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Groundnut is the 13" most important food crops of the world, which is cultivated in more than 100 countries, spread
across 40° N and 40° S latitudes. India is the second largest producer; however the average national productivity is far
below than the world average, predominantly because of the susceptibility of the cultivars to various biotic and abiotic
stresses. Although, the wild species are rich source of several valuable traits but difficult to be transferred into cultivated
groundnut due to ploidy differences. With increased availability of germplasm, efforts are being made to screen them
against various biotic and a biotic stresses resulting in the development and release of 162 varieties, 111 notified under
SeedAct 1966. Initial varietal improvement programme was mostly based on selection from introductionsor local landraces.
Use of these sources hasincreased in last few decades resulting in development of high yielding, disease resistant/tol erant
varieties suitable for different agroclimatic zones. Nevertheless, due to narrow genetic base of the released varieties,
concerted efforts are required to breed varieties involving distant and exotic germplasm preferably from main centre of
diversity to produce varieties with higher level resistance and productivity. This paper highlights about the conservation
and utilization of genetic resources of groundnut and some of the basic information about the released varieties from the

Indian Agricultural Research System.
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I ntroduction

Groundnut, Arachis hypogaea L. (Family: Fabaceag), is
an important oilseed crop of tropical and subtropical
areas of the world. Groundnut is grown on 26.4 million
ha worldwide with a total production of 36.1 million
metric tons of pods, and an average productivity of 1.4
metrictonsha[1]. Indiaisthe second largest groundnut
producing country. In India, groundnut is grown on 5.7
million hawith a production of 4.7 million metric tons,
with an average productivity of 0.8 metric tonsha during
the rainy season and in the post-rainy season itis grown
on 0.9 million hawith aproduction of 1.5 million metric
ton, and an average productivity of 1.6 metric tons ha'*.
Its seeds are a rich source of edible oil (43-55%) and
protein (25-28%). About two thirds of world production
iscrushed for oil and theremaining onethird isconsumed
asfood. In addition groundnut isarich source of vitamins
E, K, and B and richest source of thiamine and niacin
contributing to its nutritional value. Groundnut cake is
used as animal feed and haulms provide quality fodder.

Groundnut originated in the southern Bolivia/north
west Argentinaregion in South Americaand is presently
cultivated in 108 countries of theworld. Asiawith 63.4%
area produces 71.7% of world groundnut production
followed by Africa with 31.3% area and 18.6%
production, and North-Central America with 3.7% area
and 7.5% production. Most authorities believe that in
the late 15 century the Portuguese carried two seeded
groundnut varietiesfrom the east coast of South America

to Africa, to the Malva coast of South Eastern India and
possibly to the Far East [2]. Groundnut was introduced
in India in the East coast of the erstwhile Madras
provenancein the middle of 19th centaury and assumed
agricultural importance in the late 19 and early 20
centaury [3, 4]. Presently, the total production in India
isshared by AndhraPradesh (27%), Tamil Nadu (23.5%),
Gujarat (17.3%), Karnataka (13.8%), M aharastra (8.3%)
and limited areas of Uttar Pradesh [5].

Groundnut is a short stature plant with upright axis
of 20to 40 cm height. The major part of the plant consists
of the primary branches. The leaves are alternate,
stipulatewhileflowersare orange, yellow or combination
of both, typically papilionaceous in shape. The flowers
are borne in the axils of the leaves on the fruiting
branches. It is a self-pollinated crop. After fertilization
the base of ovary elongatesin the form of astalk, called
peg, which contains fertilized ovules at the tip. The
growth of peg is positively geotropic until it penetrates
soil to some depth. The tip of the ovary on resistance
from soil starts swelling and develops into pod, which
contains seeds. Generally it takes about 60 days from
fertilization to full pod maturity. Sufficient variability
exists in groundnut for various morphological and
economictraits, such as seed size (17-124 g /100-seeds),
seed colour (white, light rose, rose, red, purple, white
blotched with purple red), number of seeds per pod (1-
5), pod length (11-83 mm) and pod breadth (9-27 mm)
[6].
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There are four major groundnut production systems
in India under which most of the groundnut is grown
(Table 1). About 75% of the ground arealiesin alow to
moderaterainfall zonewith ashort period of distribution.
Several management practicesfor groundnut production
have been formulated yet there is a wide fluctuation in
yield. Based on the soil and rainfall factors, diseases and
pests situation, cultivation of groundnut has been
demarcated in to five zones (Table 2). Maximum
groundnut production in India is from the southern
peninsular states (ZoneV) wherethe soil ismedium black
to red loam/ sandy loam, 600-1300 mm rainfall per crop
season.

The new generation high yielding varieties
developed and cultivated in these zones depend on their
suitability to various agro-climatic conditions viz. soil
type, temperature and rainfall etc. (Table 3).

Genetic Resources

The genus Arachis contains 67 species, which has been
classified into nine sections [9]. The section Arachis
contains two tetraploid species (2n=40), Arachis
hypogaea, the cultivated type and the other, A. monticola,
and a number of diploid wild species. Based on the
growth habit and branching pattern, cultivated groundnut
has been classified into two subspecies, fastigiata
Waldron and hypogaea Krap. et Rig. Subspecies

Table 1. Groundnut production systemsin India

fastigiata has been divided into four botanical varieties
fastigiata, peruviana Krapov. and WC Gregory,
aequatoriana Krapov, and WC Gregory and vulgaris C.
Harz. The subspecies hypogaea comprisestwo botanical
varieties, hypogaea and hirsuta Kohler [9].

The cultivated groundnut got introduced to different
parts of the world and evolved considerable genetic
diversity, while the wild Arachis species constitute
genetic reservoir of useful characteristics, particularly
resistance to biotic and abiotic stresses. Groundnut
genetic resources have been classified into four gene
pools[10] - the primary gene pool comprises A. hypogaea
and A. monticola, which arefreely crosscompatible. The
cross compatible diploid species of section Arachisforms
the secondary gene pool. The tertiary gene pool
comprisesthe members of the section Procumbentesthat
prabably co-evolved with the species of series Perennes
of the section Arachis and are weakly cross-compatible
with section Arachisand the fourth gene pool consisting
of remaining cross-incompatible with Arachis species
belonging to other sections of the genus Arachis.

Groundnut is attacked by several diseases caused
by fungi and bacteria. However, some of them are
economically important. The most common are early leaf
spot, late leaf spot and rust amongst the foliar diseases;
collar rot, stem rot and dry root rot among soil borne
diseases; bud necrosis (BND), stem necrosis (PSND),

Production System

Maturity Duration Uses

Semi-Arid Tropics rainfed

SAT with irrigation Medium
High input
Residual moisture Short

Short and medium

Medium and long

Oil food and fodder
Oil and confectionery
Confectionery and oil
Oil and foods

Source: Nigam et al., 1994 [7]

Table 2. Groundnut production zonesin India

Zone Name of Zone States

Characteristics features

| Northern Zone

I Western Zone

11 Central Zone

\Y, South-Eastern Zone

\% Peninsular Zone / Southern Zone Karnataka, Andhra Pradesh, Southern
Maharastra, Tamil Nadu, Kerala

Uttar Pradesh, Punjab, Haryana, Rgjasthan
Guijarat, Southern Rajasthan
Madhya Pradesh, Maharastra, Chhattisgarh

Bihar, West Bengal, Orissa, , Jharkhand, Manipur

Sandy loam to loamy sandy soil, 600-900 mm
rainfall per crop season

Medium to black soil/ sandy loam, 500-700 mm
rainfall per crop season

Medium black soil- sandy loam, 700-900 mm
rainfall per crop season

Red loam-sandy loam, 900-1300 mm rainfall
per crop season

Medium black to red loam/ sandy loam,
600-1300 mm rainfall per crop season

Source: AICRP-G Annua Report, 2007 [8]

Table 3. Groundnut varietiesrecommended and grown in different zones of India

S.No Zone Suitable varieties

g b W N P

I ICGS-1, CSMG 84-1, DRG 17, TG 37 A, CSMG 884, HNG 10, GG 14

I Somnath, GG 20, GG 5, GG 6, GG 7, Dh 86, SG 99, TG 37A

Il TAG 24, JL 220, JL 286, LGN 2, AK 159

v BAU 13, BG3, OG 52-1, TAG 24, ICGS 44, ICGS 76

\% ICGS 76, ICGV 86325, K 134, VRI 2, VRI Gn 6, TMV 13, CO Gn 4, CO Gn 5, GPBD 4, GG 16
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peanut mottle virus (PMV) and peanut clump virus
(PCV) amongst viral disease; and bacterial wilt amongst
bacterial disease. A number of wild Arachis speciesviz.
A. stenosperma, A. duranensis, A. correntina, A.
cardenasii, A. spegazzinii, A. chacoense, A. villosa, A.
repens, A. paraguariensis, A. rigonii, A. villosulicarpa,
A. glabrataand A. pusilla have, beenidentified as sources
of resistanceto biotic and abiotic stresses. Many of them
have variability, which doesnot exist in cultivated species
for diseaseslikelateleaf spot. Therefore, they have been
used for transfer of variability for such traits into
cultivated groundnut [11].

Thegenomeanalysisin section Arachisrevealed that
most of the diploid wild species (2n=20) haveacommon
‘A’ genome and asingle species, A. batizocoi has another
genome, designated as‘B’. The ‘A’ and ‘B’ genomes are
homologous and together constitute the cultivated
tetraploid species, A. hypogaea (2n=40). It has been
reveal ed that this species complex does not have astrong
diploidizing mechanism. This knowledge has helped in
the identification of suitable options for gene transfer
from wild species.

Extensive germplasm screening has resulted in
identification of several resistance sources [12]. Many
wild species have also been evaluated against these
diseases resulting in identification of sources with high
level of resistance. The germplasm has also been
evaluated against six viral diseases, like peanut bud
necrosis virus that is predominant in India resulting in
identification of lines with less incidence of disease.
Variationin reactionsto severa soil-bornediseases, such
as Sclerotium rolfsii has been identified [13]. Many
sources have also been identified with resistance to pre-

harvest seed infection, in vitro seed colonization and
aflatoxin production, which is a serious concern of
contamination for export promotion [14].

Sources of resistance to various insect pests have
also beenidentified both in cultivated groundnut and wild
Arachisspecies. Theanalysisof variability for resistance
to these stresses, and also for agronomic traitsindicates
that it ismainly available in the landraces obtained from
primary and secondary centres of diversity. The total
number of resistance sources identified and some of the
important accessionsidentified with resistanceto various
biotic and abiotic resistances have been summarized in
Table 4.

Use of Genetic Resources

Until 1976, the Indian researchers had accesses to only
about 5000 germplasm accessions, predominantly
indigenous with narrow range of genetic variability. A
systematic evaluation of germplasm at | CRISAT, global ly
and later at NRCG, particularly against various stresses
resulted in identification of numerous sources of
resistance. The availability of these sources oriented the
breeding programmes in desired direction, involving
incorporation of resistance or tolerance against major
stresses. In 1980's particularly after the establishment
of the ICRISAT the access to even exotic germplasm
fromvarious centersof diversity, particularly from South
America, the primary centre of diversity increased, which
made significant contribution towards the development
of high yielding varieties.

In the last few decades, particularly after the
establishment of International Crops Research Institute
for Semi-Arid Tropics (ICRISAT), Hyderabad, a

Table 4. Number of accessionsidentified as source of resistance against major yield-reducing factorsin groundnut

Major yield-
reducing factors

Some important source(s)

Total No. of
source(s) identified

Groundnut rust

ICG 7013 (NC Ac 17133 RF), 7896, 7897, 10014, 10030, 10052, 10053, 10067, 10933, 10939, 46

10940, 10943, 1697 (NC Ac 17090), ICG 2716 (EC 76446), 7882 (Pl 314817)

Late leaf spot ICG 7013 (NC Ac 17133 RF), 1697 (NC Ac 17090), ICG 2716 (EC 76446), 7882 (Pl 314817), 73
10920, 11182, 12720, 11317, 11325, 11337, 13917, 13919

Early leaf spot ICG 1703, 6284, 6902, 7878, 100000 39

Resistant to ICG 1326, 3263, 3700, 4749, 4888,7633, 9407 46

Aspergillus flavus

Stem and ICG 4477, 5125, 5175, 12083, 12087, 15233, 5234, 15235 9

pod rot

Bacterial wilt ICG 1609, 1703, 1705, 5272, 5273, 5276, 5313, 7343, 7893, 7894 22

Army worm NRCG 2615, 5687, 5724, 8313, 8673, 9773 6

Jassids ICG 5240, 5040, NRCG 135, 872, 1634, 1637, 3729, 3818, 4140, 4155, 4161, 4176, 4178 39

Leaf miner ICG 156, 2271 (NC Ac 343), 1697 (NC Ac 17090), ICG (FDRS) 4, NC Ac 2821; 3
NRCG 5001, 6701, 6704

Aphid ICG 5240 (EC 36892), ICG 5725, ICG 5240, 5040 —

Drought ICG 2271 (NC Ac 343), NRCG 168, 609, 664, 1116, 1604, 1800, 2310 44

Salinity NRCG 160, 168, 602, 609, 1657, 1934, 2265, 2419 20

Cold tolerant NRCG 955, 1539, 1613, 2428, 2510 23

Source: ICRISAT Information Bulletin NO. 50 [15]
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significant progress has been made in the collection of
groundnut germplasm from various centers of genetic
diversity. Although, the genetic diversity in relation to
certain botanical varieties, such asfastigiata, peruviana
and hirsuta still remains unrepresentative in the world
collections at ICRISAT. More than 15,000 collections
from 92 countries have been assembled at |CRISAT,
while National Bureau of Plant Genetic Resources
(NBPGR), New Delhi, has 11,231 and the National
Research Centre on Groundnut (NRCG), Gujarat, holds
7,164 active collections accessions, predominantly of
Indian origin and only 3,861 of exotic origin, including
accessions collected by All India Coordinated Research
Project on Groundnut (AICRP-G) and erstwhileAll India
Coordinated Research Project on Oilseeds (AICRPO).
Majority of these collectionsrepresent thelandracesand
traditional varieties originated in different agro-climate
or production systems. As per one estimate, ICRISAT
distributed 38,362 samples to Indian researchers, from
1980 to 1995 [16]. This led to increased use of exatic
germplasm in the national programme. Consequently
about 48 per cent of varietal proposals to AICRPO had
exotic germplasm in their parentage (17). These efforts
led to the development of anumber of varieties, such as
JL 24, GG 2, Kadiri 3, M 13,311, ICGS 11, ICGS 44
and ICGS 76 with tolerance to various stresses, which
was owed to their parents of exotic origin used in their
devel opment.

These efforts also led to the development of
groundnut cultivars even with multiple disease resistance,
such as Girnar 1, which has NC Ac 17090, a landrace
from Peru as one of the parents. Few cultivars were also
developed with multiple resistances, such as FDRS 10
and ICGV 86590. As a consequence most cultivars in
India have resistance to one or more stresses, though
they need further improvement in their agronomic
features and those related with yield. Nevertheless,
consequent to these efforts, as per one of the estimates
the average pod yield has increased from 794 kg/hain
1980 to 988 kg/ha in1994 reflecting a genetic gain of
around 1.4 per cent / annum [16] mainly duetoimproved
use of genetic resources.

Release of varietiesin Indian Agricultural System

Groundnut breeding invol vesintroduction, selection and
hybridization for development of desired recombinants.
Identification of proper parents to be involved for a
specific objective isimportant. Segregating populations
are handled through bulk and pedigree systems or with
numerous modifications of the two. Breeding for
resistance to any specific trait requires a good
understanding of the disease or pest, causal organisms
and components of resistance. Genetic control of
resi stance mechanism and its componentsin the sources

identified is very essential, as it would provide
information regarding the amount of genetic variability
that would be generated for selection. Resistance
breeding also demands standardization of appropriate
screening methods/protocol sfor identification/selection
of desirable recombinantsfrom segregating popul ations.
Mutation-breeding approach is being utilized for the
rectification of defects in the recommended/ promising
varieties for specific traits.

Intheinitial stage of crop improvement, the cultivars
were developed through selection from the local
populations/landraces and this continued till 1960.
Subsequently, between 1960 and 1980 more than 80
cultivars were released but the average productivity
remained stagnant because of the vulnerability of
released cultivars to various hiotic/ abiotic stresses
(narrow genetic base) and poor production technology.
This demanded breeding for resistance, involving
screening of germplasm for identification of sourcesand
hybridization for incorporation of gene(s) conferring
resistance and other desirable features. This led to
targeted breeding for specific traits. Several modified
procedures were used including recurrent selection.
Backcrossing was used for transfer of simply inherited
specific characters like resistance to diseases. At the
Bhabha Atomic Research Centre, Mumbai, mutation
breeding was also attempted for development of high
yielding cultivarsviz. TG1, TG3, TAG 24, TG 37A, TG
38B and TG51 etc.

The SeedsAct, 1966 and the Central Subcommittee
on Crop Standards, Notification and Release of Varieties
inAgricultural Cropshave played agreat rolein bringing
out varieties developed in various cropsin public domain
and recognition to the role of quality in seed production
to increase crop productivity. Although, devel opment of
cultivars with higher yield received initially greater
attention of breeders, but later cultivars with tolerance
for some of the biotic stresses were also emphasized. A
significant progress has been made in this regard and
about 1627 varieties have been released in the Indian
Agricultural system with the efforts of AICRP-
Groundnut, State Agricultural Universities or State
Agricultural Departments since 1905 to 2004 (Table 5).
Of these, 111 have been notified under the Section 5 of
the Seeds Act [18]. Amongst the 162 cultivars 65% of
the varieties are notified and released by the Central Sub
Committee on crop standards, notification and release
of varieties of Agricultural and Horticultural crops, 32%
are the state release varieties whereas 3% are improved
cultigens of common knowledge in commercial
cultivation but are not notified (Table 5). The dataon the
released varieties revea that 74 cultivars belonged to
the subspecies fastigiata, whereas 63 belonged to
subspecies hypogaea (Table 5). Based on cultivars
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groupings, 83 belong to Spanish bunch (A. hypogaea
fastigiata var. vulgaris), four to Valencia (A. hypogaea
fastigiata var. fastigiata), 38 to Virginia bunch (A.
hypogaea hypogaea var. hypogaea type bunch) and 27
to Virginiarunner (A. hypogaea hypogaea var. hypogaea
type runner). It is evident that there has been a mgjor
thrust for the development of early maturing and
synchronous podding types bel onging to Spanish group.
Early maturity and synchronous podding facilitate wider
adoption of the varieties in various production systems
(mixed/rotation) and easy post-harvest handling. The
other group that received attentionisVirginiabunch with
medium duration; because of their tolerance to various
stresses and comparatively high economic yield due to
their additional biomass that can be used for fodder
purposes.

Of thetotal 162 varietiesdeveloped at national level,
59 have been developed through selection, 87 varieties
through hybridization and 8 by mutation, while only two
aredirect introductions (Table 5). More than 54 per cent
of varieties released have exotic germplasm in their
parentage. Exotic germplasm has been used mainly for
improving yield by crossing between €lite lines. Very
few accessions have been used for transfer of specific
traits, for example resistance to foliar diseasesfrom NC
Ac 17090 and Pl 259747 or agronomic traits like
earliness from Chico, indicating limited use of diversity
for desirabletraits. Thirty seven per cent of the varieties
have been developed predominantly using local
collections, where selections from introduced germplasm
has been the main breeding methodology. Therefore, for
sustainability, wider adaptability and increased yield,
greater emphasisis required for use of diverse and new
germplasm, primarily exotic to breed resistance against
yield reducing factors and to incorporate specific
agronomic traits suited to specific environment and
requirement.

Although number of resistance sources against
biotic/ abiotic stresses have been identified but their
proper utilization for theimprovement of crop production
is limited. Most of the identified varieties are high
yielding, early maturing or resistant to foliar diseases
while limited sources are available against abiotic
stresses of drought, salinity and cold tolerance. About
75% of the groundnut production in Indiais contributed
from ZoneV (Southern zone) where groundnut isarain
fed crop emphasisisrequired to devel op drought tol erant
genotypes. In addition for sustainableimprovement, there
is an urgent need for introduction of accessions with
resistance to newly arising biotic and abiotic stresses,
such as bud necrosis, stem necrosis, and pests, such as
leaf miner and armyworm (Spodoptera). Since groundnut
being an introduced crop, the genetic base of thevarieties
developed till dateisvery narrow with similar parentage

viz. JL 24, Robut 33-1, M-13 appear in the parentage of
11, 14, and 7 cultivars respectively (Table 5). Therefore,
thereisaneed for incorporation of new, diverseand more
stable sources of resistance and other desirable features,
including wild Arachis species in the parentage.

Further, as these varieties contain important
constellations of useful genes and need further
improvement to meet the requirement of changing
scenario, inventorization and conservation of these
varietiesare essential. Thiswould facilitate improvement
of local genotypes with greater adaptability to local
conditions with capability of performing better with
higher yield. The present article provides information
onreleased varietiesand their availability in the National
Genebank to facilitate their use in groundnut
improvement programme.

Limitations and Gaps

Though the number of accessions collected and
conserved in the National Genebank (NBPGR) and at
National Research centre for Groundnut (NRCG) has
gone up to 11,231 and 7,164 respectively, but there still
exist gaps for variability and need to be augmented with
targeted introductions of accessions for traits such as
resistance to insect pests and aflatoxin contamination.
For better management of conserved accessions and to
promote their use, they have to be characterized and
eva uated and grouped for drawing acore set representing
total spectrum of variability that can be studied in detall
and used in genetic improvement.

Despite, significant progress has been made in
genetic improvement of groundnut crop, their still exist
gaps, like vulnerability to aflatoxin contamination and
drought in addition to lack of recombining of resistance
against stresses in combination with desirable
commercia characteristics for stable and sustainable
yield across diverse locations. High yielding cultivars
arevulnerableto stresses, because of their narrow genetic
base. This situation demands use of diverse sources,
including wild Arachis species. Overcoming these
constraints is an important challenge, which can likely
be addressed through pyramiding of desirable genesand
wide-hybridization involving wild Arachis species. This
may require the use of biotechnological tools to
overcome the incompatibility barriers [18] and genetic
transformation for introgression genes beyond taxonomic
boundaries. In case of wild Arachis species significant
success has been achieved using cross compatible
Arachis species[16], but theinterspecific breeding needs
to be further strengthened with extension of efforts to
species of secondary and tertiary gene pools. Gene
isolation from the wild species, which is yet to be
achieved, can be another approach; however, transposon
mutagenesis [19] using heterologous transposable
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elements may be a useful procedure for gene cloningin
thewild species. In addition, several transgenic strategies
are being considered for reducing aflatoxin
contamination in groundnut.

The following thrust areas have been identified for

improvement of cultivated Arachis species

e Development of varieties for specific environment
and requirement to meet the local and international
market demands

e Development of early-maturing varieties suitablefor
different production systems and to escape end of
season drought

e Incorporation of 2-3 weeks fresh seed dormancy in
Spanish types

e Intensification of effortson development of varieties
resistant or tolerant to abiotic stresses, particularly
drought

e Intensification of effortson development of varieties
resistant or tolerant to major diseases, such as late
leaf spot, rust (using diverse sources), bud necrosis
and stem necrosis and major insect pests, such as
leaf minor and Spodoptera

e Breeding for Aspergillus flavus resistance and
aflatoxin contamination needs strengthening as
susceptibility of groundnut to aflatoxin
contamination is a serious health hazard limiting
export of groundnut for confectionery/table purposes

e Exploitation of wild Arachis species needs to be
intensified as they provide a unique opportunity for
incorporation of useful traits not only for resistance
to biotic and abiotic stresses, but also for yield,
quality, oil and protein
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