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MESSAGE

Agriculture remains the backbone of the economy of our country. The majority of India's
population lives in about 600,000 small villages and are engaged primarily in agriculture and related
activities. Agriculture sector has been accorded highest priority in various policy announcements of
Government of India as also of State Governments. The country has laudable achjevements in terms of
attaining self-sufficiency in food production, having surplus for export, which is marked by Green
Revolution, White Revolution, Blue Revolution, Yellow Revolution and now Golden Revolution, The
country achieved growth rates in agriculture during VIII, IX and X plan periods of 4.69%, 2.06% and
3.97% respectively. Agriculture contnibutes 11% to the export basket of the country.

Spices are important commercial crops widely grown in diverse agro-climatic conditions of the
country. Today, India produces over 4 Million Tonnes of about 63 spices in different varieties - Major
Spices, Seed Spices, Tree Spices, Exotic Spices and Herbal Spices valued at US $ 10 billion and they
contribute 6% to the total agriculture export. During the year 2007-08 alone, India exported around 4.5
lakh MTs of spices valued at US § L1 billion. The global spice community has been showing a greater
trust in India's quality and competitiveness. In tune with the international food safety standards, more and
more Indian farmers are turning to organic spice cultivation. National Standards have also been developed
for organic produce. As a part of promoting the exports of spices and spice products, the Government has
started regional-crop-specific Spices Parks across the country. Some of the Indian'spices have been given
Geographical Indication tags too, which will provide further impetus to the growth of this indusiry. The
global spices industry is poised for a major leap in 21* century due to emerging advances in fortified and
functional consumer food industry.

[ am happy to note that Indian Institute of Spices Research, Kozhikode is organizing the National
Seminar on Piperaceae with a theme of "Harnessing Agro-Technologies for Accelerated Production of
Economically Important Piper Species” during 21-22 November, 2008 at Kozhikode. The survival of the
Indian pepper economy depends on how we are able to withstand competitions from other producing
countries and further to increase its productivity and improve quality. I am hopeful that the dcliberations
during the Seminar wilt lead to evolving fruitful results for formulating future course of action.

[ wish the Seminar all the success.




gy, dt. . ISl TR
PROF. V.L. CHOPRA ST ST
IS EIRCCE
=5 fewell - 990 009
MEMBER

PLANNING COMMISSICN
YOJANA BHAWAN
NEW DELHI - 110 001

MESSAGE

The pepper family ‘Piperaceae’ is commercially important because it hosts two
economically very important species of Piper namely P nigrum, P. berle which are
very much part of our life in India. This family includes many other economically
important plants like betel, lang peppers etc. Considerable research efforts have been
put by T1ISR, NRCMAP, AICRP Spices, AICRP Betelvine, SAUs, NGOs, Spice Boar,
DASD and Private entrepreneurs to tackle problems in production and utilization of

black pepper and betel in India.

Sixteen black pepper and five betelvine varieties and several production and
protection technologies have been evolved for large scale adoption. The development
and extension agencies of 1CAR, SAUs and line departments and other Ministries

jointly should transfer these technologies for increased production and export.

The germplasm available at various institutions has to be registered and utilized
for developing new varieties for better quahity and yield with the help of conventional

and modern biological tools.

It is a pleasure to note that National Seminar on Piperaceae is intending to

address all these issues and formulate the future plan of action.
1 wish the seminar a great success.
Wy .
(V.L. CHOPRA)

GIATY 23096708 TTHART 23096586
Telephone = 23096708 Telefax : 23096586 e-mail : vl.chopra@nic.in
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MESSAGE

I am happy to know that a National Seminar on Piperaceae with a theme of “Harnessing
Agro- Technologies for Accelerated Production of Economically Important Piper
Species” is being organized by Indian Institute of Spices Research and Directorate of Arecanut

and Spices Development, Calicut during 21-22 November, 2008.

Black pepper, a ‘King of Spices” has large share in domestic and international trade.
Recognizing the importance of black pepper, a focused research attention has been provided at
Indian Institute of Spices Research and through the All India Coordinated Research Project.
The efforts in this direction have resulted in the development of new cultivars and region
specific technologies. Besides generating technologies to improve the quality and productivity
of black pepper we need to address issues of its processing and value addition aimed to
consolidate our position as chief exporter and also to improve the farmers’ income. It 1s hoped
that the National Seminar will deliberate on the emerging issues and firm up strategies for their

adoption.

I wish the Seminar a grand success.

(Mangala Rai)

Date : 7" November, 2008
New Delhi
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MESSAGE

I am immensely pleased to know that Indian Institute of Spices Research,
Calicut, Kerala is organizing a National Seminar on Piperaceae dunng 2]-22
November, 2008.

The family Piperaceae, the most archaic of pan-tropical flowering plants
has provided important species for commercial production. Several Piper spp.
From India, South Asia and Africa are of economic importance since they are
used as spices and traditional medicines. Black pepper and betelvine are most
important, which are cultivated widely. Focused attention provided has resulted
tin development of new cultivars and technologies. But there are many new
challenges which require to be addressed utilizing science and technologies. Tam
sure, the conference will deliberate upon the issues to develop new direction of

research on these crops.

I wish the Seminar a grand success and compliment the organizers for

their efforts.
W VW

(H.P. Singh)

Ph: (Off.) 2584 2068; (Resi.) 0120-288 4682; (Mob.) 9871450730, FAX : 91-11-2584 1976
e-ma# : hpsingh@icar.crg.in
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MESSAGE

Spices and medicinal and aromatic plants are our strengths. Piperaceae crops hike black
peppet, betel and long pepper are the best suited to different cropping systems. There may be
a yield plateau in traditional areas of cultivation of these crops. It is worth to explore the areas
having similar ecological niche to introduce these crops for augmenting our yield and
production through modern tools like GIS.

Black pepper is a rain fed crop; however, to save this perennial crop occasionaily it 1s
essential to adopt modern methods of irrigation practices to sustain its growth and yield from
monsoon aberrations. There 1s a spread of virus through vegetative method of propagation of
planting material and quality standards have to be established for these crops to assure quality
matertials.

1 am sure this National Seminar being organized at the Indian Institute of Spices
Research, Calicut with a focus on hamessing agro-technologies for accelerated production of
economically important Piper species will vividly deliberate wpon such issues and sort out
useful recornmendations to get over the problems confronting black pepper and betel vine
praduction and marketing in [ndia.

I wish the seminar all success.

X@ﬂﬁ«r@

(D. P. Ray)
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MESSAGE

Planned investment in horticulture in the last three plan period has been rewarding in
terms of increased production, productivity, availability and export of horticultural produce,
which has fuelled growth and private investment in this sector. Of late, horticulture has
emerged as one of the options for diversification of Indian agriculture leading to improvement
of nutritional security, creation of employment opportunity and enhancement of farm income.

The national goal of achieving 4 per cent growth rate in agriculture can only be achieved
through the contribution in horticulture sector. The horticultural sector has grown at 6 per cent
during the last plan period. The production and productivity of horticultural crops, especially
spices, have increased many fold. Black pepper and betel, as horticultural crops, have been
grown in India since time immemorial. There is demand for these crops in both domestic and
international markets.

The National Seminar on Piperaceae being organized at Indian Institute of Spices
Research, Calicut during 21% - 22™ November, 2008 is intended to deliberate on crop
improvement, production, protection, processing and value addition of these crops. The
seminar will provide a platform for farmer’s interface wherein farmers and scientists will share
their experience and wisdom on various issues. [t is expected that the deliberations will provide
aroad map for further accelerated growth of the spice and betel industry of our country.

[ wish the seminar and its organizers all success.

Mamt?w

(S.K. Pattanaya
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Black pepper — Research for future

V A Parthasarathy, V Srinivasan & M S Madan
Indian Institute of Spices Research Calicui- 673 012, Kerala.

parthasarathy(@spices.res.in

India was one of the leading producers, exporters and consumers of black pepper till nineties when
Vietnam became the largest producer. In India, the area under pepper during the crop year 2005-06
crossed the 2.6 lakh ha mark with a production of 92,9 thousand tons. There is an increasing production
trend in the past decade with increased productivity with year 2005-06 recording a highest productivity
of 357 kg/ha. Even though the area under pepper has slightly reduced after 1998-1999, the production
and productivity has increased substantially in further years up to 2006. But the productivity got reduced
to 281 kg/ha during 2006-07 and the area has also come down to 2.46 lakh ha, primarily due to the
price decline. Major cropped areais in India (2.25 lakh ha), Indonesia (1.88 lakh ha), Brazil (50,000
ha), Vietnam (48,800 ha) and Malaysia (13,000 ha) with a production of 62, 30, 39, 90 and 16.5
thousand tonnes in 2004, respectively (table 1).

Table 1. Production of black pepper, country wise (2000-2004)

Country 2000 2001 2002 2003 2004
Brazil 29,000 41,000 43,000 47,000 39,000
India 58,000 79,000 80,000 65,000 62,000
Indonesia 34,000 24,000 25,000 45,000 30,000
Malaysia 21,500 24,300 21,600 17,800 16,500
Sri Lanka 10,676 7,841 12,600 12,660 12,820
Vietnam 45,000 56,000 75,000 80,500 90,000
Thailand 6,535 8,820 9,960 9,500 9,500
Madagascar 1,500 3,375 2,500 2,500 2,500
Others 2,000 2,500 3,000 3,500 4,659
Total 208211 246,836 272,660 283,460 266,979

(Source: Www.ipcnet.org)

Piperaceae Crops - Technologies o« Future Perspectives @



Parthasarathy et al

In view of the high density planting and more intensive cultivation, productivity of pepper in Thailand is
the highest (3400 kg ha') followed by Vietnam (1700 kg ha'). In India, the average productivity of
pepper/vine is highest (around one kg) in Karnataka and lowest (around 0.6 kg) in Kerala. The
estimated yield/vine in the tea estates is 3.3 kg. Since there is a vast difference between the recorded
yieid and present level of national productivity, there is enough potential to increase productivity in the
country by filling the yield gaps. But, the productivity in India in terms of the yield/vine is comparable 10
any other pepper producing country in the world, Studies carried out by the Centre for Development
Studies indicated that the average population of vines/ha is around 300 with only two thirds of the vines
in bearing condition. As against this, the production system in other countries except that of Sri Lanka
(to a lesser extent in Indonesia) is monocrop with population ranging from 1800 to 2200/ha. The
productivity per vine in these conditions will be same as that of India,

Research on black pepper is carried out in India at Indian Institute of Spices Research (IISR), Calicut
besides Andhra Pradesh Agricultural University (APAU, Chinthapally), Kerala Agricultural University
(KAU, Panniyur and Ambalavayal), Tamil Nadu Agricultural University (TNAU, Yercaud), Konkan
Krishi Vidyapeeth (KKV, Dapoli), Bidhan Chandra Krishi Viswa Vidyalaya (BCKV, Pundibari) and
University of Agricultural Sciences (UAS, Sirsi). The production system in India is highly sustainable
and is mostly an intercrop and a homestead crop. The statistics of yield is relatively difficult to compute
onaccount of this factor. Another factor that needs to be considered is that majority of the vines in
households supply the requirement for the family and only the surplus reach the market. Besides, the
consumption of pepper within the country has risen from 35,000 tons in 2000 to 66,200 tons in 2006
showing 75% increase in per capita consumption of pepper (table 2). During the X plan period from
2001 there isan increase 01 6.8%0 in area with a marginal reduction in the production and productivity rates.

Table 2. Trend in consumption of pepper in India

Year Consumption (t) Per capita Increase in
consumption (g) consumption %
2000 35,000 35 16.60
2001 50,624 49 44.60
2002 52,000 50 2.70
2003 58,000 55 11.50
2004 60,000 56 3.50
2005 63,000 58 5.00*
2006 66,200 60 5.00*
(Source: www.ipcnet.org) : * gstimated value

Piperaceae Crops - Technologies o Future Perspectives @



Black pepper — Research for future

The best way to increase the area and productivity is to o in for large scale cultivation in non traditional
areas in North East India. This would be an ideal crop to be grown along with shade trees in tea estates.
Ifatleast 40 to 50 shade trees/ha is planted with black pepper in about three lakhs of hectares in the NE
states and in North Bengal, we would be able to meet the international requirement without any addi-
tional burden on the land. GIS studies carried out at ISR amply indicated the suitability of NE states for
black pepper. The pattern of growth in preduction is indicated in table 3. Eventhough, all states showed
an area led growth during the present decade, only Tamil Nadu showed increase in productivity,

Table 3. Pattern of growth in black pepper production (1980-81 to 2004-05)

Pattern of growth Period Pepper producing states
P-1. (1980-81to Kerala, Kamataka, Tamil Nadu,
1989-90) Others & All India
Area led growth P—1I: (1990-91 to Karmataka, Tamil Nadu
(ACGR inarea 1999-2000)
expansion is more) P-1III: (2000-01 to Kerala, Karnataka, Others & All India
2004-05)
Overall: (1980-81to Kerala, Karnataka, Tamil Nadu,
2004-05) Others & All India
P-1. (1980-81 to None
1989-90)
Productivityledgrowth ~ P—11:  (1990-91 to Kerala, Others, All India
(ACGR inproductivity ~ 1999-2000)
1s more) P I (2000-01 to Tamil Nadu
2004-05)
Overall: (1980-81to None
2004-05)

With the prevailing export and consumption pattern, the demand for black pepper in the national and
international market will grow tremendously. The projections on black pepper demand showed that a
need for 12% growth rate in production in each forth coming five year plans to achieve a production
target of 1.28 lakh tonnes in 2025 (table 4). The goal in the coming years will be a cumulative 60%
ncrease in production and productivity to reach this herculean task.

Piperaceae Crops - Technologies & Future Perspectives @



Parthasarathy er al.

Table 4. Future demand of plack pepper production and productivity

Year Total Qty. 1o Areaunder Targeted
demand be produced the crop productivity
9] ® (ha) (tha)
2006-07 81287 82882 233520 0.355
2011-12 91375 92658 233520 0.397
2016-17 102701 103733 233520 0.444
2021-22 114531 115362 233520 0.494
2026-27 127902 128570 233520 0.551

———

Nowadays the pressure on land is very high and in fu*ure it will become worse making area expansion
under the crop an impossible effort, Hence achieving the production target without increase in the area
is possible only by increasing yhe productivity per unit area to 550 kg/ha from the present value of 28 |
kg/ha. The increase in productjvity can be made possible by popularizing the high yielding improved
varieties, replacing the old senile and unproductive plantations with improved cultivars/varieties and
popularizing adoption of latest technologies in crop management practices.

As black pepper is a perennial crop and starts its full potential yield from third year after planting, the
following projections are considered (table 5) for maintaining the production and productivity of the
crop with reference to the performance during past five years, Since the newly planted and replanted
arcas will come to an economjc yield from third year after planting, the productivity needs to be increased
by 25, 9.5 and 8% in the next coming five year plans.

Table 5. Projection of black pepper production with replanting programme

2007-08 2010-11 2015-16
Black pepper
Area (‘000 ha) 24A 246 246
Production (‘000 t) 69 92.66 103.73
Productivity (kg/ha) 355 377 422
With the projected replanting @ 10% area
Net yielding area (ha) 221400 196800 172200
Projected production (t) 82880 92660 103730
Hence productivity (kg/ha) 374 470 602

(Considering the newly plantedy feplanted area with full vield during third year onwards)

Piperaceae Crops - Technologies oL Future Perspectives @



Black pepper - Research for future

India’s share in black pepper export was only 7% in 2004 as compared to about 80% of Indonesia

(Fig. 1). Value addition plays an important role in the export of black pepper. White pepper constituted
16.9% of total export of pepper, whereas India’s contribution to white pepper production and export

was in miniscule (Fig. 2)
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Parthasarathy et al.

Organic pepper has also established its market share better than other pepper products like dehydrated
green pepper, pepper in brine, freeze-dried pepper or frozen pepper. There is a market for organic
pepper presently in most developed countries including Germany, Netherlands, France, UK.,
Switzerland, Denmark, Italy, U.S.A, Canada, Japan and Australia. Other developed countries in
European Union and some developing countries are likely to source organic pepper in coming years. It
is relevant to mention here that there is no domestic market now in India for organic pepper. There is
demand for both black and white organic pepper. Organic green pepper in brine has also been imported
by Germany. There are demands for organic pepper oil and oleoresin, but information is lacking
whether these products have been supplied. By and large, organic black pepper is the most widely
marketed product.

A well-articulated vision is critical in order to provide guidelines for decision making and to avoid
compromising long-term strategic needs and responsibilities in the face of immediate, extemnal pressures.
The following are some the major issues identified and strategies to bring India back to the forefront in
spices production and research.

Issues

Strategies

Non-availability of genes characterized for
desirable traits such as yield and quality,
disease, pest and drought tolerance for
pyramiding in a single cultivar

Lack of quality certification standards for
producing disease free planting material

Crop loss by pest and diseases and
emergence of new pest and discases

Pesticide residues in produce

Non-availability of methads to control post
harvest losses and aflatoxin contaminations

Breeding varieties for resistance/tolerance
to pollu, Phytophthora foot rot,
nematodes, viruses and drought by using
conventional and biotechnological
approaches

Developing certification standards,
production of disease free quality planting
materials of HYVs and its distribution
though extension agencics

Development of integrated pest and disease
management practices for increasing the
productivity

Development and popularization of Good
Agricultural Practices (GAP) for spices

Developing suitable on-farm processing
techniques

Developing storage and packaging system
to suit HACCP norms

Post-harvest processing technologies for
adding value, and minimizing storage loss

Piperaceae Crops - Technologies o Future Perspectives @



Black pepper — Research for fuiure

6.  Pooradaptability of management practices o Development of cost effective agricultural

by farmers pr.acticc?s . _
. Dissemination of technologies to the farmers

7 Lack of organic farming technology e Development of technology package for
package for spice based cropping system conservation and organic farming

8.  Market fluctuation influenced technology Development of recipes and systems for
adoption value addition to enhance the consumption
of spices at domestic and international
levels.
* Development of market intelligence support
to tap the export market

9.  WTOQimplications ¢ Genetic finger printing of germplasm and
patenting technologies and traded pepper
for Gl appellatiary purpose

Technology assets and projected future needs to achieve development goals

Research areas Current technology assets Projected technology needs

Biodiversity . In vivo conservation . High-throughput genotyping of

conservation and o Invitro conservation germplasm collection

utilization J Cryo prescrvation of . Variety identification/ {ingerprinting for
germplasm tracking in exchange

Geneticimprovement o Improved breeding e Frontier science technology for gene

of crops clones as potential discovery for resistance and yield traits,
varieties angd better utilization of gene banks
¢ Some source of Gene technology to engineer resistance
resistance in Piper to Phytophthora, ncmatodes and
co l_” br tnum against pollu & mealy bug and abiotic stresses
major discases . Targeted metabolite production in
enginecred crop
. Physiofogical traits and quality

modification by genetic engineering
. Genomics for host—pathogen/pes!
interactions

Piperaceae Crops - Technologies I Future Perspectives @
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Crop management

Post-harvest
lization

Nucleus planting materials
for use by farmers
Diagnostic technologies for
viruses

Low input or ecologically
based nutrient, pest and
pathogen management
technologies

Production systems &
analysis (environment,
markets) relevant to our
situations

Technoiogy transfer
methodologies (manuals,
CDs, training courses)

Efficient storage methods
for long term storage
Post-harvest processing
technologies (white
pepper, pepper in brine
etc.)

Soil less or organic planting
materials and farming technologies
Effective diagnostic tools for pests
and pathogen (detection strips,
DNA or peptide chips)

Tools and methods for
understanding problems in
targeted systems and decision-
making tools for technology
deployment and policy decisions
Geospatial tools for ex-ante
impact assessment and enhanced
natural resource management
{nternet-mediated technology
diffusion (distance learning,
heipdesks, video conferences)

Post-harvest processing
technologies for adding value,
minimizing [oss, and stabilizing
prices

Low input storage technologies for
7Z€T0 contamination
Methodological approaches to
product development and
marketing of small farmers’
produce

Conclusion and future thrust

The vision should be for a strategic plan to tackle the potential to impact development, specific research
needs and opportunities exist in target areas and how the research should be done, i.e., the articulation
of conceptual, or theoretical, frameworks within which to conduct the research as well as how to
organize ourselves to create and capture synergies that increase our research and development impact.
Hence, major thrusts in future research programmes should be oriented towards the following focused
approaches for increasing productivity of'black pepper.

o Conservation of genetic resources and bar-coding of genotypes

o Increasing productivity of spices - to raise the production levels to the targeted 6.0 kg / vine by
2025 using improved varieties with high yield, quality traits and disease/ pest resistance
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e g e

o Increasing productivity of spices through quality planting material production and crop
management - 1o raise the production levels to the targeted levels using quality planting materials,
replanting and rejuvenation of old gardens, good agricultural practices, INM and organic

farming.
e Increasing productivity of spices —to raise the production levels through IDM/ IPM

s Chemo profiling and identification of new flavour compounds, bio active principles for patenting
—to identify superior varieties with excellent flavour, identifying newer compounds

e Newmarket oriented technologies for value addition, processing, product development —to
increase the acceptability, demand and value of pepper and new markets

o Development of data bases, prediction models, production strategies and market intelligence —-
use of GIS & bioinformatics tools in pepper cultivation, marketing and trade.
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Role of AICRPS in shaping black pepper research in India

M Apandaraj
All India Coordinated Research Project on Spices
Indian Institute of Spices Research, Calicut - 673 (12, Kerala.

The All India Coordinated Research Project on Spices (AICRPS) 1s located in Kerala with its head
quarters at Indian Institute of Spices Research, Calicut, The research programmes of AICRPS are
coordinated through a network of its 19 regular coordinating centers spread over 14 states in 15
Agricultural Universities. Dunng the X1 plan additional 8 Co-opting and 7 Voluntary centers are proposed
in different agro-ecological regions of the country covering 22 states. The AICRPS is the largest network
in spices research in the country which was originally initiated as a combined project of spices and
cashew under the name All India Coordinated Spices & Cashew Improvement Project (AICSCIP)
during 1971 (FV Plany with its headgquarters at CPCRU, Kasaragod. In order to intensify spices research
and development AICSCIP was bifurcated into two separate projects one each for spices and cashew
nut and the present AICRPS came into existence in 1986.

The All India Coordinated Research Project on Spices conducts and coordinates research on 12
major spices viz, black pepper (Piper nigrum); cardamom (Elettaria cardamomumy), large cardamom
(Amomum subuiatum);, ginger (Zingiber officinale), turmeric (Curcuma longa), cinnamon
(Cinnamomum verum), clove (Syzygium aromaticum); nutmeg (Myristica fragrans), coriander
(Coriandrum sativum), camin (Cuminum cyminum); fennel (Foeniculum vulgare); fenugreek
(Trigonella foenum-graecum) with specific mandates and with a proposed budget of Rs. 1400 lakh
for the X1 Plan and a sanctioned staft strength of 83 in various categories.

Mandate and objectives of AICRP on spices
¢ Evolving high yielding, high quality varieties suitable for various agro-ecological situations, and
that are tolerant / resistant to pests and diseases.
» Standardizing agro-techniques for different agro-climatic conditions.

¢ Evolving measures for management of major pests and diseases.

s  Working as an interface between State Agricultural Universities {SAUs) and Indian Councii of
Agricultural Research (ICAR).

Black pepper

To overcome the production const aints in pepper, various research and extension efforts are in progress.
The research on black pepper is mainly being carried out in Kerala. The Indian Institute of Spices
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Research (1ISR), State Agricultural Universities (SAUSs) of Kerala, Karnataka and Tamil Nadu, All
India Coordinated Research Project on Spices (AICRPS), Spices Board, Directorate of Arecanut and
Spices Development, Department of Agriculture of different states are engaged in research/development/
extension activities.

Black pepper research centers under AICRPS

The research on black pepper is mainly carried out by the 8 AICRP centres based in SAUSs (table 1) in
6 states of India. The centers are also distributed in various states of the country to fulfill the mandates
of the project. The pepper centers are located in Kerala, Karnataka,, Andhra Pradesh, Tamil Nadu,
West Bengal and Maharashtra. The centers of AICRPS are so established to cater to the needs of
different farming systems. AICRPS has centers in the traditional and non-traditional areas of black
pepper. Black pepper can be grown as a pure crop {on live or non-living standards) or asan intercrop.
Among the traditional areas, black pepper is grown as a pure crop in parts of Kerala and the Panniyur
and Pampadumpara centres cater to the needs of this arca. The centres at Sirsi and Mudigere in
Karnataka caters to the needs inter cropping in coffee and arecanut. Dapoli, Chintapalli, and Yercaud
centers are situated in nontraditional areas and are involved in evolving high yielding, high quality
varieties and technologies suitable for various agro-ecological situations. Black pepper is reported to
grow from sea level up to 3000 ft MSL. The centers are so located to evaluate the performance of’
black pepper grown at various elevations.

Table 1. Black pepper research through AICRPS centres

S.No Centre/University State Agro climatic region
1. Panniyur (KAU) Kerala West coast plains & Ghat region
2. Sirsi (UAS-D) Karnataka “
3. Pampadumpara (KAU) Kerala “
4, Mudigere (UAS-B) Karmmataka «
5. Chintapalli (APAU) Andhra Pradesh Southern plateau & hill region
6. Yercaud (TNAU) Tamil Nadu East coast plain & hill region
7. Pundibari (BCKVV)  WestBengal Lower Gangetic plain
8. Dapoli (KKV) Maharashtra Western Plateau & hill region

Pepper Research Station, Panniyur was started in 1952 under the erstwhile Madras Agriculture
Department, later in 1956 it was brought under the Kerala State Department of Agriculture in 1972.
With the establishment of Kerala Agricultural University, it became one of its constituent research stations.
Since then, research on crop improvement, crop management and crop protection aspects of black
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pepper are carried out in this station. The station is unique among all the agricultural research stations in
India because it is the only station solely devoted to research on black pepper. This is an important
coordinating centre of the AICRP on spices of the [CAR with nine sanctioned posts including scientific
and technical.

Potential of black pepper

In India, black pepper cultivation is mainly confined to the states of Kerala, Karnataka and Tamil
Nadu. Kerala is the major producer followed by Karnataka and Tamil Nadu. Pepper is a traditional
crop of Kerala, cultivated in almost all the homesteads. It is mainly cultivated on a plantation scale in
districts of Idukki, Wynad and Cannanore. In Kamataka, main cultivated areas are confined to districts
of Dakshina Kannada, Uttara Kannda, Kodagu, Hassan, Shimoga and Chikmagalur areas; cultivation
1s mainly as inter crop in arecanut and coffee estates. The cultivation in Tamil Nadu is steadily increasing
in areas like Vellimalat, Meghmalai, Yelagiri, Kolli and Shevroy hills besides the traditional areas in the
Nilgiris, Anamalis as well as in Thirunelveli and Kanyakumari districts.

The average pepper productivity in India is one of the lowest in the world (281 kg/ha). India has
enough potential to increase production if the observed productivity gap in the country is filled through
proper planning. However, some of the factors that contribute to low productivity in black pepper are
adopting traditional cultivars/land races, cultivating in the same piece of land over the years, non-
adoption of improved package of practices, devastating diseases such as Phytophthora foot rot, lack
of high quality improved varieties available for cultivation efc.

Productivity of pepper needs to be increased from the present level of 300 kg/ha to at least to the
minimum level of 1000 kg/ha. This target can only be achieved by popularizing high vielding varieties/
hybrids together with adoption of an improved production technology and expanding areas to non
traditional areas. Several production technologies have been standardized for increasing productivity,
including management of major diseases and pests. Production technologies developed in the research
centres have been demonstrated, but adoption level of such technologies by growers is still very low.

Research in black pepper

The AICRPS has contributed enormously in developing several improved varieties, technologies for
increasing the production and productivity and contro] measures against major diseases and pests of
black pepper in the country.

Present research activities are mainly focused on germplasm collection, conservation, evaluation, crop
improvement programmie for evolving high yielding varieties coupled with quality/tolerance/resistance
to pests and diseases and drought, developing crop protection techniques and production technologies
for improvement of black pepper.
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Conservation of genetic resources

Collection and conservation of genetic resources of black pepper is a high priority. Systematic surveys
of the various pepper growing areas of the different states (Kerala, Karnataka, Tamil Nadu, Andhra
Pradesh) and the Western Ghats forests and part of the North East region sub Himalayan regions of
India were conducted to collect the variability of black pepper and Piper species.

The pepper research centres hold a considerable number of germplasm collections from Kerala, Tamil
Nadu, Karnataka, Andhra Pradesh as well as from Western ghats region. The related taxa being
maintained besides P nigrum include P argyrophylium, P. attenuatum, P, barberi, P. betle,
P. mullesua, P. galeatum, P. longum, P. hymenophyllum, P. sugandhi and P. trichostachyon.

The germplasm collected are conserved at various locations. A total of 550 accessions of germplasm
have been collected, evaluated, maintained and conserved at various centres of AICRPS (table 2).

Table 2. Germplasm holding of black pepper at AICRPS centres

Centre Indigenous Exotic Total
Cultivated Wild and related sp.

Panniyur 144 22 3 169
Sirsi 110 6 1 117
Chintapalli 56 - - 56
Yercaud 116 8 - 124
Pundibari 11 - - 11
Dapohi 66 - - 66
Dholy 7 - - 7
Total 510 36 4 550

Improved varieties

Systematic research efforts in the last three decades resulted in the release of superior lines through
hybridization/open pollination/clonal selection from the popular cultivars. They are suitable for a variety
of growing situations and areas. Seven improved varieties were released including two hybrids (table 3)
at Panniyur station. Among the pepper varieties, Panniyur-1 and Panniyur-3 are hybrids having bold
berries. Panniyur-2 and Panniyur-5 grow well in mixed cropping system. The yield of Panniyur -5 is
stable even under drought. Panniyur - 7 is a steady and stable yielder and the unique feature of this
variety in its tolerance to drought and its good performance under adverse climatic conditions.
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Table3. Theimproved varieties of black pepper and their quality attributes (Pepper Research
Station, KAU, Panniyur)
N ) Yield, kg/ Potential ol ) Pineri
ame / Year . ield, Yield eoresin iperine E.oil (%

of release Pedigree ha (dry) (ke/ha) (%) (%) ol %6)
Panniyur-1 Uthirankotta x 1242 8800 11.8 53 35
(1971) Cheriyakaniyakadan
Panniyur-2  Open pollinated 2570 3313 109 6.6 EN|
(1989) progeny of

Balankotta
Panniyur-3  Uthirankotta x 1953 3269 12.7 5.2 3.1
(1989) Cheriyakaniyakadan
Panniyur-4  Clonal selection 1277 2443 9.2 44 2.1
(1989) from Kuthiravally
Panniyur-5  Open pollinated 1826 4487 12 3 5.5 38
(1993} progeny of

Perumkodi
Panniyur-6  Clonal selection 2127 3359 8.3 49 13
{1999) from Karimunda
Panniyur-7  Open pollinated 1410 2770 10.6 5.6 1.5
(1999) seedling progeny

of Kalluvally

Promising varieties in pipeline

The accession, Karimunda 1 (PRS-20), Sullia (PRS-49) and Taliparamba IV are some of the promising
accessions identified by PRS, Panniyur centre. They have a potential yield up to 5000 kg/ha. A few
promising cultures identified in the hybridization studies are Cul.-5232, Cul.-53308, Cul.-5403 and
Cul.-5834.

Intervarietal hybridization

Intervarietal hybridization in black pepper is carried out to evolve black pepper varieties with high
yield, pest and disease resistance and other durable traits. Progenies obtained through hybridization are
primarily screened for vegetative characters. These are later evaluated for berry, spike and yield characters
and tolerance to pest and diseases. The promising lines are advanced to CVT at different locations.
Among the intervarietal hybrids P6 x P 5 is found to be promising with green berry yield of 3.540 kg/vine.
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Interspecific hybridization

Interspecific hybridization of black pepper with P. colubrinum (tolerant to Phytophthora foot rot)
were attempted at Panniyur station and a partly fertile interspecific hybrid having partial resistance to
the dreaded disease Phytophthora foot rot was developed through hybridizing Piper nigrum with the
wild species Piper colubrinnum. Hybridity of interspecific progenies was established through
morphology, anatomy, cytology, and molecular studies.

Identifieation of varietics suitable for various agro ecology regions

Trials are on at various AICRPS centers at Panniyur, Chintapalli, Dapoli, Sirsi, Pundibari, Pampadumpara,
Ambalavayal and Yercaud in three different CV'Ts. The promising cultivars along with the released
varieties are evaluated at different locations (plains and high elevation) to identify suitable varieties for
various locations and cropping systems.

Studies conducted by Dapoli centre recommended Panniyur-1 for cultivation in Konkan rcgion of
Maharastra. Panniyur -1 and Kottanadan have been identified as suitable varieties for cultivation at
Chintapalli area of Andhra Pradesh. Panniyur -1 was also identified as a good variety for inter cropping
in coffee plantations. Panniyur-3 performed well with maximum mean yield of 12.0 kg of green berry/
vine (3.6 kg dry berry/vine) and 100 berry weight of 12.4 grams in Yercaud.

Nutrient management
Studies carried out at AICRPS centres also recommended the fertilizer schedule (g / vine / year) for
major areas depending upon soil nutrient status and location, which is given below.

NPK @ 50:50:200 Panniyur and similar regions. The P dose may be either increased to 100g/
vine/year or decreased to 25 g/vine/year depending on P status of soil. -

NPK @ 100:40:140  Inmedium fertile soil.
NPK (@ 200:80:280  Inarecanut and pepper mixed cropping system for heavy rainfall
Sirsi region of Kamataka.
NPK @ 150:60:210  For Karnataka under irrigation.
NPK @ 50:50:150 Optimum dosc under rainfed conditions of Andhra Pradesh.
NPK @ 100:60:160  For Chintapalli area of Andhra Pradesh in two splits (July & September)
NPK (@ 140:55:270  For laterite soils of Kerala where soil N and K are poor.
NPK @ 50:50:150 Panniyur region of Kerala.

Application of 1/3 of the above dose is recommended for the first year and 2/3 during the second year
and full dose from third year onwards. Fertilizers are best applied in two splits, first half in May-June
with the receipt of rains and 2nd halfin August -September after cessation of heavy rainfall. Application
of micro nutrients-zinc, boron and molybdenum @ 5,2 and 1kg/ha in soil in September increased the
yield and quality of pepper.
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Effect of Azospirillum on black pepper yield

Experiments were carried out in farmer’s field with existing black pepper vines at Panniyur;, Sirsi and
Yercaud during 2000-01 to 2004-05 to study the role of Azospirillum on the yield of black pepper
and to develop an appropriate package of nutritional requirement to improve the productivity in mixed
cropping. Application of Azospirillum (@ 50 g along with recommended 100% inorganic N, Pand K
with 10kg FYM per vine recorded higher fresh berry yield (6.83 kg) compared to recommended dose
of fertilizers (RDF) (6.12 kg). This was followed by the vines supplied with Azospirillum (@ 50 g along
with recommended 75% nitrogen and 10 kg F'YM per vine (6.57 kg). It has also resulted in obtaining
maximum cost benefitratio of [:3.29. Applying 50 g of Azospirilfum + 10 kg F'YM per vine was highly
effective in increasing the spike yield (5.03 kg/vine), of black pepper at Panniyur centre. Application of
inorganic N 75% + Azospirillum (50g) + 10 kg FYM was found to be best treatment at Yercaud with
8.4 kgand 2.6 kg of green and dry berries. This was closely followed by application of inorganic N
50% + Azospirillum (50g) + 10 kg FYM (8.0 and 2.6 kg by green and dry berries respectively).

Effect of P-solubilizers (Phosphobacteria) on black pepper yield

Application of Phosphobacteria @ 50 g along with recommended 100% inorganic P and 10 kg FYM
/ vine recorded maximum fresh berry yield) compared to other treatments at Sirsi and Panniyur with a
C:B ratio of 1:3.3. Where as inorganic N 75% + phosphobacteria 50g + 10kg FYM was ideal for
increasing the yield in Yercaud.

Development of organic package for pepper based cropping systems

Technology to produce organic pepper has been standardized. Verrmicompost enhanced the growth of
black pepper in nursery. Combined application of Azospiril{ium, Phosphobacteriaand VAM increased
the growth of black pepper cuttings in nursery. Application of biocontrol agent Trichoderma against
Phytophthora foot rot was advocated. Trials at Panniyur (KAU), Ambalavayal (KAU), Sirsi (UAS-
D) revealed maximum yield per vine with the application of biofertilizers (Azospirillum @ 50 g/
phosphobacteria @ 50 g} + FYM 10 kg along with recommended dose of NPK. In the organic
farming studies at Panniyur FYM 10 kg + Azospirillum 50 g + wood ash 2 kg was superior (6.489 kg/
vine) and was on par with recommended dose of fertilizer (5.434 kg/vine).

Irrigation and water management

Pcpper is grown as a rainfed crop in majority of areas and seldom irrigated. However, for initial two
years pot watcring or drip irrigation is essential for proper growth and development of vines, Studies
conducted at Panniyur showed that irrigation at IW/CPE ratio of 0.25 from November-December to
the end of March and with holding irrigation thereafter till monsoon (June), increased pepper yield by
about 90% for both Panniyur and Karimunda vaneties. Depth of irrigation recorded is 10 mm (100 liter
of water/irrigation at an interval of 8-10 days). Water is applied in basins taken around the vine at a
radius of 75 cm and mulching at the base with dry leaves helps to maintain soil moisture. Drip irrigation
trail conducted at Panniyur revealed non significant difference between levels of irrigation and varieties.
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S

Drip irrigation @ 2 litres / vine / day contributed towards more spike number, green berry yield and
spike length when irrigated during surnmer months,

Propagation
Grafting of P nigrum (laterals, runners, topshoots) on 2. colubrinum root stock (resistant to
Phytophthora foot rot) was standardized and the pepper grafts are being evaluated.

Disease management

Black pepper is affected by several diseases in nursery and plantation caused by fungi, bacteria and
virus. Major pepper discases are Phytophthora foot rot (quick wilt), slow decline (slow wilt)
anthracnose stunted diseases efc. Pepper is infected by several species of insects damaging various
parts of vine such as root, shoot, leaves, spike and berries. Depending up on the severity and extent of
damage, pollu beetle, top shoot borer, leaf gall thrips, scale insects and mealy bugs are considered as
major pests.

Although many pests and diseases affect the pepper plantation, Phytophthora foot rot caused
by Phytophthora capsici is the most serious. Attempts were made to develop suitable management
strategies through cultural, chemical, biological and integrated approach. Correlation studies of foot rot
disease and weather parameters at Panniyur Station showed that the disease incidence more or less
followed the annual rainfall pattern. Intensity of the disease incidence was maximum (39% vines) in July
where weather parameters like rainfall, number of rainy days and relative humidity were the highest.
Increase in the amount of rainfall, number of rainy days and rclative humidity was conducive for the
increase in the incidence of the disease. Based on this relationship, a multiple linear regression equation
had been developed at Panniyur using all weather variables for predicting the disease incidence.

‘The current foot rot management technologies available in the packages of practices of Kerala Agricultural
University and All India Coordinated Research Projects (AICRP) were compared with the local practices
followed by farmers at Panniyur, Sirsi, Pampadumpara and Mudigere in both existing plantations
and newly planted gardens. All the treatments were found to be significant in reducing the foot rot
incidence. The disease index ranged from 3.1 in potassium phosphonate (0.3%) + Trichoderma
harzianum (@50 gm/vine) treated vines to 10.1 on vines adopted by local practice of farmer. The
plots treated with potassium phosphonate @ 0.3% and Trichoderma harzianum @ 50 gm vine™ was
found to be effective in managing foot rot incidence in black pepper followed by Bordcaux mixture 1%
spray and COC 0.2 % drenched plots. The various diseases and their control measures standardized
atvarious centers are piven intables 4, 5 & 6. Alow cost technology for mass multiplication of biocontrol
agent, 7richoderma sp. as for the management of Phyrophrhora foot rot has been developed.
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Table 4. Nursery diseases/pest and management in black pepper

Disease / pest and Management / Control measures

causal organism

Leafrot and blight Removal of the affected cuttings/ spraying and drenching the
(Rhizoctonia solani) cuttings with 0.2% copper oxychloride or bavistin (0.2%) or

Bordeaux mixture (1%} at bimonthly intervals.

Basal wilt (Sclerotium Removal of the affected cuttings and spraying Bordeaux mixture

rolfsii Pythium sp.) (1%) and drenching the cuttings with 0.2% copper oxychloride
at monthly intervals.

Phytophthora foot Dip the cuttings in culture suspension of 7. harzianum & T.

rot (Phytophthora viride. Fortnightly application of 1.0% Bordeaux mixture, or

capsici F. piperi Captafol (1.0 %), solarization of nursery soil mixture (3.3 k Jux)
fortified with VAM @ 100 cc/kg and Trichoderma @ 1 g/kg
s0il.

Root knots (Meloidogyne Add phorate @ 1.0 g per bag. VAM incorporation in nursery

incognita) Root necrosis & mixture / fumigation with methyl bromide (@ 500 g/ton of nursery

rot (Radopholus similis) soil mixture under polythene cover for 24-48 hours —5-15 days

before planting of the cuttings.

Scale insects Spray monocrotophos 0.05% or dimethoate 0.1%
(Lepidosaphes piperis)

leatgall thirps Apply carbofuran 3 G or Phorate 10 G @ 3 g a.i/vine during
(Liothrips karnyi) June-July and September-October, spraying 0.05%
monocrotophos or dimethoate on tender flushes.

Top shoot borer Spray monocrotophos 0.05% on tender terminal shoots
(Cydia hemidoxa)

Assessment of technologies

The technologies developed by the centres are tested in front line demonstrations (FLDs) for which a
specific budget is allocated to each centre and are passed on to extension agencies of various states.
The centres are also involved in the multiplication and distribution of nucleus pianting material of improved
varieties developed by them.

Demonstration of two technologies developed in black pepper are tn operation at Panniyur Center viz.
¢ Demonstration of improved high yielding varieties of pepper, Panniyur 6 and Panniyur 7
¢ Demonstration for multiplication of planting materials of black pepper.
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‘Fable 5. Important disease of black pepper and their management

Disease and causal agent

Management /control

Phytophthora foot rot caused by
soil borne fungus Phytophthora

capsici

Slow decline (Slow wilt)
Nematodes: Radopholus similis,
Meloidogyne incognita

Fungi : Rhizoctonia sp.,
Fusarium sp., Pythium sp.

Black berry (Pollu) disease
(Anthracnose) Colletotrichum
gloeosporoides (appears towards
the end of monsoon)

Adopt phytosanitory measures, cultural practices, chemical and
biocontrol measures.Provide adequate drainage, grow grass
cover, avoid trialing of runner shoots on the ground, careful farm
opcrations without injuring the underground parts of the vine.
Improve the microclimate by shade regulation, lopping off the
branches of live standards to ensure better light penetration and
to reduce humidity.

Phytosanitation : Remove the affected vines along with the root
system and burn to check the inoculum build up. Drench the
spot with 0.2% copper oxychloride or i % Bordeaux mixture
@ 5-10 l/vine. Gap filling. Spraying Bordeaux mixture (BM)
(1.0%), recommended cultural practices and drenching copper
oxychloride (0.2%) twice during June & September. Apply 7.
harzianum (50 g/vine) mixed with 1kg neem cake followed by
Akomin 0.2% (potassium phosphanate) spray in first week ot
June @ 31/ vine and drench (@ 51/ vine twice during the season
(before onset of monsoon and during second week of August)
in addition to cultural practices.

Application of carbofuran 3G or phorate 10 G (30 g/vine) plus
Bordeaux mixture spraying and copper oxychloride (0.2%)
drenching plus soil application of neem cake (@ 2 kg/vine. Drench
basin with 1% copper oxychloride @ 5-10 I/ vine 2-3 times
during monsoon season.

Spray Bordeaux mixture (1.0%}) or Captofol (1%6) once before
flowering starts (July) and at berries formation stage (August).
A combination spray of quinalphos 0.1% and Zyneb 0.2% once
in June and again in September to control poliu fungus and pollu
beetle. Application of'a combination fungicide (carbendazim and
Mancozeb 0.1% ) or carbendazim 0.1% also is recornmended.
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Table 6. Important pests of black pepper and their management

Pests/Causal agent Management/control
Poliu beetle (flea beetle) Spray cndosulfan (0.05%) or quinalphos (0.025%) or
(Longitarsus nigripennis) dimethoate or monocrotophos (0.05%) twice at June-July (21-

30 days after setting of berries) and September-October

Top shoot borer (Cydia hemidoxa) Spray endosulfan {0.05%) when new shoots emerge

Leaf gall thrips (Liothrips karyni)  Spray monocrotophos or endosulfan or dimethoate (0.05%) or

phosphamidon (0.03%)
Scale insects Spray two rounds of monocrotophos (0.05%) or dimethoate
(Lepidosaphes piperis) (0.05%) or quinalphos (0.05%) at 15 days interval, after harvest.

Organic products neem oil / neem gold (0.5%) application four
times at fortnightly interval is also effective

Mealy bug (Pseudococcus vigatis) Drench monocrotophos (0.1%) or dimethoate (0.05%) or
quinalphos (0.05%) at 15 days interval

Root knot and burrowing nema- Phorate 10G, carbofuran 3G, aldicarbe @ 3 g a.i./ vine twice a
todes (Meloidogyne incognita year, May -June and September-October and cover with a thin
and Radopholus similis) layer of soil

New initiatives

Demonstration plots of black pepper in North East

Demonstration plots of black pepper in arecanut gardens at Mohitnagar (West Bengal) and Kahikuchi
(with released varieties namely Panniyur-1, Sreekara, [ISR Shakthi, ISR Thevam and [ISR Malabar
Excel ) has been initiated in collaboration with AICRP on Palms.

New centres for black pepper research

Among the eight co-opting centres and seven new voluntary centers approved under AICRPS during
the XI plan, Bidhan Chandra Krishi VishwaVidhyalaya, Kalyani, West Bengal has been identified for
carrying out rescarch on black pepper, ginger and turmeric.

Evaluation of orthotropic shoots of black pepper

Black pepper is mainly propagated in the field using runner shoots. To produce bush pepper, lateral
shoots are being used. Initiatives have been taken in AICRPS 1o evaluate and study the performance of
orthotropic shoots of black pepper. Experiments on rooting of orthotropic shoots of black pepper are
already standardized and field planting would be taken up to evaluate their performance.
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Management of Erythrina gall wasp

FErythrina gall wasp has become a serious pest on Erythrina, a popular standard of black pepper.
Severe gall wasp infestations may cause defoliation and death of the tree. Studies have been initiated to
study the pest surveillance and the severity of the disease damage and their management. The studies
would be conducted at [dukki and Wayanad by the Pampadumpara centre and in Chikmagalur and
Coorg districts by Mudigere centre.

Success stories
The first black pepper hybrid varicty Panniyur 1 released in 1971 is still performing well and is a
favourite variety of the farmers and is being widely cultivated in pepper growing areas world wide.

Constraints

Lack of sufficient quality planting materials

Low productivity

Inadequate post harvest infrastructure and storage facilities
Non-availability of improved technology for organic cultivation

Unorganized marketing system

Potential

Scope for extention of area under non traditional areas

To grow black pepper under irrigated condition

Scope for production of organic black pepper in North Eastern states.
To grow black pepper as an intercrop in oil palm plantation

Bush pepper cultivation under protected conditions

Priority areas for the future

Collection and conservation of germplasm including wild type and to strengthen breeding
programme

Conservation and optimal utilization of natural resources

Emphasis on crop productivity per unit area

Production of disease free planting material

Developing cost effective post harvest handling and storage techniques

Well-organized transfer of technology system supported with extension and sound seed
production programmes

Evolving suitable regulatcd marketing systems for internal and export markcis by assembling
processing, packaging, storage and trading facilities at one place

Identification of potential trade centres in the country and setting up of market intelligence and
information systems
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Introduction of black pepper in Brazil and its utilization

Black pepper introduction in Brazil is related with the Portuguese colonization, During the 17" century
black pepper was introduced in the State of Bahia, and then transported to the States of Paraiba,
Maranhao and Para. The commercial utilization of this crop (culture) started only in the 20* century,
since 1933, when Japanese immigrants introduced the cultivar (cv.) ‘Cingapura’ (Kulching) in the State
of Para (Northern Region — Amazon). During the 1950°s Brazil changed from a pepper importer
country to become an exporter of this spicery (Albuquerque and Condur 1971).

In the State of Espirito Santo (Southeast Region — Atlantic Forest), cv. ‘Pimenta-da-terra’ (lately
registered as ‘Espirito Santo BRA-272"), was initially introduced, however with low productivity. The
crop started to cxpand since 1974, with the utilization of cv. ‘Cingapura’, originated from the State of
Para and Bahia. The cultivation of more than 180 hectares was made especially for Italian immigrant
descendents. At the end of the 1980 decade, a new increase occurred, due to the increasing prices and
bank credits through a financial stimuli to the blackpepper culture and availability of new cv. ‘Bragantina’,
*Guajarina’ and ‘Tacara’ with high productivity (EMBRAPA 2008). Introduction of new cultivars in
the 80’sand 90’s, as cv. *Guajarina BR 353°, ‘Bragantina BR 124" and ‘lagara-1’, to partially substitute
cv. ‘Espirito Santo’ (pimanta-da-terra) and ‘Cingapura BR- 19”, introduced since the 1970 decade,
has contributed to the increment of the productivity in the State of Espirito Santo (Milanez e al., 1987),
from 1,300 kg ha™ in 1981 to a productivity of 3,636 kg ha™ in 2006 (Serrano ef al. 2008).

In Brazil, black pepper is manly used for preparation of industrialized food (Bologna sausage, salami,
sausage, ham, cold meat, efc. ). However, significant quantities are trade in the form of berries or
powdered pepper in small packs sold in super-markets and county markets. A small quantity is used in
the fabrication of food tempers, in the pharmaceutical industry, in cosmetics and perfumes and as a
natural insecticide. '
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Economic and social importance

Wworld’s pepper production during the last decade has been always more than 270 thousand tons (table
1), with approximatcly 85 % of black-pepper, 15 % of white-pepper and a small quantity of green
pepper in pickles. The biggest world producer is Vietnam, foliowed by India and Brazil, with these last
rwo countries being the biggest exporters {International Pepper Community 2008).

Table 1. World production, commercialized prices and Brazilian participation in the total production
(modified from IPC 2008)

Year Production (tons) . Brazilian participation ~ Mean price
World Brazil (%) perkg (US$)

1995 189,174 20,000 10.57 2.65
1996 191,771 25,700 13.40 3.00
1997 187,000 18,000 9.63 4.50
1998 205,034 17,000 8.29 5.20
1999 218,740 22,000 10.06 4.85
2000 254,210 30,000 11.80 3.40
2001 305,696 43,000 14.07 2.25
2002 441,312 45,000 10.20 1.56
2003 355,160 50,000 14.08 1.50
2004 294,159 45,000 15.30 1.48
2005 299,275 40,000 13.37 1.36
2006 289,230 44,500 15.39 2.04
2007 271,040 35,000 12.91 3.02
2008 262,900* 33,000* 12.55% 3.56%*

(* estimated; ** untit Auguyst)

In 2007, Brazil produced 35 thousand tons and exported 36 thousand tons (34 thousand tons of black
pepper and 2 thousand tons of white-pepper), originated from 2007 production and from production
stocks from preceding years. For the year of 2008 there is a production and export expectation of 33
thousand tons. The country’s internal consumption is about 6 to 8 thousand tons per year ([PC 2008).
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During the last few years Brazilian export has been always more than 30 thousand tons, representing

about 0.5 % of the export in Brazilian agribusiness (Instituto Brasileiro de Geografia e Estatistica--
IBGE 2008).

Brazilian production during the actual decade was higher than during the 1990’s decade. With the
increase of world production in the beginning of the decade (2001 to 2005), there was also a decrease
in prices in the international market (similar to the ones occurred during the end of the 1980’s and
beginning of 1990°s), thus, consequently areduction in Brazilian export occurred, with a little increase
since 2006 (table 1).

Despite Brazil being one of the countries possessing the most advanced technology in the production
process, the country has problems in the international market, due to its low quality standard, thus
achieving lower prices compared to other exporting countries. The biggest importers of Brazilian pepper
in 2007 were United States, Germany, Netherlands, Spain and France, with a volume of 11,797,
6,317;2,188; 1,675 and 1,319 tons respectively (IPC 2008).

Major part of the pepper production (80 to 85 % of the total production) is by small farmers (family
growers), with financial aid from the National Program of Strengthen of the Familiar Agriculture
(PRONAT). These growers had prices of guarantee for their production (Program of Guarantee Prices
for the Familiar Agriculture), established by the government at an actual value of US$ 1.00/ kg.

In social terms, pepper is considered a work absorbing culture, one each ton of harvested pepper
corresponds to one job in the field. The culture of pepper generates income of more than 30 million
dollars per year and about 120 thousand jobs during the cultivation season (EMBRAPA 2008). This
fact has a social importance, once creating jobs in the county side it reduces rural exodus to bigger
urban centers.

At present, Brazil has a cultivated area of over 30,000 hectare, with a mean productivity of 1,200 kg
per hectare. The State of Para (Northern Region) accounts for 83 % of the production, followed by the
State of Espirito Santo (Southeastern Region), with 10 % of the production and the State of Bahia
{Northeastern Region- Atlantic Forest), with 5 %, the rest of the country counts for the rest (2 %) of the
production (IBGE 2008). Brazil has large favorable areas for pepper production and large areas with
water limitation, thus showing a big potential to increase its production without the necessity of
deforestation, as there are many agricultural areas without proper use or even degraded but able to be
recovered.

In terms of external market, the biggest Brazilian pepper volume export occurred in 1991 with 47,553
tons. Later, production, as well as export reduced drastically, with the highest reduction in 1997, with
only 10,000 tons. Studying pepper market Filgueiras (2002), concluded that this product offer was
inelastic to price in Brazil. This result was expected, once the demand for the product behaves in
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irregular way to fluctuations in prices, ruled by the international market. The production of pepper
oceurs in cycles, as the average permanent cultures, once the grower’s expected prices are above or
under the price received by the selling product or paid by the acquired input, the prospect made with
base on the grower’s prices is unsatisfactory (Santana & Silva 1998).

With regard to the price of pepper paid to the grower, great oscillations are observed, especially
because commercialization is still a great obstacle for growers. Because of the oligopsony market of
pepper in Brazil characterized by the existence of a small number of buyers or even when more number
of buyers exist, a small part of them are responsible for an expressive amount of buying in the market.

Pepper growers went through a serious price crisis between the years 2002 and 2006, when prices
under US$ 1.00 / kg did not meet the costs of production. This fact occurred due to the great product
offer in the internationat market, especially offered by Vietnam. From the second semester of 2006 and
ahead, world stocks of the product decreased, as well as the Vietnamese production, which increased
world price of pepper. In Brazil, some price peaks were observed in October 2006 (US$ 2.60/ kg),
May of 2007 (US$ 3.90/ kg) and at the end of February 2008 (US$ 4.10/ kg).

The increasing pepper prices in the last two years are stimulating the traditional Brazilian pepper growers
to invest and modernize their plantations, also motivating growers from the States of Acre, Amazonas,
Amapa, Roraima, Rondo6nia, Tocantins (North Region), Minas Gerais (Southeast Region), Ceara and
Paraiba (Northeast Region) to establish the plantation.

Crop management

Pepper requires hot and humid climate. In Brazil, most part of the plantations occurs in regions up to
200 m altitude and relative humidity arround 60 and 85 %. The two main producing regions of the
country have their particularities: in the State of Para plantations are located in areas with precipitation
of almost 2,000 mm / year and mean temperatures between 26 and 28 °C; in Espirito Santo State
pepper is cultivated in areas with precipitation of 1,200 mm / year and mean temperature of 23 °C.
Irrigated plantations represent more than 80 % of the cultivated plots (micro-spray, drip-irrigation,
conventional spray itrigation) (Serrano et al. 2006).

In general, the State of Espirito Santo uses more technology when compared to the State of Par, with
the consequent higher productivity (about 3,000 kg per hectare). This State also made better use of
fertilization (including fertilization), use of horizontal dniers, concreted drier floor, solar ovens or transparent
plastic ovens for pepper drying (Fig.1) and mechanical driers besides machines for pre-cleaning, cleaning
and classification of pepper. This fact is due to the useful employment of the structures used in Coffea

Canjphora culture, as Espirito Santo State produces more than 10 millions bags of 60 kg/year of this
product.
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Fig.1. Black pepper drier systems
A —open concreted floor; B — concreted floor boat type; C- concreted floor with plastic cover and
D —horizontal drier.

Cultivars ‘Bragaantia BR-124°, followed by *Icara’, ‘Cingapura BR-019 and ‘Guajarina BR-353°
are at the moment the most planted in the country. In the State of Pard, for plantations in shaded
conditions cultivars ‘Apra’ and ‘Kuthiravally” are recommended. For industrial purposes (oleoresin
and essential o1l extraction} cv. ‘Kottanadan’ is recommended (Serrano ef al. 2008).

Pepper plantings are asexually originated, from cuttings denived orthotropic branches of adult vine.
Growers purchase planting material from plantations certified by the Agncultural Ministry. The common
spacing used arc in single or double row varying from 1,333 to 2,500 plants per hectare.

Economical success in permanent species plantation is directly dependent on the planting material
quality, representing the most important input for the irnplementation of the cufture, thus pianting material
must have a good genetic constitution, must be free of diseases, pests or physical/mechanical damages
and low cost. The price of a pepper planting in the country is about US$ 0.75. The cost of plantation
implementation in Espinto Santo State is of about USS 7.50 when using cuiting of hogh quality (US$
5.00 per cutting unit). In the State of Para the cost for implementation is lower, as the availability of
cuttings s higher, with each unit commercialized at approximately USS 1,20
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For cultivation of pepper under full sun conditions, the use of high resistant wood for stacking, for
example wood sticks made of Melanoxylon breuna or even concreted stacking, is recommended.
Sticks must have 3 m length with 10 to15 cm thickness. For shaded cultivation the use of live stacking
is recommended with species such as Azadiracta indica, Gliricidia sepium, Schizolobium parahiba
or Erythrina fiusca. Shaded systems allows areduction in implementation costs of about 21 % compared
with wood stacking system, but productivity decreases due to competition for nutrients, water and

light

The nutritional diagnosis is performed through soil and foliar analysis. with sufficiency range or DRIS
(Diagnosis and Recommendation Integrated System) commonly used for the foliar analysis, with specific
norms existing for the State of Para and Espirito Santo. For the production, 120 to 200 kg of N, 50 to
80 kg of P,O, and 180 to 250 kg of K O per hectare per year are recommended.

Main difficulties of pepper plantations

One of the major difficulties is the high risk investment that this activity represents, as it has a high
implantation and maintenance costs, fluctuation and uncertainty of future prices, necessity of irrigation
(Espirito Santo State), problems with diseases and pests and even commercialization problems (traders
keep main part of the profits leaving growers with a mimmum fina] profit).

Absence of investments in research, related directly with the lack of studies and development of new
techniques, processes and cultivars have been one major problem to surpass the problems in this
activity, which lacks also professional and technical guidance to accomplish the correct activity
management in the field and during post-harvest.

In Brazil the main disease is caused by the soil fungus Fusarium solani {. sp. piperis that spreads
rapidly within the plots destroying in a short period of time big cultivated areas. This problem becomes
even more serious especially due to the reduced genetic base, associated with favorable environmental
conditions of lemperature and humidity. Still, there is not an efficient disease control measure in Brazil,
thus prevention management measures have been recommended, such as the implementation of the
culture in distant areas {from the diseases plantations, selection of cuttings from healthy and vigorous
plants, treatment of planting malerial, sterilization of substrate for rooting and control nematodes in
contaminaied areas, avoiding wounding of roots and other plant parts, performed soil drainage in clay
soifs, the use of cover crops during dry season and use of organic manure, avoidance of re-use of
stacking matenals and transit of people and machinery from contarminated areas. Other important diseases
caused by fungi (Colletotricum gloeosporioides and Pellicularia koleroga) can be more efficiently
controlled.

Another problem is the presence of soil nermatodes (genus Meloidogyne), with a difficult, expensive
and inefficient control. The pepper mosaic, caused by virus (CMV-Pn), also damages plantations with
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incidence of small, narrow, tortuous leaves with yellowish areas. In the field there are evidences that the
cv. ‘lacara’ is more sensitive to the incidence of CMV-Pn (Serrano et al. 2006).

These diseases cause a high level of plant mortality (about 80 % of the diseased plots) and a drastic
reduction of the useful life of pepper plantations, from 20 years to a maximum of § years, with severe
damages to pepper growers (especially small growers), that unfortunately are pessimistic with the
culture.

Important research works conducted in Brazil

Plant nutrition

According Veloso ef al. (1995) the main production areas of pepper in Brazil are located in regions
characterized for acid soils, with low base saturation and fertility and frequently having aluminium and
manganese in enough quantities to limit the normal development of plants. These researchers concluded
that the addition of 20 mg Al per liter in the substrate, reduces dry matter weight and nutrient and Al
absorption, which was associated at the beginning of the toxicity effect. The initial toxicity symptom of
Al was characterized by a delay in root growth, with an increase in root diameter. Pepper accumulates
and tolerates the presence of aluminium concentrations under 20 mg/L. in the substrate, however higher
doses promote nutritional disturbances in the plant.

In the Amazon region of Brazil, Chiba & Terada (1976), determined the absorption march of
macronutients in the field, concluding that nitrogen was absorbed in small quantities by young plants and
absorption increased with plant growth. Nutrients absorbed in higher quantitiestby pepper plants were
K and N, followed by Ca> Mg > S > Pin a decreasing order. The absence of nitrogen affected plant
development, followed by absence of calcium and potassium. Nutrient contents of Icaves of the complete
treatment and in the absence treatment were: N=1.89and 1.39%, P =0.12 and 0.06%, K =2.19 and
1.22%, Ca=1.04 and 0.73%, Mg = 0.35 and 0.14%, S = 0.18 and 0.12% (Veloso & Muraoka
1993).

In the same region Veloso et al. (2000), reported a positive response to nitrogen with relation to
pepper berries production with the application of 72 and 78 kg ha’ of N, in cv. ‘Cingapura’ and
‘Bragantina’ respectively. Only cv. ‘Guajarina’ responded to phosphorus application. The addition of
potassium favored the increase of berries production with the application 042, 13 and 22 kg ha”' of
KO, forcv. ‘Cingapura’, ‘Bragantina® and ‘Guajarina’, respectively.

A study performed in the State of Paraiba (Northeast Region) reported that pepper plants respond
positively to bovine manure application. Maximum green pepper productivity per plant, from genotypes
‘Bragantina (1012 g), ‘lacara’ (11269) and ‘Cingapura’ (627 g), was obtained with doses 0f 7.3, 8.6
and 7.0 kg of manure per plant respectively. For dry pepper production, doses of 6.5, 8.9 and 7.8 kg
ol ' manure per plant resulted in maximum production of 358, 793 and 204 g plant”! in genotypes
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‘Bragantina, ‘lacara’ and *Cingapura’ respectively (Oliveira et al. 2007). These authors also observed
that higher quantities of manure may be detrimental to development of these cultivars.

Plant physiology

Whit the objective of simplifying foliar area evaluations among pepper cultivars planted in Brazil Partelli
et al. (2007), determined equation in order to determine {caf area in a non-destructive method, The
equations best-fitted to estimate leaf'area (LA) based on circumscript rectangle were: 1) LA =2.2689
+0.6900 x leaf midrib length x maximum leaf broad width; 2) LA = 1.6402 + 0.6816 x leaf midrib
Jength x maximum leaf broad width; 3) LA = 1.4942 +0.6215 x leat midrib length x maximum leaf
broad width and 4) LA = 0.7467 + 0.6735 x leaf midrib length x maximum leaf broad width, for
Bragantina, lagara, Guajarina and Cingapura cultivars respectively. For all equations predicted values
had a high correlation coefficient with observed values, thus showing that these equations are variety
specific and that they are appropriate for black pepper.

Genetics and breeding

In the State of Para Gaia ef al. (2005), analyzed 78 clones of Piper nigrum L. with isozymes
electrophoresis techniques for the ACP, GOT, SKDH,ACO, G6PDH, PGI, 6PGDH and FUM systems,
to evaluate diversity by means of polymorphic locus percentage, mean allele number per locus and
mean heterozygosity. These authors detected 14 loci and 35 alleles. Loci showing higher diversity
were: Gopdh-1, Acp-1 and Skdh-1. The percentage of polymorphic loci varied from 3.57% to 64.29%,
mean allele number varied from 0.04 to 1.64 and mean heterozygosity varied from 0.036 to 0.321. The
low values observed within the variation interval of mean heterozygosity are consistent with the narrow
genetic base of the genotypes and the amplitude of this interval may be related with the hybridation
degree (natural or artificial) of each clone. Genetic similarity varied from 65 %'to 100 %, with 70 clones
within the range of 85 and 100 %, thus confirming the narrow genetical base of the species and
consequently the homogeneity of genomes planted in Brazil.

Diseases

While studying plants with Fusarium solani f. sp. piperis symptoms in the State of Alagoas (Northeast
Region) Carnatiba et al. (2007), this fungus was characterized based on morphology and size of
reproductive structures. Macroconidia are falcate, some are almost straight, hyaline, with three to five
septa, measuring 30.5 - 26.5 x 6.3 — 4.9 um, while microconidia are hyaline, unicellular, elliptic shaped
or allantoid measuring 16.6 - 4.9x6.5-3.3 um.

In Brazil, pepper is multiplied especially through cuttings, however this procedure may facilitate Fusarium
solani f. sp. piperis spread. Thus, the efficiency of pepper micro-propagation using different
concentrations of BAP (0.5, 1.5,3.0 and 4.5 mg L' ), with the addition of 2 % activated charcoal to
the culture medium was verified by Moura et al. (2008). These authors reported that after 45 days
pepper stem tips cv. “Bragantina’ reacted better to the lowest concentration of BAP (0.5 mg L), with
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higher shoot and explants formation. The use of activated charcoal was not necessary during in vifro
shoot and explants proliferation stage when using young tissues as initial source for cultivation, yet
activated charcoal may be used at the final stages of the vegetative i vitro propagation process.

Human health

While studying the effect of pepper extracts over Aedes aegypti (transmission agent of the dengue
fever —arthropod-bom virus) Simas er af. (2007), verified that fractioning Piper nigrum ethanolic
extract, in bioassays on pyrethroid-resistant Aedes aegypti larvae, resulted in the isolation of the larvicidal
amides piperolein-A and piperine. Comparing LC50 values, the ethanol extract (0.98 ppm) was the
most toxic, followed by piperolein-A (1.46 ppm) and piperine (1.53 ppm).

Product quality

With the objective of determine the identity and quality standard of berries papper in Brazil, the Agricultural
Ministry approved in May 15% 2006, the ‘Technical Regulation for identity and quality of pepper . The
quality characters determined for pepper of black and white classes are shown in table 2.

Table 2. Quality characters determined for black and white pepper

Class Moo BT g L Beres | Gry N
(min%)  (Max %) (max %) {(max %) (max%) (gL")

Black pepper

Brasil ASTA 14 6.75 1.0 2 I - 560

Brasil 1 14 6.75 2.0 5 2 - 540

Brasil 2 14 6.75 5.0 25 2 - 500
White pepper

Brasil ASTA  I5 6.5 0.5 1 ] 5 -

Brasil 1 15 6.5 1.0 2 2 15 -

Brasil 2 15 6.5 3.0 4 2 30 -

Final considerations

In Brazil, the necessity o' having a high quality product, in accordance with actual market demmands
has been discussed for a long time, however due to the cost of equipments and lack of political engagement
there was an enormous delay to the implementation of an improved quality standard. With the
implementation of the ‘Technical Regulation of identity and quality of pepper’ approved in 2006, there
is a good prospect for a better product quality as well as the expectation for a better price paid to the
growers that would join the regulation.
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Despite the investment risks and great variation in prices, Brazilian growers are returning again to invest
in this activity, due to the actual prices increment. It is also important to make available new management
rechniques as pruning techmiques, organic fertilization, use of denser spacement plantation, use of live
stacking, associated plantation with forest and other agricultural species, ncw systems of stacking, eic.
Regardless difficulties and limitations for this activity Brazil show a great potential to increase its pepper
production and compctitivity on the international market. To achieve this objective some actions arc
heing already implemented, as the creation and strengthening of cooperatives and research groups,
higher quality control in plantations and cutting nurseries, execution of scientific and informative events
and meetings, higher agricultural bank credits, efc. A strategic area that has deserved a special focus is
cultivar breeding and genctic improvement of pepper, especially aiming resistance and tolerance to
diseases, use of alternate stacking and irrigation.
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Introduction

Black pepper (Piper nigrum1..) known as the “king of spices” is one of the oldest spices known to the
world. Native to India, pepper has played a very important role throughout the history and has been a
prized spice since ancient times. Pepper became an important spice that catalyzed much of the spice
trade. This has not only led to exploration of many undiscovered lands, but also to the development of
major merchant cities in Europe and Middle East.

The major commercial producers of pepper are India, Vietnam and Malaysia. Indonesia, Brazil, Thailand
and Sri Lanka are the other countries producing black pepper substantially. In India, Kerala, Karnataka,
‘Tamil Nadu, Pondicherry and Andaman & Nicobar Islands are the pepper producing states.

Biodiversity and conservation

The genus Piper belongs to the family Piperaceae. Piper is the largest genera in the family (more than
1000 species) followed by Peperomia (more than 500 species). The genus Piper is of considerable
economic importance, as a large number of its members are of medicinal and culinary importance. The
genus included herbs, shrubs or lianas, with swollen node, simple entire and alternate leaves and leaf
opposed spikes.

Trans Gangetic region and the South Deccan are considered to be the two independent centers of
origin of the genus Piper in India (Hooker 1886). Maximum diversity of Piper spp. is occurring in
American tropics (700 spp.) followed by Southern Asia (300 spp.), the South Pacific and the African
tropics (Jaremille & Manos 2001).

The Piper species originated from the South Asia are of more importance since the economically
important species like P nigrum (black pepper), 2 betle (betei vine), P longum (long pepper), £
chaba (Java long pepper) £ cubeba (cubeb or tailed pepper) erc. are originated from this region. The
most economically important species, £, nigrum is believed to be oniginated from the wet humid regions
of the Western Ghats of South India.

The sub-mountainous tracts of Western Ghats arc considered as the centre of origin of black pepper-
Piper nigrum L. Eventhough the ecosystem diversity does not contribute much to the diversity of
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black pepper, species diversity and varietal diversity are considerable. (Hooker 1886; Gamble 1925;
Rahiman 1981; Ibrahim et al. 1985; Sasikumar et al. 1999a).

Hooker (1886) reported 45 species of Piper in his ‘Flora of British India’ under six sections viz.
Muldera, Cubeba, Chavica, Pseudo chavica, Eupiper and Heckaria. Cooke (1906) in his ‘Flora of the
Presidency of Bombay’ reported five species of Piper. Burkill (1923) included 13 species of Piper in
his ‘Flora of Abhor hills’ of North Eastern India, while Kanjilal ez @/ (1940) in their ‘Flora of Assam
region’ reported three species. Duthie (1960) in his ‘Flora of Upper Gangetic plains and the adjacent
Siwalic region and sub Himalayan tracts’ included P. lorngum, P. betie, P mullesua, P. nepalanse and
P. nigrum. Haines (1924) in his ‘Botany of Bihar and Orissa’ reported five species of Piper viz. P,
longum, P. peepuloides, P. chaba, P. attenuatum and P. nigrum. Rama Rao (1914) listed 14
species of Piper from Westem Ghats. The most authoritative floristic study of Western Ghats was that
of Gamble (1925), who in his flora of ‘Presidency of Madras’ listed 14 Piper species along with key
for identification of each species.

Afew more species were reported by researchers later. Ravindran et al. (1987); Velayudhan & Amalraj
(1992); Nirmal Babu et a/. (1993) reported four new taxa from the Western Ghats region of Kerala.
The recently reported new species of Piper are: P. silentvalleyensis, F. nigrum. var. hirtellosum, and
P, sugandhi from the Sugandhagiri hills of Wayanad district. Gajurel ef al. (2000) reported a new
record of . acutistigmum CDC in India which is a nature of Myanmar. Gajurel et al. (2001 a,b &
2007) reported three new species viz., P. haridasanii- a rare species, P arunachalenisis, and £
nirjulianum. The areas of distribution of some important Piper species are given in tablel.

Tablel. Details of the more important species of the Piper and their areas of distribution

S.No. Species Area of distribution

[ Piper galeatum Cas. DC,  Western Ghats from Coorg to Travancore, Wynad, Annamalais,
hills of Courtallam, in forests at low levels upto 2500 ft.

2 P trichostachyon Cas. DC. Western Ghats, Konkan, Canara, Coorg, Wynad, Sivagiri, hilis
of Thirunelveli and Nilgiri hills - in forests upto 2500 ft.

3 P sumatranum Cas. DC. Andaman Islands
4 P. griffithi Cas. DC. Assam
5 P caninum, Blume var, Andaman Islands

glabra, Helfer.

6 P muricatum, Blume var.,  Mishmi hills in upper Assam
glabrata Giffith.
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P longum Linn

P, peepuloides Roxb.

P chaba Hunter

P, sylvaticum Roxb.
P. petiolatum Hook.
P. betle Linn

P. boehmeriaefolium
Wall. Cat.
P, anisotis Hook.

P aurantiagcum Wall,

P, hapnium Ham.

P. mullesua Ham.
(P. brachystachyum Wall.)

P thomsonii Hook.

P. hamiltonii Cas. DC.
P hookeri Migq,

P schimidtii Hook f,

P nepalense Miq.

P khasianum Cas.

Hotter parts of India from Cental Himalayas to Assam. Khasi
and Mikirhills, lower hills of Bengal, ever-green forests of Westem
Ghats from Konkan to Kanyakumari and Camnicobar Islands at
lower elevations

Tropical Himalayas from Nepal to Bhutan, Assam, Khasi and
Mikir hills upto 3000 ft.

Cultivated in various parts of North Eastern India
Upper Assam in marshy districts
Upper Assam, Mishmi hills

Cultivated in hotter and damper parts of India- Kerala,
Karnataka, West Bengal, Tamil Nadu and Assam etc.

Tropical Eastern Himalayas, Sikkim ascending to S000 ft.,
Assam, Silhet and Khasia mountains.

Upper Assam
Assam

Western Ghats —in the hills of Kerala, Courtallam (Very rare,
endangered species).

Subtropical Himalayas from Simla to Bhutan- 2000-5000 ft,,
Khasia mountain—3000-5000 ft., Western Ghats- Nilgiri hills,
Annamalais, Pulneys and hills of Kerala in Shola forests about
5000 ft., Bababudan hills of Karnataka

Himalayas- Sikkim at 7000 ft., Khasia mountain from 3000-
4000 ft.

Sikkim, Assam, Silhet and Khasia mountains

Konkan and Canera — Mahabaleshwar and Bababudan hills of
Kamataka

Western Ghats: Silent valley, Nilgiri hills about 5000 ft. (rare,
endangered species)

Sub-tropical Himalayas 3000-5000 ft. from Garhwal, Bhutan
and Mishmi hills, Khasia mountain 3000-5000 ft.

Sikkim, Himalayas at 2000-6000 fi., Upper Assam Khasia
mountains at 3000-5000 ft.
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24 P nigrum Linn In the ever-green forests of Western Ghats well distributed up to
5000 fl. and iargely cultivated in the States of Kerala, Karnataka
and Tamil Nadu

25 P nigrum var hirtellosum  Silent Valley forests of Kerala
Asokan & Ravindran

26 P. attenuatum Buch. Ham.  Eastern tropical Himalayas-Sikkim, Assam-Silhet and Khasia
mountains, Western Ghats- Nilgiris, Thirunelveli in ever-green
forests at low levels. Shevroy and Kolli hills and hills of A.P. and

Orissa upto 3000 ft.
27 P sylvestre Lamk. Assam-Silhet and Courtallam
28 P argyrophylium Miq, Western Ghats from Mysore and Bilgirts South-wards in ever-
green forests at 1500 to 5000 ft.
29 P wightii Miq. Nilgiris and Pulney hills of Western Ghats above 6000 fi. in Sholas
(rare, endangered species})
30 P barberi Gamble Hills of Thirunelveli and Breymore (Trivandrum) (very rare,
endangered species)
31 P silentvalleyensis Silent valley forest, Kerala (very rare, endangered)
Ravindran, Nair and Asokan
32 P sugandhi Ravindran, Ever-green forests of Western Ghats, Sugandhagiri Project area
Babu and Naik of Wynad

33 P sugandhi var brevipilis, Ever green forests of Western Ghats, Sugandhagin Project arca
Ravindran, Babu and Naik  of Wynad

34 P pseudonigrum Silent valley forests of Western Ghats
Velayudhan er Amal Raj

Source: Ravindran P N & Nirmal Babu K (1994)

Cultivar diversity 1s onc of the principal components of diversity in black pepper. The cultivars are
evolved directly from the wild P nigrum. Natural selection and conscious selection by human endeavor
for various traits have created diversity in cultivars. Most of the vernacular names of black pepper
varieties indicate a specific feature of the vine such as colour or appearance of the vine, leaf shape,
spike features or the place from which the vine originated initially.

The casy movement of setters across the length and breadth of Kerala helped the spread of landraces
(cultivars) to new areas, however, the advent of improved high yielding black pepper varieties is becoming
a serious threat to many of the old local cultivars. These local cultivars/landraces may be lost if they are
not collected and conserved. The species of Piper are the most affected by deforestation. Many of
the taxa are now confined only to a few locations and may vanish from the planet, unless it is collected
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nd conserved. Piper species like P barberi, P. hapnium, P. silentvalleyensis are confined only to
a o .
<mall pockets and they have been listed in the ‘Red data” book published by the Botanical survey of

[ndia under the ‘endangered’ category.

Collection and conservation of black pepper germplasm is one of the important objectives of Indian
Institute of Spices Research, Calicut (IISR). The scientists of TISR are conducting systematic surveys
of all pepper growing areas, forests of Western Ghats, parts of North Eastern India, Andaman &
Nicobar Islands for collecting the available variability and preserve them. Wide collection of both
species diversity and cultivar diversity have been carried out and they are all being maintained at the
conservatory of black pepper at [ISR, Calicut with a total collection of 2575 accessions (1300 cultivars,
1266 wild and 9 exotic collections).

In situ conservation of Piper species

In situ conservation of biodiversity is more desirable than ex-situ since the species conserved is subjected
to co-evolve with environmental changes. It is important that sanctuaries of wild relatives and other
economically important species are to be established in the Western Ghats and the North Eastern
India-the two independent centres of origin of Piper speciesinIndia. Velayudhan et ol. (1999) suggested
the establishment of gene sanctuary for Piper species at Silent valley, since the species diversity is more
here. Utpala et al. (2006} have 1dentified the Western Ghats region spreading from Wayanad to Palghat
District and Kollam, Thirunelveli and Thiruvananthapuram as the hotspots for Piper in South India. It
will be appropriate to establish gene sanctuaries of Piper in these areas.

Ex-situ conservation

Field genebank: The germplasm accessions collected by ISR are conserved in the field genebank and
in the nursery. For safe guarding the germplasm accession, two alternate centres were identified at
CPCRI, Seed Farm, Kidu and CRC Appangala, Karnataka for cultivars and wild germplasm,
respectively.

Invitro Conservation: The slow growth technologies for in vitro conservation have been standardized
and at present the in virro gene bank is holding 35 accessions. Besides ISR, Calicut, the National
Bureau of Plant Genetic Resources, New Delhi is also having in vitro conservatory for Piper species.
Inaddition to ISR, Calicut, a few research centres under the Al India Coordinated Project on Spices
(AICRPS) are also maintaining the black pepper germplasm.

Germplasm registration

Registration of valuable and important germplasm will meet the requirement of the intellectual property
fght and released issues, breeders’ right, farmers’ right, efc. Inthis endeavor, ISR Calicut has registered
three unique germplasm of Piper. They are,
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¢ Collection No. 5455 (IC 370011) Piper nigrum wild — a local selection from Nellimnpamy,
Palghat district, Kerala for high oleoresin content and bold berries (INGR 0411).

e Collection No. 1041 (IC 316598) - alocal cultivar — Thevammundi for its field tolerance
to foot rot disease.

e CLTP123(IC 316588) —collected from Ponkunnam, Kottayam for high caryophyllene
content,

Economically important Piper spp

It includes important cultivated species like P. nigrum, the black pepper and the betel vine P. beetle,
The dried fruits, in powdered form or as a whole and oils and oleoresin extracted from the berries are
the ones used all over the world. Besides black pepper, Piper betle L. is another economically irportant
species which is widely cultivated in India for its leaves for the pan Industry. The essential oil from
leaves is used in respiratory catarrh and also as an antiseptic. The plant is considered by the tribals as
usetul in treating madness, strangulation of the intestine, venereal sore, dysentery efc.

Long pepper (Piper longum L.) is used in Ayruvedic and Unani system. [.ong pepper forms as an
important Ayurvedic preparation such as Trikadu (dry ginger-long pepper-black pepper) and
panchakolam. Both fruits and dried roots are used for medical preparations. The long pepper of
commerce appears to be derived from four Piper species. The dried spikes of P. peepuloides are also
sold as long pepper. The spikes of P hapnium and globoid spikes of P mullesua are also sold as long
pepper in the Indian market. The Indonesian or Java long pepper (£, chaba) is also known as gaja
thippali or bengla thippali is another variety of long pepper. The species is cultivated in Assam and
West Bengal and alse in Indonesia/Malaysia. True Indian long pepper is derived from P, longum, from
wild grown plants in Assam, West Bengal, Nepal, North Eastern region, Bihar, Uttar Pradesh, Kerala,
Tamil Nadu, Andhra Pradesh ezc.

Cubeb or tailed pepper (Piper cubebal..) cultivated in Indonesia and Malaysia is having high therapeutic
value. Fruits and oil extract of P. cubeba are used in treatment of asthma. Kawa pepper- £ methysticum
G Frost- a native of South Pacific Islands is used to make a non-alcoholic but narcotic drink, Kawa —
a ceremonial drink among the Polynesians since ancient period. The roots of £ sylvaticum Roxb. are
widely used in indigenous medicine as an effective antidote for snake poison. The safrole rich o1l of 2
hispedinervium Trel. is highly prized in the perfumery. The plant is very rich in safrole, whichisa
natural chemical of various Industrial use.

Besides these economically important species, P auritum, P borneense, P. decurrens, P. magnificum,
P, metallicum, P. ornatum, P. porphyrophyllum, P. rubronodosum, P. rubrovenosum etc. are valued
for ornamental purpose.

Piperaceae Crops - Technologies ol Future Perspectives



Black pepper - genelic resources and improvment

Crop im provement in black pepper |
pepper beinga vegetatively propagated perennial, the major bottle neck is @nage caused by nematode
Radopholus similis, fungus Phytophthora capsici and the pest pollu. Res;stant/to]erant. sources are
available in the germplasm. This coupled with retention of good quality parameters will help in producing
high quality black pepper with less usage of pesticides and fungicides. The most probable approach to
bring these characters into a single genotype is by gene pyramiding through conventional methods.

Conventional approaches for genetic improvement

Domestication of black pepper started thousands of years back. Today about 100 traditional black
pepper cultivars are prevalent in Kerala and Karnataka. Clonal selection, hybridization and open
pollinated progeny selection are the major approaches followed in genetic improvement of black pepper.

Selection: Wide variability for yield and quality characters, occasionally even within a cultivar, is common
in black pepper. Clonal selection in highly popular cultivars like ‘Karimunda’ and ‘Kottanadan’ has
resulted in identifying superior varieties.

Hybridization: Hybridization procedure involves the removal of the anther lobes of the female spike
(female parent) before the emergence of the stigma with a fine needle. Usually oniy the upper 2/3 part
of the spike 1s retained and the rest is removed. Emasculated spikes are covered with butter paper bag
or finely perforated polythene cover. Undehisced anthers from the spikes of male parent are collected
on the previous day evening prior to pollination and kept in a vial in a desiccator. Next day morning, the
vials are taken out, the anther lobes are gently crushed, and the dehisced pollen grains are mixed with
adrop of water and the pollen suspension is applied on the stigmas of the emasculated spike with a
small came} hair brush, after removing the bag from the spike. The spikes are again covered after
pollination. Pollination is repeated for 3-4 days. The cover is retained till the development of the
berries. So far four hybrids have been released viz.,, Panniyur-1, Panniyur-3, IISR Girimunda and
1ISR Malabar Excel.

Open pollinated progeny selection : IISR Shakthi, an open pollinated progeny of Perambramundi
was released by IISR, Kozhikode. Two more black pepper varieties, Panniyur 2 and Panniyur 5 are
released, so far, through oper: pollinated progeny selection. The improved varieties released through
the above breeding strategies and their salient features are givenin table 2.

Breeding for nematode, disease and insect resistance: Root knot nematode (Meloidogyne
incognita) is a serious problem in some black pepper tracts and a nematode tolerant cultivar ‘Pournami’,
through germplasm selection has been developed. Phytophthora footrot (quick wilt) is another very
serious disease of black pepper. Coll. 1041, a clone of “Thevanmundi’, is found to be highly tolerant to
foot rot disease under Valparai condition of Tamil Nadu. This cultivar is having amean yield of 5 kg
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fresh berries per vine and is released as ‘IISR Thevam’. Vanaja ef al. (2008) developed a partly fertile
interspecific hybrid resistant to Phytophthora foot rot discase using a cultivated P. nigrum and P,
colubrinum- an exotic wild species resistant to foot rot disease, as parents. Morphological, anatomical
and molecular studies confirmed their hybridity and this hybrid can be considered as a successful
breakthrough for introgression of resistance to the cultivated species P nigrum from the wild species
P colubrinum. Four accessions of cultivated black pepper viz., Acc. No. 816, 841, 1084 and 1114
are found to be relatively resistant to ‘polfu’ beetle. Incorporation of ‘poliu’beetle resistance through
interspecific hybridization involving £ attenuatum and P barberi with P. nigrum has been achieved
(Sasikumar ef af. 1999b).

Breeding for drought tolerance: Screening of germplasm against moisture stress has resulted in
identifying few promising Karimunda lines viz., Acc. 931, 1495 and 813. These drought tolerant lines
are further utilized in breeding programme.

Breeding varieties suitable for high altitude: Most of the black pepper varieties are not specifically
bred for high altitudes, where it can be grown either as a monocrop oras an intercrop on the shade
trees of tea or coffee or cardamom estates. Evaluation of 100 hybrids at Valparai (3000 ft MSL) has
helped in identifying 2 hybrids viz., HP-813 and HP-103, which are released as ‘[ISR Malabar Excel’
and ‘TSR Girimunda’ respectively. ‘IISR Thevam’ is another variety performing well at higher altitudes.

Table 2. Improved varietiesthybrids of black pepper and their salient features

. Institute/ Oleo-  Piperine E.oil
N R
ame Pedigree University  resin(%) (%) (%) cmarks

Panniyur-1  F, of Pepper Research  11.8 5.3 3.5  Suited toall black
‘Uthirankotta’ X Station, Panniyur, pepper growing
‘Cheriyakaniy- Kerala Agriuc- regions. Not
akadan’ ultural University suited to heavily

(KAU) shaded areas.

Panniyur-2  Open pollinated -do- 10.9 66 34 Shade tolerant.
progeny selection
of ‘Balankotta’

Panniyur-3  F, of ‘Uthirankotta’ x -do- 12.7 52 3.1 Late maturing,
‘Cheriyakaniy - suited to all black
akadan’ pepper growing

regions.
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Panniyur-4

Panniyur-5

Panniyur-6

Panniyur-7

Subhakara

Sreekara

Panchami

PLD-2
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Clonal selection from -do-
‘Kuthiravally’

Open pollinated -do-
progeny selection

of ‘Perumkodi’

Clonal selection of -do-
‘Karimunda’

Open pollinated -do-

progeny of ‘Kal-
fuvally’

Clonal selection Indian Institute of

from ‘Kanmunda’  Spices Research,
Calicut

Clonal selection -do-

from ‘Karimunda’

Germplasm -do-

selection

Clonal selection from Indian Institute of
‘Kottanadan’ Spices Research,
Calicut and Central
Plantation Crops
Research Institute,
Regional Station,

Palode.
ISR Thevam Clonal selection of Indian Institute of
“Thevanmundi’ Spices Research,
Calicut

9.2

12.3

8.3

10.6

124

13.0

12.5

15.5

8.15

44

3.5

4.9

5.6

34

5.1

4.7

3.3

1.6

2.1

3.8

1.3

1.5

7.0

34

3.5

3.1

Performs well
under a variety of
conditions. Sta-
ble yielder.

Tolerant  to
nursery diseases
and shade.

Suited toall black
pepper tracts.

Suited toall black
pepper tracts.

Suited toall black
pepper growing
regions.

Suited to all black

pepper growing
regions.

Late maturing
type suited to all
black pepper gr-
owing areas.

Suited to Thiru-
vananthapuram
and Kollam distr-
icts of Kerala,
India.

Tolerant to Phyt-
ophthora foot rot
disease. Suited to
high altitudes and
plains.
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IISR Malabar F, of *Cholamundi’ -do- 13.5 296 32  Suited to high
Excel X Panniyur-1 altitudes and rich
in oleoresin.

IISR F, of "Narayakod?’ -do- 9.65 2.2 34  Suited to high

Girimunda x ‘Neelamundi’ altitudes

ISR Shakthi Open pollinated -do- 10.2 3.3 37  'Tolerantto Phyt-
progeny of ophthora foot
‘Perambramundi’ rot disease

Conclusion

As Western Ghats of India being the center of origin of Piper nigrum, cultivar diversity is maximum in
India. Though other producing countries pose a challenge to India in black pepper production and
trade, this will not be sustaining in the long run when one considers the strength of India in Piper
genepool.
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Introduction

The Western Ghats of India is considered to be the centre of origin and diversity of Piper nigrum.
Advancement in conscrvation and utilization of genetic resource of the species is essential for overcoming
the present day setbacks of low production of “black pepper’ in the country, and this necessitates
thorough understanding of taxonomic and genetic interrelationships of intra- and inter-specific variants
of'the species occurring in the region. On considering the economic importance of ‘black pepper’, and
the fact that the country possesses the cream share of the gene pool of the species, taxonomic and
cytogenetic studies ought to have received special attention. Such studies of the species are the first
step for knowing, assessing and inventorying the genetic resource of the region, This line of exercise is
aprerequisite as it would go a long way in circumventing the prevailing tendency of loss of genotypes in
the wild as well as from the farmer’s fields. The results of the studies will be useful for identifying unique
potential genetic resource of the species available in the Western Ghats, and thereby to utilize them,
especially for crop improvement.

Taxonomy of Piper species of the Western Ghats

‘the genus Piper was established by Linnaeus (1753) in his Species Plantarum, in which he recognized
17 species, all in one genus, Piper L. (Ravindran e al. 2000). The earliest record of description of
Piper of the Western Ghats was by van Rheede (1678 - 1693), who described five types of wild
peppers.

The pioneering works of Piper of the region were made by Cook (1903), Fyson (1915), Lushington
(1915) and Fischer (1925). Rama Rao (1914), Santapu (1960), Saldhana & Nicholson (1978) are
some of the authors who made floristic enumerations of the species of Piper of the region. The first
major work of Indian Piper was of Hooker (1886), who described 13 species, in five sections, in the
Flora of British India. Gamble (1925) in his floristic study described 14 species (including P. betle)in
his Flora of Presidency of Madras. A few new taxa were discovered by Ravindran ef af. (1987, 1993),
Velayudhan & Amalraj (1992). Other major contributions to taxonomy of Piper from the region
include Rahiman ef al. (1979); Rahiman (1981); Ravindran (1990); Mathew e al. (2002).
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The genus Piper L. 1s considered to be a difficult one for taxonomic study, mainly due to the sir
in gross morphological features, and this leads to difficuity in species discrimination. This p
becomes more complex when working with herbarium specimens. The very small flowers and
of perianth also contribute to the complexity. The classical taxonomists (Hooker | 886; Barbe:
who handled the Piperaceous members of the region had pointed out inadequacy and problems
stand in the way of accurate discrimination of the taxa based on herbarium materials. Hooker
had advised the local botanists of Indian region to ‘examine the piants on the spot” and make a th
study of all the aspects relevant to the systematics of the group.

According to Ravindran ef a/. (2000} the following are the Piper species occurring in the Western
Ghats. He subdivided the genus into two sections, Pippali and Maricha based on orientation of spikes
i.e., erect or pendent. Scientific names of the species and references of their first valid publications are
given below.

Sect. Pippali (spikes erect)

Piper longum L. Sp. P1., 29, 1753.

Piper hapnium Buch.-Ham. ex Hook.f., FBI 5: 86.1886.

P mullesua Buch.-Ham. ex D. Don,, Prodr. Fl. Nep,, 20. 1825.

P silentvalleyensis Ravindran & Asokan, J. Econ. Tax. Bot., 10: 167. 1987,

Sect. Maricha (spikes pendent)

P argyrophyllum Miq., Syst. Pip., 330, 1844, -

P atfenuatum Buch.-Ham. ex Miq., Syst. Pip., 306, 1843,

P nigrum L., Sp. P1,, 28. 1753.

P, pseudonigrum Velayudhan & Amalraj J.Econ. Tax. Bot.,16: 247. 1992,

F sugandhi Ravindran, Babu & Naik, J. Spices & Aromatic Crops, 2: 26 - 33.1993,
P, trichostachyon (Miq.} C. DC., Prodr. 16 (1} 242. 1869,

P schmidtii Hook.f., FBL 5: 89. 1886.

P wightii Miq., Hook.’s London J. Bot. 5: 552.

P barberi Gamble, Kew Bull,, 387. 1924,

However, the following taxa form additions to the above list,

P hookeri Miq. Hook.f. FBI 5: 88.1886.

P. nigrum L. var. hirtellosum Asokan & Ravindran, J. Econ. Tax. Bot. 10: 167. 1987,
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P Sugandhi var. brevipilis Ravindran, Babu & Naik, J. Spices & Aromatic Crops, 2: 26 —33.1993.

It is also noted that many authors have used Piper trioicum Roxb., Fi. Ind. 1: 151, 1820. as currently
used name of P, attenuatum Buch.- Ham., and £ brachystachyum Wall. ex Hook.f. as a commonly
used synonym of P mu{lesua Buch.-Ham.

Hooker (1886) has described 45 species of Piper from Indian sub-continent, in the Flora of British
India, which include the {ollowing 13 species of Piper of the Western Ghats. He grouped the species
in six sections, namely Muldera, Cubeba, Chavica, Pseudochavica, Eupiper and Heckenia. The species
of Piper described by Hooker, which belong to the Western Ghats are enumerated below:

Muldera - P galeatum, P. trichostachyon

Chavica - P longum, P. hapnium, P. brachystachyum

Heckeria - P subpeltatum

Pseudochavica - P, hookeri, P. schmidltii

Eupiper - P nigrum, P. attenuatum, I argyrophyllum, £ wightii, P. hymenophyllum

Gamble (1925) described the following 13 species of Piper from the Western Ghats and grouped them
as given below:

Group | - P. galeatum, P. trichostachyon

Group lI- P longum, P. hapnium, P. brachystachyum, P. hookeri, P. schmidtii, P. barberi
Group lllA - P nigrum

Group HIB - P hymenophyllum P. argyrophyllum P. attenuatum P. wightii

The Piper species described by Hooker include, P. subpeltatum, whereas Gamble considered it not
as a species of Piper, but as a species of Heckeria - H subpeltata. Gamble described Piper barberi
as one of the 13 species of Piper occurring in the Western Ghats, and this species was not included by
Hooker in the Fiora of British India, since it was not discovered at that time.

In order to evolve a more natural grouping of the above mentioned 13 specics of Piper given in the
Flora of British India, aimed at revealing their interrelationship, Mathew (1998) has made a modest
attempt for detailed morphological analysis of the species and their grouping as follows (tablel), based
on their prominent morphological characters.
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Tablel. Grouping of the 13 species of Piper based on their prominent morphological features

Group Prominent morphological characters
Group I Pendent spike having receptacles, leaves chartaceovs,
P. galeatum venation - acrodromous

P, trichostachyon

P nigrum

Groupll Erect spike having peltate orbicular bracis, leaves- chartaceous,
P longum venation - acrodromous

P hapnium

P. brachystachyum

Group 111 Pendent spike with peltate - orbicular bracts, leaf venation -

P hookeri acrodromous

P schmidtii

Group IV Pendent spike having adnate bract with decurrent free membranous
P. attenuatum margin, leaves chartaceous, acrodromous - venation
P argyrophylium

P hymenophyllum

P, wightii
Group V Pendent spike having peltate - orbicular bracts and very long
P, barberi filiform peduncles, leaves- chartaceous, pinnately - veined

(craspedodromous venation)

The present grouping of the 13 species is remarkably in agreement with the one proposed by the earlier
taxonomist (Hooker 1886). The sections Chavicaand Pseudochavica of Hooker perfectly agree with
the present groups 11 and 111, respectively. The section Chavica, {Group 1) includes P longum, P.
hapnium and P. brachystachyum and Pseudochavica (Group I11) comprises F. hookeri, and P.
schmidtii. The sections Muldera and Eupiper of Hooker differ from the present groups 1and group
IV, only as to the placement of P nigrum, which Hooker has grouped with P, attenuatum, P

argyrophyllum and P. hymenophyllum in the section Eupiper as against its inclusion along P. galeatum
and P, trichostachyon in the present group 1.
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This grouping, however, shows more disagreement with the grouping of these species made by Gamble
(1925). Only one grouping in the either system shows complete corroboration, namely group - III B of
Gamble and the present group - IV, both of which include the same taxa (P hymenophyllum, P
argyrophyllum, F. attenuatum and P, wightii). The taxa belonging to the group Ll of Gambile, find
placement in three separate groups such as group [ (P fongum, . hapniumand P. brachystachyum),
group - [II (£ hookeri and P schmidtii} and group V, exclusively for £ barberi. Another difference
is concerning £, nigrum, which goes along with P. galeatum and P. trichostachyon in the grouping by
Mathew {1998), while this forms a solitary member in Gamble’s sub group A,

Thus, Mathew (1998} differs with Hooker and Gamble with regard to the grouping of P. nigrum. He
included the species in the group along with £ galeatum and P. trichostachyon, and thereby pointed
out that the most closely allied species of P, nigrum are P. galeatum and P. trichostachyon.

Rahiman ef al. (1979) have considered P. hymenophylium conspecific with P. hookeri, and have
pointed out that these two species differ only in certain minor characters. But, it may be noted that the
difference between these two species are not really minor as interpreted by them. A close observation
of the two species could reveal many obvious features of distinction such as adnate decurrent bract,
hairiness of the plant, stamen number (3 nos.), nature of filament (slender) shown by P. hymenophyllum
as against peltate-orbicular bracts, glabrous or rarely pubescent nature, 2 stamens and stout filament in
P, hookeri.

Taxonometric grouping of the taxa

In the systematic treatment of the South Indian species of Piper, there has been certain amount of
discord (Hooker 1886; Gamble 1925; Rahiman & Bhagawan 1985; Ravindran er /. 1992; Mathew
1998). Thirteen indigenous species of Piper described in the Flora of Presidency of Madras have been
subjected to phenetic analysis by metric method, for which 50 characters were taken into consideration
(Mathew er af. 2002). The results of cluster analysis showed that they could be clustered into 5 groups.
The first cluster consisted of three species (P galeatum, P, trichostachyon, P. nigrum) which formed
an 83% phenon. The second cluster was a 66% phenon, which comprised three species (£, hookeri,
P schmidtii, P brachystachyum). The third group was a single member cluster (P barberi). The
fourth cluster included four species (P hymenophyllum, P. argyrophyllum, P. atteruatum, P. wightii),
which constituted a 66% phenon, while cluster V which was an 88% phenon comprised two species
(P longum, P. hapnium).

A comparison of the composition of the taxonometric grouping based on phenetic resemblance with the
grouping proposed by Hooker and Gamble shows that the present grouping is in agreement with
Hooker’s, barririg a few differences and to a large extent with Gamble’s. Hooker’s section Muldera (2
galeatum, P trichostachyon), and Eupiper (P, nigrum, P attenuatum, P hymenophyllum, P.
argyrophylium, P wightify are similar to the present clusters 1 and IV respectively, except for Hooker’s
inclusion of P. nigrum in his section, Eupiper, which on the other hand is clustered with P. galeatum
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and P, trichostachyon in the present cluster, I. Hooker’s sections, Chavica and Pseudochavica differ
from the present cluster V and 1l respectively, in regard to the placement of £, brachystachyum, which
in Hooker’s Chavica section goes along with P, longum and P hapnium as against the present placement
ofthis with P. hookeri and P. schmidlii in cluster 11.

The composition of Gamble’s group | and 111 B is in agreement with that of the present clusters and TV
respectively except for the placement of P. nigrum. While this species is associated with £, galeatum
and P trichostachyon in the present treatment, Gamble has treated P. nigrum as a single member in
his sub group IIl A. Gamble’s group - [ is very much different from the groups of Mathew et af.
(2002). Gamble has accommodated P. fongum and P. hapnium and also P. barberi in this group
along with P. hookeri, P. schmidtii and P. brachystachyum on the ground that al} these taxa are
characterized by flowers which are subtended by peltate orbicular bracts. In the taxonometric treatment
of Mathew et al. (2002), P longum and P. hapnium which constitute an 88% phenon are brought
together into a separate cluster (V), while P, barberi which does not exhibit enough phenetic resemblance
to any of the other species, 1s treated as a single member cluster. It may be noted that this species has
adistinctive leaf venation (craspedodromous) as against the acrodromous condition in all the others.

Ravindran e al. (1992); Rahiman & Bhagawan (1 985) have also attempted clustering of a few South
Indian species of Piper, the former following the ‘centroid linkage’ method and the latter by D? analysis.
Their groupings agree with the present only in certain respects. Ravindran e/ o/, (1992) have clustered
P schmidtii with P. galeatum and P. trichostachyon; and Rahiman and Bhagawan (1985) have
clustered P brachystachyum with P. galeatum and P trichostachyon, and P. hookeri with P
argyrophyllum and P. attenuatum. In the Rahiman er o/ treatment, P, nigrum and £ wightii are
brought together in the same group, It may be noted that 2 nigrum is clustered in the taxonometric
grouping with P galeatum and P, trichostachyon and the species showed highly significant similarity
with P. galeatum (88%), which makes its clustering based on prominent morphological characters
(Mathew, 1998) with the latter two justifiable from the taxonometric point of view.

The dendrogramrevealed, inter- cluster distance between clusters Il and [V is only marginal which is
suggestive of their closer interrelationship. On the other hand, cluster V (P, longum and P. hapnium)
is very distant from the rest of the groups. The taxa of this group exhibit a number of distinctive features,
especially of habit, stipule (leafy), female spike (erect, short, cylindrical), anther-filament flat and fruit
size very small. Although P. brachystachyum shares some of these features, its habit is remarkably
different from both P. longum and P. hapnium. Metric analysis showed this species to have more
phenetic resemblance with P hookeri and P schmidtii.

Cytogenetics of Piper species of the Western Ghats
Chromosome number

Chromosome reports made in a few species of Piper prior to 1950s (Darlington & Wylie 1956) were
2n=24,28, 32 and 128. The numbers seem to lead to confusion regarding the basic chromosome
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constitution of the genus. But, the study made by Mathew (1958) ina few South Indian species which
showed, n=26, 2n=52, 78 and 104 had led to the recognition of a new chromosome line in the genus,
and based on these counts he proposed x=13 as the basic chromosome number of the genus. Subsequent
studies by a few others on some alien species showing 2n=26 (Smith 1966; Samuel & Bavappa 1981;
Okada 1986, Samuel & Moravetz 1989) confirmed this basic number. Some of the Indian workers
also, of late, have reported the same line of numbers (Mathew 1973; Jose & Sharma 1984; Rahiman
& Nair 1986). The chromosome numbers of 13 species of Piper of the Western Ghats (Mathew ef al.
1998) also constitute a euploid series on x=13 (2n=52, 78, 104 and 208).

Meiotic behaviour

Detailed accounts of meiotic behavior in Piper taxa are very much lacking. Available information shows
meiotic behavior to be fairly normal in all the diploid species of Piper. '

Although meiosis seemed to be normal in some of the higher ploid species of Piper of the region
including P. nigrum from the Western Ghats, this was abnormal in a few others such as, the 8x P,
argyrophyllum and 16x P. brachystachyum in which higher associations of chromosomes at meiosis
and consequent irregular anaphase separation and significant fall in pollen fertility were evident; and this
could be suggestive of their auto or auto-alloploid nature. In the 2n=78 hexaploid species, P.betle,
meiosis has been reported to be highly irregular (Mathew et al. 1998) and the taxon is sterile with only
less than 15% pollen fertility, and the species has been suggested to be of hybrid origin.

Karyomorphology

The karyotypes of species of Piper are characterized by small chromosomes ranging in length from
0.60 to 3.00 um. Because of very small size of the chromosomes, coupled with indistinct centromere
positions, especially in the smaller chromosomes, which form the bulk, species of Piper are not amenable
for detailed karyomorphological study. Notwithstanding this limitation, some workers have ventured to
carry out karyotype analysis in a few species (Sharma & Bhattacharya 1959; Dasgupta & Datta 1976;
Jose 1981; Jose & Sharma 1984) and have suggested the larger chromosomes in the somatic
complements to be nearly metacentrics and smaller ones submetacentrics. Mathew et al. (1988)
however, have noticed the smaller category of chromosomes in the different South Indian species to be
mostly subtelocentrics and the medium sized ones submetacentrics so much so their karyotypes
considered fairly specialized. Almost all the studies indicate that, irrespective of ploidy difference, the
karyotypes of species of Piper are of graded type, and exhibit gross similarity in chromosome size and
perceivable features of chromosome morphology, and hence the genus Piper as a whole may be
considered to represent a more or less homogeneous assemblage karyomorphologically as well.
Cytological studies (Mathew & Mathew 1981) on P. nigrum cv. ‘Panniyur-I’ showed 2n=52. The
somatic chromosomes are small sized and they could be grouped into three size classes such as four
pairs of relatively long and rod shaped (1.8 - 1.6um), ten medium sized (1.3- 1.1pum) and twelve of
very small sized (1.0 — 0.8um) chromosomes. The somatic complements of different cultivated and
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wild forms of P nigrum have high degree of intraspecific karyomorphologic uniformity (Mathew et o/,

1998). This, considered against the profound degree of variability exhibited by the different cultivars of
the species in diverse morphological characters (Mathew et al. 2002), may be suggestive that gene
mutations and cryptic structural changes in different chromosomes may have been the causative factors
in the evolution of such enormity of morphologically distinct genotypes in this crop species.

Polyploidy

Cytological data on Piper species, both indigenous and alien show that frequency of taxa with polyploid
constitution is remarkable in the genus, in which 9 euploid levels exist on x=13, such as 2x, 3x, 4x, 5x,
6x, 8x, 10x, 12x and 16x. Polyploidy is also reported in 2 rigrum (Nair et al. 1993). Striking incidence
of 2n=4x=52 taxa of Piper occurring in the Western Ghats, showing normal meiotic behavior has
prompted Mathew er al. (1998) to consider them as alloploids, because a criterion commonly used for
distingushing between auto and allopalyploids is the frequency with which chromosomes associate at
meiosis into multivalents in the former and regular bivalent formation in the latter.

Established aneuploid lines are almost non-cxistent on x=13 in Piper, except for the occurrence of a
few aneuploid variant numbers reported in some of the cultivated varieties of P, berfe (Jose & Sharma
1988). But there are a few reports of euploid cytotypes in some species of Piper- P, argyrophyllum,
P. attenuatum, F. betle and P, nigrum. The overall cytological picture shows that polyploidy at both
inter-and intra- specific levels has been significantly operative in the genus Piper, and it is evident that
high speciation rate of the genus is obviously linked with polyploidy. Looking at the size of chromosomes
of Piper, itis evident that the karyotypes of the species of Piper are highly specialized as a result of
their chromosomes having undergone exireme size diminution, and may be that the very small size of
chromosomes in Piper has influenced polyploidisation in the genus. This appears to be in conformity
with the concept of Miksche & Holta (1973) that larger chromosomes and greater quantity and
redundancy of DNA have retarded the rate of polyploidy and more active divergent evolution, while,
on the other hand, very small chromosomes and small quantities of less repetitive DNA have brought
about more dynamic polyploidy evolution and striking evolutionary versatility in the case of genus
Piper.

Conclusion

Thorough knowledge on taxonomy and cytogenetics of Piper species of the Western Ghats is inevitable
for assessing and understanding the genetic wealth of £ nigrum occurring in the region. The presently
available knowledge on these aspects of the species is insuflicient to capitalize on the full potential of the
resource, Taxonomic revisionary work on Piper species of the Western Ghats, indepth studies on
intraspecific variability of P nigrum, especially of the wild genotypes occurring in the forests of the
region and detailed cytogenetic studies, are the major gaps to be addressed in this regard. The tnformation
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generated out of such studies will be beneficial for attaining better utilization of the genetic resource of
the crop species and its conservation.
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Introduction

Black pepper (Piper nigrum L.) belongs to the genus Piper, of the family Piperaceae. The genus Piper
was established by Linnaeus in his Species Plantarum in which 17 species were recognized in the
Piper family. The genus name Piper was derived, probably from the Greek name for black pepper,
piperi and according to Rosengarten, most European names for black pepper were derived from the
Sanskrit root pippali, the name for long pepper (Piper longum).

Origin of Piper nigrum

Pepper has originated in the evergreen forest of the Western Ghats of Southern India. Cytological
studies suggest that the basic chromosome number of Piper is x =13 and P, nigrum with2n=52 isa
tetraploid. A study of the species occurring in Western Ghats indicated that £ nigrum might have
originated through hybridization between species with or without polyploidization of the hybrid. Based
on morphological and biosystematic studies, it was suggested that three species namely P. wightii, P,
galeatum and P, trichostachyon as the putative parents of P, rigrism. All these are woody climbers,
having more or less similar leaf morphology and texture. Their spikes and fruits are more similar to £
nigrum than those of other species. The fruit of all three have small amount of pungency and flavour. In
£ galearum the bracts are connate, fleshy and shoe shaped; in £ wightii the bracts are fully adnate to
the rachis, the shape being more or less oblong, In P. nigrum the bracts form a shallow cup like
structure, this character being typicaily intermediate between the first two cases.

P wightii is a threatened species now, occurring only in high elevated areas and £ galearum, occupying
the lower elevation ievels. In the past, forests were in confinnous stretches which might have led to the
overlapping of these species. Most probably as it happens even today, more than one species might
have climbed the same support which facilitated natural crossing. Such natural crossing might have
happened a great many times at many locations, gradually leading to the building up of large population
ofhybrids. The progenies once formed get effectively isolated from the parents and rest of the progenies,
because of the absence of sequent gene flow. At the same time the highly successful vegetative
propagation ensures their survival and spread. Because of the selection pressure for better fruit set the
bisexual forms might have been selected as they give much better frut set. This selection would have led
to the directional evolution of bisexuality in the cultivated forms and the present day cultivars.
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Phylogeny and interrelationships

Cytologica] evidence has shown that most of the South Indian species have somatic chromosome
number of 2n = 52; and that the basic number as x =13. Pepper and all its related taxa are either
tetraploids or higher polyploids and that polyploidy seems to have played an important role in the
speciation of South Indian Piper (Mathew 1958; Rahiman 1981). From the ancestral forms more than
one developmental lines can be visualized among the South Indian taxa of Piper, one of which leading
to P longum, P mullesua etc.; second line leading to P. galeatum, P. trichostachyon and thento
Pwightii; P nigrum, athird one leading to, I attenuatum, . argyrophylllum, P. hymenophyllum.

The karyotype comparison of the different cultivated varieties based on absolute chromatin content
showed that Karimunda had the smallest absolute chromosome size (62 um) and the shortest spikes
(9.1 em) while cv. Aripadarppan having higher absolute chromosome size (74 um) produced the longest

spikes (15.5 cm).

Crop improvement

The important objectives for crop improvement in black pepper are, higher yield, resistance to
Phytophthora foot rot disease, nematodes (Radopholus similis and Meloidogyne incognita), resistance
to insect pests {pollu beetle, scales, shoot borer and mealy bugs), drought tolerance and quality
improvement.

Pepper, blessed with the twin advantages of vegetative propagation and viable sexual reproduction,
offers much scope for exploitation of hybrid vigor as well as selection breeding. Clonal selection,
hybridization, open pollinated progeny selection, mutation and polyploidy have been attempted in
improving pepper. Recently biotechnology and tissue culture methods are being developed for black
pepper improvement.

Clonal selection

Existing genetic variability in pepper can be exploited through clonal selection, as there are a number of
pepper cultivars existing in India, with substantial amount of inter and intracultivar variability. An elite
plant once identified can form the basis of'a new variety. It can be multiplied vegetatively and subsequently
can be released a new variety after sufticient vield evaluation trials. Clonal selection can be exercised in
existing gene pool, introduced varieties, population created through segregation, hybridization or through
other means.

Many of the popular pepper cultivars exhibit considerable intracultivar variability. In Kerala the best
example is Karimunda. Clonal selection was carried out in this cultivar by the Indian Institute of Spices
Research (IISR), Kozhikode. Based on survey, 216 elite individual plants were selected and their
clonal progenies were further evaluated for yield and quality. This lead to the release of two varieties,
Sreekara and Subhakara. Similarly, clonal selection in Sarawak, Malaysia, resulted in Semongok Perak
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variety. Clonal selection in cv. Kuthiravally carried out by the Pepper Research Station, Panniyur, has
resulted in Panniyur 4. PLD-2 is a selection from cv. Koftanadan by the Central Piantation Crops
Research Institute, Research Centre, Palode.

Intercultivar hybridization

Intercuitivar varability exists in pepper for yield, quality and morphological features. This aspect coupled
with viable sexual reproduction and vegetative multiplication have aided hybrid breeding in black pepper
very aftractive. Genetic improvement through hybridization generally involves selection of parents,
hybridization and selection of progenies.

Hybridization work in pepper was started by 1959 in India at the Pepper Research Station, Panniyur.
Evaluation of I, progenies of many crosses led to the hybrid Panniyur I, a selection from F ofa cross
between cv, Uthirankotta X Cheriyakaniyakadan, This hybrid was released in 1967. Panniyur 3, hybrid
of the same parents was developed and released during 1991.

In pepper, single crosses between different cultivars and varieties, stngle crosses between pepper varieties
and other Piper sp. ot economic importance, double crosses between promising I s of various crosses,
three- way crosses between selected varieties and promising progenies of various crosses and back
crosses of promising offspring to recurrent parent can be utilized for crop improvement.

Selection in OP progenies

Pepper being heterozygous and propagated mainly through cuttings, segregation of characters can be
expected in the open pollinated and selfed progenies. Because of the geitenogamous mode of pollination,
the open pollinated progenies are comparable to selfed offspring. There is thus a fair chance to locate
useful genotypes in open pollinated progenies. Genetic variability within open pollinated progenies ofa
few varieties of black pepper has been reported. In Sarawak five promising genotypes have been
identified trom OP progenies. They are the third generation open pollinated progenies from the cvs.
Balankotta, Cheriyakaniyakadan and Kalluvally (all of them introduced from India). These five lines
(14452-14556) were multiplied and tested in replicated trials. Of these, line 14556 was the most
promising, having long, well set spikes, and was susceptible to Phyrophthora foot rot, and is also less
susceptible to black berry disease caused by Colletotrichum than the cv. Kuching. Selection in OP
progenies was carried out at the Pepper Research Station, Panniyur. Two cultivars, Panniyur 2 and
Panniyur 5 were developed through selection in OP progenies of cvs. Balankottaand Perumkod:
respectively.

Interspecific hybridization

Successful interspecitic hybridization between P, nigrum x P. attenuatum and P. barberi, has been
reported. The hybrids exhibited distinct morphological and anatomical features. Isozymes studies have
shown hybrid specific as well as male parent specific bands. The hybrid had the same chromosome
number (2n = 52) as that of the parents.
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A partly fertile interspecific hybrid having partial resistance to the dreaded disease Phyrophthora foot
rot which has been developed through hybridizing Piper nigrum with the wild species Piper colubrinum.
Hybridity of the promising interspecific progeny was established through morphology, anatomy, cytology,
and molecular studies. The hybrid exhibited distinct anatomical and morphological features with a large
number of long spikes but reduced setting percentage. The RAPD primers OPE 07 and OPG 08 were
identified as hybrid specific molecular markers. This hybrid is considered as a successful breakthrough
for introgression of resistance to Phyrophthora foot rot to the cultivated species Piper nigrum from
the wild species Piper colubrinum.

Polyploidy and its application

The possibility of using polyploidy in crop improvement was also explored. A natural triploid [2n (3x) =
78] was located among the germplasm and this has very bold fruits and low fruit setting. This triploid
plant was used for generating a series of cytotypes. An induced tetraploid was developed in Panniyur-
] by treating the seeds with colchicine. This tetraploid having the somatic chromosome number of 2n
(4x)= 104, has larger and thicker leaves but the growth was slower than the diploid parents, and was
difficult to establish in the field.

Mutation breeding

Induced mutations were used in pepper mainly for broadening the genetic base, and also for producing
mutants tolerant to P, capsici and nematodes. In Malaysia, the mutation breeding work was limited to
the cultivar Kuching. In India, gamma rays were used for inducing variability in Karimunda, Panniyur 1,
Kuthiravally, Kalluvally (Pulpally}), Kalluvally (Malabar), Thommankodi and Aimpiriyan and 1- 4 kr
gamma rays were used for irradiation. lrradiation adversely aftected the germination of seeds; as the
dose increased, germination was delayed. Only in Kalluvally (Malabar) all the treatments gave above
30 per cent germination. Kalluvally (Pulpally), Karimunda and Aimpiriyan were most affected by the
radiation treatment and Thommankodi the least. The M, population showed certain morphological
abnormalities such as chlorophyll changes, twinning of seedlings, rosette leaves efc. The frequency of
chlorophyll abnormalities in the M 1 seedlings population ranged from 13 per cent in cv. Karimunda to
0.1 per cent in cultivars Kuthiravally and Kalluvally. Incidentally Karimunda gave around 3 per cent
chlorophyll abnormalities even in the control population. The types of chlorophyll changes noted included
albino, xantha (yellow) and variegated. The first two were lethal, whereas variepated ones later
developed to normal plants.

In Malaysia, mutation breeding was used mainly to create genetic variability especially for developing
tolerant lines against P capsici and M. incognita. Cultivars Kuching and Seongok Perak were used in
mutation breeding work. The ripe seeds were irradiated with gamma rays up to 100 Gy. .Both M, and
M, were studied, mainly for locating resistance against Phyfophthora. In addition to seeds, cutting
were also irradiated and raised. Cutting back mcthod was used in imadiation experiments with vegetative
cuttings. In the cutting back technique the dormant buds are treated and the main shoot is removed at
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sprouting so that the MV  (first vegetative mutation generation) will originate from axillary’s buds which
are present. Cutting backs are done in successive vegetative mutation generation (MV,, MV, erc)),
This technique has been applied in many vegetative propagated plants.

Two nodal cuttings of Kuching with a leaf on the upper node were used for gamma ray irradiation
ranging from 0-50 Gy. The irradiated plants were planted and MV, and MV, generations were studied.
The LD, was around 30Gy. Apart {rom gamma rays, EMS treatment was also used for inducing
mutation; the LD was around 0.25-0.3 per cent. The progenies were subjected to the leaf screening
method for locating tolerance against £ capsici. In this method a culture disc of . capsici is placed
together witha drop of distilled water on the abaxial surface of a recently matured leaf. The reactions
were compared with the lesion developed on Kalluvally, Belantung and Kuching leaves used as checks
(representing, tolerant, less susceptible, and susceptible respectively). Plants giving reactions similar to
Kalluvally (fess diameter equivalent to Kalluvally) were selected for further studies.

Genetical and biometrical studies

Studies on genotype and phenotypic variability, heritability and genetic advance using 28 lines of hybrids
and open pollinated progenies revealed that spike yield, followed by spike number, showed the highest
phenotypic coeficient of variation. The lowest variability was shown by fruit weight. Heritability values
varied from 28 to 81 per cent, the highest for fruit weight followed by spike length. Spike yield and
spike number had low heritability indicating that these characters are highly influenced by environmental
fluctuations. Genetic advance was highest with respect to spike yield, indicating that selection will be
advantageous in this character.

Panniyur -1 showed positive heterosis for length of spike, developed fruits, bisexual flowers per spike
and for yield, but the fruit characters are found to be intermediate. Internodal length in the hybrid was
greater than the parental values and showed significant difference compared to mid parental value. The
cv. Arakulam munda showed high stability of expression over seasons for spike length.

Biotechnology

In vitro propagation

Shoot tip and eye bud explants were found to be the best explants for in vitro culture, Murashige and
Skoog (MS) medium containing 0.5ppm NAA and 3ppm BA resulted in speedier establishment of
cultures. MS medium with 10ppm BA induced better proliferation in shoot tip explants cuitures. But in
eye bud and floral apex cultures, BA 10ppm and NAA 0.5ppm were found to give better results.
Better rooting was observed in Knudson medium containing Sppm NAA. The plantlets established
well when they were kept in distilled water for § hours followed by dipping in 1/10% strong liquid MS
medium for §hours before they were planted outdoor.

Field evaluation of tissue culture plants

The tissue culture derived black pepper plants were hardened and successfully established in the field
with >80 per cent survival and later field establishment. TC derived plants were also evaluated in the
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farmers’ fields at Idukki, T hrissur, Wayanad and Kannur districts of Kerala. No significant difference
was noted among the TC regenerants and also when compared with the conventional propagules. The
bearing habit was stable and sterility was not observed in any of the TC regenerants. The quality
attributes like driage, oil and oleoresin contents of the TC regenerants were good and comparable with
the conventional propagules. No significant difference was noted among the regenerants for the quality

attributes.

TCP had better root growth and establishment (86%) when compared to the conventional plants (70%)
in farmer’s fields. Twenty percentage of the TCP showed early flowering. In general, TCP showed
better growth, early flowering and better yield compared to control. DNA profiling of TCP demonstrated
that the TC plants are genetically stable.

Somaclonal variation

High amount of somaclonal variation is reported in callus cultures of black pepper. The extent of
somaclonal variation is dependent on genotype. The cultivar Kalluvally exhibited high amount of
somaclonal variation as compared to other cultivars like Cheriyakaniyakadan, Balankotta and Karimunda.
Higher the duration in culture, higher was the variability observed.

In vitro screening using the non-specific toxic metabolites of P. capsici was effective in developing
disease resistant plants. More number of tolerant plants could be isolated from unscreened population,
revealing the possibility of exploiting somoclonal variation without in vitro stress for screening for
resistance to Phytophthora foot rot. Variability among the calliclones of black pepper was noticed for
morphological, yield and quality attributes and reaction to Piyrophthora foot rot disease. The assessment
of Phytophthora foot rot disease reaction of the calliclones revealed that the clones CC 43, CC 58
and CC 60 were highly tolerant. Five elite clones viz. CC 58, CC 43, CC 60, CC 56 and CC 57 with
desirable traits like high yield, quality and tolerance to Phytophthora capsici were identified. Based on
overall attributes, the calliclone ‘CC 60 was selected as the superior one with high yield and high
tolerance to Phytophthora foot rot.

Molecular markers

Sixty decarner primers were screened for amplification of black pepper genomic DNA. Ten primers
selected for good amplification were used to screen five varieties of black pepper. Three primers
(OPP-1, OPP-8 and OPP-14) which showed polymorphism and stability of amplification, were used
for analysis of TC plants. All the regenerants studied gave a uniform RAPD profile except in two
regenerants where there was difference in expression of two non-distinct bands.

Genetic transformation

Investigations on genetic transformation in black pepper variety Panniyurl, using Agrobacrerium
tlumefaciens strain AGL-1; 1303 harbouring antibiotic resistant selectable markers genes (nptll and
hptIV) and GUS and GFP reporter genes were carried out. Black pepper tissues, both leaf and callus,
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were found susceptible to kanamycin and hygromycin when freshly prepared antibiotic stocks were
used. Callus induction on leaf was completely inhibited at S0 mg 1 ! of kanamycin and callus growth g

100mg ), Hygromycinat 10 mg 1 completely suppressed callus induction on leaf and callus growth
at 30 mg 1-1,

Cefotaxime at a strength of 500 mg 1 effectively killed the Agrobactrium tumefaciens strain AGL-
1;1303 4, pure bacterial suspension cultures. Proline was found to increase the rate of multiplication pof
A tumefuciens strains AGL-1: 1303. But, cefotaxime at strengths of 300 and 100 mg 1! could npt
eliminage Agrobacterium effectively from the leaf tissues and cefotaxime at 500, 1000 & 1500 mg 11
could not eliminate Agrobacterium effectively from callus tissue afso.
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Introduction

In India, black pepper is cultivated in an area of 2,45,970 ha with a production of 69,000 tonnes
(2006-07). Kerala, Kamnataka and Tamil Nadu are the important states where black pepper is mainly
cultivated as inter or mixed crop in coffee, tea, coconut and arecanut plaritations. It is also cultivated as
monoctop in few places. The crop has got great potential to be grown in non traditional areas such as
Pondicherry, Goa, Maharashtra, Andhra Pradesh, Orissa, West Bengal, NE States and Andaman and
Nicobar Islands.

The productivity of black pepper is comparatively low (281 kg/ha) when compared to other important
black pepper producing countries like Indonesia, Malaysia, Thailand, Brazil and Vietnam. The main
reason attributed is that in India it is grown mainly as a subsidiary crop (except at few locations) witha
population per ha varying between 100 and 1000 vines under the shade of live support. In other
countries, it is managed intensively with relatively high plant population (around 2000 vines /ha) with
non-living or living support without much shade. This paper gives an overview on the major aspects of
productivity in black pepper, especially planting material production, management, nutrition, crop weather
relattonship and drought tolerance.

Soil characteristics, climate and crop-weather relationship
Seil characteristics

Black pepper is successfully cultivated between 20° North and 20° South of Equator and 1500 m
above mean sea level. The major black pepper growing soils in India can be broadly classified into four
major orders, viz., mollisols (forest loam), alfisols (red loam), oxisols {laterite) and entisols (alluvial).

A soil survey was conducted to assess the physico chemical characteristics of major black pepper
growing soils and their influence on black pepper production. Samples were collected from four major
black pepper growing districts of Kerala—Idukki and Wynad (high elevation area), Calicut and Cannanore
(low elevation area). Investigations showed that soils of high yielding gardens are high in sand and silt
and Iow in clay fractions. They have acidic pH (near neutral), high exchangeable base, base saturation,
CEC, organic carbon, major secondary and micronutrients with the exception of sulphur and
molybdenum. Soils of higher elevations are low in clay and high in sand silt fractions compared to that
of lower elevation. They have higher organic carbon, CEC, base saturation, secondary and micronutriendts,
which favors good growth of pepper. This is the reason black pepper thrives well in elevated areas and
are suitable for black pepper production.
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Climate and productivity of black pepper
Black pepper is a crop of humid tropics requiring 2000-3000 mm rainfall with a relative humidity of
60 % - 95 %. The crop tolerates temperature between 10-40°C and optimum soil temperature for root

growth is 26-28°C.

Trend analysis carried out for the climate and productivity in important black pepper growing areas
viz., Wynad (Ambalawayal), Calicut, Cannanore (Panniyur), Idukki (Pampadumpara) and Trichur in
Kerala; Coimbatore (Valparai) and Nilgiris in Tamilnadu and Coorg in Karnataka showed a decreasing
trend in rainfall and productivity while T and T showed an increasing trend. The black pepper
productivity is showing a decreasing trend which could be the result of increase in temperature and
reduction in rainfall. The correlation between climatic parameters and productivity shows, in general,
that in plains (Trichur and Kannur) T__and T__ are generally negatively correlated while in higher
elevations (Wynad, Nilgins, Pampadumpara) T __is positively correlated with productivity. T __ does
not seem to have much influence on productivity in higher elevations. Thus, climate change especially
the increase in minimum temperature may have positive influence on productivity in higher elevations
while the same may have negative influence in plains. Increased rainfall during December and January
tend to decrease productivity.

Crop-weather modeling in black pepper

The weekly weather data viz., rainfall, maximum and minimum temperature, maximum and minimum
relative humidify, sunshine hours, wind speed and evaporation were correlated with annual yield of
black pepper (Panniyur 1 cultivar) by using second degree polynomial equation. The beginning and end
of annual cycle of black pepper has been taken as 10% (5" -11* March) and 9" (subsequent year)
(26" Feb — 4% March) meteorological week, respcctively, to study black pepper yield - weather
relationship. The derived relationship indicated that nature and magnitude of black pepper-weather
relationship varied for different weather elements. The magnitude of relationship was in the following
order: - maximum relative humidity (R?=0.9904)>rainfall (R*=0.9903)> minimum temperature
(R?*=0.9549)>maximum temperature (R>=0.8951)>sunshine hour (R*=0.8564)>wind
(R*=0.8040)>minimum relative humidity (R?=0.4688)>evaporation (R*=0.3913). The requirement of
heat sum for black pepper maturity was also calculated as 3600 degree days. A regression model for
prediction of black pepper production in Kerala was developed with January, April, July and September
monthly rainfall as predictors (R?= 0.7057).

Planting material production

Black pepper can be propagated through seed as well as vegetative means. Seed propagation is confined
to breeding and vegetative propagation is preferred for commercial planting owing to the heterozygous
nature of the crop. Regular high yielding healthy vines, free from pests and discases and preferably 5-
12 years of age are selected as mother plants. Three methods of planting material production are
generally practiced in black pepper.
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Conventional method: In the conventional method, 2-3 nodal cuttings of 20 cm length are separated
from the runner shoots during February-march and planted in polybags filled with potting mixture made
of soil, sand and FYM inthe ratio 1:1:1. The cuttings wiil strike roots and will be ready for planting in
May-June.

Rapid multiplication method: This efficient rapid method of multiplication of rooted cuttings, viz.,
‘Bamboo method’ has a multiplication ratio of 1:40. This is also called Sri Lankan Method, which
utilizes bamboo splits which are arranged at an angle of 45 alternatively on either side on straight
wooden poles fixed on small support from ground and tied to each other with coir rope at the free end.
Trenches taken at the base (30 cm x 45 cm) are filled with soil, sand and FYM {1:1:1). Rooted cuttings
are planted in the trench, one for each bamboo split. As the cuttings grow, bamboo splits are filled with
FYM, coir dust and sand in equal proportion, The first harvest of cuttings is made at 3-31/2 months
and subsequently at every 2 1/2 months. Each rooted vine can give about 10 cuttings in one harvest
with 40 cutiings per year.

Serpentine method: This method of propagation has an efficiency of 1:60. Three node cuttings are
planted in poly bags and kept in a corner of the nursery. When the plant develops two leaves, they are
trailed horizontally in polybags containing potting mixture. Once 20 nodes get rooted, the first 10 with
rooted nodes will be separated by cutfing at the intemodes. The internodal stub also should be pushed
back in the potting mixture which will develop secondary root system. After 3 months these cuttings are
ready for planting in the field. The recovery percentage is higher as compared to rapid multiplication
method.

Rooting medium

Solarized potting mixture: Plants raised in solarized potting mixture have better growth than plants
raised in nonsolanzed potting mixture (soil, sand, and FYM in 2:1:1 proportion). The superiority of
solarized potting mixture for reducing the incidence of diseases besides yielding vigorous planting material
is indicated. Bio control agents or biofertilizer can be mixed with solarized potting mixture, Cost of
production of rooted cuttings with biocontrol agents is cheaper in the case of rooted black pepper
cuttings raised in solarized potting mixture,

Granite powder: Substituting sand with granite powder, a waste material obtained from stone quarries,
is more economical due to the scarce availability of sand for potting mixture preparation and high cost.
Rate of feaf production (4.6), leaf area development (136.8 cm?), and biomass (3.9¢) of black pepper
rooted cuttings are higher for combinations of soil (S), granite powder (G) and FYM (F}(SGF 2:1:1),
tollowed by (SGF 1:1:1), soil, granite powder and coir pith compost (CPC){SG CPC 1:1:1) and soil,
granite powder, Azospirilfum and phosphobacteria (SG A+P 1:1:1). Production cost of rooted cuttings
is less for SGF 2:1:1 and SGF 1:1:1 as compared to control.
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Management

Spacing and standards: Spacing of black pepper varies depending on the spacing with which the
standards are planted. Optimum spacing under monocropping system is 3m x 3m which can
accommodate 1100 standards/ha. In sloppy lands, a spacing of 3m X 2m is recommended, whereas
with non-living standards a closed spacing of 1.5m x 2m is preferred.

A field trial was underiaken to compare the advantage of growing pepper on non-living, dead and live
standards. Three popular cultivars of black pepper namely Panniyur -1, Karimunda and Kalluvally
were used at two sapcings (3 x 2 mand 3 x 3 m). The yield data indicated better performance of black
pepper on living/dead standards (1able 1). The yield increase of pepper vines on dead or non-living
standards was about two-fold than that obtained from living standards. Among the spacings, though 3
x 2 m was superior obviously due to more number of vines per hectare, the initial establishment cost
was considerably higher.

Table 1. Mean yields of black pepper (fresh, g/vine) under different spacing on five supports

Spacing Variety Standard/support
Erythring  Garuga RCC Grante Teak
indica pinnata posts pillars poles
3x2m Panniyur-1 439 500 1064 1019 1419
Karimunda 674 458 1145 1234 1242
3%x3m Panniyur-1 455 368 782 619 703
Karimunda 557 409 - 1574 1442 752
Mean 531 434 1141 1078 1029

Spacing mean: 3 x 2 m=919.4 g/vine; 3 x 3 m=766.1 g/vine
Variety mean: Panniyur -1 =736.8 g/vine; Karimunda=948.7 g/vine

Ina spacing cum varietal trial, during 1983, with four spacings (3x3m,2.5x2.5m,2.5x [.5mand
2x 1 m)and three varieties (Panniyur— 1, Karimunda and Aimpiriyan) using RCC posts as support, the
mean yield of three years revealed no significant differences among the varieties. However, the differences
were observed among spacings (table 2). The closer spacing of 2 x T m proved significantly superior to
all other spacings.
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Table 2. Black pepper yield (fresh, kg/ha) as influenced by varieties and spacing {mean of three years)

Spacing (m)
Varieties 3.0x3.0 2.5x%x2.5 25x1.5 20x1.0 Mean
(1100)* (1600) (2600) (5000)
Panniyur -1 1593 2537 3491 5114 3184
Karimunda 1963 2525 4542 7358 4097
Almpirtyan 1466 1910 3207 5520 3026
Mean 1674 2324 3747 5997

C.D 5% ‘ Variety : NS:; Spacing : 920; Interaction : NS
* values in parentheses are number of vines/ha

Weed management in black pepper garden: Black peppet isa widely spaced perennial crop and
under mono-crop situation the spacing is 2.5 t0 3 m x 2.5 to 3 m. Ifinter-space is not utilized effectively
for raising intercrops, it will be used by weeds. Hence, weed manageient is essential. At ISR
Experimental Farm, Peruyannamuzhi some of the prominent weed species in the black pepper field
noted are Achyranthus aspera, Chromolaena odorata, Circium arvense, Commelina benghalensis,
Cynadon dactylon, Cyperys rotundas, Euphorbia hirta, Mimosa pudica and Sida rhombifolia.
Weed management studies showed that hand weeding basin area and digging interspaces followed by

clean cultivation (digging entire area including basin area) gave higher yield over conirol and other weed
management treatment,

Irrigation: lrrigating black pepper vines @100 litres/vine as basin irrigation taken around the plant at
aradius of 75 cm, during summer has come out as a recommendation. It was found that irrigating black
pepper @ 7 litre per day per vine through drip between October and May recorded the maximum
freshyield 0f4.07 kg / vine compared to un-irrigated control that recorded 1.33 kg / vine.

Cropping system: Black pepper is amenable for plantation crops based cropping system. Avariety .of
crops are grown along with black pepper, such as elephant foot yam, colocasia, ginger, turmeric,
perennial fodder grass, vanilla and banana. Growing Congo signal grass (Brachiaria muziziensis) in
pepper garden increased the organic matter status and nutrient status of soil, reduced soil etosion, bulk
density, and soil temperatyre and aluminium toxicity. Ieguminous cover crops are suitable for enriching
nutrient status of black pepper gardens. The legumes - Cassia obtusifolia L., Croialaria verrucosa
L., Coretusa L., C. strigrg DC, Mimosa invisa, Indigofera spp. Clitoria spp., Sesbania spp., wete
grown and their dry matter content and nutrient composition was analysed at IISR farm. The maximum
shoot mass noted in Mimosa (25.81 g/ plant) whereas root mass was more in Crotalaria striata
(11.3 g/plant) after six months of growth. N content was maximum in Clitoria spp (244 %). Other
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putrients elements like P, K, Ca, Mg, Fe, Mn, Zn and Cu were also analysed. An evaluation of suitable
intercrops including vegetable, fodder, spices, tuber crops and medicinal plants for enhancing productivity
of black pepper garden is under way at this Institute. Multiple cropping with black pepper as one of the
component crops offers immense scope in North Eastern states.

Drought tolerance

Black pepper is generally grown as arainfed crop. Though black pepper growing regions in the country
receive adequate rainfall, the spread is only from June to October. The rainfall received from November
to May is very scanty and hence the crop suffers from severe soil moisture shortage during this period
which affects productivity. Hence, drought management practices including identificatior/development
of drought tolerant varieties assume great importance in sustaining the production.

Characterization of drought tolerance in black pepper was carried out at lISR, Calicut, based on
morphological (leaf area development, root to shoot ratio, efc. J, physiological (stomatal conductance,
transpiration rate, photosynthetic rate, leaf temperature, chlorophyll fluorescence, stomatal index, relative
water content, cell membrane stability efc.} and biochemical (}ipid peroxidation, enzyme activities,
isozyme pattern and protein profiles etc.) parameters. Among the physiological and biochemical
parameters studied, relative water content, cell membrane stability and chlorophyll fluorescence and
catalase activity to some extent, showed correlation with drought tolerance. Preliminary screening of
germplasm accessions for drought tolerance based on relative water content, cell membrane stability
and chlorophyll fluorescence could identify certain accessions, which were further screened under pot
and then under field conditions. Acc nos. 1495, 931 and 813 maintained higher relative water content
and membrane stability compared to other accessions during summer months under field evaluation.
The root to shoot ratio of these accessions was also higher two years after field planting. Now, these
accessions are being utilized in breeding programme on droughi tolerance,

Nutrient management

Nitrogen, phosphorus, potassium, magnesium and micronutrients are the most important nutrients for
growth, development and yield of black pepper. Investigations on nutrition management in a lateritic
soil poor in major nutrients for hybrid Panniyur-1 showed that application of 140:55:270 g N, P,O,
and K, O vine™ year resulted in significant increase in availability of N, P and K in soil, higher uptake
ofthe nutrients and optimum yield response. Studies on interrelation of phosphorus content and yield
of pepper in ultisols indicated significant correlation between leaf P index [P/(N+P+K-+Ca)] and vield
(r=10.81**),

Micro nutrients: Among the micronutrients, the most important for black pepper nutrition are zine,
molybdenum and boron. Mo content increases absorption of organic matter as it forms a complex
which makes it more available to the plant for absorbtion. A study conducted at ISR, Calicut showed
that application of NPK at 150:60:270 kg/ha with Zn, B and Mo at 5:2:1 kg/ha resulted in highest vield
m Sreekara and Subhakara.
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Inanother experiment to find out the response of black pepper to Mo, it was observed that an increase
in Mo level increased the soil, leaf and berry Mo status both under greenhouse and field conditions. In
Mo deficient soils Mo, @ 0.25 mg/kg of soii for potted bush and Mo (@) 0.94 kg/ha for field condition
were found optimum for increasing the yield and improving the quaiity of black pepper. Experiments
Were conducted to compare the effect of zine sources, zinc sulphate (ZnSO,) and zinc ethylenediamine
Ietraacetic acid chelate (Zn-EDTA) and methods of application (soil and foliar) to black pepper ina
Zinc deficient soil. It was found that application of Zn @ 5 mg /g for potted bush and 6.2 kg/ha under
field condition {as zinc sulphate) in zinc deficient soils was optimum for increasing yield and quality of
black pepper.

Microputrient interaction with yield of black pepper: A survey was carried out in major pepper
growing areas of Kerala and Karnatakato study the relationship of nutrients with yield and slow decline
of pepper. Soil, leaf and root samples collected from healthy and diseased gardens were analyzed for
Major and micronutrients. The pepper yield was correlated with DTPA extractable Fe (r = 0.545%*)
and Cu (r = 0.406**) in healthy gardens. The vicld was also correlated with leaf iron (r=0.562**) in
healthy and also diseased gardens (r = 0.617**) with leaf manganese (r = 0.458**) in healthy gardens
Wwith leaf zinc (r = 0.270*) and also with leaf Cu (r =0.367**) in diseased gardens. Interactions studies
of micronutrients showed that soil Fe was negatively correlated with soil X (r=0.392**), positively
Correlated with soil Ca (r=0.364**) and soil Mn (r = 0.452**) in healthy gardens. The soil Mn was
Correlated with leaf Fe (r=0.339%), root Zn (r =0.366**) in healthy and with leaf Zn (r= 0.226*) in
diseased gardens. The soil Zn was correlated with soil K (r=0.466**) in healthy gardens, The leafZn
Was negatively correlated with leaf Mg (r=0.362*) in healthy gardens. The root Fe was correlated
with root K in healthy gardens (r = 0.387**). The root Zn was negatively correlated with root Mg (r
=0.302*) in diseased gardens (r =0.394**) and also in healthy gardens. The root Cu was correlated
withroot K (r=0.354%*). The study reveals the interplay between nutrients in different plant parts and
vield. Micronutrients like Fe, Zn and Cu play vital role in suppressing the disease incidence and enhancing
the yield of pepper.

Diagnosis and Recommendation Integrated System (DRIS)

For working out the soil fertility norms for black pepper (Piper nigrum L.), a survey was carried out
in 579 locations of major pepper growing tracts of South India. Soil samples were collected and
analyzed for various nutrients besides the yield data. Among 579 locations, 438 (76%) were high
yielders (vield level > 1000 g/vine) and 141 (24%) were low yielders. Data collected from DRIS was
worked out. For getting an optimum yield, ranging from 530 to 4210 g with an average 02365 g/vine,
the pepper growing soils should have an optimum pH of 5.45, organic carbon 4.65 per cent, Bray
extractable P of 42.5 ppm, exchangeable K, Ca and Mg of 190, 730 and 96 ppm respectively and
DTPA extractable Fe, Mn, Zn and Cu0f32, 15, 3.5 and 12 ppm respectively.

DRIS Leaf nutrient norms: DRIS was used for developing foliar diagnostic norms for black pepper.
The nutritional survey carried out in 578 black pepper gardens covered major pepper growing areas of
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Kerala and Karnataka states indicated that 63.6 per cent of the vines were high yielders. An optimum
yield ranging from 561 t0 4526 g per vine can be achieved if the recently matured leaf contains 1.65 to
2.79 per cent N, 0.11 to 0.26 per cent P, 0.18 to 2.84 per cent K, 1.42 10 3.33 per cent Ca, 0.40 to
0.60 per cent Mg, 0.09 10 0.29 per cent S, 126 to 1145 ppm Fe, 109 to 721 ppm Mn, 21 to 67 ppm
7n and 16 to 120 ppm Cu. Diagnosis of 210 low yielding pepper gardens indicated wide spread
deficiency of Mg (41 per cent), sub optimum supply of N (7 per cent), P(18 per cent) K and Ca (10
per cent each), Mg(41 per cent) and Zn (16 per cent). Theyield was low due to excessive Cu to the
extent of 20 per cent in the leaf due to spraying of copper fungicides to check fungal diseases. The
deficiency of Mg, hidden hunger of first order (Zn), second order (P} and third order (N) were also
identified to take care of subsequent yield limiting nutritional factors on correction of most deficient
nutrient.

Nutrient diagnosis of black pepper gardens: DRIS indices were worked out for soil and leaf nutrient
status of black pepper. The nutrient analysis data obtained from extensive (130 samples) surveys of
major black pepper growing tracts of Kerala and Karnataka was compared with already worked out
soil and leaf nutrient DRIS indices values to find out the deviation of nutrients from the corresponding
critical concentrations. The results revealed that the soils in most of the gardens were acidic (pH 4.4 to
6.7). Soil sample analysis showed that 88% gardens had organic carbon (OC) status below the critical
values, 74% had Zn, 36% had P and 28% had Ca status below the required levels. Leaf analysis
showed that 46% samples had Mg, 39% samples had Cu and 12% samples had P, K and Zn status
below the required critical values. The order of limiting nutrients was: OC > Zn > P> Ca> K > Mg for
soiland Mg > Cu>P =K =Zn> Mn for leaf samples; The study revealed the importance of manuring
black pepper gardens with organic manures supplemented with secondary and micronutrients.

Fertilizer use efficiency

Slow release nitrogenous fertilizers: The effect of slow release nitrogenous fertilizers viz., urea
formaldehyde, cyclo-diurea, Nimin coated urea and pellet in comparison with prilled urea was studied
under upland condition in an oxisol for four years using Panniyur-1 as a test crop. The transformation
of N source into various inorganic fraction such as urea-N, NH,NO_+NO,-N and soil reaction were
studied during 1989 at 1, 5, 10, 30 and 90" day respectively after application. Laboratory incubation
studies were also carried out using the above fertilizers besides gypsum — coated urea and mussoorie
rock phosphate — coated urea, Nimin coated urea followed by cyclo-di-urea @ 100 g kg P,O, vine”!
year" was significantly superior over prilled urea as evidenced by the recovery of nitrogen, increased
availability of various fractions of N in the soil, N uptake, yield response and agronomic efficiency of
nitrogen by black pepper. The information may be helpful in modeling future development of urcase
and nitrification inhibitors.

Use of rock phosphate : Application of MRP (@ 80 kg ha' year along with N and P at 100 and 140
kg ha' gave sustained pepper productions. On farm trials conducted in 51 farmer’s holdings on
30,000 vines for five years increased yield by 250 to 300 per cent, thereby corroborating the findings.
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For bush pepper grow in pots containing 10 ke soil, application of 0.5 g P,O;as MRP with N and K
@ oneand two gram tespectively at bimonthly intervals was optimum. Application of MRP @ 80 kg
P205 ha year!in laterite soil over ten years did not contribute to the build up of toxic heavy metals
like cadmium, chromiu or atuminium either in the soil, leaf or berry at hazardous levels.

Effect of potash; Tne poor soil nutrient status and inadequate nutrient supply and management are
attributed to oy productivity of black pepper in India. The beneficial effect of sulphate of potash was
also establisheq in augmenting black pepper yield and quality and it is a suitable component in organic
production system of back pepper.

.Long term effect of fertilizers on black pepper: Effect of continuous NPK fertilization for 18 years
inalaterite soil under humid tropical condition of the west coast of Kerala was studied from a field
experiment started in 1979 i a 3° confounded factorial experiment. Continuous fertilization brought
fIOWTl the soil py significantly. There was marginal increase in soil organic matter content and concomitant
INCTEASE in S0l P and K_ statys, Regarding the secondary elements, there was significant increase in the
cqntents of Caand S in the plant due to the application of single super phosphate. Among the
micronutrients, significant increase in Fe and Mn content in the soil was seen due to decrease in soil pH.
Thelevelof 7y in the soil was almost constant, while Mo level increased with concomitant increase in
the level of N, The N level did not show any regular pattern due to the application of fertilizers.

Biofertilizer: Bffoc of Azospirillium, phosphobacteria and vesicular arbuscular mycorrhiza on growth
and nutrient content of black pepper cuttings indicated that growth parameters were on par with control
when these three hiofertilizers were applied individually, but, their combination enhanced growth
significantly over control. Inoculation with a combination of two / three bio-fertilizers enhanced plant

height, leafare, biomass and dry matter production and nutrient content significantly over un-inocul ated
control.

A field experiment was conducted to study the application of Azospirillum on yield, quality parameters
and economics of black pepper. Five sub plot treatments consisting of application of FYM 10kg
alone, inorg N'sgoy, + 1 kg FYM, inorg N 50% + Zn + boron+ molybdenum, Inorg N 50% + Mg,
and NPK alone and two main plot treatments were tested in split plot design with four replications. The
treatment inorg N 50 + Mg significantly increased the yield (1741g/plant) and accrued highest net
return (Rs. 39,548) and benefit: cost ratio (1.9) followed by application of NPK alone (1.4). No
Pronounced effect of inoculums and nutrients application on quality parameters of berties was observed.

Nutritiona} requirement of bush pepper : A noval method of orowing black pepper as a bush was
standardized at IISR, Calicut and is becoming popular amongst the farmers. lnvestigations showed
Fhat application of NPK fertilizer at the rate of 1, 0.5,2 g/pot at bimonthly interval increased the spiking
Intensity and yield of bush pepper by 240 per cent overno fertilizers. Application of oil cakes like neem
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cake at the rate of 30 g/ pot or groundnut cake at the rate of 14 g/pot was equivalent to fertilizer
application asevidenced by the nutrientavailability in soil and yield response. There was no significant
difference inyield and economics between Panniyur-1 and Karimunda.

Integrated nutrient management: Integrated nutrient management involving application of NPK
fertitizers and organics like FYM, compost and green leaves increases soil fertitity. Composted coir pith
was evaluated at Madikeri (Kamataka) under integrated plant nutrient management system to substitute
chemical input of fertilizers for improving the yield and quality of black pepper. Application of composted
coir pith (CC) @ 2.5 tha'* with full recommended dose of NPK (100:40:140kgha’ of N, P,0, and
K,0) yielded the highest (4.18 kg vine') which was on par with 1.25tha! CC + full NPK, 2.5 tha™!
CC + 1/2 NPK + Azospirillum sp., 1.25 tha’ CC + 1/2 NPK + Azospirillum sp. and 2.5 t ha'! CC
alone. The levels of composted coir pith application were on par with regard to quality (piperine and
oleoresin contents ) of black pepper. The highest benefit-cost ratio of 1.94 was recorded in the treatment

with composted coir pith @ 1.25 tha' + Azospirillum sp.

Organic fertilizers on black pepper: Investigations revealed that among the organic manures,
vermicompost, followed by FYM significantly increased the availability of soil organic carbon, P, Ca,
Mg and micronutrients in the soil. At the time of harvest, the availability of the nuirients was at a
subdued level compared to that of 90* day. The increase in pH was from 5.3 (check) to 7.2 in the
vermicompost and 7.4 in FYM treated pots. This may be due to the release of Ca and Mg from the
material. Atcrop maturity the yield of black pepper and uptake of NPK increased with the application
of organic fertilizers for both the varieties, Panniyur and Karimunda. Inclusion of organic fertilizers
significantly improved the quality viz., piperine and oleoresin contents over check and the application of
chemical fertilizers in both the varieties.

Application of FYM (@ 10t ha'! improved the organic matter status, water holding and cation exchange
capacity of soils. The nitrate content in soil was minimal. For growing bush pepper in pots (holding 10
kg soil), application of 30 g neem cake or 15 g groundnut cake with bimonthly application of NPK (@)
1,0.5 and 2 g pot"! was economical with regard to nutrient availability in soil, yield response and uptake
of nutrients. Nitrogen application @ 100 kg ha improved pepper productivity as well as piperine
content. The application of organic cakes enhanced the water holding capacity and reduced bulk
density of soil. The organic matter could be correlated with water holding and cat ion exchange capacity
of the soil. Treatment with organic manures reduced hardness of soil. Therefore, the soil physical,
chemical and biological properties can be enhanced by the integrated nutrient management with the use
of organic and inorganic fertilizers with least hazard to environment.

Thus, application of organics increased pl to neutrality, improved the fertility status of the soil by
significantly increasing the availability of major, secondary and micronutrients and build up of microbial
population. The highest vield of 8.3 kg vine! with high benefit cost ratio of 4.15 was recorded with
FYM application followed by application of vermicompost (7 kg vine™). Release of non exchangeable
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K 1o the crop uptake was minimum with the addition of FYM and composts as their addition significantly
increased the available K content by 3.8 times over no organics application. For nutritional management
under organic farming, a judicious application of a combination of organic manures such as farm yard
manure 5 kg, neemcake 1 kg and vermicompost @ 1 kg per vine per year can be made during May-
June. Biofertilizers viz., phosphobacteria and Azofobacter can also be applied @ 100 g/vine mixed
with farm yard manure in the second year of planting.

Conclusion

A concerted effort to orient the research programmes in the following broad areas is essential to enhance
the productivity of black pepper.
e Maximizing productivity per unit area by developing suitable spice based cropping systems

» Developing region-specific agro technologies and IPNM with low input management, especialty
in the field of organic spice sector.

¢ Enhancing the production of quality planting material of high yielding varieties by private
agencies under a certification programme.

» Crop modeling studies for targeted yield prediction.
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Black pepper, Piper nigrum1.. is an important spice crop and foreign exchange earner of our country.
India once had a monopoly in pepper production and trade. However, today India is facing a stiff
competition from other pepper producing countries.

Table 1 shows that India has lost the lead in pepper production, with Vietnam emerging as the strong
competitor for Indian pepper. [n India, pepper is cultivated in Kerala, Karmnataka, Tamil Nadu and
Andaman & Nicobar Islands. Kerala has 94 per cent share of area and 96.4 per cent of production of
[ndian pepper.

Tablel. Biack pepper production in major producing countries (tonnes)

Year Vietnam Malaysia Srilanka  DBrazl India  Indonesia  Others Total

2003 85,600 21,000 12,660 50,000 65,000 80,000 48,500 362,160
2440 100,000 20,000 12,820 45,000 62,000 31,000 52,660 323,480
2005 95,000 19,000 14,000 44,500 70,000 35,000 36,770 314,270
2006 100,000 19,000 14,330 44,500 55,000 20,000 40,900 289,230

2007 90,000 20,000 14,640 35,000 50,000 25,000 36,360 271,000

Major reason for India losing the lead in pepper production is our poor productivity. Black pepper is ¢
crop originated in India. Being the homeland and being a highly cross pollinated crop, propagatec
through seed and vegetative means, the extent of variability existing in pepper in India is very large
Farmers knowingly or unknowingly have domesticated this variability. This has resulted ina large numbe
of genotypes under cultivation with widely varying productivity. Farmers of India, generaily practice
their own methods of cultivation, which is mostly plant and harvest method. In addition to these, presence
of large number of senile unproductive vines, homestead system of cultivation and pest and discase
problems, contribute to low productivity of pepper in India.
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Climatic requirements

pepper is a crop of hot humid tropics. Characteristic climatic requirements are high rainfall, uniform
temperature and high relative humidity. Well distributed heavy rainfall ranging from 1000-3000 mm is
required for proper growth and development of pepper plant. However, the distribution of rainfall,
drainage status and moisture holding capacity of the soil are more important than the total quantum of
rainfall. Long spells of dry weather are always harmful.

Prolonged spells of drought had resulted in drying up of the crop during 1973, 1977, 1983, 1987 and
1989 (Sadanandan 1993). In such situations life saving irrigations is recommended. Lateritic/alluvial
soils rich in humus and with good drainage are the best suited for black pepper. Therefore, ideal sites
satisfying the climatic and soil requirements should be selected for pepper cultivation.

By increase in irrigated area, use of high yielding varieties, chemical fertilizers and pesticides it was
expected that productivity of pepper in the country should increase but in spite of being the homeland
of pepper, our productivity levels are very low. Indian pepper cultivation has to become more remunerative
with high productivity levels to take advantage of the new intemational trade regime.

Planting material

One of the major reasons for low productivity in pepper is the existence of poor genetic stock. A good
number of high yielding improved varieties are now available. The variety suited best to the locality
should be selected for cultivation. Good quality rooted cutting is the best planting material. Two cuttings
per standard will be sufficient. However, many farmers are planting 5-6 cuttings per standard, which
has to be discouraged.

Support trees

Use ot ideal support trees play a significant role in the growth and yield of pepper. Studies conducted
at Kerala Agricultural University (Manjusha 2007), have shown that coconut followed by jack and
atlanthus are best supports in terms of growth and yield of pepper. Support trees propagated through
cuttings generally showed competition with black pepper in the feeding zone for moisture and nutrients.
However, among them garuga was found to be a better option which is less prone to pests and diseases
and gives medium yield of pepper.

Water management

InIndia, irrigating pepper during summer is beneficial. A field experiment conducted at the Pepper
Research Station, Panniyur, Kerala to study the effect of irrigation showed that irrigation at IW/CPE
ratio of 0.25 significantly increased productivity of pepper by over 90%. Effect was more significant in
Karimunda than in Panniyur | (Satheesan et al. 1997). A study at [ISR, Calicut had showed that
irrigating pepper vines with 7-10 litres of water/day during summer recorded higher yield of green
pepper (4.07 kg/vine/year) compared to control (1.33 kg/vine/year) (1ISR 1997). Thanuja (2002)
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found that summer irrigation of pepper vines @ 10 litres/vine/week by basin method from December to
March improved yield by 48%.

Influence of nutrient elements on yield

Nitrogen, phosphorus, potassium, magnesium and micronutrients are the most important for growth
and yield of pepper. Sadanandan ef al. (1990) reported that the quantity of fertilizers required to get
high yield vary among locations. Pillai ef al. {1979) reported that the higher levels of N adversely
affected the yield of Panniyurl. There are reports of positive influence of liming in black pepper ( Yufdy
1991; Thalib et al. 1991; 1ISR 1997).

Investigations on the mineral nutrition of variety Panniyurl in a laterite soil, poor in major nutrients
indicated that application of 140 g N, 55 g P,O, and 270 g K, O/vine/year resulted in significant
increase in the availability of N, P and K (Sivaraman et al. 1987). Sadanandan (1994) reported that
140kgN, 55 kg P,0, and 270 kg K,O/vine in two equal spiit doses is optimum and most economic
in terms of yield response,

Yield variability in relation to soil fertility in pepper plantations was examined by Mathew et al. (1995).
Near neutral soil pH, high organic matter content and high base saturation with Ca and Mg were found
to influence the nutrient up take and productivity. The magnitude of the nutrients removed was in the
order of N>K>Ca>Mg>P>85>Fe>Mn>7Zn and recommended yield based fertilizer recommendations
for enhancing yield.

In a study conducted at Kerala Agricultural University (Anon 1996) it has been shown that the nutrient
requirements for production of one kg of pepper berrics are to the tune of 6.35g N, 6.33gK, 0.47g
Mg, 0.44g P,0.29g S, 42.82mg Fe, 34.45 mg Mn and 4.2 mg Zn. This requirement was irrespective
of the vield potential indicating that plants with higher production potential require higher doses of
nutrients.

Pepper reguires large quantities of K for growth and fruiting and its requirement is associated with the
content of other nutrients in the plant especially N. Pillai ef a/. (1979) obtained highest yield with NPK
ratio of 5:5:10 whereas Sadanandan (1993) suggested a ratio of 2.5:1:5 for gefting highest yield. It was
also suggested that an NK ratio of 1:2 is best for pepper.

Application of Ca and Mg at 50 kg each per ha increased the exchangeable Ca and Mg in the soil and
in the plant indicating the significance of these elements in the balanced nutrition of pepper. Of the
various micronutrients, most important for pepper nutrition are zinc, molybdenum and boron as these
become deficient in acid soils by leaching or precipitation (De Waard 1969).

Nutrient levels and recommendations for sustainable pepper production for India (Sadanandan 2000)
at a destred soil pH of 6.5 is as follows.
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S

) Desired level Recommended dosage
Soil nutrients (mgkg") (kg ha")
Organic matter 25% 140
Phosphorus 18 55
Potassium 150 270
Calcium 1500 Lime application takes care
Magnesium 300 20
Sulphur 20 75
Iron 10 10
Manganese 10 10
Zinc 1.6 5
Copper 0.6 5
Molybdenum 0.3 0.5
Boron 0.8 2
Nutrient deficiencies

Nutrient disorders and deficiencies are often encountered in the field. Nybe & Nair (1986; 1987a;
1987b; 1987¢) conducted a series of studies to assess nutrient deficiency symptoms of major and
micro nutrients.

Deficiency symptoms of macronutrients except Ca and S were first manifested on older leaves while
that of micronutrients on younger leaves. Symptoms of N deficiency were expressed as uniform yellowing
followed by necrosis whereas purple to bronze yellowing with ash coloured necrotic arcas were the
symptoms of P deficicney. Potassium deficiency symptom was characterised by tip and marginal necrosis
which later progressed to two — thirds distal portion of lamina. Ca deficiency symptoms appeared as
tiny brown necrotic spots on chlorotic area near margins, which later enlarged to form black necrotic
areas. Visible symptoms of Mg deficiency were oval interveinal chlorotic area followed by black nccrotic
patches. Sulphur deficiency was manifested as uniform yellowing with brown necrotic spots. There was
profound reduction in vegetative growth due to deficiency of macronutrients. Reduction in shoot growth
and leaf area index was maximum in case of deficiency of N (56 and 63% respectively). Reduction in
root growth was quite high due to deficiency of Ca (61%), P (45%) and N (39%).

Interveinal chlorosis was the initial symptoms of deficiency of all micronutrients, However, symptoms
were specific to nutrients concerned. [ron chlorosis was characterised by the presence of green bands
along major veins whereas bronze yellow colour of the interveinal area was the specific symptom of Mn
deficiency. Bronze colour of entire lamina with necrotic tips and margins were the symptoms of Cu
deficiency.
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Zinc deficiency was unique with little leaf and rosetting. Due to B deficiency leaves become large, thick
and brittle, with orange yeliow mottles on upper surface and grey brown interveinal patches on lower
surface, Unlike macronutrients, there was no marked reduction in vegetative growth due to deficiency
of micronutrients except in iron and boron which recorded 35 to 22% respectively in total dry matter
production. Boron deficient plants registered 18% increase in leaf area index.

Fertilizer requirements

Quantity of NPK required to get high yield varies largely among locations. Location specific
recommendations for pepper advocated by Kerala Agricultural University are given below (KAU
2005).

General recommendation : 50:50:150 (N, P,O, and K, O g/vine/year)
Panniyur and similar areas: 50:50:200 (N, PO, and K, O g/vine/year)
Kozhikode and similar areas: 140:55:275 (N, P,0,and K,O g/vine/year)

Apply 1/3 dose for one year old plants and 2 dose for two year old plants. Fertilizers may be applied
intwo split doses, first in May - June with organic farming and second in September- October.

Organic nutrition

Application of chemical fertilizers to pepper in general was very low in all southern districts of Kerala
surveyed by the Kerala Agricultural University during 1999 - 2004, Farmers usually resort to use of
organic manures (89.1% in ldukki). Use of biofertilizers is found on the increase in all the districts
surveyed. Maximum adoption of biofertilizer application was in Pathanamthitta District (13.6%).

Biomass production in black pepper was significantly increased following incorporation of organic
material into soil. When different levels of organic sources were compared, total biomass production of
the vine was affected by the application of coffee and black pepper leaves. However, there was a
steady increase in biomass production with increasing levels of garuga leaf application (Sivakumar &
Wahid 1994).

Significant increases were noticed in N, P and K concentrations of leaves and stem, Mg concentration
of leaf, S concentration of leaf and stem, Fe content of stem and foliar Mn content of vine following
organic matier treatments. The vine removed significantly higher quantities of N, P, K, Mg, §, Fe and
Mn following soil application of leaf material as compared to control vines. Significant increase in major
micronutrient availability was noticed following incorporation of leaf material.

To study the influence of organic manures and biofertilizers, in comparison with inorganic ferilizers, in
improving growth and yield of black pepper, trials were under taken in farmers fields in different pepper
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growing regions of Kerala and at KAU campus, Vellanikkara. Results revealed that chemical fertilizer
use in black pepper can be minimised considerably by substituting with organic manures and biofertilizers.
The promising manurial schedules which vary with locations include substitution of 50% of inorganic
fertilizer with FYM on N equivalent basis and remaining dose met either through inorganic P +
Azospirillum, inorganic N and P, inorganic N + Phosphobacterium +VAM or composite culture of
three biofertilizers (Nybe 2004).

Another study was designed to formulate agronomic techniques, which require only minimum investment
but can ensure comparatively high yield and profit in black pepper.

Growing cowpea in the interspaces and basins, applying composite culture of Azospirillum,
Phosphobacterium and VAM, application of zinc sulphate and skipping of phosphorous are a few of
the promising technologies that can lower input use in black pepper in different locations.

Influence of organics (F'YM, neem cake) biofertilizers (4zospirillum), phosphate solubililising bacteria
and arbuscular mycorrhizal fungi on yield and quality of black pepper, varieties Panniyur 1 and Panniyur
2 were studied. An integrated nutrient management with biofertilizers, organic and inorganic fertilizers
was superior with respect to quality attributes viz., essential oil, oleoresin and piperine content. In
general, treatments involving complete organic and biofertilizers, organic and inorganic combinations
exhibited high values of soil nutrients except S, Ca and Zn. Biofertilizers applied plots registered higher
soil microbial population of fungi, bacteria and actinomycetes. Two most important nutrient elements
which are highly essential for production of pepper were suggested as K and P in view of their high
direct and indirect effects on yield.

Organic farming

Kerala Agricultural University has formulated an adhoc recommendation for organic farming in black
pepper. The salient points of the recommendations are '

Manuring

Apply 10 kg FYM/compost/green leaves and one kg neem cake / plant at the onset of South - West
monsoon and 5 kg FYM and 1kg neem cake / plant at the onset of North - East monsoon. Apply lime
at the rate of 500 g/vine in April — May. Apply biofertilizer combination of Azospirillum (25 g/plant),
Phosphobactor (25 g/plant) and AMF (110 g/plant) along with FYM application.

Pest management
Pollu beetle: Neem oil + garlic 2% + Karanji oil 1% as 3 sprays at spike emergence, berry
formation and berry maturation stage.
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Root knot nematode: Application of talc based formulation of Bacillus macerans @ 10 g/vine in
basins (10%cfu/g} at the time of planting of vines or just before monsoon

Disease management

Nursery diseases (rotting and fungal pollu): Enrich the organic manure (cow dung) with native
isolates of Trichoderma. Treat pepper cuttings with Pseudomonas fluorescens P suspension for 15
minutes before planting. Spray and drench the plants at fortnightly interval with 2% Pseudomonas
Sluorescens. Inoculate the cuttings with AMF at the time of planting in the nursery.

Main field (foot rot and anthracnose): Remove and burn all infected or dead vines. Organic manure
used for main field planting should be enriched with native isolates of Trichoderma. Inoculate with
native arbuscular mycorrhiza in the main field at planting. Soil drenching and foliar spraying with
Pseudomonas fluorescens P suspension (2% concentration) during May - June and October has to
be taken up. The frequency of application may be adjusted based on disease incidence and intensity.

Chemical control: Afier the receipt of monsoon showers (May - June) all the vines are to be drenched
over aradius of 45 — 50 cm with 0.2% copper oxy chloride at the rate of 5 - 10 litres per vine. A foliar
spray of 1% Bordeaux mixture is also to be given. Drenching and spraying are to be repeated just
before the North - East monsoon. A third round of drenching may be given during October if the
mensoon is prolonged. In plots where biocontrol agents are incorporated, CoC should be replaced
with 0.3% potassium phosphonate for drenching and spraying.

Conclusion

Pcpper cultivation in India will continue to be in two systems of cultivation in the immediate future. One
1s the homestead system of cultivation as an intercrop and the other as a pure/commercial crop in the
hilly areas of Western coast of India. In either case use of high yielding varieties, judicious manuring,
shade regulation and plant protection measures can definitely improve the yield of pepper in India.
However, to win over the enviable production and productivity of Vietnam and to regain our past glory,
area under improved varieties in pure cropping and improved agronomic practices should be considerably
increased. With the joint effort of research institutes, State Agricultural Departments, progressive farmers
and support from state and central governments, it will not be a difficult task.
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Black pepper —An inevitable crop component in plantation crop
based cropping system

DV Srinivasa Reddy, H P Maheswarappa & George V Thomas
Central Plantation Crops Research Institute, Kasaragod — 671 124, Kerala.

Introduction

1n India, plantation crops like coconut and arecanut comprise an area of about 2.25 M hectares. The
coconut is grown in a wide range of agro-climatic conditions, but palm is widespread in the coastal
areas of the country, while arecanut is largely cultivated in the plains and foothills of Western Ghats and
North Easternregions of India. These crops, being perennial in nature, the land planted with remains
committed to it for several decades. Further, the coconut and arecanut holdings in India are small and
majority of the farmers have less than one hectare i size. The income derived from such small holdings
is not sufficient to sustain even a small family. This made the practice of growing other intercrops
inevitable in coconut and arecanut plantations.

Black pepper (Piper nigrum L.}, the king of spices is sufficiently shade tolerant; and is ideal for mixed
cropping with coconut and arecanut palms and can be conveniently trained on the palms once the stem
grows to a certain height. Presently, black pepper is being cultivated in about 0.195 M ha area with the
production of about 53011 tonnes in India. Of this, more than 90 per cent of the area and production
of pepper is from the State of Kerala alone. India is the leading exporter of black pepper with about
40000 tonnes to other countries contributing nearly 25 per cent of the total export value of spices. The
estimated global demand for black pepper is 2.1 lakh tonnes by 2025 AD. There is a potential to
capture at least 50 per cent of global market by India, for which its production should be increased to
1.25 lakh tonnes. As the scope for increase in area is limited, cultivation of pepper as mixed crop in the
existing areca and coconut plantations is a viable alternative to increase the production to meet the
growing demand.

Resource use in coconut and arecanut plantations

Coconut palm like all monocots has a typical adventitious root system. Under favorable conditions, as
many as 4000 to 7000 roots are found in the middle aged palms. Kushwah et al. (1973) reported that
about 74 per cent of the roots produced by a palm under good management did not go beyond 2 m
lateral distance and 82 per cent of the roots were confined to the 31 to 120 ¢m depth of soil. Further
studies have confirmed that more than 80 per cent of the root activity was confined to a lateral distance
of 2 m from the trunk (Anil Kumar & Wahid 1988). Thus, the active root zone of coconut is confined
t0 25 per cent of the available land area and the remaining area could be profitably exploited for raising
subsidiary crops.
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As far as light is concerned, the Venetian structure of the coconut crown and the orientation of leaves
allow part of the incident solar radiation to pass through the canopy and fall on the ground. The leaves
in a coconut palm crown are not randomly distributed, but clumped around a few widely spaced
growing points. This non-random distribution will also lead to low extinction coefficient of around 0.65
for PAR. The light intensity at ground level was always higher than 6700 lux at all parts of the year
(Nair 1979). Of'the solar radiation received, on an average about 50 per cent alone is intercepted by
the coconut canopy.

Similarly, arecanut (4reca catechu ..} as a sole crop does not fully utilize the natural resources such as
soil, space and light. The compact nature of arecanut crown, raised well above the ground (10to 15
m), allows more sunlight to pass down to ground and maintain high humidity which, in tumn, favour
excellent growth of shade loving crops. Studies at CPCRI have revealed that orientation and structure
of arecanut canopy permits 32.7-—47.8 per cent of incident radiation to penetrate down depending on
the time of the day (Muralidharan 1980). Studies on rooting pattern revealed that arecanut palms
planted at 2,7 x 2.7 m spacing could use only 30 per cent of the land area (Bhat & Leela 1968). The
normal cultural operations are also confined within about 75-80 cm radius from the base. Thus, the
areca palm exploits only 2.27 sq.m of (r=0.85 m) land area out of 7.29 sq.m (2.7 x 2.7 m) land
available to each palm. Further, arecanut plantations are mostly located in fertile soils in the coastal and
Ghat regions in Kerala and Kamnataka, and show good soil fertility and moisture holding in the soil
throughout the year except for a few months in the summer. These make arecanut plantations also are
more ideal for inter/mixed cropping,

Selection of pepper variety and multiplication

[t is important to cultivate only varieties which are proven to be highly productive. Karimunda and
Panniyur-1 perform better under mixed cropping situations (Potty ef al. 1979), Nayar (1982)
recommended the black pepper hybrid Panniyur-1 for well spaced (2.7 x 2.7 m) arecanut gardens
where the infiltration of light is higher and Karimunda for more densely planted gardens. In recent
years, many new pepper varieties/hybrids have been developed in the country. The improved varieties
emerging from breeding programmes need to be tested as mixed crop in coconut and arecanut gardens
from time to time to find out the best vanety suitable for growing under coconut and arecanut shade.

Mother plants should be selected based on yield and other desirable attributes such as vigorous
growth, maximum number of spikes per unit area, long spikes, close setting of berries, discase tolerance
etc. Selected mother plants should be in the age group of 5-12 years. Rooted seedlings from these
selected mother palms are propagated vegetatively from shoot cuttings. The runner shoots (even
terminal shoots also can be used) from the vines should be separated in February-March for multiplication

purpose.
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Agrotechniques for pepper mixed cropping

A spacing of 7.5 x 7.5 m in the square system is recommended for coconut (175 palms/ha) but in the
homestead gardens of Kerala, the density is much higher (200-250 palms/ha) whereas in the Malnad
region of Karnataka State, much wider spacing are adopted with densities as low as 120 palms/ha. In
the young coconut from planting to 8 years age, there will be adequate space and light for intercropping
with short stature annuals, Under no circumstances, perennial crops like pepper should be planted
during this period, because they may overgrow the palms and affect their growth. Inthe second phase,
from 8 to 20 years, there will be very little penetration of light downwards and practically no cropping
is possible during this period. In the third phase from 20 years onwards, pepper can be mix cropped
in coconut gardens. By this time, the coconut palm attains a height of about six meters, and about 55
per cent of light is available below the palm canopy.

Arecanut is planted mostly at recommended spacing 012.7 x 2.7 m. Though the natural resources like
soil, space and light are not fully utilized in a sole crop in the young palms, pepper mixed cropping is
possible only in areca gardens aged over 15 years.

Rooted cuttings of pepper raised in polybags may be planted in 0.5 m? pits at a distance of 1 m away
from the bole of the palm (areca/coconut) on the Northern side. The pits have to be half filled with a
mixture of farm-yard-manure or compost, 5 kg neem cake and top soil. The soil around the pit may be
treated with 50 g Trichoderma culture as a precaution against quick wilt of pepper. The vines may be
trained on to the palm as and when they grow and tied to the trunk for the first two years. Inthe later
years, the aerial roots of pepper vines itself gets attached with the coconut/arecanut trunk. Both crops
have to be adequately manured to prevent competition for nutrients between crops. Fertilizer at the rate
of 100: 40:140 g of N, P,0, and K, O respectively have to be applied for an adult vine every yearin
two equal split doses during May and September along with the recommended dose of fertilizers for
coconut and areacnut. Fertilizers for pepper may be applied at a distance of 30 cm around the plant
and earthed up. One-third of the full dose is to be given in the {irst year, two-third in the second year
and full dose from the third year onwards. Application of lime at the rate of 500 g/vine during April-
May in alternate years is reported to be beneficial (Nayar 1982). Care should be taken not to damage
the surface roots of pepper while doing cultural operations and fertilizer application in coconut and
arecanut plantations.

Mixed cropping of pepper should be practiced under assured water supply conditions throughout the
year. Sprinkler or perfo-irrigation is preferable as it wets the entire surface. Irrigation at the rate of 20
mm water once in a week has been found to be optimum for arecanut-pepper and coconut-pepper
mixed cropping system. Even pepper can be drip irrigated along with coconut and arecanut depending
on weather conditions. The establishment, growth and vield under irrigated condition will be very
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good. Pepper has 10-12 adventitious roots, 3-4 m long, and penetrates to a depth of 1-2 m with an
extensive mat of surface feeding roots. Care should be taken not to damage the surface roots of
pepper while doing cultural operations and fertilizer application for coconut/arecanut. In the early years
of planting, banana may be grown as an intercrop, which provides shade to young plants and protects
them from drying up during summer months. However, it is not recommended beyond three years as it
may compete with pepper and reduce the pepper yield.

Pepper is a climbing vine and usually it grows as tall as coconut and areca palms. But the height of
pepper vine is to be restricted to 12 ft by pruning. This helps in harvesting of coconuts by climbing the
tree up to the pepper height with the help of ladder by the climbers without damaging pepper vines on
the trunk.

Pepper begins to yield in the third year and comes to full bearing by 7th or 8th year. The yield declines
after 15 years but vines have been found to yield even upto 60 years. It flowers during April-May and
comes to maturity after 6-8 months. During this period, dry spells will adversely affect the pepper
yield. Therefore, the vines are to be irrigated and optimun moisture maintained in the soil. The berries
are harvested manually when two or three berries in a spike turns red in colour. The separated berries
are to be sun dried for 7 10 days till they turn black in colour. The recovery of black pepper from the
fresh is around 33 per cent. On an average 1 kg dry pepper can be obtained from a single vine trained
on coconut and areca palms.

Performance of pepper as mixed crop

Coconut plantations: Pepper is raised exclusively as mixed crop in homestead gardens in Kerala and
Karnataka and over 90 per cent pepper is trained on coconut and arecanut trunks. In all these traditional
systems, the requirement of each crop in respect of various crop production factors/inputs is practically
ignored, and hence the gross productivity of the system is lower than that of sole crops. Way back in
1971-72, pepper variety Panniyur-1 planted as mixed crop in coconut garden and trailed on palms
aged over 60 years at CPCRI, Kasaragod yielded a mean of 2 kg dry black pepper/vine/year. The
highest per vine yield was 5.5 kg black pepper/year. Coconut-pepper system was found more
remunerative. This system could generate a net return of Rs 26200/ha/year in a coconut garden as
compared to Rs. 22300/ha/year from coconut monocrop.

In 1970’s, CPCRIhas developed a multistoreyed cropping model, the most productive and remunerative
combination of coconut-pepper (trained on coconut palms)-cocoa-pineapple system. These crops
developed their canopies at varying heights, simulating the features of a multistoreyed building. The
labour requirement of a sole crop coconut plantation of one hectare was 157 man days in a year. The
multistoreyed cropping model requires 366-400 man days labour per year and the work is also evenly
distributed round the year. The annual cost of cultivation and returns recalculated based on the revised
market rates for the inputs and outputs data of 1976 are presented in table 1.
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Table 1. Labour requirement and returns from multistoreyed cropping in coconut plantations (1 ha)

Crop Labour Yield Annual cost of Gross Net retums
(man days) cultivation(Rs)  returns (Rs) (Rs)
Coconut 157 17500 nuts 22000 87500 43500
Pepper 16 88 kg (dry) 5000 8800 3800
Cocoa 163 500 kg beans 5000 10000 5000
Pineapple 30 3710 kg 3000 22260 19260
Total 366 35000 128560 | 71560

(coconut: Rs 5.00/nut; pepper: Rs 100/kg; cocoa: Rs 20/kg beans: pineapple: Rs 6/kg)
(Sousce: Nelliat & Krishnaji 1976)

Mixed farming in coconut involved establishment of fodder grass in the interspaces of coconut palms
and maintenance of milch animals and recycling of cattle manure in the coconut-fodder-pepper mixed
crops stand. This model at CPCRI, Kasaragod generated additional employment to the tune of 850
man days and ensured good returns without any yield decline in coconut. The out put from the 1.04 ha
model yielded 11276 coconuts, 60 kg pepper, 250 kg banana and 14495 litres of milk. In coconut
based high density multispecies cropping system (HDMSCS) model at Kasaragod, the black pepper
(Panniyur-1) yielded 1.66 kg dry pepper/vine/year under 2/3% recommended fertilizer dose (Palaniswamy
etal. 2007). In root (wilt) affected area, among the pepper varieties trailed on coconutunder HDMSCS
model, Karimunda and Panniyur-1 performed better with an average vield of 1 to 1.2 kg /vine/year
(Maheshwarappa & Anitha Kumari 2003).

Experiments conducted in (Goa conditions revealed that black pepper grows satisfactorily as mixed
crop in coconut gardens and the plants started yielding from the third year onwards. The average yield
obtained from one-hectare coconut garden was 0.76 t/ha and 0.44 t/ha of dry pepper, respectively
from Panniyur-1 and Karimunda (Mathew ef a/. 1993).

Arecanut plantation; The advantages of pepper mixed cropping in areca plantations are not fully
exploited by most of the farmers due to the fear that growing black pepper on arecanut may depress
the yield of arecanut. Nair (1982); Khader (1982) found pepper as a profitable cash crop, suitable for
mixed cropping in areca gardens. According to Singh et al. (1982) pepper can be recommended as a
mixed crop along with areca in North Bengal. Experimental data from mixed cropping of arecanut and
black pepper for 10 years showed that there was no detrimental effect on the yield of arecanut palms
due to training black pepper on them. Further, it helped to augment the income of the farmer by about
Rs 8940/ha from black pepper alone (Nayar 1982).
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A study conducted to investigate the performance of four varieties of pepper as a mixed cropina 19-
year-old arecanut garden with six planting densities revealed that in arecanut garden with recommended
spacing of 2.7 x 2.7 m, 43 per cent of sunlight is available to other crops. Pepper as a mixed crop did
not influence the yield of arecanut. As regards the yield of pepper, 1.8 x 2.7 m spacing had given
significantly more yield per plot (7.09 kg) followed by 1.8 x 3.6 m spacing. Among the cultivars of
pepper, Karimunda gave the highest yield (8.92 kg/plot) followed by Panniyur-1 (6.68 kg/plot). The
cultivars Uddakare and Malligesara resulted in poor yield (Khader ef af. 1993).

The yield and economics of arecanut and other intercrops in a high-density multispecies cropping
model involving six crops, viz. banana, pepper, cocoa, clove, coffee and pineapple was laid out in
CPCRI Regional Station, Vittal during 1983 inan 17 year old arecanut plantation (1984 to 1988) is
presented in table 2. Black pepper proved to be better mixed crop by providing revenue of Rs 49630/
ha from the sale of pepper alone (Khader et al. 1992).

Table 2, Yield of different crops in the arecanut multistoreyed cropping model at Vittal

Plant
Crop population/ha 1984 1985 1986 1987 1988

Arecanut (chali) 1300 1582 2490 4130 3507 3832
(39550)  (62250)  (103250)  (87675) (95800)

Banana (fruit) 390 - 2650 2146 1422 391
(5300) (4292)  (2843)  (781)

Pincapple (fruit)’ 2400 - 1263 419 244 427
(2526) (838) (488)  (854)

Pepper (dry) 1300 ; ; 45 320 1418
(1575)  (11183) (49630)

Cocoa (pods) 210 - - 71 941 1084
(142)  (1882)  (2160)
Coffee (dry beans) 780 - - 10 (480)  (1088)

(160) 31 68

Clove (kg) 180 Not flowered
Total (Rs) 39550 70076 110257 104551 150313

(figures in parantheses are total revenue - Rs/ha)
(Source: Khader et al. 1992)
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A similar high-density model consisting of pepper-cocoa-coffee-mulberry-elephant foot yam was laid
out in a 20-year-old arecanut plantation in the maidan parts of Karnataka (CPCRI, Research Centre,
Hirchalli) indicated that arecanut yield increased by 7 to 20 per cent due to cropping system. Among
the component Crops, pepper was found to perform better, The net retumns at eighth year of
experimentation, the system as a whole produced Rs. 171734/ha as compared to Rs. 140612/hain the
arecanut monocrop (Sannamarappa 1993). Another high-density multispecies cropping model consisting
of arecanut-pepper trained on areca palm-banana-turmeric-pineapple studied under three levels of
fertilizer management full, two-third and one-third dose of recommended fertilizers for productivity at
C'PCRI Research Centre, Kahikuchi, Assam. Nine years of mean economic yield revealed that full
dose of recommended fertilizer application resulted in higher production with areca chali yield 0f 2405
kg/ha, dry pepper yield of 1252 kg/ha, pineapple fruit yield of 987 kg/ha and 2127 kg turmeric/ha. The
system generated a net return of Rs 185520/ha in 1995-96 under full dose of fertilizers (Ray e/ al.
2000). The major contribution towards this net return was from the component crop pepper (48 per
cent) and this was followed by main crop, arecanut (31.3 per cent). This clearly demonstrated the
potential of pepper as a mixed crop in arecanut plantations.

Disease and pest management

Adoption of integrated management practices for diseases and pests is very essential in coconut-pepper
and arecanut-pepper mixed cropping systems. The microclimate in the mixed crop models provides
ideal environment for the multiplication and survival of pests and diseases causing microbes. Regular
monitoring and timely control measures will help to control pests and diseases and realize optimum
yields.

Advantages of pepper mixed cropping

Social benefits: Social benefits are the food and nutritional functions of fresh nuts of coconut and
coconut products, and pepper produced under coconut and areca plantations. With pepper mixed
cropping, the same coconut/areca lands can be used to produce pepper (spice for food flavouring, and
vitamins and minerals).

Ecological benefits: Compared to the ecological conditions of the long-term single crop farming,
those of lands under mixed cropping are more favourable and stable for intensive and sustainable
agricultural production. This is highly attributed to more efficient utilization of the land resources as a
result of : maximization of solar energy capture; optimization of soil moisture use and retention capacities;
enhancement of soil fertility build up due to higher biomass generation over time and minimal soil erosion
and nutrients losses largely attributed to effective and efficient crop canopies and root systems.

Employment generation: Coconut and areacnut as a monocrop do not provide employment
continuously through out the year and consequently the family labour remains unemployed for larger
parts of the year. The mixed cropping of pepper with coconut and areacnut generates higher employment
and higher returns to the family labour.
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Conclusions

In pure stand of coconut/arecanut farming, with or without higher price to its produce, the pepper
mixed cropping systems guided by the modert and scientific principles involved, the social, environmenta}
and economic benefits are substantially enhanced and become highly attractive to coconut/arecanut
farmers.
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Mechanization of post harvest processing and value addition of black pepper

V Thirupathi & R Visvanathan
Department of Food & Agricultural Process Engineering,
Agricultural Engineering College & Research (nstitute, TNAU, Coimbatore-641 003, Tamil Nadu,

Pepper (Piper nigrum) popularly know as the “king of spices’ is the most important spice of India. It
is the dried fruit of perennial climbing vine, mostly found in hot and moist parts of Southern India.
Kerala alone contributes 96% of the total production in India. Apart Kerala, pepper is also cultivated
in the beautiful hill districts of Karnataka and Tamil Nadu. Besides India, pepper is also cultivated in
Brazil, Indonesia, Malaysia, Vietnam, Sri Lanka and Thailand. India produces 60,000 tonnes of pepper
from an area of 1.8 lakh ha. Pepper is widely used as a condiment, preferred for its characteristic
aroma, pungency and biting taste. It is used to garnish culinary preparations, ketchups, sauces and
pickles and in pharmaceuticals. India is the largest producer, consumer and exporter of black pepper.
India contributes about 25 to 40 % to the total world production and thus occupies the unique position
in the internattonal trade of pepper.

Production of black pepper

The unit operations invoived i the production of black pepper are harvesting, threshing, drying, cleaning,
grading, packaging, storage and distribution.

Harvesting

The stage of harvest is very important for the production of black pepper. Well-matured but unripe
berries are harvested. Pepper becomes ready for harvest in about 6-8 months afier flowering, during
November-December and harvest continues up to March-April. The spikes are picked when they are
blackish green and most pungent. Harvesting is done manually, by climbing on the ladders. The well-
matured spikes, in dark green colour are picked by the person standing on the Jadder and dropped.

Threshing

In most of the plantations, threshing is done by manual trampling, which involves either aman / woman
labour. The labour charge for threshing of pepper spikes is paid on daily rate basis. In a day, a labourer
will be able to trample about 200 kg of spikes and separate the berries.

Hand operated pepper thresher: To overcome the drudgery to the labouter in manual threshing, a
hand operated pepper thresher has been developed at Tamil Nadu Agricultural University, Coimbatore,
suitable tor medium and smali farmers. This pepper thresher consists of'a metallic drum provided with
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rasp bars, concave, power drive with a handle and a sieve for separating the empty spikes. The metallic
drum is made of 1.5 mm thick mild steel sheet and made to a diameter of 250 mm and length of 350
mm. On the periphery of the drum, 8 numbers of rasp bars made of wood of size 20 mm x 15 mm are
mounted. The drum is placed inside a concave of diameter 300 mm made of mild steel with an opening
at the centre of 12 mm width. The cover of the concave is made to half round and the hopper is fitted
1o the cover at an inclination of about 35°. The power to the drum is transmitted through a gear wheel
and handle and made to rotate the drum at about 250-300 rpm. The pepper spikes fed through the
hopper reach the threshing drum and undergo threshing. The separated berries and empty spikes fall on
the sieve and separated. Efficiency of the thresher is 96%. Capacity of the thresher is 60 kg/hour.
Savings in time and cost are 60 and 75%, respectively. A view of hand operated thresher is given in
Fig. 1. Performance evaluation of thresher is presented in table 1. Comparative quality evaluation of
manual and hand operated thresher is presented in table 2.

Table 1. Performance of the hand operated pepper thresher

Speed Capacity Efficiency (%) Breakage (%)

(rpm) (kg/h) First pass Second pass First pass Second pass
250 50.5 88.0 90.5 3.1 3.6
275 56 90.2 92.1 3.6 4.0
300 61 91.5 96.2 4.1 4.4

Table 2. Quality Evaluation of pepper threshed using thresher and by trampling

Test I\‘/:I(());ig]rte Threshing 11;11;;% E:fd operated Threshing by trampling
% (w.b) Volatileoil ~ Oleoresin  Piperine Volatileoil Oleoresin  Piperine
(v0) (%) (%) (") (%) (7o)
1 10.54 4.41 12.31 3.21 3.81 11.12 2.86
2 9.81 4.38 12.54 3.34 3.92 11.52 2.46
3 991 4.61 11.98 2.96 3.84 11.95 2.94
Mean 4.47 12.28 3.17 3.86 11.53 2.75

Power operated pepper thresher: A mechanical rasp bar drum type pepper thresher of capacity
400 kg per hour has been developed at Tamil Nadu Agricultural University, which is operated by a2
hp electric motor. This pepper thresher consists of a metallic drum provided with rasp bars, concave,
oscillating sieve, power source and power drive. The metallic drum is made of 1.5 mm thick mild steel
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sheet and made to a diameter of 330 mm and length of 450 mm. On the periphery of the drum, §
numbers of rasp bars made of wood of size 30 mm x 15 mm are mounted and lined with 1.5 mm thick
rubber sheet. The drum is placed inside a concave of diameter 370 mm made of mild steel with an
opening af the centre for 12 mm width. The cover of the concave is made to half round and the hopper
is fitted to the cover at an inclination of about 35°. The oscillating umt is made to a size of 400 mm x
600 mm and provided with an eccentric of 5 mm and receives the power from a one hp electric motor
and oscillates at a speed of 90 strokes / minute. The power to the drum is also transmiited through V
pulley arrangement. The performance of the thresher was evaluated for the capacity, breakage and
threshing efficiency at various speeds of operation. The capacity of the thresher increased from 320 to
400 kg/h as the speed of the drum increased from 300 to 450 rpm. An increase in the speed also
increased the efficiency of threshing. The percentage of broken berries was negligible and the threshing
efficiency was above 95% at 300 rpm of drum speed. The thresher is operated by a single phase 2 hp
motor. The performance evaluation of power operated thresher is presented in table 3. A view of
power operated pepper thresher is presented in Fig, 2.

Table 3. Performance of the power operated pepper thresher

Speed Capacity Efficiency (%) Breakage (%)
Tpm (m/s) (kg/h) Firstpass Secondpass Firstpass  Second pass
300 (4.71) 320.5 89.5 95.1 3.5 3.8
360 (5.65) 364 90.2 96.3 3.9 4.1
450 (7.07) 398 95.8 . 98.1 4.2 4.5
Drying of pepper

The freshly harvested berries contain moisture of above 70% (w.b.). The berries, as soon as harvested
are separated from spikes and spread out on mats for drying. In about 2 days, the moisture content
decreases to 20-25%. Due to enzymatic oxidation of colourless compounds present in the skin, the
colour of pepper fruits turn black and masks the green colour after drying. The subsequent operations
involve further drying to safe moisture level below 11% (w.b). Sun drying with periodic turning is
commonly adopted, since it is feasible when the quantity is small and monsoon does not interfere. But
for large scale drying, artificial drying is preferred. The moisture in partially sun-dried pepper is brought
down from 25 to 10% in 2 stages in a counter current hot air flow system. Complete artificial drying is
too expensive hence drying should be done partially in mechanical drier to a certain moisture level and
then in sun drying to the desired moisture content to avoid mould growth on raw spice during prolonged

sun drying.

Solar tunnel dryer for pepper: The solar tunnel dryer consists of a single drying chamber of 2m x 3
m to a height of 2 m for drying 100 kg of chillies and pepper as shown in Fig. 3. The chamber is semi
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cylindrical shaped tunnel constructed using pipe frame structure called hoops that are placed at equal
distance from one another and cross connected. The floor is covered with a black sheet of 200 microns
thickness, which acts an absorber for better absorption of solar radiation. The black body absorbed
more heat energy from the surrounding, thus increasing the temperature inside the tunnel. The metallic
frame siructure of the tunnel dryer is covered by UV stabilized semi-transparent polyethylene sheet of
200 microns thickness. The solar radiation is transmitted through plastic sheet, which has a transmitivity
of 90 %. To prevent the entry of rain water mside the tunnel, the cover is fixed like a sloping roof. The
UV sheet is transparent to the short wave radiations and opaque to long wave radiations. During bright
day light, the short wave radiations are entrapped through the UV shect, heated the absorber and get
converted into long wave radiation. This conversion of short wave radiation to long wave radiation
caused an increase in the temperature inside the dryer. Heat is transferred from the absorbed to airin
the collector and heated air from collector while passing over the products absorbs the moisture. Solar
radiation which passes through the transparent cover of the dryer, heats up the products in the drier.
This enhances the drying rate and the temperature inside the drier than the ambient one.

The door, as a roller at one end of the metallic frame, is provided with an area of 1.6 x 1 m size for
loading and unloading the produce. It is supported at the top and sealing tapes are provided at the sides
thereby it can be opened any time, At the bottom of the door sheet, roller is provided for rolling the
sheet. The natural ventilation to the dryer is provided at the front end of the door sheet using chicken
mesh, having an area of 40 x 80 ¢cm which causes the air to move faster through the dryer, reduces its
humidity and acts as an inlct to the dryer. The provision for ventilation in solar tunnel dryer helps in
efficient removal of moisture from the produce by allowing the entry of fresh air from the bottom and
removal of moist air through the top by natural convection. APVC pipe of 10 cm diameter and a length
of 70 cm height arc placed at the rear end of the tunnel to remove the moisture naturally. It is provided
with a “T” shaped pipe in order to prevent the rainwater entry. The heated air from the inlet passes over
the product evaporates the moisture and escapes through the chimney. The trays used during the drying
experiment arc of two types. The trays without perforations and the trays with perforations. The
perforation area 10 and 20 per cent for pepper were used for drying, The dimensions of the trays were
48 x32 x 5 cm. Two frames for the trays were provided inside the dryer for holding the materials being
dried. The dimension of tray frame is 108 x 70 x 120 cm, where frame can hold 16 trays. A view of
solar tunnel dryer for pepper is shown in Fig. 3. Efficiency of solar tunnel dryer for pepper is given in
lable 4,

Cleaning and grading

The dried pepper is cleaned to get rid of extraneous matter such as dirt, stones, stalks, leaves efc.
Magnetic separator is used (o remove metallic contamination such as iron fillings and stray nails. Vibratory
conveyors with inclined decks in combination of air classification are used for efficient de-stoning of
spices. The ungarbled black pepper contains pinheads, immature pepper and large berries. Broken
pepper and light pepper grades are separated pneumatically; pin heads which come along with garbled
pepper are separated by sieving. As the export market potential for pepper is more, the market value
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Table 4. Performance of solar tunnel dryer for pepper

Heat

Timeofthe Solar Ambient Product Dryer Collector ansh; Overall
day insolation temperature temperature temperature efliciency eﬂiciberfgy efficiency
) Imh) o (CC) ) Oy %)

9.00 1361 28.9 36.3 354 28.64 67.63 15.1

10.00 1616 29.7 40.2 39.9 34.09 61.15 21.0
11.00 2142 30.4 44.6 431 4141 66.27 27.4
12.00 2178 31.0 51.4 50.7 54.25 61.51 34.0
13.00 2239 325 54.2 53.6 43.10 61.09 26.3
14.00 2480 | 33.7 59.9 58.7 49.34 62.25 31.0
15.00 2034 33.1 53.7 52.11 43.11 64.40 28.0
16.60 1728 316 48.4 46.6 40.78 66.53 27.1
17.00 1073 30.1 429 40.2 52.59 75.28 40.0
Average 1872.3 3122 50.5 46.7 43.04 65.12 28.7

can be increased by the removal of unwanted foreign materials. Tamil Nadu Agricultural University has
developed an inclined belt separator for the effective separation of foreign material from pepper. By
using this equipment, it is possible to achieve a maximum effectiveness of separation of 98% at a
capacity of 50 kg/h. A spiral separator has been developed at Tamil Nadu Agricultural University for
pepper cleaning. The developed unit is a stationary one and doesn’t need any power to operate as it
works based on the gravitational force. The effectiveness of the unit is 98% with a capacity of 90 kg/h.

Grading is done by a combination of size sieving and weight classification by atr blast. The major grade
is the average sized black pepper known as Malabar Garbled (MG), which constitutes 95 per cent of
India’s export. Tellichery Garbled (T(G) 1s another bold grade of black pepper. The recovery of black
pepper from fresh berries is 33-36 per cent. After drying the pepper berries are cleaned for the
removal of foreign matter, impurities efe. At the plantation level no mechanical gadget is used for cleaning
and grading of pepper. During the cleaning pracess, the pieces of broken spikes, leaves and plant
portions, mud, stone, broken berries efc. As such are removed no grading according the size is practiced
at plantation level.

Hand operated rotary type cleaner cum grader for pepper: The dried pepper is cleaned to get rid
of extraneous matter such as dirt, girt, stones, stalks, leaves efc. and graded into commercial grades for
higher returns. The manual process is time consuming and an inefficient one. Also, employing the
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power operated gadgets at plantations lead to dependency on electricity or fuel. Considering this, a
hand operated rotary screen cleaner-cum-grader for pepper has been developed. The unit consists of
a rotor made of sieves, shaft, screw auger, handle, hopper, frame, outlets and handle. The rotor is made
1o asize of 1.35 mlength and 400 mm diameter with provision to place any sieves. Along the length the
rotor is divided into three segments of each 450 mm to mount sieves of various opening. A screw is
provided inside the rotor for easy conveying of the feed materials to the sieve perforations. A feed
hopper to hold about 15 kg of pepper has been provided at the feed inlet end with appropriate side
slopes for easy feeding of the feed into the sieves. Four inclined outlets are provided for the collection
ofimpurities, cleaned and graded products. A semi circular cover is provided above the sieve assembly
to avoid spilling of the material when the sieve assembly is rotated. The unit is provided with three
sicves with round holes of sizes, 3.5 mm, 3.8 mm and 4.8 mm diameters, which are the sieves as per the
Agmark specifications for the grades, 2, 1 and Bold, respectively for pepper. A

White pepper production

White pepper is preferred over black pepper by the people of certain countries as its colour matches
with light coloured food preparations, sauces and soups. Also white pepper is used in white sauces,
salads and other dishes, in which black specks are undesirable and only a mild flavour is required.
When pepper 1s processed to white pepper, the market price is two to three times higher than black
pepper. White pepper is prepared by removing the outer mesocarp of harvested ripe red or green
berries. The ripe berries are rubbed by hand or trampled to remove the outer soft skin after retting
process in the traditional method of white pepper production.

Peeler cum washer for production of white pepper: Manual method of white pepper production is
unhygienic and time consuming. Hence, a peeler cum washer for production of white pepper has been
developed at the Department of Food and Agricultural Process Engineering, Tamil Nadu Agricultural
University, Coimbatore. The unit consists of feed hopper, rotor shaft, perforated cylinder, mild steel
blade and nylon brush, water tank, pump, water distribution pipe, discharge outlet and motor. Mild steel
blade and nylon brushes are mounted on the shaft. Nylon brushes are provided to avoid clogging of
screen of 2x20 mm perforations. A perforated cylinder is placed over a bottom trough, Water for
washing the peeled berries is supplied by 0.5 hp mono block self-priming pump from the water tank.
The water distribution pipe is placed on the semicircular cover placed above the bottom trough, fitted
to the frame. The outlet for white pepper is provided in the cover plate to the thick flange of the perforated
cylinder,

The well ripe berries fed into the peeler undergo rubbing action between the perforated peeling drum and the
rotor. The skin passes through the perforation and reaches the skin out let. The pepper after skinremoval as
white pepper reaches the white pepper outlet. The water fed inside the peeling chamber helps in washing and
cleaning the product, besides easy peeling and removal of skin after peeling. The pepper peeler can also be
operated manually by making modifications in the power drive during electricity failure. Capacity of the
unitis 125 kg per hour (power operated) and 15 kg per hour (hand operated). Retting is not required
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and hence hygienic process. Water requirement is 50 % less, since it is recirculated during washing,
Efficiency of the unit is 91%. The same unit can be operated manually during electricity failure. A view
of the unit s given in Fig. 4. Performance evaluation of the unit is presented in 1able 5.

Table 5. Performance evaluation of white pepper peeler cum washer

Clearance Peeling efficiency Brokens (%o} Quantity of wash water
(rmm) (%) (livkg)
Peripheral speed: 141 (m/min)
4 90.0 14.8 0.54
6 89.6 15.3 0.65
8 79.4 . 6.9 0.61
10 75.2 ' 4.7 0.58
Peripheral speed: 189 (m/min)
4 88.7 17.2 0.57
6 92.8 15.9 0.54
8 89.6 8.1 (.48
10 87.0 5.1 0.49
Penipheral speed: 236 {m/min)
4 91.8 18.6 - 0.46
6 90.4 171 0.48
8 872 9.3 0.46
10 76.8 4.9 0.54
Peripheral speed: 283 (m/min) .
4 91.4 18.4 0.53
6 88.7 16.5 0.52
8 86.0 9.4 0.54
10 832 5.4 0.54

Prototype pepper polisher for production of white pepper from black pepper: The unit consists
of a horizontal truncated cone abrasive stone (A46 grade) with maximum diameter of 145 mm and
minimum diameter of 110 mm and with a length of 100 mm, mounted on a mild steel shaft. Amild steel
rotor shaft of diameter 32 mm and 110 mm length was mounted on pillow block bearing at both ends,
which rotates at 1100 rpm. The stone is housed in a perforated drum of 170 mm diameter. Inlet for
black pepper is provided with an inclination of 42°. When pepper travels in between the rotating
abrasive stone and perforated cylinder, polishing takes place. Outlet with a swinging shuiter was placed
at the other end, so that when required load is reached, the shutter opens and discharges the polished
pepper. The decrease in clearance from the feeding end to outlet improves the polishing efficiency and
minimizes the broken. The black skin passing through the perforated sieve is collected at the bottom.
The whole unit is mounted on 40x40x3 mm ‘L angle frame. The unit is powered with I hp single phase
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electric motor. The capacity of the unit was 8 kg/h. Since the pre-treated (boiled and steamed) samples
increased the colour value, untreated samples were used for the study and the results showed that
polishing efficiency was 70.4 %, recovery was 60.4 % and broken percentage was 22.5. Samples
were analyzed for colour, volatile oil and piperine content and the values were found to be on par with
the samples obtained from lab model pepper polisher. A view of the unit is given in Fig. 5.

AT

Fig.1. Hand operated pepper thresher Fig.2. Power operated pepper thresher
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Fig, 3, Solar tunnel drier for pepper
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Fig, 4. Whitc pepper peeler cum washer  Fig. 5. Pepper polisher for white pepper from black
pepper

Conclusion

About 95 per cent of the spices produced in the country are consumed by the domestic market and
only five percent is exported, which helps in earning a substantial amount of foreign exchange. Though
India is the [argest producer of spices accounting for 61 per cent of world proguction and 39 per cent
of' world export, it secures only 9 per cent in terms of value. The reasons are that our country does not
produce high quality spices those fetch good price and most of the spices are exported raw without any
value addition. Hence, mechanization and valye addition of spices, it particular pepper will reduce the
human drudgery, improves safety and quality, which in tumn increases the earning of foreign exchange.
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Introduction

Packaging is an integral part of the technigues used to extend the shelflife of any foed product by the
application of heat processing, application of cold temperatures, drying, use of preservatives etc. and is
an important component of product development. Black pepper and its value added products have
greater export value and the packaging of these products to infemational standards is very vital

Black pepper and its products

Pepper (Piper nigrum), the king of spices, is one of the oldest and the world’s most important spice.
Black pepper is a native to Malabar, a region on the Western coast of South India where it is still
restricted as a wild plant. It occurs wild in the hills of Assam and North Burma. The black pepper and
its other products have great export value and packaging of their products to international standards
has become very vital.

The major constituents of pepper are siarch, fibre and ash but more significant ones are piperine and
volatile oil, which contribute pungency and aroma respectively. The piperine, volatile oil, starch, and
fiber values show marked variations and are indicative of the quality of pepper. Piperine, volatile oil,
and fibre are low in the Malabar variety, while starch is high. Starch is the predominant constituent of
black pepper, ranging from 35 to 40% of'its weight. It is much higher in white and decorticated peppers,
with values ranging from 53 to 58% in white pepper to 63% in decorticated pepper.

Value added products
» Black pepper . Green pepper in brine
* White pepper . Dehydrated green pepper
» Pepper oleoresin »  Sterilized black pepper
s Pepperoil . Green pepper sauce
* Pepper powder . Pepper tea
* Cryo-ground pepper . Pepper coffee

Piperaceae Crops - Technologies oI Tuture Perspectives



Annamalai ef al.

» Canned green pepper . Pepper sweet
* Bottled green pepper . Pepper hull

* Freeze-dried green pepper

Packaging and storage

The microbial status and degree ofinfection are important quality criteria for allowing import into any
country; these are closely related to good manufacturing practice, packing, storage, and fransportation,
Both black and white pepper, after drying and garbiing at the exporting center, are generally bagged in
double gunnies (burlap bags) and stored on dunnage mats in godowns (ware houses) awaiting shipment,
The storage takes place in the post monsoon period in India, but in Indonesia storage period correspond
to the rainy season. Because of high humidity, the stored pepper in the latter countries has been reported
to become mouldy and subsequently infested, necessitating washing and redrying before shipment.
Pepper, free of all surfaces moulds and dried to 11 per cent moisture, remained free of all moulds as
long as its moisture content did not increase. The use of moisture-resistant linings for burlap back is the
natural answer to prevent the pick up of excessive moisture.

Betel vine and its products

Betel vine (Piper betle 1.) is an importance crop of social, cultural and medicinal importance. There
arc about 100 varieties of betel vine in the world, of which about 40 are found in India. Betcl leafisa
very perishable commodity and therefore, always subject 1o wastage by quick spoilage due to
dehydration, fungal infection, dechlorophyllation erc. This may cause a post harvest loss ranging from
35%to 70% during transport and storage. Particularly in the rainy season a large portion of the leaves
remain unsold or sold at a throw away price. A strikingly contradictory situation may be observed
during the peak demand period in the winter season when there is a huge demand in the market. In
view of the alarming losses, attempts are being made to minimize the wastage by drying the leaves,
controlling senescence, by chemical treatments, manipulation of storage temperature, adopting better
packaging materials and methods besides curing and bleaching of the leaves. Such wastage may also
be minimized by extracting essential oif from the stranded or unsold leaves be it fresh or stale or oreven
partially decayed.

These constituents from betel vines/ oil are the sources of the medicinal, aromatic, stimulant, tonic and
* varnous other useful properties found inthe leaves. Such useful properties of the oil indicate a promising
industrial future for it as a raw material for manufacturing skin emollients, tooth-pastes, tooth-powders,
paan masala, perfumes, room fresheners, de-odorants, soaps, face creams, antiseptic creams and
lotions, cold drinks, chocolates, incense sticks, appetizers, carminative mixtures, digestive agents, tonics,
medicines efc.

The essential oil has shelf life of 1 year when kept in cool preferably at about 20-25 °C dry place and
protected from light in their original packaging. Keep containers tightly sealed. Each container that has
been opened should be used rapidly or repacked in sterile packaging and conditions.
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Packaging and its role
1+ order to maintain the quality during handling. transportation, storage and distribution. the packaging
rZateria} to be used 1s to be selected with care, keeping in mind the functional as well as the marketing

requirements. The packaging requirements are

To protect the product from spillage and spoilage.

o Toprovide protection against atmospheric factors such as light, heat, humidity and oxygen.

o The packaging material should have a high barrier property to prevent aroma/flavor losses and
ingress of external odour.

e The volatile oil present in the spice product has a tendency to react with the inner/contact layer
of the packaging material, at times leading to a greasy and messy package with smudging of the
printed matter. The packaging material should therefore be grease and oil resistant and compatible
with the product.

s Besides the above functional requirements, the packaging material should have good
machinability, printability and it should be easily available and disposable.

The protection offered by the packaging may be either active or passive. In passive protection, packaging
mainly serves as a barrier between the product and the external medium and is independent of the
foodstuft preparation and preservation techniques. Passive protection therefore encompasses protection
of the product against light, heat, mechanical damage and also protection from microorganisms in the
atmosphere. Indirect effects such as permeability of the packaging barrier to gas and water vapour can
include food spoilage and are also important. In active protection, packaging is designed for a particular
preservation and performs some role other than providing an inert barrier to external condition.

Spoilage factors

Inorder to select a suitable packaging material/type of package it is essential to know the factors which
affect the quality such as moisture content, loss of aroma/flavour, discolouration, insect infestation and
microbial contamination.

Packaging criteria: Package development is based on, and influenced by many entities and could be
broadly classified into five criteria groups viz., appearance, protection, function, cost and disposability.

Appearance. The appearance of a package is dependent on shape and surface decoration.

Protection: The protection required by the product will vary enormously with the nature of the
product itself, the final destination, the distribution system and the tota] time (shelf life) that protection
1s required. -

Function: The functions that a package is expected 10 perform will depend on the end use requirement
10 suit the packaging line/system.
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Cost: The preparation and implementation of package cost reduction programme is one of the
main responsibilities of the package function.

Disposability: The term disposability can mean, any way in which packaging material can he
eliminated or converted at the end of'its useful life as a package.

Systems for pepper packaging

Bulk packaging: The traditional method is to use gunny/jute bags for packaging of whole spices, with
capacities ranging from 10 kg to 70 kg. The jute bags may be provided with a loose liner bag of
polyethylene or may be without a liner. At times double gunny bags are also used, especially for whole
black pepper. The double gunny bag is provided with an inner polyethylene liner. There is no
standardization on the type and quality of the fabric used.

Recently, some of the spice traders/packers use alternate bulk packaging media such as woven plastic
bags which may be laminated or provided with a loose liner bag and multiwall paper sacks witha
plastic liner bag. The plastic based altemnate packaging materials are used to overcome the contamination
problems associated with jute. Moreover, the plastic bags / liners also help 1n retaining the quality of the
spices packed inside for a longer time.

el

The latest trend is to use jumbo bags (Flexible Intermediate Bulk Containers) (FIBCs) for export ¢
spices. These bags have a capacity of up to 1 tonne and offer various advantages such as:

¢ Bags are flexible, collapsible and durable

e Can be used for packaging of granules, powder, flakes and any free flowing material
¢ Product wastage / spillage and tampering can be avoided

¢ Since the handling is mechanised, less labour is required

s  Saving intime for loading and unloading

» Bags are light in weight and, therefore, freight costs are reduced

o Creates eco~friendly, pollution free working atmosphere

The jumbo bags are sometimes made from cloth but mainly from plastic fabric, which can be laminateu
or provided with an inner plastic liner bag. The bags are provided with filling and discharge spouts and
stings for hanging during loading/unloading operations, For designing a jumbo bag, factors such as
capacity, product protection requirement, bulk density of the product, filling and discharge facilities
available at the user’s end, are to be considered.

Institutional packages: The spice traders also use institutional packs of capacities ranging from 2 kg
to 10kg. The variety of packages vsed includes laminated flexible pouches and plastic woven sacks
which replace traditional material like tinplate containers and jute bags.
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Consumer packages: The options available to the traders/exporters of spices in the selection of a
consumer pack for domestic and export market are quite wide. However, the selection/choice of the
packaging material/ system depends upon a number of factors, which are broadly listed below

o Shelf-life period

¢ Climatic conditions during storage, transportation and distribution
o Type/sector of market

e Consumer preferences

o Printability and aesthetic appeal
The package types generally used as consumer packs are:

o Glassbottles of various sizes and shapes with labels and provided with metal or plastic
caps

s Prnted tinplate container with/without digpensing systems

o Composite containers with dispensers

e Plastic containers with plugs and caps with dispensing and tamper evidence features

o Printed flexible pouches — pillow pouch, gusseted pouch, stand-up pouch.

e [Linedcarions

The printed flexible pouches have recently become very popular due to their easy availability, excellent
printability, light weight, machinability and cost-effectiveness. Also, depending upon the functional and
marketing requirements, the laminate/film can be tailor made to serve a specific need. The printed
flexible pouches are generally laminates of various compositions. Some of the commonly used laminates are

¢ Polyester/metallised polyester/LDPE ¢ BOPP/metallised polyester/LDPE

 BOPP/LDPE s Polyester/Al foil/LDP

Polyester and BOPP based laminates are generaily more popular for spice packaging due to certain
advantageous characteristics of each of these two films. Polyester used for lamination is generally 1 ¢ or
12 thick. The film is highly transparent with excellent clarity, gloss and printability thus enhancing the
sales appeal. The film has very low moisture and gas permeability and, therefore, ensures prolonged
shelfiife of the contents with aroma, flavour and taste retention. The very high mechanical strength (tear,
puncture, burst and flex) minimizes damage to the contents during handling and transportation. The film
has good machinability as well as printability. The latest printing technologies help in improving sales
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promotions, The film is free from additives and, therefore, does not impart any odour or taint to the
sensitive spice product that is packed.

BOPP films may be heat sealable or non heat sealable. The film has high yields, is stable under climatie
changes and has excellent moisture barrier. This fifm is smooth, glossy, crystal clear and has high mechanica)
strength and non-contamination propetty tor food contact applications.

Composite Containers: The sealant layer of LD~ HD or LDPE can be replaced by LLDPE or cast
PP. Co-extruded films can also be used. PVDC, EVOH and EVAL based flexible materials also neeg
to be studied as they are now in the market and these materials have high barrier properties.

A very important aspect to be considered in the selection of flexible laminate, besides the factors
mentioned earlier, is the compatibility of the contact layer of the packaging substrate with that of the
product packed inside. The volatile oils present in these spices can react with the contact layer and
cause stickiness and can also affect the printing. De-lamination of the substrates may also occur. For
these products, it is best to avoid the use of LDPE (low density polyethylene) as the heat sealant or the
food contact layer. The better option for sealant or contact layer could be co-extruded film of 1.D-
HDPE (with HDPE in contact with the product) or cast polypropylene. Alternatively, ionomer (surlyn)
or EAA (primacor) can also be considered as the sealant layers. The types of pouches from flexible
plastic based materials could be vartable viz., Centre seal formation, three sides seal formation, four
sides seal formation and strip pack formation

The vital link in the performance of the pouch is the seal integrity. The performance of the heat seal laver
is very important. Even if the film structure has been designed with exceptional properties, with excellence
ininterlayer Jamination, if the sealing of the pouch fails, the product may get contaminated and in some
cases become unfit for consumption.

Factors governing selection of packaging materials
o Strength: tensile, impact, stiffness, bursting and tear
o Transmission/ barrier: moisture, oxygen / carbon dioxide, flavors and colors
» Optics/ appearance: clarity, haze and gloss

e Performance: COF (coefficient of friction), blocking, heat salability, dimensional stability,
crease / flex-crack resistance

* Ease in transportation and distribution
o Cost

*  Govemnment approval
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kage evaluation: There are three reasons for making tests on packages

« Topredict performance in practice and to ensure that pack is satisfactory under all conditions

of use at the minimum cost.

¢ Tocontrol quality.

« To obtain comparative information in order to modify, or to improve or reduce the cost of

package.

Effects of hazards on the package

Drop/ impact Breakage cracks, dismantling of machinery parts, denting, crushing of fruits and
vegetables.

Vibration Damage or loosening screw parts and hence movement of machinery, serious damage
to the electronic items like calculator, may cause loosening of contacts and hence
the leaking of current. It may cause structural failure in packaging materials.

High Accelerate corrosion, other chemical reaction, biological change, change of colour

temperature elc.

Low F.g Adhesive - adverse effects, undergo physical change, will freeze water vapor

temperature component and then break the emulsion,

Light May affect adversely on many products - change of colour, embrittlement of some
plastics, and chemical reactions such as oxidation of fats giving rancidity, loss of
therapeutic of pharmaceutical products.

Dust May damage costly equipment like electronic items and make them out of order,
painted surface may become dirty.

Water vapor Product becomes soggy, loss of texture. Shine, may change in product characteristics.

Packaging material

Metal

The metal packaging industry in the last five decades has grown steadily. During this period, both steel
and aluminium has grown equally well. At the same time, significant advances in material science tooling,
lithography and other aspects of can making have taken place. Containers made oftinplate, tin free
steel and aluminium has been used for packaging. Among metal containers tin plate container is considered
as ideal for packaging of food products.
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Tinplate containers

Among metal containers, the tinplate container is considered as ideal because of its resistance to cormosion
ease of fabrication, strength to withstand processing, lightweight and ease with which it can be handle¢
on high speed sealing machines.

The tinplate is a low carbon steel plate coated with tin on both sides. It is used for making open tor
sanitary cans. These make excellent containers for packing processed food products. The moderr
trends in the packaging of thermally processed products is to use tinplate with reduced thickness of
tinplate with suitable lacquer coating, to reduce the thickness of base steel by double reducing process
Soldered cans have been replaced with weided cans to avoid the contamination of lead.

Tin free steel cans

Tin free steel has been developed in Japan as an alterative to tinplate for packaging. Depending on the
nature of coating, tin free steel has been divided into different groups such as chromium, chromium
oxide, chromate phosphate types efc.

Advantages
. The base layer of chromium acts as a corrosion barrier.
o ‘The superimposed layer of chromium oxide prevents rusting iron taste pickup.
. Organic coating adheres exceptionally well.
v Suitable for attractive printing.
. Strong resistance to sulphur staining.
. Ease of fabrication,
e ltcanbe joined by welding and cementing.
. Good chemical and thermal resistance.
. Tolerance to high processing temperature,
. Resistance to greater internal pressure.
. Flexibility in can shape.

. Improved and more reliable double seam.

Disadvantages
«  Limitation for packaging of acid products.
. Compulsory lacquertng.
¢  Notsuitable for soldering.

. Problems in welding,
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Aluminium containers

1n recent years, a number of products are commercially packed in aluminium cans. Aluminium and it
lloys are used widely in a variety of forms in the field of packaging. The future of the use of aluminium
cans depends largely on a price in, which must be competitive with that of other metal cans.

Advantages
. It is estimated that about 60% of world output of bauxite is available in India.
’ Aluminium cans are lightweight, which is an economic advantage.
e Itisversatilein terms of performance, aesthetic appeal, and design.
) From the consumer’s point of view, aluminium has a modern, clean and bright image.
. Aluminium is relatively easy metal to fabricate in can manufacture,

s Itiscompatible with a variety of substances and 1s capable of accepting protective coatings
and decorative finishes but lacquer adhesion is better.

v Easy open-ends with apertures can be prepared from aluminium.

. Corrosion of the can does not produce coloured products as in the case of tinplate, where
black sulphides are sometimes produced.

. Aluminium is non-toxic, odourless and does not have a metallic taste.

. Even thin aliminium foils are impervious to moisture and gases, which 1s necessary for food
packaging.

. Generally, aluminium foils at thickness 0.025 mm and above are essentially pinhole free.

Disadvantages
. Energy intensive production.
. Aliminium cannot be soldered.

. Empty aluminium cans cannot be supplied in flattened condition as in the case of tinplate
cans and hence transportation cost is high.

. Aluminium is softer than tinplate and must be handled with care during packaging and
transportation.
Glass

To some extent, glass and metal containers are interchangeable, though each has its own advantages.

Chief of these, for glass, is the element of visibility. Glass has numerous key properties and major
advantages.

. Natural, immediately recognizable products. . Ovenproof.

. Appealing matertal. e Long shelf life.

. Pressure resistant. . High chemical resistance.
. Inexpensive. . Highly aesthetic.

. Re-usable. o Multiple colour variations.
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*  Recyclabie, s Antistatic.
*  Environmentally safe.
*  Numerous cap and closure possibilities.
. Will not affect the taste or smell of the
filled product.
. Hermetic sealing properties.
. Sterile and aseptic.

Paper

Paper plays an important role in packaging. It is csnmated that majority of the packaging media used
today constitutes of paper and paper derivatives.

Varieties of paper and board used for packaging
*  Greaseproof: Greaseproo! paper is a protective wrapping paper used for wrapping. The
sheet made from such a stock is very dense and is resistant towards oil grease
. Glassine. Glassine is supercalendered, smooth, dense, transparent or semi-transparent
sheet of paper used as a protective wrapper. This paper is grease- resistant and has ahigh
resistance to the passage of air and other vapours.

. Kraft: Krafi paper plays an important role in the whole distribution system. One of the
significant developmenits in new paper products is a patented stretchable paper, called
clupak. These papers have very high stretch.

. Tissue: Tissue papers are lightweight 15-50 grams (in*) papers being increasingly used for
packaging. Wrapping tissues may be white or coloured as the chief use if fancy wrapping.
The important characteristics for this purpose are toughness, even formation, finish and in
some cases anti-tarmish properties.

. Duplex board: Duplex board is a general term used for a board of two different stocks.
Top silver is generally of a superior chemical wood pulp or rag pulp and bottom liner of
waste paper and mechanical pulp. Such board offers better appearance and printing surface,
although the amount of cheap furnishes is more.

. Pulp board: Pulp boards are homogeneous board manufactured from ane type of pulp.

. Waved paper: Wax can either coated on paper to form a film by wet waxing or penetrated
by mechanically foreing wax into interstices of paper by dry waxing process.

Packaging of whole black pepper

Traditionally black pepper is packed and traded in bulk quantities in gunny bags. A market study
carmied out indicated that the product would have better acceptability in the domestic as well as expont
market with improved packaging method, specially, by introducing a shift in the packaging Irel?d from
the practice of bulk packaging to modern concept of value addition through consumer packagmg..}\n
exiensive study on shelf-life / storage of whole black pepper revealed that the packaging materials
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which could offer the product a shelf-life of around one year and more at normal climatic conditions
(27°C 1 °C and 65% = 2% RH) in order of performance are

e 40 gsm paper/0.12mm Al foi} / 254 LDPE
¢ 12umetallised polyester/ 50u LDPE

e 25uBOPP/40p1D-HD

e 12upolyester/ 500 LDPE

e 90uLD-Tic—Nylon-Tie— LD

The above materials {a, b, ¢ & d are Jaminates and e 1s a co-extruded film) as well as other matenials
with similar barmier properties were recommended for use as consumer pack materials. These materials
could be used as flat pilow pouches or stand-up pouches etc. 1t is to be noted that over the period of
years, the traditional packaging materials have been replaced by plastics based materials, recommended
above as well as similar materials.

The study also concluded that if the upper moisture limit is 11.5%, then, at the time the product is
packed, the moisture content should not be more than 10%. It ts also significant to specify upper
moisture Jevels/limits at the time the produef is manufactured and packed, not only in the case ot black
pepper and spices, but also for all hygroscopic / moisture sensitive products.

Packaging of pepper powder

CFTRI, Mysore has carried out detailed storage studies for pepper powder. The studies were carried
out in 100 gram capacity pouches of flexible packaging matenals at standard conditions of 27°C, 65%
R.H.is given table below

Pouch packaging materials Shelflife (days)
200 gauge (LDPE) low density polyethylene 30

350 ¢ LDPE o 50

200 g (HDPE) high density polyethylene 60

200 g Polypropylene(PP) 40

350 g PP 60

300 MXXT Cellophane 25
Double pouch of glassine gusset inside +250 g LLDPE 35
Double pouch of 300 MSAT cellophane inside + 250 g LDPE 40
Metallised polyester12y/ 150 g LDPE laminate 120
Paper/9p Al / foil / 150 g poly One year
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[nitial moisture content = 9.5 per cent; Critical moisture content = 11-12 per cent

The results of the study indicate that for long time storage at standard conditions of 27°C, 65% R.H.
the materials which are suitable arc laminates of cello/ poly, metallised polyester / poly and paper / foil
/ poly which offer shelf-life of 200 days, one year and over one year respectively. Pouches of mono
films of 200-gauge polypropylene or high density polyethylene can be considered for short term storage
of about 90 days.

Packaging of pepper oil and oleoresins

Oleoresins and volatile oils are obtained from ground dried pepper and have a good potential in the
export trade. These products are sensitiveto light and are highly volatile in nature and therefore need to
be suitably packed and protected. These products are packed in epoxy coated narrow mouth aluminium
container of 1 1o 5 litres capacity. Stretch blown PET bottles are also being used because of their
excellent barrier properties to OXygen and volatile oils and compatability with the product. Five litres
food grade HDPE Jerry cans and 25 kg wide mouth HDPE containers with high thickness are also

used.

Recent trends and developments in packaging
Improvements in the processing technologies have lent a thryst to the packaging industry as these
processes are now commercially adopted on a large scale. )

High barrier plastics

1t was carlier believed that the ultimate high barrier plastic would havea permeability-approac}ﬂng
sero. However now it has been realized that infinite barriers like that of glass and metal are not alway:
required. Polyvinylidene Chloride, Ethyl Vinyl Alcohol, Ethyl Vinyl Alcohol Copolymers are found t«
fulfill the requirements of high barrier properties. These ar¢ used as coatings or films. A recen
development combines scavenging with barrier plastics to provide a near-perfect barrier t0 OXyget.

Retortable pouches

It is a flexible pouch capable of withstanding autoclavable temperature (about 120°C) when a prodw
is packed and sealed inside it. The final product is commercially sterile and canbe shelf-stable witho'
refrigeration. Retortable flexible pouches are constructed from the following combinations:

o PET/Adhesive/Aluminium foil primet/ Adhesive/PP PET/PVDC/PP
»  Nylon/PVDC/Nylon/Tie/ Sealant/Extrudate/SealantPP/Regrind"ﬁe/ EVOH/Tie/Regtind/PP

Micro-ovenable packages
The most commonly used material today is crystallized polyester (CPET)inthe form of trays. The
advantages of using these trays are with respect1o flexibility in shape and design and resistance to oils
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and greases. These (rays have another distinct advantages of dual ovenability. PP (Polypropylene) co-

extruded with barrier resins such as EVOH is used when a longer shelf life is required.

Modified atmosphere packaging/ gas flushing / vacuum packaging

These are packaging methods for extending the life of products by changing the atmosphere surrounding
the food inside the package. In modified atmosphere packaging the gas mix (carbon dioxide, nitrogen
and oxygen) inside the package, suppresses the aggragavates naturally occurring reactions of the food.
There is a flow of gases from outside as well as inside the package. Right gas mixtures have to be
established for each product taking into account the product nature and its requirements, potential gas
absorption, and the utilization of barner packaging materials.

In gas flushed package, the package is flushed with an inert gas and oxygen is eliminated. When we
pack high moisture product at fow temperature, there is a tendency for fog appearance on the inside of
the film. Hence for MAP system films with antifog property (e.g. PS, PVC films) are used whereas for
the gas packaging/vacuum packaging very low permeability structures with good oxygen barriers such
as EVOH, PVDC, polyesters, nylon are used.

Edible films and coatings

The concept of using an edible coating to extend the shelf life of a product is a very old practice. The
advantages of using edible films over non-edible polymeric packaging materials are manifold.

o The film can be consumed with the packaged products and there is no packaging to dispose.
o They are readily degradable, even if they are not consumed.
¢ Canprovide nutritional values

¢ Canbe carrier of anti microbial or anti-oxidant agents.

Legislation standards for different standards for different packaging materials is quoted in the Indian
standards and also in the ASTM standards.

Conclusion

Knowledge of the functions of packaging and the environments where it has to perform will lead to the
optimization of package design and the development of real, cost-effective packaging. Despite the
wide number of functions which a package must perform, this paper focuses almost exclusively on the
protective functions of the package and possible product /package interactions inrelation to the packaging
environment.
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Introduction

White pepper is the most appreciated form of decorticated green or black pepper (Piper nigrum L.).
The white pepper berries are light yeilow grayish in colour; nearly giobular in shape, around Smm or
less in diameter; smooth, striated with small protuberance at the base. The striations on the berries are
vascular bundles, very distinct in some berries, indistinct and not visible in others. White pepper is
obtained by dismantling the outer skin, namely pericarp and outer portion of the mesocarp or the white
inner com obtained after removing outer skin or pericarp of the ripe or matured berries.

White pepper is preferred to black pepper in Europe, U.S.A and Japan because of the charming
colour, suitability to use in all food preparations, less microbial load, free from many contaminants and
no substantial difference in pungent principles to that of black pepper (Gopalam er al. 1991). Itis
widely used for making mayonnaise, salad dressing, sausage, and for flavouring of ice cream and where
black pepper is not suitable (Furia & Bellanca 1970). The organoleptic properties of white pepper
have been extensively studied and found it significantly unchanged. It is reported that white pepper has
slightly more piperine content than black pepper (Lewis ef al. 1969b). Rathnawathie and Buckle
(1984) have accounted higher starch content in white pepper. The loss of skin does not affect the
pepper oil content substantially (Mathew & Sankarikutty 1977).

Chemically white pepper is more or less similar to that of black pepper except certain parameters.
Pepper skin contributes nearly 25 % of the dry weight of black pepper berry. It contains fairly good
number of oil-bearing cells and fibers. Thus the white pepper generally has lesser quantity of volatile oil
and crude fiber content. White pepper contains more starch content than black pepper by percentage
weight. The Intemational Pepper Community (IPC) specifies the quality of white pepper.

Current methods of preparation

Various methods are tried to produce white pepper from fresh or black pepper. Only mature berries
are used for the preparation of white pepper, even otherwise immature berries are shrunken in the
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process and need to be rejected while grading. White pepper is traditionally prepared by retting methoc
in which the matured green pepper berries are separated from spike after harvest. The separated
berries are filled loosely in gunny bags or knitted nylon bag of 25-50kg capacity and are soaked in
flowing water strcam or rivers for 2-3 weeks (Natarajan 1967, Natarajan ef al. 1967; Lewis et gl
1968 & Lewis ef al. 1969a). The removal of pepper skin has can also be done by soaking of pepper
in concrete tanks for more than nine days (Sudarsan 2000). According to Madhusoodanan et al.
(1990) complete skin removal of mature pepper requires 15 days of soaking (retting) in flowing water.
Afier retting the skin is mechanically or either removed manually- by trampling. Thorough by washed
pepper is sun dried to the moisture content of 8-12 %,

Major disadvantages of these methods arcthe long retting period of 10- 15 days, the development of

a characteristic foul smell, fading of colous, loss of piperine and retention of microorganisms {Natarajan
et al. 1967; Lewis 1982).

Joshi (1962) has patented a chemical process for the preparation of white pepper. Whole dried black
pepper is steeped in about 5 times of its weight of water for 4 days. The steeped pepper is boiled with
4% NaOH solution. In this treatment the skin detaches, which is removed completely by agitation with
a stirrer at 1600 rpm. The product thus obtained is bleached with 2.5 % hydrogen peroxide and
washed to get good coloured white pepper.

Another method of white pepper production is steeping of red ripe or nearly ripe berries in water for 2-
3 days that helps to remove the skin casily. After skinning the berries are washed and sun dried which
yields 27 % white pepper by dry weight of fresh berries (Krishnamurthy 1969). Natarajan et al.
(1967) have produced white pepper by the above process in about 7 days. The collection of ripe or
nearly ripe berries is impractical as the farmers are unwilling to leave the berries for ripening to red,
which results in loss of berries due to shattering and picking by birds (Kachru et al. 1990).

In another approach of white pepper preparation, commercially praded black pepper is kept in water.
Soaking in water leads to fermentative degradation and softening of skin in about 10-12 days. The
partially degraded skin while soaking is removed using a fruit-pulping machine. The skinned pepper is
subjected to chemical bleaching for improved whiteness (Lewis et a/. 1 969a). Long duration of water
soaking and chemical bleaching result in colour.

A different two-step process has been developed to prepare white pepper by Lewis (1982). Inthis the
mature green pepper is blanched to inactivate the blackening enzyme, which is followed by a mild
bleachingwith SO White pepper obtained has wrinkled skin, but cream colour. Unacceptability of

chemical bleaching and unavailability of fresh matured green pepper for commercial operation are the
real problems of this process.
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Selective grinding of black pepper to remove the outer coat has been tried 1o produce white pepper. In
this the skin of black pepper is mechanically removed (Thomas ef al. 1987) This process is seldom

racticed because the requirement of relative grading to collect uniform sized berries, and significant
Joss of aromatic principles from the upper layer of the mesocarp on grinding (Mangalakumari 1983).
Rathnawathie & Buckle, (1984) experimented white pepper preparation by cooking of harvested
berries in boiling water for 5 minutes and removing the pericarp by hand. The white pepper thus
obtained is washed and dried in sun for 2-3 days. Gelatinisation of the starch in pepper and loss of
volatile principles while treating with boiling water, are the major drawbacks of this method.

In another attempt to prepare white pepper ripe black pepper berries are buried in damp ground for 5
days. The pepper skin is degraded partially by this method, which is washed off and the corns are dried

in sun (Verghese 1999).

Fermentation with cellulase producing bacteria Bacillus subtilis has been tried to make white pepper
by Thankamony ef a/. (1999). Introduction of this non-pathogenic soil isolate is claimed to degrade the
skin of black pepper with 2-4 days incubation on a shaker at room temperature in a nutrient broth
solution. The complete removal of skin, however, was achieved only by repeated washings. The skinned
pepper is dried in sunlight until the moisture content become 10-12 %. Limitations of this method
include the requirement of expensive growth medium for the bacterium and long time aeration.

Fermentative skin removal was studied to prepare white pepper from fresh and black pepper
(Gopinathan & Manilal 2005). In this method four bacterial isolates namely, Xanthomonas sp.,
Pseudomonas sps. Bacillus sp., were introduced together as a consortium to clean water amended
with [g/l (w/v) of NH,NO,-1.00, NH,CI-0.3, KH,PO,-0.5, MgSO,7H,0-0.02, CaCl,7H,0-0.01
by maintaining a ratio of 40:50 (w/v) with green or presoaked black pepper. These bacteria could
degrade the skin of fresh pepper completely in three days and the skin of presoaked black pepper in
four days of incubation at the pH ranging from 6.7 to 7.0, and mesophilic temperature.

A faster and cleaner method using pectinase was described for the removal of skin (Gopinathan &
Manilal 2004; Manilal & Gopinathan 2005). At optimum condition pectinase can facilitate green pepper
decortication in 24 hours and black pepper in 40-45 hours to provide creamy white pepper.

Most of the methods described above are seldom practiced in commercial scale. Biological retting is
the one widely employed for the production of white pepper. Itis observed that heavy processing costs
and deterioration of the product quality are the major criteria for their rejection in the field. India, the
largest pepper producing country in the world is placed far behind to Indonesia, Malaysia and Brazil in
terms of white pepper production. The present paper discusses development of a clean method of
white pepper production that opens up wider market for Indian pepper and new hope for pepper
producers and dealers.
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Clean process for white pepper production

This is a process developed to get high quality white pepper (patent under processing). In the earlier
studies it was achieved by the treatment of pectinase (Gopinathan & Manilal 2004; Manilal & Gopinathy,
2005), but is proven costly. Beyond this the recovery of values from the wastes requires additio,|
facilities. Being a seasonal crop conversion of fresh pepper aloneis obviously unviable and impracticg)
for production units. All these aspects were considered in the development of the new process tor
white pepper production.

In the process the fresh and black pepper are loaded into a closed tank containing anoxic water which
is cycled through an anaerobic reactor containing microbial populations. This anaerobic treatment enabjes
production of skin degrading enzymes (pectinases), degradation of polymeric organic compounds tg
simpler molecules such as acetic acids and conversion of acetate to methane and carbon dioxide. The
skin residues collected on washing of the white pepper is a biomanure, Complete removal of the skin
requires 2 days for mature fresh pepper and 4 days for black pepper ifthe temperature of the system
1s between 20 to 35°C.

Mechanism of pepper skin degradation in fermentation

During the anaerobic treatment enzymes are produced which attack mainly and initially on pectin
compounds, the intercellular cementing substance present in the pulpy upper mesocarpic area of pepper
skin and causing the skin to break apart from the core (Figs.1& 2). More than 90% of the pectin in
pepper skin (total pectin 11.2 %, w/w) is removed by the treatment (Fig. 3). The neutral liquid medium
turns slightly acidic due to release of galacturonic acid from peciin break down (Gopinathan & Manilal
2003), but the presence other bactena and methane producers utilize these compounds, converted
methane and finally removed as biogas from the system. It is estimated that more than 23 litres of gasis
produced on processing a kg pepper.

Pectin
degrading area
of pepper skin

Eog

Fig. 1. Degraded tissues of pepper skin bearing pectin on anaerobic freatment (3X)
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Fig, 3. Degradation of pectin in the pepper skin during anaerobic treatment

Cleaning & drying .

Theloose skin removal and final cleaning of the pepper after anaerobic treatment is done with the help
ofa fruit pulping machine and water washing. The decorticated pepper is dried in suntight or electric hot
air drier adjusted at 45°C to bring down the moisture content to <12% (w/w).
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White pepper yield

White pepper from mature green pepper gives maximum yield (table 1). The yield is dependent purely
on raw material quality. The light berries and damaged berries are rejected either during the process or
on white pepper grading and thus affect the total yield. The yield of white pepper is higher from MG-]
{Malabar Garbled) compared to TGEB (Tellicherry Garbled Extra Bold). The white pepper yield from
ungarbled black pepper of local markets is the lowest, 60-65 % against 67-72 % of the parbled black

pepper.

Quality aspects

The white pepper obtained from green pepper is brilliant creamy white and, has less than 1 % residual
black pepper and no extraneous matters. The white pepper from black pepper also has grayish cream
colour (table 2). The cleaning and removal of light berries from fresh and black pepper before anaerobic
treatment could result in white pepper of uniform size and superior quality. Complete removal of the
skin by the process also guarantees elimination of topical contaminations, if any.

Table 1. Yield of white pepper from fresh and different grades of black pepper

Variety Light berry rejects % (w/w) Yield in % (w/w)
Fresh pepper 10-17 27.2-32.5
TGEB 12-14 68-70

TGSEB A 10-14 ) 67-71

MG-1 9.7-13 68-72

Local 25-35 60-65

The ICMSF (International Commission on Microbiological Specifications for Food) specifies less than
10¢ colony forming unit (cfu)/g. The residual microbial load of white pepper obtained from fresh and
black pepper is on the safer range of 1.2 x 10" to 8. 4x10°, The contamination of Sa/monella or E. coli
in the white pepper is totally eliminated by the process.

Comparison of principal substances for the spicy quality of white pepper obtained after the anaerobic
decortication is given intable 2. During decortication there is a slight decrease of volatile oil content in
the pepper as has been reported earlier (Govindarajan,1977; Purseglove et al. 1981; Verghese 1989).
"This 1s because of the loss of volatile oil bearing cells located in the outer skin layers of pepper berries
(Purseglove et al. 1981; Mangalakumarn 1983; and Gopalam et al. 1991).
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Table 2. Quality of white pepper prepared from fresh and black pepper

White pepper from clean processing

Quality parameter From fresh pepper From black pepper
Colour Creamy white Grayish Cream
Size (mim) 3-6 3-6

Extraneous matter (%o) <0.5 0.5-1

Volatile oil (%o} 2-3.6 2-31

Piperine (%) 35 -46 3.6-4.5
Residual black pepper* (%) 0.5-1% 1-2%

Yield* (%) 27-133 65-72

* depends on quality of raw material

Because of the limitations in white pepper production, India’s contribution to the white pepper market
is negligible despite of its demand and higher price. This cleaner method of white pepper processing
provides better scope and can fetch higher value to our pepper. Moreover this processing technology
can set new standards to white pepper in the market. Commercial production of white pepper based
on the clean processing is under operation in Kerala (Fig. 4) and Karnataka.

Fig. 4, White pepper plant (2.5 ton) at Mananthavady, Wayanad, Kerala
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Chemistry and quality standards of black pepper and its products
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Black pepper (Piper nigrum) belongs to the family Piperaceae. It is cultivated for its fruit, which is
usually dried and used as a spice and seasoning. The same fruit is also used to produce white pepper
and green pepper. Black pepper is native to South India where it is extensively cultivated besides some
other tropical regions. The fruit, known as peppercorn when dried, is a small drupe five millimetres in
diameter, dark red when fully mature, containing a single seed.

Dried, ground pepper is one of the most common spices in European cuisine and its descendants,
having been known and prized since antiquity for both its flavour and its use as a medicine. The spiciness
of black pepper is due to the chemical piperine, Ground black peppercomn, usually referred to simply
as “pepper”, may be found on nearly every dinner table in some parts of the world, often alongside
table salt. Black pepper also nick named as black gold and king of spices is the most important and
widely consumed spice in the world. Compared to many other spices, properly dried black pepper (~
moisture content 8-10 %) can be stored in air tight containers for many years without losing its taste and
aroma. In 2007-08, India exported about 35000 metric tons of black pepper with an export earning of
Rs.519.5 crores (129.05 million US dollars)

There are several factors which affect the quality of processed black pepper products. These include
pests and micro-organisms which infest the product from the plantation, foreign matter and impurities
from materials used in processing which contaminate the products, micro-organisms and dirt which are
introduced through unhygienic practices of people who handle the produce, and loss of quality that
results from short-comings in storage practices. Thus the quality of the product depends on the quality
of raw materials, the methods used in processing, the packaging methods and materials and marketing
practices. Therefore, to ensure quality of the product, constant care should be maintained till the time it
reaches the consumer.

General composition

There are two main components of black and white pepper: the volatile oil and pungent compounds.
The volatile ol level in black pepper is usually higher than in white pepper. The hull of pepper contains
fiber and some essential oil. Black pepper contains about 2.0-2.6% volatile oil, and about 6-13%
oleoresin, Black pepper oil can be used to help in the treatment of pain relief, theumatism, chills, flu,
colds, increase circulation, exhaustion, muscular aches, physical and emotional coldness, nerve tonic
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and fevers. It furthermore increases the flow of saliva, stimulates appetite, cnCOUrages peristalsis, tones
the colon muscles and is a general digestive tonic

The pungency of black pepper (Piper nigrum L.) was initially attributed to the presence of piperine
only, the structure of which is trans, trans-5-(3,4 -methylenedi- oxyphenyl)-Z,4-pentadienoic acid
piperidide. Further investigations into the pungency of this spice by several workers lead to the information
that materials other than piperine also contributed to the pungency of black pepper. Zachariah et al.
(2005) evaluated major black pepper cultivars for oil, oleoresin and piperine and details are givenin
table 1. The accumulation of these constituents tends to vary during maturation.

Table 1. Levels of oil, oleoresin and piperine content of common black pepper cultivars

Cultivar Oil (%) Oleoresin (Vo) Piperine (%)
Panniyur -1 3.2 8.9 2.8
Panniyur - 2 4.4 12.7 3.6
Panniyur - 3 4.0 11.2 3.6
Panniyur - 4 2.8 9.7 3.5
Panniyur - 5 2.4 s2 . 36
Pournami 3.6 10.9 3.6
Panchami 3.2 8.7 3.0
Sreekara 3.2 9.8 38
Poonjaranmunda 2.8 10.2 3.5
Kuthiravally 32 9.5 3.0
Balankotta 2.4 8.5 3.0
Blackening of pepper

Apart from the major quality attributes such as pungency and aroma, the appearance with respect to its
colour (brown/ black) is of importance for use of black pepperas a spice in the whole or ground form.
Since phenols are known to contribute to browning / blackening of finished pepper OIns, the nature
and distribution of phenolic compounds are very important. Blackening of fresh green pepper is due o
enzymatic oxidation of (3 A-dihydroxy phenyl) ethanol glycoside by an o-diphenol oxidase (PPO)
present in the fresh fruit. Bandyopadhyay ef al. (1990) reported that conversion of green pepper to
black pepper by the drying process was accompanied by a 75% decrease in total phenolic content and
a complete loss of o-diphenol oxidasc oxidizable phenolic fraction which suggest a major role for
enzymatic phenolic oxidation during pepper blackening. They characterized 3 ,4-dihydroxy-6-(N-
ethylamino) benzamide as the substrate for o-diphenol oxidase .
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products from Pepper

Black peppet, matured dehydrated green pepper and tender green pepper are processed for various
end products. Various products prepared are as follows.

Green pepper based products: Canned green pepper, Green pepper in brine, Bulk-packaged green
pepper in brine, Cured green pepper, Frozen green pepper, Freeze dried green pepper, Dehydrated
green pepper, Green pepper pickle, Mixed green pepper pickle, Green pepper sauce and Green
pepper—ﬂavoured products,

Black pepper based products: Whole black pepper, Sterilized black pepper, Ground black
pepper, Cryoground black pepper powder, Pepper oil, Oleoresin, Microencapsulated spice flavour.

White pepper based products: White pepper whole, White pepper powder.

Miscellaneous products: Curry powder-spice blends, Pepper-flavoured products, Pepper extract
preservative, pepper oil, Pepper oleoresin, Lemon pepper, Garlic pepper, Sauces, Paste efc.

Pepper byproducts: Light pepper, Pepper hulls, Pepper pin heads.
Pepper flavoured products: Pepper mayonnaise, Pepper tofu, Pepper cookies, candy and perfumes.

Aroma

The aroma of black pepper is mainly contributed by the volatile oil which varies between 2-5% in the
berries. Produced by steam distillation, from the black peppercoms, the essential oil is water-white to
pale olive in colour with a warm, spicy (peppery), fresh aroma. It has a middle note and blends well
with rose, rosemary, marjoram, frankincense, olibanum, sandalwood, and lavender; however it should
only be used in small amounts.

Aroma compounds in pepper oil

Jirovetz et al. (2002) investigated the aroma compounds of the essential oils of dried fruits of black
pepper (Piper nigrum) and black and white “Ashanti pepper” (Piper guineense) from Cameroon by
means of solid-phase microextraction (SPME) to identify the odorous target components responsible
for the characteristic odor of these valuable spices and food flavoring preducts. By means of GC-flame
ionization detection (FID) and GC-MS$ (using difterent polar columns) the main compounds of the
SPME headspace samples of P nigrum (black) and P. guineense (black and white) were found to be
F nigrum (black) - germacrene D (11.01%), limonene (1 0.26%), b-pinene (10.02%), phellandrene
(8.56%), b-caryophyllene (7.29%), a-pinene (6.40%) and cis- b-ocimene (3.19%); P. guineense
(black) - b-caryophyllene (57.5 9%, b-elemene (5.10%), bicyclogermacrene (5.05%) and a-humulene
(4.86%); and P, guineense (white) - b-caryophyllene (51.75%), cis-b-ocimene (6.61%), limonene
(5.88%), b-pinene (4.56%), linalool (3.97%) and a-humulene (3.29%).
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Major aroma compounds in black pepper oil

Monoterpene hydrocarbons and oxygenated compounds: The monoterpene hydrocarbons gre
camphene, d*-carene, p-cymene, limaonene, myrcene, cis-ocimene, a-phellendrene, b-phellendrene
and b-pinenes, sabinene, a and g-terpinenes, terpinolene and a-thujene.

About 43 oxygenated compounds of monoterpenoid nature have been characterized. Popular oxygenated
monoterpenes are bomeol, camphor, carvacrol, cis-carveo), trans-carveol, carvone, carvetanacetone,
1,8-cineole, cryptone, p-cymene-8-ol, p-cymene-8-methyl ether, dihydrocarveol, dihydrocarvone,
linalool, cis-2-menthadien-2-ol, 3,8 (9)-p-menthadien-1-ol, 1 (7)-p-menthadien-6-oi, 1 (7)-p-
menthadien-4-ol, 1,8 (9)-p-menthadien-5-ol, 1,8 (9)-p-menthadien-4-0l, cis-p-2-menthen-1-of,
myrienal, myrienol, methyl carvacrol, frans-pinocarveol, pinocamphone, cis-sabinene hydrate, frans-
sabinene hydrate, 1-terpinen-4-ol, {-terpinen-5-ol, a-terpeneol, 1,1,4.trimethylcyclohepta-2,4-dien-
6-ol, phellandral, piperitone, citronellal, nerol, geraniof, isopinocamphone, methy! citronellate, methyl
geranate, a-terpeny! acetate, terpenolene epoxide and trans-limonene epoxide (Zacharizh &
Parthasarathy 2008).

Linalool, {(+}-a-phellandrene, (-)-limonene, myrcene, (- }-a-pinene, 3-methylbutanal and methylpropanat
are found to be the most potent odorants of black pepper. Additionally, 2-isopropyl-3-methoxypyrazine
and 2,3-diethyl-S-methylpyrazine were detected as important odorants of the black pepper sample
from Malaysia which had a mouldy, musty oft-flavour (Jagella & Grosch 19994, b).

Sesquiterpene hydrocarbons and oxygenated compounds: b-carophyllene is the major sesquiterpene
hydrocarbon present in pepper oil. Other sesquiterpene hydrocarbons are also reported from black
pepper oil. They are a-cis-bergamotene, a-trans-bergamotene, b-bisabolene, 4 and g-cadinenes,
calamenene, a-~copaene, a- and b-cubebenes, ar-curcumene, b- and d-clemenes, b-farnesene, a-guaiene,
a- and g-humulenes, isocaryophyliene, g-muurolene, a-santalene, a- and b-selinenes, ledene,
sesquisabinene and zingiberene.

About 20 oxygenated sesquiterpenes have been identified from pepper oil. They are 5,10 (15)~cadinen-
4-ol, caryophylla-3(12), 7(15)-dien-4-b-ol, caryophylla-2,7(15)-dien-4-b-ol, caryophylla-2,7(15)-
dien-4-ol, b-caryophellene alcohol, caryophyllene ketone, caryopheilene oxide, epoxy-
dihydrocaryophellene, cis-nerolidol, 4,10,10-trimethyl-7-methylene bicycle-(6.2.0) decane-4-
carboxaldehyde, cubenol, epi-cubenol, viridiflorol, a- and b-bisabolols, cubebol, elemol and g-eudesmof
{Zachariah & Parthasarathy 2008).

Miseelaneous compounds: Eugenol, methyl eugenol, myristicin, safrale, benzaldehyde, trans-anethole,
piperonal, m-methyl acetophenone, p-methy! acetophenone, n-butyrophenone, benzoic acid, phenyl
acetic acid, cinnamic acid and piperonic acid are some of the aromatic compounds characterized in
pepper oil. Methy! heptenone, pinol, butyric acid, 3-methy! butyric aicd, hexanoic actd, 2-methyl
penianoic acid, methyl heptanoate, methyl octanoate, 2-undecanone, n-nonane, n-tridecane, n-
nonadecane and piperiding are the other compounds identified (Narayanan 2000), The major
monoterpene hydrocarbons present in pepper oil are a and b-pinenes, sabinene and limonene.
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vVariability in essential oil constituents

Kerala state of India is known for the many popular cultivars in black pepper. These cultivars exhibit
wide variation in the percentage composition of major volatiles. By adopting GC and GC-MS techniques
researchers identified over 55 compounds from the volatile oil of these pepper cultivars. Major
compownds identified were a and b-pinene, sabinene, limonene, b-caryophyllene, myrcene, p-cymene
and caryophellene oxide {Gopalakrishnan et al. 1993; Menon ef al. 2000; Menon ef al. 2002; Menon
etal. 2003; Menon & Padmakumari 2005). Table 2 illustrates this variability among different popular

culfivars.

Gopalakrishnan e/ al. (1993) analyzed four new genotypes of pepper (Panniyur-1, Panniyur-2, Panniyur-
3 and Panniyur-4) by a combination of GC-MS and Kovats indices on a methyl silicone capillary
column. The oils from the three Panniyur genotypes contained pinene in the range of 5.07-6.18%, b-
pinene 9.16-11.08%, sabinene 8.50-17.16%, and limonene 21.06-22.71% and b-caryophyllene 21.57-
27.70%. The oil from Panniyur-4 contained a-pinene 5.32%, b-pinene 6.40%, sabinene 1.94%,
myrcene 8.40%, p-cymene 4.70%, limonene 16.74% and caryophyllene 21.19%.

Zachariah et al. (2005) conducted a study on the effect of grafting P nigrum on P. colubrinum as
rootstock. The cultivars used for grafiing are Panniyur-1, 2, 3, 4 and 5, Malligesara, Pournami, Sreekara,
Poonjaranmunda, Kuthiravally, and Balankotta. The major essential oil constituents in grafts and non-
grafts of pepper cultivars were pinene, sabinene and b-caryophyllene, Caryophyliene content varied
from [2 to 27% in graft and 7 to 29% in non-graft. Limonene content varied from 13 to 24% in graft
and 13 to 22% in non-graft.

Essential oils obtained by hydrodistillation of green and black berries of Indian origin (cv. Thevan
Mundi) were analyzed by GC and GC-MS methods and compared with reported constituents of Sri
Lankan green and black pepper oils. The monoterpene hydrocarbons of Indian oils were similar to
those of corresponding Sri Lankan oils but the oils differed with regard to their sesquiterpene and
oxygenated components. 4-Pinene and caryophyllene occurred in all oils, sabinene in Sri Lankan oils
only and car-3-ene in none of the oils.

Oleoresins

Oleoresins are natural isolates obtained by extracting the comminuted spice with suitable solvents and
recovening the solvent mostly by evaporation. The residue is called oleoresin. The type of solvents
used to extract oleoresin includes hydrocarbons, chlorinated hydrocarbons, alcohols, ethers, ketones
and carbon dioxide. Oleoresin is ablend of volatile and non-volatile components that are soluble in the
solvent. The volatile components that is soluble in the sotvent. The volatile part, known as essential oil
consists of several compounds with varying boiling points. This essential oil imparts flavour and aroma
to the product.
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The non-volatile part of oleoresin consists of several groups of chemical compounds such as carotenoids,
steroids, alkaloids, anthocyanins, glycosides efc. The non-volatile part contributes towards taste, colour,
pungency, texture and antioxidative properties of the product. Oleoresins are commercially important
because of the consistency in flavour, taste, antioxidant properties, increased shelf life and less storage
space as it is a highly concentrated product.

Among the organic solvents benzene is prohibited for use in food products. Only 25 ppm residual
solvent is allowed for halogenated solvents. Yield of oleoresin after removal of sotvents is always much
higher than the essential oil recovery and it also depends on the solvent used. Since there is a chance of
loss of essential oil during the extraction process, oil is extracted separately and then it is blend to the
oleoresin as per the standard requirement. This is called *standardizing’ of the oleoresin. Essential oil
content of oleoresin is very critical for the organoleptic guality of the material.

As mentioned earlier, oleoresins consist of volatile and non-volatile parts. The concentration of volatile
part ranges between 10 and 20%. The general standard of black pepper oleoresin is 25% volatile oii
and 35% non- volatile piperine and other alkaloids. The volatile part i.e., the essential oil, consists of
aliphatic compounds, isoprenoids, benzenoids, and miscellaneous compounds.

Pungency of black pepper

Piperine is the major constituent of pepper oleoresin. The pungency of black pepper (Piper nigrum
L..) was attribuied 1o the presence of piperine, the structure of which was later proven to be trans,
trans-5-(3, 4-methylenedi- oxyphenyl)-2, 4-pentadienoic acid piperidide. Further investigations into
the pungency of this spice revealed that unidentified materials other than piperine also contributed to the
pungency of black pepper (Zachariah & Parthasarathy 2008).

The pungency of black pepper has been the subject of investigations since the early nineteenth century.
In 1819 Oersted isolated piperine, the most abundant alkaloid in pepper, as a yellow crystalline substance,
and its structure was later identified as the trans form of piperoyl piperidine (Narayanan 2000). The
pungent dark oily resin obtained afier removal of piperine from the oleoresin was named as chavicine
(Govindarajan et al. 1977). Chavicine was claimed to possess a far greater bite on the tongue than
crystalline piperine, but later workers demonstrated that piperine in solution is very pungent. The
controversy over which compound viz., piperine, its cis-cis isomer chavicine or other possible isomers-
isopiperine (cis-trans) and isochavicine {trans-cis)-is more pungent lasted almost a cenfury. However,
later investigations have demonstrated, that piperine is the major pungent principle and chavicine isa
mixture of piperine and several minor alkaloids. The presence of chavicine and isopiperine has not
been confirmed in pepper extracts while isochavicine is shown to occur as an artifact of photolytic
transformation of piperine. Five new minor alkaloids possessing a degree of pungency have been
identified in pepper extracts. They are piperettine, piperylin, piperolein A and B and piperanine. Three
trace constituents viz. peepuloidin, guineesine and pipericide showing insecticidal properties have
recently been identified.
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The acetone extract of pepper showed the presence of 18 components accounting for 75.59% of the
total quantity. Piperine (33.53%), piperolein B (13.73%), piperamide (3.43%) and guineensine (3.23%)
were the major components.

Variation of piperine in relation to cuitivars

Seven black pepper cultivars, namely Panniyur-2, Panniyur-3, Panniyur-4, Sreekara, Subhakara, K-
88 and Neelamundi were evaluated for piperine, oleoresin and essential oil contents. Panniyur-4 recorded
the lowest oleoresin (9.2%) and essential o1l contents (2.1%) and relatively mediun piperine content
{4.4%). Panniyur-2 had poor yield but recorded the highest piperine content (6.6%). Neelamundi,
KS-88 and Sreckara gave the highest oleoresin contents (13.9, 13.1 and 13.0%, respectively), while
Sreekara and Subhakara gave the highest essential oil content (7.0 and 6.0% respectively). HP-813
(‘ISR Malabar Excel’) had reportedly high oleoresin and piperine content compared to other recently
released black pepper cultivars (Sasikumar ef af. 2004). Varietal variation of black pepper (Piper
nigrum L.) for oleoresin and piperine was reported in black pepper grown at Idukki District, Kerala.
Mathew & Bhattacharyya (1990) showed that a slightly immature grade of ‘half pepper’ was
economically advantageous and contained the highest levels of piperine (6.8%). Five different grades
of four (Piper nigrum) cultivars were analyzed for their percentage piperine, oleoresin and volatile oil
content. The garbled light special (GL special) grade of each cultivar had the highest piperine percentage.
The Tellicherry Garbled (TG} grade of Kalluvally had the highest volatile oil content of 3.4%.

Properties, synthesis and estimation of piperine

The alkaloid piperine is generally accepted as the active “bite” component in black pepper. Piperine is
a yellow crystalline substance having a melting point of 128-130°C. Piperine, C ,H O.N, was shown
to be a weak base which on hydrolysis with aqueous alkali or nitric acid yielded a volatile base C .H |N,
later identified as piperidine. The acidic product of hydrolysis, piperine acid (C,,H,,0,, m.p. 216-

217°C), was shown to be 5-(3,4-methylene dioxy phenyl)-2,4, pentadienoic acid.

Geisler & Gross (1990) isolated an acyltransferase from shoots of black pepper which catalysed the
synthesis of piperine in the presence of piperoyl-coenzyme A and piperidine. The enzyme is classified
as ‘piperoyl-CoA: piperidine N-piperoyltransferase’ (piperidine piperoyltransferase; EC 2.3.1).

Wood et al. (1988) developed the reversed-phase high-performance fiquid chromatographic method
for piperine determination in black pepper and its oleoresins. It employs bonded C18 stationary phase
(ODS-2) and acetonitrile-aqueous acetic acid mobile phase with UV detection. As the
spectrophotometric method which invariably yields higher results because of the contributions from
other alkaloids such as. piperyline and piperettine, the HPLC method relate more to piperine.
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International specifications and desirable limits

Major requirements for international acceptance of black pepper and its products were identified by
various agencies. Specifications for whole black pepper, white pepper, and powders are listed in tables
3-6.

Table 3. Whole black pepper: chemical and physical specifications

Specification Suggested limits

ASTA cleanliness specifications:
Whole dead insects, by count
Mammalian excreta, by mg/lb
Other excreta, by mg/lb

Mold, % by weight

Insect defiled/infested, % by weight
Extraneous, % by weight

General ISO specifications:

Insect infested and/or moldy pieces by weight Aveof 1%
Mammalian excreta Aveof 1%
Foreign matter pickings and siftings by weight

Volatile oil 2.0 % min.
Moisture 12.0 % max.
Ash ' 5.0 % max
Acid insoluble ash 0.5 % max
Average bulk index (mg/100 g) : 165

— et Ay e D

Table4. Ground black pepper: chemical and physical specifications

Specification Suggested limits

Insect fragment Ave of 475 or more/50 g
Rodent hair fragments Ave of 2 ormore/50 g
Volatile oil 1.5 % min,

Moisture 12 % max.

Total ash 5 % max

Acid insoluble ash 0.5 % max

Crude fibre ' 12.5 % max

Nonvolatile methylene chloride extract 7.5 % min

Starch 30.0 % max

Granulation 70 %
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Table 5. Whole white pepper: chemical and physical specifications

Specification Suggested limits
ASTA cleanliness specifications:

Whole dead insects, by count 2

Mammalian excreta, by mg/lb 1

Other excreta, by mg/lb 1

Mold, % by weight I

Insect defiled/infested, % by weight 1

Extraneous, % by weight 0.50
FDADALs

Insect infested and/or moldy pieces by weight Aveof 1%
Mammalian excreta Ave of Imgperlb
Foreign matter pickings and sifiings by weight Ave of 1%
Volatile oil 1.5 % min
Moisture 14.0 % max
Ash 1.5 % max

Acid insoluble ash 0.3 % max
Average bulk index (mg/100g) 150

Table 6. Ground white pepper: chemical and physical specification

Specification Suggested limits

Insect fragments Ave of475 ormore/50 g
Rodent hair fragments Ave of 2 or more/50 g
Volatile oil 1.5 % min

Moisture 14.0 % max

Total ash 1.5 % max

Acid insoluble ash 0.3 % max

Military specifications

Volatile oil (ml/100 g} 1.0min

Moisture 15.0 % max

Total ash 3.0 % max

Acid insoluble ash 0.3 % max

Crude fibre 5.0 % max

Starch 52.0 % max
Nonvolatile methylene chloride extract 7.5 % min

Granulation
Bulk index (ml/100 g)

95 % min through a U.S.S.

180
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Introduction

The productivity of black pepper (Piper nigrum) is considerably low in India due to various factors
among which infestation by pests and diseases 1s a major factor. The major pests and diseases affecting
black pepper in India include Phytophihora foot rot and slow decline diseases, pollu beetle, scale
insects, root knot nematode and burrowing nematode. The pests and diseases which are emerging as
serious threats to black pepper in recent years include stunt and anthracnose diseases, spike shedding
and root mealybugs and Erythrina gall wasp on Erythrinag standards. Adoption of integrated pest
management schedules is important in black pepper since the spice is high-value and export-oriented in
nature and excessive use of pesticides could lead to pesticide residues in the produce and other ecological
hazards. The advances in protection of the crop from pests and diseases involving cultural and biological
means, use of resistant varieties and plant products and need-based application of pesticides are

highlighted.

Diseases
Phytophthora foot rot

Phytophthora foot rot caused by P. capsici ts the most devastating disease of black pepper in India
and is reported to cause a crop loss of over 1000 tonnes annually at Kozhikode and Kannur districts in
Kerala. The disease which is common during the monsoon period is characterized by black spots on
the leaves which have typical fimbriations at the margins. The tender leaves and shoot tips of freshly
emerging runner shoots trailing on the soil turn black when infected. When the main stem at the ground
level or at the collar region is infected, the entire vine wilts followed by shedding of leaves and spikes.
The branches break up at nodes and the entire vine collapses in a month. When the damage is confined
tu the feeder roots, the expression of symptoms is delayed till the cessation of rain and the vine shows
symptoms such as yellowing, wilting, defoliation and drying up during the post monsoon pertod. These
vines may recover afier the onset of rains and survive for more than two seasons till the root infection
culminates in collar rot and death of the vine. High soil moisture, rainfall and humidity are conducive for
multiplication of the fungus and spread of the disease.

Management

The strategies recommended for the management of the disease include:

Phytosanitation, which is removal and destruction of dead vines along with the root system from the
plantation which reduces the build-up of pathogen inoculum in the field.
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Cultural practices, like providing adequate drainage to prevent water logging especially during the
monsoon season and shade regulation with the receipt of pre-monsoon showers helps in reducing the
spread of the disease. Digging the soil and undertaking other cultural operations which damage the
roots should be avoided. The emerging runner shoots should also be pruned to prevent the infection
spreading 1o the main stem of the vine. In severely discase affected areas IISR-Shakthi which is resistant
to the disease may be planted.

Biological control, including application of antagonistic micro organisms such as 7Fichoderma harzianum
at the onset of the monsoon around the base of the vine @ 50 g/ vine (containing 1 0® cfu/g of formulation),
A second application of 7. karzéianum has to be done during August-September. Pseudomonas
Suarescens @ 50 g/vine (10° cfu /g of formulation) may also be applied be along with 77 harzianum,
Addition of organic mulches and o1l cakes in the basins improves the texture of the soil and enhances
the growth of antagonistic microorganisms.

Chemical control, including spraying Bordeaux mixture 1% with the onset of south west monsoon
during June-July and drenching the plant basins with copper oxychloride 0.2% . The spraying and
drenching isto be repeated during August-September and if the monsoon is prolonged, a third round of
drenching may be given during October. Alternatively, after the receipt of pre-monsoon showers the
vines are to be sprayed and drenched with potassium phosphonate (@ 3 g/l or metalaxyl-mancozeb (@)
1.25 g/1. The second and third round of spraying and drenching may be repeated if required. In case
biocontrol agents are applied, only spraying is to be resorted to and drenching may be avoided.

Since Phytophihara foot rot is a serious concern in black pepper production, research on management
of the disease is a major focus mainly at Indian Institute of Spices Research (ISR}, Calicut and Kerala
Agricultural University (KAU), Vellanikkara. This includes managing the soil bome infection by disinfesting
the soil, addition of organic amendments, biological control, identification of resistant sources, chemical
controf using fungicides, and biotechnological approaches to develop disease resistant lines.

Soil selarization: Experiments conducted to explore the possibility of soil disinfestation by solarization
of potting mixture for reducing Phytophthora infection in nurseries indicated that raising black pepper
cuttings in potting mixture solarized for 30 to 45 days is effective in minimizing the infection in the -
nursery. |

Organic amendments: Addition of organic amendments such as, farmyard manure, bone meal, chicken
manure, neem cake, and extracts of garlic and mustard suppressed populations of P. capsici. Application
of vermicompost along with T, harzianum also resuited in low incidence of root rot.

Resistance: Efforts were made to locate resistance to £ capsici in the germplasm collections of TISR,
Calicut, and a large number of cultivars, hybrids, related Piper species and Karimunda accessions
were screened and promising lines identified. A Phyiophithora tolerant line namely, USR Shakthi, was
released based on screening open pollinated seedling progenies of vartous cultivars and evaluation
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the field. Another open pollinated progeny (P24-04-1) was identified as resistant and is under field
evaluation. Efforts were made to graft P, nigrum on the resistant rootstock P colubrinum and their
evaluation in the field indicated that the grafts remained healthy even 7 years after planting. Recently &,
sylvaticum was also identified 1o be resistan to the pathogen. An inter-specific hybrid (P, nigrumx P,
colubrinum) partially resistant to Phytophthora foot rot has also been developed at Pepper Research

Gration (KAU), Panniyur.

Biological control: Several strains of biocontrol agents effective in protecting the crop against £

capsici have been isolated, screened, mass multiplied and evaluated in the field. Promising isolates of
YAM such as Glomus mossae, G fasciculatum, G etunicatum, Acaulospora laevis and Gigaspora
margaritacan be incorporated in the nursery soil mixture for better establishment and production of disease-
free planting material. Various isolates of fluorescent pseudomonads and 7richoderma spp. were isolated
from black pepper roots and rhizosphere soils from South India among which Pseudomonas
fluorescens, T. harzianum and T viride were efficient in protecting black pepper from root rot caused

by P, capsici. Mass multiplication technigues were also standardized using coconut water, sorghum
meal, coffee husk and pulp, tea waste and decomposed coir pith. A bioconsortium was also developed
with potential rhizoosphere bacteria namely, [ISR-6, 8,13, 51, 151 and PB-21C and found effective
under field conditions. Recently, promising endophytic bacteria such as £ aeruginosa, P. putida and
Bacillus megaterium were identified from black pepper and proved effective against the disease in
greenhouse studies. Pesticides such as metalaxyl, potassium phosphonate, mancozeb, copper, phorate
and chlorpyriphos were compatible with 7. harzianum.

Chemical control: Based on epidemiological studies, the practice of pasting the collar region with
Bordeaux mixture that was suggested earlier was discouraged and instead use of systemic fungicides
such as metalaxyl and potassium phosphoenate was recommended for the control of the disease.

Biotechnological approaches: Biotechnological approaches to develop disease resistant lines is being
undertaken at 11SR, Calicut, and KAU, Vellanikkara. Attempts were made to induce variability in
somaclones and a few somaclones tolerant to P, capsici were identified that are being evaluated for
faeir tolerance to the disease in the field. A mapping population involving Panniyur 1 x Subhakara was
developed and the inheritance pattern of Phytophrhora resistance in the mapping population was
studted. Successful Agrobacterium mediated transformation with osmotin gene was also achieved for
disease resistance in black pepper. The enzyme chitinase involved in disease resistance was identified in
P colubrinum and the gene was cloned which showed similarity to known chitinase gene from plants,

Emerging diseases
A. Stunt disease

Stunt disease caused by caused by Cucumber mosaic virus (CMV) and Piper yellow mottle virus
(PYMoV) are becoming serious in recent years in Kerala and Kamataka especially at higher altitudes.
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The diseased vines exhibit shortening of internodes and the leaves become smail and narrow with
varying degrees of deformation and appear leathery, puckered and erinkled. Chlorotic spots and streaks
also appear on the leaves. The incidence of the disease was higher (45.4%) in Wayanad District in
Kerala; in Karnataka the highest disease incidence (4.9%) was recorded in Kodagu District. The vield
loss due to stunt disease in infested vines, varied from 16%-85%.

Two viruses namely, CMV and PY MoV virus were associated with the disease. The mealybugs Ferrisig
virgata and Planococcus citri, commonly found associated with black pepper were found to transmit
PYMoV. DAS-ELISA based methodology was developed for the detection of both the viruses in
nursery and plants. A protocol for isolation and simultaneous detection of both the viruses infecting
black pepper based on multiplex RT-PCR method was also developed.

Management

Since black pepper is vegetatively propagated, infected planting matenials are the major mode of disease
spread. Adequate care should also be taken to plant virus-free cuttings especially in new areas where
the incidence of the disease is not observed in the field. The most viable method to contro] the disease
would be identification and use of virus-free cuttings for propagation. Once a good virus-free plant is
identifted, they must be matntained virus-free under insect-proof conditions and used for propagation,
Regular inspection and removal of infected plants and replanting with healthy plants should be resorted
10 in the field. Other potential weed and crop hosts, which might act as reservoirs for the virus need to
be removed, bumt or buried deep in the soil. Regular monitoring of the nursery and field for insect
vectors such as aphids and mealybugs is important and should be controlled with a spray of dimethoate
0.05%.

3. Anthracnose

Anthracnose disease caused by Colletotrichum gloeosporiodes is also referred to as poilu disease
indicating the hollow nature of infested berries. The disease 1s increasingly becoming serious at lngher
attitudes in Kerala and Karnataka. The symptoms of the disease include appearance of small, black
spots surrounded by a halo on the leaves, crinkling of leaf tamina and formation of cross splitting on the
berries. The disease when combined with predominance of female flowers, lack of poliination in rainfed
areas, heavy shade and delayed emergence of spikes results in large scale spike shedding. The crop
loss due to anthracnose was reported to be up to 67% in Kerala when the berries were infected atan
early stage; the crop loss was higher when the spikes were affected.

Trials conducted at Kodagu District (Kamnataka) revealed that irrigation of vines 4-5 times at an interval
of 5-7 days conunencing from the third week of March, followed by shade regulation of support trees
was optimurm for managing spike shedding. Phytosanitory, prophylactic sprays with Bordeaux mixture
1% and nutrition management practices are also necessary for holistic management of the disease.
Trials conducted in Idukki District (Kerala) indicated that vines treated with carbendazim and mancozeb
0.1% or mancozeb {1.1% alone was effective for the management of the disease.
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Plant parasitic nematodes

Siow decline

Several plant parasitic nematodes belonging to different groups are associated with black pepper in
India among which Meloidogyne spp., Radopholus similis, Trophotylenchulus piperis,
Helicotylenchulus sp. and Rotylenchulus reniformis are predominant. In Kerala and Karnataka,
69.8% and 53.8% of the vines respectively, were found infested with M. incognita. T piperis is also
wide spread in all major black pepper areas in Kerala and Karnataka.

Slow decline (slow wilt/pepper yellows) is caused by the association of M. incognitaand R. similis
and also P capsici. The affected vines exhibit mild to moderate foliar yellowing initially and with depletion
of soil moisture during the post monsoon season, they show defoliation and die-back leading to loss of
vigour, yield and finally death of the vine. Plants infested with M. incognita exhibit inter veinal chlorosis
and galling in roots, Root penetration by R. similis causes necrotic lesions on white feeder roots which
merge and encircle the root cortex leading to disintegration of distal portion of the roots. Experiments
conducted under simulated field conditions showed that R. similis and P, capsici alone or in association
and M. incognita in association with either K. similis or P, capsici or both resulted in root rotting
leading to typical slow decline disease. Though the discase is prevalent in all major black pepper
growing areas in India, exact crop loss estimates are not available. Yield losses ranging from 39% to 65
% have been reported when black pepper vines were inoculated with R, similis and M. incognita
under simulated field conditions.

Management

Nematode management in black pepper warrants a sustainable approach integrating several strategies
to bring down nematode populations below economic injury levels.

Preventive measures; Use of nematode-free planting material and soil-less growing media in nurseries,
and phytosanitation can reduce nematode spread 1o a greater extent. Uprooting and destruction of
diseased vines along with root mass and replanting afier 9-12 months have to be undertaken in nematode
infested plantations, Denematization of nursery mixture either through solarization or fumigation with
chemicals is highly effective in reducing the nematode load for production of healthy rooted cuttings.
The potting mixture should also be fortified with biological control agents after sterilization.

Cropping practices: Exclusion of nematode susceptible intercrops and supports or standards can
minimise nematode infestations in the field. Support trees such as Ailanthes malabarica, Artocarpus
heterophyllus, Garuga pinnata, Macaranga indica and Erythrina indica are not susceptible to
root knot nematodes and can be grown as support trees. Several inter crops like banana, ginger and
turmeric and a large number of weeds are susceptible to these nematodes and may be avoided in black
Pepper plantations.

®rperaceae Crops - Technologies ol Future Perspectives



Devasahayam ef af.

Seil amendments: Application of neem cake @ 2 kg/vine is highly effective against M incognir,
Addition of chopped leaves of Gliricidia maculata (10 g/kg soil) as green manure reduced populationg
of R. similis and increased plant growth.

Resistant lines: A number of black pepper germplasm accessions, including wild types, were screened
against M. incognita and R, similis by several workers at [ISR, Calicut and KAU, Vellanikkara, A
cultivar, CLT-P-812, which was resistant to M. incognita was released as ‘Pournami’ for cultivation in
root knot infested areas. Piper hymenophyllum, P. colubrinum, P. attennatum and accessions like
HP-39 and C-820 were resistant to R. similis. P. colubrinum is now widely used as a root-stock to
graft cultivated pepper plants.

Biological control: Biological control initiatives to manage nematode pests of black pepper have been
undertaken by several workers. Promising isolates of VAM such as Glomus mossae, G fasciculatum, G
etunicatum, Acaulospora laevis and Gigaspora margarita, which are suppressive nematodes can be
incorporated with the nursery soil mixture for better establishment and production of nematode free planting
matenals.,

A number of antagonistic fung, have been identified and evaluated in the greenhouse and field Paecilomyces
lilacinus suppressed nematode infestation in black pepper and increased the production of root mass.
Pochonia chiumydosporia (=V. chlamydosporium) promising against nematodes was isolated from
black pepper gardens. Several Pseudomonas isolates were isolated and screened against root knot
nematodes infesting black pepper. Bacilius pumilis, B. macerans and B. circuians significantly reduced
M. incognita population and improved the growth of black pepper plants. Pasteuria penetrans was
also reported 10 inhibit root knot nematodes infesting biack pepper.

There are only very few successful attempts to control R. similis by using fungal bioagents, probably
due to the migratory endoparasitic nature of this nematode. Mycorrhizal fungi were reported to suppress
R. similis infestation on black pepper. Recently, rhizobacteria that suppressed both R. similis and M.
incognita were identified in greenhouse studies. Two promising endophytic bacteria namely, Baciflus
megaterium and Curtobacterium lutewm suppressing R. similis have been identified recently.

Chemical control: As a preventive measure, black pepper planting materials can be treated with
granular nematicides like phorate or carbofuran @ 0.1g a.i./plant. In plantations, application of carbofuran
or phorate @) 3 g a.i./vine in May/June and again in September/October resulted in remission of foliar
yellowing and reduction in nematode populations.

Insect pests
Pollu beetle

The pollu beetle (Lanka ramakrishnae=Longitarsus nigripennis) is the most destructive tnsect pest
of black pepper in India, The pest infestation is higher in the plains and midlands in Kerala and in
endemic areas up to 40% of the crop is lost due to the pest infestation.
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Bioecology: The adult poliu beetle feeds on tender shoots, leaves and spikes resulting in black patches
on tender shoots and spikes and small irregular circular holes on tender leaves. Severely infested
Jeaves and spikes often rot and drop due to invasion of secondary microorganisms. The damage
caused by the larva (grub) is more serious and they bore into tender spikes and berries and feed on the
internal contents. The infested spikes develop necrotic patches and the berries turn black and crumble
when pressed (the hollow nature of the infested berries is termed as pollu in Malayalam). The adults are
seen on black pepper vines throughout the year in the field though their population is higher during

September-October.

Management: An integrated strategy involving regulation of shade and spraying of insecticide and
neem-based product is to be adopted for the management of po//u beetle, Regulation of shade in the
plantation by pruning branches of support and shade irees before the onset of the monsoon helps in
reducing the build up of pest population. The management schedule to be adopted includes spraying
the vines during July and October with quinalphos (0.05% each) or spraying quinalphos (0.05% each)
during July followed by Neemgold (0.6%) (neem-based insecticide) during August, September and
October.

Resistance: Black pepper cultivars show wide variation in their reaction towards po/fu beetle in the
field. Forty four cultivars of black pepper maintained at Pepper Research Station (KAU), Panniyur
(Kerala) were screened against pol//u beetle among which, Kalluvally Type II was less susceptible to
the pest. Four cultivars resistant to the pest under field conditions were identified from the germplasm
collections of ISR, Calicut. Six wild species of Piper, namely, P. colubrinum, P. chaba, P. longum
. P attenuatum, P. barberi and P. hymenophyllum have also been identified to be resistant to the
pest. Interspecifc hybrids of black pepper such as P. nigrum x P. attenuatum and P. nigrum x P.
barberi, were less preferred for feeding by adult pollu beetle, These resistant lines are being utilized in
breeding programmes for developing resistant varieties against the pest.

Natural enenties: Very few natural enemies have been recorded on pollu beetle in the field and they
include an entomophagous nematode (Mermithidae), predatory spider (Araneae) and Oecophylia
Stharagdina Fabr. (Fomicidae). However, the level of parasitization/predation by these natura! enemies
is quite low and they may not have a major role in the regulation of the pest population in the field.

Plant products: Extracts of various plant species have been screened for antifeedant activity, among
which leaf extracts of Chromolaena odorata, Azadirachta indica and Strychrnos nux-vomica, root
bark extracts of Uvaria narum and U. hookeri, neem oil, neem seed kemel extract and custard apple

(Annona squamosa) seed extract were promising indicating their potential in utilizing them in [IPM
schedules.
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Scale insects

Scale insects are major insect pests of biack pepper at higher aititudes in Kerala, Karnataka and Tamj
Nadu. Among the various species of scale insects recorded on the crop, the mussel scale (Lepidosaphes
piperis) and coconut scale (4spidiotus destructor) are the most common.

Bioecology: The mussel scale encrusts main stems, lateral branches, mature leaves and berries resulting
in chiorotic patches, yellowing and drying of leaves. Younger vines often succumb to the pest during the
course of 1-2 years when the infestation occurs on the main stem. On older vines the infested latera)
branches wilt and dry resulting in vacant spaces in the canopy. The coconut scale infests mature leaveg
resulting in chlorotic patches on them and sometimes also infest berries). Scale insects are observed ip
the field throughout the year, but their population is higher during the post monsoon and summer months,
A. destructor is highly polyphagous and infests more than 20 economically important plants in India,
L. piperis occasionally infest cassava (Manihot esculenta) stems in the field and storage.

Management: Spraying dimethoate 0.1% may be undertaken selectively on affected vines after clipping
off severely infested branches afier harvest of berries; the spraying may have be repeated after 21 days
if the infestation persists.

Natural enemies: Various predators and parasites have been recorded on scale insects in the field
among which predatory beetles such as Chilocorus spp. and Pseudoscymnus spp. (Coccinellidae),
and hymenopterous parasitoids such as Aphytis sp. and Encarsia spp. (Aphelinidae) were identified
as major natural enemies. Methods have been standardized for mass rearing of C. nigrita and C.
circumdatus in the laboratory. Evaluation of these predators in the field indicated that their release
brought down the population of L. piperis and 4. destructor.

Plant products: Neem products such as neem oil 0.3% or Neemgold 0.3% or natural products such
as fish oil rosin 3% are also promising for the management of scale insects and are safer to the coccinellid
predators.

Emerging insect pests

The emerging insect pests which are becoming serious especially at higher altitudes include root mealybugs
on black pepper and Erythrina gall wasp on Erythrina standards. Colonies of root mealybugs
(Planoceccus spp.) are observed at the basal portion of the stem under the soil and on roots causing
yellowing, wilting and mortality of younger vines. The pest infestation is more common at higher altitudes
in Wayanad (Kerala) and Kodagu (Kamataka) districts and is more severe on vines affected with
Phytophthora sp. and nematodes. Root mealybugs can be managed by planting pest-free cuttings,
removal of weeds in the interspaces of black pepper vines during summer and drenching chlorpyriphos
0.075% and also by undertaking management schedules against Phytophthora and nematodes.
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The Erythrina gall wasp (Quadrastichus erythrinae) is anew invasive pest infesting Erythring spp.
in all black pepper areas. The pest infestation results in the formation of galls on tender shoots and
leaves leading to stunting and death of standards. Short-term strategies for the management of the pest
include application of phorate 10G at the basins of young trees and spraying monocrotophos 0.05% or
imidacloprid 0.006% on tender flushes of older trees. A viable long-term strategy would be planting
other standards such as Ailanthes malabaricus, Garuga pinnata, Grevillea robusta, Gliricidia
sepium for trailing black pepper.

Pests and diseases in the nursery

Various pests and diseases occur in the nursery resulting in poor establishment in the field and also
causing spread of pests and diseases to newer areas. The important diseases affecting nursery plants
include Phytophthora infections, anthracnose, leaf rot, basal wilt and viral diseases. Phyrophthora
infections can be managed by raising the plants in sterilized soil, spraying Bordeaux mixture 1% and
drenching copper oxychloride 0.2% at monthly intervals. Altematively, metalaxyl 0.01% or potassium
phosphonate 0.3% could also be used. Biocontrol agents such as VAM @ 100cc/kg of soil and T
harzianum @ 1 g/kg of soil and P, fluorescens (I1ISR-6) @) 1 g/kg of soil may be added to the nursery
mixture. Anthracnose, root rot and basal wilt infections can be managed by phytosanitation and spraying
Bordeaux mixture 1% or carbendazim 0.1%. Selection of virus-free healthy mother plants, regular
inspection and removal of infected plants and monitoring of the nursery for insects and spraying with
dimethoate 0.05% helps in prevention of spread of viral diseases.

Infestations of plant parasitic nematodes such as M. incognitaand K. similis are common in nurseries.
For management of nematode infestation, the nursery mixture should be sterilized by solarization and
fortified with biocontrol agents such as Pochonia chlamydosporia or T harzianum @ 1-2g/kg of
soil. A prophylactic application of phorate 10 G @ 1g/bag or carbofuran 3 G @ 3g/bag is also
necessary to check the nematode infestation if serious.

Insect pests such as leaf gall thrips, scale insects, gall midge and mealybugs are common in the nursery
and can be managed by spraying dimethoate 0.05%. Colonies of root mealybugs occur at the basal
portion of the stem under the soil and on roots causing yellowing, wilting and mortality of cuttings. The
pest infestation can be controlled by drenching chlorpyriphos 0.075% and by undertaking control
measures against Phyfophthora and nematodes.

Future thrusts

Though considerable advancements have been made and technologies developed for the management
of pests and diseases, they continue to affect the productivity of the crop in the country. Hence, emphasis
should be given on the following aspects for a holistic management of pests and diseases.

. Development and utilization of diagnostics for management of pests and diseases
. Characterization and conservation of pathogens and biocontrol agents of pests and discases

. Breeding varieties with resistance to pollu beetle, Phytophthora, nematodes and viruses
by conventional and biotechnological approaches
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. Development of sustainable [PM strategies including cultural methods, resistant lines, biocontro)
agents, botanicals, microbial metabolites and need-based application of pesticides

. Developing strategies to manage new and invasive insect pests and discases
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K P Mammootty, VP Neema & P Jayaraj
Pepper Research Station, Kerala Agricultural University, Panniyur, Kerala

Black pepper (Piper nigrum1..) is one of the key crops, in which India has an inherent strength to
dominate the global markets, Recorded history elucidates the extreme fascination of the rest of the
world for this fabled wealth of India. In spite of the conducive agroclimatic situations prevailing in our
country, it is paradoxical that the productivity of the crop in India is no way near to the world average.
Many reasons are atiributed for this situation. Diseases confinue to be the main production constraints
in India. In India, 17 diseases caused by fungi, bacteria, viruses and mycoplasma are known to affect
pepper. However, Phyrophthora foot rot and slow decline diseases are most important because of
their severity. Anthracnose and stunted diseases which were of minor importance are on the increase in
recent times. In India, major research work is carried out on Phytophthora foot rot and slow decline
discases.

A. Phytophtiiora foot rot

This disease was earlier known as quick wilt and later it was renamed as Phyfophtfiora foot Tot. In
India, the disease was known as early as in 1902. But, it was reported that the causal organism of wilt
of black pepper as Phytophthora palmivaravar. pipering during 1966 anly. Crop loss of upto 25-
30 % in Kerala and a loss of 44.64 - 48.24 % of vines in Karnataka is reported due to the disease.
Careful examination of large number of Phytophthora isolates from black pepper world wide revealed
that a great majonty of these isolates produced long pedicellate, caducous sporangia and were identified
as Phytophthora capsici Leonian, emend. A Alizadeh and PH Tsao.

Symptoms

Phytophthora capsici infect all parts of the plant and cause severe economic damage. First visible
symptom on leat and stern 1s noticed 24 to 48 hours and two to five days respectively after the inaculation.
Fully developed lesion has a dark brown necrotic centre, plesionecrotic boarder surrounded by yeliow
halo. The vellow halo is not naticed during prolonged wet and humid conditions. Under these conditions
the lesion is uniformly brown in colour. Infection eccurs on younger leaves than matured leaves.
Development of flaccidity, drooping, yellowing and defofiation of leaves are the marked symptoms
during the progress of the disease when the pathogen is infected on stem and branches.

Infection on runner shoots (Stblons) leads to the stem and collar infection and cause the sudden wilting
of the vine. Infection on spikes canses blackening of developing fruits and peduncie {eading to spike
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shedding. Inmitial infection on roots and collar regions are same as that noticed on leaves and branches.
jpfection on roots and collar is fatal. Infection on fine roots slowly progress to feeder roots, causes
their rotting and degenerations resulting in flaccidity, yellowing, defoliation and the entire vines will be
dried within short pertod, depending upon the age and health of the vines. If the infection reaches the
collar, either through the runner shoots or through roots closer to the soil tevel, plants show only wilting
symptoms, whereas infection reaching the collar through roots of the lower nodes leads to yellowing
and defoliation before succumbing to the infection. Such plants may remain alive for 2-3 years.

Epidemiology

Intensity of the disease incidence was maximum in July (39.08%) when rainfall, number of rainy days
and relative humidity were high. Increase in amount of rainfall, number of rainy days and relative humidity
and lower temperatures had significant positive correlation with the disease and were conducive for
higher incidence of the disease as these factors favour disease initiation, development and spread.

Studies in an arecanut-pepper mixed cropping system showed that a combination factors such as daily
rainfall of 15.8 - 23.0 mm, temperature range of 22.7 — 29.6°C, relative humidity of 81-99 per cent
and sunshine 0 2.8 --3.5 h/day favour the spread of aerial infection. The pathogen activity inthe soil is
confined to the wet monsoon period and depends on availability of soil moisture. The weather conditions
during monsoon along with high soil moisture (>25%), temperature ranging from 22-29°C and relative
humidity >80 per cent are favourable for rapid multiplication of the fungus. Growthof the host indirectly
influences the pathogen by the increased root exudation and availability of more susceptible tissues for
colonization. Arecanut, rubber, cocoa, coconut and cardamom can serve as collateral hosts of
Phytophthora sp. infecting black pepper.

Survival

Contaminated soil is the main source of inoculum. The inoculum survives in the soil upto 19 months in
the absence of host plant. The pathogen is concentrated onthe swrface (0-30 ¢m) and it gets
reduced as the distance and depth increases from the source of diseased plant. The survival structures
of P, capsiciin the soil are chlamydospores and thickened mycelium. Addition of organic amendments
to the soil promote growth of saprophytic organisms which in fumn reduce the population of P. capsici.
Both initial occurrence and subsequent spread of the disease followed strictly a nonrandom pattern
and the infection clustered around the previousty infected plants, The foliar infection spreads within the
bush through rain splashes from the Jower portions to upper portions whereas, spread to the adjacent
plants is through both rain splashes and also through wind blown water droplets.

Disease resistance

1dentifying the source of resistance becomes imperative for the effective and long term control of the
disease. Black pepper accessions P24 and P 1352 were found to be field tolerant to P capsici. Study
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conducted at [ISR, Calicut showed that P colubrinum is highly resistant to £, capsici. Several O.p.
progenies of Perambramundi, Kalluvally, Cholamundi and hybrids involving Panniyur | x Karimunda
and Narayakodi x Neelamundi have recorded tolerant reaction. Narayakodi, Kalluvally, Balankotta,
Neelamundi and Cholamundi were also tolerant. Screening of genotypes at K AU revealed that Kalluvally
T and Panniyur 5 had minimum infection,

Among the biochemical parameters studied, P colubrinum the tolerant type, registered highest content
of total phenol, reducing sugars, total free amino acids and higher activities of peroxidase and polyphenol
oxidase enzymes. The susceptible genotype Panniyur 1 was marked by low O phenols, reducing
sugars, total free amino acids, peroxidase and polyphenol oxidase activities and high glucanase and
IAA oxidase activities. The tolerant genotype Kalluvally registered medium values for total phenols,
reducing and non-reducing sugars, total free amino acids and enzymes like peroxidase, glucanase and
polyphenyl oxinase. However, the content of OD phenol was high and {AA oxidase activity was low in
Kalluvally. Activities of peroxidase, catalase and esterase were also high in tolerant cultivars. Tolerant
types expressed higher content of defense related enzymes likc phenylalanine ammonia lyase and PR
proteins. Anatomical differences were also noticed between tolerant and susceptible genotypes.

Disease management
Chemical control

Studies conducted at Pepper Research Station, Panniyur on the efficacy of different methods of
application of Bordeaux mixture (BM) indicated that premonsoon pasting with 10 % BM coupled with
1 % BM spray during May - June, July- August and September- October are required for managing
foot rot of black pepper. Evaluation of eleven fungicides against foot rot by KAU revealed that,
Redomil, Cuman, Kitazin, Thiride, Bayer 5072 and Emisan were effective at concentrations of 1000

and 2000 ppm. However treatments with BM were most effective.

With the advent ot highly effective systemic fungicides in the seventies, the chemical control of diseases
caused by oomycetous fungi has taken a new tum. Among five systemic fungicides evaluated, i.e.,
metalaxyl, fesetyl- Al, ethazole, propamocarb and oxadixyl, ethazole and metalaxyl were the most
10xic to mycelial growth of the fungus. Ethazole followed by metalaxyl, fesetyl- Al, and oxadixyl were
effective in inhibiting the sporangiogenesis. Though fesetyl- Al was less toxic to mycelial phase of the
pathogen, it showed good ability on sporangial production and also on spore germination. Metalaxyl
was readily taken up by the pepper plants and its systemic activity was noticed even one hour after the
application. Its inhibitory effect persisted in the plants for 50 days. Severa)l formulations of metalaxyl
such as Ridomil granules and Ridomil- Ziram have been reported to be effective against foot rot of
pepper. Studies conducted at ISR indicated the efficacy of potasstum phosphonate (Akomin) both as
foliar spray and soil drench in checking the Phytophthora infection. Maximum reduction of foliar
infection was noticed four days after the treatment with Akomin. Treatment schedule i.e., spraying and
drenching of BM, Ridomil (0.1%) and Akomin (0.2%) was suggested for managing the disease effectively.
Efficacy of metalaxy! gold and Akomin in managing Phytopfithora foot rot in black pepper is also
reported.
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Cultural Control

Provision of good drainage

provision of good drainage condition would reduce the severity of infection since the pathogen is
spreading through water. Population build up of P. capsici is dependant on weather and is positively
correlated with soil moisture.

Growing cover crops

Cover crops are generally recommended to reduce the spread of Phytophthora diseases. Cover
crops reduced the movement or spread of contaminated soil in a garden through surface water and rain
splashes and might increase the activity of antagonistic microflora which reduced the rot in black pepper
gardens. But increased population of £, capsici with weed than without weed calls for clean cultivation.

Phytosanitation and eradication

Use of disease free planting material is the first step towards the establishment of healthy crop. So
utmost care should be exercised while collecting source material for nursery. The infected tissues produce
profuse sporulation of the fungus which forms dangerous source of inoculum for further spread of
discase. Hence their removal would help in arresting and at least reducing the rate of spread of
infection. :

Shade regulation

Canopies of live standards may generate ideal climatic situation for multiplication of P capsici. So
lopping of branches during rainy season is essential to facilitate better sunlight and redvction of relative
humidity in the garden which in turn reduces the leat wetness besides increasing the temperature within
the garden.

Use of beneficial microorganisms

Incorporation of Azospirillum enhanced rooting and growth of black pepper. VAM inoculation has
been found to enhance rooting, growth and suppress the root damage caused by P, eapsici. Different
1solates of VAM tested against P, capsici isolates Is-6, Pi-11, Pi-9, G fasciculatum and Gigaspora
nagarita were very effective in stimulating the growth and nutrient (P, K, Ca, Mg, Cu. Fe, Mn and Zn)
uptzke of black pepper. Glomus fasciculatum recorded the lowest mortality and foot rot index
(33.35% and 62.50%) as against 100 per cent mortality and 98.50 per cent rot index noticed in
control,

Biological control

Trichoderma species and Gliocladium virens were the best among the several isolates of antagonistic
fungi tried against P capsici. Isolation and identification of microorganisms, antagonistic/hypersensitive
10 P capsici in black pepper plantations of Kerala and Karnataka showed the predominance of T,
viride, T harzianum. T. hamatum and Gliocladium virens. Combined application of T, karzianum
and Alcaligenes sp. are effective in reducing the incidence of P. capsici and enhancing the plant growth.
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Integrated disease management (1IDM)

Since any single method would be of little effect 1o control the disease, an integrated approach woulq
be an ideal strategy to tackle the complex and serious soil borne plant pathogens in many of the
economically important crops like black pepper. Nursery hygiene, phytosanitation and other cultura)
practices, chemical and biocontrol measures coupled with host resistance are imiportant components of
IDM, that would reduce the cost and pesticide/fungicide load to the environment.

Use of disease free planting materials, resistant cultivars, cultural practices and timely use of fungicides
is very essential for reducing the Phyrophthora infection in black pepper. Fungicidal application against
P, capsici coupled with the addition of neemcake @ ) kg/vine and AMF propagule boosted the plant
growth and suppressed the root infection. Spraying of 1 % Bordeaux mixture and drenching with
copper oxychloride 0.2 per cent and foliar spray and Ridomil Mz/Akomin 40 {0.3%) and application
of biocontrol agents prevent the build up of £ capsici in black pepper. Spraying and drenching metalaxy]
(2.5 g/1) and application of Trichoderma sp. registered more than 75% control of Phytophthora foot
rotin black pepper.

Both nematodes and foot rot discases can be effectively managed by neemcake and phorate application
in 501, drenching and pasting Bordeaux mixture before the onset of monsoon and Akomin (0.04%) &
Ridomil Mz (100ppm) as spray and drench during the second week of July and September.

A study carried out to assess the level of adoption, diffusion and impact of IDM of Phytophthorafoot
rot diseases of black pepper in Wynad District indicated that after the intervention by ISR, 75 % of the
farmers adopted application of bio control agents and other integrated management practices for the
control of the disease. They reported lower crop loss than those who did not adopt the technology.

B. Anthracnose (fungal pollu)

Anthracnose in pepper is referred as ‘pollu’ disease in India. Later, the disease was named as fungal
‘poliu’ caused by Colletotrichum necator. Later, it was reported that malformation of berries of
black pepper was associated with C. gloeosporioides (Penz.) Penz. Sacc.

The initial symptom on leaves, tender shoots and berries is chiorotic specks and only physiologically
active leaves are infected. A well developed circular leaf spot is noticed under dry condition. Pedicel
infection causes the shedding of spike. The infected berries become dried, shriveled, dark in colour
and light in weight. Infection on matured berries causes cracking of the rind,

The intensity of leaf infection was positively correlated with number of rainy days and total rainfalt. The
berry infection commences during the later part of the South-West monsoon period. Mature berries
get more infection than immature berries. The severity of the disease vary causing 1.93 ~9.54 per cent
spike shedding. Highest incidence of fungal pollu was recorded in Panniyur 1 followed by Balankotia-
Vellanamban I showed no infection.
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Piscase management

pre-monsoon prophylactic Bordeaux mixture spray against Phytophthora check this disease also.
Two rounds of Bordeaux mixture (1% spray) prior to flowering and one after berry formation was
offective in checking fungal ‘pollu’. Difoltan, Boyleton and Kavach were also found suitable to control
the disease.

Nursery diseases

Black pepper is propagaied vegetatively through cuttings. Nursery diseases act as the major constraint
in the production of quality rooted cuttings. Further, the conditions provided in the nursery for better
growth and establishment of cuttings are ideal for the development of nursery diseases. Another alarming
factoris that if cuttings from infected nurseries are planted in the main field, the diseases are also cammied
to the field resulting in their wide spread occurrence.

Phytophthora foot rot : The symptom on leaf branch, stem and root was same as described in the
soain fietd.

Colletotrichum rot ;: The symptom and rotting in nursery is similar to that of leaf and stem rots in the
main field. Stem infection due to colletotrichum was very rare. The symptoms usually develop near
the nodal region of the newly formed tender shoots. Severe infection results in yellowing of newly
formed leaves which later defoliate and such infected stem may sometimes get detached at the nodal
region.

Rhizoctonia rot : The pathogen produced symptoms both on leaves and stem. Fungal growth and
also blackening of the bark and brownish exudation near collar region, drooping and drying of leaves
10-12 days afier inoculation are the symptoms. Heavy shade and high frequency of irrigation in pepper
nurseries were favourable for infection by R. solani

Sclerotium rot : In nursery, Sclerotium rolfsii was found to infect both leaves and stem of pepper
cuttings. On stem, infection was more at the cotlar region. The main detectable sign of this disease was
the appearance of whitish mycelial growth and the infected ones collapsed within 5 days.

Survey conducted on nursery diseases in Kerala for four years revealed four major diseases i.e.,
Phytophthora foot rot (2 capsici), Colletotrichum rot (Colletotrichum gloeosporioides),
Rhizoctoniarot (R. solaniy and Sclerotium rot (S. rolfsii). Incidence of diseases varied with different
locations during different seasons. Among the diseases, Phytophthora foot rot was most predominant.
Pepper nursery raised under HDPE sheet was frec from all the diseases during the survey. Vellanamban
L, alocal cultivar, did not take up the infection of C. gloeosporioides. Cuttings planted during February-
March had better sprouting and growth, in addition to less disease incidence.
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Disease control

Pepper being the perennial crop, production of disease free planting material is the first step in disease
management. The disease management strategy include collection of disease free planting material,
disinfection of nursery mixture and an integrated contro} measures. Dipping the cuttings in fungicides
before planting, shade regulation in nurseries, disinfection of potting mixture by using fimgicides or
through solarization before planting, use of methyl bromide fumigated soil efc. are reported in managing
the nursery diseases.

Nursery diseases caused by X. Solani, Pythium species, C. gloeosporioides and S. roffsii, could be
controlled by timely application of Bordeaux mixture. Copper oxychloride (0.2%) or spraying with
Ridomil MZ at monthly intervals also gave good control of these diseases.

Solarization of nursery mixture for 3045 days was effective in managing the diseases in pepper nursery.
Studies revealed that solarization reduced pre sprouting mortality and and reduced the incidence of
disease in pepper nursery.

Bordeaux mixture one per cent, drenching copper oxychloride 0.2 per cent, and foliar spray of Ridomil
MZ/Akomin 40 (0.3%) and application of bio control agents to prevent the disease build up are
recommended. Solarization of nursery mixture with addition of neemcake and timely application of
fungicide under 50 per cent shade reduced the disease incidence in black pepper nursery. Solarized soil
(30 days solarized), TFichoderma viride incorporated and Fytolan drenched treatments were highly
effective in managing the Phyrophthora foot rot in black pepper. Maximum sprouting per cent of
cuttings and minimum disease incidence was noticed in treatments of soil solarization for 30 days, 7.
harzianum alone followed by the treatrnent as per package of practices of Kerala Agricultural University.
To sum up, nursery hygiene, phytosanitation and other contro! practices, chemical and bio control
measures coupled with host resistance are important in managing the nursery diseases.

¥Yiral diseases
Stunted disease

This discase is also termed as little leaf disease. This disease is found in all pepper growing tracts of
Kerala and Kamataka. Up to 100 per cent incidence of this disease was recorded in certain plantations
of Kozhikode and Wynad districts, ELISA tests indicated the disease is caused by cucumber mosaic
virus (CMYV). The association of badna virus with disease affected black pepper was established. The
virus was transmitted from diseased to healthy black pepper plants by grafting and mealy bug (Ferrisia
virgata). Citrus mealy bug (Planococcus citri} commonly found associated with black pepper was
shown to transmit badna virus. The disease is characterized by vein clearing, scattered chlorotic flecks
followed by chlorotic mottling along veins leading to intervenal chlorosis and curling of leaves, In few
cultivars, vein banding, vein thickening and green island -like symptoms are also seen. Incidence was
more severe in Karimunda. Yield loss due to the disease varied from 16- 85 % in Kodagu District of
Karnataka. Disease can be managed by rouging of infected vines.
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Phyllody disease

First recorded in Wynad District of Kerala, the etiology is yet to be understood. The spikes and flowers
of the affected vines are malformed into leaf like structures instead of normal flowers. The stock of the
affected spikes are elongate, the leaves become smaller and show chlorosis. Removal of the disease
affected vines to check further spread is the only way to manage the disease.

Ractenial leaf spot (Xanthomonas compestris pv betilicola, red rust (Cephaleuras mycoidea), thread
blight (Pellicularia filamentosa), stump rot (Rosellina bunodes), velvet blight (Septobasidium spp)
are some of the other diseases found in pepper gardens.
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Towards sustainable management of black pepper nematodes

Santhosh J Eapen & Rashid Perver
Indian Instiue of Spices Research, Calicut - 673 012. Kerala.

Introduction

Most of the black pepper growers of the country are smaliholder fanner.s using traditional meth(;::tljn

raditional agriculture, practices have evolved that can reduce the incidence and damage 03}1 ; };
Pests and diseases. The occurrence of a serious nematode problem is often one of the f,lrSt " ;:a mr}[

that a farming sysiem has become unsustainable. However, nematodes are rarely p?r.cewci'tod t;p: ;12

by many agricultural scientists or developmental personnel and, therefore, not surprl‘Slﬂ.g t((j) ind tha
armer’s perception of nematodes or other unseen organisms as pests is also very fimited.

Nematode problems in black Pepper

Though, plant parasitic nematodes belonging to 30 genera and 54 species were' reporteq on l::lac;
pepper all over the world, only 14 genera were found in association with the cropin ﬂ-le n}:‘] z:)p hI:JIl)us
growing areas in India, Among these, only a few species like Meloidogyne :.ncogmta,h a ) J o
Similis, Trophotylenchulus piperis, Rotylenchulus reniformis and Hel z.co{y_lenc usedm;ater
predominantly associated with the crop in India. Meloidogyne spp-and K. s imilis assum d' fease o
€conomic importance since these nematodes are responsible for slow decline or yellows di ’
major threat o black pepper cultivation,

Root knot nematode infestation and the incidence of slow wilt disease of blac'k pepper ?Nere r'ep(;ir:){r:i
by Barber as early as in 1902 from Wayanad, Kerala, India. Butler (1 906) in his furthe'r ;n\{lesgigsaease q
onthe disease in Wayanad also reported the association of root-knot nematodes wit ﬂ: e e
vines. But the mortality due to the discase during those days was less than 10%, However, the asonducted
of R. similis with black pepper in India was first reported by D’Souzaet al. in 1970. Survey; e
during the 805 clearly showed the wide spread distribution of many of the above nemgtol'ii: ffected
Pepper 8rowing tracts of the country, [nterestingly, both apparently healthy an'd slo;wz ;)c 1 o e
vines harboyred high populations of nematodes. In India, a minim@ populationo ne

roots was consistently recorded with slow decline affected pepper vInes.

Symptoms and economici
mic¢ importance ) £
. . . . vy tOm 0
Mild to moderate foljar yellowing at different regions of the affected vine is the initial aerial symp

. : i isture in
slow decline disease. With the advancement of the disease and with th.e depletion of §011 rnolif3 e
Summer season, the infected vines show defoliation and die back leading to loss of vigour, y
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finally death of the vine, Plants with root knot nematode infestation exhibit dense, yellowish discolouration
ininter veinal areas of leaves (inter-veinal chlorosis) and varying degrees of galling in roots. Root
penetration by R. similis causes necrotic lesions on white feeder roots of black pepper which merge
and encircle the root cortex leading to disintegration of distal portion of the roots. Pathogenicity tests
with both the nematodes showed that they have the potential to cause significant reduction in the growth
and yield of black pepper vines. Yield lossesranged from 39 10 65 % when pepper vines were inoculated
with R. similes or M. incognita alone or in combinations under simulated field conditions. Interaction
of nematodes with other pathogens like Phytophthara capsici, Fusarium sp. etc. leads to damages
far greater than the sum of the damages, either of the pathogens can produce individually.

Nematode management in black pepper

Perennial crops such as black pepper pose a greater challenge since nonchemical tactics to suppress
the rate of reproduction or disease progress are not yet available. Most of the present day
recommendations for nematode management are good for reducing their initial population density which
may not be ideal for perennial crops. However, the management of nematodes and some other pests
can be achieved in sustainable and subsistence agricultural systems by the integration of different farming
practices. Integrating compatible or complementary tactics, such as host resistance/tolerance and
nematicides with biological control, should minimize potential problems associated with the loss of
efficacy of specific nematicides or the appearance of nematode biotypes that attack resistant cultivars.

Preventing nematode introduction and spread

Worldwide dissemination of R. similis is mainly through commercial crops like banana, They are
disseminated on vegetative propagating material such as rooted cuttings, rootstocks, tubers, and corms.
Planting material infested with the nematode is probably one of the main sources of inoculum in new
land.

Use of nematode-free planting material

Using planting materials from known, nematode free sources and selecting healthy propagating materials
without symptoms of nematode infestation are important for successful management of nematodes. The
farmer can select nematode-free planting material, or can remove the nematodes from the material
before planting, Farmers producing their own planting materials will import fewer nematode problems
into their lands than those who buy them. The improvised methods like bamboo method and serpentine
method are very congental for nematodes than the conventional three-noded cuttings. Stem cuttings of
black pepper can be guaranteed free of root parasitic nematodes provided they are kept separate from
all soil before planting, Tissue culture is another excellent option in a nematology perspective.

Studies have shown that many of the commercial black pepper nurseries, be it under private or public
sector, are ravaged by nematode problems. Farmers recognizing nematode induced symptoms such as
surface cracking, surface galls, watery lesions, necrotic spots, blackened roots, galls as signs of disease
or abnormality generally refrain from using the material for planting. In lightly or moderately infested
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material, nematode infested roots can be removed from planting material by cutting away roots, soil,
and diseased tissues.

Potting soil to be used in black pepper nurseries can be made nematode free by inexpensive methods
like simple heating or drying under the sun during hot dry seasons for a minimum of two weeks. Steam
sterilization and solarization are also recommended for this purpose. The nematode-free potting mixture
can be fortified with some of the biocontrol agents like Trichoderma, Pochonia chlamydosporia,
Pseudomonas fluorescens or any other promising antagonistic bacteria,

Cultural and physical methods

Crop cultivars resistant to nematodes can be the most useful and cheapest means of nematode control
for small-scalc farmers. ‘IISR Pournami’ is a root knot nematode resistant black pepper variety
recommended for cultivation. Recently some lines have been identified as resistant to R. similis. Although
nematode resistant cultivars of crops have been developed for commercial production, relatively few ot
these cultivars are readily available for farmers in India because of flaws in planning and development,
If genetic diversity of crops is present, farmers will select for resistance or tolerance to locally occurring
pests, including nematodes. Exclusion of nematode susceptible intercrops, supports or standards and
weeds can also minimise the nematode infestation.

Uprooting and burning infected root systems kills nematodes present in the soil and reduces the carry-
over populations. Destroying crop residues including roots or lifting roots onto the soil surface is traditional
in many parts of India. Grafting of black pepper high yielding varieties to nematode resistant-root
stocks such as Piper colubrinum is another promising technology to keep at bay the nematode probiems.
The use of organic matter as soil additives is a well-established and ancient agricultural practice used by
small-scale and large-scale farmers alike. Amendments alone improve the nutrients and water-holding
capacity of the soil, thereby improving plant growth and hence increasing tolerance to nematodes.
Higher organic content in soils also stimulates microbial activity and increases the presence and activity
of beneficial soil microorganisms antagonistic to nematodes. Furthermore, the decomposition of residues
results in the accumulation in the soils of specific compounds that may be nematicidal. Sustainable
agricultural systems would be expected to have soils with a high organic contlent. A very extensive range
of amendments using bioproducts and wastes from agricultural and other activities helps to control
nematodes.

Biological control

Traditional farming systems have built-in biodiversity in the soil as well as in crops, and they usually
enjoy a high degree of natural pest control. Several naturally occurring organisms like nematophagous
fungi, endoparasitic fungal parasites, vesicular arbuscular mycorrhizal fungi, the obligate parasite,
Pasteuria penetrans, and predaceous organisms are antagonistic to nematodes. A number of such
antagonistic fungi, which parasitize or prey on nematodes, have been identified from spice based cropping
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systems and further evaluated in greenhouse and field trials for managing nematode pests of spices.
promising among these are mycorrhizal fungi, Paecilomyces lilacinus, Pochonia chlamydosporia,
Pasteuria penetrans, Bacillus spp. and Pseudomaonas fluorescens. Unfortunately, many of these are
effective against root knot nematodes and not burrowing nematodes.

A number of endophytic bacteria that inhibit R. similis under greenhouse conditions have been isolated
recently from black pepper itself. A few of the prominent isolates are Curtobacterium luteum and
Bacillus megaterium. Plant growth promoting bacteria (PGPR) including endophytes, besides offering
protection against phytopathogens, are also good growth promoters, an added advantage for any
practical agriculture system. These bacterial strains may be useful in multi-crop, multi-pathogen
management programmes to augment genetic resistance to plant diseases. Itis evident that rhizobacteria
could possibly serve as ecofriendly and sustainable alternative to the hazardous chemicals used for
growth promotion and management of crop diseases.

Microbial agents occurring naturally in agricultural soils and that can be encouraged to proliferate hold
the greatest potential for nematode control, especially by sustainable practices. Natural biological control
in farm soils can also be encouraged by reduced tillage, generally more effective in conserving beneficial
antagonists of nematodes than is intensive cultivation. Maintaining soil moisture and improving the supply
of nutrients increases root growth, which partly compensates for damage by nematodes. Mulching with
some of the leaf residues of Ghyricidia and agricultural wastes also helps to maintain nematode population
under the threshold levels.

Depleting biodiversity

The reduction in crop diversity and the trend towards genetic uniformity invariably increase problems
associated with nematodes, soil degradation, and food insecurity. Large scale introduction of high
yielding lines like Panniyur 1 has resulted in irrecoverable loss of traditional local cultivars that had
better resistance to nematodes. Long-term stability derives partly from a multiple cropping system and
partly from the cultivation of mixed cultivars to minimize nisk. The tendency toraise black pepperasa
monocrop or sole companion crop of coffee or arecanut also should be checked as a long term strategy
to deal with nematodes.

Multiple cropping systerns are still the norm for traditional and subsistence farmers in the tropics. Although
sometimes regarded as primitive, most trapical crop combinations are more productive and efficient
than the related pure stands. Multiple cropping systems can reduce nematode populations and the
damage caused to various crops. Traditional and sustainable agricultural systems have considerably
greater genetic diversity because of the availability a large number of cultivars of domestic crop species.

Conclusion

Black pepper cultivation is seriously threatened by damage by plant parasitic nematodes. The growers
are not aware of the gravity of the situation. Large scale distribution of infested planting materials,
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changing cultivation practices and ultimately the climate change are favouring the nematodes and notthe
crop. In this context, there needs to be drastic change in our approach towards nematode management.
A sustainable model for managing this menace in black pepper nurseries and plantations is proposed
ba_sed on the experimental leads of last three decades (Figs. 1 & 2). However, managing themin an
?ms{ing garden is a difficult proposition and nematicides may be the only option. The proposed model
is ecologically sound, environment friendly and should be economically feasible. It calls for some strategic
deviation from the currently advocated practices in black pepper cultivation.
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Fig. 1. Schematic model for management of plant parasitic nematodes in a black pepper nursery
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Fig. 2. Management of plant parasitic nematodes in a black pepper plantation (new planting)
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Black pepper is one of the major spices of India, especially in the southem states, with Kerala being the
prime state in area and production (www.indianspices.com). Legend has it that when Vasco de Gama’s
disciples took pepper vines on board their ships for planting, the erstwhile Zamorin of Calicut remarked
to his minister Mangattachan, that without the torrential rains of thiruvathira, commercial production of
pepper was impossible. Today, however, insects attacking pepper have a limiting role in pepper
production. Both the pepper nursery and the main field are affected by insect pests. Black pepper
being a much exported produce, does not allow heavy insecticidal management in the main field.

However, the nursery can have the liberty of some pesticidal control, Hence the pests of main field and
nursery are being described separately. '

Major insect pests in the main field
The pollu beetle: Longitarsus nigripennis Mots. (Chrysomelidae: Coleoptera)

This flea beetle is probably the most destructive pest of pepper berries, limiting its production. Polluin
Malayalam means hollow, and the beetle derives its name by its habit of making the berries hollow.
Incidence of the pest has been recorded at a lower level (5- 10 per cent) in the higher altitude of Wynad
or above 900 m above MSI. (Devasahayam 1992a) and higher (20-32 per cent) in the plains
(Premkumar & Nair 1984). Estimates of losses due to the pest range from 6-40 per cent (Prabhakaran
1994). Though the adult beetles can feed on the spikes, leaves and tender shoots, damage by them is
only marginal and intended only for survival. They cause holes on the leaves and scraped and dried
black patches on the plant parts. Significant yield loss however is due to the grubs.

The minute adult beetles measuring approximately 3x2mm are black or bluish black on the elytra and
with a yellowish head. The legs and abdomen are brown with the hind femur enlarged. Description of
the species, biology and morphology are given by Maulik (1926); Premkumar (1980); Babu (1994).
The adult females lay single eggs or rarely 2-3 eggs on the developing berries or spikes in a hole
scraped by the female. After an incubation period of 3-8 days, the eggs hatch into creamy white or
yellow grubs that typically eat away the internal contents of individual berries. There are three larval
instars during which the grubs finish off 3-4 berries, coming out of the berry when the contents are fully
eaten up. This causes the drying up of 3-4 adjacent berries to become hollowed. Consequent to the
attack the berries turn yellowish, then brown to black and later fully dry up, while the whole spike is still
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maturing. In some cases, when the grubs bore into the central rachis of the spike, the whole spike distal
to this point dries up. All affected berries will crumble when pressed. This type of feeding causes ahigh
percent of yield loss than when individual berries are eaten up. The insect prefers shaded conditions for
its development and hence the damage is more in areas of higher shade in the plantation and in plantations
with standard trees producing higher amount of foliage and shade. When the grubs are fully grown,
within a period of 20-40 days, they fall to the ground and pupate in the soil for 6-8 days (Nair &
Visalakshi 1999). Emergence occurs periodically, depending upon successful completion of the different
broods. A generation may be completed in 30-60 days, depending on the ambient weather, availability
of food and the susceptibility or resistance regime of the variety being attacked. Consequently, during
the berry maturing secason from May to December, there can be 3-4 overlapping generations. During
the period December to May when no berries are available for feeding, there 1s a reduced adult population
that survives by nibbling on the leaves and other soft plant parts. Stray egg laying and perpetration of
the species might occur on other parts of the plant during this period. Population build up starts with the
commencement of the pre-monsoon showers in April -May and the consequent emergence of spikes
on the plant. Food ambience during the rainy period causes development of further broods and population
dwindle after the cessation of the monsoon rains and increase in temperature. The correlations of
population build up with weather have been described by Premkumar & Nair (1984).

Management practices for pollu beetle

Before recommending management practices for po/lu beetle in pepper, it is desirable to consider the
plantation health in totality and visualize IPM for the plantation rather than individual pest control. A
comprehensive [PM treatment is suggested at the end of this paper encompassing all the pests rather
than treating individual pests in isolation.

Management of pollu beetle warrants chemical control when the beetle attains pest status. Three
rounds of spray during May, July and September is recommended by Nandakumar ez al. (1987). The
Kerala Agricultural University suggests a two spray schedule, one at spike initiation and the second one
month later, with a third need based spray in the third month (KAU 2007).

Top shoot borer: Cydia hemidoxa Meyr. (Tortricidae, Lepidoptera)

The top shoot borer is a pest in the nursery and young plantations in the initial years. [t is debatable
whether this pestis a blessing in disguise, at least in low infestation levels, since attack by the pest
initiates development of new shoots from axillary buds.

The adult is a small beautiful moth with a wing span up to 15mm. The basal region of the wing is
yellowish and the distal half crimson red with black wavy markings, the forewing being folded rooflike
in the resting posture. The hindwings are grey. The caterpillar when full fed is 12-14 mm long and is
grayish green (Nair & Visalakshi 1999).The larvae bore into the terminal shoots and eat up the internal
contents. The larva is capable of completing its life cycle within a single internode. There are five larval
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instars lasting upto 14 days. Pupation is in the larval tunnel extending about 8-10 days. The attack
causes the affected terminal tips to dry up. Infestations are heavy during the main flushing seasgp,
commencing with the onset of monsoon and continues until no more top shoots or terminal shoots are
produced. The larvae are parasitized by Apanletes sp., Euderus sp., and Goniozus sp. Apanteles
cypris and a mermithid Hexameris sp. (Devasahayam & Koya 1993b; 1994b).

Management

The pest is not managed by chemicals in isolation, since sprays against pollu beetle would manage this
pestalso. Another reason 1s its low occurrence and ability to induce axillary shoots in the attacked
vines.

Marginal gall thrips: Liothrips karnyii{Bagn.) (Thripidae, Thysanoptera}

This pest has been described as a serious problem in high altitudes with a significant positive correlation
of pest incidence with altitude (Devasahayam 1992b). Thrips attack on the leaf, however 1s omnipresent
in all pepper tracts in the plains also. The attack is initiated on the tender leaves and heavy occurrence
coincides with the pre-monsoon and monsoon periods, when large number of new leaves is put up.
The leaf margins curl downwards and inwards, allowing a concealed feeding site for the thrips. Egg
laying of the first brood is on the margins which causes hypertrophy and aided probably by the thrips
secretions, folds to the underside, causing the galls. This allows further concealed feeding sites for
colony development. Eggs hatch in 6-8 days, into light brownish thrips that pass through one more
nymphal, pre-pupal and pupal instars spanning 13-18 days to become black thrips. The folded margins
mitially show yellowing, and later blackening and crinkling. The margin becomes malformed, chlorotic
and galled. Only in the case of very young vines and even there, only in severe infestations, the pest
causes serious concern. Studies correlating infestation with direct yield loss does not seem to be
available. As such, even though this is a pest in all pepper tracts, it is not a significant one, since only the
leaf is affected and that too only at the margins.

Management

There are many natural enemies including Montandoniola moraguesi, an anthrocorid bug and a
predatory thrips Androthrips flavipes, a member of Phalacothripidae that prey upon the juveniles of
the thrips. However, insecticidal management specifically for thrips is not necessary. Application of
dimethoate 0.05% on new flushes or malathion 0.1% or fenvalarate {Devasahayam 1989; 1990;
Vivekanandan ef al. 1981) is recommended, but any of these for pollubeetle and /or top shoot borer
as the first spray would manage thrips also.

Scale insects
Mussel scale: Lepidosaphes piperis Green (Diaspididae)
Soft scale: Marsipacoccus (Lecanium) marsupialis (Green) (Coccidag)

Coconut scale: Aspidiotus destructor Sign (Diaspididac)
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Scale insects, especially the musscl scale, has become serious pests in pepper nurseries and small
plants as in bush pepper. The pest is more sertous since their infestation is not easily recognized by the
farmer due to the sedentary nature and also because of their camouflaging colour.

L. piperis, the mussel scale almost fully covers the main stem of young vines and lateral branches. They
are also seen on the undersurface of mature leaves and also cover the berries fully. The main damage to
the crops is by the sap sucking by the pests which causes devitalizing of the young vines. Asa
consequence, they dry up. The scales also infest the undersurface of leaves, but is limited to a few
leaves only. In high altitudes, they also attack the berries. These berries are ugly to look at close range
and of low or little market value. When the berries mature, they can be seen as oval dark grey scales
sticking on the berries in large numbers. Initially they cause yellowing of the berries, but even after
drying the berries are crinkled and malformed. This scale can also attack cassava and P attenuaium
(Pillai 1994).

Aspidiotus destructor, the coconut scale, is also seen attacking the leaves in large numbers, causing
yellowing and chlorotic paiches on the leaves. This is highly polyphagous and attacks more than 20
economically important crops.

Management

This assumes importance for mussel! scale control especially in nurseries. Here, there is no altemative
10 chernical control, since drying up of cuttings cannot be allowed, Chlorpyriphos 0.075% or dimethoate
0.05-0.1% depending on the intensity of attack can be sprayed. It is necessary to apply the insecticide
along with teepol or sandovit (@ 5 ml per litre for easy penetration of the waxy layer of the scales, even
when systemic insecticides are used, since many of these has an added contact and/ or stomach action
also. For managing A. destructor; which is mostiy on the leaves, the normal sprays against other pests
may be sufficient.

Mealy bugs
Planococcus sp. (Pseudococcidac)

Ferrisia virgata CKll. (Pseudococcidae)

These are pests of pepper that have assumed importance recently. Both the species attack the leaves,
shoot and berries. Planococcus is also the root mealy bug, which causes yellowing and drying up of the
vines in nursery and in young plantations. The root mealy bug is not easily detected and is hence not
easy to manage. Colonies of the root mealy bug infest the basal portion of the stem under the soil and
also the roots and extensively desap from the tissues. They do not move actively, even though they are
not entirely sedentary. Desapping leads to yellowing of the plants initially and later cause wilting and
mortality of vines. Nine species of the mealy bugs have been reported to infest pepper (Koya er al.
1996)
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During recent years, mealy bug infestation has become widespread on the berries also causing reduction
in quality of the produce. Even during harvest, the body parts remain on the berries, which contaminate
the dried produce.

Management

The root mealy bug is a pest that is difficult to manage, since it is below the soil and usually undetected
until the vines dry up. When the vines start yellowing, drenching with 0.075% chlorpyriphos should be
done. It is most essential to drench sufficient spray fluid. Addition of surfactants like teepel or Sandovit
or soap solution @ Sml/ per litre drastically improves efficiency of control.

For berry attack, the addition of soap/surfactant to the third round of spraying directed against the
pollu beetle, during September takes care of the mealy bug also.

Vine borers
Diboma procera (Cerambycidae: Coleoptera)
Pterolophia griseovaria (Breuning Cerambycidae: Coleoptera)

P annulata Chevr. (Cerambycidae: Coleoptera)

These infest the vines and feed on the central core. The faecal matter and frass is seen as chewed up
tissues inside the dried vincs. The attack is severe during the summer months, but initiated during the
post monsoon itself. The grubs pupate inside the vines and come out, making an exit hole on the vines
(Ranjith et al. 1991).

Field sanitation by systematic collection and destruction of the vines is necessary against the pest.
Since the grubs are semi saprophytic, leaving the collected vines in the field without burning them does
not cause death of the grubs. Trash buming of the dried vines is thus very important.

Gall midges: Cecidomyia malabarensis Felt. (Cecidomyiidae: Diptera)

This is an emerging pest both on the leaves and vines. The leaves are damaged in characteristic pattern
initially in spots and later yellowing. The vines show galling. The galling of vines can cause reduction in
growth of the vines and also reduction in yield. At present levels of infestation, chemicals directed
against other pests could be sufficient against this gall fly aiso.

Miner pests

There are many minor pests in pepper which are not economically important but are potential pests.
But on very scarce occasions they become important, producing a scare and media coverage in mass
media. Foracomplete and more comprehensive review, refer Devasabayam (2000); Devasahayam
(2006).
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Grasshoppers: Feed on the Jeaf lamina causing irregular large feeding holes and patches.

whiteflies: The spiraling whitefly Alenrodicus dispersus Russel and the tobacco whitefly Bemisia
tabaci (Genn.) accumulate in large numbers on the underside of fresh leaves, without causing any
appreciable damage.

Bugs: The stink bugs Cyclopelta siccifolia westw has been described on pepper (Mathew &
Sudheendrakumar 1991), but are usually pests over wintering beneath the vines on the shade trees like
Erythrina (Ranjith ef al. 1992), but can interfere in the harvest by causing nuisance.

Root Grubs: Holotrichia fissa Brenske and Leucopholis burmeisteri Burm. can feed on the rootlets
in the nursery and young plants causing yellowing and drying up of plants.

Flea Beetles other than pol/u beetle: There are many flea beetles, the adults of which feed on the
young leaves usually in the dark, that leave small holes on the leaf.

Leaf feeding eaterpillars: Caterpillars are rare on pepper, except stray incidence of Spodoptera
litura F., Syregia sp., Latoia lepida Cram. and Cricula trifenestrata Helf, (Gautam 1980; Fletcher
1914, Ayyar 1940)

Insect pests in the nursery
Root mealy bug: Planococcus sp. (Pseudococcidae)

The nymphs and adults of this pest desap from the roots causing yellowing, wilting and drying of the
plants. Management is possible by drenching the soil with sufficient quantity of chlorpyriphos 0.075 %,
with teepol or soap at 0.05% added to penetrate the waxy layer of the insect.

Leaf gall thrips: Liothrips karnyi (Thripidae)
The nymphs and adults of this thrips suck the sap from the margins of the leaves causing crinkling and

malformation. The pest is managed by a scheduled spray of dimethoate 0.05 % on the tender leaves.
Repetition of the spray may be necessary every 21 days.

Scale Insects: Lepidosaphes piperis (Diaspididae)

Attack by the scales cause yellowing and drying of infected leaves and shoots of older cuttings. Here,
there is no alternative to chemical control, since drying up of cuttings cannot be allowed. Chlorpyriphos
0.075% or dimethoate 0.05-0.1% depending on the intensity of attack can be sprayed. It is necessary
to apply the insecticide along with teepol or sandovit (@ 5 ml per litre for easy penetration of the waxy
layer of the scales, even when systematic insecticides are used, since many of these has an added
contact and/ or stomach action also. For managing A. destructor, which is mostly on the leaves, the
normal sprays against other pests may be sufficient,
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Root knot nematode: Meloidogyne incognita

The nematode infested cuttings show stunted growth and foliar yellowing. The roots become swollep
and galled. Profuse galling with egg masses can be seen on the roots.

Burrowing nematode: Radopholus similis

They cause root necrosis and rot. Roots show characteristic lesions. Use nematode free cuttings, apply
two doses of phorate /carbofuran @ one g a.i. / vine, and Bacillus macerans@ 10 g/ vine (KAU
2007). Application of nematicides like methyl bromide (fumigation) @ 500 g / ton of nursery soil
mixture under potyvthene cover for 48 hours can check the nematode problem. This has to be carried
out 2-3 weeks before planting the cuttings.

1PM in black pepper

IPM in pepper plantation should consider the reproductive period starting from the pre-monsoon showers
till the harvest time as the firstactivity period and the non-reproductive period as the second activity (or
inactivity) period in the plantation. A total package for IPM in black pepper would encompass the
following

*  Collection and removal of dried up plant parts, dead vines and leaves from the plantation. Heap
these on the borders and bum during the evenings to destroy the over wintering life stages of the
nsects. This will considerably reduce the imitial populations during the berry season. Trash collection
and burning should be completed just before the onset of pre monsoon showers. Since the build
up of heavy population follow a geometric progression, low initial loads cause longer periods to
attain pest loads due to higher success of natural biclogical control, extended life cycle for the
initial broods and phenological asynchrony of host tissues and pest biclogy.

®*  Regulation of shade in the plantation by lopping of branches is to be done just after the pre
monsoon showers, but before initiation of flushing in pepper . This increases the temperature in
the microclimate, reduces hurnidity build up and increase sunlight and photosynthesis for the vines
rather than the shade trees. Pest build up reduces for poliu beetle and also reduces disease build up.

.’ Supplementary planting of damaged or weak stands with vines of resistant or tolerant sources.

. Scales and mealy bugs cause heavy devitalisation of the plants, especially in the nursery and
during the summer months or non-reproductive phase. Higher temperatures prevalent in Kerala
cause loss of vigour for the plants and higher vitality for the pests. Management strategy would
involve the last spray against pollu beetle or an additional spray in endemic areas to be beefed up
by addition of a surfactant like teepol or soap solution for enhancing the effectiveness of the
insecticide spray.

¢ ltisnotnecessary to spray different chemicals against poftu beetle and top shoot borer. A single
spray during the flushing and spike emergence would normally suppress polli beetle, top shoot

Piperaceae Crops - Technologies I Future Perspectives



Insect pest management of black pepper

borer and also thrips. Selection of a chemical like dimethoate with higher residual action and
lower LD 30 for the first spray increases efficiency of management.

¢  Quinalphos is another good option since this insecticide has also proven to have fungicidal effect
(Bhavani 2004)

¢  Thesecond spray can be with endosulfan or a synthetic pyrethroid like fenvajerate. Endosulfan
may help in lower damage to parasitoids or other natural enemies.

e  Cassava, coconut and banana harbour many scales and mealy bugs which also attack pepper,
but when these plants are well cared for, the incidence is low. Removal of left over crop residues
and trash from such intercrops or companion crops should also be strictly followed.

. The third spray when warranted can be with a neem based product, to reduce the residues in the
harvested product.
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Introduction

The Indian coral tree Erythrina spp. (Family: Fabaceae) is native to India and Malaysia. There are
about 110 species in the genus Erythring which have been introduced to various parts of the world as
a shade, ornamental and avenue tree, living fence, wind break and support tree for crops like black
pepper, vanilla, betel vine, efc. Erythrina spp. are also used as fodder and green manure, and for
timber, pulpwood, fibre and dyes. In India, the tree is widely used as a standard for black pepper vines
(Piper nigrum) and as a shade tree in coffee plantations.

The number of insect pests reported on Erythrina spp. in India is less. The tree is attacked by a
cermabycid borer, Remphan sp. which bores into the basal portion of the stem and roots. The psyllid
Terastia meticulosalis is an important pest of foliage. The larvae of the citrus fruit sucking moth
Othreis fullonica also occasionally feed on the leaves. Recently, a new invasive pest, the Erythrina
gall wasp (EGW), Quadrastichus erythrinae (Hymenoptera: Eulophidae) has become a serious threat
to Erythrina trees in the country.

Distribution

The EGW is reported to attack 24 species of Erythring in inany parts of the world. The EGW was
first reported damaging Erythrina sp. in Tatwan in 2003 and Kim et al. (2004) described the wasp as
new species. The presence of closely related species in Africa suggests that the EGW might have
originated in that region. Wasps ofthe family Fulophidae are parasitoids on many arthropods with a few
phytophagous species. Q. erythrinae is the only phytophagous member of the genus. The EGW is now
present in Thailand, American Sarnoa, Guam, Hawaii, Mauritius, Philippines, Reunion, China, Hong
Kong, Japan, Taiwan, Singapore and India. In India, the pest was first recorded on Erythrina spp. in
Thiruvananthapuram District of Kerala (Faizal et af. 2006; Isaac & Pillai 2006).

Damage

The female EGW inserts the eggs into tender leaf and stem tissues of the tree. The larvae, which
develop within the plant tissue, induce the formation of galls in leaflets and petioles. As the infestation
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progresses, the leaves curl and appear deformed while the petioles and shoots become swoilen, forming
many thick-walled globular galls. The larvae pupate within the leaf and stem tissues. Adult wasps
emerge after cutting exit holes through the galls to the outside. Heavily galled leaves and stems result in
aloss of growth and vigour of the tree. Severe gall wasp infestations may cause defoliation and tree
death (Yang ef al. 2004).

Biology

The adults of EGW are sexually dimorphic. The female is 1.4~1.6 mm long and dark brown with
yellow markings. The male is smalier than the female, 1.0-1.2 mm long and pale-white to pale yellow,
Studies conducted by the Hawaii Department of Agriculture indicate a life cycle (egg to adult) of about
20 days. A fermale wasp can carry approximately 320 eggs (Yang ef al. 2004). The adult female wasp
exhibit a preference for depositing the eggs in very young terminal leaves and stems, but not on mature
leaves. The larvae are apodous and creamy white. They develop individually in chambers formed
inside the meristematic tissue. The adults survive for 2-3 days without food while those provided with
honey live for 6-10 days. The sex ratio is about 7 males to 1 female (Heu et al. 2006).

Incidence of EGW in India

In India, the EGW was first recorded on Erythrina spp. in Thiruvananthapuram District of Kerala
(Faizal et al. 2000; Isaac & Pillai 2006). Kore (2006) observed symptoms of the pest infestation on
E. indica in Pune, Satara, Sangli and Kollapur districts in Maharashtra and Belgaum and Dharwad
districts in Karnataka. Rajkumar ef a/. (2007) reported severe attack of the pest on black thorned
Erythrina sp. in Idukki District of Kerala. The incidence of EGW and its extent of damage on Erythring
spp. in major black pepper growing districts of Kerala and Karnataka has been studied recently (Jacob
& Devasahayam 2008). The surveys were conducted in 4 districts and 13 taluks in Kerala and 1
disirict and 3 taluks in Karnataka. The total number of locations and farmers fields covered during the
survey include 97 and 273 in Kerala and 39 and 63, in Karnataka, respectively.

The EGW was present in all the districts surveyed (Idukki, Kozhikode, Kannur and Wayanad districts
in Kerala and Kodagu District in Karnataka) damaging the trees to various levels. £. stricta was free
from EGW infestation through this species was cultivated to a limited extent. The pest infestation on E.
variegata (white form) was very serious, and resulted in malformation of almost all the new shoots.
Death of trees was also very common and the farmers also opined that the attack was more severe on
the white form. Among the districts, highest EGW infestation on trees (59.6%0) and branches (41.4%)
was recorded in Wayanad District. Kozhikode and Kannur districts recorded the towest EGW infestation
ontrees (31.7%) and branches (15.6%), respectively. Among the taluks, the pest incidence on the
trees was highest in Virajpet (Kodagu District) (73.8%) and lowest in Vadakara (K ozhikode District)
(8.6%). Branch infestation was highest in Mananthavady (Wayanad District) (48.6%) and lowest in
Madikeri (Kodagu District) (5.4%).
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Management

Pruning the trees failed to control the EGW in Hawaii. After trimming oft the infested materials, all the
new growth exhibited severe infestation. Trimming or anything that promotes new growth in the tree,
like using fertilizers, appeared to intensify the problem. Application of systemic pestictdes was tried as
a shori-term emergency measure in Hawaii. Bark injection of the systemic pesticide imidacloprid had
some effect in protecting new growth.

Sustainable contro! of EGW can probably be achieved by classical biological control and a few parasitic
wasps belonging to Encyrtidae, Eupelmidae and Pteromalidae were reared from galled Erythring
twigs in Taiwan.

Short-term strategies for the management of EGW in black pepper tracts in India include, application
of phorate 10G in the basins of young trees and spraying imidacloprid (0.006%) on tender flushes of
older trees, These strategies would be more successful if undertaken on a community basis in a large
arca. Along-term strategy would be planting other standards such as Ailanthes malabaricus, Garuga
pinnata, Grevillea roubusta, Gliricidia sepium, etc. for trailing black pepper.
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Global pepper economy - trends and forecast
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Introduction

Pepper is a smallholder crop in almost all producing countries. An estimated 1.3 million farmers are
engaged in the cultivation of pepper in countries like Brazil, India, Indonesia, Malaysia, Sri Lanka and
Vietnam. As is typical for any smallholder crop, the pepper growers in these countries have limited
options for their survival strategies. Fluctuating prices, limited opportunities to add value, problems of
pests and diseases and difficulties in producing pepper of consistent quality are some of the concerns of
growers. Buyers on the other hand, are concerned with the quality of the pepper they obtain, in terms
of consistency, uniformity and reliability. In addition to physical characteristics, authorities in consurning
countries have specific concerns regarding the safety aspects of the pepper imported, including
mucrobial contamination and pesticide residues.

The first half of this decade witnessed a sharp increase in production which was not in tune with the
export demand resulting in stock accumulation. This excess supply brought down the prices to yet
another trough atfecting the pepper growers in the producing countries. However, in the second half,
the acceleration in production has been contained, export has been stabilized at a higher level and
prices moved upwards much to the relief of the pepper growers. In this context it would be interesting
to analyze the pepper economy from the supply as well as demand side.

This paper attempts to analyze:

* Production trends in traditional as well as comparatively new producing countries
» Growth pattern in the export of pepper and its value added products

¢ Consumption pattern of the major importing countries and the changes in their per capita
consumption

¢ Domestic consumption of the producing countries

World preduction

World pepper production has increased from 191,690 tones in 1997 to 362,160 tons in 2003, ata
growth rate of 11.19% per annum. It is significant to note that production from the traditional producing
countries such as Brazil, India, Indonesia, Malaysia and Sri Lanka has increased by only 7.96 % during
the period whereas production from Vietnam has increased by 22.63%, Production from other producing
countries such as China, Ecuador and Cambodia has increased by 13.30% in the same period.
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Thereafter, the production from Malaysia and Sri Lanka has remained stagnant but India’s production
has declined.from 70,000 tons to 50,000 tons. World pepper production is shown in table 1

Table 1. World production of pepper

Year Brazil  India Indonesia  Malaysia SrilLanka Vietnam Others  Total
1997 18,000 60,000 43290 18.000 4,470 25,000 22,930 191,690
2000 26,385 58,000 77,500 24,000 10,670 36,000 27,535 260,090
2001 43,000 79,000 59,000 27,000 7,800 56,000 36,395 308,195
2002 45,000 80,000 66,000 24,000 12,600 75,000 38,460 341,060
2003 50,000 65,000 80,000 21,000 12,660 85,000 48,500 362,160
2004 45000 62,000 35,000 20,000 12,820 100,000 51,659 346,479
2005 35,000 70,000 35,000 19,000 14,000 90,000 31,720 294,770
2006 44,500 55,000 20,000 19,000 14,330  1,00,000 36,400 289,230
2007 35,000 50,000 25,000 20,000 14,640 90,000 36,400 271,040
2008 33,000 50,000 20,500 23,000 14,900 80,000 41,500 262,900
*Preliminary estimates

Note: Under others, China has a share of 15,000 to 35,000 tons, Thailand 9,500 tons, Cambodia
I5,000 tons, Ecuador 3500 tons and Madagascar 2,500 tons. .
~F ertile basalt soils, gently slopping hills and generally suitable weather conditions encourage pepper
cultivation in the Northern Central highlands of Vietnam. Pepper is also cultivated in South East area
and Central highlands. High productivity, less cost of production, almost negligible domestic
consumptions are the major features of Vietnam pepper industry. The productivity in areas like Northern
Central highlands and Phu Quoc islands are as high as 3.8 tons per hectare. The traditional producing
countries, on the other hand, due to limited resources and low prices not succeeded much in either the
area expansion or the productivity increase.

White pepper constitutes nearly 20% of the total pepper production. However, in the last few years,
significant decline in production has been reported from the island of Bangka in Indonesia, which is the
major producer of white pepper. The emergence of Vietnam and China as a major producer of white
pepper filled this gap to a certain extent. Total white pepper production in recent years is around
40,000 tons.
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World exports

Pepper exports increased from 141,767 tons in 1997 to 194,942 tons in 2003 showing an annual
average growth rate of 5.45%. Exports from the traditional pepper producing countries during tivs
period remained almost stagnant whereas exports from Vietnam has shown a growth rate of 17.81%,
Large production base, low cost of productionand the negligible domestic demand enabled Viethamto
offer pepper at a comparatively low price and absorbed whatever increase in the demand. The
emergence of Vietnam as a cheaper source of pepper encouraged low income countries like Syria,
ran, Turkey, Philippines efe. to increase their importand per capita consumption. The maximum export
ofthe review period has been recorded in 2006. Early estimate for 2007 is again not very promising,
Exports from pepper producing countries are shown in table 2.

Table 2. Export of pepper from the producing countries

Year Brazii India Indonesia Malaysia SriLanka  Viemam Others Total

1997 13,961 37,816 33,011 24808 3,279 23500 5,392 141,767
2000 19,173 22,388 29,682 20,359 4,855 36,465 2,261 135,183
2001 35799 22,618 23,656 23,095 3161 56,509 2,144 166,982
2002 37188 24,225 21,019 19,793 8,225 78,155 8,609 197,214
2003 17213 19,423 32,867 14,567 8,240 74,035 8,597 194,942
2004 39,394 14,049 29,826 15,655 4,853 98,504 8,734 211,015
2005 12740 15,800 18435 13,807  7.981 109,565 5,269 203,597
2006 38,542 26377 17,045 10,179 8190 116,670 6,000 223,003

2007 36,000 30,000 16,300 19,000 8,500 83,000 8900 201,700

(Source: Government agencies of the respective countries)

Pepper products

Value added forms like ground pepper, green pepper. pepper oils and oleoresins are also exported by
some of the producing countries like India and Malaysia. Pepper based products such as peppet
sauces, pepper candy, pepper flavored cheese, pepper cookies, efc are also produced and exported
by Malaysia and Indonesia. Export performance of these products are given below.
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Ground pepper

Among pepper producing countries, India, Malaysia and China are the leading exporters of ground
epper. According to official statistics available from these countries, in 2007 they have exported a

1otal of almost 10,618 tons of ground pepper. Exports of ground pepper by these countries for the last

three years are shown intable 4.

Table 4. Exports of ground pepper (tons)

Source 2000 2007
India 1211 7789
Brazil - 1470
Malaysia 1052 241
China 976 281
Vietnam 312 412
Indonesia 1239 425
Total 4790 10618

This is only a portion of the world trade in ground pepper, as countries such as Germany, Netherlands
and Singapore import whole pepper and re-export ground pepper. Germany exports 6500 tons of
ground pepper, Netherlands 3200 tons and Singapore around 500 tons. Thus the world import demand
for ground pepper may be estimated to be about 21,000 tons.

Green pepper: India, Malaysia and Madagascar are the major sources for green pepper. India exported
1686 tons of green pepper in 2007, while Malaysia exported 573 tons. Even though official statistics
are not available, it is understood from trade sources that Madagascar exports around 600 tons to 700
tons of green pepper annually. Thus the demand for green pepper could be in the region o 3000 tons.

Pepper oil and pleoresins: India is the major producer and exporter of pepper oil and oleoresin. In
2007, India exported 1294 tons of pepper oils and oleoresin against 1015 tons exported in the year
2000 recording an annual growth of 6%. Pepper oil constitutes around 7% of the total exports. Sri
Lanka exports 1.5 to 2 tons of pepper oil and oleoresin annually.

Other pepper based products: Pepper sauces, pepper cookies, pepper candy, pepper cheese, etc
are some of the pepper-based products available from the pepper producing countries. Some of these
products are even exported to other countries. However no statistics are available on the quantum of
production or export of these items.
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Import of pepper by consuming countries

Since pepper has got shelf life, the import of a particular year need not reflect the actual consumption o
that country. Therefore, in order to arrive at a more realistic estitnate of the consumption, three yearg
average import is considered for analysis. Thus the pepper consumption of a particular country for the
year 2000 refers to the average import for the years 1999, 2000 and 2001,

During the last seven-year period, 2000 to 2006, total world imports of pepper increased from 268 82¢
to 303,184 tons, registering a CAGR of 2.09%. (These import figures include the import by re-exporting
countries also). Based on the volume ot imports, 46 countries have been identified for a detailed study,
Net import by these countries, their per capita consumption and changes in the consumption pattern
have been taken into account for the study. The analysis shows that imports to some of them have
increased spectacularly during this period whereas some other countries have shown moderate or
marginal growth. In few countries, pepper imports have remained almost stagnant causing great concern
for the future. A review of the performance of these countries may be important in formulating a strategy
to increase the import/consumption of pepper in these countries. Based on the percentage variation in
the import volume, these countries are categorized as follows.

. High growth (HG), areas with Compound Annual Growth Rate (CAGR) of more than 10%,
] Medium Growth (MG), areas with CAGR between 5% to 10%,

. Low Growth (LG), areas with CAGR between 2% to 5%,

. Stagnant (SG), areas with CAGR between 0% to 1% and

. Negative Growth (NG) with CAGR [ess than -1%.

High growth markets

Turkey, Iran, Philippines, Synia, Ireland, Senegal and Gambia are high growth markets and their annual
imports have grown by more than 10%. Turkey, the most important among these countries, in terms of
growth in imports, per capita consumption and population has increased its imports from 907 tons in
2000 to 3446 tons in 2006. The per capita consumption has also increased from 13 gm to 46 gt
during this period. Iran, Philippines and Syria are other major market where both the total importsas -
well as per capita consumption has increased significantly. These countries with a total population of
around 273 million and a population growth of around 2% per annum needs to be treated as high
potential markets for the future.

In Ireland, nearly 60% of spices including pepper are consumed by the industrial sector with the retail
sector accounting for around 35%. The relatively higher usage by the industrial sector reflects the
growing popularity of ready 1o use spice mixtures. Another reason for the shift towards higher usage by
the industrial sector is the increasing consumption of processed foods and ready to eat dishes, which
often rely on spices and herbs to retain and enhance food flavor. Import of pepper and per capita
consumption of these two countries are given in table 5.
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Table 5. High growth in imports and per capita consumption of pepper

- Total imports (Net) (t) Per-capita consumption (g)
Country 2000 2006 CAGR 2000 2006
Tukey 907 3446 21% 13 46
Jran Rep. 611 1984 18% 9 28
Philippines 736 2365 18% 10 27
Syria 667 1818 15% 40 91
Ireland 273 557 1% 72 130
Senegal 353 2118 29% 34 171
Gambia 243 646 15% 176 378

Medium growth markets

Morocco, South Africa, Poland, Russia, Romania, Saudi Arabia, Egypt, Belgium, Ukraine and Austria
are the countries coming in this group. Imports of pepper into these countries have gone up by 5to 10
% per annum during the period. The future growth in the detmand for pepper mainly depends on these
countries which have a population of around 450 miliion but per capita pepper consumption is
comparatively low. Promotional activities need to be focused on these countries to increase the per
capita consumption of pepper. Imports and per capita consumption of pepper by the countries under
this group is showm intable 6.

Table 6. Medium growth in imports and per capita consumption of pepper

Total imports (Net) (t) Per-capita consumption (g)
Country
2000 2006 CAGR 2000 2006
Morocco 666 1293 10% 23 42
South Africa 1296 2431 5% 29 50
Poland 3235 5671 8% 84 149
Russia 5524 9023 7% 37 63
Romania 1049 1639 7% 47 76
Saudi Arabia 2518 3892 6% 121 157
Austria 1684 2573 6% 208 308
Egypt 4909 7492 6% 74 99
Ukraine 2208 3297 6% 45 71
El_t_el_giwn 2679 3926 6% 258 375
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Marginal growth markets

Pepper imports into USA, Germany, Japan, Spain, U.K., Korea, Australia, Algeria, Greece, Czech,
Bulgaria, Norway, etc. have shown a marginal growth of 2% to 5% per annum during the period under
the study.

Import of pepper to USA has increased from 56,030 tons to 67,126 tous during the period, recording
a growth of 3% per annum. Per capita consumption of pepper in the USA has increased from 194
grams to 217 grams between 2000 and 2006. American palates are learning to adapt to a wide range
of ethnic foods, including hot dishes that are really hot. Supermarket spice sections are growing almost
exponentially, with tins and jars of exotic flavors muscling in among the basic condiments of yesterday.
The American Spice Trade Association (ASTA) reports that the most popular herbs are oregano, basil
and sage; while the leading spices, in order of volume of sales, were dried mustard, sesame seeds,
pepper, cinnamon and the capsicums (chili powder, cayenne pepper, crushed red pepper flakes and
paprika). A recent study noted that at least half of U.S. houscholds have a minimum of 26 varieties of
spices and herbs on hand.

USA re-exports a small portion of the pepper imported by them and the re-exports during this period
have increased from 2500 tons to 5000 tons.

The market study published by the CBI Netherlands in March 2007 shows that the net import of spices
and herbs in the EU is growing at 4% per annum which supports the present study. In countries like
Germany, UK, Greece, Spain and Czech Republic, the pepper imports grown by 2 to 5%. Germany
is the largest market for spices and herbs in the EU, with a share 0£26% of total imports. Pepper is the
leading spice imported by Germany and in 2006 the total velume of pepper imports was 19,741 tons.
Compared to the imports of 14,081 tons imported in 2000, a growth 4% per annum has been achieved
by 2006. According to the market of CBI Netherlands, Germany has the highest per capita consumption
of spices and herbs among the EU countries, as high as 850 grams per year.

The increasing popularity of dishes from other European countries such as Italy and Spain, its large
foreign population and the tendency of the Germans to travel abroad have influenced their preferences
for spicy foods. The Germans travel to South and South East Asian countries have created a greater
demand for ethnic foods, with a carresponding increase in the use of spices.

Germany is also a significant re-exporter of pepper, normally adding value to the whole pepper imported.
In recent years exports of ground pepper from Germany have shown substantial increase. Re-exports
from Germany, including ground pepper, have almost tripled, from 2,524 tons to 7,802 tons.

UK is considered to be the secand largest market for spices and herbs among member countries of the
European Union, with a share of 21%. Import of pepper to UK has shown a growth of 3% and the per
capita consumption increased marginally from 92 grams to 107 grams. Spain is another important
market for pepper, where imports have increased from 6,783 tons in 2000 to 8,053 tons in 2006,
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reflecting an annual growth rate of 2%. The per capita consumption in this market has gone up from
169 grams to 182 grams. The per capita consumption of spices and herbs in Spain is reported to be
around 300 grams. Growth in foreign tourist arrivals, a growing immigrant population and the diverse
ethnic mix offer excellent opportunities for spices and herbs, including pepper. Imports and per capita
consumption of pepper by the countries under this group is shown in table 7.

Table 7. Marginal growth in imports and per capita consumption of pepper

s

Total imports (Net) (t) Per-capita consumption (g)
Country 2000 2006 CAGR 2000 2006
Czech 868 1240 5% 85 122
Germany 14,081 19741 5% 171 239
Australta 2100 2851 4% 110 137
Norway 473 604 4% 105 129
Korea 3278 3990 3% 143 168
U.K 5410 6550 3% 92 107
United States 56030 67126 3% 194 217
Algeria 1615 1921 3% 53 57
Spain 6783 8053 2% 169 182
Bulgaria 615 715 2% 77 94
Greece 1250 1418 2% 114 127
Japan 8028 9103 2% 63 71

Inthe EU countries, there is a silver lining, which may increase the uses of spices including pepper. One
of the recent research study published by Market Research and Consumer Intelligence (Mintel) shows
that more people in Britain are becoming conscious of the risks in high intake of salt with the food they
eat. The study reports that “increasingly people are turning to black pepper, herbs and spices, instead
of salt to add flavor to their food”. Hopefully, this trend will help to increase the consumption of pepper,
along with other spices, in the UK and other EU markets.

Stagnant markets

Pepper imports into countries such as France, Argentina, [taly, Sweden, Canada, Hungary, Switzerland
and Mexico have almost stagnant during this period. These countries together constitute nearly 14% of
total world pepper imports and hence these markets need more attention.
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The per-capita pepper consumption in Canada, Hungary, Switzerland and Mexico have declined
marginally during the period, which is a matter of concern. Per capita consumption of pepper and
irnports of the countries under this group is given intable 8.

Table 8. Stagnant markets - Imports and per capita consumption of pepper

Total imports (Net) (t) Per-capita consumption (g)
Country

2000 2006 CAGR 2000 2006
France 8496 9297 1% 139 146
Argentina 1347 1453 1% 37 37
ltaly 3612 3820 1% 63 65
Sweden 1511 1583 1% 170 174
Canada 5794 5925 0% 189 180
Hungary 1113 1082 0% 109 108
Switzerland 849 825 0% 116 110
Mexico 2992 2904 0% 30 27

Negative growth markets

Denmark has shown a negative growth both in imports and per capita consumption of pepper. Pepper
imports into Denmark have come down from 1,444 tons in 2000 to 1,233 tons in 2007 (-2% CAGR).
Per capita consumption has also shown a significant declire, ie. 271 grams to 227 grams.

The aging population could be one of the major reasons for the decline in the pepper consumption in

Denmark. The median age in Denmark is estimated as 40.9 year and this is going to have serious
impact inthe economy of Denmark. It is reported that their consumption patiern is undergoing a significant
change, from spicy {ood to less spicy food, less coffee efc.

Imports by producing countries

Another significant development during the decade is the growth in imports of pepper by some of the
producing countries. India is the largest importer in this group, followed by Malaysia and Thailand.
India, traditionally a pepper producer and exporter, has become a major pepper importer during this
dccade. India’s pepper imports have gone up from 6,045 tons in 2000 to 16,876 tons in 2007. A
major portion of these imports is used for value addition and re-exported as ground pepper or pepper
oil and pepper oleoresins. Malaysia has also increased their imports significantly during this period.
However, it is notable that China has slowed their Imports since it meets their demand by increasing
their production. Import of pepper by producing countries is given in table 9.
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Table 9. Imports of pepper by producing countries

R

Countries Total pepper imports (t)
2000 2007
;nzi; 6,045 16,876
Malaysia 2,806 7,175
China 6,387 1,500
Indonesia 707 1,000
Thailand 538 NA

Imports by major re-exporting countries

The role of re-exporters of pepper was found to have declined in the last decade, as most of the
importing countries preferred direct dealing with the producing countries. This is evident from the decline
in imports by countries such as Singapore, Netherlands, and United Arab Emirates.

From the import statistics of these countries, it can be seen that their import volume has been declining
over the years, indicating the preference of the consuming countries to obtain supplies directly from
origins. Import of pepper by intermediate countries is shown in table 10.

Table 10. Imports of pepper by re-exporting countries

Country 2000 2003 2007

Singapore 45,491 29,415 12,999
Netherlands 17,517 17,399 14,585
United Arab Emirates 14,268 10,500 10,000

Challenges and opportunities for the future

Price elasticity of demand (PED) measures the responsiveness of the quantity demanded to a change in
price, with all others factors held constant. PED for pepper is found to be between 0.28 and 0.36. This
implies that the decline in prices will not result in a matching increase in export demand. Thus stabilization
of prices at reasonable levels can not be expected to take place unless the demand is increased by
extraneous factors such as promotion, innovation, new uses/new users.

Inthe last few decades, USA and Europe were considered as the major markets for spices and most
of the promotional efforts were concentrated in these markets. This has actually increased the import
and per capita consumption of spices in these countries. But the recent consumption trend in these
countries shows that the growth achieved cannot be sustained for a long time. The comparatively
increased per capita consumption, slow down in the population growth, aging of people are the factors
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likely to affect the future consumption of spices in these region. In contrast to this, Asian and Middle
East countries are characterized by the low per capita consumption of spices, growing population ang
younger generations. Thus the area to be focused for increasing the consumption of spices including
pepper hasto be shified to countries like Syria, Jordan, Turkey, China, Indonesia, efc.

The average population growth in European countries like Germany, Italy, Spain, Denmark, erc. is only
0.12 %. The median age size in these countries are reported as 40 plus. The aging population, as per
the reports, is shifting to less spicy foods. In the tong run this will have a significant impact on the
demand for spices. In this context, what is required is to promote the medicinal and nutraceuticg)
properties of spices which will have a positive bearing on the health conditions of the aged people.

However, the high population growth and the younger generations in the Middle East countries like
Syria, Jordan, Saudi Arabia, Kuwait and the Asian countries like Iran, Indonesia, China, Thailand, erc,
will have a direct positive impact on the spice consumption. Massive promotional programmes to be
directed to these countries to increase the consumption of spices in the food sector. In brief, what is
required 1s to formulate twin sirategies, promotion of medicinal and nutraceutical values of spices in
Europe and USA, promote the uses of spices in foods in Asian and Middle East countries, to increase
the overall consumption of spices including pepper.

Domestic consumption

Consumption of pepper in the producing countries has increased significantly over the last few years
from around 70,180 tons in 2000 to 116,900 tons in 2007, registering an annual growth of 11% per
annum. India’s domestic consumption of pepper shows the most dramatic increase during this pertod,
from 35,000 tons to 55,000 tons. Domestic consumption figures from other countries are reported to
be as follows: Brazil- 6000 tons, Indonesia- 7,000 tons, Malaysia- 3500 tons, Sri Lanka- 6400 tons,
Vietnam- 3500 tons, China -23,000 tons, Thailand- 9,000 tons and Madagascar- 1,500 tons. Domestic
consumption of pepper as a percentage of production is shown in tablel1.

Tablell. Domestic consumption of pepper as percentage of production

Country 1999 2007
Brocil 18.20% 17.14%
India \ 40.00% £ 98.39%
Indonesia . 28.20% 28.00%
Malaysia ~ 5.60% 17.50%
Sri Lanka 16.90% 43.72%
Vietnam 5.00% . 3.89%
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price situation

Aprice cycle has been observed in pepper, with ups and downs tn aperiod of 10 to 12 years. Asinthe
case of other agricultural commodities, the attractive prices in a few years motivate the pepper farmers
{o augment their pepper cultivation both intensively and extensively. The new pepper plants reach the
optimun production stage in 7 to 8 years. Then there will be an increased production and accumulation
of stocks in the next few years. This pushes down the prices to lower levels. The low prices then
detract the farmers attention from pepper gardens and it result in decline in production and the resultant
price rise. Substantial increase in the price will also result in the emergence of new producers of pepper.
Vietnam is an example to this.

The excess supply over demand brought down the prices from around US$ 1.12/1bin 197710 US §
0.73/Ib in 1983. The year 1987 witnessed the peak of US § 2.36/Ib. Again the prices have come down
10 US $0.56/1b in 1992 toreach the peak of US § 2.54/1b 1n 1999. The year 2005 saw the next bottom
tine of US $ 0.74/1b. There after the upward trend in prices started and the latest price reported is US
$ 1.86/1b in the month of September 2008, The monthly prices of black pepper at New York market
isgivenin table 12.

‘able 12. Monthly average prices of black pepper at New York market

ionth 199899 199900 2000-01 200102 2002-03 2003-04 2004-05 200506 2006-07 200708 200809

\pril 2.58 2.50 262 1.50 1.00 085 076 0.75 078 178 190
lay 2.64 2.40 2.63 1.45 1.04 083 076 076 080 195 186
une 2.57 2.50 262 1.17 0.93 08 077 077 030 192 1,78
uly 247 2.27 2.60 1.02 08 090 077 077 09 193 175

agust 2.52 247 252 0.89 088 08 075 077 L12 187 172
eptember 2.47 2.60 203 0.89 0.88 087 075 078 152 177 1.63
wetober 247 2.74 1.78 0.88 1.02 0.82 074 078 .52 1.78
lovember 2.38 3.00 147 0.31 1.04 080 073 077 1.40  1.76
Yecember 2.25 2.67 1.42 0.84 1.02 079 073 078 135 1.72
anuary 229 2.60 1.57 0.85 094 078 073 073 133 1.76
ebruary 222 2.57 1.46 0.80 090 077 073 078 136 1.86
Aarch 2.46 2.46 142 080 089 076 074 078 137 192

werage 2.4 2.57 2.01 0.99 0.95 0.82 075 077 119 1.84 177
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Conclusion

At present the global pepper production is in the region of 2,70,000 tons, of which more than 70%,
i.e., 200,000 tons is being exported to consuming countries, with the balance retained for domestic
consumption /stock by producing countries. World import demand is estimated at 200,000 tons including
re-exports. In other words, at current price levels, the market in consuming countries is absorbing
around 200,000 tons of pepper. With domestic consumption between 116,000 to 120,000 tons, total
demand is estimated at 316,000 to 320,000 tons. Built up stock, estimated at around 60,000 tons is
keeping prices at this level. Hence any significant drop in supply (production) {rom this level will lead 1o
liquidation of stocks and in turn, boost the prices to new heights.

From the demand side, even though total pepper imports have grown by 2.09% per annum during the
last 7 year period, there is still potential to increase the growth rate. By focusing countries with low per
capita consumption and high population growth, overall pepper consumption can be increased.

Promotional activities need to be undertaken in countries such as Argentina, ltaly, Sweden, Canada,
Hungary, Switzerland, Mexico and Denmark, where the per capita consumption is low or remains
stagnant over the last few years. Countries with large populations, such as Turkey, Iran, Philippines,
Russia, Pakistan, Morocco, and Mexico also require more attention to increase pepper consumption.

Taking advantage of the current price scenario, the possibility of intensive pepper cultivation by countries
{ike Vietnam, China and Cambodia can’t be ruled out. Once this happens, the outcome will be yet
another excess supply and low price. Hence what is urgently required is a focused and concerted
promotional efforts directed towards specific markets to improve the consumption and stabilize prices
received by farmers.
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Technologies transferred for augmenting black pepper yield - a success story
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Indian Institute of Spices Research, Cardamom Research Centre, Madikeri-371 201, Karnataka.

Introduction

Among the spices, black pepper (Piper nigrum L.} occupies unique position and hence called the king
of spices. Presently it is grown in about 26 countries and occupies 4,67,708 ha with productivity of
790.2 kg/ha (Parthasarathy ef al. 2008). India with more than 40% share of area contributes about
23% of the total production of the world. As itis mainly grown as mixed crop, the productivity of black
pepper in India is around 310 kg/ha. Its cultivation is mainly confined to Kerala, Kamnataka and Tamil
Nadu. Itisalso cultivated to a small extent in Andaman and Nicobar Islands, West Bengal, Andhra
Pradesh, Goa, North Eastern States, Orissa and Pondichery.

Black pepper in Karnataka

InKarnataka, pepper is grown as a profitable intercrop in almost all the coffee plantations (2,04,482
ha) and in most of the arecanut plantations of Malnad region (1,10,199 ha). The cost benefit ratio of
1:301 and 1:2.29 is reported respectively, in Avabica + pepper and Robusta + pepper mixed crop
system (Raghuramulu 2007). The variety grown is predominantly Panniyur-1. Other local vaneties like
Kalluvalli, Mallisara, Karimallisara, Urutugere, Doddiga, Karimunda, Uddagere, Vadakkan efc. are
grown in different regions mainly as mixed crop in arecanut plantations. Since, itis grown as mixed
crop, it is a general practice of the farmers to under-report/non-report area coverage and production
with the intention of avoiding taxes. Because of this, the actual production of black pepper in Karnataka
1s not reflected in the official estimates released by the Directorate of Econornics and Statistics, New
Delhi. Tamml Selvan et af. (2005) in their report on crop estimates of black pepper for Karnataka
reported 30816 and 24742 MT of black pepper respectively for 2004-05 and 2005-06 crop seasons.
This report was based on survey of six districts in Kamataka (Kodagu, Hassan, Chikmagalur, North
Kanara, Shimoga and South Kanara). In Karnataka, about 75-80 per cent of the black pepper area is
covered by the high yielding variety Panniyur-1 and hence the productivity is also high compared to
Kerala. Major area is under coffee based mixed crop. The elite coffee growers are adopting
recommended package of practices on a large scale. Most of them are fertilizing cottee regularly, in the
pracess pepper vines are also fertilized. Though separate irrigation 1s not given to pepper vines, blossom
and backing irrigation given to robusta coffee also benefit black pepper to some extent. It is also seen
that small per centage of farmers are irrigating the pepper vines aiso. All the Arabica + black pepper
mixed crop is rainfed and level of shade is also very high.
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Location specific production problems of coffee based mixed crop of black pepper

Based on survey and feed back by the growers the following are identified as the major productions
constraints of coffee-black pepper mixed crop of different zones.

Location Major problems

High rainfall, misty, high elevations Spike shedding, anthracnose, foot rot (more foliar
infection and secondary spread)

High rainfall Robusta coffee + black pepper  Foot rot of pepper

Highrainfall, Arabica coffee + black pepper  Foot rot, partial setting and spike shedding

Moderate rainfall, Robusta coffee + Foot rot, partial setting, slipping of vines from standard
black pepper due to termite attack, root mealy bugs and scales
Low rainfall Arabica coffee + black pepper ~ Partial sefting, moisture stress, yellowing, slipping of

and Robusta coffee +black pepper vines from standard due to termite attack , foot rot,
root mealy bugs and scales

Process of technology trapsfer

Motivation: On farm trials undertaken by the IISR with close interaction of progressive growers and
leads are serving as eye openers for growers and failure as lesson to refine production technologies.
Diversification plots established by the Coffee Board research stations have added strength to motivate
large number of growers on viable cropping system of coffee and black pepper mixed crop. Voluntarily
many progressive coffee growers have adopted integrated practices exclusively for black pepper. These
plots are also serving as model! to plan location specific production strategies. [[SR with active co-
operation of many self help groups ( Nalkanad Planter Association, Boikeri Self Help Group, women
self help groups of Hakathur, Maragod efc.). Many progressive growers in Kodagu, Hassan and
Chikmagulur conducted many on farm trials like impact of bio control measures in management of foot
rot, anagement of spike shedding and anthracnose diseases, impact of irrigation on pepper production
and impact of location specific strategies on black pepper production. The success achieved inthe
above on-farm studies were passed on to the growers through seminars organized by Coffee Board,
Spices Board and Krishi Vignana Kendras {Gonikoppal, Mudigere and Shimoga), Department of
Horticulture, Govt of Kamnataka and Department of Agriculture, Govt of Kamnataka. Bestdes, above
production technologies were demonstrated to corporate sector { TATA Coffee, Pollibetta; BBTC,
Siddapur; BCK Thithimathi) Codagu Planters Association and Karnataka Planters A ssociation through
special interactive group discussion and on farm visits,

Based on request special training programmes/seminars were arranged to explain the success stories to
Codagu Planter Association, TATA Coffee Ltd, Pollibetta and Dharmasthala Rural Development Trust,
Dharmasthala and Sullja,
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Technology transfer process was based on twelve major principles which are follows

Planting and maintenance of minimum 225-575 plants per ha
Raising multiple leader stems
Planting minimum 3-4 varieties in Arabica + black pepper mixed crop

Common minimum plant basin and nutrition management methods like slash weeding, de mulching
during monsoon, earthing up during May and October, yearly liming/dolomite application,
recycling available agro waste and compost application, opening and cleaning of drains to
prevent water stagnation

Nutrition management as per yield levels of different age groups
Shade regulation during March —April

Life saving irrigation during March-April

Basin irrigation in the years of delayed monsoon

Mandatory spraying of 2-3 rounds of 1% Bordeaux mixture and spot application {(drenching
3-5 litre per plant) of 0.2% copper oxy chloride

Root mealy bug, termite and scales management measures in moderate and low rainfall zones
Harvesting after 10-15% ripening
White pepper production only with fully matured, ripened and graded berries

In technology transfer process the production package was implemented on calendar basis which is

follows

Month Agro-practices

April Shade regulation of support trees, in the absence of premoon showers basin
irrigation at 7-10 days intervals, first irrigation @ 80-100 litres per plant and
subsequent irrigations @ 50 litres per plant

May Earthing up, liming and removal of dead vines

June Training of vines, application of compost and bio control agents, neem oil
cake-0.5 to 1 kg/vine, opening/cleaning of drains, spraying with 1% Bordeaux
mixture, spot application of 0.2% copper oxy chloride and gap filling with
runners/rooted cuttings

July Spraying of 1% Bordeaux mixture and drenching with 0.2% copper oxy
chlonde in moderate and low rainfall zones

September Application of compost, spraying second round of 1% Bordeaux mixture,

' application of bio control agents, phyto sanitation
October Earthing up
March /April Harvesting after noticing 10-15 % ripened spikes
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Research leads from on-farm trials
Production potentiality of pepper vines under coffee mix crop system

Silver oak and Erythrina are the preferred standards for raising pepper crop and these trees alsp
provide necessary partial shade to cofiee. To understand the crop potentiality of black pepper on these
standards five estates representing different rainfall zones were selected and trees were grouped as per
the canopy height of pepper vines and individual green and dry yield was collected (table 1).

Table 1. Yield levels under integrated production system

Location Height of canopy (meters) Dry vield per vine (kg)
Dwaraka estate, Hakathur <4 2.8
4-6 4.3
>8 123
Whoshully division, <4 3.3
Pollibetia, TATA Coffee 4-6 7.3
>8 11.8
Sri laxmi estate, Kandana Colly <4 26
4-6 4.8
>8 13.9
Guntikutty estate, Suntikoppa <4 3 3.0
4-6 6.6
>8 10.5
Ashoka Plantations, Boikeri <4 1.8
4-6 ' 7.8
>8 8.3

The yield obtained varied from 1.8 to 13.9 kg dry berries per vine and yield increase was proportional
to the height of canopy. This study helped to target yield with integrated system of management.

Success stories
Devi Poonacha estate, Napokiu

This estate is of 17 ha with Robusta coffee + black pepper and is situated on the bank of Cauvery river,
receives rainfall of 3000-3500 mmy/year. The planter approached the Cardamom Research Centre,
ISR, Appangala for remedial measures to contain foot rot during 1998. Survey revealed 13% mortality,
5% yellowing and 23% leaf infection by Phytophthora. As the foliar infection was on higher side, @
combination of metalaxyl spray and drenching along with 0.2% copper oxy chloride was recommended.
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This was followed by spraying and drenching with prophylactic fungicides (1% Bordeaux mixture and
drenching with 0.2% copper oxy chloride)}. Over a period of 9 years, by following integrated nutrient
management and integrated disease management schedule the entire estate is rejuvenated and incidence
of foot rot is fess than 2% and production level is maintained at 8.5 tonnes to 10 tonnes.

Kalarical estate, Nelliahudikeri, Siddapur

In this estate, 40 ha area is with Robusta coffee + black pepper, Arabica coffee + black pepper and
cardamom + black pepper (4ha) and is situated in moderate rainfall area (2000-2100 mm). Black
pepper experienced high mortality of foot rot (53%) and sparse setting. This estate was rejuvenated
completely over a period of 8 years by following integrated nutrient management and disease management
schedule. The production level has also been consistent (8-14 MT) in the last 5 years. During 2005-06,
foliar infection of Phytophthora foot rot reappeared due to prevalence of disease in adjacent plantations.
This problem was controlled in course of 1-2 years and at present mortality is less than 1%. The
success obtained in this estate has given greater confidence to rejuvenate foot rot affected plantations in
course o 5-7 years.

Ashoka Plantation Pvt, Ltd., Boikeri

Both mono and mixed crop black pepper with coffee are maintained in 63 ha. in this plantation, The
Panniyur-1 variety in this estate constantly experienced anthracnose and spike shedding (87%) for
more than four successive years. Based on the lessons of some progressive growers of Saklespur
(Diwan Gudda estate, Mahesh Kumar estate) and leads obtained through on farm trials condueted in
Boikeri zone, a schedule comprising of shade regulation in April, irrigation in March 4" week and
prophylactic measures with first spray of 0.2% carbendazim followed by two rounds of 1% Bordeaux
mixture were given on strict calendar basis. This was supplemented with adequate nutrition and other
basin management methods. There was miraculous improvement in the setting, yield and both spike
shedding and anthracnose infection were effectively checked. After the analysis of the situation of
whole area, the success were mainly attributed to timely shade regulation and basin irrigation. The
cause of spike shedding in the earlier years was due to non pollination and low proportion of bisexual
flowers in spikes which emerged after July. The yield levels improved from 2.8 MTto 14.7 MT.

On farm trials on impact of irrigation on spike shedding

Growers participatory trials were conducted in different zones (Sri laxmi estate; Paka estate; Boikeri
estate; Sandalkad estate; Fair field estate, Hosakeri; Kalarical estate, Siddapur SLN Plantations,
Chettalli; Cowribetta estate, Siddapur; Devi Poonacha estate, Makkandur; Green vally estate,
Hebbettageri). The schedule shade regulation, 4-5 round of basin irrigation, 2-3 rounds of 1% Bordauex
mixture spray, one round of compost application, recommended fertilizer application, in two splits,
liming / dolomite application once in two years, need based micronutrient application were followed in
all the estates. The foliar infection of Phytophthora was contained by timely spraying of 0.1% metalaxyl
*+macozeb. The loose setting, spike shedding, anthracnose infection and mortality and yellowing due to
foot rot infection were effectively checked in all the plantations. The estates which never yielded in
earlier years were were brought to productive level by timely operations listed above. These trials gave
leads of transforming unproductive and anthracnose infected pepper vines to productive vines.
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Murugarajendra estate, Madapur

This estate comprises 18 ha with Arabica and Robusta coffee and black pepper as mixed crop with
coffee at 4.25 m x 4.25 m spacing. In the year 2004-05, severe oot rot incidence was noticed in
Madapur zone which ultimately destroyed most of the pepper vines. During the mitial stages of the
infection, the planter approached our centre for suggestion to contain foot rot. As the planter is
knowledgeable and committed, the whole refined prodaction technology was implemented through his
active co-operation from 2005 onwards. As a result the foot rot which appeared in five independent
spots was effectively checked and anthracnose incidence was also reduced to manageable level. Afier
experiencing the benefits of irrigation in 2007 in small area, planter extended irnigation to 10 haareain
ensuing crop season. Production of 22-25 tonnes is expected in the present crop season because of
early pre monsoon showers, five rounds of basin irrigation and integrated nutrient and disease management
measures. This is the model plot which can enthuse coffee growers to take up profitable cultivation of
black pepper as mixed crop. This estate became pilgrimage centre for interested planter and till date
over 500 growers have already visited to see the impact of improved production technologies.

Large scale transfer of technology in plantations

ISR, Cardamom Research Centre, Appangala offers technical help and consultancy support to interested
growers based on their request. Several group companies and individual planters availed advisory
service and implemented package. The service was limited to only technical help, formulation of location
specific strategies and monitoring during crucial months. Total area covered under advisory service is
presented in table 2. The sequence of technology transfer process implemented in large and smaii
plantations are as follows.

Large plantations / corporate group

Short listing of location specific problem

Identification of core group with skilled field staff- Explaining the importance of'all mandatory need
based management methods.

¥
Preparing inventory of crop census in different plantations/blocks
Formulation of location specific management/rejuvenation strategy

Implementation package on strict calendar basis

Monitoring through Spot field visit, replanting process, nutrition methods, plant protection
methods
v

Reminding crucial operations through telephonic conservation/random field visit
v
Appraisal of success obtained in previous years and identifying gaps/shortcomings

Preparing fresh inventory of crop census in different plantations/blocks and refinement of management
strategy for the proceeding year.
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Medium and small holdings

Preparing inventory of crop census in different blocks

v

Short listing production problems of different blocks

b
Formulation of integrated management strategy
v

Direct monitoring through field visits during crucial months (April-Oct)

v

Implementation package on strict calendar basis

b

Monitoring different operations like shade regulation, irrigation, replanting process, nutrition and

plant protection methods.

v

Appraisal of success obtained in previous years and identifying gaps/shortcomings

v

Preparing fresh inventory of crop census in different plantations/blocks and refinement of

management strategy for proceeding year.

Table 2. Area and production of black pepper under technology transfer of IISR Calicut

Category Noof  Area(ha) Productionrange Footrotincidence (o)
plantations (MT) Initial ~ After adoption

Corporate sector 25 9202 970-1448  13-32 2-6.3
Dwaraka estate

(integrated bio control system) 1 65 8-14 - 23 5.6
Large holdings (>20 ha) 8 518 120-158.5  8-52 3.0
Medium holding (<20 ha) 3 67 24-32 1-17 20
Smalil holding (<10 ha) 5 21 27.72-38.3 1-12 1.2
Igtal 42 9873 1149.7-1688.8

Intensive foot rot disease management strategies

Foot rot management is the point of concem to the majority of the planters. The general recommendations
are not adequate to prevent the introduction, secondary spread and rejuvenation of plantations. Within
the affected plantations the fresh crop census and mortality was collected. Areas were grouped to
different categories based on disease intensity and specific intensive management strategies were

formulated which are as follows.

Piperaceae Crops - Technologies el Future Perspectives



Venugopal e af.

Prioritization of foot rot management measures

Location Priority

Important agro practices

Uninfectedarea  Preventing introduction
of disease

Infected area Preventing rapid
with less than 5 secondary spread of

% mortality disease

Infectedarcawith Protecting healthy
wide spread inci- vines within infected
dence of foot rot area. Prevention of
andyellowing  secondary spread

Heavily infected Protecting healthy

area with more vines with in infected

than 50% death area. Prevention of

of vines secondary spread.
Suppression of soil
born spread. Rejuv-
enation

—

Moderate shade regulation to maintain staggered umbrel[a
canopy of shade trees, prophylactic foliar spray during early
and mid monsoon period, integrated basin management
measures,

Gap filling after 1-2 years of phyto- sanitation, avoidance of
excess shade regulation, spot drenching with 0.2% COC
2-3 rounds spraying with 1% Bordeaux mixture, spot
application of metalaxyl to check secondary spread of foliar
infection.

Avoidance of excess shade regulation, two rounds drenching
of all the vines with 0.2% CQOC, 2-3 rounds spraying with
1% Bordeaux mixture, spot application of metalaxyl to check
secondary spread of foliar infection.

Avoidance of excess shade regulation, replanting with 8-10
runners/ rooted cuttings per standard after 1-2 years in
infected spot,two round drenching of all the vines with 0.2%
COC, 2-3 rounds spraying with 1% Bordeaux mixture, spot
application of metalaxyl to check secondary spread of foliar
infection.

Rejuvenation of foot rot affected blocks, progressive reduction of diseases, improvement of canopy
architecture, sustenance of productivity and production achieved in misty hilly region are the major
Iessons obtained through large scale extension programmes. Two decades back many grower friends
out of frustration used to tell that pepper will disappear from Kodagu in next 10 years time. Through
adoption of improved production packages same estates are rejuvenated, production has increased
and foot rot incidence has come down 1o less than 2 per cent. Another important lesson obtained in
above implementation programme is strategies works only with sustained concentrated efforts and any
lapse during heavy monsoon period can revert the most productive plantation to distress within three

months time.
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Conclusion

Disseminating the technology across coftee and arecanut growers is need of the hour and if the transfer
of technology is implemented effectively in all suitable coffee and areca based black pepper mix cropped
area, the countries production and productivity can be double in next 6-8 years time. KVK'’s under
UAS, ICAR, Spices Board, Coffee Board and Department of Horticulture, Government of Karnataka
has to work cohesively to achieve to higher goals in black pepper production.

Increased prices in 2006 — 2007 and 2007 - 2008, itself1s an incentive to growers to focus on black
pepper. Most of the growers are practicing nuirition and discase management methods. However,
paucity of skilled workers due to overlapping of robusta coffee harvesting and pepper harvesting they
are loosing 10~ 20 % of'the crop mainly due to delayed harvest. Delayed harvests also affects the crop
of proceeding season. By correcting this crucial agro-practice, growers can aim at 15 — 20 % more

yield.

Crop damage due to rapid spread of foot rot during heavy monsoon period of 2006 and 2007 season
was reported from several areas like Pollibetta, Ammathi, Hakathur, Kakkabe, Shanivarasanthe and
Kodlipet in Kodagu District and several pockets in Chickmagalur and Hassan districts. After experiencing
heavy casualty, planters are paying attention to prophylactic and estate rejuvenation methods. Timely
adoption of prophylactic measures is the only answer to prevent further damage. lISR in close co-
operation with Spices Board, Coffee Board, State Horticulture Department and Planter’s Association
is offering technical guidance to improve knowledge and adoption level of improved technologies.
Through adoption of specific technologies for spike shedding, anthracnose management even the chronic
production problems of black pepper grown in misty high elevation and highly shaded arabica plantations
can be resolved.

Only small section of growers has realized the advantages of irrigation in sustainable production of
pepper. Strengthening the irrigation infrastructure and crop management practices is the only answer to
solve production problems in rainfed areas.

Adoption [evel of minimum plant protection practices is on the increased level with over 92 % of the
growers taking up spraying with 1 % Bordeaux mixture. However, minor adjustments in scheduling of
spraying are to be taken up on need based manner.

Though Panniyur- 1 is the best vielder under integrated system, area under other released selections
like Panniyur -4, Panniyur — 5, Panniyur — 6, Panniyur — 7, ISR Girimunda, ISR Thevam, IISR
Malabar Excel and traditional high yielders like Karimunda, Chomala, Neelamundi and Kalluvalli are to
be increased in the rainfed areas which are prone to anthracnose infection and spike shedding. Planting
material production units in low and moderate rainfall zones are to be strengthened to cater the paucity
of healthy material requirement of other varieties.
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Traditional knowledge and farmer innovations in black pepper cultivation

PAMathew
Indian Institute of Spices Research, Experimental Farm, Peruvannamuzhi (P ),
Calicut-673 528, Kerala

Introduction

Black pepper, the king of spices that changed world history, originated in the West coast of India.
Initially it might have been collected from the wild but demand prompted the local people to seek
strategies to cultivate the spice and several practices and associated wisdom evolved over the centuries.
It is interesting to delve into this store house of knowledge and is worth pursuing even today. These
practices were more closer to nature in a sustainable manner. Till recently, these innovations of farmers
were not recognized or rewarded properly. Nowadays, such information is brought to the lime light for
the benefit of public through NGO’s and specifically the National Innovation Foundation, Ahmedabad.
Very recently, the Krishi Vigyan Kendra, Kannur, Kerala under the Kerala Agricultural University
organised a Farmer’s Science Congress in February, 2008 in which several innovations were highlighted
not only in pepper but also in other crops.

Sir Francis Buchanan in his travelogue “A journey from Madras through the countries of Mysore,
Canara and Malabar” written in 19* century gives an impressive narration of pepper cultivation in
South India. In this paper it is envisaged to highlight the traditional practices in vogue and the innovations
of farmers that if validated can help us to retain our prominent global position in black pepper.

Varietal innovations

About 100 cultivars are reported to exist in South India. These were selected by farmers with their
keen observations in various traits over the centuries. Among them ‘Karimunda’ is the best and is
considered the ideotype in black pepper, always preferred by farmers. Cultivars with known traits such
as drought tolerance (Kalluvally); less proneness to foot rot (Narayakodi, Thevanmundi, Neelamundi);
big berries (Vadakkan); spiral nature of spike (Aimpiriyan); length of spike (Kuthiravally) ezc. are
popular. Nevertheless, farmer’s innovations in varietal improvement are still going on and a brief account
of these recent varieties are given as follows.

Kumbakkal: Originated as a clonal material from ‘Karimunda’ types as an escape from 200 vines
Planted by Mr. K. T. Varghese, (Kumbhakkal house, Murinjapuzha, P.O., Cheruvallikularn, Idukki
district). After observing it for 12 years without any disease incidence and high yield of good quality
berries, other farmers started using it. The study at Cardamom Research Station, Pampadumpara has

Piperaceae Crops - Technologies oI Future Perspectives



Mathew

indicated it as resistant to Phytophthora foot rot (personal communication). The Spices Board hyg
also approved it and is spreading. The characters of the vine as compared to Karimunda are as followsg

Tablel. Characters of Kumbhakkal variety

Character Kumbhakkal Karimunda
Yield 410 6 kg/vine (dry) 2 kg/vine (dry)
No. of spikes/lateral 6 4

No. of berries/spike 100-120 70-90
Drought tolerance Tolerant : Susceptible
Footrot tolerance Resistant Susceptible
Quality Good; high ol Good

Driage 35% 33%

Sion Mundi: A shade tolerant and foot rot resistant type developed by Mr. PG George (Puliyanmmakkal,
Pattayakudi, Venmani P.O., 1dukki-685 606). This variety is capable of yielding good crops evenina
shade of>50% and is able to resist the onslaught of Phytophthora foot rot. Berries are big, bome on
long spikes. The vine bears regularly and carly (December to January). [t was selected from seedling
progenies of two varieties ‘Thottamundi’ (seen in the forests and cultivated by Adivasis and is resistant
to foot rot) and Neelamundi. Out of these one plant gave 3.5 kg of berrics after 4 years and it was
named ‘Sion Mundi’. It is growing very successfully under shade of other trees as intercrop. It also
pertorms well in the open condition with normal shade.

Pepper Thekkan: This was developed by Mr. T'T Thomas (Thekkel house, Kanchiyar P.O., Idukki-
685 511) near Kattappana. He stumbled upon this variety while cutting the forests for new plantings.
He was awed by the extra ordinary growth and the large number of berries in each spike and preserved
it. When it was planted in a new area with plenty of sunlight, the yield was four times higher and did not
succumb to foot rot even when other popular varieties all died. He named it after his house name
Thekkan. Its features are

Productivity : 4000 kg/ha

Driage : : 1 kg dry pepper for 2.5 kg green pepper.

Disease tolerance : Tolerant to foot rot and nematodes

Yield : High in the open. Not shade tolerant

Spike characters : Through out the plant. Spikes are bomne in clusters and each

cluster with 800-1000 berries.
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pepper Zero: This claim is from Idukki (Dist.) and is used for grafting pepper {or drought tolerance as
a root stock. It resembles a North Indian type.

Mammachan Pepper: This claim comes from Mr. Mammachan (Thekkekaithakkal, Kollawadi,
Kottayam District). The type has very god set and yield with very long spikes. It is reported to be a
cross between Panniyur-1 and a local cultivar.

KadukummakKal: This is claimed to have been developed by Sri. Abraham Mathew (Kadukurmmakkal,
Kalanode P.O., Kakkayam, Calicut) from a cross between Aimpiriyan, a late bearing variety (April)
and an early (January) bearing local type. Seeds were collecied from Aimpiriyan and seedlings were
raised. The most vigourous ones were planted and out of these one was outstanding. 1t is high yielding,
regular, not easily infected by diseases and matured in January. It forms plenty of laterals and gives 3 kg
dry yield/vine. The spikes are of about 13 cm long with close setting of berries with dark olive green
colour, Litre weight of Aimipiriyan is 560 g and of local type is 600 g, whereas this seedling has 640 g.
Probably it may be a good seedling of Aimpiriyan.

Two varieties from Wynad: Wynad also has two varieties developed by Mr. A. Balakrishnan (Ambili
Nilayam, Kamana P.(O., Mannanthavady, Wynad-670 645) claimed to be the progeny of the cross
Uthirankotta x Cheruvally and Karimunda x Cheruvally. The first has spikes 6 -15 em with good yield.
The second has spikes of 15 cm length with blackish berries and good yield.

Planting material

Traditionally runner vines at the base of each plant are coiled and kept above ground level with wooden
pegs 1o avoid rooting during summer. At planting time cuttings are prepared with 7 or 8 nodes, defoliated
and 4 to 6 cuttings are planted per standard depending on its girth. Farmers were using 15-20cm long
cuttings as per Sir Francis Buchanan’s observation.

Another method is to allow the runner to trail on the ground with nodes at intervals of 4 or 5 kept over
coconut husk with an equal mixture of FYM:soil:sand making them root after covering with husk. After
reoting, the vines are cut at 3 or 4™ node and planted with the husk. A modification of thisisto fill a
big bag with potting mixture and put one node in the mixture at intervals to allow rooting. If a Gliricidia
cutting can be planted in this bag it also will root and provide support to the rooted cutting at the time of
separation and direct panting of standard with vine is possible.

Some traditional wisdoms are

* Seedlings survive longer in the field
¢ Use cuttings only from the middle of the coiled runner vines from 15 year old mother vines.

¢ Use 2 feet cuttings of pepper for Erythrina and 4 feet long ones fro planting on coconut.
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e Collect runners within 60 cm of main stem from the base of mother vines.

* Apply apaste of coconut shell charcoal at the base of cuttings, shade dry for 3 weeks, allow to
grow on coconut husk for quick rooting.

¢ Plants from top shoots are short lived.

o Nilakodi (pepper plants naturally growing wild): The seeds excreted by the birds germinate. The
local vatdyas uproot them and used it for medical purposes as these were believed to have more
medicinal value. Such seedlings were also considered superior.

» Paste dung of she buffalo on the Western side wall of the house thickly and keep seeds of pepper
tor 7 days in it and expose to evening sun. Seedlings from these seeds show high germination,
disease resistance and yield.

Planting

Available traditional knowledge on planting are

¢ Plant robust cuttings 4 to 5 per standard and bury two nodes into the soil.

¢ Plantone top shoot and 2 runner shoots per standard. Top shoots will give crops in 2™ year and
others from 3 year onwards.

s  Allow runner shoots to trail on ground and allow to limb support trees to survive drought and wilt.
After 2 or 3 years severe the runner from the parent vine.

o Plant pepper on North East side of support. Yield is aiso better due to good exposure. Roots of
pepper grow towards north and vine towards south (standard) and thereby reduce root competition.

» Ifmorethan one variety is gown yield losses will be reduced due to difference in performances of
each cultivars.

¢ Pits of one foot size are dug close to standard.
e Spread handful of lime in the pit before planting.
e Cotl the base of vines without breaking while planting.

« Fill pit with soil and press with hand to avoid water stagnation and form small mounds around
standard.

A system of planting on coconut is described by Sit Francis Buchanan called ‘Ettadi randadi chitta’ -
(Eight feet-2 feet system). The procedure involves taking a basin of § feet diameter from base of
coconut all around. This basin is filled with green leaves, ash and cow dung for nourishment to coconut.
Inside this ring another round basin is taken at 2 feet diameter from coconut in which pepper is planted
and manured. It was believed that each plant would respect each other and take nourishment from the
respective areas.
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In olden days, two systems of planting in vogue were described by Sir Francis Buchanan: namely 1)
Kuzhikuthu-(planting in pit) and ii) Kutta thazhth (Planting with baskets). In the first method, soil was
dug around the support tree and with the help of forefinger, a depressionis created in the dug earth, the
vine is pressed into this and covered with soil and mulched. No watering was done and the vines grew
with the available moisture in the soil.

The second method is similar to the present method of raising in bags and planting with ball of earth. To
prepare kutta (container), viny shrubs (such as odal, pullanthi, kariyilanchi, vallipala) are used. Vines
are cult, wilted in the sun and containers to hold about 2 or 3. Coconut sheli full of potting mixture
consisting of soil having more of coarse sand, leaf mould, powdered cow dung and ash are made. This
mixture is moistened with water while filling, kept in shade and vines are planted. Everyday water is
given, the quantity being two hand full. Once the vines start growing, these were planted along with the
container whichrots gradually and become part of soil.

Season

¢ Traditionally it is best to plant pepper during the period between last week of June to first week of
July called as Thiruvathira Njattuvela for 100% establishment of vines.

¢ The crop will be poor if South West monsoon is inadequate.
» Ifrainis poor, spraying water at spiking time will result in good fruit set.

¢ During the rainy period the pepper plants should be free from shade, for a good crop.

Exposure

ldeal exposure is towards East while planting where sun rises and attract the shoots. Even North-East
can be considered. Southern and South West exposure 1s not good.

Shade

Filtered shade from support trees is considered the best and pepper and support tree are not supposed
to compete for light. Generally shade removal is dene twice: March-April and August-September. All
£xcess branches are removed and one branch is retained.

Spacing

Do not plant vines closer. If more space is given to support trees it will result in more air movement and
result in more yield.

Inter crops

Growing spices such as ginger, turmeric, galangal, koova, kacholam etc. is believed to increase berry
St where as banana adversely affect yield of pepper.
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Tying of vines

It is an age old practice to tie the vine with the fibres of a bushy tree with a local name Edampirj
valampiri (Helicteres isora) extracted from its bark. It is a medicinal plant also. Long sticks separated
trom the tree are beaten on rock to loosen the inner bark. This fibre is preferred over banana‘arecy
fibre since it is more softer and conducive to the young stem of pepper. Other fibres may cause injury
or accumulation of Tain water resulting in rotting of stem.

Mulching
It is considered ideal to scatter the mulch around the base of pepper instead of mixing or burying in soil,

Pruning
» Prune the growing vine at a height of 1.5 m from ground within one year afier planting. It induces
vigorous growth.

e Removing hanging shoots and top shoots of the vine after getting sufficient growth is helpful for
development of more laterals and getting increased yield.

»  Covering the pruned top shoots with poly bags has been observed to prevent further growth.

Lowering of the vine

This is an impertant traditional practice aimed at rejuvenating the vine, to induce better growth and form
more laterals. The procedure involves removal of the vines from the standard carefully and afier removing
a few side shoots, the main stem is coiled around the base of support and retrailed on the standard. This
1s done usually within the first 3 years of growth period.

Prought management

To prevent scorching of vines in summer newly planted vines are shaded with twigs of trees. Use of
twigs from vetti (Olea divica) and irumullu (Xylea xplocarpa) is a traditional practice.

Repelling animals

To prevent feeding the leaves of pepper by goats or cows, cowdung paste is applied on leaves and
shoots. To prevent berries being eaten by hen the base of vines were protected with coconut leaves in
older times; chicken consuming pepper did not lay eggs.

Weed control

Scraping, raking of soil and hand weeding of basins yearly are the general measures adopted for weed
control. Applying leaves of tamarind as mulch at the base controls weed growth,

Manuring

The best manure for pepper is the decomposed Icaves of plants. Organic manures only are used
generally such as FYM and ash for manuring pepper and are given abundantly. These are applied
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before monsoon. Inthe travelogues of Sir Francis Buchanan, it is said that the pepper cultivators of his
period used a combination of dry cow dung, dry leaves and ash that were heaped together before
monsoon and the well rotten mixture was applied to the vines by the onset of monsoon. The quantity is
dependent on the stage of growth and varied from one ‘koru’ (handful measuring 250-300 g) or 3 or 4
korw’. It is believed that if water and manure are increased, the vines will grow robust but spiking will
be poor.

Standards/support

Even today, the ideal standard for pepper remains elusive. Traditional wisdom on this issue is worth
exploring. All trees having rough bark are suitable as standard, such as £ryrhrina, mango, jack, hogplum,
Terminalia, Sirychnos etc. In olden days Erythring or (murikku) was common. Later on Gliricidia
became popular. Payvani (Oroxylon indium) Karayam (Garuga pinnata), Azhanthal (Pajanelia
rheedii) were also traditionally important. However, jack is considered to be the best support for
pepper by the farmers as it is attributed with good growth of vines, yield and higher driage. Sir Francis
Buchanan while deseribing pepper culture in Kerala, indicated in his travelogues, that the pepper farmers
of his period considered mango as the best support . Mango seedlings were planted along with Erythring
that survive 6-15 years only and even pepper was planted on big mango trees of 20 years and above.
Almost any tree can be a support for pepper. Growing pepper in coconut was considered harmful. The
following are some of the information evolved over time worth mentioning.

¢ Use narrow pits for planting pepper supports to avoid dodging in wind.
»  Prune the supports to increase spike setting and to prevent pollu beetle damage inrainy period.

* Collect standard during descending moon period in the month of Kumbham (April-May). After
collection keep in shady places horizontally for 15 days and afterwards keep in a slanting position
till planted.

® Silver cak is a good standard for pepper for healthy growth and yield.
*  Support must grow straight and upwards to get formation of more laterals in the vine.

* Aninnovationis brick support. Channel bricks can be joined with 6mm rod through the 3 holes and
14 bricks wil! be sufficient for one support of 4 m length. The holes are filled with cement and cured
for one week. Bury 0.5 m deep into the ground to trail pepper. This is cheaper than concrete.
Pepper adheres well to it and suitable for homesteads. Innovated by Mr. Sadanandan, Chettiankal,
Chovva, Kannur, Kerala.

Prevention of wilt disease or its control

Some of the local knowledge regarding prevention of the dreaded wilt disease of pepper or means of
controlling it are as follows:
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e Heap small stones around base of pepper plants to prevent wit.
¢ Do not disturb the base to reduce chances of the wilt.

¢  Apply 500 g common salt to the base of each vine before onset of South West monsoon and afier
North East monsoon.

¢ Apply lime on main stem from base to a height of 75 cm when wet to prevent fungal attacks,

» Keepone kg of neem cake (partially remove oil} in 25 lit. water and filter. It is an excellent fungicide,
¢ Garlic and mustard are ground, decoction prepared and sprayed to control wilt.

o  Apply 250 g lime twice/year to reduce wilt.

¢  Mulch with leaves of maroti (Hydnocarpus kurzii) to control wilt and pests.

¢ Apply diluted oil of maroti to controi quick wilt or its cake which controls nematodes also,

s Apply fleshy rind of nutmeg to the base.

»  Apply 2 litres of liquid after extraction of starch from koova (Curcuma zedoaria). Actually planting
koova around the base of pepper has been observed to prevent foot rot of vines besides giving an
additional income to farmers.(Mr. K.J. Kurian, Kuriaplavunkal House, Padikkap P.O., and Mr.
Johny George, Thannikkapara, Mundamudi, Vannapuram, Thodupuzha, both from Idukki District
of Kerala).

‘Amrutha’ is a preparation reported from Karnataka to control wilt. In this method 5 litres of cow’s
milk is kept in a plastic bucket and fermented for 5 days (for 10 vines). It is then chumed to remove the
fat completely and filtered and further fermented for another 10 days. This solution is diluted with water
10 times and applied to the vines in August, September and October. Diseased vines with leaves shed
but stem intact are found to recover (Dr. B. 1. Suresh, Bakaravalli Village, Malasavara post, Belur
Talug, Hassan-573 101.)

Lemon grass has been found to be a good preventive as well as curative mulch for pepper. Cut the
grass and apply as much around the base of pepper at the initial stage of the disease (Mr. E.J. Jose,
Elavatharayil, Arangu P.O.-670 582). Coffee fruit skin and cowdung after mixing and applied to bas
can reduce quick wilt.

Slow wilt control with wild sunflower

Wild sunflower (Tithonia diversifolia) is a wild plant occurring in plenty in cooler areas of the hig)
ranges. It 1s called ‘Kaippan’ in Malayalam. It is used to control nematodes in pepper mixing weli th

following.

Tithonia diversifolia : S0 kg
chopped leaves and tender stems

Neem cake (crushed seed) : 4kg
Biogas slurry o 75 litres
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Keep inatank and ferment for 15 days. Afterwards strain and dilute @ 1.0 litre with 5 litres of water
and drench the base of infected vines. Repeat once in 15 days if needed.

Pests
The oil extracted from Pongamia pinnata (Ungu) is reported to be cffective against mealy bugs and

scales of pepper. Another method is use of the hot spent liquid after boiling 1apioca chips. This hot
solution if poured on the pest infected main stem it kills the pest without any damage to the stem or
leaves. The farmer who used this technique has observed that the hot liquid after removal of boiled
chips of tapioca if accidently fallen on hands or legs it did not cause any buming. So he assumed that this
hot liquid will not kill the plant stem (Mr. Joseph, V.J. Valummel, Upputhara P.O., Kakkathode, Idukki,

Kerala).

Harvesting and processing

Rayaguru ef al. (2007) have also highlighted the export potential of the crop but the data provided by
them are much less and therefore, do not match with those provided by Jana (1996).

Usually harvesting is done when 10% of the berries in a spike turn red. Some farmers say harvest when
5 berries in a spike turn to red colour. Bamboo ladders are used to harvest the spikes by hand picking
and collected in temporary cloth bag tied to the back of the climber.

Bernies are separated by trampling spikes with foot. Experience indicates that if spikes are exposed to
sun for a whole day, berries can be removed easily. An innovation in spike trampling is the use of
‘netrika’ a plastic netting specially made for sericulture. In this method, spikes are spread over the
netrika and trampled with foot. Berries get easily separated from the spike and are more cleaner.

Ifthe berries have started ripening and one wants to ripen all berries quickly, the spikes can be heaped
and covered with gunny for two days with good result.

Drying of berries is done traditionally in bamboo mats coated with cow dung or yards coated with a
paste of mud and cow dung (it is not recommended now). Cemented floor or silpaulins are also used.
Rerries are spread on the mats with hands or wooden planks with long handles. Every day the hot
berries are gathered in gunny bags at 3 or 4 pm, tied tightly and a weight with stoncs is placed on the
bags. This will give jet black colour. Drying takes 4 to 5 days. Drying is stopped when the berries
become hard and emit a specific sound when rubbed with hand.

The left over rachis of the spikes is spread on the front yard of pavings to be trampled upon believing
that the more people walk over it the yield will be better in the following year.

The berries are stored in wooden containers called ‘Pathazham’® made of wood or in gunny bags for
years together. Old pepper fetches higher price than fresh produce. Traders designate old pepper by
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the presence of whitish fungal growth. So farmers add rice flour to fresh produce to get better prices
and is amalpractice. The traders assume that old pepper is properly dried whereas the fresh produce
may not be so, resulting in reduced weight after purchase and may cause losses.

Processing machines

Ravi’s threshing machine: This is an innovation in threshing machine reported from Idukki District of
Kerala before other threshing machines were developed. This was developed by Mr. Ravi, a Workshop
mechanic (Palathumkal, Our Engineering Industrial Workshop, Upputhodu, Marukkassery, P.O., Idukki).
He has both hand operated and motor operated models. The hand operated one can thresh 55 kg per
hour whereas the other one has double that capacity. The advantages claimed are:

+ Contamination of threshed berries with other extrancous matter is avoided.

s The berries do not get crushed including ripe ones.

s 95% of berries are separated with the spikes in the first strip itself.

o Ifthe leaf blades are removed and replaced with other blades paddy can be threshed.
¢ Mechanism to separate berries and spikes is available with the machine.

o Cost of threshing can be reduced.

Nirguna threshing machine: This machine operates on 0.5 HP motor capable of threshing 150-200
kg spikes/hour and 100% threshing is effected. If'the spikes are allowed to wilt in the sun for one day
the time can be reduced. The machine was developed in 2002 and six models were developed catering
to ditferent category of farmers. The machine weighs only 45 kg. The machine was developed by Mr.
Mahabaleswara Bhat, Nithila, Kodapadavu P.O., Buntwal Talug, Dakshina Kannada District (Ph:
(82255-267475, Mob: 09748370404).

Top cutter: This is an innovative device for harvesting of black pepper spikes. The device helps one
to harvest pepper from ground level. It can be fitted to a long pole. The device is 2 feet long and on its
tip a scissor is fitted (one foot fong) with coil spring, clamp and a plastic bag to hold the harvested spike.
A cable is tied to the scissor and by pulling the cable harvesting is done. The device is useful for
harvesting fruits, flowers, tender shoots efc. This can also be used to remove weeds from the sides of
deep wells.

Traditional method to prepare white pepper

The method involves packing green mature spikes of pepper in plastic gunny bags with loose weaving
but without holes. Bury in s0il 60 cm deep and cover it with soil. Keep the soil moist by pouring water
every 3 days. Allow retting for 15 days. Remove soil, wash and dry in sun. Normal recovery is 28%.
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Another method prevalent in 18" century in Kerala is described by Ravindranath. After cleaning the
base of the vine, large leaves or pieces of mats are spread. The ripened berries falling on the mat were
collected and pressed between the thumb and forefinger to remove the skin. Then it is dried in the sun
during day and kept in mud pots during night. This process is repeated 4 or 5 days. These are stored in
bags and the berries were considered to have better medicinal value. This white pepper was usuaily
given as special gifts in palm sized bags made of pandanus leaves containing about 50 g and was
cherished by the foreigners.

Homoeopathic preparations

Now adays homoeopathic preparations are also being used successfully. The author has tried two
preparations against rootrot of black pepper as test case namely Rootsan and Biofos. The Rootsan
was applied @ 2 mV/litre as adrench thrice torooted cuttings in bags and Biofos as a spray. There was
no root infection of the vines upto six months indicating the potential of these preparations. However,
research is needed to standardise the application mode and one has to shed the negative attitude
towards homoeopathy. The above preparations were made by Dr. A.J. George, Athrasseril, Peravoor,
Kannur District and are being used by experienced farmers with good success.

Special innovation in pepper cultivation

This is a special method developed by Mr., Francis, Cheruvallil, Narinada, Calicut, Kerala. Fed up with
the devastating foot rot of black pepper, Mr. Francis, conceived a hypothesis based on the following
observations and long years of acquaintance with the crop and developed a sustainable organic way of
pepper production with the lowest threat from foot rot and slow decline, very successfully. For this
innovation, he was awarded by the National Innovation Foundation, Ahmedabad in 2006.

The assumptions are

¢ Since foot rot generally attacks the collar region he hypothesized that if this junction of root and
stem is exposed to the weather elements, it will help hardening off of the tissues and may resist
infection. This idea was derived from the natural exposure of collar in very old vines where the soil
was eroded but no infection was seen. As long as this region is under the soil, it is less hardier and
may be easily susceptible to disease. His conclusion was also derived from his observation that
when tubers of tapioca were exposed to sun, fibres formed at the exposed portion and made it
hard or woody. So he devised a surface planting system whereby the collar and roots are exposed
over a period of three years and remained 3" above ground level.

¢ Hehas observed that plants with single robust stem 1o a height of about | metre ylelded more and
also created an exposed base to prevent the disease.

* Tilling damaged the roots causing infection. Hence no tillage and cover cropping would be best
alternative.
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* Due to basal manuring, the roots tended to concentrate at the base and if infected the plants died,
Hence ways may have to be devised to allow more spread of roots away from the base. Nutrients
are given as per the need using organics. Allow more number of roots and its spread.

e Shade during rainy pertod is very conducive for disease incidence and polhu beetle and no shade
shall be available from June to September while from October onwards shade is needed upto May
end. He found jack an ideal standard for pepper because jack once pruned will develop shade only
by end of September and this shade is retained throughout summer. The jack leaves are good
nutrient sources. It does not compete with pepper for nutrients during June-September and grows
straight. Erythrina isnot ideal.

e He found Karimunda is the best variety capable of vielding maximum well under any existing agro-
ecosystem and vigour of the vine is more important to ward off the disease.

» Lime application not only controls acidity but fungi infection as well.
* QOver manuring/pesticide applications reduces the resistance power of the vine.

¢ Pepper has to be grown as a pure crop and not as an intercrop as its competing ability is limited
(health and yield).

¢ Muddy water from other fields impedes drainage and aeration and cause infection.

Method: An area with good drainage and fertile soil is selected; all around the plot a trench of 30 cm
deep and 30 cm wide is dug to prevent runoff and spread of roots from other trees; by onset of
monsoocn temporary supports such as Erythrinag, Gliricidia, Drumstick, efc. are planted at 6mx 4m.
Permanent support is jack.

Raising cuttings: Runner vines are collected from vigorous yielding vines from January-March and
are cut into 20 cm length. The basal cut is piven close to the lowest node; cuttings are planted in bag of
15 cm x 7.5¢m size with soil. While planting the lowest node is 2/3™ below the surface soil. Three
cuttings are planted in one bag.

Planting: By onset of monsoon in fune, the base of standard is cleaned (no pit is taken) but levelled.
The bag is removed and the cuttings are planted on surface close to standard with soil. Some soil is
heaped from outside around the soil attached with the rooted cuttings and pressed. Spread 50g bone
meal and 200 g powdered cow dung 60 cm around and a circular mount is made with heaped soil to
the level of collar only. Tie the vine with areca sheath fibres. Banana fibre causes rotting. Mulch this
mount with dry leaves, sawdust, coirpith efc.

Aftercare ,
¢  Asthe seasons pass, the soil will erode from base and the roots and collar are exposed to sun.

¢ Retain only the most vigorous vine out of three,
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e Sow 5 seeds of jack close to the temporary standard. Retain the most vigorous one. After 3 or
4 years tie the top of temporary support to the jack at top and allow all vines to climb on jack
and once this is accomplished, the base of temporary supports ringed to kill them. Height of
jack can be up to 8 metres.

e Cover crop of mucuna is established in fourth year @ 40 rooted planis/acre and cover the
whole area in 3 or 4 years. This control weeds, provide nutrients, prevent soil erosion and run
off. Cover crop is not allowed to spread to the base and the path way made along the planting
line and confined to in between rows of pepper plants.

e Remove all sprouts efc. up to 1 m from ground level. Remove soil if needed to expose the raots
and collar so that the vine rest on 2 or 3 exposed main roots.

e Toallow spread of roots away from base manuring is done away from base depending on root
growth every year.

e Only orpanic manures are applied such as oil cakes, cow dung, bone meal, green leaf efc.
Manuring is done in June and August. It is helpful if dung and groundnut cakes are mixed with
water and this mixture is applied every month during first 2 to 3 years. Manures are spread on
ground and covered with mulch and not dug in. Manuring is done only 5 to 6 years and gradually
stopped and from 7 year onwards no manure is given. Jack leaves are muiched around the
base.

¢ Remove all spikes upto 2 years. Allow bearing from 3" year onwards.

¢ No pesticide or fungicide application needed. If vines are showing weakness remove all spikes
to keep the vigour. Keep the base and walking line along the row free of weeds and exposed
{o sun.

Yield

The yield was 2 quintals in sixth year, 1.7 quintals in 7th year and 8 quintals in 8" year. It is surprising
that no vine succumbed to the severe drought in 2004 and no vine was affected by wilt in the raining
period 0£2004. Now this plot in Paisakari is abandoned but another plot in Narinada is maintained.

Mr. Shajan Cherian (Erathel, Narinada, Koorachundu, Kozhikode-673 527, Mob: 9745087449) is
another farmer who has adopted the technigue. His garden is 7 years old with jack as suppert and
Karimunda variety. His average yield is 4 kg dry peppet/vine (2 tonnes per hectare). The spacing is 20’
x 10"accommodating 200 vines/acre. He gives 5 kg dry cow dung and ¥z kg bone meal as fertilizer per
vine/year. This method needs validation and modification of the method can improve yields further.

Conclusion

Anover view of the traditional wisdom and innovations of farmers highlights the necessity of validating
those knowledge that may be useful in black pepper production, The following ITKs or innovations
need validation urgently.
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. The varieties Kumbhakkal, Sion Mundi, Pepper Thekkan, Kadukummakkal may be tested
for yield, quality and disease tolerance.

. The effect of evening sun (infra-red radiation) on seed germination and varietal improvement
may be studied.

. Planting of top shoots and runner shoots together for early cropping may be tried.

. Jack and mango as standard for pepper need to be studied. The influence of jack rhizosphere
in the multiplication of Trichoderma needs to be investigated.

. Use of channet bricks as support with shade trees planted in between rows using top shoots
may be investigated because harvesting of tall standards is a problein.

. The use of garlic and mustard, maroti oif and cake, flesh of nutmeg, lemongrass, lactic acid
and wild suntlower in controlling wilt disease and nematodes needs to be studied.

. The planting of koova (Curcuma zedoaria) at the base of pepper to control foot rot discase
needs to be validated as it will give additional income also.

. The use of ponganma oil and controlling mealy bugs and scale may be studied.
. The effectiveness of homoeopathic preparations against foot rot needs investigation.

. Effectiveness of surface planting exposing the collar with mucuna as cover crop has to be
studied for yield as well as foot rot control on a long term basis.

. Nirguna pepper threshers of varying capacities need to be evaluated.
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Initiatives of Spices Board for post harvest and quality improvement of pepper

R Chandrasekhar
Spices Board Kochi, Kerala.

Introduction

Black Pepper (Piper nigrum) is one of the popular and most sought after spice in the world. Itis
native to Malabar, a region on Western Ghat and Western coast of South India. It was mentioned as
far back as 1000 BC in ancient Sanskrit literature. The name pepper comes from the Sanskrit word
‘pippali’ meaning berry.

Pepper is mainly cultivated in Brazil, India, Indonesia, Malaysia, Sri Lanka, Vietnam, Cambodia and
China. The world pepper production is estimated at 2,62,900 tons (2008 projection} and the Indian
share is estimated at 50,000 tons. The world export is around 1,90,800 tons (2008 projection). The
balance is consumed within the producing countries. Some of the Jow cost economies in South East
Asia like Vietnam, Cambodia, Thailand and China are emerging as major producers of pepper with
practically no domestic consumption. Vietnam, the major producer in recent time has achieveda
production level of one lakh ton during 2006 from 22,000 tons in 1998. The traditional producers like
India and Indonesia show a declining trend in production. Brazil, the only Latin American source
stepped up the production during the last couple of years.

The estimated area under pepper in Indiais 2,36,180 hectares (2006-07) and the estimated production
1s 50,000 tons (2007-08). The production of Indian pepper has come down from 80,000 tons (2002)
to 50,000 tons (2007/2008 estimates). Similatly, pepper exports from India has dwindled from
45,156 tons (1999) to 14,049 tons (2004).

India s also importing pepper from other sources mainly for value addition and export, The import has
reached 17,733 tons (2004-05). The major sources are Vietnam, Sni Lanka and Indonesia.

Low productivity of pepper plantations is the major challenge faced by India. Except for Indonesia and
Sri Lanka, all other producing countries are having a productivity of above 1000 kgs/ha. In Vietnam
and China it is around 2000 kgs/ha. In India productivity of pepper is very low to the tune of around
267kgs'ha. The low productivity is mainly due to non-popularization of high vielding varieties, prevalence
of diseases like ‘foot rot’ and "little leaf”, depletion of soil fertility, damage of live standards due to pest
attack erc, Scattered pepper cultivation by small holders, lack of long-term investments for improving
the crop are some of the added perils.
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Spices Board in quality improvement of pepper

Spices Board is having mandate for production development of cardamom (small and large) only as
per Spices Board Act, 1986. The production development of pepper is vested with the Union Ministry
of Agriculture and State Agriculture/Horticulture Departments. Post harvest improvement of spices
including pepper is looked after by Spices Board.

Most of the importing countries have prescribed stringent quality standards for agri products including
peppet. These standards are becoming more and more stringent and could become effective trade
barriers impacting exports. It is therefore necessary to educate, motivate and support the growers to
adopt hygienic post harvest practices to improve the quality of pepper and to create a perception all
over the world that India is a source of good quality pepper.

Keeping this in view, Spices Board has been encouraging use of drying yards, polythene/silpaulin sheets,
bamboo mats for drying purposes and pepper threshers for hygienic removal of pepper berries from
their stalks. Moisture meter is distributed for checking moisture of the dried product at farm level.
Training of farmers, NGOs and officers of State Agri/Hort. Departments are also an integral part of this
effort.

During XI plan, the following programmes are being implemented for improving quality of pepper
prc at farm level.

Co :tion of drying yards

In« yenable growers to dry pepper under hygienic conditions, growers are financially assisted for
cot ion of drying yards.

Du e plan period the estimated cost of construction of drying yard is Rs.600/- per sq.m. The rate
of : 1ce as cash subsidy offered to growers is Rs.540/-, Rs.300/- and Rs.150/- sq.m. for scheduled
trit eduled caste and general category towards 90%, 50% and 25% of the cost of construction
res sly. '
Ind 1 growers are eligible for subsidy for constructing upto 150 sq.m of concrete/cemented drying
yai the NGOs, farmers associations, agricultural market committees are eligible for assistance
prc nate to the mcmbers thereof.

Su fpolythene/silpaulin sheets

In¢ yenable small and marginal farmers (o dry pepper under hygienic conditions Spices Board is
als: lying polythene sheets/silpaulin sheets (of size 8 x 6 m. 250 GSM & 120 GSM respectively)
at ! absidy to tribal growers and 33.33% to other growers. Board will arrange centralized
pui of polythene sheets and supply it to growers. The non-subsidy portion will be collected from
the growers. ‘
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Supply of moisture meter

One of the important parameters which decides quality of pepper is the percentage of moisture in the
dried/cured produce. If moisture is excess than the optimum level, there are chances that the product
will get affected by mould and finally contaminated by the presence of mycotoxin (aflatoxin). As the
curing and processing are on farm operations, farmers are to be equipped with devices for detecting the
moisture level present in the final product for maintaining the quality. Hence supply of moisture meter
will be taken up. The cost of such a device is estimated at Rs. 8,000/- and subsidy @ Rs. 2,500/- per
moisture meter is proposed towards 32% subsidy of the cost.

Supply of pepper threshers

Traditionally pepper berries were separated from the spikes by irampling under the feet which is un-
hygienic and labour intensive. In order to separate the berries from the pepper spikes in a hygienic
way, Board will be supplying pepper threshers which are mechanically operated and labour saving, by
providing a subsidy subject to a maximum of Rs.7000/- per thresher, irrespective of the capacity of the
equipment purchased by the beneficiary.

Supply of bamboo mats for pepper

In order to enable the growers to dry pepper under hygienic condition, Board is supplying bamboo
mats of size 12' x 6" at 90% subsidy to tribal growers and 50% subsidy to others. The Board will
arrange centralized purchase of mats and supply to growers after coliecting the non-subsidy portion.

Organic production of pepper in North Eastern states

Spices Board is taking up a number of developmental programmes for spices with high export potential
in North Eastern states as a special programme for development of North Eastern region. Under this,
organic produetion of pepper is promoted by way of providing financial assistance to the growers. The
programme 1s implemented by providing a subsidy subject to a maximum of Rs. 15,000/- per ha. in two
annual installments of Rs. 13,000/- and Rs, 2000/~ in the form of planting materials and organic inputs
like Trichoderma, copper sulphate (for preparing Bordeaux mixture) etc. to small farmers. Organic
inputs are multiplied with the assistance of non governmental agencies and supplied to the growers.
The required planting materials are produced through rapid muitiplication units with the help of
governmental / non-governmental agencies which are under the technical supervision of the Spices
Board.

By implementing the above programmes, it is expected that quality of Indian pepper at farm level could
be improved to a great extent in order to make it exportable and internationally acceptable.
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An overview of research and development of betel vine industry in india

Satyabrata Maiti
National Research Centre for Medicinal and Aromatic Plants, Botiavi, Anand - 387 310, Gujarat.
J-mail: satyabratamaiti@htomail.com

Introduction _
Betel vine (Piper betle Linn.) is a native of tropical South-East Asia. Geographically, it is confined
particularly in the region falling between 60°E and 118 °E longitude and 30°N and 12°S latitude. Betel
vine is an evergreen, perenmial, dioecious creeper cultivated in India for its leaves which ts mainly used
as masticatory as stimulant.

The crop is grown commercially as cash crop in the states of Assam, West Bengal, Bihar, Andhra
Pradesh, Karnataka, Kerala, Madhya Pradesh, Uttar Pradesh, Maharaghtra, Orissa, Tamnil Nadu and
to alimited extent in other states. About 50,000 ha are under this crop which marginally increase or
decrease depending upon the market demand and profitability (Maiti & Shivashankara 1998).

Betel leafis mainly used for chewing as fresh along with several ingredients such as lime, araccanut, efc.
In addition, it has many medicinal properties and are used widely in Indian system of medicine to cure
indigestion, stomach ache, diarrhoea, flatulence and to heal wounds, scales and burns, swelling due to
sprains, bruises, respiratory disorders, sore throat, constipation, boils and gum sores (Chopraef al.
1954). Amonkar ef al. (1986) confirmed that betel leaves contain a chemical called hydroxy-chavicol,
a phenolic compound that exhibited suppression of induced mutagenesis. It has a positive stimulatory
influence on intestinal digestive enzymes, especially lipase, amylase and disaccharidases (Sandhya Prabhu
ef al. 1995). The antiinflammatory properties of the ecotypes of this plant has been investigated and
three purified compounds namely, chavibetol, chavibetol acetate and chavicol were identified (Khozirah
et al. 2000),

Role of AICRP in strengthening research

The coordinated project has made tremendous contribution in bringing together various agricultural
universities and central institutions involving a common programme of work covering wide range of
topics viz,, survey and surveillance of diseases, insect pests and nematodes; loss estimation; disease,
insect pests and nematode management through IPM; disease forecasting and epidemiology; crop
husbandry including plant population, nutrient management, water requirement, micronutrient, inter
cultures, packaging and storage; PGR management; identification of new varieties; hybridization, efc.
Significant achievements of the projects are given below.
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Genctic resources

Collection, conservation, cataloguing, evaluation and exchange of germplasm have been one of the
major activities of AICRP/AINRP on betel vine. However, collection of new types and their evaluation
is a continuous process in the programme,

Centre Total collections Evaluated & catalogued
AAU 14 51
ANGRAU 51 14
BCKV 40 32
JNKVV 25 ' 25
MPKV 28 28
QUAT 40 40
RAU 24 24
TNAU 45 45
IIHR 87* —

* Collected from AINRP centres for breeding purpose

Flowering and fruiting in betel vine

Sexual dimorphism for leaf character was noticed. The female leaves are cordate in shape and males
are ovate. The length and breadth ratio of leaf in both sexes vary (1.84 + 0.21 formales and 1.26 +
0.13 for females). Betel vine is a non-agamospermy with true seed formation only through pollination.
This opened up the fieid for heterosis breeding. Profuse flowering in both female and male clones of
betel vine was observed throughout the year. Crossing between female and male genotypes was carmed
out by dusting pollen on female catkins (10.00 to 10.30 am). Successful crosses developed fruits,
which matured in 90-100 days after crossing. The seeds extracted immediately were tested for
germination. Germination was satisfactory with good radical and plumule emergence. Seedlings were
grown in plots, which included single cross, poly cross and also open pollinated progeny. Variation in
the progenies at seedling stage is being observed and crossing programine is being continued. Four
selected hybnids are being evaluated in four centres.

Crop improvement

Varietal trial: A selection from Bangla cultivar named Ghanagatte has been identified as high yielder.
The cultivar showed 10-60% higher yield against local check in multilocation and adaptive trials in the
eastern region under bareja cuitivation system. Typical characteristic of the variety is shorter internodal
length. Performance of Ghanagatte for Jeaf yield was consistently superior to the local checks in AAU,
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BCKYV and OUAT. Therefore, this variety has been recommended for release in these states. A proposal
has been sent to CVRC for notification.

Released varieties: The following varieties have been released so far from the project.

Name of the Year of release States recommended Centre responsible
Variety for cultivation for release
SGM-1 1991 Tamil Nadu TNAU
SGM-2 2000 Tamil Nadu TNAU
Utkal Sudam 1997 Orissa OUAT
Bidhan Pan -1 2004 West Bengal, BCKV
Assam, Bihar
and Orissa
DPB-6 (Krishina Pan) 2003 Maharashtra MPKV
Crop production

Nitrogen sources, levels and method of application: Band placement of 200 kg N as CAN produced
significantly higher vield at BCKV. Keeping quality, however, deteriorated with the use of chemical
fertilizers. Incidence of anthracnose and leaf spot was the lowest with the use of neem coated urea. At
ANGRAU, the highest yield was obtained with 200 kg N /ha as urea, though the economic level was
100 kg N /ha only. Yield and keeping quality were not affected due to various sources and levels of
nitrogen at INKV V. But leaves per vine were perceptibly higher with linseed oil cake, urea and their
combination treatments. Nitrogen applied through organic sources recorded lower disease incidence,
but did not improve the keeping quality.

At OUAT, maximum elongation of vines and production of leaves was achieved with 150 kg N /ha
applied as urea+mustard cake in 1:1 ratio. Further, lower doses of nitrogen through neem cake and
mustard cake reduced discase incidence. In TNAU, different sources and levels did not influence the
vield but 150 kg N /ha through neem cake +urea (1: 1) resulted in the highest yield with the lowest foot
rot incidence. Four to twelve split applications of nitrogen were found to produce highest leaf with the
lowest foot rot incidence.

Organic and inorganic fertilization on growth and yield of leaves: Application of FYM at full
dose was found to increase all the growth and yield parameters significantly inaddition to reducing the
disease incidence in MPAU, OUAT, RAU and TNAU. FYM application also increased the keeping
quality of leaves in MPAU, OUAT and RAU. However, in ANGRAU application of neem cake +urea
(1:1)and in INKVV and MPAU, oil cake + urea (1:1) gave maximum vine growth and leaf yield.

Piperaceae Crops - Technologies & Future Perspectives



Maiti

Keeping quality of leaves was also improved by neem cake + urea in ANGRAU, whereas in AAU and
INKVYV, organic fertilizer (full dose) improved the keeping quality of ieaves with low disease incidence,

Siow releasing organic nitrogenous fertilizers on yield and growth parameters: Neem coated
urea (NCU) was superior to tar coated urea and prilled urea in terms of favourable growth and yield,
improved quality and lower pest incidence. However, at BCKV, NCU did not show any positive effect
onyield but influenced keeping quality significantly and decreased Phytophthora incidence. AtRAU,
yield and quality were not influenced due to NCU but decreased incidence of bacterial leaf spot and the
Anthracnose. NCU increased leaf yicld at ANGRAU.

Levels of potash on yield: The results from different centres indicated that potash had a positive
effect on yield, keeping quality and disease incidence. 100 kg K, O/ha at ANGRAU, INKVV, MPAU
and NBRI, 125 kg at BCKV and OUAT and 75 kg at TN AU were found superior in increasing the leaf
yield.

Levels of phosphorus on yield: Application of phosphorus improved the yield parameters at ANGRAU
{100 kg/ha), INKVV (125 kg/ha), MPAU (100 kg/ha) and OUAT (100 kg/ha). However, no effect
was recorded at AAU and BCKV.

Micro-nutrients on growth and yield: Studies on micro-nutrients showed that application of manganese
(0.5%) and zinc (0.25%) at ANGRAU, zinc (0.5%) at BCKV, molybdenum (0.1 %) at INKVV and
manganese (0.5%)at OUAT improved the leaf yield.

Bio-regulators on yield and keeping quality of leaves: Triacontanol (0.05%) spray thrice at 30
days interval had favourable influence on growth and yield parameters in all the centres. However, an
increase in keeping quality of leaves with the tnacontanol spray was observed only in MPAU, OUAT
and TNAU. A significant increase in cost benefit ratio was also observed in MPAU and RAU.

Irrigation schedules and methods on growth and yield of leaves: Application of irrigation water at
an [W/CPE ratio of 1.00 with irrigation depth of 5 and 3 em at RAU and BCKYV, respectively, were
found to be better for growth and leaf yield. However, irrigaiion did not influence keeping quality of
leaves, incidence of bacterial leaf spot and uptake of major nutrients at RAU. Furrow irrigation after
each row in ANGRAU and after two rows in MPAU were reported to be superior methods for higher
leaf yield. Irrigation methods did not have any effect on keeping quality of leaves and disease incidence.

Drip irrigation on growth and leafyield: Replenishment (100%) of pan evaporation rate through
drip irrigation produced highest leaf yield (25.55 lakh/ha) at INKVV. However, at MPKV center,
125% evaporation replenishment produced highest yield (42.32 lakh/ha). Inthis treatment, water
saving was to the tune of 34.26 per cent. !

Packing and storage: Packing of Jeaves without petiole was found to be a better practice for improving
shelflife when compared to packing with petiole in all the centres. In general, keeping quality during
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storage was better in winter than summer and rainy seasons. Plantain leaves (fresh or dry) with or
without hollow space performed better as packing material in all the centres except ANGRAU, MPAU
and RAU where moist straw lining with hollow packing showed its superiority.

Evaluation of live support crop: Superiority of Moringa sp. as live support crop was recorded
uniformly in two locations. Sesbania grandiflora was also good when growth parameters were
compared. S. seshan was not found suitable since it started producing branches from the base of the
plants and also had slow growth rate.

Crop protection

Disease survey: Two types of disease surveys namely: 1) fixed plot survey at 2 monthly interval and 11)
roving survey at pre and post monsoon period were conducted. Results revealed that Phytophthora
leaf and foot rots, Anthracnose and bacterial leaf spot or stem rot were important in most of the
locations. Disease pressure was in general low and none of the diseases were found alarming in the
farmers field in Uttar Pradesh and Assam. Sclerotial rot and foot rot were serious in Andhra Pradesh.
In Orissa, Sclerotial rot incidence was reported up to 27.5% in open type of cultivation.

A serious outbreak of bacterial stem rot was observed in Salem area of Tamil Nadu during 1989-90. A
new species of Phytophthora (P. capsici) was isolated and identified as pathogenic to betel vine. A

“new disease caused by Chlamydomyces palorum was reported from Assam causing up to 22.5% leaf
and stem infection at pre-monsoon months in Tinsukhia District.

Varietal resistance to diseases: Available varieties at different centres were rigorously screened
under artificially inoculated conditions for resistance to important diseases. Halisahars sanchi was found
to possess multiple resistance against Phytophthora rots, anthracnose, bacterial leaf/stem infection
and basal rot. Pachaikodi and Karappu exhibited high resistance to Phytophthora rots and bacterial
leaf/stem infection at INKVV. All Kapoori varieties showed resistance to powdery mildew at IIHR.

Phytophthora leaf and stem rot contrel: Experiments conducted at various centres during the earlier
years revealed that maximum disease control can be achieved by spraying (0.5%) along with drenching
(I %) of Bordeaux mixture. Fosetyl-AL (Aliette 3 g/1) 0.24% a.i. 4 drenches at monthly interval was
either equally effective or marginally superior to Bordeaux mixture in AAU, BCKV and TNAU.

Chemical control of anthracnose leaf spot: Bordeaux mixture (0.5%) spray was found superior to
control anthracnose in Assam and West Bengal. However, mancozeb (0.1% a.i.) spray was found
most efficient in controlling the disease in Orissa. In Tamil Nadu, bitertanol (0.025% a.i.) spray was
superior which was followed by mancozeb (0.1% a.i.) and Bordeaux mixture (0.5%) sprays.

Chemical control of bacterial leaf spot: Superiority of bacterinol (0.1 % ai) + Bordeaux mixture
(0.5%) spray treatment was observed nextto streptocycline (250 ppm) treatment in all the three locations
where the experiment was conducted.

Piperaceae Crops - Technologies & Future Perspectives @



Maiti

Spray schedule for Phytophthora leaf and stem rot: Three centres namely BCKV, OUAT apg
INKVYV reported the superiority of 4 drenchings (1 %) and 8 sprayings (0.5%) of Bordeaux mixture
uniformly starting from June to September at monthly and fortnightly intervals, respectively. However,
in Tamil Nadu, 3 drenchings and 6 sprayings starting from June to August were found to be the best,

Soil solarization: Effect of soil solarization in reducing the nitial inoculum was tried. Results obtaineqd
from different cenires clearly established the effectiveness of solarization for 15 days before planting
during summer months in reducing the nematode and fungal poputations.

Biologica) control of foot ret: Four applications of Trichoderma harzianum enriched neem cake at
quarterly interval was next best to Bordeaux mixture in reducing the disease incidence as well as improving
leafyield at AAU, BCKV, INKVV and TNAU. Cost benefit ratio was also next to Bordeaux mixture
in AAU and TNAU, while in QUAT, VAM and 7richoderna (quarterly) applications were next best
to Bordeaux mixture in terms of disease incidence and yield.

Integrated disease management of Phytophthora foot rot: First year result indicated that the
Integrated Disease Management (IDM) with sanitation + one soil drench of Bordeaux mixture +
Trichoderma application (after one month) + one more soil drench of Bordeaux mixture significantly
reduced the disease incidence in addition to the increase in leaf yield in INKVV, RAU and TNAU. In
MPAU also, integrated disease management significantly reduced the disease incidence.

Nematode diseases

Nematode survey: Most predominant plant parasitic nematodes associated with betel vine were
Meloidogyne incognita and Rotylenchulus spp. M. incognita was most destructive throughout the
betel vine growing areas except in Andhra Pradesh. In Maharashtra, M. incognita was observed in
very serious form followed by Helicotylenchus microcephalus.

Assessment of yield loss due to nematodes: Yield loss due to nematode diseases was estimated to
be 23.64% at AAU, 3.9-10.80% at ANGRAU, 20.03-26.99% at MPAU, 28.65-54.40% at INKVYV,
38.09-40.28% at OUAT and 34.40-38.27% at TNAU.

Integrated controi of nematode diseases: A combined treatment of neem cake (0.5 vha), carbofuran
(0.75 kg a.i./ha) and NPK (150: 100:50 kg/ha) was found to be the best at all the five locations of
experimentation.

Interaction of root-knot nematode with other pathogenic fungi: No significant additive effect was
observed when Fusarium solani was inoculated simultaneously with root-knot nematode. However,
highest disease incidence was recorded when Colletotrichum capsici and root-knot nematode were
inoculated simultaneously.
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Population threshold of nematodes: Me/oidogyne incognita population at 1000 per pot was found
to reduce leaf size and fresh weight of 100 leaves at ANGRAU. Population of reniform nematode
(Rotylenchulus sp.) was found optimum at 10000 per pot to produce maximum root damage. In case
of Helicotylenchus incises, 1000/nematodes nematodes per pot caused significant reduction in plant
growth parameters at TNAU.

Biological control of root-knot nematodes: Field application of Paecilomyces lilacinus enriched
oil cake thrice at 500 kg/ha reduced root-knot index and produced maximum vine growth and leaf
yield in AAU, whereas in OUAT and INKVV it was next best to carbofuran (1.5 kg a.i./ha) application
in reducing the root knot index. However, both the treatments were equally good for leaf yield.

Resistance to nematodes: Awami pan showed resistance to root knot nematode in AAU. Halisahars
sanchi (WB) recorded lowest root knot index in OUAT. Harapatta exhibited moderate resistance in
RAU. However, none of the varieties showed resistance in INKVV.

IPM of root knot nematodes: Application of oil cake (500 kg/ha) with soil drench of carbofuran (0.1
%)and three applications of P, lilacinus enriched oil cake (500 kg/split'ha) was on par with carbofuran
(1.5 kg/ha) in AAU, INKVV, TNAU, RAU and OUAT centres with respect to root knot index and
leaf yield.

Pathogenicity of Rotylenchulus reniformis in betel vine: Increase in the nematode population
from 100/kg of soil onwards decreased the growth and yield of the vine in INKVV, OUAT and RAU.
Maximum reduction in growth and yield was observed when the inoculum rate was 5000 nematodes/
kg of soil.

Insect pests and mites

Survey of insect pests and mites: [n Assam, incidences of whitefly, mealybug and mites were observed.
Whitefly infestation was at peak during April to July. In Andhra Pradesh, severe damage by Spodoptera
litura (up to 30%) and red spider mite (up to 8%) were observed during October. An incidence of 5-
15% betel vine bug (Disphinctus politus) was recorded around Tuni area during monsoon months
which caused 40-50% damage during post monsoon months in Vishakapatnam District. In West Bengal,
biackfly was observed to be serious in Midnapur and Bankura districts. [n Orissa, whitefly and red
spider mite were prevalent during summer months, whereas betel vine bug, aphids and jassids were
confined to winter months. In Tamil Nadu, incidence of scales (Lepidosaphas cornatus), red spider
mite, mealybug and Spodoptera litura were observed.

Population fluctuation of insects of betel vine: At ANGRAU, tobacco caterpillar incidence started
during the second fortnight of September and was maximum during November-December. Infestation
was nil from January onwards. Build up of white mite started during second fortmight of November and
was maximum during December-January. Lower temperature was favourable for the development of
the pest.
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AtBCKYV, the population of white and black fly were maximum during August-September and June-
August, respectively. Second peak in population of white and black fly were also observed during
December-January and September-November, respectively.

Highest scale insect population was seen during April-May in TNAU. Mite population was high during
March. Both scale and mite populations were positively correlated with maximum and minimum
temperatures.

Use of plant origin and comparatively safer pesticides in control of insect pests: At ANGRAU,
the effect of pesticides of plant origin (tobacco decoction 2% and neem seed kernel extract 5%) in
controlling mites was on par with dicofol (0.03%) and dichlorvos (0.05%). However, at TNAU, wettabje
sulpbur (0.5%) and phospharnidon {0.03%) were significantly better than plant origin pesticides in
controlling mites.

Initial evaluation trial: The trial was conducted in three centers viz.,, ANGRAU, MPKV and TNAU,
Result of this trial revealed that Vasani Kapoori at ANGRAU, Shirpurkata at MPKV and Dindugal in
TNAU yielded highest leal compared to local checks. Yield increase was to the tune of 54.0%,
30.8% and 45.0%, respectively in ANGRAU, MPKV and TNAU centers.

Hybrid evaluation trial: The results of the trial conducted at MPKV and TNAU showed that only
GN hybrid (Godi Bangla X Kapoori Nasik) showed normal vigour in TNAU. However, yicld was
much below tharn the local check in MPKV centre. Other three hybrids showed severe hybrid depression.

Plant population: Under close system of cultivation at BCKV centre, results showed that leatyield
was non significant. However, at INK V'V centre, 1.5 lakh/ha population was found to be the best in
increasing leaf yield (15.80 lakh/ha). Disease pressure was found almost uniform in all the three
populations. Keeping quality was also non-significant. Highest cost benefit ratio (1:4.78) was recorded
in 1.5 lakh/ha population. In QUAT, 2.00 lakh/ha population treatment showed highest leaf yield per
ha. In RAU centre, 1.50 Jakh/ha population treatment yielded maximum number of leaves (37.51 lakh/
ha). Disease incidence was found to increase with increase in population. Keeping quality was found to
be non significant.

Results of experiments conducted under open system of cultivation showed that 1.0 lakh/ha poputaticn
at ANGRAU (57.17 lakh/ha), 50000 at MPKV (71.11 lakh/ha) and 75000 at TNAL' (41.83 lakh/
ha) produced maximum leaf yield.

Efficacy of bio-fertilizers in betel vine production: Results of this experiment showed that there
was no significant difference among the treatments at ANGRAU. However, in BCKV, Azotobacter 5
kg + 100 kg PO+ 100 kg K,O treatment produced highest leaf yield per ha (41.56 lakh/ha). At
INKVV, biofertilizers produced lesser yield compared to oilcake +urea (1:1 ratio) treatment, However,
vermicompost treatment was found second highest in increasing leaf vield at INKVV and OUAT. In
MPRYV, recommended dose of fertilizers (200 kg N+ 100 kg PO, + 100 kg K,0) recorded highest
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jeaf yield (90.55 lakh/ha) followed by Azotobacter 0.5 kg + Phosphobacter 0.5 kg + 100 kg K,0
treatment (84.24 lakh/ha). At TNAU, Azospirilium 5kg+100 kg PO, +100 kg K O, Azotobacter
+ Phosphobacter treatment was the second highest yielder (70.22 lakh/ha) after recommended fertilizer

dose.

ntegrated crop management: Results revealed that integration of treatments such as best plant
yopulation /ha, 200 kg N+ 100 kg PO+ 7100 kg K,O, watering 100 % replenishment of PER and
\pplication of Bordeaux mixture (4 drenches + 8 sprays) produced highest leafyield at ANGRAU,
3CKV, INKVVand QOUAT.

3iological control of Phytophthora foot rot: Results revealed that four applications of Trichoderma
spp. was found to increase leaf yield and it was found statistically at par with Bordeaux mixture (4D
+8S) treatment in increasing leaf yield and in reducing the disease incidence in all the centres except in
VIPK V centre where four applications of Zrichoderma at quarterly interval produced highest leaf yield
54,18 lakh/ha) followed by four drenching + 8 sprays of Bordeaux mixture.

Epidemiology of important diseases

Phytophthora stem and leaf rots: Results revealed that at ANGRAU centre, disease incidence
showed a significant and negative relationship with maximum temperature (r =-0.4972). The other
emaining weather factors studied did not show any significant correlation with PDI.

Axperiments conducted on variety Simurali Bhabna at BCKV showed that x-coefficients forall the
weather parameters like temperature (maximum and minimum), relative humidity (maximum and minimum)
and rainfall had positive significant effect on per cent disease incidence of stem rot in vartety Ghanagete.
The results of correlation studies for the variety Simurali Bhabna revealed that coefficientsof T
(1.45),RH__ (229),RH_ (0.31)and rainfall (0.00 8) had positive significant effect onthe percent
disease incidence of stem rot while T _(0.047) showed a negative comrelation. For Simurali Deshi and
Harishpur Bangla varieties, coefficients ofall the weather parameters had positive significant effect on
per cent disease incidence of stem. Coefficient of all the weather parameters like T (2.21),RH
(3.19),RH_ (0.46) and rainfall (0.001) were positively correlated with per cent disease incidence of
stemrot, while T (0.29) had negative effect.

Results of INKVV revealed that the temperature, RH and rainfall had direct influence over the disease
incidence. At QUAT, results showed that a significantly positive linear relationship of minimum
temperature (0.620), aflernoon RH (0.594), and number of rainy days in a week for causing the vine
rot disease. Experiments carried out at RAU showed that important contributing factors are maximum
relative humidity above 90 per cent and minimum temperature 25.8° to 27.5°C which prevailed duning
the period accounted for 20.05 and 12.10 per cent of the total variation in per cent disease index,
respectively.
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Integrated disease management of Phytophthora foot rot: Results indicated that disease cap be
best managed by the treatment having sanitation + single application of Bordeaux mixture (1%)at the
monsoon + biocontrol agent (7" harzianum) after 1 month + one additional Bordeaux mixture spray
after 2 months at AAU, ANGRAU, BCKV, MPKV, QUAT and RAU.

Field application of Trichoderma viride for root-knot control: Three applications of T¥ichodermaq
viride enriched oil cake at quarterly interval was found, second best in reducing nematode population
and leaf yield in AAU center afier carbofuran treatment compared to control. However, both the

treatments, carbofuran and three applications of Trichoderma viride were at par in producing leaf
yield at INKVV.

IPM for root knot nematode: The results showed that the application of oil cakes + carbofuran +
three inoculations of P. /ilacinus enriched o1l cakes showed best control of root knot nematode
and increased leaf yield compared to other treatments at AAU, INKVV and RAU.

Population fluctuation of insects of betel vine: Results of ANGRAU, showed the incidence of
tobacco caterpillar from October 10 Decemnber with a maximum leaf damage of 15.8% during the first
fortnight of November. White mite incidence ranging from 9.2-14.0% leaf damage was observed
from December to February. Severe incidence of red spider mites ranging from 16-27% loss in leaf
yield was recorded during the month of March. On Sesbania support, higher incidence of leaf eating
caterpillars was recorded with a maximurm plant damage of 31.4% during the first fortnight of September,
resulting in total death of newly planted seed vine cuttings ranging from 16-24%. Stem borer incidence
with arange of 5.7-18.6 was noticed from August to February. Lady bird beetles (Ferania vincta)
were observed to be the most common predator in betel vine crop ecosystem followed by spiders. The
beetles are found to feed on the early instar larvae of tobacco caterpillar and eggs of mites. At BCKV
in the new bareja, the Homopteran fly complex white fly (Dialeurodes pallida) and black fly
(Aleurocanthus rugosa)in MPAU, black {ly and seale insects, mites and betel vine fly were most
dominating insects.

Management of insect pests of live standards: At TNAU, spraying NSKE 5% or neem oil 2%
after initial drenching with the same had significant effect in reducing the pest population. At 3 day after
spray, the mean number of freshly formed bore holes per plant was 0.70 in piots that received NSKE
5% spray and 0.80 in plots sprayed with neem oil 2%. These were significantly superior compared to
drenching alone followed by neem cake application. The etfect was also similar on 7" day after spraying.
'Though spraying NSKE 5% or neem oil was superior compared to control at 10 and 14" day, these
were on par with the other treatments where spraying was not done. Based on the results, it may be
concluded that drenching NSKE 5% orneem oil 2% followed by spraying suppress the stem borer on
Seshania,
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Nutrient uptake studies: Nutrient uptake studies at different doses of N, P and K showed that the
application ofhigher doses of major nutrients increase the uptake in plants. The soil depletion of nutrients
was least under higher doses of NPK. Highest leaf yiclds were recorded in various centres with
application of 200 kg N in the form ofoil+ Urea or F'YM with 100 kg each of phosphorus (SSP) and

potash (MOP) per ha.

Rhizosphere competence and survival period of Trichoderma sp.. The population of Trichoderma
sp. in the rhizosphere region increased with number of days after application from 20 to 80 days during
the first year. Before application of Tichoderma, the population range was 4.5 cfu/ gram of dry soil.
The maximum population of 83.70 x 10* cfi/gram of dry soil was recorded at 80 days after application.
The population of Trichoderma was positively correlated with organic carbon content and number of
days after application.

Standardization of inoculum for mass multiplication of Trichoderma: Trichoderma spore
production was maximum when 60 g of culture was inoculated in 10 kg of de-oiled mustard cake or
ground nut oil cake and incubated for 60 days and the spore concentration decreased significantly as
the days of incubation peried increased.

Crop loss assessment due to insect pests and mites: The loss in leaf yield was observed to be
32.4% and a net monetary gain of Rs.6,040/- per ha with a cost benefit ratio of 1 : 4 was recorded by
controlling the pest through neem 0il 0.5% spray. The leaf yield reduction was recorded to be 12,18 %
in unprotected. Over all, monetary loss due to pest damage was Rs 18208/ per ha (34.13%) for five
months,

The average number of mites observed in dicofol treated plots remained significantly lower (3.1) over
control (7.2) after every spray at MPKV centre. The leaves coming from treated plots fetched 38.69
% more price in the market over those from control plots. The treatment with 0.05% dicofol for the
control of mites in betel vine is essential for getting marketable leaves.

Atotal loss 0f 36.95 per cent marketable leaves due to linear scale insect was recorded and 14.09 per
cent loss of marketable leaves due to scale insect in treated plot and 58.29 per cent loss of marketable
leaves due to linear scale insect in untreated plot at TNAU. The cost benefit ratio was 1:14.99.

At TNAU centre, the plots protected with wettable sulphur 0.15% spray significantly reduced the
number of red spider mites per 2m length of vine ranging from 0.0 to 0.13 with a mean of 0.07 as
against 0.25 to 2.44 with a mean of 0.75 in unprotected. Loss of marketable leaves (36.95%) due to
red spider mite was recorded in untreated plots and 14.54% in treated plot was recorded and the cost
benefit ratio was 1:13.94.

Management of insect pests in live (Seshania) standards: Application of NSKE 5% spray 3
times + NSKE 5% drench 3 times or application of Beauveria bassiana 5g/lit containing 1.8 x 10°
spores/gm rccorded higher mean plant height, stem girth and lower number of grubs per plant there by
effectively checking the incidence of stem weevil at ANGRAU. Application of NSKE 5% and neem
o1l 0.5% checked the insect pestat TNAU.
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Management of pests in betel vine garden: Higher leafyield (43.3%) was recorded when wettabje
sulphur 0.3% was sprayed during the period of mite infestation. Spay of wettable sulphur 0.15%+NSK R
5% at 15 days interval recorded a maximum of'94.99 per cent reduction in linear scale insect population
with leaf yield of 69.0 Jakh eaves/ha.

The combination of wettable sulphur 0.15% + Azadirachtin 0.03% was found to be the best treatment
for effective management of mites thereby reducing the number of damaged leaves. The cost benefit
ratio was highest (1:99.7) for treatment with wettable sulphur followed by wettable sulphur + Azadirachtin
(1:77.1).

Foreffective linear scale management, control methods should be started during third week of scale
appearance and there after need based spray is advisable to keep the scale population below economic
injury level.

Host range study of betel vine whitefly: Dialeurodes pallida is a monophagus and only host is
betel vine (Piper betle L.). The adult D. Pallida harboured and layed eggs on all species of Piper
tested. Eggs hatched and successful adult emergence also took place on all species. Percentages of egg
hatching and adult emergence on Piper longum, Piper chaba and Piper hamiltonii were at par as
that on Piper betle. So these species are new hosts of betel vine whitetly, D. Pallida. One unknown
black fly and one new scale insect also have been recorded.

Betel vine industry

In spite of the importance of the crop in the economic life of the people, very little attention was paid in
the past towards the its development. The betel vine leaf industry has come up in the country ofits own
even though it was neglected by the Government. In most of the states, market regulation has not been
extended to this commodity. Bete] leaves are highly perishable and are treated at par with vegetables.
Market charges are very high in this crop in the absence of any control or regulations. The vast economic
potentiality of the crop is recognized by the fact that about 15-20 million people consume betel leaves
in India on a regular basis. However, worldwide there will be over 2 billion consumers of betel leaf
(Jeng et al. 2002). Further, it is estimated that about 20 million people earn their livelihood directly or
indirectly, partly or fully from production, processing, handling, transportation and marketing of betel
leaves in India, which includes about 5 million workers from West Bengal (Guha 2006). The crop
provides substantially to the national income to the tune of Rs 6000- 7000 million every year. In addition,
the Railways earn about Rs 100 million every year by transporting betel leaves from West Bengal to
different parts of India {Samanta 1994). The leaves are also exported to several other countries of the
world where it is either not grown or it short supply. On an average betel leaves worth of about Rs 30-
40 million are exported to the countries like Bahrain, Canada, Great Britain, Hong Kong, Italy, Kuwait,
Nepal, Pakistan, Saudi Arabia and many other European countries (Singh ¢ af. 1990).

Future options

e Betel leaves although used as masticatory, possess medicinal properties and used in most of the
Indian systems of medicines. Therefore, it is necessary to find out diversified use of leaves
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which would support the betel vine industry to grow. There is great potential of its use for
development of mouthwash and digestive medicines.

¢ Since betel vine hybridization is now possible because of its continuous flowering and fruiting at
Bangalore condition, different traits recombination followed by proper selection would result
in new varieties with desirable traits such as pest resistance, high quality in terms of essential
oil, medicinal vajue, efc.

¢ Sclection for high essential oil will be ideal to attempt for alternate uses of leaves. Essential oil
of betel leaves is of high value and has a great demand in confectionary industry. However,
extraction at present is not very economical because of low oil content in leaves.

» Maintenance of genetic resources of betel vine germplasm for future utilization needs attention
and should get priority.

» Research prionty for development of Good Agricultural Practices.
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Betel vine (Piper betle) in Vidarbha region

S G Wankhade, S B Branmhankar, K U Vandana Nikhade & S V Shri Gholap
Dr Panjab Rao Deshmukh Krishi Vidyapeeth, Akola, Maharashira.

Betelvine is a climbing vine cultivated for its leaves locally known as ‘pan’ or ‘tambuli’ in Hindi,
‘nagavelli’ or ‘tabula’ in Sanskrit and pan in Marathi. The oil extract of betel leaves is found to contain
phenol and tarpin like compounds, eugenol, cardinen, eugenol methyl ester, estreogol, chavicol and
caryophyllene. Betel leaf is also antirheumatic, anticough and and antirodent.

History

Betel leaves or pan is widely cultivated in tropical and subtropical regions and is probably a native of
Malaysia. Betel leaves are also foreign exchange earner. Betel vine cultivation is a distinct plant based
industry of our country with an approximate turn over of Rs. 6700 millions. It occupies an area of 3360
ha in India. Betel vine cultivation in Vidarbha is mostly confined to Akola, Amravati, Buldhana, Nagpur
and Yeotmal districts.

The crop is prone to various diseases in central India, Phytophthora, Fusarium, Sclerotium and
Rhizoctonia which cause the wilt/root rot/foot rot of betel vine. The losses estimated due to different
pathogens varied in different parts. Due to Rkozoctonia sp., 50% loss was reported. Similatly 44 to 86
% loss due to Phytophthora and 25 to 90% due to Sclerotium sp. were reported. The wilt caused by
Fusarium sp. seems to be of minor importance, although it has been considered as very important and
serious in Maharashtra.

Atpresent, itis cultivated only 41 hain Vidarbha. The major area of betel vine is in Amravati, Akola
and Buldhana districts and there is a fast decline in area during recent years. The reasons for this is
often attributed to severe incidence of diseases likely wilt complex, leaf'and stem blight, efc. In many
areas it has been reported that the cultivation of this crop has been abandoned altogether due to severe
rotting and wilting of vines.

A survey was undertaken during 2000 on incidence of betelvine diseases and plant protection measures
adopted by farmers. The data revealed that the highest (13.63%}) wilt incidence was observed in Akola
District and lowest {8.83%) from Buldhana, with an average of 11.45%. The per cent disease intensity
of leaf blight ranged from 12.79 10 17.18% with an average of 15.40%. The disease intensity of stem
blight was observed to be 6.24% in Akola, 5.62% in Amravati and 5.03% in Buldhana, Another
important disease was root knot caused by nematode, the intensity of which was 6.00% in Amravati,
5.33% in Akola and 4,66% in Buldhana with an average of 5%.
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The individual farmer to farmer contact revealed that, the use of pesticides for the control of betel vine
diseases was negligible. On an average only 1.59% farmers were using pesticides for the contro] of
diseases. However phorate application for control of nematode in general is practiced. Phorate
application was practiced by 68.19% farmers in Akola followed by 54.12% in Amravati and a minimum
12.11% in Buldhana District. In Buldhana District, 35.41% farmers applied ground nut cake in soil,
however they are not using neem cake which possesses nematicidal properties.

Due to the low cost of betel vine (Akot Kapoor) in market and problem of wilting the pan growers of
this area are attracted towards cultivation of pan pimpri. Many growers are shifted to pan pimpri
cultivation but this will aggravale the problem of wilt complex and nematode in future.

There are two cultivation systems of betelvine

Open system : Kapoori variety is grown usually under live shade, as it fetches lower market value. It
is uneconomical to cultivate Kapoori in pendal systern. Kapoori is grown by creating artificial condition
by making special pan orchards called ‘tanda’ in Maharashtra. This system of cultivation provides
congenial condition to pathogen and nematodes infestation.

Pandal system : A house like structure with 2.5 m height using bamboo, wooden poles and grass is
used for construction which normally costs Rs.1.5 to 2 lakh/ acre. At Betel vine Research Station,
Ramtek, conservatory was erected using iron pole and galvanized iron wire that cost only 0.6 lakh/
acre. The sides and top of the conservatory were covered with locally available thatching material such
as dried grass, paddy straw or sugarcane leaves to get quality and quantity leaves from meetha. Anet
house was commissioned at Ramtek to cultivate Bangla, Sanchi and Deshavari varieties. A polyhouse
for meetha was tound better so as to save the vines from stem canker which is major problem of this
variety.

In Vidarbha region, Kapoori variety is grown in open shade system. The land is divided into beds of
6°x 4" with required channel for irrigation. The planting is done on the sides of the bed and the vines are
tied on to the live support of pangara/ hadaga/shewari/heta. Generally there are four to five tenants in
each field holding about 0.23 to 0.5 acre land. The source of irrigation is from open well with conimon
irrigation channel.

Recommendation and suggestion by the University
e Soil solarization of betel vine garden in the month of April — May.
o Marigold planting before cultivation of betel vine as a trap for nematodes.
e Soil application of neem cake 8q /acre in two split doses in the month of July and December.

e Application of 1% Bordeaux mixture to be spread on soil if not solarized.
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Dipping of cuttings in 0.5% copper-oxychloride or 1% Bordeaux mixture for 30 minutes prior
to planting,

Application of Trichoderma (as set treatment for 30 min.) before planting. Soil application of
Trichoderma with FYM 4 kg/ vine in June and December in affected area.

Set treatment of IBA or Ceredex for rooting of cutting.
Inter cropping of pan pimpn in betel vine should be avoided.

Pianting of pangara (Erythrina indica) is instead of shevari (Serdania aeqyptica) in betel vine
orchards for shade and support.

Drenching of 1% Bordeaux mixture 101/ 5 m* in the months of July to December once ina
month or after two months in root zone of betel vine. One kg 7richoderma and 9 kg FYM
kept moist for 8 days and applied through soil @ 100 g/ m? for controlling the wilt of betel vine,

spraying with 25 g copper oxychloride or 20 g dithane M- 45 in 101 of water, two sprays at an
interval of 15 days for the control of feaf spot.

Adoption of drip irrigation for water management to minimize the wilf.
Application of phorate 10 G @ 4 kg/acre through soil for the management of nematodes.

Forminimizing the wilt in betel vine, treatment of cuttings with Trichoderma (1 kg Trichoderma
+9 1 of water) at the time of planting, followed by soil application (1 kg Trichoderma mixed
with 9 kg I'YM) at the rate 100 g mixture / m® at monthly interval (from June to January).

IDM module

Trichoderma (set treatment + soil application) 1 kg Trichoderma -+ 9 1 water at the time of
planting and 1 kg Trichoderma + 9 kg FYM @ 100 g/ m® during June to January at monthly
interval.

Application of neem cake (@ 20 g/ha twice in a year (June, January).
Spraying of 10 ppm salicylic acid, 2 sprays.

Application of fertilizers 100:50:50 kg ha! NPK (nitrogen through ammonium sulphate) in
June, half dose of nitrogen to be given in December.

Drip irnigation.

Dr Panjabrao Deshmukh Krishi Vidvapeeth, Akola, established two Research Stations for betel vine.
One is at Ramtek (Nagpur District) and another is at Diwtahna (Akola District) to facilitate the research
of betelvine in Vidarbha region. The research has been carried out by these stations on the various

problems of betelvine and necessary guidelines are given to betelvine growers.
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The pan growers are marginal farmers having land holding 0f 0.25 to 0.5 acre. There are 4 to 5 tenants
in pan field with common irrigation source. They are economically poor and can not adopt improved
practices of betel vine cultivation. Most of them are reluctant to undertake the control measures as they
were more convergent with the religious and indigenous practices. Even if it is taken up by individual
tenants for small area the control of disease is not possible because of the inoculum built up in adjacent
area of same field, where such practice is not adopted. Enough care is not taken by the grower to
maintain the fertility of soil as they are only tenants and not owner of the field. The ground water table
of this area is going down day by day and pan growers are facing acute irrigation problems due to short
of rains.

Kapoori pan fetches very low price in the market and this is the reason for not adopting the improved
practices. Many farmers shifted to cultivation of Piper longum as it fetches higher price being a medicinal
value and spices, The marketing is through commission agents, such agencies take undue advantages of
economic status of pan growers, Marketing through co operative socicties may give higher price to
betel vine growers. The marketing of the betel vine can be improved by support through govt. authority
and some export oriented facilities should be provided to this commodity.

The main problem of the bete] vine growers is the wilt complex and it is only due to specific belt that is
being used for cultivation. Due to continuous use of same belt under single crop the soil became sick .
The farmers neither adopt improved practices nor adopt plant protection measures which aggravate
the disease problem.

Strategy for improvement of betelvine cultivation in Vidarbha region

¢ Formulation of need based research programmes

e Provision for poly house / shed for betel vine cultivation in Akot area to combat wilt problem
and improve production and quality of betelvine.

e Frontline demonstrations in farmers fields
e Regular guidance for cultivation and management of wilt complex
e Production of disease free seedlings using tissue culture technique
Government level
e Providing subsidies to betel vine growers on inputs for management of betel vine wilt complex
e Strengthening of betel vine research stations
¢ Subsidies for drip irrigation sets to promote drip for betel vine
e The possibility of exporting betel vine leaves should be explored
e The betelvine by-product industries should be supported

e Water conservation programmes to recharge ground water
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Introduction

The genus Piper consists of shrubs, rarely herbs and trees which are distributed through out the tropical
and sub tropical regions of the world. In India, there are about 30 species available of which P. betle,
P, nigrum and P. longum are the cultivated species. P. betle is a perennial, evergreen, dioecious
climber which is a native of Central and Eastern Malaysia from where it has spread through out tropical
Asia and Malaysia; Madagascar and East Africa at a later date.

Betelvine or betel leaf'is associated closely with cultural traditions of India and is considered as a holy
plant. Fresh leaves are generally consumed along with betel nuts (4reca catechu). It has many medicinal
usages in Indian system of medicines to cure indigestion, stomach-ache, diarrhoea, flatulence and to
heal wounds, bruises, swellings due to sprains, bruises, respiratory disorders, constipations, boils and
gum disordcrs. Studies also revealed that the leaf improves immune system and inhibits cancer growth.

It was believed that only male plants were grown in India (Aiyer 1947) until the discovery of female and
male flowering and fruiting in the species (Raghavendra Rao & Maiti 1989). Germplasm collection of
betelvine was not systematic until the establishment of All India Co-ordinated Research Project (AICRP)

on betelvine in 1981 wherein a large number of collections were made at the national level which were
exchanged and maintained at 1ts different centres.

Nomenclature

All the germplasm collections were under cultivation and were the result of selections made by the
farmers. The farmers had used the taste, shape or colour of the leaf or the locality to name the cultivars
in the respective vernacular languages. Hence there are same names for different cultivars and different
names for the same cultivars exist at different geographical boundaries. Deshawari is also known as
Bilhari; Sanchi as Kalipatti; Kapoori as Safedi (Balasubrahmanyam eral. 1994a). Also the term ‘Desi’
refers to Bangla types in North East India and North India and Kapoori in Southern India. Similarly,

Assamiya Pan is also known as Gach Pan. All these resulted in duplication of some germplasm in
addition to confusion in identification.
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Morphological variability

Ganguly & Gupta (1973, 1974a} described cultivars available in the market of West Bengal in India as
Sanchi, Meetha and Bangla on the basis of morphological characters and texture and test of leaves,
Such cultivars fall in different categories according to quality as recognized in the market by the traders,
Ganguly & Gupta (1974b) classified twelve Bangla type cuitivars in two distinguishable groups on the
basis of leaf morphology, one having ovate shape and the other having elongated shape especially
towards upper half of the leaves. Similarly they observed that Sanchi cultivar is an assemblage of two
morphologically distinguishable forms. Ganguly (1984) recognized 15 types of Bangla cultivars based
on taste, texture and morphology. Das & Chattopadhyay (1984) grouped the cultivars of Midnapur
District of West Bengal into 17 types based on morphological, anatomical, micrometrical and
phytochemical parameters. However, Narayan Reddy (1984) classified 55 cultivars collected from
different parts of India into two groups, such as pungent and non- pungent. Sexual dimorphism in terms
of length: breadth ratio is also reported in the species (Maiti & Biswas 1991; Maiti ef al. 1992). Male
plants have leaves which are narrowly ovate with 1.84 +0.21 length: breadth ratio and female plants
have cordate or ovate to round leaves with 1.26 £0.13 length: breadth ratio. Leaves of the female
plants are mostly pungent and male plants are less-pungent. Balasubrahmanyam et al. (1994b) classified
85 collections at National Botanical Research Institute into five distinguishable types viz., Bangla,
Desawari, Kapoori, Meetha and Sanchi.

Chromosome number and ploidy status of the germplasm

Chromosome number reported by various workers in India are 2n=26 and 52 (Samuel & Bavappa
1981}, 2n=32 and 64 (Sharma & Bhattacharya 1959; Dasgupta & Dutta 1976), 2n=78 (Mathew
1958; Jose 1982) and 2n=42, 52, 58, 78, 195 (Jose & Sharma 1988). Hence the betel vine workers
report it as a polyploid species with a basic chromosome number x=13. As far as chromosome structure
is concerned, all cultivars showed uniformity in the karyotype.

Hybridization work was also initiated and a few hybrids have been developed in India. But in certain
cross combinations, hybrid depression has been noticed. It was assumed that the reason for the hybrid
performance may be due to the incompatible ploidy number between the parents, Cytological study
conducted at NRCMAP (unpublished) showed that females were tetraploids (2n=4x= 52) and males
were triploids (2n= 3x= 39). Ploidy comparison by flow cytometry confirmed that all the accessions
could be grouped into two classes i. ¢, all the males were triploids and females were tetraploids.

Molecular characterization

RAPD analysis in selected cultivars of Kapoori and Bangla was carried out in order to ascertain the
relatedness of the cultivar groups (Ranade e af. 2002). On the basis of the data from 10 RAPD
primers, it was found that the Kapoori cultivars were more heterogeneous while the Bangla cultivars
were mostly similar to each other. Within each type, the overall polymorphism of RAPD bands was
more than 70 %. When RAPD band data for both types of cultivars were considered cumulatively, the
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two were clearly separated out from cach other. Only six bands out of the total of 60 bands were found
lo be common to cultivars of both types. The study showed that bands specific to only one of the two
types have potential for developing betelvine cultivar-specific probes and SCAR markers.

Another study by Verma et al (2004) gives the first systematic evidence that gross molecular profiling
reflects gender distinction in betelvine, They used random amplified polymorphic DNA (RAPD) analysis
in several landraces which were considered in four groups, namely, ‘Kapoori’, *Bangla’, *Sanchi’ and
‘others’ suggests the primary splitting of the groups in the NJ tree was based on gender since all the
landraces in the group ‘Kapoori’ clustered together and are known to be male vines. On the other
sand, all known female vines amongst the groups ‘Bangla’, ‘Sanchi’ and *others’ were clustered
separately along with vines of unknown gender. Hence the study doubts presence of gender-based
fistinction among the betelvine. The data suggested that ‘ Kapoori” groups or the male betelvine groups
are more heterogeneous relative to the female vines. Also it is not known whether the betelvine plants
have the similar chromosomal basis of sex determination as the other dioecious plants have.

Variability in essential oil content

Study conducted based on the essential oil content from P. betle showed that the different landraces
were distinguished on the basis of the proportion of chemical constituent in the essential oils of the leaf
‘Sharma et al. 1982, 1983, 1987; Rawat et al. 1989). On the basis of chemical constituent analysis of
leaf essential oils, five prominent groups of betelvine landraces, namely, Bangla, Kapoori, Meetha,
Sanchii and Deshawari have been recognized. The oil of Kapoori is the lightest (specific gravity 0.9650}
followed by Meetha (specific gravity 0.9991). Oil yield is highest in Meetha pan (0.85%). Bangla
possess clove like spicy odour, with a sharp pungent taste; Desawari is yellow coloured with pungent
taste followed by sweet taste; Kapoori oil is yellow with greenish tinge and aromatic odour; Meetha
pan is having yellowish oil with fennel like odour and sweet taste and Sanchi oil is dark brown with
sharp pungent taste. Eugenol is the major constituent and less pungency in Kapoori and Deshawari 1s
due to the low concentration of eugenol content. Fennel like smell in Meetha pan is due the presence of
ancthole in the oil. But classification based on essential oil content may be erroneous until the cultivars
are grown under same environmental conditions and then classified.

Descriptor

AICRP (= AINRP) has developed and used a descriptor for the characterization of the available
diversity present in the assemblage of germplasm. There are 25 morphological and other characters as
follows:

Branching habit; Leaf arca; Leaf breadth; Leaf length; Leaf shape; Leat colour; Lamina; Colour of
branch; Internodal length; Colour of internode; Petiole length; Main vein numbers; Leaf tip; Vein
termination numbers; Stomata numbers; Stomatal size; Stomatal Index; R- value; Palisade ratio;
Organoleptic test; Disease reaction; Insect pest reaction; Keeping quality; Post harvest disease reaction;
Special characters, if any.
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Germplasm collection at different AICRP centres

At present there are eight centres of AICRP where a large number of germplasm is maintained. A}
these centres collected and exchanged the available genetic vanability present in their respective states,
In addition to this, in the X" plan, ICAR has created a breeding centre for betelvine at Indian Institute
of Horticulture Research, Bangalore since flowering is common through out the year at Bangalore
climate. The centre is maintaining all the germplasm collected by different centres at their field gene
bank. Since the origin of the species is in Malaysia, all the available germplasm are the naturalized
population maintained through cultivation over centuries. Hence the available germplasm are the selections
made by the farmers over a period of time based on their personal preferences influenced by the
market trends or consumer trends from time to time. All these different types of cultivars were collected
by the AICRP centres and characterized. Characterization data of germplasm collections made by
different AICRP centres are as follows:

Assam Agricultural University (AAU), Jorhat maintains eleven accessions of P, betle collecied from
Assam. All the accessions are females. Except two accessions (APb 3&4), all the others are grown as
perennials along with plantation crops viz,, coconut and areca nut. APb 2 showed resistance against all
the major diseases and the species can be used for resistance breeding programmes.

Bidhan Chandra Krishi Viswavidyalaya (BCKV), Kalyani maintains 14 accessions and all are females.
KPb 3 (Meetha pan) is the promising and unique among these accessions. It is having the major share
in Indian market, 1t contains high methyl eugenol. However, the clone is highly location specitfic (a
potential GI) and suffers high degree of disease susceptibility and poor keeping quality. KPb 10 (Halisahar
Sanchi} is alse specific due to its scented taste and multiple disease resistance. KPb 2 (Ghaneghette) is
another promising type due 1o its closely spaced internodes and high yield potential. KPb 13 (Birkuli
Bangla) shows very good keeping quality.

Acharya N G Ranga Agricultural University (ANGRAU), Bapatla maintains 12 germplasm and all are
males and could be classified into Tellaku, Kuljedu, Kapoori and Karapaku groups. Except Karapaku
all the others are non-pungent type. Tamil Nadu Agricultural University (TNAU), Sirugamani maintains
thirteen accessions and all are males. Jawaharlal Nehru Krishi Viswa Vidyalaya (INKVV), Jabalpur
maintains ten accessions comprising of Bangla and Kapoori types.

Mahatma Phule Agricultural University (MPAU), Sangli has eleven accessions. Majority of these
accessions are of Kapoori type. DPb 6 (Shirpurkata) is moderately resistant to foot rot and all the
other accessions are highly susceptible to foot rot. DPb 7 {Vasani kapoori) is good in keeping quality.
Orissa University of Agriculture & Technology (OUAT), Bhubaneswar has eleven accessions and all
are females. Except OPb 3 (Berhanpur sanchi) which is a moderately pungent type, all the accessions
are pungent. Most of the accessions show very good keeping quality at this centre.
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Rajendra Agricultural University (RAU), Pusa maintains ten accessions and all are females with cordate
leaves. All the accessions are of pungent type. PPb 3 (Maghai pan) has a major share in export of
betelvine from Bihar due to its good taste and flavour resulting in betler palatability. At this centre also
most of the accessions show very good keeping quality.

Future prospects

Yield potential of the species has to be enhanced further. Hybridization work has to be targeted with
definite objectives from the information available from the characterization data of the germplasm.
Hence a multilocational characienization of the available germplasm is to be focussed for the identification
of different parental combinations i.e., morphological characterization for defining the DUS characters,
molecular characterization for identifying the distant male and female parents for haploid production
and in heterosis breeding and the inheritance of sex by the study of hybrid progenies.
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Crop improvement in Piper betle L. status and future strategies

K Hima Bindu, M A Suryanarayana & T Vasantha Kumar
AINRP on Betel vine, Indian Institute of Horticultural Research, Bangalore, Karnataka.

[ntreduction

Betel vine (Piper betle L.) is a perennial diocious climber belonging to Piperaceae. It is a heritage cop
of India, being mentioned in Vedic literature and epics. Betel leaves are an integral part of all Hindu
custons and religious ceremonies. Betel vine is cultivated in different parts of the country for its fresh
leaves, which are used as masticatory. Chewing pan is an age-old custom in Asia especially in India.
The quid or pan is prepared by spreading a layer of slacked lime and chewed along with areca nut
powder and a wide variety of other flavorings like clove, cardamom, nutmeg ezc. Besides this, betel
vine is widely used in traditional medicine. In Ayurveda, leaves are used to cure kapha and vata, foul
smell in mouth, ozoena, elephantiasis in leg and loss of appetite (1980). Leaves are used to cure
indigestion, cough, and cold and to heal cuts and wounds. The betel vine roots are used to prevent
conception. The volatile oil of betel leaves has antiseptic properties. The cultivars from India are favoured
and have been introduced in other countries in preference to Malaysian or Javan cultivars because of
their high oil content and more pungency (Weiss 2002).

Itis also an important cash crop of our country. it is estimated that 20 million people derive their
livelihood from production, processing, handling, transportation and marketing of betel leaves in India.
The leaves are also in great demand in several other countries earning a foreign exchange to the tune of
30-40 million rupees.

Origin and distribution

Unlike Piper nigrum L. which originated in Western Ghats of India, Piper betle might have originated
from Malaya archipelago. Burkill (1966) described the native place of betel vine as Central and Eastern
Malaysia from where it has spread to tropical Asia and Malaystia. Later it reached to Africa and West
Indies. In India, betel vine is widely cultivated in the states of Uttar Pradesh, Bihar, Madhya Pradesh,
North Eastern India, Maharashtra, Karnataka, West Bengal, Orissa, Andhra Pradesh, Tamil Nadu,
Kerala and Andamans with an area of 55,000 ha with an annual production worth 9000 million rupees.
InKarnataka, it is grown in an area of 7537 ha with a production of 144885 lakh leaves, mostly as an
intercrop in arecanut gardens.

Karyomorphology
Study of karyotype is essential for undersianding interrelationships and evolutionary trends. In genus
Piper polyploidy is associated with a marked reduction in chromosome length. Different studies reported
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the chromosome number (2n) varying from 32 to 195 in Piper betle. Dasgupta & Dutta (1975) opined
that among Piper genus, Piper betle (2n=64) seems to represent a different line of evolution having
X=8 or 16. Viji & Subramanian (1988) reported that Piper betle is an ancuploid not having the
chromosome numbers in multiples of 12.

Crop improvement

Crop improvement in betel vine is mainly aimed at producing varieties for high yield combined with
resistance to biotic and abiotic stress with high quality attributes, Betel vine does not have much variation
as the crop is propagated clonally through centuries. Creation of vartations through different breeding
approaches is an essential pre-requisite to evolve new types. Breeding methods like selection and
hybridization have been attempted in betel vine. Induction of new variations can also be achieved
through mutation and somaclonal variations. Inter specific hybridization involving different species
harboring resistant genes for biotic and abiotic stresses can be a possible approach for evolving resistant
varieties.

Germpiasm evaluation: Germplasm collection, characterization, classification and identifying diverse
genotypes are the essential prerequisites for any breeding programme. There are around 100-150
known types of betel vine in India. The naming of these cultivars is ambiguous as many of them are
generally named after the locality where they are grown. Many studies classitied the betel vine cultivars
into different categortes based on leaf traits, morphological, anatomical and phytochemical properties.
These studies placed the cultivars into Bangla, Meetha, Sanchi (Das & Chattopadhyay 1984) and
pungent/non pungent (Reddy 1996) categories. Another study based on morphological and chemical
analysis grouped the cultivars into Bangla, Desawari, Kapoori, Meethaand Sanchi (Rawat ef a/. 1989).
In £ berle gender-based differences were reported on the basis of leaf shape, amount of chiorophyll,
essential oil composition and in total phenol and thiocyanate content ( Maiti et a 1992; Pandey et al.
1998, Tripathy er al. 2006). There is need to evaluate all the available cultivars under uniform field
conditions and develop comprehensive morphological, biochemical and molecular descriptors for proper
classification of the existing cultivars.

All India Network Research Project (AINRP) on betel vine identified 25 distinguishing morphological
traits and other attributes as descriptors (Maiti & Saikia 2002). Germplasm holdings from the centers
are being characterized with the available descriptors. At Indian Institute of Horticultural Research
(IHR), efforts are on way to develop comprehensive descriptors including flower traits and other
additional quantitative and qualitative characters,

Sources of disease resistance for different diseases: Breeding of betel vine for disease-resistance
should be aimed at foot and leaf rot, bacterial leaf spot and wilt. Locating the sources of resistance,
their transfer and isolation of desired recombinants in segregating populations can help tn evolving
resistant cultivars.

@iperaceae Crops - TecAnologies «I Future Perspectives



Crop improvement in Piper betle

Resistant cultivars of betel vine

Disease Resistant cultivars
Phytophthora (leaf spot, foot rot) Halisahar Sanchi, Pachaikodi, karapaku
Anthracnose Halisahar Sancht, Awanipan

Sclerotium rot Halisahar Sanchi, Alupatria

Bacterial leaf spot Pachaikodi, Halisahar Sanchi,

Awanipan, Simurali Bangla
Powdery mildew All Kapoori cultivars

(Maiti & Shivashankara 1998; Maiti & Saikia 2002)

These identified sources of resistance are being utilized as parents in the hybridization. programme at
ITHR.

Biometrical studies: Studies on genetic diversity showed that the diversity in betel vine is not related
to the geographical origin but can be attributed to the sexual dimorphism. Das et af. (2000) in their
study with 16 genotypes observed that clustering pattern of genotypes into 5 clusters was random and
did not follow the geographical origin. Similar results were reported by Rahaman ez al. (1997a). The
clustering pattern of 27 genotypes into 10 different clusters was random and geographical origin did not
play any role in their divergence pattern. They identified leaves/vine, leaf area, shelf life as the potent
variables in selecting diverse parents for hybridization programme. Maiti et al. (1992) studied the
divergence pattern in thirty cultivars and noted the gender based clustering pattern. Stability analysis of
twenty seven genotypes of betel vine in three seasons for 10 yield components showed that the difterences
among seasons were highly significant for all the characters except leaf thickness. Stability estimates
showed that only Kare Bangla and Adi Bangla cultivars recorded high mean values for leaf yield and
total leaf area/vine (Rahaman ef al. 1997b).

Clonal selection: Advanced cultivars have been derived by clonal selection from land races, through
multi location testing for their adaptability and yield under AICRP on betel vine. SGM-1 is a selection
from a collection from Kerala (‘SB-35") released in Tamil Nadu. It bears prolitic secondary and tertiary
branches and gives 20-30 per cent higher leaf yield than the local cultivars with good resistance to most
ol the important diseases. Bidhan Panis a selection from the local ‘Bangla’ cultivar with short inter
nodal length released in West Bengal and Orissa. Another selection DBP-6 is a high yielding selection
from a local ‘Kapoori’ collection and released in Maharashtra for cultivation.

Hybrid breeding: Piper betle L. is a dioecious perennial climber. Betel vine being vegetatively propagated
crop, variability present in the cultivated clones is limited. Hybridisation is a potential tool to breed new
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varieties having high yield potential with better quality and resistance to diseases and pests. Report o
flowering of' male and female vines and fruit setting at Bangalore conditions in India opened up the
possibility of hybridization in betel vine. Since the plant is clonaily propagated, heterosis can be fixed
and exploited easily. Among four hybrids (GN, GB, P! and P2) developed under the All India
Network Research Project on betel vine, hybrid GN expressed hybnd vigour and is now under multi-
location testing. {Anon 2006).

Considering the requirement of varietal development ot betel vine, Indian Institute of Horticultural Research
(IIHR), Bangalore has been included in the AINRP on betel vine to revive the programme on
hybridisation. Systematic breeding programme was nitiated by collecting the germplasm from different
AINRP centers and through other secondary sources and through exploration, A total of 104 different
lines have been collected and eighty lines were established with areca nut as a standard at CHES,
Hirehalli, a regional station of HHR. Hybridisation started during November 2005, when the first
flowering was observed in the germplasm. Subsequently flowering was observed in 36 female clones
and 26 male clones and these are being utilised in the hybridisation programme. The techniques of
hybridisation, seced germination and seedling establishment have been standardized.

The vine exhibits dimorphic growth pattern. The main stem {(orthotropic shoot) climbs up the support.
It produces lateral branches (plagiotropic shoots), which bear inflorescence. In the inflorescence naked
flowers are arranged in a dense spike akin to catkin. Male spike is tong, cylindrical and pendulous.
There is wide variation in the length of spike among the 26 male clones, (5.1 to 10.63 cm) witha
thickness ranging from 0.65 to 1.25 cm. The growth of male spike was completed within 35 to 40 days
after emergence. Female inflorescence is a short, blunt and tlowers arranged in spiral rows on the
spike. The length of the female inflorescence among the flowered clones ranged from 1.06 to 3.9 cm
and its thickness ranged from 1.0 to 1.6 cm. The female inflorescence takes 30-35 days to complete
its growth from emergence. Variation in flowering behavior is also observed among the accessions. The
genotypes Kakair and Meetha pan did not produce laterals or flowers even afier three years of planting.
Clones Bangla Mandsore, Maghai and Black Leaf have produced very few laterals and inflorescence
after two and half years of planting, Among the female accessions, Kalipatti has shown very shy
flowering and produced very few laterals and spikes. Continuous and profuse flowering was seen in
female clone SGM1 and male clone Swama Kapoori. Significant differences were observed among
the accessions for the production of spikes, which varied from 2-8 per lateral.

In the male catkins, period of anthesis ranged from five to seven days and peak anther dehiscence was
recorded between 2 10 4 PM. Female catkins stay in receptive phase for 7-8 days. Continuous pollination
for 7-8 days resulted in uniform fruit development and 80-85% fruit sct is observed in all crosses. Fruits
take 90-120 days to ripen and turn brownish green and soft. Wide vanation was observed among
hybrids for number of secds per fruit (8 to 61).
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Seed germination ranges from 2.0 to 80% in different crosses. Emergence of radicle is seen from 11-15
days. Seeds from dried fruits on the vine, air dried fruits and air-dried seeds recorded poor germination,
One hundred and fitty different crosses were attempted and large number of hybrid seedlings (> 3000)
was raised. The hybrid seedlings showed segregation for many morphological traits like plant vigor, leaf
size, leaf shape, leaf color, internodal length and stem pigmentation. Severe reduction in growth and
vigor, leaf size and growth abnormalities were also observed among the hybrid population. Vigorous
hybrids selected from different crosses based on the plant vigour, vine length, intemodal length, number
of leaves, leaf size and leat colour are being multiplied. Selected hybrids are being propagated through
sphit bamboo technique for further evaluation.

Biotechnology A

Micro propagation: Development of micro propagation techniques helps in producing disease free
planting material, creation of somaclonal vanation and enables the application of biotechnological tools.
The success of genetic transformation technology largely depends on efficient regeneration system.
Tissue culture techniques play important role in clonal propagation and conservation of germplasm.
Few studies have been reported on the standardized protocols for micro propagation of Piper betle.

The regeneration was oblained directly or through intermediary callus phase with explants from shoot,
leaf and root tissues in cv Lakkuvalli ( Nirmal Babu ef al. 1992). Woody plant medium (WPM)
supplemented with 3 mg 1" BA and | mg " kinetin was found to be ideal for multiple shoot production
and regeneration of plantlets. Regeneration of betel vine through somatic embryogenesis was reported
incv Desi Bangla (Johri et al. 1996) and calfus tissue was developed from shoot tip explants cultivated
on MS medium (NAA 3 mg 1!, BAP 0.05 mg 1"} Embryogenic tissue at cotyledenory stage was
cultured in differentiation media with 0.9 mg 1-' kinetin, 0.5 mg 1 JAA and 20g I'' sucrose. Development
of complete plantlets from callus phase took 9 to 10 months. Bhat e/ a/. (1995) reported shoot bud
regeneration on internodes and nodal explants. Where as root and leaf explants of betel vine though
produced callus failed to show organogenesis. Aminuddin ef al. (1993) developed regeneration protocol
of P, betle from callus tissue. Tissue cultures derived plantlets were successfully transplanted into pots
for hardening,

Molecular markers: Few attempts have been made in bere! vine to distinguish the cultivars based on
biochemical and molecular markers. Studies using isozymes could not identify the groups based on
peroxidase banding pattern (Kocchar ef al. 1984). RAPD analysis of selected cultivars of ‘Kapoori®
and ‘Bangla’ betel vines revealed that the ‘Kapoon’ cultivars were more heterogeneous while ‘Bangla”
cultivars were mostly similar to each other. Within each type, the overall polymorphism of RAPD bands
was more than 70 per cent (Ranade ef af. 2002). Another study using 11 RAPD primers, grouped 41
land races into Kapoori, Bangla, Sanchi and others. The results indicated the ‘Kapoori’ group is the
most diverse, all known male or female betel vine landraces have separated indicating gender based
grouping among the lines.
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Conclusion

Lack of homozygous plant material for hybrdization and unknown meiotic segregation are some of the
limitations in the hybridization of betel vine. Successful raising of large number of hybrid population ang
selection of vigorous hybrids for leaf and growth traits at IIHR shows that hybridization is a viabje
approach for the genetic improvement of betel vine. Karyomorphological studies including meiotic
studies of parents may help in understanding the large amount of variation observed in the hybrid
progenies of Piper betle. Future research strategies should concentrate on developing comprehensive
descriptors and classification of the existing cultivars, exploitation of hybrid vigour and development of
cultivars for biotic and abiotic stresses. Application of biotechnological tools is another promising
avenue for characterization and genetic improvement of betel vine.
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Agronomic manipulations for crop production in Piper betle
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Introduction

Betelvine (Piper betle Linn.} is an evergreen, perennial, dioecious creeper cultivated mainly in South-
East Asian countries, viz., India, Bangladesh, Sri Lanka, Malaysia, Singapore, Thailand, Philippines,
Taiwan and Papua New Guinea for its leaves, which are used as a masticatory. In India, it is grown on
commercial scale as cash crop in the states such as.Assam, West Bengal, Bihar, Uttar Pradesh, Meghalaya,
Orissa, Karnataka, Kerala, Andhra Pradesh, Madhya Pradesh, Tamil Nadu and Tripura. About
50, 000 ha is presently under betelvine cultivation. The crop is highly labour intensive and particularly
suited to small holdings. Once established, it becomes a perennial source of employment and cash flow
for day to day requirements of the farmer. Betelvine is cultivated primarily in two systems nainely,
natural forest eco-system and artificially created shade. Under natural forest eco-system cultivation,
fast growing plants such as Sesbania grandiflora, Erythrina variegeta or Moringa ofeifera are used
to provide support as well as shade to betelvine plants. Whereas, it is cultivated in artificially created
shade environment known as ‘Boroj’, “Bareja’ efc., in Northern India under sub-tropical condittons. It
has been shown to be an unique case of plant establishment under anthropogenically regulated
microchmatic conditions (Kumar 1999), Besides above mentioned two systems, a third system known
as mixed cropping with arecanut, coconut, jack fruit, mango etc., is foliowed in a limited scale. Various
agronomic practices which were developed for increasing the productivity, vield and quality of betetvine
through the Networking Research Project on betelvine (AINRP) sponsored by the ICAR (Indian
Council of Agricultural Research) during the last three decades are reviewed in addition to the works
carried out by other workers.

Nutrient management

Betelvine is a high input demanding crop. The leaves are harvested at regular intervals, therefore it
needs continuous nutrient supply for maintaining higher yield and productivity. Fertilizers are key inputs
in increasing productivily, however, because of their expensive nature, adverse consequences on the
environment, influence on pest and disease susceptibility of the crop, serious concerns are raised for
their excess usage and supplementing their requirement through organic manures and biofertilizers become
necessary for successful cultivation. Application of various types of nutrients including biofertilizers and
nutrient uptake in betelvine crop are discussed here.
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Nitrogen sources, levels and method of application: The leaves are the economically important
produce from betelvine, hence the response of betelvine for the applicd nitrogen in terms of yield and
quality was studied at different centres. Placement of 200 kg ha'N as CAN (calcium ammonium
nitrate) in bands produced significantly higher yield at Kalyani (W.B). Keeping quality, however, was
deteriorated with the use of chemical fertilizer, At Bapatla (A.P), the highest leaf yield was obtained at
200 kg N ha'' as urea, though the economic level was 100 kg N ha'. Effect of different sources of N
was not evident. Leaf yield and keeping quality were not influenced by various sources and levels of
nitrogen at Jabalpur (M.P.), however leaves per vine were pereeptibly higher with linseed oil cake, urea
and their combination treatments. Nitrogen applied through organic sources recorded lower disease
incidence, but did not improve the keeping quality. Dibbling of fertilizer was found to be superior to
band placement. At Sangli (Maharastra), 200 kg N ha! was beneficial to improve yield of leaves
whereas al Bhubaneswar (Orissa) maximum elongation of vines and production of leaves were achieved
with 150 kg N ha' applied as urea + mustard cake inl: 1 ratio. In Sirugamani (T.N) different sources
and levels did not influence the yield but 150 kg N ha"' through neem cake +urea (1:1) resulted in
highest yield with the lowest foot rot incidence. Four to twelve split applications of nitrogen were found
to produce highest leaf yield with the lowest foot rot incidence. Maiti et a/. (1997) reported that vine
elongation, number of branches and leaf yield were significantly higher when N (200 kg ha'') was
applied in 12 split doses at Pusa (Bihar), Kalyani and Sangli, 6 split doses at Jabalpur and Chinthalapudi
(A P.),and 4 split doses at Bhubaneswar and Jorhat (Assam) and recommended split application of N
for betelvine cultivation on light-textured soils (Fig. 1). However, Saikia et al. (1995) reported that the
keeping quality of betel leaves (cv Bangla) was highest when plants received 100 kg N ha™ inthe form
of mustard oil cake even though N at 200 kg ha™! as urea + mustard oil cake (1:1) gave the best growth
and highest leaf vield. Kadam et al. (1993) also reported that leaf rotting after the harvest increased
with increasing N levels, and was particularly high (15.75%) when urea was used as the N source.

Organic and inorganic fertilization on growth and yield of leaves: Several studies have indicated
the benefit of integrated use of organic manures and inorganic fertilizers for sustaining the productivity of
soil and crop in an intensive cropping system (Nambiar and Abrol 1989), Application of FYM at full
dose (equivalent to 200 kg N) was found to increase all the growth and yield parameters significantly in
addition to reducing the disease incidence in Sangli (MPAU), Bhubaneswar (QUAT), Pusa (RAU} and
Sirugamani (TNAU). The response to F'YM application can be attributed to the better nutrient availability
due to better absorption and assimilation and its favourable effect on physical and biological properties
of soil, resulting in increased growth and yield. FYM application also increased the keeping quality of
leaves in Sangli, Bhubaneswar and Pusa. However, at Bapatla application of neem cake +urea (1: 1)
and at Jabalpur and Jorhat, application of oil cake + urea (I: 1) gave maximum vine growth and leaf
yield. Keeping quality of leaves was also improved by neem cake + urea. Whereas in Jorhat and
Jabalpur, organic fértilizer (full dose) improved the keeping quality of leaves with low disease incidence
(Fig. 2). Roy ef al. (2002) also reported that application of FYM alone in betelvine (cv. Simmurali
Bhabna) equalling 200 kg N ha! recorded highest leaf weight (464.62 g) and leaf yield (45.64 lakh ha
') with lower disease incidence and gave a cost:benefit ratio of 1:23.23 which was at par with that
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Fig. 1. Effect of split doses of nitrogen on leaf yield of betelvine

obtained with urea (1:24.13). Similarly, Arulmozhiyan ef a/. (2002) found that application of N at 200
kg/ha as FYMin four splits at 45-day intervals was the best for a higher productivity (31.01 lakh ha')
and quahty in betelvine in an open system of cultivation.

Slow releasing organic nitrogenous fertilizers on yield and growth parameters: Slow release
nitrogenous fertilizers are successfully vtilized to improve the nitrogen use efficieney and crop productivity

70 ’i
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| FYM full dose o FYM+ urea (1:1) 5 Oit cake full dose m cake + urea (1:1)

Fig. 2. Comparison of organic and inorganic fertilizers on betelvine
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in various field crops. In betelvine, neem coated urea (NCU) was superior to tar coated urea and

rilled urea in terms of enhancemnent of growth, yield, improved quality and lower pest incidence. NCU
increased Jeaf yield of betelvine at Bapatla. However, at Kalyam, NCU did not show any positive effect
on yield but influenced keeping quality significantly and decreased Phytophthoraincidence. At Pusa,
yield and quality were not influenced due to NCUJ but decreased the incidence of bacterial leaf spot and
anthracnose. Mishra ef al. (1995) tested gypsum-coated urea (GCU)), urea rock phosphate (URP)
and Nimin (neem sced extract) coated urea (NCU)) at three rates (100, 150 or 200 kg N ha') in
petelvine. They observed that N application increased leat area compared to control. The average leaf
area was greatest at 100, 150 and 100 kg N ha' for GCU, URP and NCU, respectively and the
disease incidence was lower on NCU-treated vines.

Application of potash on yield and quality: The resulis from different centres indicated that potash
had a positive effect on yield, keeping quality and disease incidence. The dose of 100 kg K,O ha' at
Bapatla, Jabalpur, Sangli and Lucknow, 125 kg at Kalyani and Bhubaneswar and 75 kg at Sirugamani
were found superior in increasing the lcaf yield. Mishra et a/. (1993) applied K at 50, 75, 100, 125 or
150 kg ha' in 2 split doses to betelvine cv. Desawari along with150 kg N and super phosphate at 100
kg PO ha'. They found that application of K at 100 kg ha''gave the highest yield, which was of
acceptable quality with ncgligible disease incidence. Leaf essential oil concentrations were highest in
this treatment. Rabindran et a/. (1987) found that potash treatment significantly increased leaf yield
compared to control (no K) but the effect of doses >50 kg K O ha'' was not significant. Leaves from
plots reated with 50 kg KO ha* had alonger shelf life.

Application of phosphorus on yield: Application of phosphorus improved the yield parameters in
betelvine at Bapatla, Sangli, Bhubaneswar (100 kg ha’) and Jabalpur (125 kg ha'’). However, no
effect was recorded at Jorhat and Kalyani. Pal (1987) treated two year old vines of betelvine with N at
0,46, 230 or 460 kg ha' and PO, at 0, 16, 32 or 64 kg ha' + K,O basal dressing at 50 kg ha” and
found that the plants responded to N but not to P fertilization.

Application of micro-nutrients on growth and yield: Studies on micro-nutrients showed that
application of manganese (0.5%) and zinc (0.25%) at Bapatla, zinc (0.5%) ai Kalyani, molybdenum
(0.1 %) at Jabalpur and manganese (0.5%) at Bhubaneswar improved the leaf yield. Application of
micronutrients influenced the leaf yield of betelvine with highest yicld of 2045 lcaves per hill with 0.50%
zinc sulphate sprays compared to 1906 lcaves in control obtained in ev. Vellaikodi (Arulmozhiyan e
al. 1993).

Efficacy of biofertilizers in betelvine: Various bio fertilizers like azotobacter, phosphobacter and
Azosprillum were applied in combination with other organic manures like vermicompost and inorganic
fertilizers to study the efficacy of bio-fertilizers on growth, yield, shelflife and organoleptic quality of
betelvine. Two levels of azotobacter (5 kg and 10 kg), azotobacter (5 kg) + phosphobacter,
vermicompost, MOC + urea (1:1) were applied in combination with NPK to betelvine for their effect
on vine growth, yield and kceping quality of betel leaf at ANIP on betelvine centres. At Sangli, application
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of azotobacter 5 kg ha'! aiong with phosphobacter at 5 kg ha'' resulted in increased vine growth, legf
yield and shelf life and improved the organoleptic quality with highest economic return. At Pusa, application
of vermicompost registered the highest production of crop in term of total number of leaves, fregp,
weight of hundred leaves, and leaf area and all other treatments did not result in appreciable increase in
leaf yield. 1t was also noted that increase in urea dose (200 kg ha™) resulted in maximum disease
incidence and poor keeping quality of leaves.

Nutrient uptake in betelvine: Nutrient uptake studies carried out at different centres showed that the
application of nitrogen in the form of FYM or oilcake equal to recommended dose of N provideg
better crop performance with superior betel leaf quality. At Kalyani, the results showed that yield ang
growth parameters were maximum in cases of nutrient dose NPK (kg ha) = 150:50:50 (N = oilcake),
Chemical analysis of plants showed that plants from treatment —NPK (kg ha')=200:100:100 (N=
oilcake + urea) contained highest percentage of N & P. But where NPK (kg ha*) = 200:100:100 (N
=FYM) were applied, plants contained highest K. Soil analysis showed that lowest residual P & K
were obtained in treatment with NPK (kg ha™) = 150:50:50 ( N = oilcake + urea ) was applied. Low
residual N in soil was found in treatment - NPK ((kg ha') =200:100:100 ( N = oilcake + urea).

At Jabalpur, N, P and K uptake was highest under the treatment where NPK was applied at the rate of
200 (o1l cake) :100:100 kg ha™ . The uptake of N, P,O, and K,O were 156.25, 68.56 and 82.55 kg
ha™! whilst they were lowest (120.25, 38.25 and 48.56 kg ha') under NPK application at 150 (FYM):
50: 50 kg ha''. Application of NPK at 200:100:100 kg ha! as FYM resulted in highest uptake of
nutrients. N, P and K uptake were 272.30, 45.20 and 136.76 kg ha'' respectively. However, soil
nutrient status was maximum under the application of NPK at 200:100:100 kg ha'* as oilcake : urea.
The treatment receiving nutrient dose 0f 200:100:100 as N, PO, and K O produced significantly
superior yield.

At Sirugamani, the treatment consisting of 150 kg Nas FYM , 50 P, O, and 50 K, O kg ha* application
recorded the highest leaf yield of 40.19 lakh leaves per ha and recorded maximum organic carbon
content {0.53%) during second vear. The available N was high in the treatment having NPK of 150
(oilcake +urea): 50 : 50. kg ha''. Arulmozhiyan and Thamburaj (1998) reported that application of 150
kg N ha' (urea + FYM), a pre-planting dip of 4zospirillum (1 kg ha*) for 10 min + soil application
of Azospirillum (2 kg ha') on 50th day, and a foliar spray of triacontanol ( ¢v. Vellaikodi) resulted in
the highest uptake o'N, P, K, Ca and Mg.

Soil organic carbon content in betelvine cultivation: The balance of organic carbon in the soil is of
pivotal importance in maintaining soil properties and dynamics of soil micro flora in the betelvine cropping
system. Assessment of organic carbon content in the soil is carried out to find out the optimum level for
sustainable cultivation of betelvine in various regions of our country where betelvine is cultivated
commercially.
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At Jorhat, optimum level of organic carbon was assessed in different cultivation practices followed in
Assarm i€ closed type, semi closed type and open type in three locations (Ambagan, Lenger1, Borhola)
ot fifteen different sites. Per cent organic carbon varied from 0.56 to 0.78 in different betelvine gardens
of Assamand it was medium in tenins of available nitrogen. Soil type at Borhola village was predominantly
Gty clay Joam with high organic carbon content (0.67 to 0.78%). The available PO, (43.8 to 48.8 kg
ha!) and K,O (105.5 10 108.2 kg ha''} were highest among the locations.

A survey was conducted at Bhander Khola, Dist. 24 Parganas (N) and soil samples were collected
from those barejas for analysis as per schedule. The farmers of Bhander Khola, mainly used mustard
oil cake. The organic carbon (%) content, total N (%), total P,O, kg ha'' and total K,0 kg ha™' of
different borojas ranged from 0.49-0.78%, 0.014- 0.042%, 4.4-196.46 kgha'and 168.3 -382.8 kg
ha' respectively. The pH ranged from 6.78 — 8.13. At Jabalpur, it was found that betelvine when
applied nitrogen in the form of urea and oil cake to the tune of 265 kg ha™' which resulted in maximum
organic carbon content (1.3%}) among the locations tested and got maximum leaf yield (42.52 lakh ha').

Irrigation management

Irrigation schedules and methods on growth and yield of leaves: Application of irrigation waler at
an |W/CPE ratio of 1.00 with irrigation depth of 5 and 3 ¢m at Pusa and Kalyani respectively, were
found to be better for growth and leaf yield. However, imigation did not influence keeping quality of
leaves, incidence of bacterial leaf spot and uptake of major nutrients at Pusa. Furrow irrigation after
each row in Bapatla and after two rows in Sangli was reported to be superior methods for higher leaf
yield. Irrigation methods did not have any effect on keeping quality of leaves and disease incidence.

Drip irrigation on growth and leaf yield: At Jabalpur, 100% replenishment of pan evaporation rate
through drip irrigation produced highest leaf yield (25.55 lakh ha'). However, at Sangli, 125%
evaporation replenishment produced highest yield (42.32 lakh ha*) (Fig. 3). Water saving was to the
tune 0f 34.26 per cent in this treatment.

Plant population: At Bapatla, plant population of 10 plants n (1 lakh plants ha) found to be optimum
for betelvine as it recorded higher leaf production and better cost-benefit ratio. The leaf yield was
highest in the plant population density of 1, 25,000 per ha (108.54 lakhs ha'). However, the cost
benefit ratio was 1: 6.23 compared one lakh plant population which gave 1: 9.10. At Jabalpur, maximum
number of leaves ha™ (23.65 lakh) was noted with 2.0 lakh plants ha™'. It was at par with 1.75 lakh
plants ha'' (23.35 lakh). Plant population density did not affect keeping quality of leaves and per cent of
disease incidence significantly. At Islampur (RAU), amongst four plants spacing /plant populations,
maximum vine elongation, populations (9.35), no. of branches (18.35) and no. of leaves ha (26.75
lakh ha') was recorded with 1.5 lakh ha'plant population. ‘Ihe Phytophthora foot rot incidence
increased with increasing plant population. At Bhubancswar, leaf yield was significantly highest (55.6
lakhs ha! yr') in 2 lakhs plant population ha'! followed by 1.75 lakh ha'!, At Sirugamani, among the 4
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Fig. 3. Effect of drip irri gation on leaf yield of betelvine

different spacing/population adopted, the population of 75,000 plants ha"! gave the best growth and
yield performance.

Crop regulation through staggered lowering: To increase the harvest of betel leaves in the lean

period, a technique named staggered lowering was standardized. The results showed that significant
improvements in Crop growth and yield were noticed by this technique in various centres. At Jorhat,
there was no significant difference in vine elongation, number of branc

hes per plant, fresh weight and
keeping quality of the leaves. However, significant difference was observed in yield, disease incidence

and net return during February & September lowering and July & November lowering compared t©0
other lowering periods. February & September lowering gave highest net retum (2.49 lakh ha'! yr').
At Kalyani, the results showed that leal yield was found highest (33.30 lakh ha '} in treatment where
July & November lowering was done and it was statistically at par with February & June lowering. The
lowest (27.81 lakh ha™) leafyield was recorded in August & December lowering and it was statistically
at par with September & January lowering. The lowest (6.66%) leaf spot disease was recorded in
September & January lowering and it was at par with February & June lowering (8.02%).

Bio-regulators on yield and keeping quality of leaves: Triacontanol, a primary alcohol has been
shown to increasc the growth and/or yield of major crops and several forest species. Triacon'taf101
(0.05%) sprayed thrice at 30 days interval had favourable influence on growth and yield parameters in
all the centres (Fig. 4). However, an increase in keeping quality of leaves with the triacontanol spray
was observed only in Sangli, Bhubaneswar and Sirugamani. A significant increase in cost benefitrati®
was also observed in Sangli and Pusa. Pawar et al. (2001) found that threc sprays of 0.5% triaCOm"@mOl
at 30-day intervals resulted in the highest values for vine length (4.1 1 cm), number of leaves ha' (34-?2)
and 100-leaf weight (250.50 g), while the two sprays resulted in the highest number of laterals pet vine
(19.14) and gave the highest values for leaf shelf life (18.25%) and benefit: cost ratio (1 .89). Three
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sprays of triacontanol (0.05%) at 30 days interval was beneficial to betelvine which resulted in highest
leaf yield (32.476 lakh ha™') at Jabalpur (Sengupta er al. 2001). Chatterjee (1999) found that n-
triacontanol application increased leaf vicld by 12-18%, and reduced the effects of water stress in
betelvine and it increased leaf oil content particularly in cv. Bangla.

Integrated crop management
Integrated crop management involving optimum nutrient management and management of pest and
diseases of the crop became focus point for sustainable crop production.
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Fig. 4. Effect of growth regulators on leaf yield of betelvine

AtJorhat, the incidence of the disease was significantly less in the treatments where Trichoderma spp
and Bordeaux mixture as applied. Final soil status indicated the fixation of phosphorus as well potash in
the soil leading to soi! build up of both the nutrients. The retention of K was higher in plant population
with combination of Trichoderma and Bordeaux mixture. The farmers’ practices resulted in lower
return compared to INM and IPM approaches because of adopting lower plant population as well
poor discase, nutrient and irrigation management aspects.

At Bapatla, results showed that the treatment consisting of optimum plant population (1,00,000 plants
ba') + recommended fertilizers (neem cake + urea (1 : 1)at 200 kg N, 100 kg P,O, and 100 kg K,O
ha''), irrigation (100% replenishment of CPE ) and application of Bordeaux mixture (4 drenches and 8
sprays) recorded significantly higher leaf yield of 39.15 lakhs ha'. At Kalyani, highest fresh mass of
100 leaves (407.14 g) and leaf yield (44.44 lakh ha') were recorded in treatment consisting of plant
population of 1.5 lakh vines ha™ with application of 200kg N in splits of organic form + 100kg PO, +
100 kg KO + Irrigation at 100% replenishment of CPE -+ Bordeaux mixture application (4D + 8S) +
fecommended insecticides. [n the same treatment, lowest incidence of leaf and foot rot caused by
Phytophthora sp. and Jeaf spot caused by Collefotrichum capsici was observed. At Jabalpur, maximum
Ving elongation per month (15.58) number of leaves (36.25 ha!), length of inter node (7.54 em) and
Weight of 100 leaves (618.65 g) were observed with treatment consisting of best plant population +
200 kg nitrogen in four splits in organic form + 100 kg P,O, + 100 kg K,O + irrigation at 100 %
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replenishment of CPE +4 applications of Trichoderma viride + sanitation + recommended insecticides.
The maximum disease incidence {15.30%) and minimum keeping quality (9.82days) of leaves were
noted in farmers practice. At Bhubaneswar, application of 150 kg nitrogen + 100kg P,0O, +125kg
K,O + irrtgation at 100% replenishment of CPE + Bordeaux mixture application (4D +88) +
recommended insecticides gave higher vine elongation (28.2 cm), number of laterals (2.0) and the leaf
yield (45 Jakhs ha') with larger leaves (14x11 cm), fresh weight of 100 leaves (292 g ) and less
disease incidence. The shelf life of leaves was better in farmers practice with an organoleptic rating of
2.6, At Pusa, the treatments having 50 lakh plants ha™ -+ 200: 100:100kg ha' N:P,0,: K, 0 (4 -splits)
as organic + irrigation + 4 application of Trichoderma viride + sanilation+ organic insecticide and
1.50 lakh plants ha* +200: 100:100kg ha' N:P,O,: K,O (4 -splits) as organic + irrigation + 3 drenchings
of Bordeaux mixture(1%) and 6 sprays of Bordeaux mixture (0.5%) + sanitation + organic insecticide
gave superior yield.

Evaluation of live support crop

Superiority of Moringa sp. as live support crop was recorded untformly in two locations. Sesbania
grandiffora was also good when growth parameters were compared. S. sesban was not found suitable
since it started producing branches from the base of the plants and also had stow growth rate.

Packing and storage

As the betel leaves are perishable in nature the storage and packing for better keeping quality and least
damage during storage and transit were investigated in different centres. Packing of leaves without
petiole was found to be a better practice for improving shelflife when compared to packing with petiole
in all the centres. In general, keeping quality during storage was better in winter than summer and rainy
seasons. Under all storage conditions, depetiolation prolonged storage life, and the most effective
storage treatment was in banana leaves (Saikia & Dutia 1993). The storage life of leaves varied with
cultivar; leaves from the local Bangla cultivar exhibited the longest storage life (92.9% healthy leaves
after 14 days storage in banana leaves). Singh ez al. (1990) showed that treatment of mature harvested
betel Jeaves afier depetiolation with 5 mg BA I'! for 6 h and storage in conventional baskets would be
most suitable for prolonging the shelf-life of the leaves. The least spoilage (66% on day 21) was observed
for leaves (cv. Vellaikodi) packed by the hotlow method using fresh plantain leaves in the months of
July-August.
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Introduction

Betel vine is (Piper betle L.) belongs to the family Piperaceae. The plant yields deep green heart
shaped leaves popularly known as Paan. The [eaves are also synonymously known as Nagaballi,
Nagurvei, Saptaseera, Sompatra, Tamalapaku, Tambul, Tambuli, Vaksha Patra, Vettilai, Voojangalata
etc. in different parts of the country (CSIR 1969; Guha 2006). The vine is a dioecious, shade loving
perennial root climber. There are about 100 varieties of betel vine in the world, of which about 40 are
found in India and 30 in West Bengal (Guha 1997, Maiti 1989; Samanta 1994). Malaysiais considered
to be the place of origin of betel vine by most of the workers (Chattopadhyay and Maiti 1967) but the
leaves are much more popular in India than in any other country of the world. This is obvious from its
high acreage (55000ha) and annual production (Rs 9000 million) in the country (Guha 2000). Significance
of the leaves is known traditionally in Indian society since the time immemorial. A well-prepared betel
quid is still regarded as an excellent mouth freshener and mild vitalizer, routinely served on the social,
cultural and religious occasions. it is also offered to the guests in order to show respect and for such
traditional use, the leaf really stands without any parailel eventoday (Mehrotra 1981; Guha and Jain
1997. Guha 2006). In fact, this edible leaf has also achieved an esteemed position in several other
countries of the world particularly in Bangladesh, Burma, China, India, Indonesia, Malaysia, Nepal,
Pakistan, Philippines, South Africa, Sri Lanka, Thailand efc. (Jana 1996; Khoshoo 1981; Samanta
1994; Sharma et al. 1996; Guha 2006) where leaves are traditionally used for chewing in their natural
raw condition along with many other ingredients like sliced areca nut, slaked lime, coriander, aniseed,
clove, cardamom, sweetener, jelly, piper mint, flavouring agent, fruit pulp efc. (CSIR 1969 ; Guha
2006).

The strikingly high demand of the fresh leaves can be explained by the fact that it is a cheap, naturai and
easily available appetizer, digestive, mild stimulant, aphrodisiac and refreshing mastication. Chewing of
betel leaves impart a sense of well-being, increased alertness, salivation and energetic feeling with
exhilaration. It also increases the capacity to perform physical and mental functions more efficiently for
a comparatively longer duration over control (without betel leaf chewing). These beneficial properties
can be explained by the nutritional composition of the leaves which are good source of minerals and
vitamins.
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Processing of betel leaf

Processing is a very wide lerm but when it is applied to food science, engineering or technology it
means application of all the small and big methods and techniques (processes) applied/ performed on
the raw materials or unfinished products to introduce some desirable properties like long storability,
attractive colour, taste, flavour, texture, chewability, particular shape, size, cleanliness, safety etc. so
that anew product is obtained with better utility and cconomy. The most common processing techniques
are: peeling, slicing, mincing, macerating, liquefaction (fruit juice), fermentation, emulsification, extraction,
cooking (boiling, broiling, frying, steaming, baking, grilling efc. ), mixing, addition of gas, proofing,
drying, dehydration, applications of /manipulation by physical forces (light, electromagnetic waves
efc.), pasteurization, chemical treatments etc. This list however, is not exhaustive since new techniques
are coming up every year and some of them are specific to particular novel product.

Itis clear that when applicd properly, processing may minimize losses of the raw materials which cannot
be stored for long time under ordinary conditions, for example betel leaf is a very perishable commodity
and therefore, always subjcct to wastage by quick spoilage due to dehydration, microbial infection,
dechlorophylation efc. This may cause post-harvest losses ranging from 10 to 70% during transport
and storage (Guha & Jain1997; Rao & Narasimham 1977) amounting over Rs 900 million every year
in monetary terms, So much is the wastage that the surplus leaves are fed to the cattle and also buried
in the ground (Guha 2007). In view of such alarming losses, attempts have been made to minimjze the
wastage by adopting some processing techniques like extracting essential oil (Guha 2007), drying of
the leaves (Ramalakshmi ef al. 2002), depetiotation (Mishra & Gaur 1972), chemical treatments,
manipulation of storage temperature, adopting better packaging materials and methods (Guha 2004,
Rao & Narasimham 1977) besides curing/bleaching of the leaves (Dastane 1958; Sengupta 1996).
Commercialization of bete! leaf-tincture and betel leaf-gargle is also under progress (Khanra 1997).
That apart, formulation of beverages/drinks from fermented betel leaf has been taken up for scientific
study but no specific information is available since the inventors from Jadavpur University of West
Bengal are trying to get a patent on the novel product. Description of some important processing
technologies 1s given below:

Extraction of essential oil from betel leaves

This was attempted with Clevenger apparatus but its performance was not satisfactory due to various
drawbacks. Therefore, research work was undertaken to design and develop an apparatus for extraction
of essential oil from betel leaves minimizing the drawbacks. Asaresult, betel leaf oil extractor was
developed, the drawbacks were minimized and rapidity in the extraction process was achieved with a
consequential saving of time and energy to the tune 0f 43,8 % and 29.8 %, respectively and merease in
0 recovery {o the tune of 16.2 % compared to Clevenger apparatus (Guha 2008). With this apparatus
essential oil can be extracted from the siranded or unsold leaves, be it fresh or stale or dechlorophylled
or even partially decayed and rejected for consumption. The essential oi! extracted with this apparatus
clearly revealed that the Mitha, Bangla and Sanchi varieties of betel leaves contained about 2.0%,
1.7% and 0.8% essential ol respectively, on dry weight basis. This oil of Bangla variety was constituted
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by a mixture of about twenty-one different compounds of which eugenol was the chief ingredient
constituting about 29.5 % of the oil (Guha 2003 ). Similarly, the essential oil and its constituents of most
of the other varieties show a comparable trend but in some varieties terpenyl acetate is the chief
constituent. However, these constituents may vary qualitatively and quantitatively as well due to several
factors like variety, soil, climate and the agronomic practices followed to raise the crop, etc. like any
other essential oil yielding crops (Garg & Jain 1996; Gunther 1952; Kanungo 1996; Ramalakshmi ¢y
al 2002; Sankar et al. 1996; Sharma ez al. 1981}, 1n fact, these constituents are the sources of the
medicinal, aromatic, stimulant, tonic and various other useful properties found in the leaves (Khanra
1997). Suchuseful properties of the oil indicate a promising industrial future for it as a raw material for
manufacturing skin emollients, tooth pastes, tooth powders, paan masala, perfumes, room fresheners,
de-odorants, soaps, face creams, antiseptic creams and [otions, cold drinks, chocolates, incense sticks,
appetizers, carminative mixtures, digestive agents, tonics, medicines efe. (Guha 2000).

Fig. 1. Betel leaves essential oil extractor

The cost of a 20~ litre size oil extractor is about Rs 20000/ and that of the 10-litre size is Rs 10000/,
which is well within the affordable limits of the betel leaf growers. Therefore, the farmers themselves at
a rural industry can take up such oil extraction and product development work. The 20-litre size oil
extractor can easily proeess 200-400 leaves/batch and about 800-1600 leaves /day, whereas the daily
production of the leaves may not normally exceed 500 leaves/ boroz of average size i.e., 0.02 ha.
Therefore, in all accounts a small oil extractor of 20-litre capacity would be sufficient to process the
surplus leaves on any day. Similarly, a single unit can also be shared by several farmers to make this
rural technology more cost effective. Such oil extraction may provide employment opportunities to the
tamily members of the cultivators and business opportunities to the industries.

Piperaceae Crops - Tecinologies ¢r Future Perspectives



Processing and marketing of betel leaf

Curing of betel leaves

In food processing, curing refers to various preservation and flavoring techniques, particularly for meat
or fish, by the addition of salt, sugar, mitrate and nitrite singly or in combination. Some curing techniques
also involve smoking. So far as curing of betel leafis concerned it refers to heat and smoke (rich in
carbon mono oxide) treatment of the leaves for removing green colour (chlorophyll), pungency and
undesirable traits and thereby improving taste, appearance and other qualities. Thus, curing imparts a
unique colour to the leaves ranging from yellow to white (with slight yellow tinge) through one kind of
gradual bleaching action. Moreover, removal of pungency makes it consumer acceptable especially to
those who suffer badly after consumption of fresh betel leaves, particularly from swelling of tongue and
loss of taste. Unfortunately, not much scientific studies have been carried out on this aspect. Cured
leaves had higher essential o1l and reducing sugars percentages but lower starch, tannin and non-reducing
sugar percentages compared to fresh leaves (Dastane ef al. 1958).

The workers in Bengal, follow two methods for curing (Guha & Jain 1997): Bhati method and Dabano
method (Pressure method) as described below:

Bhati method: In this method a brick and mud built room of approximately 2.0 X 1.4 X 1.7 m size is
made with one small door which is kept closed with thick gunny curtain to make the chamber air tight
as much as possible. In one corner of the room, a small oven is kept with 2-2.5 kg of wood charcoal.
Baskets containing the betel leaves (with or without petioles) are placed on floor of raised beds made
of bamboo. The baskets are lined with sal (Shorea robusta) leaves and gunny sheets and are kept
covered with moist gunny bags. The charcoal is bumt for about 3 hours/firing and temperature of the
chamber ranges from 36-45°C (Sengupta 1996). The leaves are reshuffled every 6-12 hours and the
defective and /or decaying leaves are removed and the rest are transferred to another basket outside
the curing chamber for 30-36 hours before retreatment. Due to absence of light and presence of heat
and smoke, the leaves gradually loose chlorophyll and become light yellow/white in colour, Such change
in colour may be attributed mainly to the modified atmospheric condition consisting of carbon mono
oxide, darkness and heat. It takes about 8-15 days in summer and 15-25 days in winter to complete
the curing process. At atime 16-20 thousand leaves can be cured in summer while in winter the number
may be as high as 24-30 thousands. This method is practiced mainly during the months of September
to March when raising the chamber temperature becomes essential. The baskets containing the leaves
are kept alittle away from the oven to avoid direct heating. Betel leaves grown in Birkuli, Ramnagar
and Mohanpur areas of Midnapore district of West Bengal give best results by this method while the
other varieties may not give good results. However, the method has not been standardized and hence,
number of firings of the oven, arrangement of the leaves in the baskets, arrangement of the baskets in
the curing chamber, selection of the leaves for this purpose efc. are still amatier of personal experience.
Recently, Rayaguru et al. (2007} has conducted a survey study in Orissa on curing of bete] leaves. The
study reveals that the same processing technique is also being adopted in Orissa as previously reported
by Guha & Jain (1997).
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Dabano method (Pressure method): This method is practiced mainly during the summer months, April
to August when atmosphere is warm and moist. No oven or additional heat source is required. The
betel leaves are arranged in larger baskets which are placed one over the other and are reshuffled every
24 hours. It takes about 7-10 days for completing the process in sunumer while in winter it takes about
15-20 days or a litile more, possibly according to the pressure mounted on the leaves.

Drying of betel leaves

Drying is a simple process for removal of moisture from any substance althongh in many cases it is
performed through sophisticated techniques like microwave drying. It helps in increasing sheif life of the
product since scarcity of water in the product restricts or even prevents microbial growth responsible
for spoilage of most of the edible substances. So far as betel leaves are concemed, needless to reiterate
thai a very limited work has been done on the subject. However, Ramalakshmi ef al. (2002) have
studied the impact of drying on quality of betel leaves. They found that solar drying gave better results
compared to shade drying, mechanical drying and microwave drying since in the latter methods there
was substantial loss of volatile oil which is responsible for improving quality of the product,

Depetioiation of betel feaves

Depetiolation means removal of the petioles partly or fully from the leaves. The farmers pluck the leaves
along with the petioles and sel] them to the retailers or whole sellers who in turn carry out the processing
work. 1n most of the places it is done manually with the help of a piece of a blade, scalpel or sharp
sickle before packaging for transportation to final destination. By doing so, about 10-25 percent weight
of the leaves are reduced besides shedding otf the total length of the leaves by about 10-40 percent.
Such processing has many advantages like delaying senescence (Mishra & Gour 1972), reduction in
weight of the bundles of betel leaves facilitating transportation, reduction in space requirement for
storage and transportation, reduction in requirement of packaging materials, minimization of chances of
early necrosis which starts mostly from the base of the petioles and thereby increasing shelflife, erc.

Packaging of betel leaves

Packaging is the science, art and technology of enclosing/covering a product (with some substance like
paper, pelythene, plastic, cloth, tin or aluminum foil, card boards, sofl wood, glass erc. ) for promoting
its storage, distribution, marketing and use. It gives physical (shock, vibration, compression, temperature,
dust, contaminants efc. ), chemical (oxygen, water vapour, e/c. ) and biological (microbes) protection
by creating barrier. It helps in marketing by providing inforiation (labels) and creating atiraction.
Packaging is also done for creating convenience in handling, transportation and use. Currently, not
much work has been done on packaging of bete! leaves and therefore, sophisticated packaging for the
leaves is not available. However, presently packaging of the leaves is done in bamboo baskets of
different sizes having diameter of 25 to 50 cm and depth of 5010 75 cm in the following manner (Guha
& Jain 1997). A basket of proper size for housing about 4000 to 10000 leaves is taken and lined with
moist straw. Over this, 2 moist cloth is stretched to cover up the straw. On such moist cloth pieces the
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leaves are arranged in a circular manner keeping the base/petioles uniformly towards the centre or
outside. In the centre, however, a piece of ice slab weighing about 1.5 to 4.5 kg is kept and the ice
piece is kept closed inside a plastic bag to avoid over moistening of the leaves. The ice piece absorbs
the heat generated by respiration of the leaves and keeps them cool and thus, delays decaying. Usually
the petioles are completely removed before packing but some times 1 to 2 cm length is retained according
to the choice of the consumers of the locality whereto the consignment is dispatched.

Marketing of betel leaves

Before stating the marketing aspects it would be appropriate to mention the economic significance of
the crop which actually provides foundation for marketing of the leaves like all other commodities. To
start with the initial cost of cultivation of betel vine, it may be stated that the cost may range from Rs 1-
2 lakh/ha at the minimum during the first year which may come down to about Rs 0.5-0.6 lakh/ha in the
subsequent years. A minimum net profit of Rs 0.5-1.0 lakh/ha/year or more (Rs 5.02 lakh/ha/year in
one case as reported by [CAR 2000) is easily attainable under ordinary conditions (Bhowmick 1997,
Guha & Jain 1997; ICAR 2000; Lahiri 1991; Samanta 1994, SDAMM 1996). Further, a small Boroj
ofeven 10-15 decimals may provide sufficient net profit for maintaining a small rural family of five
members (Jana 1995; SDAMM 1996). Such a Boroj may be termed as a household bank since the
leaves can be plucked and sold straight in the market as and when hard cash is required and this may
continue for 10-30 years or more (Chattopadhyay 1981; Jana 1995). Moreover, the leaves may also
be retained on the vines up to about six months without any deterioration of leaf quality (Bhowmick
1997) and this may provide an opportunity to escape the dull markets. Interestingly, the annual yield of
agood crop is about 60-70 leaves/ plant and 6-7 million leaves/ha. This may constitute a gross production
ot the leaves worth about Rs 9000 million every year in the country where the crop is grown on about
55,000 ha of land. On an avcrage about 66% of  such production is contributed by the state of West
Bengal where it is cultivated on about 20,000 ha of land encompassing about 4-5 lakh Boroj employing
about the same number of agricultural families (Guha 2006).

The vast marketing potentiality of the crop can be adequately established by the fact that about 15-20
million people consume betel leaves in India on a regular basis (Jana 1996) besides those in other
countries ot the world which may include over 2 billion consumers (Jeng et af. 2002). The crop provides
a national income to the tune of Rs 6000-7000 million every year. It also provides an income of Rs
800-1000 million to the state of West Bengal. in addition to this, the Eastern Railways earn about Rs
100 million every year from transporting betel ieaves from West Bengal to different parts of India (Jana
1995; Samanta 1994). The leaves are also in great demand in several other countries of the world.
Consequently, leaves worth about Rs 30-40 million are exported to the countries like Bahrain, Canada,
Great Britain, [long Kong, [taly, Kuwait, Nepal, Pakistan, Saudi Arab and many other European
countries (Jana 1996; Singh ef al. 1990). The available export details are shown in the table 1.
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Table 1. Export of betel leaves from India during 1968-91 (Jana 1996)

Year of export Quantity MT) Value (in thousand rupees)
1968-1969 208 566
1969-1970 210 580
1970-1971 372 940
1971-1972 461 1182
1972-1973 391 1398
1973-1974 209 716
1974-1975 . 253 1084
1975-1976 249 1040
1976-1977 304 2292
1977-1978 932 8007
1978-1979 1347 13226
1979-1980 402 3429
1980-1981 435 4002
1981-1982 574 6162
1982-1983 740 8200
1983-1984 | 1116 15100
1984-1985 717 11000
1985-1986 NA NA
1986-1987 582 9190
1987-1988 814 ' 12541
1988-1989 1063 16446
1989-1990 NA NA
1990-1991 884 14801

NA: Data not avaitable

Rayaguru er al. (2007) have also highlighted the export potential of the crop but the data provided by
them are much less and therefore, do not match with those provided by Jana (1996).
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g far as the marketing channels of betel leaf are concerned, it is very simple and traditional ones. The
leaves are generally plucked in the evening for marketing during the next morning. After plucking,
sorting for damaged, deformed, diseased, off sized or otherwise undesirable lcaves are done during the
following night or next early morning. Thereafter, the leaves are graded in to different sizes, large,
medium and small (which are sold at different prices in decreasing order). The rinsing of the leaves are
done in the near by ponds at convenient time, after plucking or grading. Depetiolation is rarely done by
the farmers at home unless there are specific instructions from the retailers or whole sellers since
depetiolated leaves are looked upon doubtfully as stale leaves. This 1s because petiole tips dry up
quickly showing staleness of the leaves and a recent cut may impart a misleading fresh look to the
leaves. After all these steps are covered, the leaves are counted and arranged in lots of 50 or 100 ina
circular manner according to the prevailing procedure of the locality. The leaves are then bundled in
plant leaves, like banana, sal (Shorea robusta) or palas (Butea monosperma) leaves 6verwrapped
with cloth or gunny picces. Rarely bamboo baskets are also used at this stage. The sizes of the bundles
are not fixed and may vary according to the availability of transportation methods but they are always
kept in multiples of 1000 for easy counting. Thus, the steps followed while sending the leaves from the
vineyards to the nearby markets may be summarized as: Plucking, rinsing, sorting, grading, (depetiolation).
counting, arranging and bundling. After bundling, the leaves are taken to markets by head loads, cycles.
motor bikes, trolleys and other locally available means. After reaching the markets, particularly whole
sale markets, the bundles are opened for inspection by the prospective buyers. The leaves are then
auctioned by bidding {by professional callers) and the highest bidders buy the leaves. But so far as
payment to the farmers are concerned, part of the payment is released on the spot, rest amount is paid
after thorough inspection and complete sale of the leaves. In most of the cases the farmers however, do
not get the actual price offered/fixed by biddings. In fact, the local whole sellers purchase the leaves, do
alittle bit of processing and packaging and then transport the bundles to another whole seller located at
adistant place and on receipt of payment from him the local whole seller makes payment to the farmers.
This process consumes 15-30 days or more causing financial loss to the farmers besides creating other
troubles. Not oniy this, a portion of the payment is always curtaiied on flimsy grounds like presence of
rotten leaves {due to faulty transportation), small leaves, fluctuation in price, efc. Itis true that price
fluctuation in betel leaf'is undesirably high but the farmers should not suftfer from it particularly when the
leaves are sold by auction. In the prevailing marketing system either the local whole seller or someone
else plays the role of middleman between the farmer and the final buyer who actually makes the payment
and therefore, there is no direct and immediate full payment. The summary of two channels of marketing
of betel leaves may be shown as: (1) Vineyard farmer—retailer-—consumers; (2) Vineyard—
farmer—local whole seller/middleman—whole seller/middleman at a distant location—retailers—
CONSUIMeTS,

"Transportation ot the leaves within the country is done mainly by rail. Itis also done by road {trucks) to
the destinations not connected with rail. It takes about 3-7 days to reach the final destination anywhere
in the country. On the other hand transportation of the leaves outside the country is done only by air at
present and the consignment reaches the final consumers within about 3 days.
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Problems in marketing of bete] leaves

Betel leaf is a highly perishable commodity,

Betel leaf producers are not organized and therefore, subjected to exploitation,

Adequate wagons are not available in trains, particularly during the peak period of product; on,
Refrigerated wagons/vans/trucks are not available for transportation of betel leaves,
Producers do not get proper price of the leaves,

During rainy season cxcessive marketable surplus 1s wasted.

There 1s no export promotional activity,

Marketing intelligence is not available,

Alternative uses of the leaves are not known,

Proper facility for storage of unsold Jeaves are not available,

Lack of proper efforts to neutralize cancer propaganda on bete] leaf.

Conclusion, recommendations and suggestions {or future work

[t may be concluded from the present study that wastage of betel leaves worth millions of
rupees may be minimized by adopting appropriate processing technologies.

It may also be concluded that the present marketing system does not support the actual betel
leaf producers properly and therefore, it needs overhauling.

s recommended that essential oil of betel leaves be used in cottage industry for manufacturing
ot different commercial products particularly the non-tobacco based Gutkha {(Paan Masala).

Search for novel formulations/products made of betel leaf singly or in a combination with
other ingredients are required to be taken up.

Studies on alternative uses of the leaves and essential oil are required to be taken up.
Rescarch work on by-product utilization can be considered as the mandate of the current
time.

Research work on mechanization of depetiolation should be taken up for saving time, energy
and money.

Scientific studies should be taken up for studying curing of betel leaf.

Research work on the marketing systems and intelligence and allied aspects relevant to the
crop are required to be initiated to sateguard the wild and unwarranted fluctuation in price of
betel leaves.

In view of the controversial claims about presence of carcinogen in betel ieaf, it becomes
imperative {o carry out conclusive biochemical and genetic mvestigations together with clinical
trials and demographic studies to protect the marketing potentialities of the crop.
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The foreign exchange earning potcntiality of the crop may be improved through proper research
on export systems and intelligence besides modulation of the export-policy-decisions.

Studies should be taken up to solve all other marketing problems of betel leaf, like quick
t  perishability, lack of proper storage of unsold leaves, lack of refrigerated and adequate number
of wagons efc.

» Thebetel leaf growers should be encouraged to form proper professional association for
addressing their own problems.
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Research on betel vine diseases under AINP on betel vine

Basudeb Dasgupta & Satyabrata Maiti'
AINP an Betelvine, Bidhan Chandra Krishi Viswavidyalaya, Kalyani 741235, Nadia, West Bengal
‘NRC on Medicinal and Aromatic Plants, Boriavi 387310, Anand, Gujarat.

Introduction

Betel vine is mainly cultivated in East and North of India under artificially erected structure known as
Boroj, Bareja or Bheet, which is a kind of protected cultivation. The sides and roof are made of jute
sticks or straw on a light bamboo frame work. Where as in South, it is grown under open system with
live support of fast growing trees (Moringa, Sesbania, etc.). In spite of the tremendous potentiality of
the crop, cultivation of betel vine is un remunerative because of its susceptibility to several diseases,
aggravated by moist and humid growing conditions, which are prerequisites for growth and yield.
Obviously the major constraint in cultivation 1s diseases that eventually damage all plant parts such as
root, stem and foliage. The serious diseases reported are foot rot (Phyvtophihora parasitica, var,
piperina, Phytophthora nicotianae var parasitica, Rhizoctonia spp, Pythium spp. and Sclerotium
rolfsiiy and leaf rot (Phytaphthora parasitica, Phytophthora palmivora), leaf spot and stem
anthracnose (Colfetorichum capsici) and bacterial leaf spot and stem rot (Xanthomonas campestris
pv. Betlicola). Among the pathogens, Phyrophthora, Colletorrichum, bacterial stem rot and leaf spot
causess extensive damage both under field and storage conditions.

Research work carried out under All India Coordinated Researeh Project on Betelvine on various
aspects of disease management viz., discase survey, epidemiology, varietal resistance, disease control
and integrated disease management are presented here with

Symptomatology

Phytophthora foot rot and leaf rot

Dastur (1935) reported an accurate description of the disease symptoms. In Phytophthora induced
foot rot, wet rot associated with wiiting of vines is common. in leafrot, circular brown to black water
soaked spots develop on the leaves that enlarge fast and extend to petiole and stem. Leaves ar¢
subsequently shed. Under intermittent wet and dry conditions, clear zonations were seen on leaves
giving a wavy appearance due to shrinkage or collapse of cells (Maiti & Sen 1977).

Footrot

The leaves and shoots turn yellow, wither and finally dry out to a pale brown colour. In discased plants,
fine young roots are infected first, gradually it spreads through older roots and reaches to collar region.
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In a severely diseased plant, completed rotting of the whole root portion can be noticed. The soft
tissues of old roots and inter nodal portion are completely decomposed leaving only the fibrous portion.

Leaf rot

The initial symptoms appear in the form of water soaked spots which enlarge rapidly in size on mature
leaves near the soil. The spots are of two types, first one is of circular, necrotic, deep brown in colour
with distinct grey-brown zonation and the second one is of expanding, circular, dark-brown necrotic
spot without any zonation. The central rotten portion of the spot drops out leaving a hole with irregular
edges. In both these types, the symptoms develop on any part of the leaves, including tips and margins.

Leaf spot and stem anthracnose (Collefotrichum spp.)
Leaf spot

On the leaves, the disease is characterized by the presence of spots which are usually circular with
brownish-black centre surrounded by yellowish halo. These spots often coalesce to form large lesions.
The infected regions gradually become thin and dry and do not undergo any rotting. When the spots are
present on the margin of the leaves, the leaf blade tend to droop owing to the shrinkage of tissues. The
infected leaves may fall off prematurely (Roy 1948). Hector {1925) described the disease as yellow
discolouration and wilting of leaves. Narasimhan (1938) described the disease as blackish spots on
leaves and vines, latter drying and withering of foliage. Maiti & Sen (1979) observed more than one
spot on each leaf. The spots are irregular in size and shape, light to dark brown or black in the center
and surrounded by a diffuse chlorotic yellow halo. Dasgupta (1982, 1998); Roy (2002) reported that
leaf spots developed as minute necrotic spots with a narrow bright yeliow halo around them. The spots
enlarged and coalesce and appeared as light to dark brownish black spot in the centre surround by a
diffuse, chlorotic yellow halo. The spots are developed on margins, tips and both inter and intra-veinal
areas and was in variably surrounded by a yellow halo irrespective of its position. [n severe cases the
margins and tips develop a bumt appearance.

Stem anthracnose

Stem anthracnose developed as minute spots, dark brown in colour. The spots enlarge and coalesce
to form narrow elongated dark brown lesions of 7.0 - 10.0 x 1.5—2.3 mm in size and ultimately the
stem is girdled. Numerous acervuli developed on such lesions (Dasgupta 1982; Roy 2005).

Bacterial leaf spot and stem rot

Leaf spot

The infcction starts as minute water soaked lesions spread to all over the leaf blade delimited by veins.
Several of them coalesce to form bigger irregular browinish spots surrounded by translucent water
soaked area on the lower surface and yellow halo on the corresponding upper surface. The leaves
defoliate prematurely. The symptoms are found 1o vary with varieties (Chattopadhyay & Maiti 1990).
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Stem rot

Bacterial stem rot develop as water soaked lesions on the internodal areas near the soil surface. The
lesions enlarge rapidly, coalesce and form brownish water soaked lesions. The infected areas become
sticky, leaf turn yellow and fall off and as a result entire vine may die.

Disease survey

Survey was conducted during pre and post monsoon period. Results revealed that disease incidence
was recorded maximum during post monsoon period that is just after the rainy season. In most of the
locations, Phytophthora leaf and foot rot, anthracnose, bacterial leaf spot and stem rot and basal rot
were important and causes heavy losses. Powdery mildew was recorded only in MPAU, Maharashtra,
Disease pressure was low in AAU, Assam and RAU, Bihar. Maximum disease incidence was recorded
in BCKV, West Bengal and TNAU, Tamil Nadu.

Varietal resistance

The results (table 1) revealed that the varieties available at different centres were screened under
artificially created epiphytotic condition against important diseases. Multiple resistance was observed
in Halisahar Sanchi against Phytophthora rot (stem and leaf), anthracnose, bacterial leaf/sten infection
and basal rot. Pachaikodi and Karappu showed high resistance to Phytophthoraleaf and foot rot and
bacterial leaf/stem infection at INK V'V, Jabalpur. All Kapoori varieties showed resistance to powdery
mildew at ITHR.

Table 1. Varictal resistance in betel vine against diseases

Disease Resistant cultivars Location of testing
Anthracnose Halisahar Sanchi, Awani pan, Kalyani, Bhubaneswar Kalyani,
Alupatria Bhubaneswar
Phytophthora leaf and stemrot  Pachaikodi, Karappu Jabalpur
Bacterial leaf/stem infection Pachaikodi, Karappu, Jabalpur, Bhubaneswar
Bangla (Mandsur)
Halisahar sanchi, Alupatria
Basal rot Halisahar sanchi, Alupatna Bhubaneswar
Powdery mildew All Kapoori cultivars Hessarghatta

Epidemiological studies
Temperature, relative humidity and rainfall played an important role in development of both the diseases
(Anonymous 2000-2006; Maiti & Sen 1982).
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pisease management
Phytophthora foot rot - chemical control

The experiments were conducted for three consecutive years to evaluated fungicides against foot rot
caused by Phytophthora spp. Treatments includes phosphorus acid (Akomin, Rallis India @ 4 ml/1);
chlorothalonil (Kavach, Sandoz @ 0.18% a.i.); fosetyl — Al (Aliette 80 WP, Rhone-Poulnec (@ 0.24%
ai.); Bordeaux mixture (1% copper sulphate preparation); and water spray as control. All the treatments
were applied at monthly interval between June and September. The disease incidence results of pooled
data of three years showed that the highest foot rot were recorded in control in all the centres. The best
control of foot rot was recorded in fosetyl-Al (3g/1) at monthly interval treatment at AAU and TNAU
which was also at par with Bordeaux mixture (1%). At BCKV, the best control of foot rot was recorded
in Bordeaux mixture and it was statistically at par with fosetyl-Al (3g/1). The resuls of disease incidence
at APAU was non significant. The highest leaf yield was recorded with fosetyl-Al at AAU (41 lakh/ha),
TNAU (25 lakh/ha) and BCKV (58 lakh/ha). Bordeaux mixture treatment was also at par with fosetyl-
Alinall the three centres. Results on leaf yield was non-significant in APAU. Fresh weight of 100 leaves
was non-significant except in BCKV. AT BCKYV, the highest fresh weight (212 g/100 leaves) was
recorded with phosphorus acid (4g/l) and it was statistically at par with all other treatments except
control and chlorothalonil (2.5 g/1). The highest cost:benefit ratio was recorded in Bordeaux mixture
(1%) applied at monthly interval treatment at BCKV (1:8.01) and TNAU (1:3.59) centres.

Spray schedule for Phytophthora foot rot control

The results showed that in all the centres the lowest disease was recorded in 4 drenchings and eight
sprayings of Bordeaux mixture (@ 1% and 0.5% respectively treatment (June, July, Aug., Sept.) and it
was statistically inferior to all other treatments except at INKVV centre where three drenchings and six
sprayings of Bordeaux mixture @ 1% and 0.5% respectively (July, Aug., Sept.) treatment. The highest
foot rot was recorded in control treatment and it was statistically superior to all other treatments.

In all the centres the highest leaf yield was recorded in 4 drenchings and eight sprayings of Bordeaux
mixture @ 1% and 0.5% respectively treatment (June, July, Aug., Sept.). and the lowest leaf yield was
recorded in control treatment.

The highest fresh weight of 100 leaves was recorded in treatment where 4 drenchings and eight sprayings
of Bordeaux mixture @ 1% and 0.5%respectively (June, July, Aug., Sept.) were made. The lowest
fresh weight of 100 leaves was recorded in control treatment.

Spray schedule for Phytophthora leaf rot control

The experimental results showed that in all the centres the lowest disease was recorded in 4 drenchings
and eight sprayings of Bordeaux mixture @ 1% and 0.5% respectively treatment (June, July, Aug.,
Sept.)and it was statistically inferior to all other treatments except at BCKV centre where three drenchings
and six sprayings of Bordeaux mixture @ 1% and 0.5% respectively (July, Aug., Sept.) treatment. The
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highest foot rot was recorded in control treatment and 1t was statistically superior to all other treatmenys
except at BCKV centre where single drenching and two sprayings of Bordeaux mixture @ 1% ang
0.5% respectively treatment (June).

In all the centres the highest leaf yield was recorded in4 drenchings and eight sprayings of Bordeayy
mixture @ 1% and 0.5% respectively treatment (June, July, Aug., Sept.). and the lowest leaf yielq was
recorded in control treatment.

The highest fresh weight of 100 leaves was recorded in the treatment where 4 drenchings and eight
sprayings of Bordeaux mixture @ 1% and 0.5% respectively (June, July, Aug., Sept.) were made,
The lowest fresh weight of 100 leaves was recorded in control treatment.

Biological control of Phytophthora foot rot

The results (table 2) showed that in all the centres the lowest disease was recorded in 4 drenchings and
eight sprayings of Bordeaux mixture treatment and it was statistically on par with the treatment where
antagonists were applied at quarterly interval at AAU and TNAU centres. At BCKV centre,
Trichoderma treatment was the second best treatment afier Bordeaux mixture.

The highest leaf yield was recorded in treatment where four drenchings and eight sprayings of Bordeaux
mixture were applied at all the centres. However, it was statistically on par with quarterly apphcation of
Trichoderma at AAU and TNAU centres. The lowest leaf yield was recorded in control treatment and
it was statistically on par with the treatment where Trichoderma was applied at pre-monsoon at TNAU
centre. In other centres, AAU and BCKYV, leaf vield was minimum in control and other treatments were
statistically superior to control treatment.

The highest fresh weight of 100 leaves was recorded in treatment in Bordeaux mixture treated plots in
all the locations. At AAU and TNAU centres, the treatment differences were statistically non-significant.
At BCKY centre, the above treatment was statistically superior to all the treatments. The lowest fresh
weight of 100 leaves was recorded in control treatment (table 2).
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Table 2. Biolo gical control of Phytophthora foot rot in betel vine

o

Treatment Per cent discase incidence Leafyield (Jakh/ha) Fresh weight of 100 leaves(g)

reatmen AAU BCKV TNAU AAU BCKV TNAU AAU BCKV TNAU
[

1619 2031 3839 2755 3443 2756 33367 20520 21512

application of Trichoderma in-
One PP (24.32) (26.58) (38.12)

oculated oil cake @ 500 kg/ha at
premonsoon + three applications of
frichoderma uninoculated oil cake
@ 500 kg/ha applied at quarterly

interval

Two applications of Trichoderma 967 1657 3277 3670 3822 2996 33364 21393 21995
inoculated oil cake @ 500 kg/ha at  (18.08) (23.90) (34.65)

pre and post monsoon + two appli-

cation of Trichoderma uninoculated

oil cake @ 500 kg/ha applied at quar-

terly interval

Four applications of Trichoderma 459 1337 2439 4168 4109 3457 33717 22065 22529
inoculated oil cake @ 500 kg/ha
inoculated oil cake at quarterly

interval

Bordeaux mixture (4 drenches + 8 405 1029 2148 4216 4543 3523 33521 24977 22634
sprayings at monthly and fortnightly '

intervals, respectively) @ 1% as soil

drench and 0.5% as foliar spray +

four split doses of oil cake @ quar-

terly intervals.

Control 2123 2894 4343 1804 2760 2528 32646 19786 21345
(2745) (32.08) (3948)

SEm + 082 053 129 179 090 109 342 403 346
CD (P=0.05) 242 146 388 537 249 327 NS 1110 NS

(figures in parentheses are the angular transformed values)
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Integrated management of foot rot and leaf rot

The results showed that the treatment where sanitation, Bordeaux mixture and I7 harzignum were
integrated, gave the best controt of foot rot and leaf rot of betelvine. It was also found that this combination
gave the better yield of leaves (lakh/ha) and tresh weight of 100 leaves. The economic analysis showed
that application of Bordeaux mixture along with 7" harzianum and sanitation may be of great practica}
implication due to its favourable effect on leaf yield and fresh weight.

Chemical control of anthracnose

The lowest disease incidence and disease index was recorded in Bordeaux mixture 1% sprayed
treatments at AAU centre, copper oxy chloride 0.2% a.i sprayed treatment at BCKYV centre and
Baycor (Bitertanol) 0.05% a.i sprayed treatment at OUAT and TNAU centre. The highest disease was
recorded in control treatment (table 3).

The highest leaf yield was recorded in treatment where Bordeaux mixture 0.5% was sprayed in the
entire centre. The lowest leaf yield was recorded in control treatment.

The highest fresh weight of 100 leaves was recorded in Bordeaux mixture 0.5% sprayed treatment in
all the centres except of BCKV, centre where highest fresh weight was recorded in copper oxychioride
0.2% a.i sprayed treatment. The lowest fresh of 100 leaves was recorded in control treatment (table 3).

Bacterial leaf spot control

In all the centers the lowest disease was recorded in streptocycline 250 ppm sprayed treatment when
percent disease index and percent disease incidence were recorded except in TNALU centres where
lowest percent disease incidence was recorded in Bacterinol 0.1% + copper oxychloride 0.1% a.i
sprayed treatment although where treatment differences were not significant.

'The highest leaf yield was recorded in streptocycline 250 ppm sprayed treatment at BCKV, OUAT,RAU
Centre, copper oxycloride 0.1% a.i sprayed treatment ai AAU centre and Bordeaux mixture 0.5%
sprayed treatment at TN AU centre although where treatment differences were not significant.

The highest fresh weight of 100 leaves was recorded in copper oxychloride 0.1% a.i sprayed treatmerit
at AAU centre although where treatment differences were not significant (Table 11). At BCKYV centre
highest fresh weight of 100 leaves was recorded in streptocyceline 250 ppm sprayed treatment. At
QUAT centre, highcst fresh weight of 100 leaves was recorded in Bactrinol 0.1% a.i + copper
oxychloride 0.1% a.i sprayed treatment. Where as at RAU and TNAU centre, the highest fresh
weight of 100 leaves were recorded in Bractinol 0.1% a.i + Bordeaux mixture 0.5% sprayed treatment.
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Treatment Per cent disease index Per cent disease ingj dence
AAU BCKV . QUAT TNAU AAU BCI(V. OUAT AT
Jorhat  Kalyani  Bhuban Siruga Yorhat Kalyani Bhuban  §jp, a
eswar man eswar mari
Copper oxychloride  24.77 734 (500  33.83 14.49 8.19 1230 2792
(,1% a.i. (29.82) (15.69) (22.80) (47.20) (22.32) (1659} (20.53) (31.71)
Copper oxychloride 14.44 6.42 10.03 48.33 11.70 5.59 844 2530
0.2% a.l. (22.32) (14.64) (1847 (44.13) {(2046) (13.67) (16.8%) (30.12)
Baycor (Bitertanol) 19.50 9.65 10.80 45.50 13.12 7.74 10.25 23.77
0.02% a.i. 2629y (18.06) (19.19) (42.41) (21.22) (16.12) (1869} (29.22)
Baycor (Bitertanol) {508 9.13 7.66 37.83 11.54 774 539 2230
0.05% a.i. (24.81) (17.55) (16.08) (37931 (19.94) (16.12) (13.42) (28.10)
Cuman L 22.16 8.72 998 57.0 12.55 [3.66 7.44 34.57
0.1% a.1. (28.16) (17.17y (1841) (49.05) (20.72) (21.45) (15.83) (35.94)
Mancozeb 10.16 11.49 8.80 58.83 10.48 17.30 6.65 3111
0.1% a.i. (18.14) (19.80) (17.25) (49.01) (18.97) (24.43) (1496) (3539
Bordeaux 6.00 7.03 9.07 49 67 3.37 6.34 £.9Q 2433
mixture 0.5% (14.44) (1536) (17.53) (4481) (17.10) (1443) (15.13) (29.29)
Control 39.00 15.01 18.00 7033 27.22 22.37 15.47 40.35
(38.70) (22.79) (25.83) (57.49) (31.58) (2842} (23.16) {(39.30)
SEm= 107 0.92 0.94 2.50 0.39 2.74 2.60 1.27
CD (P=0.05) 3.25 1.97 2.03 5.08 1.20 5.83 NS 2.58

(figures in parentheses are the angular transformed values)
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Conclusion

The research conducted under AICRP on betelvine and different workers have generated informatiop
on management strategies to control major diseases of betelvine particularly Phyrophthora diseageg
But there are gaps and require much more detailed study to make them fruitful to the farmers.

There is ample scope in the field of bio-control research. Although, Trichoderma was found to be ap,
effective antagonist under in-vifro conditions which is probably due to poor rhizosphere competence
and less secretion of antifungal enzymes. These problemns may be over come by the use of genetically
engineered strains of 7richoderma sp. In bio-control of these diseases, application of bio-protectany
may be effective on the foliage and also in the coliar region which is very much responsive to foot rot
pathogens.

To get the better results in IDM programmes, the source of initial inoculum need to be identified along
with possibilities of their elimination. There are several reports that some co-lateral hosts harbour the
pathogens. The irrigation water from the adjoining ponds may also be the source of inoculum. The
growers usually wash the infected material in nearby reservoirs and irrigate their crops with the same
water, thus enabling the recurrence of the disease. So, the actual means of survival within and in the
immediate vicinity should be identified first and then factors influencing inoculum build-up and their
dispersal need to be studied. The strategy thus obtained should be confirmed under in situ farmer’s
plot demonstrations.
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Introduction

India is the largest producer of betel leaves in the world and the leaf area expansion is high in India
(Arulmozhian et al. 2005). In India more than 100 types of betelvine are reported to be in cultivation
and most of them are synonyms and confusing one. The crop is damaged by pests and diseases at one
time or other and cause economic loss to the tune of several crores. The conimon betelvine pests
recorded are whitefly, mealybugs, blackfly, scales, spider mites, Spodoptera litura etc.

Status of betelvine pests in India

In Assam incidence of whitetly, mealybug and mites were observed in betelvine gardens.
Whitefly infestation was in peak during April to July,

In Andhra Pradesh, severe damage by Spodoptera litura (up to 30%) and red spider mite
{up to 8%) was observed during October months, An incidence of 5-15% mind bug
(Disphinctus politus) was recorded around Tuni area during monsoon months which caused
40-50% damage during post monsoon months in Vishakapatnam District.

In West Bengal, blackfly was observed to be serious in Midnapur and Bankura districts.

In Orissa, whitefly and red spider mite were prevalent during summer months, whereas betelvine
bug, aphids and jasstds were confined to winter months.

In Tamil Nadu, incidence of scales (Lepidosaphas cornutus) red spider mite, mealybug and
Spodoptera litura were observed.

Population fluctuation of insects of betelvine

In APAU, tobacco caterpillar incidence started during the second fortnight of September and
was maximum during November-December months, Infestation was nil from January onwards.
Build up of white mite started during second fortnight of November and was maximum during
December-January months. Lower temperature was favourable for the development of the pest.

At BCKYV the population of white and black fly was maximum during August-September and
June-August respectively. The second peak in population of white and black fly was also
observed during December-January and September-November respectively.
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o Highest scale insect population was seen during April-May in TNAU. Mite population was
high during March. Both scale and mite population were positively correlated with maximum
and minimurm temperatures.

Betelvine pest management in India

Tobacco caterpillar : The experiments carried out at Acharya NG Ranga Agricultural Univerisity,
Bapatla showed the effectiveness of the neem oil 0.5 % in the management of the tobacco caterpillars.
Effective management of the pest resulted in monetary benefit to the tune of Rs 14,115 (in two months)
and the cost benefit ratio was 1:9.4. There was 27 % leaf loss in unmanaged plots.

Red spider mite : 'The mites infestation was managed effectively by the spray of wettable suphur at
0.3 % at two times during the month of December. Effective management of the pest resulted in monetary
benefit to the tune of Rs 20,175 (in two months) and the cost benefit ratio was 1:16.8. The reductionn
leat'yield was 22.9 % in unmanaged plots.

At Mahatma Phule Krishi Vidyapeeth, Sangli, dieofol 0.05 % was effective in managing mites on
betelvine leaves. The monetary benefit earned through increased ieal yields in well managed betelvine
garden was Rs. 34,3866/- which was 38.69 % more than the unprotected garden.

AtTamil Nadu Agricultural University, Sirugamani, the mite infestation was effectively checked by
spray of wettable sulphur 0.15 % + neem seed kernel extract 5 % or wettable sulphur 0.15 % + neem
01l 2% or wettable sulphur 0.15 % + Azadirachtin 0.03 %. The monetary benefit was Rs. 33,044/-,
Rs.34144/- and Rs. 40,327/- respectively.

White fly : The research conducted at Bidhan Chandra Krishi Viswavidyalaya, Kalyani confirm the
eflectiveness of Tmidachloprid 0.003% sprayed at an interval of one and half months forthe management
of whitefly. The leat yield showed reduction to the tune of 12.18 % and monetary loss was high viz.,
34.13% in unprotected plots.

Newer technologies

Fixing of ETL for linear scale insect : The experiments conducted at Tamil Nadu Agricutural University
at Sirugamani on betelvine crop with Lepidosaphus cornutus with population of 1,3, and 5 vine’!
seem to tolerate infestation. The leaf yield vine™ in 5 scales vine™ was 60.0 compared to that of 60.60
and 61.33 leaves in | and 3 scales! vine respectively. Control plot {0.04% chlorpyriphos spray) recorded
only 2% damage and the leaf yield was highest (62.67 leaves vine'') in plants released with initial load
of 1,3 & 5 scales respectively.

Mohammed Jalaluddin (2007) also reported that the leaf yield recorded from vine released with 5
linear scales was drastically lower and on par with 1&3 scales vine ™!, The leaf'vield recorded from vines
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released with 7 & 10 scales was significantly lower than 5 scales vine™. The leaf yield was on par with
the sprayed crop during the first week (exposed and treated crop recorded 13.67 lakh leaves/ha and
13.48 lakh leaves /ha respectively). The loss of leaf and the monetary loss followed from the second
week onwards and lasted till seven weeks even in 1 scale vine'!. Hence the control measures should be
started before the threshold level of Iscale vine'! for effective suppression of linear scale insect (table 1).

Table 1. Economics of linear scale control at varying levels of exposure

Linear Leafyield Total cost of I.n crease Gross
Exposure scales Avg/ protection yield over monetary
(weeks) (mean no./ month (Rs.) control profit
vine) (lakh/ha) (takhha) (Rs.)
0 1.75 13.67 2220.00 10.59 37886.00
i 7.31 13.48 1942.50 10.40 37213.50
2 31.00 11.75 1665.00 8.67 28541.00
3 68.13 11.61 1387.50 8.53 28418.50
4 - 8437 9.49 1110.00 6.41 18076.00
5 84.94 8.59 832.50 5.51 13873.50
6 04.88 7.67 555.00 4.59 9551.50
7 127.60 6.07 277.50 2.99 1820.50
Unprotected 163.00 3.08 _— — —
controf

0-7 (O-complete protection & | to 7 - weeks exposures with scales}

Fixing ETL for mites: The population levels of mite, Tetranychus cinnabarinus, cause damage 10
the betel vine leaves and the feeding results in poor development and finally bronzing of leaves. The
populations of 1 and 3 mites vine'' recorded 0 and 0.89 mean damage grade index and yield was
51.33 and 50 leaves vine™'. The population of more than 3 showed mean grade of more than 1.5 and
resulted in leaf yield loss (table 2).
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Table 2. ETL. for mite Tetranychus cinnabarinus at Tamil Nadu Agricultural University, Sirugamani

Weeks after release Mean DGI Mean leaf
Population 1 2 3 yield /vine
(mites/ vine) (no.)
1 1 0 0 0.0 51.33
3 0.33 0.67 1.67 0.89 50.00
5 0.67 1.0 3.00 1.56 -37.00
7 1.00 2.33 433 2.55 32.67
10 2.33 3.00 433 3.22 32.00
25 . 3.00 3.67 5.67 4.11 31.00
50 3.67 4.35 6.33 478 30.00
100 4.33 5.00 7.67 5.67 29.33
Control 0 : 0 0 0 52.67
{monocrotophos
0.05 %)
Mean (weeks) 1.70 222 3.67.

CD values: for treatment - 0.70; for weeks - 0.04; for vield - 2.67

Management of tobacco caterpillar by biocontrol agents: The experiments conducted at Acharya
NG Ranga Agricultural University, Bapatla, confirmed the effect of the neem seed kernel extract 5 %
and neem oil 0.5 % which recorded highest leaf leaf yield of4031/ha and 3906/ha respectively
during 2004-05 and 3125/ha and 3000/ha respectively during 2005-06. This was followed by Beaveria
bassaiana @ 5 g which recorded leaf yield of 3843/ha and 3333/ha respectively for the two years
(table 3).
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Table 3. Management of tobaco caterpillar in betel vine garden at AcharyaN G Ranga Agriculturg)
University, Bapatla during 2005-06

——

Treatment Pretreatment Mean of two Leafyield No. of bundles*
leaf damage sprays per plot per ha
(32 m?)
NSKE 5 % 12.8 11.4(19.9) 7.5 3125
Neem 0il 0.5 % 12.5 11.3(18.2) 7.2 3000
NPV @ 500 LE
/ha 11.3 15.1(22.8) 6.2 2583
B.t@ 1.0 kg/ha 115 14.3(21.9) 7.1 2958
B. bassiana @, 09.2 15.4(23.0) 8.0 3333
5 g/l of water
N. rileyi @ 9.4 10.4 (18.6) 6.5 2708
5 g/l of water ~
Pongamia soap 14.0 18.2(25.1) 7.8 3250
spray (@ 10 g/
of water
Chlorpyriphos . 107 11.2 (19.4) 10.1 4208

0.05 % spray
+neemoil 0.5 %
and NSKE 5 %

Untreated 09.9 29.8 (33.0) 5.8 2416
SE. 12.0 1.5 0.4
C. D.(0.05) - 3.1 0.8

* Each bundle is equal to 100 leaves. Figures in parentheses are the transformed values

New pests identified

* At Bidhan Chandra Krishi Viswavidyalaya, Kalyani in West Bengal, a ncw scale insect and black fly
were traced. The white fly species Dialeurodes pallida Singh and black fly species, Aleurocanthus
rugosa occurring sympatrically.
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* A new species of white scale insect, of Diaspididae was reported to be occurring in higher populations
in Borejas at Nadia.

Future thrust

The new and safer biocontrol agents are to be tested for the management of pests, The natural enemies
of'the pests are to be identified, conserved and released in the betelvine garden. Application of neem
products and neem formulations viz., Azadirachtin 0.03 % is to be tested for the efficacy.
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'The genus Piper belongs to the tamily Piperaceae with over 1000 species disiributed in both the

hemispheres, of which 110 are of Indian origin. The distribution of Piper ranges from sea level to the

high ranges of Andes and Sub Himalayas. Trans-Gangetic region and the South Deccan are considered

10 be the two independent centers of origin of the genus Piper in India. The sub mountainous tracts of
the Western Ghats are believed to be the centre of onigin of black pepper, Piper nigrum L. More than

1000 species arc included in the genus Piper, of which 110 are of Indian origin. Piper, the most diverse

genera among basal lineages of angiosperms, is an important structural component of the forest under

storey. Piper species occurring in South India are economically important, as they are closely related to

the cultivated black pepper. £ betle L. is another economically important species which is mainly used
in the pan industry. Several species of Piper are used as important medicinal plants. P longum, P

cubeba, P. retrofractum, etc. arc some of the species used in indigenous medicine system. The first
report of Piper species of the Malabar region was by Van Rheede in his Hortus Indicus Malabaricus
wherein he described five types of wild peppers including black pepper and long pepper. The major
floristic study on Piper species for North Eastern India was done by Hooker as early asin 1886. Rama
Rao (1914) in his ‘Flowering Plants of Travancore’ listed 14 species of Piper from the Western Ghats.
Fischer (1921) described six species from Annamalai hills. The most authentic flonistic study of South
Indian Piper was that of Gamble (1925) who described 14 species in his “Flora of the Presidency of
Madras’. New taxa were reported by Ravindran et al. (1987); Velayudhan & Amalraj (1992); Nismal
Babu er al (1993). Chromosome number of Piper species occurring in the Western Ghats, range from
2n=261to 195, and this indicates the existence of'a polyploid series (Ravindran et al. 2000). Most of
the chromosome studies could trace to the basic chromosome number, x=13.

The Piper species have high commercial, economical and medicinal importance. Black pepper (Piper
nigrum L.) is the most economically important species of the genus, since it is the source of white and
black pepper. There are other species having commercial value, A narcotic beverage popularly known
as kawa-kawa 1s produced in Oceania from the roots of P methysticum. Several species of Piper are
grown domestically as house plants for their foliage. Besides this, there are a few Piper species identified
for disease resistance (. g., foot rot disease caused by Phyfophthora capsici), insect resistance (‘ pollu’
beetle infestation) efc. and these species are being utilized in the crop improvement programme.
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The species of Piper are used medicinally and in cosmetics in various form in different countries (1able
1). Piper species are reputed in the Indian Ayurvedic system of medicine for their medicinal properties
and in folklore medicine of Latin America and West Indies. Long pepper (Piper longum L.) forms an
important Ayurvedic preparation viz., ‘Trikadu’. The tribal of India consider £, betle as a useful
ingredient in treating madness, strangulation of intestine, venereal sore efe. (Jain & Tarafder 1970}, P
silvaticum roots are used as an effective antidote to snake poison in the indigenous system of Indian
medicine. P chabaroots and fruits find numerous apphcations in Ayurvedic and Unani medicine systems.
In particular, they are useful in asthma, bronchitis, pain in abdomen etc. (Kirtikar & Basu 1933). £
aduncum and P hispidium are listed as remedies tor stomach ache and insect repellents in Jamaica
(Asprey & Thorton 1954).

The fruits of . guineense, popularly known as West African black pepper are used as a flavorant while
preparations of leaves, roots and seeds have been used internally as medicinal agents for the treatment
of bronchitis, gastro intestinal diseases, venereal disease and rheumatism (Irvine 1961; Parmer ef al.
1997). Piper plants are most commonly used as food flavoring by local Thai people. P nigrum and P
sarmentosum are the most famous ethno economic species of Thailand (Chaveerach et al. 2006).
They are common nation wide for cuisine flavoring and are grown in many home gardens and crop
plantations of Thailand.

Distribution

The distribution of Piper species ranges from sea level to the high ranges of Andes and to the sub
Himalayas. Trans — Gangetic region and the South Deccan are considered to be the two independent
eenters of origin of the penus Piper in India. However, the studies conducted by Rahiman (1981)
states that there are three major centers for Piper in India, viz., the sub-Himalayan and North East
Indian centre, the Western Ghat centre and the Eastern Ghat centre.

The Piper species originated {rom the southern Asia are of more importance since the important species
like P nigrum (black pepper), P. betle (betel vine) P, longum (long pepper), P. chaba (Java long
pepper), P cubeba (cubeb) efc. have originated from this region. The distribution of Piper is denser
along tootpaths, animal tracts, riversides and towards the periphery of the forests, wherever thereis a
good penetration of light. However, in disturbed forests they occur in gopod number even in interior due
1o the increased light availability.

Table 1. Piper species used for medicine and in cosmetics in various countries

Botanical name Uses

Piper aduncum L. Macerated leaves and stem are used for medicament for sores. Whole
plant is used for herbal bath

P alatabaccum T& Y Used for skin washing
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P amalago var. medium Y

P arboretum Aublet

P attenuatum
Buch- Ham. Ex Wall
P angustum Rudge

P avellanum (Miq) CDC
P betle L.

P. chaba Hunter

P. cubeba L.

P cyriopodon (Miq) CDC
P. glabrescens (Miq) CDC
P hapnium Ham.

P hostmannianum Gorts
& Kramer

P. kadsura (Choisy) Ohwi
P longum 1.,

P methysticum F.
P mullesua Ham,

P, nigrispicum CDC
P nigrum L.

N
A\

P. obliqguum Ruiz & Pavon

P. peepuloides Roxb.

Flower infusion, used as vermifuge

Heated leaves are used as band-aid around joints. Macerated leaveg
and stem are used as antivenom

Dried roots are macerated and used as diuretic

Whole plant decoction is used for heart diseases. Stem and leaf decoction
is retained in the mouth to heal bleeding gums

Leafis used in cramps, snake bite and stomach aches
As amasticatory, it is aromatic, digestive, stimulant and carminative,
Used in place of P. longum for the Ayurvedic preparation of “thrikady”

The powdered fruits are used for the treatment of dysentery, catarrh
and as an aromatic stimulant, local irritant, carminative and sedative,

Leaves used for skin rashes

Leaf extract is used as antivenom against snake bite

Used in place of £ longum.

Whole plant infusion with other herbs is used to treat
rattlesnake bite

Podered roots are used for the treatment of asthma and arthritis

Widely used in Ayurvedic and Unani systems of medicine, particularly
for diseases of respiratory tract.

Roots are used for the preparation of “kava-kava”- a non alcoholic
drink of Polynesia

The roots are used in the treatment of asthma, bronchitis, dyspepsia
etc.

Leaves are used for snake bite

The root, in the form of ghee, powders and balms is used to treat
abdominal tumors. Powdered form of black pepper along with other
herbs used to treat adenitis, cholera, cold efc. A heavy dose of pepper
with bamboo shoots is said to produce abortion.

Cut stemn is used to treat hernia. Warmed leaves are used for treating
muscular pain,

Used in place of P. longum
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Diversity and conservation of under-exploited Piper species in India

India is one of the centers of origin of the genus Piper. The Western Ghats of South India and the North
Eastern India are the two independent centers where genetic diversity of Piper is occurring besides A
& N Islands. The species diversity of Piper in South India, their salient fcatures and distribution are
given in table 2. Some species of Piper are most affecied by deforestation and many of the taxa are
now confined to a few locations and may soon be extinct, if not collected and conserved. Piper barberi,
P hapnium, P silentvalleyensis, P. wightii and P. schmidfii are extremely rare and are probably on
the verge of extinction. Local cultivar diversity is the richest in Kerala, followed by that in Karnataka.
Unlike the wild forms of P. nigrum which are mostly dioecious, most cultivated ones are bisexual.
Earlier, there were specific local cultivars, associated with every major pepper-growing tract but by the
tumn of the 20th century; there was a lot of human migration to the Western Ghats and its foothills. This
led to the selective spread of some of the better yielding genotypes, and they became popular throughout
the pepper-growing areas. Intracultivar variability has also been reported in certain extensively grown
local cultivars.

Table 2. Species diversity of Piper in Western Ghats, India

Species/

2n chromosome numbcr Salient features

P argyrophyllum (36, 39, 52) Occurs at medium clevations in the peripheral areas of evergreen
{orests, rare species.

P attenuatum (26, 39, 36, 52) A common wild Piper species, occurs at low and medium
elevations.

P barberi (52) Included in the Red Data Book as endangered species, occurs
in Thirunelveli forests.

P betle (26, 42, 52, 58, 64, Cultivated species but also occurs in forest.

78, 195)

P galeatum (40, 52) Occurs at medium elevations, bold fruits.

P hapmium (52) Very rare, endangered species occurring at low elevations.

P hookeri (60, 104) Closely related to . hymenophyllum, but less pubescent.

P hymenophyllum (104) Occurs at medium to high elevations, pubescent species.

P longum (24, 26, 48, 52, Distributed all over India at low elevations, has creeping

60, 96) habit, medicinal value,

P psuedonigr;um* Related to P nigrum and very similar to P sugandhi var.
brevipilis.

P, schmidtii (96) Endangered species, occurs at high elevation above 1500 m
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P silentvalleyensis* New species, extremely rare, has bisexual flowers ang ming
fruit. e

P sugandhi (52) Closely related to P nigrum and P. pseudonigrum

P sugandhi var. brevipilis (52) Similar to P, sugandhi

P trychostachyon (52} Amedium elevation species resembling P galearim,

P wightii (48) ' The pepper of hill tops of Nilgiris, occurs only at high elevaign
around 2000 m.

P sp. *(unidentified) Newly discovered species from Nilgiris, related to P

mullesua, s bisexual and extremely rare.

Ravindran e al. (2005); * Chromosome number not reported

Indian Institute of Spices Research, Kozhikode, Kerala is the nodal institute for conducting spices
research in India. This institute has played a key role in spices research and for better improvement of
the crops. Collection, conservation, cataloguing and utilization are given high priority in this institute.
Systematic surveys of pepper growing areas and the forests of Western Ghats were conducted to
collect the genetic variability in pepper. At present, the germplasm holding of black pepper at lISR, is
the largest in the world. The germplasm conserved in different centers are listed in tables 3 & 4.

Table 3. Germplasm conservation of Piper species in India

Gennplasm centre i Cultivated Wild & Total

accessions related

species
HSR, Calicut (Kerala) 1300 1275 2575
NBPGR, Regional Station, Thrissur (Kerala) 183 67 250
Horticultural Research Station, Yercaud (Tamil Nadu) 106 0 106
Pepper Research Station, Panniyur (Kerala) 105 90 195
Pepper Research Station, Sirsi (Karnataka) 75 21 96

Regional Apricultural Research Station, Chintapalh
(Andhra Pradesh) 26 29 55
Other AICRP on Spices centres 23 1 24

Ravindran ef al. (2005)
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Table 4. Under-exploited Piper species with important traits

p—

Species conserved No. of accessions Center of Origin Important trait
ISR NBPGR
Calicut Thrissur
Piper arboreum 1 1 Brazil Resistant to foot rot
P attenuatum 88 3 India Insect resistance
P barberi 2 - India Insect resistance
P betle 29 8 Indo-Malaya Masticatory, medicinal
P chaba 2 2 Moluccas Medicinal use
P. colubrinum 1 1 Brazl Resistant to foot rot
discase
P hapnium 8 - India Medicinal usc
P hymernophyilum 44 4 India Insect resistance
P longum 53 27 India Medicinal value
P. mullesua 35 - India Medicinal value
P magnificum 1 1 - Ormamental purpose
P ornatum 1 1 - Ornamental purpose
P. peepuloides [ - India Medicinal value

Invitro conservation of Piper germplasm is also being carricd out at ISR and NBPGR. A total of 26
accessions of P, nigrum, F. colubrinum Link, P. barberi, P. schmidtii Hook. f., P, silentvallyensis,
P longum, P. attennatum Buch.-Ham. ex Miq, P betle, P. chaba Hunter, non Blume, P cubeba and
F muilesuar are being maintained at [ISR. /n vitro repository of NBPGR is conserving seven species
of Piper, namely, P. nigrum, P. colubrinum, P. arboreum, P betle L., P. barberi, P hapnium and P
longum (Tyagi & Yusuf 2000; Tyagi ef al. 2000a). North-East, tropical and subtropical Himalayas,
Eastern Ghats and Western Ghats up to Northern end are the areas to be explored for further collection
of germplasm.

Characterization of pepper germplasm based on morphological and chemical characters have been
carried out at [TSR and at the Kerala Agricultural University (KAU), Pepper Research Station, Panniyur
(Ravindran et al. 2000). Based on isozyme studies, Sebastian ef al. (1996) showed three groups of
closely related species: (i) P. nigrum, P. pseudonigrum C. DC., P. bababudani and P. galeatum (ii)
P chaba, P. hapnium, P. colubrinum, P. argyrophyllum and P. attenuatum and (iii) P. longum and
P. betle. But in these species, P. colubrinum is grouped with two other species which are morphologically
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and cytologically very distinct. Molecular characterization based on Randomly Amplified Polymorphic
DNA (RAPD)and Amplified Fragment Length Polymorphism (AFLP) patterns, are being carried out
at JISR and KAU. The germplasm is being used through clonal selection, hybnidization ezc. Such €rop
improvement work led to the release of many elite cultivars of pepper. In addition, in long pepper,
cultivar Viswam was developed as a clonal selection for cultivation in irrigated coconut gardens of the
coastal areas.

Utilization of wild species in crop improvement

Wild relatives of crop plants constitute a part of crop genepool, which possess genes that have great
potential for their utilization in crop improvement progranimes. Systematic characterization and screening
of Piper germplasm resulted the identification of resistant sources from the secondary genepool. Foot
rot disease caused by Phytophthora capsici and ‘slow wilt” caused by nematodes (Meloidogyne
incognita (root knot nematode) and Radopholus similis (burrowing nematode) are the major threats
for black pepper cultivation. £. colubrinum, an introduced species from Brazii 1s found resistant 1o
both these lethal diseases. This species is used in the crop improvement programme by using it as a root
stock. Vanaja et al. {2008) developed a partly fertile interspecific hybrid having partial resistance to the
dreaded disease Phytophthora foot rot through hybridizing Piper nigrum with the wild species Piper
colubrinum. Hybndity of interspecific progenies was established through morphology, anatomy, cytology,
and molecular studies. This hybrid has large number of spikes/unit area and long spike but low berry
sefting.

Similarly, wild species like £, attenuatum and P, barberi are found to be resistant to ‘Poliu’ beetle
which is a major insect pest of black pepper in India. The insect damages the berries and tender leaves.
The Jarvae feed on tender berries, spikes and also the terminal buds and shoot tips. Sasikumar ef al.
(1999) developed two inter specific hybrids from the cross combinations of P nigrum x P, affenuatum
and P nigrumx P. barberi (both wild species used as male parent are ‘pollu beetle’ resistant). The
F, progenies are characterized based on anatomy, cytology (2n=52), isozymes and function (reaction
to “pollu’ beetle) to identify the hybridity. They inherited the “pollu’ beetle resistance from the male
parent as revealed by the ‘pollu’ beetle resistance screening. Field performances of the hybrids are not
encouraging though they grow well under nursery conditions.

F.conomically important Piper species

Piper nigrum (black pepper)

Black pepper ( Piper nigrum) is the most important species of the family Piperaceae. It is the dried,
mature fruit of the perennial climber, and is the most important and widely used spice. The major black
pepper producing countries are India, Indonesia, Vietnam, China, Brazil, Sri Lanka and Thailand. In
India, pepper is cultivated in approximately 181,000 ha, the annual production is about 65,000 tons
and about 60 per cent of which is exported. Black pepper is a native of the humid tropical forests of the
Western Ghats, from where it has spread throughout the tropics. Genus Piper has over 1,000 species
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of which about 110 are of Indian origin (Ravindran 2000). In India, the North-Eastern and the South-
Western ( Western Ghats) regtons are recognized as two independent centres of diversity. About 16
species are reported from the forests of Western Ghats, while most of the other species are from
North-Eastern region of India. Black and white pcppercorns are the dried berries obtained from a
creeper with woody stems and oval heart shaped leaves. Tiny white flowers appear in pendulous
spikes, followed by sphcrical red berries. 1t is common to South and East India. Black pepper contains
essential o1l (up o 3.5%) and 5 - 10% pungent acid-amides with piperinc as well as piperyline, piperoleines
and piperamine, while the oil contains sabinene, pinene, phellandrene, linalool and hmonene. Piperine is
known as a centra] nervous system depressant and has good anticonvulsant and antimicrobial properties.
1t stimulates both the digestive and circulatory system and, apart from this, has insecticidal properties.

Uses

Green pepper is the whole fresh berry that is frozen or preserved, while white pepper is the fully
matured fruit from which the outer fleshy layers have been removed before drying and black pepper is
the almost mature complcie berry that is dried and separated from their stalks.

1t is used to aid digestion, relicve gas, and in Chinese medicine to treat food poisoning, stotnach chills,
cholera, dysentery, vomiting caused by hypothermia. Itis also used in Aywrvedic medicine to stimulate
the digestivc system and is used for treatment ol nausea, lack of appetite and other dyspeptie complaints.
A common myth in the European countries is that pepper cannot be digested and remains in the digestive
tract for 7 to 8 years. This is just a myth and contrary to the working of the digestive system, as the
digestive tract has no way of treating pepper differently from any other food substance consumed.
Pepper is absorbed and eliminated by the body in exactly the same way as any other food. Pepper,
white or black, is very common and is used to flavor most dishes, meats, chicken, {ish, dressings
sauces, pickles and cheese. Unripe, fresh green berrics are also used in sauces and to flavor various
savory dishes. Ayurvedic medicine uses pepper mixed with ghee (buttery type of compound) to treat
nasal congestion, sinusitis, skin cruptions and epilepsy. Black pepper essential oil 1s used for pain relief,
increasing circulation, muscular aches, exhaustion and fevers. It can also be used to treat toothache,
rheumatic pains and for ecto-parasites. It is analgesic, antiseptic, anti-spasmodic, cardiac, carrninative,
digestive, diuretic, laxative, stimulant and a tonic. Since it helps to increase circulation, it can be successfully
used in any problem where poor circulation plays a part, and for this reason, it is included in a vaniety of
products. Excessive topical use of the essential oil may over stimulate the kidneys. It should be avoided
during pregnancy and it may also cause redness to the skin.

This species has been exploited a great deal but there are a {ew other species having commercial value
either as an one of the ingredients in the pharmaceutical industry, cosmetics or ornamental value. Brief
deseriptions are given Piper spp. other than black pepper.

P. betle (betel vine)

Piper betle (betel vine) is cultivated throughout India except the dry North Western parts (Guha 2006).
Itis believed to be ariginated from the Indo-Malayan region and known to occur only under cultivation
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(Ravindran 2000). However, itis found growing wild under natural habitat in Andaman and Nicobgr
Islands. Cultivated extensively in India, Bangladesh, Pakistan, Malaysia and Indonesia, mainly for jg
Jeaves which are used as masticatory for chewing (together with lime, betel nut and tobacco). The
cultivated betel in India is usually the male plant selected from certain races. Several types are grown
in different parts of India (table 5) showing variation in size, shape and color of the leaves, their taste
and aroma (Anon 1969). The benzene extract of betel leaves yield § sirosterol, O-sirosterol,
hentriacontane, n- triacontanol, stearic acid, chavicol and 3,5 dinitrobenzoate { Deshpande et /. 1970),
The betel leaf contain an essential o1l varying from 0.10 to 1% . About 52 compounds are identified in

the betel leaf oil.

Table 5, Common cultivars of bete] leafin India

Cultivar Pungency Keeping quality
(days to 50% rotting)
Bangla (Madhya Pradesh) Pungent 13
Bangla (Uttar Pradesh) Pungent 13
Bangla Nagaram (Uttar Pradesh) Pungent 13
Culcutta (West Bengal) Pungent ) 19
Calcutta Bengal ( West Bengal ) Pungent 17
Desi Calcutta (West Bengal) Pungent 19
Desawari Mahoba (Uttar Pradesh) Mild pungent 13
Ghanghatte (West Bengal) Pungent 13
Ghodi Bangla (Orissa) Pungent 13
Halisahar Sanehi (West Bengal) Pungent 13
Kakir (Bihar) Pungent 13
Kalipatti (Maharashtra) Pungent 13
Kapoori (Bihar) Non pungent 10
Kapoori (Orissa) Non pungent 10
Karapaku (Andhra Pradesh) Pungent 13
Karpooi (Tamil Nadu) Non pungent 10
Kuljedu (Andhra Pradesh) Non pungent 10
Maghai (Rihar) Pungent 13
Meetha pan (West Bengal) Sweet 10
Nov Bangla (Orissa) Pungent 13
Ramtek Bangla (Maharashira) Pungent 13
SGM-1 (Tamil Nadu) Mild pungent 13
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Sachi pan (Assam) Pungent 13
Sangli Kapoori Non pungent 10
Tellaku (Anchra Pradesh) Non pungent 10
Vellai kodi (Tamil Nadu) Non pungent 10
(Ravindran 2000)

Uses

Betel leaves are traditionally known to be useful for the treatment of various diseases like bad breath,
boils and abscesses, conjunctivitis, constipation, headache, hysteria, ilches, mastitis, leucorrhoea, ring
worm, swelling of gum, rheumatism, abrasion, cuts and injures efc., as folk medicine, while the root is
known for its female contraceptive effects (Chopra ef al. 1956; Khanra 1997; Guha 2006). The
essential oil from the leaves possess antibacterial, anti protozoan and antifungal properties. A cultivar
called Thulasivettila is commonly used in certain indigenous medicinal preparations. This variety is
having the flavor of tulsi (Ocimum tenciflorum), is an important ingredient in many indigenous medicinal
preparations used in a variety of skin diseases, in head ache, sinusitis efc.

Betel leaves possess anti-oxidant action. When leaves are heated with fats and oils rancidity is checked.
Leaves are effective in preserving refined oils of ground nut, mustard, sesame, coconut and sunflowers.
This anti-oxidant action is due to phenol especially hydroxy chavicol (Ravindran 2000), Chewing of
betel laves produce a sense of well being, increased alertness, sweating, salivation, hot sensation and
energetic feeling with exhilaration. Italso increases the capacity to exercise physical and mental function
more efficiently for a longer duration, but it may produce a kind of psycho active effect causing a
condition of mild addiction leading to habituation and withdrawal symptoms (Chu 2001; Garg & Jain
1996). Further the leaves are very nutritive and contain substantial amount of vitamins and minerals and
itis told that six leaves with a little bit of slaked lime is comparable to about 300 mi of cow milk
especially for the vitamin and mineral nutrition (Guha 2000),

Piper longum (The Indian long pepper)

Aslender aromatic shy climber, dioecious, occurring widely in the low altitude evergreen forest, occurring
in sub Himalayan hills, Assam, Khasi region and Western Ghats and is cultivated in the tribal belts of
Assam, Tamil Nadu and Andhra Pradesh. It is distributed throughout in India, Sri Lanka, Myanmar,
Malaysia and other south Asian counties, but most widely distributed in India. Vegetative branches
creep and spread on the ground, fruiting branches erect; young branches hairy; hairs minute and multi-
cellular. Older branches glabrous. Leaves are distinctly dimorphic; petiolate up to 3 cm long, cordate
with acute leaf base and acrodromous type of veining and elliptic, lanceolate leaves, base unequally
cordate with pronounced auricle in fruiting branches, Tip acuminate, 3-4 pairs of lateral ribs arise from
the base, slightly hairy when young. Leaves adnate or shortly petiolate. Spike cylindrical, erect, creamy
white to yellowish white when young. Peduncle 1-2 cm long, downy, female spike 2-3 cm long, male
spikes are longer about 6 -10 cm, yellow on maturity. Bracts peltate, orbicular, glabrous. Flowers
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bracteate lateraily fused, unisexual and naked. Stamens 3-4, dithecous. Ovary obovate, style absent,
stigma 34 lobed, short- papillate. Fruits very smali, laterally fused, spicy and pungent; fruits tum green
to black when ripen, seeds very small. Viswam is an improved variety of Piper longum from Kera|,
Agricultural University, Thrissur, Kerala.

On steam distillation, the spikes yield an essential oil (0.7 to 0.8%) consist of n- hexadecane, n-hepta
decane, n-octa decane, n- nona decane, n- ciocosane, n-hencosane, a- theyne, terpenolene ete. A
pellitorine type of alkaloid (CH-isobuty deca-trans-4-dienamide) isolated from long pepperand p
peepuloides is reported to exhibit significant anti tubercular activity against mycobacterium. The essentia]
oil of long pepper showed antibacterial activity against Bacillus, Mycobacterium, Streptococcus, E
coli, Salmonella and Vibrio chloerae.

Uses

Piper longum is widely used in Ayurvedic and Unani systems of medicine, particularly for diseases of
respiratory tract. The fruit, commonly known as pippali and its root, called as pippali mula are used for
medicinal purpose. Pippali is seldom used externally, in case of painful and swollen conditions, wherein
its paste is apptied. Though it has mild antiseptic property, it is an irritant to the skin and produces
allergic reactions. The root is used for bronchitis, stormach ache, diseases of the spleen and tumors. It
also improves appetite. An infusion of the root is prescribed after past nutrition to induce the expulsion
of the placenta. Long pepper is and important ingredient in the Ayurvedic preparation such as Trikadu
(dry ginger-long pepper- black pepper) and panchakolam. True Indian long pepper is derived from the
wild grown plants distributed in Assam, West Bengal, Nepal, North Eastermn region, Bihar, Uttar Pradesh,
Kerala, Tamil Nadu, Andhra Pradesh, erc. It is also cultivated in Kerala, Andhra Pradesh and
Maharashtra in a small scale. The root of long pepper is also attributed with several medicinal

properties. The extract is used in cough syrups and as a counter irritant in analgesics and for all other
allments.

Internally, pippali is invaluable in vast range of diseases. Pippali is the best drug recommended in the
disarders of the spleen. It is a powerful stimulant for the digestive and respiratory systems. It is strongly
heating and removes cold, congestion and ama — the undigested toxic elements and revives the weakened
organic functions. It is also a rejuvenative to lungs and kapha dosha. Trikatu is the most popular formulation
used to mitigate the diseases due to kapha dosha, It increases the bioavailability of the drug, when it is
used as a complementary medicine.

Pippali effectively reconciles the digestive functions and is used with benefit in anorexia, indigestion,
flatulence, abdominal pain, hyperacidity, piles efc. It works well with honey to combat hyperacidity.
The decoction or its medicated milk can be used for the same. Pippali is beneficial, when given with
amalaki in the treatment of anemia. For treating any type of fever, the medicated ghee of pippali is very
useful. In chronic fever and tuberculosis, the preparation Vardhamana pippali is more effective. In fact,
Vardhamana pippali is a regimen, praised in ancient scriptures in which the doses of pippali are increased
gradually. On the first day, an infusion of 3 pippalis, boiled for a few minutes in a mixture of milk and
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water is taken (4:1). Then for 10 successive days the dose is increased by 1 pippali everyday. After 10
days, the dose is gradually decreased by 1 pippali daily. During this regimen only milk is consumed as
adiet. This method is useful in treating chronic respiratory ailments, anemia, recurrent fevers, piles and
digestivc problems. It strengthens the immune system of the body.

Pippali is beneficial as a brain tonic and in the diseases of vata. The decoction is cffectively used in
sciaticaand hemiplegia. Being the best rejuvenative, pippali sidda ghrita is useful in tuberculosis, cough
and with the ghee and honey, it reduces the frequency of paroxysms in bronchial asthma. It also helps
controlling hiccup, when given with honey. It boosts the reproductive system too, hence, is used as an
aphrodisiac. It also works well in amenorrhea.

Piper chaba syn. P. retrofractum (The Java long pepper)

Java long pepper, also called gaja thippali or bengla thippali is a perennial, glabrous, fleshy climber with
adhesive roots, native to Moluccas and found in hot and moist climate. It is considered as a minor
forest produce. There is no evidence on organized cultivation of £ chaba.

The plant is a dioecious vine, reaching a height of 2-4 meters. The leaves are short, petioled, oblong,
oblong - ovate or elliptic lanceolate, 6 — 7.5 x 3.2 — 6.5 cm with oblique base. The male spikesare 3.2
to 8.5 cm long. The female spikes are red, (leshy when mature and 3-6.5 cm long and 6.5 to 11 mm
diameter. The rachis is smooth and the bracts are peltate. The fruit is more or less united partly or
wholly embedded in the rachis. Owing to its medicinal use, recently it is gaining popularity and grown as
intercrop in areca nut/coconut plantation and avenue trees. Kandiannan er a/. (2005) conducted an
experimental tnal to study the feasibility of intercropping 2 chaba with areca nut and the yield recorded
are given in table 6. Petroleum ether extract of stem yields piperine, pipalartine and - sirosterol. The
root yielded sylvatine and piperlongumine. Preliminary pharmacological study of aqueous and alcoholic
extracts of fruits produced hypertensive and sooth muscle relaxant effects (Tewari e af. 1964). Alcoholic
extract of stem exhibited antifungal activity. Alcoholic extracts of roots enhanced the bio availability of
sulphadiazine (in dogs and rats) and tetracycline hydrochloride in rats (Ravindran 2000).

Table 6. Summary of statistics of Piper chaba yield (mature fresh fruit, g/vine)

Year Range Mean Median S.D

1997 20-980 320.0 250.0 235.5
1998 30-1700 555.5 490.0 405.4
1999 50-800 2153 180.0 179.6
2000 20-1700 559.0 500.0 . 3879
2001 70-2530 7523 660.0 498.0
2002 20-1500 492.5 400.0 386.1
2003 50-1320 498.2 450.0 308.8

Kandiannan e /. (2005)
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Uses

The fruits are used as spice and also in pickles and preserves. They have pungent pepper ke taste ang
produce salivation and numbness of the mouth. They are used all over India as long pepper for the
same purpose for which Indian long pepper ts used.

Piper cubeba (tailed pepper or cubeb)

Cubeb or tailed pepper is indigenous to tropical monsoon forests of Malaysia and Indonesia, is
cultivated in Indonesia and Malaysia where its fruits have long been used by local people as a condiment
and herbal medicine. Cubeb is wholly a small holder crop. Uniike black pepper there are no cubeh
plantations, and vines are grown as a supplementary crop on shade irees grown on plantations. p
cubebais a perennial, woody climber. The leaves are coriaceous, glabrous, entire with round base, tip
acuminate, oblong to ovate oblong in shape, 8-15 x 2-9 cm and the petiole is 0.5-2.0 ¢m long.
Inflorescence is a spike, 5-10 cm bearing clusters of dioecious flowers. The female flower has an
oblong bract up to 5 x 8§ mm and three to five stigmas. Male flowers are with oblong-ovate bract up to
2 x 1 mm and 3-5 stamens. The fruit is small, 6-8 mm diameter, reddish yellow drupe drying to black
with a coarsely reticulated surface, The base of the pericarp extends into a pedicel like formation and
the globose seed is usually free from the pericarp. Betries separated from the spike retain the pedice!
(stalk), hence the name tatled pepper and this is a distinguishing {eature of the fruits.

Cubebs contain 5-20 % essential oil and about 6-8% resinous matter. The essential oil of cubeb
showed antibacterial activity against bacteria such as Bacillus subtilis, Vibrio cholerae, Salmonella
typhimurium, Clostridium diplithereae etc. Qil of cubebs is used in flavoring certain brands of
sauces and also in perfumery to impart an exotic note.

Uses

The major products of the cubeb vine are the dried fruit, tailed pepper and cubeb oil. Cubebs are used
as a drug and as a spice. The powdered fruits are used for the treatment of dysentery, catarrh and as
an aromatic stimulant, local irritant, carminative and sedative. The most commonly used preparation of
cubeb is the ‘cubeb oleoresin’ which is prepared by extracting cubeb with alcoho! or ether. The dried
fruits are used in herbal medicines and are stated to be antiseptic, diuretic, a stimulant, an expectorant
and a carminative. They were formerly used in the production of asthma-alleviating cigarettes in the
USA. In Malaysia, powdered dry fruits are used to treat amoebic dysentery and in Java, as a popular
aphrodisiac.

The main use for cubeb fruits outside producing countries is as raw material for distilling cubeb oil,
produced mainly on demand in Europe and North America from imported material. Cubeb oil isa
viscous, pale greenish to bluish yellow liquid. The oil has a camphoraceous, spicy smell with a bitter but
not pungent or peppery taste. The main use of cubeb oil is in perfumery and in soaps, medicines, some
beverages and bitters. ‘
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Piper methysticurn (kava pepper})

Kava pepper (2 methysticum) is a perennial shrub growing up to 3 m with bright green, cordate
Jeaves about 15-20 cm long. It produces small flower on spikes, but they are sterile. It is distributed
inthe South Pacitfic Melanesia (including Fiji, Papua New Guinea, the Solomon Islands and Vanuatuy,
Micronesia and Polynesia. Kava is mainly found occurring on rich- well drained soil mountain area
(referring shade when young and full sun when established). The active principles are found in the roots
and underground rootstocks. The roots contain alkaloids such as methysticin, yangonin, dihydro
methysticin and di hydro kawain.

Uses

The pacitic Islands have been using the roots of this plant for making the potent beverage called kava-
kava. Kava- kava has a central place in the culture and social customs of this region (Laird 1999).
Herbalists have traditionally used kava- kava as a remedy for nervousness, urinary problems, asthma,
whooping cough, stomach ache and headache. 1tis also used in muscle relaxant for the relief of spasms
and cramp. It is applied externally to treat fungal infections and the inflammation of skin. Kava-kava
drink is non intoxicating, It does no dull mental processes but it is a narcotic. It induces euphoric state
of tranguil well being that eventually leads to a deep dreamless sleep.

The roots of P, sylvaticum Roxb. are widely used in indigenous medicine as an effective antidote for
snake poison. In Peninsular Malaysia, the decoction made from the leaves of Piper sarmentosum
Roxb. is used for curing pains in bones and applied to the foreheads of children suffering from headaches.
Piper umbellatum (stomach ache, cough) and P, poryphyrophyilium (leprosy, stomach ache and skin
diseases) are the other two Piper species used in Peninsular Malaysia. Piper kadsura (Choisy) Ohwi,
anative of Taiwan is nsed for the treatment of asthma and arthritis in Taiwan (Linn & L.u 1996). Recent
studics indicated that this plant has got inhibitory properties on hepatitis B.

Besides these economically important species, there are some Piper species having omamental value
having attractive foliage. P. auritum, P. borneense, P. decurrens, P magnificum, P metallicum, P
ornatum, P porphyrophyllum, P rubronodosum, P. rubrovenosum etc. are valued for ornamental
purpose (Mark Greiffith 1992).
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The botanical sources

Piper nigrum, Piper longum and Piper betle are herbs of the Piperaceae family that figure
prominently in the literature of Ayurveda, Piper brachystachyum and Piper cubeba are also other
herbs in the Piperaceae family used in the tradition of Ayurveda.

These herbs have been introduced into the Ayurvedic pharmacopoeia at a very early period in its
evolutionary history. The earliest text books on Ayurveda viz., Caraka Samhita and Susruta Sambita,
(dating a few centuries BCE) have docurmented the uses of these herbs. Over thousands of years, the
nomenciature, morphology, properties and applications of these herbs have been elaborated and codified
inthe literature of Ayurveda.

When studying herbs mentioned in Ayurveda with a continuity of several thousands of years, we need
to look at the Ayurvedic drug identities independently before correlating them with specific botanical
sources that we know of today. This is because one plant may have become associated with many
names in Ayurveda over a period of time and the same name may be applicable to many plants in
different texts. Also different plants are used in the same name in different parts of the country and ofien
there is substitution and adulteration. Therefore, many botanical sources may be equated with one
Ayurvedic drug identity and vice versa.

The ayurvedic drugs

When we examine the Ayurvedic nomenclature of the Piperaceae herbs, seven herbal drugs emerge
for discussion. First and foremost comes marica or pepper (Piper nigrum), which is a very popular
spice as it is a medicine. The next is pippali or long pepper (Piper longum), which is an ingredient of
many Ayurvedic formulations.

There is also mention of pippalimula or root of long pepper, which could be the root of Piper longum
itselt or may refer to a wild variety of long pepper as many local names suggest (kattutippaliveru) and
also as some lexicons indicate (vanadi pippali). Inthe raw drug market, several varieties of long pepper
spikes are available and may belong to variants of Piper longum. The fourth identity is cavikaor cavya
which has been identified as Piper brachystachyum.
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Table 1. Ayurvedic herbal drugs and their botanical sources

Ayurvedic drug identity Botanical source

Maricam Piper nigrum - fruits.

Pippali Piper longum - fruits.

Pippalimula Piper longum - roots.

Tambula Piper betle - leaves.

Cavya Piper brachystachyum - roots. P. chaba, P. retrofractum,
P attenuatum and P. hymenophyllum are also considered as
sources.

Gajapippali Scindapsus officinalis - fruits, This plant belongs to Araceae

but some texts recommend use of fruits of P brachystachyum.

Kankola Piper cubeba - fruits

Scholars have debated on the botanical identity of cavya. There is an opinion that the spikes of cavya
is gajapippali. However, in practice, Scindapsus officinalis, belonging to the family Araceae, is accepted
as the source of gajapippali. Then, we have tambula, which is identified as Piper betle. And finally,
there is kankolam, the botanical source for which is Piper cubeba.

Varieties mentioned in the Ayurvedic texts

Depending on the stage in which the pepper fruits are harvested, they are either green (raw), red (ripe)
or black (dried). Dehusked pepper fruits are white in color. Ayurveda predominantly makes use of the
dried black pepper. Some Ayurvedic texts refer to white pepper, which is probably the dehusked

pepper.

Ayurvedic texts distinguish between the properties of raw and dried spikes of long pepper. In practice,
several varieties are distinguished like the small (cerutippali), big (vantippali) and chinese (cinatippali)
types. The root of a wild variety of long pepper is also mentioned in the name of pippalimula. One of
the lexicons, Raja Nighantu, lists four additional varieties of pippali, making it five in all inclusive of
pippali as such.

The varieties of betel leaf plant have been described in the Raja Nighantu, but it has been emphasized
that the variations are due to soil, climate and not essentially a species varation. There is no discussion
on the varieties of cavika. No varieties have been documented in the case of kankolam either.

Piperaceae Crops - Technologies o Future Perspectives



Ram Manchar

Table 2. Varieties of drug identities of Piperaceae in Ayurveda

Drug identity Criteria Varieties
Maricam (Pepper) Color of dried fruits Black (with skin) and White
(dehusked) varieties
Pippali (Long pepper) Size of dried fruits and source  -A&¢; smalland china
of market samples varteties

Classification in RajaNighantu ~ Gajapippali (fruit of Piper

of additional varieties brachystachyum or Scindapsus
officinalis), saimhali (unidentified),
vanadi (wild variety) and granthika
(root of Piper longum)
Tambala (Betel vine) Based on ecological variations ~ Srivati, amlavati, satasa, saptasira,
as listed in Raja Nighantu amlasara, patulika, hvesamya

In this paper, nomenclature, varieties, properties and clinical uses of maricam, pippati, cavya, tambula
and kankola are discussed. Pippalimula and gajapippali are considered in the discussion on pippali and
cavyarespectively.

A very rich nomenclature is available for these herbs in the Ayurvedic texts. In Ayurveda, a polynomial
system of nomenclature has been used for herbs and drugs and each herb or drug is referred to with
many names. These names point to morphological features and medicinal properties of the herbs and
help in identification of the herb to some extent. The multiplicity of names also cause confusion in
identity at times.

Maricam (Piper nigrum)

The plant maricam (Piper nigrum)has at least twenty names in Ayurvedic literature. Each name gives
some clue about some feature of the plant. The name marica itself means that which kills worms and
germs. The names krsna, meaning black, vrttaphalam, meaning globose fruit, vallijam, meaning that
which sprouts on a creeper and sirovrmtam, meaning stalk located on the top indicate morphological
features of the plant. The names usanam meaning hot, katukam meaning pungent, tiksna meaning sharp
and ruksa meaning dry are names that describe its properties in general. Marica is also known as
dharmapattana (grows in the Travancore region of Kerala) and yavanesta (liked by Europeans). [tisan
important spice (sakanga) and vseful in the management of diseases caused by kapha (kaphavirodhi).

Ayurvedic texts have distinguished the properties of raw and dry pepper. Raw pepper is not so hot, has
a sweet post digestive taste, does not aggravate pitta, enhances mucus secretions and is heavy to
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digest. Dry pepper is hot and pungent, light to digest and a digestive stimulant as well. in large quantities,
pepper can adversely affect inale fertility. It is, however, an appetizer and dispels worms, It is useful in
the managemcnt of asthma and pain. It pacifies vata and kapha, but increases pitta.

Pepper is listed in the group of dipaniya (digestives), sulaprasamana (analgesics), kninighna (anthelmentics)
and sirovirecanopaga (errhine) drugs.

The powder of pepper taken along with sugar candy, ghee and honey is useful in management of cough.
A pinch of pepper take with a spoon of turmeric is an ideal combination for regular use to boost
immunity and prevent diseases. The powder of pepper mixed with buttermilk is an effective remedy for
many digestive disorders. Pepper is recommended in management of common cold but is not advisable
when there is high fever.

Trikatu or the triad of pungents, comprises of dry ginger, pepper and long pepper. This combination is
very popular in Ayurvedic pharmaceuticals and is an ingredient of many important formulations. Another
combination of six ingredients known as sadusanam has pepper as one of the ingredients oo. Trikatu is
amajor ingredient in Dasamulakatutrayam kasayam indicated in the management of respiratory diseases
and vyosadi vatakam indicated in management of sinusitis and upper respiratory disorders.

Pippali (Piper longum)

Pippali (Piper longum) is variously known as kana (fruits are very small berries), saundi (the fleshy
spike resembles an elephant’s trunk, used in distilleries and bars), krsna (fruits are black when dried),
upakulya (grows near water streams). The names kola, usana and tiksnatanula denote the pungent
nature of the fruits. This herb is also known as magadhi (that which grows in the magadha region) and
vaidehi (that which grows in the Videha region). The word pippali itself indicates the ability of the dried
fruits of this herb to nourish and rejuvenate the tissues of the body. Indeed, pippali is an important
rejuvenative used in Ayurvedic treatment.

Just as in the casc of pepper, the texts distinguish between the properties of raw and dried fruits of long
pepper. The raw and green fruits of long pepper are cool in potency, heavy to digest, with a sweetish
taste, unctuous and provokes mucous secretions. On the other hand, the dried fruits are light to digest,
sweet in the post digestive taste, neither hot nor cold in potency and pungent in its taste. The dried long
pepper fruits pacify vata and kapha, improves appetite, enhances fertility and have rejuvenating properties.
They stimulate digestion and metabolism and have a benign effect on the cardiovascular system. Long
peppet is useful in the management of bronchial asthma, cough, abdominal distention, hemorthoids,
splenomegaly, fever and ascites. 1t is considered to be a very effective single drug for the management
of disorders of the spleen. So also for the management of bronchial asthima. There is also an opinion
that long pepper has a balanced impact on the three dosas and if used carefully can restore their
normalcy. Dried fruits of long pepper are burnt into ashes and mixed with water. The alkaline filtrate 15
considered to be an effective remedy for management of bronchial asthma.
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Like pepper, long pepper is also an ingredient in the combinations trikatu and sadusana. Additionally its
roots and fruits are ingredients of the group of five herbs known as paricakola, which is a powerful
digestive. Pippalyadi Ghrtam, Pippalyadi anuvasana tailam, Yakrtpliharilauha and Pippalyadyasavam
are iraportant formulations used in Ayurvedic practice with long pepper as the main ingredient.

Difference between pepper and long pepper

Long pepper has a sweet post digestive taste and is not hot in potency like pepper. Pepper can adversely
affect male fertility but long pepper actually enhances 11. Not only that, long pepper can be used as a
rejuvenative tonic unlike pepper, which is mainly used as a spice in food and medicine for specific
diseases.

However, the classical texts advises us to exercise caution when using long pepper on a long term basts.
Pepper is a spice that can be part of one’s regular diet in limited quantities. It can also be used as a
medicine when required. But long pepper should not be used on a reguiar basis. When consuming iong
pepper for a long period, one must strictly adhere to the rejuvenative regimen, which imposes certain
restrictions in diet and behavior. If the regimen is not followed, long term use of long pepper can result
in undesired side effects. A very common method of using long pepper for rejuvenation is to gradually
increase its dose day by day and afler reaching the highest dose, to taper it to the starting dose before
withdrawing it compietely. This treatment called as vardhamana pippali rasayana is indicated for the
management of chronic bronchial asthma and disorders of the spleen. The Caraka Sambhita iists Jong
pepper as one of the three substances that should not be used regularly. The other two are salt and
alkali. Regular use of these substances can have debilitating effects on the health of the individual.

Pippali and Pippalimula

Although derived from the same plant, the roots and dried fruits of long pepper are considered as
different drugs with difterent properties. It is interesting to note that a Malayalam equivalent for vanadi
pippali by the name kattutippali is prevalent in Kerala, thereby indicating that the tradition distinguished
between the cultivated and wild forms of long pepper. Perhaps, in the Kerala tradition, the roots were
harvested from the wild form of long pepper and the fruits from the cultivated variety. The roots of long
pepper are pungent and hot, pacifies kapha, eliminates worms, stimulates digestion, increases appetite
and aggravates pitta. long pepper root is also useful in the management of neurological disorders.

Tambula (Piper betle)

Betel leaves hold a special place in the Indian tradition. They are used in rituals and when offering
daksina (offering to one’s teacher at the end of studies). Additionally, chewing bete! leaves was part of
the daily routine of the people of ancient India. Ayurvedic texts recommend chewing of betel leaves
with spices, but it is important to note that the practice of chewing tobacco along with bete] leaves does
not have its origin in the classical Ayurvedic texts. Though ascribed with certain benefits, abstaining
from chewing betel leaves was also considered as a virtue. The great jatrochemist in the Ayurvedic
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tradition, Nagarjuna, was honored with the epithet bhadanta. meaning one whose teeth are white and
lustrous because he does not chew betel leaves.

The Astariga Sarigraha advises that one who 1s desirous of preserving appetiie, removing viscosity and
bad odor in the oral cavity should chew betel leaves mixed with nutmeg, cloves, camphor, java pepper,
peppcr and areca nut, acacia wood and lime. Chewing of betel leaves is recommended either on
waking up or after food or after taking bath or after vomiting. It should be avoided by people whose
blood and pitta are deranged, those who are recovering from injurics, those who suffer from diseases
of the eye, thosc who are afflicted with poison or are under the influence of alcohol and those who are
emaciated. We can say that betel leaf chewing represents one of the earliest instances of the use of
mouth freshener in the history of humankind.

The betel vine is known in Sanskrit as the snake vine (nagavalli). The basis for this association is not
clear and could be with respect to its morphological features. Other names having the same meaning
are nagavallari and patalavasini. The betel leafhas also been associated with auspiciousness, for which
reason it has been used in rituals. The names like bhadra, amnrta and kamada indicate this. Betel vine is
also considercd to be a sexual stimulant and hence known as kamajanani and not recommended for use
by those who have taken to a spiritual life.

Betel leaf has a mixture of bitter, astringent, alkaline and pungent tastes. It is hot in potency, light to
digest and stimulates appetite. It improves strength but deranges pitta and blood. It loosens bowels,
improves speech and removes the sliminess and bad odor in the mouth.

The varieites listed by Raja Nighantu are srivati, amlavati, satasa, saptasira, amlasara, patulika and
hvesaniya. These varieties have variations in morphological appearances as well as in their properties.
For example, srivati is cool in potency while amlavati is hot and can even cause ulcerations in mouth.
The properties of all the seven varicties have been described in the Raja Nighantu.

The paste of seven betel leaves mixed with boiled water and salt is said to be an effective remedy for
filariasis. Betel leafis an ingredient of popular Ayurvedic formulations like murivenna (an oil used in
management of fractures, wounds and ulcers) and tambulalehyam (medicated jam indicated in
management of bronchial asthma).

Cavya (Piper brachystachyum)

Cavyais considered to be the wild variety of pepper in the Ayurvedic tradition. Piper brachystachyum,
P. chaba, P, retrofractum, P. attenuatum and P hymnenophyllum arc variously used as the botanical
sources for cavya.

It is known variously as cavika, kolavalli, maricalata and vanaja and these names point to the identity of
this herb as wild pepper. The officinal part used is the root.
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Wild pepper roots have almost the same properties of long pepper roots, but is especially effective in
the management of hemorrhoids. It has a pungent and bitter taste, is hot in potency, light to digest,
improves appetite and stimulates digestion. But the majority opinion is that is pacifies vata and kapha
and increases pitta. Its leaves pacify pitta and kapha but slightly aggravates vata. Its flowers are especially
useful in management of artificial poison, flatulence, splenomegaly and ascites. Wild pepper is useful in
the management of bronchial asthma, cough, colic and emaciation. It also has anthelmintic properties.

According to many lexicons, the fruit of cavya is known as elephant pepper or gajapippali. The fruits
are ascribed with slightly different properties than the roots. However, in actual practice Scindapus
offictnalis belonging to the family Araceae is used as the official source of gajapippali. Therelore, its
properties are not being discussed in this paper.

Cavyaislisted in the groups trptighna {removes satiety), arsoghna (anti-hemorrhoid activity), dipaniya
{digestive stimulants) and sulaprasamana (analgesics). The leaves of wild pepper are effective in diarthoea.
The roots are etfective in management of ascites. Cavya is an ingredient of the herbal combination
known as pancakola in Ayurveda. So also in the combination known as sadusana. Cavikasavam is an
important formulation of cavya used in the management of bronchial asthma, cough and digestive
disorders. It 15 also an ingredient of the formulation karikayana vati used in management of hemorrhoids.

Kankola (Piper cubeba)

Kankola or tailed pepper is another important herb from the Piperaceae family used in the tradition of
Ayurveda.

Various synonyms of this plant highlight the peculiar shape of 1ts fruit with its stalk projecting like a tail
after harvesting. In appearance it resembles pepper to some extent (sthulamaricam). The other names
are karkola, krtaphala, katukam phalam, rudrasammitam, vidvesyam and maricam.

Paste of cubeb berries are applied to male and female genitals to increase pleasure during coitus. Tailed
pepper is bitter and pungent in taste, hot in potency, light to digest, digestive stimulant, appetiser, mouth
freshener and pacifies kapha and vata. It is useful in the management of heart diseases, intestinal worms
and disorders of digestion.

Table 3. Herbal formulations with herbs from Piperaceae

Formulation Ingredients
Trikatu { Three pungents) Pepper, long pepper and dry ginger
Pancakola (The five pungents) Long pepper fruit, long pepper root, wild pepper root,

Plumbago roseq and dry ginger
Sadusanam (The six hot drugs) The above mentioned herbs along with pepper.
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The discovery of piperine

Modem research has provided spectacular insights into the special properties of some of the alkaloids
present the herbs of Piperaceae. These insights support the Ayurvedic practice of adding especially
pepper and long pepper as additives in many formulations. Both these herbs have been discovered to
contain an alkaloid cailed piperine, which has the ability to increase the bioavailability of other drugs.
Using pepper and turmeric together can enhance the bioavailability of curcumin in turmeric, which has
anti cancer properties. Twenty mg of piperine can enhance bloavailability of piperine twenty fold. It has
also been observed that piperine may enhance bioavailability in humans by 2600%.

Piperine has been found to stimulate the activity of amino acid transporters in the intestinal lining, decrease
the intestinal production of glucuronic acid and inhibit p-glycoprotein, a protein that removes substances
from cells. This helps more quantity of drugs to enter the body in an active form and reach and remain
in target cells for prolonged periods. This ability of piperine has both benefits and risks. [t can make a
therapeutic drug toxic and at the same time, a marginally therapeutic drug into a very effective one. Its
ability to increase bioavailability and intracellular residency time should be utilized wisely and with
caution in clinical practice. This is an important point to be borne in mind when using Ayurvedic
formulations containing Piper species along with allopathic medications. The herb-drug interactions can
have desirable or undesirable consequences. Piperine is known to enhance the bioavailability of many
modern drugs like barbituares, ethambutol, rifampicin, isoniazid and theophylline. It is also known to
increase the brain’s production of beta-endorphins as well as serotonin and provides relief from pain. It
checks acidity in the stomach and stimulates production of enzymes from the pancreas.

Itis pertinent to note that many of the modern research findings corroborate well with the the observations
made in Ayurvedic texts. It is interesting to note that piperine is ascribed with anti-ageing properties
while Ayurveda uses long pepper for the same purpose. The effects of piperine on the digestive system
and on absorption and bioavailability are also well documented in the classical Ayurvedic texts.

Abriefprofile of the five species of herbs in the Piperaceae family used widely in Ayurveda has been
outlined in this paper. This discussion is only an index to the rich information that is available in both the
literature and oral traditions of Ayurvedic practice that offers fresh ground for research.
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Government initiatives in strengthening the production of Piperaceae crops

M Tamil Selvan
Directorate of Arecanut and Spices Development
Ministry of Agriculture, Government of India, Calicut, Kerala.

The Western Ghats stretching across the southern states, is home to a number of plant species, belonging
10 the family Piperaceae, of which the commercially important ones are Piper nigrum (black pepper
— the spice), Piper longum (thippali — the medicinal plant) and Piper betle (betel vine- the stimulant).
Black pepper or the black gold, the spice of commerce, was the most important of them all, which
brought many seafarers to the shores of India from the ancient times. It was one spice, the trade of
which has become an important part of the world history, which lead to the great adventure, exploration,
conquest and naval rivalry.

The organized cultivation and development of black pepper began with the setting up of ahigh —level
Spices Enquiry Committee by the Planning Commission way back in 1951, due to the significant role
the spices played among the agricultural commodities produced in the country. The committee in its
report in 1953, stressed the need for better planning, research and coordinated effort for the development
of spice crops.

'The Government of India, accepted the recommendations of the Spices Enquiry Committee and provided
necessary funds to Indian Council of Agricuitural Research (ICAR), for implementing various schemes
on research, development and marketing in all the regions of the country. In 1961, an ad-hoc, Central
Spices and Cashewnut Committee, a semi autonomous body consisting of govemment officials and
representatives of growers and traders was set up to look into the problem confronting the development
of spices crops.

Based on the report of Agricultural Research Review Team, appointed by Government of India, Central
Spices and Cashewnut Committee was abolished in 1965. The responsibility of research was given to
ICAR. Development and marketing of spices was to be dealt by the Regional Office of the Ministry of
Agriculture, Government of India, which subsequently lead to the creation of the present Directorate of
Arecanut and Spices Development as a subordinate office under the Ministry of Agriculture, Government
of India on 1% April, 1966 at Calicut in Kerala. Simultaneously, the Indian Spices Development Council
was also constituted to continue the association officials and non-officials for continued advise on the
development programmes of these crops. The Directorate served as the secretariat of the development
council. Spices Export Promotion Council was also promulgated for the export promotion activities in
spices.
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The Cardamom Board, created under Cardamom Act, 1965 and the Spices Export Promotion Council
were later merged together in 1986 to form the present Spices Board to look after the export promotion
activities of all spices and the crop development and research activities of cardamom as was done by
the erstwhile Cardamom Board.

Development programmes and financial outlay

No systematic programime for development of spices was undertaken in the first Five Year Plan (1951-
56). The second Five Year Plan (1956-61) contained provision to the tune of Rs. 15,49 lakh while the
third Five Year Plan (1961-66) had an outlay of Rs. 35 lakh for spices development with which
planting material production was taken up for the development of major spices in the important growing
states. In the fourth Five Year Plan {1969-74) development programmes were concentrated for large
scale production and distnbution of high yielding varieties of important spices with a financial provision
of Rs. 13.9 Iakh.

A well organized effort for spice development was mooted in the fifth Five Year Plan (1974-79) with a
plan provision of Rs.175 lakh with a stress for the development of major spices alone that too, confined
to traditional centers of cultivation. In this plan period a special component plan costing over Rs. 30
lakh was also taken up for the development of spices cultivation in the Andaman and Nicobar Islands.
In the sixth Five Year Plan (1979-84) the development programmes on spices were assigned to state
governments as their mandate on the recommendations of the National Development Council. However,
Central Sector Scheme was continued in the Union Territories and autonomous organizations like State
Agricultural Universities and ICAR Institutes with the limited financial resources made available. Majority
of the state governments however continued the development programmes on spices mostly confined
to planting material production so as to encourage area expansion with high yielding varieties released
by the research stations. The above arrangements were continued till 1986-87.

As this mode of implementation of the scheme was found inadequate 1n view of the growing demand for
spices for domestic consumption and export, it was felt necessary to pay more attention towards spices
development with adequate central assistance. Thus Centrally Sponsored Scheme for Spices
Development was revived during V1I Plan period (1985-90) with the launching of an Integrated
Programme for Development of Spices (IPDS) with an outlay of Rs.435 lakh with a central share of
Rs. 240 lakhs for providing 50% of the financial requirement in respect of the schemes to be implemented
by the state governments and 100% requirements for the schemes implemented in Union Territory
administrations and autonomous organizations.

In the Annual Plans 1990-91 and 1991-92, centrally sponsored schemes for the development of spices
were intensified by increasing the financial outlay to the tune of Rs. 244 lakh and Rs. 574 lakh, respectively,
by providing cent per cent financial requirements.
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The major thrust in development activities in spices was received during eighth and ninth Plans with an
objective of Increasing area under spices by 4% and production by 8%. The IPDS was further intensified
in the VIII Plan (1992-97) with a financial outlay of Rs. 125 crores comprising programmes for the
overall development of 27 commercially important spice crops grown in India and the developmental
activities were extended throughout the country particularly to the non traditional areas.

In the IX Plan the outlays were increased to Rs 142.50 crores and the area of operation was widened,
so that due attention was given to every nook and corner of the country which have potential for
development of any of the spices crops. Major programmes implemented during these two plan periods
for the development of pepper were as follows:

Production and distribution of planting material: The programme was aimed at farge scale production
and distribution of planting material of high yielding varieties to meet the requirement of area expansion
programme. The nucleus planting material of released high yielding varieties obtained from research
stations were utilized for large scale multiplication in the government farms of the State Agriculiure/
Horticulture Departments adopting rapid multiplication techniques.

Rehabilitation of pepper gardens: In order to encourage rehabilitation of old and unproductive
pardens, incentives were given to the pepper farmers to the extent of 50% of the total input cost.

Adoption of plant protection measures against foot rot disease: The programme was to encourage
farmers to adopt plant protection measures against foot rot disease on compact area basis. Asan
incentive, plant protection chemicals were supplied at 50% subsidized cost.

Eradication of little leaf/phyllody disease: This disease assumed serious proportion in Wynad and
{dukki districts of Kerala, the two major pepper production centres. Compensation at the rate of Rs.
25 for cutting and removing the diseased vine was given to the farmers besides the supply of rooted
cuttings of high yielding varieties free of cost for replacement.

Field demonstration plots: The programme was intended to convince and motivate farmers to take
up the cultivation of new varieties of pepper adopting scientific package of practices, Each plot consisted
of 50 standards/vines. The costofinputs for establishing and maintaining each demonstration plot was
provided.

Largg scale demonstration of high production technology: Under the scheme, assistance was
provided for the establishment of large scale demonstration plots in the farmers fields for the demonstration
of high production technology developed by the Indian Institute of Spices Research.

Area expansion programme: The programme was intended to encourage monocropping of peppet
of the desired varieties. The farmers were given financial assistance to bring new area under pepper.
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Though the intended objective of increasing the area and production by 4% and 8% respectively, was
achieved for spices as a whole, this did not hold true for black pepper. With regard to pepper, lot of
variations were noticed and on an average the arca of black pepper recorded an increase of 2% and
production by 4% annually.

During the fag end of ninth Plan, macromanagement mode of implementation was adopted by the
Ministry of Agriculture and central funds were released directly to the state governments for development
of spices as per the regional requirements. This mode of impilementation of Central Sector Scheme was
continued during the tenth Plan, During the year, 2005-06 of the tenth Plan, National Horticulture
Mission (NHM) was introduced with increased financial outlays. Under NHM, State Horticulture
Missions were established in each states for implementing Central Sector Schemes proposed by each
states as per their local requirements. Following are the major development programmes under National
Horticulture Mission, which could be utilized for development of black pepper.

e Production and productivity improvement
s Production and distribution of planting material
»  Model nurseries
*  Small nurseries . s
o Tissue culture units
o Seed infrastructure
o Rejuvenation/ replacement of senile plantations
e Promotion of integrated nutrient management/integrated pe(st management
* Disease forecasting units
« Plant health clinics
* Biocontrol labs

* Leal/tissue analysis labs

Technology dissemination through demonstrations/ front line demonstration

s Postharvest management

Government of India has already sanctioned a pepper rehabilitation and rejuvenation programme
proposed by the State Horticulture Mission of Kerala state with a financial outlay of Rs 45.98 crores
for the year 2008-09 covering 30,655 ha.

The Directorate of Arecanut and Spices Development has been entrusted with the responsibility of
overall coordination and monitoring of the implementation of NHM programmes on spices in the country.
Besides, the Directorate directly implements NHM programmes including nucleus planting material
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production programme, technology dissemination through frontline demonstration plots and conduct of
national seminars and workshops.

Development programmes on betel vine and Piper longum

Considering the importance of betel vine in the national culture and heritage, self employment opportunities
for rural farm families, a Central Sector Scheme was implemented by this Directorate during the VIII
Plan with a financial utilization of Rs 2.00 crores. Major programmes implemented were:

¢ Establishment of demonstration plots for the dissemination of technologies developed under All
India Coordinated Research Project on Betel vine

¢  Assistance for construction of conservatory / trellies
» Assistance for developing water sources

* Distribution of plant protection chemicals

Programmes implemented during IX Plan were production and distribution of planting materials of
betel vine and transfer of technology programmes. The Central Sector Scheme on betel vine was
discontinued in macromanagement mode of implementation and now the development of the crop is
entrusted to respective State Horticulture Missions.

Assistance for Piper nigrum was covered under the Central Sector Scheme on medicinal and aromatic
plants during ViIl and IX Plans. Major components under the scheme were production of quality
planting material and establishment of herbal gardens. Now, the Directorate implements a programme
on nursery centre for medicinal plants for production and distribution of quality planting materials of
medicinal plants including Piper nigrum.

Conclusion

In spite of all the development activities undertaken for black pepper, the production has been reported
to have come down from 2005-06 to 2007-08. The productivity of pepper has not shown any
remarkable improvement from the past years, probably due to non adoption of high production
technology developed by research institutes and poor coverage of area under high yielding varieties.
The important centres of production viz. 1dukki and Wynad districts of Kerala hints at a decline in
production due to the problems of pest and diseases, which could not be controlled effectively. It is
time that various government institutes concerned with development of pepper adopt some aggressive
measures to revive the lost grounds in pepper production so that the country retains its past supremacy
in black pepper production and trade.
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K Prathapan & G Abitha
State Horticulture Mission, Kerala

The State Horticulture Mission (SHM) is a registered society set up under the Travancore Cochin
Literary, Scientific & Charitable Societies Registration Act, 1955 to implement the National Horticulture
Muission program, a centrally sponsored scheme, introduced during the financial year 2005-2006. This
scheme envisages an end to end development of the horticulture sector covering production, post
harvest management, processing and marketing. SHM provides assistance for plantation crops like
cashew, cocoa, arecanut, betel vine, pepper and intercrops in plantation crops include pine apple,
banana, spices, tuber crops, medicinal and aromatic plants.

State Horticulture Mission interventions in black pepperand betel vine production
Production and distribution of planting material
Model nurseries

Production and distribution of good quality seeds and planting material is an important component of
the Mission. Model nurseries are intended to serve as a model for the production of superior quality
planting materials on a commercial basis. To meet the requirements of planting matenial for bringing
additional areas under improved vatiettes of horticultural crops and for rejuvenation programmme tn old/
senile plantations, assistance would be provided for setting up of new nurseries under public as well as
private sector.

"To meet the requirement of planting material for bringing additional areas under improved varieties of
pepper & betel vine and for rejuvenation programme for old/senile plantations, assistance would be
provided for setting up new nurseries under the public as well as private sector.

Infrastructure for model nurseries woulid include the following:

e Mother stock block maintenance under polycover with a maximum area of 500 m’ to protect
from adverse weather conditions

* Raising root stock seedlings under net house conditions

s Propagation house - 2 maximum of 500 m? tropical polyhouse with ventilation having insect
proof netting in the sides and fogging and sprinkler irrigation systems.

¢ Hardening/maintenance in insect proof net house maximum of 2000 m? with 35% light screening
properties and sprinkler irrigation systems.
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¢ Pump house to provide sufficient irrigation with peak load of 5 mm per day and water storage
tank to meet at least 2 days requirement.

e Soil sterilization -steam sterilization system with boilers,

1t has been estimated that a model nursery with an area of 4 ha would cost Rs.18.00 lakhs per unit. The
model nurseries, which would be established under the public sector, will be eligible for 100 per cent
assistance of maximum of Rs. 18.00 lakhs per unit. It would be the responsibility of the nurseries to
ensure quality of the planting matenal. The nursery will be laid out in a compact area of 4 ha. For model
nurseries in the private sector the assistance will be 50 per cent of the cost subject to a maximum of
Rs.9.00 lakhs per unit,

Regarding establishment of model nurseries in the department farms separate action plan for each
nursery will be prepared by concerned farm superintendent or agricultural officer and scrutinized by the
district level Deputy Director of Agriculture (Horticulture), [DDA (H)). District Level Committee (DLC)
of State Horticulture Mission (SHM) will approve the action plans.

Sinmlarly in the case of private farms the action plans submitted by the entrepreneurs will be approved
by DLC after scrutiny by the DDA (1) of the districts concerned following the instructions issued
earlier. Registers should be maintained showing the calendar of operations as well as action taken
weekly during the nursery preparation. Periodical inspection has to be done by the scientists of nearby
stations of KAU and Principal Agricultural Officers of the district may record comments then and there.
A teamn comprising of PAO, DDA (H), Professor of KAU, and Scientists from ICAR/CSIR should
visit periodically and certify the quality of the planting materials produced before its distribution.

The model nurseries will produce 4 lakh plants per year. In the case of public sector nurseries 25% of
the cost will be released after demarcating the land for the nursery. Further release of funds will be
based on the completion of work and on verification of results, [n the case of private nurseries funds will
be released only as back-ended subsidy on loans availed for the purpose or based on the completed
work utilizing own resources.

Small nurseries

Small nurseries, covering area of about one ha, will have infrastructure facilities to hold 60,000 to
80,000 plants. These plants will be maintained for a period of approximately 9 months. Small nurseries
would cost Rs. 3 lakhs per unit. The assistance will be to the extent of 100% of the cost for the
nurseries under public sector and 50% of the cost limiting to Rs. 1.5 lakhs for the nurseries in the private
sector. The small nurseries would produce at least 60000 plants per year.

In the case of public sector nurseries 25% cost will be released as advance on demarcating the land for
the purpose in the departmental farms or agencies under public sector. The remaining amount will be
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released in three equal installments based on the completed work. The release of assistance to private
sector nurseries will be on the basis of completed work in four stages.

It would be the responsibility of the nurseries to ensure quality of the planting material through self
accreditation. Nurseries will also be regulated under the legislation in force relating to seeds and planting
material. The nurseries could be multi-crop or crop specific depending upon the requirements of planting
material in the locality/project area. Hence, the type of nursery proposed to be established should be
clearly indicated in the action plan. The plan should also contain an assessment of the existing nurseries,
the number of planting material being produced, crop wise and the additional requirement of nurseries.
e.g., For pepper and betel vine - cuttings will be produced in the small nurseries by following serpentine
method of propagation as far as possible.

Assistance ( Rs. in lakhs)

[tem Public sector Private sector
(100%0) (50%)
Model nursery (4 ha) 18 9
Small nursery ( 1 ha) 3 1.5
Rehabilitations of tissue culture lab 8 4

Infrastructure for nursery would include the following

. Raising two node cuttings under net house conditions. A net house of 2000 m* to screen
35% light. The floor of the net house will be covered with mulching sheet to control weed
and ground pathogens.

. Suitable irrigation system will be provided.
. The nurseries will also have provision for solar sterilization of soil media.

. Purchase of newly evolved nucleus planting materials from KAU, ISR, research
institutions efc.

. Any other infra structure with the approval of the DLC.

Tissue culture units

No new Tissue Culture (TC) units will be set up under the Mission. However, since a large number of
TC units already exist, some of which need strengthening/rehabilitation, assistance would be provided
for rehabilitation/ strengthening of existing T'C Units subject to a maximum ceiling of Rs.8.00 lakhs for
the TC Units in the public sector and 50% of the cost with a ceiling of Rs.4.00 lakhs for the TC units in
the private sector. -
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Establishment of new gardens

The Mission envisages coverage of large areas under improved varieties of hotticultural crops. A farmer
will be eligible for receiving assistance, normally, for one crop. The assistance for cultivation will be
spread over a period of three years in the ratio of 50:30:20 in the first, second and third year. Assistance
for the second year will be subject to 75% survival of the new gardens and for the third year the
assistance will be subject to 90% survival of the plants. The cost of raising new plantations will vary
from crop to crop.

Cro Assistance Assistance Periad Maxirmurn limit
P (%) per ha (Rs.) (years)
Pepper 75 11250 3(50:20:30) 2ha
Betel vine 75 11250 3(50:20:30) 4 ha

Rejuvenation/replacement of senile plantations

Low productivity of perennials is due to preponderance of old and senile trees and poor management
of inputs such as water, nutrients and pesticides. Under the SHM, it is proposed to take up productivity
improvement programmes through removal of senile plantations, re-plantation with fresh stock supported
with appropriate and integrated combination of inputs, pruning and grafting techniques. The programme
will be implemented through individual farmers, farmers’ cooperatives, self-help groups, NGOs, growers’
associations and commodity organizations. The assistance for rejuvenating senile plantations will be @
50% of the cost subject to a maximum ceiling of Rs.15, 000/- per ha limited to 2 ha per beneficiary.

Rejuvenation of pepper

In the current year action plan (2006-07) of State Horticulture Mission approved by National Horticulture
Mission an amount of Rs.1500 lakhs is provided as assistance for rejuvenation of 10,000 ha. pepper

garden. In the action plan for 2005-06, 5000 ha. has been kept for rejuvenation with an assistance of
750 lakhs.

Pepper is one of the most important dollar-earning crops in Kerala. The state enjoys virtual monopoly
in its production accounting for about 81 per cent of the nations production and bagging 37 per cent of
the total export earnings from pepper. The area under the crop in the state is 2,16,440 ha (2003-04)
2,37,669 ha. (2004-05), 2,16,759 (2005-06). The present average yield is only 319 kg/ha (2003-
04), 316 kg per ha. (2004-05) against a potential of 1000 kg/ha under better management practices.
The present low productivity is due to senile and disease affected vines and poor management practices.
Hence this programme is concentrated in the major traditional pepper growing districts, i.e., Idukki,
Wayanad, Kannur, Kasaragod, Palakkad, Thrissur and Kozhikode.
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The main objectives of the schemes are

e Torejuvenate pepper gardens by removing senile and diseased plants and by filling gaps and to
put to new standards if lost

¢ Toenhance production by adopting scientific management practices

» Toaugment average productivity to 1000 kg/ha by growing pepper in most suitable locations
e Toincrease employment opportunity

¢ Toincrease export

e Toreduce the cost of cultivation and increase overall income from the land

The cost of cultivation for rejuvenation of one hectare of pepper garden comes about Rs. 30000 per
hectare. The assistance for rejuvenating senile plantations will be (@ 50 per cent of the cost subject to
a maximum ceiling of Rs. 15,000 per hectare limited to 5 ha per beneficiary. The proposed subsidy is
to meet the cost of pepper rooted cuttings and cost of soil ameliorants, manures, fertilizers, bio control
agents and PP chemicals etc. as in the following order

s Costofrooted cuttings (40 per cent of total recommended population) -

*  Application of the organic manure/FYM, chemical fertilizer and PP chemicals as per the package
of practices of KAU

¢ Application of bio-control agents like Trichoderma, Pseudomonas and soil ameliorants etc.
with other components of TPM and INM.

»  Otherexpenses like cost of standards, cultural expenses, like shading, training, pruning, twining
vines to standard ezc.

The estimated cost of rejuvenation for 1 ha. pepper is Rs.30,000/- which is divided as follows:

Cost of rooted cuttings for replacing senile, diseased - Rs. 2,000 (40% of 1otal recommended
population); vermi compost/F YM/ organic manure - Rs.11, D00; chemical fertilizers - Rs. 5,000;
bio-control agents, soil ameliorants efc. - Rs. 5,000; PP chemicals - Rs. 5,000; other expenses -
Rs. 2,000.

While calculating eligible subsidy 50 per cent of total cost will be considered instead of 50 per cent of
expenses incurred in each component.

It is estimated that around 40% of the pepper plantations in the state are old and senile. Majority of the
traditional pepper plantations are poorly managed leading to low productivity of 275-300 kg/ha.
However, there is potential for improving productivity to one ton/ha through better management. A
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systematic rehabilitation programme is also reported to be over due in the pepper growing districts.
The proposed subsidy is to meet the cost of pepper cuttings and cost of soil ameliorants, manures,
fertilizers, bio control agenis and PP chemicals. An area of 10000 ha with an assistance of Rs.1500.00
lakhs will be rehabilitated under the programme.

Protected cultivation
Activitics like green house construction, mulching, shade net and plastic tunnels would be promoted,
the assistance for which is indicated below:

Green house (hi-tech) Estimated cost Pattern of assistance

Small and marginal farmers Rs. 650/ m? for 50% of the cost subject to a maximum of
hi-tech GH Rs. 325/ m? for hi-tech and Rs. 125/ m? for
Rs. 250/- m? normal GH, limited to1000 m*/ beneficiary
for normal GH

Other farmers ~do- 33.3% of cost subject to a maximum of
Rs. 215/m? for hi-tech and Rs.67/m? for nor-
mal GH limited to 1000 m?

Mulching Rs. 14,000/ha 50% of the total cost subject to a maximum
of Rs. 7000/ha limited to 2 ha per benefi-
ciary

Shade net Rs. 14/ m? - 50% of cost subject to a maximum of Rs.

3500/ 500 m’ limited to 2 ha per beneficiary

Plastic tunnel Rs. 10/ m? 50% of cost subject to a maximum of Rs. 5000
/1000 m? limited to 5 ha per beneficiary

Promotion of integrated nutrient managecment/ integrated pest management

Assistance for INM/IPM will be @ 50% of cost subject to a maximum ceiling of Rs.1000/- per ha
limited to 4 ha per beneficiary.

Assistance wi] also be available for developing facilities like disease forecasting units, bio control labs;
plant health clinics and leaf/tissue analysis labs as per the pattern of assistance indicated below:
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Promotion of INM/IPM Estimated cost Pattern of assistance
Sanitary and phytosanitary Project based Project based
(public sector)
Promotion of IPM Rs. 2000/ha 50 % of cost subject to a maximum
of Rs 1000/ha limited to 4 ha/ beneficiary
Disease forecasting units (PSUs)  Rs. 4 lakhs/unit Upto Rs. 4 lakhv/unit
Bio-control labs Rs. 80} lakhs/unit
a) Public sector Upto Rs. 80 lakh/umit
v) Private sector Upto Rs. 40 lakh/unit
Plant health clinics Rs. 20 JakhsAunit
a) Public sector Upto Rs. 20 lakh/unit
b) Private sector Upto Rs. 10 lakh/unit as credit tinked
back ended subsidy
{eat/ tissue analysis labs, Rs. 20 lakhs/unit
a) Public sector Upta Rs, 20 lakh/unit
b} Private sector Upto Rs. 16 lakh/unit as credit linked
back ended subsidy

Assistance for setting up sanitary and phyto sanitary certification facitities would be provided to the
public sector on project basis. Assistance will also be extended for meeting the cost of sanitary and
phyto santary certificates for importing / exporting horticultural produce and planting material on case
to case basis.

Organic farming

Organic farming in horticultuee is becoming increasingly important. Its environmentat and economic
benefits have captured attention in many countries. Consumers’ demand for arganically produced food
products and society’s demand for more sustainable development provide new opporttunities for farming
and business around the world.

The basic rules of organic production are that the natural inputs are to be applied and the synthetic
inputs are prohibited. But there are exceptions in both cases, certain natural inputs determined by
various certification programmes to be harmful to human health or the environment are prohibited (e.g.,
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arsenic). Certain synthetic inputs determined to be essential and consistent with organic farming philosophy
are atlowed (e.g., insect pheromones).

An organic production system would be designed to

» Enhance biological diversity within the system

» Increase soil biological activity;

» Maintain long-term soil fertility;

» Recycle plant and animal waste;

» Rely onrenewable resources in locally organized system;

» Promote healthy use of soil, water and air and minimize all forms of pollution;

» Handle agricultural products with emphasis on careful processing methods in order to maintain
organic integrity and vital qualities of the product at all stages.

In view of the growing demand for the organically produced food items worldwide the natural advantages
in this regard needs to be fully exploited. In order to help the growers obtain the required certification
for organically produced crops, awareness has to be generated through training and distribution of
information material.

For adopting organic farming for perennial and non perennial crops including pepper and betel vine,
additional assistance will be given over and above the area expansion prograrmnme @ Rs. 10,000 per
hectare subject to a imit of 4 ha per beneficiary. For organic cultivation of vegetables, the maximum
assistance will be limited to Rs. 10,000/- per ha.

The SHM will also provide financial assistance up to a maximum of Rs 5.00 lakhs for a group of
farmers covering an area of 50 ha, duly recommended by State Gavt., on a case to case basis for
certification of organic process/produce. Vermicompost can be used as a major input in organic farming,

ltem Assistance Maxtirnum limit

Adoption of organic farming Rs.10000/ ha (50%) 4 ha

Vermi compost units Rs. 30000 / unit (50%) -

Certification Project based Rs. 5 lakhs in cluster
of 50 ha
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All the above activities will be undertaken as per the following rales

e The programmes will be undertaken scientifically as per the package of practices recommendation
of Kerala Agricuitural University.

e The procedures followed in the schemes of Department of Agriculture should be adopted in the
absence of specific working instructions under State Horticulture Missions.

e The farmers will be permitted to use only superior quality inputs.

» The inputs can be purchased by the farmers only from approved firms or through Service
Cooperative Banks/Societies or govt. agencies of their area.

o The subsidy will be disbursed in the order of planting material, fertilizers, PP chemicals, bio
control agents, organic manures efc., only after ensuring the 100 per cent utilization of the
inputs and should be visible in the field on inspection.

* Nocomponent wise ceiling is fixed under SHM programmes. But overall subsidy ceiling may
be strictly observed and subsidy will be limited to 50% of the amount spent subject to the
maximum of 50 per cent of the unit value fixed.

e The cash vouchers will be received and examined thoroughly by the Agricultural Officers in the
Krishi bhavan before approval.

* The Deputy Director of Agriculture will effect payment based on the utilization certification of
the agricultural officer and on recommendation by the Assistant Directors of Agriculture concerned.

e  All the claims should be placed in the District Level Committee (DL.C) and get it passed and
the statement of the beneficiaries with address of all schemes to be kept in bound form in all
Krishi bhavans and a copy of the same has to be placed in the NIC net system for assessment
of SHM.

s Allthe programmes allotted to district should be implemented with approval from District
Level Committee /District Horticulture Mission.

o The quality of the inputs like fertilizers, plant protection chemicals, bio control agents, organic
manures may be tested by proper lab analysis. Quality testing by Department of Agriculture
and University/ICAR laboratory is compulsory.

¢ The procedure for making available the subsidy will be transparent and decided by DLC. But
it should be beneficial to the farmers and ensure that the assistance is given to the farmers
without any difficulty.

* The valuation of shade net, green house, creation of water resources will be done by Assistant
Directors of Agriculture, ‘
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The material for shade net, green houses will be purchased from approved firms as per Bureau
of Indian Standards and specification prescribed by Directorate of Agriculture.

The planting material utilized for the programmes should be purchased from Kerala Agricultural
University, Agricultural Department, research institutions of ICAR or nursery funded by NHM.
If sufficient material is not available, it should be purchased from SHM nurseries or nurseries
approved by Department of Agriculture.

The subsidy from SHM will be released only after ensuring the utilization of inputs as per POP
and the total cost for development as per the NHM guidelines and on seeing the effect of
application in the field, as back ended subsidy

The quality of planting material purchased from approved nurseries will be ensured by a
committee consisting of experts from Kerala Agnicultural University, ICAR and SHM and after
inspection and quality certification.
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V G Dhanakumar
Indian Institute of Plantation Management, Bangalore- 560 056, Karnataka.

Introduction

India, in recent years, has been a net exporter of agricultural goods. The export of agricultural products
from India, which stood at US$6,734 million and US$7,533 million in 2002-03 and 2003-04,
respectively, were more than two times the import of agricultural products in the corresponding years.
During the first half of the current year 2004-05, the export of agricultural products were US$3,511
million. The Foreign Trade Policy 2004-09, emphasized the importance of agricultural exports and
announced the policy measures to boost agri-export. The Government of India in 2003-04 had initiated
major steps towards introduction of futures trading in commodities, which included removal of prohibition
on futures trading in all the commodities by issue of a notification and setting up of the National Level
Commuodity Exchanges.

Inlight of the challenges currently being posed by industrialized country agricultural trade policies, the
severity of rural poverty, and the central role of agriculture in developing countries’ economic growth,
there is an urgent need to refocus on this sector to take advantage of the food safety as comparative
advantages.

‘The Agreement on Sanitary and Phytosanitary Measures (SPS) and the Agreement on Technical Barriers
to Trade (TBT) define the international rights and obligations of member countries with respect to the
development or application of measures that affect trade. Especially, SPS acknowledges a country’s
right to protect itself from risks to human, animal and plant life and health, and it confirms the need to
constrain countries from using such measures as excuses to create unnecessary barriers to trade. In
short, the purpose of the agreement is to enable the legitimate protection of life and health while not
giving rise to illegitimate protectionism. The Codex Alimentarius Commission, a UN body, complies
agreed measures into the Codex Alimentarius, the Codex Food Code (CFC).

Issues in agribusiness trade

India has lost sufficient trade because of failure to meet food safety standards. Different countries in the
past had rejected Indian products. To quote some examples, Furopean Community banned fish imports
from Gujarat, chilli exported from India was detained by Spain due to aflatoxin contamination. Indian
spices were detained by Italy and Germany for pesticide residues and microbial standard for shrimp
cost India nearly 58 metric tons. More than trade, human health is under threat due to physical, chemical
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and biological contaminants. For example, Polycyclic Aromatic Hydrocarbons {PAH’s) contamination
with copra and fish in the process of smoking caused carcinogenic and mutagenic effects on human.
Aflatoxin contamination in chilli and groundnut caused hepatic necrosis and hepatomes, Saimonelia
and E. coli 0157: H7 contamination in fruit juices caused deadful illness.

Theretore, TBT Agreement is intended to ensure that WTO Members do not use technical regulations
and standards as disguised measures to protect domestic industries from foreign competition. In
international trade law, health and environmental standards and regulations, labeling, symbols, packaging
and markings can be considered as technical barriers to trade. In the agrifood sector, the TBT Agreement
applies to all rules other than those specifically covered by the SPS Agreement. The TBT Agreement
does not permit requirements for the labeling of some products whereby “like products” remain unlabeled
(Article 2.1). For example, GM crop commodities that have been assessed and found 1o be “substantiaily
equivalent” to their conventional counterparts would be considered “like products,” and thus would not
require specific labeling, Critics of the WTO stance argue that “substantially equivalent” is an unacceptable
outcome of the risk assessment of GM products and assert that these products are not “like products™
for purposes of labeling, and in fact, can be subjected to labeling would not be viewed as a legitimate
objective within the context of the TBT Agreement.

In the present debate about health and safety, the “precautionary approach” is often opposed to a
“sound-science approach.” Varying perceptions about public health risks, different levels of acceptance
of them, divergent priorities, and dissimilar economic interests have driven countries to take quite opposite
positions in this field and have created acute tensions among them. International trade magnifies the
problem.

Relevance of SPS in agribusiness trade

The main goal of the SPS Agreement is to prevent SPS measures from having unnecessary negative
effects on international trade and from being misused for protectionist purposes. However, the agreement
fully recognizes the legitimate interest of countries in setting up rules to protect food safety and animal
and plant health, and in fact allows countries to give these objectives priority over trade, provided there
is a demonstrable scientific basis for their food safety and health requirements. The need for specialist
scientific or technical knowledge makes restrictions imposed for health and safety reasons much more
difficult to challenge than some other barriers to trade. While the requirement the SPS measures be
based on scientific evidence helps secure trade policy objectives, it is perceived by some environmental
and consumer protection groups in some developed and developing countries as a dangerous limitation
on the right of governments to take precautionary measures to protect their citizens and the environment
against risks that can have irreversible effects. Differences between “sound science” and the
“precautionary approach’ to health and safety are causing acute tensions among countries.

ITPM under the sponsorship of the Division of Agriculture Extension of ICAR secured the ability to
generate immediate strategies to process existing extension system to enter into the new platform of
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agri-business led extension service to meet SPS aspects of WTQ at the grassroots level within agri-
business, commodity and plantation sector.

The ultimate aim of this paper is to produce an accumulatory body, reliable knowledge, which enable us
to understand the role of trade/export in global food safety management. For decades, the service of
social and biological sciences had been providing insights to successful production based on the benefits
of obsessive focus on technology-led production. The underpinning of this success all along has been
to capitalize and improve production, productivity and profitability in the sector. The dominant motive
of trade/export is currently sniffing the edges of valuing time as a dimension of success, for food scenario
within global perspective to meet the demands of WTO-SPS-TBT agreements.

Research and devclopment priorities

The importance of SPS for patents is increasing, partly because of changes in the funding of R&D for
agribusiness. Until recently, agribusiness R&D was publicly funded. Research results were given to
farmers through extension services. The financial returns for publicity financed R&D into improved
farming productivity are high for both developing and developed countries. The U.S. economy, for
example, benefited from its long-term investment of US$134 million worth of support to international
wheat and rice research aimed at developing countries by up to US$14.7 billion, according to research
by the IPGRL

In theory, stronger SPS led 1PRs should encourage more research and development (R&D) in countries
where they exist, but there is “limited empirical evidence”, even in industrial countries, that IPRs protection
leads to increased investment in R&D. This is partly because of the difficulty of separating cause and
effect — IPRs may stimulate more investment, but countries and firms that invest more in R&D may
demand more protection in trade.

The Codex Alimentarius Commission, a U. N. body, complies agreed measures into the Codex
Alimentarius, the Codex Food Code (CFC).

Article 27, section 5 of TRIPS agreement on agriculture states that an invention in all
fields of technology is patentable if it is new, innovative and capable of industrial
application.

In India, a vicious circle of R&D and corporate sectors are exclusively working around patents of
products and processes, protection of seeds and disputes. The key features of IPR implications for
agricultural technology, especially in terms of “food safety” technology development, access and
profitization are limited.
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Features of SPS-IPR in agribusiness

The implementation of the new SPS Agreement has raised significant problems for developing countries.
Some result the lack of capacity to develop the institutional arrangements that permit them to meet their
SPS-related WTO commitments. Even if the capacity exists, these commitments are costly to implement:
standards, along with testing and certification, represent between 2 and 10 per cent of overall product
costs, which impose a burden on agriculture in the developing countnes.

Article 10.1 of the SPS Agreement says that “in the preparation and application of
sanitary and phytosanitary measures, Members shall take account of the special needs
of developing country Members and in particular of the least-developed country
Members” ]

A recent paper found that a 1998 European Commission regulation that raised the standards for the
minimum level for certain types of aflatoxin (a toxic substance found in foodstutfs and animal feed), to
levels higher than those required by the Codex Alimentarius (the food standards code) is estimated to
cost close to US$700 million in lost revenue to African groundnut exporters, many of them LDCs [1].

India has immense potcntial for trade / export agri-plantation and its products, the presence of plantation
crop-based disease and insects contamination is of cconomic importance and shall be eradicated/
controlled with appropriate patentable technology. The Agency recommends creation of “Disease
Free Controlled Zones™ in selccted areas of the country, to meet the WTO-SPS agreement that act as
a non-tanff barrier.

e For example, high priority in crop husbandry is contamination of microorganisms (e.g.,
ochratoxin, aflatoxin, efc), which is highly carcinogenic has truncated export.

» Generation and patterning of technology to prevent chemical residue in food sector is warranted.
The SPS standard should be formulated on par or equivalence with codex by R&D system in
India. .

» Inthe past, materials and machines werc produced to enhance productivity and quality rather
than food safety dimension. It is recommended that technology to patent food-engineering
design for Piperaceae must focus on food safety aspects.

It is difficult to argue against developed-country actions that aim to protect consumer health and safety.
But when such actions result in significant costs to developing-country exports, it would seem fair that
the developed countries to legally commit to take steps that will help the developing country to meet the
problem that the developed-country regulation has created. Under the agreement, WTO members are
encouraged to adopt international standards (where they exist), but may define even higher standards
provided these are based on a sound scientific risk assessment and do not discriminate against imports.
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Recognizing that a complete risk assessment may not possible in the short term because of scientific
uncertainty or the lack of sufficient evidence,

Article 5.7 of the SPS Agreement allows member countries to adopt temporary
restrictive measures.

In such cases, members are expected to seek the additional information required to complete a full risk
assessment within a reasonable period. Maintaining restrictive measures indeterminately in the absence
of scientific evidence of nisk solely for “precautionary” reasons is not allowed. The TBT Agreement is
intended to ensure that WTO members do not use technical regulations and standards as disguised
measures to protect domestic industrics from foreign competition.

Operational dimensions of SPS-IPR in Piperaeae trade

The features of future trade in agri-business solemnly depend upon identification of critical control
points (CCP) and patenting of cntical limits (CL) related to HACCP (1SQ:220003.

A Critical Control Point (CCP) is defined as “any point step or procedure at which control can be
applied and a food safety hazard can be prevented, eliminated (or) reduced to an acceptable level of
SPS™. The identification of critical control points is bascd upon the assessment of severity and likely
occurrence of hazards and upon what can be done to eliminate, prevent or reduce the hazards at a
process step. The selection of CCPs are made on the basts of

» Identified hazards (knowledge) and likely occurrence in relation to that constitutes unacceptable
contarnination

e Operations (know-how) to which the product is subjected to during processing and preparation,
and

¢ Intended use of the product.

It should be noted that a separate critical control point does not have to be designated for each hazard.
However, actions must be taken to ensure elimination, prevention or reduction of all identified hazards.
Examples of CCPs may include heating, chilling, formulation controf and its fimits. The steps to identify
critical control points are:

» Use decision tree approach to identify CCP
= Withthe help of experts verification of the control of all the identified hazards

¢ Develop parameters attached to CCPs
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There must be a column in hazard identification form where CCPs are identified. CCPs should be
identified numerically with a category qualifier “B”, “P” or “C” for biological, physical and chemical
respectively. For example, if the first CCP identified will control a biological hazard, it will be recorded
as CCP-1B. If the second CCP identified will control a chemical hazard, it will be recorded as CCP-
2C.Tfabiological and a chemical hazards are controlled at the same processing step, and this is the fifth
CCP, then the CCP number used will be CCP-5BC. This identification protocol was developed to
sequentially identify CCPs independent from process step numbering and readily inform the user of the
HACCP mode! which type(s) of hazard needs to be controlled at a particular process step.

Critical limits are defined as criteria that separate acceptability from unacceptability. A critical limit
represents those boundaries (technology) that are used to judge whether an operation is producing safe
products, Critical limits may be set for factors such as temperature, time (minimum time exposure),
physical product dimensions, water activity, moisture level, efc. These parameters, if maintained within
boundaries will confirm the safety of'the product.

Article 4 of SPS agreement encourages to give positive consideration to accepting as
equivalent the SPS measures of other WTO members.

The recognition of the equivalence of SPS measures through appropriate CL to Indian products with
appropriate patent would represent a key instrument to enhance WTO led market access to our products.
The Critical Control Points and Critical Limit must be specified and validated by the panel of scientific
body working in the area of Piperaceae with special reference to biological, chemical, physical and
genetic aspects. The examples of CCP and CL with reference to SPS is given below:

SL Areaof CCP CL

No. Operation (Know-how)  (Technology for IPR) Remarks

1. Chemical Hazard

Optimizing  ® Righttimeof ¢ Harvest pepper e An understanding on plant

MRL of harvesting after 12 days of protection measures and
quinalphosin ® Adoption of application of agronomic practices lo minimize
pepper* good agricultural  quinalphos 25FC residual level may be worked out
practices (GAP) to identify correct CCP/CL, and

related IPR

Optmizing e Righttime of e Harvestofbetel e An understanding on plant

MRL of - harvesting vine after 30 days protection measures and
mancozebin e Adoptionof of application of agronomic practices o minimize
Betel vine goodagricultural ~ mancozeb 75WP residual level may be worked out

practices (GAP) to identify correct CCP/CL and

related IPR(Agnihotri 1999)
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2. Biological hazard

Cleaning of
Spices

Drying of black

pepper
Control of

mould
formation

and its
mudtiphcation
during storage

3. Physical Hazard
Spices grinding
process (Iron
filing in the spice
powder)

Number of dead

insects and excreta

Moisture level

¢ Drying period &
periodic tuming
oflayers

¢ Optimum relative
humidity

¢ Optimizing store

house

environment

¢ Removal of iron
filing with metal
detector

Insects:

Pepper <2 excreta

mg/lb:

Optimum moisture
level <10%

Drying perioq 4-5
days with regular
fumings

Mechanical drying,
washing pepper by
hot water air at 90-
160°C

RH <80%

Critical limit for
number of dunnage
and ventilation umts
needs to be
identified based on
the capacity

<10ppm

¢ Insects live symbiotically with

micro organism for their digestion
and their excreta contain micro
organism which are toxic

It is important to exclude insect/
excreta before processing
{American Spice Trade Associ-
ation Specification 2001)

>10% of moisture level initiates
development of Aspergillus
flavus  and  Aspergillus
ochraceus which Jeads to

aflatoxin and ochrotoxi
respectively (IISR) (Dwarakanth
1989)

High moisture content (14%)
leads to sweat and damage
products during shipment
(Ishihara 2000)

Higher relative humidity (80%)
leads to the development of
Aspergillus  flavus and
Aspergillus ochraceus

>10 ppm for iron filings is
considered to be hazardous for
human consumption (K alyanar-
aman 2002) Use of metal
detectors GENIUS GLS tunnel
detectors for application in
conveyor belt systems and
GENIUS RZ tunnel detectors for
monitoring sectional and pressure
conveyor pipes (Makarand
Mandke 2002)
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Conclusion

The role of bio-social scientists inPiperaceae-business trade to manage global food safety scenario is
relatively a new concept involving the integration of social science and biological science of all the value
creation elements in agri-business development. This paper advocates a strategic approach in resolving
food-safety management in joint alliance between social, biological scientists and trade experts. The
study also proposes a model for the accountability of socio-biological scientists of Piperaceae in trade
related to production, supply and service. The ultimate goal of presentation is to make social science
discipline such as Extension, Sociology, Economics, Law & Trade, Commerce and Psychology disciplines
at the forefront in resolving food safety management issues. An important element of SPS guidelines in
the compliance with HACCP (I1S0:22000), HAZAP, GLOBALGAP, SQF, etc, a world class quality
management system for SPS will be discussed to encompass the entire food chain with a value on
“trade” for the benefit of consumers. In this context, conceptualizing a management system for trade on
food safety becomes essential. The conceptual framework to understand interrelationship between
SPS-WTOQ agreements and its associated activities of socio-biological sciences is illustrated in Figure
No.1. The model is proposed as a “sensitizing framework™, that is, as a way of seeing and thinking
which alerts the socio-biological scientists to altemative ways of understanding trade and hence managing
institutional innovations to meet WTO agreements with reference to SPS.

The prospects of identifying SPS, IPR and TBT related R&D will be up-coming hinge on how Indian
agri-business can take maximum advantage of the existing clauses of the WTO and to what extent it is
successful in amending some of the clauses are the thrust areas. Using modern biotechnology, plant
breeders are able to introduce specific genetic material taken from any species of plant, animal, or
microorganism, or created synthetically within the laboratory, into many different species of plants or
animals, to create transgenic-organisms. The “first generation™ of genetically modified (GM) products
has generally included crop plants with new input traits, such as pest resistance or herbicidal tolerance.
These have included insect- resistant varieties of maize, potato and cotton, containing a toxin-encoding
gene from strains of the bacterium Bacillus thuringiensis; plants with tolerance to broad-spectrum
herbicides, such as glyphosate (Round-up tolerant canola, maize, and soybean), and glufosinate
ammonium-tolerant canola, maize, rice and soybean; and plants, such as melon, papaya, potato, and
squash, with resistance to disease caused by specific plant viruses. In addition, there are a very few
products with modified quality traits, such as high-oleic acid canola and soybean, and delayed-softening
melon and tomato.

In international trade law health, environment, standards, regulations, efc. can be considered as TBT.
Therefore, SPS thus serve as a strict interpretation of the precautionary approach for generation of
“wholesome technology™ to protect human, animal & plant health and life. This paper calls for Piperaceae
commodity and agri-business strategies for the promotion of India’s Piperaceae export/trade and evokes
policy discussions and implications on SPS-TBT, IPR with special reference to management of food
safety in trade.
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Implications

Itis expected that over the coming years there will be newer of “patentable SPS food safety technology”
for trade. These next-generation products will include plants enhanced resistance to diseases caused
by fungal and viral pathogen,; agricuticles; improved tolerance to abiotic stresses such as heavy metal
contamination; improved nutritional quality or medicinal value; vehicles for delivery of oral vaccines and
therapeutics; factories for the production of pharmaceutical proteins; safety technology for food chain
from genomics to government and farms to super market to consumers. The SPS agreement sets out
the basic research, education and outreach for food safety and animal and plant health standards.
Although it allows individual countries to st their own standards, it demands that regulations be based on
science, and that be applied only to the extent necessary to protect human, animal, or plant life and health,

WTQ also mnstructs countries to enter into consultations with the aim of achieving bilateral and multilateral
agreements on recognition of the equivalence of specified sanitary and phytosanitary measures between
academic and industry partnership domain to enhance market access. It also instructs countries to
develop and document “CL” with the aim to achieving agreements of SPS and TBT.

Piperaceae -business Perspective

‘ + ' +
Sanitary and Phytosanitary Technical Barrierto Trade(TBT)  Ageement On Agriculture (AQA) Trade Related Aspects of Intellectual
(3P3) Property Rights (TRIPs)

Aim: Product must not be
hazardous (o consumer
health

Regulation: Microbial,
chemical and physical
contaminants must be
within the limit of codex,

Aim: Standardization in
packaging and handling
safety

Regulation: Standardiza-
tion in size. weight, shape,
material, labeling & safe
handling requirements for
the product,

>

Aim: Te discipline and
reduce domestic support

Regulation: Advantage of
the provisions under green
box, blue box and food
security box,

i

Aim: Provide most appro-
priate form of protection to
the knowledge

Regulation: Forms of IPRs
viz., patents, trademarks,
copyrights, efc.

Blue Box

Measures direct payment
for production limits progr-
amme and land set-aside
programme

Food Security Box
Availability, accessibility,
stability, safety and quality
aspects of food

Green Box

oriented

Covers agricultural support programme such as extension,
research, training, infrastructure, marketing, insurance,
income, regional assistant programme, efc. It does not
include price support to producer i.e., monthly service

V4

!

Awareness
Implementation
Regquirements
Impact

/

Fig 1. Conceptual framework to understand interrelationship of WTO-SPS-AOA-TBT-TRIPs
agreements and its implications for Piperaceae -business
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Extended summary

S 1 - Studies on genetic parameters of bush pepper plants of South Kerala

K Arya, Dijee Bastian, Vidha Francis & G Gayathri
Dept. of Plant Breeding & Genetics, Coflege of Agriculture, Vellavani, Thirivananthapuram, Kerala.

Introduction

Bush pepper cultivation is a method of growing pepper vines in the form of bush plants either in pots or on
the land using the plagiotropic fruiting branches. Itis a welcome alternative to the pepper vines as it has
greater potential for cultivation in homestead. The availability of berries throughout the year and less cost
of cultivation are added advantages of bush pepper cuitivation. It is gaining importance now adays as it is
handy in management and its multipurpose utility in urban horticulture.

Materials & methods

A study was conducted at College of Horticulture, Vellanikkara to find the suitability of different cultivars
of black pepper, cultivated in different parts of Kerala for growing as bush pepper it each location. The
popular cultivars such as Kottanadan, Panniyur !, Karuvilanchi, Thulasikodi, Narayakodi, Ramapuram,
Aimpiriyan, Vattamundi, Malamundi and some local cultivars from four districts namely, Thiruvananthapuram,
Kollam, Kottayam and Idukki formed the materials for this study. Three to five nodal cuttings were made
from one non woody lateral fruiting branches of healthy high yielding 8-10 year old pepper vines and one
node was dipped in IBA for 45 seconds for easy rooting and planted in poly bags kept in mist chamber.
After 45 days the rooted cuttings were transferred to pots and kept in shade houses. Observations were
taken on vegetative characters, The yield and yield contributing characters and data were subjected to
statistical analysis. Genetic parameters such as association analysis, genotypic and phenotypic coefficients of
variation, heritability and genetic advance were worked out.

Results & conclusion

In Thiruvananthapuram, the cultivars Karuvilanchi, Panniyur! and Kottanadan recorded the highest green
berry yield, whereas in Kollam, Aimpiriyan and Karuvilanchi gave high yield. The popular cultivar
Narayakodi and a local cultivar recorded the highest green berry yield in Kottayam. Vattamundi and
Malamundi recorded as high yielders in the high range zone of Kerala, 1dukki. The correlation analysis
with various characters revealed that green berry yield had highly significant positive correlation with all
the characters except drying percentage (0.6 and 0.8). Inter correlation among characters was found to
be highly significant for number of laterals with number of spikes, spike length, developed berries and
green and dry berry yield. The coefficient of variation both at genotypic (GCV) and phenotypic (PCV)
level showed low to high for all characters studied. The drying percentage showed the lowest GCV and
PCV, whereas rest of the characters exhibited high magnitude of variation at both levels. The maximum
magnitude of GCV and PCV were indicated by number of spikes, number of developed berries and spike
length (above 95%).The broad sense heritability values ranged from 65 to 99 percent. Maximum heritability
was observed for the characters number of spikes, developed berries and leaf number and minimum for
percentage of drying. The genetic advance expressed as percentage over mean ranged from 9.52- 38 %
{drying) to 65-96.88 % (number of berries/spike). High heritability coupled with high GA indicates that
the heritability is most likely due to additive gene action and selection may be effective for such characters.
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Extended summary

S 2 - Evaluation of pepper varieties in arecanut based cropping system under
Sub-Himalayan Terai Region

G C Acharya, A K Sif & S K Rizal
Central Plantation Crops Research Institute, Regional Station, Mohitnagar - 735102 West Bengual.

Introduction

Black pepper ( Piper nigrum), the king of spices is an important spice crop grown in India. In order to
fulfill the increasing demand of this crop, area expansion is one of the best options which can increase
the production of this crop. Rapid urbanization and industrialization forced us to increase the production
of the pepper without obligation to additional land for its cultivation. Since pepper requires a standard/
Support for its growth, it has been proved that besides Kerala and other Southern states, where it
grows profitably, it can be grown as well in Sub-Himalayan Terai Region of West Bengal and other
North Eastern states using arecanut and coconut as standards.

Materials & methods

A study was undertaken at CPCRI Research Centre, Mohitnagar with 14 varieties of black pepper
during 2004 to study the performance of the pepper under arecanut and to observe the disease incidence,
ifany. The experiment was carried out following a randomized block design with three replications. The
data on different yield characters and incidence of phyvtophthora wilt and other diseases were recorded
regularly.

Results & conclusion

The results indicate that maximum vine length (547.0 cm) was recorded in case of P-339 followed by
Panchami (524.6 cm). Maximum branches were produced by the variety P-24 (60.0) followed by
Pournami (40.5). Variety KS- 14 produced maximum number of spikes (182.8) per vine followed by
Panchami (134.5). So far no quick wilt disease incidence has been observed in any of the lines.

The number of berries per spike recorded was highest (55.40) in P-339 followed by Narayakodi
(47.40). Estimated drv pepper yield per vine recorded was maximum in the variety Chumala (265.2 g)
followed by KS-27(196.2 g). However, it may be noted that the yield data mentioned here was that of
the first vear.

An overview of the data and earlier records it is inferred that black pepper can be grown as a suitable
and profitable intercrop in arecanut garden in this part of the country.
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Extended summary

S 3 - Testing the fidelity of micro-propagated black pepper (Piper nigrum
L.) plants in the field using conventional and molecular markers

R Sujatha & P A Nazeem
Centre for Plant Biotechnology and Molecular Biology, College of Horticulture, Vellanikka-a, K
A U P Q), Thrissur - 680 656, Kerala.

Introduction

Variability available in black pepper (Piper nigrrum L.) was utilized in the development of around 12 high
yielding varieties. To overcome the paucity of planting materials, protocol for micro propagation has been
standardized. The real applicability of micropropagated plants would ultimately depend upon their genomic
integrity and the field performance compared to the clones produced through conventional methods. An
investigation was carried out to compare the field performance of micro clones with conventional clones
of black pepper at morphological, cytological and molecular level.

Materials & methods

Observations were recorded from a total of 58 vines developed from Panniyurl, Panniyur2, Panniyur4
and Subhakara, Morphological data were recorded for two consecutive years (52 vegetative traits, 30
qualitative and 22 quantitative). Range, mean, variance and coefficient of variation were worked out for
the biometrical traits and the data were subjected to Bartlett’s x*test of homogeneity of variances. Total
genomic DNA was extracted using modified CTAB method. For PCR, 60 random primers were screened
for pelymorphism out of which 11 were selected for varietal characterization and four for comparisen of
the clones.

Results & conclusion

All the clones were found conforming to the somatic chromosome number of the species, 2n=52.The
study revealed that morphologically the tissue culture derived clones (TC group) are more vigorous (fast
growth and early flowering) even when they confine to the genetic features of the variety at molecular
level, compared to the conventional clones {CC group). Bartlets’s %7 test of homogeneity showed that
for 17 out of 22 traits, within group variance was homogenous in both TC group and CC group. Comparison
between groups showed that, out of 17 traits mean values of TC group were significantly higher for 11
traits. Among the qualitative characters, leaf shape, leaf base, colour of tender growing regions, thickness
of orthotrope and clinging ability of adventitious roots showed marked difference.

The RAPD profile revealed the true to type nature of microclones. A total of 89 DNA amplification
products were generated with the number of bands per primer ranging from 5 to 9 and an average of
6.85. The RAPD products generated by each of the four decamer primer gave characteristic pattern for
each variety with highest number of bands produced by Panniyur 4 followed by Panniyur 1. Genetic
diversity analysis of the marker data of the varieties showed that Panniyur 1 and Panniyur 2 had maximum
similarity {GD = 0.1) foliowed by Panniyur4 and Subhakara (GD = 0.21). Panniyur 2 and Subhakara
were widely separated with maximum genetic distance (GD = 0.38). The genetic distance between
Panniyurl and Subhakara (0.36) was only slightly lesser than that between Panniyur 2 and Subhakara
whereas Panniyur 1 and Panniyur 4 were closer (GD = 0.31). Micro propagation in combination with
RAPD for checking the conformity was found to be a reliable and easy tool for large-scale multiplication
of elite varieties in black pepper.
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Exteﬁded summary

S 4 - Performance of black pepper (Pipir nigrum L.) varieties/hybrids as
mixed crop in coconut garden

H P Maheswarappa, D V Srinivasa Reddy, P Subramanian, R Dhanapal & V¥ Krishna Kumar
Central Plantation Crops Research Institute, Kasaragod, Kerala.
E-mail: maheshcpcerii@gmail.com

Introduction

Black pepper (Piper nigrum L.) is raised exclusively as mixed crop in homestead gardens in Kerala
and Karnataka and over 90 per cent is trained on coconut and arecanut trunks. In recent days, many
new pepper varieties/hybrids have been developed in the country and hence field screening of these
varieties as mixed crops in coconut garden is necessary 1o assess the performance in terms of yield and
quality. In view of'this, a field experiment was undertaken at CPCRI, Kasaragod to study the performance
of different varieties as mixed crop in coconut garden under irrigated condition.

Materials & methods

The experiment was laid out in RBD with 16 black pepper varietics/hybrids viz. Panniyur-1, Panniyur-
2, Panniyur-3, Panniyur-4, Panniyur-5, Sreckara, Subhakara, Panchami, Kottanadan, HP-780, HP-
105, HP-1411, HP-813, HP-34, OPKM and Collection 1041, as mixed crop in coconut garden aged
about 30 years. There were three replications, with the plot size of 4 palms (4 pepper vines) per
treatment. The rooted cuttings were planted | m away from the bole of coconut in North-East direction.
The crops were managed with the application of recommended dose of fertilizers in two splits along
with integrated disease management approaches involving application of fungicide and bioagents blended
with neemcake. The garden was drip irrigated with 27 to 35 lit of water per palm (vine) per day.
Growth and yield obscrvations were recorded from all the vines, mean was worked out and subjected
to statistical analysis. :

Results & conclusion

In general wilt diseasc incidence was observed in Pannuyur-2, 3, Kottanadan, OPKM, HP 34 and HP
813 varieties’hybrids. The growth observations recorded during December 2007 indicated that, height
of the vines differed significantly among the treatments, and collection 1041 recorded maximum height
(5.2 m) followed by HP 105 (5.1 m). The lowest height was recorded in HP 34 (2.9 m). Number of
laterals (in 1 m column height) differed significantly and collection 1041 recorded significantly higher
number of laterals (56.6) and significantly lowest was recorded in HP 105 hybrid (15.06). The dry
pepper vield obtained during 2006-07 was significantly higher in collection 1041 (1.1 kg/vine) followed
by Panchami (0.82 kg/vine) and HP 813 (0.78 kg/vine). OPKM variety recorded significantly lowest
vield (0.25 kg/vine). From the preliminary data on growth and yield of different varieties, it can be
derived that, varieties like collection 1041, Panchami, Sreekara, HP 813, Panniyur | and 4 were found
to perform well in the coconut garden. The trial has 1o be tested for some more years before we obtain
final conclusion.
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Extended summary

S 5 - Growth and yield of bush pepper varieties in coconut garden under
partially shaded conditions

V S Sujatha, K M Amrutha & E V Nybe
College of Horticulture, Kerala Agricultural University, Vellanikkara, KAU (PO),
Thrissur - 680 636, Kerdla.

Introduction

Bush pepper is a novel idea of growing black pepper, as bushy plant that requires no support. Harvesting
is easy in bush pepper because of low vertical growth. Higher plant population per hectare and low
harvesting costs compensate for low per plant yield. A study was initiated to find out the suitability of
different released varieties to grow as bush pepper in the partially shaded cordition of coconut garden.

Materials & methods

Bush pepper of ten released varieties of pepper viz. Panniyur 1, Panniyur 2, Panniyur 3, Panniyur 4,
Panniyur 5, Panniyur 6, Sreekara, Subhakara, Panchami and Pournami were planted in partially shaded
conditions of coconut garden in 2005 at a spacing of 2 m x 2 m.The experiment was designed in RBD
with three replications having four plants/replication. Observations were made on establishment, growth,
yield and yield contributing characters.

Results & conclusion

Casualties were very low in Panniyur 3 and Pournami (<10%), low in Panniyur 2, Panniyur 4 and Panniyur
5 (10-20 %), medium in Panniyur 6, Panchami and Panniyur 1 (20-35%) and high in Sreekara and Subhakara
(> 50%).

Observations on height and spread were recorded three years after planting in 2008. Variety Panniyur 3
was the tallest with a mean height of 67 cm. Panniyur 2 and Panniyur 5 showed height above 50 cm.
Other varieties had height below 40 cm. Spread was maximum for Panniyur 5 (139.2 cm). Other varieties
with good spread of plants were Panniyur 2, Panniyur [, Panniyur 3 and Pournami (> 100 cm). Karimunda
selections, viz., Sreekara and Subhakara were least spreading. Number of laterals was highest in Panniyur
5 followed by Panniyur 3.

Allthe varieties started yielding in the first year itself. However, the yield varied from 7-17 g (fresh).
The yield increased through second to third year. Subhakara and Panchami were poorest yielders. High
yield was recorded in Panniyur 5 (1 kg), Panniyur 2 (647g) and Pournami (520 g). Highest per plant yield
was recorded in Panniyur 2 (2652 g fresh).

Spike length was maximum for Panniyur 5, foliowed by Panniyur 1 and Panniyur 3. Hundred berry weight
and volume were maximum for Panniyur 2 and Panniyur 3. Driage of varieties ranged from 31.2- 36.9
per cent. Preliminary observations indicate that varieties Panniyur 5, Panniyur 2 and Pournami are best
suited for growing as bush pepper in coconut garden.
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Extended summary

S 6 - Varietal variability in the rooting of cuttings in Piper nigrum L.

V 8§ Sujatha & E V Nybe
College of Horticulture, Kerala Agricultural University, Vellanikkara, KAU (PO),
Thrissur-680 636, Kerala.

Introduction

Black pepper (Piper nigrum) the king of spices is commercially propagated though rooted cuttings. In
large scale nursery programmes, proper tooting of cuttings is very important. A study was conducted
to find out whether improved varieties differ in their ability to root and establish. The influence of IBA
in the rooting of different varieties of pepper was also evaluated.

Materials & methods

Five released varietics of pepper, namely Panniyur 1, Panniyur 2, Panniyur 3, Panniyur 4, and Panniyur
5 were used in the study. Two nodded semi-hardwood cuttings were planted after treatment with 1000
ppm IBA for 45 seconds and without IBA treatment. Five hundred cuttings were planted in each
variety under each treatment. Uniform potting mixture consisting of 1:1:1 river sand, farm yard manure
and garden soil was used for planting cuttings. Ten cuttings each were selected atrandom per variety
per treatment, after one, two and three months after planting. The cuttings were collected without
damaging the roots and observations were made on number of primary roots, length of primary roots
and number of secondary roots. The experiment was repeated for three years.

Results & conclusion

Atone, two and three months after planting, Panniyur 1 showed least number of primary roots and was
significantly lower than Panniyur 2 and Panniyur 5. IBA treatment did not influence the number of
primary roots developed. Intervarietal variation was less for length of primary roots except for a few
significant variations, which were not consistent over time. [BA treatment did not show influence on
length of primary roots.

Variety Panniyur 1 had the lowest number of secondary roots compared to other varieties. Atone
month after planting, difference in the number of secondary roots was not significant among varieties.
However, at two months after planting, Panniyur 1 had significantly less number of secondary roots
compared to Panniyur 5. At three months after planting, Panniyur 3, Panniyur 4 and Panniyur 5 had
significantly more number of secondary roots compared to Panniyur 1.

Thus it can be seen that in variety Panniyur 1, root production was significantly lower compared to
other varieties. IBA treatment did not have any significant positive influence on rooting of pepper.
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Abstract

S 7 - Studies on the effect of different spacings on yield and quality of pepper
cv. Panniyur 1

J Prem Joshua, T Thangaselvabai, R Richard Kennedy & M Jayasekhar
Horticultural Research Station, Tamil Nadu Agricultural University, Pechiparai - 629 161,
Tamil Nadu.

Abstract

Black pepper (Piper nigrum L.) is one of the oldest and most important spices widely used for culinary
and medicinal purposes. It accounts for over 35 per cent of export earnings among spices. Itis
cultivated in an area of 1,74,000 ha in India. Normally, pepper vines are trained on arecanut, coconut
and forest trees and no proper spacing is followed. As a pure crop, it is trained on Erythrina indica. A
spacing trial was conducted to standardize the optimum spacing for pepper cv. Panniyur 1. The
experiment was conducted at Horticultural Research Station, Pechiparai during 1997 to 2004 with five
spacing treatments, 2 x 2 m (control); 2.5x2.5m; 3 x 3 m; 3.5x 3.5 mand 4 x 4 m. The results of the
study revealed that 3 x 3 m spacing recorded the highest yield of 2.56 kg of dry pepper per vine.
Control registered dry pepper yield of 0.730 kg/vine.
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Abstract

S 8 - Evaluation of suitable standards for higher production of black pepper
cv. Panniyur 1 under high rainfall zone of Kanyakumari District

R Richard Kennedy, R Swarna Piria, J Prem Joshua & M Jayasekhar
Horticultural Research Station, Tamil Nadu Agricultural University, Pechiparai - 629 161,
Tamil Nadu.

Abstract

Pepper is the most remunerative crop under rubber based cropping system in the high rainfall zone of
Kanyakumari District. Besides the regular cropping season, it gives an off season crop during the
month of April-May. Owing to the fact, the area under black pepper is getting expanded. So far the
pepper vines are trained normally in Erythrina standards. Of late, due to the severe out-break of gall
wasp ( Quadrastichus erythrinae) in this tract, the standards gets devastated in an alarming manner.
As aresult, the vines along the support gets toppled due to the death of the standards. Hence, pepper
cultivation is facing a gradual decline.

In order to revive the declining trend in black pepper, an experiment was conducted at Horticultural
Research Station, Pechiparai to find out a suitable and alternate standard for black pepper. The native
standards such as Thespesea populanea, Gliricidia maculata, Leucana leucocephala, Delonix
regia, Delonix alata, Erythrina lithosperma (dadaps), Physonia alba, Moringa olefera (perrcnial
moringa), Muntingia calabra (Singapore cherry) were planted and the vines were trained. The results
revealed that among the standards, the vines trained on Thespesia populnea, exhibited vigorous growth,
higher productive laterals, increased biomass and more yield/unit area.
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S 9 - Influence of standards on the growth and yield of black pepper (Piper
nigrum L.)

C M Manjusha & V 8 Sujatha
Department of Planmation Crops & Spices, College of Horticulture, Thrissur - 680 656, Kerala.

Introduction

Black pepper (Piper nigrum L..), known as the king of spices, is the most important and most widely used
spice in the world. One of the major reasons for low productivity of black pepper in [ndia is the use of
undesirable standard or support. The effect of different standards on pepper with respect to rhizosphere
characteristics, nutrient uptake, growth, yield and quality of pepper will give an idea about the most ideal
standards for trailing pepper which have the least root and shoot level competition with pepper. With this
objective an investigation was undertaken to study the effect of different standards on growth and yield
of black pepper.

Materials & methods

The experiment was conducted at the College of Horticulture, Vellanikkara, Thrissur, Kerala, (10°32°N,
76°13’E: and 22.5 M above mean sea level). All the selected plants received uniform management practices
as per the package of practice recommendations. Ten year old vines of black pepper var. Panniyur-1
trailed on different standards were evaluated in a completely randomized design with 3 replications. The
standards used for the study were Acacia mangium Willd.; Ailanthes triphysa (Dennst.) Alston; Areca
catechu L.; Arfocarpus heterophyllus Lamk.; Azadirachia indica A. Juss.; Bombax malabaricum
DC.; Caesalpinia sappan L.; Cocos nucifera L.; Erythrina indica (Lamk.); Garuga pinnata Roxb.;
Gliricidia sepium (Jack.) Kunth; Grevillea robusta A.Cunn; Leucaena leucocephala {Lamk.) de Wit;
Movinga oleifera Lamk: Pajanelia longifolia (Willd) k.Schum; Thespesia populnea Soland ex.Correa
and teak pole. Major growth attributes of black pepper namely height of bearing column, canopy spread,
spike and berry characters and yield were recorded.

Results & conclusions

There was significant variation in the height of bearing column of pepper, spread at chest height, number
of laterals per 0.25 m?, number of spikes per 0.25 m? and green berry vield among various treatments,
Height of bearing column of pepper was maximum (7.83 m) when trailed on coconut followed by
Artocarpus (6.67 m). It ranged from 5.81 to 6.62 m when Acacia, arecanut, Azadirachta, Grevillea
and Pajanelia were used as the standards. Coconut followed by jack and Ailanthes were the superior
standards with respect to yield of pepper and belonged to the high yield group with a green berry yield of
9.25,7.14 and 6.83 kg per vine respectively. Mcdium yield group included pepper trailed on standards
such as Grevillea, Garuga, Acacia, Azadirachta, Pajanelia, Thespesia, Bombax, Gliricidia,
Ervthrinag, Caesalpinia and teak pole. The standards found inferior with respect to yield of pepper were
arecanut, Leucaena and Moringa. Yield was low due to the lesser spread of vine around the palm and
lesser number of laterals per 0.25 m?.
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S 10 -A study on latitudinal variation of essential oil from Piper nigrum leaves

G R Asish, Utpaia Parthasarathy, T M Vipin & KV Saji
Indian Institute of Spices Research, Calicut- 673 012, Kerala.

Introduction

Essential oils have been used for flavoring, incense and medicinal purposes for many centuries, but its
systematic study has started only now. Among the many areas of systematic studies the usefulness is
prominent in, studies of taxonomy, geographic variation and intra species diversity. It has been found
that the total amount of il produced by the plant may be influenced by various environmental factors,
but the total constituents is much more stable, and is more suitable for systematic studies. In thisstudy
an attempt was made to study the latitudinal variation of essential o1l from black pepper leaves.

Material & methods

Essential oil was extracted from fresh P. nigrum leaves collected from different location of Western
Ghats by hydro distillation using Clevenger trap method. The oil was analyzed using a Shimadzu GC-
2010 gas chromatograph equipped with QP 2010 mass spectrometer using RTX -5 columns. The
carrier gas used was helium with a flow rate of 1.0 ml/min. The injection port was maintained at 250°C;
the detector temperature was 220°C; the oven was programmed as follows; 70° C for 5 minutes and
then increased to 110°C at the rate of 5°C/ min, then up to 200°C at the rate of 3°C/ min again up to
220°C at the rate of 5°C/min, and was maintained for 5 minutes at 220°C. The constituents of the oil
were identified by matching the mass spectral data with those stored in NIST and Wiley libraries and
wherever possible, by co-injection with authentic standards.

Resnlts & conclusion

All the major constituents of essential o1l were identified through GCMS analysis. A very clear latitudinal
variation was noticed. Nerolidol and a- seline were present only in lower latitudes from 9°to 12 °.
Nerolidol was absent in samples where myristicin was present. Caryophyllene, acommon component
of pepper was absent in some samples from Karwar. Pinene which is a common component of berry
oil was present only in specific locations and in the higher latitudes. No latitudinal preference was
noticed for a- elemene which was present in seven out of ten locations. Safrole was found only in
Maharashtra and Goa collections which are located at higher latitudes. Sabinene also was noticed in
two locations where myristicin was noticed but not nerolidol. In conclusion, the above study showed
that the essential oil composition of black pepper has clear latitudinal intra species diversity.
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S 11 -Sulphate of potash (SOP) as potassium source for increasing nutrient
availability, yield, quality and profitability of black pepper

Y Srinivasan, K Kandiannan & S Hamza
Indian Institute of Spices Research, Calicut - 673 (12, Kerala.

Introduction

Low productivity black pepper in India is attributed to the poor seil nutrient status and inadequate nutrient
supply and management. Sulphate of potash (SOP), a mined product of potassic fertilizer, is organic in
origin and can be exploited as a component in crop nutrition.

Materials & methods

In this context, experiment on evaluating the efficacy of sulphate of potash as an effective source of K
on black pepper was undertaken during 2004-2007 as field experiment at Kannur (Kerala) and Coorg
{Karnataka) districts with nine treatment combinations of T, Control / Check (K ), T, Recommended K
as MOP (K ), T, - Rec K as SOP (K ), T, - 125 % of Rec. K as SOP (K,), T, T, + SOP 2 % Foliar
Spray, T, 50 % of Rec K as SOP (K,) + SOP 2 % Foliar Spray, T,: 50 % of Rec K as SOP (K,), T, - T,
+ Mg @ 25 kg / ha as Mg SO, and T_- T, + Mg @ 25 kg / ha as Mg SO, laid out in a randomized block
design with three replications.

Results & conclusion

At Kannur, the mean soil nutrient status of three years showed that 25% higher recommended K as SOP
recorded significantly the highest concentration of soil organic carbon, K, Ca, §, Zn and Cu. There was
a significant reduction in soil pH, OC, Ca, Mg, Mn, § and Zn contents in the subsequent years of
experimentation which might be due to the crop uptake. At Coorg, the continuous application showed a
significant increase of all the major, secondary and micronutrients in the third year as compared to the
initial years. The soil K, Ca and Zn contents showed gradual increase over years with the highest buildup
in the third year and that of S was maintained over years. When pooled over locations, exchangeable K
and non exchangeable K showed signifieant buildup over years with a corresponding decrease in mineral
K and total K in the third year. The mean yield at Kannur did not show significant variation due to
trcatments. At Coorg, significantly highest mean fresh vield of 2.74 kg/vine was obtained for the treatment
recommended K as SOP + 2% foliar spray on par with 50% of the recommended K as SOP and
recommended K as SOP + MgSO,. The treatment with recommended K as SOP + foliar spray and 50%
of recommended K as SOP recorded significantly highest piperine followcd by recommended K as MOP
+ Mg80,. In case of oleoresin content significantly highest content of 9.07% was recorded in
recommended K as SOP + 2% foliar spray followed by 50% of the recommended K as SOP and
recommended K as MOP + MgSO, which were on par with other treatments.

The net return and benefit cost was found high in MOP treatment (1.72) followed by 50% of recommended
K as SOP (1.59). But when we consider a premium price (20% higher) for the SOP treatments, then
recommended K or 50% of it as SOP with or without foliar spray recorded higher net returns and B: C
ratio (1.73-2.10) as that of MOP treatment.
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S 12 -Application of Azospirillum and nutrients on yield, quality and economics of black
pepper (Piper nigrum L.)

C K Thankamani, M S Madan, V Srinivasan, K S Krishnamurthy & K Kandiannan
Indian Institute of Spices Research, Calicut - 673 012, Kerala.

Introduction

The increasing cost of chemical fertilizers, the growing environment concern and energy crisis have
created considerable interest for search of alternative sources of plant nutrients. Nitrogen fixing bacteria
belonging to the genus Azospirilium is known to increase the yield of crops by 5 to 20 % with saving
of nitrogen up to 40 % of recommended dose. In the present study an attempt was made to test the
influence of Azospirillum on yield, quality and economics of black pepper.

Materials & methods

The experiment was conducted at Indian Institute of Spices Research, experimental farm, Peruvannarnuzhi
during 2001-2006 using the variety Subhakara. The experiment was conducted in split plot design,
with four replications. Treatments with and without Azospirillum formed the main plot. There were six
sub plot treatments viz., 1. FYM 10kg alone, 2. Azospirillum, 3. Inorganic nitrogen (50%) + 10kg
I'YM, 4. Inorganic nitrogen (50%) + zinc, boron, molybdenum, 5. Inorganic nitrogen 50% + magnesium
and 6. NPK alone. Six month old black pepper plants were planted in the basins of support tree
Ailanthes sp. during 2001, Efficient strain of Azospirillum isolated from black pepper garden of
experimental farm was multiplied in agar medium under laboratory conditions. The inoculum was
mixed with FYM to get a final inoculum potential of 10 * cfu/g and applied to the plants twice during
May and October in a year. Chemical fertilizers were given in two splits, June and October as per the
treatments. The plants were irrigated during summer months and plant protection measures were given
as per the package of practice recommendations of Indian Institute of Spices Research (IISR), Calicut.

Results & conclusion

Yield was significantly higher in plots in which Azospirillum was applied. During 2004-2005, maximum
yield (1590g/pl) was recorded by the treatment inorganic nitrogen 50%+ Mg followed by inorganic
nitrogen 50%+ Zn+B+M. During 2005-2006, yield was slightly higher and the same treatment recorded
maximum yicld (1741g/pl) followed by application of NPK alone (1442g/pl). Interaction effect was
significant during both the years. Effect of Azospirillum application had no effect on quality parameters
(oleoresin and piperine) of biack pepper. Economics worked out for the two sets of the treatments
shown that inorganic nitrogen 50% + magnesium along with Azospirillum recorded maximum gross
and net return in both the years. The treatment earned a maximum net return of Rs. 39,548/ha when
Azospirillum was included as an added input. Benefit -cost (B: C) ratio (1.9) was also higher in this
treatment which was followed by application of NPK alone (1.3). Thus the treatment of inorganic
nitrogen 50%-+ magnesium emerged as the best alternative technology to boost black pepper yield.
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S 13 -Organic farming in black pepper

Hemant G Hegde' & M S Lokesh?
!Krishi Vigyan Kendra, Sirsi — 581 401, Uttara Kannada, K irnataka
YAgricultural Research Station (Pepper), Sirsi - 581 401, U tara Kannada, Karnataka.

Introduction

In Uttara Kannada which 1s situated in upper region of Western Ghats, black pepper ts mainly cultivated
in moist valleys as mixed multistoried crop in arecanut plantations wherein arecanut palms serve as live
standards for training black pepper. There is vast demand in the international market for organic spices
specially for black pepper. Several kinds of organic manures viz., farmyard manure, compost, organic
cakes like neent cake releases organic ions during decomposition of organic matter and forms complexes
with Fe and A}, thereby preventing P fixation and making more P available to the plants. There is less
information on cultivation of black pepper with available natura! resources to fit in organic farming.
Hence an attempt was made to study organic cultivation of black pepper with use of burnt earth
{smoked earth), vermicompost, Azospirillum and farm yard manure (FYM).

Materials & methods

A field experiment was carried using burnt earth, vermicompost, Azospirillum, and farm yard manure
and their combinations. The trial was conducted in farmers field (having a history of organic farming) in
Shigehalli, Uttara Kannada, Kamataka in arecanut garden from 2000-01 to 2004-05. Black pepper
vines of uniform growth were selected for the experiment. There were five treatments viz., FYM 10 kg/
vine, vermicompost 10 kg/vine, FYM 10 kg + bumt earth 10 kg/vine, FYM 10 kg + Azospiritium 50
g/vine and FYM 10 Kg + leaf manure 10 kg (local practice of farmers). P and K nutrients were
supplemented in the form of rock phosphate (220 g) and wood ash (2 kg) which were common to all
treatments. There were six vines/ treatment of variety Panniyur 1 replicated five times. The treatments
were imposed during first week ot June. The observation on fresh yield was considered for analyzing
the data.

Results & conclusion

The data revealed that application of burnt earth along with FYM produced significantly highest fresh
berry yield of 6.74 kg/vine during first year as compared to the other treatments. The remaining treatments
were at par. Similar trend was recorded where burnt earth with FYM application to vines resulted in
significantly higher yield (6.52, 5.94, 6.20 and 6.75 kg/vine) during all the five years. The pooled data
of five years revealed that fresh berry yield obtained in treatment consisting of FYM 10 kg and burnt
earth 10kg /vine was significantly highest (6.43 kg/vine, fresh berry yield) over all the treatments. The
C:B ratio revealed that benefits obtained was 1:4.17 which was higher than any of the other treatments.
Hence, the practice of application of burnt earth could form a profitable method of manuring of black
pepper to obtain higher and sustainable yields.
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S 14 -Impact of pre monsoon showers on black pepper spike setting in coffee
based cropping system in Kodagu District, Karnataka

S J Ankegowda, M N Venugopal & K S Krishnamurthy*

Indian Institute of Spices Research, Cardamom Research Centre, Madikeri-371 201, Karnataka.
*Indian Institute of Spices Research, Calicut - 673 012, Kerala.

Email: gowda(@spices.res.in

Introduction

In Karnataka black pepper (Piper nigrum L.) is grown as a mixed crop in Kodagu, Chikmagalur and
Hassan districts. The performance of the varieties depend on local climatic conditions, management
methods and pest and disease complex. In hilly regions crop failure due to spike shedding and anthracnose
infection has been reported. Due to delayed monsoon the black pepper was not yielding in many plantations
from last few years. The objective here was to study the influence of early rains and management
practices on black pepper spike production and setting in coffee based cropping systems in Kodagu
District, Karnataka.

Materials & methods

The survey was conducted to study the rainfall pattern and black pepper setting in coffee mix cropped
with black pepper based cropping system in Kodagu District. The rainfall received in different zone was
collected from planter’s field and recorded the spike emergence and setting in different region in Kodagu
in different cropping systems like Rubosta coffee and Arabica coffee with black pepper. Number of
spike per 0.5m7, spike length, bisexual flower status and shade levels were recorded.

Results & eonclusion

Total rainfall received in pre monsoon (March — May) ranged from 156.5-456.6 mm. The area received
continuous rainfall in March-May, new leaves and spikes emerged early and crop setting is significantly
better (Hebbettageri, Virajpet, Anandapur, Suntikoppa, Pollibetta) compared to the area that received
rains only in March followed by less rains (Kutta, Somwarpet). Intensity of spiking varied between
Arabica and Robusta coffee. In Robusta coffee due to better light availability the vine produced spike
in June and uniform setting (35.7 per 0.5m? 15.2cm spike length). In Arabica, 11.13 spike per 0.5m? was
recorded with spike length of 12.5cm, due 1o higher shade 50 % of spike emerged in June. Makandur
zone (near to Madikert) black pepper crop was failed from last 6-8 years due to delayed rainfall, mist,
cloudy condition in May, anthracnose incidence, spike shedding and late production of spikes. This year
due to March rains crop setting was significantly better in this zone. New leaves and spikes emerged
early, setting was good and anthracnose incidence was also less and spike shedding was nil. In Kutta,
even though early rains were received in March, it was followed by dry spell and hence black pepper did
not produce spike in June, new leaves and spikes are emerged in August, spikes are not dropped but
recorded partial setting of berries.

The data clearly indicated that March, April and May rains had positive impact on black pepper production
in Kodagu District in Rubosta coffee and shade regulated Arabica coffee mix cropped with black pepper
in Karnataka.
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S 15 -Impact of basin irrigation on black pepper production in coffee based
cropping system in Kodagu District, Karnataka

S JAnkegowda, M N Venugopal, K S Krishnamurthy* & M Anandaraj*

Indian Institute of Spices Research, Cardamom Research Centre, Madikeri-371 201, Karnataka
*Indian Institute of Spices Research, Calicut - 673 0012, Kerala.

Email: gowda@spices.res.in

Introduction

The mixed crop of coffee and black pepper is a common practice in many coffee growing regions. The
performance ofthe varieties depends on |ocal climatic conditions, management methods, pest and disease
complex of that area. Due to delayed monsoon and moisture stress the popular released varieties like
Panniyur-1 does not yield in misty, cloudy, high altitude coffee based cropping systems. The possibility of
promoting early spiking and production in Panniyur-1 through basin irrigation in pre and early monsoon
period was tested in two hot spots of spike shedding.

Materials & methods

The experiments were conducted in misty area in coffee based cropping system in Kodagu District
during 2003-04 cropping season in two farmers plantations (Sandalkad estate in Boikeri and Fair field
estate, Hosakeri) in Kodagu District, Karnataka, The pepper was trained on silver oak (Grevillea robusta)
and palwan (Erythrina sp.). The area was divided into two blocks one irrigated and another rain fed.
The basal irrigation with hose (@ 50-60 litres was given after harvest from March 15th onwards once in
15 days up to May 15", Shade was regulated in April in both blocks. The number of spikes per m?,
number of lateral per m? and number of leaves per m* were recorded at end of cropping season. The time
of emergence of spike, spike shedding and anthracnose incidence were monitored May onwards. In both
the blocks recommended package of practices for coffee + pepper cropping system was followed.

Results & conclusion

Significant difference in number of spikes per m? was observed between the treatments in both plantations.
In Sandalkad estate 163.7 spikes/m?, spike length of 15.33 cm and 108.5 berries per spike were recorded
in irrigated treatment compared to 40.7 spikes/m?, 11.5 cm spike length, 47 berries per spike in rain fed
treatment . Where as number of laterals and number of spikes per m? were same in both treatments. In
Hosakeri, 231.46 spikes/m?, spike length of 18.75 cm and 126.33 berries per spike in irrigated treatment
and in rain fed treatment, 52.85 spikes per m?, 14.46 cm spike length and 28.84 berries per spike were observed.

This data clearly indicated that basal irrigation of pepper vine during March-May and shade regulation in
April help in carly initiation of spike and good setting. In a year of pre monsoon failure black pepper need
to be irrigated in summer to harvest good crop in high altitude in coffee based cropping system where
black pepper is a mixed crop.
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S 16 -Integrated disease management of Phytophthora foot rot of black
pepper

S Shashidhara, M S Lokesh, S Lingaraju & M G Palakshappa

Agricultural Research Station (Pepper), Sirsi- 581 401, Uttara Kannada, University of Agricultural
Sciences, Dharwad, Karrataka.

E mail: lokeshsirsi@rediffmail.com

Introduction

Foot rot of black pepper caused by Phytophthora capsici is a very imporiant disease that affects the
sustainable production of black pepper not only in Kamnataka but in other parts of country as well. No
single method is effective against this disease, hence a study was initiated to manage the Phytophthora
with integration of all possible methods of control.

Materials & methods

A field experiment on management of foot rot of black pepper was carried out by using chemicals,
biological agents and plant product like neem cake in a farmer’s garden at Hosabale village, Sirsi taluk
of Uttara Kannada District of Karnataka during 2006-07. The treatments included fungicides, bioagents
alone and their combinations. In each treatment, 20 pepper vines were selected. The treatments were
taken as pre monsoon and peak monsoon applications, in May-June and in the month of August-
September respectively.

Results & conclusion

The results revealed that metalaxyl MZ 72 WP (Ridomi! MZ 72 WP) (0.125 %) as spray and drench
in combination with Trichoderma harzianum and Pseudomonas fluorescens along with neem cake
application was most effective followed by potassium phosphonate (0.3 %) application along with 70
harzianum, P fluorescens and neem cake application. Copper hydroxide (0.2 %) was found least
effective when applied as spray and drench followed by soil application of 7. Aarzianum, P, fluorescens
and foliar spray of P fluorescens.
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S 17 -Endogenous movement of Pseudomonas aeruginosa IISRBP35 in Piper
nigrum L. yvis-a-vis its density and duration dependent protection
against Phytophthora capsici infection

A Kumar, R. Aravind, A S Rajina, T Joseph, V Aol*hya, S J Eapen & V Vipina
Indian Institute of Spices Research, Calicut-673012, Kerala.
E-mail: kumar@spices.res.in

Introduction

Plant associated endophytic bacteria have been reported to control plant diseases. Black pepper (Piper
nigrum L.) associated endophytic bacterium, Pseudomonas aeruginosa IISRBP35 (F. aeruginosa
EF568931, MTCC5410) inhibited the mycelial growth of Phytophthora capsici in vitro and prevented
rot on nodal stem cuttings of black pepper. The dynamics of rot prevention by P. geruginosa IISRBP35
and relationship among the population size of bacterial antagonists in bacterial suspension, duration of
bacterial treatment and the Phytophthora suppression were investigated.

Materials & methods

Optimization of minimum density of bacterial cells and the minimum duration of bacterial treatment
{bacterization) required for suppression of P. capsici rot was performed as described by Dinu et al.
(2007). Briefly the stem cuttings after bacterization were partitioned and assayed. The qualitative and
quantitative assay of the endophytic population of the bacterium in the bacterized stem cutting was
determined by serial dilution plating and was confirmed using PCR based method using P aeruginosa
specific oligoprimers. Endophytic movement of the bacterium was tracked by plate and PCR assay of
extract from tissues excised from three nodal stem cuttings or rooted cuttings periodically.

Results & conclusion

Effect of varying density of Pseudomonas aeruginosa 1ISRBP35 and varying duration of bacterial
treatment on nodal stem cuttings and rooted cuttings of black pepper were determined. Significant rot
suppression was observed when the shoots were dipped in cell suspension of P. aeruginosa for 15-20
minutes at cell densities ranged from 10'2-10'%cells mi”. At these cell densities the endogenous population
size of P. aeruginosa was of the order 10°-10° cells g of tissue which was positively correlated with
lesion prevention on stem cutting. Spatiotemporal movement of £ aeruginosa ISRBP35 in F. nigrum
was further deciphered. The bacterivm moved upto 16 ¢cm away in the stem cutting the from lower cut
end within 30 min indicating its passive migration enroute the apoplastic path. The results confirms the
earlier report on endophytic colonization of plant such as spruce, grapevine, grass, rice by plant growth
promoting rhizobacteria. The study provided evidence for the ascending movement of endophytic bacterium
P aeruginosa in the stem cutting and rooted cutting of black pepper.

Duration of bacterization (20 min) and bacterial density (10’2-10"cells ml"') strongly influenced the
endogenous population size {10°-10° cells g") with concomitant lesion (rot) suppression (100%) on stem
and rooted cuttings of black pepper. Root applied bacterium P. aeruginosa could be tracked in the aerial
plant parts of black pepper within 14 days indicating its endophytic movement.
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S 18 -Translocation and distribution of **p labelled potassium phosphonate
in black pepper (Piper nigrum L.)

R Anil Kumar!, K Vasu?, R Suseela Bhai®, K T Velayudhan®, S § Veena®, V Ramachandran® &
G Unnikrishnan!

'Polymer Science & Technology Laboraiory, NIT, Calicut, Kerala.

Isotope Hydrology Division, CWRDM, Calicut, Kerala.

‘Indian Institute of Spices Research, Calicut-673012, Kerala.

Nuclear Agriculture and Biotechnology Division, BARC, Mumbai, Maharashira.

“Indian Institute of Horticultural Research, Bangalore, Karnataka.

Introduction

Potassium phosphonate. a systemically tanslocated chemical is used to protect plants against oomycete
pathogen, induces rapid, localized defence responses in normally susceptible plants that are similar to
those observed in incompatible reactions. An investigation was carried out to study the translocation and
distribution of potassium phosphonate in black pepper system using radioactive **P through autoradiography.

Materials & methods

Potassium phosphonate labelled with radio phosphorus containing 10 mCi (370 MBq) of the tracer with
a specific activity of 2 mCi m]" was procured from Board of Radiation and Isotope Technology {BRIT),
Mumpbai. Pot. phosphonate solution having a concentration of 1200 mg HPO,* I'* and contained 4pCi 2P
m!” was applied to black pepper vines of variety Panniyur-1 and black pepper laterals of variety var.
Karimunda both by foliar and soil application and the treated plants were subjected to autoradiography.
Simultaneously, the quantity of the tracer in different parts of the pepper plant and soil was analyzed
using liquid scintillation counter following Cerenkov counting and the percentage radioactive phosphonate
(% P) at a particular site was found by the equation,

(Specific activity of P at that site) x 100

% P =
’ Total of the specific activity from each site, apart from the applied leaf

Resuylts & conclusion

Results through autoradiograph showed that pot. phosphonate migrated to different parts of the plant
from the site of application. By soil application the chemical was detected in whole plant within two days
whereas by foliar application the compound reached the leaves in 3 days and took 5 days to reach the
root. However the compound was not detected in the soil. Foliar spray of pot. phosphonate to pepper can
be an cffective method since the loss of the chemical is less. Moreover foliar application is economical
than soil drenching as the chemical is not concentrated in a particular region and also ensures direct entry
into the plant. The initial concentration of the chemical in the berries is of less importance, since the
chemical’s mammalian toxicity is less and the concentration is expected to decrease considerably at the
time of harvest. The finding is significant as the loss of chemical by method of soil drenching can be
considerably minimised. But further investigations are warranted to understand the role of accumulated
chemical with in the plant.

Piperaceae Crops - Technologies I Future Perspectives @



Extended summary

S 19 -Biochemical changes associated with host-pathogen-fungicide
interactions in black pepper - A study using potassium phosphonate

R Suseela Bhai, R Anil Kumar', V Ramachandran ?, G Unnikrishnan !, B Chempakam & K Vasu*
Indian Institute of Spices Research, Calicut - 673 012, Kerala.

'Department of Science and Humanities, NIT, Calicut - 673 601, Kerala.

‘Nuclear Agriculture and Biotechnology Division, BARC, Mumbai - 400 085, Maharashtra
‘Isotope Hydrology Division, CWRDM, Calicut - 673 571, Kerala.

Introduction

Potassium phosphonate is a potential fungicide being used successfully to control foot rot disease of
black pepper caused by P. capsici. More than having a fungistatic effect, it is believed to disrupt pathogen
metabolism leading to a stimuiation of the natural defense mechanism of the host. Preliminary investigations
carried out at Indian Institute of Spices Research, Calicut have shown that an aquecus solution of potassium
phosphonate is effective against Phvtophthora foot rot in black pepper. The fungicide can be applied
both as foliar spray and soil drench. The objective here was to study the biochemical changes following
host- pathogen-fungicide interaction in black pepper with reference to PAL activity and changes in total
phenols and proteins.

Materials & methods

Healthy black pepper vines were raised in green house was used for the studies. The were four main
treatments viz., T - 0.3 % potassium phosphonate spray + inoculation with 7. capsici, T,- 0.3 %
potassium phosphonate spray alone, T, - Inoculation with P> capsici alone and T, - Contro). Three
healthy leaves per vine were inoculated with 2 capsici on the lower side of the lcaf. Leaf samples were
collected at 1, 3,6, 12,24, 48, 72 and 96 h interval after imposition of the treatments and stored at 4°C for
further analyses. PAL activity was determined spectrophotometrically following the formation of trans-
cinnamic acid. Total phenols and total proteins were estimated using standard protocols. Data were
analyzed by windowstat programme,

Results & conclusion

Results clearly indicated that application of potassium phosphonate enhanced the PAL activity. However,
up to 24h, the activity remains high indicating that PAL and the related enzymes in the pheny! propanoid
pathway are active, leading to the formation of lignin. This provides additional protection to avoid necrotic
lesions. The decrease in the phenolic content is a clear evidence of the susceptibility of the plants to the
effects of fungal inoculum. In combined treatment the protein content initially showed slight increase
{3.22%) but declined up to 9.6% in 6h and again increased up to 10.75% in 48h. Whereas in pathogen
alone inoculated plants (T,) there is a gradual increase in total protein content from 5.34% to 21.51%.
Drenching fungicides to root will lead to leaching of the chemical or runoff of the chemical in the soil
thereby poliuting the environment. The present study leads to the conclusion that pot. phosphonate spray
alone will be sufficient as a foliar application due to its ambimobile nature. Moreover, the application of
chemical enhances the defense mechanism by increasing the PAL activity, the major defence enzyme
present in the plant and also increases the total proteins, which include PR proteins that are antimicrobial,
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S 20 - ITS-RFLP for discerning pathogenic variability of Phytophthora capsici
from black pepper (Piper nigrum L.)

Sheji Chandran, Renu Susan George & M Anandarayj
Indian Institute of Spices Research, Calicut- 673012, Kerala.
E-mail: shejichandran(@gmail.com

Introduction

The genus Phytophthora is known for the variability brought about by sexual and parasexual recombinations
{or several characters including pathogenecity. Race differentiation among P capsici isolates infecting
black pepper is difficult as there are no differential host genotypes. An attempt has been made to evaluate
ITS-RFLP for discerning pathogenic variability of Phytophthora capsici from black pepper (Piper
nigrum 1..)

Materials & methods

The National Repository of Phytophthora has about 250 black pepper isolates of P, capsici. In order to
test their pathogenecity on black pepper 50 isolates were tested on a known susceptible black pepper
cultivar [[SR- Subhakara following stem inoculation. Black pepper cuttings of 4-5 leaf stage were used
for the inoculations, The plants were inoculated on the third inter-node with Smm mycelial discs from 48h
old culture of £ capsici grown in carrot agar medium. Inoculated plants were incubated in the green
house condition with 90% relative humidity at a temperature of 25-27°C for 72 hours. The observations
were recorded on lesion length in millimeter and depth of penetration as index in a scale of 0-4. Some of
the isolates showed variability for lesion length and depth of penetration. Ten such selected isolates were
tested for the pathogenic variability. In another study, £ capsici isolates were subjected to ITS-RFLP.
The ITS region of the isolates were amplified using the primers ITS 6 and [TS-4.The amplicons were
digested with three restriction enzymes, Afu-1, Tag-1 and Msp-1. Digested products were separated in
3% agarose gels using 100bp ladder (Genel, Bangalore, India) as size marker. The bands were scored
and data analysis was done by unweighted pair group method using arithmetic averages and similarity
coefficient drawn using NTSYSpe 2.0 software.

Results & conclusion

The lesion size varied from 5-55mm and penetration index from -4 after 72 h of incubation. Based on
the lesion length and penctration index obtained isolates were characterized as less virulent (<5mm),
moderately virulent (5.1 -25.0 mm) and highly virulent (>25.0 mm). Among the ten isolates, one was less
virulent, 2 were moderately virulent and 7 were highly virulent. Isolates 99-148 and 99-144 formed a
separate cluster that included the less virulent groups, 99-166, 97-54 as moderately virulent groups and
96-2, 05-14, 03-10 formed a separate banding pattern and a distinet cluster that ineluded the clade of
most virulent isolates. P capsici isolates from black pepper exhibited intra-specific pathogenic variation
when tested on a susceptible genotype ISR Subhakara. Though the {TS region is highly conserved, the
amplicon size from these isolates varied from 800 101200bp. The RFLP analysis revealed the existence
of four subgroups within the populations that confirmed several earlicr reports of high divergence of £,
capsici species. The clustering pattern matched with the pathogenic variation observed among the isolates.
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S 21 - Massetolide A: A zoosporicidal biosurfactant produced by black pepper
associated endophytic bacterium Pseudomonas aeruginosa NISRBP35

A Kumar, R Aravind, A Priyanka, S J Eapen & V Vinod
Indian Institute of Spices Research, Calicut - 673 012, Kerala.
Email: kumar@spices.res.in

Introduction

Biological controls of foot rot by deploying bacterial antagonists such as Pseudomonas and Bacillus
are reported. Black pepper associated endophytic bacterium Pseudomonas aeruginosa [ISRBP35
(Pseudomonas EF568931, MTCCS5410) is found to inhibit mycelial growth of P. capsici and
successfully prevented rot on the cut shoots as well as rooted cuttings of black pepper upon pre-
treatment. With this background we have investigated the modes of action of the endophytic bacterium
by analyzing the strain for production of zoosporicidal biosurfactants.

Materials & methods _

Extraction of biosurfactant from Pseudomonas aeruginosa ISR BP 35 and its effect on Phyfophthora:
The biosurfactant from P. aeruginosa ISR BP 35 was extracted and evaluated in vifro against zoospores
and mycelial growth. Prophylactic and curative action of the surfactant on Phyrophthorarot (lesion)
was assayed on stem cuitings. Lesion length and progress of the lesion size was measured and analysed.

Characterization of biosurfactant by RP-HPLC (Reverse Phase - High Pressure Liquid
Chromatography): RP—HPLC analysis was performed to identify the biosurfactant extracted from
Pseudomonas aeruginosa ISR BP 35. Reference compound massetolide A was used for comparison.

Results & conclusion

The cyclic lipopeptides are biocactive compounds, composed of a fatty acid tail linked to a short cyclic
oligopeptide, produced by a wide range of Pseudomonas species and strains. Pseudomonas
aeruginosa ISRBP 35 was found to produce 88-90pg of biosurfactant per ml that was found to
exhibit inhibitory action on zoospores and mycelium. The biosurfactant caused cessation of zoospore
motility within 30s and cell content of zoospore changed to a granule appearance and collapsed within
60s. Microscopic analysis of mycelium obtained from agar plate revealed that biosurfactant at a
concentration of 50 pg ml™” and higher, caused increascd branching of hyphae with less intensity of
mycclial growth. It was found that the prophylactic treatment of biosurfactant for 30 min showed
protection against Phytophthora infection. Biosurfactant firther exhibited curative action on cut shoots.
The RP-HPLC profile of both reterence and the biosurfactant from Pseudomonas aeruginosa BP 35
revealed that the biosurfactant isolated from Pseudomonas aeruginosa ISR BP 35 is massetolide A,
arhamnolipid. Biocidal effect of biosurfactant on zoospore can potentially be exploited for foot rot
management in nurseries as well as in field.
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S 22 - Constraints in production and marketing of pepper in Kerala

K Jesy Thomas & K M Divya
Department of Agricultural Economics, College of Horticulture, Vellanikkara - 680656,
Thrissur. Kerala.

Introduction

Pepper known as the king of spices, occupy an important position in the spices sector of Kerala. The
world today consumes as much black pepper as all other spices combined and it 1s freely traded in
world commodity markets.

Materials & methods

The constraints in production and marketing of pepper was analysed based on primary data collected
from 30 pepper farmers of Kattappana panchayat in Idukki District of Kerala through personal
interview method vsing a structured and pretested interview schedule. The collected data was tabulated
and analyzcd using averages and percentages.

Results & conclusions

The results revealed that the important constraints related to pepper production were high labour wage,
unavailability of labour and prevalence of pest and diseases while price fluctuation was the major
constraint in pepper marketing. Prices will change according to world market prices and ifthere isa
boom in production in any other country naturally the prices will fal]. Even though pepper can be stored
for a long time, because of the immediate need for money, farmers usually disposed their produce to
village traders soon after harvest even if the price is low and the quantity handled by co-operative
society was only 10 per cent of the production in Kerala. In general, the marketing system of pepper
was found to be efficient providing increased share of consumer price to farmers with comparatively
low market cost.
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S 23 . PiperBase — an information bank on Piper species in India

T K Vinod, P Labeena , KV Saji & Santhosh J Eapen
Indian institute of Spices Research, Calicut - 673 012, Kerala.

Introduction

The genus Piper; one of the largest in the family Piperaceae, has around 6700 binomials that occur
throughout the world, ranging from sea level to the high ranges of Andes and the Sub Himalayas. Out of
these, about 119 species are reported from India from two independent centers of distribution viz. the
Trans Gangetic region and the South Indian Deccan, Most of the plants of this pantropical genus are
climbing shrubs that are used in traditional and folk medicine. There are several reports on the biodiversity
of Piper spp. in South India. The South Indian Piper species are found extensively in the humid evergreen
forests and the semi evergreen forests of Western Ghats. Indian Institute of Spices Research, Calicut,
Kerala has a mandate to collect, conserve, catalogue and evaluate all the genetic resources of Piper.

At present the Institute’s gene bank holds a sizable number of germplasm accessions of Piper comprising
of all South Indian species, few exotic species such as P, colubrinum, P arboreum, P. ornatum, P

magnificum, P. chaba endangered species, land races, hybrids efc. The objective of this work was to

develop an electronic tool that may be helpful to the researchers and students dealing with Piper
taxonomy of the country.

Results & conclusion

The program ‘Piperbase’ is a database of Piper species occurring in India. This database contains
information on botany, taxonomy and other related matters on 48 most common species of this important
genus. The database is designed using Visual Basic in the front end and MS Access in the back end. It
provides a useful interface for the biosystematics of Piper spp. in India. The interactive, hierarchical
key enables the user to understand the tentative identity of the pepper plants based on the key character.
Italso provides detailed description of the entire Piper species reported from India. The module on
biochemistry lists the major chemical compounds present in black pepper, their biochemical pathways
and associated enzymes. The bibliography on major species is also provided for the benefit of students
and researchers with a search facility. Similarly major patents on these plants are also documented in
this database with a good retrieval facility, The database is available on CDs on request to The Manager,
ATIC, Indian Institute of Spices Research, Calicut, Kerala— 673 012,
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S 24 - Ploidy distinction in male and female plants of betel vine — A study by
flow cytometry

Arunkumar Phurailatpam, K A Geetha & Satyabrata Maiti
National Research Centre for Medicinal and Aromatic Plants, Boriavi, Anand -387 310 Gujarat.

Introduction

Piper betle Linn. is a dioceous species with a basic chromosome number x=13. Ploidy determination
in betelvine is complicated by very small size chromosomes and somatic variations in chromosome
number. Because the nuciear DNA content of nuclei in certain phase of the cell cycle is related to the
ploidy level, flow cytometry has a potential to replace altemnative methods for ploidy screening. Hence
the study was undertaken to determine ploidy level of available male and female germplasm and hybrids
based on flow cytometry to understand compatible ploidy levels.

Materials & Methods

Seventy one accessions of Piper betle which included three hybrids maintained at AICRP centers
were used for the study. Leaf samples for flow cytometry were prepared according to Dolezel et al.
with modifications. Relative fluorescence intensity of stained nuclel was analyzed using a PA 1l flow
cytometer (Partec GmbH, Miinster, Germany). The control samples used for the analysis were Kapoon
lines (male) and Bangla lines (female) which were first tested for chromosome number by cytological
study.

Results & conclusion

Conventional chromosome counts showed that Bangla types which are females were tetraploids (2n=
4x=>52)and Kapoori types were triploids (2n=3x=39). Ploidy comparison by flow cytometry confirmed
that all the accessions could be grouped into two classes i.¢., all the males were triploids and females
were tetraploids. The hybrids studied were having ploidy level higher than the females and were
aneuploids (4n+). Hence the present study showed that the hybrid depression showed by certain
hybnids is due to the formation of aneuploids (viz. 2n+1) produced from the triploid male parents. The
study also showed that in the species distinct ploidy differences are there between the sexes, hence, it
indicates the necessity of further study of sex evelution in the species.
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S 25 -Performance of a new Bangla type betel vine in Tamil Nadu

D Packiaraj, M Raju, S Eswaran, S Thiruvudainambi & S Panneerselvam
Sugarcane Rescarch Station, Sirugamani - 639 115, Tamil Nadu.

Introduction

In India betel vine is grown in an area of 55,000 ha, of which Tamil Nadu occupies 6000ha. The annual
revenue earned 1o our country is around Rs. 700 crores. India is the largest producer of betel leaves in
the world and the leaf area expansion is high in India. In India more than 100 types of betelvine are
reported to be in cultivation and most of them are synonyms and confusing one. To assess the varietal
wealth of betelvine, different ecotypes were collected from different states in different places of India
and were evaluated for their yield and quality.

Materials & methods

Field trial was conducted for three years from 2003-2006 to test the suitability of Calcutta pan type
betelvine germplasm under Tamil Nadu conditions. The experiment was conducted in randomized
block design and replicated three times with twelve germplasm accessions of betel vine.

Results & conclusion

The pooled data of two years revealed that among the different bangla genotypes under study, the
Bangla Sagar recorded the maximum yield (29.92 lakh leaves per hectare per year) followed by the
Karapaku (29.30 lakh leaves per hectare per year) and Black leaf (28.76 lakh leaves per hectare per
year). Black leaf also registered the maximum vine elongation (22.4 ¢m per month) and number o1
laterals (7/vine). Karapaku and Maghai recorded the maximum shelf life of about 12 days. The per
cent disease incidence was very less in Bangla Sagar followed by Maghai. The leaf area was aiso
maximum in Bagla sagar (148.57 cm) followed by Karapaku (127.42 ¢cm?). Among twelve Bangla
types, Bangla Sagar was found to be the superior clone under wetland system of cultivation in Tamil
Nadu.
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S 26 - Stomatal size and density in Piper betle L.

K Hima Bindu, M A Suryanarayana & T Vasantha Kumar
AINRP on Betelvine, Indian Institute of Horticultural Research, Bangalore, Karnataka.

Introduction

Betel vine (Piper betle L.) is a perennial dioecious climber. Both male and female vines are under
cultivation in different parts of the country. Male and female vines are reported to differ in their leaf size
and essential oil content. Variability interms of chlorophyll content, total phenol and thiocyanate content
is also observed between the female and male clones. Stomatal structure varies greatly with species
habitat and leaf architecture. Stomatal openings control the loss of water and the exchange of gases in
the environment of a plant thus controlling its water relations and metabolism. It is stated that there are
large heritable differences between species in stomatal dimensions, distribution and morphology. In this
study an attempt has been made to study the differences in stomatal size and density between the
female and male clones of Piper betie.

Materials & methods

Sixty-two clones of Piper betle collected from different parts of the country consisting of 22 male and
40 female clones were utilized in this study. Stomatal density and size were measured on the fifth well-
expandcd leaf on the laterals of the vine growing in the field under arecanut support. Stomata of the leaf
were recorded by applying thin film of quick fix on the dorsal surface of leaf. The dried film bearing the
impression of the cuticle was removed and placed on a glass slide. The prepared slides were examined
using a 15 X ocular and a 40 X objective. The length and width of stomata was measured using
micrometer. Data were statistically analysed using SPAR statistical program.

Results & conclusion

The stomatal frequency of sixty two betelvine genotypes varied significantly. The mean stomatal density
varied significantly between male and female clones. It was found that average stomatal size differed
according to male and female clones. Variation for stomatal density and size with in female and male
group was also observed and the range for the traits being higher in female clones. The mean stomatal
density was 143.90/mm”in female clones, the cultivars Mysore local and Desi Bangla recorded the
maximum stomatal density (210.38/mm?*). Smaller stomata were observed in clones Maghai and Simrali
Sanchi (25/12.5 p). The mean stomatal density is 174.25/mm? in male clones where maximurn density
was recorded in Kapoori (TN} (245.44/mm?*) with smaller stomata (17.50/12.50 u}. The male clone
CARI 6 showed bigger size stomata (35/25 ). In general the stomatal density is less in female clones
but they possess bigger size stomata where as the male clones had higher stomatal density with smaller
sized stomata. Variation among female and male vines for stomatal traits was also reported. Since
stomatal counts are also used in determining the ploidy levels, the detailed investigations to study the
relationship with the ploidy status may be uscful in betelvine.
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S 27 - Rapid propagation of Piper betle L. hybrids through split bamboo
technique

K Hima Bindu, M A Suryanarayana & T Vasantha Kumar
AINRP on Betelvine, Indian Institute of Horticultural Research, Bangalore, Karnataka.

Introduction

Betel vine (Piper betle 1..) is a perennial dioecious climber belonging to Piperaceae family and is native
to Malaysia and Sumatra, It is an important commercial crop of India grown for its fresh leaves which
are masticatory. Efforts are on way for the genetic improvement of betelvine through hybridisation at
Indian Institute of Horticultural Research (IIHR), Bangalore under All India Network Research Project
of Betel vine. The multiplication of large number of rooted cuttings in short time from selected single is
essential for evaluation. This study aims at generating more rooted cuttings in short time through split
bamboo technique in betelvine hybrids.

Materials & methods

The split bamboo technique, which is used in black pepper for rapid propagation, was attempted to
multiply the hybrids of the betelvine. Bamboo splits of 8-10 cm diameter and 2 mts length were arranged
at an angle of 45° to the ground. The bamboo splits were filled with sterile digested cocopeat as rooting
medium, which was kept moist by regular watering. Ten vigorous polybag grown hybrid seedlings of 50-
60 cm length were trained and allowed to grow on the medium for a period of 90 days. The growing point
was pinched off and the vines were crushed at the base leaving 3 nodes intact in the vine. The rooted
vines were taken out from media, cut into single nodes with roots and leaf intact. The single node cuttings
were transferred to polybags and kept in poly house for establishment and growth was observed for 75
days.

Results & coneclysion

There was variation in growth and production of number of nodes produced among the hybrids. The
vines grew to a length 0f 97 to 175 ¢cm and produced [1-24 nodes in a period of three months and put forth
roots at each node. Establishment of the rooted cuttings ranged from 70.83 to 95.24 per cent. Better
growth of vines in bamboo splits was due to continuous supply of water and nutrients from media (cocopeat)
to the growing vines through the newly emerging roots.

The growth of vines in polybags 75 days after planting was found to vary. The vine length varied from 33
to 98 cm and number of leaves from 6.6 to 14.8. Maximum vine length was recorded in Hy 07-1 (98 cm)
followed by Hy 07-6 (53.8 cm) whereas number of leaves were maximum in Hy 07-6 (14.8) followed by
Hy 07-10 (11.0). Well established root system with single mother leaf when transplanted to polybags has
further enhanced the growth of vines. The variation in rooting, establishment and growth in polybags may
be due differential response of the hybrids.

The present investigation has indicated that a singie vine can produce 60 rooted cuttings in a year. The
method can be used for large-scale multiplication of hybrids and commercial varieties in shortest period.
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S 28 - Impact of bio-fertilizers and organic manures in relation to crop health
and pet formance of betel vine (Piper betle L.)

D K Dwivedi & P K Jha
AINP on Betelvine, Department of Plant Pathology. RAU, Pusa, Samastipur, Bihar.

Introduction

Betelvine (Piper betle 1..), whichis grown forits leaves, covers an area of 55000 ha in India. The yield
and quality of betel leaves is markedly influenced by quantity and source of nutrient supply . The non
judicious and unbalanced use of inorganic source of nutrient is often attributed to adversely affect the
sustainability of crop production, deteriorate the produce quality and also make the crop vulnerable
pathogens. On the other hand, the use of bio-fertilizers and organic manures have shown to improve
soil health, sustain crop production, improve the quality of the produce and induce defense mechanism
of plant against pathogen ingress. In the present study an attempt has been made to assess the effect of
organic manures and bro-fertilizer on performance of crop and severity of Phytophthora rot on betel
vitie.

Materials & methods

The experiment was conducted in the year 2006-07 and 2007-08 at RAU, Pusa in RBD using seven
treatments viz., azotobacter (@ Skg, 100 kg N/ha as FYM, azotobacter @10kg + 100 kg N/ha as
FYM, phosphobacter @ Skg + 100 kg N/ha as FYM, azotobacter @ Skg + phosphobacter (@ Skg/
ha+ 100 kg N/haas FYM, vermicompost @ 12 ton/ha, mustard cake:urea (200:100:100 kg N, PO,
K,0O/ha) and control (nil application of nutrient) in three replicates. Observation was recorded on
marketable yield, fresh weight of 100 leaves, shelflife and severity of Phytophthorarot.

Results & conclusion

The pooled data of result of the experiments conducted for two consecutive years showed that application
of vermi-compost registered the highest production of crop in terms of total number of leaves (31.23
lakh/ha), fiesh weight of hundred leaves (303gm), leaf area (103cm?), shelflife (15 days) and relatively
less severity of Phytaphthoratot (9.7%). All other treatments comprising of bio-fertilizer and FYM
werc almost at par in relation to their effcct on crop performance and disease severity, but combination
of mustard cake and urea produced poor quality leaf with maximum disease severity (16.21%). It was
also found that plot receiving no treatment gave poor yield, but the keeping quality was improved and
the disease was yuite low.

The application of nutrients either in the form of vermi-compost or combination of azotobacter,
phosphobacter and 'YM increased the marketable yield, improved leaf quality, prolonged the shelflife
of leaf'and also checked the development of Phyrophthora rot, hence may be incorporated in integrated
crop management strategy for quality leaf production of betel vine.
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S 29 - Effect of different organic manures on vine growth, yield and storage
life of betel leaves (Piper betle 1..) cv. Simurali Jhal

A Pariari, M N Imam & A Bandyopadhyay

Department of Spices and Plantation Crops, Faculty of Horticulture, Bidhan Chandra Krishi
Viswavidyvalaya, Mohanpur, Nadia, West Bengal.

E-mail: drarupariari@ yahoo.co.in

Introductio 1

Betelvine requires 200 kg N, 100 kg K, O and 100 kg P,O, /ha /year for optimum growth and leaf
yield. Organic manures are beneficial for improving the quality of soil and betel leaves. Experiment was
conducted to study the superiority of the commonly available organic manures for more leaf production,
better quality and longer storage life. '

Materials & methods

The experiment was conducted during 2005-07 at Horticultural Research Station, BCKV Mohanpur,
West Bengal, India situated in Gangetic alluvial plains with a soil pH of 6.8 . The experiment was
designed in RBD with 3 replications. Five organic manures viz., mustard oil cake, cow dung,
vermicompost, poultry manure and neem cake were applied individually with urea in equal four splits in
an year to provide total N recommended for betelvine at 50: 50 ratio. The plants were spaced at S0 x
15 cm from row to row and from plant to plant respectively. The cultural practices were foliowed as
per recommendation. Data were recorded on growth and yield parameters. To study the storage life of
betelvine, fresh, green and matured leaves from 4" to 8" node of the vine were kept in bamboo basbet
in depetiolated condition, covered with green banana leaves and stored at room temperature. The data
were recorded at tegular intervals during 3 seasons of the year viz., April - May (pre - rainy season),
July - August {rainy season} and December - January (winter season).

Results & conclusion

The observations on vine increment /month (cm), leaf petiole length (cm), leaf area (sq. ¢cm), leaf yield
/vine and fresh weight of 100 leaves (g} clearly revealed that all the growth and parameters were
maximum with mustard oil cake closely followed by vermicompost, whereas the longest storage life of
leaves was observed with neem cake.
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in betel vine (Piper betle L.)
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Usha Thomas, § Chandini & Allan Thomas::1vA o) sobiminni™ han w9702 o wemitegsQ
College of Agriculture, Padannakkad, Kasaragod- 671 328 coKerd{ainic) LLL L00-lunddash

Introduction !(si!_:ubmml

Since betel vine is cultivated for it’s green leaf, nitrogen plays a d"lrec(tﬁ r:g é{&!l{growd'l yield and kég}!:;;rl{g
quality. The crop is usually manured with heavy doses of bulky organlc manures and the farmers are
reluctant to use commercial fertilizers as they fear that the quality of the leaves may be affected by the
use of fertilizers. A study conducted at college of Agriculture, Vellayani, showed that the bulky organic
manures can be partly substituted by chemical fertilizers without affecting the chewing quality of leaves.
Earlier, it was recommended to manure the betel vine crop with 60 kg N ha' and 25 kg PO ha" overa
basal dose of 30 t ha' of FYM. Hence a study was undertaken with the objective to evolve an integrated
nutrient management practice for increased productivity and quality of betel vine.

Materials & methods

The field study on integrated nutrient management was conducted during the main planting season starting
from June-August in 2001-2002 and 2002-2003 at College of Agriculture, Vellayani, Thiruvananthapuram.
The soil of the experimental site was red loam, acidic in reaction, low in available n and K and medium in
available P status. The experiment was laid out in RBD with 13 treatments and three replications. The
treatment involved combination of two nitrogen levels (60 and 90 kg N ha''), three organic sources
(poultry manure, FYM and neemcake) and two substitutions (1:1 and 2:1). PO, was given at the rate of
30 and 45 kg ha and K, O at the rate of 60 and 90 kg ha for maintaining an uniform ratio of 2:1:2.

Results & conclusion

Although there was a varying trend in the response to substitution and type of organic manures, in general
and increasing trend in growth and yield characters of betel vine was observed as the nitrogen application
was increased from 60 to 90 kg ha! during both the years of crop growth. During both the years highest
yield was recorded by NC +ureain 2:1 and 1:1 ratio at 90 kg Nha’. In first year PM + ureain 2:1 ratio
and in second year FY M+ urea in 2:{ ratio were found to be equally effective. NC +ureain2:1 ratio at
90 kg N ha'' recorded 59 per cent higher yield that farmer’s practice, the control treatment. The study
also showed that NC + yrea in 2:1 ratio is the best INM treatment {30.72 [eaves ha') and was on par with
NC+ureain 1:1 ratio (27.30 leavesha'yand FYM +ureain 2:1 ratio (24.68 leavesha’),allat90 kg N ha'.

The results of the study revealed that the integration of inorganic and organic manures produced the
highest yield and this supports the concept of integrated plant nutrient management system. From the
study it can be inferred that nitrogen at the rate of 90 kg ha™' through NC and urea at 2:1 or 1:1 ratio is the
best nitrogen management schedule for achieving high yield in betel vine.
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S 31 -Response of betel vine cv. Ambadi to various nutritional sources

S I Ha~amashetti, V § Shashidhar & N K Hegde
Departme=t of Spices and Plantation Crops, Kittur Rani Channamma Cellege of Horticulture,
Arabhavi-391 310, Gokak, Karnataka.

Introduction

Betel vine (Piper betle 1..) is perennial, diocious creeper belonging to the family piperaceae. It is cultivated
in India for its leaves used mainly for mastication. In betel vine cultivation, nutrition plays an important
role. Among the various essential nutrients, nitrogen plays a pivotal role in improving the productivity and
quality of leaves. It is usually cuitivated in small holdings and once the crop is established it becomes
continuous source of income to the growers. Since the green leaves constitute the economic part of the
plant, the nitrogen requirement of the crop is quite high.

Materials & methods

Field experiment was conducted to study the effect of different sources of organic manures on growth,
yield and guality of betel vine cv. Ambadi at Arabhavi, Gokak taluk, Belgaum Dist., Kamataka during the
year 2005-06 on sandy loam soil having a pH of 8.2-8.4. The experiment was laid out as RBD. The trial
consisting of thirteen treatments was replicated thrice. Recommended dose of fertilizers (200: 100: 100
kg NPK ha') was applied in the form of ammonium sulphate {N), single super phosphate (P,0,) and
sulphate of potash (K, 0). Different organic manures viz., FYM, neem cake, vermicompost, sheep manure
and press mud were supplied at the time of lowering as per the treatment. Foliar spray of vermiwash (25
%) was done at monthly intervals. Farmers practice consisted of FYM (15 t ha™") + groundnut cake (0.5
t ha'). Growth observations on vine length, girth and number of laterals were recorded at 210 days after
lowering (DAL) along with leaf yield. Leaf size was worked out considering leaf area constant 0.64 fur
cv. Ambadi,

Results & conclusion

Growth attributes at 210 DAL indicated that the application of FYM (25 tha'} + RDF produced significantly
higher plant height (4.33 m), basal vine girth (6.72 mm) and number of laterals per m?(55.43). However,
petiole length was maximum (4.49 cm) in foliar spray of vermiwash. L.owest growth parameters were
recorded in farmers practice. The higher leaf size and LAl observed in foliar sprays of vermiwash may
be due to the presence of coelomic body fluid in vermiwash. It is a source of phosphates, sulphates and
chlorides of potassium, sodium, magnesium are in soluble form. It must have increased the absorption
etficiency of the leaves and also sprays at monthly intervals increased the availability of nutrients directly
leading to production of more number of leaves, Ieaf size and LA

The highest leaf yield of 588.55 leaves per vine was recorded by the treatment receiving FYM (25 t/ha)
+RDF (200 : 100 : 100 kg NPK/ha) followed by farmers practice (FYM 15 t/ha + ground nut cake @ 0.5
t/ha) along with monthly foliar spray of vermiwash @ 25% dilution (540.17 leaves/vine) and FYM @ 25
t/ha + neem cake @ 5 t/ha (512.07 leaves/vine) compared to the lowest in farmers practice (279.03
leaves/vine),
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Extended summary

S 32 -Effect of weather parameters on the incidence of foot rot, leaf rot and
bacterial blight of betel vine (Piper betle 1..)

U K Khare, R K Shrivastava & A R Wasnikar
Department of Plant Pathology, J N Krishi Vishwa Vidyalaya, Jabalpur 482 004, Madhya Pradesh.

Introduction

Weather parameters such as rainfall, minimum and maximum temperatures, relative humidity play an
important role in the development of fungal and bacterial diseases of belel vine. The objective of the
present study was 1o study the influence of these weather parameters in the development of foot rot,
leaf rot and bacterial blight of betel vine.

Materials & methods

An experiment was conducted to observe the effect of various weather parameters- (maximum
temperature, minimum temperature, relative humidity, rainfall, number of rainy days) on the initiation
and further development of two most important diseases of betel vine viz. foot and leaf rot and bacterial
blight, in betelvine conservatory at INKV'V, Jabalpur during 2006-07 and 2007-08.

Resulis & conclusion

Observation recorded during 2006-07 revealed that the foot and leaf rot of betelvine, incited by
Phytophthora nicotianae var. parasitica appears during second week of June (0.05%) and increased
gradually, finally reaches to its maximum (30.66%) in the second week of September, when the difference
between maximum and minimum temperature was very less and humidity was ranging from 88.00 to
92.00 per cent. During the month of October, stem rot infection was ranging from 12.33%to 30.66 per
cent. Disease development was found to be positively correlated with relative humidity, rainfall, number
of rainy days and number of cloudy days. Similarly, during 2007-08 disease appeared during 2nd week
of June (1.60 per cent) and increased gradually, reached to its maximum in 2nd, 3rd, 4th week of
September (20.33, 21.86 and 22.00 per cent). During the month of September, the difference between
maximum and minimum temperature was ranging from 7.0 to 14.8°C which was very less. Similar trend
was noticed in case of relative humidity.

Studies on the appearance and further spread of bacterial blight on betelvine caused by Xanthomonas
campestris pv. betlicola during 2006-07 and 2007-08 revealed that it appeared during second week
of June and progressive development was recorded till 4th week of October when rainfall was at
maximum, Bacterial stem infection was at maximum during the month of October. Weather parameters

such as minimum temperature, relative humidity, rainfall and number of rainy days showed positive
correlation with bacterial blight disease development.
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Abstract

S 33 - Effect of integrated management practices on growth parameters and
disease incidence of betel vine (Piper betle L.)

R K Shrivastava, A R Wasnikar & U K Khare
Department of Plant Pathology, J N Krishi Vishwa Vidyalaya, Jabalpur 482 004, Madhya Fradesh.

Abstract

An experiment was conducted to study the integrated management practices through IPM & INM
during two consecutive years 2006-08 at betelvine experimental area of IN KV'V, Jabalpur. Resuits
were compared with the various combinations of treatments and farmers practice. The data revealed
that the treatment comprising, 1.75 lakhs plant population/ha + 200 kg/ha nitrogen in four split doses in
organic form + 100 kg/ha PO, +100 kg/ha K, O + irrigation at 100 per cent replenishment of CPE +
four application of Trichoderma viride + sanitation + recommended insecticide if required, recorded
significantly maximum average length of vine per month (16.18 cm), length of internodes (7.77 cm), leaf
vielded (35.88 lakhs/ha), hundred leaf weight (628.03 g) and best keeping quality (15.47 days to 50%
rotting) with lowest disease incidence (6.93%). In the second treatment which consisted of 1.75 lakh
plant population/ha + 200 kg/ha nitrogen in four split doses in organic form 100kg P,O, /ha+ 100 kg
K,O/ha +irrigation at 100 per cent replenishment of CPE + Bordeaux mixture application (4D + 8S)
+ recommended insecticides application if required, recorded leaf yield of 35.0 lakhs/ha, vine elongation
(15.79 cm), internodes length (7.26 cm), hundred leaf weight (593.05 g) and keeping quality (14.11
days up to 50% rotting) with relatively less incidence of diseases (11.37%) which was significantly
inferior to the first treatment but superior to farmers practice. Farmers practice was not superior to the
above two treatments with all the growth parameters and C: B ratios. The maximum disease incidence
(16.50%) was recorded with farmers practice as compared to both the treatments.
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Extended summary

S 34 -Screening of betel vine cultivars for resistance to betel vine whitefly,
Singhiella pallida (Singh) (Aleyrodidae: Hemiptera) and new host plant
records for Singhiella pallida (Singh)

B K Das & S K Maliick'

Bidhan Chandra Krishi Viswavidyalaya, Kalyani - 741 235, Nadia, West Bengal
!Department of Agril. Entomology, BCKV, Mohanpur, Nadia - 741252, West Bengal.
E mail: bkdas1963@rediffmail.com '

Introduction

Betelvine (Piper betle L.} is commercially cultivated in India over 50,000 ha as cash crop. Five major
cultivar groups, viz., Bangla, Meetha, Sanchi, Kapoori and Desawari have been identified in India based
on morphology and chemical characteristics. Betelvine whitefly, Singhiella pallida (Singh) (Aleyrodidae:
Hemiptera) is most important and common pest of betelvine causing severe damage to the foliage.
Screening of germplasm for resistance to betelvine whitefly is very relevant for genetic improvement
programs. Only P, betle is its well known host. Host range study has its significance in the epidemiology
of the pest.

Materials & methods

Screening was carried out in a closed conservatory (boraj) located at Research Farm of BCVK, Nadia,
West Bengal during 2005 and 2006. A total of twenty-three cultivars were evaluated. Mean adult betelvine
whitefly population and mean successful adult emergence percentage in field condition were taken as
the parameters for assessment of degree of resistance/susceptibility in the cultivars, To test the host
range, pipul (Piper longum), choi (Piper chaba) and awani pan (Piper hamiltonii) were planted in
betelvine borej along with the common cultivars of betelvine. Adult whitefly population, number of eggs
laid, percentage of egg hatching and successful adult emergence on different Piper spp. were recorded
and compared with those on common betelvine cultivars.

Results & conclusion

Population levels of adult whitefly and percentage of adult emergence varied significantly on different
cultivars in both the years. None of the entries under observation was completely free from whitefly
infestation. Based on the adult population harboured, cultivars were grouped into three categories, i.e.,
moderately resistant, moderately susceptible and highly susceptible. Simurali Sanchi and Kalipatti (Sanchi
type) were consistently classified as moderately resistant in both the years. Bangla type cultivars, namely
Harishpur Bangla, Kadwa, Bagerhat Bangla, and Desawari type cultivar, Bilhari showed moderately
susceptible reactions. Halisahar Sanchi (Sanchi type), Simurali Bhabna (Bangla type) also showed medium
performance as evident from one year data. Rest of the cultivars tested were almost highly susceptible.
Comparatively low level of emergence of whitefly was found on two Sanchi cultivars viz., Simurali
Sanchi and Kalipatti indicating higher level of antibiosis against betelvine whitefly. It may be suspected
that stear-aldehyde compound present in Sanchi cultivars may have exerted antibiosis effect on betelvine
whitefly. Here, three species of genus Piper (P. longum, P. chaba and P. hamiltonii) are recorded as
new hosts of S. pallida as it successfully completed its life cycle on these plant species.
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Extended sammary

S 35- New acaricides for the management of red spider mite on betel vine

S Mohamed Jalaluddin, N Raju & D Packiaraj
Sugarcane Research Station, Sirugamani - 639 115, Tamil Nadu.

IntroJuction

The betel vine red spider mite Tetranychus cinnabarinus Boisduval is a serious pest of betel vine
causing significant yield loss. The feeding mites on the leaves cause speckling on upper surface and
bronzing symptoms on the lower side resulting in drying and defoliation. Residual toxicity of recent
acaricides was evaluated to find out the best acaricides for effective control of betel vine mite.

Materials & methods

A pot culture experiment was conducted in April-May 2006, Three acaricidal chemicals, namely,
abamectin 1.8 EC (0.0365%), diafenthurion 50 EC (0.05%) and wettable sulphur 80 WP (0.3%)
were sprayed and water spray served as control. Ten numbers of mites were released per plant at
every 24 hours interval and observations were recorded on mortality of mites until it reached less than
20%. Corrected mortality was calculated by using Abotts formula.

Results & conclusion

The results indicated that among three acaricides tested for their residual toxicity effect, abamectin at
0.0365 proved significantly superior and maintained its superiority up to 17 days after spraying. Cent
per cent mortality of mite was observed up to 10 days. The next best acaricide was found to be
diatenthurton (.05 % and sulphur was found to be moderately effective.

The new acaricides, abamectin 0.036 % and diafenthurion .03 % were found effective for control of
betelvine red spider mite and reported that a waiting period of 5 days after spraying of diafenthurion is
considered safe for consumption of green French bean pods as per dissipation studies.
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Extended summary

S 36 - Betel vine linear scale - An economics of management

N Raju, M D Jalaluddin, S Thiruvudainambi & D Packiaraj
Sugarcane Research Siation, Sirugamani — 639 115, Tamil Nadu
Email: rajul952 @ sify.com

Introduction

In India betel vine is grown in 550,000 hectares and yields revenue worth Rs. 9000 million annually. The
crop is damaged by pests and diseases at one time or other and cause economic loss to the tune of several
crores. An estimate shows that the loss due to insect pests in betelvine is 20-30 %. The insect linear scale,
Lepidosaphus cornutus is a serious pest in betelvine cause economic loss (Sadakathulla ef al. 2002).
The correct estimate of the population levels and its economic damage and its management are absolutely
necessary.

Materials & methods

The stock culture of L. cornutus was maintained in potted plants of betelvine variety SGM1. The
experiment was laid out in CRD with three replications. The treatments were L. cornutus released @ 1,
3,7,10 linear scales/vine. The first instar crawler was released 12 weeks after uniform lowering of vines.
Betel vine sprayed with chlorpyriphos (0.04%) at fortnightly interval served as control. The leaf yield
was recorded after three months after release of the linear scale and when the leaves were at maturity,
settlement of crawlers and development of symptoms were observed and number of scales/vine was
recorded at monthly intervals afier the release of the scales.

Results & conclusion

The study indicated the population of scales, L. cornutus in betelvine 1, 3, and 5 vine™ seem to tolerate
infestation and in the feaf it could be at 0.25, 0.15 and 0.25/ leaf ™. It has not affected the leaf yield also
till the 5 scales/vine by recording 60.0 leaves/vine compared to the 3 scales/vine and | scale/vine which
recorded 60.60 and 61.33 leaves/vine respectively. There were significant differences in number of scales
vine™! with respect to various treatments. Maximum population vine™ occurred on vines infested with 10
linear scale vine™' followed 7, 5, 3 and | linear scales vine™'. Control plots, where betelvine was protected
by spraying chiorpyriphos 0.04% recorded only 2% damage and the leaf yield was highest (62.67 leaves
vine") in plants released with initial load of 1,3 & 5 scales respectively. The leaf yield recorded from vine
released with S linear scales was drastically lower and on par with 1&3 released scales. The leaf yield
recorded from vines released with 7 & 10 scales was significantly lower than 5 scales vine”'. The leaf
yield was on par with the sprayed crop. The loss of leaf and monetary loss followed from the second
week onwards and lasted till seven weeks, Hence the control measures should be started before the
threshold level of 1 scale/vine for effective suppression of linear scale insect. The results of the present
study indicate that Lepidosaphus cornutus is an important pest of betelvine which cause significant
yield loss when the population of scales is above 5 scale vine™! (0.25 scale leaf ). The linear scales
when left to damage the crop for more than week could cause economic loss.
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Extended summary

S 37 - Quantitative analysis of scientific research output on Piperaceae - A
bibliometric study

C K Sushama Devi, K Jayarajan & Santhosh J Eapen
Indian Institure of Spices Research, Calicut - 673 012, Kerala.

Introduction

Bibliometrics is the quantitative evaluation of literature. It is used in science and technology arena to
determine the knowledge output of national sysiems of innovation. 1t helps to monitor growth of literature
and patterns of research enabling monitoring. The study attempis to evaluate the research publications
with respect to content and coverage, growth rate areas of research concentration, research performance
of various institutions, identification of core journals efc. The crops selected for the present study are
black pepper (Piper nigrum), betel vine (P. betle), long pepper (P, longum) and P, chaba, the commercially
important species of Piperaceae family. All these species are also medicinally important.

Materials & methods

For the study, Horticultural Science database (CABI) for the period 1973 to 2007 has heen used for data
collection. CABI is the leading abstracts database for agriculture providing comprehensive access to the
most international agricultural and applied life sciences journals in the world. Keywords and appropriate
descriptors were used for data collection. The collected data were analysed using MS Excel. Bibliometric
indicators like Relative Growth Rates (RGR), Participatory Index (PI), Doubling Time (DT) erc. were
calculated. The validity of Bradford’s Law of journals was also checked and core journals were identified.

Results &conclusion

The RGR and growth curve for black pepper indicate that the growth of literature was maximum (22%)
during 1998 to 2002, stagnant during 1973 to 1982 and 1992 to 1997. Output on betel vine shov ed greater
fluctuations during 1977 to 1982. The maximum output (21%) was reported during 1998 to 2002. The
growth of research output for . longum was maximum during 1998 to 2002 and that for £ chaba 2003-
2007. Analysis of country wise distribution highlighted the predominance of India for all the four crops.
Out of the total research articles published, 56% of black pepper, 82.82% of betel vine, 67.8 % of long
pepper and 30% of 2 chaba were published from India. Brazil ranked second with 7.6% and 9.5% in
black pepper and tong pepper respectively. Core journals were identified for each crop. Regarding biack
pepper, the Indian Journal of Arecanut, Spices and Medicinal Plants (8.3%0) published maximum articles
and tops first in the list followed by Journal of Spices and Aromatic Crops (6.8%). With regard to betel
vine, Indian Phytopathology (8.1%) ranked first followed by Joumal of Plantation Crops (4.7%). For P,
fongum, Journal of Ethnopharmacology {5.6%) and Current Science (3.8%) were the toppers in the list.
Journal of Essential Qil Research and Planta Medica (12.5% each) published maximum for P chaba.
Subject wise analysis of publications on black pepper revealed that maximum research papers were
published in crop protection aspect (36%) and the next priority is given to crop production {32%) aspect.
For betel vine maximum research papers were published on crop protection (55.4%) aspects of the crop
followed by crop production (21.62%). In P, longum most of the papers were published on crop production
(36.1%) aspects followed by medicinal properties {27.8%). Institution wise analysis of the research out
put revealed that in black pepper, long pepper and 2 chaba Indian institute of Spices Research, Calicut,
India has maximum number of research papers. In the case of betelvine, Bidhan Chandra Krishi
Viswavidyalaya, West Bengal, India tops the list.

Piperaceae Crops - Technologies o Future Perspectives @



"Aspee & you - a bond forever"

BRUSH CUTTER

CODE : MBC / 50204
49.9 cc Engina
8500 RPM, 2 HP
Dry Weight: 8.2 Kgs

MARUT HI-TECH ASPEE BOLO TURBLOW AVVENGER

Distributors for ASPEE Products in Kerala-

S V Rangaswamy & Company Private Limited

50/865 - A, “Aishwarya” Changampuzha Samadhi Road, Edappally, CCCHIN.- 682024
Tel.: 0484 2335089 « Mob.: 9388601964 « E-mail: svreochin@yahoo.co.in

7




B ' B

JRNAL OF ARECANUT, SPICES AND MEDICINAL PLA

A quarterly publication in English having wide circulation among
farmers, extension and research workers, exporters, industrialists, etc.

Popular and scientific articles on agronomy, plant protection, processing and
marketing aspects with profuse illustrations, market review, price statistics, farm
operations etc. etc.

Subscription Rates Advertisement tariff rates
Per insertion Four insertions
Inland (4 issues) Rs. 150.00 (B:alck cover(B&W) ; ggg 18838
Single copy Rs. 4000 AL
Foreign (4 issues) US$ 20.00 Igside Covar(B&W) ;Sgg ;ggg
Single copy Us§ 500 <
g Ordinary page (B&W) 1000 3000

Colour 1500 4000

Subscription may be sent to the Director, Directorate of Arecanut and Spices Development, Calicut-673 005,
by Money Order or Demand Draft drawn in favour of the Pay and Accounts Officer, Deptt. of Agri. & Cooperation
payable at the State Bank of India, Treasury Branch, Ernakulam,

For details

Director

Directorate of Arecanut and Spices Development
(Deptt. of Agriculture & Co-operation) Ministry of Agriculture, Government of India,
Calicut-673 005, Kerala, India
Telephone: Office - 0495 - 2369877, Director : 2765501, Fax : 0495-2765777, E-mail . spicedte@nic.in

NTS

W






