neema.agri@gmail.com)

The coconut explants releases phenols into the media which is responsible 
for the browning of the tissues. Activated charcoal is added to prevent 
this phenolic interference. Hence charcoal is a very essential component 
in coconut tissue culture. But along with the phenols, charcoal absorbs 
the nutrients and growth regulators in the tissue culture media depleting 
their availability to the explants. Hence a study was conducted to find the 
optimum concentration as well as the effect of different concentrations of 
charcoal in coconut plumule culture.  Charcoal at concentrations of 0.25, 
0.5, 0.75, 1, 2, 3, 4,5 g/L alone and 0.25, 0.5, 0.75 g/L along with 100 mg/L 
ascorbic acid and 150 ml/L citric acid were used. The basal media was Y3 with 
16.5mg/L 2,4-D and 1 ml/L TDZ and 30g/L. The experiment was conducted in 
three replications and there were total of 11 treatments. The results indicate 
that charcoal alone at concentration of 1g/L is optimum for callogenesis 
and embryogenic callus induction in coconut. At lower concentration of 
charcoal, slow growth followed by browning of the media and explants was 
noticed. At higher concentrations of charcoal, plumules germinated and did 
not produce any callus. This may be because of the stress caused due to 
absorbance of nutrients and growth regulators in the tissue culture media by 
activated charcoal. Even though ascorbic acid and citric acid reduces media 
and explants browning, the addition had no pronounced effect in coconut 
plumule culture.
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Cloning and characterization of full length 
cDNA encoding coiled-coiled type NBS-LRR 

(CC-NBS-LRR) resistance gene analogues 
(RGAs) in coconut

Rachana K.E.* & Rajesh M.K.
ICAR-Central Plantation Crops Research Institute, Kasaragod- 671124, Kerala

(*rachanabiotech@gmail.com)

The majority of disease resistance genes in plants encode nucleotide-binding 
site leucine-rich repeat (NBS-LRR) proteins. Coiled-coiled domains (CC-NBS-
LRR) are involved in downstream specificity and signaling regulation of 
various complex plant defense mechanisms. In this study, two full length 
cDNAs, designated CNR1 and CNR2, were obtained by rapid amplification of 
cDNA ends (RACE) method. Sequence analysis indicated that the length of 
CNR1 was 3047 bp, including a complete open reading frame (ORF) of 2646 
bp encoding CNR1 protein of 881 amino acids. CNR2 was found to be 4005 bp 
in length, including an ORF of 3579 bp encoding CNR2 protein of 1192 amino 
acids. Both presented relatively high amino acid sequence identity with other 
known NBS-LRR type resistance proteins. The polypeptides have a typical 
structure of non TIR-NBS-LRR genes, with NB-ARC, CC and LRR domains. 
Molecular modeling revealed the presence of a narrow cleft near the regular 
ATP-GTP binding site of the highly charged NBS domain of CNR1& 2. Semi-
quantitative RT-PCR analysis clearly showed enhanced expression of CNR1 
and CNR2 in response to exogenous application of salicylic acid and jasmonic 
acid in embryo cultured plantlets. The cloning of putative resistance gene 
from coconut provides a basis for understanding the structure and function 
of resistance gene analogues in coconut.
 

TS1-PP43

Molecular characterization of arecanut 
(Areca catechu L.) and its wild relatives 

using Start Codon Targeted (SCoT) and RPB2 
markers

Rajesh M.K.*, Sabana A.A., Nagaraja N.R., Muralikrishna, K.S., Ananda K.S.  & 
Anitha Karun

ICAR-Central Plantation Crops Research Institute, Kasaragod 671124, Kerala, India 
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The arecanut palm (Areca catechu L.) is one of the important commercial 
crops of India. Arecanut is highly susceptible to Phytophthora meadii, which 
causes fruit rot and crown rot disease and results in severe yield losses. 
Efforts are on to identify sources of resistance in wild relatives of arecanut. 
In this study, we have characterized Areca catechu and its wild relatives viz., 
Areca concinna, Areca triandra, Normanbya normanbyi and Actinorhytis 
calapparia using Start Codon Targeted polymorphism (SCoT) and RNA-
polymerase II subunit B (RPB2) markers. Initially, bulked DNA samples 
of these five species were screened using 25 SCoT primers, out of which 
12 primers were found to be polymorphic between arecanut and its wild 
relatives. Validation of the polymorphic nature of these primers was carried 
out in individual DNA samples. SCoT22 primer could clearly differentiate the 
A. catechu from Areca concinna and Areca triandra based on difference in 
amplicon sizes. SCoT02 produced a unique amplicon of around 900 bp in 
Areca catechu, but not in Areca concinna and Areca triandra. Analysis using 
both marker systems indicated that Normanbya normanbyi and Actinorhytis 
calapparia were diverse compared to Areca spp. We hope that the identified 
markers would enable identification of true inter-specific hybrids between A. 
catechu and its wild relatives.



90 91

TS1-PP44

Polyphenolic catechins of white tea, 
Camellia sinensis (L.) produced from certain 

elite cultivars of southern India
Parathiraj S., Perumalsamy K., Jayakani M. & Siby Mathew*

Kanan Devan Hills Plantations Company Pvt Limited, Idukki- 685 612, Kerala
(*siby.mathew@kdhptea.co.in)

Studies were carried out to determine the biochemical and polyphenolic 
catechin profiles of white tea produced from certain elite cultivars viz., TTL 
2, TRF1, UPASI 9, UPASI 20, UPASI 22, Cr-6017 and TRI 2043. Biochemical 
parameters such as amino acids, chlorophylls, carotenoids and polyphenols 
were estimated. The phenolic catechins and total polyphenolic content 
were quantified using the high performance liquid chromatography (HPLC) 
and Folin Ciocalteus spectrophotometric methods, respectively. Total 
polyphenolic content, total catechins and individual catechin fractions were 
found to be varied significantly among the cultivars. Total polyphenolic 
content of white tea ranged widely from 18.96 to 25.73% of dry weight. 
Total polyphenolic content was higher in TRF1 (25.73%) and total catechins 
was registered higher in TTL2 (12.03%). Among the individual catechin 
fractions, epigallocatechin gallate (EGCG) was found to be higher in TRF1 
(8.29%). Data obtained from this study reveals that different elite cultivars 
growing in Munnar (Idukki District, Kerala, India) have different polyphenolic 
composition which imparts unique biochemical quality characteristics 
demonstrated that white tea produced from clone TRF1 and TTL2 is rich in 
polyphenols and catechins.
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fertilization, irrigation and crop protection with increased efficiency, remain 
the most likely options to combat these challenges as  area expansion is next 
to impossible. In the past, the emphasis was laid upon improving potential 
yield; but today, there is increased emphasis on attaining the potential yield 
at farm level and in improving the nutritional value of foods (e.g., protein 
content in grain, essential amino acids, content of other minerals, etc.), 
reducing post-harvest losses, improving stress tolerance and/or reducing 
reliance on chemical crop protection products. 

According to the Food and Agriculture Organization (FAO) of the United 
Nations, nearly 40 percent of the world’s food is produced by irrigated 
agriculture. Thus irrigated agriculture covers about 250 million hectares of 
land (17 percent of total arable land). Furthermore, irrigation for agriculture 
is the major user of fresh water, accounting for 70 percent (on average, and 
up to 90 percent in many countries) of worldwide water taken up for human 
use. In our country 80 % of fresh water used is for irrigation however, its 
efficiency is only 35 %. At the crop level irrigation efficiency is very low, with 
only 0.48kg /m3 of water used.  Since high-quality irrigation water is becoming 
increasingly scarce, it is more important to use available water efficiently. 
It is projected that if the efficiency is increased to 50 % we will be able to 
meet the required production increase. Moreover, maintaining soil moisture 
at 50 % field capacity is reported to be better in many crops.  One practical 
approach being adopted to meet this challenge is the use of soil moisture 
sensors to control irrigation and use of modern moisture conservation 
practices such as mulching. Soil moisture sensors can precisely and critically 
detect the substrate water content needed as defined by the grower and 
automatically turns on the irrigation. Thus need based irrigation deploying 
soil moisture sensors is an important and practically feasible approach 
to improve water use efficiency. In the case of nutrient use efficiency the 
scenario is not different. Nitrogen use efficiency is 30-50 percent whereas 
phosphorus and potassium use efficiencies are 20% and 70% respectively. 
The statuses of micronutrients are still worse as micronutrients use efficiency 
is as low as 1-2%. Soil fixation is a major problem associated with low P and 
micronutrients use efficiency where as with N many mechanisms of N-loss 
are operating in the field conditions. The major reasons contributing to such 
low use efficiency are depleted SOM, imbalances in the use of nutrients and 
lack of synchrony in nutrient management etc.  The crop response ratio to 
fertilisers has decreased enormously to 3.7 kg/ kg of fertilisers from a level 

TS2-LT1

Global food crisis-A need for paradigm shift 
in agricultural inputs (water and nutrients) 

use efficiency
Suresh P.R.

Regional Agricultural Research Station, Kerala Agricultural University,  
Pilicode-670353, Kerala

(suresh.pr@kau.in)

Efficiency of the system could be defined in many ways. The term indicates 
the capacity of the system to achieve specified goals. The practical definition 
of efficiency in agriculture could be crop output per unit input. In the present 
scenario, it should be correlated not alone to productivity, but should 
also consider profitability, sustainability and environmental protection.  
Researchers and planners are more concerned about the effective and 
judicious use of two key inputs in agricultural systems i.e. water and nutrient 
s, which farmers are not well aware of. Comparing use efficiency of these 
inputs in agriculture to industrial production systems, low efficiency in 
agriculture is registered. In plantation crops, which are cultivated as mono-
crop or multi-crop systems in cycles of 30-50 years, water and nutrient use 
efficiencies vary widely compared to cereals and other annual fruit and 
vegetable crops. In our country, 67 % of soils are characterised with critically 
low level of soil organic matter (SOM). It is even lower in the state of Kerala 
and hence considered as the major reason for low input efficiency.

By 2050, the global population is projected to reach nine billion, thereby 
placing a demand for near-doubling of global food, fodder and fiber 
production. In order to achieve this, efficient input utilization in agriculture 
is the only probable solution that is available with researchers and planners.  
Doubling the agricultural production and sustaining the production at that 
level are major challenges, but in the decades to come, it is pertinent to 
ensure that productivity increase do not compromise environmental 
integrity and public health. This situation poses even greater challenges. 
Intensification of agriculture through the use of high-yielding crop varieties, 
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of 13.4 during the green revolution era. Presently, the nutrient use ratios 
are skewed to favour N fertilisers as the ratio is 8:3:1 against the desirable 
level of 4:2:1. This deviation is mainly due to extensive use of N in food grain 
crops whereas the impact of plantation crops is very less. The total quantum 
of fertiliser use in our country is around 47 million tonnes (mt) and the share 
of Nitrogenous fertilisers is nearly 31mt ( FAI 2011). At the global stage, 
use of N is around 82 mt wherein 60% share is used in cereal production 
with an average use efficiency of meagre 33%. (FAO, 2001).  Imbalance in 
nutrient use and poor management of secondary and micronutrients are 
also contributing to low efficiency along with losses. 

The efficiency of the two key inputs viz. water and nutrients cannot be 
considered separately.  Many studies have pointed out the fact that water 
use efficiency go side by side with fertiliser use efficiency or vice versa. This is 
especially true in the case of nitrogen use efficiency, as nitrogen use efficiency 
is in turn related to other nutrients. In all these soil organic matter pays a 
pivotal role. The overall efforts needed for better efficiency of agricultural 
inputs can be summarised as follows:

•	 Synchrony of nutrient supply with crop nutrient demand.

•	 Improving soil organic matter through improved agronomic practices. 

•	 Balanced nutrient application including secondary and micronutrients

•	 Integrated crop and nutrient management.

•	 Improving farming practises

•	 Addressing existing yield gaps

•	 Formulating site specific nutrient recommendations.

•	 Developing of nutrient efficient genotypes

•	 Use of water soluble fertilisers and use along with micro irrigation 
techniques
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2Orissa University of Agriculture and Technology, Bhubaneswar-751003, Odisha
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Cashew (Anacardium occidentale L.) is a potent dollar earning plantation crop, 
which has a very significant role to play in Indian economy. Hence, there is a need 
for producing organic cashew for export purpose. Besides the nut yield, cashew 
apple or cashew pseudo fruits are rich source of vitamin C, organic acids, minerals, 
carbohydrates with many medicinal properties, hence cashew apple utilization is 
also equally important. In this context, the present investigation of use of organic 
inputs in cashew was carried out at All India Coordinated Research Project on 
Cashew (ICAR) of OUAT, Bhubaneswar, Odisha, India during 2013-2014 and 2014-
2015. Eight treatments of different organic inputs along with recommended dose of 
fertilizers and FYM as control were studied. Investigation was designed by adopting 
RBD, replicated thrice having four plants per treatments using the recommended 
cashew variety, BPP¬8. The results recorded over two consecutive years (2013-
2014 and 2014-2015) were pooled. Findings revealed significant variation among 
different treatments for various cashew apple quality parameters, except cashew 
apple length and girth. Invariably, integrated application of fertilizers and manures, 
as control, recorded statistically significant cashew apple weight (60.33g), TSS (13.67 
° Brix), acidity (0.58 %) and total sugar (11.24%) over rest of the treatments. Among 
the sole organic inputs treatments sole, application of 100 % nitrogen either through 
vermicompost + bio-fertilizers @ 200 g, or through FYM + bio-fertilizer @ 200g or 
25% N each as FYM + recycling of organic residue + in situ green manuring / green 
leaf manuring + bio-fertilizers @ 200 g were proved to be significantly better. The  
various  parameters viz.., cashew apple weight (5.94 - 56.77 g), TSS (12.90 -12.94 ° 
Brix),  total sugar (11.99 – 12.94 %), ascorbic acid (4.40 – 5.03 mg/100g edible part) 
and protein content (22.16 to 22.62 %) measured in sole organic treatment thus 
indicate that there exists a  scope for organic cashew cultivation for quality cashew 
apple production and their subsequent utilization.
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(*padma_ede@rediffmail.com)

Integrated nutrient management involve intelligent use of organic, inorganic 
and biological resources so as to sustain optimum yield, improve or maintain 
soil chemical and physical properties and provide crop nutrition packages which 
are technically sound and economically attractive. In recent days, nutrient 
management through organic source of manures is gaining momentum for 
sustaining the productivity and conserving the natural resources.  Hence,  
field experiment on impact of  integrated nutrient management and 
organics including biomass recycling in coconut based cropping system  was 
initiated  in 30 years old healthy Godavari Ganga (ECT x GBGD) coconut 
plantation at  Horticultural Research Station, Ambajipeta during 2012-13 
.  Four treatments viz.,T1 : 75 % of recommended NPK + organic recycling 
with vermicompost, T2 - 50 % of recommended NPK + organic recycling with 
vermicompost + vermiwash application + biofertiliser application and in situ 
green manuring,T3 - fully organic: organic recycling with vermicompost + 
vermiwash application + biofertiliser application and in situ green manuring 
& green leaf manuring (Glyricidia) + composted coir pith and mulching with 
coconut leaves and Control, T4 : Mono block of coconut with recommended 
nutrient package were imposed. The crops involved in the coconut based 
cropping system were cocoa, banana, pineapple, elephant foot yam (kharif), 
tomato (rabi) and Heliconia. Standard package of practices were adapted for 
coconut and intercrops. Average of three years  data on coconut revealed 
that T1 realized nut yield of 159.9 per palm per year followed by T2 (152.1 
nuts/palm/year) and T3 (148.1 nuts/palm/year) compared to pre treatment 

nut yields 115.5, 110.8 and 100.8 per palm per year  respectively. The lowest 
yield was recorded in T4 (monocrop) with mean nut yield of 130.5 per palm 
per year. Copra content (186 gram per nut) and oil content(68.0%) was also 
high in T1. Cocoa and banana recorded the highest yields in T1 (2.5kg dry 
bean per tree and 21 kg bunch yield per plant respectively) followed byT2 
and T3.  T3 recorded the highest quantity of biomass (36.8 t/ha/year) and 
vermicompost (19.9 t/ha/year). Economics of the system indicated higher 
net returns inT1 treatment. It can be concluded that 75 % of recommended 
NPK + organic recycling with vermicompost proves to be the best nutrient 
package for coconut based cropping systems compared to other treatments 
under East Godavari conditions of Andhra Pradesh.
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A large number of acid-tolerant Bacillus and Bacillus derived genera were obtained 
from rhizosphere of coconut palms growing in extremely acidic soils of Southern 
Kerala, particularly the Kuttanad region. Some of these Bacillus spp. were able to 
tolerate highly acidic pH. One such bacterium, Bacillus methylotrophicus, which 
could grow at pH of 2.5, was taken up for further studies. To analyse the molecular 
mechanisms employed by Bacillus methylotrophicus to mitigate acid stress, 
transcriptome level studies were initiated. A transcriptome is the complete set of 
expressed RNA transcripts in a cell in response to a particular physiological condition, 
acid stress in this case. Research on the transcriptome is essential for deciphering 
the functional elements of the genome and determining when they are expressed 
and how they are regulated in response to acid stress. Next-Generation Sequencing 
(NGS) has provided a novel method for mapping and quantifying transcriptomes. 
The transcriptome profile of acid tolerant Bacillus methylotrophicus, when exposed 
to pH 2.5, was generated using Solexa / Illumina RNA-seq based NGS technologies 
as it facilitates investigations into the functional complexity of transcriptomes. The 
transcriptome sequencing, produced more than 6.76 million paired end sequencing 
reads. These reads were assembled into 11,326 non-redundant transcripts which 
were annotated with their gene description. Differential Gene Expression (DGE) 
analysis was performed using DESeq software. The normalization was done using 
DESeq in-built normalisation method using Negative Binomial (NB) distribution. A 
total of 182 transcripts were differentially regulated, out of which 83 were up- and 99 
were significantly down-regulated under acid stress in the Bacillus methylotrophicus 
transcriptome. One hundred fifty two transcripts were found to be exclusively acid-
induced. Through this transcriptome analysis, information can be obtained about 
the changes in gene expression on a genome-wide scale and thereby, adaptation 
responses of Bacillus methylotrophicus to growth triggered at extremely low pH.

TS2-OP4

Efficacy of water conservation measures 
in coconut plantations to enhance 

groundwater resource and coconut yield in 
West coast region
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Water conservation measures in coconut plantations to augment ground 
water resource and coconut yield in the West coast region was studied by 
implementing two conservation measures, Half moon bund and Trench, in 
coconut gardens. Impact of these conservation measures was studied by 
monitoring the amount of water conserved by these structures and the 
improvement in the coconut yield due to these interventions. An attempt 
was also made to study the contribution of the conserved water in increasing 
the local ground water resource by monitoring the yield of ‘surangams’, an 
indigenous water harnessing structure, that draws water from unconfined 
aquifer in the hillock where the water conservation measures were 
undertaken. The conservation measures were taken up in a total area of 
17,200 m2 in the coconut gardens of nine farmers and two control plots also 
was selected having a total area of 4900 m2 each having one surangam in their 
respective catchment area. The study revealed that a positive correlation 
exists between the rainfall and water conserved. However, the amount 
varied from plot to plot. This variation is mainly due to the non uniformity 
of the catchment areas, mainly the size of catchment and nature of water 
conservation structure. Average amount of rain/ runoff water collected in 
plots where a combination of Half-moon bund and Trench were taken up 
in the coconut gardens was 51m3 per year. This was only 30m3 and 27m3 

when Half-moon bund and Trench alone was taken up. There was only a 
meager improvement in the annual surangam yield due to the conserved 
water. However, the improvement was more noticeable, 13%, during the 
non rainy season, December to May. The plots, where two conservation 
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structures- Half moon bund and Trench together-, were taken up, showed 
58% increase in the yield of coconut. Coconut yield increased by 37% and 
29% where only one conservation structure was taken up, ie., Half Moon 
bund and Trench respectively. During the same period average coconut yield 
in the control plots has decreased marginally from 61 to 56 nuts/ palm/ year, 
ie., a marginal decrease of 7%. This shows the possibility of conserving water 
and enhancing the productivity of coconut in rain fed area by adopting water 
conservation measures in the hilly region of west coast. 

TS2-PP1

Fertigation in coffee: An efficient input 
management practice for improving coffee 

productivity in agro-forest ecosystem
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(*kcbabou@gmail.com)

Robusta coffee is susceptible to drought and responds well to irrigation 
compared to Arabica coffee. The most important factor which limits the 
production of coffee even in well managed estates is the long dry period. 
Besides this, if blossom rains are delayed beyond March then the production 
of coffee receives a major setback. Hence, a field experiment was initiated in 
the already established 42 years old Coffea canephora (syn. Coffea robusta) 
plantations with spacing of 10 x 10 feet to study the influence of different 
levels of drip fertigation of N, P and K fertilizers on yield and yield parameters 
of coffee. The experiment was laid out with six treatments comprised of drip 
fertigation with 75, 100, 125, and 150% of recommended dose of fertilizers 
(RDF) replicated four times in a randomized complete block design at Central 
Coffee Research Institute, during the year 2014-15. Preliminary results of two 
years on reproductive parameters revealed that increase in yield parameters 
such as bearing branches, bearing nodes / branch, fruit set percentage was 
observed with increasing levels of water soluble fertilizers NPK through drip 
fertigation. Among the various treatments, drip fertigation with 125% RDF 
recorded significantly higher bearing nodes per branch (24.87) and pin heads/
branch (623.29) which was on par with treatment having drip fertigation of 
100% of RDF (23.42 and 600.13 respectively) and 75 % of RDF (23.12 and 
591.42 respectively) over the control. Similarly, one year crop response in 
terms of yield showed that significantly higher clean coffee yield (1278 kg/
ha) was observed in the treatment with 125 % RDF and it was followed by 
the treatment received fertilizer through fertigation 100% RDF (860 kg/ha) 
which was on par with treatment receiving 75 % RDF fertigation (671kg/
ha) whereas lower clean coffee yield was recorded in control (310 kg/ha). 
Considering quantum of fertilizers application and cost of production, the 
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treatment receiving 75% RDF fertigation performed well which resulted 
in substantial fertilizer savings and makes potentially more efficient input 
management practice than other methods. Hence, cultivation of coffee 
could reduce the use of fertilizer by one fourth and increase productivity 
more than half by adopting the drip fertigation methods, as compared to 
coffee cultivated under conventional irrigation system.

TS2-PP2

Soil parameter interpolation as a basis 
for precision farming in oil palm using 
Geospatial Techniques: A case study
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Three hundred soil samples collected from three layers of soil (from 70 ha 
of ICAR-IIOPR farm area) were subjected to descriptive and geostatistical 
analysis to study the variability and to develop prediction maps. The extent 
of correlation between various soil parameters were estimated along with 
the correlation between different soil layers. Adjacent soil layers showed 
more degree of correlation and the parameters pH, EC, NH4OAc-K, Olsen’s-P 
and Exch Ca showed good correlation in different soil layers. The prediction 
maps developed through stable model of kriging interpolation indicated good 
validity through prediction errors. Thus the prediction maps developed based 
on kriging technique is highly useful for regulating fertilizer management in 
oil palm plantations of our farm area. 
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carfentrazone ethyl and glyphosate) for 
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Victor J Ilango R.*, Saravanan M. & Ranjith K.
UPASI Tea Research Institute,Valparai-642127, Coimbatore, Tamil Nadu

(*rvictorjilango@gmail.com)

The translocated herbicide glyphosate N-(phosphonomethyl) glycine in 
the form of isopropylamine salt 41% SL  or ammonium salt 72 % SG and  
glufosinate ammonium 13.5 % SL is recommended to be sprayed during the 
pre monsoon, as well as post monsoon seasons for controlling the weeds in 
South Indian tea fields. Though paraquat dichloride 24 % SL is recommended 
during the rainy season in Tamilnadu and Karnataka, the State Government 
of Kerala, has banned the herbicide. Therefore, the choice of herbicides 
for use in South Indian tea fields is restricted to glyphosate and glufosinate 
ammonium. In order to widen the choice of the herbicides, Glyfinity, a 
product of FMC India Pvt., Ltd was tested for its weed control efficiency. 
Glyfinity is a premix of carfentrazone ethyl 0.43 % w/w (Trade name Affinity 
produced by FMC India Pvt., Ltd) and glyphosate 30.82 % w/w (Trade name 
Glycel produced by Excel Crop Care). Carfentazone ethyl is a post emergence 
herbicide belonging to the Triazolinone chemical family. The mode of action 
of carfentrazone-ethyl is the disruption of membranes by inhibiting the 
action of protoporphyrinogen oxidase (PPO), causing cell death. The acute 
oral LD50 (mg kg-1) value of carfentrazone ethyl on mammals is > 5000. The 
WHO categorization of the herbicide is U (unlikely to present acute hazard). 
Therefore, it is given a green triangle. Glyphosate (N-Phosphonomethyl 
glycine) is a very popular broad spectrum post emergence herbicides 
belonging to the Glycine chemical family.  The mode of action of glyphosate 
is inhibition of 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS). EPSPS 
is a key enzyme in the shikimate biosynthetic pathway which is necessary for 
the production of the aromatic amino acids, auxin, phytoalexins, folic acid, 
lignin, plastoquinones and many other secondary products. The acute oral 
LD50 value of glyphosate is 4230. The WHO categorization of the herbicide 

is class III (slightly hazardous). Therefore, it is given a blue triangle. However, 
Glyfinity being a premix of carfentrazone ethyl and glyphosate is categorized 
as class III by WHO and given a blue triangle. Glyfinity was tested @ 2500, 
3000 & 3500 ml/ha in multilocation and multi season field experiments 
for its efficiency in controlling a wide spectrum of weeds comprising both 
grasses and broad leaved weeds. Among the tested dosages, 3000 ml/ha 
gave complete control of weeds.  Satisfactory control of weeds lasted for 
eight weeks in the experimental plots. Affinity (Carfentrazone ethyl 40 % 
DF) @ 37.5 and 50 g/ha gave only about 20 to 25 % control. Stand alone 
application of glyphosate 41 % SL @ 1756 and 2634 ml/ha gave a maximum 
of 85 to 90 % control during third to sixth week after spraying.Based on the 
studies it is concluded that Glyfinity @ 3000 ml/ha (in 450 L of water/ha) 
gave total control of all the weeds that occurred in the experimental plots 
and a satisfactory control lasted for about eight weeks. Glyfinity is cleared by 
the PPC of Tea Board (version 6) as an approved herbicide for use in tea fields 
and is available from FMC India Pvt., Ltd, Bangalore.
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A field experiment was conducted to study the effect of integrated nutrient 
management practices in coconut based cropping system under South 
Gujarat conditions at Regional Horticultural Research Station, ASPEE College 
of Horticulture and Forestry, Navsari during the year 2014-15 and 2015-16. 
The experiment consist of four treatments viz., (T1): 75% RDF + recycling of 
biomass, (T2): 50% RDF + recycling of biomass + bio-fertilizer application + in-
situ green manuring + vermiwash, (T3): fully organic with recycling biomass 
+ biofertilizer + mulching with coconut leaves + in-situ green manuring 
+ glyricidia prunnings and (T4): control (monocrop of coconut with 100% 
RDF) conducted in 20 years old coconut garden.  Results revealed that, the 
parameters related to yield of coconut, number of bunches/palm (12.4), 
nut yield/palm/year (138.7), nut yield/ha (24411.2), copra content (160.9 
g/nut) and copra yield/palm (18.3 kg) were recorded maximum in block-II 
(T2)  i. e. palms are treated with 50% RDF + 50% organic manures (recycling 
of biomass + bio-fertilizer application + in-situ green manuring + vermiwash) 
as compared to other rest of treatments. Whereas, the similar trend was 
observed in component crops like banana, elephant foot yam and tannia 
with respect to the growth and yield attributes. The data on turmeric crop 
revealed that, application of fully organic with recycling biomass + bio-
fertilizer + mulching with coconut leaves + in-situ green manuring + glyricidia 
prunnings (T3) treatment was recorded maximum growth and yield under 
CBCS. Economic point of view, the maximum BC ratio of 2.64 has been 
computed in treatment T2 followed by T3 (2.44).

TS2-PP5
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In India coffee cultivation is an ideal example of agroforestry cropping system as 
coffee is invariably cultivated under shade.  The studies on biomass generated 
due to litter fall of shade trees indicated on an average about 10 tons of leaf litter 
is collected per annum per hectare.  However, the studies on soil organic matter 
stock of coffee plantations are scarce.  Hence, the present study was undertaken 
to assess the soil organic matter stock of coffee plantations in major coffee growing 
states of Karnataka, Kerala and Tamil Nadu and few samples from natural forest 
eco-system situated adjacent to coffee plantations.  A total of fifty eight soil profiles 
(43-coffee agro-forestry system and 13-forest ecosystem) were excavated from 
major coffee growing areas during November 2014 - January 2015. The coffee 
estates include Arabica or Robusta plantations in the age group of 30 to 50 years.  
Forest area consisted of mostly evergreen forest trees undisturbed over the years. 
Results indicate that total soil organic carbon (SOC) stock of coffee plantations and 
forest ecosystem ranged from 5.75 to 28.51 kg / m3.   SOC stock in majority of 
the surface soils was found to be higher than sub surface soils.  The SOC stock of 
coffee plantations at 0–100 cm depth ranged from 9.93 to 18.64 kg/m2 highest 
SOC recorded at coffee plantation of Dindigul district in Tamil Nadu state while 
lowest was at Waynad district of Kerala state.  SOC stock of coffee plantations at 
Chikmagalur and Kodagu districts in Karnataka state was 14.07 and 12.88 kg/ m2 
respectively.  Average SOC stock of natural forest and coffee agro-forestry system 
was found to be 16.0 and 13.0 kg / m3.  Total soil organic carbon stock of coffee 
agro-forestry system was slightly less than that of forest ecosystem. The results of 
the present study indicate that coffee agro-forestry system has not severely reduced 
the SOC stock when compared with the natural forest ecosystem. 
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Investigations were carried out to find out the effect of bio-fertilizers with 
different levels of inorganics and type of manures in turmeric cultivation 
during 2012-14 at HRS, Mondouri, BCKV, Nadia, West Bengal. The experiment 
as laid out in RBD with three replications. Two organic manures (compost 
and vermicompost), two biofertilizers (Azospirillum lipoferum and Glomus 
fasiculatum) and three levels (100%, 75% and 50%) of NP were included in 
this experiment along with recommended dose of NPK (150:60:150 kg ha-1). 
The uniform dose of potash was applied to all treatments. Among different 
treatments, maximum tiller number (3.40), leaf number (18.49), clump 
weight (378.38 g), projected yield (34.85 t ha-1 ) and dry recovery (23.45%) 
were observed in vermicompost + NP (75%)+ Azospirillum+ AMF. The same 
treatment also recorded maximum root colonization (55.24%, 73.50% and 
79.68%) and maximum bacterial population (118.67× 106, 106.03 × 106, 
97.41× 106  CFU/g of soil) at 120, 180 DAP and after harvest respectively. 
Application of vermicompost + NP (100%) + Azospirillum + AMF recorded 
maximum oleoresin (11.31%). The plants raised with compost+ NP (100%)+ 
Azospirillum + AMF recorded maximum curcumin (6.69%). Application of 
recommended dose of inorganic NPK recorded yield of 27.63 t ha-1 .

TS2-PP7

Response of turmeric to potassium 
mobilising inoculants along with manures 

and graded levels of inorganic sources
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 (*chanchan.meinam17@gmail.com)

The combination of organic manures viz., compost/vermicompost, potassic 
mobilising inoculants along with graded (100%, 75% and 50%) levels of  
inorganic potassium were tried for partial substitution of inorganic potassium 
with organic source in turmeric cv. Suguna. The experiment was laid out at 
Horticultural Research Station, Mondouri, BCKV, Nadia, West Bengal in RBD 
with three replications and thirteen treatments consecutively for two years 
(May, 2012 to January, 2014). The recommended dose of NPK followed was 
15:60:150 kg ha-1 . The uniform dose of inorganic N and P were applied to all 
treatments. The manures namely compost and vermicompost were applied 
@ 20 t and 5t ha-1 respectively and potassic mobiliser  (Fraturia aurantea) 
was applied @12 kg ha-1 directly to the soil. Maximum plant height (181.70 
cm), leaf number (19.65), clump weight (335.38 g), plot yield (32.35 t ha-1) 
were recorded in vermicompost + K (100%) + K- mobiliser but maximum tiller 
(3.46), curcumin (6.52%) and maximum dry recovery (22.84%) were observed 
in compost + K (100%) + K-mobiliser. The rhizomes from vermicompost + 
K (75%) + K-mobiliser exhibited maximum oleoresin content. Considering 
the yield, the vermicompost + inorganic K (100%) + K mobiliser is the best 
treatment and there is a chance of reduction of 25% inorganic potassic 
fertilizer through inoculation of potassic mobiliser.
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TS2-PP8

Performance of arecanut based mixed 
cropping systems (banana, black pepper, 

elephant foot yam and cassava)
Hanumanthappa M.*, Shambhulingappa N., Ranjith T.H., Chaitanya H.S. &

Sudhir Kamath K.V.
Zonal Agricultural Horticultural Research Station, Brahmavar- 576213, Karnataka

(*agrihanumanthappa@gmail.com)

The performance of mixed crops such as black pepper, banana, elephant 
foot yam and cassava in arecanut plantation was studied with different 
combinations at Zonal Agricultural and Horticultural Research Station, 
Brahmavara, Udupi District of Karnataka. Mixed cropping in arecanut 
plantation has yielded more growth and yield of main crop by increasing 
number of leaves (fronds) and yield per palm compared to sole crop. There 
was increased yield (chali kg/palm) of arecanut in T8-2.94 kg (A+B+P+E) and 
T7-2.89 kg (A+B+P+C) cropping models,when compared to mono cropping of 
arecanut (2.70kg). There was significant difference in the yield performance 
of banana among the different arecanut based cropping models. This 
indicated that other associated crops (pepper, elephant yam and cassava) 
have a little or no negative influence on the performance of banana. Yield 
of pepper was found to be better under T8 (A+P+B+E) -15.0 q ha1 and T7 
(A+B+P+T) -13.43q ha-1yielding indicating the positive effect of elephant 
yam and cassava on pepper. All the mixed cropping systems under study 
were found economically better with an increase in net profit per hectare 
ranging from Rs. 12,36,015/- in A+C+P+E  to Rs.6,63,085 /- in A+B. 
 

TS2-PP9

Effect of foliar application of plant growth 
regulator and Azotobacter inoculant on 
germination, root and shoot growth of 

Cashew
Hanumanthappa M.*,  Shambhulingappa N., Ranjith T.H., Chaitanya H.S., Sudhir 

Kamath K.V., Rajanna C. & Nagaraj R.
Zonal Agricultural Horticultural Research Station, Brahmavar- 576213, Karnataka

 (*agrihanumanthappa@gmail.com)

A pot-culture experiment was undertaken to study the effect of Azotobacter 
inoculant either alone or in combination with foliar application plant 
growth regulators like GA, IAA and IBA on cashew at Zonal Agricultural and 
Horticultural Research Station Brahmavara, Karnataka during 2015-2016. 
Highest percentage of germination was recorded in water soaked control T-1 
(90%) followed by Azotobacter + GA-120 ppm (88 %) treatment. Azotobacter 
inoculants alone T5-Azotobacter resulted in better root growth system (55.2 
cm) compared to other growth regulators. Similarly, the same treatment of 
Azotobacter alone resulted in better shoot length. . Expectedly, the study 
also recorded that the population of Azotobacter in the rhizospere was high 
in treatments receiving only Azotobacter inoculants.
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TS2-PP10

Agronomic evaluation of plus trees of cocoa 
for pod and bean traits

Karthikkumar R.B.1*& Jansirani P.2

1Horticultural College and Research Institute, TNAU, Coimbatore-641003, Tamil 
Nadu

2Horticultural College and Research Institute, TNAU, Periyakulam- 625604, 
Tamil Nadu

(*arthikhorts@gmail.com)

A survey was made in the major cocoa growing tracts of Tamil Nadu and pod 
and bean yield were identified for 27 plus trees.  The mean performance of 
these plus trees for pod and bean characters during two different seasons 
of a year (January to June and July to December) for a period of three 
years (2010-2013) was studied. Pod weight, pod value, bean shell per cent, 
cropping intensity, fat content and total phenols of beans were measured in 
each cropping season of a year and cumulative mean for seasons and years 
were calculated. The cumulative mean of pod weight for three years was the 
highest in KUL 2 (543.8 g) with a mean value of 469.2 g. The cumulative mean 
for pod value and bean shell per cent was found to be the lowest in SMJ 37 
(23.08) and VPS 15 (11.85 per cent) over three years of study respectively. The 
pod value and bean shell per cent was the lowest during July to December 
season than January to June season implying seasonal influence on the 
performance of plus trees. The mean values for cropping efficiency was the 
highest in July to December season (0.53) than January to June (0.27) among 
the plus trees evaluated for three consecutive years of the study. The mean 
fat content (per cent) estimated for three years in the plus trees of cocoa was 
51.25 per cent. The highest and the lowest cumulative mean values of total 
phenols were recorded in SME 16 and SMJ 21 respectively over years and 
seasons. Genetic factors rather than seasons influenced the expression of 
total phenols and fat content in beans of 27 plus trees of cocoa.
 

TS2-PP11

Impact of addition of humic acid with 
fertilizers on growth, soil nutrients and 
uptake of nutrients in young tea plant

Poobathiraj K.1*, SenthurpandianV.K.2 & Palani N.1

1UPASI Tea Research Foundation, Tea Research Institute, Valparai- 642 127, 
Tamil Nadu

2Anna University, Thiruchirapalli – 620 024, Tamil Nadu
(*poobathiraj@gmail.com)

Humic acid plays an essential role in agriculture in converting the mineral 
nutrients in soil into available forms for plants. A pot culture experiment 
has been carried out to determine the impact of addition of different 
concentrations of humic acid along with different proportions of organic and 
inorganic fertilizers on growth, soil nutrients and nutrient uptake by different 
plant parts of young tea plant. The experiment was carried out in UPASI 
Experimental Farm nursery with one year old tea plants. There were nine 
treatments consisting of three replications including untreated control ( No 
fertilizer application), 100% NPK (as per standard recommendation for young 
plant), 100% NPK + 10 kg of humic acid per ha, 75% NPK + 10 kg of humic acid 
per ha, 50% NPK + 10 kg of humic acid per ha, 75% NPK + 20 kg of humic acid 
per ha, 50% NPK + 20 kg of humic acid per ha, Compost @ 5 tons/ha + 10 kg 
of humic acid per ha and vermicompost @ 5 tons/ha + 10 kg of humic acid 
per ha. Plant height was measured immediately after planting and on 90th 
day after imposing the treatments. The results showed that plant height had 
increased to an extent of 14.6% by the application of 100% NPK along with 
10 kg of humic acid per ha in comparison to NPK alone which had increased 
plant height by 9.9%. The total nitrogen content in soil was significantly 
influenced by the application of inorganic/organic fertilizers with or without 
humic acid. Soil available phosphorus had significantly increased due to 
application of NPK at 100% along with humic acid at 10 kg/ha in comparison 
to NPK alone. There was an appreciable increase (significant @ 1% level) in 
soil available phosphorus besides available calcium and magnesium due to 
application of compost/vermicompost along with 10 kg humic acid/ha. The 
uptake of nitrogen in the leaf was significantly influenced by the application 
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of humic acid at 10 kg/ha along with 100% NPK or 20 kg/ha along with 75% 
NPK. The same trend was observed in respect of potassium uptake in leaf. 
The nutrient contents (N, P and K) of stem were not significantly influenced 
by humic acid addition except potassium which was significantly higher 
when humic acid was applied at 20 kg/ha along with 75% NPK or humic 
acid @ 10 kg/ha with compost/Vermicompost @ 5 tonnes/ha. The nitrogen, 
phosphorus and potassium contents significantly increased in root due to 
addition of humic acid @ 10 kg/ha along with NPK. The results proved the 
beneficial effect of addition of humic acid with NPK in terms of the growth of 
the plant, availability of soil nutrients and their uptake by various plant parts.
 

TS2-PP12

Response of vermicompost on growth and 
productivity of large cardamom (Amomum 

subulatum Roxburgh) at East Sikkim
Gudade B.A.*, Dhanapal K., SheringmaBhutia T. & Sreekrishna Bhat 
Indian Cardamom Research Institute, RRS, Gangtok-737 102, Sikkim.

(*bgudade@gmail.com)

Field experiment was carried out during 2013 to 2015 at Indian Cardamom 
Research Institute, Regional Research Station, Spices Board research farm, 
Pangthang East Sikkim. The experiment was laid out in a randomized 
block design with five replications.  The treatment comprised four levels 
of vermicompost (0.0, 5.0, 7.5 and 10.0 t/ha). The growth parameters of 
large cardamom such as numbers of young tillers/clump (9.00), numbers 
of bearing tillers/clump (5.60), total number of tillers/clump (14.60) and  
number of vegetative buds/clump (3.82) were found to be significantly 
higher in treatment imposed with vermicompost @ 10.0 (t/ha) followed 
by application of vermicompost @ 7.5(t/ha).  Similarly, incremental yield 
attributing characters viz., highest number of spike/clump (4.34), capsules/
clump (52.81), maximum fresh weight of capsules/clump (149.59 gm), dry 
weight of capsules/clump (29.69 gm) and dry yield/clump (132.00 kg/ha) 
were observed in treatment applied with vermicompost @ 10.0 (t/ ha) 
followed by application of vermicompost @ 7.5(t/ ha) compared to control.
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TS2-PP13

Studies on composting efficacy by the 
common exotic earthworm like Eudrilus 

eugeniae (Haplotaxida: Eudrilidae)
Suresh Kumar B.*, Radhakrishnan B. & Srikumar K.K.

UPASI Tea Research Institute, Valparai-642 127, Coimbatore, Tamil Nadu
(*bsksuresh999@gmail.com)

Soil is a key resource for sustainable tea plantation. The organic fraction of 
cultivated soil is under constant threat of depletion due to continuous use of 
chemical fertilizers. Moreover, pesticides, weedicides and use of heavy farm 
machineries deteriorate the soil fertility. Among tea soil fauna, earthworms 
are widely recognized as beneficial organism and display most significant 
biological effect on soil structure and function. A systemic study in this regard 
was carried out on vermiculture, vermicompost and vermiwash. Survey was 
carried out in different tea growing region in Anamallais. A systemic study 
on composting efficacy of Eudrilus eugeniae (Haplotaxida: Eudrilidae) with 
different ratios of cow dung:leaf litter composition (1:1, 1:2, 1:3, 1:4, 1:5) 
was used. Sufficient quantity of cow dung and leaf litter were shade dried 
and 500g of various ratios of semidry, cow dung and leaf litter combination 
was kept in trays of length 37 cm and 26 cm breath. The organic manure 
preparation was sprinkled with water, then 25 numbers of (E. eugeniae) 
was released into the tray. Among the various combinations, higher rate of 
composting was found in cow dung: litter composition of 1:2 in eight days 
followed by the other treatments.

TS2-PP14

Performance of turmeric varieties as 
intercrop in coconut garden

Rajeev M.S.& Muralidharan P.*
ICAR-KVK, Alappuzha, CPCRI Regional Station, Krishnapuram-690 533, 

Kayamkulam, Kerala 
(*mpayani@yahoo.com)

Turmeric (Curcuma longa L.) is a commercially important spice grown as 
pure crop as well as intercrop in coconut gardens of Kerala. Even though 
many improved cultivars have been released, the productivity and quality of 
turmeric for commercial processing are not up to the expected levels mainly 
because of the predominance of local cultivars. Lack of availability of quality 
planting materials and facilities for processing are also other problems 
restricting the farmers from large scale cultivation. In order to identify 
suitable varieties and promote cultivation of high yielding turmeric as 
intercrop in coconut gardens an On Farm Testing was conducted in Budhanoor 
panchayth in Alappuzha district during 2014-15 with the participation of 
eight farmers. The ICAR-IISR varieties viz., Prabha, Prathibha, and Alleppey 
Supreme were compared with the local turmeric variety for their growth 
and yield performance. The varieties were planted in an area of 80 m2 in 
each garden following the recommended package of practices. Among the 
varieties Prathibha recorded higher leaf length, leaf width, number of tillers 
per plant, weight of mother, primary and secondary rhizomes naturally 
leading to the highest yield, with the net income and B: C ratio (15.53 t/ha, 
Rs. 179452/ha and 1.86) respectively. The yield, net income and B:C ratio for  
Prabha (12.65 t/ha, Rs. 1,07,502/ha and 1.51), Alleppey supreme (11.99 t/
ha, Rs. 91,102/ha, 1.44) and local variety (7.97 t/ha, Rs. 27477/ha and 1.16), 
respectively were recorded. Based on the results of the OFT a Front Line 
Demonstration (FLD) was conducted with IISR Prathibha variety as intercrop 
in coconut gardens by involving 20 partner farmers in an area of 1 ha in 
Aryad and Bharanikavu grama panchayaths. IISR Prathibha variety recorded 
higher yield of 13.12 t/ha with a B:C ratio of 1.58 compared to the farmers’ 
variety (9.36 t/ha and 1.13, respectively). About three tons of turmeric seeds 
were procured and made available to 368 farmers of Alappuzha district 
for popularising the cultivation of turmeric as intercrop and increasing the 
profitability of coconut gardens. Processing facilities were also created by 
facilitating a women group with suitable machineries.
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Performance of multiple cropping systems 
in Godavari alluviums of Andhra Pradesh

Mamatha K.1, Naga Lakshmi R.1, Bhagavan B.V.K.1 & Padma, E. 2*
1Horticultural Research Station, Dr. YSR Horticultural University, Kovvur-534350, 

Andhra Pradesh 
2Horticultural Research Station, Dr. YSR Horticultural University,  

Ambajipet-533214, Andhra Pradesh
(*padma.edee@gmail.com)

A survey was conducted in Atreyapuram and Ravulapalemmandals of  East 
Godavari  district of Andhra Pradesh to  assess the profitability of  different 
coconut based cropping systems. East Godavari district is highly potential 
area for coconut cultivation where the farmers used to grow coconut as 
monocrop with a spacing of 8.0 m x 8.0 m. The soils in the surveyed areas 
are deltaic alluviums rich in organic matter. During recent years there is a 
shrink in coconut yields mainly due to frequent cyclones, pest and diseases. 
Apart from that due to repeated fluctuations in coconut prices, farmers are 
forced to explore the possibility of growing other remunerative crops like 
banana, elephant foot yam, dioscorea and turmeric etc. Different intercrops 
like banana + elephant foot yam, banana + dioscorea, turmeric + dioscorea 
are usually followed in various coconut orchards .  The yield of coconut varied 
from 90 to 120 nuts/palm/year in monocropping system where as it is 165-
180 in different intercropping systems. The yield of banana variety grand 
naine ranged from 23.5-29 kg/plant. Per plant yield of elephant foot yam cv. 
Gajendra ranged between 1.8-2.2 kg /plant, greater yam (Purple Yam, locally 
known as Bombaipendalam)  yield ranged from 2.1 to 2.9 kg/plant and 
the yield of aromatic turmeric  cv. Kasturi ranged from 280-300 gm/plant. 
Among all the intercropping systems, highest net income was obtained with 
coconut+ banana+ elephant foot yam cropping system where as the B:C ratio 
was observed highest in coconut + turmeric + greater yam due to high export 
potential of turmeric and greater yam.
 

TS2-PP16

Survey and assessment of planting material 
production losses in black pepper at Kannur 

and Kasaragod districts
Govindan M., Yamini Varma C.K.*, Rashmi C.R. & Mohamed Anees M.

Kerala Agricultural University, Padanakkad-671314, Kerala
(*yamininavami@gmail.com)

The key factor for the successful establishment of black pepper plantations 
is the production of quality planting materials. Main constraint in the 
production of healthy planting materials in black pepper is the loss of vines 
due the attack of several pests and diseases. A survey was conducted for 
assessment of the production losses of planting materials of black pepper 
during 2014-15 in selected panchayaths of Kannur and Kasaragod Districts. 
The panchayaths surveyed include Kayyur-Cheemeni, Pilicode, West Eleri, 
Mathil and Karivellur-Peralam. Observations were made, from 100 numbers 
of randomly selected runner shoots in the farmer’s plots, for pest and 
disease incidence. Runner shoots of 100 m length were selected from each 
plot for scoring. Survey results revealed that the pests viz., top shoot borer, 
gall midges, mussel scale insects, mealy bugs and root knot nematodes, 
and diseases viz., stem rot and yellow mottle disease were causing serious 
losses to the pepper vines. The above mentioned pests and diseases are not 
recorded to be destructive under field conditions in Kerala. Therefore proper 
inspection of black pepper planting material production should be made in, 
in order to avoid spread of these pests and pathogens from nursery to the 
main fields.
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Soil phosphorus builds up in coffee 
plantations of Karnataka over three 

decades: An analysis
Shiva Prasad P.*, Nagaraja J.S., Nadaf S.A. & Violet D’ Souza M.

Central Coffee Research Institute, Chikamagalur - 577 117, Karnataka
(*shivaprasadccri@gmail.com)

Soils of coffee grown regions are deep, friable, rich in organic matter, high in 
potassium content, well drained and slightly acidic in reaction. These soils contain 
large quantities of aluminium and iron oxides. Hence, phosphorus (P) availability in 
the Indian coffee growing soils is a constraint as the aluminium and iron oxides fix 
the applied P. In order to assess the impact of the lime and fertilizer management 
on the soil available P status of the coffee growing soils of Karnataka (3 districts, 
viz., Chikmagalur, Hassan and Kodagu), the soil-P data were compiled and classified 
into different categories for a period from 1980-81 to 2015-16. The decade-wise 
data set on soil available phosphorus was analyzed and the changes occurred over 
a period of time were assessed.  The results indicated that over a period of thirty six 
years, a shift has taken place from low available P- status to high status category in 
the soils where coffee has been grown.  About 50% of the soil samples were found 
to exhibit low P-available status during 1980s while this has reduced to 42% during 
1990s and further reduction to 23% was observed in 2016.  Hence,  the percentage 
of soil samples under high soil P-availability category has gradually increased from 
24 to 51. Application of water insoluble phosphatic fertilizers like Mussorie Rock 
Phosphate was very popular among coffee growers till 1990s.  Consequent upon 
deregulation of fertilizer policy and non-availability of Mussorie Rock Phosphate, 
application of water soluble, complex fertilizers has become popular among the 
growers.  This could be one of the reasons for the build-up available phosphorus 
in coffee growing soils.  The improvement in soil available P status of soils under 
coffee cultivations can also be attributed to the addition of lime the practice that 
has been popularized by soil testing laboratories among growers for better P-use 
efficiency. Reducing the dose of P fertilizer wherever the soil test results are high is 
necessary for averting zinc deficiency and balanced nutrient management in coffee 
plantations. In addition to reducing the quantum of P fertilizers, use of P solubilizers 
like citric acid and PSB under high soil available P conditions will economize coffee 
cultivation.   
 

TS2-PP18

Effect of micronutrients on yield and quality 
of cocoa (Theobroma cacao L.)

Kalaivani J.*, Suresh J., Jegadeeswari V. & Amitha Kunikullaya G.
Tamil Nadu Agricultural University, Coimbatore-641003, Tamil Nadu

(*kalai18jothikumar@gmail.com)

Studies on effect of micronutrients on growth, yield and quality of cocoa 
(Theobroma cacao L.) was carried out at VSR Farms, Sethumadai, Anaimalai 
region of Pollachi, Coimbatore district during 2015-2016. The trial was laid 
out in a randomized block design (RBD) with eight treatments in three 
replications. ZnSO4 (0.5%), FeSO4 (0.3%) and Borax (0.1%) were applied 
separately and in combinations. Foliar spray was given thrice, first spray at 
the time of flowering and subsequent sprays at 45 days interval to cocoa trees 
intercropped under coconut plantation. Observations on yield and quality 
were recorded in cocoa. The maximum dry bean yield per tree (2499.93 g) 
and lowest number of cherelles / tree (77.62) was recorded in T3 (Borax - 
0.1%) with pod value of 21.19.
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Flowering and physiological characters of 
cocoa (Theobroma cacao L.) under different 

cropping systems
Jegadeeswari V.*, Deepa R., Suresh J. & Amitha Kunikullaya G.

Tamil Nadu Agricultural University, Coimbatore-641003, Tamil Nadu
(*jegadeeswari.v@gmail.com)

An experiment on flowering and physiological characters of cocoa 
(Theobroma cacao L.) under different cropping systems was carried out at 
VSR farms, Sethumadai, Pollachi region, Coimbatore, during 2015-2016. The 
experiment was laid out on RBD design with six different cropping models 
like T1 (coconut + cocoa), T2 (arecanut + cocoa), T3 (coconut + mangosteen 
+ cocoa), T4 (coconut + nutmeg + cocoa), T5 (coconut + cocoa + banana) 
and T6 (coconut + mangosteen + cocoa + banana) and replicated four times. 
The results revealed that among the different crop ecosystem, the highest 
number of flowers per cushion (10.3), number of flower cushions per tree 
(627.51), number of flowers per tree (7463.35), and pod set per cent was 
observed under the crop combination arecanut + cocoa (T2). However, T3 
(coconut+mangosteen+ cocoa cropping model) registered the highest values 
for physiological parameters like leaf area (402.89 cm2) and leaf area index 
(1.52). Among the different crop combinations, the highest light interception 
(81.43 per cent) was registered in T1 (coconut + cocoa).
 

TS2-PP20

Effect of mulching of raw coir pith with 
bioconsortium on the incidence of diseases 
and rhizosphere microbial activity of small 
cardamom (Elettaria cardamomum Maton)

Ajay D.*, John Jo Varghese, Rajkumar R. & Dhanapal K.
Indian Cardamom Research Institute, Myladumpara, Idukki–685553, Kerala

(*ajaydiva@gmail.com)

Coir pith is an agro waste that is available in large quantities in coconut 
processing units. About 7.5 million tonnes is available annually from coir 
industries in India. In this experiment, coir pith was used as mulch in young 
cardamom plantation and a bioconsortium consisting of seven different 
bioinioculants (at 1.0% level) were added. The population of introduced 
bioinoculants on the coir pith was assessed. Besides, the population of 
microbes in the rhizosphere and incidence of various diseases were also 
assessed periodically. In general, population of various microbes in the 
rhizosphere was highest in coir pith mulched plots when compared to 
standard practice. The highest microbial population was noticed when coir 
pith with bioconsortium was applied on the entire plot followed by coir 
pith with bioconsortium application on inter-rows. In all the treatments the 
microbial population showed a decline in 36th month compared to its initial 
load. The disease incidence recorded during various months were pooled and 
statistically analyzed. In all the treatments, the disease incidence recorded 
was significantly lesser than standard practice. Both the foliar diseases and 
rot diseases recorded was least in treatment where coir pith was added on 
the entire plot with bioconsortium. The results indicate that raw coir pith 
could be used as mulch in cardamom plantations along with bioconsortium. 
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Coconut based cropping system under 
Konkan region of Maharashtra

Shinde V.V.1*, Maheswarappa H.P. 2, Chavan S.S. 1 & Sumitha S.2

1 AICRP on Palms, Regional Coconut Research Station, Bhatye, Maharastra 
2ICAR- Central Plantation Crops Research Institute, Kasaragod-671124, Kerala

(*vaibhavvilashinde@yahoo.co.in)

Coconut is predominantly cultivated in small and marginal holding in five 
major districts of Konkan region viz, Ratnagiri, Raigad, Sindudurg, Thane 
and Palghar.  In order to increase the system productivity and income to  
coconut grower, research intervention in the cropping system is important 
as it enhances utilization of natural resources effectively.  With this view an 
investigation was carried out on cropping system model in coconut at Regional 
Coconut Research Station Bhatye, Ratnagiri (M.S.) during the year 2008-09 
to 2011-12 in COD x WCT coconut garden. Intercrops like nutmeg, cinnamon, 
banana, pineapple were grown in the interspace at appropriate space in the 
garden.  Biomass/organic matter incorporation in the form of vermicompost, 
vermiwash, green leaf manure was carried out every year in the system and 
coconut husk incorporation was carried out once in three years. The growth 
and yield of coconut and component crops were recorded during the period 
of investigation and the economics of the system was worked out for 2010-
12.  The total biomass generated in the system during the investigation 
varied between 8540 to 9950 tonnes and it converted into vermicompost 
and recycled in the system every year.  The nut yield in coconut was 110 nuts 
/ palm/ year when compared to pre experimental yield of 87 nuts/palm/year 
(2006 to 2008).  The average yield obtained from other components of the 
system was as follows : banana: 725 kg, pineapple: 331.5 kg, cinnamon bark: 
3.72 kg and cinnamon leaves :192.5 kg recorded in two year (2010-11 and 
2011-12).  The economics of the cropping system worked out during 2010 to 
2012 revealed that the net income obtained in the system was Rs. 93,222/- 
per ha compared to Rs. 53,200/- per ha following the monocropping pattern.
 

TS2-PP22

Potential of air pruned roots of root trainer 
plants in Hevea brasiliensis

Vinoth Thomas* & Sobhana Shankar
Rubber Research Institute of India, Kottayam-686 009, Kerala

 (*vt@rubberboard.org.in)

Recently introduced root trainer plants developed in polypropylene cups using 
coir pith or elephant dung with soil in the ratio 1:1 as potting medium have 
gained wide acceptance as superior planting material of Hevea brasiliensis 
both in India and abroad. Germinated seed or budded stumps are planted in 
the cup and arranged in soil bed by covering one third of the cup with soil. 
After successful budding followed by maturation of one whorl of leaf, the 
plants along with the cup are pulled out from the soil, the roots pruned near 
the drainage hole of the cup and suspended in metallic stand providing all 
nursery care. This pre-planting cultural operation is termed ‘hardening’ by 
which the plant is prompted to produce large number of lateral roots within 
the cup to cater to the need for further development. Hardening extends to 
eight weeks in the nursery and during the course air pruned roots develop 
callus tissue at the apex which is exposed. This callus tissue has unique tissue 
orientation with immense potential in tissue regeneration when it comes 
in contact with a favourable medium which can be exploited for modifying 
the root architecture of rubber. Air pruned roots with callus were allowed to 
grow into a root elongation tube (RET) filled with potting medium, attached 
tightly at the bottom of the root trainer cup. The root primordium emerged 
from the pericycle of the callus with inherent qualities of the parental root, 
(particularly the birefringent property exhibited by the respective tissue) with 
an average length of 1.8cm per day. The modified root core is characterized 
by 10-12 thick vertical roots, large number of laterals and fine roots with 
the expected advantages of better anchorage and mining of resources from 
deeper strata in the soil.  The juvenility of the air pruned root callus as an 
explant in tissue culture is expected to circumvent the problems associated 
with rooting while using other sources of explants. The scope of air pruned 
root plugs (callus) in root architecture modification in Hevea is discussed 
with supporting anatomical evidences.
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Tagetus erecta (Marigold) and Gomphrena globosa (Globe amaranth) are 
two potential commercial loose flower crops with high market demand 
during festive seasons. These crops come up well in areas with full sunlight 
and in soils rich in organic matter, but scarcity of open area is a limiting factor 
for increasing the area under flower crops. Coconut, which is perennial 
in nature and planted with wider spacing, is the major plantation crop 
grown in sandy loam soils of coastal humid tropics. Being short duration 
crops, sequential cropping system of Tagetus (seven months) followed by 
Gomphrena (five months) can be adopted in a single year in the interspaces 
of coconut with adequate nutrition. Climate of coastal humid tropics is 
suitable for growing Tagetus and Gomphrena during October to April and 
May to September, respectively and the flowering season coincides with 
the peak demand fetching higher market price. Growing Gomphrena with 
the residual nutrients of the first crop of Tagetus helps in keeping the 
interspaces of coconut free from weeds during the following rainy season. 
In order to evaluate the effect of direct application of nutrition to Tagetus 
and its residual effect on Gomphrena in growth, yield and economics under 
coconut based farming system, a field study was conducted in RBD with six 
nutritional treatments in  two consecutive years at ICAR-CPCRI, Regional 
Station, Kayamkulam. Intercropping I with 50%N as vermicompost (3 t/ha) 
as basal dose followed by 56:60:60 kg NPK/ha at 15 days after planting and 
application of vermicompost extract (1:10), to meet 56 kg N/ha equivalent, in 
two equal splits at 30 days and 45 days after planting resulted in fresh flower 
yield of 2 t per ha of intercropped area. The plant height, number of primary 
and secondary branches, number of flowers/plant, flower yield, and flower 
carotenoid content of Tagetus were also maximum in this treatment. The 

growth or yield of Gomphrena did not differ among the treatments, and on 
an average it produced 1.85 t fresh flower per ha of intercropped area. This 
study on Tagetus-Gomphrena sequential cropping reveals that substituting 
50% inorganic nitrogen with vermicompost enhances growth performance 
of Tagetus and also provides adequate nutrition for raising Gomphrena 
during its vegetative phase (60 days after planting) resulting in a BCR of 3.4 
and 2.9, respectively. 
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Understanding the adverse effects of chemical fertilizers on soil health has 
paved way for adopting organic farming for sustainable agriculture, where on-
farm organic waste recycling is given greater importance and consideration. 
The present study was undertaken in seven coconut farmers’ gardens of 
Kerala, adopting crop plurality through inter/mixed cropping, to understand 
the beneficial effects of application of various vermiproducts such as 
vermicompost and vermiwash on soil biological and chemical properties. 
Coconut leaves and other organic farm wastes were used for preparing 
vermicompost in tanks, with provision for collecting vermiwash, constructed 
in the coconut garden itself. Mono cropping of coconut with farmers’ 
practice, which generally consisted of keeping the palm basins mulched 
with fallen coconut leaves, vis-a vis intercropping systems comprising of 
banana, vegetables, tuber crops, spice crops, fodder grass as intercrops were 
selected for the study.  Soil samples from two different depths (0-25 cm and 
25-50 cm) were collected from rhizosphere of coconut palms before and 
after application of organic manures to compare the biological properties 
i.e. population of general soil microbes (fungi, bacteria, actinomycetes), 
function specific soil microbes (fluorescent pseudomonads, phosphate 
solubilizers, and free-living nitrogen fixers), soil enzymes (dehydrogenase, 
phosphatase, and urease) as well as chemical properties, i.e. nutrient status 
(organic carbon, phosphorus, potassium, calcium and magnesium contents). 
In our study, significant variation in microbial population was observed 
between surface soil and sub-surface soil, which was found to be higher 
at shallower depth (0-25cm) than the deeper depth (25-50 cm) in all the 

gardens, where organic manure was applied. Organic matter incorporation 
in soil not only stimulated soil microbial population but also increased the 
soil biological activity. Inclusion of more intercrops in coconut also assisted in 
increase in the population of soil microflora, viz., fluorescent pseudomonads, 
phosphate solubilizers, and free-living nitrogen fixers, which, in turn, was 
reflected in soil dehydrogenase activity, as also the enhanced activity of 
related exocellular enzymes responsible for N and P nutrient cycling such as 
phosphatase, and urease enzymes. The soil nutrient status of P, K, Ca and Mg 
also showed improvement due to recycling farm wastes as vermicompost 
and its application. By the end of the experimental period of  four years, in 
general,  where cropping systems were followed, organic carbon increased 
from 0.22 % to 0.31 % (0.26 % for monocrop of coconut); phosphorus from 
32.7 kg/ha to 42.4 kg/ha (36.9 kg/ha for monocrop);potassium from 260.9 
kg/ha to 287.4 kg/ha ( 265.4 kg/ha for monocrop); calcium from 1039.8 
ppm to 1533.2 ppm(1344.6 ppm for monocrop) and magnesium 91.9 ppm 
to 121.4 ppm(106.8 ppm for monocrop). Analysis of microbial population 
in vermiwash indicated population of bacteria as 95.2 x103, fungi as 83.2 
, actinomycetes as 41.9 x 102 , P solubilizers as 815 and N2 fixers as 220, 
whereas, in the case of vermicompost, their respective  population count 
were 32.2 x 106, 22.31 x 103, 111.0 x 105, 11.7 x 104  and 81 x 102, cfu/g 
(on dry weight basis). The mean nutrient status of vermicompost was 1.1 
% N, 0.27 % P, 0.26 % K, 1.51 % Ca, and 0.35 % Mg. The distribution of soil 
microflora and their activity in an environment depends upon the crops grown 
and management practices and thus, the study revealed that application 
of organic manures positively influenced the dynamics of rhizospheric soil 
microbial populations and their activities. The results of the study indicated 
that organic recycling in coconut based cropping system helps to improve 
soil health in terms of soil microflora, enzyme activities and nutrient status.
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Intercropping in coconut gardens with compatible crops is known to increase 
the productivity and income of the garden by ensuring effective and efficient 
utilization of soil space and solar radiation. Therefore, an experiment was 
conducted for three years from 2012-13 to 2014-15 in a 40 year old coconut 
garden of Tiptur Tall variety planted with a spacing of 10 m x 10 m. Five flower 
crops viz., Jasmine, Chrysanthemum, Crossandra, China aster and Marigold 
were grown in the inter-row spaces of coconut. The intercropping system of 
flower crops with coconut was compared with the sole crop of coconut. The 
experiment was laid out in RBD with 4 replications. Chrysanthemum, China 
aster and Marigold were planted every year while Crossandra and Jasmine 
which are perennial in nature were planted during first year and maintained 
during subsequent years. Jasmine started yielding flowers from second 
year of planting. The flowers were harvested every year and yield data was 
recorded. The observation on number of leaves on the crown, number of 
bunches and buttons and the nut and copra yield were recorded in coconut. 
Leaf samples of coconut were drawn before and after the experiment and 
analyzed for leaf nutrient status. The economics of the cropping system was 
worked out based the market price prevailed during respective years. The 
data on growth, yield and returns of three years was analysed to obtain 
the data of mean growth, yield and returns. The number of leaves on the 
crown, annual leaf production, number of bunches and buttons and nut and 
copra yield of coconut were not significantly influenced by the flower crops 
grown in coconut garden. The leaf nutrient status of coconut was also not 
significantly influenced by flower crops. The mean yield of flowers was 1045 
kg/ha in Jasmine, 4393 kg/ha in chrysanthemum, 1070 kg/ha in crossandra, 
2158 kg/ha in China aster and 4874 kg/ha in marigold. The cropping system 

of Coconut + Chrysanthemum recorded significantly higher net income (Rs. 
200558/ha) followed by Coconut + Crossandra (Rs. 179483/ha), Coconut + 
Jasmine (Rs. 166767/ha), Coconut + China aster (Rs. 121692/ha) and Coconut 
+ Marigold (Rs. 96350/ha). The monocrop of coconut recorded significantly 
lowest net income of Rs. 54250 per ha. The study indicated the suitability 
and profitability of Chrysanthemum, Crossandra, Jasmine, China aster and 
Marigold as intercrops in coconut garden.
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The molecular diversity of aerobic endospore-forming bacteria, typically 
Bacillus and its derived genera, has been investigated in various environments, 
particularly the extreme ones. However, little is known about the genetic and 
phenotypic diversity of these heterotrophic, gram positive bacteria in acidic 
rhizosphere soils of arecanut. Hence, diversity of Bacillus spp., isolated from 
extremely acidic root zone soils of arecanut (soil pH ranging from 2.18 to 
4.99), collected from various locations in Kerala and Karnataka, was studied. 
Phenotypic fingerprinting of all isolated acid-tolerant Bacillus spp. was carried 
out by Biolog GEN III Microstation (Biolog, Hayward, CA, USA). Phenotypic 
and chemotaxonomic method such as Biolog GEN III microbial identification 
system was also used to resolve bacterial identities at the species level.  The 
GEN III software (GEN III database, version 5.2.1) provided clear indications 
of the degree of uncertainty for genus and species level identifications.  
Carbon substrate utilization profiles of the isolates were studied leading to 
their identification when the similarity and distance values were >0.500 and 
<5.00, respectively. Large versatility was detected in carbohydrate utilization 
among the isolated Bacillus species. The major Bacillus spp., identified from 
Kerala and Karnataka, were Bacillus subtilis ss subtilis, B. amyloliquefaciens, 
B. atrophaeus, B. megaterium, B. cereus, B. thuringiensis, B. pumilus, B. 
weihenstephanensis, B. Pseudomycoides and B. mycoides. 
Diversity of Bacillus species at genetic level was analysed by restriction 
fragment length polymorphism (RFLP) and polymerase chain reaction (PCR) 
amplification of 16S ribosomal ribonucleic acid (rRNA) gene. The genomic 
DNA was isolated from all isolates using GenElute Bacterial Genomic DNA 

Kit (Sigma, USA). 16S rRNA gene was amplified using the universal 16S rRNA 
gene primers. DNA sequencing and BLAST search revealed that all identified 
isolates showed ≥99% similarity to the 16S rRNA gene sequences obtained 
from Bacillus spp in NCBI GenBank database. The 16S rRNA gene product 
of Bacillus spp. were further digested with twelve Fast digest® restriction 
enzymes viz., HaeIII, HinfI, AluI, TaqI, MspI, RsaI, HhaI, EcoRI ,HpaII, HindIII, 
BgaIII and XbaI. Out of these, only three enzymes TaqI, HhaI and AluI helped 
in  higher discrimination and were selected for construction of dendrogram 
using NTSYS software. Studies revealed PCR-RFLP to be a suitable tool for 
discrimination and identification of acid-tolerant Bacillus spp. isolated from 
root zones of arecanut. 
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Most of the traditional arecanut growing soils in Kerala and to some extent 
in Karnataka are acidic in nature. Soil pH is an important determinant for 
the rhizosphere microbial communities and soil acidity impacts their 
population balance. Among bacteria, species belonging to Bacillus are one 
of the major types of soil bacteria. They not only play an important role 
in the agroecosystems by virtue of their role in plant growth and nutrient 
assimilation but are also endowed with physiological traits which help these 
bacteria to survive in extreme environments. In this study, an attempt has 
been made to isolate and characterize Bacillus spp. and its derived genera 
from extremely acidic rhizosphere soils of arecanut from Kerala and Karnataka. 
For this purpose, 118 soil samples were collected along with root bits from 
rhizosphere of arecanut palms at 0-20 cm depth, covering extremely acidic 
agricultural lands of Kannur, Thrissur, Ernakulam and Alappuzha districts 
of Kerala state. Twenty soil samples were collected from Chikkamagaluru, 
Shivamogga and Udupi districts of Karnataka state. Acid soils collected from 
Kerala state were texturally varying from acid saline, hydromorphic saline, 
acid sulphate, laterite to kari soils and strongly acidic in reaction and the 
samples from Karnataka were texturally sandy loam to sandy clay loam with 
strong to slightly acidic in reaction.  Fifty nine soil samples from Kerala were 
in pH range 2.18- 5.11 and ten samples from Karnataka exhibited pH range 
of 4.39-5.26. Enumeration of Bacillus spp. in these rhizospheric soil samples 
revealed the highest Bacillus spp. population from Nedumudi, Alappuzha 
district (44.43×105cfu/g dry soil). Bacterial and Bacillus populations in Kannur 
and Alappuzha districts showed significant positive correlation with soil pH. 
One hundred and seven Bacillus spp. (tolerating pH 2.5-4.5) were isolated 

from highly acidic arecanut rhizosphere soils of Kerala and 17  Bacillus spp., 
(tolerating pH 3.5-4.5) were isolated from Karnataka using buffered low pH 
medium. The isolates were observed for microscopic appearance in terms 
of cell shape, gram staining, motility, and biochemical tests such as catalase 
test, oxidase test and endospore formation before assigning them in to 
the genus Bacillus.  All the Bacillus isolates were screened for functional 
attributes such as production of Indole acetic acid (IAA), gibberellins (GA3), 
ACC deaminase, cytokinins, siderophore, ability to grow on N-free medium 
and solubilization of phosphates. Results showed that almost 71% of the 
Bacillus spp. were able to grow on minimal medium containing ACC as sole 
nitrogen source, 14% of the isolates produced siderophore, 32% produced 
IAA, 51% phosphate solubilizing ability, 41% could grow on nitrogen free 
medium. Fifty five percent of the selected acid-tolerant Bacillus spp. from 
arecanut rhizosphere produced cytokinins. The major cytokinin species 
produced were kinetin and adenin. Two Bacillus isolates were able to 
produce both adenin and kinetin derivatives in acidic conditions. GA3 was 
not produced by any of the Bacillus spp. The Bacillus species with different 
metabolic capabilities and plant growth promoting traits found in this study 
are likely to have ecological relevance as these isolates could be utilized for 
crop management in extreme soil environments.
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Dwarf varieties of coconuts are becoming popular due to short stature and 
precocious nature. Germination from seed nuts of dwarf varieties of coconut 
was reported to be generally low (as low as 30-50%) in many seed gardens. 
Hence, a study was conducted to standardise the storage conditions of seed 
nuts of Kalpasree (selection from Chowghat Green Dwarf), the recommended 
variety for root (wilt) disease prevalent tracts. Seed nuts harvested during 
March – May was used for the experiment and the treatments included 
curing seed nuts in sand, saw dust, storage in dark room and normal storage 
(store room) served as control. Duration of storage was for    15, 30, 45 and 
60 days. The experiment was conducted for four consecutive years (2011-
2014). Biochemical and physiological changes in coconut kernel (changes 
in total sugars, reducing sugars, total protein, oil content, amino acids and 
enzyme activities) during storage were analyzed. The nut weight reduction 
was very minimal (10-12%) in sand and saw dust curing methods even 
after 60 days of storage whereas almost 30-40% nut weight reduction was 
recorded in dark room and normal storage. The significantly higher weight 
reduction for nuts stored under normal and dark room condition may be 
attributed to the drying up of nut water, which in turn adversely affects 
germination. Germination of upto 85-90% was recorded in seed nuts stored 
under sand and saw dust for a storage period of 45 days whereas only 71% 
germination was observed in control for the same duration of storage. As the 
storage duration increased beyond 45 days, there was significant reduction 
in germination in all the treatments.  Studies revealed that CGD seed nuts 
can be stored for a period of 45 days in sand and saw dust without affecting 
its germination.
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Coconut (Cocos nucifera L.) is a traditional plantation crop grown in India in 
an area of 19.75 lakh ha with a production of 20439 million nuts and national 
average productivity is 10,345 nuts per hectare (Coconut Development Board 
- Kochi, 2014-15). It is a crop of small and marginal farmers and unfortunately 
these small holdings are mainly committed to monocrop of coconut. 
The income generated from such holding is not sufficient to sustain farm 
families. A pure stand of coconut utilizes 22% of area under wider spacing 
(7.5 x 7.5 m) and about 56% of solar radiation is transmitted to the ground 
through its canopy. Thus, by utilization of available resources a variety of 
crops can be planted as intercrop. Among these intercrops, medicinal crops 
are considered to be remunerative due to trade in major drug markets of the 
world. With this background, a field experiment was conducted at Central 
Plantation Crops Research Institute, Kasaragod, Kerala during 2003-2004 to 
2014-2015 with intercropping of different perennial medicinal trees. All the 
medicinal plants selected were suitable for intercropping in coconut. The 
stem yield of medicinal plants  viz.,  Stereospermum sauveolens (Poopathri), 
Oroxylum indicum (Palakappayani), Gmelina arborea (Kumizhu), Saracaasoca 
(Asoka), Aegle marmelos (Koovalam) and Premna serratifolia (munja) were 
54.06, 6.39, 25.52, 1.66, 12.71 and 3.47 t/ha respectively. The root yield was 
recorded as 9.69, 3.22, 17.89, 0.35, 5.46 and 3.25 t/ha, respectively. The 
coconut yield in the experimental plot during the period (2013-14) was 128 
nuts/palm, which showed a 21 % increase in yield over pre- experimental 
yield of 101 nuts/palm during 2000-02 indicating the positive effect of mixed 
cropping with medicinal tree species. Inter cropping of medicinal tree sp. 
in coconut markedly influenced the soil nutrient status.  Thus the present 
investigation showed that intercropping of medicinal tree sp. enhanced 
coconut yield with additional income. 
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Nutmeg (Myristica fragrance Houtt.) is unique tree spice as it produces two 
distinct spices nutmeg seed and mace. Though the crop is being cultivated 
in an area of 21120 ha in India, productivity is low (682 kg/ha) due to 
poor nutrient and canopy management. Benzyl adenine (BA) is capable of 
regulating the canopy structure in fruit trees thereby increasing the crop 
productivity. Hence, an investigation was carried out to study the effect of 
integrated nutrient management and BA application on growth and yield in 
nutmeg variety IISR Viswashree. The 12 treatments were: (T1 FYM 2 kg + 
recommended nutrients (RN) + BA, T2. Vermicompost 1 kg + RN + BA, T3 
Coir pith compost 1 kg + RN + BA, T4 FYM 2 kg + RN + micronutrients (MN), 
T5.Vermicompost 1 kg + RN + MN, T6. Coir pith compost 1 kg + RN+ MN T7. 
FYM 2 kg + RN (control) T8. Vermicompost  1 kg + RN, T9 Coir pith compost 
+ RN T10 FYM 4 kg + RN T11.Vermicompost 2 kg + RN T12. Coir pith compost 
2 kg + RN). The experiment was laid out in RBD with three  replications. 
All the organics were given (during May) at the time of planting whereas a 
NPK doze of 20:18:50 g/plant was given in splits to all the grafts one year 
after planting.  Micronutrients @5g/plant and BA 10 ppm was given as 
foliar spray at an interval of 15 days. Fertilizer, MN and BA were given from 
second year of planting.   During second, third, fourth and fifth year, fertilizer 
dose was   progressively increased and applied in two splits. At the end of 
five years the  results showed that maximum height (175 cm), main branch 
production (9 Nos), canopy spread- north south (190 cm) and east west (192 
cm), early flowering and fruiting (average 20 nos /plant) were recorded in 
the treatmentT3 followed by the treatment T1 . The results revealed that 
application of BA was effective in improving the fruiting in young nutmeg. 
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A comparative survey of the weed species diversity in coconut plots with 
different spacing was undertaken during 2016 at ICAR-CPCRI, Kasaragod. 
Study was carried out in three plots with coconut planted at spacing of 4x4m, 
6x6m and 7.5x7.5m. Results revealed altogether 39 plant species belonging 
to 15 families were recorded in three coconut plots studied. The plot of  4x4m 
spacing, recorded 26 weed species, belonging to 13 different families with 
Phyllanthaceae as the most dominant, followed by Commelinaceae. Average 
weed density recorded was 102 plants/m2. Under 6x6m spacing, a total of 
21 plant species belonging to 10 families were observed. In this plot, weeds 
belonging to Astraceae family were dominant followed by Poaceae with 
average weed density of 148.5 plants/m2. In coconut garden with standard 
spacing of 7.5m x7.5m, 16 different weed species were recorded with 
majority of the weeds belonging to Poaceae family followed by Malvaceae. 
Average weed density recorded under 7.5x7.5m coconut spacing was 71.75 
plants/m2.  It is evident that the diverse weed species pool was observed 
in coconut plots under 4x4m spacing but, the average weed density was 
highest in coconut plot with 6x6m spacing. In 7.5X7.5m spacing, both weed 
diversity and density was lesser compared to other two plots studied. 
In coconut garden with closer spacing (4x4m), shade loving plant species 
were observed, whereas in plots with wider spacing (6x6m and 7.5x7.5m) 
sun loving plant species were recorded. Thus, variation in light penetration 
into the field due to differences in spacing influences weed species diversity 
and density. The results of this study have practical utility in formulating 
appropriate weed management strategies.     
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Introduction

Spices have been considered important in culinary from time immemorial 
and are used for flavouring, seasoning and imparting aroma in various 
cuisines. Besides, most of them are known to be fungistatic, antimicrobial 
or antibiotic and their antioxidative activity helps to preserve foods from 
oxidative deterioration, thereby increasing shelf life. Though India is a 
leading country in production of spices globally, plant viruses are increasingly 
becoming a major yield limiting factor in many spice crops including black 
pepper and cardamom. Viral diseases spread at a faster rate in these spices, 
as they are vegetatively propagated. Production of symptoms, which cannot 
be employed as the sole criteria for identifying disease-free nature of 
planting material, coupled with lack of sensitive detection methods, have 
led to the widespread distribution of viral diseases in all black pepper and 
cardamom growing regions. The viruses infecting these crops have now been 
identified, characterized and sensitive diagnostics have been developed. 
Integration of various approaches like avoidance of sources of inoculum, 
vector management, cultural practices and use of resistant genotypes is 
important for the management of viral diseases.

Black pepper (Piper nigrum)

Viral disease also known as stunted disease has been reported from black 
pepper growing countries such as Brazil, India, Indonesia, Malaysia, the 
Philippines, Sri Lanka and Thailand. In India, high incidence and severity of 
the disease was reported from black pepper plantations located especially 
at high altitudes such as Idukki and Wayanad districts of Kerala where the 
mean incidence ranged from 29% to 45% , respectively. Mosaic, mottling and 
formation of malformed as well as small sized leaves are the most obvious 

symptoms associated with this disease in the field. In severe cases, the 
leaves become abnormally narrow and give a sickle shaped appearance. The 
internodes of vines become abnormally short, leading to stunting. Sometimes 
depending on the season, growth stage and other factors, the disease affected 
plants do not produce any visible external symptoms. Recent studies have 
indicated that severity of the disease increases when virus infected plants 
are subjected to abiotic stresses depending on temperature variation and 
nutrients status. Association of two viruses namely, Cucumber mosaic virus 
(CMV) (genus: Cucumovirus) and Piper yellow mottle virus (PYMoV) (genus: 
Badnavirus) has been reported with the disease. Both these viruses have 
been characterized biologically and at the molecular level. The major means 
of spread of the viruses is through the use of infected stem cuttings, which 
are used widely as planting materials. CMV could be easily transmitted 
mechanically to several cucurbitaceous and solanaceous hosts. PYMoV has a 
narrow host range and spreads in nature through mealybugs such as Ferrisia 
virgata and Planococcus citri; it is also transmitted through seeds. In view of 
the systemic nature and lack of chemicals to control viruses, use of virus-free 
planting materials of elite genotypes is considered as the most viable and 
important strategy in disease management. Black pepper being propagated 
vegetatively, identification of virus-free mother plants for propagation is 
important. External symptoms cannot be considered as the sole criterion 
to identify virus-free plants. There is a need to use sensitive molecular 
techniques to detect the virus in mother plants so that, such contaminated 
sources can be avoided for vegetative multiplication. Nucleic acid – based 
sensitive methods like Polymerase chain reaction (PCR), real-time PCR and 
loop-mediated isothermal amplification (LAMP) have been developed and 
validated for the detection of both CMV and PYMoV in plants.

Though use of resistant varieties is the best option for the management of 
the disease, so far no resistant variety against the viruses is available in any of 
the black pepper growing countries. Hence, adequate care should be taken to 
plant healthy, virus-free cuttings, especially in new areas where the incidence 
of the disease is not observed. Thus, ideally it is important to establish a 
mother block with disease-free planting materials from certified high-yielding 
source plants of known elite variety. The mother block should be maintained 
virus-free by adopting necessary measures and should be protected as well 
as monitored regularly for viruses using reliable sensitive tools such as PCR or 
LAMP. Disease free planting materials collected from mother block are then 
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multiplied in nurseries under protected condition with regular monitoring. 
Nursery plants also have to be monitored periodically for pathogens and 
regular rogueing of diseased plants should be carried out whenever noticed. 
The pathogen-free stocks from nurseries are then multiplied in secondary 
nurseries or used for commercial planting. Efforts are also on to develop 
methods such as meristem culture and somatic embryogenesis to eliminate 
viruses from infected plants. In the nursery and field whenever insects such 
as aphids and mealybugs are noticed, spraying of insecticides is necessary. 
Regular inspection and removal of infected plants and replanting with 
healthy plants should be resorted to in the field. Proper soil and plant health 
management measures adopted by providing irrigation and shade during 
summer months and application of balanced fertilizer based on the soil test 
would further reduce severity of the disease under field conditions. In case 
of mild and moderate stages of infection, supplementary foliar sprays with 
micronutrient (0.25%) after spike emergence and setting during June and 
September may be undertaken. However, no planting material should be 
taken from such infected plants.       

Cardamom (Elettaria cardamomum Maton)

Among viral diseases, katte/marble/mosaic disease incited by Cardamom 
mosaic virus (CdMV) is considered as the major production constraint in small 
cardamom. Besides this dreadful disease, chlorotic streak caused by a strain 
of Banana bract mosaic virus (BBrMV) is an emerging disease , which could 
possibly pose a threat to cardamom cultivation in future. Another viral disease 
namely, kokke kandu has become a threat to cardamom cultivation mainly 
in few endemic pockets of Karnataka. Mosaic disease is widely distributed 
with incidence ranging from 0% to 85% while, the incidence of chlorotic 
streak ranged from 0% to 15%. Crop losses due to the disease depend on 
the growth stage at the time of infection. If the plants are infected at early 
stages of growth, the loss will be almost total while, late infection results in a 
gradual decline in productivity. Mosaic disease is characterized by prominent 
interveinal discontinuous yellowish or light green stripes running out from 
midrib and parallel to veins of leaves. In the later stages, size of the leaves 
gets reduced; the plant looses vigour and becomes stunted. Chlorotic streak 
disease is characterized by the appearance of continuous or discontinuous 
spindle shaped yellow or light green streaks intravenously and along the 
midrib which later coalesce so that the  veins turns yellow or light green 

in colour. Discontinuous spindle shaped mottling along the pseudostem 
and petioles are also noticed. The primary spread of both the diseases is 
through infected suckers which are widely used for clonal propagation while, 
secondary spread occurs through non-persistent transmission by the aphid, 
Pentalonia caladii which breeds on cardamom, colocasia and caladium.  The 
Cardamom mosaic virus (CdMV) which causes mosaic disease belongs to the 
Macluravirus genus, is known to be highly variable in its genome sequence 
and occur in nature as several strains. Banana bract mosaic virus (BBrMV), 
which causes streak disease, belongs to the Potyvirus genus with a highly 
conserved genome sequence. Reverse transcription (RT) - PCR, Real-time 
RT-PCR and RT-LAMP based methods have been developed for rapid and 
sensitive detection of both the viruses in cardamom plants. 

A resistant variety, IISR-Vijetha, has been recommended for cultivation 
in hot spots of mosaic disease.  Use of virus-free planting material is the 
primary requirement to check spread of the virus. If tissue culture raised 
plants are used, it is important to detect and diagnose for the presence 
of virus in the mother plant. If the mother plant is infected, the plantlets 
derived from this acts as carriers, thus contributing to spread of virus. Hence, 
selection of virus-free mother plants is important. As visual inspections for 
symptoms may not be always adequate to confirm the virus-free nature, 
use of sensitive diagnostic techniques listed above is highly indispensable. 
The nurseries should be raised in isolated locations to produce disease-
free healthy seedlings. Volunteers including suckers growing-out from the 
remnants of infected plants acts as potential primary sources of inoculum and 
might facilitate further spread of disease within the plantations. Rogueing 
of the infected volunteers and its total avoidance in the vicinity of primary 
nursery, are pre-requisites for producing virus-free planting materials. The 
viruses and vector survive in the principal or collateral hosts which might 
acts as primary sources of inoculum. Regular tracing of infected plants and 
subsequent destruction of volunteers as well as collateral hosts are inevitable 
in managing viral diseases of cardamom. Spraying recommended insecticides 
or biopesticides after undertaking trashing operation increases the efficacy 
of application and manages the vector to a greater extent.
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Introduction

Crop productivity throughout the world is being challenged by various 
biotic and abiotic stress factors. In sustainable agricultural, horticultural and 
forestry ecosystems, beneficial microbes are widely explored to enhance 
crop production and tolerance of plants to (a)biotic stresses. Many micro-
organisms including root fungal endophytes establish symbiotic relationships 
with plants and play an essential role in maintaining better soil, root and plant 
health. The endophytic fungi are either constitutive mutualists (Epichloe 
and Neotyphodium are systemic, vertically transmitted through seeds and 
exclusively infect grass) or inducible mutualists (non-systemic, horizontally 
transmitted from plant to plant and colonize all plants in ecosystem). Non-
systemic root endophytic fungi are getting increasing attention due to their 
striking symbiotic association with an array of plant species and multiple 
functions. Among these non-systemic endophytic fungi, Piriformospora 
indica is the unique fungus which forms symbiotic associations with the 
majority of terrestrial plants including model plants like Arabidopsis thaliana, 
Nicotiana tabacum (tobacco) and Hordeum vulgare (barley). 

P. indica, originally isolated from the roots of xerophytic woody shrubs in 
the Thar desert, is easily cultivable, lacks host specificity and endophytically 
colonizes roots of many agricultural, horticultural, floricultural, medicinal 
and agroforestry plants leading to their growth promotion (cf. Oelmüller et 
al., 2009; Franken, 2012; Qiang et al., 2012; Varma et al., 2012; Johnson et 
al., 2014; Gill et al., 2016). On root colonization, the endophyte increases 

nutrient uptake, allows plants to survive under water, temperature, salt, 
drought and oxidative stress, confers (local and systemic) resistance to 
toxins, heavy metals ions, as well as root and foliar pathogens, along with 
other beneficial effects such as plant growth promotion, enhanced nitrate 
and phosphate assimilation, promotion of adventitious root and root hair 
formations, early flowering, higher seed yield, alteration in the secondary 
metabolites, hardening of tissue cultured plants and their preparation for 
field conditions (cf. Oelmüller et al., 2009; Zuccaro et al., 2011; Varma et al., 
2012). Thus, P. indica is similar to arbuscular mycorrhizal fungi (AMF) in many 
physiological effects to host plants, and has vast potential for improving crop 
productivity and enhancing tolerance especially in the present era of the 
changing climatic conditions. Thus P. indica can be utilized as a powerful 
plant promoter, bio-fertilizer, bioprotector, bioregulator, and biotization 
agent for improving crop production and productivity in sustainable 
agriculture, flori-horticulture and agroforestry. However, the success of any 
microbial inoculation in field condition has to be tested case by case, since 
the effectiveness of symbiosis depends on complex interactions between 
the plants, symbionts and their environment. The mechanisms leading to 
the above beneficial effects were elucidated in the model interaction system 
involving Arabidopsis thaliana- P. indica and Hordeum vulgare- P. indica. 

Molecular phylogenic analyses using 18S rDNA sequences showed that P. 
indica is a member of Sebacinaceae of the order Sebacinales (Basidiomycota: 
Agaricomycetes). Genome sequencing of P. indica revealed that it possesses 
at least six chromosomes and has a genome size of 25 Mb (Zuccaro et al., 
2011). The P. indica genome has 50.68% GC content and 11,769 putative 
protein-encoding genes which also include the genes responsible for 
mutualistic interaction, early biotrophic and late necrotrophic phases of the 
fungus. Within the root cortex, they form inter- and intracellular hyphae 
without traversing through the endodermis. The symbiotic fungus does not 
invade aerial parts of the plant. 

Plant growth promotion 

The mutually beneficial interaction of P. indica with a large number of crops 
ultimately leads to growth promotion by enhanced root and shoot biomass, 
increased root hair, secondary and tertiary root formation, better root 
architecture, enhanced vegetative growth and early and enhanced flower 
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and seed production (cf. Oelmüller et al., 2009; Franken, 2012; Qiang et 
al., 2012; Varma et al., 2012). Once endosymbiosis is established inside the 
roots, the fungus gets access to photo-assimilates and other plant nutrients, 
which further promotes colonization and proliferation of the fungus in 
roots, and thus significantly enhances plant growth (Oelmüller et al., 2009). 
Plants benefit from this relationship because the fungus reprograms their 
transcriptomes, proteomes and metabolomes that includes phytohormone 
synthesis and signaling which affect growth, nutrient uptake, flowering, seed 
production and crop protection against (a)biotic stresses (cf. Oelmüller et al., 
2009; Franken, 2012; Qiang et al., 2012; Varma et al., 2012). The modulation 
of gene expression, proteins and metabolites of the endosymbionts and 
host plants helps both partners to keep the interaction mutually beneficial 
(Johnson and Oelmüller, 2009). 

P. indica interaction resulted in growth promotion of major crop plants 
including rice (Oryza sativa), wheat (Triticum aestivum), barley (Hordeum 
vulgare), maize (Zea mays),  sugarcane (Saccharum officinarum), potato 
(Solanum tuberosum), tomato (Solanum lycopersicum), brinjal (Solanum 
melongena), rape seed (Brassica napus), onion (Allium sepa), chickpea (Cicer 
arietinum), ground nut (Arachis hypogaea), red gram (Cajanus cajan), mung 
bean (Vigna mungo), coriander (Coriandrum sativum), black pepper (Piper 
nigrum), Chinese cabbage (Brassica campestris s.sp. chinensis), as well as in 
a number of medicinal  plants under in vitro, greenhouse and field conditions 
(cf. Franken, 2012; Varma et al., 2012; Johnson et al., 2014; Gill et al. 2016). P. 
indica-inoculated plants had higher number of adventitious roots in addition 
to the enhanced root and shoot lengths as well as fresh and dry weights, 
and grain yield, especially when the crop was grown under nutrient limiting 
condition. The fungus in Brassica napus and sunflower resulted in significant 
increase in the size and number of leaves, biomass of roots and shoots, early 
flowering, increased seed yield and oil content. Colonization of the fungus in 
sugar yielding crop like sugarcane resulted in the increased number of tillers 
and canes per clump in addition to the enhanced biomass of canes and their 
sugar content. The beneficial effects were also seen in tissue culture-raised 
plantlets by enhancing the shoot and root biomass, higher rate of shoot and 
root development, bio-hardening of tissue cultured-plantlets, higher survival 
of tissue cultured-plantlets when transferred to the natural field conditions.  
These studies clearly indicate that P. indica could be commercially used for 
enhanced crop production. 

The mechanisms involved in P. indica-mediated growth promotion

The major feature of any symbiotic plant-microbe interactions is the ability 
of the microbial endosymbionts to assimilate nitrogen (N), phosphorus (P) 
and micronutrients that limit plant growth and to trade these nutrients with 
the plant in exchange for a carbon source derived from photosynthesis. P. 
indica-interaction studies with different model plants and its mutants clearly 
demonstrated that the fungus-induced growth promotion is achieved by 
the enhanced nutrient uptake and its translocation, increased efficiency of 
photosynthesis and modulation of phytohormones involved in growth and 
development. P. indica is able to extract, mobilize and transport N, P, K, S and 
Mg and minor nutrients  like Fe, Zn, Mn and Cu. Plants take up phosphate 
either directly through its own transporters or indirectly through endophytic/ 
mycorrhizal associations. P. indica is an efficient phosphate mobilizer and 
produces phosphatase enzymes which cleave phosphate ester bonds of 
insoluble polyphosphates and organic phosphates and  variety organic acids 
which in turn solubilize the insoluble polyphosphates. Furthermore, P. indica-
phosphate transporter (PiPT) gene, which helps to transport phosphates from 
the soil to the plant as a result of P. indica colonization, has been identified 
(Pedersen et al., 2013). The beneficial fungus-root interaction leads to an 
increased expression of nitrate reductase, the β-glucosidase - PYK10 and and 
starch-degrading enzymes SEX1 (Sherameti et al., 2005; 2008). The fungus 
enhances NADH-dependent nitrate reductase (Nia2) activity in roots which 
helps in the increased uptake and assimilation of nitrate from the soil. In 
contrast to AMF where N is preferentially absorbed as ammonium, P. indica 
mediates nitrate uptake from the soil. The major micronutrients essential for 
plant growth and development includes Fe, B, Cu, Zn, Mo, Mn and Cl which 
act as cofactor for several enzymes involved in the electron transport systems 
in plastids and mitochondria. P. indica is known to mobilize micronutrients 
from soil and makes them available to plants through its colonization. P. 
indica-mediated growth promotion is positively correlated to the significant 
uptake of N (1.6 fold), P (1.4 fold) and K (1.4 fold) from the soil under glass 
house and field conditions (Kumar et al., 2012).  It is not clear whether 
the transport occurs directly into the plant cell or via the fungal hyphae. 
Taken together, P. indica influences the primary metabolism in the roots by 
delivering more nutrients for growth and development. 
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Chlorophyll a, Chl b and total Chl contents together with different fluorescent 
and biophysical parameters with respect to the photosynthetic activity are 
considered as various indices of plant fitness. The photosynthetic pigments 
especially Chl a and carotenoid increased in P. indica-colonized plants. P. 
indica-colonization resulted in an efficient transfer to electron flow in PSII 
and enhanced level of photochemical and non-photochemical quenching, 
thus increased the efficiency of photosynthesis (Johnson, 2014).  

It has been well established that auxin, cytokinin, ethylene, abscisic acid and 
gibberellins play important roles in P. indica-induced growth promotion in 
Arabidopsis, barley and Chinese cabbage (Vadassery et al., 2008; Schäfer et 
al., 2009; Lee et al., 2011; Johnson et al., 2013). Growth promotion of Chinese 
cabbage and barley seedlings is attributed to the increased levels of auxin and 
gibberellins in the colonized roots, even though the auxin level in the leaves 
is not affected by the fungus (Schäfer et al., 2009; Lee et al., 2011; Johnson 
et al., 2013), whereas cytokinins especially trans-zeatin plays a crucial role in 
P. indica-mediated growth promotion in Arabidopsis (Vadassery et al., 2008). 
This is different from the response of Chinese cabbage to P. indica. A double-
subtractive expressed sequence tag (EST) library from Chinese cabbage roots 
grown in the presence or absence of the fungus revealed that many genes 
involved in auxin signaling, metabolism and function are upregulated by P. 
indica in the colonized roots demonstrating the positive role of auxin in P. 
indica-mediated growth promotion in Chinese cabbage (Lee et al., 2011; 
Johnson et al., 2013). Furthermore, small molecule(s) secreted from the 
fungus promoted the growth of Arabidopsis, Chinese cabbage and tobacco 
which clearly indicate that in addition to phytohormones, other fungus-
derived factors are involved in the P. indica-mediated growth promotion 
in these crops (Vadassery et al., 2009; Lee et al., 2011; Johnson, 2014). 
Interestingly, Schäfer et al. (2009) reported a positive role of gibberellins in 
the mutualistic interaction of P. indica with barley. However, P. indica inhibits 
ethylene biosynthesis and its signaling, which contribute to plant growth 
promotion in tobacco, barley and Arabidopsis (Camehl et al., 2010; Khatabi 
et al., 2012). It seems that the whole orchestra of phytohormones and its 
signaling networks are involved in generating compatible endosymbioses 
between the fungus and plants (cf. Oelmüller et al., 2009; Franken, 2012; 
Qiang et al., 2012).

P. indica-colonized plants have enhanced tolerance to root and foliar 
pathogens

Plants, being immobile, are permanently confronted with environmental 
cues throughout their lifetime which evolutionarily result in adaptation to 
different biotic and abiotic environmental constraints. Even with evolution-
driven and genetically determined adaptation, successful pathogens can 
invade and affect plant health or even lead to plant lethality. Similar to AM 
fungi, P. indica not only induces resistance against many soil-borne and root 
pathogens but also impart systemic resistance to different foliar pathogens 
besides growth promotion after colonizing on/in roots of wide variety of crop 
plants. P. indica-colonized wheat, barley and maize plants diminished the 
infection of the root pathogens, Gaeumanomycetes graminis, Cochliobolus 
sativus, Fusarium culmorum, F. verticillioides, Verticillium dahliae, V. 
longisporum,  and Rhizoctonia solani and a sedentary endoparasitic beet 
cyst nematode,  Heterodera schachtii. The ability of P. indica-colonized 
plants to control different root pathogen may be due to its ability to 
produce antimicrobial compounds (antibiosis) and/or a direct antagonism to 
pathogens. The direct antagonistic effect of P. indica has been demonstrated 
on a number of phytopathogenic root fungi like R. solani, R. bataticola, F. 
oxysporum, F. udum, F. solani and Phytophthora nicotianae var. parasitica 
due to antibiosis and production of lytic enzymes such as chitinases and 
β-1,3-glucanases (Johnson et al., 2013). The bioprotection performance 
of P. indica against the root pathogens is related to the increased activity 
of the antioxidant enzymes catalase, glutathione reductase, glutathione 
S-transferase and superoxide dismutase in the P. indica-colonized plants.

In addition to diminishing the infection of root pathogens, P. indica can also 
reduces foliar diseases caused by multitude of pathogens by activating induced 
systemic resistance (ISR). P. indica-colonized plants could successfully tolerate 
the foliar pathogens Blumaria graminis f. sp. hordei and Golovinomyces 
orontii causing powdery mildew disease and Alternaria brassicae, and P. 
herpotrichoides causing necrotic leaf spot disease by activating ISR besides 
growth promotional effects. How the root colonized P. indica could protect 
the plants from foliar pathogens is still not clearly understood as the fungus 
did not colonize in the shoot. The ability of P. indica to diminish the foliar 
diseases clearly demonstrate that there should be efficient translocation 
of antimicrobial compounds produced in roots to shoot or there is efficient 
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flow of communication from root to shoot to prime the aerial parts against 
the foliar pathogens. 

It has been well demonstrated that the root colonization of the endophyte 
could induce reactive oxygen species (ROS)-scavenging genes and enzymes 
in leaves (Johnson, 2014; Matsuo et al., 2015). P. indica activated plant 
antioxidant system which further enhanced the biotic stress tolerance. The 
systemic resistance response against powdery mildew fungi is positively 
correlated to the transient changes in H+ concentrations in the P. indica-
colonized root hair and elongation regions, which could also be measured in 
the apoplast of leaves leading to its acidification thus providing ISR in plants. 
P. indica also enhances the synthesis of different antimicrobial compounds 
in the colonized plants which help the plants to counter the pathogen attack 
(Johnson, 2014). The fungus also recruits phytohormones to manipulate plant 
defense thus imparting ISR in P. indica-colonized plants against a number of 
foliar pathogens. The role of jasmonic acid (JA), JA-responsive genes, ethylene 
(ET) and ET-responsive genes were demonstrated in the enhanced resistance 
of P. indica-colonized plants against biotrophic powdery mildew fungi in 
different crop plants.  Beneficial fungal and bacterial colonization in plants 
transiently activate the innate immune system in order to counter different 
pathogens through multi-layered innate immune system which relies on 
Ca2+ and ROS signaling, activation of Ca2+-dependent protein (CDPK, CAM) 
and MAP kinases and transcription factors, and rapid production of stress 
hormones such as jasmonic acid, salicylic acid, ethylene and abscisic acid (cf. 
Boller and Felix, 2009). After recognition of P. indica, a very early event of 
cytosolic Ca2+ influx, transient ROS burst, rapid apoplastic alkalization, CDPK 
and MAPK activations and defense gene induction were reported (Vadassery 
et al., 2009; Johnson, 2014).  Different defense genes were activated only 
in the early phase of P. indica colonization but at later stages, most of the 
defense genes were strongly down-regulated which was further confirmed 
by microarray studies (Schӓfer et al. 2009; Johnson, 2014; Sun et al., 2014). 
Further studies demonstrated that P. indica-induced early immune responses 
are important for the priming of the shoot parts against foliar pathogens to 
impart ISR. 

P. indica-colonization confers tolerance to different abiotic stress conditions 

Soil drought, water stress, salinity and oxidative stress are the most 
important abiotic stress factors that hinder growth, survival, production 
and productivity of different crop plants. P. indica-colonized plants show 
increased tolerance to many abiotic stress like extreme cold, temperature, 
drought, water stress and salt conditions compared to other beneficial 
microbes (Zarea et al., 2013). Salt and drought stress tolerance are the 
most often deciphered responses due to P. indica-colonization in many 
plants. P. indica could survive salt concentration of 200-400 mM under in 
vitro condition.  P. indica-colonized barley, wheat, rice and tobacco plants 
were able to survive in moderate salt (NaCl) concentration of 100 mM to 
300 mM with higher biomass production whereas this concentration was 
detrimental to the uncolonized control plants. Under this condition, P. indica 
induced higher levels of ascorbic acid and proline, increased activities of 
antioxidant enzymes like catalase, ascorbate peroxidase, dehydroascorbate 
reductase, mono dehydroascorbate reductase and glutathione reductase 
to scavenge the ROS, and reduced degradation of poly-unsaturated lipids 
(Zarea et al., 2012). Salt tolerant property of P. indica can be explored for the 
establishment of (salt sensitive) crops in salt affected area. P. indica could 
diminish the adverse effect of salt stress in barley seedlings by elevating 
ascorbic acid and the increased activities of antioxidant enzymes. Further, 
P. indica attenuated the salt-induced lipid peroxidation, metabolic heat 
influx and fatty acid desaturation (indicators of physiological stress), in the 
colonized plants. P. indica modulates the defense system and alters the 
metabolism to compensate the loss in photosynthesis and prevents oxidative 
damage caused by stress. Under salt stress condition, P. indica maintains a 
high antioxidative environment to detoxify ROS. The activities of different 
superoxide dismutase, catalase, ascorbate peroxidase, glutathione reductase, 
peroxidase, mono-dehydroascorbate reductase and dehydroascorbate 
reductase were induced in P. indica-colonized plants P. indica also modulated 
ion accumulation in colonized barley plants by increasing the foliar K+/Na+ 
ratio, an indicator of salt stress tolerance (Alikhani et al., 2013). Proteomic 
analysis showed that proteins of different functional categories including 
photosynthesis, cell antioxidant defense, protein translation and degradation, 
energy production, signal transduction and cell wall arrangement are 
induced in fungus-colonized roots (Alikhani et al., 2013). The increased salt 



154 155

tolerance in P. indica-colonized rice plants were due to higher content of 
the photosynthetic pigments Chl a, Chl b and carotenoids in addition to the 
enhanced levels of osmolytes such as proline, polyamines, etc. (Jogawat et 
al., 2013). Therefore, high ROS scavenging enzyme levels and compounds 
together with elevated concentrations of osmolytes leads to maintenance 
of plastid integrity and enhanced photosynthetic efficiency in P. indica-
colonized plants under salt stress condition. A major breakthrough could be 
from the studies of Trivedi et al. (2013, 2014) who identified a cyclophilin 
A-like protein from P. indica (PiCypA), which shows higher expression levels 
during salinity stress. The transgenic tobacco plants overexpressing PiCypA 
develop osmotic and salt tolerance, and also exhibit normal growth under 
salt and osmotic stress conditions. 

Similar to induction of salt-stress tolerance, P. indica also confers tolerance to 
drought stress to the fungus-colonized plants under in vitro and greenhouse 
conditions. Exposure of P. indica-colonized and mock-treated plants to 
drought did not affect the performance of the fungus-colonized seedlings 
whereas the mock-treated plants could not survive or perform better under 
greenhouse conditions. P. indica-colonized seedlings exhibited faster and 
stronger upregulation of drought-tolerance related phospholipase Dδ, CBL1 
and HAT in addition to the enhanced activities of ROS scavenging enzymes 
localized in cell membranes, chloroplasts, peroxisomes and mitochondria. 
Similarly, when colonized Chinese cabbage plants were exposed to 20% 
polyethylene glycol (PEG) to mimic drought stress, the colonized-plants could 
very well survive due to the enhanced activities of peroxidases, catalases 
and superoxide dismutases in the leaves, whereas the non-colonized plants 
could not survive (Sun et al., 2010). Further, the fungus retarded the drought-
induced decline in the photosynthetic efficiency and the degradation of Chls 
and thylakoid proteins; and also the stress marker malondialdehyde. The 
expression levels of the drought-related genes DREB2A, CBL1, ANAC072 and 
RD29A were also upregulated in the drought-stressed leaves of colonized 
plants. Similarly, proteome analysis of P. indica-colonized barley leaves 
under well-treated and water-deficit conditions demonstrate that P. indica 
increased the level of proteins involved in photosynthesis, antioxidative 
defense system and energy transport (Ghabooli et al., 2013). Therefore, P. 
indica root-colonization enhances water stress tolerance based on general 
and non-specific plant-species mechanism. 

P. indica-colonized plants could perform better under heavy metal stress 
conditions. The fungus also showed an enhanced seed germination of 
vegetables like cabbage, beet root, endive, radish, onion and swisschord 
even up to 100 per cent in a period of 25 days at extreme low temperature 
(-30 to 4ºC) in an altitude of 3500 m, whereas not a single seed germinated 
in untreated control (Varma et al., 2012). Extensive studies on hardening 
of micropropagated plants demonstrated that P. indica-colonized tissue-
cultured plants survived more and established well in pot culture and field 
experiments thus overcome the transplantation shock.  

Thus, P. indica is one of the most important and promising root endophyte 
for the practical application under field condition because it is simple to 
propagate in vitro and accessible to basic physiological and genetic researches. 
Furthermore, it has a wide host range, and is highly beneficial for the host 
plant to tolerate moderate to extreme biotic and abiotic stress conditions.  
The fungus confers resistance to root and soil pathogens and tolerance to 
foliar pathogens in addition to different abiotic factors like salinity, drought, 
water, oxidative and heavy metal stress. Another remarkable feature of P. 
indica is its ability to colonize a variety of unrelated host plants, which led 
to the promotion of this endophyte as a putative biofertilizer, biomodulator 
and biocontrol agent. However, not many studies were undertaken in 
plantation crops and spices with P. indica. But efforts are being made to 
utilize the exceptional beneficial effects of this potential root endophyte in 
different plantation crops and spices for their enhanced crop production and 
protection. 
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Evaluation of stem wrapping trials with 
commercial insecticides against Coffee White 

Stem Borer, Xylotrechus quadripes Chev.
Kurian Raphael P.*, Ranjeeth Kumar B.V., UmmaM.S.1 & Prasanth G.P.

Coffee Research Sub Station, Coffee Board, Chettalli, Kodagu, Karnataka
1Central Coffee Research Institute, Balehonoor, Karnataka

(*kurianpoovathingal@gmail.com)

The Coffee White Stem Borer (WSB), Xylotrechus quadripes Chev., is one of 
the most serious pest on Arabica coffee in India as well as in other South East 
Asian Countries. The prime objective of the present study was to evaluate 
the different commercial chemical formulations on controlling WSB in coffee 
plantations using gunny bag wrapping method. During 2015- 2016 (Nov-Jan), 
wrapping trials were conducted on the main stem and thick primaries of 
Arabica coffee variety S795 of 25-30 years at Technology Evaluation Farm, 
Coffee Research Sub Station, Coffee Board, Chettalli, Kodagu, Karnataka. The 
various treatments were Chlorpyrifos 50EC + Cypermethrin 5EC  1.2ml + 1 ml 
wetting agent/litre of water, Betacyfluthrin 8.49+ Imidacloprid 19.8SL 0.5ml/
litre of water + 1 ml wetting agent/litre of water, Chlorpyrifos 20 EC 3ml + 
1ml wetting agent/litre of water, Chlorantraniliprole 18.5 SC 0.35 ml + 1ml 
wetting agent/litre of water, Fipronil 5 SC 2 ml + 1ml wetting agent/litre of 
water, Spinosad 45 SC 0.35 ml + 1ml wetting agent/litre of water, Phenthoate 
50 EC 2ml + 1ml wetting agent/litre of water, Control (Wrap with gunny bag 
strips and water spray). Observations on mortality of larvae, pre-pupae and 
pupae at an interval of 15 days by three destructive sampling (two stems for 
each replication) was done. Wrapping with gunny strips along with spraying 
Chlorpyrifos 50EC + Cypermethrin 5EC @ 1.2ml + 1 ml wetting agent/litre 
of water caused the highest mortality of WSB emerging adults. The second 
highest WSB mortality was observed in the treatment Phenthoate 50 EC @ 
2ml + 1ml wetting agent/litre of water and Chlorpyrifos 20 EC @ 3ml + 1ml 
wetting agent/litre of water. 

 



158 159

TS3-OP2

Isolation, characterization and antagonistic 
efficacy of fungal endosymbionts from allied 

genera of cardamom 
Mohammed F.P.*, Biju C.N. 1, Praveena R1., Gowri R. & Ankegowda S.J.

ICAR-Indian Institute of Spices Research Regional Station, Appangala-571 201, 
Karnataka 

1ICAR-Indian Institute of Spices Research, Kozhikode-673 012, Kerala 
(*faisal.tnau@gmail.com)

Small cardamom (Elettaria cardamomum Maton) is one of the most important 
spice crop cultivated for its economic, culinary and medicinal values. Rhizome/
clump rot caused by Pythium vexans, Rhizoctonia solani and Fusarium oxysporum 
is one of the destructive fungal diseases accounting for 30 per cent crop loss. 
Indiscriminate and non-judicious application of fungicides could invite problems 
like rejection of export consignment due pesticide residues and contamination 
of soil, water bodies which might further lead to bio-magnification. Deployment 
of beneficial microbes possessing growth promotion activity and antagonistic 
potential against pathogens could be a viable and sustainable approach. In 
the present study an attempt was made to isolate the endosymbiotic fungi 
associated with allied genera of cardamom and evaluating their antagonistic 
efficacy under in vitro conditions against the rhizome rot pathogens.  Endophytic 
fungi were isolated from leaves, petiole, stems, root and rhizomes of three 
wild genera viz. Aframomum melegueta (Ame), Amomum subulatum (Asu) 
and Hedychium coronarium (Hco). A total of seventeen endophytes were 
isolated, morphologically characterized and evaluated against the rhizome 
rot pathogens. Among the endophytic fungi, maximum inhibition of P. vexans 
was noticed in AsuL4 with 72.41 %, followed by HcoL1 with percent inhibition 
of 60.33, whereas AmeR2 recorded maximum inhibition over control against 
R. solani followed by HcoL1 with 55.11% inhibition. Among the 17 isolates 
tested against F. oxysporum, endophytes isolated from Amomum subulatum, 
AsuLV3 recorded maximum inhibition of 73.80 % followed by AsuL4 with 69.87 
%. The identified isolates need to be further evaluated under glasshouse and 
field conditions to confirm their efficacy and could be employed as integral 
components in cardamom production system to manage rhizome-root rot 
efficiently, economically and eco-friendly in a sustainable manner.

 TS3-OP3

Field evaluation of pheromone traps 
against Helopeltis theivora Waterhouse 

(Heteroptera: Miridae) in tea
Srikumar K.K.* & Radhakrishnan B.

UPASI Tea Research Institute, Valparai, Coimbatore-642 127, Tamil Nadu
(*sreeku08@gmail.com)

Tea mosquito bug (TMB), Helopeltis theivora Waterhouse is one of the 
important pests infesting tea. Both nymphs and adults cause considerable 
damage to leaves and buds thus reducing the yield.  The present study was 
aimed at development and field evaluation of pheromone lure that can attract 
and trap male H. theivora. The threshold dose for H. theivora responding to 
pheromone lure was 30-50 µl. A maximum of 608.67 males were attracted 
in a day. Plywood block dispenser exhibited significantly higher longevity and 
efficiency. Glue trap trapped significantly higher number H. theivora adults 
than other traps evaluated. Extensive field evaluation revealed that 15 traps/
ha is an optimum for reducing the infestation from 90 % to below economic 
threshold level (ETL).  After extensive field studies in tea plantations of South 
India, the pheromone was commercialized and the pheromone traps are 
readily available in market. The pheromone traps can be used for monitoring, 
managing, mating disruption in H. theivora and also for monitoring the 
efficacy of insecticide application in tea plantations.
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Dynamics of rhinoceros beetle damage as 
influenced by pheromone trapping

Josephrajkumar A.*, Subaharan K.1, Chandrika Mohan, Shanavas M., Sunny 
Thomas & Nampoothiri C.K.

1ICAR- National Bureau of Agricultural Insect Resources, Bengaluru-560024, 
Karnataka

ICAR- Central Plantation Crops Research Institute, Regional Station, 
Kayamkulam-690533, Kerala

(*joecpcri@gmail.com)

Rhinoceros beetle (Oryctes rhinoceros Linn.), is a cosmopolitan pest of coconut 
and more preferably it invades juvenile palms.  Trapping rhinoceros beetles using 
ethyl 4-methyl octanoate as a management component is gaining momentum in 
view of eco-friendly strategy. Studies were conducted at Kayamkulam, Kerala, a 
pest endemic region during June-2014 to May-2016 on the beetle catch using two 
different modes of pheromone dispensation viz., Chemtica (Polymer membrane) 
and ICAR-CPCRI (nanoporous matrix) on a standardized PVC tube with two windows. 
The pheromone lures were hung from the top and coir pith compost and dispensed 
the breeding odour at the bottom of the PVC tube. The traps were installed in a 25 
year-old West Coast Tall garden @ 1 trap/ha in four different locations. Number of 
beetles trapped in each trap at different locations was recorded at monthly intervals 
for the two years period. In addition to the beetle catch, pest incidence on about 25 
palms around the traps was also recorded at six monthly intervals. Results indicated 
one major peak and two minor peaks of beetle population based on trap catches. 
The beetles entrapped were found to be highest (67 beetles/month) for ICAR-CPCRI 
(nanoporous matrix) during July-August and minor peaks ranged from 12-15 beetles/
month during October-November and January-February, respectively. Significantly 
lower beetle catch has been observed for the Chemtica lures for most of the period 
under study. The beetle catch was significantly lower during the second year (2015-
2016) compared to that of the first year (2014-2015) due to low floating population. 
Though the pest incidence on the palms around the trap was reduced marginally 
from 68% to 58%, it was found non-significant indicating that the trapped beetles 
could only moderately subdue the pest attack on the palms. Despite the superiority 
of ICAR-CPCRI (nanoporous matrix) in trapping more number of beetles in the field, it 
should not be used as sole component in IPM strategy under homestead conditions 
of Kerala. Area-wide community level approach in large plantations would be the 
better option rather than for operation in homestead gardens of Kerala.

TS3-OP5

Invasion of giant African snails in coffee 
plantations of Karnataka and strategies to 

manage them
Dhanam M.*, Manjunatha Reddy G.V. &  Raghuramulu Y.

Central Coffee Research Institute, Coffee Research Station, Chikmagalur-577 117, 
Karnataka

(*entoccri@gmail.com)

For the first time in the coffee plantations, Achatinafulica the Giant African 
Snails were noticed in a few coffee estates of Chikmagalur, Belur, Sakleshpur, 
Shanivarasanthe and Coorg zones during August 2015. The problem 
aggravated this year also causing menace to variety of plants including 
young coffee, pepper, other crops in the field and nursery and decaying 
matters. Field trials were conducted in the estates near CCRI, where the 
snail problem was found heavy during August 2015. Integrated management 
strategies such as mechanical, cultural and chemical measures were adopted 
to manage the pest. To collect and destroy the snails, different types of traps 
viz., wooden logs, wet gunny bags, wet gunny bags sprinkled with beer, 
cut papaya stems, chopped raw papaya and papaya leaves and beer with 
salt solution were tried. Snails were found attracted to papaya cut stems, 
leaves and raw papaya. Wooden logs and wet gunny bags have not served 
as shelters. In the beer and salt solution also, only few snails were trapped. 
Baits were also tested using a mixture of rice bran/chopped raw papaya with 
jaggery as the bait material in combination with chemicals viz., Methomyl 
40SP, Chlorpyriphos 20EC, Cypermethrin 5EC in the ratio of 60:6:1 (rice bran/
chopped raw pappaya: jaggery:chemical). Metaldehyde @2.5 % was used as 
direct bait. Application of Papaya bait (Papaya, Jaggery and Methomyl) and 
rice bran bait (Rice bran, Jaggery and Methomyl) in the ratio of 60:6:1) and 
Metaldehyde (2.5%) pellets were found effective in attracting and killing the 
snails. In the Papaya bait, as many as 10-1000 snails were found dead around 
each bait after 24 hours of treatment; 10-50 snails were attracted and killed 
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by the rice bran bait. Metalde has attracted and killed the snails but the 
number could not be counted as they moved away from the bait and died 
in distant places. Every day, dead snails were removed and disposed safely 
and fresh data were recorded. Attraction and death of snails were more in 
the papaya bait within three days when compared to rice bran bait even 
if it remained in the spot for 15 days. Baits prepared using rice bran  and 
jaggery in combination with Chlorpyriphos 20 EC, Cypermethrin 5 EC have 
not attracted any snail.
 

TS3-OP6

Construction of a high density genetic 
linkage map using SNP and silico DArT 
markers and QTL mapping for disease 

resistance in rubber tree (Hevea brasiliensis) 
Bindu Roy C.1*, Bikku Babu1, Andrzej Kilian 2, Jayashree Madhavan1 &  Saha T.1

1Rubber Research Institute of India, Kottayam 686 009, Kerala
2Diversity Arrays Technology, University of Canberra, Australia

(*binduroy@rubberboard.org.in)

Identifying genes conferring tolerance to fungal diseases is highly desired 
for resistance breeding in rubber. Resistance traits are mainly quantitative 
in nature and are determined by many genes and gene complexes, which 
are described as quantitative trait loci (QTL). Interspecific cross between H. 
brasiliensis (clone RRII 105) and H. benthamiana (clone F4542) with varying 
levels of disease resistance was made and a progeny population was raised 
for construction of a linkage map. Genotyping of the mapping population 
comprising the parents and 86 progenies was carried out using co-dominant 
SNP markers and dominant silico DArT markers derived from DArT sequencing 
(DArTseqTM). A linkage map with the DArTseq data was constructed using DArT 
PL’s OCD MAPPING program, which implements a marker-ordering algorithm 
combined with a tunable double cross-over masking algorithm. Using the 
markers in common to join the two linkage maps, a consensus map was created 
which covered 3709 cM. A high density integrated genetic linkage map was 
constructed using 24004 markers, which assembled into 18 linkage groups, thus 
reflecting the haploid chromosome number of Hevea (n = 18). An average of 
1334 markers per chromosome was observed with the markers spaced at an 
average inter marker distance of 0.15cM. Phenotyping for disease resistance 
to both P. meadii and C. cassiicola infections was carried out for the parents 
and 86 progeny population. In order to identify QTLs conferring resistance to 
these fungal diseases, genotypic and phenotypic data for disease resistance 
from the progeny population were merged to establish marker trait relationship 
for those traits. Six QTLs for Phytophthora disease resistance [five mapped in 
linkage group (LG) 9 and one in LG 15] and seven QTLs for Corynespora disease 
resistance (one each mapped in LG 6, 11, 13 and two each in LG 8 and 16) were 
identified at an adjusted P value cut off 0.001 and a LOD threshold score of 3. 
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Investigations on isolation, pathogenicity 
and disease management of Cercospora 

coffeicola Berk. & Cke., causing brown eye 
spot of coffee plant

Veena S.G.1*, Meghana G.1, D’Souza F.1, Hanumantha B.T.1 &  Mani S.D.2

1Coffee Research Sub Station, Chettalli – 571 248, Kodagu, Karnataka
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(*drveenashree@gmail.com)

Brown eye spot, caused by Cercospora coffeicola Berk. & Cke., is one of 
the most important diseases of coffee trees. The symptoms on leaves are 
characterized by round necrotic lesions with a brown outer ring and a gray 
white centre and in severe infection it results in defoliation of premature 
leaves. Studies were conducted by isolating the pathogen, probing its 
pathogenicity and disease management using one year old seedlings of 
robusta coffee (C. canephora). C. coffeicola was isolated from diseased 
leaves of coffee by following standard tissue isolation method and pure 
culture was maintained on Potato Dextrose Agar. Pathogenicity was proved 
by artificial inoculation of pathogen in one year old seedlings by smearing 
mycelial bits. Ten days post inoculation typical symptoms of C. coffeeicola 
was observed on upper leaves. The fungus grown on five different solid media 
indicated that the maximum radial growth of C. coffeicola was observed on 
the carrot extract media (8.83cm) followed by carrot leaf extract (8.73cm).  
Hexaconazole was very effective at the concentration of 0.1% and reduced 
the disease with least disease severity (1.18%) followed by Carbendazim + 
Mancozeb combination (1.53%) at the concentration of 0.2% compared to 
control. Spraying of fungicide also have significant beneficial effects (p=0.05) 
on the different growth parameters which increased the height of the plant, 
number of leaves, number of nodes, specific leaf area (SLA) and also reduced 
the number of infected leaves. High content of total chlorophyll was recorded 
in healthy leaf (2.35 mgg-1) compared to infected leaves.
 

TS3-PP2

Diversity of bees and their pollination 
service in cashew

Vanitha K.* &  Raviprasad T.N. 
ICAR- Directorate of Cashew Research, Puttur 574 202, Karnataka  

(*vanis102@gmail.com)

Cashew is an andromonoecious insect pollinated tree crop. In cashew plantations 
of Puttur, 64 % of the insect species visiting cashew flowers belong to Apidae and 
Halictidae, while the rest comprised of megachilids, scolids, etc. Among them, bees 
of apidae (9 species) and halictidae (5 species) provide real pollination service. 
Observations involving 13 common species of flower visitors revealed that bee 
activity strongly depends on sunshine. About 31.3 % of bee visits were recorded 
during 9.00 am to 11. 00 am, whereas more bee visits (51.57 %) occurred between 
11. 00 am-1.30 pm, when peak anthesis of hermaphrodite flowers occurs; while, 
bee visits of only 15 and 1.8 % were noticed in the afternoon and evening hours. 
Majority of bee visits were targeted on fresh male flowers (76-82 %) followed by 
fresh hermaphrodite flowers (16-23 %) and a day old flowers (1-2%). Even at the end 
of the day (at 5.00 pm), nearly 43-47 % of the fresh hermaphrodite cashew flowers 
were devoid of any pollen indicating existence of pollination deficit in cashew which 
in turn leads to reduced yield. Among the common pollinator species visiting cashew 
flowers, Braunsapis picitarsus was the dominant (18 %), followed by Pseudapis sp. 
(16.7 %) and Apis cerana (15.1%), but the relative abundance of bees varied during 
different period of the day. The active foraging period, foraging reward, number 
of flowers/ visit, pollen load/insect after visit, time spent on each flower and age 
preference of the flower for the visitors were recorded and principal component 
analysis was carried out. Among the bees, Pseudapis sp., Braunsapis sp., Ceratina 
sp., Seledonia sp. and Lasioglossum sp., and among the variables, period of visit 
during morning hours are considered important. The cluster analysis indicated that 
Pseudapis sp, Braunsapis sp., Ceratina hieroglyphica and Seledonia sp. are closely 
related. The experiment on controlled exposure of bees during different periods 
on caged panicles indicated that nut set was more when flowers were exposed to 
bees during 11.30 am -1.30 pm followed by 9.30 – 11.30. There was no nut set in 
flowers exposed for insect visit after 4.00 pm. No nut set was recorded in caged 
inflorescences, while maximum nut set was recorded under combined hand and 
open pollination confirming that increased pollination is required for cashew yield 
enhancement.
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Studies on effect of age from pruning on 
quality of green tea

Divakaran K.* and  Siby Mathew
Kanan Devan Hills Plantations Company Private Limited, Munnar 685 612, Idukki, 

Kerala
(divakaran.k@kdhptea.co.in)

Quality of green tea depends on its raw material and chemical composition, 
which is determined by climatic conditions, genetic properties of the bush 
and agronomic practices. Tea leaf encompasses essential components like 
polyphenol, catechin, caffeine, amino acid etc. These compounds play an 
important role in determining quality of tea. Young tea shoots are extremely 
rich in polyphenolic compounds, the largest group being the catechins which 
are responsible for quality of green tea. Pruning is one of the most important 
agronomic practices in tea with a primary objective to replace the old set of 
maintenance foliage by a fresh one, so that tea bushes remain healthy and 
continue to provide succulent shoots to manufacture of quality tea. Generally 
in South India, a pruning cycle of four years is followed. Un-pruned tea plants 
produce more dormant buds than growing buds. It also leads to enhanced 
branching and hence a greater number of tender leaves. In this study, an 
attempt has been made to analyse the effects of age from pruning on quality 
of green tea in different seasons viz., pre-monsoon, monsoon, winter and 
summer. Tea leaves from different aged bushes such as 1st, 2nd, 3rd and 
4th year fields after pruning were harvested in different seasons and green 
tea were manufactured and analysed for their biochemical constituents. 
This study revealed that polyphenol & catechin content was higher in 1st 
year of pre-monsoon (22.35%) and winter, thereafter there was a gradual 
decline in both the parameters up to 4th year (18.55%). Similar kind of 
trend was observed for amino acid (1.52% to 1.44%) as well. In summer, 
polyphenol and catechin was significantly higher in the 2nd year and there 
was no significant changes observed in the bio chemical parameters during 
the monsoon period. 

TS3-PP4

Life cycle and behaviour of Indian unicorn 
boxer mantis, a predator in cashew 

plantations
Vanitha K.1* &  Bhat P.S.2

1ICAR- Directorate of Cashew Research, Puttur-574 202, Karnataka
2ICAR- Indian Institute of Horticultural Research , Bengaluru-560089, Karnataka

(*vanis102@gmail.com)

A praying mantid namely, Hestiasula brunneriana Saussure (Acromantinae: 
Hymenopodiadae) is one of the common predators in cashew plantations of 
South-West Karnataka. This mantid feeds on many cashew pests including 
tea mosquito bug, leaf beetles, bugs, leaf feeding caterpillars etc. The life 
cycle of the praying mantid was studied under captive breeding using greater 
wax moth larvae as prey. The oothecae were dirty white in colour, and the 
incubation period lasted for 26 - 27 days. There were seven nymphal instars 
completed in 78-120 days. For life cycle study, early instars were reared in test 
tubes, and grown up nymphs in glass bottles. Early instar nymphs managed 
well to feed on the tiny wax moth larvae and survived better unlike other 
mantid species. The early instars were dark chocolate brown with white 
patches on legs, while, the late instars develop white patches near thorax and 
abdomen. Cannibalism was not observed during nymphal stages when kept 
together with sufficient prey and found amenable for group rearing. Head 
corn becomes prominently visible in females and grows progressively; while 
of the males remain tiny. Male mantids were small (2.4±0.28 cm), thin with 
long antennae, compared to females (3.0±0.14 cm), with bulky abdomen 
and shorter antennae. Unlike most mantids, wings were lengthier extending 
beyond abdomen in both sexes. Adults expressed death-feigning pose upon 
disturbance. Longevity of the females was recorded up to 100 days, while 
that of males up to 127 days. The female laid its first ootheca after 27-28 
days of emergence. Fecundity ranged from 6-8 oothecae/female and the 
oviposition interval was 6-17 days. Average number of nymphs emerged/
ootheca varied from 4-12. Oothecae laid without mating were infertile and 
did not hatch. The period of sexual maturity and the courtship behaviour of 
mantids were also studied. Duration of copulation varied between 5.30 - 5.45 
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hours. Though sexual cannibalism was not observed during or immediately 
after copulation, post mating cannibalism was seen (97% cases) in 1-2 days 
when the male was left in the same container after courtship. The studies 
found that these mantids can be reared successfully under captive breeding 
with high survival ability (75-80 %) using greater wax moth larvae as prey.
 

TS3-PP5

Surveillance on incidence and resurgence 
of insect pests in pesticide applied field 
conditions on small cardamom in Kerala

Thiyagarajan, P.1* & Ansar Ali M. A.2

1Regional Office, Spices Board, Srinagar  190 008, Jammu and Kashmir
2Indian Cardamom Research Institute, Spices Board, Myladumpara-685 553, 

Kerala
(*thiyainsect@gmail.com)

Small cardamom is an economically important spice crop. Cardamom is 
infested with several insect pests that significantly reduce yield. Survey 
was conducted on incidence and resurgence of insect pests under pesticide 
applied field conditions in Cardamom Hills Reserve of Idukki district of Kerala. 
The incidence of insect pests was not similar in all cardamom grown areas. 
Due to indiscriminate usage of pesticides and also changing environment, 
outbreaks of major and minor pests were noticed in few pockets of Idukki 
district of Kerala. 
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Evaluation of aqueous plant extracts for 
controlling of blister blight disease for 

organic tea cultivation in Darjeeling
Singh M.* & Mahipal Singh

Darjeeling Tea Research & Development Centre, Tea Board, Kurseong-734203, 
Darjeeling, West Bengal

(*manoharsingh1813@gmail.com)

Tea (Camellia sinensis) is one of the important crops in Darjeeling plantations. 
In order to manage the disease of tea, many chemical and natural pesticides 
are available. However, in Darjeeling, where most of tea is grown under 
organic cultivation practices, usage of chemical pesticide is limited to avoid 
persistence of hazardous residues in final produce. Among the natural 
products, plant extracts have shown some control against various diseases. 
To know the effect of plant extract a field experiment was conducted by at the 
Centre at Kurseong during 2014 and 2015, using aqueous extract of locally 
available Acorus calamus and Equisetum arvense at different dose viz 5%, 
10% and 20%. Results indicated that the aqueous plant extracts could reduce 
the infestation blister blight from 44 to 50% at different concentration. The 
effectiveness of Acorus calamus @ 5%, 10%, 20% in controlling of blister 
blight was found to be 45.27 %, 45.40 %, 50.26 % reduction respectively 
whereas for Equisetum arvense @ 5%, 10%, 20%  pest reduction was 44 
%, 45.60 % , 46.86 % respectively. The results show that 5 and 10% dose of 
Acorus calamus have  better control than Equisetum arvense at the same 
concentrations. It is concluded that these aqueous plant extracts can be use 
in the IPM for controlling of blister blight in Darjeeling.
 

TS3-PP7

Integrated nutrient management in tea by 
exploitation of native PGPR bioinoculants 

for higher productivity and soil health
Nepolean P., Radhakrishnan B.*, Mareeswaran J. & Jayanthi  R.

UPASI Tea Research Foundation, Valaparai-642127, Coimbatore, Tamil Nadu
(*director@upasitearesearch.org)

Ten indigenous PGPR strains such as Azospirillum brasilense (AB), A. lipoferum 
(CT8), Pseudomonas putida (PB&KSB), P. fluorescence (TRB) Burkholderia cepacia 
(KSB), Trichoderma atroviride, Bacillus thuringiensis (BT), Bacillus licheniformis 
(AWRH-40B), Bacillus amyloliquefaciens (WP104) and Bacillus sp. (UP9Y1) were 
isolated from tea soil environment and characterized for the enhancement of 
plant growth and to improve soil health. The ability of beneficial bioinoculants 
in producing different enzymes and plant growth hormones was studied. The 
results revealed that T. atroviride produced higher amount of amylase enzyme 
followed by P. putida. All the strains were capable of utilizing chitin as a substrate 
by producing chitinase enzymes. B. cepacia produced higher amount of chitinase 
activity at third and seventh days after incubation followed by T. atroviride. T. 
atroviride fungal strain produced higher level of cellulase enzyme and plant 
growth regulators gibberellic acid (GA3) compared to bacterial isolates. 
Among the PGPR strains tested, P. putida produced maximum amount of IAA 
under in vitro conditions whereas strains, B. amyloliquefaciens (56.1%) and 
B. thuringiensis (54.5%) showed ability to degrade the pesticide, Propargite. 
Against fungicides (Propiconzole), B. amyloliquefaciens (14.3%) and B. 
licheniformis (9.7%) strains provided the maximum level of degradations. 
Seeds inoculated with PGPR strains showed significantly higher amount of 
seed germination. In the nursery, plants treated with 50% NPK + vermicompost 
+ biofertilizer recorded significantly higher growth followed by 50% NPK+ 
biofertilizer and biofertilizer alone. The INM treated plants attained maturity 
within ten months, suitable for field planting. Integrated application of 50 to 
75% NPK + Vermicompost + Bioinoculants treatments showed significantly 
higher yield, and quality in young and mature tea. Multilocation field study 
showed that 50 & 75% NPK + vermicompost + bioinoculants treatments showed 
significant results in terms of yield and quality when compared to other treatments in 
different tea growing regions of South India.
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Evaluation of new molecules against blister 
blight disease of tea

Nepolean P.*, Radhakrishnan B., Jayanthi R. & Mareeswaran J. 
UPASI Tea Research Foundation, Valaparai- 642127, Coimbatore, Tamil Nadu

(*nepoleanmicro@gmail.com)

Blister blight is caused by the biotrophic fungus Exobasidium vexans. In a single 
disease season, which comprises of both south-west and northeast monsoon (June 
to December), around 20 to 35 rounds of fungicide applications are sprayed in tea 
plantations. Recently, field evaluation of three new molecules viz., ERGON (Kresoxim 
Methyl 50% SC), PULSOR (Thifluzamide 24% SC) and OPERA (Epoxyconazole 
+ Pyraclostrobin) was carried out for the control of blister blight disease. The 
experiment was carried out in a seedling tea block. The representative solution was 
sprayed using a motorised air blast blower with spray volume of 80 l/ha. Two to three 
handfuls of shoots were drawn from the harvest of each replicate and bulked to 
prepare a composite sample. From this, 50 shoots (3 leaves and a bud) were picked 
and each shoot was examined individually for blister blight infection. The infection 
was quantified on percentage basis. Thifluzamide 24% SC was tested at different 
dosages from 50 ml to 500 ml/ha. Their efficacy was compared to standard schedule. 
Among the different concentrations tested, application of Thifluzamide 24% SC @ 
100 ml/ha-1 provided significant control of blister blight disease on par with the 
standard recommended schedule. Thifluzamide 24% SC @ 400ml and 500 ml/ha-1 
provided superior control of blister blight disease in tea in comparison to standard 
recommended schedule. Multi-location field experiments were also conducted to 
evaluate the bioefficacy of alternated schedule against blister blight disease. The 
results showed that tebuconazole (Folicur 250 EC) @ 250 ml/ha alternated with 
Hexaconazole at 200 ml/ha and Tebuconazole alone @ 125 and 250 ml/ha recorded 
good control of blister blight disease. Tebuconazole alone at 250 ml/ha was 
comparable to the standard treatment and superior to all other treatments. There 
was no phytotoxicity symptoms observed in the plants treated with Tebuconazole 
fungicide in the experimental fields. A new combination fungicide (Taqat 75% WP) 
containing Captan 70% and Hexaconazole 5% was tested for its bioefficacy against 
blister blight disease of tea. Among the different concentrations tested, application 
of Taqat 70% WP at 200 g/ha provided significant control of blister blight disease 
when compared to the standard recommended schedule. 
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Evaluation of newer molecules for 
the control of Coffee Berry Borer 

Hypothenemus hampei Ferrari. (Coleoptera: 
Scolytidae) under lab and field conditions

Ranjeeth Kumar B.V.1*, Kurian Raphael P.1, Uma M.S.2 & Rudragouda2

1Coffee Research Sub Station, Chettalli- 571 248, Karnataka
2Central Coffee Research Institute, Chickamagalur 577 117, Karnataka

(*ranjubv@gmail.com)

The coffee berry borer (CBB), Hypothenemus hampei F., is a serious pest 
of coffee all over the world. This study was aimed to evaluate different 
concentrations of newer molecules against CBB.  The toxic effect was 
evaluated in the laboratory bio-assay after 24 h, 36 h, 42 h and 76 h of 
application of insecticides. The highest mortality (95.6 %) was observed in 
Phenthoate 50 EC at the concentration of 0.0025 % after 24 h followed by 
Phenthoate 50 EC with 94.4 % mortality at 0.002% concentration. The least 
effective treatment observed in this study was Chlorantraniliprole 18.5% 
SC with 17.7 % mortality after 24 h and Flubendiamide 20 WG with 24.4 % 
mortality at 0.00025% concentration, respectively. The study revealed that 
the concentration 0.025% was highly effective in knocking down the berry 
borer population and 0.002% was effective in reducing berry borer population 
density. The study emphasizes the use of such insecticides to develop better 
management strategies for berry borer control. However, the effects of 
such insecticides should be checked under field conditions. The experiment 
revealed that per cent mortality increased at higher concentrations of 
insecticides viz., Phenthoate 50 EC followed by Chlorpyripfos 20 EC, Spinosad 
45 SC, Chlorantraniliprole 18.5 SC and Flubendiamide 20 WG.
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Biology, life table, functional response, mass 
culture and field release of two species of 

reduviids (Harpactorinae: Reduviidae) in tea
Smitha*, Srikumar K.K., Suresh Kumar B. & Radhakrishnan B.

UPASI Tea Research Institute, Valparai- 642 127, Coimbatore, Tamil Nadu
(*smithasukumaran5@gmail.com)

In recent years, Helopeltis theivora Wat. has emerged as important pest of 
tea in South India. It is important to have ecologically sound and economically 
viable integrated pest management (IPM) programme to control H. theivora 
infesting Camellia sinensis L.O. (Kuntze). Two species of reduviids, Epidaus 
bicolor Distant and Sycanus collaris Fabricius were recorded from tea 
plantations. Biological parameters suggested that Sycanus collaris laid higher 
number of eggs and exhibited prolonged incubation period than E. bicolor. 
Longevity of S. collaris adults were significantly(P < 0.05) higher than E. 
bicolor. The innate capacity of natural increase (rc) was 0.0912 and 0.1918 
with a gross reproduction (mx) of 69.26 and 145.23 females per female for 
E. bicolor and S. collaris, respectively. Both reduviids, E. bicolor and S. collaris 
exhibited a typical functional response and thus established the applicability 
of the second model of Holling’s ‘disc’ equation. Mass culture of S. collaris 
was successful as there was no cannibalism observed when compared with 
E. bicolor. Field releasing of S. collaris (500 Nos./100 bushes) effectively 
controlled H. theivora. From the results it is concluded that S. collaris is 
promising natural enemy for the H. theivora and hence this reduviid can be 
incorporated in the tea IPM (integrated pest management) programme.

 

TS3-PP11

Trichoderma species diversity from coconut 
based cropping systems and their efficacy 

against Ganoderma lucidum
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Maheswarappa, H.P.2 
1AICRP on Palms, Dr. Y. S. R. Horticultural University, Ambajipeta 533214, 
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(*snehalatharani@gmail.com)

Trichoderma species are effective broad spectrum biopesticides against soil 
borne plant pathogens including Ganoderma species.  Among the diseases, 
Ganoderma wilt is a major disease reducing economic yields in southern parts 
of India and found to be effectively managed by biological methods. In the 
present study, twenty Trichoderma isolates were collected from rhizosperic 
soil of coconut based cropping systems from Andhra Pradesh, Karnataka 
and Tamil Nadu and identified on the basis of morphological characters 
such as colony appearance, growth at 280C on potato dextrose agar, shape 
and size of conidia etc. After preliminary identification, the Trichoderma 
isolates were screened for their antagonistic activity against Ganoderma 
lucidum using dual culture technique. Molecular characterization of effective 
Trichoderma isolates T1, T4, T5, VP, ATH4 and VTV1 was carried out by 
5.8S-ITS sequence analysis. Approximately 600 bp length 5.8S-ITS sequence 
from six isolates was amplified using ITS1 (5’ TCCGTAGGTGAACCTGCGG 3’) 
and ITS4 (5’TCCTCCGCTTATTGATATGC3’) primer pair. Amplified products 
from six Trichoderma isolates were eluted and sequenced. The obtained 
sequences were compared with sequences in GenBank and TrichOKEY 
database for species identification. From the results, T1, T4, T5 and VP from 
Andhra Pradesh were identified as T. reesei, T. parareesei, T. harzianum and 
T. reesei respectively. The Trichoderma isolate from Arsikere, Karnataka was 
identified as T. asperellum and the Trichoderma isolate from Veppankulam, 
Tamil Nadu was identified as T. koningiopsis. It was observed that the 
Trichoderma species from coconut based cropping systems of southern India 
was very diverse and needs attention for further studies.
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rhinoceros (L.) in Andhra Pradesh
Nischala A.1*, Chalapathi Rao N.B.V.1, Ramanandam G.1 & Maheswarappa H.P.2

1AICRP on Palms, Dr. Y. S. R. Horticultural University, Ambajipeta 533214, Andhra 
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 (*nischi2219@gmail.com)

Coconut rhinoceros beetle, Oryctes rhinoceros (L.) is a serious pest of coconut and 
pheromone traps are ideal for managing the pest. The present study was carried 
to compare the efficacy of PCI lure with Nano Poro Matrix (NPM) CPCRI lure which 
was developed by ICAR-CPCRI, Kasaragod, to increase the longevity of the lure and 
increase the trap catches. Evaluation of two pheromone traps viz., commercially 
available PCI lure and NPM CPCRI lure along with blank trap for their efficacy and 
longevity was studied at HRS, Ambajipeta. The experiment was initiated at Pedapudi 
and Vakkalanka villages of East Godavari district of Andhra Pradesh during 2014 
with ECT cultivars. A total of four traps of each type were installed at experimental 
gardens (one trap/ha). The data on number of beetles trapped and sex ratio were 
collected for every 10 days interval. Data was subjected to chi square test (Kurskal 
Wallis test) and analysed and interpreted. Lure replacement was done as and when 
beetle catch has come down. From the data, it was found that the highest number 
of beetles was trapped in NPM CPCRI lure with an average of 7.25 and 3.71 beetles/
month/trap during 2014-15 and 2015-16, respectively. In PCI lure an average of 6.42 
and 1.37 beetles/month/trap were found during 2014-15 and 2015-16, respectively 
and no catches were found in control trap. During this period, NPM CPCRI lure was 
replaced only twice while PCI lure was replaced six times. Leaf damage has come 
down from an initial damage 21.01% in March 2013 to 8.67% in March 2016 and 
spindle damage from 32% in March 2013 to 5 % in March 2016 in the gardens 
where NPM CPCRI lure was installed. Leaf damage has come down from an initial 
damage 16.83% in March 2013 to 12.40% in March 2016 and spindle damage from 
48 % in March 2013 to 15 % in March 2016 in the gardens where PCI lure was kept. 
From the observations made, both efficacy, longevity was more and hence insect 
damage was less with NPM CPCRI lure when compared to PCI lure which is also 
more economical to the farmers.

TS3-PP13

Exploitation of indigenous microbial 
diversity of tea ecosystem for tea pest 

management and establishment of their 
genetic identity through DNA sequencing
Kishor Chand Kumhar1, Bordoloi M.1, Benerjee P.1, Rajbonshi H.1, Peter A.J.2 &  

Babu  A.1* 

1Tea Research Association, Nagrakata-735225, West Bengal
 2Varsha Bioscience and Technology India (P) Ltd, Hyderabad, Telangana

(*azariah.babu@gmail.com)

Looking at the importance and potential of microbial biological control agents, 
attempts have been made to identify the indigenous isolates from tea ecosystem 
followed by in vitro and in vivo evaluation against targeted phytopathogens and insect 
pests, mass multiplication through fermentation techniques and establishment 
of their genetic identity through DNA sequencing. The in vitro bioefficacy of 
Trichoderma viride isolate was assessed against the die back pathogen, Fusarium 
solani, which yielded a control of the pathogen in the range of 64.6 to 71.7 percent 
and was found superior to the strains from non tea ecosystem. The wettable powder 
(WP) formulation of selected isolate when tested under field conditions also 
reduced the incidence (57.1 to 77.7%) over control which was further established 
through demonstration in terms of producing more number of shoots (421.2 and 
398.4) when it was applied @ 5.0 and 2.5 percent concentrations, respectively, 
which was significantly higher than control (259.4). The native Beauveria bassiana 
isolate was assessed against the tea mosquito, Helopeltis theivora and under in 
vitro conditions, it was found efficient in controlling the pest in the range of 71.5 
to 93.0%  when  sprayed with a concentration of 2x107 cfu / ml and the LC50 value 
varied from 96,000 to 6,20000 conidia/g. However, under field conditions, the 
mortality achieved  was 56.4 -58.4% when sprayed (@ 1x108 cfu / ml) along with 
an adjuvant (Tween-20 plus) and was found superior to commercial formulation.  
Metarhizium anisoplae was found effective in controlling the termite infestation 
level by 84.2% under field conditions. It was also found effective against the red 
spider mite and the control achieved was to the tune of 46.3 to 63.8 per cent under 
lab conditions. The genetic identity of selected local isolates of Trichoderma viride, 
Beauveria bassiana and Metarhizium anisoplae have been done by ITS region of the 
ribosomal DNA sequencing.



178 179

TS3-PP14

Bioactivity of an organic synergist in 
enhancing the efficacy of Neem Kernel 

Aqueous extract (NKAE) and three 
recommended acaricides in controlling tea 

red spider mite (Oligonychus coffeae)
Babu A.1*, Deka B.1, Dhar R.1, Dharmapandit S.1, Sarmah M.1, Patanjali P.K.2 & 

Bhandari P. 2

1Tea Research Association, Nagrakata-735225, West Bengal
2Institute of Pesticide Formulation Technology, Gurgaon-122016, Haryana

(*azariah.babu@gmail.com)

The bio-activity of a coded organic synergist (supplied by the Institute of 
Pesticide Formulation Technology, Gurgaon, India) was assessed to establish 
the enhanced efficacy of Neem kernel Aqueous extract (NKAE) and three 
recommended acaricides such as Fenpyroximate 5 EC, Ethion 50 EC and 
Spiromesifen 22.9 SC against one of the major tea pest, red spider mite, 
under laboratory conditions. The selected three different acaricides, with 
recommended doses, were tested and their efficacies were compared with 
that of NKAE.  Spraying of NKAE 2.5% with synergist 2.5% showed 63% 
mortality of red spider mite after 24 h of treatment. When the acaricides 
were mixed using distilled water and used as standalone (Fenpyroximate 
at 100%), the mortality observed was 73.4%, on the other hand when the 
spray solution was prepared using the extract of the organic synergist, the 
mortality rate of red spider mites was found to increase by 31.7%  (96.7%)  
at the recommended dose. Further even at lower doses of Fenpyroximate 
(at 25% of the recommended dose with synergist), the mortality rate was 
recorded as high as 83.6%, which was more than 13.8%. Similar trends were 
also recorded in the case of Ethion (standalone 66.7%) and Spiromesifen 
(standalone 43.3%) and the mortality rate red spider mites were found to 
increase by 3% and 38.5% respectively  even at 25% of the recommended 
dose  with the synergist. The study revealed that synergist enhanced the 
efficacy of each acaricides to the tune of almost 20-40% compared to the 
individual treatments which could be further exploited for reducing the 
pesticide load on tea. 

TS3-PP15

Screening and molecular characterization 
of vip and cry3 genes from Bacillus 

thuringiensis and bioassay analysis against 
coffee white stem borer

Pavankumar J., Bharathi K., Poornima H.S., Muniswamy B. & Mishra, M.K.*
Central Coffee Research Institute, Manasagangotri-570 006, Mysore, Karnataka

(*manojmishra@gmail.com)

Coffee white stem borer (Xylotrechus quadripes Chevrolat) is one of the most 
destructive pests of arabica coffee in Asia-Pacific region. The pest causes severe 
damage thereby makes arabica coffee cultivation uneconomical. Current 
control measures used to contain the pest below the threshold level is often 
inadequate or challenging. Among different strategies, use of biopesticides 
as control measures is in forefront of research for last several years. Bacillus 
thuringiensis produces specific insecticidal proteins like crystal proteins (Cry) and 
vegetative insecticidal proteins (Vip) that are found effective against majority 
of lepidopteron and coleopteran insect pests. Therefore, identifying the most 
appropriate crystal protein and or vegetative insecticidal protein against the 
target pest is extremely important. In the present study, different Bt isolates were 
screened for the presence of vip and cry3 genes and bioassay was carried out 
to test the efficacy against white stem borer.  Genomic DNA was isolated from 
100 different Bt isolates and screened with cry3 and vip gene (vip1, vip2, vip3) 
specific primers. Among all the primers screened, vip3 had the highest frequency 
of occurrence (23%) followed by vip1 (16%) cry3 (12%) and vip2 (9%). Variation 
was observed in amplicon lengths of all the three genes across the strain using 
gene specific primers.  Among 100 strains screened, five strains had both vip1 and 
vip3 genes. Two strains carried both vip2 and vip3 genes and rest had only single 
vip gene. Five out of 100 strains showed presence of both cry3 and vip2 and two 
showed presence for cry3 and vip1. Further, the full length cry3 (~ 2.0 kb) and 
vip3 (~1.3kb) genes were isolated. The full length cry3 and vip2 genes along with 
differential fragments obtained by screening all the vip gene specific primers were 
characterized by sequencing. Bioassay studies were carried out using neonate 
larvae on artificial diet supplemented with  different concentrations of spore 
crystal proteins using two Bt strains which had both cry3 and vip3 genes.
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Genetic diversity of coffee leaf rust 
pathogen Hemileia vastatrix (Berk and Br.) 

determined by SRAP markers
Bharathi K., Soundararajan S., Mani S.D. & Mishra M.K.*
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Coffee leaf rust caused by the fungus Hemileia vastatrix is a major disease 
in coffee. Although the rust fungus exists in different physiological races, the 
genetic differences between them are little understood. In the present study, 
genetic diversity of 14 known and two unknown leaf rust races was carried out 
by using sequence related amplified polymorphism (SRAP) markers. Among 
48 SRAP primer pairs tested, 35 primers were polymorphic and generated 
347 distinct scoreable fragments. The number of fragments ranged from 4 
to 18, with a mean of 9.97 fragments per primer combination. Of the total 
347 amplified fragments, 185 fragments (53.31%) are polymorphic with an 
average of 5.41 fragments per primer combination. The average resolving 
power (Rp) and average polymorphism information content (PIC) of the 35 
SRAP primer combinations was 13.60 and 0.356 respectively.  Among 35 
SRAP primer pairs, 15 primer pairs were more informative and generated 
25 unique fragments which are useful for race discrimination. The study 
demonstrated the existence of genetic variability among various rust races 
and this information will be helpful in coffee breeding programs.
 

TS3-PP17

Evaluation of new molecules against the 
Coffee Berry Borer, Hypothenemus hampei 

Ferrari (Coleoptera: Curculionidae)
Roobak Kumar A. 1*, Tintumol K. 2, Abdul Rahiman P. 1 &  Dhanam M. 3

1Regional Coffee Research Station, Thandigudi-624 216, Tamil Nadu  
2Regional Coffee Research Station, Chundale-673 123, Kerala 

3Central Coffee Research Institute, Chikmagalur-577 117, Karnataka 
(*entoccri@gmail.com)

	
Coffee berry borer, Hypothenemus hampei Ferrari, is one of the major pests 
and a threat to coffee industry. The pest prefers the most cultivated varieties 
Coffea arabica and Coffea canephora. In order to find an effective pesticide 
molecule better than the standard recommendation, a field trial was 
conducted in a robusta plantation at Pulney hills, Tamil Nadu during 2015. 
Contact and systemic insecticides viz, Flonicamid 50 WG (Ulala), Ethiprole 
40% + Imidacloprid40% WG (Glamore), Betacyfluthrin 9% w/w + Imidacloprid 
21%w/w (Solomon), Chlorfluazuron 5EC (Atabron), Fipronil 5% SC(Regent) 
and Chlorantraniliprole 18.5% SC (Coragen ) with mode of action at different 
target sites were tested in the study. Each chemical was tested at three 
different dosages along with a standard check Chlorpyrifos 20 EC @ 3ml/L and 
a water sprayed control. Also, 0.5 ml APSA 80 was added to each treatment 
for better spread and adherence. Observations were recorded 15th day after 
treatment. Ten berries per replication were collected and split opened to 
record mortality. Data obtained was statistically analyzed using analysis of 
variance (ANOVA) and means were separated by Duncan’s multiple range 
test (DMRT). Among the insecticides tested, Chlorantraniliprole 18.5%SC 
was effective with 86.7% mortality followed by Fipronil 5% SC (83.3%), 
Betacyfluthrin 9% w/w + Imidacloprid 21% w/w (80 %) which was at par with 
standard check Chlorpyrifos 20 EC (80%) against Coffee Berry Borer. 
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Corynespora leaf fall disease (CLF), incited by Corynespora cassiicola, is 
one of the major leaf diseases of Hevea brasiliensis in rubber producing 
countries in South and South East Asia. Incidence of CLF disease is confined 
only to dryer months after the annual leaf fall and causes repeated leaf fall 
during the refoliation period. Use of effective and economical fungicides in 
rubber plantation is very important task for efficient disease management. 
In this investigation, new-generation systemic and contact water-based and 
dust fungicides for CLF disease management were evaluated. Among the 
water based fungicides SAAF, a combination fungicide containing mancozeb 
and carbendazim, @ 2g/l, was found to be more effective in CLF disease 
management compared to the currently recommended fungicides such as 
mancozeb and carbendazim. Systemic dust fungicide hexaconazole 2 percent 
dust @ 9kg/ha was found superior compared to 1 percent dust formulation. 
The advantages of the use of systemic fungicides in rubber plantation during 
the refoliation period are also discussed. 
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The coconut rhinoceros beetle Oryctes rhinoceros (Scarabidae: Dynastinae) 
is one of the serious pests of coconut palm. The adult beetles bores into the 
unopened fronds, reveal a V- shaped cut on the leaflets resulting in yield 
loss due to reduction in leaf area. Use of behaviour modifying chemicals 
like aggregation pheromone (ethyl 4-methyl octonate) is found to be very 
effective in monitoring pest population and mass trapping of the rhinoceros 
beetles in India. The chemical in bubble formulation kept in pheromone 
lures made of polymer membrane are being used. Even though they are 
effective, they are often necessary to be replaced in 2-3 months interval 
due to higher release rates of 20-25 mg/day only. Since, the nanoporous 
materials are a novel dispenser for the volatile signality molecules with 
controlled spatial and temporal release rates, a new nanomatrix aggregation 
pheromone developed from ICAR-CPCRI was evaluated and compared with 
other commercially available pheromone formualtions in this study. Field 
studies were conducted at Coconut Research Station, Veppankulam from 
April 2014 to March 2015 with three treatments i.e., T1- CPCRI NPM lure, 
T2- PCI lure and T3- control, replicated seven times (5 traps / replication in 
RBD design)  each at 100 meter distance between two traps. The trap unit 
consisting of PVC pipe (6 feet height with covering lid both top and bottom) 
having bigger sized windowing hole with steel angle was placed in the field 
bunds approximately 5 feet from the ground level. Analysis of the data 
revealed that among the two pheromone lures tried, the CPCRI-NPM lure 
had attracted and trapped significantly highest number of rhinoceros beetles 



184 185

up to 408 (279 females + 129 males) followed by PCI lure (325 beetles with 
202 females and 123 males) as against the no catches in the control. The 
results of this study revealed that setting up of nanomatrix pheromone PVC 
pipe trap at the rate of one per ha significantly attracted more number of 
rhinoceros beetles of both the sexes than the other commercially available 
PCI pheromone lures. The nanomatrix pheromone lure had highest longevity 
than the other pheromone lures.

TS3-PP20

In vitro screening of new fungicides against 
Ganoderma sp. infecting coconut 
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Coconut (Cocos nucifera L.) is an important plantation crop in India and the 
crop is prone to many diseases. Among the major diseases, basal stem rot 
disease (BSR), caused by Ganoderma sp., also referred to as Thanjavur wilt, 
bole rot, and Anabe roga, is a major limiting factor in coconut production. 
In major coconut growing regions of Karnataka, BSR is a major limiting 
disease for attaining higher yields.  In order to manage the disease, use of 
chemical fungicides is one of the proven approaches and hence, the study 
aimed to understand fungitoxic effect of newer chemical molecules against 
Ganoderma spp. under in vitro conditions.  Ten fungicides in commercial 
formulations, comprising both systemic and contact fungicides, were 
evaluated at their recommended concentration against mycelial growth 
of Ganoderma through poisoned food technique. Among the fungicides, 
Tebuconazole (0.15%), Teraconazole(0.1%), Tebuconazole +Trifloxystrobin 
(0.40%), Hexaconazole (0.1%), Propiconazole (0.1%), Thiram + Carboxin 
(0.28%), and Thiophanate methyl (0.3%)  inhibited cent per cent growth of 
test pathogen whereas,  Azoxystrobin (0.1%) and Kresoxim methyl (0.3%) 
were not effective in inhibiting growth. The result clearly implied that, the 
fungicides, which inhibited cent per cent growth, needs to be studied under 
field conditions to manage the disease. 
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Small cardamom (Elettaria cardamomum Maton), the ‘Queen of Spices’, is 
a zingiberaceous spice, native to the moist evergreen forests of Western 
Ghats, South India. The rhizome-root rot is a debilitating disease incited by 
Rhizoctonia solani, Pythium vexans and Fusarium oxysporum. This disease is 
widespread across the cardamom growing tracts and possesses enormous 
destructive potential. Non-judicious application of synthetic chemicals to 
manage this disease could create imbalance in the environmental equilibrium, 
contamination of soil, water bodies and might result in bio-magnification. 
Organic production system could be the appropriate approach in order 
to nullify the deleterious effects of synthetic molecules. In the present 
study, attempts were made to isolate, characterize and assess antagonistic 
potential of micro-organisms associated with cardamom rhizosphere against 
rhizome-root rot pathogens. The isolation was carried out following serial 
dilution and pour plate methods by which, 12 fungi and six bacteria were 
isolated. The fungal isolates were characterized morphologically based on 
colony characters, growth pattern and spore morphology whereas, the 
bacterial isolates were characterized based on the criteria such as colony 
appearance, Gram’s staining and response to various biochemical reactions. 
In vitro bioassay for antagonistic efficacy against the test pathogens among 
the fungi revealed that isolate 3 was found to be superior in inhibiting all the 
test pathogens, while the bacterial isolate 2 proved to be effective against 
R. solani and P. vexans.  Further identification of the efficacious isolates viz., 
fungal isolate 3 and bacterial isolate 2 based on ITS and rDNA sequencing, 
placed them in the genus Trichoderma and Chromobacterium, respectively. 
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Ecological compatibility of bio-control agents is an important criterion for an 
effective pest management. The effectiveness of various bio-control attempts highly 
varies due to adverse climatic conditions. Temperature is one of the crucial factors 
affecting bio-attributes of bio-control agents. Exposure to stressful temperatures, 
either lethal or sub lethal, is a major factor shaping several life-history traits in 
parasitoid insects. Extreme temperatures can also affect behaviours related to 
host location and evaluation. Higher trophic levels are more likely to be affected 
by climate change because they depend on the capacity of the lower trophic levels 
to adapt to any changes. In the context of changing environments, it is imperative 
to analyze the effect of temperatures on natural enemies. Hence, the effect of six 
constant temperatures viz., 18±1, 21±1, 24±1, 27±1, 30±1 and 33±1oC was studied 
on development and reproduction parameters of two promising larval parasitoids, 
Bracon brevicornis  and Goniozus nephantidis of coconut black headed caterpillar. 
Development rate of different stages increased with increase in temperature, while 
total developmental period decreased. The total developmental period from egg 
to adult emergence decreased from 17.8 days at 18±1oC to 8 days at 33±1oC for 
B. brevicornis, whereas, 22.5 days 18±1oC to 11.7 days 33±1oC for G. nephantidis, 
respectively.  Longevity of male and female adult population of both the larval 
parasitoids decreased with increase in temperature.  Maximum fecundity (no. of 
eggs/female) was noticed at 30±1oC and 33±1oC for B. brevicornis (16.2) and G. 
nephantidis (32.0), respectively.   Female progeny (%) was observed more at 30±1oC 
for B. brevicornis (76.2%) and 33±1oC for G. nephantidis (85.4%). Both the parasitoids 
could tolerate and complete their developmental stages up to 33±1oC, however, at 
lower temperatures, their developmental rate was significantly affected. Further 
studies are needed on the impact of temperature on tri- trophic interactions, to 
have a thorough understanding of effects on them due to climate change.
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Morinda citrifolia L. (noni) is compatible perennial medicinal plant in coconut 
based cropping system and it can be grow in different soils and environments. 
Its juice has antioxidant properties and targeted the digestive, intestinal, 
respiratory and immune systems and it is perennial fruit is source of food, dyes, 
and medicines. Because of its medicinal value with commercial potential and have 
exceptional strength after its processing. The costal sandy soil of Kerala has been 
observed to be suitable for the cultivation of noni as intercrop in coconut based 
cropping system.  It has been observed that noni plants are prone to infestation by 
root-knot nematode, M. incognita. Nematode management by use of cabofuran and 
phorate is quite possible, but indiscriminate use of such chemical nematicides leads 
to environmental pollution due to residues in water and soil. Hence, native strain 
of Trichoderma harzianum (CPCRI-TD28), neem cake as botanicals and marigold as 
antagonistic crop were evaluated against root-knot nematodes in noni plants in field 
condition. The management trial on root-knot nematode on noni seedlings planted 
in coconut based cropping system was conducted in the ICAR-CPCRI farm situated 
at Kasaragod, Kerala, India. Using three treatments such as application of neem 
cake @ 500g/plants, Trichoderma enriched neem cake@500g/basin and marigold 
(6 Nos/plant basin) and control, the initial nematode population was recorded to 
be 689.3 J2/200g of soil. All the treatments were found to be significantly effective 
in reducing the number of galls and increasing the growth parameters of noni as 
compared to control. However, the application of Trichoderma enriched neem cake 
showed better disease control in terms of seedling stand and highest reduction 
of galls, nematode population and increased growth parameters and yield when 
compared to other treatments. This indicates the effectiveness of the Trichoderma 
enriched neem cake on management of nematode infestation in noni and hence, 
Trichoderma enriched neem cake could be used for effective and eco-friendly 
management of root-knot nematode in noni crop.

TS3-PP24

Studies on in vitro reactions of fungicides 
on Metarhizium majus, a bio control agent 

against rhinoceros beetle 
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Metarhizium majus is an important entomopathogenic fungus used in 
rhinoceros beetle (Oryctes rhinoceros) management in coconut. Application 
of this fungus into decaying organic wastes, manure pits, open beetle bait 
traps using coir pith etc. has been  advocated for the control of O. rhinoceros. 
Banana is a suitable and profitable intercrop in coconut gardens, especially 
in early periods of establishment of seedlings.  The fruit crop succumbs to 
many diseases which warrant use of various fungicides. In intercropping, 
contamination of natural and introduced sites of fungal multiplication by 
these fungicides is possible through drift, run off and leaching. So a study was 
conducted to find the reactions between various fungicides used in banana 
disease management and M. majus, in vitro. The study was conducted using 
poison food technique with seven treatments at College of Agriculture, 
Vellayani. Fungal growth, sporulation and compatibility were investigated. 
The fungicides viz., carbendazim 0.1%, mancozeb 0.3%, propiconazole 0.1% 
and tebuconazole 0.1% totally inhibited fungal growth and sporulation. 
Among the tested fungicides, copper oxychloride 0.3%, recorded highest 
growth of fungus (6.1 cm) but significantly differed from the control (8.43 
cm). Azoxystrobin 0.1 % also recorded growth (5.33 cm) and sporulation 
(3.23x106 spores ml-1) of fungus but significantly lower than the control 
plates (8.01x106 spores ml-1). Compatibility estimation showed that except 
azoxystrobin, all other fungicides tested were under very toxic category. 
Azoxystrobin was found to be moderately toxic to M. majus. So the current 
study revealed that precautions are to be taken while using these fungicides 
on banana intercrop where in situ application of M. majus had been followed.  
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Soil and microbial studies had established a strong linkage between 
rhizosphere and the host plant. Natural disease suppressive soils offer the 
niche and framework to explore the optimal composition, function and 
potential microbial candidates of plant beneficial microflora. The present 
study was taken up to assess the microbial variations as hosted by healthy and 
diseased palms in root(wilt) endemic tract and to screen the rhizobacterial 
strains from healthy rhizosphere for different plant growth promoting traits. 
Rhizosphere samples collected from diseased and healthy palms from 
farmers’ field of Kulasekharapuram panchayat, Kollam district in Kerala 
during the premonsoon season (April-May) were subjected to microbial 
analysis. Soil type in this region was Onattukara sandy loam with pH ranging 
from 5.75 to 6.6 and organic matter ranging from 0.596% to 0.806%. The 
bacterial, fungal and actinomycetal population ranged from 9 x 105 to 14.5 x 
105, 16x103 to 31x103 and 6.5x104 to 11x104 CFU/g dry wt. of soil with no 
significant differences among the healthy and diseased categories. Of the 40 
rhizobacteria isolated, 16 isolates solubilised tri calcium phosphate, 13 isolates 
solubilized zinc oxide and 15 isolates solubilized magnesium tri silicate. Isolate 
P266E14 recorded maximum P solubilising efficiency of 425% where as the 
isolate P74H13 showed maximum solubilising efficiency for zinc (125%) and 
silica mineral (117%). Around 52% of the rhizobacterial isolates exhibited 
antogonistic activity against Thielaviopsis and 32% against Fusarium. Five 
isolates possessing antogonistic activity and mineral solubilising ability  were 
chosen to test their ability for IAA production. All the five isolates produced 

IAA in nutrient broth supplemented with tryptophan. Isolate P319E35 
produced maximum IAA of around 9 µg/mL of culture filtrate. This study has 
facilitated the selection of five potent rhizobacterial isolates possessing the 
PGP traits such as ability to solubilize mineral nutrients, antagonistic activity 
against pathogens and growth hormone production (IAA) which can be 
further explored for PGPR consortia formulation for coconut palms in RWD 
disease endemic tract.
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Rhizosphere microorganisms are known to play a critical role in the health 
of the plants.  This leads to a hypothesis that plants affected by any disease 
could have an altered microbial make up in its rhizosphere compared to 
the healthy plants. To evaluate this hypothesis, arecanut palms displaying 
yellow leaf disease (YLD) symptoms and those free of the symptoms (healthy 
arecanut palms) growing in the Sringeri Taluk of Dakshina Kannada District of 
Karnataka were selected for the rhizosphere microbiota studies. Soil samples 
were collected from arecanut gardens having  i) severely YLD affected palms 
(>70% disease symptoms), ii) medium YLD affected palms (40-50% disease 
symptoms) and iii) YLD free palms during May 2015 (pre-monsoon period) 
and analyzed for bacteria, fungi, actinomycetes and other plant-beneficial 
microbial groups. A total of 15 rhizosphere soil samples, seven from severely 
YLD affected garden and four each from medium YLD affected and YLD free 
plots were collected for analysis. The pH of these soils were recorded as 
5.05, 4.59 and 5.83, respectively, from these gardens. Soil moisture (%) of 
these rhizosphere soils were 19.24, 19.27 and 19.82, respectively, indicating 
similar moisture status. Among the different general and functional microbial 
communities analyzed by culture-dependent method, high population 
of actinomycetes in the rhizosphere soils of YLD free arecanut palms was 
an important result obtained. Interestingly, actinomycetes are known for 
producing wide array of antibiotics and other secondary metabolites that 
prime plant immunity towards disease causing pathogens. 

TS3-PP27

Influence of crop diversity and edaphic 
factors on diversity and association of 

arbuscular mycorrhizal fungi in arecanut 
based cropping systems
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Arbuscular  mycorrhizal (AM) species diversity and extent of association were 
investigated in arecanut palm- based cropping systems differing in crop diversity 
in farmers’ fields under acidic soil conditions at three locations representing low 
land (Maneikkara), midland (Cheruvanjeri) and high land (Nedumpoyil) regions of 
Kannur district in Kerala, India.  The cropping systems in Maneikkara, Cheruvanjeri 
and Nedumpoyil had arecanut-banana, arecanut-banana-black pepper and 
arecanut-banana-black pepper-cardamom as component crops. AM spore load 
and root colonization differed significantly among the three cropping systems. 
Highest spore load was recorded in Maneikkara followed by that in Nedumpoyil and 
Cheruvanjeri regions. Crops, which formed components of the cropping system, 
differed in mycorrhizal root colonization levels with banana recording the highest 
level, followed by arecanut, black pepper and cardamom. Colonization pattern 
was Paris type in all crops, but varied with respect to predominance of arbuscules 
in arecanut and vesicles in banana. Arecanut-black pepper-banana system at 
Cheruvanjeri in midland was superior with respect to species diversity and species 
richness as evidenced by Shannon–Weiner index (Hs), Simpson’s index of diversity 
(Ds) and Species richness index. Arecanut-banana cropping system at Maneikkara 
in low land had low level of species diversity and species richness, indicating the 
combined influence of crop diversity and edaphic factors on AM diversity and 
distribution. Funneliformis mosseae, Rhizophagus fasciculatus, Funneliformis 
geosporum, Glomus macrocarpum, Glomus aggregatum, Glomus multicaule, 
Glomus glomerulatum and Acaulospora bireticulata were the AM species identified 
from the arecanut cropping systems. The relative occurrence and abundance of AM 
species varied significantly with respect to the crops and locations. Funneliformis 
geosporum was the most abundant (29-50 %) species in the cropping system. The 
information on the occurrence and diversity of AM fungi in cropping system will 
help to utilize these fungi in crop production. 
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Bud rot, caused by Phytophthora palmivora, is one of the major lethal 
diseases of coconut palm, causing decay of the terminal bud and surrounding 
tissues. It affects both mature and juvenile palms, with the latter being 
more susceptible to the disease. It is a generally a sporadic disease, but can 
assume epidemic proportions too. The development of novel approaches 
for crop protection requires a deep understanding of molecular mechanisms 
underlying plant-pathogen interactions. Considering the higher risks involved 
in carrying out studies of plant-pathogen interaction through field trials 
especially in a crop like coconut, we have developed an in vitro assay for high-
throughput disease testing of Phytophthora palmivora in coconut. Spindle 
leaves from adult coconut palms were surface sterilized and inoculated in 
basal Y3 medium in Petri plates. After a week in culture, the surface of the 
leaves were pricked and inoculated with agar plugs of P. palmivora culture. 
Typical lesion development was noticed on the surface of the coconut leaves 
48-72 hours after inoculation of the pathogen. The presence of pathogen in 
the coconut leaflets was confirmed using PCR using Phytophthora specific 
primers. Electrolyte leakage assays and histological studies, using light and 
scanning electron microscopy, were also undertaken to study the disease 
progression. The novel assay developed through this study is rapid, space-
effective, and precise and could be utilized for detailed investigations of the 
qualitative interactions between coconut and P. palmivora.
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Arecanut (Areca catechu L.) is an important cash crop and extensively 
cultivated in plains, foothills of Western Ghats and North Eastern regions 
of India. The arecanut palm is affected by many biotic stresses such as 
insect pests and diseases. Among the fungal diseases, inflorescence 
dieback disease, caused by Colletotrichum gleosporioides, is one of the 
major economic constraints to arecanut productivity and recently more 
incidence has been recorded in major arecanut growing areas. To assess 
diversity and distribution of Colletotrichum spp., a random survey was 
conducted on disease incidence and Colletotrichum isolates were collected 
from disease endemic areas. Highest incidence of inflorescence dieback 
disease was recorded in Davanagere district of Karnataka state. A total of 
sixty Colletotrichum isolates were recovered from diseased samples and 
characterized through morphology and PCR-based markers. Colletotrichum 
isolates exhibited considerable variation in phenotypic characters and 
aggressiveness. Nucleotide sequences of ITS region of the ribosomal DNA 
of all isolates showed 100% homology with C. gloeosporioides isolates 
available in the NCBI. PCR assay with the C. gloeosporioides species-specific 
primer (CgINT) with ITS4 yielded a single band of 450 bp. Thus, present study 
demonstrates that the pathogen responsible for arecanut inflorescence 
dieback disease is Colletotrichum gloeosporioides based on morphological 
characteristics, species-specific PCR assay, nucleotide sequencing and BLAST 
search in GenBank.
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Phytophthora meadii, which is a destructive and wide host range pathogen, 
causes serious diseases viz., fruit rot (‘koleroga’ or ‘mahali’), bud rot and 
crown rot diseases in arecanut, capsule rot in cardamom,  abnormal leaf 
fall in rubber and nutmeg. Alternate hosts enable this pathogen to survive 
and provide inoculum to initiate disease development which leads to 
development of disease epidemics in many instances. Understanding of 
alternate host is a key component in the formulation of integrated disease 
management practices. Many of the self grown colocasia with Phytophthora 
infection have been observed in arecanut garden during monsoon season 
before the occurrence of fruit rot disease. Thus, an attempt was made to 
identify Phytophthora associated with self grown colocasia in arecanut garden 
and colocasia grown as monocrop in order to confirm if it is an alternate 
host for P. meadii. Leaf samples of colocasia infected with Phytophthora 
were collected from arecanut gardens of Dakshina Kannada, Uttara Kannada 
districts of Karnataka and Kasaragod district of Kerala State. A total of twenty 
Phytophthora isolates were recovered from diseased self grown colocasia 
samples and characterized using cultural, morphology and molecular tools. 
Nucleotide sequences of ITS region of the ribosomal DNA of majority of 
Phytophthora isolates collected from arecanut garden had 100% homology 
with P. meadii while,  Phytophthora isolates collected from colocasia grown 
as monocrop showed 100% homology with P. colocasia isolates available in 
NCBI. Cross infection of P. meadii isolated from arecanut and colocasia has 
been confirmed. Thus, the results of the present study revealed that self 
grown colocasia in arecanut garden could serve as an alternate host for P. 
meadii.  
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The availability of effective chemical insecticides for use against white grub is 
severely limited and the introduction of chemical alone to manage white grub 
is not sustainable. To achieve sustainable management, a new approach was 
required. A non chemical method using entomopathogenic nematode (EPNs) 
has potential for biological control of cryptic insect pests like white grubs and 
they are safe to the environment. Moreover, they have broader host range and 
are exempted from the registration in many countries. EPNs can penetrate and 
kill many economically important pests within 24-48 hours.  Coconut root grub, 
Leucopholis coneophora Burm., is an important pest in coconut palms in coastal 
tract of sandy soils of Kerala and Karnataka. Hence, a field evaluation of EPN 
trial was carried out for two consecutive years (2013 and 2014) against root 
grub, Leucopholis coneophora at Kasaragod, Kerala. Field efficacy of infective 
juveniles (IJs) of native isolate of Steinernema carpocapsae were tested at various 
population levels by drenching at the basins of coconut palms during the June–
July and September-October. Result revealed that S. carpocapsae @ 1039501 
IJs / m2 was highly effective with grub reduction of 61 percent and found to be 
significantly superior. This was followed by 693000 IJs/m2 with 47.2 per cent 
reduction of grubs over control. Nematodes establishment was found in 75% of 
the palms during the trial. The reduction of grub population and persistence of 
nematodes increased with increase in nematode density per palm duration of 
treatment. Differences in efficacy and persistence among the treatments of S. 
carpocapsae can be attributed to susceptibility of host and nematode density 
per palm. Results of this study supports further investigation for the optimization 
of the best EPN species/concentration to reach profitable control of this pest.
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Bark eating caterpillar, Indarbela sp., is a polyphagous wood boring insect, 
attacking a variety of tree species in India. Although it is considered as a 
pest of minor importance in forestry, this insect is a serious pest in guava, 
apple, pomegranate and  jujube in several parts of India. Indarbela sp. is 
widely distributed in Andhra Pradesh attacking a variety of plantation crops 
among which cacao (Theobroma cacao) is also one of the host plant in parts 
of West Godavari (Dt), Andhra Pradesh where cacao is grown. Keeping this 
in view, damage assessment was carried out in different cacao orchards and 
the infestation of the bark eating caterpillar was assessed by giving scores (0 
to 3). The results revealed that majority of the orchards had infestation score 
ranging between 0 (healthy tree with no borer attack), 1 (tree infested by only 
one borer) and only few were with score -2 (tree affected by 2 to 4 borers) 
and no trees were recorded with score -3 (tree with more than 4 borers). 
New orchards with tender bark had lesser infestation ranging from of 3 to 6  
per cent and the in old orchards the per cent infestation ranged from 8.25 to 
12.75. From the total 100 trees examined, 21.50 per cent were found to be 
affected with different levels of damage intensity and among them 10.89 per 
cent belonging to score 0; 8.97 per cent to score 1 and 1.64 per cent to score 
2 and in the heavily affected trees up to 3 borers were present belonging to 
score 2. Further, number of active holes per tree was also recorded in which 
average number of active holes per tree in well managed orchards was 0.4 
(1-2) and in poorly managed orchards 2.9 (3-5). Overall the infestation of 
bark eating caterpillar in the cacao orchards in West Godavari district was at 
lower level.

SESSION 4

IMPACT OF CLIMATE 
CHANGE ON 

PLANTATION SECTOR
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Rising temperatures, prolonged periods of drought and excessive and 
unseasonal rains are the major manifestations of climate change noticed 
in the rubber growing tracts of India. Geospatial technology and ecological 
niche modelling have been successfully employed to study the effects of 
climate change on natural rubber cultivation in India and corroborated 
with meteorological data. Globally, September 2016 has been the hottest 
September since instrumental recording began in 1880.  At the regional 
scale too, September 2016 was markedly warmer than the same time of the 
year in the past decade at several parts of the traditional rubber growing 
regions of India. This coupled with deficient monsoon rains during August/
September 2016 led to drought conditions, particularly in the two southern 
districts of Thiruvananthapuram and Kanyakumari during the highly unlikely 
month of September this year. In the present study, we assessed, on a near-
real time basis, intensity of drought by estimating vegetation temperature 
condition index (VTCI) using satellite-derived (Terra MODIS, 1 km resolution, 
September 2016) land surface temperature (LST) and normalised difference 
vegetation index (NDVI) data and compared with the same period of 2015. 
VTCI data was overlaid on a GIS-enabled rubber distribution map of the region 
that was generated using satellite images (LISS III) and the extent of area 
experiencing drought was estimated for the last week of September 2015 
and 2016. Compared to 19% in September 2015, 29% of the rubber holdings 
in the traditional region experienced significant level of drought during 
September 2016 which is unprecedented. Intensity of drought was more 
severe and widespread in the two Southern districts, namely Kanyakumari 
and Trivandrum, followed by Malappuram and Ernakulam districts. Kottayam 

and Pathanamthitta districts which have extensive rubber plantations 
experienced much less drought during September 2016. During September 
2015, drought was experienced mostly in Kottayam and Ernakulam.

Earlier studies have shown that for one degree concomitant rise in Tmax 
and Tmin, rubber yield could drop by more than 10% in the traditional 
region. During September 2016, although increase in Tmin was less than 
1oC, rise in Tmax was much more marked in the South. Rubber yield during 
September was less by almost 25-30% in the South in 2016 compared to 
2015. Earlier, satellite-based remote sensing technique was successfully 
employed to monitor in near-real time, progression of Abnormal Leaf Fall 
disease occurring as a result of excessive and unseasonal rains which have 
become more usual in recent years than the past. 

We have also successfully used ecological niche models to assess the impact 
of global warming on natural rubber cultivation in the traditional and 
cold-prone North Eastern states of India. Our findings clearly indicate the 
if the present rate of warming continues, by 2050 more areas will become 
climatically better suitable for cultivating natural rubber in parts of North 
Eastern states of India where low winter temperature is a limiting factor as 
of now. Model results also predicted that traditional regions would become 
increasingly stressful as a result of global warming which agree with the 
findings based on geospatial techniques.
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Climatic factors play a major role in the production of Arabica and Robusta 
coffee. To understand the effects of major weather parameters on coffee 
production in Kodagu zone of Karnataka, a study has been undertaken using 
coffee production data from 2009-2015. Based on the data analysis, it was 
found that the total rainfall and the average maximum temperature are the 
two crucial factors which influence Arabica and Robusta coffee production. 
The average maximum temperature was positively correlated (0.17) with 
Arabica coffee production (r2=0.03), but negatively correlated with the 
robusta coffee production (-0.04). The average minimum temperature 
showed positive correlation for both arabica and robusta coffee production. 
The total rainfall found be negatively correlated with the yield in both Arabica 
(-0.48) and Robusta coffee (-0.04). The total rainfall does not found to have 
positive correlation with coffee out-turn ratio. The correlation between total 
rainfall and coffee out-turn was found to be -0.5, -0.11, -0.40, and -0.48 for 
A, B, C and pea berries in Arabica coffee respectively. However, total rainfall 
had positive correlation with out-turn ratio in Robusta coffee except for “C” 
grade (“A” (0.05), “B” (0.06) and pea berry (0.56)). The average maximum 
temperature has negative correlation for all the grades in Robusta coffee.
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Impact of climate change results in decline in crop yield and quality of many 
agro-ecosystems including plantation crops. However, reports on frequency of 
extreme climate events and its impact on spatial variation in crop productivity 
have seldom or not been undertaken for south Indian tea plantation. In this 
context, the study was conducted to examine the crop response to climate 
change in the past, present and projection for the future scenario. The 
results showed that the spatial explicit changes in minimum and maximum 
temperature combined with variations in rainfall have a positive or negative 
impact on crop production specific to tea growing regions. The effect of higher 
CO2 concentration on crop yield has not differed among locations, while 
technology development differed in various locations, scenarios and years. El 
Niño–Southern Oscillation (ENSO) has both positive and negative influences 
on rainfall and crop productivity across the tea growing regions. Cold and 
warm ENSO event will not affect the crop production of mid-elevation tea 
growing regions, but high and low-elevation regions will be prone to ENSO 
events. Correlation of sea surface temperature (SST) anomalies over the 
different sectors of the tropical Pacific Ocean revealed that rainfall and crop 
production of south India appeared to be less responsive to ENSO phase. 
Future climate change and land suitability analysis showed that there is a 
mild to strong shift in suitability and it is differed among regions, altitude, 
soil, climate and topography when compared with baseline scenario.
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Drought is one of the most significant environmental stress factors that 
restrict the expansion of rubber cultivation to non-traditional areas 
where the climatic conditions are characterized by long dry periods, high 
temperatures and low atmospheric humidity for almost half of the year. 
The varieties of Hevea like RRII 105 being cultivated in traditional regions do 
not perform well in such regions. It is essential to identify or develop clones 
that can withstand such extreme weather factors without compromising on 
yield and productivity.  This study was initiated with an objective to identify 
and characterise drought responsive miRNAs from Hevea in order to find 
miRNAs that are associated with drought tolerance which can be used as 
markers.  Next generation sequencing using Illumina HiSeq method revealed 
the expression of 33 conserved miRNA families and 32 novel miRNAs 
altogether in the drought treated and control samples. Among this, based on 
differential gene expression analysis, 16 conserved and four novel miRNAs 
were selected for further quantitative expression analysis using real time 
PCR.  The results showed two novel miRNAs (HbmiRn_63 and HbmiRn_42) 
as well as miR168 and miR160 to have stronger association with drought 
tolerance.  When expression analysis of three selected miRNAs was studied 
in known tolerant and susceptible clones as well as germplasm accessions, 
the results validated their tolerance/susceptibility and confirmed that these 
miRNAs can be used as markers for drought tolerance in Hevea.
 

TS4-OP4

Gene expression of Camellia sinensis 
cultivars during drought stress: Tolerance 
mechanism and induced decrease in leaf 

quality through RNA-Seq analysis
Nalina M., Raj Kumar R., Radhakrishnan B. & Chandrashekara K.N.*

UPASI Tea Research Foundation Tea Research Institute, Valparai-642 127, 
Coimbatore, Tamil Nadu

(*knchandu1@gmail.com)

Drought is the most important environmental stress affecting the yield and quality 
of tea plant. Development of drought tolerant varieties presents a challenging 
task, as it is hampered by the occurrence of genotype × environment interactions, 
absence of effective drought screening and lack of understanding of the molecular 
mechanisms of plant drought tolerance. When tea plants perceive stress signals 
from their surroundings, a number of physiological, biochemical and molecular 
modifications occur including adaptive processes plants have evolved to cope 
with environmental signals. The objective of this study is to elucidate the quality 
variation during different levels of soil moisture and tea plant response to drought 
stress. Tea clones TRF-1 (drought susceptible) and UPASI-9 (drought tolerant) 
maintained at Distinctiveness-Uniformity-Stability (DUS) centre were used for 
the study. Crop shoots were collected by hand plucking during the depleting 
soil moisture conditions [36.28 % & 17.50 %] and were used for physiological, 
biochemical and molecular analysis (RNA seq). The results indicated that drought 
stress resulted in dehydration and wilting of the leaves, and significant decrease 
in the total polyphenols, free amino acids and increased levels of total flavonoids. 
In addition, HPLC analysis showed that the catechins fractions and caffeine in C. 
sinensis leaves were significantly reduced in response to drought stress, implying 
that drought stress severely decreased the quality of C. sinensis leaves. Studies on 
the transcriptional changes induced by drought stress in C. sinensis leaves of TRF-1 
control, TRF-1 test, UPASI-9 control and UPASI-9 test revealed  26.60, 26.08, 27.97, 
and 27.05 million reads respectively and Digital Gene Expression (DGE) analysis 
using Solexa sequencing technology was performed. The differentially expressed 
transcripts identified in our study provide a good start to present the functional and 
molecular mechanism underlying to drought tolerance in tea.
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We estimated Vegetation Temperature Condition Index (VTCI) of Kerala and 
Kanykumari district of Tamil Nadu for the months of September 2015 and 
September 2016 using MODIS 11 A2 LST and MODIS 13 A2 NDVI satellite 
products. Normalized Difference Vegetation Index (NDVI) and Land Surface 
Temperature (LST) data products from terra MODIS were used to calculate 
VTCI which is essentially a proxy indicator of drought stress occurring over large 
landscapes. Overlay analyses was carried out in GIS platform to generate VTCI 
of rubber growing regions using a rubber distribution map of the study area 
which was earlier developed using satellite images from LISS III. In September 
2016, most parts of the study area, including the rubber growing regions of 
Kerala and Kanyakumari district of Tamil Nadu experienced widespread drought 
compared to same time previous year. In September 2016, about 29% of  the 
rubber growing regions experienced drought whereas in September 2015 this 
was only about 19%. During September 2016, severe drought was observed in 
Kanykaumari and Trivandrum districts, followed by parts of Ernakulam, Idukki, 
Malappuram and Northern districts of Kerala. In September 2015, severe 
drought was confined to parts of Kottayam, Ernakulam and Pathanamthitta 
districts and Southern and Northern districts were largely free from any drought 
unlike in September 2016. Compared to September 2016, rubber growing 
regions of central Kerala (parts of Kottayam, Pathanamthitta and Ernakulam 
districts) showed significant level of drought in September 2015. Comparing 
yield data from growers’ fields for September 2015 and 2016, it was found 
that in those areas where drought was more severe in a year, there was more 
reduction in yield with respect to the other year that had less severe drought. 
September, a high rubber yielding time is a highly unlikely month for drought to 
occur in Kerala, because this month falls between the two monsoon seasons. 
Yet, in recent years it appears that even in September, significant drought stress 
occurs in Kerala and this has been successfully monitored on a near real-time 
basis using MODIS terra satellite data.

TS4-PP1

Assessment of new promising arabica 
genotypes for physiological efficiency

Nagarathnamma R.1*, D’Souza G.F. 1, Lamani Badru 1 & Anand C.G.2
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2Central Coffee Research Institute, Chikkamagaluru-577 117, Karnataka

(*nagu_cph@rediffmail.com)
 

Nine new promising arabica hybrids were studied for physiological growth 
analysis traits and yield components in comparison with station released 
popular cultivars. The results indicated significantly (p = 0.01) higher number 
of berries per branch (BPB) in S.4859 compared to rest of the genotypes. The 
mean berry dry matter accumulation was significantly high in S.4859 and 
S.4858 but on par with station released cultivar such as Sln.9. Also during fruit 
ripening stage significantly higher fruit dry matter accumulation was noticed 
in S.4858 and S.4859 indicating superiority of these hybrids with respect to 
outturn. The results on leaf growth analysis traits indicated significantly (p 
= 0.01) higher specific leaf weight in S.4858 and S.4859 similar to Sln.9 at 
soil water stress conditions indicating higher drought tolerance. Correlation 
studies indicated positive relation between leaf area (LA) and berries per 
node also specific leaf area (SLA) and number of berries per branch indicating 
crucial role of LA and SLA in governing reproductive growth in coffee. Based 
on the cumulative results and most desirable characteristics the hybrids such 
as S.4858 and S.4859 could be exploited to improve arabica crop production 
on account of their hybrids better physiological efficiency.  
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 Temperature and rainfall are the important factors that determine the 
potential coffee yield. Both factors interfere in the crop phenology, and 
consequently in productivity and quality. The arabica coffee responds 
sensitively to increasing temperatures and fructifications as scientific 
literatures are varying concerning marginal differences in temperatures for 
arabica. The mean temperatures above 23oC hinder the development and 
ripening of cherries and continuous exposure to daily temperatures as high 
as 300C also could result in hindered growth or yellowing and loss of leaves. 
There is a positive relationship between total rainfall and number of rainy days 
and average minimum temperature and number of rainy days. A negative 
relationship between average maximum temperature and total rainfall and 
number of rainy days was observed under the changing climatic conditions 
of phulney coffee growing zone. However the clean coffee production has 
shown a positive (r=0.309) relationship with average maximum temperature.  
Results indicated that on account of rainfall the ripe berries will split and 
absorb more water resulting in 10 to 15% more weight of fresh mucilage. 
Under such circumstances the solutes from beans will be leached out due to 
exosmosis.  It is evident from the research data analysis at Coffee Research 
Sub Station that the rains on arabica ripe berries increases floats by 2 to 3% 
and reduce fruit to wet parchment ratio by 10%. This also leads to 2 to 3% 
reduction in A grade percentage, 2 to 3% increase in B grades and 3 to 4% 
increase in C grades in split fruits. Also 100 bean weight reduces by 3 to 4% 
and bean density by 2 to 3% resulting in reduced fruit to clean coffee ratio 
by 2 to 3%.  

TS4-PP3

Photosynthetic performance of selected 
ortets of Hevea brasiliensis under extreme 

environmental conditions
Sumesh K.V.*, Sreelatha S., Krishnakumar R., Annamalainathan K. & James Jacob

Rubber Research Institute of India, Kottayam-686 009, Kerala
(*sumesh@rubberboard.org.in)

Sixteen ortets selected from different agro-climatic regions of India were 
tested along with seven check clones for their early performance in the field 
under two extreme stress situations at Dapchari in Maharashtra (drought 
stress) and Nagrakatta in West Bengal (low temperature stress). Under 
extreme soil moisture deficit stress conditions, ortets RRSA 98, DAP 35 and 
GH 1 showed better CO2 assimilation (A), while DAP 35, RRSA 98 and RRSA 
585 showed better stomatal conductance (gs) and transpiration rate (E). The 
photosynthetic activities declined sharply during winter at Nagrakatta, and it 
was found that low temperature stress adversely affects the photosynthetic 
apparatus of young rubber plants than factors like soil moisture deficit or 
high temperature. On the other hand, some clones/ortets that showed 
better CO2 assimilation under low temperature condition did not perform 
well under drought condition. A few ortets, namely, DAP 1, RRST 24, GH 
1 and GH 9 showed relatively better CO2 assimilation (equal or above 2 
µmol/m2/s)under low temperature stress at Nagrakatta. The PS II activity of 
ortets and check clones did not vary significantly under drought conditions 
at Dapchari, however, it declined sharply in clones tested at Nagrakatta 
during low temperature conditions. Ortets namely, GH 9, GH 1 and RRSA 
585 showed better PS II activity during winter season. Soluble leaf protein 
content declined in most of the plants tested under low temperature while 
it increased slightly under drought in most of the clones. A major lipid 
peroxidation product, malondialdehyde (MDA) content was found lesser 
under low temperature conditions compared to drought in these plants. 
Among the ortets, GH 1 and GH 3 recorded comparatively high magnitude of 
reduction in sucrose content under stress in both the locations. It was found 
that GH 1, GH 3, GH 9, DAP 1, DAP 35, RRSA 98, RRSA 585 and RRST 24 were 
some of the ortets having better adaptive traits under both abiotic stress 
conditions in the early stages of growth and those ortets may be further 
shortlisted as common clones for extreme climatic condition.
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Hevea brasiliensis, the natural rubber tree is mainly cultivated in traditional 
regions like Kerala and Kanyakumari District of Tamil Nadu and to a lesser 
extent in non-traditional regions like Karnataka, Maharashtra, Madhya 
Pradesh, Orissa and North-Eastern states of India.  These regions experience 
either drought coupled with high temperature in summer or cold in winter 
seasons.  Abiotic stress tolerant clones newly developed by RRII are in the 
pipeline for evaluation of their field performance in various agro-climatic 
zones.  In the present study, 45 pipeline clones grown in polybags at Regional 
Research Stations situated at North Konkan Region (Maharashtra) and 
Agartala (Tripura) were allowed to experience drought stress during summer 
and low temperature stress during winter respectively.  The effect of stress on 
these clones was assessed by measuring various physiological parameters.  In 
terms of CO2 assimilation, the pipeline clones P20, P73 and P57 performed 
better than the tolerant check clones RRIM 600, RRII 430 and RRII 208 under 
drought conditions.  Percentage of drought influenced inhibition in CO2 
assimilation was at minimal in these clones.  In terms of transpiration and 
photosynthetic efficiency, the clones P20 and P73 performed better while 
P20, P21 and P73 displayed least membrane injury and stayed green under 
drought stress.  In terms of overall performance, P20 and P73 were found 
superior in drought prone region. Similarly under cold stress, performance 
of P078, P083, P01 and P101 was found on par with the check clones RRII 
429 and RRII 208 in terms of CO2 assimilation. In terms of photosynthetic 
efficiency, P01, P71, P83 and P76 were found superior under cold stress. 
In total, the clone P01 was found superior under cold stress in terms of 
parameters investigated.  This multi-locational study could identify potential 
drought and cold tolerant pipeline clones.   This data only when integrated 
with mature yield data of these clones would indicate the practical utility of 
identifying clones suitable for cultivation in stress prone regions. 

SESSION 5

MECHANIZATION 
AND PRODUCT 
DEVELOPMENT



212 213

TS5- LT1

Entrepreneurship opportunities in 
mechanization and novel product 
development of plantation crops

Patil  R.T.*
Former Director, ICAR-CIPHET, Ludhiana and Chairman, Benevole Welfare Society 

for Post Harvest Technology, Bhopal, Madhya Pradesh
(*ramabhau@yahoo.com)

Coconut

Technologies for minimal processing of tender coconut have been 
developed by Kerala Agricultural University (KAU) for retaining the flavour 
and to prevent discolouration. By using this process, tender coconut can be 
transported to distant places and served chilled like any other soft drink. 
Optimized uniform size facilitates using of plastic crates and insulated chill 
boxes for transporting and storage. VCO can be extracted directly from the 
fresh coconut meat or from coconut milk or from coconut milk residue. For 
decades, people in coconut producing countries like India and the Philippines 
boiled coconut milk extracted from freshly grated or comminuted (grated, 
chopped, granulated) coconut meat with or without the addition of water, 
to produce coconut oil for hair and body massaging applications. The 
different methods involved in VCO production are Hot-processing, Natural 
fermentation, Centrifugation and Extraction from dried grating (EDG). The 
choice of the technology to be adopted depends to a great extent on the 
scale of operation, the degree of mechanization, the amount of investment 
available and the market demand. The process for VCO by fermentation 
and hot processing has been standardized by ICAR-CPCRI. The machineries 
required for this such as grating/pulverizing machine, coconut milk extractor, 
fermentation tank and VCO cooker (LPG, Steam and Agricultural waste fired) 
have been developed by ICAR-CPCRI and are commercialized.

Coconut chips are a ready to eat snack prepared from 9-10 months old 
coconuts. Preparation of coconut chips is a simple technology and the 
process includes paring, slicing, osmotic dehydration and drying. Coconut 

chips can be prepared by dehydrating the intermediate moisture coconut 
kernel.   Intermediate moisture coconut kernel is the mature coconut kernel 
after removing the moisture content of the kernel partially by osmotic 
dehydration by using osmotic mediums like sugar syrup.  Coconut Chips is 
crispy and can be packaged and marketed in laminated aluminium pouches, 
which will have shelf life of 6 months.  Since it is in ready-to-eat form, it could 
be used as snacks at any time.  ICAR-CPCRI has developed both manual and 
power operated coconut and multi crop slicing machine for making coconut 
chips.

The soft tender kernel or solid endosperm of tender coconut is a delicious 
dessert and contains good amount of nutrients.  The tender coconut kernel 
is good for convalescing patients. The traditional method of its extraction 
is difficult and time consuming. Thus the kernel of the tender coconut is 
sometimes eaten or else thrown away.  Coconut of 8-month maturity is 
more suitable for making snow ball tender coconut.  Before scooping out 
the globular tender kernel with water, a groove is made in the shell by using 
a machine developed exclusively for this by ICAR-CPCRI.  By inserting the 
scooping tool, specially made for this purpose, in between the tender kernel 
and shell and then by rotation of the nut, the snow ball is scooped out from 
the shell.  It is nutritive and used as drink and snacks at the same time. Since 
the snow ball tender nut can be individually packed in 200-gauge thickness 
LDPE film and refrigerated at 15°C under hygienic conditions, the shelf-life of 
this product is prolonged for about 15 days and therefore this ready-to-serve 
product is found to become popular. ICAR-CPCRI has developed a technique 
and fabricated the machinery to pull out the whole round soft kernel from 
the nut.

Coconut jam is a high-sugar coconut food product commonly consumed as 
dessert, bread-spread, etc. It is prepared by cooking sweetened coconut 
milk to a very thick consistency at low heat with constant stirring. Process 
for preparation of coconut jam using tender coconut pulp with a shelf life 
of 6 months has already been standardized. Coconut milk is extracted after 
mixing coconut gratings with equal quantity of water and mixed with brown 
sugar and glucose in the proportions of 10.25 percent and 5.5 percent 
respectively based on the weight of the milk, and cooked over a slow fire 
with constant stirring for about 20 minutes. The mixture is strained for 
removing suspended matter and again cooked over high heat. Before the 
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mixture begins to thicken, citric acid at the rate of 0.25 percent of the original 
weight of the milk is added and cooking continued over low heat until the 
mixture thickens. The product is hot filled in sterilized containers and sealed 
hermetically. The jam so obtained has a rich creamy coconut flavour.

Coconut cream is the concentrated form of milk extracted from fresh matured 
coconuts. It is a white, smooth, liquid cream with excellent coconut flavour 
and 20-30% fat, aseptically packed. Coconut Development Board (CDB), Kochi 
in collaboration with CSIR-National Institute for Interdisciplinary Science and 
Technology (CSIR-NIIST), Thiruvananthapuram, has developed technology for 
the preservation and packing of coconut cream in tin containers. The process 
involves dehusking of the fully mature nuts, breaking the nuts into halves, 
deshelling, washing and blanching of the kernel, grating, comminution of 
the grated kernel to extract the milk, filtration through vibrating screens, 
additions of emulsifier and stabilizers, emulsifications, pasteurizations, hot 
filling in cans, can seaming and sterilization. Processed and packed coconut 
cream has shelf-life of six months. Once opened, it should be stored in 
refrigerator for subsequent use.

Kalparasa (coconut sap or neera) extracted from coconut spadix is a healthy 
nutritious drink. In the traditional method, the sap is collected in internally 
lime coated earthen pots or bamboo sacs. Lime, preservatives or anti 
fermentation chemicals however were not completely successful to prevent 
the sap deterioration.  It could be preserved as fresh and unfermented only 
when it is collected under cold condition as in the simple ‘ice-box technology’ 
developed at ICAR-CPCRI.

Arecanut

The post harvest processing consists of deshelling arecanut and its boiling 
followed by drying of the boiled arecanuts. The stage of harvesting depends 
on type of produce for consuming markets. There are two main types of nuts 
– kalipak, prepared out of immature green nuts and chali prepared from ripe 
nuts. The season of harvesting affects quality of processed nut considerably. 
Several age-old and crude methods are followed for preserving arecanut to 
keep the moist chewing feel. In Kerala, the fresh ripe fruits are stored in 
water and are known as ‘neetadaka’. The process for preservation of fresh 
ripe arecanut consists of washing freshly harvested nuts in chlorinated water 
(100 ppm) to remove the adhering dirt. The fruits are then blanched in 0.2 

per cent calcium chloride solution. This treatment is known to reduce the 
microbial load, destroys the enzymes and preserves the firmness of husk. 
The fruits are then kept immersed in a solution containing 0.1 per cent in 
sodium benzoate and 0.2 percent potassium metabisulphite acidified to a pH 
of 305 to 4.0 in hydrochloric acid. This process ensures the preservation of 
fruits in fresh ripe conditions for 10-12 months. 

Kalipak is another important form of processed arecanut. The nuts of 
6-7 months maturity are dark green and soft. The processing consists of 
husking, cutting the soft nuts into pieces, boiling the cut pieces with water 
or dilute extract from previous boiling, kali coating and drying. Usually the 
fresh arecanut harvested is dehusked within 24 hours. Manual dehusking of 
arecanut is slow process and needs skilled labour. Tamil Nadu Agricultural 
University, Coimbatore has developed dehusker of 48 kg/h capacity for 
fresh arecanut which can be operated either manually or by 1.5 kW electric 
motor. Kali coating imparts a good glassy appearance. In interior Karnataka, 
the boiling and ‘kali’ coating operations are combined into single operation.  
The cut nuts are boiled in a thicker extract called ‘Chogaru’. During the 
boiling operation, the same water is used for boiling two to three batches of 
arecanuts. The extracts obtained from processing are concentrated nearly 
ten folds by boiling over open fire to produce kalipak. Polyphenols are the 
major components in it. Both sun drying and oven drying are adopted for 
kalipak processing. During monsoon, artificial drying over an open fire 
is done. Though drying is accelerated, smoky off flavor is not desirable. A 
well-dried product with a dark brown colour is preferred. Other desirable 
qualities in ‘Kalipak’ are crisp chewing feel, glossy appearance, a well-toned 
astringency and absence of over mature nuts. 

National Institute of Animal Nutrition and Physiology developed a process 
protocol for the production of fodder using 12mm ground size of areca leaf 
sheath and recommended 3.5 kg per cow per day as a supplement. A process 
has been developed at ICAR-CPCRI, Kasaragod, for making plyboards from 
leaf sheath for tea chest, sint case and file board manufacture. Two plies of 
processed arecanut sheaths in combination with an ordinary wood veneer as 
core glued with urea formaldehyde resin are used for making the plyboards. 
Plyboards prepared from areca leaf sheath may be used for making suitcases, 
fileboards, and tea chests. By using leaf sheath cup making machine, cups 
of different sizes and shapes can be made. Further, to get a flat sheath of 
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uniform thickness and to remove the bucklings of folds for making plyboard, 
the sheath is flattened under pressure and heat. For this, the sheaths are 
soaked in water to about 75 per cent moisture and then pressed for 30 min in 
a hot Plate press at 4 kg/cm2 pressure and 110ºC temperature. This process 
gives flat sheaths of 1.0-1.5 mm thickness with about 12 per cent moisture. 
To prevent fungal growth on the sheath surface, it can be soaked in 1 per 
cent copper sulphate solution for 24 hr before pressing. The pressed sheaths 
are then air dried for one hour or longer. CFTRI, Mysore, has developed a 
machine for making cups and throw-away plates which can substitute the 
paper plates.

Cocoa

After fermentation and drying, the beans are usually roasted. This process 
determines the final color, aroma and flavor of the cocoa products. Two 
types of techniques are used in the final processing of cocoa– expelling 
and roasting methods. Roasting method has been adopted by all large 
scale processing plants. In general, when the cocoa beans are submitted to 
roasting treatments, there is a reduction in the total phenolic content and 
an increment in the antioxidant activity and color hue with the increase of 
temperature, except for the beans that are not fermented, in which case the 
fact that the polyphenols are still within the bean tissues plays an important 
part to reduce their losses or even revert the reduction tendency. Convective 
roasting is the most commonly roasting process in the cocoa industry; the 
raw beans are exposed to temperatures between 130 and 150oC for 15–45 
minutes. The expeller system considered as less economical still prevails in 
some parts of the world.  

Milk chocolates and plain chocolates (without milk solids) are important 
types of chocolates. Milk chocolates are manufactured by mixing the mass 
with cocoa butter, pulverized sugar, milk powder and lecithin. The resultant 
paste is refined over steel rolls in roll refiners. To develop flavor, the paste 
is subjected to conching for 24-30 hours till the desired quality is obtained. 
Additional cocoa butter may be added at this stage and flavours at the end. 
The liquid chocolate thus obtained is made into moulded chocolate, panned 
chocolate and covering chocolate. 
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Introduction

Search for mechanization is not something new. It can be traced back, even 
to prehistoric times. For mobility, ancient man used to walk. Later came 
horse riding. This is some type of mechanization. Mechanization is a never 
ending process. After horse ride, wheel was invented; may be this is the most 
important mechanization in mobility. One can see innumerable means of 
wheel-based mobility. Air travel and space travel followed subsequently. No 
one will believe this is the end of development in mobility. There is a general 
industrial cry that a number of small scale rubber goods manufacturing 
companies in India are either closed or financially sick due to competition 
from low priced Chinese products. Out of the several reasons for the 
dominance of Chinese products, automation/ mechanization is a major 
contributing factor. In the paragraphs that follow, the author tries to briefly 
examine the major factors that promote mechanization and their impact in 
the development of rubber industry.

WHY MECHANIZATION?

Major factors promoting mechanization in rubber industry and their impact 
on industrial performance are briefly analyzed.

Human fatigue and work output

On any day, when a person is fresh at work, he brings in high output, in terms 
of work volume, workmanship, quality of work, low wastage etc. Though 
not deliberate, as hours go on, due to human fatigue, his work output per 
unit time decreases, quantity of work slightly reduces, wastage increases 
somewhat etc. Age of employee has a profound influence on human fatigue. 
Generally, a 60 year old factory worker generates less output than a 40 year 
old worker while they do the same work. If mechanization, suitable for the 
specific industry, is implemented, the above stated issues can be overcome, 
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as a machine does not have “human fatigue”.

Typical examples are:

g	 A machine for packing medical gloves, in place of manual packing.

g	 Reduced thickness variation in rubber band industry when a hydraulic 
dipping machine is used in place of manual dipping.

g	 Wastage of latex compound by spill over in rubber band industry or 
industrial glove manufacturing by manual dipping is considerably 
reduced, if a semi- automatic hydraulic machine is used for dipping.

g	 Reduced wastage as mould flash when compression moulding is replaced 
by injection moulding (depending on the type of rubber compound)

MECHANISATION FOR LARGE VOLUME PRODUCTION

High speed dipping machines

During 1970’s, medical gloves were produced either by manual dipping or 
using semi-automatic dipping machines. Vide spreading of AIDs during early 
1980’s, large volume requirements for examination gloves were generated. 
According to an FDA report, import of examination gloves to US enhanced 
from 1 billion pieces in 1986 to 14.6 billion in 1992. According to a 2010 
report of FDA, US imported 30 billion examination gloves and they project 
that the US requirement in 2020 will be about 50 billion. Requirements of 
other countries are in addition to this. To meet this growing demand, fully 
automatic high speed dipping machines have been developed. Initially such 
machines were imported to India from US, Malaysia and South  Korea. 
Currently such machines are manufactured in India.

Balloon Industry in Dhanu

During 1980’s and 1990’s, Dhanu, a village in Thane district, Maharashtra was 
famous for balloon manufacture. About 70 small scale units were flourishing. 
They were using manual dipping for balloon manufacture. The work force 
was very dedicated and honest. Balloons from Dhanu were famous for 
quality and cost competitiveness and these balloons were well accepted in 
the market. 	 During the early years of this century, balloons from China 
entered the Indian market and balloons were sold at at very cheap rates. 

Now the balloon units in Dhanu import Chinese balloons, repack them and 
market them under their brand name. Large volume production using high 
speed dipping machines enable Chinese manufactures to produce balloons 
at cheap rates. High speed dipping machines are now available for products 
like condoms, finger cots etc.

Dry rubber mixing in large volumes

During the early years of 20th century, mixing of dry rubber with chemicals 
and fillers was carried out on two roll mixing mills. Even though quality of 
mixing is very good, mixing cycle was somewhat long and batch size was 
rather low. Depending on size of mixing mill, batch size varied from 2-30 kg 
and mixing cycle was between 10-30 min. Mixing of rubber on two roll mills 
was also associated with some fume generation, causing some environmental 
issues. These drawbacks are overcome by closed mixing machines like 
kneader, internal mixers etc. With these new machines, batch sizes up to 300 
kg (or even more) and cycle time 3-8 min. could be achieved. Being closed 
machines, fumes generated are vented off the factory floor. Even today, 
internal mixers are undergoing further upgradation in performance.

MECHANIZATION AND EMPLOYEE STRENGTH

In rubber industry one can find several cases where mechanization can reduce 
manpower requirement. This is of advantage where skilled employees are 
not available at moderate wages. Few typical examples are given below:

Conveyor belts in TSR processing

Creping is an important step in block rubber (also called technically specified 
rubber, TSR) processing. Conventionally, after creping on one creper, the 
rubber blanket is manually passed on to the next creper. A skilled worker is 
necessary at every creper. Usually 6-7 passes are required in total. However, 
if the crepers are suitably positioned and connected by conveyor belts, 
workers are not required on individual crepers. This will provide substantial 
saving in manpower.

Bucket elevators in TSR processing

Again, size reduction is an important step in TSR processing for cleaning 
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and easy drying of rubber. Raw rubber, undergoing processing, has to be 
transferred from slab cutter tank to pre-breaker, then from pre-breaker tank 
to hammer mill1 and hammer mill 1 tank to creper 1. These activities were 
originally done manually. Now bucket elevators are installed in TSR factories. 
One bucket elevator can save one labour.

Solids pump and vibrating screen in TSR processing

Conventionally, wet rubber crumbs (rubber obtained after final size 
reduction) are manually loaded in to drying trollies. Usually two workers are 
required for this purpose. This activity is now done by a solids pump and 
vibrating screen. Water from wet crumbs is more effectively removed than 
manual handling. This reduces drying cost.

Electric hoist for TSR movement

In a block rubber factory, thousands of rubber bales will be available for sale. 
Conventionally, these bales are manually transferred from finished material 
godown  to the loading point for dispatch. If an overhead electric hoist is 
installed in the factory, connecting various points in the go down to the lorry 
loading point, 5-6 workers can be reduced. Cost of installation will be repaid 
in hardly 6 months time.  

Mixing mills with stock blender 

In a relatively large scale dry rubber goods manufacturing unit, kneader/
internal mixers are used for primary mixing, where rubber is initially mixed 
with all ingredients, other than curatives. Curatives are added at a two roll 
mixing mill. Traditionally, mixing on two roll mills are carried out by a skilled 
operator, who carry out manual cuts to the extent of ¾ of roll length from 
one side of the roll and the cut out rubber mix is placed on to the other side 
of the roll. This is repeated from other end also. Generally these cuts are 
carried out 5-6 times each from both ends to ensure uniformity of the mix. 
Now mixing mills with stock blenders are available, so that manual cutting 
for blending is not required. This is associated with some labour saving.

MECHANIZED MATERIAL TRANSFER

Material transfer from one point to another is inevitable in rubber industry. 
Availability of a particular raw material at the right time is essential for 

maintaining the quality of mix. Depending on the type of industry, suitable 
mechanization techniques are introduced for cheap and correct material 
transfer. Few examples are given below:

Conveyer belts for transfer for field coagulum (FC) in TSR processing

FC reaching a TSR factory contains foreign matter like, parts of plastic carry 
bags plastics strings, mud, leaves of rubber trees etc. At the TSR factory, 
these materials are removed by manual sorting. After sorting, this material 
was manually transferred to slab cutter or soaking tank. However, several 
factories now use a conveyer belt for this purpose, so that rubber is conveyed 
to the hoper of the slab cutter or the soaking tank, depending on the type of 
processing. This material  conveying system is labour efficient  and fast.

Material addition to internal mixers

In tyre factories and other large scale rubber goods manufacturing 
companies, rubber mixing is carried out in internal mixers. In internal mixers, 
rubber mix preparation is very fast, typical duration being 5-8 min. Addition 
of each ingredient at prescribed time is essential for ensuring quality of 
the mix. Manual addition is very likely to bring in minor variations. Hence 
compounding ingredients are placed on a conveyer belt moving at controlled 
speed and dropped to the mixer and good quality mix is finally obtained.

MECHANIZATION IN HUMAN UNFRIENDLY WORKING ATMOSPHERE

Rubber product manufacturing industry frequently comes across working 
environment which can cause some health related issues. Suitable 
mechanization will provide solutions in most cases.

Mixing of synthetic rubber

If synthetic rubbers are mixed on open two roll mills, usually at temperatures 
70 - 100°C, residual monomers will volatilize and escape in to the factory 
floor. Continuous exposures to monomers like butadiene, acrylonitrile, 
chloroprene, styrene etc. are harmful to health. While mixing these rubbers 
in closed mixers like internal mixers, these volatile gases can be vented off or 
removed by scrubbing and the factory floor will be human friendly.

Extrusion of elastic thread
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Generally, elastic thread is manufactured from natural rubber latex by 
extruding compound latex through a series of nozzles, in to 25 – 35% acetic 
acid. During manufacture using small scale conventional machines, vapours 
of acetic acid volatilizes in to air, making the factory environment somewhat 
human unfriendly. Currently high output machines are available and human 
presence is not generally required throughout the whole process. Further, 
the polluted air from factory floor can be flushed off.

Handling hazardous chemicals

For manufacture rubber articles, which do not directly come in to contact with 
human body, chemicals somewhat harmful to health on continued handling, 
are used. Eg aromatic oils, containing high levels of polycyclic aromatic 
hydrocarbons are used traditionally in articles like tyres, conveyor belts or 
some black colored moulded articles. In tyres and conveyor belts, substituted 
para phenelene diamines are used as antioxidants and antiozonants.

Substituted para phenelene diamines and polycyclic aromatic hydrocarbons 
are proved to be carcinogenic. Earlier, these chemicals/additives were 
manually mixed in to rubber. However, currently mechanized systems have 
been developed in incorporating these chemicals with minimum human 
handling.

Mechanization in packing

Quality of packing is important in any industry. Mechanized packing imparts 
uniformity. In packaging of bulk products, mechanized packages occupy, less 
space. A typical example is packing of raw natural rubber. Conventionally, 
sheet rubber is packed as 50 kg bundles. Hydraulically pressed 50 kg bundles 
occupy less space.

MECHANIZATION VS LABOUR COST

In any industry, it is true that machines can substantially reduce number of 
workers. However, before going for mechanization, one has to evaluate the 
techno-economic feasibility of such a decision. Let us examine this in detail.

Capital investment and associated expenses

Purchase of any machinery involves a capital cost, and associated costs of 
transportation from supplier to factory site, insurance during transportation, 

cost of installation, cost of operation (cost of power and operator), interest 
on total investment, cost of maintenance (preventive or breakdown), 
depreciation, cost of machinery upgradation during the coming years and 
finally full replacement, whereas man power does not involve any of the 
above stated cost components. However, the wages of employees undergo 
frequent revisions. Workers have to be provided with several types of benefits 
like medical benefits, leave benefits, educational allowance for children, 
retirement benefits etc.etc. However, no such benefits are applicable to 
machines. It is very common that either the employee or his family members 
fall ill they have to be treated which is associated with a cost component. 
Also during the period of absence, substitute workers have to be posted, 
which is again associated with a cost component.

When one makes a realistic cost comparison, mechanization proves to be 
more cost effective in the long run.

LABOUR UNREST

In some rubber based industries, the wages and other benefits, provided 
to the employees may not be reasonable or low in comparison with similar 
industries for reasons given below:

g	 The management wants to enhance the profit.

g	 The company may not have adequate sales volume and profit margin, 
forcing some pruning on employ benefits.

g	 The competitors are selling similar products at cheaper rates so that the 
management is forced to cut down their cost of production.

Whatever be the reasons, lower wages and poor service conditions are very 
likely to lead to labour unrest and associated mishappenings. However, 
mechanization where ever possible, will substantially reduce situations of 
labour unrest.

QUALITY OF FINISHED PRODUCTS

Quality of finished rubber articles depends to a great extent on good 
manufacturing practices. Few typical examples are given below:

Leaching of dipped latex articles
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Traditionally, dipped latex articles, like house hold gloves, were leached in 
water for removing a part of naturally occurring non- rubber components 
to promote better particles integration and thereby enhancing the strength 
properties. When manual leaching was conducted, the extent of leaching 
varied. One cannot even rule out the possibility of skipping of leaching by 
some workers, to save their efforts. However, leaching is an integral part of 
dipping using high speed dipping machines, so that one cannot skip of the 
leaching activity.

Currently leaching has become more important, because leaching has been 
proved to be a cheap and simple process for removing extractable proteins 
from dipped latex articles like condoms, medical gloves etc. Extractable 
proteins can cause allergenic reactions in sensitized people.

Homogenizing rubber mix with stock blender

In dry rubber mixers, curatives occupy very low volume, compared to the bulk 
of the final mix. Curatives are added on mixing mills. Conventional process 
of manual cutting and blending depends on operator performance. If the 
operator is not honest, mix homogeneity will be compromised. However, 
mixing mill with stock blender ensures homogeneity of the mix. Homogeneity 
of mix is essential for ensuring quality of rubber articles.

Temperature control on curing press

Optimum curing of compounded rubber during moulding and vulcanization 
is essential for product performance. Extent of cure is decided by curing 
temperature and duration of curing. Earlier, temperature of the press was 
manually measured and controlled. Even if the operator is honest in his work, 
minor variations in temperature was part of the measurement. This will 
ultimately reflect in variability in product performance. However, currently, 
automatic temperature control units form an integral part of high speed cure 
systems. This enables precise temperature control, leading to good product 
performance.

MECHANIZING IN TESTING

May be this is the area in rubber industry, which has undergone, the highest 
level of mechanization. Testing of raw materials, in process materials and 

finished products is essential for ensuring product performance. Let us see 
few examples:

Processability of natural rubber

Up to 1960’s, the processability of natural rubber was visually examined 
by experienced personnel. This was not a fool proof method. There can be 
variability between persons and with the same person at different occasions. 
Human fatigue may have some influence on the assessment. During early 
1970’s, HM Wallace & Co. England introduced a rapid plastimeter for 
measuring plasticity (Po) of rubber, which is an indication of the processability 
of natural rubber

Heat resistance of natural rubber

Resistance of elastomers to heat, leading to thermal degradation is very 
important in deciding the service life of articles. Resistance of raw natural 
rubber to heat was initially measured by determining content of pro-oxidants   
like copper and manganese by chemical tests. These determinations are time 
consuming and expensive. Now heat resistance is measured by Plasticity 
Retention Index (PRI). PRI is measured using Wallace Rapid Plastimeter and 
a precise ageing oven. Determination of PRI is a rapid and precise method.

Determination of Po and PRI are now part of the specifications for raw natural 
rubber in ISO standard and other national standards like IS, BS, ASTM etc.

Viscosity of compounded rubber

Viscosity of compounded rubber is an important technological parameter, 
deciding its flow behavior during moulding, calendaring and extrusions. 
Traditionally, viscosity of rubber compounds is measured using Mooney 
viscometer. This test method is described in ISO 289, BS 1673 and ASTM D 
1646. This test method has a drawback that viscosity is measured at very low 
shear rate.

Capillary rheometer measures the viscosity of compounded rubber at 
relatively  high shear rates (about 1000 per sec, described in ASTMD 5099). 
After each test, cleaning of the equipment was difficult. The rubber process 
analyzer (RPA) is an easy and precise equipment and the test method is 
described in ASTM D6204.



226 227

Determination of specific gravity.

Specific gravity of rubber compounds and vulcanized rubbers is a simple 
and extensively used quality parameter. It is also used for in process control 
purposes. 

Determination of specific gravity is based on Archimedes’ Principle.

Specific gravity = weight in air ÷ loss of weight in water

If the specific gravity is lower than that of water, a sinker has to be used. The 
method involves 3-4 weighing, followed by calculations. Now direct reading 
specific gravity balances are available

Summary
This paper has describes only a very small fraction of the mechanization now 
in use in rubber industry. Development of new machines and equipment 
is a never ending ongoing process. The author feels that by a close look at 
processes in any rubber industry, one can suggest further mechanization.

TS5-LT3 

Mechanization and diversification of coffee 
and cardamom plantations

Regis Gustave* 
St. Joseph Estate, Pothukadaitheru, Pattiveeranapatti, Dindigul 624211, 

Tamil Nadu
(*regis_gustave@yahoo.com)

In recent years there has been more stress on farm mechanization which has 
been due lack of availability of labour. If workers are available the question 
has always been the timely availability of workers for farm operations, which 
has greatly affected the productivity of our crops. Farm mechanization has 
solved most of the issues within farming community, but the question is how 
far it has been successful in Western Ghats under multi-tier cropping and 
unfriendly terrain.   Farm mechanization has been quite successfully done in 
flat lands or machinery friendly terrains, which has significant contribution 
towards productivity. 

With the present method of cultivation practice it has been very difficult to 
introduce machinery in our plantation and orchards. As farmers, we have 
to design our farms to fit in machinery. In a gentle slope land it is best to 
plant our coffee, oranges, cardamom, bananas etc along the slopes; if it’s 
a steep slope terracing has been a solution to farm mechanization. Idle 
spacing for coffee to mechanize has been 12 feet between rows and 3 feet 
between plants, and changes with different varieties. In terrace cultivation 
12 feet terrace has provided sufficient space for machinery without loss of 
population, but has impact on area.  

The other major challenge has been in the field of cardamom mechanization. 
We have been studying different planting designs to introduce machinery 
in cardamom plantation. So far we have been able to complete task like 
spraying, weeding and fertilizer application with the help of tractor. So far 
we have planted cardamom in hedge row system and also pair row system 
by bench cultivation method. Similarly we have mechanized banana field 
operation like spraying, weeding, fertilizer application and irrigation.
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The use of mini tractors has been efficient in moving around tight corners 
of plantations. Buying of compact sprayers mounted on tractors has been 
effective in spraying for different crops. The total area covered in a day has 
been between 10 to 13 acres with one labour compared our traditional 
system of 2.5 labours per acre. By using tractor mounted sprayer, there 
has been a savings of 70% of volume of water and 40-50% on chemical. By 
modifying our system we can avoid giving cocktail sprays to plants and make 
sure the sprays is done when needed.

The second most important problem in farms has been irrigation and 
fertilizer application. Drip irrigation has been successful form of irrigating 
the plants and with recent developments; fertigation has shown significant 
improvement to the productivity of farm. Using automation system we can 
provide timely water and fertilizer to plant at optimum dose, and also has 
been labour free to minimum labour for large area.   

Similarly use of tractor based weeding equipments has solved problems in 
weeding. The major advantage of tractor based weeding, other than labour, 
cost and time,  has been its impact on soil erosion. By using slash weeder, we 
can maintain the soil and field temperature, and prevent soil erosion. 

Multi-tier cropping has played significant role in financial stability of farm 
and thereby price factor not affecting our inputs to the plants. Diversification 
of farm can consume more labour if not mechanized and done properly; 
which eventually can affect your primary crop. 
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Coconut milk residue has several nutritional benefits and desirable attributes. 
The extrusion cooking imparts some additional properties like change in 
water absorption index (WAI), water solubility index (WSI), oil absorption 
index (OAI) and compression force and rupture force of extrudates. The 
functional properties of a coconut milk residue (10-20%), corn flour (20-
30%) and rice flour (60%) extruded at 100 to 140 °C temperature, 200 to 300 
rpm screw speed and 14% moisture content are reported. Water absorption 
index differed significantly (P<0.0001) with change in the feed composition. 
The coconut milk residue had significant (P<0.001) negative linear effect 
with water solubility index. Water absorption and water solubility indices 
increased with an increase in extrusion temperature. The water solubility 
indices had negative correlation with screw speed. Oil absorption indices 
decreased only at 120 °C. Higher coconut milk residue content increased the 
extrudate compression force and cutting strength. Fifteen percent coconut 
milk residue and 25% corn flour with screw speed and extrusion temperature 
at 220 rpm and 140 °C respectively, gave an optimized product of high 
desirability (>0.95) with optimum responses of 5.69 ml g-1 water absorption 
index, 20.80 N compression force and 10.81 N rupture force.  
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tea quality 

Manigandan N.*, Suraj R. & Surendar P.
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Fermentation is an important process in tea manufacturing cycle and the 
proper fermentation of tea leaves determines the quality of tea made. Both 
over and under fermentation affects the quality of made tea. To know the 
optimum fermentation time and flavour of the processed tea, CDAC Kolkata 
had developed a hand held electronic nose system (HEN). The system 
consists of top section, mid section and bottom section. Top section contains 
major portion of electronics, display, pump, sensor array and battery. The 
detachable mid section holds the valve and provides an air path between 
pump and sample holder and between sample holder and sensor array. 
The bottom section is a threaded glass jar that acts as the sample holder.  
The HEN can be handy in determining the optimum fermentation end point 
during manufacturing process and assess the quality of processed tea based 
on its aroma. Fixed quantity (half of the sample holder) of sample was taken 
from fermentation bed at the interval of five minutes and the generated 
aroma volatiles are discharged to the sensor array. This captured aroma is 
plotted against time to get the second aroma peak, which determines the 
optimum end point of fermentation. This has been compared with existing 
chemical method. The results obtained through HEN correlated with the 
existing chemical method. The processed teas consisting CTC and orthodox 
types of manufacture and different grades were evaluated through HEN 
and the results have been compared with organoleptic evaluation of tea 
by national and international tea tasters. The results revealed that the 
Handheld Electronic Nose is suitable for determining optimum fermentation 
time during tea manufacture while it is not suitable for assessing processed 
tea based on aroma.

TS5-OP3

Design, development and performance 
evaluation of mechanized rotary drum 
roasting machine for raw cashewnuts

Balasubramanian  D.*
ICAR-Directorate of Cashew Research, Puttur-574202, Karnataka

(*bavika13@email.com)

India pioneered the cashewnut processing profitably, performing with the 
elaborate and strenuous manual mode of extracting edible kernels. This 
resulted in India’s domination of the supply of kernels in the global market. 
Raw cashewnut requires conditioning to extract white whole kernels 
which fetches premium price. Drum roasting process for conditioning raw 
cashewnuts is followed in Kerala, Tamilnadu, Andhra Pradesh, Odisha, West 
Bengal and NEH regions for several years. About 64 % of the total processing 
units available in India follows drum roasting process. Presumably, cashew 
kernels obtained by drum roasting mode of processing are preferred in 
certain countries for its flavor and taste. Time-Temperature relationship of 
roasting raw cashewnuts for various sizes i.e. large (>30 mm), medium (26 to 
30 mm) and small (<26 mm) in the roasting temperature range of 350 °C to 
750°C at an interval of 100°C revealed that higher the roasting temperature, 
rate of diffusion of moisture and volatiles from the nuts would be higher, 
but char the nut. A weight loss of 11.66 %, 14.56 % and 16.79 % recorded 
for small, medium and large size nuts respectively at the selected roasting 
temperature. Accounting problems associated with conventional type drum 
roasting machine, a novel mechanized rotating drum type roasting machine 
for raw cashewnut was developed. It consisted of a bucket elevator, revolving 
drum, power transmission system and a heating assembly. Revolving drum 
is 1.25 m length having 0.16 m ф made up of 1.6 x 10-3 m thick mild steel. 
A longitudinal gas burner is provided beneath roasting drum throughout its 
length and the gas pipe is connected to liquefied petroleum gas (LPG) with 
control valve. Burning nuts falling out of the drum outlet were quenched off 
by water spray. Various machine and material parameters viz., size of the 
nuts (large, medium and small); moisture content (8.0 to 15.7% dry basis), 
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revolutions of roasting drum (13, 19 and 25 rpm) and feed rate (500 to 1159 
kg h-1) were considered for evaluating the drum roaster and whole kernel 
recovery which has strong bearing on economics of processing was used as 
criterion. Optimum value of whole kernel recovery i.e. 83 % was obtained 
for medium size nuts possessing moisture content of 12.7 % dry basis while 
the drum rotation was around 13 rpm. It is recommended to process graded 
nuts by drum roasting machine in order to recover better whole kernels. Cost 
of the machine is Rs 75,000/- and its operational capacity worked out to be 
225 kg h-1. 
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Spices are frequently contaminated with microorganisms especially 
mycotoxigenic fungi. Mycotoxigenic fungal isolates from spices belonging to 
the genera Aspergillus, Fusarium and Penicillium were artificially inoculated 
to chilli, ginger and turmeric (powder form) and irradiated using the 60 
cobalt gamma rays at different dosage. The spice samples exposed at 10 kGy 
and 7.5 kGy showed complete elimination of mycotoxigenic fungi. Turmeric 
samples exposed at irradiation level of 5kGy showed complete elimination 
of all test fungi. Survival rate of Aspergillus, Fusarium and Penicillium species 
was 54.0, 20.0 and 89.0% respectively in chilli while ginger showed survival 
rate 18.0, 0.0 and 100.0% at 5 kGy for various fungi respectively. However 
irradiation level of 2.5 kGy was not found satisfactory as fungal survival rate 
was above 37%.
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In India more than 80% of the rubber producers prefer to market natural 
rubber latex as sheet rubber. The price of sheet rubber fluctuates quite 
often, and therefore, the farmers are prompted to store the sheets for a 
short period of time to sell at the right time. The steps involved in sheeting 
of the latex coagulum and smoke drying is important for producing quality 
sheet rubber. Majority of small growers usually produce RSS4 grade sheets. 
However, group processing centres (GPCs) attached to RPS (Rubber Producer’s 
Society) which is a joint venture of Rubber Board and rubber farmers produce 
RSS1 grade sheet with a better market price. The water content retained in 
the wet sheet is a crucial factor in sheet drying. In conventional method, 
passing the sheets through rollers enable to increase the surface area for 
quick evaporation but still the water content is reduced to only 50% of its 
total weight which affects the quality.  Hence, an experiment for further 
reduction in water content of the wet sheet was attempted by providing an 
additional pass through a specifically fabricated ‘twin roller’ comprising a 
pair of plain (upper) and grooved (lower) rollers before smoke drying and 
the results were encouraging. About 35% of the water content in the sheet 
could be further squeezed out. Humidity related problems in the smoke 
house could also be reduced to a considerable extent. Better dimensional 
retention of dry sheet, attractive colour, 25% saving in fuel, saving in drying 
time and thereby increasing the sheet loading capacity of the smoke house 
are the added advantages. Fetching higher price by improving the quality of 
the sheet rubber at a reduced cost is the most viable approach to thrive over 
the current unprofitable situations existing in the rubber plantation industry.  

TS5-OP6

Evaluation of ecological coffee wet 
processing machinery for its performance
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Coffee is processed either by dry or wet method at the estate level. Dry 
method of processing is a simple method where in harvested fruits are dried 
directly on the drying yard to the desired moisture content of 10 to 12 per 
cent before bagging. In wet method of processing, the fruit skin and mucilage 
adhering the beans are removed mechanically using coffee machineries 
known as coffee pulpers and washers.  The evolution of coffee processing 
technology has led to ecological processing methods and invention of eco-
pulpers.  In recent years, a few coffee growers have installed eco-pulpers and 
processing coffee with very little quantity of water.  A survey was undertaken 
during 2014 to 2016 to study the water usage for processing coffee using new 
generation eco-pulpers.  Total water requirement for pulping and mucilage 
removal ranged from 0.5 to 1.0 liters in Arabica and 1 to1.5 liters in case of 
Robusta respectively.  The upward flow mucilage remover delivers washed 
parchment, and discharges thick mucilage that can be mixed with the pulp 
in the screw conveyor and transported to nearby pit for composting.  Thus 
the use of eco-pulper can reduce the water usage by 80 to 90 per cent when 
compared to conventional disc pulpers.     
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Curing of turmeric is an essential unit operation to be performed before 
drying. The curing of turmeric is done by different methods in different places 
using boiling water or steam and the time varies from 1 to 12 h. Firewood is 
generally used as a fuel for burning. But many a time, due to non availability 
of sufficient fire wood in the turmeric growing regions, the used tyres, plastics 
and other toxic gas generating materials are used as fuel. India being a tropical 
country receives adequate solar radiation for 300 days, amounting to 3,000 
hours of sunshine equivalent to over 5,000 trillion kWh. Almost all the regions 
receive 4-7 kWh of solar radiation per m2 with about 2,300-3,200 sunshine 
hours/year, depending upon the location. Solar energy is very attractive form 
of energy with its pollution free nature and virtually inexhaustible availability. 
ICAR-IISR has taken the initiative to go green by utilizing renewable solar 
energy for turmeric curing. A parabolic trough type concentrating unit is 
installed at ICAR-IISR, Experimental Farm at Peruvannamuzhi, Kozhikode for 
curing of turmeric. The unit has solar thermal collectors with curved parabolic 
mirrors which concentrates solar radiation on to a central pipe called as the 
receiver. The receiver is coated with solar selective coating to absorb 90% of 
the incoming rays and insulated with air jacket to save the collected heat. The 
collected heat is transferred to the water circulated in the pipe which in turn 
generates steam. There are 16 numbers of fully enclosed parabolic trough 
collector modules for concentrating solar energy with an aperture area of 32 
m2 and can generate about 150 °C/3.5 bar saturated steam in less than half an 
hour. A micro controller based single axis tracking system with GPS is employed 
to achieve continuous and automatic tracking. The unit has a cooking vessel of 
capacity 50 kg turmeric/batch. The trails conducted at ICAR-IISR indicated that 
complete cooking of turmeric using the steam generated from the concentrating 
type solar cooking unit could be achieved in 60 min. The operation is totally 
pollution free and effective utilization of the steam generated from this system 
is equivalent to a savings of one acre of green forest. 
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Development of mechanical unit for 
production of white pepper

Jayashree E.1*, Suseela Bhai R.1, John Zachariah T.1 & Ravindra Naik R.2
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2ICAR-Central Institute of Agricultural Engineering, Coimbatore-641007, 
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White pepper is the value added form of pepper which is obtained from 
either green or black pepper after the removal of outer skin. Traditionally 
this is achieved by soaking the pepper in flowing water for few days and 
then rubbing it manually.  Due to paucity of flowing water, traders have 
resorted to several unhygienic practices for the removal of outer skin using 
chemicals. In the present work, a mechanical unit developed was evaluated 
for production of white pepper from green pepper/black pepper.  The 
prototype unit developed for production of white pepper consists of two 
parts-the fermentation unit and the pulping unit. The fermentation unit 
consists of an outer cylindrical stainless steel tank which is mounted on three 
legs and provided with a drain valve to drain off water from the fermentation 
tank.  The tank also consists of a water circulation system with a motor for 
circulating the water to the tank.  The pepper for fermentation is taken in 
the inner perforated drum which is placed in the outer drum and filled with 
water. The pulping unit consists of an inner perforated stainless steel drum 
and an outer stainless steel casing drum mounted on a central stainless steel 
shaft. The outer drum is provided with a feed hopper. The central shaft is 
provided with 2 sets of nylon brushes. The shaft is connected to a pulley 
P1 with the help of two bearings. The pulley P2 is connected to a one hp 
three phase motor which powers the unit.   The trials on production of white 
pepper from black pepper was carried using black pepper (variety Panniyur-1) 
obtained from Agriculture Research Station Panniyur, Kannur, Kerala and the 
trial was conducted at Indian Institute of Spices Research Experimental Farm, 
Peruvannamuzhi, Kozhikode. The black pepper was cleaned and graded in 
a mechanical grader having sieve of 3.5 mm perforations. Cleaned black 
pepper was transferred in to the perforated fermentation tank and sufficient 
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quantity of water was added. The fermentation vessel was closed tightly 
and water was changed every alternate day for 12 days. The re-circulating 
pump was switched on for half an hour every day in the morning and in the 
evening. After 12 days the outer skin was loosed and the fermented pepper 
was washed and pulped in the pulping unit. The outer skin was removed 
and the white pepper obtained was dried in the solar tunnel drier. The white 
pepper obtained had a dry recovery of 68.7% and the capacity of the pulping 
unit was 125 kg/h. 

A trial on white pepper production from fresh green pepper (Panniyur 1) was 
also conducted in this unit. The fermentation was completed in three days. 
The material was washed in the pulper cum washer and drier in the solar 
tunnel drier. From the various experiments conducted, it was studied that 
the fermentation tank had a capacity of 10 kg/batch of green pepper and 
5 kg/batch of black pepper. Pulper cum washer had a capacity of 125 kg/h. 
The fermentation time required for conversion of green to white pepper was 
3 days with daily change in water and black pepper to white pepper was 12 
days with alternate days of change in water. Dry recovery of white pepper   
from green pepper was 21.60% and from black pepper was 65.17%.

TS5-PP3

Multi utility track vehicle- a multipurpose 
and drudgery free machine for 

mechanization in coffee plantation
Rudragouda*, D’Souza G. F & Manjunath A. N.

Central Coffee Research Institute, Coffee Research Station, Chikmagalur-577117, 
Karnataka, India

(*agronomistcrss@gmail.com)

Coffee is grown on sloped hilly tracts under the shade trees and majority of 
the work is being carried out manually in India. Regular cultural operations 
in coffee cultivation requires about 580 and 370 man days per ha in Arabica 
and Robusta respectively. The cost of labour alone constitutes about 55 to 
70% of the total cultivation cost. In recent years, shortage of labours in coffee 
plantations is acute due to migration of workers to urban areas. It affects the 
timely cultural operation, flare up of pest and diseases and escalating cost of 
cultivation. Mechanization is the only best option to overcome these problems 
and to increase the labour use efficiency and reduce the cost of labour. Hence, 
field evaluation of Multi Utility Track Vehicle (MUTV) was carried out in bulk 
plot during the year 2013-14 & 2014-15 at Coffee Research Sub Station, 
Chettalli. Results of field evaluation on different spaying system indicated that 
significantly higher field efficiency was observed with MUTV spraying with 4 
spray lance (0.557 ha per hour) and it was on par with centralized spraying 
system (CSS) with 14 spray lance (0.510 ha per hour). Lower field efficiency 
was observed with power tiller spray system (0.410 ha per hour) with 8 lance. 
MUTV consumed less spray volume (1018 L ha-1) as compared to CSS (3571 
L ha-1), which was about 268% less as compared to CSS.  Similarly, the labor 
requirement for MUTV system was less (9 labors per day) as compared to 
CSS (28 labor per day) and PT (16 labor per day), which resulted in saving of 
labor cost to the extent of 211% as compared to CSS. It clearly showed that 
spraying through MUTV reduced spray volume or chemical, cost of production 
and increased the labor use efficiency without drudgery. Field efficiency of 
MUTV was also evaluated for various farm operations like transporting of 
input/output, heaping, spreading and racking activities during processing 
and watering for better establishment of young plants.
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An experiment was carried out to explore the potentiality of coconut milk 
residue (CMR), which is a nutritious underutilized co-product of coconut 
milk, for the preparation of fibre enriched pasta. Coconut milk residue was 
added at 0-20% to durum wheat semolina. Significant colour change due 
to incorporation of CMR was evident from the higher L value obtained in 
the raw and cooked pasta as compared to the control. Water absorption 
was higher in the cooked pasta samples containing higher concentration of 
CMR (114.52 to 182.4% for 0 to 20% CMR incorporation). However while 
cooking, no significant reduction (p > 0.05) in the gruel loss was observed. 
The firmness value significantly reduced (p < 0.05) after the addition of CMR. 
Based on the cooking qualities, colour, textural and sensory acceptability, 10% 
coconut milk residue incorporated pasta was found the most acceptable. The 
effect of storage time was not significant on the qualities of raw and cooked 
pasta indicating that pasta was acceptable up to 3 months when stored in 
100µ thick polyethylene bags without addition of any preservative under 
ambient condition. By incorporating 10% CMR in pasta, more than 50% of 
recommended dietary allowance of fibre could be supplemented apart from 
the enrichment of protein. 

TS5-PP5

Commercial utilization of nutmeg spice rind 
for preserve and candy

Khandekar R.G.1*,  Pawar C.D.1, Pethe U.B.1, Agre R.V.1, Salvi B.R.1,  Rathod R.R.1, 
Mahadkar U.V.1  &  Nirmal Babu2 

1 College of Agriculture, Dr B. S Konkan Krishi Vidyapeeth, Dapoli- 415712, 
Maharastra

 2ICAR-Indian Institute of Spices Research, Kozhikode-673012, Kerala
(*rgk.bskkv@rediffmail.com)

Nutmeg is one of the important tree spices crops grown for its seed called 
nutmeg and aril called mace. It was revealed from the present study that 
nutmeg rind, which is generally a waste product, contributed maximum 
(84.10 percent) in the total weight of fruits followed by seed (12.69%) and 
mace (3.21%) immediately after harvest, fresh nutmeg rind was successfully 
utilized for standardizing preserve and candy. The preserve and candy were 
found to be organoleptically acceptable and recorded score of 8.06 and 
7.44 respectively after three months of storage at ambient temperature 
conditions with initial 65°B total soluble solids (TSS) in syrup than 45% and 
55% initial T.S.S. syrup. 
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Proximate analysis in nutmeg (Myristica 
fragrans Houtt.) rind 

Teena Simenthy P., Meagle Joseph* & Sheela K.B.
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(*meaglejoseph@gmail.com)

Nutmeg (Myristica fragrans Houtt.) is an important tree spice, yielding two 
spices of commerce. But the thick fleshy pericarp constituting 80-85% of 
total fruit weight possesses an astringent taste and is generally discarded 
during harvest, hence considered as a farm waste. Utilization of rind for food 
purpose increases the value of the crop. The physiochemical study on nutmeg 
rind was carried out at the Department of Processing Technology, College 
of Horticulture, Vellanikkara, Thrissur during 2012-2015. Physico-chemical 
properties and their response to process conditions are necessary because 
they influence the treatments received during processing and are good 
indicators of other properties and qualities of food. The chemical composition 
of rind is also very peculiar which requires detailed investigation. Hence, the 
study was undertaken to assess the proximate composition of nutmeg rind. 
The physical and biochemical characters were studied in unpeeled nutmeg 
pericarp collected from five locations during June – July, the main harvesting 
season of the crop. The colour of rind was described as pale greenish yellow 
using standard colour chart. The texture determined was1.85 Kg/cm2. The 
biochemical characters observed were moisture (88.45%), TSS (3.38 °B), 
crude fibre (2.55%), acidity (1.43%), total sugars (2.69%), reducing sugars 
(2.09%), non-reducing sugars (0.60%), pectin (0.78%), total phenol (35.20 
mg/100 g), tannin (33.80 mg/100 g), ascorbic acid (11.45 mg/100 g), protein 
(1.25 g/100 g), starch (0.95 g/100 g) and carotene (37.82 µg/100 g).

TS5-PP7

Palmyrah (Borassus flabellifer L.) fruit sap- 
collection and its value addition

Vengaiah P.C.*1, Murthy G.N.1 & Maheswarappa H.P.2
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Palmyrah (Borassus flabellifer L.) is a very important palm and plays an 
important role in the day-to-day life of poor and landless farmers. More 
than 50 products have been found as commercially important, among 
these, inflorescence sap, fruit sap, tender fruit, tuber are very much valued 
products. Palmyrah sap is collected from inflorescences of both male and 
female palms during January to May in Andhra Pradesh which gives only five 
months employment for tappers and jaggery manufacturers. Sap collection 
from matured fruit of palm is new technique which extends season for 
another 4 - 5 months. Generally bunch contains 15-25 fruits, and length is 
about 50-70 cm.  Sap is collected form cut portion bottom fruit of the bunch. 
Each bunch yields 1.5 to 2 L/day for a period of 90-100 days. Fresh sap (neera), 
if kept at room temperature for a couple of hours, undergoes fermentation. 
Fresh sap is light golden in colour, with pH 7 and develops no foul odour 
by collecting it in Ice box technology developed by Central Plantation Crop 
Research Institute (CPCRI). The traditional way of tapping, i.e. collecting the 
sap in a mud pot kept at the top of the palm under atmospheric temperature 
for 8–12 h, ferments the sap before collection itself. The colour turns whitish, 
pH drops to below 6 and odour of toddy (fermented smell) slowly develops. 
By using CPCRI method, the sap collected was sweet, non-alcoholic and also 
free from contaminants like ants, insects, pollen, dust, etc. Physicochemical 
properties of fruit sap from palmyrah were studied and composition analysis 
revealed (on a dry-weight basis) that it has high content of carbohydrates 
(93.82 g/100 g of dry matter basis) mainly sucrose [92.72 g/100 g (dry matter 
basis)] and contains 2.29 g/100 g (dry matter basis) proteins of ash. Palm 
sap also contains 8.28 mg gallic acid equivalent/100 ml of total polyphenol. 
Thus, palm sap showed antioxidant activity with a percentage inhibition of 
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the DPPH radical value of 47.64%.  From these results, this natural sap could 
be regarded as functional food due to its high nutritional value, antioxidant 
activity. The fresh, hygienic and unfermented sap from palmyrah fruit can 
be sold as a ready-to-serve health drink under refrigerated condition or can 
be processed into value-added natural products like sugar, jaggery, honey, 
syrup, etc. without the addition of chemicals.

TS5-PP8

Development and storage of palmyrah 
grape Ready to Serve beverage

Vengaiah P.C.1*, Vijayakumari B.2  & Murthy G.N.1

1Horticultural Research Station, Dr. Y.S.R. Horticultural University, 
Pandirimamidi-533288, East Godavari, Andhra Pradesh 
2Acharya Nagarjuna University, Guntur, Andhra Pradesh

(*pcvengaiah@gmail.com)

The Ready to Serve (RTS) beverage of two or more plant species is possible by 
blending technology which gives desired sensory, nutritional and medicinal 
properties. The palmyrah is rich in carbohydrates and carotenoids while 
grape is rich in the medicinal and antioxidant properties. Palmyrah pulp 
and grape juice were used in the preparation of ready to serve beverage 
and evaluated for its best combination. The RTS beverage prepared from 
best combination was investigated for its storability. The study revealed that 
palatable RTS beverage of 15°B TSS and 0.24 % acidity could be prepared 
using 15% of blend comprising palmyrah pulp and grape juice in 2.2:1 ratio. 
The TSS, acidity, reducing sugars and total sugars content increased whereas 
ascorbic acid and non- reducing sugar content decreased when beverage 
was stored into glass bottles at ambient temperature. The beverage could be 
stored for two months with acceptable sensory quality.
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An improved device for coconut embryo 
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Devakumar K.*, Neema M., Aparna V., Krishna Prakash, Gangaraj K.P. & 
Anitha Karun
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Coconut embryo extraction is prerequisite for embryo culture and plumule 
culture experiments in coconut. The current tools for embryo extraction 
suffer from deficiencies that affect the efficiency of embryo extraction. We 
present an improved device with modification like a metallic protective 
dome fitting for protecting extracting person’s palm, a handle for better grip 
and an ejector mechanism for expelling out the coconut cylinder and kernel 
waste scraps from the extraction tube. This device improves the efficiency 
of embryo extraction and can be a valuable tool for coconut embryo related 
experiments.
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Biochemical characterization of coconut 
haustorium based extrudates

Arivalagan M.*1, Manikantan M.R.1, Sreejith S.2, Balasubramanian D.3, 
Kanade S.R.4 & Hebbar K.B.1
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Extrusion cooking is one of the most promising techniques, and has many 
advantages compared to other snack foods, and it doesn’t require oil. During 
the extrusion cooking process, the sample is exposed to heat at minimal time, 
and therefore nutrients present in the raw material are preserved in the final 
product. Rice and maize are commonly used for the production of extrudates and 
incorporation of other nutritionally rich food materials is prime important to make 
them nutritionally superior. Coconut haustorium is a nutrient rich spongy tissue 
formed from basal part of the embryo during germination. In the present study, 
we explored the possibility of incorporation of coconut haustorium powder in the 
preparation of extrudates. Coconut haustorium powder was added to mixture 
of rice and maize (1:1) flour at levels of 0%, 10%, 20% and 30% by replacing the 
maize and extruded in twin screw extruder. Process variables (feed moisture, feed 
rate, screw speed and temperature) were kept constant. The effect of addition 
of coconut haustorium on the physico-chemical parameters like bulk density, 
expansion ratio, water absorption index (WAI), water solubility index (WSI), breaking 
force, breaking strength, compressive strength, color parameters like L, a and b, 
hue value, chroma value, sensory characteristics and biochemical parameters like 
proximates, phenolics and antioxidant activity in the extrudates was studied. Results 
indicated that the addition of coconut haustorium had significant effect on various 
parameters studied. There was a reduction in WAI and increase in WSI was observed 
with the incorporation of haustorium.  Breaking force, breaking strength, hardness 
force were increased with the addition of haustorium. Since coconut haustorium 
contained large quantity of available carbohydrates, there was a significant increase 
in available carbohydrate content in the extrudates.  The protein, phenolics and 
antioxidant potential measured by both FRAP and CUPRAC methods were also found 
increased in extrudates. Based on the overall sensory acceptability, 20% haustorium 
incorporated extrudates was found suitable for healthy and nutritious extrudates.
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The drying of osmo-dehydrated coconut slices is one of the critical unit 
operations in the production of coconut chips. Hence, prediction of drying 
characteristics is attempted in this study using the developed thin layer 
drying models. The coconut slices were osmotically pre-treated using two 
different solutions (cane sugar and coconut inflorescence sap) and immersed 
for 15 minutes in the ambient condition. The two samples were dried in 
mechanical convective tray dryer at a drying temperature of 60 ºC. The 
results showed that drying regime was characteristically in the falling rate 
period. A regression analysis was used to fit eight thin layer drying models to 
the experimental drying data. The most appropriate model(s) was selected 
using correlation coefficient (R2), chi-square (χ2), mean bias error (MBE) 
and root mean square error (RMSE). The Midilli model was found to be the 
best one for describing the thin layer drying kinetics of the coconut slices for 
both cane sugar and coconut inflorescence sap based coconut slices. The 
effects of the osmotic pre-treatment on the drying data, moisture diffusivity, 
moisture loss, solid gain, TSS of coconut slices and crispiness, biochemical 
and sensory characteristics of coconut chips were also explained. 

TS5-PP12

Influence of manufacturing process on 
the quality of green tea under Dooars 

conditions
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A study was undertaken to examine the influence of manufacturing process 
on the quality of green tea under Dooars conditions. Four different cultivars 
(TV-9, TV-20, TA 17/1/54, and TS 462) were selected for the study. Different 
commercial manufacturing methods of orthodox  and CTC  types viz., (i) 
conventional steaming, (ii) hot water dipping (1 minute), (iii)  hot water 
dipping (2 minutes) (iv) 1cut CTC and (v) 2 cut CTC of green tea processing 
were employed throughout the cropping season. Essential biochemical 
components of the prepared green tea (total soluble solids and total 
polyphenols) were estimated by ISO method and organoleptic evaluation 
was done by professional tea taster. Biochemical estimations of total soluble 
solid, total polyphenol and organoleptic evaluations for all the green tea 
samples indicated a comparable quality. Results showed a better cuppage, 
and marginally higher total soluble solid (water extract) of (44.35% dry 
weight) in CTC green teas as compared to orthodox green teas (43.56% dry 
weight). The difference in total soluble solid is more pronounced in case of 
1-cut CTC than 2-cut CTC (44.48% dry weight) in comparison to orthodox 
type. However, the total polyphenol level of orthodox and CTC green teas 
manufactured from all cultivars were found to be comparable (mean value 
21.16 % dry weight). Organoleptic evaluation revealed that green teas (1-cut 
CTC and 2-cut CTC) were slightly more bitter than its orthodox counterparts. 
Overall it was observed that green tea processed by orthodox and CTC 
methods were comparable from quality point of view. The comparison 
between steaming and dipping process of green tea manufacture shows that, 
the total soluble solid as well as polyphenol content were slightly higher in 
steaming (mean value 45.52% and 21.12% dry weight respectively) compared 
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to dipping (mean value 40.13% and 19.76% dry weight respectively) for all 
the four selected tea cultivars without any notable differences in the taster’s 
score. This could be due the loss of some of the water soluble part from the 
fresh leaf during deactivation by dipping process. These initial findings have 
helped in understanding the effect of different manufacturing process on 
green tea quality and health-promoting constituents.
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Coconut de-shelling machine is intended to reduce both time and drudgery 
involved in the manual de-shelling process. A power operated coconut de-
shelling machine, developed at ICAR-CPCRI, Kasaragod had been evaluated 
for different varieties of coconuts namely; Tiptur Tall, Kulashekharam Green 
Tall and West Coast Tall. The machine consisted of an electric motor of 1 hp 
capacity as prime mover running with 1440 rpm and fitted at the bottom of 
the machine. A gear reduction and chain-sprocket arrangement were used to 
reduce the rpm of a horizontal shaft to the level of 24 rpm. Two concentrically 
circular blades having 24 numbers of teeth, rotating at 24rpm and a stationary 
shaft on which coconut was placed, were the major components of the de-
shelling machine. Coconut to be processed was pressed towards the rotating 
blades by firmly placing on the stationary shaft. Shell get detached from the 
kernel due to the impact force of the rotating blade. The de-shelling capacity 
of machine, when operated by a skilled worker was found to be 141 nuts/h, 
148 nuts/h and 144 nuts/h with de-shelling efficiency of 89%, 92% and 
90% for Tiptur Tall, Kulashekhara Green Tall, and West Coast Tall varieties 
respectively. In context of, de-shelling capacity and de-shelling efficiency 
no significant difference among the varieties were observed and machine 
worked well for all three varieties. 
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Garcinia cambogia is minor forest produce which is excessively available in the 
Western Ghats of the country. It is available in certain belts of Karnataka, Kerala, 
Tamil Nadu, Andhra Pradesh, Orissa and other parts of the country. Garcinia 
combogia plays a major role in health food and weight loss compound: it is a well 
known component used in anti-obesity herbal supplement around the world for 
decades. Hydroxy citric acid (HCA), the principal acid in the fruits of G. cambogia, 
is a competitive inhibitor of ATP-citrate lyase the enzyme responsible for fatty acid, 
cholesterol, and triglyceride biosynthesis. The juice obtained from ripe G. cambogia 
fruit is converted to vinegar which is used as a souring agent after concentration.  
Package of equipment  viz, juicer/grinder, juice squeezer and juice concentration 
unit was developed at ICAR- Central Institute of Agricultural Engineering, Regional 
Centre, Coimbatore, Tamil Nadu to make vinegar  for ripened G. combogia fruits. 
For extraction of juice, the G.  combogia fruits have to be reduced to fine size after 
deseeding it, before the juice is squeezed out from it. This is performed by high 
speed juicer/ grinder (2800 rpm) with 2 hp single phase/three phase motor. The 
juicer/grinder is completely made up of stainless steel with a set of six blades fixed 
to the rotating drive shaft. It has a tight lid on the top. Provision has been made to 
tilt the juicer for easy unloading after grinding. The capacity of the unit is 4 kg/batch 
and 40-45 kg/h. The ground paste of juice and fibre is fed into juice squeezer for 
extraction of juice. The juice extraction in this equipment is hygienic, without direct 
contact of human hands and thus helps to reduce contamination. The capacity of 
this unit is 2 kg/ batch. The extracted juice is converted to vinegar by concentrating 
using a tilting type of juice concentrator of about 30 L capacity, which is made of 
stainless. The concentrator operated by one HP single phase motor and the fuel 
used was LP gas. It takes about 4 hours for juice (30 L) to be converted to vinegar.   An 
entrepreneur based at Coorg, Karnataka, which a   major growing area for Garcinia 
has adopted the package of equipment and successfully using it for last two years. 

TS5-PP15

Effect of spray drying conditions and feed 
composition on the physical and functional 

properties of microencapsulated kokum 
juice powder 
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Kokum (Garcinia indica choisy) is found in humid tropical regions of Western Ghats of 
India. Kokum is a berry with fleshy endocarp whose seeds, rind, juice and pulp have a 
myriad of health benefits. The rinds are processed for the preparation of juice which 
has antibacterial, antifungal, anticancer, and anti-inflammatory properties. Kokum 
juice can be converted to powder form using spray drying. This reduces volume for 
transportation, increasing shelf life and convenience and usefulness in medicinal 
applications. Keeping this in mind, a study was conducted on microencapsulation of 
kokum juice by spray drying technique. Microencapsulation was done with kokum 
juice as the core material and maltodextrin as the wall material. The substance to 
be encapsulated (the filtered juice) and a carrier (maltodextrin) is homogenized is 
then fed into a spray drier. Kokum juice was spray dried at inlet air temperatures of 
190 and 200 ⁰C with maltodextrin (drying agent) at a concentration of 20, 25 and 
30%. The kokum powder was analyzed for physiological and functional properties 
viz: wettability, bulk density, pH, titrable acidity, TSS, moisture content, water 
activity and scanning electronic microscope (SEM) using standard procedures. The 
RTS drink prepared from powder were assessed for their sensory attributes like 
appearance, flavour, taste and overall acceptability. The variations in physiological 
properties and functional were also analyzed during storage period. Based on the 
physicochemical characteristics and sensory analysis, a maltodextrin concentration 
of 25% was standardized for the production of microencapsulated kokum juice by 
spray drying. The physicochemical characteristics of the optimized kokom juice 
powder were:  moisture content (5%), wettability (26s), bulk density (0.35g/ml), 
pH (2.5), titrable acidity (3.65), TSS (19⁰Brix), and water activity (0.4). The SEM 
micrographs showed a uniform powder with an average particle size of 10 µm. 
The study suggests that reconstituted kokum juice with cardamom flavour can 
be taken as a ready to drink beverage. The samples with higher concentrations of 
maltodextrin were low hygroscopic and was more stable on storage with a shelf life 
of more than three months under laminated pouches. 
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Coconut (Cocos nucifera L) contains two distinct endosperms, one in liquid form 
called nut water and other in solid form called endosperm or kernel. Both these 
endosperms act as a reservoir of nutrients. The nutrients stored in this endosperm 
are utilized by the growing embryo during germination. Since the embryo 
embedded in the soft eye of the coconut and the endosperms occupy the entire 
cavity, absorbance of the nutrients by the embryo from endosperm is challenging. 
In order to overcome this problem, distal portion of the embryo grows towards the 
cavity as a spongy absorbent tissue called haustorium, which aids in absorbance 
of nutrients. The nutrients present in the nut water are initially utilized followed 
by solid endosperm by the growing embryo. The present study was aimed at 
determining the biochemical changes in the nut water, kernel and mucilage (the oily 
layer formed between haustorium and kernel) at different interval from twenty days 
after germination (DAG) to 120 DAG. Moisture, Total soluble solids, pH, total sugar, 
reducing sugar, soluble protein, phenolics and antioxidant capacity was studied 
in nut water. Oil content and acid value was also studied in kernel and mucilage 
along with other biochemical constituents. Significant differences were observed 
for most of the parameters studied. The TSS, total sugar and reducing sugars in 
the nut water were reducing from 5.87 to 0.85 ° Brix, 2.2 g to 0.25 g and 0.84 g to 
0.03 g, respectively. Similarly significant reduction was observed for soluble protein, 
phenolics and antioxidant potential also. The oil content in the mucilage increased 
from 63 % to 83 % during germination. Total sugar reduced form 22 g to 4.7 g/100 
g. mucilage moisture content reduced from 70 % at 20 DAG to 49% at 120 DAG. Acid 
value of mucilage was about three times higher than the kernel acid value indicating 
high amount of free fatty acids. Total sugar, reducing sugar, oil content, phenolics 
and antioxidant potential of the kernel was comparatively lesser than the mucilage. 
This indicated that the nutrients present in the kernel is first hydrolyzed to form a 
mucilage which then utilized by the growing embryo through haustorium. 
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Spices are intrinsically woven into the history of our nation. Among spices, 
black pepper is the one that has captured the global attention. Black pepper 
(Piper nigrum) belongs to the family Piperaceae.  The products developed 
from pepper broadly fall into three groups namely black pepper, white 
pepper and green pepper.  Black pepper and white pepper are widely used 
for culinary purposes, flavouring of foods and for medicinal uses. White 
pepper is the white inner corn obtained by removing the outer skin or 
pericarp of the ripe berries.  Traditional method of white pepper production 
is by keeping the fully ripe pepper berries in running water for 10-14 days 
to soften the pericarp which is then removed by scrubbing. An attempt 
was made to reduce the time consuming retting process by microbial 
fermentation using different bacterial and fungal isolates. The investigation 
consisted of, isolation of organisms through enrichment culture technique, 
evaluation of available cultures and standardization of retting process for 
white pepper production. Evaluation of isolates was done by assessing the 
pectinolytic and cellulolytic activities.  Isolate Ay1 and Mycophyta were the 
most promising, as they recorded 100% retting, without any damage by the 
third day. Physical characteristics of the resultant white pepper were also 
estimated. By considering the retting period, physical and organoleptic 
qualities of the resultant product (along with green vegetable salad), the 
isolates IsF3 and Ay1 were found significantly superior from all others, and 
hence can be recommended for production of white pepper.
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Abstract

India’s plantation sector embedded to export market orientation in its 
colonial past has undergone important structural changes during the past 
four decades with crop-specific variations. The trade policy reforms pursued 
in the country since the early 1990’s have altered the prevailing equations 
with important implications on the sustenance of the sector. The burden of 
market price instabilities has been essentially borne by the production sector. 
The outcomes of the prescribed survival strategies and ad hoc responses of 
the planting community underline the missing links in the policy framework. 
The two critical issues of the plantation sector posing serious R&D challenges 
are: (i) infirmities in the primary markets pre-empting the chances for 
improving the producers ‘share in the value chain; and (ii) deceleration or 
even negative growth rates in productivity with crop-specific variations. The 
futility of singularly focusing on the mantra of cost competitiveness without 
addressing the prevailing infirmities in the marketing system has been evident 
from the stalemate. A realistic approach to a comprehensive policy package 
shall consider the reconstruction of official databases, optimisation of crop 
harvesting expenses, promotion of producers ‘consortiums and revising the 
norms for duty free imports.

Introduction

Historically, large scale, export-oriented plantation agriculture developed 
in the colonies of Europe had been effective in integrating the previously 
isolated areas with the mainstream of world economy. The two distinctive 
features of plantation agriculture vis-à-vis other systems of agriculture were: 

(i) an internal dimension governing institutional arrangements within the 
system; and (ii) an external dimension linking the centre and the periphery. 
From a contemporary perspective, the term plantation agriculture is 
redundant for the important changes in the ownership, scale of production 
and market orientation during the past four decades. Across the major 
plantation crops and countries, the erstwhile foreign owned, large scale 
estates have been increasingly replaced by native smallholder systems with 
the major exception of tea since the 1950s. Simultaneously, there has been a 
remarkable shift from exports to the domestic market in countries like India 
with crop specific variations. The policy priorities since independence led to 
the erosion of the organizational arrangements of plantation agriculture in 
the conventional sense and the indianisation process gathered momentum 
since the 1970s with the implementation of Foreign Exchange Regulation 
Act, 1973 (George,1984). To a large extent, the indianisation process coupled 
with the evolution of a protected policy regime insulated the domestic 
plantation sector from external competition. However, the tariff and non-
tariff barriers prevailed during the pre-reforms phase had been ineffective 
in addressing the explicit asymmetries in the plantation sector characterised 
by the persistent dichotomies in the value chain. Hence, the strains of the 
growing exposure to external competition through the multilateral and 
regional trade agreements (RTA) routes during the past two decades have 
been essentially borne by the production sector.  The stalemate manifested 
in the persistent market uncertainties or even depressed prices of the four 
plantation crops, viz; natural rubber, tea, coffee and cardamom, juxtaposed 
to incompatible policy prescriptions and responses of planting community 
exhibit limited chances for long-term survival (George and Joseph, 2005). 
In sum, the missing link has been a comprehensive exposition of the basic 
issues perpetuating the crisis.

Contextualizing the challenges

From the analytical and long-term policy angles, the lingering market 
uncertainties assume more significance than the fall in prices for the 
inherent features embellished in longer gestation period and economic life 
of plantation crops. Though it is true that fluctuations in prices of these crops 
were common to the pre-reforms phase also the higher levels of protection 
from external competition during this phase rendered much room for short-
term policy maneuverings. Conversely, there are well defined limits for the 
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policy measures of the pre-reforms phase to address the challenges in the 
domestic market during the past two decades. The futility of the policy 
interventions has been amply demonstrated by the trends in farm gate 
prices of the crops during the past two decades. The issue deserves further 
explanation as the market uncertainties have paralysed the conventional 
approaches towards routine farm management practices and marketing 
with important implications on farm income. Hence, it is imperative to 
define and contextualize the core issues from a long-term policy perspective. 
The two core issues affecting the sustenance of the plantation sector are: 
(i) the unprecedented instabilities in the farm gate prices with important 
implications on farm income; and (ii) structural infirmities of the production 
sector to confront the challenges of market integration.

Earlier studies (George and Joseph, 2005; Chandy et al., 2010) reported 
higher instabilities in the prices and farm income of the plantation crops in 
the post-reforms phase.  It was also observed that in the case of natural 
rubber uncertain prices have emerged as the major determinant of farm 
income in contrast to the pivotal role of productivity during the pre- reforms 
phase. In essence, the determinants of uncertain prices emerged as the 
key factors dictating the contours of not only the farm income but also the 
configurations of the revival strategies. Hence, changing dimensions of the key 
elements in the world commodity markets assume paramount importance 
for a comprehensive exposition of the price instabilities of the crops. At this 
juncture, it is necessary to underline the growing clout of the trading capital 
in the commodity markets either through strategic international alliances or 
by subordination to international financial capital for surplus appropriation 
under the international trading system mandated by the World Trade 
Organization (WTO). It showed enormous flexibility in capitalizing new 
opportunities rather than implementing a preconceived plan for horizontal 
expansion or vertical integration. Unlike other systems of agriculture the 
cardinal element governing the fortunes of the plantation agriculture has 
been the evolutionary dynamics of the trading capital due to the colonial 
heritage embedded to export orientation. The three distinct phases of the 
transformation of trading capital relevant to India’s plantation sector are: 
(i) a buyer driven commodity chain in the spices era initially controlled by 
East India Company (1600-1833) and subsequently by European coastal 
firms (1833-69) was followed by a producer- driven commodity chain with a 
vertically integrated structure (1870-1947) and the buyer-driven value chain 

dominated by multi-commodity mega-conglomerates since the 1980s. In 
all the phases, trading capital exhibited two salient features, viz., predatory 
instincts and flexibility in reorganizing and transforming in tandem with the 
changing global economic scenario (George, 2011). The guiding principle of 
profit on alienation (buying cheap and selling dear) of East India Company 
and the coastal firms in the initial phase of buyer driven commodity chain, 
vertical integration and consolidation by the James Finlay Group and 
Harrisons & Crosfield in the producer- driven commodity chain phase and 
the acquisition of multi-commodity trading companies by financial services 
companies such as Goldman Sachs’ Cargill Investors Services and Merrill 
Lynch in the buyer-driven value chain phase  since the 1980s are illustrative 
of this proposition( Clairmonte and Cavanagh,1988). 

An important outcome of the pre-eminence attained by the buyer-driven 
value chains in the commodity markets during the past three decades has 
been perennial uncertainty in the farm gate prices of tropical commodities 
compared to freedom from free market instabilities in the case of retail 
prices controlled by multi-commodity mega- conglomerates (Corea,1992; 
George, 1986, 1987; George and Joseph, 2005). In effect, the changes 
strengthened the position of trading capital for surplus appropriation and 
accumulation as illustrated by the reported (Gilbert, 2007) producers’ share 
in world value of cocoa (4.1%), Arabica coffee (21.7%) and Robusta coffee 
(12.1%). In fact, the share of farm gate prices has declined in the case of 
many tropical commodities (Clairmonte and Cavanagh, 1988; Khor, 2005; 
Puri, 2007; UNCTAD, 2007). Among the four plantation crops, except natural 
rubber all are edible consumer products with negligible material costs in the 
net value added beyond the farm gate. However, in the domestic market the 
difference between the farm gate prices and consumer prices varied from 
68 to 300 percent (George and Joseph, 2005). Perhaps, a blatant illustration 
of the polarized price mechanisms was observed in the case of pepper with 
a producers’ share of 8.4 percent (Sreekumar, 2003). At the policy level, 
the failures of post-war commodity agreements are closely related to the 
transformation of trading capital from a producer- driven commodity chain 
to the buyer-driven value chain controlled by largest financial conglomerates 
(George, 2011). Functionally, the subordination of conventional forces of 
supply and demand to the complex network of global financial capital in the 
commodity markets explains the observed volatility in the farm gate prices. 
Despite an increasing inward orientation of India’s plantation sector during 
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the past four decades, the market integration process has been transmitting 
signals of price uncertainty in the case of all major plantation crops in the 
country. On the other side of the spectrum, the fear psychosis created by 
the cheaper imports has been exposing the weaker links of the domestic 
plantation sector to external competition. In effect, the burden of market 
uncertainty is borne by the production sector given the prevailing unequal 
equations in the primary markets with important implications for the revival 
strategies and rehabilitation packages. 

Structural infirmities and the R&D challenges

Despite a missing consensus on the basic issues of the plantation sector, its 
sustainability invariably depends on a stable and remunerative farm income 
compared to the emerging bail-out mechanism like eco-tourism in the 
plantation regions. At the policy level, the three components of the professed 
prescriptions are: competitiveness in cost, quality and value addition. 
Apparently, the logical premises of the prescriptions crest upon two major 
presumptions: (i) there exists unlimited scope for yield improvements and 
labour replacement or other cost-reducing measures; and (ii) an increase in 
yield and quality upgradation at the farm level will lead to a proportionate 
increase in the farm income. However, as perennial crops, there are well-
defined biological and technological limits for introducing improved planting 
materials with immediate effect to overcome the crisis. In an operational 
sense, the prescribed priorities tend to underline the point that for an 
uncertain market, the strategy for survival is the maximum exploitation of the 
biological and technological possibilities at the farm level with appropriate 
structural adjustments for cost competitiveness. Moreover, unlike in the 
case of annual crops, relative flexibility in shifting the cropping pattern or 
divesting the resources is rather limited unless the salvage cost is more than 
justified by prospective streams of income. The two important outcomes 
of uncertain prices at the farm management level have been: (i) dilution of 
prescribed agro-management practices as a cost saving mechanism; and (ii) 
the postponement of replanting of the area under uneconomic age groups 
and the resultant increase in the share of this group in the total area (George 
and Joseph, 2005; George, 2011). In spite of the differences among the crops, 
these two responses will have serious implications for the yield potential as 
well as cost competitiveness. Alternatively, if the cost reductions achieved 
through substantial yield improvements at the farm level are nullified by a 

more than proportionate fall in farm gate prices, cost competitiveness will 
not deliver the desired results for the planting community. In short, there 
are serious limitations in responding to the crisis by singularly focusing on 
the farm management issues. Hence, any realistic attempt to streamline a 
comprehensive policy package has to consider the core issues of the prevailing 
infirmities in the marketing system and the share of farm gate prices in the 
value chain. In sum, the two critical issues of the plantation sector posing 
serious R&D challenges are: (i) infirmities in the primary markets pre-empting 
the chances for improving the producers ‘share in the value chain; and (II) 
deceleration or even negative growth rates in productivity with crop-specific 
variations.

The way forward

India’s plantation sector nurtured under a protective policy regime with a 
growing domestic market orientation over time masked the weaker links 
and the clash of interests among the constituent segments. Despite crop-
specific variations, the challenges of market integration are confronted in 
the domestic market rather than in the export markets. However, the ad 
hoc policy measures such as price stabilization schemes, fiscal and export 
incentives, investment subsidies and free rations to the retrenched labour 
are reflective of approaching the post-reforms issues with a pre-reforms 
mindset. In this background, the following four broad guidelines are proposed 
from a long-term policy perspective.

(i)  Reconstruction of official databases

 A comprehensive and reliable database providing information on the agro-
climatic zone-wise status of planting materials, age-composition of planted 
area, soil characteristics, weather parameters, agro-management practices 
and socio-economic profile of the planting community is an essential pre-
requisite for a realistic approach to address the issues confronting the sector. 
The information contained in the databases are expected to provide useful 
inputs for long-term strategies to achieve potential realizable yield under 
the given techno-economic options as well as for preparing a perspective 
plan for a sustainable replanting programme. The basic objective of this 
proposal is to understand the agro-climatic zone-wise status of the crops for 
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demarcating  compatible policy interventions.

(ii)  Optimisation of crop harvesting expenses                

A unique feature of the plantation crops is the dominant share of crop 
harvesting expenses varying from 50-70 per cent in the total operational 
costs with different modes of wage payment system. Despite attempts to 
mechanise the harvesting operations across the crops, the progress   has been 
tardy in terms of substantial reduction in the harvesting costs. Innovations in 
crop  harvesting operations assume importance in the backdrop of uncertain 
farm gate prices determined by world market price movements.      

(iii) Promotion of producers ‘consortiums            

The promotion of producers’ consortiums in the crop-specific contexts 
deserves attention. As edible consumer products with minimal material 
transformation beyond the production sector, the cases of tea, coffee 
and cardamom can be considered for an integrated marketing strategy             
combining interventions in both primary and retail markets so as to enhance 
the share in the value chain. Though isolated individual initiatives provide 
only broad indications for the potential policy inputs to be pursued in a 
liberalised trade regime, a sustainable institutional framework for  embarking  
a hitherto unexplored avenue requires pooling the inherent strengths of 
planters’   organizations and commodity boards for a paradigm shift in the 
policy perspectives.   

(iv)  Duty free imports             

Apparently, the higher tariff walls of all the plantation crops with the major 
exception of natural     rubber impart an impression of a higher degree of 
protection from external competition. However, India being a signatory to 
24 regional trade agreements (RTAs), the tariff concessions given under    
this route require a closer scrutiny. Although all the tariff lines pertaining to 
the four plantation   crops fall either under exclusion list or tariff reduction 
categories under India’s largest RTA, viz., ASEAN-INDIA FREE TRADE 
AGREEMENT (AIFTA), the link between instabilities in farm gate prices  and 
duty  free imports for value added exports requires detailed investigations. 
For value added   exports, a clear distinction has to be drawn between the 
sources (domestic or imported) of the  products. Otherwise, growth in 
exports based on duty free imports will be at the expense of a   gradual 
demise of the domestic production sector. Moreover, a thorough revision 

of the norms for   tariff exemptions such as the minimum required material 
transformation and the incremental   value as well as WTO compatible 
quality standards have to be introduced. These requirements at   different 
ranges can be effectively used for evolving a grading system for value added 
exports. The grades obtained can form the basis for discriminatory tariff 
concessions on imports for value   added exports. Such a policy initiative is 
expected to act as a check on indiscriminate cheaper   imports.      
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Arecanut is an important commercial crop cultivated in India with an annual 
production of 0.75 million tonnes from an area of 0.45 million hectares of 
which Karnataka accounts for the highest share. Among the production constraints, 
the Yellow Leaf Disease (YLD), a debilitating disease, is the major challenge to the 
arecanut sector. It was reported that the disease is present in four taluks of Chikmagalur 
district viz.,  Sringeri, Koppa, NR Pura and Mudigere;  Sullia Taluk of Dakshina Kannada; 
and Madikeri Taluk of Kodagu district. Hence, a study was conducted to assess the 
severity of YLD and its spreading pattern in these taluks. The survey was conducted 
in all the YLD affected panchayaths in four Taluks of Chikmagalur district, one each in 
Dakshina Kannada and Kodagu districts. Arecanut gardens on both sides of the roads 
passing through the major arecanut growing areas of the YLD affected panchayaths 
were selected and observations on age of palms, intercropping pattern and presence 
of disease were recorded from randomly selected 30 palms in a garden. Lat-long 
information was also recorded for studying the spreading pattern and for preparation 
of thematic maps using Arc GIS. Taluk level estimates were obtained taking area under 
arecanut as the weight. The study reveals that in the selected six taluks, 65% of the 
gardens are YLD infected with 32% affected palms. Among the taluks, Madikeri and 
Koppa had the highest intensity with 50 and 45 percent palms already infected. NR Pura 
and Mudigere taluks had less severity (18 and 16%, respectively) indicating that the 
disease is introduced to these areas recently. In order to understand the spread of YLD 
in these areas, spatial analysis using semi-variogram, and spatial auto correlation was 
employed using SAS software ver. 9.3. Results showed that there exists a statistically 
significant positive spatial auto correlation, indicating that the YLD incidence is in cluster 
form, not sporadic. Other general observations include that there is no association 
between YLD incidence and the intercrops grown or the age of the palm. In the initial 
stages of the disease the symptom is expressed immediately after the cessation of South 
West monsoon rains. The disease is seen only in heavy rainfall area. 
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The present study integrates the concepts of sectoral system of innovation 
and value chain theory to analyze the heuristic dynamics of Indian coconut 
sector. The findings establish that the current innovation system of coconuts 
in India has huge strengths on the research front, but the lack of price 
stability, inadequate price support mechanism, and marketing facilitation 
are the factors detrimental to the functioning of coconut value chain in the 
country. The innovation system for coconuts in India is unique wherein several 
governmental agencies/institutes undertake the research and development 
with evidently lacking collaborative efforts. Eight components were 
delineated in the sectoral innovation system of coconut. It has been observed 
that the lack of effective group coherence among different stakeholders is 
still remaining as a problematic facet in the sector. Though, there is huge 
potential for the collaborative synergy of these different Institutions, as a 
matter of fact, instead the convergence, the redundancy of efforts is much 
more prominent in the sectoral front. We have also studied the governance 
structure and forms of co-ordinations in the sectoral internodes of the 
coconut value chain. Here we have categorized the forms of co-ordination 
into four categories that vary from non-significant co-ordinations to strong 
co-ordinations. It is interesting to observe that the strong co-ordination 
among the important stakeholders are lacking in the system. In general 
the sectoral system is dominated by week forms of co-ordinations, and in 
this scenario, we have also identified the pulse points for corrections in the 
sectoral innovation system of coconut in India. The study has concluded that 
the innovation system of coconut in India is functioning at sub-optimal levels. 
The study has identified important value chain constraints at production and 
marketing levels. The producer (farmer) enjoys very little bargaining position 

in the chain. Although multiple modes of governance and power relations 
were observed in the chain, it is predominantly a middleman driven chain.  
Hence, it is imperative to restructure the chain governance from middleman-
driven to producer- driven, thereby improving the value share of the producer 
in the chain. Efforts should also be made to upgrade the activities from the 
domestic chain mode to the global value chain by introducing appropriate 
export orientation.
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Outlier detection and robust estimation are the integral part of data mining 
and has attracted much attention recently. Generally, the data contain 
abnormal or extreme values either due to the characteristics of the individual 
or due to the errors in tabulation, data entry etc. The presence of outliers 
may badly affect the data modeling and analysis.  Analysis of semi-parametric 
regression with design matrix as the parameter component and covariate as 
the nonparametric component is considered in this study. The regression 
estimate and the cross validation technique can behave very badly in the 
presence of outliers in the data or when the errors are heavy-tailed. The 
cross validation technique to estimate the optimum smoothing parameter 
will also be affected badly by the presence of outliers. A robust method, 
which is not influenced by the presence of outliers in the data, is proposed 
to fit the semi-parametric regression with design matrix as the parameter 
component and covariate as the non-parametric component. The proposed 
method is useful to compare the treatments after eliminating the covariate 
effect. The proposed method is used to analyze the yield data (both weight of 
nuts and number of nuts) of arecanut recorded in an experiment to evaluate 
the effects of organic and inorganic fertigations in arecanut + cocoa systems 
conducted at ICAR-Central Plantation Crops Research Institute, Vittal, India. 
The standard errors of the estimates are less in the proposed robust method 
than that of the linear and nonparametric covariance technique. 
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The economic viability of coconut farming in the state has witnessed a steady decline 
due to a complex interplay of several socio-economic, environmental and institutional 
factors. But the crop sustains the livelihood of a significant share of the population in 
state.  Equitable growth in agricultural sector of the state cannot be attained unless 
the fortunes of coconut farming sector is revived.  A critical understanding of the 
production environment is very important in crafting appropriate strategies for the 
sector. This study is based on a detailed analysis of socio-economic profile of 180 
coconut farmers in Kerala across six major agro-ecological units collected using pre-
tested structured questionnaire. The study draws on historical trends in agrarian 
structure and other relevant socio-economic trends and soil nutrient status to examine 
the reasons for the vicious cycle of low investment-low profits -low productivity. The 
study identified structural agrarian changes like low dependence on farm income, 
High share of non-farm income, high cost and non-availability of skilled labour etc. as 
contributing factors to the extant situation. Soil nutrient management was identified 
as the key element in reorienting coconut farming based on the study in the project 
area. The role of changes in soil nutrient status arising from several anthropogenic 
factors was considered in proposing an alternate approach for reviving the economic 
viability of coconut farming.  The soil nutrient management strategy, with direct and 
indirect links to several biological and socio-economic limiting factors, proposed and 
adopted in the project area is detailed herein.  Socio-economic factors, which can 
potentially limit technology adoption and the innovative methodological approach 
for technology dissemination adopted in the project area is also described. The 
study presents an alternate economic proposal before the stakeholders assimilating 
the information from the analysis of current production environment to revive the 
coconut farming sector in the state. 
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    Massive migration into the high hills of Kannur and Kasaragod districts of 
Kerala started in 1950s turning tropical evergreen forests in to food crops 
and subsequently plantation such as black pepper, arecanut and coconut. 
The crops flourished till 1980s when severe and massive incidence of 
fungal diseases first destroyed black pepper and caused serious yield loss in 
arecanut and coconut. Later, widespread physiological disorders in arecanut 
appeared leading to massive crop loss. Simultaneously coconut showed wide 
spread bud rot and later yellowing of leaves and physiological disorders. A 
preliminary survey of the areas like Thabore, Kappimala, Pathanpara and 
Josegiri revealed that there is demigration and farmers abandon crops and 
relay on dairying as their livelihood option. Representative soil samples from 
coconut fields revealed high acidity, low potassium, calcium, magnesium, 
boron, etc. The decline in crop production and the soil health related reasons 
are discussed in this paper. 

 TS6-PP2

Coconut chips’ value chain
Muralidharan K.*, Jayasekhar S. & Mathew A.C.

ICAR-Central Plantation Crops Research Institute, Kasaragod-671124, Kerala
(*kmurali.cpcri@gmail.com)

‘Coconut chips’ is a novel product developed by ICAR-Central Plantation 
Crops Research Institute, Kasaragod by subjecting thinly sliced coconut 
kernel to osmotic dehydration and subsequent drying.  It was one of the first 
technologies identified for commercialization in the year 2002-03.  In that 
year itself, 20 entrepreneurs purchased the technology know how on coconut 
chips.  Some of the problems faced by the early takers of the technology are 
selection of right kind of nuts for processing, improper drying, and inadequate 
packaging and these in turn reflected in its marketing as well.  Subsequently 
the Institute, in collaboration with Indian Institute of Packaging, Mumbai 
and Coconut Development Board, Kochi, devised appropriate packaging for 
coconut chips and conducted extensive marketing studies under the National 
Agricultural Technology Innovation Project on Value Chain in Coconut during 
2009-14. Among different marketing strategies tried with the product, it was 
observed that consistent demand was only seen in specialized retails such 
as ‘organic’ shop.  It is observed that the product is having more buyers in 
exhibitions rather than commodity outlets. 
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2014)
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Coconut is versatile crop grown all over the world in the tropical regions in 
about 91 countries. In India, there were only 11 states which were cultivating 
coconut in 1960. By 2014 the number of states which are cultivating coconut 
had increased to 19. In 1960 the total area of coconut cultivation in India 
was 717.4 thousand hectares, with production of 4639 million nuts. By 2014, 
the total area had increased to 1975.79 thousand hectares  with production 
of  14067.27 million Nuts. Production of coconut in India is concentrated in 
the Southern States of Kerala, Karnataka, Tamil Nadu and Andhra Pradesh. 
This study deals with changing scenario of coconut production and area of 
production in these states for the last 54 years. These four states grab 88% 
of the area under coconut and 91% of the coconut production in India. In 
1960’s, Kerala was the found to be the major coconut producer with the 70% 
share of India’s total coconut production. By the end of 1980, the production 
share of other states had increased and share of Kerala was found to be 
decreasing. By the end of 2014 Kerala’s share in area came down to 33% 
and production came down to 24%. Now Tamil Nadu with 33% holds the 
first place and Kerala 24% is third behind Karnataka with 25% in coconut 
production. The production of coconut has showed an upward decadal trend 
in India except the decade 1970-1980 (-2.19%). Interestingly similar trends 
were  witnessed in case of coconut production in the world. This shows the 
fact that the world production of coconut fluctuates in concurrence with the 
change in Indian coconut production. 
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Introduction

In the changing scenario of development that is aimed at achieving 
sustainability, extension education essentially involves judicious and 
improved management of natural resources, climate resilience, setting 
up value chains, reskilling and derisking. This requires an innovative 
approach and a design for the effective functioning of extension system. 
Extension service should address the dual challenge of supporting market 
competitiveness for commercial agriculture, and also poverty in rural areas 
(productivity as well as vulnerability). The agenda for extension needs a 
shift from an exclusive focus on agricultural production to a broad range of 
services relating to marketing, environmental concerns, poverty reduction, 
and off farm activities (production, marketing, livelihood support), involving 
different stakeholders.

Any extension strategy for development of the plantation sector must 
consider the resilience and sustainability of its service components. From 
the view of sustainable development, the management of natural resources 
implies that the environmental stocks should be held constant over time, 
as over exploitation of natural resources could  cause depletion of genetic 
resources which in turn limit the options for future generation. There are 
certain ecological limits beyond which the exploitation of natural resources 
would not be ‘sustainable’. These limits determine the carrying capacity 
of the ecosystem or the extent to which the natural resources-especially 
renewable resources- could be exploited consistent with their sustained 
availability. The approach of extension system in the plantation sector 
should be promoting sustainability. Sustainability of plantation sector should 

be in terms of ecological sustainability, economic sustainability and social 
sustainability.

There should be an extension strategy for promoting an end-to-end approach 
in sustainable development of plantation crops.

A.	 Conservation- conservation and multiplication of indigenous varieties, 
local seeds, etc

B.	 Cultivation- growing diverse crops in the farm, multi-purpose tree 
crops, multiple cropping

C.	 Consumption-promoting consumption of indigenous crops and locally 
available edible food

D.	 Commercialization- development of organic products, branding, 
packing and marketing 

A well developed support system and services is needed for promoting 
sustainable agriculture in the plantation sector, which essentially involves 
different stakeholders.

A World Bank study reports that the biggest problems for agriculture lie 
outside the sector rather than within it. Removing the bottlenecks from 
farm to market is much more important than raising farm productivity. The 
externalities have to be properly analysed and understood. There is also an 
urgent need for a major overhaul in the legal framework dealing with not only 
land but also product markets, including APMC Act, Essential Commodities 
Act, Food Safety standards, restrictions on processing and retailing and the 
like. The emergence of Farmer Producer Companies is a right step in this 
direction.

Value Chains

Value chains play an important role in transforming agricultural commodities 
from raw material to end products demanded by the consumers. There are a 
number of stakeholders involved in the agricultural commodity value chains 
and the portioning of gains among the stakeholders along the chain is often 
well developed. The value addition in different phases of production can 
be mapped into a value chain map for easy understanding, which depicts 
interlinkages between successive stages in the value chain. The value chain 
maps are helpful in understanding these chain actions throughout the value 
chain. Farmers, traders, wholesalers, retailers, big retail chains and consumers 
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are major actors in the value chain. As markets develop, value chains will 
become more complex with more competing channels both for inputs and 
outputs. The interrelated components of the following stakeholders have to 
be considered.

g	 Value chain actors (farmers, traders, consumers)

g	 Enabling environment (infrastructure, policies, institutions)

g	 Service providers (extension, marketing, credit)

There is an urgent need to stop de-linking  of supply chains and value chains 
and considering them as different entities, rather supply and value chain 
should integrate. A supply chain is simply a transformation of a commodity 
from one stakeholder to another in a chained manner. Value chain is the 
value addition at different stages of transfer. In different stages of value chain, 
different stakeholders add value to the product and increase the end product 
value. Concurrent flows of value and supply are to be taken. Supply chains 
focus upstream on integrating supplier and producer processes, while value 
chains focus downstream, on creating value in the eyes of the customer. A 
wide variety of approaches can be used to help small scale producers access 
and benefit from formal markets and value chain. Some of the approaches 
are Contract farming, Business service hubs, Farmer Producer Companies, 
Farmer owned intermediaries, Direct lead firm buyer and lead farmer models 
etc. 

Innovation and Skill development 

Agricultural innovation typically arises through dynamic interaction among 
the multitude of stakeholders involved in cultivation, processing, packaging, 
distribution, and consumption of the agricultural products. These actors 
represent quite different perspectives and skills, such as precision farming, 
safety standards, intellectual property, resource economics, logistics, land 
rights, etc.  

For innovation to occur, interactions among the diverse stakeholders need 
to be open and to draw upon the most appropriate available knowledge. 
Aside from a strong capacity in R & D, the ability to innovate is often related 
to collective action, coordination, exchange of knowledge among diverse 
actors, incentives and resources available to form partnerships and develop 

businesses and conditions that make it possible for farmers or entrepreneurs 
to use the innovations. Appropriate skill trainings in innovative practices and 
solutions have to be organised for farmer empowerment.

Innovation serves as a catalyst for development by identifying and supporting 
new ways of ‘doings different things’ and ‘doing things differently’. It also 
helps to manage an array of competitions and challenges in development. 
In this context, Kerala as a state has a larger role as the innovation potential 
of the State is grossly underutilized. There is also the need to effectively link 
innovations and user communities (farmers, SMEs) in the state. Focus on 
demand side of innovation is warranted by the state to make development 
process more inclusive by building upon creative and innovative practices 
pursued by the people.

A 4 E Strategy to develop the innovation system in the plantation sector is 
suggested. This includes:

•	 Encouraging use of indigenous innovative products/practices
•	 Developing niche markets 
•	 Promoting sustainable eco-friendly practices
•	 Upscaling time tested and validated indigenous innovations
•	 Enabling access to new generation technologies
•	 IT, BT, Nanotechnology, GIS, Remote Sensing
•	 Be cautious while borrowing outside/emerging technologies
•	 Need based, sustainable, culturally compatible innovations only to be 

promoted 
•	 Enriching traditional knowledge by blending with sustainable scientific 

technologies
•	 R & D for technology adaptation and refinement
•	 Development of sustainable products/services 
•	 Empowering farmers to emerge as entrepreneurs/ business operators
•	 Developing innovation portfolio for different sectors- trademarks, 

branding
•	 Ensuring protection of IP ( patents, GI registration)
•	 Benefit sharing to the community 

The potential of Technology Parks, Technology Incubation Centres, 
Enterprise clusters and Start up ventures for business development and 
micro enterprises in the plantation sector should be tapped. 
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Strategic approaches for development 
through reaching out to people – 

Success story of Rubber Board
Sudha P.*
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Rubber development in India has a unique status when compared to other 
cash crops because of the positive acceptance and adoption of technologies 
by the farmers. The technology transferred to farmers through the efficient 
extension-delivery system of Rubber Board was adopted without any 
pilferage. The Board’s mission was accomplished by reaching out to the 
people (growers) to identify their problems and needs, to plan and provide 
quick and effective remedial measures, to extend assistance and facilitation 
services so as to ensure prompt adoption leading to enhanced productivity 
status of natural rubber (NR). An introduced crop has been accepted by 
masses of smallholders is a success attributed to very effective extension 
strategy empowering the stakeholders through structured trainings, backed 
by a strong R & D, all under a single roof of Rubber Board.

The challenges faced by the Rubber Board during its early stages of plantation 
development were due to (a) the shift from estates based massive production 
to production by masses, i.e., over 1 million smallholders (b) expansion of 
cultivation to marginally suitable non-traditional areas (c) quest for cost 
effectiveness of the crop and (d) the complex post-harvest processing 
requirements of the crop and maintaining quality standards of the produce 
processed through a homestead processing employing heterogeneous group 
of smallholders. To address the needs of increased number of entrepreneurs, 
a strategic shift from one to one contact to a cluster-based extension 
strategy was necessitated. The extension approaches were mainly focusing 
on (1) group meetings/seminars (2) campaigning on issues of seasonal 
relevance (3) need-based training programmes, both in-house & on-farm 
(4) setting up of demonstration plots (5) effective use of audio-visual/print 

media (6) formation of formal/informal clusters– Cooperatives/RPS/SHGs 
(7) exhibitions for awareness creation (8) conducting ‘Sastradarsan’ to 
facilitate easy ‘lab to land’ technology diffusion (9) issuing advisory notes 
and thereafter, prompt follow up (10) periodicals/publications prioritizing 
readability of end-users.

The strategies were to reach out to people by way of providing infrastructure 
support, institutional support, financial support as well as facilitation 
which has resulted in highly commendable achievements such as (i) 100% 
adoption of High Yielding Varieties (HYV) of advanced planting materials – 
shift from seed at stake/stump planting to polybag/root trainer plants of 
RRII varieties (ii) significant improvement in area, production & productivity 
–74915 ha in 1950-51 to increased to 8.11 lakh ha in 2015-16, 15830 MT of 
production in 1950 to 5.62 lakh MT of produce in 2015-16 and productivity 
of 284 kg/ha during 1950 has increased to 1437kg/ha in 2015-16 (iii) quality 
upgradation of produce (iv) capacitating smallholders through formation 
and institutionalization of RPS and Companies in RPS sector (v) introducing 
inclusive development approach through convergence with programmes of 
different agencies etc.
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The existing technology utilization status and its socio-personal and economic 
determinants with respect to recommended pest management technologies 
in contrast with their perceived attributes  were studied among cashew 
farmers in South Karnataka. An ‘ex-post-facto cause to effect’ design was 
used and findings revealed poor adoption of pest management technologies 
(Adoption Index=20) with particularly high non-adoption of for management 
technologies recommended for Cashew Stem and Root Borer (CSRB). 
Management technologies for Tea Mosquito Bug (TMB) were reported to 
have good relative advantage, compatibility, trialability and observability 
along with low-complexity while technologies for CSRB management were 
poor in relative advantage, compatibility, trialability and observability coupled 
with high complexity according to farmers.  Even though correlation analysis 
identified seven variables as having significant relationship with farmers’ 
adoption of pest management technologies, regression analysis revealed 
that only three variables; age of cashew farmer, their primary occupation 
and farm size as significantly contributing towards explaining the variability 
in adoption of pest management technologies. The variables used in the 
study could together explain up to 60 percent variability in adoption of pest 
management technologies. Stepwise regression was employed to predict 
adoption of pest management practices and the model explained up to 
46.4 per cent of the variation in adoption of pest management technologies 
using the predictors; number of cashew trees (X1), years of experience in 
farming (X2), ICT usage (X3), primary occupation of farmer (X4), income 
from agriculture (X5) and age of the farmer (X6). Understanding the above 
dynamics in farmers’ technology utilization process in pest management can 
help researchers and extension agencies working in cashew sector to design 
better technologies for pest management.

TS7-OP2

Large scale demonstration on management 
of coconut rhinoceros beetle Oryctes 

rhinoceros (L.) by biological suppression 
with Oryctes baculovirus  in Andhra Pradesh

Chalapathi Rao N.B.V.1*,  Snehalatha Rani A.1, Nischala A.1, 
Ramanandam G.1 & Maheswarappa H.P.2

1AICRP on Palms , Horticultural Research Station, Dr YSRHU, 
Ambajipeta 533 214, Andhra Pradesh

(*chalapathirao73@gmail.com)

The large scale demonstrations on efficacy of Oryctes baculovirus in managing 
the coconut rhinoceros beetle Oryctes  rhinoceros was carried out in 50 
acres each at the Borivanka, Kuttuma and Bhyripuram villages in Srikakulam 
district  and  Nagullanka and Atreyapuram villages in East Godavari district 
in coastal  Andhra Pradesh . The release of the virus- infected beetles was 
initiated in April 2012  and continued up to  June  2013 and the leaf and 
spindle damage was  recorded at three months interval up to  twelve months 
. Before the  release  of virus infected beetles,  the  incidence of leaf  damage 
due to beetle  ranged  from 12.5 per cent to 35.5 per cent  and  spindle  
damage  ranged  from 33.3 per cent  to 45 per cent  and after one year of 
release of virus-infected beetles, there was significant reduction in leaf and 
spindle damage . The leaf damage decreased and ranged from 6.8 to 18.5 
per cent and the spindle damage also reduced and ranged from 7.5 to 13 
per cent in the mass demonstration villages. In the plantations of coconut 
where insecticidal application is hazardous, role of biological control with 
baculovirus infected beetles holds promise. 
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‘A multidimensional analysis’ of cocoa farming in Andhra Pradesh was carried 
out among 60 cocoa growers selected randomly from two major cocoa 
growing areas viz., West Godavari and East Godavari districts of Andhra 
Pradesh. Data were collected during September, 2015–January, 2016 through 
personal interview, non-participant observation technique and focus group 
discussions. Majority of farmers (72 %) belonged to middle age category, 
majority (87 %) were literates, 78 per cent of farmers were having more 
than seven years of experience in cocoa cultivation, 62 per cent were very 
big farmers, majority (60 %) were having cattle and poultry as a livestock 
component, majority were having medium level of extension orientation 
and mass media exposure, 58 per cent had undergone training on cocoa, 35 
per cent of farmers were maintaining farm records and soil testing was done 
by 32 per cent farmers. Average age of the cocoa trees was 8.4 years with 
cocoa population of 1795 per farmer. Source of seed pods was from KAU 
and CPCRI whereas; seedlings were distributed mainly by Mondelez India 
foods pvt. ltd.  Farm yard manure was used by majority (90 %) of farmers 
followed by NPK fertilizers (87 %), Greenleaf manure/crop residues (82 %), 
neem cake (68 %) etc. Major pests/deficiencies which caused economic 
losses were, rodents/civets (65 %), leaf eating insects (47 %), mealy bugs (38 
%) and Zn deficiency (34 %).  Fifty seven per cent of the farmers reported 
pod rot as the major disease in cocoa followed by charcoal pod rot (38 %), 
cherelle wilt (35 %) and canker (23 %). All farmers processed the beans by 
fermentation and drying which was marketed through mainly traders and 
Mondelez India foods pvt. ltd. Majority of cocoa growers (72 %) had medium 
level of knowledge about scientific cultivation. Correlation analysis showed 
that education, farming experience, extension orientation and training 

attended had positive and significant relationship with knowledge. Garret’s 
ranking revealed that additional income (2.53), suitable intercrop in coconut 
(2.31) and enriching soil fertility (1.93) were the main advantages of cocoa 
as perceived by farmers. Mean yield of cocoa was found to be 1.94 kg/tree/
year and 970 kg/ha/year. Gross returns realized from cocoa was calculated 
as, Rs. 407/tree/year and Rs. 2,03,700/ ha/year. Non availability of skilled 
labour, non availability of quality inputs, lack of knowledge about scientific 
farming practices, pests and diseases and nutrient deficiencies were the 
major constraints. 
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Spice Processing Facility, an Incubation Centre for processing spices, at ICAR-
Indian Institute of Spices Research, Peruvannamuzhi, Kozhikode, Kerala was 
setup with the with the financial support from NAIP  and with objectives of 
encouraging research and entrepreneurship development in spice processing 
for product and process development. This facility is established during 2014 
to attract entrepreneurs in spice sector by developing integrated processing 
capabilities, hand holding entrepreneurs, providing training and technical 
guidance on quality maintenance as well as creating conducive environment 
for the growth of spices. The processing unit is equipped with state of the 
art facility for primary as well as secondary processing of spices. The facility 
has three units for cleaning and grading of black pepper, curry powder 
production and white pepper production. The facility has also obtained the 
“Manufacturing license” from FSSAI (Food Safety and Standards Authority 
of India) for commercial production of cleaned and graded black pepper, 
white pepper and spice powders. The pre cleaning equipments installed in 
the black pepper cleaning cum grading unit includes a black pepper cleaner 
cum grader, spiral separator and a metal detector. Once the black pepper is 
cleaned, it is graded according to size and then packaged in clean gunny bags.
The curry powder production unit is equipped with facilities for powdering 
and packaging spices or spice blends.  The spices brought to the unit are 
first checked for its moisture content and if the moisture content was found 
above 10 per cent, the spices are dried in the solar tunnel drier. The facilities 
in the unit includes for rotary drier, roaster, pulveriser, plate crusher, blender, 
sifter, packaging machinery. The white pepper unit has green pepper grader, 
fermentation tank, pulper cum washer for white pepper production. During 
2015-16, the facility was licensed to four clients for commercial production 
of spice/curry powders. The first agreement was signed with M/s SUBICSHA, 
the Coconut Producer’s Company comprising of 532 women self help 

groups and they have launched three spice products on 1st January 2016. 
M/s Abiruchi Food Products, a unit of Kudumbasree, again a women self 
help group have launched six products of spices on 18th February 2016. 
M/s Maloos Pure Food mix and M/s Cookway Foods, Kozhikode is ready 
to start their commercial production. Apart from this we had clients who 
have utilized our facility of white pepper production unit and black pepper 
cleaning and grading unit on rental basis.  Technical guidance was provided 
to number of farmers who were interested in the machineries for white 
pepper production. During 2015 and 2016, In-plant training was offered to 
the IV year B.Tech (Agri. Engg.) students of Kerala Agricultural University for 
a period of 1 week. An EDP programme was conducted during 26-27 July 
2016 on ‘Curry Powder Production’ where 32 participants were trained for 
setting up curry powder business. More than 5 tonnes of spice powder have 
been processed at the Spice Processing Unit during the past eight months of 
its operation. In short, the incubating firms are extremely satisfied with the 
support they have obtained from the Institute.
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Harvesting (tapping) of Natural Rubber (NR) involves skill, dedication and 
commitment of ‘tapper’ who play a significant role in the productivity/
production of the crop, economic life span of the trees and ultimately, the 
sustainability of NR plantation industry of one region. The lower productivity 
than the national average and poor quality standards of produce in North 
East (NE) region are primarily due to the substandard harvesting which has 
a direct bearing on the profile of tappers and thus it reflects negatively on 
the economic development potential of this crop. Data collected during the 
period between August 2015 and July 2016 from paid tappers confining to the 
smallholding sector by semi-structured interviews, based on a pre-designed 
questionnaire by selecting tappers from all of the eight districts of the state 
following a stratified random sampling method. The socio-economic profile 
together with the skill level of rubber tappers in Tripura is subjected to a 
critical analysis in this study. Tappers are with average age 28 years, of whom 
81% fall under socially backward classes in the ration men: women = 69 :31, 
and their education level mostly up to pre-matric (85%); Almost all possess 
own dwelling facilities and above 69% earn between Rs. 3000 to Rs. 5000 
per month. But, only about 50% of the tappers have undergone scientific 
training. They generally prefer to work near to their locality and above 60% 
follow single owner dependency with a tapping task of 200-300 trees per 
day, do tapping & processing into sheet rubber and 71% of them have daily 
employment.  Tripura, being the second largest NR producing state in India 
and the NR plantation hub in the Northeast India, the inference from this 

study is envisaged to contribute critical inputs to policy makers so as to 
formulate strategies for a sustainable NR regime, especially for the NE region 
in India. Present study reveals that tappers, who hail from unprivileged 
sectors of the society, are financially poor and far behind in education and 
exposure level, especially in terms of professional skill.  Skill deficiency or the 
skill gap is the determining factor for low yield, poor plant health, deprived 
wages, less satisfaction and the unhealthy owner-tapper relationship which 
tempt the unemployed youths venturing into this potential job opportunity. 
Skill development initiatives and exposure avenues for tappers together with 
awareness programs on labour relations for the plantations owners need 
prioritized implementation for sustainable development of NR plantation 
industry.   	
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The coastal tahsils of the Konkan regions are the major producers of coconut. 
The investigation was carried out to assess the yield potential of coconut in 
Palghar district of Maharashtra. Two coconut growing tahsils viz., Dahanu 
and Palghar were purposively selected. The survey indicated that the average 
age of the coconut plantation was 28.6 years and the average production was 
90.5 nuts/palm/year. The most of the nuts (82.10 %) were utilized as tender 
nuts, 14.33 per cent nuts were utilized for kernel purpose, 2.21 per cent 
nuts were utilized for home consumption and only 1.36 per cent nuts were 
used for processing. The coconuts growers were opined the reasons for low 
productivity as attack of pest and diseases (25.76%), improper management 
(23.24%), inadequate irrigation (20.56%), old palms (15.54%) and poor 
nutrition (14.90%). The study exerted that there might be scope for yield 
expansion through area expansion with high yielding and dwarf varieties, 
improved management practices like fertigation, multi-storied cropping 
system and IPDM approach. 
 
 


