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The world is presently over-dependent on a few plant species. Diversification of production systems by including
4 broader range of specics can contribute significantly to improved health and nutrition, livelihoods, houschold
lood securily and ecological sustainabilily, Hundreds of little known traditional, neglected and underutilized plant
species help support the lives of rural people by providing lood, fodder, fibre, medicine, fuel wood, and shelter
and nutrition benefits especially to women and children. Being low input crops, these are important for agricultural
diversification and provide a unique opportunity to combat food and nutritional insecurity within the communities.
This review paper highlights the importance of neglected and underutilized species, their role in crop diversification
and reducing hunger, research efforts made at the national and international level, and fulure thrusts for germplasm
collection. characterization, conservation. utilization, capacity building and the policies enabling their enhanced
role in agricullural production and well being of the people.,
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Introduction

The dependence of mankind on plant resources is
inevitable. Necessity based gathering of wild plants and
their domestication have helped in the evolution of several
useful plant species since the dawn of agriculture. Living
in close contact with nature, man has learnt to use plants
for food, fodder, medicine and other purposes. Out of the
global wealth of about 80,000 edible plants, only 3,000
plant species have been used for food and only about 150
species have been commercially cultivated of which about
30 species provide 90% of the world’s food (NAS, 1975a;
Paroda, 1988), Three crops, namely, rice, wheat and maize
provide more than half of the world’s calorie
requirements. Dependence on a few species involves a
high degree of nisk of loosing their genetic diversity due
to various biotic and abiotic stresses. Hence, there is an
urgent need for focused attention on exploiting afternative
plant species for food and other purposes in order to widen
the food basket to ensure adequate food supply, better
nutrition and health to the people.

Underutilized crops are plant species traditionally
used by many communities for food, fibre, fodder, oil,
medicines and also for several other potential uses. These
species are known by various names, e.g. underutilized,
underdeveloped, underexploited, minor, lesser known,
orphan, new, alternative, traditional, niche, neglected,
forgotten, vanishing, lost crops and life saving/support
species. Traditionally, these species contribute
significantly to the well being and livetthoods of rural

households. Many of these species form part of
subsistence farming systems, while others are valued for
their medicinal uses. Many of these occur in extreme
environments and marginal or waste lands, and are being
lost through rapid destruction of natural habitats,
especially in the tropics.

Underutilized plants, often well adapted to marginal
and stress conditions, constitute the lesser known species
in terms of trade and research. Generally, they have high
nutritional and industrial importance and are useful to
humankind in various ways. Their cultivation is restricted
to specialized geographical pockeis in different
agroecological regions, mainly by poor farming
communities which derive their sustenance and livelihood
from such plants. However their commercial importance
and market value is still unknown to the public. Therefore,
research on underutilized crops helds promise to attain
sustainability, profitability and diversification in
agriculture and to restore the balance of trade, reduced
dependence on imports and to become more competitive
in agricultural exports since our depleting resource can
be replaced with renewable ones.

The underutilized plant species of economic
importance are the key to sustainable agriculture in most
of the developing couniries facing resource constraints
as well as rapid depletion of natural rescurces due to
ever-increasing population pressure. Poverty at both rural
anc’ urban level leads to various health and nutritional
problems, respectively. This can be improved upon
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through wider cultivation and inclusion of underutilized
crops in our food habit. Food and Agriculture Organization
of the United Nations (FAQ) statistics revealed that about
800 million children, women and men suffer from protein-
caloric under-nutrition, while over 2 billion suffer from
hidden hunger and there is a high {requency of low
birth-weight children caused by the deficiency of
micronutrients in the dict, particularly iron (Swaminathan,
1999),

Wealth of Less Known Plants

Well documented intormation is available on genetic
resources of less known cultivated food plants (Arora,
1985; Paroda and Bhag Mal, 1989). The genetic diversity
in the underutilized and underexploited food plants is
represented by native species as well as naturalized alien
species, viz., 15 species for seed/nut crops, 21 tfor
vegetable crops, 10 for roots and tubers, 23 for fruit crops.
and 10 species for other useful plants as listed below:

Seed/nut crops: The important species that need to be
paid attention are Amaranthus spp., Borassus flabellifer,
Chenopodium spp., Coix facrvma-jobi, Digitaria cruciata
var, esculenta. Echinochloa colonum, Euryale ferox,
Mucuna capitata, Panicum sumatrense, Parkia favanica
and Paspalum scorbiculatum.,

Pulses: The important underutilized pulse crops include
Dolichos uniflorus, Psophocarpus tetragonolobus, Vigna
aconitifolia, V. angularis, V. umbellata and V. trilobata.

Oilseeds: The important species which need to be paid
attention are Amoora rohituka, Azadirachta indica,
Aesandra butyracea, Calophytium inophytlum, Juglans
regia, Madhuca latifolia, Pongamia pinnata. Prinsepia
utilis, Safvadora olevides, Schleichera oleosa, Shorea
robusta and Terminalia catppa.

Vegetable crops. Amongst thesc crops, there are two
distinct categories: 1) plants whose leaves/young shoots
are eaten cooked or used in making soups and ii) plants
whose tender fruits/pods are consumed as vegetable after
cooking. The important specics are Amaranthus
polygonoides. Bambusa tulda, B. spinosa, B. vulgaris,
Canavalia polystachva, Corchorus capsularis, Crambe
cordifolia, Dendrocalamus asper, Emilia sagitata,
Houttuyina cordata, Lactuca indica, Moringa oleifera,
Mucuna cochinchinensis, M. utilis, Nasturtivin indicum
var. apetala and Wolfa arvhiza, ’

Roof and tuber crops: Most of these are consumed after
boiling — the tubers are usually eaten after cooking and
occasionally consumed raw. The useful specics are Aifium
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tuberosum, Alocasia cucullata, Asparagus sarmentosus.,
Coleus forskohlii, Colocasia esculenta, Curcuma
angustifolia, Fleacharis tuberose, Moghania vestita,
Netumbo nucifera and Pachyvrrhizus erosus.

Fruit crops: The important lesser known cultivated fruit
species identified are Aegle marmelos, Artocarpus
lakoocha, Carissa congesta, Cirrus species, Elaeocrpus

Horibundus, Emblica officinallis, Garcina pedunculata,

G Hncroria, Grewia asiatica, Limonia acidissima,
Malpighia coccigera, Morus alha, Pereskia grandifolia,
Phoenix sylvestris, Phvllanthus distichus, Rhodomyrtus
tometosa, Rubus albescens, R, ellipticus, Syzgium cyminii
and Zizyphus mauritiana.

Spices, condiments and beverage plants: The more
important species are Amomum aromaticum,
A xanthioides, Anethum sowa, Areca triandra, Caryoia
urens, Euterpe edulis, Kaempferia galanga, Madhuca
indica. Osmanthus fragrans and Piper longum.

Fodder and fodder-cum-fuel species. Agrostis alba,
Albizig lebbek, Desmodium parvifolium, Gliricidia
sepium, Hardwickia binata, Indigofera heterantha,
Kochia indica, Leptochioa fusca, Polygonum fortuosum,
Potentilla fruticosa, Prosopis cineraria, Rhyncosiu
minima, Rivea hypocrateriformis, Salvadora persica and
Zizyphus nuimmularia.

Dye yielding plants: Butea monosperma, Kochia indica,
Wrightia tinctoria, Morinda citrifolia and Anogeissus
pendila.

Tanuin yielding plants: Acacia nilotica and Cuassia
auriculata,

Plants used as detergents: Roots and leaves of Euphorbia
thomsoniana, Lvchnis indica and Silene griffihil.

Gum, wax and resin plants: Acacia senegal, A. nilotica,
Butea monosperma, Commiphora wightii, Prosopis

Juliflora, P. cineraria, Moringa oleifera and Safvadora

oleoides.

Timber and fuel plants: Acacia jacquemontii, A.nilotica,
A. senegal, Calligonim polvgonoides, Capparis decidua,
Dalbergia sissoo, Azadirachta indica, Cordia dichotoma,
C. gheraf, Moringa oleifera, Tecomella undufuta and
Boswellia serrata.

Fibre plants: Leptadenia pyrotechnica, Crotalaria burhia,
Saccharum munja, S. bengalense, Caletropis procera,
C. gigantea, Cordia dichotoma, Acacia lewcophloea,
Butea monosperma, Sida cordifolia, §. carpinifolia and
S. rhombifolia.
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Role of Underutilized Crops

Craop Diversification

The focus of research and development on a few widely
used species has helped in meeting the food needs of the
rapidly growing human population. but it has narrowed
down drarmatically the number of species upon which
global food securily and agricullural incomes depend. The
impact of the narrowing species base of global food
security is likely to be felt most by the rural poor,
particularly in marginal areas where people are faced with
a restricted set of livelihood options. With the increasing
speed and intensity of social and environmental change,
humankind has become more vulnerable now than ever
before. Urgent measures for crop diversification need to
be taken to promote a wider diversity of crop species to
ensure food security and enhanced incomes of the poor.

Many neglected and underutilized species occupy
important niches, adapted to the risky and fragile
conditions of rural communities and have a comparative
advantage in marginal lands where they have been selected
to withstand stress and to contribute to sustainable
production with minimal inputs. They also contribute to
the diversity and the stability of agro-ecosystems and are
potential crops for the diversification of agriculture. These
species also often have a strategic role in fragile
ecosystems, such as those of and and semi-arid lands,
mountains, steppes and tropical forests. To address the
needs of these ecosystems, it is imperative to broaden the
focus of research and development by including a much
wider range of crop species, with the ultimate objective
of increasing their sustainable productivity.

Ethnobotanic surveys confirm that hundreds of such
species are still to be brought under cultivation in many
countries, representing an enormous wealth of
agrobiodiversity having the potential to contribute 1o
improved incomes, food security and nutrition. These
locally important species generally remain neglected
which can lead to genetic erosion of their diversity and
usefulness, thus restricting development options for the
rural poor. Many of the species ignored for research and
development are rich in cultural value. Local communities
consider these as essential elements not only in their diet
but also in their food culture and rituals. The link between
cultural values and plant resources can be important in
empowering communities to conserve and develop their
biological and cultural assets.

Most of the underutilized crop species do not require
high inputs and can be successfully grown in marginal
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and degraded lands and at the same time can contribute
to increased agricultural production, enhanced crop
diversification and an improved environment. In addition,
such efforts will help in conserving and using the genetic
resources of underutilized crop species,

Combating World’s Hunger

The member countries of the United Nations (UN)
pledged to meet by 2015 a set of international targets
known as United Nations Millennium Development Goals
(MDGs). The first MDG is to reduce by haif the number
of people who suffer from hunger. The current focus on
Just a few crops means there is a strong chance that the
global community will miss the first UN Millennium
Development Goal (MDG) on hunger by several decades
beyond 2015, Hencc, the national development plans
should make better use of agricultural biodiversity and
there should be a better access to traditional foods.

Neglected and underutilized plant species can play a
very significant role in reducing hunger the world over.
Realizing this, an International Consultation was
organized at Chennai in April 2005 by M.S. Swaminathan
Research Foundation (MSSRF), Chennai, India and
Bioversity International (formerly, the International Plant
Genetic Resources Institute — IPGRI}Y and Global
Facilitation Unit for Underutilized Species, both based
in Rome, Italy. The main outcome of the Consultation
was the adoplion of Chennai Platform for Action which
is a 10-point strategy, designed to assist the national
governments and international agencies to achieve, as
soon as possible, the UN MDGs of reducing extreime
poverty and hunger by half by 2015. During the
consultation, it was emphasized that eradicating hunger
will require more research on nutritious but largely
ignored crop species. The farmers in developing countries
should be encouraged to grow a wider range of native
crops to provide local populations with greater dietary
diversity. These crops could include varieties of pseudo-
cercals, millets and pulses in Asia, tubers and grains such
as quinoa, canihua and amaranth in the Andes region of
South America; and green leafy vegetables in Africa,

The world increasingly relies on a shrinking food
basket of a few crops to fulfill the dietary needs of its
people. Tackling malnutrition by increasing dietary
diversity would not only help address this ‘hidden hunger’
but could also help achieve two more of the MDGs,
namely, reducing infant mortality and reducing the
number of women who die in childbirth (Swamnathan,
2006).
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Interpreting the first MDG as meaning that each
person gets more food, ignores the fact that malnutrition
is also about people not getting encugh of micronutrients,
vitamins and minerals. Malnutrition contributes to at least
half of the 10.4 million child deaths each year. Vitamin A
deficiency, which can cause blindness, afflicts 120 million
children every year, of whom 250,000-500,000 go blind.
Some two billion people are anemic because of iron
deficiency. In the past, these deficiencies were tackled
through food fortification programmes, but these cannot
be replicated in remote rural areas and the dietary diversity
1s the only way forward (Frison, 20006).

Research Achievements

National Efforts in India

India exhibits extreme diversity for edapho-climatic
conditions, agroclimatic regions and ecosystems. The
Indian sub-continent is a reservoir of several plant species,
which have known uses of future potential for the benefit
of human beings. India occupies a unique position among
the major gene-rich countries of the world with a bounty
of 49,000 species of higher plants known to occur. About
30% of these species—17,500 species are endemic
{Gautam and Singh, 1998) occurring in 16 major
vegetation types of the country.

Systematic efforts have been made to compile
information on lesser known food plants including wild
resources used by farmers and tribal communities in
different regions of the country. Ethnobotanical
investigations have been made to record a large number
of wild plant species used by native tribal and aboriginal
people, to meet their varied requirements (Jain and Sinha,
1987, MEF, 1994), Immensely rich landrace diversity
occurs in major agri-horticultural crops, which is
attributed to the farmers’ conscious or unconscious
selections, inherited and perpetuated over generations.
Also, an enormous richness occurs in terms of crop
relatives (326 species). Out of a rich floristic wealth of
higher plants in the country, over 1000 wild food plants
are used, and human association with these has been much
older than with crops that emerged with settled agriculture
{Arora, 1985; Arora and Pandey, 1996). Over 50 of these
species have been domesticated by native communities.
Others hold promise as nutritional food 5upplementb for
future domestication and exploitation.

In order to strengthen research on underutilized plants
at the national level, an All India Coordinated Research
Project on Underutilized Crops (AICRP-UUC) was

J. Plant Genet. Resour. 20¢1) [-14 (2007}

initiated in 1984 with its headquarters at the Nutional
Burean of Plant Genetic Resources (NBPGR), New Delhi.
Under this programme, the priority underutilized: crops
were identified based on their suitability to the existing
cropping systems or their potentiality to supplemeént the
new production systems, and concerted research tfforts
were made in respect of germplasm collegting,
characterization, evaluation, conservation and utilization
of selected priority species particularly for crop
diversification for food and commerce (Bhag Mal.. 1988,
1993, 1994; Bhag Mal and Joshi, 1991; Paroda, 1988;
Paroda and Bhag Mal, 1989, 1992; Phogat et af., 2004)

Germplasm Collection, Characterization and Evaluation

Efforts through well-organized multi-crop explorations
resulted in sizeable germplasm collections over the years
in a few selected species. Under the World Bank funded
National Agricultural Technology Precject {NATP),
priority areas for exploration were identified and
germplasm of rice bean (Vigna umbellata), buckwheat
{(Fagopyrum esculentum), amaranths (Amaranthus spp.),
scarlet bean (Phaseolus multiflorus) and bhanjira (Perilla
Sfrutescens), were collected. Useful germplasm was also
introduced from other countries through the National
Bureau of Plant Genetic Resources (NBPGR), New Delhi
which maintains links with over 70 countries.

In India, over 25,000 accessions of about 60
underutilized crops were introduced during the past 30
years out of which 3361 accessions of 21 crops were
evaluated under the aegis of All India Coordinated Project
(now a Network) on Underutitized Crops (Rathi ef al.,
2005; Phogat er af., 2006). Germplasm characterjzation
and evaluation was also done at different research gentres
in several underutilized species, namely, amaranth { Joshi,
1986; Shukla and Singh, 2000; Verma et al., 2001,
Varalaxmi, 2004; Rana et al. 2003; Priya et al. 2007),
buckwheat {Joshi and Paroda, 1991); rice bean (Seyie et
al. 2006), winged bean (Pan et /., 2003); moth bean
{Bhavsar and Birari, 1989) chenopod (Bhargava.ef af.,
2004, 2005); horsegram (Birari ef af., 1987; Chahota
et al., 2005); and grasspea (Pandey ef ., 2000).

Germplasm Conservation

Conservation of germplasm of many neglected and
threatened plant species assumes a high priority as the
local rural populations inhabiting the extremely harsh
environments depend on these crops. In view of large-
scale over-exploitation of land resources, tragile
ecosystems of the humid tropical and temperate Yorests
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are under threat. In diversity-rich areas, conservation of
such plant specics assumes greater priority for curreat
and future use. The conservation of plant genetic resources
has been accomplished through: 1) the {arming community
{in sity conservation through the continued use of local
cultivars). and ii) conservation through the formal sector
{(ex sity conservation in the genebanks). Some of the
poteniially useful wild species have been domesticated
and their cultivation initiated in areas where the climatic
conditions are similar to the niche of wild species.
Valuable germplasm of several neglected and
underutilized plant species is maintained by NBPGR, at
New Delhi as well as at its Regional Stations located in
ditferent ago-climatic zones of the country. Also, a few
sclectad centres of AICRP (UUC) have been assigned the
responsibility for maintaining the germplasm of particular
species. The current status of germplasm holdings of
impoitant underutilized crops in India is given in Tablei.

Germplasm Utilization

The genetic diversity of a few selected native and
introduced species has been successfully utilized in
develpping improved varieties through selection process.
The gizrmplasm available in different crops was evaluated
tor grain yield and other traits al several research stations/
centré:s and promising lines/cultivars were identified. The

selected elite lines were tested through multi-location
trials over the years and the most promising varieties were
identified/released for cultivation in different agro-
climatic zones. The varieties identified/reicased in grain
amaranth (Amaranthus hypochondriacus), buckwheat
(Fagopyrum esculentum), winged bean (Psophocarpus
tetragonolobus), rice bean {Vigna umbellata), faba bean
(Vicia faba), guayule (Parthenium argentatumy) and jojoba
(Simmondsia chinensis) are given in Table 2, Concerted
breeding efforts have also been initiated in a few selected
potential crops at specified research centres for developing
better varieties, Hybridization programmes in amaranth ,
tice bean, adzuki bean (Vigna angularis) and tumba
(Citruflus colocvnthis) and mutation breeding prog-
rammes in rice bean, winged bean and tumba are currently
underway at different research centres in the country.

International Scenario

Neglected and underutilized plant species play a
significant role in crop diversification and sustained/
enhanced agricultural production {Bhag Mal, 1994,
Williams, 1995; Padulosi, 1999). Much global awareness
currently prevails among not only the researchers but
equally among the planners, policy makers, growers and
users ali over the world about their usefulness and
economic poiential and concerted efforts in this direction

‘Table 'l. Germpiasm assembled and characterized in important underutilized crops**

Crop No. of accessions Major source countries Oripin
Amaranth{ 4marantlus spp.) 4G40 India, Russia, Genmany, Kenya,, Netherland, Nigeria, Soulh America
Syria, Nepal, Bangladesh, China, Taiwan, USA
Chenopod{ Chenopadium spp.) 177 India, Poland, USA. ltaly. Hungary, Russia South America
Buckwieat{ Fagopyrum spp.) ROD India. Nepal, Russia, Hungary, Germany, Japan Central Asia
Near Eastern Region
Winged bean 328 India, Ghana. Papua New Guinea, Nigeria, Indonesia. Papuua New Guinea
{Psophicarpus testragonofobis} Philippines, USA, Thailand. Sri Lanka, Puerto Rico
Rice hean ( Figaa wmbeflata) 1880 Nepal, China, India. Indonesia, Brazil, Colombia, Indo-BurnuvSE Asia
Cuosta Rica, Belgiun. UsA
Tfaba bean (Vigna faba} A6 USA. ltaly, Germany, Isracl, Spain, Syria Southwest Asia, Near East,
Mediterranean
Adzuki bean( Figna angularis) 167 Belginm, Germany, Japan, Thatland, Colombia. USA India. Japan. China
Bambara groundnut 196 Nigeriu, [ndia, Australia. UK Western Africa

{ Vigna subrerranea)
Jerusakem artichoke 1%
(Heliuwthus tuberosus)

France, USA, Canada, Netherland

USSR. USA, Phihppines, Mexico, Spain
India. Brazil, Ghana, Australia, Nigeria
USA, USSR, Nigeria, Sudan, Egypt. Korea,

Naorth America

Southwest Amcerica, Mexico
South-west America, Mexico
South America

Tropical America

Africa, India

South Amenca

Guayule (Parthenium argentatim) 113 LSA, Mexico, Spain.
Jojobu' (Simmondsia chinensis) 188 U8A, lsrael, Mexico
£ uphu;‘bia spp. 43
Jatropha spp. 29
Tumbs (Citrulius colocynihis) 115

Holland, Austealia
Cuphe: spp. 13 Usa

Brazil to Argentina

+* Source AICRP (Uniderutilized Crops); NBPGR
A Piant Genet. Resour 20¢f): 1-14 {2007)
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Table 2. Varielies released under All India Coordinated Research Project on Underwtilized Crops**

Crop  Variety Year of release/ Feonomic  Average [rportant Recommended areas
identification product vield {(g/ha)  Characteristics for caltivation
1) 2) (3 4) (3} 16} )]
GRAIN AMARANTH
1 Annapurna 1984 Grain 22.50 High grain yiefd, high protein (15%;. Hilly region
drought tolerant. wider adaptability
2 GA-I [99] Girain 1950 liigh seed yield and dronght resistant Gujarat, Maharashitra
3 Suvarna 1942 Girain 16,00 Drought toierant, high grain yieid Peninsular region
(Kamataka, Orissa).
Giujarat
4 PRA-I 1967 Grain 14.50) High grain yietd Uuaranchal hills
{PRA 880
5 PRA-2 2000 Grain 14.50 High grain yicld tilly region
{PRA 91001)
) GA-2 2000 Grain 15.50 High grain yield Gujarat
7 PRA-3 003 " Grain 16.50 Hiph grain yield Hilly region
(PRA G401
8 1C 35407 2004 Grain 2100 High gruin yteld, carly maturing North west hill zanc
(Durga; comprising Himachal
Pradesh and Uttatunchal
states
9 BGA-2 2005 Grain 13.26 High grain yield. early maturing Kurpataka, Orissy atul
(Kapitlasa) Tamil Nadu
10 VL Chua 44 2006 Grain 13.20 Early maturing {110-120 days}, escapex Hilts of Uttaranchal
from leaf webber wnd has non-spiny bract
tor casy threshability
BUCKWHEAT
11 Himpriya 1991 Grain 12.00 High grain yicld. medium maturity High altitude areas
F. tetaricum
(2 VL Ugal 7 1901 Grain 8.00 Early maturing. moderate grain yield Mid hills
13 PRB 9001 1997 Grain 12.00 High grain yield, medium maturity Mid hills
(PRB )
14 Shimta B-1 2AHIS Grain 1.2 Early maturing (81-95 days) Dry temperate reygion of
(Himgiri) Himachal Pradesls and
J& K
15 Sangla B-1 2005 (Grain 12.65 Medium maturity (104-108 days}. Mid and high hills of
high grain yield Himachal Pradesl and
Lttaranchal
WINGED BEAN
16 AKWEB-1 1891 Green pods 105,00 Dual purpose {seed and vepetable), All winged bean
high pod yield growing areas
FABA BEAN
17 VH 82-1 1998 Grain 14.55 l#igh grain yield. medium maturity Northern plains
RICE BEAN
18 RBL-I 1986 Grain 16.00 High grain yield, medium maturity. Punjab
light green seeded. resistant to diseases
and stored grain pests
19 PRR-1 1995 Grain 15.00 High grain yield LUrtaranchal hills
20 PRR.-2 1997 Grain 12.00 High grain yield, shining light yellow North cast and North
seet colour wesl hilly arcas
21 RBL.-6 2000 Grrain 13.33 High grain yield medium maturity, light Entire plain Zone
green seeded, resistant to diseases and pests
22 RBL 35 2003 Grain 11.65 Early maturing Plains

J. Plant Genet. Resour: 2001): 1-14 (2007)
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(1} (2) (3 4 (3) (6) {7}

23 RBI.-50 2003 Grain 1790 Park green sceds Plains

24 BRS 1 2003 Grain 14,50 Early maturing. high grain yield Hills

KALINGADA

25 Ciujarat 2001 Seed and 10.00 High protein (18%:), high il content Aricsen artd areas ol
Karingada-1 vegetahle {37.1%), high TSS (3.49%) Ciujarat

GUAYL LE

26 Arizona-1 1980 Rubber 13.50 Droughi resistant. high rubber content Arid and semi arid areas

(69, medium vigour
27 HG-H 199] Kubher 15.00 High rubber content {7%), tolerant to Arid and semi arid areas
rool Tot, vigorous growth

TUMBA,

28 RMT 54 2004 Scedfoil 2.38 [ligh fruit and seed yield Rajusthan and Gujarat
(Manshu
Marudhara)

JOIGBA

24 FC-33198 1986 il 5.0 High seed yield, droughi olerant Arid regions and

coastal areas

KANKO:IA

an indira Kankoda 2006 Vegetahle 15-20) High fruit yield Chhatisgarh, Uttar Pradesh,
RME-37) Jharkhand, Crissa and

Maharashtra

JATROPHA

il 1"hhatrapat K36 Oil 4.00 High seed yicld, high oil percent Gujarat, Orissa, Haryana
SDALT-1 (3™ year) and Maharashtra

== 8ource . AHCRP (Undderutifized Cropst; NBPGR

have heen made at the international level. Several
internytional organizations such as the Overseas
Develepment Agency (ODA, now Department for
International Development (DFID), UK, Bioversity
Internalional (formerly, the International Plant Genetic
Resources [nstitute {IPGRI), Rome, Italy, United States
Agency for International Development (USAID), US
Academy of Agricultural Sciences, International Centre
for Underutilized Crops (ICUC), Southampton, UK and
British Council encouraged research on underutilized
species in order 10 broaden the range of plant species crop
diversilication. The National Academy of Sciences
(NAS), USA brought out several important publications
highlighting the importance of potential underutilized
species {NAS. 1975a, b; 1979a, b). The NAS has also
brought out a book ‘Lost plants of the Incas’; its earlier
contributions are well known in this field (Anonymous
1975). The Food and Agriculture Organization of the
United Nations (FAO) gathered and documented useful
information on underutilized grain legumes and pseudo-
cereals through expert consultancies (Bhag Mal, 1994,
2000).

The Commonwealth Science Council (CSC),
London. UK organized several intermational workshops
to assess the role of underutilized crops and litfe support
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species. The CSC has also organized a workshop jointly
with the National Bureau of Plant Genetic Resources
(NBPGR) at New Delhi tn 1987 and its proceedings were
published and widely distributed (Paroda er ¢/, 1988),
Further, an International Symposium on ‘New Crops for
Food and Industry” was organized at the Southampton
University, Southampton, UK in September 1987 and its
proceedings were published and widely distributed
(Wickens et al., 1989). These developments generated
lot of renewed interest in this group of crops.

Bioversity International in collaboration with Institute
of Plant Genetics and Crop Plants Research (IPR),
Germany published crop monographs on physic nut
(Heller, 1996), yam bean (Sorenscn, 1996), coriander
(Dicderichsen, 1996), hulled wheat (Padulosi, e al.
1996), Niger (Getinet and Sharma, 1996), pili nut
(Coronell, 1996}, safflower (Dajue and Hans-Henning
1996), chayote (Saade, 1996), Bambara groundnut (Heller
et al., 1997), breadfruit (Ragone, [997), cat’s whiskers
(Chweya and Mnzava, 1997), tef (Ketema, 1997}, oregano
(Padulosi, 1997), sago palm (Flach, 1997), black night-
shade (Edmonds and Chweya, 1997}, traditional African
vegetables (Guarino, 1997), carob tree {Battle and Tous,
1997}, grass pea (Campbell, 1997), buckwheat (Campbell,
1907, peach palm (Mora Urpi et al., 1997), aibika/bele
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(Preston, 1998), chenopeds (Pratap ef al., 1998), lupin
{Cowling et al., 1998) and Andean roots and tubers
(Hermann and Heller, 1997). The major information
covered in these monographs include crop description,
taxonomy, origin and centres of diversity, plant properties,
uses, genetic resources, breeding, production areas,
ecology and agronomy, limitations, research needs and
future prospects. Bioversity also supported work on less
utilized crop genetic resources in East Asia.

In a global initiative, Bioversity International with
funding support from the International Fund for
Agriculture Development (IFAD) implemented a
programme on ‘Enhancing the contribution of neglected
and underutilized species to food security and to incomes
of the rural poor” during 2001-2005. The species included
were millets in Asia (India, Nepal), medicinal and
aromatic plants in Central West Asia and North Africa
(Egypt, Yermen) and Andean grains in Latin America
{Bolivia, Ecuador, Peru). The project was successful in:
i) working with farming communiiies, ii) securing and
making available the diversity of target crops, iii)
improving agronomic practices, iv) reducing drudgery in
processing, v) adding value to products, vi) conducting
training and building capacity among stakeholder groups,
vii} fostering estabiishment of self-help groups and
cooperatives, viii) creating links among various actors in
the value chain, ix) raising awarcness al local, national
and international levels. The projectl delivered very
substantiai value and proved to be of interest to the entire
development community (Padulosi, 2006)

Based on the success of this initiative, IFAD further
supported a three-ycar follow-up programme
‘Empowering the rural poor by strengthening their
identity, income opportunities and nutritional security
through the improved use and marketing of neglected and
underutilized species’ started in 2007. This amply
demonstrated that biodiversity is important for people’s
lives, and that one way of protecting biodiversity is by
supporting the use and appreciation of plant species that
are currently neglected and underutilized.

With funding support from the International Development
Research Centre (IDRC), Canada, Bjoversity International
also implemented a project on dietary diversity in sub-
Saharan Africa. The project made substantial contribution
in linking traditional food and plant resources to health
in urban and rural populations, creating awareness of the
benefits of traditional leafy vegetables and providing a
platform for discussion for inclusion of dietary diversity
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and traditional foods in the national policies (Maundu,
2006).The increased use of traditional lcafy vegetables
in sub-Saharan Africa has clearly established the! links
hetween dietary diversity, better nutrition and better heallh
{Eyzaguirre, 2004, Maundu, 2005). The IFAD fiinded
proiect on minor millets in India and Nepal also
demonstrated close links between nutrition, health,
conservation and biodiversity and exemplary im]:_éact of
the project on peoples’ well being (Padulosi, 2002; 2006).

The Global Facilitation Unit for Underutjlized
Species (GFU) which is an initiative of the Global Forum
on Agricultural Research (GFAR), the Fooél and
Agriculture Organization of the United Nations (FAQ),
the [nternational Fund for Agricultural Development
(IFAD), Bioversity International and the Intern:itional
Centre of Underutilized Crops (ICUC) was estahllished
in 2002 at Bioversity International, Rome, ltaly with
funding support from the German Federal Minisiry for
Economic Cooperation and Devetopment (BMZ}.GFU
encourages wider deployment of underutilized species
globally and supports activities on networking, sharing
of experiences across regions, creation of syndrgies,
capacity building, socioeconomic backstopping andsecrves
as a platform for discussion, strategy development and
cooperation.

The International Centre on Underutilized Crops
(ICUC) was established in 1989 at Southampton. U.K.
which moved to Colombo, Sri Lanka in 2003. The mission
of the cenire is to promote the use of underutilized crops
for the benefit of humankind and environrpental
protection. ICUC established Underutilized Tropical Fruit
Trees in Asia Network (UTFANET) in 1995 and a régional
centre known as the Asian Centre for UnderutilizedCrops
(ACUC) in 2003 (Anonymous, 2006). ICUC pulilished
several monographs on minor fruit crops, viz., tamarind
{Gunasena and Hughes, 2000), ber (Pareek, 2001 )f safou
(Kengue, 2002), baobab (Sidibe and Williams, 2002},
Annona spp, (Pinto et gl., 2005) and Ndjarssang
{Tchoundjen and Atangana, 2006). Several Inlemhtional
Conferences had also been organized by ICUC in UK,
Argentina, Malta, and Colombo in which the progress
and achievements made in different underutilized CIops
in different countries were shared and the futuré plans
made for their better utilization.

Neglected Crops — a Sustainable Qption

In order to make the neglected and underutilized <rops a
sustainable option, there is a need for concerted action to
conserve genetic diversity of these species and to make



Neglected and Underutilized Crap Genetic Resources for Sustainable Agriculture 9

better use of it to improve food security, nutrition and
income for the rural poor in developing countries.
Enhariced research efforts on traditional crops need to be
made jind the policies to preserve them be integrated into
natiojal development plans, and food and nutrition
securijy programmes, especially those providing food aid
and sghool meals. Getting neglected crops back on the
menu js important and equally so is ensuring that the poor
peoplg get a fair share of any commercial benefits that
arise firom exploiting these genetic resources.

Uindoubtedly, there is a need to broaden the range of
plant jpecies utilized by man. An untapped potential of
specias exists in the forests, grasslands, swamps, rivers,
seas dnd even deserts of the world. This potential is,
howeyer, a diminishing resource, diminishing in the face
of endironmental degradation by human and livestock
populdtion pressures and the requirements for food and
raw niaterials on which to survive. Consideration of
factory, such as available diversity and its exploitation,
cost af domesticating new species, environmental
problems and likelihood of their incorporation in the
farmhig syslems tends to indicate the need for taking risks
for theldomestication of new species (Smith, 1988). There
are onjy a few people or organizations prepared to take
risks df this nature and even fewer who also have the
resouri:es required to make the necessary investment. The
farmet himself is unlikely to be able to take the lead in
develi)ping a new crop. In such a situation, the
Goverjiment or established Public Sector agencies should
take the lead in research and development related to this
categoiry of plants. The resources needed for this type of
innovdtive work need to be critically assessed as the new
endeayours would be more demanding.

Atother serious concern relates to the fact that no
properi data base is available pertaining to these crops.
The Bfoversity International and Global Factlity for
Underftilized Crops (GFU}, Maccarese, Rome, Italy and
the Infernational Centre for Underutilized Crops at
Colompo, Sri Lanka need to make efforts to establish such
a data Jase for information on neglected and underutilized
plants Jhat are considered potential in different countries.

Futur«i Thrusts

Itisi fperative that required thrust needs be given fo the
neglecled and undervtilized plants for harnessing their
potenttal for varions purposes. Io order to make these
plant species an important component of existing farming
systernp, several useful suggestions given below are worth
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considering both at the national and international leveis
to overcome an array of existing constraints and to
improve their cuitivation prospects:

Germplasm Acquisition

¢ Ecogeographic surveys are required to collect data
on existing collections and on the distribution of plant
species to have a consolidated picture on the available
genetic diversity. The areas having rich diversity of
land races, primitive cuftivars and wild relatives of
specific crops need to be identified.

e Germplsam collecting needs to be done through well
organized exploration programmes aimed at filling
gaps in the collections with particular emphasis on
collecting the material possessing specific desirable
traits,

e Jointexploration and collecting need to be undertaken
involving multinational teams to collect diversity of
targeted potential underutilized crops of common
interest to participating countries. These should be
supported by the respective national governments as
well as the concerned international organizations.

o The germplsam of important underutilized crops
available in other countries should also be acquired
through bilateral/multilateral exchange following
standard material transfer agreement (SMTA).

Characterization, Evaluation and Documentation

o Crop descriptor lists, not available for many of the
underutilized crops, need to be prepared on priority
basis.

e The available germplasm in difterent crops need to
be characterized for important traits and crop
catalogues need to be brought out and made available
tc interested researchers and other users.

o Joint multi-locational evaluation of germplasm needs
to be undertaken by the research institates/centres
both within and between countries so as to obtain
more useful information based on genotype x
environment interactions.

o There is a great need to document the indigenous
knowledge (IK) and wisdom available with the
communities relating to the traditional cultivation and
use of underutilized species

Genetic Improvement

o Well organized breeding programmes based on
carefully defined objectives with various end uses of
specific underutilized crops should be initiated to
develop high vielding and nutritive varieties.
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Greater emphasis needs to be given for developing
suitzble plant types possessing specific desirabie traits
to fit well in different cropping systemns and to serve
specific needs of the users.

Development of auppropriate varieties suilable for
non-conventional seasons and areas without
disturbing the cultivaticn of more commonly grown
food and cash crops in the region needs to be taken
up.

The problem of antinutrition factors and toxic
substances which adversely affect the taste and
digestibility needs due consideration while
developing new varieties of underutilized specics.
Basic studies which hithertc remained largely iznored
in many underutilized species requirc urgent
attention. The genetics of plant, fruit and sced
characters needs to be studied

Conservation and Utilization

The germplasm of different crops scattered at
different centres needs to be assembled and conserved
in the national seed genebank/field genebank for long-
term conservation.

There is also a greater need to develop and promote
suitable mechanisms for sustainable maintenance of
genetic diversity of underutilized crop specics in the
production systems.

The adaptability studies need to be undertaken in
order to find out suitable agro-climatic situations for
efficient cultivation of different crops.
Standardization of package of cultivation practices
also needs to be undertaken,

Concerted etforts are necded to promote the
establishment of seed/grain banks at the level of
farmers in the target communities.

Product Development and Marketing

Utmosi attention needs to be paid to post-harvest
processing, value addition and product development
$0 as to enable the farmers and communities to make
cffective use of potential underutilized species for
crop diversification.

There is a great need to establish strategic alliances
with agencies and organizations that have experience
in marketing, processing and product development
of neglected and underutilized species,

Efforts need to be made o identify opportumtle% to
add value through improved processing methods and
product development through low-cost technologies
Greater emphasis needs to be given to establish
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market links to enable the farmers to seli their praduce
at reasonabie price and enhance their income krom
the use of these species

Identify ways to ensure that the nutrltlnnal
contributions of selected underutilized 5pec1e+~. are
recognized and integrated into state-level p{)}/erly
reduction and nutritional programmes

Strengthening Parinerships and Capacities

Thrust needs to be given to build and strengthen
sustainable partnerships with all the stakeholdgrs at
national and regional levels and promote ¢lose
collaboration with National Agricultural Resdarch
Systerms (NARS), Non-Governmental Organizyions
(NGOs), Farmers’ Organizations, Civil Soficty
Organizations (CSQs), entrepreneurs, private skctor
and the international organizations. :
The existing collaboration between various
stakeholders needs to be strengthened and the
initiatives that have delivered relevant outputs it the
field-level need to be further geared up. :
There is a great need to play a catalytic rol¢ for
pooling the scattered efforts and limited resources 1o
address priority actions for developingiand
conserving neglected and underutilized crops.
A close collaboration between the researchers.
adminisirators and officials of developipent
departments needs to be established to realizd tull
potential of neglected and underutilized crops. |
In order to popularize cultivation and use of these
crops, there is a necd for raising public awardness
through meetings, demonstrations, fairs, food
competitions, TV/radio programmes, newslettert and
pamphlets. etc.

Focused atiention needs to be given to develop pubhc—
awareness activities for crops and products at ‘OCdl
and national levels and integrate such work in
development related-activities

There is a strong need for human TebOilI’CC
development and capacity building of stakehdlder
groups through training/ skill enhancerpent
interventions at the level of farmers, comnurnily
members, rescarchers and extension workers.

Enabling Policies

An urgent attention needs to be given for promuiting
policies, laws and regulations that ensure benifits
from increased use of underutilized crops ta the
communities particularly women and other
disadvantaged members of the society
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» There is an urgent need to critically review and
ajldress specific aspects of policies on crops and
cpmmodities 1o identify gaps in addressing issues
rélating to neglected and underutilized species.

o The policies and guidelines for safeguarding access
of farmers to the genetic resources of underutilized
si:ecies nced to be developed/strengthened.

. Aippmpriale measures need to be taken up to integrate
pblicies related to sustainable use of these species by
ppor farmers including policies related to
syfeguarding of traditional knowledge base of the
fdrmers
The global struggle against poverty and hunger can

not bf overcome without national and intcrnational
comniitment. The neglected and underutilized crops hold
great promise for overcoming this struggle owing to their
varied uses and inherent potential to adapt to harsh
edaphb-climatic situations. These species can prove to
be a bdon in agriculture in the changing scenario emerging
due tojthe climate change. Conservation, sustainable and
equit;ib]e use of genetic resources of these crops is thus
imperfative for the well being of present and future
generjlions and calls for urgent attention of all concerned
to initjate/enhance actions as suggested.
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Plant G¢netic Resource (PGR) which is the backbone of
crop imfprovement programme has to be given greater
importalice with the changing scenario due to Intellectual
Property Right (IPR) regime under the TRIPS and the
Nationa] Biodiversity Act. In this context, it has become
importaft to evaluate and document all the germplasm
availablp in the country.

Thd genus Trifolium commonly called clovers
comprigzs of 237 annual and perennial species (Zohary
and Hqller, 1984) out of which 25 species are
agricultjirally important as cultivated and pasture crops
(Lange §nd Schifino-Wittmann, 2000). Egyptian clover,
popularfy known as Berseem (name derived from Arabic
name ‘Bersym’ or ‘Berzum’) is believed to be indigenous
to Egypt. Based on the branching behaviour and
regener{tion potential, three ecotypes of Berseem i.e.,
Mescav}, Fahli and Saidi are reported from Egypt. Out of
the two dcotypes “Mescavi’ and “Fahli’ introduced in India
during 1903, the former proved to be highly adaptable
becausd of its multicut nature and is cultivated in
approxifnately 2 million ha in India.

The] present work was undertaken to estimate the
extent o] variability among the existing germplasm lines,
maintaiged at Indian Grassland and Fodder Research
Institutel, Jhansi, which includes old introductions, its
derivatifes, selections and mutants.

Materiaf and Methods

Seeds {f 598 lines of Egyptian clcver (Trifolium
alexand}inum) including germplasm lines and advance
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Egyptian clover or Berseem (Irifolium alexandrinum) is a widely adapted good nutritious annual fodder crop. To
estimate the genetic variability, 598 lines of berseem were evaluated using augmented block design. The material
included released varieties, advanced breeding lines, induced tetraploid lines and ecotypes. Although wide range
of variation was observed for most of the traits, a closer look indicated that the majority of the accessions centered
around the mean leaving little number of accessions on the extremes. The frequency distribution was observed
to be symmetrical and unimodal for most of the traits indicating thereby a continuous variation among the population.
Similar trend was observed for floral and seed characters. Marked differences were observed among the diploid
and tetraploid genotypes for foliar traits such as leaflet shape, size, margin and surface hairiness. The study indicated
that the germplasm had derived from narrow genetic base. Promising lines were identified which have high value
for particular traits and can be exploited in genetic improvement programme.

Key Words: Genetic variability, Berseem, Trifolium alexandrinum, Germplasm evaluation

breeding lines were grown in augmented block design in
3 m row plots with row to row distance of 50 cm and
plant to plant distance of 5 cm. In total, there were 11
blocks consisting of 58 lines in each block. Wardan, JHB
146, BL 122 and HFB 155 were used as checks in each
block and their position was randomized. Sowing was
done in the third week of October and green fodder yield
data recorded for three cuttings whereas morphological
data was recorded on three randomly selected plants at
50 per cent flowering stage and for seed characters at
maturity. Plant height was recorded in cm each before
second cut, third cut and lastly at 50 per cent flowering
stage. The other observations recorded were number of
nodes per tiller, internode length between fourth and fifth
node, petiole length, leaflet size, occurrence of multifoliate
leaves, leaf colour, leatlet margin, leaf hairiness, stipule
hairiness, stipule fused and free length and stipule total
length, stipule width, total green fodder yield (GFY) per
3 m row recorded during second, third and fourth cut,
date of flowering initiation, date of 50 per cent lowering,
peduncle length, flower colour, number of flower whorls
in a head from base to the top, number of flowers in the
first whorl at maturity, date of 50 per cent pod maturity,
length and width of the flower head at maturity, seeds/
inflorescence and 1000 seed weight. The mean values of
meteorological data of the crop growing period is given
in Table 1.

Results and Discussion

The data recorded on various morphological traits and
yield are presented in the Tables 2-4 in the form of
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Table 1. Mean Values of meteorological data during the years 1996-97

Months Temperature °C Relative humidity (%) Rainfall (mm) Bright sunshing hrs/day
Max Min 1% 2nd
October 31.0 17.3 92 45 105.7 7.5
November 28.5 9.4 94 27 - 9.4
December 23.5 4.0 96 30 - 8.6
January 223 53 95 36 - 7.7
February 27.3 8.3 91 32 - 9.9
March 313 13.9 86 29 0.5 8.0
April 36.1 18.3 65 26 214 9.5
May 39.7 229 54 30 17.0 10.1

frequency distribution. For numerical traits the mean value
and the maximum and minimum values, kurtosis, standard
deviation, skewness and variance have also been presented
in Tables 3 and 4. As observed on the basis of leaflet
shape and particularly leaflet apex, out of 598 accessions,
329 showed homogeneous populations and 269
heterogeneous populations.

Plant Height and Node Character

The perusal of data revealed that the minimum plant
height during three cutting stages ranged between 28 to
37.44 cm and the maximum height ranged from 71.68 to
123.93 cm. Most of the accessions during first and second
cut grouped in41 - 60 cm class whereas in third cut stage,
the variation for plant height was observed to be narrowed
down and most of the accessions were present in 55-75
cm class. Number of nodes and internodal length recorded
during third cut stage ranged from 6.06 to 15.2 and 3.92
to 14.96 respectively but most of the accessions grouped
in 6 - 11 nodes class and 6 - 12 cm internodal length.

The total green fodder yield per three meter row over
three cuts ranged from 0.32 to 17.02 kg with an average
value of 6.80 kg but most of the accessions yielded in the
range of 0.32 to 10 kg. Twenty three accessions were
identified as high yielders with forage yield of more than
23 kg (Table 5).

Leaf Characters

Petiole length varied from 1.02 ¢cm to 4.54 cm and
accessions were distributed more or less uniformly in
different classes i.e., <2, 2.1 — 3.0, 3.1 - 4.0 cm with
maximum number present in 2.1 - 3.0 cm class. Leaflet
length varied from 2.33 to 5.45 cm and most of the
accessions grouped in two middle classes. Accessions with
too small and too large leaves were less in number. [t was
invariably observed that the tetraploid accessions
possessed bigger leaflets. Similar trend was observed
for leaflet width which ranged from 0.79 to 2.35 cm and
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most of them belonged to 1.0 to 2.0 cm group (Thbles 3
and 4).

Leaflets of diploid accessions were entire whereas
that of tetraploid accessions were serrate. Onjvisual
performance basis, 303 accessions were found to jpossess
medium size leaves. Multifoliate nature of leavps was
evident from the presence of pentafoliate, quadrifoliate,
heptafoliate and trifoliate leaves in different combipations
on the same branch of single plant. A total pf 266
accessions were found to possess only trifoliate{leaves
whereas 234 accessions possessed around 10 pr cent
plants with multifoliate leaf. Some accessionf were
observed to have as high as 80 per cent plants multjfoliate
leaves. The findings are in conformity with an jearlier
report (Shukla and Malaviya, 1988) accomphnying
genetic explanation of pentafoliate leaves in preater
frequency derived in nature. The leaf colour was rekorded
as dark, light and medium green. Most of the accssions
were light green followed with dark green leavds. The
hairiness on upper surface of the leaflets was also vijriable.
A few accessions showed scant hairs whereas magimum
accessions (406) were medium hairy and 173 acc¢ssions
were marked for dense hairiness and most of theh were
tetraploid in nature. Thus, leaflet shape, size, margin and
hairiness were distinguishing characters for dipldid and
tetraploid accessions.

Stipule length ranged from 1.29 to 3.12 ¢cm dnd the
width ranged from 4.2 to 10.08 mm. In mostjof the
accessions, the stipule length varied from 1.5 to .5 cm
and width ranged from 5.1 to 9 mm. Stipule hairiness
was dense among 419 accessions, medium amopg 159
accessions and scant among 20 accessions.

Floral and Seed Characters

The initiation of flowering in 10 accessions belonping to
Saidi group orits derivative was seen before 28 February.
Sixty eight lines were early in flowering i.e. {lower
initiation noticed between March 1 to 15 and 488 lines




Table 2. {Morphological traits observed in Berseem accessions
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Characte Accessions (No.)
Populati¢gn

Homogerfeous 329
Heterogefieous 269
Leaf size

Bold 75
Medium 303
Small 146
Very bold 74
% Plantq with multifoliate leaves

All trifoli!lte 266
1-10 { 234
11-20 70
21-30 37
31-40 13
41-50 14
51-60 6
61-70 9
71-80 4
Date of 5P % flowering

Type of l}af

Hepta/perjta/tri 7
Penta/tri 204
Penta/hepla 5
Penta/hepfa/tri 2
Fused 1
Penta/tri/jepta 3
Quadri/tri 4
Quadri/pejita/tri 106
Trifoliate 266
Leaf colojir

Dark greep 151
Medium green 118
Light gredn 329
Leaflet miargin

Entire 427
Serrate 171
Leaf hairiness

Dense 173
Medium j 406
Scant i 19
Stipule h:‘iriness

Dense 419
Medium 159
Scant 20
Date of fl§wering initiation

Before Fe} 28 10
March 1-1p 68
51-60 6
61-70 9
71-80 4
Date of 5% flowering

Before Fel 28 6
March 1-1H 8
March 16-§1 156
April 1-15 427
April 16-34 1
Flower cojour

White 549
Pink/red 49
Trifoliate 266
Date of mjiturity

Before Mg<ch 31 7
April 1-15 434
April 16-3p 157

J. Plant (enet. Resour. 20(1): 15-20 (2007)

between March 16 to 31. Only 32 accessions were late in
flowering i.e. between April 1 to 15. Similarly 50 per
cent flowering was noticed in 427 accessions between
April 1 to 15 followed with 156 accessions showing 50
per cent flowering between March 16 to 31. Majority of
the accessions showed 50 per cent pod maturity between
April 16 to 30.

A total of 549 accessions were noticed for white
flowers whereas 49 accessions were noticed for different
shades of pink/red (Table 2). Beri (1983) in his study
reported the purple flower be single gene governed
character but in the present study different shades of pink
flower indicated involvement of more than one gene. High
degree of variation for peduncle length was seen which
ranged from 1.64 to 9.92 cm but majority of them were
ranging from 2.6 to 7.5cm.

Limited diversity was observed for the number of
flowers in first whorl and the number of whorls. In
majority of accessions, 6.6 to 8.5 flowers were seen in
the first whorl and the number of flower whorls per head
ranged from 7.1 to 11. Pod length also did not vary much
and ranged between 1.29 to 2.98 cm. Most of the diploid
accessions were grouped in 1.6 to 2.0 cm class and
tetraploid accessions in 2.1 to 2.5 cm class. Seeds per
head varied considerably. Although the maximum number
of accessions were observed to have 51 to 75 seeds per
head, good number of accessions showed less than 25
and more than 75 seeds per head also. 1000 seed weight
ranged from 1.80 to 4.12 g with majority of them ranging
between 2.1 to 3.5 g. For, this character too, the tetraploid
accessions showed higher seed weight.

In the present study, the characters like plant height
at third cutting stage, internode length, leaflet length,
leaflet width, stipule fuse length, stipule free length,
stipule total length, stipule width, peduncle length, number
of whorls, flowers in last whorl, pod length and seeds/
inflorescence showed unimodal type of frequency
distribution showing that the variation was of continuous
nature and the majority of the accessions grouped near
mean value of the population. Plant height recorded during
the first two cuts and the total green fodder yield showed
amodal type of frequency distribution (Tables 3, 4). The
accessions having higher values for various traits are
presented in Table 5.

Although the crop suffers from lack of genetic
variability, still there are reports on occurrence of
variability (Yadav et al., 1974; Sidhu and Mehndiratta,
1976) but Shukla and Patil (1985) indicated that in such
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Table 3. Variation in morphological traits observed in 598 accessions of Berseem

Plant height Plant height Plant height Number of Internode Total Green Pdtiole
1 (cm) 2 (cm) 3 (cm) nodes length Fodder Yield (kg) lenggh (cm)
Average 54.31 58.25 66.27 8.61 9.38 6.80 2}48
Max 87.98 71.68 123.93 15.20 14.96 17.02 454
Min 31.23 28.90 37.44 6.06 392 0.32 1§02
Kurtosis 0.86 2.59 15.50 3.80 1.56 1.06 -(407
SD 8.66 5.35 7.56 0.99 1.45 2.07 467
Skewness 0.37 -0.76 2.69 1.08 -0.25 -0.32 149
CV% 15.94 9.10 11.40 11.55 15.48 30.42 27104
Leaflet length Leaflet width Stipule fuse Stipule free Stipule total Stipule Pedquncle
(cm) (cm) length (cm) length (cm) length (cm) width (mm) lengtlf (cm)
Average 3.83 1.34 1.07 0.93 2.00 6.34 490
Max 5.45 2.35 1.53 1.81 3.12 10.08 a92
Min 2.33 0.79 0.54 0.22 1.29 4.20 164
Kurtosis 0.18 0.66 -0.11 0.74 0.22 1.22 d40
SD 0.48 0.26 0.18 0.22 0.31 0.81 119
Skewness 0.17 0.97 0.15 0.21 0.57 0.67 (.35
CV% 12.52 19.74 16.18 24.04 15.81 12.71 2431
No. of whorls Flowers in last Pod length Pod width Seeds/ 1000 seed wt
whorl (cm) (cm) inflorescence (g)
Average 8.10 7.42 1.94 1.44 55.10 2.76
Max 11.47 8.91 2.94 1.98 115.48 4.12
Min 5.65 6.06 1.29 1.07 5.63 1.80
Kurtosis 0.31 -0.29 0.41 0.52 0.13 -0.85
SD 0.90 0.50 0.26 0.15 19.19 0.45
Skewness 0.30 0.03 0.53 0.33 -0.62 0.61
CV% 11.11 6.73 13.63 9.82 34.82 16.60
Table 4. Frequency distribution for different traits in Berseem
Plant height 1 Plant height 2 Plant height 3 Total Green Fodder Yield
Class Accessions Class Accessions  Class Accessions Class Accessions
<45 81 <41 4 <55 16 <5.0 107
46-60 367 41-50 32 55-75 553 5.1-10.0 368
61-75 140 51-60 335 76-95 19 10.1-15.0 22
>75 10 >60 214 96-105 3 >15.0 1
>105 7
Number of nodes Internode length Petiole length Leaflet length Leaflet width
Class Accessions Class Accessions  Class Accessions  Class Accessions  Class Accissions
<8 165 <6 17 <2 147 <3 19 <1.0 18
8-11 419 6-9 199 2.1-3.0 331 3.1-4.0 367 1.0-1.5 446
12-14 13 10-12 364 3.1-4.0 106 4.1-5.0 203 1.6-2.0 124
>14 1 >12 18 >4 14 >5 9 >2.0 10
Stipule fuse length Stipule free length Stipule total length Stipule width Peduncle length
Class Accessions Class Accessions  Class Accessions Class Accessions  Class Accpssions
<0.75 19 <0.5 19 <1.5 21 <5.0 12 <25 10
0.75-1.0 212 0.5-1.0 360 1.5-2.0 316 5.1-7.0 470 2.6-5.0 123
1.1-1.25 275 1.1-1.5 212 2.1-2.5 222 7.1-9.0 113 5.1-7.5 454
1.26-1.5 86 >1.5 7 2.6-3.0 36 >9 3 >7.5 11
>1.5 6 >3.0 3
No. of whorls Flowers in last whorl Pod length Seeds/inflorescence 1000 seed weigljt
Class Accessions Class Accessions  Class Accessions  Class Accessions  Class Accgssions
<7.0 60 <6.5 18 <15 19 <25 72 <2.0 2
7.1-9.0 448 6.6-7.5 311 1.6-2.0 368 26-50 97 2.1-2.5 44
9.1-11.0 88 7.6-8.5 265 2.1-2.5 193 51-75 369 2.6-3.0 1§62
>11.0 2 >8.5 4 >2.5 18 76-100 55 3.1-35 456
>100 5 3.6-4.0 32
>4.0 2
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Table 5.} Selected genotypes possessing higher values for different traits

Characte}: Criteria Accession number

Plant heijsht at 50% flowering >100 cm IL2001-355, IL2001-356, 1L.2001-357, 11.2001-358, 11.2001-359, 1IL2001-361, I1L2001-362,
IL2001-364, IL2001-583

Node nufnber >12 IL2001-356, IL2001-358, 1L2001-359, IL2001-360

Internod{ length >12cm 11.2001-1,1L2001-2,1L.2001-3,1L.2001-6, I..2001-8,1L.2001-10,1L.2001-11,1L.2001-13,1L.2001-
19, IL2001-20, 1L.2001-22, IL.2001-26, IL.2001-28, IL2001-379, 1L2001-459, IL2001-461,
1L.2001-463, IL2001-579

Total Gr¢en Fodder Yield >10 kg/3m row 1L.2001-311, IL2001-330, IL2001-332, IL2001-334, 1L.2001-335, IL2001-345, IL.2001-346,
11.2001-347, 1L.2001-354, 1L.2001-382, 1.2001-384, 1L.2001-385, IL2001-386, I1.2001-403,
1L.2001-427, 1L2001-532, IL2001-533, IL2001-534, IL2001-535, 1L.2001-536, IL2001-559,
IL2001-567, 1L2001-573

Petiole Igngth >4 cm 1L2001-119, IL2001-198, IL2001-252, IL.2001-286, IL2001-292, IL2001-294, 1L2001-305,
IL.2001-313, IL2001-341, IL.2001-362, IL2001-392, IL.2001-437, 1L.2001-443, IL2001-450

Leaflet I§ngth >5cm 1L2001-183, 1L.2001-219, 1L.2001-221, IL.2001-227, IL2001-281, IL2001-325, 1L2001-327,
1L2001-329, IL2001-376

Leaflet Width >2cm 11.2001-219, IL2001-223, 1L.2001-232, 11.2001-235, IL.2001-239, IL.2001-259, 1L2001-290,
1L.2001-298, IL2001-299, IL2001-326

Stipule l¢ngth total >3 cm IL2001-219, IL2001-246, 11.2001-249

Stipule width >9 mm 1L.2001-333, IL2001-388, 1L.2001-474,

Peduncleilength >8.5cm IL2001-554, IL2001-570

No. of whorls >10 1L2001-272, 1L.2001-284, 1L.2001-285, IL2001-287, IL2001-291, IL.2001-295, IL2001-296,
1L.2001-308, 1L.2001-320, IL2001-377, IL2001-521

Flowers fn first whorl >8.5 1L.2001-87, IL2001-179, IL2001-570, IL2001-584

Pod length >2.5cm 1L2001-26, 1L2001-230, 1L.2001-272, 1L2001-276, 1L2001-284, 1L.2001-286, 11.2001-287,
1L.2001-288, 1L.2001-289, 1.2001-291, IL.2001-295, 1L2001-308, 11.2001-310, IL2001-311,
IL2001-315, IL2001-318, [L2001-322, IL2001-486

Pod width >1.75 cm IL2001-116, I1.2001-196, I1.2001-253, IL2001-273, 1L.2001-286, 1L.2001-299, 11.2001-324,
1L2001-342, IL2001-343, IL2001-366, IL.2001-372, IL.2001-375, 11.2001-446, IL2001-450,
1L.2001-574, 11.2001-584

No. of sep:ds/inflorescence >100 1L.2001-271, 11.2001-298, 1L2001-300, IL2001-321, IL2001-574

1000 seed weight >375¢ 1L2001-180, IL.2001-280, IL2001-285, IL2001-289, I.2001-322, IL2001-323, IL2001-445,
1L2001-449, 1L.2001-589

Seeds/infjorescence >80&>3 ¢ 1L2001-59, 1L.2001-296, 11.2001-298, 11.2001-300, IL2001-307, 1L.2001-318, IL2001-321,

and 1000’seed weight 11.2001-438, 11.2001-563, IL2001-574, IL2001-584, IL2001-589

Pod lengfh and Pod width >25cm&l1.5em  [L2001-26, 1L.2001-272, IL2001-276, IL2001-284, 1L2001-286, IL2001-289, 1L2001-295,
1L.2001-308, IL2001-310, IL2001-311, 1L.2001-315, I1.2001-318, IL.2001-486

Leaflet legth and Leaflet width 45cm&1.75cm  1L2001-219, IL2001-220, IL2001-221, IL.2001-223, IL2001-224, 1L.2001-225, IL2001-226,
1L.2001-227, IL2001-239, IL2001-246, IL2001-252, 1L.2001-298, 1L.2001-299, IL2001-325,
1L2001-329

Green fodder yield and >8 kg/3m row IL2001-564, IL2001-577, IL2001-582, 1L.2001-586, 1L.2001-587

plant height &>75 cm

studieg it was important to ascertain the substantial
proportiion of genetic variability in the gross variation,
wider |phenotypic range of variation and normal
distribition of the data on one hand and the minimum G
x E int¢raction on the other. The differential agronomic
inputs gnd cutting management systems by and large may
change1the phenotypic performance.

Vatiability study conducted by Yadav et al., (1974)
indicafed genotypic and phenotypic coefficient of
variatipn to be moderate for number of secondary
branchds and low for others. Sindhu and Mehndiratta
(1976) pbserved genetic differences for forage yield and
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its components viz., plant height, tiller number, leaf
number, leaf length and leaf width. Beri (1983) also
reported genetic variability for plant height, stem
thickness, tiller number, secondary branches, leaflet length
and breadth, green fodder yield, dry leaf weight, dry matter
yield, leaf stem ratio, days to flowering, days to maturity,
stem rot incidence and crude protein content.

The values of skewness were found to have a
substantially low magnitude for the number of flowers in
the last whorl, leaflet length and the stipule fused length,
which indicated a marginal deviation of modal value from
the mean. The respective low value of kurtosis revealed
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a platycurtic curve. The values of kurtosis, predominately,
were within the range of + (<3) sketching platykurtic curve
except for plant height and number of nodes where a high
value of kurtosis was observed. This indicated that the
plant height and number of nodes would show a
leptokurtic curve meaning thereby less variability in the
population besides a broad range of individual means.
This is warranted with the respective low values of
coefficients of variance (Table 3). The platycurtic curves
within the limitations of skewness, otherwise, assure
better distribution of individuals yielding a greater
variance. The exploitable level of variability, however,
may hardly be affirmed.

Most of the characters studied belonged to
quantitative trait group. However, the characters like
presence of multifoliate plants in population,
heterogeneity for leaf shape and flower colour can be
considered as qualitative traits and presence of intra-
accession variation for these traits expectedly, appeared
to be a resultant of out crossing in the population. The
species is reported to be cross pollinated by Hossanein
(1953), Latif er al. (1956) and Narayanan et al. (1961)
whereas self pollinated by Bogdan (1966), Chowdhary
et al. (1966) and Beri et al. (1985). However, in a recent
study existence of different breeding populations in
relation to mode of pollination has been reported (Roy et
al., 2005). In the present study, out of 598 accessions,
269 were recorded for heterogeneous nature i.e., plants
with varying leaflet shape particularly the leaflet tip, 332
accessions showed presence of different percentage of
multifoliate plants and 49 accessions with varying shades
of pink/red flowers in the population.
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Introdﬂction

Robertd (1973) categorized the storage behaviour of seeds
into redalcitrant and orthodox based on the desiccation
sensitiyity and desiccation tolerance, respectively. Of the
250,009 known species, the information on seed storage
behavigur is known for about 7000 species from 251
familiep of plants (Hong and Ellis, 1996), which is also
not corpiplete. This is true for indigenous medicinal plant
species] where the information is meagre. The seed storage
behavigur determines the survival and longevity of seed
under Marious storage conditions. Therefore, investigating
seed stqrage behaviour is essentially quantifying optimum
storagdconditions in order to preserve the seed under the
best pgssible conditions while keeping the costs to be
minimgm. To determine the strategies for germplasm
conseryation seeds should be first classified according to
their stprage behaviour.

Alfhough there are some references on seed
germinfation and propagation of endangered medicinal
plants, put the seed storage behaviour is still an untouched
aspect] Therefore, experiments were conducted to
investijate seed storage regimes and storage behaviour
in threfz species of endangered but highly demanded
medicipal plant-Rheum viz., R. emodi, R. moorcroftianum
and R. jJaustrale.

Materiill and Methods

Physio]ogically mature seeds of three Rheum species were
procurfd from NBPGR regional station Bhowali.

1. R.jemodi(IC211665)

2. R.Jmoorcroftianum (1C394048)

3. Rlaustrale (IC220416)

Seed (Jermination

The s|landard germination was conducted as per
Interndtional Seed Testing Association rules (ISTA, 1993)
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Seed storage studies were initiated on three species of Rheum. In all three species, seeds showed good germination
when dried upto 5.6% moisture content. Irrespective of the temperature and storage conditions, all three species
showed marginal decline in germination percentage (up to 12 %) when stored for twelve months. Based on present
studies it seems that Rheuwm exhibit the orthodox type of seed.

Key Words: Desiccation tolerance, Seed storage behaviour, Himalayan Rhubarb, Rheum

using three replicates of twenty-five seeds placed on top
of the paper in sterilized petri-plates. Preliminary
experiments have shown that the seeds showed good
germination at 20°C, therefore rest of the germination
studies were conducted on this temperature.

Seed Storage Behaviour Studies

Seed moisture was estimated as per the [STA Rules (1993)
at 130°C for one hr in three replicates. The samples were
processed and conserved at the National Gene Bank. The
extra seed samples were divided into small seed lots and
were conditioned to different moisture levels using
desiccators containing water viz., 9.82 and 5.6 per cent.
Seeds of each species were packed in tri-layered
aluminium foil pouches with two moisture levels 9.82%
and 5.6% and were stored at ambient, 5°C (MTS) and
—20°C (LTS). These are the storage regimes used in gene
banks for medium and long term conservation. Samples
were drawn after 3, 6, 9 and 12 month from each storage
regime and were subjected to seed viability studies.

Desiccation Tolerances

Seeds were kept in desiccators containing freshly charged
silica gel and two replicates of 10 seeds each were
removed every alternate day for testing moisture content
and seed viability.

Result and Discussion

According to the storage physiology, two distinct types
of seed have been identified. Those undergo desiccation
during the final stage of development, and of low moisture
content can be stored successfully at low temperature,
have been described as orthodox seeds, while those do
not undergo maturation drying upon the parent plant and
lose viability at relatively high moisture content upon
dehydration after shedding, have been termed as
recalcitrant. The extent to which dehydration can be
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tolerated varies from species to species (Chin and Roberts,
1980). The widely accepted method to test the recalcitrant
nature of seeds is to uniformly desiccate them and
withdraw periodically for moisture testing and
germination study. In the present study (Table 1) it is
observed that freshly harvested seeds showed 15.49%
moisture content with 90 percent germination and
subsequent drying up to 5.67% showed 86% germination.
This indicates that the seeds are desiccation tolerant and
seems to be of orthodox nature.

Seeds of all the three species showed negligible
decline in germination at low moisture content (5.6%)
under all the three storage conditions (Table 2). Seeds
with lower moisture contents when stored at lower
temperatures of 5°C and —20°C showed insignificant
decrease in viability as compared to those with higher
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moisture content of 9.82 under ambient conditions. When

compared to fresh seeds stored for 3, 9 and 12 months
showed loss in germination to the extent of 4, 8 and 24
per cent. Irrespective of the temperature and storage
conditions, all three species showed marginal decline in
germination percentage (up to 12%) in the present
investigation. Seeds of all the three species with varying
moisture content stored under —20°C showed insignificant
difference in germination percentage when compared to
control indicating thereby that the seeds of Rheum are
tolerant to chilling.

. Seed storage behaviour is also associated with plant
ecology (King and Roberts, 1979) as most of the orthodox
species originate from environments subjects to
occasional or seasonal drought in which desiccation
tolerance of seeds is integrated with seed survival and

Table 2. Seed germination in different storage conditions in three Rheum species.

Table 1. Desiccation Tolerance studies in Rkeum Spp.

S. No Moisture % Germinatidn %
1 15.49 90
2 12.58 86
3 11.63 86
4 10.84 82
5 9.32 80
6 9.12 84
7 6.43 84
8 5.67 86

continued regeneration of the species. On the othejr hand,
recalcitrant species tend to originate from ecosyjtem in
which seeds are subjected to high humidity durijg seed
development, maturation and after shedding. For exjample,
Coffee arabica, which is native to the dry and coollregion
of Ethiopia and showed intermediate seed storage
behaviour, whereas Coffee liberica, which is ngtive to
hotter and humid region of Liberia showed recalcitrant
seed storage behaviour (Hong and Ellis, 1996). THe same
has been observed in the family Palmae, where the kpecies
native to dry habitats were orthodox in nature §nd the
species native to relatively moist habitats were recajcitrant
in nature whereas in arid habitats, deserts and Sajannas
environment, the majority of plant species show orfhodox
seed storage behaviour while a few shows interrhediate
seed storage behaviour. In the present investigatipns, all
the species were from the sub temperate region{which
faces a span of at least 2 months dry climate. FurtLer the
seed with 9.82% moisture as well as 5.6% mpisture
content showed 80 to 88% germination under pll the
conditions of storage. When stored for 12 months, the
viability declined by approximately 24% at all |torage
temperatures. Therefore, it is suggested that all th three

Storage conditions Initial After 3 month After 6 month After 9 month After 12 fnonth
of storage of storage of storage of stolage
Moisture content 9.82 5.6 9.82 5.6 9.82 5.6 9.82 5.6 9.82 5.6
R. moorcroftianum (1C394048)
Ambient 88 80 84 80 72 80 72 80 64 72
MTS 84 84 84 80 80 84 74 78 68 72
LTS 84 84 80 82 80 84 80 80 72 76
R. australe (1C220416)
Ambient 84 88 84 82 72 88 68 78 68 76
MTS 80 80 84 80 72 80 72 72 68 72
LTS 84 80 80, 88 72 72 76 78 68 72
R. emodi (IC211665)
Ambient 88 84 72 82 72 80 76 88 72 70
MTS 80 72 72 82 76 80 72 80 64 72
LTS 80 92 84 84 68 72 72 76 60 78
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species fof Rheum under investigation tends to exhibit
orthodok type of seed storage behaviour and can be stored

at ambifnt conditions by reducing the moisture content
up to 5%.
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The Indian Experience in Establishment of National Information Sharing
Mechanism for Monitoring the Implementation of GPA
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The Global Plan of Action (GPA) for conservation and sustainable utilization of Plant Genetic Resources for Food
and Agriculture (PGRFA) is an initiative of Food and Agriculture Organization (FAO), signed by 150 countries
atLeipzig, Germany in 1996. The GPA is a framework of activities encompassing development of ix situ conservation
of PGRFA, sustaining existing collections, enhancing utilization and increasing capacity of countries regarding
education, public awareness and training on these aspects. FAO has developed a monitoring process of implementation
of GPA in different countries through a mechanism called National Information Sharing Mechanism (NISM) for
monitoring the implementation of GPA. The Indian experience in implementation of this mechanism and its outcome

is discussed in this article.

Key Words: Global Plan of Action, Plant Genetic Resources for Food and Agriculture (PGRFA),
In Situ and Ex Situ Conservation, Information Sharing

Introduction

The Global Plan of Action (GPA) is the initiative by the
Food and Agricultural Organization (FAO) of the United
Nations for the conservation and sustainable utilization
of plant genetic resources for food and agriculture
(PGRFA). 1t is essentially a country-driven process and
countries having adopted the GPA, are required to take
actions within the framework of the defined priority areas
depending on their capacity and also on the status of
PGRFA management (FAO, 1996). The FAO
Commission on Genetic Resources for Food and
Agriculture (CGRFA) with inputs from Bioversity
International, erstwhile known as International Plant
Genetic Resources Institute (IPGRI), in line with
recommendations made by the Inter-governmental
Technical Working Group on PGRFA of the Commission
in 2001 adopted a new approach for monitoring the GPA
implementation (FAO and IPGRI, 2001). A project on
monitoring the implementation of GPA commenced in
June 2003 at FAQO, adopting a country-driven,
participatory and capacity building process. It was based
on a set of internationally agreed indicators and a reporting
format for monitoring the GPA implementation, and an
information system to facilitate and simplify recording,
processing, analysis and sharing of the information
addressed by the indicators and the reporting format. The
indicators and the reporting format were developed in
consultation with an expert group at a meeting corivened
by FAO and Bioversity International (CGRFA 2004 a).

The main objectives of the new monitoring approach
of GPA were to: improve countries’ capacities to manage
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information on PGRFA; allow meaningful anallysis of
gaps and priorities; improve decision-making pn and
planning of available resources; build stfonger
partnerships among stakeholders in the managerpent of
PGRFA within each country. Accordingly, the FAQjproject
funded by Government of Japan (GCP\RAS\1§6\JPN)
was implemented in 7 countries of Asia Pacific Region
namely India, Thailand, Philippines, Vietnam, SriJLanka,
Malaysia, Bangladesh. The present paper descripes the
Indian experience of implementing the project

Monitoring of GPA: The Indian Experience

The process for the establishment of the Nhtional
Information Sharing Mechanism (NISM) in Indi§ began
in 2004 through a letter of agreement, which was{signed
between Department of Agriculture and Co-opfration
(DAC), Government of India and the FAO Rggional
Office at Bangkok. All activities foreseen under this
agreement were coordinated by the National Bufeau of
Plant Genetic Resources (NBPGR), which was desjgnated
as the focal point for the implementation of GPA

The project was implemented during 2005 fvith an
aim to establish a continuing monitoring framework of
the GPA implementation at national level. THis was
envisaged to be achieved through: (a) thorough assgssment
of the present status of PGRFA in the country And the
region for the identification of needs and effective
strategies for conservation and utilization of PGRFA; (b)
the establishment of a National Information Jharing
Mechanism on the GPA Implementation (NISM-GPA)
to enhance coordination of plans and activilies on




conserfation and utilization of PGRFA amongst
stakehdlders and for achieving the objective (a); (c)
capacityy building and training for National PGRFA
Prograrhimes; (d) sharing of experiences in PGRFA in situ
conseryation and on-farm management; and (e) the
improv¢ment of regional cooperation.

The Role of Stakeholders in India

Stakehplders included governments, ministries of
agriculthre and of the environment, gene banks, breeders
and bre¢ders’ associations, seed producers, research and
training institutions, rural associations, civil society
organifations involved with and related to the
conservjtion and utilization of PGRFA, and focal points
of interfational conventions such as the Convention on
Biologi¢al Diversity.

As per the FAO guidelines, all activities coordinated
by the NBPGR were divided in three distinct phases: (i)
a preparpitory phase, (ii) an implementation phase and (iii)
a conclysion/reporting phase.

w

The Prdparatory Phase

During Jthe preparatory phase, work was focused on
reviewigg all materials, briefing and raising awareness
of authprities and getting necessary permissions to
undertalle a collaborative information sharing process that
includeq the national PGR programme, the private sector,
NGOs’ {nd other public sector organizations and cross-
ministerjal collaboration. A committee of key stakeholders
was forrhed to guide the GPA monitoring process and the
CountryjReport preparation, and to identify stakeholders
to be invplved into this process. A total of 114 stakeholders
were iddntified during the preparatory phase. The First
Nationa| Stakeholders Workshop of the Project was held
during J3nuary 2005 at NBPGR. The participants included
represetatives of key stakeholders Ministries/
Departnjents, International Crops Research Institute for
the Se:ii-Arid Tropics, Indian Council of Agricultural
Research crop based institutes and Dr. Ng Quat, the Chief
Technicpl Advisor of the Project from FAO Regional
Office, Bangkok.

The Imglementation Phase

During the implementation phase a number of meetings
and 6 wprkshops were held to explain the process and
build capacity of stakeholders in the use of the computer
applicatjon for gathering information. Direct technical
assistande to stakeholders was also provided during this
phase. Curing the training workshops, a comprehensive
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understanding of the Indicators and Reporting Format for
monitoring GPA implementation was discussed and
practical sessions on the use of the computer application
for managing and sharing information among stakeholders
were conducted. A detailed timetable for completing the
questionnaire by the stakeholders and submitting the
information to the National Focal Point was also circulated
during each training programme. Each stakeholder was
provided with a hard copy of the reporting format and
the manual of the NISM software. A copy of the NISM
software was given to each Stakeholder after a registration
process. A unique key was generated in the NISM-GPA
software for each registered stakeholders, which kept track
of the data submitted by individual stakeholder.

The stakeholders were trained to edit/enter the
information as per the format of the document, including
a demonstration of the process of data entry into the
National Focal Point Version of the NISM-GPA database
through the local area network temporarily created for
the purpose of training.

All the stakeholders were given a month’s time after
attending the training to submit the data. The data received
from 91 stakeholders was merged with the National Focal
Point version of the NISM-GPA after elimination of the
duplicate records. The data after merging was utilized
for the preparation of the national report for the
implementation of the NISM in India.

The Conclusion Phase

During the conclusion/reporting phase, second round of
meetings for the data validation and to discuss the draft
report on monitoring the implementation of the NISM
were held during the month of November 2005. During
these meetings, the data submitted by the stakeholders
was reviewed individually with each stakeholder and
corrections/suggestions were incorporated in the NISM
database accordingly. The draft report based on analysis
of data gathered from stakeholders was produced and
discussed with all participating stakeholders. A web site
(http://www.nbpgr.ernet.in/) describing the Mechanism
and including a database search engine was developed
and made available to the users. Compact discs including
the complete database of the Mechanism were produced
and distributed to the stakeholders involved in the process.

The revised draft report (Agrawal et al., 2006) was
presented before the National Advisory Committee of the
project for approval during March 2006. The final report
of India has been submitted to the FAO. This report shall
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Table 1. Total accessions conserved ex sifu and number of safety duplicates for various categories of crop species (1996 — 20')5)

Status No. of crop sp.  No. of accessions Safety-duplicates as active collections Safety-dupliczltcs (%)
Traditional cultivar/ Landrace 280 121274 84931 70
Wwild 314 15881 4745 30
Weedy 70 267 11 4
Breeders’ Line 37 14661 2272 15
Mutant/ Genetic Stock 26 7898 4880 62
Advanced/ Improved cultivar 59 9080 4867 54
Others 73 27662 2378 9

form the basis for the preparation of the second report of
India on the state of the world’s PGRFA (CGRFA
2004 b).

Some Observations from the Analysis of the NISM
Information

Amongst the total accessions of PGRFA conserved in
India, about 64.2% were conserved in long-term seed
genebank and 33.3% were held either in medium- or short-
term storage or in field genebanks. The rest were
conserved in cryobanks or in vitro genebanks. Stock
inventorization and monitoring of viability was performed
regularly in most of the accessions, while the genetic
integrity were checked occasionally. The data related to
ex situ collections were predominantly published in the
form of printed copy and most of the publications included
passport data, characterization and evaluation data. About
60% publications had analyzed data, whereas 34%
publications had raw data.

The greatest constraints to sustain ex situ collections
reported were lack of funding and limited number of
trained staff to cover all activities related with
management of PGRFA following all possible
approaches. Lack of adequate facilities was the other
constraint reported by some organizations. For better
management practices to reduce genetic changes or loss
of genetic integrity, suitable regeneration environment
were selected. Adequate population size and proper
handling of regenerated material was in close
collaboration of crop-based institutes.

There is a built-in duplicity of accessions in the
system, wherein the accessions conserved at NAGS and
the crop-based institutes as active collection were
conserved as base collection in the National Genebank.
The active collections used in research and crop
improvement and the National Genebank helped in
restoration of lost accessions to the active sites. This also
served as safety mechanism.

J. Plant Genet. Resour. 20(1): 24-27 (2007)

The details of the total accessions and [safety
duplicates conserved as active collections underlex sifu
are presented in Table 1.

Amongst the ex situ conserved accessions which are
threatened (low seed number, loss in viability [during
storage) 38,031 were regenerated according to estaplished
standards, while 42,148 still required to be regerferated.
In the latter case, where priorities for regeneratign have
been set and the activities were underway, a maximpum of
10 years may be required. Most of the stakeholderg (65%)
reported good regeneration capabilities of px situ
accessions in restricting the loss of genetic diversilbr. Only
15% reported undertaking of regeneration of ¢xisting
backlogs.

Planned and targeted collection of PGRFA hs been
systematically undertaken in India, especially [during
2000-2005 under the World Bank funded Nhtional
Agricultural Technology Project (NATP). The nugnber of
accessions collected, districts explored and accpssions
stored in the long-term storage (LTS) are indicatef in the
Table 2.

Major gaps in collection reported were junder-
explored/unexplored areas and incomplete covefage of
gene pools of the targeted taxa (Fig. 1). Prioritieq, needs
and constraints in supporting planned and tjrgeted
collection of PGRFA, were taken into consideralion for
further action at national or sub-regional level.

Table 2. Details of collection missions undertaken for |targeted
collection of PGRFA (1996-2005).

Item Nujnber
Collection missions 78
Crop species collected 71
Accessions collected 80,p0S
Accessions in long-term storage 55,p95
Total districts covered for the exploration 02




Gaps detected in collections

Missing
historical
cultivars
13%

Incomplete
geographical
coverage
34%

Missing
known local
cultivars/landraces
17%

Incomplete
cowerage of
targeted taxa
23%

Concluions

The NIpM in the Monitoring of the Implementation of
the GPA has been a very useful project in India. This
project jas helped in identifying the institutions involved
in PGR Jrelated activities and the synthesis of all the PGR
work inf India. This information generated shall be used
for effegtive planning of projects and to identify priority
areas. If will also help to eliminate duplication in efforts
of the viirious agencies. Gaps in PGRFA activities would
be filleq with certainty and not based on speculation. As
part of fawareness raising and strategic development,
policy rhakers in the country would be supplied with vital
informgtion on PGRFA relevant to political debate and
interest¢d parties would be given appropriate advice. This
will help the promotion of coherence between different
sectors, for example environment and agriculture and their
supporf approaches. As much as possible the
implemgntation of the NISM should be strongly linked
with otHer areas of national policy.
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Methods used to detect gaps
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Fig I: Gaps detected and methods used in supporting planned and targeted collection of PGRFA
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Methods for Breaking Seed Dormancy in Acacia Species
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Seeds of six species of Acacia namely, Acacia nilotica (L.) Delile, A. tortilis (Forssk.) Hayne, 4. victoriae Benth,
A. trachycarpa E. Pritz., A. leucophloea (Roxb.) and A. holosericea G. Don were subjected to various physico-
chemical treatments to break the hard seed coat imposed dormancy. The treatments included immersing in hot
water (different temperatures for varying duration), chemical scarification with concentrated sulphuric acid (varying
duration), subjecting seeds to dry heat (16 hrs in an air-circulated oven at 65+1°C), pouring boiling water over
seeds and mechanical abrasion and scarification using sand paper. The treatments resulted in significant improvement
in the germination percentage in all the species, however, the response of the species differed to the various treatments.
Maximum germination (60%) could be achieved in A. nilotica by mechanical scarification. In other species better
germination (70-100%) could be achieved by various treatments. Sulphuric acid treatment for 20 and 50 minutes
produced the best results for 4. leucophloea and A. tortilis. Hot water treatment at 70°C for 30 min was found
best for A. trachycarpa and A. holosericea and 80°C for 10 min was more effective in improving the germination
of A. victoriae. Other treatments were beneficial to the different species to various extents.

Key Words: Acacia holosericea, Acacia leucophloea, Acacia nilotica, Acacia tortilis, Acacia
trachycarpa, Acacia victoriae, Dormancy, Hot water treatment, Sulphuric acid
treatment, Scarification and seed germination

Introduction

Trees in genus Acacia (Leguminosae) are of great
importance in the rural economy particularly in the arid
and semi arid regions. The trees provide high quality
animal fodder, timber, fuel wood, charcoal, gums and
other products and contribute to soil stabilization and
iprovement through nitrogen fixation.

Seeds of Acacia species have hard seed coat and are
dormant when ripe, failing to germinate under natural
conditions for several months to years, thus, resulting in
low or staggered germination and consequently poor or
uneven plant stand. Natural regeneration through seed is
generally considered to be rare in arid and semi arid
regions because of hard seed coat, which is highly
impermeable to water and oxygen. The depth of dormancy
can vary between the seeds from different individual
mother trees and between different environments
experienced during seed development.

A number of techniques have been developed by
horticulturists, foresters, farmers, gardeners and
researchers for removing the physically imposed
dormancy in seeds for increased germination (Bilsland
etal., 1984). These methods include treatments with acid,
hot water/ temperature, mechanical scarification etc.
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Preliminary germination evaluation in the six|species
of Acacia namely A. holosericea G. Don, A. leucpphloea
(Roxb.), Acacia nilotica (L.) Delile, A. tortilis, (forssk.)
Hayne, 4. trachycarpa and A. victoriae Benth, H. Pritz.,
revealed that the seeds possessed very high degree of
dormancy imposed by hard seed coat. The presefit study
was undertaken to evaluate and develop efffective
techniques that would soften the hard seed cpat and
enhance the germination in the above mentioned ppecies.

Materials and Methods

Seeds of A. leucophloea (1C424928), A. Hilotica
(1C424927) were procured from Delhi Univerfity and
A. holosericae (EC170441), A. tortilis (1C4}4929),
A. trachycarpa (EC204733) and A. victoriae (EC|70453)
from National Bureau of Plant Genetic Refources
Regional Station, Jodhpur. Cleaned and healthly seeds
were subjected to the following dormancy bfeaking
treatments.

Hot Water

Seeds wrapped in muslin cloth were suspended |n water
bath maintained at 65, 70, 75, and 80°C for 60, 3(}, 15, 10
and 5 minutes, respectively, with occasional stirr|ng. The
seeds were then dried over clean filter papers.




Concentiated Sulphuric Acid

The seeds were immersed in 98% sulphuric acid for 10,
20, 30, 40 and 50 minutes with intermittent stirring,
washed ij running water for three to four hours and dried
over cledn filter papers.

Dry Hea

The seeds were kept over night (16 hours) in an air-
circulateli oven set at a constant temperature of 65 + 1°C,

Boiling Water Treatment
Sufficienft quantity of water at 100°C was poured over
the seedq, kept to cool at room temperature for 24 hours

and dried over clean filter papers.

Mechanigal Abrasion

The seed} were placed in standard petridishes (11cm dia)
lined with sand paper (no 100) in the inner dimension of
the base jand lid so that the seeds were in contact with
sand pap¢r on all the sides. These petridishes were fixed
on mechdnical shaker set at 240 rpm and allowed to shake
for five Wours.

Mechanigal Scarification

The seed] were manually scarified with fine grained sand
paper (nqd 100) uniformly for five minutes.

Seed Genmnination Test

One set of seeds was not given any treatment and it served
as the corjtrol. The untreated and treated seeds were tested
for germlination by the rolled towel method. Three
replicatedof 25 seeds each were incubated in a germinator
set at 30°¢ in dark and germination counts were taken on
the sevefth day. The mean germination values were
subjecteq to analysis of variance using the MSTAC
software|and comparison of means was carried out
through the critical difference values.

Results apd Discussion

The resppnse of various Acacia species to different
dormancy breaking treatments was investigated in the
present sthdy. The results of treatment with concentrated
sulphuricjacid revealed that the best treatment effect was
obtained fn 4. leucophloea subjected to acid treatment
for 20 mjnutes. Equally effective for this species were
acid treaf{ment for 10 and 30 minutes as compared to
untreateq seeds. In A. fortilis, A. victoriae and A.
holoserica, acid treatment for longer duration that is, 40
and 50 rpin. resulted in significant improvement in
germinatipn over their controls (Table 1). Acid treatment
for varioTls lengths of time evoked only inappreciable
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response in A. trachycarpa and A. nilotica seeds. Seed
mortality increased as duration of treatment increased in
A. leucophloea whereas in other species the ungerminated
seeds remained hard at the end of the germination test.
Treatment of many hard seeded leguminous species with
sulphuric acid is known to improve the germination
(Msamba, 1994 and Teketay, 1996). Karihaloo (1984)
reported differential response to acid treatment for 10
minutes in 4. leuophloea and A. tortilis seeds with an
increase in germination percentage of 67% and 97%,
respectively. It is widely believed that the seed moisture
content at the time of harvest, the post harvest storage
and the ecological conditions of the habitat at the time of
collection influence the degree of seed coat hardness as
well as the differences in response to various treatments
between species and within species harvested in different
years.

The results of hot water treatment for varying lengths
or time and temperature on germination of various species
of Acacia clearly indicate the extent of variation among
the species in response to this treatment. By varying
immersion time and temperature, hot water treatments
have effectively been used to break seed coat dormancy
in several related legumes (Werker 1980; Sacheti and Al-
Rawhay, 1998). Similarly, in the present study 4.
trachycarpa, A. victoriae and A. holosericea showed good
response to this treatment. When seeds were immersed
in boiling water and kept to cool at room temperature for
24 hours, a remarkable variation in germination response
was observed. The maximum increase in germination was
obtained for 4. trachycarpa and 4. victoriae followed by
A. holosericea. However, this treatment failed to produce
any appreciable effect in other species namely, 4. fortilis,
A. nilotica and A. leucophloea. Necrosis was also observed
in A. leucophloea particularly at higher temperature
(80°C). The possibility of hard testa acting as a mechanical
barrier to water permeability has been reported earlier
(Bewley and Black, 1982; Rana and Nautiyal, 1989).

The effect of mechanical abrasion was found positive
in only two species of Acacia namely, A. leucophloea
and 4. holosericea and to a smaller extent in 4. victoriae.
Most of the ungerminated seeds remained hard at the end
of the test. These results are in good agreement with those
of Sacheti and Al-Rawahy (1998) in A. nilitoca and A.
fortilis.

Mechanical scarification using sand paper improved
the germination significantly in all the species of Acacia
studied. Best results for this treatment were observed for
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Table 1. Effect of various physico-chemical treatments on the germination of Acacia species

Treatments Species

A. nilotica A. tortilis A. victoriae  A. trachycarpa  A. leucophloea A. holosericea
Control 3 4 26 4 9 4
Hot water
659C, 30 min 10 12 84 97 44 80
759C, 15 min 12 9 87 93 31 95
70°C, 30 min 9 6 84 99 25 96
80°C, 5 min 8 20 92 96 31 95
809C, 10 min 12 12 99 97 32 93
Concentrated Sulphuric Acid
10 min 13 18 31 21 98 45
20 min 18 53 52 22 100 46
30 min 21 61 57 27 96 68
40 min 27 68 56 36 73 74
50 min : 43 70 61 41 70 89
Other Treatments
Boiling Water 51 6 56 96 28 57
Mechanical abrasion 4 5 30 6 99 68
Mechanical scarification 60 70 90 98 96 56
Dry Heat 50 48 59 98 36 56
Treatment x Species LSD > 1% 6.3 5% 4.8

A. trachycarpa, A. leucophloea and A. victoriae. In the
other species also the treatment effects were positive to
varying degrees. Mechanical scarification has been widely
used to improve the germination of several hard-seeded
species (Gonzalez-Melero, ef al., 1997; Rehman, ef al.,
1999; Mackay, ef al., 2001; Tigabu and Oden, 2001).
Mechanical scarification disrupts the barrier for the uptake
of water by the seed and facilitates the protrusion of the
radical by thinning out the seed coat. Das and Saha, (1999)
have demonstrated through electron microscopic studies
that mechanical scarification causes the removal of the
hilar plug, which not only covers the hilum but also partly
hides the micropyle thereby restricting the entry of water
only through the fine cracks on the testa surface.

The response of dry heat treatment at 65°C for 16
hours (overnight) was found to be significantly positive
for A. trachycarpa, A. holosericea, A. victoriae and A.
nilotica. On the contrary, dry heat treatment has been
reported to play a negative role in dormancy breaking of
some Acacia species (Gosling ez al., 1995).

Present study clearly indicates that seed dormancy
in the 4cacia species is imposed by hard seed coat and
there 1s a great inter-specific variability in the response
observed for various treatments to which the species were
subjected to overcome this dormancy. Results suggest that
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the best treatment for achieving maximum germination
in A. leucophloea and A. tortilis is acid immersion for 20
and 50 min. respectively while it is hot water treatment
which resulted in highest germination in 4. trachycarpa,
A. holosericea and A. victoriae. The germination of 4.
nilotica could not be increased to more than 60% by any
treatment other than mechanical scarification. Although
mechanical scarification improved the germination of
various species significantly, the process is labour
intensive and time consuming and less feasible for
application to bulk samples. Acid treatment although
highly effective in breaking seed coat dormancy, requires
handling skills and safety measures. Hot water treatment
on the other hand is a relatively simple and safe practical
germination pretreatment method especially for large seed
samples under field conditions.
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Bush Mango (Irvingia gabonensis): New Potential Multipurpose Fruit Tree for

India
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Bush mango (Irvingia gabonensis) is an African tree with edible yellow fruit resembling mangoes valued for its oil
rich seed, fresh fruit, fuel, fibre, medicine, and hardy green termite resistant wood. Grows wildly in forest of tropical
Africa. It offers considerable scope for enhancing the nutritional and economic security of subsistence farmers in India.
In India, a large area is ideally suited to this tropical and subtropical fruit. In view of this, introduction of such plants
from their centre of origin is necessary for enhancing the existing plant wealth. National Bureau of Plant Genetic
Resources (NBPGR) New Delhi is nodal organization engaged in the various activities related to exchange of plant
genetic resources in the country. Acquisition of germplasm has become a priority due to latest development under
Convention on Biological Diversity and other International treaties and laws. Realizing the importance of tropical
fruits trees and their future potential in India, an attempt was made to introduce Bush mango (/rvingia gabonensis),
a new potential tropical fruit and sent to different research station for their preliminary evaluation. Multilocation
testing, multiplication and distribution will be done in later stage.

Key Words: Bush mango, Multipurpose tree use, Variability and Tropical fruits

Introduction

Bush mango (Irvingia gabonensis) grows wild in forests
of tropical Africa. It is truly a multipurpose tree as it
provides food, fuel, fibre, medicines and timber. Fruits
are edible having yellow pulp. Seeds contain oil used in
different culinary purposes and wood is hardy and green
having resistance to termites. Bark is used as medicine in
arthritis, rheumatism, dropsy, swellings, oedema, gout,
eye treatment, fabrifuges, stomach trouble and venereal
diseases. This plant offers considerable scope for
enhancing the nutritional and economic security of
subsistence farmers in India. Formerly known as
Simaroubaceae, the Irvingiaceae family has 3 genera
(Desbordesia, Irvingia, Klainedoxa) and about 20 species
(Oxafor, 1974). In African continent people used
numerous local names — wild mango, Dika nut, Bush
mango, egili (Igala), oghi (Etsako) and African mango
are few of them (Onwuka, 1983).

Origin and Geographic Distribution

1. gabonensis is cohabitant of tropical Africa i.e. from
Senegal to Angola often found near riverbanks and reaches
its optimum in the dense evergreen rain forest. Commonly
found in the forest of Cameroon, Congo, Gabon, Ivory
Coast, Nigeria, Yoruba and Zaire. Southeast Nigeria is
the centre of diversity of 1. gabonensis (Atangana ef al.,
2002).

Irvingia species collectively known as Bush mango
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or dika nut, are economically important fruit species,
native to moist lowland tropical forest in central and west
Africa, especially along the Gulf of Guinea. In Affica,
1. gabonenesis is the commonest one. In Nigeria, two
varieties of this species were identified in 1974,
I. gabonensis var. gabonensis (with sweet edible fruit)
and 1. gabonensis var. excelsa (with bitter fruit). In a
revision of the taxonomy of the Irvingiaceae family, Harris
renamed the bitter variety /. wombulu Vermoesen and the
sweet variety /. gabonensis Aubry-Lecomte ex O’Rorke.
Other species of the same genera are /. excelsa, I robur,
L. smithii, and I. grandifolia.

The geographical range of /. gabonensis is from
southern Nigeria to the Republic of Congo, the centre of
concentration being southern Nigeria, southern Cameroon
and central Gabon. While for 1. wombulu the range of
distribution is much greater and goes in principle from
southern Senegal to the south western part of Uganda, its
centre of concentration being southern Nigeria and
southern Cameroon. This information is fundamental as
a basis on which a farmer-oriented cultivar development
process could be built, within the framework of a
domestication program for the bush mango species. Found
native in Angola, Cameroon, Central African Republic,
Congo, Cote d’Ivoire, Democratic Republic of Congo,
Equatorial Guinea, Gabon, Ghana, Guinea-Bissau,
Liberia, Nigeria, Senegal, Sierra Leone, Sudan, Uganda
and as exotic in Benin, Sao Tome.
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Domestication

I gabonensis and I. wombolu, the eating and the cooking
types, respectively, of bush mango, have been identified
by the International Centre for Research in Agroforestry
as priority wild fruit tree species for domestication. With
information on farmer trait preference, and in
collaboration with national agricultural research systems,
range wide germplasm collections have been made. The
need for conservation, domestication and development
of sustainable production systems, such as are possible
through agroforestry, has been emphasized if the
environment is to recover from this degradation process.
The genetic benefits obtained from the domestication in
the tropics has shown that large genetic gains are possible.
The International Centre for Research in Agroforestry
(ICRAF) has organized, with its national agricultural
research system (NARS) partners, a systematic collection
of good quality seeds from Ghana, Nigeria, Cameroon
and Gabon, with emphasis on southeast Cameroon and
northern Gabon, the centre of diversity of the trees
1. gabonensis and I. wombolu (Ladipo, 1995).

Botany and Taxonomy

A deciduous tree reaching a height of 100 ft; bole usually
straight and cylindrical slightly buttressed; trunk diameter
3 to 5 ft. glabrous in all its parts; ramuli usually sulcate
when dries. Leaves coriarceous, shining above, elliptical
or oblong-elliptical, shortly acuminate or apiculate, more
or less acute, base cuneate or rounded in the broader-
leaved forms, 7.5-11.5 cm long, 4-6.5 cm broad, petiole
0.6-0.8cm. Flowers in axillary panicles or loose
subfasciculate, divaricate, few or several-flowered
hermaphrodite racemes, usually much shorter than the
leaves; pedicels 1-3 lines, often 2-5 together, calyx 5-
occasionally 3-4-partite, with rotundate lobe petals
broadly elliptical, style filiform. Fruit “edible” about 10
cm in diameter. With a fleshy epicarp and bony endocarp.
Irvingaceae family comprises three genera viz. Desboresia
(one species), Klainedoxa (two species) and Irvingia (six
species). Genus Irvingia has six species (Table 1).

Table 1. Species and growing countries

Fig. 1: Distribution of Irvingia gabonensis in African sub
continent (Ladipo et al., 1994)

Variability in Fruit Shape and Quality

In the domestication of bush mango I. gabonensis, special
attention needs to be placed on fruit shape and form.
Spherical fruits are most common, but a range of other
shapes has been recorded (Fig. 2). For example, in
Cameroon, an unusual rectangular fruit shape was found,
which was later also found to occur in Nigeria and Gabon.
Pyriform fruits are also found frequently. This character
was recorded for all mother trees. In Onne (Southeast
Nigeria), fruit malformation or ‘dimpling’ was observed
on some trees. In fact, it is important to identify this and
other characteristics that can reduce the value or quality
of Irvingia so that they can be eliminated early in the
improvement programme for this species.

Variability in Fruit Sweetness

Chemical changes during ripening usually involve the
conversion of starch to sucrose and reducing sugars. The
extent of this conversion affects the sweetness of ripe
and mature fruits as well as their retention on the tree.
Fruits were divided into three categories: very sweet,
sweet and not sweet. Most were assessed as sweet, but
substantial variation in fruit sweetness between accessions
was observed.

Species

Countries

Irvingia gabonensis Bailln (Aubry-Lecomte ex O’Rorke)

Irvingia grandiflora (Engl.) Engl.
Irvingia malayana Olivex AW Benn
Irvingia robur Mildbr

Irvingia smithii Hook E

Irvingia wombulu (Aubry-Lecomte ex O’Rorke) Zaire

Cameroon, Central Africa, Congo, Gabon, Ivory Coast, Nigeria, W. Africa, Yoruba
and Zaire

W. Africa, Cameroon, Central Africa, Gabon, Congo: Nigeria, and Zaire
Vietnam and Malaysia

Congo, Cameroon and Gabon

Nigeria and Cameroon
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Fig. 2: Variation in fruit shapes of I. gabonensis

Variability in Fruit Colour

Irvingia fruits change from green to yellow as fruits ripen.
The mature fruit colour has, however, been found to vary
from tree to tree. Fruit pigmentation is a major attribute
in fruit marketing. The major pigments responsible for
fruit colours are chlorophyll, carotenoids and
anthocyanins. The chloroplasts in green immature fruits
generally lose chlorophyll on ripening and increase other
pigments. This immense variability in colour is a resource
that can be utilized for colour selection. The resulting
consumer appeal should enhance the commercialization
process of this wild fruit. /rvingia fruit has found in five
colours as Green, Greenish yellow, Yellow, Brownish
(cork) yellow and bright reddish yellow (Ladipo et al,
1994).

Variability in Seed Cracking

The endocarp of Irvingia needs to be cracked open
(shelled) to extract the cotyledons (kernels), which are
used as thickening agents in soups and stews. People
utilize different techniques to extract /rvingia kernels.
They can be extracted from fruits in the fresh state, or
fruits can be fermented and the kernels extracted wet.
Alternatively, they can be fermented and sun dried before
extracting, packaging or marketing. All these methods
are difficult and hazardous. The whole operation also takes
alot of farmers’ time. This useful trait is an early splitting
of the hard endocarp, a process that usually takes place
much later during germination.

Variability in Crown Shape

The form and shape of tree crowns can vary substantially
and is probably due to genetic variation in apical
dominance and apical control. Isolated mature (10-25
years) trees of 1. gabonensis have been assessed for their
crown characteristics over the last 4 years in Cameroon,
Gabon and Nigeria. Considerable variation is apparent
{(Fig. 3). The genetic nature of these differences needs to
be confirmed. Pruned and plantation trees were not
included because of the possibility that their crown form
results from competition in a forest type situation. It is
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not known, however, whether these assessed trees have
been isolated throughout their life.

Variability in Leaves Colour

Colour change in the leaves of tropical trees is not
uncommon as the leaves expand and mature. In
1. gabonensis young leaves are usually pale green and
sometimes pink. Field and nursery observations have
shown that some trees of /. gabonensis have red leaves.

Agro Climatic Adaptation

1. gabonensis are very well adapted to the tropical
rainforest. Thrives well in almost all-tropical rain forest
soil but alluvial, equatorial brown loam soil, mud soils is
suited best. Mineral composition of this soil is altisol and
ultisol, rainfall should be in between 1250-2500 mm,
shady conditions in the understory of water demands are
high and there is a good adaptability to dry conditions.
1. gabonensis is distinguished by a high productivity,
which is conforming to the high nutrient and water
demands.

Propagation

Propagate through direct seeding/seedling and vegetative
methods like cutting, budding and grafting. Because of
the plant’s allogamy, multiplication by seed involves a
large genetic heterogeneity. The techniques of traditional
vegetative multiplication give a low propagation rate. /n
vitro technique for cloning of selected individuals open a
new way for the consistent production of 1. gabonensis
plantlets, which could be used for the species propagation
and domestication. Germination is a major problem owing

Fig. 3: Variation in crown shape of I. gabonensis
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to strong shell and may take on an average about 3-4
weeks time to germinate coupled with low germibility.

Cultivars

Very little work had been carried out in past on
improvement of this crop, as a result this is still under
domestication and grown in forest, agroforestry system
and in kitchen garden only. Now emphasis is given on
exploration for selection and collection of superior
genotype for systemic breeding programme. Excelsa and
Dulices are main cultivars/ varieties but basically these
are varieties of 1. gabonensis i.e. 1. gabonensis var. excelsa
and 1. gabonensis dulices.

Cropping System

1. gabonensis can be well accommodated in agroforestry
system and silviculture, in kitchen gardens as well as in
social forestry system. Inter cropping of food crops, such
as maize and cassava takes place with the planting of
additional multi-purpose fruit trees.

Nutrient Management

Arbuscular mycorrhizal inoculation as experience points
not only to increased growth and nutrient uptake but also
to improved water supply (as indicated, for example, by
higher SLA). This would stimulate even further the above-
mentioned high adaptability to dry conditions.

Training and Pruning

Domesticated /. gabonensis acceptable for both
agroforestry and intensive orchard management may
eventually be required. This might involve the need for
different crown and bole forms manipulation of tree to
promote flowering and improve fruit yields. Branching
and form traits are incorporated into breeding and
selection programmes, as they can be of substantial value
for orchard development.

Fruiting Age

Precocity in plants is known to be under some degree of
genetic control, with considerable variation in the time
taken for trees to reach maturity and start fruiting. /.
gabonensis is generally said to commence flowering after
10-15 years, but it has also reported variation in the
commencement of flowering in young /. gabonensis in
southeast Nigeria, that fruiting could commence much
earlier in a precocious tree genotype i.e. it can start from
the age of 4 year onwards.

Fruit Production

The flowering and fruiting process consists of a series of
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sequential stages, the key steps are floral initiation, flower
development, pollination, fruit set, fruit development and
seed set. Fruit set may depend on the availability of pollen
and the efficiency of pollinators, but seed set that is the
development of viable seeds from the ovules of pollinated
flowers depends on endogenous factors and their
interaction with the environment.

Flowering

The flower is hermaphrodite, like other tropical trees, is
highly heterozygous. The first stage in the flowering
process is floral induction or evocation. It is not known
what triggers this process in [rvingia species, but a
substantial variation was observed in the number of floral
flushes within the population, with most trees not
flowering at the age of 4-5 year or flowering only once a
year, twice a year and few flowering 3-4 times a year.

Harvesting

Maturity of fruits was early in the southwest and littoral
regions, while fruiting was late in the central, eastern and
southern regions of the humid lowlands of Cameroon.
Fruiting can be observed in July-August (early); and
August-September (late). However, some out-of-season
fruiting seems to occur. In Onne (southeast of Nigeria)
few trees fruited in February (4 months before general
fruiting). Southeast Nigeria, Research is therefore, needed
to understand the genetic basis of this characteristic, so it
can be effectively utilized.

Post Harvest Management

Irvingia fruits follow climacteric pattern for its ripening,
fruit after harvesting faces several physiochemical change
which cut short shelf life of fruit, changes occurred mainly
in fruit weight, texture, colour, starch, fermentation of
sugar and increase in total carotenoids. Dipping of
perclimateric mature green fruits in 0.5% NaS 0, at 55°C,
followed by wax packing in wooden boxes overlapped
with stretch polyvinyl chloride (PVC) film, delayed
ripening, controlled decay, minimized weight losses and
extended the shelf life of fruits kept at 22-35°C and 70-
95% RH.

Disease and Pest Management

Major diseases pest is Phytophthora root rot, root knot
nematode (Helicotylenchus limatus sp.nov) stored pest
(Oryzaephilus mercator) of nuts and bark eating
caterpillar, which can be managed with help of fungicide/
pesticide application coupled with proper crop
management techniques.
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Fruits Characteristics

Bush mango fruit had variability in all respect of its
fruits viz. size, shape and weight which is reflected
by fruit mass, flesh nut mass, shell mass, kernel mass,
length, width, flesh depth, extent of variability is shown

in Table 2.

Table 2. Fruit characteristics

Parameter Range

Fruit Weight 69.0-419.8 ¢
Flesh Weight 59.5-388.8 g
Nut Weight 9.5-40.6 g
Shell Weight 4.9-309¢g
Kernel Weight 0.41-758 ¢
Length 49.2-89.3 mm
Width 46.2-100.5 mm
Flesh depth 12.9-31.4 mm
Fruit Share

Particular Share (%)
Mesocarp 89%
Endocarp 8%

Seed 3%

Nutritive Value of Fruit and Kernel Seed

Bush mango has good nutritive valve. It is good source
of energy, vitamin A and C, protein, fibre, fat, minerals
and essential oils. Composition of fruit pulp and seed
(kernel) are given in Table 3.

Fat produced form nuts of bush mango are used in
various purposes (Eyo, 1979), physicochemical properties
mentioned in Table 4 reflects the potential to use it in
different pharmaceuticals confectionery and cosmetic
uses.

Aroma Content

More than 35 compound (essential oils) were identified
mainly benzoic, cinnamic and methyl-butyric acid
derivatives as well as the sesquiterpens, a Curcumene and
Zingerberrine in ripe and unripe fruits (peel and fruit
pulp). Study suggested that this could be used as flavoring
agent in food (Van Buren, 1970).

General Characteristics Timber Wood

Heartwood pale green brown or orange yellow, fading on
exposure to a grey brown, sometimes with dark grey
streaks; sapwood lighter, not always differentiated.
Texture is fine to medium; grain straight to interlocked
and without luster. ‘

Mechanical Properties: (2-cm standard)
e Moisture content, Bending strength Modulus of
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Table 3. Nutritive value of fruit pulp and kernel seed

Parameter Value
Moisture 46.5%

Dry matter 43.5%
Carbohydrate 19.2%
Protein 10.9%
Fiber 8.2%

Ash 1.8%
Vitamin A 67 mg/gm
Vitamin C 65.3 mg/gm
Minerals Mg, Ca, P, Na, K, Cu, Zn, Ni, Fe and Co
Kernel Seed

Crude fat 68-75%

Fat 54%

Gum content 67%
Preteen 8-9%
{3-Carotene 0.7 mg/gm
Plant sterols 8.08 mg/gm
Phospholipid 14.8 mg/gm
Myristic 21.2%
Palmitic 33.9%
Oleic acid 25.4%
Unsaturated fatty acid 23%
Saturated fatty acid 77%
Minerals Mg, Ca, P Zn, Ni, Fe and Co

Table 4. Physicochemical properties of Bush mango fat (Omogbai,

1990)
Melting point 39-40 °C
Saponification value 212-220 °C
Smoking point 213-210°C
Free fatty acid value 0.25-0.30%
Todine Value 3542
Peroxide value 1.95-1.99mg/gm
Acid value 13.6
Total Lipid content 71%

elasticity, Maximum crushing strength (%) (Psi)
(1000psi) (Psi) 12% (47) 23,600 2,710 11,400.

e Amslertoughness 288 in.-Ib at 12% moisture content
(2-cm specimen). Growth ring boundaries indistinct
or absent. Heartwood basically light brown yellow
to white or grey, without streaks. Sapwood colour
similar to heartwood colour. Odour indistinct or
absent. Basic specific gravity 0.64-0.75 g/cm?®,

‘Wood Anatomy

Wood type is diffuse-porous. Vessels are arranged in no
specific pattern, in multiples, commonly short (2-3
vessels) radial rows. Average tangential vessel diameter
145-220-300 flm; diameter of vessel lumina varies from
large to very large. Average number of vessels/mm? (2-)
3-5(-7); vessels per square millimeter very few to few.
Average vessel element length 400-650(-800) fim.
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Average vessel element length medium. Perforation
plate’s simple. Intervessel pits alternate. Intervessel pits
average diameter (vertical) 7-10 flm, medium. Intervessel
pits not vestured. Vessel-ray pits with reduced borders or
apparently simple, rounded or angular or horizontal to
vertical, of uniform size or type or of two distinct sizes
or types in the same ray cell, of the same type in adjacent
elements or unilaterally compound and coarse. Helical
thickenings absent. Tyloses in vessels present. Other
deposits in heartwood vessels not observed.

Tracheids and Fibres

Vascular or vasicentric tracheids sporadic to absent. Fibres
of medium wall thickness to very thick-walled. Average
fibre length 1650-2200 flm. Fibre pits mainly restricted
to radial walls, simple to minutely bordered. Helical
thickenings absent. Fibres non-septate.

Axial Parenchyma

Axial parenchyma banded. Axial parenchyma bands not
marginal (or seemingly marginal), bands much wider than
rays, coarse, more than three cells wide. Axial parenchyma
as strands. Average number of cells per axial parenchyma
strand 6-13. Rays 7-11 per tangential mm, multiseriate
(also if only few), 2-4 cells wide, narrow (2-3 seriate) to
of medium width (3-5 seriate). Height of large rays up to
500 /Im to commonly 500 to 1000 /lm. Rays composed
of a single cell type (homocellular). Homocellular ray
cells procumbent. Sheath cells absent. Perforated ray cells
absent

Secretory Structures

Intercellular canals absent. Laticifers or tanniniferous
tubes absent.

Mineral Inclusions

Crystals present, prismatic, located in ray cells or axial
parenchyma cells or tyloses. Crystal-containing ray cells
procumbent. Crystal-containing axial parenchyma cells
chambered, or not chambered. Number of crystals per
cell or chamber one. Silica not observed.

Uses
Bush mango is multipurpose tree, beside it is excellent
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timber wood it has quality fruit and oil in its kernel is
used for (i) Bakery and cosmetic purpose for preparation
of dikka fat, chocolate and soap; (ii) Pharmaceutical
purposes for preparation of anti ulcer and analgesic
medicine;(iii) Bark of this tree has sown ant fungal
activities. Polyphenols tannin or saponins could be
responsible and (iv) the wood of Bush mango split in to
chewing stick approximate 12x2.5x0.5cm is very
commonly used for personal dental hygiene in sub Sahara
Africa.

Summary

Bush mango, being truly fruit based multipurpose tree if
adopted well in tropical and subtropical regions of India
has the potential to change the fruit culture scenario as
well as living standard of small and marginal framers.
Owing to its immense potential to perform well under
adverse agro climatic condition and poor and marginal
soil as well it proves to be potential multipurpose fruit
tree for farming community.
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Formation of Core Set in Finger Millet (Eleusine coracana (L.) Gaertn.)
Germplasm using Geographical Origin and Morpho-agronomic Characters
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Finger millet (Eleusine coracana (L.) Gaertn.) germplasm collection involving 4511 accessions at National Active
Germplasm Collection Site (NAGS), Project Co-ordination Cell (Small millets), UAS, Bangalore were evaluated for
different morpho-agronomic characters over the years. A core set of 551 accessions was formed using this evaluated
data by cluster analysis and PCA scoring. Majority of the accessions have Indian origin. The core set formed was true
representative of the entire collection and the procedure followed in its formation was appropriate as the statistical
analysis indicated that core set did not differ significantly from entire collection. The total diversity present in the entire
collection was completely captured in core set. Character association studies revealed that the associations among
yield and yield contributing characters found in entire collection were also found in core set. The characters viz., plant
height, culm thickness, number of leaves, flag leaf sheath width, flag leaf blade length and width, leaf blade width,
days to 50 per cent flowering and days to maturity could be used as indirect selection for high seed yield.

Key Words: Finger millet, Core Set, Diversity, Correlation

Introduction
Finger millet (Eleusine coracana (L.) Gaertn.) is an

important food crop in Southern Asia and Eastern Africa.
Finger millet popularly known as ragi, ranks third in
importance after sorghum and pearl millet, both in area
and production providing staple for a large section of
farming community in many parts of India. The
cultivation of this crop is more widespread compared to
other millets and grows from sea level in South India to
high lands of Himalayas.

The crop has dual importance as source of food grain
as well as straw. Finger millet grain is very nutritious
with good quality protein, calcium and other minerals.
The cultivated E. coracana is a tetraploid (2n=4x=36)
and has morphological similarity to both E. indica (2n=18)
and E. africana (2n=36) and is highly variable in its
primary centre of origin in Africa and secondary centre
of origin in India. India is the major producer of finger
millet contributing nearly 60 per cent of the global
production.

The success in plant breeding research is closely
linked to the availability of appropriate germplasm.
Realizing this, National Active Germplasm Collection Site
(NAGS), Project Co-ordination Cell, All India Co-
ordinated Small Millets Improvement Project
(AICSMIP), Bangalore has made an effort in the
assemblage of large collection of finger millet germplasm
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at global level (4511 accessions). Collection and
conservation of large number of germplasm pose several
problems in various germplasm related activities. To
overcome these problems, the concept of developing core
collection from the entire germplasm as suggested by Otto
Frankel (1984) has been considered as effective strategy
for enhancing the utility of germplasm. Considering the
importance of finger millet as food and feed crop,
especially to harsh agricultural regions in the country, an
effort was made to develop a core set from the entire
collection of 4511 accessions at Bangalore using all
available information on geographical origin and
evaluated data on agro-morphological characters.

Materials and Methods

Characterization and Evaluation of Finger Millet
Accessions

Actotal of 4511 accessions of finger millet which includes
extensive collections from various parts of Indian
subcontinent, African and Asian countries maintained at
NAGS, AICSMIP, Bangalore were evaluated at Main
Research Station, Gandhi Krishi Vigyan Kendra,
Bangalore over the years from 1987 to 2005. The
accessions were grown in an augmented design (Federer,
1966) for evaluation. Each accession was grown in one
row of 3 m length. The row to row distance was kept at
30 cm and plant to plant distance was kept at 10 cm. Data
on 27 descriptors were recorded following the procedures
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given in the Descriptors for finger millet (IBPGR, 1983),
FAO, Rome.

For characterization and evaluation, fifteen
quantitative characters viz., plant height (cm), culm
thickness (cm), number of productive tillers, number of
leaves, flag leaf sheath length (cm), flag leaf sheath width
(cm), flag leaf blade length (cm), flag leaf blade width
(cm), leaf blade length (cm), leaf blade width (cm),
peduncle length (cm), number of fingers per ear, days to
50 per cent flowering, days to maturity, grain yield per
plant (g) and twelve qualitative characters viz., growth
habit, plant pigmentation at flowering, culm branching,
ear size, ear shape, grain covering by glumes, grain colour,
grain shape, grain surface, grain uniformity, pericarp
persistence on seed at maturity, synchrony of ear maturity
in each accession were considered for formation of core
set.

Formation of Core Set

The initial grouping of accessions was attempted using
characterization data such as plant pigmentation, grain
colour, grain shape, ear shape etc. The groups thus formed
were further subjected to cluster analysis using SYSTAT
9 package. Cluster having large number of accessions was
further subjected to Principal Component Analysis (PCA)
using package SPLUS 2000. Using PCA scores, around
10 per cent of the accessions in each cluster were selected
for inclusion in the core set. The geographical distribution
of germplasm accessions in entire collection and the core
set were studied. State wise grouping of Indian collections
and country wise grouping were made and per cent
contribution of accessions from each region was worked
out.

Statistical Analysis

The data on quantitative characters was subjected to
statistical analysis to calculate mean, range and variance
in the entire collection and the core set. The means of the
entire collection and core set were compared using
Newman-Keuls procedure (Newman, 1939 and Keuls,
1952) for all the fifteen quantitative characters. The
homogeneity of variances in the entire collection and core
set was tested with Levene’s test (Levene, 1960).

Regarding characterization of qualitative characters;
according to the finger millet Descriptors, germplasm
accessions were counted for each sub-descriptor and their
frequencies were worked out both in the entire collection
and the core set. Chi-square ()?) test was applied to test
whether the expected frequencies of accessions under
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different sub descriptors were present in the core set
formed.

The frequency distribution for 15 quantitative
characters and also for 12 qualitative characters under
different sub-descriptors was calculated. Using this data,
Shannon and Weaver (1949) diversity index (H") was
estimated and used as a measure of phenotypic diversity
in the entire collection and core set for each character.
The phenotypic correlations among yield and yield
contributing characters in entire collection and core set
were estimated separately, as suggested by Al-Jibourie ef
al. (1958) to know the extent of character associations.

Results and Discussion

A total of 551 accessions of core set was formed from the
global collection of 4511 accessions and it constituted 12
per cent of the entire collection. Based on the origin, the
accessions of both entire collection and core set were
classified according to state wise and also country wise
and are presented in Table 1. In the entire collection,
maximum number of accessions were from Asia,
especially from India. In Indian collections, maximum
accessions were collected from Uttar Pradesh, followed
by Karnataka and Tamil Nadu. Other states also
contributed in small numbers to the entire collections.
Africa contributed 27.87 per cent of accessions to the
entire collection. Within Africa, maximum accessions
were from Malawi and Kenya.

Regarding geographical distribution of germplasm
accessions in core set, same trend was observed as in
case of entire collection. Maximum accessions were from
India (383) followed by African countries. In India, similar
trend of distribution of accessions was observed. More
number of accessions was from Uttar Pradesh (24.86%)
followed by Karnataka (15.06 %) and Tamil Nadu
(9.98%). The distribution of accessions in African
countries was also similar to that of entire collection. Two
countries viz., Malawi (9.98%) and Kenya (8.71%)
contributed more accessions to the core set. The similar
trend of distribution of accessions according to their origin
in both entire collection and core set indicates that the
core set truly represents the entire collection and the
procedure followed to constitute the core set was
appropriate.

Mean, range and variance for 15 quantitative
characters in both entire collection and core set is
preseated in Table 2. Based on Newman-Keuls test, non-
significant differences were observed between the entire
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Table 1. Number and Percentage of Accessions Present in Different Countries/Continents of Entire Collection and Core Set of Finger

Millet Germplasm

S. No.  Coatinent / Country / State Entire Percentage Core Percentage

1. Asia

1 India
a) Andhra Pradesh 168 3.72 21 3.81
b) Bihar 246 5.45 1 2.00
c) Delhi 54 1.20 3 0.54
d) Gujarat 17 0.38 2 0.36
e) Himachal Pradesh 18 0.40 2 0.36
f) Jammu & Kashmir 6 0.13 1 0.18
2) Karnataka 654 14.50 83 15.06
h) Kerala 36 0.8 4 0.73
i) Madhya Pradesh 121 2.68 9 1.63
7 Maharashtra 244 5.41 37 6.72
k) NEFA 16 0.35 1 0.18
I Orissa 85 1.88 11 2.00
m) Punjab 5 0.11 - -
n) Rajastan 1 0.02 - -
0) Sikkim - 44 0.98 6 1.09
19} Tamil Nadu 451 10.00 55 9.98
q) Unknown states 12 0.27 - -
) Uttar Pradesh 1051 23.30 137 24.36
s) West Bengal 2 0.04 - -
Total (India) 3231 71.62 383 69.51

2 Japan 3 0.07 3 0.54

3 Nepal 8 0.18 - -

4 Sri Lanka 12 0.27 3 0.54
Total (Asia) 3254 72.13 389 70.60

II. Africa

1 Burundi 1 0.02 - -

2 Ethiopia 16 0.35 2 0.36

3 Kenya 379 8.40 48 8.71

4 Malawi 412 9.13 55 9.98

5 Mozambique 1 0.02 - -

6 Sudan 7 0.16 - -

7 Tanzania 23 0.51 4 0.73

8 Uganda 181 4.02 24 4.36

9 Unknown African country 54 1.20 10 1.81

10 Zambia 92 2.04 12 2.18

11 Zimbabwe 91 2.02 7 1.27
Total (Africa) 1257 27.87 162 29.40
GRAND TOTAL 4511 551

and core set for all the quantitative characters studied.
The homogeneity test (Levene’s test) revealed that the
variance of entire collection was homogenous with the
variance of core set for all the quantitative characters
studied. The range for the characters studied in the core
set was similar to the range in the entire collection for all
the quantitative characters studied. Scores were recorded
for 12 qualitative characters (morpho-agronomic) for both
entire and core collection according to the Descriptors
for finger millet and presented in Table 3. The chi-square
(® value for frequency distribution of accessions under
different sub-descriptors of entire collection and that of
core set revealed non significant differences for all the
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qualitative characters studied. All these tests indicate that
the core set formed represents the entire collection of
finger millet.

Estimates of Shannon-Weaver diversity index (H")
for all the characters both in entire and core set are
presented in Table 4. This index indicates the presence of
genetic diversity for a character. The indices for all the
characters in core set were similar to that in entire
collection. The average of H” values for 15 quantitative
characters and 12 qualitative characters in core set was
also similar to that in entire collection. This indicates that
the diversity present in the entire collection was
represented in the core set formed.
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Table 2. Comparison of Mean, Range and Variance for the Quantitative Characters in the Entire Collection and Core Set of Finger
Millet Germplasm

S. No.  Character Mean Range Variance
Entire Core T test Entire Core Entire Core F test

1 Plant height (cm) 94.79 % 0.26 95.85 + 0.848 NS 33.0 - 153.0 33.0 - 153.0 311.03 396.02 NS
2 Culm thickness (cm) 0.85 = 0.002 0.86 + 0.007 NS 04 -19 04 - 19 0.02 0.03 NS
3 Number of productive tillers 3.94 + 0.019 3.96 + 0.052 NS 1.0 - 10.0 1.0 - 90 1.59 1.60 NS
4 Number of Leaves 9.75 + 0.028 9.89 + 0.087 NS 4.0 - 17.0 40 - 160 3430 422 NS
5 Flag leaf sheath length (cm)  10.15 + 0.031 10.21 % 0.086 NS 2.0 - 28.0 46 - 17.0 4.28 431 NS
6 Flag leaf sheath width (cm) 1.09 + 0.002 1.095 £ 0.006 NS 04 - 1.7 0.7 - 1.7 0.02 0.02 NS
7 Flag leaf blade length (cm) 3395 + 0.105 34.63 + 0.349 NS 11.5 - 60.5 149 - 605 4990 67.20 NS
8 Flag leaf blade width (cm) 1.03 = 0.002 1.047 = 0.008 NS 05 -20 06 - 2.0 0.02 0.03 NS
9 Leaf blade length (cm) 4592 + 0.114 45.1 = 0.390 NS 209 - 702 210 - 702 58.12 83.60 NS
10 Leaf blade width (cm) 1.18 + 0.002 1.196 = 0.008 NS 0.5 - 2.0 0.6 - 2.0 0.03 0.03 NS
11 Peduncle length (cm) 22.82 + 0.055 22.92 x 0.162 NS 9.2 - 41.0 92 - 340 13.84 14.43 NS
12 Finger number 7.01 = 0.018 7.01 + 0.053 NS 3.0 - 13.0 3.0 - 11.0 1.44 1.54 NS
13 Days to 50% flowering 59.79 = 0.106 60.45 + 0.337 NS 400 — 79.0 440 - 780 50.79 62.59 NS
14 Days to maturity 102.20 = 0.146  103.06 + 0.468 NS 80.0 — 129.0 80.0 — 1280 96.51 120.87 NS
15 Grain yield per plant (g) 12.90 + 0.100 13.54 + 0.342 NS 1.0 — 48.8 1.7 — 452 4537 6443 NS
NS: Non significant at P = 0.05

Table 3. Descriptors, Descriptor State, Score Code and Phenotypic Proportions in Entire Collection (E) and Core Set (C) of Finger Millet

Germplasm
S.No. Descriptor Descriptor state Score code E C v
1 Growth habit Decumbent 3 1786 228
Erect 5 2671 314 1.78098s
Prostrate 7 54 9
2 Plant pigmentation Non pigmented 0 3049 377
at flowering Pigmented 1 1462 174 0.1736"8
3 Culm branching Absent 0 2170 286
Present 1 2341 263 3.4958M8
4 Ear shape Droopy 1 93 17
Open 2 1581 190
Semi-compact 3 2381 274 8.1047s
Compact 4 379 56
Fist 5 77 14
5 Ear size Small 3 1108 127
Intermediate 5 2865 340 4.6398N8
Large 7 538 85
6 Grain covering by Exposed 3 647 93
Glumes Intermediate 5 2252 264 2.9585N8
Enclosed 7 1612 194
7 Grain colour White 1 16 5 5.0450%8
Light brown 2 1795 212
Copper brown 3 1710 210
Purple brown 4 990 123
8 Grain shape Round 1 2959 364
Reniform 2 1498 181 0.1215M
Ovoid 3 54 6
9 Grain surface Smooth 1 4120 506
Wrinkled 2 391 45 0.2185%
10 Grain uniformity Not uniform 0 1075 122
uniform 1 3436 429 0.8235"8
11 Pericarp persistence Non persistent 0 903 108
on seed after Partially persistent 3 2950 370 1.0007"8
threshing Persistent 7 657 73
12 Synchrony of ear Non synchronous 0 1863 227 0.0050™
maturity Synchronous 1 2648 324

NS: Non significant at P = 0.05
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Table 4. Shannon-Weaver Diversity Index (H") for 15 Quantitative
and 12 Qualitative Characters in the entire Collection and
Core Set of Finger Millet

S.No. Character Shannon-Weaver Index

Entire Core
Quantitative character
1 Plant height 1.808 1.917
2 Culm thickness 1.283 1.445
3 Number of productive tillers 1.613 1.588
4 Number of Leaves 1.504 1.651
5 Flag leaf sheath length 1.214 1.220
6 Flag leaf sheath width 1.528 1.588
7 Flag leaf blade length 1.782 1.904
8 Flag leaf blade width 1.415 1.500
9 Leaf blade length 1.857 2.013
10 Leaf blade width 1.386 1.448
11 Peduncle length 1.535 1.536
12 Number of fingers 1.583 1.620
13 Days to 50% flowering 1.975 2.057
14 Days to Maturity 2.069 2.187
15 Grain yield 1.646 1.802
Mean + SE 1.613 £0.064 1.698 +0.070
Qualitative character
1 Growth habit 0.730 0.753
2 Plant pigmentation at flowering  0.630 0.624
3 Culm branching 0.692 0.693
4 Ear size 0.887 0.924
5 Ear shape 1.062 1.148
6 Grain covering by glumes 0.993 1.020
7 Grain colour 1.087 1.113
8 Grain shape 0.696 0.688
9 Grain surface 0.295 0.281
10 Grain uniformity 0.549 0.529
11 Pericarp persistence on 0.880 0.854
seed at maturity
12 Synchrony of ear maturity 0.678 0.677
Mean + SE 0.765 +0.066 0.775 10.072
Overall mean + SE 1.236 +0.094 1.288 +0.103

The effect of each yield contributing characters on
yield improvement in finger millet was analyzed through
character association studies. Estimates of phenotypic
correlation coefficients for 15 quantitative characters in
both entire and core set are presented in Table 4. Out of
105 correlations, 64 correlations were significant in both
entire and core set. This indicates a good representation
of phenotypic correlations of characters from entire
collection to the core set. The characters namely, culm
thickness, number of productive tillers, number of leaves,
flag leaf sheath width, flag leaf blade length and width,
leaf blade width, days to 50 per cent flowering, days to
maturity were positively associated and flag leaf sheath
length was negatively associated with grain yield in both
entire and core set. But, plant height was positively
correlated with grain yield only in core set.
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Among different characters studied, the significant
correlations between characters found in entire collections
were also found in core set. Characters viz., plant height,
culm thickness, number of leaves, flag leaf blade length,
flag leaf blade width, days to 50% flowering and days to
maturity were correlated with each other in both entire
collection and core set. Hence in future characterization
of finger millet germplasm, plant height, culm thickness,
number of leaves, flag leaf sheath width, flag leaf blade
length and width, leaf blade width, days to 50 per cent
flowering and days to maturity could be used as indirect
measure to select for high yield.

It can be concluded that the core set involving 551
accessions formed from 4511 accessions of entire
collection of finger millet is a true representative of entire
collection and has all the diversity present in the entire
collection. The core set thus selected comprised accessions
with higher diversity representing the entire coverage of
variability giving accurate reproducible list of entries of
core whenever repeated. This avoids the repeating of
useful alleles thus enhancing their richness. Hence this
core set can be used in future for effective screening of
the finger millet germplasm for identitying the sources
of desirable characters. The method followed in the
formation of core set was correct and core set represents
the entire set.
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Selection Response for Fruit Yield in Okra (Abelmoschus esculentus (L.)
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Field trials were conducted with 904 accessions of indigenous and exotic okra (4blemoschus esculetus (L.) Moench)
germplasm from 1999 to 2001 to identify high yielding genotypes and to study the selection response for fruit
yield. Both inter and intra population selection was carried out. Fortyone out of 904 accessions recorded high yield
over check variety Arka Anamika. Accessions IC 45802 exhibited significantly more fruits per plant (13.00) followed
by EC 329386 and EC 305609. Three accessions namely, IC 69304, EC 305609 and IC 140929 1I outperformed
for fruit weight per plant. Accession EC 305609 registered consistently superior yield over years and is hence
worthy for commercial exploitation. The direction of selection response was positive as well as negative. Selection
response was high and positive when fruit yield per plant in the parental population (X)) was low and vice versa.
The results of the study revealed that in the initial phase of breeding programme, selection between accessions
for yield might be useful. However, once the yield level reached a ceiling limit or plateau point, recombination
breeding or heterosis breeding would be most effective as this trait was governed by polygene with additive as

well as non-additive gene action.

Key Words: Selection response, Genetic gain, Okra, Abelmoschus esculentus

The genetic composition of a population can be changed
in many ways. Selection is one among them. There are
two agencies involved in carrying out selection; one is
by nature known as natural selection and the other is by
man known as artificial selection. The purpose of artificial
selection is to isolate superior genotypes from the
population with diverse genetic base. While doing so the
phenotypic value of the selected population vis-a-vis the
frequency of yield contributing alleles are shifted towards
favourable direction. Bhindi, being often cross pollinated
crop, offer much scope for genetic improvement through
breeding methods that are normally applicable to self as
well as cross pollinated crops including by selection
(Hussein, 1994). This study was conducted to identify
high yielding okra genotypes from ‘active germplasm
collection’ and to assess the response to selection for fruit
yield.

Materials and Methods

The study was conducted in the Research Farm of NBPGR
Regional Station, Thrissur. Nine hundred and four
accessions of okra germplasm collected from several
Asian countries constituted the base population for the
study. The base population was derived from open
pollinated flowers. Twelve seeds from each of the 904
accessions were sown in augmented design during 1999.
Simple phenotypic selections for fruit yield have been
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exercised to identify high yielding accessions. Arka
Anamika was considered as check variety. The selected
high yielding accessions henceforth referred as parental
population (X ). Twenty-four seeds from each of the X
population were raised in replicated trial during June 2000.
Observations on individual plants were recorded and high
yielding individual plants within each accession (X ) were
selected, selfed and harvested separately. They are
henceforth, referred as progeny (Xp) population. During
May 2001, seeds from X _and X populations were planted
in RBD with two replications. Observations on number
of fruits per plant and fruit weight per plant were recorded
from each of the X and X, population. Selection response
(R) was calculated as the differences between the mean
phenotypic value of (Xp) and (X)) population (Sharma,
1994). Selection response as percentage of mean of
parents was also calculated.

Results and Discussion

The analysis of variance for number of fruits and fruit
weight per plant for 904 accessions (base population)
showed significant differences. The accessions had high
degree of variability. Number of fruits per plant varied
from 3.25 to 18.67, while fruit weight ranged from 39.50
gt0418.33 g. Accessions in the base population recorded,
on an average, 6.62 fruits per plant while the check variety
Arka Anamika recorded 4.67 fruits per plant. Arka
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Anamika yielded 119.26 g fruits per plant whereas the
grand mean for base population was 75.40 g. Forty-one
out of 904 accessions that recorded significantly high yield
(number and weight basis) than Arka Anamika were
selected. These 41 accessions constituted parental (X)
populations for next cycle of selection. The selection
intensity between accessions was therefore, 4.5 per cent.
In the subsequent trial, high yielding plants (X;) within
each accession were selected. The selection intensity
within accessions varied from 4.1 to 8.2 per cent.

The fruit yield from replicated trial laid during May
2001 for each of X jand X, plants are given in Table 1 and
2. The grand mean for parents was 8.6 fruits per plant
while it was 9.6 fruits for plants selected from each of the
X, accessions. Among the parents, IC 45802 exhibited

Table 1. Passport information of the selected parental lines

significantly more fruits per plant (13.00) followed by
EC 329386 and EC 305609. Accessions IC 218896, IC
218896 1I and EC 305746 had few fruits per plants and
on par. Among the progenies IC 282298 and IC 140929
were the poor yielders. They were at par. An exotic
collection EC 305609 recorded the maximum of 17 fruits
per plant followed by three indigenous collections viz.,
IC 218887, AA selection and IC 43736.

As regard to fruit weight per plant, the range was
from 56.67 g to 246.15 g among parents and from 49.5 g
to 332.50 g among progenies. Three accessions namely,
IC 69304, EC 305609 and IC 140929 II outperformed
for this trait and were at par. This was followed by
accessions EC 329386 and IC 140929. For number of
fruits per plant, IC 140929 did not figure in the top list,

S. No. Accession No. Collector’s No./NIC No. Place of Collection District State/Country

1 IC 32855 C Dhule Maharashtra

2 IC 33182 Singli Madhya Pradesh
3 IC 33206 A Nasik Maharashtra

4 IC 33340 Madhya Pradesh
5 IC 33350 Madhya Pradesh
6 IC 43736 Kerala

7 IC 45791 Tamil Nadu

8 IC 45802 Tamil Nadu

9 IC 45813 Tamil Nadu

10 IC 45824 Tamil Nadu

11 IC 69242 105/82-8 Pazhayannur Thrissur Kerala

12 IC 69250 109/82-48 Thonippadam Palakkad Kerala

13. IC 69272 Kerala

14 IC 69304 Kerala

15 IC 218874 V-4549 Kannur Kerala

16 IC 218874 A V-4549 A Kannur Kerala

17 IC 282240 V-89/0-22 Coimbatore Tamil Nadu

18 IC 218887 V-89/0-59 Cuddappah Andhra Pradesh
19 IC 218896 V-90/0-81 Thekkumpadam Malappuram Kerala

20 IC 218896 11 V-90/0-81 IT Malappuram Kerala

21 EC 305746 Bangladesh

22 IC 140915 TZA/91-231 Payyanadu Malappuram Kerala

23 IC 14091511 TZA/91-231 11 Payyanadu Malappuram Kerala

24 IC 140920 TZA/91-330 Meenkolli Wynad Kerala

25 IC 140929 Kerala

26 IC 140929 11 Kerala

27 1C 282298 TZA/91-412 Calicut Kerala

28 IC 128055 T91/75 Barestri Goa Goa

29 IC 128075 PSR 2043 Mohammadnagar Nizamabad Andhra Pradesh
30 IC 128078 NIC 9494 Bussapur Nizamabad Andhra Pradesh
31 IC 140877 Kerala

32 EC 329380 V 91/0-294 Piple Makwanpur Nepal

33 1C 128096 PSR 2163 Kudurupaka Karimnagar Andhra Pradesh
34 IC 140897 H 2150 Shimpong West Siang Andaman & Nicobar
35 EC 329386 V 91/0-290 Darimtar Makwanpur Nepal

36 EC 329406 V 91/0-316 Parbas Palpa Nepal

37 EC 329406 11 V 91/0-316 1T Parbas Palpa Nepal

38 EC 305609 Bangladesh

39 AA Selection Bangladesh

40 IC 69242 11 105/82-8 11 Pazhayannur Thrissur Kerala

41 IC 43736 11 Kerala
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Table 2. Selection response for number of fruits per plant
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S.No. Accession No. Number of fruits/plant Selection response Selection response
Progeny (Xp) Parents (X)) R= Xp -Xy as % of parent mean
1 1C 32855 C 8.62 cd 10.00 abed - 1.38 - 16.05
2 IC 33182 9.60 bed 7.33 bed 227 26.40
3 IC 33206 A 841 cd 8.67 abcd -0.26 -3.02
4 IC 33340 8.90 «cd 11.00 abcd -2.10 —- 2442
S IC 33350 7.02 cd 7.67 abcd - 0.65 - 7.56
6 IC 43736 11.62 be 7.33 bed 4.29 49.88
7 IC 45791 9.69 bed 9.00 abced 0.69 8.02
8 IC 45802 11.25 bed 13.00 a - 1.75 -20.35
9 IC 45813 10.91 bed 7.00 bed 391 4547
10 IC 45824 943 bed 9.67 abcd -024 -279
11 1C 69242 8.90 cd 6.67 bed 2.23 2593
12 IC 69250 10.37 bed 8.00 abcd 2.37 27.56
13 IC 69272 750 cd 8.31 abcd - 081 -942
14 1C 69304 10.51 bed 9.00 abcd 1.51 17.56
15 1C 218874 9.43 bed 10.00 abed -0.57 -~ 6.63
16 IC 218874 A 9.57 bed 9.67 abcd -0.10 - 1.16
17 IC 282240 9.97 bed 9.33 abed 0.64 7.44
18 IC 218887 14.25 ab 7.67 abcd 6.58 76.51
19 IC 218896 737 cd 6.00 d 1.37 15.93
20 IC 218896 11 8.78 cd 6.00 d 2.78 3233
21 EC 305746 10.88 bed 6.00 d 4.88 56.74
22 IC 140915 10.50 bed 7.00 bed 3.50 40.70
23 IC 140915 11 8.08 «cd 7.00 bed 1.08 12.56
24 IC 140920 701 cd 6.33 cd 0.68 791
25 1C 140929 711 cd 8.00 abed - 0.89 - 10.35
26 IC 140929 11 6.30 d 8.00 abcd -1.70 -19.77
27 IC 282298 6.25 d 9.00 abed -2.75 -31.98
28 IC 128055 8.66 cd 9.33 abed - 0.67 -7.79
29 IC 128075 11.03 bed 10.67 abed 0.36 4.19
30 1C 128078 10.18 bed 9.33 abed 0.85 9.88
31 IC 140877 10.43 bed 9.00 abcd 143 16.63
32 EC 329380 9.16 bed 10.67 abed -1.51 - 17.56
33 IC 128096 8.07 cd 9.33 abed -1.26 - 14.65
34 IC 140897 10.32 bed 8.67 abed 1.65 19.19
35 EC 329386 11.03 bed 12.00 ab -0.97 - 11.28
36 EC 329406 9.57 bed 7.67 abcd 1.90 22.09
37 EC 329406 I 9.00 bed 7.67 abed 1.33 15.47
38 EC 305609 17.00 a 11.67 abc 533 61.98
39 AA Selection 12.10 be 7.65 abed 4.45 51.74
40 IC 69242 11 9.34 bed 8.90 abed 0.44 5.12
41 IC 43736 1 9.85 bed 7.33 bed 2.52 29.30
Mean 9.62 8.60
Check: Arka Anamika 5.66

Values followed by same alphabet do not differ significantly

however, due to high individual fruit weight its yield was
high. T-test comparisons between parents and progenies
for fruit yield showed significant mean differences
indicating a shift in the phenotypic value of selected
population from the base population for both these traits.
Bagchi (1995) reported similar results in Teak.

Selection response (R) is the deviation of the progeny
mean from the original population mean. It is often
reflected as genetic gain under selection, which is the real
success of a selection exercise. The value for R varied
from - 2.75 to 6.58 fruits per plant and - 43.95 g to 108.77
g fruit weight per plant. The direction of selection response
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was both positive as well as negative, suggesting that
response to selection need not always be positive. Infact,
16 and 21 out of 41 accessions showed negative response
for fruit number and fruit weight per plant respectively.
Wu (1999) observed decline in response after each
generation of selection in forest trees.

An appraisal of heritability values and genetic
advance gives an idea on the nature of gene action
governing a particular trait. High heritability (h’= 68.20
%) and moderate genetic advance (28.63 %) among
parents for number of fruits per plant suggests the
importance of additive gene action. Hence, simple
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Table 3. Selection response for fruit yield (g)/plant

S. No. Accession No. Fruit weight (g)/plant Selection response Selection response
Progeny (Xp) Parents (Xo) R= Xp - XO as % of parent mean
1 1C 32855 C 95.06 nop 125.90 ijk -30.84 -20.43
2 IC 33182 118.06 Imn 101.37 ki 16.69 11.05
3 IC 33206 A 107.42 no 126.32 ijk -18.90 -12.52
4 IC 33340 97.29 nop 136.18 hi —-38.89 -25.76
5 IC 33350 155.38 efghijk 198.58 be -43.20 -28.61
6 1C 43736 188.46 cd 130.62 hij 57.84 38.31
7 1C 45791 136.62 ijklm 142.11 ghi -5.49 -3.64
8 IC 45802 141.67 ghijkl 181.09 bedef -39.42 -26.11
9 IC 45813 115.14 mno 82.95 Im 32.19 21.32
10 1C 45824 161.97 efghi 186.53 bede —~24.56 -16.27
11 IC 69242 165.70 defg 140.27 ghi 25.43 16.84
12 1C 69250 169.05 def 145.04 ghi 24.01 15.90
13 IC 69272 146.42 fghijk 188.14 bede -41.72 -27.63
14 IC 69304 25924 b 246.15 a 13.09 8.67
15 IC 218874 163.54 defgh 194.80 bed -31.26 -20.70
16 IC 218874 A 4952 q 56.67 n -7.15 -4.73
17 IC 282240 166.42 defg 174.19 cdef -7.77 -5.15
18 IC 218887 266.00 b 157.24 fgh 108.77 72.04
19 IC 218896 159.79 efghi 122.34 jjk 37.45 24.80
20 IC 218896 11 169.24 def 124.08 ijk 45.16 29.91
21 EC 305746 93.62 nop 88.74 Im 4.88 3.23
22 IC 140915 137.21 ijklm 119.00 ik 18.21 12.06
23 IC 140915 11 142.54 ghijkl 13447 hi 8.07 5.35
24 IC 140920 99.77 nop 134.13 hi -34.36 ~22.76
25 IC 140929 159.82 efghij 201.52 b —41.70 -27.62
26 1C 140929 11 19541 ¢ 239.36 a —-43.95 -29.11
27 IC 282298 157.03 efghij 144.00 ghi 13.03 8.63
28 IC 128055 161.19 efghi 196.77 bed ~-35.58 ~23.57
29 IC 128075 159.90 efghij 170.83 def 10.93 -7.24
30 IC 128078 82.04 p 83.97 Im -1.93 -1.28
31 IC 140877 131.38 kim 126.63 ijk 475 3.15
32 EC 329380 138.12 hijkim 181.39 bedef -43.27 —28.66
33 IC 128096 80.21 p 106.46 jkl -26.25 -17.38
34 IC 140897 139.52 hijklm 130.40 hij 9.12 6.04
35 EC 329386 169.51 def 203.64 b -34.13 -22.61
36 EC 329406 180.99 cde 162.68 efg 18.31 12.13
37 EC 329406 11 134.66 jklm 129.09 ij 5.57 3.69
38 EC 305609 332.50 a 242.50 a 90.00 59.61
39 AA Selection 260.70 b 180.39 bedef 80.31 53.19
40 1C 69242 11 166.28 defg 178.09 bcdef -11.81 -7.82
41 1C 43736 11 90.96 op 75.87 mn 15.09 10.00
Grand mean 152.32 150.98
Check: Arka Anamika 128.67

Values followed by same alphabet do not differ significantly

selection would be rewarding for improvement of this
trait. However, progenies after one cycle of selection
exhibited high heritability (h*=71.40 %) and low genetic
advance (3.12 %) thus suggesting the contribution of non-
additive gene action and improvement of this trait

warrants heterosis breeding as also reported by Hussein
(1994).

A perusal of Table 3 shows interesting results.
Selection response was high and positive when number
of fruits per plant was below nine in parents. Lower the
yield of parental accession greater was the genetic gain
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in the progeny derived from them as exemplified in IC
Nos. 33182, 43736, 45813, 69242, 69250, 218887,
218896-11, 140915, 140915-11 and EC 305746. Selection
response was approaching unity when the number of fruits
per plant in the parents was nine as in IC Nos. 282240,
128078, 69242-11 and 45791. When number of fruits per
plant exceeds nine in the parents, selection response was
low and negative. It was also observed that more the fruits
per plant in the parents greater would be the genetic gain
but in negative direction. Yield data recorded from IC
Nos. 32855 C, 45802, 33340, 218874, EC 329380 and
EC 329386 could testify this point.
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The above results could be interpreted as follows.
The accessions in the parental generation with fruit
number less than nine fruits per plant were the unimproved
populations, derived from open pollinated seeds. They
are the rich sources of variability and contain high amount
of additive genetic variance as also explained by Sharma
(1994). As a matter of fact, the frequency of desirable
alleles available for selection was high and hence they
responded positively for selection pressure. On the other
hand, accessions (parents) with around nine fruits per plant
might be considered as partially improved accessions. As
a consequence of previous selection, they are expected to
carry low or moderate additive genetic variance. This
was reflected in the gradual approach in performance of
these accessions to the ceiling or plateau point of nine
fruits per plant under Kerala conditions. As selection
proceeds for greater than six fruits per plant, it is obvious
that they may not respond positively since the residual
variation in the parental population is additive. The same
holds good for fruit weight per plant. Therefore, from the
results it is clear that the number of fruits and fruit weight
per plant in okra is conditioned by polygenes with additive
as well as non-additive gene action. Under such
circumstances, at initial stage of breeding programme,
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selection between accessions (inter-population selection)
of large germplasm collection would be effective.
However, after few cycles of selection, recombination
breeding or heterosis breeding would be more effective.
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Molecular Characterization of Hill Maize Inbreds Using RAPD Markers
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The genetic diversity of 82 hill maize inbreds of Almora, Bajaura and Ranichauri centers was evaluaied using random
amplificd polymorphic DNA{RAPD) markers. Thirty seven decamer random primers were selected out of more than
100 primers screened, which resulted in the amplification ol 196 fragments, out of which 160 (81.63 %} were
polymorphic. The data wereused to gencrate the similarity matrix using Jaccard's similarity coefficient and a dendrogram
was constructed using UPGMA. The similarity among the inbreds ranged from 0.30 to 0.89 with an average of 0.70.
The dendrogram clustered the inbreds into three major groups. The inbreds from different centers, generally, clustered
indifferent groups. The results showed that RAPDs can be used as a tool for determining the extent of genetic diversity
among maize inbreds and the diverse inbreds from dittcrent groups may be utilized successtully in the development
of maize hybrids so as to aid in the choice of superior crosses to be made among the nbred lines.

Key Words: Maize, RAPD, Inbreds, Genetic similarity, Polymorphism

Introduction

Maize (Zea mays L.) has been under cultivation
traditionally since long in the North-Western Himalayan
region of the country. [t is one of the most important cereal
crops of the world for food, feed and industrial uses. It is
a crop of tropical and subtropical areas but can be
cultivated successfully under temperate climate
conditions. One such example is its cultivation in dry
temperate region of Himachal Pradesh in India,

Knowledge of genctic diversity in maize inbreds is
useful in planning crosses for hybrid development,
assigning lincs to heterotic groups and plant varicty
protection (Pejic et af., 1998). This information can be
obtained from pedigree of the lines, hetcrosis estimates,
morphological traits, biochemical markcrs and DNA
based markers {Smith and Smith, 1992). The
developments in molecular biology techniques have
allowed the use of DNA markers for analyzing diversity
in different crops. DNA markers offer several advantages
over other methods. They show higher degree of
polymorphism vis-d-vis cnvironmental neutrality and ¢an
be evaluated at any stage of plant development. Morgover,
DNA markers arc quicker, more reliable and effective
than other marker types.

Random amplified polymorphic DNA (RAPD) is a
class of molecular markers that involves random
amplification of DNA from the genome using a single
arbitrary primer generating several DNA fragments, which

can be used as genetic markers. Besides its simplicity,
specd and good degree of polymorphism as well as wide
genome coverage, the RAPD technique also facilitates
automation and has low operational cost (Dias et of.,
2004).

Keeping this in view, the RAPD marker system was
emploved in the present study for the assessment of
genetic diversity among maize inbreds lines of three
different hill research stations (Almora, Bajaura and
Ranichauri) of [ndia.

Materials and Methods

Eighty-two maize inbred lines (Table 1) collected from
CSK HPKV Regional Research Station, Bajaura, Kullu
(HP), Vivekanand Parvativa Krishi Anushandhan Shala
(VPKAS), Almora (Uttrakhand) and Hill Campus of GB
Pant University of Agriculture and Technology,
Ranichauri (Uitrakhand) were analyzed for RAPD
polymorphism during 2005-06.

DNA of each inbred was isolated by using the CTAB
method (Hahn ef al., 1995) with minor modifications.
More than 100 decamer random primers were initially
screcned for their ability to amplify the DNA of maize
inbreds. Out of these, 37 primers (Table 2} giving
reproducible amplification products were selected for the
present study. DNA amplification was carried out by
making final reaction volume to 20 pl containing 1.6 !
of ANTP mix (0.2 mM of dATP, dGTP, dCTP and dTTP),

*Author for correspondence. Email: jdhp@rediffmail.com; jdi@hillugric.ernet.in
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Table 1. List of hill maize inbred lines used in the present study

449

Tabl¢ 1 contd.

5. No. [nbreds Procured trom/ Source
i CM-212 Almora’ (DMR?)
2 CM-145 -do-

3 CM-141 -do-

4 v-25 -do-

5. CM-152 -do-

6. CM-153 -do-

7 CM-128 -do-

8 CM-129 Almoral
9 V-12 -do-

10, V13 _do-

il V-21 -do-

P2, V-128 -do-

13. V178 -do-

14, V-190 -do-

is, V-198 -do-

[, V-261 -do-

17, V-273 -do-

15. V-337 -do-

19. V-359 -do-

20. V365 -do-

21, PRM-401 Ranichauri?
22, PRM-4(2 -do-

23, PRM-403 -do-

24 PRM-404 -da-

25, PRM-405 -do-

2. PRM-406 -do-

77 PRM-407 -do-

s PRM-40% -do-

. PRM-409 Ranichauri®
M), PRM-410 -do-

3. PRM-411 -do-

32 PRM-412 -do-

33 RJIM-1 Bujaura?
34, BJIM-2 -do-

13, BJIM-3 -do-

36 BJM-4 -do-

37, BIIM-5 ~do-

3%, BJIM-6 -do-

39. BIIM-7 -do-

40, BIIM-§ -do-

41, BJIM-9 -do-

TAlmora- Vivekanand Parvativa Krishi Anushandhan Shala
IDMR— Dircctorate of Maize Research, New Delhi

5. No. Inbreds Procured from/ Source
42, BIIM-10 -do-

43, . BJIM-11 -do-

44, BJIM-12 -do-

45, BIIM-13 -do-

46, BIIM-14 -do-

EXS BITM-15 -do-

48, BIIM-16 -do

49, BJIM-17 -do-

50. BIIM-18 Bajaura*

1. BITM-19 ~do>-

52, BIIM-20 -do-

53, BIM-21 -do-

54, 13JIM-22 -do-

55, BIIM-23 -do-

56. BJIM-24 -do-

57 13JIM-25 Bajaura?

sy, 13]IM-26 o=

59. BJIM-27 -do-

&), BMM-28 -do-

61, BIIM-29 -do-

62. BJIM-30 -do-

63. BJTM-31 -do-

64, RIIM-32 -du

65, BJIM-33 -do-

66, 1310 -34 Bajaura® DMRY
67. BIIM-33 -do-

68, 3JIM-35 Bajaura®

69. BJIM-37 -do-

70. 1311M-38 Bajaura? (CIMMYT5)
71, BIIM-39 Bajaura {DMR2)
72. BJIM-40 Bajaura®

73 BM-41 -do-

74. BJIM-42 Bafaura? {DMRY)
75. BIIM-43 Bajaura?

76. BlIM-44 Bajaura? (DMR™Y
77. BJIM-45 -do-

78 BJIM-46 Bajaura® (CIMMY T
79. BJIM-47 -do-

80. BlIM-4% Bajaura?

1. BJIM-49 Bajaura’ {DMRZ)
82, BJIM-50 o=

SRanichauri- Hil! campus of GI3 Pant University of Agriculture and Technology, Pantnagar

+Bajaura— Regional Rescarch Station of CSK HP Krishi Vishvavidyalaya

SCIMMY T- International Center tor Maize and Wheat Improvement, Mexico

0.16 W of Tag DNA polymerase (5 U/ul 1), 1.6 ul (20 ng)
DNA template, 0.8 ul of 5 pmole primer, 2.0 pl of 10x
PCR buffer, 1.6 ul MgCI2 and 12.64 pl of sterilized
distilled water.

PCR amplification was carried out in a thermal cycler
(Applied Biosystems) using the following temperature
profile: initial denaturation at 94°C for 5 minutes followed
by 40 cycles of 94°C for 1 minute, 37°C for 1 minute,
72°C for 1 minute and a final extension at 72°C for 5
minute followed by rapid cooling to 4°C. Ten pl of each
PCR products mixed with gel loading dye (0.25%

S Plant Genet. Resour 2001 48-33 (2007)

bromophenol blue and 40% sucrose), was electrophoresed
using [.4% agarose gel in 0.5x Tris borate EDTA (pH
8.0). The gel was run at a constant voliage of 100 volts
for 2 hours. The gel was stained with cthidium bromide
(0.5 pg/ml) for 10 minutcs after completion of
clectrophoresis. The gel was destained for 30 minutes by
keeping under distilled water. The resolved PCR products
were visualized on an ultraviolet transilluminator and a
photograph of gel was stored in Gel Doc (Bio-rad).

RAPD profiles of 82 maize inbreds were analyzed
by scoring the presence or absence of each RAPD bund.
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Table 2. Number of RAPID bands generated by 37 decamer oligonucleotide primers used for the analysis of 82 maize inbreds

Sr. No. Primer Sequence (57to 37) N N N % polymor-piism
1. OPC-0% 5 -TGGACCGGTE-3" 3 1 2 33.30
2. OPD-05 3STGAGCGGACA-3 8 8 ] 160
3 OPE-03 5 .CCAGATGCAC-Y 4 3 1 75

4. QOPX-04 5 -CCGCTACCGA-Y 5 5 0 100}
5. OPF-19 5 -CCTCTAGACC-3° 7 7 ] 160
6. rJ-04 S-CCGAACACGG-3 8 8 0 130
7. orl-06 5 -TCGTTCCGCA-3" 7 7 0 100
&, OPJ-08 5 -CATACCGTGG-3 & 6 it 160
9. OpPJ-10 5-AAGCCCGAGG-Y 5 3 2 60
10, GPP-D6 5GTGGGCTGAC-3 7 0 7 0.0
11. OPp-08 5 -ACATCGCCCA-3 7 3 4 42.86
12 OPP-10 5-TCCOGCCTAC-3 9 8 | 90
13. OFPP-1] F-AACGUGTCGG- 7 7 0 100
14. OPE-06 3-AAGACCCCTC-37 7 7 0 100
15. oPD-11 5-AGUCGCCATTG-3° 9 9 0 1H]
16. OPF-17 5-AACCCGGGAA-Y 4 4 0 104}
17 OpPU-17 3-ACCTGGGGAG-3 3 0 3 0.0
18. opU-14 STGGGTCCOTC-3 3 0 3 0.0
19. aopc-12 S-TGTCATCCCC-¥ 3 0 3 1.0
20 QPP-01 S -GTAGCACTOC-Y 4 3 ] 75.00
21 GPD-01 5’ -ACCGCGAAGG-Y 4 4 0 100
22, aprJ-01 5-CCCGGUATAA-S 7 7 0 100
23 oPQ-10 5-TGTGCUCGAA-Y 4 3 ! 75
24, opPQ-12 $-AGTAGGGCAC-3T 4 1 3 23
25, OPQ-13 5 -GUGAGTGGACA-3 4 4 0 160
26. OPF-7 §-CCGATATCCC-Y 5 3 4} 100
27, OPJ-17 S-ACGCCAGTTC-Y 4 2 2 50
28, QPP-14 §'-CCAGCCGAAC-Y 4 3 | 15
29 QPA-3 5-AGGGOTCTTG-3 3 2 l 66.66
30. OPQ-8 5°-CTCCAGCGGA-3 7 7 0 100
3. QPP-4 5-GTGTCTCAGG-3 4 4 0 100
32. OPQ-16 SAGTGCAGCCA-Y 6 6 0 100
33 QFPJ-15 5 -TGTAGCAGGG-3 4 4 0 100
4. OPA-14 5-TCTGTGOTGG-37 4 4 0 1
35, OPQ-15 F-GGGTAACGTG-3° 6 6 0 100
36 OPJ-9 FTGAGCCTCAC-3 6 5 1 83.33
a7 apPA-9 3-GGGTAACGCC-Y 4 4 o 100
Total 196 160 36 -
Average 5.30 432 0.97 77.06

Ny Total number of frapments, Np: Number of polymorphic fragments, N : Number of monomorphic fragments

A binary data matrix with *1” indicating the presence of
particular band and ‘0’ indicating its absence was
constructed. The binary data were used to generate a
similarity matrix using Jaccard’s similarity coefficient,
Jjj = C].Iif’(n.l+nj-Cij), where ‘ij’ is the number of positive
matches between two genotypes, while n, and n, is the
total number of bands 1n the genotype i and j, respectively,
in SIMQUAL programme of NTSY S-pc package version
1.80 (Rohlf, 1993). The data were subsequently used to
construct a dendrogram using the unweighted pair group
method with arithmetical averages {(UPGMA) in SHAN
programme of NTSYS-pc package version 1.80.

Results and Discussion

The random amplified polymorphic DNA {(RAPD}
profiling of 82 maize inbreds using 37 decamcr random
primers gencrated a total of 203 RAPD bands (Table 2),
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of which 160 were polymorphic {(81.63%). On an average,
4.32 polymorphic bands werc generated per primer.
Primers OPP-10 and OPD-11 gencrated the maximum
number of bands (9) and OPC-08, OPU-17, OPU-14,
OPC-12 and OPA-3 produced the least number of bands
{(3). As many as 21 primers generated 100% polymorphic
products, whereas four primers gave only menomorphic
bands. A representative RAPD profiles generated with
OPD-05 primer are shown in Fig. 1.

The RAPD data were used to discern genetic
relationship among the inbreds using Jaccard’s similarity
coefficient. The genetic similarity coefficient among the
inbreds ranged from 0.50 (genetic distance, GD=0.50}
between CM 128 and BJIM 40 10 0.89 (GD=0.11) between
PRM 403 versus PRM 404 (Data not shown). The
similarity matrix was used to construct a dendrogram
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using UPGMA method (Fig. 2). The cluster analysis
revealed that the inbreds were clustered in three major
groups A, B and C. The dendrogram showed that the
cluster A comprised 28 inbreds out of which 20 were from
Almora (out of a total of 20) and eight (out of a total 12)
from Ranichauri. The other four inbred lines from
Ranichauri and 24 inbreds (out of a total 50) from Bajaura
were grouped in cluster B. The cluster C included 26
inbreds which were all from Bajaura. The genetic
similanity ranged from (.79 (GD=0.21) between inbreds
CM 128 versus V 1310 0.89 (GD =0.11) between inbreds
PRM 403 and PRM 404 in cluster A, from 0.76 (GD=0.24)
between inbreds BJIM 19 versus BJIM 20 to 0.85
{GD=0.15) between lines BJIM 14 and BJIM 15 in cluster
B, whereas it ranged from 0.75 (GD=0.25) between

51

inbreds BJIM 41 versus BJIM 42 and BJIM 40 versus
BJIM 43 to 0.83 (GD=0.17) between lines BJIM 49 and
BJIM 50 for cluster C. The inter cluster similarity between
clusters A and B was 70 % (GD=30 %), while both A and
B clusters showed a similarity of 67 % (GD=33 %) with
cluster C.

The 82 maize inbreds used in the study were obtained
from Almora, Ranichauri and Bajaura. Some of these lines
have been developed at these centres while others are from
Directorate of Maize Research (DMR), New Delhi and
International Centre for Maize and Wheat Improvement
(CIMMYT), Mexico. According to the observations of
the present study, the inbreds from different centres
showed a tendency to fall into separate groups indicating
their different genealogies. The inbreds from Almora
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Fig. I: RAPD profiles af 82 hill maize inbreds generated through DNA amplification with primer OPD-03
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Fig. 2: Dendrogram depicting the genetic relationship among 82 hill maize inbreds based on similarity coefficients

calculated from 37 RAPD marker profiles

grouped separately along with most of the inbreds from
Ranichuari. The inbreds from Bajaura formed two
separate groups. The results of the current study are in
line with previous reports where RAPD markers have
been found to be useful in the characterization of maize
germplasm and inbreds and assigning these to different

J. Plant Genet. Resour. 201}, 48-33 (2007}

groups {Messmer ef al., 1992; Burstin e al., 1994; Smith
et al., 1997; Scnior et al., 1998 and Sun ef al., 2001).
The level of genetic divergence (GD=0.11 10 0.50)
observed in the present study is comparable to that
reported by Bruel ez af. (2006) who recorded 0.27 to 0.64
GD among maize inbreds of Brazil and observed



Molecular Characterisation of Hill Muaize Inbredy 53

relationships between genetic divergence in parental
inbreds and single cross hybrid performance. Various
other workers have also found a positive correlation
between the hybrid yield and RAPD based genetic
distance within the heterotic groups {(Lanza et of., 1997
and Verbitskaya er af., 1999). Therefore, RAPDs can be
used as a tool for determining the extent of genetic
diversity among maize inbreds and the diverse inbreds
from different groups may be utilized successfully in the
development of maize hybrids so as to aid in the choice
of superior crosses to be made among the inbred lines.
For example, hybrids involving inbred parents from
Almora and Bajaura; Ranichuari (cxcept the inbreds PRM
409, 410, 411 and 412) and Bajaura or from two groups
of Bajaura may be expected to be heterotic.

It may be concluded that based on RAPD analysis
using 37 decamer primers, the 82 hill maize inbreds from
Almora, Ranichaur1 and Bajaura were clearly classified
into three different clusters. The RAPD profiling has
revealed the existence of sufficient genetic variability in
the maize inbreds studicd in the present investigation.
This information may be used in hybrid maize breeding
program to maximize the use of genetie-resources and
exploit heterosis for effective and quick development of
maize hybrids.
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Identification of Groundnut (Arachis hypogaea 1..) Varieties through

Biochemical Markers

BN Motagi, MVC Gowda*, GK Naidu and J Salim

Department of Genetics and Plant Breeding, College of Agriculture, University of Agricultural Sciences,

Dharwad-580005, Karnataka, India

Sixteen groundnut cultivars were assessed for protein (seed and hypocotyl) and glutamate oxaloacetate transaminase
(GOT) polymorphism. Seed protein profiles produced six (S1-S6) electrophoretic phenotypes compared to three
(G1-G3) of GOT. While, hypocotyl proteins produced twelve (H1-H12) electrophoretic patterns. Individually, seed
and hypocotyl proteins can identify three and nine cultivars, respectively. However, combination of protein (seed
and hypocotyl) and GOT isozyme profiles fingerprinted all the sixteen cultivars.

Key Words: Groundnut, Varietal identification, Biochemical markers

Introduction

Electrophoresis of storage and functional proteins has
emerged as an efficient, simple and reliable tool
supplementing traditionally used morphological
parameters. International Rules for Seed Testing (ISTA)
has adopted standard SDS (sodium dodecyl sulphate),
PAGE (Polyacrylamide gel electrophoresis) and 1EF (Iso
Electric Focusing) methods into the international rules
(ISTA, 1996) for cultivar identification. Seed proteins and
isozymes because of their stability and reproducibility
have potential to serve as tools for fingerprinting of
genotypes. Therefore, the present study was carried out
to determine the protein (seed and hypocotyl) and
Glutamic Oxaloacetate Transaminase isozyme (GOT)
variation in groundnut cultivars and their potential for
fingerprinting,

Materials and Methods

Sixteen groundnut varieties belonging to Spanish bunch
(Spanish Improved, TMV 2, S 206, Dh 3-30, J1.24, KRG
1, K 134, Dh 8, R 8808, Dh 40, TAG 24 and GPBD 4),
Virginia runner (S 230 and DSG 1) and Valencia ICGV
86590 and mutant 28-2) botanical types released for
cultivation were assessed for protein (seed and hypocotyl)
and isozyme (GOT) polymorphism.

The analysis of proteins and isozyme was performed
by polyacrylamide gel electrophoresis (PAGE) technique.
Gels were prepared according to the method of Hames
and Rickwod (1984). To study seed protein
polymorphism, one-dimensional SDS-PAGE (12.5%
separating gel and 2.5% stacking gel) was carried out
following the procedure given by Laemmli (1970) in a

*Author for correspondence: E-mail: mvegowda@satyam.net.in
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vertical gel system. For this purpose total protein was
extracted after suspending seed flour for 1 hour in an
extraction buffer (65mM Tris-HCI, pH 6.8) followed by
centrifugation at 10,000 rpm at 4 UC for 20 minutes. Then
the protein sample was heated for 3 min in boiling water
and gradually cooled. 100 g of protein was loaded with
micropipette along with 10 ml sample buffer containing
bromophenol blue in each sample well. The gel was run
at 70 Volts for 3 h followed by staining in Coomassie
Brilliant Blue R 250 for 6-8 h. Relative mobility (Rm) of
the protein band was determined. For hypocoty! protein
and GOT, native PAGE was done with 7.5% separating
gel. One gm of fresh hypocotyl sample from 6 days old
seedling was macerated in phosphate buffer (pH 8.0) at4
UC. The homogenate was centrifuged at 10,000 rpm for
10 min and the gel was run at 70 Volts for 3 h. Staining
was done using Coomassie Brilliant Blue for total protein
and Fast Blue BB salt for GOT.

Results and Discussion

Hypocotyl Protein

A total of 15 bands with Rm values ranging from 0.218
to 0.945 were resolved. Of these, seven bands (0.345;
0.545, 0.600, 0.625, 0.636, 0.691 and 0.945) were
polymorphic. Based on presence/absence of these bands,
12 electrophoretic phenotypes (H1-H12) were identified
(Fig. 1 and Table 1). Nine cultivars (K 134, KRG 1, Dh
40, DSG 1, Dh 3-30, TMV 2, ICGV 86590, Mutant and
GPBD 4) exhibited unique banding pattern. Two groups
had two cultivars each { Spanish Improved and JL. 24 (H3),
and S 206 and S 230 (H6)} and one group (H12) had
three cultivars [Dh 8, R 8808 and TAG 24].
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Seed Protein

SDS-PAGE of seed proteins showed differences in
number and intensity of bands for different groundnut
cultivars. A total of 17 bands appeared with Rm values
ranging from 0.300 to 0.970. Of these, only four bands
with Rm values 0.529,0.567, and 0.962 were polymorphic
forming six electrophoretic phenotype patterns (S1-S6;
Fig. 1 and Table 1). Among the 16 cultivars, three (Mutant,
R8808 and TAG 24) exhibited unique banding patterns
and thus could be identified solely by the cultivar specific
electrophoretogram. Pattern I (S1) had Valencia Mutant;
Pattern II (S2) had Virginia runner (S 230 and DSG 1)
and Valencia (ICGV 86590) cultivars. While, other
electrophoretic patterns (S3-S6) had Spanish bunch
cultivars. GPBD 4 and its female parent KRG 1 showed
similar banding pattern and formed a separate group (S5).
Hartzook et al. (1969) also observed differences in seed
protein content among three botanical types and concluded
that PAGE of seed proteins could be used as tool in
establishing cultivar identification.

GOT Isozyme

GOT revealed four bands (Rm values 0.338, 0.385, 0.431
and 0.492). Presence and/or absence of first two bands
resulted in three banding patterns (G1-G3; Fig. 1 and
Table 1). The pattern I (G1) comprised five cultivars
having both the polymorphic bands (0.338 and 0.385).
Grieshammer and Wynne (1990) and Lacks and Stalker
(1993) reported that these two polymorphic bands were
present only in Virginia types. Pattern II (G2) with eight
genotypes had only one polymorphic band (0.385); while,

pattern III (G3) comprised three genotypes lacked both
the polymorphic bands.

Pattern I that is specific to Virginia botanical type
had cultivars belonging to Virginia (S 230 and DSG 1)
with some Spanish cultivars (R 8808, TAG 24 and Mutant
28-2). TAG 24 is a cross derivative from two mutants
TGE 1 and TGS 2, which in turn derived from Virginia
cultivars viz., TG 1 and M 13, respectively. R 8808 had
ICGS 11 in its pedigree, which is a selection from Robut
33-1, a Virginia bunch cultivar. 28-2 is a secondary mutant
of Dharwad Early Runner (DER). While pattern II and
III had Spanish bunch cultivars.

Cultivar Fingerprinting

Hypocotyl protein profile has an advantage of twelve
(H1-H12) electrophoretic phenotypes compared to six
(S1-S6) of seed protein and three (G1-G3) of GOT, which
can be used to identify the groundnut cultivars. Hypocotyl
and seed protein together identified 14 cultivars. While,
Spanish Improved could not be differentiated from JL 24
as they formed a separate group (H3S6). Combination of
hypocotyl protein and GOT profiles formed fifteen groups
and identified 14 cultivars. Cultivars R 8808 and TAG 24
formed a single group (H12G1). Seed protein and GOT
profiles together resulted in eight groups identifying four
cultivars. Two groups (S2G1 and S5G2) had two cultivars
each, one group each with three (S6G3) and five (S6G2)
cultivars. However, proteins (seed and hypocotyl) and
GOT profiles together identified all the sixteen groundnut
varieties (Table 2). Thus, electrophoresis can be used
successfully as a tool for varietal identification in
groundnut.

Table 1. Pattern of polymorphic bands for proteins (hypocotyls and seed) and Glutamate Oxaloacetate Transaminase (GOT) isozyme in

groundnut cultivars

Variety

Hypocotyl protein

0.345 0.545 0.600 0.625 0.636

Spanish Improved
T™V 2

S 206

Dh 3-30

JL 24

KRG 1

K 134

Dh 8

S 230

R 8808

Dh 40

DSG 1

TAG 24
ICGV 86590
Mutant (28-2)
GPBD 4

+

+ + + +
+
+

+ +

Vo 4+
+

+
4+ o+

I I R I I I I
+
I
+
+

+ 4+ + +

Seed protein GOT
0.691 0.945 0.529 0567 0.739 0.962 0.338 0.385

+ - - + - - - +
+ +

+ + +

+ + +
+ +

+ + + + +

+ + + - +

- - + - -

+ - + + + + +

- - + - - + + +

+ + - + - - +

+ + - + + + + +

- - + + - + +

+ - + + + - +

+ + + + + + +

- + - + - +
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¢. Glutamate Oxaloacetate Transaminase (GOT)

b. Seed proteins

Fig. 1: Banding patterns with polymorphisms for protein (hypocotyl and seed) and GOT isoenzyme

Table 2. Protein fingerprint of groundnut cultivars

Protein fingerprint Cultivar

HIl S6 G2 K 134

H2 S5 G1 KRG 1

H3 S6 G2 Spanish Improved
H3. S6 G3 JL 24

H4 S6 G2 Dh 40

HS5 S2 Gl DSG 1

H6 S2 Gl S 230

H6 S6 G2 S 206

H7 S6 G2 Dh 3-30

H8 S6 G3 TMV 2

H9 S2 G2 ICGV 86590
H10 S1 Gl Mutant (28-2)
HIt S5 G2 GPBD 4
HI12 S3 Gl R 8808

HI12 S4 Gl TAG 24

HI2 S6 G3 Dh 8

J. Plant Genet. Resour. 20(1): 54-56 (2007)
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Response of Assam Rice Varieties to Low Temperature Stress

D Dutta and PK Pathak*

Department of Plant Breeding and Genetics, Assam Agricultural University, Jorhat-785 013, Assam, India

Low temperature induced injury, slow growth and prolongation of crop duration are some of the most important
problems of boro rice cultivation in Assam and other eastern states of India. Any variety to be ideally fitted to
the boro rice season must have cold tolerance at the vegetative stage of growth. In the present study, a set of rice
varieties, randomly drawn from Assam rice collection, was evaluated for their response to low temperature stress
at germination, post-germination and seedling growth stages. Several varieties, both modern and traditional,
distributed across different classes and sub-classes of Assam rice germplasm, exhibited desired degree of tolerance
to low temperature stress at one or the other stages of growth. Sufficient genetic diversity was observed among
the varieties with Eucledian coefficient of dissimilarity ranging from 0.60 to 8.61 and average being 3.88 across
the 56 genotypes. In this study, no ecotype-specific clustering was observed among the Assam rice varieties.

Key Words: Rice (Oryza sative L.), Low temperature stress, Genetic diversity, Assam rice

germplasm, Boro rice

Introduction

Low temperature is a major climatic problem for growing
rice in 25 countries (Kaneda and Beachell, 1974). More
than 15 million hectares of rice throughout the world
suffers from cold damage at one or the other stage of
growth. In South and Southeast Asia alone, low
temperature limits production of modern rice cultivars
on an estimated area of 7 million ha (Kaw and Khush,
1985). It is one of the most serious constraints to
cultivation of boro rice crop in the entire eastern India
including Assam (Thakur, 1995; Chatterjee, 1995; Pathak
etal., 1999). In Assam, boro rice is adversely affected by
low temperature in its vegetative stage with the impacts
such as poor germination, stunted seedling growth and
poor vigor, seedling chlorosis and mortality and
prolongation of duration (Pathak ef al., 2003). These
factors have direct bearing on the grain yield per unit
area. Moreover, stunted seedling growth makes manual
uprooting and transplanting operations very cumbersome.
Hence, identification of genotypes with desired degree
of tolerance to low temperature stress has become very
important for recommendation of suitable varieties to the
farmers and also for utilization in the breeding programs.
Though, about 4000 accessions of rice germplasm are
being maintained in Assam (Pathak, 2001) no effort has,
so far, been made to systematically evaluate the varieties
for their response to low temperature stress. The present
study was undertaken to evaluate a set of rice varieties of
Assam for their response to low temperature stress and
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J. Plant Genet. Resour. 20(1): 57-63 (2007)

to understand the nature and extent of genetic diversity
among the varieties in relation to their response to cold.

Materials and Methods

Altogether, 56 rice genotypes were taken for the study.
Of these, 53 indica varieties, both modern and traditional,
chosen randomly from different classes and sub-classes
of Assam rice, were collected from Regional Agricultural
Research Station, Titabar and three japonica varieties were
collected from College of Bioresource Sciences, NTHON
University, Japan. The field and laboratory experiments
were carried out in the Assam Agricultural University,
Jorhat during 2005-06 to assess their response to low
temperature stress at germination, post-germination and
seedling growth stages using several cold tolerance
indices.

Twenty healthy seeds of each variety were placed on
filter paper moistened with distilled water in a 50 mm
diameter Petri dish and incubated at 17°C in the dark by
wrapping the Petri dishes with black polythene bags for
a period of 168 hours with an interruption at 96 hours
after initiation of the incubation process. The black
polythene bags were removed after 168 hours and the
germinated seeds were exposed to normal daylight and
temperature for 48 hours for allowing the etiolated
plumules to turn green. At germination and post-
germination stages, response of the varieties was
estimated based on the observations on rate of germination
(RG) index following the method of Krishnasamy and
Seshu (1989) and plumule length and plumule greening
following McWilliam et al. (1979). According to the
methods, RG index (%) = (Ny/ N )" 100 where, N, =

168
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number of seeds germinated in 96 hours (as against 72
hours in the original method) and N, ., = number of seeds
germinated in 168 hours. The plumule length was
measured on 5 germinated seeds from the point of plumule
emergence to the tip of the plumule after 168 hours of
germination at 17°C. Plumule greening was visually
scored as the average performance of the 5 germinated
seeds on a 1 to 9 scale, where 1 = dark green; 3 = light
green; 5 = pale green; 7 = pale white with a tinge of
greenness and 9 = plumule brown or dead.

Pre-germinated seeds of each variety were also sown
on well-puddled seedbeds in two replications in
Randomized Block Design (RBD) on 26 December 2005
when the average temperature fell below 20°C. On 30
days after sowing (d), seedlings were assessed for leaf
yellowing, electrolyte leakage and chlorophyll content
following the methods described by IRRI (1996),
Patterson ef al. (1976) and Arnon (1949), respectively.
The weekly average temperature during the period of
experimentation was 15.8°C-16.8°C.

The mean data of each of the characters were
subjected to analysis of variance and calculation of
genotypic and phenotypic correlation coefficients among
the parameters in all possible combinations. Diversity
among the varieties was studied through cluster analysis
using unweighted pair group method using arithmetic
average (UPGMA). Since observed traits were measured
in different scales, the data were standardized with
STAND module to have a mean of zero and variance of
one. Euclidean distance was computed by running
SIMINT with standardized data following Sneath and
Sokal (1973). The phenetic representation of genetic
relationship among the genotypes as revealed by
Euclidean distance was produced through cluster analysis
using UPGMA.

Results and Discussion

Analysis of Variance

The analyses of variance revealed the existence of
significant variation among the varieties for all the
characters except chlorophyll b. The varieties were
randomly chosen from diverse classes and sub-classes of
rice germplasm conserved at the Regional Agricultural
Research Station, Titabar that staggers to a volume of
more than 1000 accessions. The result reflects the
variation in the rice germplasm stock of Assam. Earlier
works have already established that the indigenous rice
germplasm of the region is endowed with wide genetic
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diversity and represents a wealth of valuable gene systems
(Sharma et al., 1971; IRRI, 1974 and Das et al., 1981).

Germination Index

Germination index, measured to assess the varieties’
tolerance to low temperature stress at germination, varied
from 0-100% (Table 1). Among 56 varieties, only two
viz., Satkora lahi, and Ranjit scored 100 per cent for the
index. These two varieties were, however, statistically ar
par with the varieties, Sail borak (97.5%), Gitesh
(97.22%), Basundhara (95%), Jahinga (92.5%), Khoirajuli
(92.5%), Kumol sali (92.5%) and Disang (92.5%). Other
14 varieties, belonging to different classes of rice, scored
80 or more for the index and differed significantly from
the rest of the varieties. On the other end, 11 varieties
viz., Khoiya boro, Kolagoria, Akitakomuchi, Dusri ahu,
Tharsal, Jagli boro, Majeni chembi, Kolamanik, Kola boro,
Mokon boro, with a germination index score of 0 and
Koshihikari (japonica) with a score of 5, were the worst
in their response to low temperature stress at germination
(Table 1).

Seventeen varieties including five traditional boro
rice varieties of Assam scored 20% or less for rate of
germination index. This clearly indicates that the
traditional horo rice varieties of Assam are highly
susceptible to low temperature stress at germination which
is quite contrary to expectation. Because, the traditional
boro rice varieties of Assam are being grown under low
temperature from a very long past they are believed to
possess desired degree of tolerance to low temperature
stress at this stage. However, it did not appear so.
Nevertheless, good performance during germination is
important to guarantee fast establishment and uniform
crop stand (Krishnasamy and Seshu, 1989) which was
not observed in case of most of the traditional varieties
from boro as well as other classes of rice varieties of
Assam.

It is also important to note that the varieties recording
high score for germination index (> 80) belong mostly to
the traditional sali and modern varieties. The sali rice
varieties are, normally, sown during June-July when
Assam experiences reasonably high temperature. It can,
therefore, be assumed that environment-neutral mutant
should be abundantly available in the rice germplasm of
Assam and mass screening of the state’s rice germplasm
should allow identification of varieties with desired degree
of low temperature tolerance at germination. The fact that
several popular modern varieties like Ranjit, Basundhara
and Gitesh showed desired degree of tolerance should
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Table 1. Mean performances of the varieties for various cold tolerance indices

Varieties Germination Plumule Plumule Leaf Electrolyte Chlorophylia  Chlorophyll b Total

index length (mm) greening yellowing leakage (ml/g) (ml/g) Chlorophyll
(%) score (1-9) score (1-9) (C.per cent) (ml/g)

Guni ahu 80.00 4.50 3.00 4.00 6.44 1.68 0.79 2.47
Tharsal 0.00 4.00 5.00 4.00 4.86 2.28 1.39 3.67
Kolagoria 0.00 5.00 1.00 3.00 2.66 1.93 035 2.28
Bongaldoria 28.89 1.33 4.00 5.00 2.70 2.15 0.39 2.54
Dusri ahu 0.00 0.50 6.00 5.00 2.56 1.98 0.98 2.96
Gorupotia ahu 25.00 1.00 6.00 5.00 4.14 1.27 0.81 2.08
Malbhog 29.71 1.17 7.00 6.00 336 2.07 1.07 3.14
Goalbhog 50.00 1.17 5.00 4.00 5.08 1.71 1.04 275
Dubaichenga 84.61 8.33 1.00 5.00 2.50 2.40 0.73 3.12
As 313/4 13.33 3.50 4.00 3.00 2.35 2.83 0.59 342
Garumoina 47.50 4.17 1.00 5.00 3.16 237 0.71 3.09
Garem-1 60.00 4.67 6.00 5.00 6.20 2.01 0.38 2.39
Majeni chembi 0.00 1.67 7.00 4.00 1.79 2.00 0.38 2.39
Bairing 11.11 4.17 4.00 5.00 2.43 2.03 0.60 2.63
Bizor-2 20.00 1.17 6.00 4.00 2.84 2.17 0.28 2.45
Sorainokhia bora  32.50 8.50 6.00 5.00 5.33 1.60 0.36 1.96
Saudang bora 2 27.50 4.67 5.00 4.00 2.69 1.69 0.37 2.07
Ranga bora 2 56.11 8.17 5.00 5.00 4.61 1.76 0.60 2.36
Ranga bora 45.00 733 6.00 4.00 3.79 1.90 0.51 241
Khamti bora 20.00 4.83 8.00 5.00 3.15 1.41 1.22 2.63
Til bora 87.50 9.83 1.00 4.00 3.55 1.27 1.13 2.40
Jahinga 92.50 4.17 4.00 5.00 3.76 1.93 0.33 227
Satkora lahi 100.00 11.83 1.00 4.00 5.38 1.60 0.63 223
Sarkari lahi 87.50 10.67 3.00 4.00 6.78 1.28 0.75 2.03
Sail borak 97.50 9.67 6.00 6.00 2.73 2.03 0.60 2.63
Khoirajuli 92.50 5.00 3.00 5.00 2.76 1.10 0.06 1.15
Kanaimuluk 75.00 6.67 3.00 6.00 4.68 1.76 0.63 2.39
Baterueeri-2 32.50 5.00 8.00 6.00 6.43 1.58 1.09 2.66
Ahom Sali 28.16 433 3.00 5.00 4.60 1.49 0.77 2.26
Nirokadam 51.47 6.17 1.00 4.00 2.74 1.58 0.89 247
Khaja Sali 72.50 3.50 4.00 5.00 4.08 0.97 0.56 1.53
Dholamukh sali 90.57 7.50 1.00 4.00 3.18 1.59 0.34 1.93
Kumol Sali 92.50 3.50 4.00 4.00 31 1.98 0.63 2.61
Manohar Sali 30.00 3.33 1.00 4.00 5.48 1.57 0.50 2.07
Sial Sali 15.83 6.00 1.00 3.00 5.50 2.47 0.82 3.30
Hati Sali 41.94 4.83 2.00 4.00 3.79 1.98 0.54 2.52
Nolchuti 57.50 9.50 1.00 5.00 4.03 2.16 0.61 2.77
Kolamanik 0.00 2.50 4.00 5.00 471 0.66 0.56 1.22
Mokon boro 0.00 1.67 4.00 3.00 2.24 1.10 0.19 1.30
Jugli boro 0.00 1.33 5.00 5.00 3.13 1.60 0.31 1.91
Gaji boro 11.11 2.67 8.00 4.00 3.67 1.74 0.33 2.07
Khoiya boro 0.00 2.92 5.00 4.00 3.43 2.27 1.89 4.16
Kola boro 0.00 7.17 1.00 3.00 3.29 2.23 1.41 3.64
Lahi boro 52.50 10.00 1.00 4.00 2.52 1.32 0.45 1.77
Mahsuri 62.50 5.00 3.00 5.00 2.80 1.13 0.69 1.82
Bahadur 60.13 7.83 4.00 5.00 3.59 0.94 0.48 1.42
Prafulla 65.00 6.17 5.00 4.00 3.97 2.23 0.66 2.89
Gitesh 97.22 11.67 1.00 4.00 6.63 2.03 0.56 2.59
Keteki joha 65.00 6.83 2.00 4.00 2.59 1.99 0.67 2.66
Disang 92.50 5.83 1.00 5.00 3.14 1.39 0.38 1.77
Luit 59.50 6.17 1.00 5.00 5.69 1.20 0.36 1.56
Ranjit 100.00 13.00 3.00 5.00 3.56 1.80 0.47 2.27
Basundhara 95.00 10.17 1.00 5.00 371 0.76 0.24 1.00
Akitakomuchi 0.00 7.33 1.00 1.00 4.08 2.53 0.52 3.05
Nekken 2 55.00 7.50 1.00 1.00 3.77 2.17 0.62 2.79
Koshihikari 5.00 8.00 2.00 2.00 3.06 2.08 0.60 2.67
CDy o5 7.89 1.97 1.79 1.85 1.73 1.03 NS 1.49
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make the situation quite easy for breeding varieties with
low temperature tolerance at germination.

In the present study, the varieties were assessed for
germination index at low temperature following method
of Krishnasamy and Seshu (1989) with small
modification. The number of seeds germinated at 96 hours
was taken in the study as the initial count instead of the
count at 72 hours used in the original method. Considering
the fact that only two varieties showed germination at 72
hours in the first trial of the present study the period for
initial germination was extended to 96 hours for allowing
better discrimination of the tested varieties for their
response to low temperature stress at germination. More
experiments will have to be conducted with diverse
varieties to confirm the requirement of extending the time
or otherwise.

Post-germination Evaluation

Plumule length varied from as low as just 0.5 mm (sign
of germination only) to as high as 13 mm (Table 1). Ranjit
with the highest plumule length (13 mm) was statistically
at par with Satkora lahi (11.83 mm) and Gitesh (11.7 mm).
Following these, other good performing varieties for
plumule length were Sarkari lahi (10.67 mm), Basundhara
(10.2 mm), Lahi boro (10.0 mm), Til bora (9.8 mm) and
Sail borak (9.7mm) which were at par with Satkora lahi
and Gitesh. The worst variety, Dusri ahu showed just sign
of germination and was at par with 10 other varieties viz,
Gorupotia ahu, Bizor-2, Malbhog, Goalbhog,
Bongaldoria, Jagli boro, Majeni chembi, Mokon boro,
Kolamanik, Gaji boro, recording plumule length less than
2.7 mm.

The boro rice varieties performed poorly for plumule
length. At least three of them (Jagli boro, Mokon boro
and Gaji boro) found place among the poorest of the
varieties. Of course, Lahi boro and Kola boro could find
place among the better performing varieties indicating
variation among the boro varieties in this count. In this
case also, the traditional sali varieties, viz., Satkora lahi,
Sarkari lahi, and Sail borak and the modern variesties,
viz., Ranjit, Basundhara and Gitesh performed better. Of
course, early germination of these varieties might have
positive impact on this trait as reflected from the
significantly positive correlation between the two
parameters (Table 2).

Altogether 18 varieties viz., Akitakomuchi, Nekken
2, Koshihikari, Til bora, Sial sali, Luit, Disang, Nolchuti,
Gitesh, Garumoina, Manohar sali, Nirokadam, Dalamukh
sali, Lahi boro, Kola boro, Dubrichinga, Kolagoria,
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Satkora lahi scored 1 for plumule greening in a scale of
1-9. The worst among the varieties were Khamti bora,
Baterueeri-2 and Gaji boro with average score of 8 which
were at par with Malbhog, Majeni chembi, Gorupotia ahu,
Garem-1, Dusri ahu, Bizor-2, Sorainokhia bora, Ranga
bora and Sail borak with score of 6-7 (Table 1). Plumule
greening has been suggested as a selection criterion for
chilling tolerance in a range of di- and monocotyledonous
species (McWilliam et al., 1979) including rice (Sthapit
and Wilson, 1992; Sthapit and Witcombe, 1998). In the
present study, all the three japonica varieties, known to
be cold tolerant, had score of 1 confirming the usefulness
of the parameter to screen rice varieties for tolerance to
low temperature stress.

Notably, only two boro rice varieties, Lahi boro and
Kola boro, were found to be tolerant to low temperature
stress with plumule greening score of 1 indicating that
the traditional boro rice varieties as a class could not
generally be considered cold tolerant contrary to the
general belief. On the other hand, several traditional ahu,
sali and modern varieties exhibited high degree of clod
tolerance indicating that the varieties with tolerance to
low temperature stress might be randomly distributed
across the classes and subclasses of Assam rice
germplasm.

The plumule greening score had significant
correlation (r = —0.48) with plumule length. It was, of
course, as expected since ability of a variety to rapidly
synthesize chlorophyll under chilling stress should lead
to its quicker plumule growth as reported earlier also
(Sthapit and Wilson, 1992).

Evaluation at Seedling Stage

Leaf yellowing is one of the earliest symptoms of cold
temperature damage in rice during the vegetative stage
(IRRI, 1982). In the present study, the japonica varieties
Nekken 2 and Akitakomuchi scored 1 for leaf yellowing
in the scale of 1-9 and appeared to be the most tolerant to
low temperature stress during seedling stage of growth.
Six more varieties viz., Koshihikari (japonica), Kolagoria,
Sial sali, Mokon boro, Kola boro and As 313/4, with score
3 (Table 2), were at par with the top ranking japonica
varieties. Among the 53 indica varieties of Assam, only
5 varieties exhibited high degree of tolerance to low
temperature stress with leaf yellowing score less than 3.
Again, these 5 varieties belong to different growing
seasons and classes leaving no scope to consider any class
of varieties to be superior to the others in respect of their
response to low temperature stress at the seedling stage
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of growth like that in the germination and post-
germination stage. In the study, however, none of the
varieties scored 9 for leaf yellowing indicating that
temperature lower than what was experienced during the
period of study would have probably allowed better
discrimination among the varieties at the seedling stage
of growth.

Among numerous screening procedures applied to
evaluate chilling sensitivity at various stages of growth,
the most widely used technique consists of direct exposure
of plants to chilling followed by visual damage assessment
though some subjectivity, is sometimes associated with
visual rating systems. Leaf yellowing score is one of such
techniques most widely used for screening rice plants for
their response to low temperature stress at the vegetative
stage of growth. However, a reliable laboratory based
screening technique would certainly be of significant
utility for evaluation of large number of varieties and
breeding materials. In this context, plumule greening may
be considered as a useful method. The significant positive
correlation (r = 0.30) of this parameter with leaf yellowing
score (Table 2) enhances its importance as a screening
criterion for low temperature tolerance as it would be
easier to employ this criterion much earlier at the
laboratory without the influence of temporal variation of
field temperature.

The variety with the least electrolyte leakage (1.79
%) was Majeni chembi which was at par with 25 more
varieties drawn from different classes and subclasses of
Assam rice. The variety showing the highest electrolyte
leakage (6.78%) was Sarkari lahi. This variety was af
par with 9 other varieties viz., Gitesh, Guni ahu,
Baterueeri-2, Garem 1, Luit, Sial Sali, Manohar Sali,
Satkora lahi and Sorainokhia bora (Table 1). This result,

however, did not show correspondence with the result
obtained with the application of leaf yellowing score. This
was reflected by non-significant correlation coefficient
(rg = 0.06) between the two parameters (Table 2). Even,
the japonica varieties Akitakomuchi, Nekken 2 and
Koshihikari with electrolyte leakage of 4.08%, 3.77% and
3.06%, respectively seemed susceptible to low
temperature stress based on this parameter though the
same varieties exhibited very high degree of cold tolerance
at post-germination and seedling stages of growth based
on plumule greening and leaf yellowing score,
respectively.

At low temperature, chlorophyll content tended to
decrease in rice leaves (Baruah and Medhi, 1993). Yoshida
et al. (1996) reported that chlorosis, where the newly
emerging leaves lack chlorophyll, is a symptom of cold
injury at the seedling stage of rice. The variety As 313/4
(2.83 ml/g of fresh weight) and Kolamanik (0.66 ml/g of
fresh weight) recorded the highest and lowest amount of
Chlorophyll a content. The best variety As313/4 was at
par with 27 other varieties. With 4.16 ml/g of fresh weight,
Khoiya boro hade the highest total chlorophyll content
which was at par with 14 other varieties viz,
Akitakomuchi, Iharsal, Kola boro, As 313/4, Sial Sali,
Malbhog, Dubrichinga, Garumoina, Koshihikari, Dusri
ahu, Prafulla, Saudang bora 2, Sorainokhia bora and
Nekken 2 (Table 1). This result, unlike the one obtained
with electrolyte leakage, maintained very good
correspondence with the result obtained with leaf
yellowing score, which was also reflected by significant
correlation (r, = —0.30) between the two parameters.
Apparently, in this study, electrolyte leakage could not
prove itself as a suitable parameter for evaluating a variety
for its tolerance to low temperature stress.

Table 2. Estimates of genotypic correlation coefficient (rg) (upper diagonal) and phenotypic correlation coefficient (rp) (lower diagonal) for cold

tolerance parameters

Traits Germination Plumule Plumule Leaf Electrolyte Chl. a Chl. b Total
index length greening yellowing leakage Chl.
(%) (mm) score score
Germination index 1 0.61** -0.35%* 0.39%* 0.26 -0.40** -0.85%* -0.46**
Plumule length 0.59%* 1 -0.54 % -0.10 0.28 -0.01 -0.10 -0.05
Plumule greening score -0.32% -0.48%* 1 0.52%* -0.05 -0.06 0.33* 0.09
Leaf yellowing score 0.26 -0.08 0.30* 1 0.06 -0.55%* 0.51%* -0.17
Electrolyte leakage 0.20 0.22 -0.02 0.13 1 -0.32% 0.47** -0.03
Chlorophyll a -0.20 -0.09 0.03 -0.30* -0.07 1 0.62%* 0.95%*
Chlorophyll b -0.20 -0.09 0.07 -0.14 0.05 0.19 1 0.84%*
Total Chlorophyll -0.25 -0.11 0.06 -0.30% -0.02 0.84%* 0.69** 1

*Significant at 5 per cent level of significance, **Significant at 1 per cent level of significance
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Diversity in the Rice Varieties

The Eucledian coefficient of dissimilarity between 56 rice
genotypes in all possible combinations based on 8
morpho-physiological parameters used for evaluation of
rice varieties for their response to low temperature stress
showed that the average dissimilarity coefficient was 3.88
across all the 56 genotypes. Maximum coefficient of
dissimilarity was observed between Basundhara and
Khaiya Boro (8.61). These two varieties differed greatly
for almost all the traits except leaf yellowing score and
electrolyte leakage. The difference between these two
varieties was particularly wide for germination index,
plumule length and plumule greening score indicating that
these parameters mainly contributed to place the two
varieties so apart from each other. The minimum
coefficient of dissimilarity was observed between Kumol
sali and Jahinga (0.60).

The diversity analysis based on Eucledian distance
separated the 56 varieties into two distinct clusters and
placed one variety Mokon boro distinctively away from
both the groups of varieties. The larger cluster ‘A’
comprised of 46 genotypes and the smaller cluster ‘B’
comprised of 9 genotypes (Fig. 1). The larger cluster A
could further be classified into two sub-clusters ‘A’ and
‘A, comprised of 31 and 15 varieties, respectively. All
these clusters and sub-clusters inciuded the varieties from
all the rice seasons and classes. Incidentally, all the three
Japonica varieties fell in the smaller cluster ‘B’ along with
six indica varieties drawn from all the three rice seasons
of Assam. The result clearly exhibited the closer
relationship among the japonica varieties in respect of
their response to low temperature stress. At the same time,
the result also clearly indicated that there was no cohesive
relationship among the varieties of any specific class or
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Fig. 1: Dendrogram of 56 rice varieties based on Euclidean distance
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sub-class of Assam rice in respect of their response to
low temperature stress. Even, the traditional boro rice
varieties of Assam, which constitute a small seasonal
group based on their cultivation by the farmers, over
generations, in the low temperature affected boro season,
did not fall in the same cluster.

Conclusion

Among the 53 rice varieties of Assam, the varieties
showing tolerance to low temperature stress at different
growth stages were found to be distributed across different
seasons, classes and sub-classes leaving little scope to
consider any class of varieties to be particularly good in
respect of their response to low temperature stress. This
clearly suggests that a thorough search in the rice
germplasm of Assam would allow to identify varieties
with desired degree of tolerance to low temperature stress
at early growing stages for utilization in the breeding
program for improvement of the boro rice of Assam. It
has also been observed that same set of varieties did not
show tolerance to low temperature stress at different stages
of growth indicating that different gene systems might
be involved with the varietal response to low temperature
stress at different growth stages needing use of multiple
parental sources for breeding varieties with tolerance to
low temperature stress at different stages of growth. The
varieties Ranjit, Gitesh, Basundhara and Disang among
the improved varieties and Satkora lahi, Sail borak, Sial
Sali, Kolagoria, Lahi boro, Kola boro, Mokon boro etc.
among the traditional varieties were found to be tolerant
to low temperature stress at more than one stage of growth.
All the three japonica varieties proved themselves to be
highly tolerant to low temperature stress at post-
germination and seedling stages of growth.
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Important Crop Germplasm Introduced in India during 2006

RV Singh, IP Singh, Deep Chand, Vandana Tyagi, AK Singh, SP Singh and Surender Singh

Germplasm Exchange Unit, NBPGR, New Delhi-110012

Indian agriculture has been tremendously benefited in the
past though exotic germplasm introduced and utilized in
developing better crop varieties and hybrid. But most of
the crop improvement programmes have now reached at
the threshold of dramatic advances and an access to exotic
germplasm for import is becoming all the more harder
from other countries after an enactment of IPR Act,
various national and international agreement, and stringent
quarantine measure operative. The Indian agriculture
production scenario is also confronting numerous other
problem which calls upon national strategic approaches
to the Global Plan of Action such as broadening the
genetic base of the major crops; increasing the range of
genetic diversity available to farmers; strengthening the

Table 1. Promising material introduced during 2006

capacity to develop new crop and varieties that are
specifically adapted to local environments; exploring and
promoting the use of underutilized crops; and developing
genetic diversity to reduce crop vulnerability.

Keeping in the view all these above considerations,
an information on the potential useful exotic germplasm
has been accessed from various sources and the Bureau
imported 16,146 accession from 45 countries, including
diverse and trait specific germplasm, in rice, wheat, barley,
maize, sorghum, sunflower, soybean, french bean,
cowpea, chickpea, chillies, watermelon, tomato, cabbage,
strawberry, poppy, cotton, clovers, Glaucium and Elytrigia
repens. Crop species wise account is tabulated below.

Crop Country Traits Distribution
Resistant to biotic stress

CEREALS

Oryza sativa

EC572259-67 USA Resistant to blast disease, kernel smut, rice water weevil DRR, Hyderabad

and rice stalk borer

EC580364-373 Philippines Brown Plant Hopper (BPH) resistant lines
EC582484

EC580374-375 Philippines Blast resistant

EC580376-390 Philipr* es Bacterial blight resist-nt lines

EC582443-44
49-53, 86-92
EC582455-61

Philippines Stem borer tolerant lines

Pioneer Overseas Corporation,
PAU, Ludhiana
Pioneer Overseas Corporation
Pioneer Overseas Corporation,
PAU, Ludhiana

PAU, Ludhiana

EC583878-410 Philippines Bacterial blight and Rice Tungro DRR, Hyderabad
disease resistant virus

EC58341 1-453 Philippines Resistant to Grassy stunt virus DRR, Hyderabad

EC592058 Sri Lanka Resistant to bacterial leaf blight, DRR Hyderabad
brown plant hopper and blast

Triticum aestivum

EC580485-86 Canada Sawfly resistant DWR, Karnal

EC582225-441 USA Resistant to yellow brown rust and powdery mildew DWR, Karnal

EC589025 (1) USA Resistance to stripe rust and leaf rust DWR, Karnal

EC589389-91 (3) USA Isogenic for stripe rust resistance gene Yr 36, leaf rust resistance DWR, Karnal
gene Lr 47 and leaf, stripe and rusts resistance gene complex

EC589421 () USA Resistant to stem, leaf and stripe rusts DWR, Karnal

EC592591 China Resistant to yellow, brown, black rusts and powdery mildew DWR, Karnal

Triticum aestivum

EC586941 USA Resistant to wheat stem sawfly DWR, Karnal

EC586942 USA Resistant to stripe rust DWR, Karnal

Triticum turgidum var. durum

EC592592 USA Genetic stock rusty, useful for studying genetiés of stem rust DWR, Karnal

resistance in tetraploid wheat or in crosses designed to select
monogenic progeny from a parent containing multiple genes for

stem rust resistance

J. Plant Genet. Resour. 20(1): 64-69 (2007)



Important Crop Germplasm Introduced in India during 2006 65

Crop Country Traits Distribution
Hordeum vulgare
E 586943 USA Resistant to all known greenbug biotypes PC (Wheat), DWR, Karnal
Zea mays
EC583148-167 Nigeria Resistance to foliar disease, gray leaf NBPGR, New Delhi

spot, maize streak virus, northern leaf

blight and commeon rust
OILSEEDS
Helianthus annuus
EC586972 USA Resistant to downey mildew DOR, Hyderabad
Glycine max
EC592181- 212 Taiwan White fly and downy mildew resistant NRC Soybean, Indore
EC586966 USA Resistant to stem canker and soybean mosaic virus »
EC5 6967 USA Resistant to southern stem canker, soybean cyst nematode, »

reinform nematode, sudden death syndrome, frog eye leaf spot
GRAIN LEGUMES
Phaseolus vulgaris
EC589388 (I) USA Resistant to all known strains of virus (BCMV), Bean IIPR, Kanpur

common Mosaic Necrosis virus, root rot
EC589468 USA Resistant to BCMV and CTV and tolerant to bean rust IIPR, Kanpur
EC590327 Canada Resistant to BCMYV, tolerant to white mold, IIPR, Kanpur
EC592938 USA Resistant to common bacterial blight IIPR, Kanpur
Vigna unguiculata
EC587822 Senegal Resistant to cowpea aphid borne mosaic virus (CABMV), IIPR, Kanpur

bacterial blight
VEGETABLES
Capsicum annum
EC572236,39 Taiwan Resistant to Chilli Veinal Mosaic Virus and Poty Virus Y J.K.Agri. Genetics, Hyderabad
EC572238,43-45 Taiwan Anthracnose resistant lines J.K.Agri. Genetics, Hyderabad

Capsicum baccatum var. pendulum

EC572240-42

Capsicum chinense
EC589469

Citrullus lanatus
EC572745-47

Cucumis melo
EC589374 (I)

Lycopersicon esculentum
EC571821-829

EC580001

EC580988-020

EC586975

EC588212-230

FRUITS

Taiwan
Taiwan
Taiwan
USA

Taiwan
Taiwan

Taiwan

Taiwan

Taiwan

Fragaria ananassa subsp. Ananassa

EC 571812

EC 571816

EC571820

USA

USA

USA

Anthracnose resistant lines

Resistant to anthracnose and bacterial wilt

Disease resistant

Resistant to powdery mildew

Resistant to whitefly transmitted gemini virus,

bacterial wilt, tomato mosaic virus and fusarium wilt
Resistant to bacterial wilt, tomato mosaic virus, gray leafspot,
fusarium wilt (race 1)

Resistant to bacterial wilt, Tomato mosaic virus, fusarium
wilt and gray leaf spot, late blight, white fly transmitted
gemini virus, early blight

Resistant to Gemini virus, bacterial wilt, tomato mosaic
virus, fusaruim wilt, gray leaf spot and early blight
Resistant to late blight, bacterial wilt, mosaic virus,
fusaruim wilt

Resistant to leaf spot, leaf scorch,

powdery mildew and red stele

Resistant to botrytis, verticillium wilt, red stele,
powdery mildew and spotted spider mite
Resistant to red stele races A-I, A-3,

A-4 and fruit rots

J.K.Agri. Genetics, Hyderabad

UAS, Bangalore

Vibha Agrotech Ltd., Hyderabad

IIVR, Varanasi

Centre for Plant Biotech and
Mol. Biology, Thrissur
MAU, Parbhani

Nodai Seeds India Pvt.
Ltd., Gurgaon

VNR Seed, Raipur

Ankur Seeds Pvt,
Nagpur

NBPGR, Regional
Station, Shimia
NBPGR, Regional
Station, Shimla
NBPGR, Regional
Station, Shimla
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Crop

Country

Traits

Distribution

MEDICINAL & AROMATIC PLANTS

Papaver sp.
EC587085-88

CEREALS
Oryza sativa
EC571081-155
EC571211-227
EC571228-238
EC580501-509

EC581120-23
EC581124-27
EC582463-64,68-69,71
EC582211-24

Triticum aestivum
EC582225-441
EC589421 (1)

EC592591
EC586941
EC586942

OILSEEDS
Helianthus annuus
EC586971

GRAIN LEGUMES
Phaseolus vulgaris
EC589468

VEGETABLES
Capsicum annuum
EC582593

Lycopersicon esculentum

EC581 035-1 043

EC581525, EC592058-59
MEDICINAL AND AROMATIC PLANTS

Apium graveolens
EC587045

CEREALS
Oryza sativa
EC571 539-48
EC573166-200

EC571 553-58
EC581124-27
EC582493-500
EC588896-935
EC588992-9027

Triticum aestivum
EC580487-489

Sorghum bicolor
EC582502-508

EC582509-513

Denmark

Philippines

Philippines
Philippines

Philippines
Philippines
Philippines
Philippines

USA
USA

China
USA
USA

USA

USA

USA
Taiwan

Sri Lanka

China

Philippines
Philippines

Philippines
Philippines

Germany

USA

USA

Resistant to downey mildew

Resistant to Abiotic Stress

Drought tolerant lines

Submergence tolerant lines
Deep water lines

Submergence tolerant lines
QTL lines

Fe toxicity tolerant lines
Aerobic, moderate drought tolerance

Tolerant to frost and lodging

Var. Oropos tolerant to lodging, low temperature and
diverse climatic conditions

Variety Jimnmai-5, tolerant to cold and drought
Tolerant to lodging

Variety Jerome tolerant to lodging and stripe rust

Excellent lodging resistance

Resistant to lodging

Heat and drought tolerant

Heat tolerant

Heat tolerant varieties

Tolerant to high temperatures

Lines for Heterosis Breeding
Cytoplasmic Male Sterile (CMS) and maintainer lines

Thermogenic Male Sterile (TGMS) lines
QTL lines
Maintainer and restorer lines

Double Haploid lines, true isogenic and homozygous
having different cytoplasm

Isogenic lines for brown midrib genes

Male sterile lines

NRC M&AP, Anand

Barwale Foundation,
Hyderabad

Barwale Foundation, Hyderabad
Rice Research Station
Chinsurah, WB

CSSRI, Karnal

CSSRI, Karnal

PAU, Ludhiana

PAU, Ludhiana

DWR, Kamal
DWR, Kamal -

DWR Kamal
DWR, Kamal
DWR, Kamal

DOR, Hyderabad

IIPR, Kanpur

IIVR, Varanasi

Nodai Seeds India Pvt. Ltd.,
Gurgaon
IIVR, Varanasi

IIVR, Varanasi

NBPGR, New Delhi,
Pioneer Overseas Corporation,
Hyderabad,

CSSRI, Kamal,

Annapurna Seeds, West Bengal ,
M/s Errika Seeds, Hyderabad ,
M/s Rasi Seeds, TN

IGFRI, Jhansi

* NRC, Sorghum, Hyderabad
¢ IGFRI, Jhansi
* NRC, Sorghum, Hyderabad
* IGFRI, Jhansi
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Crop Country Traits Distribution
OILSEEDS
Helianthus annuus
EC586970 USA Maintainer DOR, Hyderabad
EC586973 USA Restorer line having gene for fertility restoration DOR, Hyderabad
GRAIN LEGUMES
Pisum sativum
EC581505-514 USA Differential lines CSKHPKY, Palampur
FIBRES
Gossypium hirsutum
EC561526 USA Male Sterile lines Proagro Seed Company,
Andhra Pradesh

VEGETABLES
Capsicum annuum
EC571257-266 Taiwan Cytoplasmic Male sterile (CMS) AAU, Gujarat

lines and maintainers ITVR, Varanasi
Lycopersicon esculentum ~ USA Male sterile lines IIVR, Varanasi,
EC572692-708 NBPGR, New Delhi.

Agronomic Traits
CEREALS
Oryza sativa )
EC571549-52 Philippines Early and late maintainer population NBPGR, New Delhi
EC571549-52 USA Early maturing DRR, Hyderabad
EC580391-396 Philippines High yielding Pioneer Overseas Corporation,
Ghaziabad

EC582473-81 Philippines Introgression line for high yield PAU, Ludhiana
EC582482 Philippines Acid Sulfate tolerant line PAU, Ludhiana
EC592058 Sri Lanka High yielding and early maturing DRR Hyderabad
Triticum aestivum
EC582225-441 USA High yielding, non shattering type DWR, Karnal
EC589025 (1) USA Good grain yield DWR, Karnal
EC589421 (1) USA High yielding, semi dwarf, broad, adaptation DWR, Karnal
EC592591 China Variety Jimnmai-50 high yielding, DWR, Karnal

wide spread adaptation, early maturing
EC586941 USA Variety Choteav, superior yield DWR, Karnal
EC586942 USA Variety Jerome, early maturing DWR, Karnal
Hordeum vulgare
EC586943 USA Variety Post 90, high yielding, widely adapted PC (Wheat), DWR, Karnal
OILSEEDS
Helianthus annuus
EC581515-519 USA Tolerant to soil salinity and for genetic base broadening DOR,-Hyderabad

for agronomic and oil content characters in development of

hybrids, parents or improved germplasm
Helianthus annuus
EC586970 USA Short statured type DOR, Hyderabad
EC586971 USA Short statured line DOR, Hyderabad
Glycine max
EC592181-212 Taiwan Vegetable type, early & late maturing NRC Soybean, Indore
EC586966 USA Variety Desha, early maturing NRC Soybean, Indore
EC586967 USA Variety Lonoke high yielding, good NRC Soybean, Indore

standability, shattering resistance
GRAIN LEGUMES
Phaseolus vulgaris
EC589388 (1) USA Variety Quincy -high yielding IIPR, Kanpur
EC589468 USA Variety silver cloud, high yielding . IIPR, Kanpur
EC590327 Canada Semi determinate growth habit with very short vines or no IIPR, Kanpur

vines, upright plant and canopy, higher podding nodes on stems
EC590328 Canada Non nodulation genetic stocks IIPR, Kanpur

J. Plant Genet. Resour. 20(1): 64-69 (2007)
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Crop Country Traits Distribution
Vigna unguiculata
EC582501 USA Variety EIN-El Ghazal, good for grain IIPR, Kanpur
production under rainfed conditions
EC587822 Senegal Early maturing HPR, Kanpur
VEGETABLES
Brassica oleracea var. botrytis
EC572748 Taiwan Early maturing (40-45 days) Vibha Agrotech Ltd, Hyderabad
FRUITS
Fragaria ananassa sub sp. ananassa
EC571820 USA Early ripening NBPGR, Regional Station, Shimla
FORAGES
Trifolium pratense
EC578957 USA Variety Freedom, free from pubescence, good for hay making, IGFRI, Jhansi
faster drying & reduced dustiness
Elytrigia repens
EC 586940 USA Variety Eversett, advanced generation synthetic cultivar for high IGFRI, Jhansi
rhizome production ability to spread by rhizomes and
used for land stabilization and reclamation
Quantitative/ Qualitative Traits for Value Addition
CEREALS
Oryza sativa
EC572269 Philippines Iron rich line IARI, New Delhi
DRR, Hyderabd
Triticum aestivum
EC589025 (1) USA Excellent bread and noodle making quality DWR, Karnal
EC592591 China Variety Jimnmai-50 better quality for DWR Karnal
bread & noodle making
Hordeum vulgare
EC586943 USA Variety Post 90, good straw quality PC (Wheat), DWR, Karnal
EC586944 USA Variety Radiant proanthocyanidin free, potential malting barley PC (Wheat),
and carry the gene that controls a high amount of DWR, Karnal
thermostable beta amylase
Zea mays
EC592161 USA Yellow kernels, white cobs, good husk coverage DMR, IARI, New Delhi
ECS86945-47 USA High amylase, high oil content, high protein quality and DMR, IARI
waxy with specialty starches, populations of vegetable type New Delhi
ECS83148-167 Nigeria Tropical mid altitude lines NBPGR, New Delhi
OILSEEDS
Helianthus annuus
EC586970 USA High oleic fatty acid DOR, Hyderabad
Glycine max
ECS92181-212 Taiwan Vegetable type NRS, Soybean Indore
ECS92211-19 Taiwan High oil content »
GRAIN LEGUMES
Cicer arietinum
EC571855-572003 Syria Large seeded kabuli type germplasm PAU, Ludhiana
IIPR, Kanpur
Cicer arietinum
EC583236 USA Extra large kabuli variety ICRISAT, Patancheru
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Crop Country Traits Distribution
VEGETABLES
Brassica oleracea var. botrytis
EC572748 Taiwan Globular shaped Vibha Agrotech Ltd, Hyderabad
Capsicum annuum
EC582593 USA Variety Tangerine dream, non pungent, banana type peppers, IIVR, Varanasi

heat and drought tolerant, excellent keeping quality

suitable for ornamental and culinary applications
Citrullus lanatus
EC572745-47 Taiwan Globular shaped, firm fleshed, small seeded, sugar content Vibha Agrotech Ltd.

11-12% and disease resistant Hyderabad
Lycopersicon esculentum
EC572692-708 USA Carotene rich and high lycopene content HVR, Varanasi,

NBPGR NR, New Delhi.

FRUITS
Fragaria x ananassa subsp. ananassa
EC 571812 USA Large fruited NBPGR, Regional Station, Shimla
EC 571814, 817 USA Large fruited, good flavor, outstanding fruit quality NBPGR, Regional Station, Shimla

MEDICINAL AND AROMATIC PLANTS

Glaucium flavum

EC587081 Denmark

High glycoyrrhizin content

NRC M&AP Anand
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Collection and Characterisation of Plus Trees of Persea bombycina (King ex.
Hook f.) Kost., the Host Plant of Muga Silkworm in Northeast India

SN Gogoi, Meghali Barua and R Chakravorty

Central Muga Eri Research and Training Institute, Central Silk Board, Lahdoigarh, Jorhat-785700, Assam, India

Key Words: Persea bombycina, Host plant, Muga silkworm, Collection, Characterisation

Persea bombycina (King ex. Hook f.) Kost. locally known
as Som (Assam), is an economically important and
principal food plant of muga silkworm, Antheraea
assamensis Helfer. It is evergreen, perennial, medium
sized and pollinated tree. The species is known to have a
great genetic variability. It grows up to an elevation of
500 m amsl and grows widely in Assam, Khasi and Jaintia
Hills (Kanjilal ez al., 1984), Garhwal and Kumaun hills
(Sengupta and Srivastava, 1995) and along the lower
Himalayan tract in India and extended to the west of Nepal
(Hooker, 1885). North East India seems to be the centre
of diversity of this species because of large variation found
both in cultivated and wild population. However, details
of quantitative data on natural population of Som are still
to be studied.

Muga silkworm, 4. assamensis, the glittering golden
silk producer of the world is semi domesticated in nature
and endemic to the Northeast India more particularly
Brahamaputra valley of Assam (Choudhury, 1981).
Perhaps due to congenial climatic condition and wide
range of distribution of the principal and primary food
plants i.e. Som (Persea bombycina) and Soalu (Litsea
polyantha Juss.) it is found nowhere else on the globe
(Choudhury, 1981; Gogoi, 1980 and Bharali et al., 1972).

Presently the eight selected genotypes of Som from
natural population (Ram et al., 1993) and four tetraploid
genotypes evolved through polyploidization (Gogoi et al.,
2005) are maintained in field germplasm bank of Central
Muga Eri Research and Training Institute (CMER&TT),
Lahdoigarh, Jorhat, Assam, India. Information on
morphology and propagation (Ram et al., 1993; Jolly et
al., 1992; Choudhury, 2005 and Seth, 2000), floral biology
(Yadav et al., 1985), diseases (Das et al., 2005), cytology
(Gogoi et al., 2005) and silkworm palatability (Siddique
et al., 2000) of the species are available. However,
identification of plus trees, distribution in natural habitat
and establishment of clonal seed orchard is not yet done
unlike in other forest trees species (Kumar et al., 2003;
Sindhu, 1996; Sindhu, 1987 and Zobel and Talbert, 1984).
Generally, plus trees are selected from the base population

J. Plant Genet. Resour. 20(1): 70-75 (2007)

for obtaining immediate genetic gain in terms of better
quality, wide adaptability, higher productivity and
maintaining broad genetic base for continued
improvement. Selection of plus tree is first step towards
selection of elite genotypes of a species. Therefore, it is
worthwhile to study for (i) identification and collection
of plus trees of Som in Northeast India and (ii)
establishment of field germplasm bank of Som plus tree
clones for use in future breeding programme.

A survey was conducted during 2005 - 2007 to
identify plus trees of Som in five different states of North
East India viz., Assam, Arunachal Pradesh, Meghalaya,
Mizoram and Nagaland (Table1). The surveyed area lies
between 23°8 and 29°2N longitude and between 90°5 and
97°E latitude and altitude range from 50 to 1832 amsl.
Besides the natural habitat, traditional muga growing
pockets/sites along with plantations were selected for the
purpose of survey (Fig. 1).

During the survey the species were found scattered
along roadsides, grazing fields, jungles and forest
peripheries but found rare in occurrence inside the big
forest, reserve forests and national sanctuaries. The
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Fig. 1: Route map of survey for plus trees of som in
Northeastern region of India
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Table 1. Geographical detail of different locations of collection sites
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Hill slope/

State District Locations Geographical locations
Altitude(m) Longitude Latitude Valley
Assam Golaghat Bogidhola 58 93.9 26.4 Valley
Jorhat Jogdowar 55 94.2 26.6 Valley
Sibsagar Borahibari 58 95 26.8 Valley
Dibrugarh Bordubi 55 95.6 275 Valley
Tinsukia Tingrai, 55 95.5 26.5 Valley
Lakhimpur Dhakuakhana 54 94.5 274 Valley
Cachar Thaligram, 55 93.1 24.8 Valley
Arunachal Pradesh Lohit Namsai 182 96.2 275 Hill slope
Changlang Bordumsa 185 96.3 274 Hill slope
Nagaland Mokokchung Mokokchung, 1832 94.8 26.5 Hill slope
Meghalaya East Garo Hills Rompara 350 91.1 25.9 Hill slope

vegetation of different parts of study areas were
thoroughly explored by repeated visits to study sites
(covering all ecological habitats) through out period of
investigation.

Survey areas of Assam belong to subtropical region
and are influenced by the southeast monsoon. The state
receives large quantity of rainfall from June to August
(450 mm to 600 mm). A small quantity of rainfall is
received during pre-monsoon (April and May) ranging
from 75 mm to 228.5 mm and post monsoon (September
and October) ranging from 195 mm to 218 mm. Rainfall
is scanty in winter months from November to February.
Soils of survey areas of Assam were collected and
analyzed for soil texture and pH and were found to be
clay-loamy and acidic (pH 4.2-5.9), respectively. The
mean annual rainfall of Changlang and Lobhit districts of
Arunachal Pradesh vary from 1485 mm to 2508 mm
which is confined mostly to rainy season (May-
September). Soils are clayey in texture, strongly to
moderately acidic (pH 4.3-6.2) and rich in organic matter.
On the other hand, East Garo Hills of Meghalaya is
characterized by hot and moist summers and cool winters
with high rainfall. The average rainfall ranges between
2000 mm to 4000 mm which is confined mostly from
April to October and scanty in the dry winter months from
November to February. The soils are loamy to clayey and
acidic (pH 4.4-6.1). The climate of Mokokchung of
Nagaland is subtropical with heavy summer monsoon
rainfall (April to September). The mean annual
precipitation varies from 1960 mm to 3450 mm. Soils

are alluvial, non-laterite, forest soil and sandy loam and
strongly to moderately acidic (pH 4.8-6.2).

Identification of Plus Tree

Phenotypically superior trees (Fig. 2) (plus trees) were
selected from the diverse regions, collected and introduced
in field germplasm bank through air layering technique.
During selection of plus trees, base population of Som
was divided into various grids for effective selection and
identification. In each grid, trees with good height, girth
at breast height (gbh), maximum crown height (ch),
number of healthy branches and free from any diseases
and pest attack were marked using point grading method
of selection (Zabal, 1993). The candidate trees were
selected by comparing to standard check of the base
population (Table 2) of Som and awarded points
accordingly.

A minimum distance of 100 m between two candidate
plus trees (CPTs) was maintained. Equally phenotypically
healthy superior trees (five) growing nearby the CPTs
were selected as companion trees. Height, gbh, ch, number
of branches, pest and disease infection and leaf biomass
were measured and assessed for both CPTs and companion
trees. Trees stem infected with disease or infested with
insect were not considered for selection. While selecting
the plus trees adopting the point grading method, one plus
tree out of five comparison trees is selected. The points
for different characteristics were described in Table 3.

The CPTs that received more than 90 points were
finally selected as plus trees and analyzed for superiority

Table 2. Characters of standard check base population of Persea bombycina

Parameters Height (m) Diameter No. of branches Crown height Leaf disease Leaf
(cm) of tree (m) incidence (PDI) biomass (Kg)
Mean of standard check  7.63+0.642 24.78+1.058 8.68+1.112 4.59+0.894 12.94+1.749 17.95+2.20
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Fig. 2: Plus tree of Som (Persea bombycina)

over companion trees. Tree height, gbh, ch, number of
branches, pest and major diseases infection (leaf rust, leaf
spot & powdery mildew) and leaf biomass were recorded
for all plus trees and companion trees in all the sites.

The mean, range, SD of plus trees (PT) for tree height,
gbh, cbh, no. of branches, leaf diseases infection and leaf
biomass and % increase in plus trees over companion
trees, average % increase in plus trees over companion
trees were analyzed (Table 4).

Thirty-nine plus trees, approximately 20 years old
plants were identified through Point Grading Methods in
11 different locations (Table 1). Occurrence of plus trees
were not observed in Mizoram. Passport data and number
of plus trees were prepared by using the standard method
(Kumar et al., 2002).

Collection of Propagules and Establishment of
Germplasm Bank

Clones of plus trees were collected through air layering

Table 3. Scoring point awarded for different characteristics of candidate and companion trees of Persea bombycina

Characteristic Description Points
Leaf biomass (40 points) Less than average 5
Equal to average tree 10
More than average but less than biggest check tree 30
More than largest check tree 40
Health Infection (Percent Disease Index)
(a) Leaf disease infection (15 points) 0-1 15
2-5 12
6-25 10
26-50 8
51-75 4
75-100 2
(b) Pest infection (15 points) Infection (%)
0-1 15
2-5 12
6-25 10
26-50 8
51-75 4
75-100 2
Height (5 points) Less than average 1
More than average 2
More than average but shorter than largest check tree 4
Taller than tallest check tree 5
Girth at breast height (5 points) Less than average 1
Equal to average 2
Between average and largest check tree 4
More than largest check tree )
Crown height (10 points) Shorter than average 2
Equal to average 4
Between average and tallest trees 6
More than tallest tree 10
No of branches (10 points) Less than average 2
Equal to average 4
More than average 6
More than largest check tree 10
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Table 4. Variability in different characters of 39 plus trees of Persea bombycina at different geographical locations

Parameters Height Diameter No. of Crown Leaf disease Leaf
(m) {cm) branches height incidence biomass
of tree (cm) (PDI) (kg)

Mean 10.18£1.82  .30.24+2.19  1546+6.52  7.80£1.35  1.31x0.63  27.08+6.23
Range 48-13.8 26.42-34.8 8-27 2.5-9.5 0.103-2.08  19.8-36.8
Increase in plus trees over companion trees (%) 1.67-62.84 7.58-56.76 6.67-95.67  1.96-69.29  77.76-99.22  7.38-84.17
Average increase in plus trees over companion trees (%) 24.23 27.55 37.66 37.75 89.72 44.50
technique and planted in field gene bank at CMER&TI,
Lahdglgarh, Jorhat, Assam, India with recommended o Survivability of done J
spacing of (3x3m). Clones of plus trees showed
survivability range of 12.5 % (PT11, PT16, PT23) to 2z
100% (PT15) in field gene bank (Fig.3) and these new 2

. . . 2
entries of PT clones were assigned a new accession 3
number as PB013, PB014, PBO15 upto PBOS51. ®

The study depicted the variation of growth characters tes T s mmm ’;\jo“’ofzgloﬁe% FoEm B sy
among the plus trees in different study sites. Among the

different plus trees, PT18 showed highest improvement
in leaf biomass (87.64%) followed by PT5 (84.17%) while
PT32 (1.04%) revealed lowest improvement (Fig. 4) over
companion tree among the different plus trees in the study
sites.

In case of height (Fig. 5), plus trees showed maximum
improvement in PT12 and PT36 (62.84%) followed by
PT15 (58.98%) over companion trees and lowest was
found in PT7 (1.05%).

Girth at breast height of plus trees revealed wide
variation (Fig. 6) and maximum improvement was found
in PT6 (56.76%) while lowest was found in PT29 (8.57%)).

Similarly, plus trees showed wide variation in number
of branches (Fig. 7) and revealed maximum improvement
in PT15 (95.65%) followed by PT34 (71.87%) over
companion trees and minimum was found in PT18
(5.26%).

These plus trees showed variation in improvement
of crown height (Fig. 8) range from PT20 (6.67%) to
81.24% (PT2) over companion trees.

Moreover, plus trees showed resistance in various
leaf diseases viz. leaf spot, leaf rust and leaf blight (Table

5) ranging from 77.66% (PT4) to 99.22 % (PT2) over
companion tree.

In the present study, a total of 39 plus trees and 195
companion trees were selected from different study sites.
Growth of tree is influenced by many characteristics and
thus it is highly complex trait to be used for selection.
Moreover, selection based on single trait may not be very
effective to screen elite genotypes in many forest species.

J. Plant Genet. Resour. 20(1): 70-75 (2007)

Fig. 3: Survivability of clones of Persea bombycina in
freld gene bank
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Table 5. Percent disease index (PDI) and resistance to leaf diseases
of plus trees over companion trees at study sites

Collection PDI % disease
number reduction in plus
Plus tree Companion tree trees over

companion tree

PT1 0.234 10.53 97.78
PT2 0.103 13.32 99.22
PT3 0.234 9.52 87.35
PT4 2.086 9.34 77.66
PT5 1.096 8.99 87.80
PTé 2.086 9.92 78.98
PT7 022 14.22 98.48
PT8 1.02 10.04 89.84
PT9 1.94 15.61 87.57
PT10 1.84 13.14 85.99
PT11 0.24 13.33 98.19
PT12 1.24 12.38 89.99
PT13 1.04 13.32 87.68
PT14 1.92 13.01 85.24
PT15 0.218 10.96 98.01
PT16 1.52 14.57 ’ 89.57
PT17 1.72 13.10 86.87
PTI8 1.64 13.66 87.99
PT19 2.08 11.67 82.14
PT20 1.21 11.32 89.30
PT21 0.942 10.99 9143
PT22 1.25 16.98 90.56
PT23 1.62 24.34 93.34
PT24 1.24 20.46 93.93
PT25 1.82 12.27 85.16
PT26 0.94 5.25 93.83
PT27 1.45 3.52 89.28
PT28 L5 13.12 88.56
PT29 1.75 13.12 83.73
PT30 1.9 14.66 87.04
PT31 1.56 13.16 88.15
PT32 1.24 10.08 85.41
PT33 1.03 14.34 92.81
PT34 1.05 12.7 91.73
PT35 0.95 12.71 93.31
PT36 1.24 12.38 89.99
PT37 1.64 13.32 87.6

PT38 1.92 13.01 85.24
PT39 1.90 8.80 85.24

However, selection based on leaf yield and yield
attributing characteristics results in higher expected
response (Baker, 1986). In multi traits selection method,
each trait plays an important role and all the individuals
are ranked according to one scoring system. Genotypes
selected by this method are expected not only to have
desired qualities but will also have genetically divergent
base for future breeding programme.

The current holdings of P. bombycina in genetic
resources centre are small and likely to represent a fraction
of the available genetic diversity. Though the muga
silkworm farmers are traditionally interested in the
domestication of P. bombycina but very less germplasm
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has been collected and reported previously. Thus, current
evaluation of the species is limited to a small number of
accessions. Further development of P. bombycina would
require a greater and better documentation of genetic
resource base. The wide distribution of plus trees of P
bombycina across the North East India and their
occurrence provides an opportunity for targeted
collections to regions most likely to yield adapted
germplasm. This is only possible when the extensive
survey is executed.

The success of a genetic improvement programme
largely depends on the existence of variability in the base
population which can easily be utilized through selection
of proper genotypes. Hence, a selection methodology of
plus trees for a P. bombycina has been evolved so that a
significant improvements can be achieved in yield and
other traits of economic importance. Further, these
genotypes shall have immense use when multiplied
through clonal technique and established in the clonal
seed orchards to meet the immediate demand for seed.
The wider genetic base and high variability in P
bombycina PT for various traits provide further
opportunities to select the elite P bombycina genotypes
in subsequent evaluation.
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Minor genes, whose effects could be identified by plant
morphology have been exploited for genetic improvement
of grain legumes, but this has notled to spectacular gains
in the yield potential. The analysis of constraints to
increasing genetic potential of these crops reveal the
existence of wide differences between the actual biological
potential and the highest levels achieved through the
present available base. Further, the selection of diverse
parents belonging to distant groups leads to a wide
spectrum of gene combinations for the quantitative
inherited physiological traits. The D? analysis measures
the amount of genetic diversity in a given population in
respect of several physiological characters including seed
yield considered together. In urdbean, D? statistics has
been studied in the parents and their F, progenies. The
intermating of unlike leads to greater opportunity for
crossing over which releases latent variation by breaking
up the predominantly repulsion phase linkages (Thoday,
1960).The present study aims at analyzing the genetic
divergence among progenies and their parents in urdbean,
using Mahalanobis, *D? statistics by a software (SPSS
programme), a powerful tool in discerning divergence
among groups based upon multiple growth characters and
assessing the relative contribution of different components
to total divergence (Rao, 1952; Murty and Arunachalam,
1966). Such a measure will eventually help in breeding
programme, aimed at evolving superior genotypes.

The materials for the present study comprised twelve
genetically diverse lines of urdbean ( HPU-1, VB-17,
HPBU-124, HPBU-125, HPBU-126, HPBU-128, HPBU-
129, HPBU-130, HPBU-131, HPBU-133, UL-338 and
MX-17) which were crossed with four diverse. pollen
parents (T-9, PDU-1, UG-218 and Palampur-93) in a line
x tester mating design (Kempthorne,1957). The resultant
48 F,, along with 16 parents were evaluated for their

J. Plant Genet. Resour. 20(1): 76-78 (2007)

performance at the Regional Research Station, Himachal
Pradesh Agricultural University, Bajaura (31°48 N
77°00°E, 1099 amsl) during kharif 2003. The experiment
was laid out in Randomized Block Design with three
replications. All the agronomic practices were followed
for raising the crop.

Data for physiological traits were recorded on 20
randomly selected plants within each replication of each
cross, 40 and 60 days after sowing. The following
physiological traits were included in the study,

1. Leaf Area Plant! (LAP)

Leaf area plant~! (cm?®) was computed by leaf area meter
(Delta-T-Devices, Cambridge, England). After completing
the observations on leaf area, clipped leaves and stem
portions of each plant were dried in an oven for 48 hours
at 65°C. The samples of dried leaves stem and branches
were weighed on the Electronic Balance (ADCO Model-
AD200B). The following physiological traits were
computed using the formulae of Redford (1967).

2. Crop Growth Rate (CGR), (g day)

CGR =(W,-W))/(t,-t)

where W, and W are dry plant weights measured in
two consecutive harvests over time interval t-t .
3. Leaf Growth Rate (LGR), (cm? day™)

LGR = (A-A)/ (t-t)
where A and A, are the leaf areas at times t, and t,
respectively.
4. Net Assimilation Rate (NAR), (mg dm?)

NAR =(W,- W ) (InA,- InA )/ (A, -A) (t-t)
where, InA, and InA | are the natural log values of leaf
area at times t, and t,, respectively.
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5. Leaf Area Ratio (LAR), (dm? g)
Leaf area (A)

LAR =
Total dry plant weight (W)

6. Seed Yield Plant! (SYP), (g)

Twenty plants per replication were selected at random
and seed yield plant” was recorded.

Following analysis of variance, genetic divergence
was studied using Mahalanobis D? statistics as described
by Rao (1952). D? values based on uncorrelated variables
were used to classify the parents and crosses. The
constellation of groups was formed according to Tocher,
s method (Rao, ibid). The relative contribution of each
trait to the total D? value between each pair of genotype
was determined following the procedure outlined by Bhatt
(1970).

77

The analysis of variance revealed significant
differences among genotypes for all characters studied
indicating the potentiality of population to isolate parents
that may produce heterotic progenies. On the basis of
physiological parameters 64 genotypes (16 parents and
48 F, crosses) were classified into 9 clusters (Table 1).
The maximum number of genotypes (13) was
accommodated in cluster 1, followed by 10 genotypes
each in cluster IT and IX, and 9 genotypes each in cluster
VI and VIII. The clustering pattern of progenies was
independent of parental cross-combinations, i.e. progenies
of a cross and their parents were grouped in different
clusters. The estimates of inter-cluster distance between
two clusters comprising progenies may be greater than
those between clusters comprising progenies derived from
two distinct parentages. This suggests that forces other
than the divergence of the parents have operated in the
differentiation of these progenies (Table 2). Intra-cluster

Table 1. Distribution of parents and their progenies in different clusters

Cluster ~ Number of genotypes Parents Progenies

I 13 T-9, PDU-1 HPU-1 x Palampur-93, HPBU-124 x T-9, HPBU-125 x T-9, HPBU-128 x
UG-218, HPBU-126 x T-9, HPBU-128 x Palmpur-93, HPBU-130 x UG-218,
HPBU-133 x Palampur-93, UL-338 x PDU-1, UL-338 x UG-218,
MX-17 x Palampur-93

I 10 HPU-1, HPBU-130, VB-17 x T-9, VB-17 x PDU-1, HPBU-126 x Palampur-93, HPBU-128 x

HPBU-131, UL-338, MX-17 PDU-1, HPBU-130 x T-9

I 08 - HPU-1 x UG-218, HPBU-124 x UG-218, HPBU-125 x UG-218, VB-17 x
UG-218, HPBU-128 x T-9, HPBU-128 x UG-218, HPBU-128 x
Palampur-93, UL-338 x T-9

v 02 - HPBU-131 x PDU-1, HPBU-133 x UG-218

v 02 - VB-17 x Palampur-93, HPBU-125 x Palampur-93

V1 09 HPBU-128, HPBU-129, HPU-1 x PDU-1, HPBU-131 x T-9, HPBU-131 x UG-218, HPBU-131 x

VB-17 Palampur-93, HPBU-133 x PDU-1, MX-17 x PDU-1

VI 01 - HPBU-130 x PDU-i

VIII 09 HPBU-126 HPBU-125 x PDU-1, HPBU-125 x UG-218, HPBU-125 x PDU-I,
HPBU-128 x T-9, HPBU-124, Palampur-93, HPBU-130 x Palampur-93,
MX-17 x T-9, MX-17 x UG-218

IX 10 HPBU-124, HPBU-125, HPU-1 x T-9, HPBU-124 x PDU-1, HPBU-129 x PDU-I, HPBU-133 x

HPBU-133, UG-218,
Palampur-93

T-9, UL-338 x Palampur-93

Table 2. Inter and intra cluster D? values in urd bean progenies

Cluster I 1l 111 v v VI VII VIII IX

I 13.13 20.89 44.16 13.46 53.50 44.54 18.34 23.80 34.33
1 6.89 3451 31.68 48.61 3993 20.63 3293 32.37
I 8.98 49.38 24.00 11.30 38.28 42.35 19.88
v 9.48 56.60 48.11 18.90 22.70 39.86
v 541 19.62 48.65 56.62 23.67
VI 10.12 40.68 41.84 15.20
VIl 545 25.33 35.60
VIII 12.32 38.39
IX 7.65
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Table 3. Cluster means of physiological characters in urd bean progenies.

Cluster Character

LAP CGR LGR NAR LAR SYP
1 12.14 0.31 46.62 75.41 15.85 6.48
11 10.46 0.23 38.91 54.77 17.16 9.04
I 8.11 0.18 29.72 58.92 19.11 6.58
v 11.00 0.25 42.62 81.59 16.78 11.34
v 12.53 0.30 47.21 36.52 15.23 7.15
A\ 12.62 0.30 48.23 72.59 16.39 8.63
VII 13.41 0.31 52.04 69.12 16.03 9.97
VIII 14.73 0.37 56.23 62.07 16.13 8.61
X 8.24 0.19 30.18 73.42 15.82 8.01

average D? values varied from 5.41 to 13.13. However,
the low values of intra-cluster average D? suggested the
presence of narrow genetic variation within a cluster.
Further, inter-cluster D? is a measure of genetic divergence
between the two clusters and was observed to be the
highest (56.60) between cluster IV and V and the lowest
(11.30) between cluster IIT and VI (Table 2). Cluster means
(Table 3) indicated that cluster IV, V and VII revealed
highest values for almost all the characters including seed
yield. Direct relationships between progeny mean and
number of superior genotypes to best check has been
reported by Bakshi et al. (1996). Therefore, the mean of
progenies is very important in deciding which of the
crosses should be repeated in order to get better
segregants. This will provide opportunity to select better
recombinants for various physiological characters and in
~ breeding for obtaining better genetic gains.

J. Plant Genet. Resour. 20(1): 76-78 (2007)
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There is rich variability in Chilli (Capsicum spp.). Defence Agricultural Research Laboratory , Pithoragarh has
assembled and evaluated the variability available in Capsicum spp., with the objective to find out the promising
genotypes on the basis of high yield, biochemical parameters and capsaicin contents. The genotypes which were
found promising can be used in further breeding programme for improvement in various yield and nutritional

parameters in Capsicum spp.

Key Words: Capsicum spp., Variability, Genotype, Capsaicin

The cultivated Capsicum spp. are herbaceous, frost
resistance plants that in temperate areas are annual in
growth pattern but in tropical areas may continue to grow
and produce yield over several years (ratoon crop).
Capsicum is a member of Solanaceae, includes many
cultivated forms such as pungent peppers , paprika, mild
pickle type and bell shaped, non pungent forms known
as bell pepper or shimla mirch. At present five species of
Capsicum are known to have been brought under
cultivation ( Smith et al., 1987). They include Capsicum
annuum L., C. frutescens L., C. baccatum L., C. chinense
Jacquin and C. pubescens Ruiz and Paven, Capsicum is a
good source of capsaicin and used in the manufacture of
selected commercial products known for their pungency
and colour (Andrews, 1984). There is great variability
among size, shape, color and pungency of fruits of
Capsicum spp., which can be exploited through
conventional breeding (Pickersgill, 1989). Since critical
assessment of nature and magnitude of variability is
prerequisite for efficient breeding programme and
provides an opportunity to identify promising lines with
desirable yield and quality parameters. Identification of
superior genotypes among relatively new ones becomes
imperative for promoting production, productivity and
quality of the produce (Mishra et al., 2005). Such type of
study was conducted at DARL, Pithoragarh during the
year 2006-2007 for identification of promising genotypes

Table 1. Morphological characters of collected Capsicum spp.

which can be used in further breeding programme.

Fifty genotypes of Capsicum were collected from
different national, international and state agricultural
universities to enrich the pedigree. Collected germplasm
from 1ARI, New Delhi, [IHR, Banglore, GBPUA&T,
Pantnagar, IARI, Katrain , Gujrat Agricultural University,
Kerala Agricultural University and Asian Vegetable
Research & Development Center, Taiwan was sown in
the nursery and transplanted in the field in three
replications in randomized block design. Spacing within
plants and rows was 60 cm x 60 cm. Morphological data
such as corolla colour, corolla throat spots, anther colour
, seed colour and flowers per node were recorded. Data
were also recorded on quantitative characters viz, fruit
length (cm), fruit width (cm), fruit number per plant and
fruit yield per plant. Biochemical characterization for total
soluble solids (TSS%), ascorbic acid (mg/100 g) and
Capsaicinoid contents (SHU) was performed. T.S.S was
studied with the help of Erma Hand Refractometer.
Ascorbic acid determination in the fruit was done using
Di nitro phenyl hydrazine (DNPH method) (Sadasivam
and Balasubraminam, 1987). Capsaicinoid content was
determined by high pressure liquid chromatography
(HPLC method) (Estrada et al., 1997). There was great
variation in morphological characters among collected
germplasm (Tablel).

S.No. Capsicum species Corolla color Corolla throat spots Anther color Seed color Flowers per node
1 Capsicum annuum White None Blue purple Tan 1

2 Capsicum frutescens Greenish white None Blue Tan 1-3 or5

3 Capsicum baccatum White Yellow Yellow Tan 1-2

4 Capsicum chinense White to greenish-white None Blue Tan 1-5

5 Capsicum pubescence Purple None Purple Black 1
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Table 2. Yield attributing characters in different species of Capsicum

spp.
Species Characters Fruit Fruit Fruit Fruit
length  width  number/ yield

(cm) {(cm) plant  plant (kg)

C. annuumMinimun 6.2 53 10.0 0.400
Maximum 17.3 25.5 58.0 2.000
Mean 11.75 15.4 34.0 1.200
C. frutescensMinimun 2.5 2.1 25.0 0.085
Maximum 8.5 6.7 80.0 0.300
Mean 5.5 44 52.5 0.192
C. chinenseMinimun 2.5 5.0 40.0 0.100
Maximum 10.6 7.2 70.0 0.500
Mean 6.5 6.1 55.0 0.300
C. baccatumMinimun 3.7 4.0 30.0 0.310
Maximum 13 10.3 50.0 0.425
Mean 7.5 7.15 40.0 0.367
C. pubescensMinimun 6.2 35 17.0 0.185
Maximum 9.6 1.0 50.0 0.370
Mean 79 *1.3 33.5 0.278

Minimum and maximum values along with means,
with respect to yield, yield attributing characters and bio-
chemical characters are given in (Table 2 and 3). Data
revealed that in C. annuum fruit yield per plant (kg) ranged
from 0.400-2.00. The highest yield was recorded in CO-
3837. The TSS % was highest in the fruits of red capsicum
(8.14). PBC-280 exhibited highest ascorbic acid
(112.0 mg/100 g). Maximum fruit length (cm) was
recorded in CO-6763 (17.3). In C. frutescens, DARL-
210 exhibited maximum number of fruits per plant (105)
with highest capsaicinoid content (2,76,750 SHU) and
TSS (7.92%). PBC-926 showed maximum ascorbic acid
(129.85 mg/100g). In C. chinense CC-2 showed
maximum TSS % (5.37) with ascorbic acid (99.20 mg/
100g). Maximum capsaicinoid contents was exhibited by
Tejpur chilli (2,54,896 SHU). In C. baccatum CO-4180
exhibited maximum TSS (6.20%) and ascorbic acid
(50.92mg/100g). Genotype KT-14 showed maximum
capsaicinoid (52250 SHU). In C. pubescens NBPGR-1
showed maximum TSS (7.28%), ascorbic acid (118.20mg/
100g) and capsaicinoid content (1,08076 SHU). The
genotypes which were found promising, represent a
potential source for future development and can be used
as donor parents for further breeding programme.
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Table 3. Bio-chemical characters in different species of Capsicum

Species Characters Total Ascorbic Capsaicinoids
soluble acid SHU
sotids %  (mg/100g)
C. annuum Minimun 3.46 41.73 1602.00
Maximum 8.14 112.00 14564.0
Mean 5.80 76.86 8083.00
C. frutescens ~ Minimun 5.20 50.86 30445.00
Maximum 7.92 129.85 2,76,750.00
Mean 6.56 90.35 153597.50
C. chinense Minimun 4.50 87.23 43500.00
Maximum 6.25 99.20 2,54896.00
Mean 5.37 48.215  1,49,198.00
C. baccatum  Minimun 4.68 42.75 15,885.00
Maximum 6.20 50.92 52,250.00
Mean 5.44 46.83 34067.50
C. pubescens  Minimun 4.12 45.72 52,220.00
Maximum 7.28 118.20 1,08076.00
Mean 5.70 81.96 80148.00

Development Center, Taiwan, Director [ARI, New Delhi,
Director, IIHR, Bangalore, Director, DRL, Tejpur, Head
Horticulture Division GBPUA&T, Pantnagar, Dr. SK
Verma, NBPGR Bhowali, Head, IARI, Katrain, Head,
Vegetable Crops, Gujrat Agricultural University, Head,
College of Horticulture, Kerala Agricultural University
for providing us seeds of different Capsicum spp.

References

Andrews J (1984) Peppers, the Domesticated Capsicums.
University of Texas press, Austin.

Estrada B, F Pomar, J Diaz, F Merinip and A Bernal (1997)
Evaluation of capsaicinids in Capsicum annuum L. Var.
annuum cv. Padron at different growth stages after flowering.
Capsicum Newslett. 11: 63-69.

Mishra AC, RV Singh and HH Ram (2005) Studies on genetic
variability in Capsicum under mid hiils of Uttranchal Indian
J Hort 62(3): 248-252.

Sadasivam S and T Balasubraminam (1987) In Practical Manual
in Biochemistry. Tamil Nadu Agricultural University,
Coimbatore, 14 p.

Smith PG B Villalon and PL Vuilla (1987) Horticultural

- classification of peppers grown in United States. Hort. Sci.
22: 11-13.

Pickersgill B (1989) The archaeological record of chilli pepper
(Capsicum spp.) and the sequence of plant domestication in
Peru. Am. Antig. 34: 543-61.



Diversity and Selection of Persian Walnut from Ladakh 81

SHORT COMMUNICATION

Diversity and Selection of Persian Walnut (Juglans regia L.) from Ladakh

Region of India
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Investigations were carried out during 2006 on 91 seedling trees of Persian walnut growing at high altitude (more
than 300 mamsl.) at various locations of Ladakh region in India. Data were collected on 26 nut and kernel characters.
A great magnitude of variability was noticed for various traits. Maximum coefficient of variability was recorded
for kernel weight while minimum for nut width. Based upon the existing variability, selection criteria was made
and elite genotypes were selected virk Tree No. 1 at Domkhar, Tree No. 1 and 2 at Nurla; Tree No. 4 and 10
at Saspol and Tree No. 4, 6, 9 and 19 at Khalsi. These selected types will be vegetatively propagated and released
as cultivars for commercial cultivation in Ladakh region of India in future to boost the cultivation of walnut at

high altitudes.

Key Words: Diversity, Seedling trees, Walnut, Nut characters, Kernel, Variability

Persian walnut (Juglans regia L.) is one of the most
important nut crops grown in temperate climate and
belongs to family Juglandaceae. In India mostly walnuts
of seedling origin are being grown. However, in last
twenty years a lot of work on variability, selection and
propagation has been carried out and now the systematic
orcharding with superior cultivars has been started but
with low pace. Walnut is monoecious and pollination takes
place through wind which exhibit a great vartability for
various nut and kernel characters in the plants raised from
seed. Past selection work has resulted to a number of
present day cultivars throughout the world. Although
walnut is successfully cultivated from 1,200 to 2,200
meters amsl, but also seedling trees of walnut were found
growing at more than 3,000 meters above mean sea level
(amsl). So, in present study an effort was made to study
the extent of diversity and selection of eiite genotypes of
walnut from Ladakh for future use in high altitudes.

The present investigations were catried out during
2006 in some of the seedling walnut growing in Ladakh
region of India. Nut samples were collected from Saspol
(34°14.666° N and 77°10.165" E), Nurla (34°17.968’ N
and 76°59.473" E), Khaltsi (34°19.218’ N and 76°52.972
E) and Domkhar (34°24.179° N and 76°45.995’ E) area
of district Leh in Jammu and Kashmir. These areas are
more than 10 kilometers situated at an elevation of 3075,
3005, 3031 and 3045 meters amsl. These places are apart
from each other. A sample size of 20 sun dried nuts were

*Corresponding author: E-mail: ommandi@yahoo.co.in
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randomonly collected from each bearing tree. The samples
were taken from 10 bearing seedling trees from Saspol,
13 from Nurla, 26 from Khaltsi and 42 from Domkhar
area. Data on various nut and kernel characters were
recorded on total 91 seedling trees as per descriptors of
UPOV (1988) and IPGRI (1994). Data were analyzed as
per Panse and Sukhatme (1985). The criteria used for
selection of important traits were as per Sharma and
Sharma (2000).

Data on range, mean, standard deviation and
coefficient of variability on various metric nut and kernel
characters are presented in Table 1. Maximum and
minimum values for various characters were recorded
from nuts produced by Tree No. 4 at Khaltsi and Tree
No. 5 at Nurla, Tree No. 1 at Domkhar and Tree No. 10 at
Nurla, Tree No. 19 at Khaltsi and Tree No. 3 at Domkhar,

Table 1. Range, Mean, Standard Deviation and Coefficient of
Variability for Various Metric Nut and Kernel Characters

Characters Range Mean Standard Cofficient of
deviation variability (%)
Nut weight (g) 5.61-1847 1130 2.65 2342
Nut width (mm) 21.97-3561 2940 272 9.26
Nut height (mm) 26.92-47.30 3598 431 11.99
Nut thickness (mm) 20.39-36.40 2990 291 9.74
Index of roundness 0.65-1.00 0.83 0.08 9.93
Pad thickness (mm) 2.69-6.89 446 0.89 19.88
Pad width (mm) 1.76-6.91 450 1.11 24.29
Shell thickness (mm)  0.97-2.34 1.63 034 20.86
Kernel weight (g) 1.83-10.13 4.53 1.43 31.60
Kernel width (mm) 24.25-27.66 20.11 2.44 12.15
Kernel height (mm) 17.34-36.57 2696  3.69 13.70
Kernel thickness (mm) 15.44-33.44 2389  3.28 13.72
Kernel percentage 13.51-63.36 3996  7.87 19.70
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Tree No. 10 at Nurla and Tree No. 2 at Nurla, Tree No. 11
at Nurla and Tree No. 8 at Domkhar, Tree No. 19 at
Domkhar and Tree No. 28 at Domkhar, Tree No. 4 at
Khaltsi and Tree No. 29 at Domkhar and Tree No. 7 at
Domkhar and Tree No. 31 at Domkhar, respectively.
Kernel weight, kernel width, kernel height, kernel
thickness and kernel percentage varied between 1.83 g
(Tree No. 5 at Nurla) to 10.13g (Tree No. 4 at Khaltsi),
14.25 mm (Tree No. 10 at Nurla) to 27.66 mm (Tree No.
4 at Khaltsi), 17.34 mm (Tree No. 10 at Nurla) to 36.57
mm (Tree No. 2 at Nurla), 15.44 mm (Tree No. 10 at
Nurla) to 33.44 mm (Tree No. 36 at Domkhar) and 13.51%
(Tree No. 2 at Khaltsi) to 63.36% (Tree No. 1 at Saspol)
with their mean and coefficient of variability at the tune
of 4.53 g and 31.60%, 20.11 mm and 12.15%, 26.96 mm
and 13.70%, 23.98 mm and 13.72% and 39.96% and 19.70
%, respectively. The coefficient of variability extremes
between 9.26% (nut width) to 31.60% (kernel weight).

Nut shape in longitudinal section perpendicular to
suture and through suture on various locations were
circular, triangular, broad ovate, ovate, short trapezoid,
long trapezoid, broad elliptic and obovate. The
percentages of trees at different locations were different.
Most of the nuts produced at various locations were
circular and broad elliptic for nut shape in cross section
except one tree at Nurla which produced nuts having
narrow elliptic shape in cross section. Shapes of nut base
and apex also varied at various location as pointed,
rounded, truncate and emarginated with varied frequencies
at various places. The prominence of pistil point was
weak, medium and strong at various location with varied
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number of trees while the position of pad on suture
extremes as up to upper half, upper 2/3 and whole length
of the fruit. The structure of shell surface was slightly
grooved, moderately grooved, strongly grooved and
embossed while grooves along pad on suture were
shallow, medium and deep at various locations with
different frequencies of trees falling in each category.
Similarly adherence of two shell halves observed was
weak, medium, strong and very strong while inner
dividing primary and secondary membranes were thin,
medium and thick at various locations with varied
percentage of trees in each category. The kernel recovery
was very easy, easy, medium, difficult and very difficult
while the intensity of brown colour on kernel was very
light, light, medium, dark and very dark.

Based on the existing variability for various nut and
kernel characters in the region, 9 seedling trees were found
elite trees. The various nut and kernel characters of
selected types are presented in Table 2. The number of
selected types at different locations is one at Domkhar
(Tree No. 1), 2 at Nurla (Tree No. 1 and 2), 2 at Saspol
(Tree No. 4 and 10) and 4 at Khaltsi (Tree No. 7, 6, 9 and
19). All the selected types produced nuts having nut weight
more than 15 g. Tree No. 4 at Khaltsi and Tree No. 1 at
Domkhar had maximum nut weight (18.47 g) and nut
width (35.61 mm, respectively. Similarly Tree No 19 at
Khaltsi and Tree No 2 at Nurla produced nuts with
maximum height (47.30 mm) and thickness (36.40 mm),
respectively. Minimum pad thickness 3.84 mm), pad
width (1.76 mm) and shell thickness (1.05 mm) among
selected types was found in Tree No. 9 at Khaltsi, Tree

Table 2. Nut and kernel characteristics of some elite walnuts of Ladakh

Characters Locations and Tree Number
Domkhar Nurla Saspol Khaltsi
Tree Tree Tree Tree Tree Tree Tree Tree Tree
No. 1 No.2 No. 4 No. 10 No. 4 No. 6 No. 9 No. 19
Nut weight (g) 16.64 15.44 17.63 15.28 15.21 18.47 15.42 15.22 16.66
Nut width (mm) 35.61 31.58 34.02 33.15 31.01 35.21 25.05 31.38 35.21
Nut height (mm) 37.54 42.62 44.43 41.65 45.88 45.01 32.86 35.32 47.30
Nut thickness (mm) 36.39 33.73 36.40 33.70 30.93 35.30 28.23 32.79 36.10
Shell thickness (mm) 1.74 1.07 1.29 1.18 2.21 1.09 1.58 1.45 1.05
Kernel weight (g) 6.14 5.89 6.94 7.13 5.97 10.13 5.64 6.57 8.78
Kernel percentage 36.90 38.15 39.36 46.66 39.25 54.85 36.58 43.17 52.70
Structure of shell Strongly Slightly  Slightly Moderately  Slightly Moderately Embossed  Embossed Slightly
surface grooved grooved  grooved grooved grooved grooved grooved
Adherence of two halves Strong Medium  Medium Strong Very strong Strong  Verystrong  Medium Strong
Kernel removal Medium Easy Easy Very easy Easy Veryeasy  Medium  Very difficult Very easy
Intensity of brown colour Very light  Very light Very light Very light Light Medium Medium Medium Light
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No. 4 at Khaltsi, and Tree No. 19 at Khaltsi, respectively.
Maximum kernel weight (10.13g) and kernel percentage
(54.85%) was found in nuts produced by Tree No. 4 at
Khaltsi. All the selected types have medium, strong and
very strong adherence of two shell halves; very easy, easy
and medium ease of kernel removal. The intensity of
brown colour on kernel in selected types was medium,
light and very light. Only two trees (Tree No. 10 at Saspol
and Tree No. 9 at Khaltsi) had value of shell thickness
(2.21 mm) and ease of kernel removal (very difficult)
beyond the desirable limits but they have other all
characters superior, hence they were selected.

In the present study a great range of variability was
observed for various nut and kernel characters. Similar
variations for these characters were recorded by various
workers in seedling trees (Sharma and Sharma, 1998;
2001a and Mehta et al., 2005). The nut shapes observed
were as per UPOV (1988) description. Besides, one more
shape “obovate” has been observed. The existence of this
shape has been earlier reported in seedling trees in
Himachal Pradesh by Sharma (1999) and Mehta ef al.
(2005). Similar type of diversity for various non metric
nut and kernel traits was also observed by Sharma and
Sharma (2000). The existence of variability is the pre
requisite for any breeding program. To evolve a cultivar
through hybridization is a long process in the fruit crops
like walnut. As the cultivar requirement of every region
differ and cultivar in one region may not do well in another
place. So, the most easy and fast method of improvement
is selection of superior types from the existing variability.
In the present study nine elite types of walnuts were
selected from Ladakh region of India. Similar types of
selection work from the existing variability were carried
out Sharma and Sharma, 2000; 2001b; Sharma and
Sharma, 2005 and Mehta et al., 2005) in Himachal
Pradesh. Although criteria used in present study slightly
differed from earlier studies because selection was made
from the existing population at very high altitudes (more
than 3000 meters amsl.) As growing of walnuts was not
reported at such height, so the cultivar requirements of
this region might be totally different from elsewhere.

J. Plant Genet. Resour. 20(1): 81-83 (2007)

Although among the selected, one type had more shell
thickness than the criteria fixed and other had very difficult
kernel removal but these were selected because they were
superior in all other characters. The continuous cross
pollination and seed propagation has resulted to this
variability for various nut and kernel characters. These
selected types can be used as cultivars to boost wainut
production in the region in future.
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