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1. Introduction
Groundnut (Arachis hypogaea L.) is an annual legume, which is also known as peanut, earthnut, groundnut, gooberpea, goobers, pindas, jacknut, manilanut and monkeynut.  Groundnut seeds (kernels) contain 40-50% fat, 20-50 % protein and 10-20% carbohydrate. The seeds are also a source of vitamin E, niacin, falacin, calcium, phosphorus, magnesium, zinc, iron, riboflavin, thiamine and potassium. Groundnut kernels are consumed directly as raw, roasted or boiled or oil can be extracted and used for culinary purposes. It is also used as an animal feed (oil pressings, seeds, green material and straw) and industrial raw material (oil cakes and fertilizer). These multiple uses of groundnut plant make it an excellent cash crop for domestic markets as well as for foreign trade in several developing and developed countries.
Groundnut is the 13th most important food crop and 3rd most important oilseed crop of the world. About 53% of total global production of groundnut is crushed for edible oil, 32% is used for confectionery purposes and the remaining 15% is used for animal feed and seed production. While in India, about 81% of the total groundnut produced is used for oil extraction, 12% for seed 6% for direct consumption and 1% for export trade (Reddy, 1983). It is cultivated in more than 100 countries in six continents mostly confined to the tropical countries ranging from 40º N to 40º S (Nwokoto 1996). It is grown in 25.2 million hectares globally with a total production of 35.9 million tons and a yield of 1421 kg/ha (FAO, 2006). Production is concentrated (about 92% of global groundnut area) in Asia and Africa where the crop is grown by smallholder farmers under rainfed conditions with limited inputs.

Major groundnut growing countries are India (26%), China (19%) and Nigeria (11%). The Major groundnut producing countries are: China (40.1%), India (16.4%), Nigeria (8.2%), U.S.A (5.9%) and Indonesia (4.1%). In India, groundnut accounts for about 24.2% of area (6.41 million ha) and 38% (9.36 million tons) of production under oil seeds (DAC, 2008). About 75% of the groundnut area in the country lies in a low to moderate rainfall zone (parts of peninsular region and western and central regions) with a short period of distribution. Most of the groundnut production in India, is concentrated in six states viz. Gujarat, Andhra Pradesh, Tamil Nadu, Karnataka, Maharashtra and Rajasthan. The remaining groundnut producing areas are scattered in the states of Madhya Pradesh, Uttar Pradesh, Punjab, Orissa and West Bengal. 

Although the crop can be grown in all the seasons, it is grown mainly in rainy season (Kharif; June-September). The kharif season accounts for about 80% of the total groundnut production. In the Southern (Tamil Nadu, Andhra Pradesh) and Southeastern regions (coastal Andhra Pradesh, Orissa, West Bengal) groundnut is grown also in rice fallows during post-rainy season (Rabi; October to March). If irrigation facilities are available, groundnut can be grown during January to May as a spring or summer crop (parts of Uttar Pradesh, Rajasthan, Gujarat, Maharashtra, Karnataka). The productivity of rabi-summer groundnut is much higher (1691 kg/ha) and stable than the kharif (1412 kg/ha) crop (DAC 2007-08). Groundnut is grown in different cropping systems like sequential, multiple, and intercropping (Basu and Ghosh 1995) with an array of field (Sorghum, Maize, Bajra, Pigeon pea, Green gram, black gram and commercial/ plantation crops (Cotton, sugarcane, Coconut).

2. Centres of origin and diversity

The species of the genus Arachis are native to South America including cultivated groundnuts. They are distributed between the river Amazon in the north, Rio de la Plato in the south, the Andes to the west and the Atlantic to the east. Krapovickas (1969) postulated that the cultivated groundnut, Arachis hypogaea is believed to have originated in northern Argentina and south Bolivia and the centre of diversity of the genus Arachis to be the Mato Grasso, Brazil in which majority of the species are found. Bolivia has the second largest number of species followed by Paraguay, Argentina and Uruguay. Most authors have recognized six gene centers for the cultivated types (Table 1)
Table 1. Centre of diversity and Distribution of cultivated type
	Centre of diversity
	Distribution of cultivated type

	Guarani region 

(Paraguay- Parana)
	Erect Valencia type, ssp. fastigiata and intermediate type between var. fastigiata and vulgaris 

	Goias and mina Gerais region (Tocatins, San Frasncisco)
	Erect type, ssp. fastigiata var. fastigiata and races of both  var. fastigiata and vulgaris 

	Rondonia North-West Mato Grosso (Brazil)
	Nambyquarae type of ssp. hypogaea and erect type with yellow testa colour

	Eastern foothills of the Andes and Bolivia
	subspecies hypogaea var. hypogaea and few races of ssp. fastigiata and intermediate of these two ssp.

	Peru (Upper Amazon and West Coast)
	Races of ssp. hypogaea, with constriction, veins and beak, similar type of ssp. fastigiata var. fastigiata (var. peruviana) and ssp. hypogaea var. hirsuta

	North –East Brazil
	All morphological types along with intermediate types between var. fastigiata and var. hypogaea 


ssp=subspecies; Sources: Singh and Simpson (1994)

Amongst these, the first five centres have been considered as secondary centre of diversity, while the North – East Brazil is considered as a tertiary centre of diversity. Africa is also regarded as an important tertiary centre of diversity with a wide variability in the cultivated species. In Africa, introduction from different countries especially from Bolivia, Brazil, China and India has contributed to the genetic variability of the cultivated groundnut (Smartt, 1990; Singh and Simpson, 1994).
3. Crop systematic and species relationships
Groundnut is a species in the legume family (Fabaceae). The genus Arachis is morphologically well defined and clearly delineated from its closest relatives by the presence of geocarpic peg. The genus Arachis is placed with its relatives Stylosanthes, Chapmannia, Arthrocarpum and Pachecoa in the sub-tribe Stylosanthinae of the tribe Aeschynumeneae on the basis of the shared morpological characters of a staminal tube with alternately attached basal and dorsal anthers, flowers in terminal or axillary spikes or small heads (which are sometimes raceme-like), pinnate leaves, and leaflets without stipules. The taxonomical treatment of this species is as follows

	Kingdom
	Plantae

	Division
	Tracheophyta

	Class
	Magnoliophyta

	Order
	Fabales

	Family
	Fabaceae

	Subfamily
	Faboideae

	Tribe
	Aeschynomeneae

	Genus
	Arachis

	Species
	hypogaea


The only member of the genus known to the science till 16th century was A. hypogaea described by Linnaeus (1753). A century later, Bentham (1841) described 5 more wild species namely, A. glabrata, A. pusilla, A. villosa, A. prostrata, and A. tuberosa. Valls and Simpson (1997) recognized 11 new species, which still have not been formally described, with which the species number of the genus would increase to 80 (Lavia, 2000). Based on the morphological similarities, cross-compatibility relationships and pollen fertility of inter specific hybrids, Krapovickas (1969, 1973), IPBGR (1990) and Gregory et al. (1973, 1980) proposed a subgeneric classification dividing the genus in to sections and series (Table 2). However, none of these classifications were validly published according to the rules of the International Code of Botanical Nomenclature (Ressalar, 1980). Therefore, all the sectional epithets which have been proposed to date must be considered nomina nuda and have no status under the code. Any of the proposed systems may be used most commonly despite its non-validity, and has served well for defining broad cross-compatibility relationships between taxa within genus and delimiting taxonomic boundaries.
Krapovickas and Rigonii (1960) and Krapovickas (1969) divided the cultivated species into two subspecies, each of which has two botanical varieties (Table 3a). This classification is based on growth habit, branching pattern, inflorescence, pod and seed characters, seed dormancy etc. This classification is more conveniently used in many literatures because of the ease of grouping. 

Table 2.  Taxonomic subdivisions of genus Arachis (Krapovickas, 1969, 1973, 1990; Gregory et al. 1980) and proposed genomes 

	Section
	Series
	Genome
	Chromosome no. (2n)

	Arachis 
	1. Annuae
	A, B, D
	20

	
	2. Perennes
	A
	20

	
	3. Amphiploides
	AB
	40

	Erectoides
	1. Trifoliolatae
	E1
	20

	
	2.Tetrafolilatae 
	E2
	20

	Procumbensae
	-
	P
	20

	Caulorhizae
	-
	C
	20

	Rhizomatosae
	1. Prorhizomatosae 
	R
	20

	
	2. Eurhizomatosae
	2R
	40

	Extranervosae
	-
	Ex
	20

	Ambinervosae
	-
	AM
	20

	Triseminalae
	-
	T
	20


Table 3a : Most widely adopted classification of groundnut (Arachis hypogaea L.)

	Subspecies 
	Varieties
	Botanical type
	Branching pattern
	Growth habit
	Seed/pod

	hypogaea
	hypogaea
	Virginia
	alternate
	prostrate to semi-erect
	2-3

	
	hirsuta
	Peruvian runner
	alternate
	prostrate
	2-4

	fastigiata
	fastigiata
	Valencia
	sequential 
	erect
	3-5

	
	vulgaris
	Spanish
	sequential
	erect
	2


Based on subspecific nomenclature and the varietal associations, Krapovickas and Gregory (1994) further classified the two subspecies of groundnut in to six botanical varieties which freely exchange genes within and between them (Table 3b).  
Subspecific classification in this genus would, however, remain inconclusive on account of wide variations and intermediate forms observed among the Arachis germplasm as well as in the breeding populations. Hence, the classification restricting to the botanical types, erect, semi-spreading and spreading would be much more practical and applicable.

Groundnut gene pools

Based on the cross compatibility relationships, the Arachis gene pools have been classified into primary, secondary, and tertiary. Arachis hypogaea and A. monticola are the two tetraploid species of section Arachis grouped under primary, while all other diploid species of section Arachis fall in secondary gene pool. Species that belong to section other than Arachis are grouped under tertiary. The gene flow among different gene pools and between different sections within tertiary is generally limited.

Evolution of cultivated groundnut 
Arachis hypogaea is an allopolyploid with two different genomes ‘AABB’ (Stalker 1992; Raina and Mukai 1999). There are several theories put forth for the evolution of groundnut. Direct amphidiploid origin (Krapovickas and Rigoni, 1957); evolution from pre-existing wild allotetraploid (Smart and Gregory, 1967) and lastly of the annual x perennial hybrid combination within section Arachis were considered important in the evolution of groundnut. 
One of the “A” genome species, A.cardenasii, A.chacoense, A.correntina, A.duranensis nom.nud. and A.villosa and A.batizocoi of “B” genome have been hypothesized as possible progenitors of A. hypogaea (Stalker and Moss 1987; Singh and Smart 1998). However, Paik-Ro et al. (1992) reported that A. batizocoi is not closely 
Table 3b.  Botanical classification of Arachis hypogaea as proposed by Krapovickas and Gregory, 1994
	Varieties 
	Market 

type 
	South American 

location where it is abundant
	Characteristics 

	Sub-species hypogaea

	
	
	 
	No floral axes on main stem; alternating pairs of floral & reproductive axes on branches; branches short; less hairy

	hypogaea
	Virginia runner
	Bolivia, 

Amazon
	Less hairy; large seeded

	hirsuta 
	Peruvian runner 
	Peru 
	More hairy, small seeded 

	
	
	
	Floral axes on main stem; alternating pairs of floral & vegetative axes on branches 

	Sub-species  fastigiata

	fastigiata
	Valencia 
	Brazil 

Guranian 

Goias 

Minas gerais 

Paraguay 

Peru 

Uruguay   
	Less branches, long upright branches, hairy leaf

	peruviana 
	Peruvian forms
	Peru 

N.W. Bolivia 
	Less hairy; deep pod reticulation 

	aequatoriana 
	Peruvian forms
	Ecuador 
	Very hairy; deep pod reticulation; purple stems; more branched, erect

	vulgaris 
	Spanish bunch
	Brazil

Guranian 

Goias 

Minas Gerais

Paraguay   

Uruguay 
	More branched; upright branches


related to A. hypogaea and hence can not be considered as the “B” genome donor. Based on Restriction Fragment Length Polymorphism (RFLP) studies, Kochert et al. (1991) suggested that A. ipaensis could be the “B” genome donor. Fernandez and Krapovikas (1994) supported A. duranensis and A. ipaensis as the “A” and “B” genome donors respectively.  Based on crossability and molecular data, scientists at ICRISAT proposed A. hanoei as the “B” genome and A. duranensis as “A” genome donors of cultivated groundnut (SATrends 2002b). However, till date no cross combinations between “A” and “B” species produced A. hypogaea like species.  Molecular studies (Kochert et al. 1991; Halward et al. 1991a, Stalker 1991) at DNA levels (RFLP, PCR, Isozymes and seed storage proteins) have indicated that a large amount of genetic differentiation had already taken place in ‘A’ and ‘B’ genomes as reported earlier (Stalker and Dalmicio 1981, Singh and Moss 1982) thus making it difficult to predict either one or both the putative genome donors of A. hypogaea
Chromosomes of Arachis
a) Numbers 
Badami (1928) reported a chromosome number of 2n=20 in the cultivated species. Husted (1931, 1933, 1936) reported a chromosome number of 2n=40. Ghimpu (1930) and Kawakami (1930) were the first to determine the true chromosome number of   A. hypogaea to be 2n=40. The first chromosome count reported for a wild species was 2n = 40 for A. glabrata (section: Rhizomatosae) (Gregory, 1946). Most species in the genus Arachis are diploid (2n=20). However, tetraploid species with chromosome numbers 2n=40 as reported in sections Arachis and Rhizomatosae are highly cross-incompatible. This indicates that polyploidy may have apparently ari​sen at least twice in the section Arachis and Rhizomatosae independently in this genus. 

Lavia (1996, 1998) reported a chromosome number of x=9 for A. palustris and A. praecox and in A. décora  (Penaloza et al. 1996) of the section Arachis. Among the two series of chromosome numbers that appear to occur in the genus Arachis (2n = 2x = 20 and 2n = 4x = 40) the diploid forms are more predominant and hence the basic chromosome number is believed to be x=10. The proposed basic chromosome number of x=9 in the species A. palustris and A. praecox might have originated by the selective elimination of a single chromosome from the other species having x=10. On the other hand, Bera et al. (2002b) proposed that reverse may be true and species with chromosome number x=10 might have originated by selective duplication of a single chromosome. The presence of two basic chromosome number (x=9 and x=10) and less existence of polyploid species in the genus Arachis indicates that aneuploidy has played a key role in the evolution and speciation of Arachis species rather polyploidization. Therefore, the species diversity of Arachis may be mainly due to structural chromosomal rearrangements and thus supports the theory that groundnut is segmental polyploidy and that the section Arachis represents the most advanced traits within the genus.
b) Chromosome size, types and pairing behaviour

The chromosomes of groundnut are small ranging from 1.4 to 3.9 μm in length, mostly metacentric and are difficult to karyotype. While chromosomes of most species of Arachis are symmetrical with median chromosomes. Husted (1933, 1936) analyzed somatic chromosomes of several cultivars and distinguished a pair of a small chromosomes termed as “A” chromosomes and another pair with a secondary constriction, termed as “B” chromosomes. Few karyotype studies attempted in the species of the section Arachis (Stalker and Dalmacio, 1981; Singh and Moss 1982; Stalker, 1991) indicated the presence small “A” chromosome pairs in most species while it was absent in the species, A. batizocoi, A. cruziana, A. magna, A. williamsii and A. ipaensis but instead had the “B” chromosome pair (satellite chromosome) (Smartt et al. 1978a). Babu (1955) reported several types of secondary constriction in A. hypogaea, and proposed that cultivars could be distinguished based on karyotype differences (D’Cruz and Tanskasale, 1961; Stalker and Dalmacio, 1986). 

The meiotic chromosomes of A. hypogaea pair mostly as 20 bivalents, but a few multivalents occasionally have also been reported (Husted, 1936). Hybrids among subspecific types have mostly bivalents at metaphase I, but univalents also exist at a low frequency. Husted (1936), Raman (1976), and Stalker (1980) concluded that structural differences in chromosomes exit between the two subspecies hypogaea and fastigiata. 

5. Plant Morphology and floral biology

The groundnut seed contains two large cotyledons, a stem axis, leaf primordial, hypocotyl and primary roots.  It is interesting to note that all primordial leaves and above ground structures appearing within the first few weeks after germination are already present in the seed. Germination is epigeal, hypocotyl is white and very prominent in the early stages of growth but becomes indistinguishable from the roots as the plant matures. The primary root system is tap rooted but many lateral roots develop about three days after germination. Even though roots can reach 135 cm deep, generally they are restricted to 5-35 cm below the soil surface (Intorzato and Tella, 1960). Roots do not have typical root hairs but tuffs of hairs emerge in the axils of lateral roots (Moss and Ramanatha Rao, 1995). Although groundnut has a symbiotic relationship with Bradyrhizobium, root hairs are not the site of infection as observed in many legumes (Elkan, 1995).


Stems are solid, but becomes slightly hallow when the plant matures. The main stem develops from a terminal bud of the epicotyl and two cotyledonary laterals develop grow on opposite sides near the soil level. The main stem can be upright or prostrate depending on the botanical type. Leaflets on the main stem vary from those of lateral branches. Branching pattern of reproductive to vegetative nodes on the cotyledonary laterals is one of the prime criteria dividing the two subspecies         
Groundnut inflorescence is unique among domesticated plants in that it flowers above ground but produces seeds below the soil surface. Flowers are borne on axils of leaves on primary or secondary branches, spike-like, simple or compound monopodia and each node has up to five flowers. However, three flowers per inflorescence are most common. Only one flower per inflorescence opens at any given time. The flowers are modified sessile papillonaceous flowers that appear to be stalked due to presence of tubular hyphanthium or “calyx lobe”. The flower is subtended by a bract, with a second bract on the inflorescence branch. There are two calyx lobes, an awn-like one opposite the keel (includes one sepal) and a broad one opposite to the back of the standard (includes four sepals-fused). The corolla consists of 5 petals (1standard, 2 wings, 2 keel) and the calyx has 5 sepals both are borne at distal end of the calyx tube (Figure 1). The standard petal is light yellow to deep orange or rarely white. A central crescent area exists on the face of the standard petal which can be deeper in colour as that of standard or even express a different colour. The wing is usually the same colour as standard. But it may vary according to the variety.

The style is contained within the calyx tube and both calyx tube and style elongate rapidly up to 5-7 cm in 24 hours prior to anthesis. The androecium is a monoadelphous structure with the staminal tube bearing five oblong and five globular anthers. The filaments are fused for two thirds of their length. Among the globular anthers, two are sterile. This number usually varies in different varieties. In erect types, the sterile anthers are more common while it may be absent in spreading types.

Flower emergence and opening

Groundnut produces more flowers than the plant can sustain to develop in to pods. About 40% of flowers fail to develop in to mature pods, while another 40% produce only pegs. Less than 20% of flowers only produce mature fruits. Genotypes which flower early and produce most of the flowers during first two weeks of the flowering period produce greater number of pods.  

Depending on photoperiod, temperature and genotype, flowering starts at about 25 days after emergence. The number of days required to first flowering reduces to 38 to 24 days when the daily mean temperature rises to 20-30°C in spreading and semi-spreading types while it drops from 35 to 24 days in Spanish and Valencia types. The most prolific flowering occurs between 5 and 11 weeks after sowing depending on the duration of cultivar, and the season with a high degree of first formed flowers producing mature fruits.

Usually four to five stages of flowering can be observed in a groundnut plant. Very few flowers are produced in stage I, followed by rapid flowering in stage II. A peak is reached at stage III, followed by a decline in the number of flowers at stage IV and V. In some genotypes there can be two peaks of flowering. Very few flowers that are formed after the first and or second peaks of flowering produce mature fruits, unless early flowers are prevented from functioning normally due to some environmental stress.

A day before anthesis, the flower bud is 6-10 mm long. During the day time, the hypanthium elongates slowly and the buds grow to 10-20 mm long. The elongation is faster during the night and at the time of anthesis the buds are about 50-70 mm long. Flower buds generally open at the beginning of the light period; it may be delayed in cold or wet weather. 

The dehiscence of anthers takes place 7-8 hours before the flower opens or some times much later. Generally it takes place 1 hour before flower opening. Similarly the stigma is reported to be receptive from 24 hours before to 12 hours after the opening of the flower, but generally it is receptive only a few hours before anthesis. The pollen tube grows at the rate of about 1 cm per hour resulting in fertilization, 5-6 hours after pollination.

Anthesis and pollination

The pollen matures 6 - 8 hours before anthesis. At the time of anthesis the pollen has two generative nucleii. The self-pollination occurs because the stigma and anthers are enclosed by the keel. Cross pollination (ranging from 0 to 6.16%) also occurs through bees. The stigma is at the same level or protrudes beyond anthers; papillate type without surrounding hairs (surrounded by many papillae), elongated, and strongly curved. Stigma is receptive before anthesis. Pollination takes place at or near the time of anthesis (flower opening). Enzymes associated with pollen germination are produced on the stigmatic surface from 48 hours before to 8 hours after anthesis. 

The ovary is unilocular, and has 1 -3 ovules, superior with the calyx tube attached to the base of the ovary. Fertilization is complete within 6 hours after pollination or before midday. After fertilization, the flower drops, the corolla closes, the calyx tube bends. The hypanthium and the style may remain attached to the base of the ovary for 4-5 days. The ovary at the base of the calyx tube starts growing actively within a week by the activation of the intercalary meristem located below the ovary. The green ovary becomes purplish from tip downwards. The developing ovary pierces through the floral parts to reveal an elongating peg, a green stalk like structure which is botanically a 'carophore' or 'gynophore' and starts growing (elongating) geotropically. The peg carries the fertilized the ovule at its tip. The numerous plastids that develop after fertilization in the epidermal wall of the peg were found responsible for its positive geotropic movement. The peg becomes diageotrpic after penetrating the soil and ceases to elongate due to the formation of auxins formed in its distal potion. The diageotropism is such that the ovules are always located on the upper wall of the pod with the pod tip pointing away from the plant.  Differences between cultivars in the depth at which pod are formed have also been reported. The normal podding zone is 4-7 cm below soil surface. The optimum temperature in podding zone is about 31-33°c. Lower soil temperature around 23°c increases number of pods and pod weight but increases filling duration thus increasing maturity. It takes about 60 days from the time of fertilization to full maturity. 
Pods are elongated with varying degrees of reticulation on the surface. They contain two to five seeds although differences exist among members of the subsp. hypogaea and fastigiata. Seeds (kernels) may be oval, round or elliptical, have pointed or flattened ends, vary in seed coat colour from off-white to deep purple and may be monochrome or variegated.  Seed size ranges from 0.15 to more than 1.3 g/seed while the seeds of the wild species weigh as low as 0.047 g/seed (Stalker, 1997). For further understanding on morphological variations in groundnut readers may refer to IBPGR/ICRIST (1992); Krapovickas and Gregory (1994); IBPGR (1990); Ramanatha Rao and Murty (1994) and Stalker and Simpson (1995). 
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Figure 1. Parts of a groundnut flower
(Source: Smith, 1950)

6. Inheritance of vegetative, reproductive and yield traits in groundnut

Genetic variability in groundnut is extensive (Table 4). Much of this variability has been described by Murthy and Reddy (1993). In addition, Isleib et al. (1994) have listed sources of variability for resistance to pest problems of significance world wide. Despite these extensive research reports, the knowledge of groundnut genetics lags behind that of major crops. For example only eight linkage groups only are known in cultivated groundnut (Murthy and Reddy, 1993). Most linkages are not too close limiting their usefulness in breeding programmes. The closest linkage value observed was a 10% crossing over value between genes for variegated testa colour and non-nodulation (Dasheill et al. 2001) and 7.8% recombination between orange corolla colour and purple testa colour (Knauft et al. 1991). However, these traits were of less economic value from breeding point of view.

Genetics of various traits have been reviewed by Seshadri, 1962; Hammons, 1973; Wynne and Cofflet, 1982; Reddy, 1988; Knauft and Wynne 1995; Murthy and Reddy, 1996 Murthy and Ghewande, 1996. From the various studies conducted on heterosis, combining ability and gene action, it is concluded that most agronomically important traits in groundnut are quantitatively inherited. Additive genetic variance for economically important traits including pod yield has been found predominant and hence early generation testing should eliminate many undesirable crosses. But unfortunately, yield and its components have low narrow sense heritability and significant genotype x environment interaction leading to low success rate in getting desirable recombinants. The genetics of important qualitative (Table 5) and quantitative traits (Table 6) as reported in the literature have been provided in tabular forms for better understanding Table 4. Range of variation for different traits observed in world collection of groundnut at ICRISAT, Patancheru

	Character
	Minimum
	Maximum
	Intermediate(s)

	Life from
	Annual 
	-
	-

	Growth habit
	Erect
	Procumbent
	Decumbent

	Branching pattern
	Sequential
	Alternate
	Irregular 

	Stem pigmentation 
	Absent
	Present
	-

	Stem hairiness
	Glabrous
	Woody
	Hairy, very hairy

	Reproductive branch length
	> 1 cm
	10 cm
	Continuous

	Number of flowers/inflorescence
	1
	5
	2,3,4

	Peg colour
	Absent
	Present
	-

	Standard petal colour
	Yellow
	Garnet 
	Lemon yellow, light orange, dark orange

	Standard petal marking
	Yellow
	Garnet 
	Lemon yellow, light orange, dark orange

	Leaf colour
	Yellowish green
	Dark green
	Light green, green, bottle green

	Leaflet length
	17 mm
	94 mm
	Continuous

	Leaflet width 
	7 mm
	52 mm
	Continuous

	Leaflet L/W ratio
	1
	6
	Continuous

	Leaflet shape
	Cuncate
	Lanceolate
	Obcuneate, elliptic

	Hairiness of Leaflet
	Subglabrous
	Profuse and long
	Scarce and short, scarce and long, profuse and short

	Number of seeds/pod
	1
	5
	2,3,4

	Pod beak
	Absent
	Very prominent 
	Slight, moderate, prominent 

	Pod constriction
	Absent
	Very deep
	Slight, moderate, deep

	Pod reticulation
	Smooth
	Prominent 
	Slight, moderate

	Pod length
	14mm
	65 mm
	Continuous

	Pod width
	7 mm
	20 mm
	Continuous

	Seed colour pattern
	one
	Variegated
	-

	Seed colour
	Off white
	Dark purple
	Yellow, shades of tan, rose, shades of red, grey- orange, shades of purple

	Seed length
	4 mm
	23 mm
	Continuous

	Seed width
	5 mm
	13 mm
	Continuous

	100 seed weight
	14 g
	136 g
	Continuous

	Days to emergence 
	4
	18
	Continuous

	Days to 50% flowering
	17
	54
	Continuous

	Days to maturity
	75
	> 155
	Continuous

	Fresh seed dormancy
	0 days
	> 66 days
	Continuous

	Oil content 
	31.8%
	55.0 %
	Continuous

	Protein content 
	15.5
	34.2
	Continuous


Table 6. Genetics of important quantitative traits in groundnut
	Trait
	Type of gene action
	Reference

	Height of main stem
	Epistasis; dominance in negative direction; duplicate epistasis
	Sangha et al. 1990

	Days to first flowering
	Additive
	Mathur et al. (2000)  

	
	Non-additive
	Singh et al. (1982); Rekha et al. (2009)   

	Number of pods/plant
	Additive
	Garet (1976); Cahaner et al. (1979); Sangha and Labana (1982)

	
	Non-additive
	Labana et al. (1981); Manoharan et al. (1985) ; Dwivedi et al. (1989); Parameshwarappa and Kumar (2007); Rekha et al. (2009)    

	Pod yield
	Additive
	Wynne et al. (1975); Garet (1976); Layrisse et al. (1980); Singh et al. (1982); Manoharan et al. (1985)

	
	Non-additive
	Isleib and Wynne (1983); Singh (1983); Makne and Bhale (1987); Nadaf et al. (1988); Dwivedi et al. (1989); Upadhyaya et al. (1992); Upadhyaya and Nigam (1998); Mothilal et al. (2007); Parameshwarappa and Kumar (2007); Rekha et al. (2009); Mothilal and Ezhil (2010)  

	Seed (kernel) yield
	Additive
	Singh et al. (1982); Upadhyaya and Nigam (1998)

	
	Non-additive
	Lontican and Abilay (1992); Upadhyaya et al. (1992); Rekha et al. (2009); Savithramma et al. (2010)    

	Hundred seed mass
	Additive
	Wynne et al. (1975); Labana et al. (1981); Anderson et al. (1993); Upadhyaya and Nigam (1998); Hariprasanna et al. (2008)

	
	Non-additive
	Singh (1983); Basu et al. (1986 b); Bhagat et al. (1986 b)

	Shelling outturn
	Additive
	Garet (1976)


	
	Non-additive
	Basu et al. (1986 b); Bhagat et al. (1986 b); Upadhyaya et al. (1992) ; Parameshwarappa and Kumar (2007); Savithramma et al. (2010)  


	Days to maturity
	Additive
	Singh et al. (1982); Ali et al. (1995); Mathur et al. (2000); Savithramma et al. (2010) 

	
	Non-additive
	Habib et al. (1985); Basu et al. (1986 a)  

	Oil content
	Additive

	Garet (1976); Varman (2000)  Dasaradha et al. (2004); Parmar et al. (2002); Isleib et al. (2004); Venkateswarlu et al. (2007 b)

	
	Non-additive
	Hamid et al. (1981); Makne and Bhale (1987); Basu et al. (1988); Rudraswamy et al. (2001) ; 

	Iodine value
	Non-additive
	Basu et al. (1988)

	Fatty acids
	Additive

	Bansal et al. (1991); Upadhyay and Nigam (1999)

	Protein content
	Additive
	Layrisse et al. (1980); Makne and Bhale (1987); Upadhyay and Nigam (1999)

	
	Non-additive
	Basu et al. (1988); Parmar et al. (2002) ; Isleib et al. (2004)

	Sugar content
	Additive
	Isleib et al. (2004)

	Harvest index
	Additive
	Jayalakshmi et al. (2002)

	
	Additive and Non-additive
	Makne (1992); Dasaradha et al. (2004)

	Specific Leaf Area (SLA)
	Additive
	Jayalakshmi et al. (2002); Venkateswarlu et al. (2007 b)


However, the question remaining to be answered is how important are the non-additive effects. In several studies significant heterosis have been observed for pod yield and its components suggesting the role of dominance deviation but these heterozygous combinations can not presently be exploited in groundnut improvement due to absence of efficient male sterile and restorer system and with the biological limitations in artificial pollination. Few studies (Hammons, 1973a; Sandhu and Khera, 1976; Isleib et al.1978) also reported presence of epistatic variances for pod and seed traits and such observations would not be surprising since groundnut is an allotertraploid and several qualitative traits have also been reported to be controlled by duplicate genes. These studies suggest that additional estimates of epistasis are required in groundnut using appropriate mating designs for both intra and intervarietal crosses. Without such information, efficient breeding procedures utilizing the range of diversity found in groundnut can not be fully exploited.   

7. Breeding objectives


Breeding objectives in groundnut depend on the production system (kharif-rainfed or irrigated-rabi-summer) and utilization pattern. In the developed countries like USA, groundnuts are mainly for food and confectionery uses while in developing countries like India more than 80% of the groundnut is crushed for oil. Therefore, high yield with high shelling outturn and high oil are the major emphasis in many groundnut breeding programmes. In addition, yield limiting biotic (soil borne diseases: root, collar and stem rots; foliar fungal: early, late and Alternaria leaf spots; virus diseases: Peanut bud necrosis (PBND) and peanut stem necrosis (PSND); Aflatoxin contamination; insect pests like Sap feeders: jassids, thrips, aphids; defoliators: Spodoptera, Heliothes, leaf miner; pod borers; storage pests: Bruchids) (the spread and extent of damage for each of these biotic factors are provided in the Table 8) and abiotic factors (drought due to monsoon failure or water stagnation due to excess rainfall at one or few groundnut growing regions in kharif, low temperature at germination and high temperature at flowering in summer crop) are the major issues confronting a groundnut breeder. In addition, early maturity to escape terminal drought and also to fit in to multiple croppings under irrigated systems, fresh seed dormancy to escape unseasonal rains at harvest in kharif and rabi-summer seasons and nutrient deficiency (calcium, iron, zinc, molybdenum and boron) in major groundnut growing regions and nutrient toxicity (Aluminium) and soil acidity in emerging new and specific niches like areas under rice based cropping system/rice fallows in eastern and North eastern states are the grey areas which needs special attention of the groundnut breeders. The progresses of research in meeting out the important objectives of groundnut improvement are briefly discussed below below. 
Breeding for higher yields

High pod and seed yields are the ultimate goals of a groundnut breeder. In kharif, yield levels up to 3 tonnes/hactre and in rabi-summer up to 9 tonnes/hactre have been reported under farm conditions in specific locations. However, the average yields in India hover around 1 tonne in kharif and 1.5 tonne in rabi-summer per hactre. Thus there exists a wide gap between the potential and realized yields. The reasons for such low productivity in kharif are mainly due to rainfed cultivation of the crop with little or no inputs and recurrent drought. In addition, few biotic factors reduces yield of groundnut in kharif season. Therefore, any further increase in yield of kharif groundnut should be possible by developing stress tolerant varieties which responds to low inputs. For rabi-summer cultivation, the varieties should respond to high nutrient and management conditions while remaining water use efficient as the crop is raised totally under irrigated conditions.
The important yield components of groundnut are pod number, seed mass (weight of 100- kernels) and shelling outturn. Inter subspecific crosses between Virginia types with more fruiting nodes and large seeds with Spanish bunch types with early maturity may simultaneously increase the number of pods and seed mass. Most of the high yielding groundnut varieties released globally have resulted from the higher harvest index brought about by reduction in the total bio-mass. Breeding for high biomass coupled with high harvest index can be one of the strategies to further increase groundnut yield.  
 Breeding for high oil content and quality
Wide variation exists for oil content in groundnut germplasm. It ranged from 46.5 to 63.1% in cultivated types while the range observed in wild species was from 43.6 to 55.5% (Norden et al. 1982). In few wild Arachis species, oil content up to 60% has also been reported by the Directorate of Groundnut Research, Junagadh, Gujarat. Few promising high oil lines (>52%) have also been reported by Directorate of Groundnut Research, Junagadh, Gujarat and ICRISAT. Some high oil mutants have also been reported (Bilquez et al. 1965). Oil content and yield has been reported to be independent thus suggesting possibilities of breeding varieties with high yield and oil content. Narrow-sense heritability has been worked out to be high (Martin, 1967) for oil content. Inheritance of oil is governed by two pair of alleles with non-additive genetic component being predominant (Basu et al. 1988). Selection should be postponed to later generations to eliminate the undesirable recombinants. 

Oil quality in groundnut refers to oil content, fatty acid composition, iodine value, ratio of oleic to linoleic acid (O/L), and stability or shelf-life. Genetic manipulation of fatty acid composition has been reported by few workers. The Virginia types generally have higher oleic acid content while Spanish-Valencias have higher linoleic acid. This results in a lower iodine value for oil of Virginia types and indicates that these types will become rancid through auto-oxidation more slowly than the Spanish-Valencias. The groundnut breeder is faced with a paradox when breeding for oil quality. Consumers prefer to have oils both with low iodine (long shelf-life) and high iodine value (to have high level of unsaturation from the health point of view). Crosses between all the four habit groups have shown that a wide range of iodine values can be obtained through recombination of genes from different parents and that the iodine value in groundnuts is highly heritable (Bovi, 1982).    
Breeding for stress tolerance 

 1. Biotic Stresses
(a) Foliar fungal diseases

Late Leaf Spot (LLS) (Phaeoisariopsis personata) (Mycosphaerella berkeleii), early leaf spot (ELS) (Cercospora arachidicola (Mycospharella arachis) and rust (Puccinia arachidis) are the three most widely distributed and economically important foliar diseases of groundnut at global level.  They are commonly present wherever groundnut is grown but their incidence and severity vary between locations and seasons.  Each disease is capable of causing substantial yield loss but when they occur together yield loses are further increased.  For example, rust and LLS together can cause up to 70% yield loss in India. These diseases also have an adverse influence on seed quality characteristics as well as reducing the quality of the haulms.

Effective field and laboratory resistance screening methods have been developed at ICRISAT and elsewhere for all the three diseases.  Over 12000 germplasm lines have been screened for resistance to LLS and rust at ICRISAT, Patancheru.  A total of 54 lines with resistance to LLS and 124 with resistance to rust have been identified.  Twenty nine of these are resistant to both LLS and rust.  In the case of ELS, only limited screening has been possible at ICRISAT due to irregular and erratic occurrence of this disease.  Screening at other sites in India has shown a moderate level of resistance to ELS in several lines.  Eight lines with multiple resistance to these three disease are: NC Ac 17127, NCAc 7500 198/66 Coll 182, 58-295, PI476143, PI476176, PI476033, and PI476176 (Waliyar et al. 1988).  Such lines constitute the most useful sources of resistance because foliar diseases usually occur in combination. Several wild Arachis species have also been shown to have immunity or a high level of resistance to these diseases.  Those with multiple disease resistance include A. cardenasii (PI 262141), A. chacoense (PI 276235) and A. stenosperma (PI 338280), which are cross compatible with the cultivated types.

The resistance of many germplasm lines to rust operates through rate reducing components. They have longer incubation period, decreased infection frequency, and reduced pustule size, spore production and spore germinability.  In the case of interspecific derivatives, the uredosori are small and slightly depressed and do not rupture to release the few uredospores produced.  Resistance to LLS operates in a similar fashion. Limited studies on the genetics of resistance to rust in groundnut reveal that resistance is recessive in nature and generally controlled by duplicate recessive genes.  However, some sources of resistance cannot be explained by a two gene system.  Additive genetic effects and additive types of epistasis have also been found for crosses between resistant and susceptible genotypes.  On the country, resistance in some of the diploid wild Arachis species is partially dominant.

Studies on the inheritance of resistance components of LLS and ELS conducted in North Carolina, USA, indicated substantial additive genetic effects among early generation progenies.  In later generations, however, both additive and additive X additive epistasis were found significant. Dominant genetic variance for LLS in early generations is significant for several components of resistance. Most of the resistance sources in groundnut have thick shelled, highly reticulated, constricted, prominently ridged and conspicuously beaked pods which are commercially unacceptable.  Similarly, pods of wild Arachis species are small and catenate.  The undesirable association between resistance and pod and seed characteristics slows down progress in breeding.

Whenever resistance to foliar diseases is incorporated into adapted cultivars, their duration is increased.  This is much more so in interspecific derivatives.  This increased duration often becomes a serious limitation affecting these lines in many areas of the SAT where the growing season is short or the crop is grown in multiple cropping systems, as in Asia. High yield potential and disease resistance do not generally go together. Williams et al. (1984) found appreciably lower partitioning in rust and LLS resistant genotypes.  Phytoalexins having sucrose as a precursor have been associated with resistance to diseases in other legumes.  It was postulated that if similar compounds are involved in resistance the groundnut to foliar disease, the high partitioning necessary for high yield may limit the expression of resistance.

A strategy of selecting in segregating populations of crosses between multiple disease resistant sources and locally adapted but susceptible cultivars for pod yield and agronomic acceptability under high disease pressure at ICRISAT, Patancheru has resulted in the development of breeding lines which are able to produce high yields under heavy disease pressure.  These lines carry only a moderate level of resistance against foliar diseases.  Several stable tetraploid interspecific derivatives with good yield and a high degree of resistance have also been developed but they are late in maturity.  
Few resistant varieties, Girnar 1, ICGV 86590, ICGV 87160, ICG(FDRS)10, GPBD 4, and R 2001-2, have recently been released in India.  The fodder quality and quantity in foliar disease resistant cultivars is also better than in susceptible cultivars.  In the USA, Southern Runner, a high yielding LLS resistant cultivar was released in 1984.  Breeding for resistance for ELS has not led to the release of a cultivar to date in the USA, however, adequate levels of resistance have been found among progenies of a cross between GP-NC 343 and NC5.  Lines derived from this cross and other sources of resistance are being used in the breeding progammes.  


Coffelt et. al. (1989) suggested that future increase in yield might best be accomplished by developing cultivars with a combination of high reproductive efficiency, high harvest index and high total flower count.  This raises an important issue concerning disease-resistance breeding.  What is the optimum balance between genetic resistance and yield potential? At what level does genetic resistance become uneconomic?  Can we replace genetic resistance with chemical disease control after an optimum level of the former is incorporated without sacrificing yield potential? More critical physiological studies are required to answers these questions.  A better understanding of these issues will help us develop an efficient disease management strategy without compromising yield potential (Nigam et al. 1990).

b. Aflatoxin
Aflatoxins are a group of toxins belonging to the genre of mycotoxins. Aflatoxins are produced by fungi Aspergillus flavus and A. parasiticus. They are reported to cause many diseases especially liver cirrohosis, cancer in many animals including human beings and affect the immune system. Environment and cultural practices can make groundnut seed prone to invasion by the Aspergillus group of fungi and to subsequent contamination with aflatoxin before harvest, during post-harvest curing and drying, or during storage. Several recommendations have been made on cultural practices, curing and drying, and storage conditions to minimize seed invasion by A. flavus.  However, these remain mostly unadopted in developing countries where groundnut is cultivated in small farmers under rain fed conditions which is also subject to the vagaries of monsoon.

Resistance to invasion and colonization by A. flavus in groundnut operates at three sites in the plant, namely pod, seed coat and colyledons.  Differences in pod shell structure, presence of antagonistic microflora in the shell and the presence of thick-walled parenchyma cells have been cited responsible for varietal differences in pod resistance.  Seed coat resistance has been attributed to the presence of chemicals such as dimethoxyisoflavone and tannin, and to contents of soluble amino compounds and arabinose.  Seed coat resistance is operative only in seeds with an intact testa.  Varietal differences have been reported in seed ability to support aflatoxin production.  However, very little is known about its mechanism.

Studies by Utomo et al. (1990) on heritability of all three types of resistance indicate that there is no correlation among mechanisms and that the three mechanisms are controlled by different genes. Various laboratory methods have been developed to screen germplasm for pre harvest seed infection, in vitro seed invasion and colonization (IVSCAF) and aflatoxin production.  Field screening techniques involving imposing late season drought or creating a water deficit gradient or adding artificial inoculums have been preferred to screen material for A. flavus infection and aflatoxin contamination (Mehan, 1989).  Many sources of resistance have been reported.  These include: PI337409, PI337394F, UF 71513, J11, Ah 7223, U-4-47-7, 55-437 and 73-30 for pre harvest field infection and IVSCAF, and U-4-7-5 and VRR 245 for aflatoxin production.  Two wild Arachis species viz. A. cardenasii and A. duranensis are also found resistant to IVSCAF and aflatoxin production.  Some of these have been evaluated in more than one country.

Many breeding lines which combine seed coat resistance equal to that of resistant parents with high yield have been developed.  Resistance in these breeding lines has remained stable over years and locations in India (Vasudeva Rao et al. 1989).  Similar progress in breeding A. flavus resistant cultivars has been reported in the USA.  However, the conditional nature of IVSCAF limits the utility of these lines.

With the discovery of varietal differences in pre harvest field infection and ability to support aflatoxin production, opportunities have increased to minimize the problem of aflatoxin contamination by combining different kinds of resistance.  Many IVSCAF resistant lines also show significantly low pre harvest infection in the field.  However, some IVSCAF resistant genotypes (PI337394F, PI337409, J11, UF71513) support high levels of aflatoxin B1 production.  Those genotypes which do not support high levels of aflatoxin B1, production (U4-7-5 and VRR245) are susceptible to IVSCAF.  It is hoped that high yielding lines with resistance to IVSCAF and pre harvest infection and low levels of aflatoxin production will be developed in the future.  Such breeding lines will offer a much greater genetic barrier to the fungus and subsequent production of aflatoxin.  However, genetic resistance alone may not be enough in this case unless it is accompanied by better cultural and agronomic practices, proper drying and curing facilities and better storage conditions.  With increasingly rigid toxin tolerance limits being fixed by groundnut importing countries, resource to genetic engineering may be required to satisfy their requirements.

c. Virus diseases
Groundnut is a host to several virus diseases but only a few are economically important.  These include groundnut rosette virus (GRVD) in Africa, bud necrosis disease (BND) in India and the USA, peanut mottle potyvirus (PMV) world-wide, peanut stripe potyvirus (PStV) in South and Southeast Asia, and Indian peanut clump furovirus (PCV) in West Africa and India.  Effective laboratory and field techniques have been developed to screen for resistance to these virus diseases.  Except for GRVD, the nature of inheritance of resistance is not known.  Resistance to GRV in cultivated types is controlled by two independent recessive genes (Nigam and Bock, 1990).

i) Groundnut rosette virus (GRVD)
GRVD is transmitted by Aphis craccivora and gives either a chlorotic or green rosette.  The chlorotic rosette is prevalent throughout Africa whereas the green rosette is reported from West Africa and Uganda. Three agents are involved in the expression of GRVD symptoms; groundnut rosette virus (GRV), groundnut rosette assistor luteovirus (GRAV) and satellite RNA. GRV is dependent upon GRAV and the satellite RNA for transmission by the aphid vector.  The satellite RNA, largely responsible for GRVD symptoms, is dependent upon GRV for replication (Murant et al. 1988).  Expression of different forms of rosette disease is dependent on the presence of different forms of the satellite RNA (Murant and Kumar, 1990).

Resistance to GRVD was discovered in the late 1950s in local landraces in Burkina Faso.  Utilizing these resistant sources, which were semi erect and late maturing, cultivars such as KH149A, KH241D, 69-101, RMP12, RMP91 and RG1 were developed and released in Africa.  These cultivars and other breeding lines are now used as sources of resistance in many breeding programmes.  However, they are not immune and individual plants can become infected with the disease under heavy inoculum pressure.  This resistance apparently operates against both chlorotic and green rosette and is directed against GRV and its satellite RNA.  These sources are susceptible to GRAV which on its own induces no obvious symptoms.

ii) Bud necrosis disease (BND)
This is caused by tomato spotted wilt virus (TSWV) and transmitted by thrips.  TSWV has many serologically distinct isolates and produces a wide range of symptoms (Reddy, 1991). Many germplasm and breeding lines with consistently low disease incidence in the field have been identified at ICRISAT and in the national programme. Some of these lines are C102, C121, C136, NCAc 343, NCAc 1741, NCAc 2232, NCAc 2242, NCAc 17888, ICGV 86029 and ICGV 86031.  Of these, only ICGV 86029 and ICGV 86031 show tolerance of the virus.  Recently, two high yielding cultivars with field tolerance to BND, ICGS 11 (ICGV 87123) and ICGV 87128 (ICGS 44), have been released in India. With the discovery of resistance to the virus, breeding is now in progress at ICRISAT to combine vector resistance with virus resistance to further reduce disease incidence and yield losses in the field.

iii) Peanut mottle potyvirus (PMV)
PMV disease is widespread and present in all the major groundnut growing areas of the world.  The most important vectors are A. craccivora, A. gossypii and Myzus persicae.  It is also seed borne and has a rate of 0.5-1% seed transmission (Nigam et al. 1991). Resistance to this virus is almost absent in the germplasm screened. However, some lines consistently sustained much lower yield losses than controls.  These included NCAc 2240 and NCAc 2243.  Two wild Arachis species, A. chacoense (GKP 10602) an A. pusilla (GKP 12911), remained free from infection even after repeated inoculations.  Some of the rust resistant germplasm lines, NCAc 17090, EC76446 (292) and NCAc 17133 (RF), although suffering yield loss do not, transmit the virus through the seed. The breeding approach under these conditions should combine vector resistance and tolerance to PMV with absence of seed transmission.

iv) Peanut Stripe Potyvirus (PStV)
PStV is transmitted by aphids, but also seed borne.  It occurs as distinct strains which can be distinguished on the basis of host range tests.  In field screening tests at two sites in Indonesia, no resistance was found in 9000 A. hypogaea lines evaluated. Among 54 wild Arachis species, only A. cardenasii exhibited immunity.  A few others showed a resistance reaction.  
v) Peanut Clump furovirus (PCV)
PCV is predominantly a soil borne virus and transmitted by the fungus Polymyxa graminis. It is also seed borne. It has serologically distinct variants which produce symptoms of differing severity on groundnut cultivars. No useful source of resistance was found in the adapted germplasm lines tested in the field.  Due to the occurrence of serologically distinct variants of the virus and lack of resistance in germplasm, no resistance breeding is in progress for this disease. However coat protein mediated resistance is being attempted by ICRISAT recently. 
vi) Bacterial wilt
Bacterial wilt (BW) of groundnut, caused by Pseudomonas solanacearum, occurs in many Asian and African countries.  It causes significant yield losses (up to 30%) in China and Indonesia.  However, this disease is not serious in India. Resistance to this disease is partially dominant and is controlled by 3 pairs of major genes and some cytoplasmic effects (Liao et al. 1986).  Despite a lack of clear understanding of the basis of resistance to bacterial wilt and its underlying mechanisms, considerable progress has been made in the development of resistant cultivars. Sehwarz 21, resistant to BW, was the first disease resistant cultivar, developed in 1925 in Indonesia.  Since then, several resistant cultivars such as Luhua 3, Ehua 5, Zhoonghua 2, Guilo 2 and Yueio 2 in China, and Gadjah, Macan, Tupai, Pelanduk, Kidang and Anoa in Indonesia have been released for cultivation (Nigam et al. 1991)
d. Insect pests
More than 360 soil and foliage inhabiting arthropod pests of groundnut have been reported in the literature.  However, only a few are economically important to the crop either because they cause significant direct yield loss or because they are vectors of virus diseases.  These include: aphids, thrips, jassids, leaf miner, Spodoptera and white grub in Asia and aphids, jassids, Spodoptera, Hilda, millipedes, termites and white grub in Africa.

Several sources of resistance to insect pests, particularly thrips, jassids and termites have been identified in groundnut germplasm (Wightman et al. 1990; Lynch, 1990).  Tolerance of Spodoptera has been found in two breeding lines namely ICGV 86 and ICGV 86029.  These lines were also found moderately resistant to thrips and jassids.  Some resistance to aphids was observed in EC36892, NCAc 343 and GBPRS 15 (ICGV 86030).  Attempts to identify sources with a high level of resistance to leaf miner have not been successful.  Many germplasm lines with resistance to more than one insect pest have been identified.  These include NC6, NCAc 343, NCAc 1705, NCAc 2142, NCAc 2214, NCAc 2230, NCAc2232, NCAc 2240, NCAc 2242, NCAc2243 and NCAc 2460.  In addition to the cultivated types, resistance to many insect pests has also been found in several wild Arachis species, A. correntina, A. chacoense, A. stenosperma and A. villosulicarpa.

The presence of long dense trichomes on leaves of genotypes, NCAc 2214, NCAc 2230 and NCAc 2240 and the thick leaf cuticle in NCAc 2242 and NCAc 2243 are associated with resistance to jassids.  Dwivedi et al. (1986) reported predominantly non-additive genetic variance for all trichome characters.  For trichome length and jassids damage, additive genetic variance was reported to be important.  In North Carolina, USA, for a complex of pests (thrips, jassids and Helicoverpa), additive genetic variance was predominant (Holley et al. 1985). Preliminary studies have indicated that aphid resistance operates by reducing growth and fecundity (Padgham et al. 1990). Excellent progress has been made in transferring resistance to jassids and thrips into genotypes with superior agronomic backgrounds. Wherever insect pests are involved as vectors of virus diseases, the breeding strategy has been discussed under the appropriate virus disease.  

2. Abiotic Stresses
(a) Drought

Drought is the major yield limiting factor in groundnut as 80% of the crop is grown as rainfed in kharif season. Breeding for drought tolerance is also the most challenging as the stage of occurrence in the life cycle of the crop, intensity and duration of drought are unpredictable. However, based on its occurrence, the drought pattern can be grouped in to: early, mid and end-of-season or terminal drought although there may be overlaps, which further confound the breeding strategies.

For many years, pod yield was the sole criterion to select a drought tolerant genotype. However, through the collaborative research project of ICAR-ICRISAT-ACIAR, Australia on breeding for improved water use efficiency in groundnut which was in operation for over a decade in India, three physiological traits, specific leaf area (SLA which measures leaf thickness), SPAD Chlorophyll Metre Reading (SCMR, which measures the chlorophyll concentration) and Carbon Isotope Discrimination (∆13C), an indirect measure of transpiration efficiency which were found to be associated with water use efficiency and transpiration efficiency respectively, have been identified as surrogate traits and hence suggestive of the utility of these traits in screening and selection of drought tolerant genotypes in breeding programme (Farquhar et al.1982; Wright et al.1988, 1994; Nageswara Rao and Wright, 1994)   
Among these three traits, ∆13C is difficult to measure especially in a large segregating and breeding population and is expensive. While SLA is highly influenced by environment (Wright and Hammer, 1994; Nageswara Rao et al. 1995; Wright et al. 1996) thus suggesting SCMR could be a potential trait that can be incorporated in drought resistant breeding programmes. Further studies also confirmed this finding (Nageswara Rao et al. 2001; Bindu Madhava et al. 2003; Upadhyaya, 2005). However, drought tolerance per se is not a single independent trait but is a manifestation of interplay of several anatomical, morphological, physiological and biochemical factors with environment.  Hence, more traits which can possibly capture the true tolerance need to be identified for increasing the efficiency of selection in the breeding programmes. Some of the drought tolerant varieties released in India are: K 134, ICGS 1 (ICGV 87119), ICGS 5 (ICGV 87121), ICGS 37 (ICGV 87187) and ICGS 76 (ICGV 87141), though these are not bred for drought resistance, are tolerant to mid-season drought.
(b) Shade

Groundnut is often intercropped with field and plantation crops which partially shade it.  This partial shading results in etiolation of the plants and a reduction in yield.  Screening of groundnut genotypes for shade tolerance under an artificial shade structure using black nylon cloth, which provides 36-58% shading throughout the crop season, is in progress in the Philippines (Miranda-Abilay et al. 1988).  Four ICRISAT early maturing lines, ICGS (E) 22, ICGS(E) 61, ICGS(3) 120 and ICGS (E) 123, tolerate partial shade (Nigam et al.1991) . These are now being used in the Philippines national breeding programme to develop high yielding shade tolerant cultivars (Nigam et al. 1991).
(c) Acid soils

Many countries in Asia and Africa have acid soils, deficient in calcium, where groundnut yields are low and pod filling is poor (occurrence of pops or empty pods).  Excellent screening work done in the past in the copperbelt of Zambia resulted in release of the pop-tolerant line TMV 1 as Copper Belt Runner.  Recently, EIGHT genotypes, IPB Pn 24-2, IPB Pn 24-3, IPB Pn 24-6, BPI P9, UPL Pn-2, UPl Pn-4, RLRS 1 and Accession 25, tolerant of acid soils, have been identified in the Philippines (Samonte and Ocampo, 1989).  These lines, however, failed to show tolerance when tested in acid soils in Indonesia. Breeding for tolerance of acid soils is complex since soil acidity may be associated with deficiency or toxicity of various nutrients depending on location. Identification parents which can tolerate different levels of acidity needs to be focused especially in the problem areas. 
Breeding for confectionery quality
Various physical, sensory and biochemical factors determine the quality of groundnut seed.  Physical factors include intact testa, size and shape of the seed, ease of blanching and resistance to seed splitting.  Sensory factors include seed colour, texture and flavour.  Biochemical factors are mainly concerned with oil and protein content, and with fatty acid composition which also influences flavour (Dwivedi and Nigam, 1995).

Over 8000 germplasm lines have been screened at ICRISAT for oil and protein contents; oil content ranged from 31 to 55% and protein from 16 to 34% (Dwivedi and Nigam, 1995). The oleic: linoleic acid ratio (O:L), which is an indicator of oil stability and shelf-life of groundnut products, varied between 1 and 3.  However, in two Florida breeding lines in the USA, an O:L ratio of 40 was reported (Norden et al. 1987).  Moore and Knauft (1989) followed up this work further and reported that the high O:L ratio in these lines was governed by two recessive genes. In case of protein, protein content and amino acid composition are important to the breeders although neither received attention (Wynne and Gregory, 1981). This is because groundnut is primarily an oil seed crop world wide. The range of protein content observed in groundnuts was 23-30%. 

Most of the pod and seed traits are largely controlled by additive genetic effects.  Maternal and maternal interaction effects are also significant in many cases (Dwivedi et al. 1989).  Excellent progress has been made in developing large seed cultivars (>80 g/100 seed) with attractive seed and pod shape and colour.  These cultivars require a high level of crop management to achieve their full yield and quality potentials. Work is also in progress to identify cultivars with better in shell boiling characteristics, a mode of utilization preferred in many Southeast Asian countries. 
Bhaba Atomic Research Centre (BARC), Trombay initiated work as early as 1950s to develop large seeded groundnut through physical mutagens. Excellent progress has been made and a large variation for seed size exceeding 1g/seed could be made. The important large seeded varieties developed and released by BARC includes Somnath, TPG 41, TKG 19A besides several promising lines.
Breeding for adaptation
Many factors contribute to the adaptability and stability of performance.  Some of these are duration of the cultivar, its response to temperature and photoperiod, and reactions to various biotic and abiotic stresses. Crop duration at any particular site is determined chiefly by the availability of soil moisture and by temperature.  However, the time required for a cultivar to attain maturity is dependent on environmental factors such as temperature, photoperiod, solar radiation and the cultivar itself.  The concept of cumulative thermal time has been successfully integrated into the breeding programme to develop early cultivars with a stable maturity period across locations (Nigam et al. 1988).  Few cultivars have performed well in West Africa and Southeast Asia.  These include ICGS(E) 52 (ICGV 86014) in the Gambia and ICGS (E) 56 (ICGV 86015) in the Republic of Guinea (Nigam et al. 1991).  

Breeding for Photoperiod effects
Photoperiod has very little influence on phonological development of groundnut but has a major influence on reproductive processes.  The large differences in floral efficiency (fruit: flower ratio) and yield depend on exposure to short or long days.  As groundnut is grown between 40o N and 40o S latitudes the photoperiodic response for a cultivar plays a significant role in its adaptation. In India, two crops are grown in a year.  As selection in breeding material is practiced in both seasons in most of the places, most of the selected lines are relatively insentive to photoperiodic effects.  Further, the advanced breeding lines should be screened in the field for photoperiodic response by extending the light duration artificially. A few photoperiod insensitive cultivars have also been released in India which include: ICGS 11, ICGS 44 and ICGS 37 (Nigam et al.1991). Studies to understand the mechanism and inheritance of photoperiod insensitivity and effective artificial screening procedures should further be standardized to obtain desired results.

8. Breeding methods and important achievements
The area under groundnut in India which was only 0.23 million ha during 1900-01 to 1909-10 has grown up to 7.68 million ha during the past century. The decennial annual compound growth rate during different periods depicts that the growth in area (17.2%) was the major factor for the increase in groundnut production during 1951-1960. After 1970’s, the productivity growth (2.5% during 1971-80; 8.2% during 1981-90 and 6.64% during 1991-2000) contributed more towards augmenting groundnut production than the area increase (Basu and Singh, 2004). 

The major reasons for the increase in production and productivity even under the rainfed cultivation of groundnut are attributed to the release of niche specific varieties coupled with development of suitable improved production technologies especially under the umbrella of All India Coordinated Research Project on Oilseeds (AICORPO). Prior to 1970s, only 25 (9 Spanish Bunch; 14 Virginia; 2 Valencia) groundnut varieties have been released and notified as against 181 varieties released so far in the country.  The new generation improved varieties were bred for high yield and in built resistance to various biotic and abiotic stresses. 

In order to derive maximum benefits from the prevailing growing conditions and available resources, agro-climatic characterization is necessary for the best land use planning. Such an approach is the key for sustainable use of natural resources. Agro-climatic analysis for crop planning involves mainly the rainfall probability analysis and water balance approaches for defining moisture environments during growing seasons. In addition, for the evaluation of climatic potentials, parameters like photo-thermal units, heat units, sunshine hours, potential evapo-transpiration, length of rainy season, crop growth period and biomass production are also be taken into account. Accordingly, groundnut growing regions have been demarcated in to five specific agro-climatic zones (Table 7a, b) separately for kharif and rabi-summer seasons. The promising breeding material are tested in these zones before identifying a cultivar suited to a specific zone in addition to the varieties released at state level (Basu and Rathnakumar, 2004).   

Table 7a. Agro-climatic zones for kharif groundnut 
	Zone
	Centres

	Zone I 
	Mainpuri, Hanumangarh, Durgapura and Ludhiana*

	Zone II 
	Junagadh, Amreli*, Talod*, Udaipur and Pratapgarh*

	Zone III 
	Khargone, Jalgaon, Akola* and Ratnagiri

	Zone IV 
	Mohanpur, Imphal, Kanke and Bhubaneshwar 

	Zone V 
	Vriddhachalam, Aliyarnagar, Tindivanam*, Jagtial, Kadiri, Tirupati*, Dharwad, Raichur, Chinthamani and Latur*


* Voluntary centre

Table 7b. Agro-climatic zones for rabi-summer groundnut 

	Zone
	Centres

	Zone I (Spring)
	Mainpuri, Ludhiana*

	Zone II (Summer zone)
	Junagadh, Vyara, Anand*, Akola*, Jalgaon

	Zone IIIa (Summer zone)
	Dharwad, Raichur, Chinthamani, Rahuri, Shirgaon

	Zone IIIb  (Rabi zone)
	Aliyarnagar, Bhavanisagar, Vriddhachalam, Kadiri,  Jagtial, Tindivanam*, Tirupati* 

	Zone IV (Rabi zone) 
	Chiplima, Mohanpore, Jhargram*, Berhampore*


*Voluntary centre
Table 8. Breeding methods employed in developing groundnut varieties in India
	S.No.
	Breeding method
	No. of varieties released

	1
	Introduction
	3

	2
	Mass selection
	29

	3
	Pure line selection
	23

	4
	Pedigree 
	88

	5
	Bulk pedigree
	17

	6
	Modified Bulk Pedigree
	13

	7
	Single seed decent
	1

	8
	Mutation
	7

	 
	Total
	181


Since groundnut is not native to India, the breeding efforts were initiated by introducing the popular varieties under cultivation from other countries. Purposeful introduction of improved groundnut varieties in India was made by the then Madras state government towards the end of nineteenth century. In 1884, the ‘Mauritius’ variety was introduced to Pondichery and Madras from Mauritius; ‘Spanish’ and ‘Virginia’ from the United States of America and ‘Small Japan’ and ‘Large Japan’ from Japan in 1901-02. Three of these varieties gradually spread over the various parts of the country with variant names viz., ‘Peanuts’, ‘Spanish Peanuts’ (variants of Spanish);  ‘Coromandal’, ‘Mauritius’, ‘Mozambique’  (variants of ‘Mauritius’); and ‘Bold’ (variant of Big Japan) and thus formed the basis of groundnut improvement programmes and research in India (Seshadri, 1962). Since then the methods of breeding common to the self-pollinated crops like introduction, mass and pure line selection hybridization and selection (pedigree, modified and bulk pedigree, single seed descent, back cross methods), mutation  breeding and interspecific hybridization were employed in developing the cultivars. Few novel breeding approaches like multilines (Norden, 1973) synthetics (Emery, 1965), modified composite cross (Hammons, 1976), convergent crosses (Norden, 1980; Wynne and Isleib, 1980; Branch, 1981), selective diallel mating system (Wynne and Isleib, 1980; 1983) have been attempted but with limited success. A comprehensive list of breeding methods employed and the varieties developed through different breeding methods (Table 8) in groundnut are discussed briefly.
a) Introduction of exotic varieties

Large amounts of basic genetic stocks in groundnut have been introduced from different countries for breeding superior varieties for the varied Indian conditions. Few of them by themselves proved better in some areas.  Between 1947 and 1976, a total of 2,246 genetic stocks of improved varieties, segregating populations and wild species of Arachis have been introduced into India from Argentina, Brazil, Chile, China, Israel, Malavi, Sudan, Tanzania, USA, USSR, Zambia, etc., through the National Bureau of Plant Genetic Resources, New Delhi (Rao and Sadasivan, 1989).  A collection of 18 Arachis species has also been obtained from these countries.  These genetic stocks are now being maintained in few groundnut-breeding centres in the country.  In the early part of the last century (1904-1910), two varieties, ‘Big Japan’ and ‘Spanish’ were introduced.  These varieties were very popular with the farmers for two decades.  

It is interesting to note that till 1970s most of the groundnut cultivars were the results of selection from introductions. The varieties released by introduction in India are: Ah 32, Ah 334 (in Gujarat), MK 374 or Kadiri 2 (in Andhra Pradesh), ‘Big Japan’ and ‘Early Runner’ (in Bihar) and UF 70-103 (in Maharastra). Although, the introduced genotypes, ‘Asiriya Mwitunde’ from Tanzania, ‘Acholi White’ from Uganda and ‘Shulamit’ from Israel could not be directly released but have been used as parents in hybridization programme.  

b) Mass and Pureline selection

Mass selection is of more value when the population is heterogeneous and the target traits are simply inherited. For less heritable traits such as pod yield pure line selections would be more effective. The bulk of the groundnut genetic stocks maintained in the national collections have been utilized for making selections for direct commercial cultivation.  Mass selection has been employed more as a breeding method in the early years of groundnut breeding work.  In Tamil Nadu, all the commercial types right from ‘TMV 1’ to ‘TMV 8’ and ‘Pollachi 1’, were the result of planned, purposeful selections.  

Likewise, in Maharashtra, commercial varieties, ‘Faizpur 1-5’, ‘Kopergaon 1’ and ‘Kopergaon 3’, ‘Spanish Improved’, ‘AK 12-24’, Karad 4-11’, and in Punjab, ‘Punjab 1’ and ‘M 13’ are some of the noteworthy selections.  The runner type ‘M 13’, a selection from a USA material ‘NC 13’ has been released for all India due to its adaptability and high yield potential.  A selection from ‘Samrala local’, viz. ‘Punjab 1’ was very popular in Punjab, Rajasthan and Gujarat and remained as one of the dominant varieties in these states during 1960s.  

In Uttar Pradesh ‘Type 64’ a popular bold seeded, semi-spreading variety was selected from the Chinese variety, ‘Ta-Lin-Chin’ (EC 16128) in 1964 and was popular among farmers for quite some time.  Other useful selections in Uttar Pradesh were ‘T 99’, ‘T 1 and ‘T 28’.  

In Rajasthan ‘RS 87’ has been developed from a genetic stock obtained from Brazil.  In Maharashtra, ‘JL 24’ (Phule Pragati), a pure line selected variety from the exotic germplasm ‘EC 94943’ has been released for commercial cultivation. It became a national variety due to its wide adaptability and superior yields and is still popular among the farmers across the country.   In Tamil Nadu, ‘TMV 10’ a semi-spreading variety has been selected from a spontaneous mutant plant of an Argentinean variety.  Likewise, a commercial variety, ‘MH 1’ has been developed from ‘Dwarf Mutant’ in Haryana.

c) Pedigree method
 
Recombination breeding did not gain much attention in the groundnut breeding programme till 1960s’. The first cross derivative, ‘c 501’, developed by PAU, Ludhiana was released during 1961. As compared to other field crops, hybridization has been used with much difficulty in groundnut due to its cleistogamous flower and poor seed set upon hybridization.  The few seeds obtained by hand pollination often produce week progenies.  Despite these difficulties, this method has been used to recombine desirable characters of various genotypes and a number of commercial varieties have been evolved.  In early maturing Spanish bunch types, ‘Junagadh 11’, ‘GAUG 1’, ‘TMV 9’ are some of the results of planned hybridization programmes. ‘Junagadh 11’ was released in 1965 for commercial cultivation in Gujarat.  

In the medium duration varieties, type ‘C 501’ has been evolved in Punjab.  This was a popular variety of Punjab and Haryana.  In ‘Virginia’ runner types ‘GAUG 10’ and ‘M 145’ have been evolved following pedigree method.  The former was popular in Gujarat, while the latter has been released as commercial variety in Punjab and Haryana.  For rainfed areas of Punjab, the variety, ‘M 37’ has been released in 1980.  A large number of varieties have been evolved through pedigree method with few modifications suiting to the objective and the ease in handling the breeding populations in the recent years. 

d) Mutation breeding 

One of the earliest attempts on mutation breeding in groundnut was made by Gregory, (1965) Mutation breeding has been frequently used for creating new genetic variability in groundnut and to add one or two desirable characteristics without disturbing their agronomic background to a large extent either through physical or chemical mutagens.  However, physical mutagenesis has been found much handy in groundnut improvement programmes. Success in this direction has been reported from North Carolina (USA) and from Bhabha Atomic Research Centre, Trombay, Bombay, where X and (-rays have been used for producing improved varieties.

A mutation breeding project was initiated at Trombay during 1957-58.  The material used was the popular variety ‘Spanish Improved”.  A number of promising Trombay groundnuts (TGs’) were obtained through mutation, selection and further hybridization (Murty and Anand Badigannavar, 2004) (Figure 2).  The variety, ‘TG 1’, developed by treating the seeds of ‘Spanish Improved’ with 75 Kr, has bold seed size (85 g/100 seed).  ‘TG 3’ has medium bold seed size (50 g/100 seed). Three other varieties, ‘TG 1’, ‘TG 3’ and ‘TG 17’ have bold seeds and could be useful for export purposes.

At the Rajendra Agricultural University, Ranchi, two selections (‘BG 1’ and BG 2’) have been developed through mutation breeding.  These selections were once popular in Chotta Nagpur plateau of Bihar. Few other varieties, TMV 10 (natural mutant), CO 2 (EMS) from Tamil Nadu, and MH 2 (Gamma ray) from Haryana have also been bred in India using mutations followed by selection. 

e) Interspecific hybridization
The wild species of groundnut offer a vast reservoir of valuable genes that are not available in the cultivated species (Table 9) . Interspecific hybridization in this genus has been attempted as early as 1938 by Hull and Carver between A. hypogaea and A. glabrata but with no success. Similarly, attempts to cross A. hypogaea x A. villosulicarpa and A. hypogaea x A. diogoi were also unsuccessful (Gregory 1946).

Though, as early as 1950, the first successful interspecific hybrid was reported (Krapovickas and Rigoni, 1951), only in 1966 utilization of wild species for groundnut improvement was suggested (Abdou, 1966).  Since then, hundreds of interspecific crosses among intra and inter sectional wild species and between cultivated and wild species have been reported to introgress alien gene for different agronomic traits of interest and disease resistance to cultivate groundnut (Kumar et al. 1957; Smartt and Gregory 1967; Gregory and Gregory 1979; Singh 1985; Singh and Moss 1984b; Ouedoraogo et al. 1994; Vindhiya Varman 1999; 2001 Simpson and Starr, 2001)

In general in India, utilization of wild species was mainly confined to cytogenetic studies till the end of 20th century.  The beginning of the new millennium haul marked the release of first groundnut variety, ‘GPBD 4’ of interspecific hybrid origin {KRG1 x A.cardinadii (ICGV 86855) in India}. In the USA, two varieties namely, ‘Span cross’ (A.hypogaea x A.monticola) and ‘Tamnut’ (Spantex x Arachis sp.) have been released. 

High degree of sterility encountered among the interspecific crosses with the compatible wild species of section Arachis, cross- incompatibility between cultivated and the wild species of sections other than Arachis, very low seed set in F1s coupled with high frequency of aneuploid individuals in the subsequent segregating generations and the consequent time lag in developing varieties with acceptable pod and seed characters restricts the immediate use of wild species. Nevertheless many interspecific hybrid derivatives developed by ICRISAT and in the national system (State Agricultural Universities and Directorate of Groundnut Research, Junagadh) have been found to be useful sources of resistance/tolerance to many important pests and diseases of groundnut. 

f) Biotechnological tools in groundnut improvement
Availability of biotechnological tools such as marker aided selection and gene transfer across the genetic barriers have opened up new opportunities for yield enhancement, quality improvement, resistance to insect pests and diseases and stability in many crops. In groundnut, due to lack of efficient tissue regeneration system, non-availability of specific genes, and low polymorphism at the DNA level limited the use of these novel tools for groundnut improvement. A brief review of application of these modern tools is presented below.
i) Tissue and embryo culture techniques
Efficient in vitro tissue and organ regeneration system is the first step in creating somaclonal variation and the genetic transformation. A range of tissues and organs have been tried through in vitro culture both in cultivated groundnut and wild Arachis species (Sastri et al. 1981; Nalini et al.1992). Few studies (Moss et al. 1992; Radhakrishnan et al.2000) have also reported successful regeneration of multiple shoots from de-embryonated cotyledons without the intervening callus phase in a short time. Somatic embryogenesis has also been tried and a good success has also been obtained in groundnut. Radhakrishnan et al. (1997) reported a technique for induction of multiple shoots from somatic embryos without undergoing sub culturing, secondary somatic embryo formation and induction of shoot and root. These two techniques can form a handy tool for genetic manipulations in groundnut either through particle bombardment or Agrobacterium mediated genetic transformations. However, protoplast mediated transformation is unsuccessful in this crop.
Extensive evaluation of Arachis species have been carried out for proteins, oil content, fatty acids, nitrogen fixing ability, forage potential, dormancy, earliness and other agronomic traits. But the greatest potential lies in imparting resistance to key diseases and insect pests in A. hypogaea. Many Arachis species have been evaluated for various diseases and insect pests (Subrahmaniam et al. 1985; Amin 1985). A list of resistances found in various Arachis species has been summarized in Table 9.  
It appears from the literature that the resistance is mostly found in species of section Arachis and Rhizomatosae. Several species of the section Arachis exhibited multiple resistance (Leaf spot, Tomato spotted wilt virus. rust, nematode, thrips, earworm, and leaf hoppers) viz. A.chacoense and A.cardenasii. Success in introgression of the resistance genes to the cultivated background has been limited due to poor understanding of genome relationship, cross incompatibility, and non availability of true progenitor species. Hence, tissue culture technique has been attempted to rescue the F1 embryos especially in the incompatible crosses by a few workers. Sastri et al. (1992) rescued the hybrid embryos of the incompatible cross, A. hypogaea x A.sp. 276233 (section: Rhizomatosae) and obtained a large number of F1 plants. However, successful gene transfer through embryo rescue technique has till now been limited.

ii) Genetic transformation

Genetic transformation is the introduction of and stable integration of target genes in to a host genome. In groundnut Agrobacterium mediated gene transfer has been successfully employed than other methods. Transformation events up to T2 generation have been reported. The practical utility of genetic transformation lies in transfer of genes for resistance to pests from wild relatives to cultivated groundnut and nutritional qualities. Several transformation protocols have been standardized and reported. The details of reported genetic transformation of groundnut are provided in Table 10. 
iii) Molecular markers

Molecular markers have been used in other crop species to provide linkage maps that can be of utility in genetic and breeding studies. Little variation has been found at either molecular or nucleic acid level in cultivated groundnut. Several workers have found little isozyme variability in cultivated species (Grishammer and Wynne, 1990a; Lacks and Stalker, 1993). A similar lack of variability was found when restriction fragment length polymorphisms were studied using genomic probes (Kochert et al.) and single primers of arbitrary sequence (Halward et al. 1991a, 1992). More extensive molecular variability has been identified in wild species, particularly in the interspecific hybrid derivatives. A linkage map based on differences in DNA sequences has been developed by Halward et al. 1993. Although this map may have some utility in tracing the introgression of genes from wild to cultivated species, the practical utility in breeding programmes are very limited. 

Use of linkage maps will be greatly aided by the identification specific chromosomes. However, due to the tetraploidy and short chromosomes of groundnut little work has been done to identify aneuploid series that could be used for such work (Murthy and Reddy, 1993). Aneuploids in groundnut have been reported to occur either spontaneously or through inter specific hybridization. Most aneuploids are unstable and weak. The monosomic and nullisomics identified have been found to be sterile, suggesting the limited utility of haploidy through anther culture or other techniques.

Table 9 . Sources of resistance to disease and insect-pests in wild Arachis
	Species
	EL
	LL
	RT
	AL
	SP
	HE
	TH
	JA
	AP
	SM
	RN
	PM
	PSt
	GR
	PS

	Section: Ambinervosae 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	A. sp GK 12934
	-
	-
	-
	-
	-
	HR
	HR
	1
	-
	S
	-
	-
	-
	-
	-

	A. sp. GK 12946
	-
	-
	-
	-
	-
	HR
	HR
	HR
	-
	-
	-
	-
	-
	-
	-

	Section Arachis
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	A. stenosperma HLK 410
	HR
	HR
	HR
	S
	-
	HR
	HR
	HR
	R
	S
	-
	-
	-
	-
	-

	A. duranensis K 7988
	R
	-
	1
	HR
	-
	HR
	S
	1
	R
	-
	R
	-
	-
	-
	1

	A. spegazzinii GKP 10038
	HR
	-
	1
	-
	-
	HR
	R
	HR
	-
	S
	-
	-
	-
	-
	R

	A. batizocoi K 9484
	S
	-
	1
	-
	-
	HR
	1
	HR
	R
	-
	-
	-
	-
	-
	-

	A. khulmanii  GK 30035
	HR
	R
	1
	-
	-
	-
	-
	-
	R
	-
	-
	-
	-
	-
	-

	A. correntina GKP 9530
	HR
	R
	1
	-
	-
	HR
	HR
	HR
	R
	S
	-
	R
	-
	-
	R

	A. chacoense GKP 10602
	HR
	HR
	1
	S
	R
	HR
	HR
	HR
	R
	S
	-
	R
	R
	-
	S

	A. cardenasii GKP 10017
	HR
	HR
	1
	-
	-
	HR
	HR
	HR
	R
	-
	HR
	R
	1
	-
	S

	A. villoasa  BU 22585
	R
	R
	1
	-
	-
	-
	-
	HR
	-
	-
	-
	-
	-
	-
	1

	A. sp. GK 30017
	HR
	HR
	1
	-
	-
	-
	-
	HR
	-
	-
	-
	-
	-
	1
	-

	Section: Erectoides
	 
	 
	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	A. paraguariensis GKP 96-46
	R
	MR
	1
	-
	R
	S
	-
	R
	R
	-
	-
	-
	R
	-
	R

	A.  appressipila GKP 9990
	HR
	R
	1
	R
	R
	HR
	HR
	R
	-
	S
	-
	-
	-
	-
	R

	A. sp GKP 105773
	HR
	R
	1
	R
	R
	HR
	1
	R
	-
	S
	-
	-
	-
	-
	R

	Section: Caulorhizae
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	A.  repens GKP 20538 
	S
	S
	-
	-
	-
	HR
	1
	HR
	-
	MR
	-
	-
	-
	R
	1

	Section: Extranervosae
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	A. macedoi GKP 10127 
	R
	-
	-
	-
	R
	HR
	1
	1
	R
	MR
	-
	-
	-
	-
	-

	A. villosulicarpa 
	HR
	HR
	1
	-
	-
	-
	-
	-
	-
	S
	-
	-
	-
	-
	-

	Section: Rizomatosae 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	A. glabrata GKP 9830 
	HR
	HR
	1
	R
	R
	HR
	1
	HR
	-
	-
	HR
	-
	R
	1
	R

	A. hagenbeckii HL 436
	1
	HR
	1
	R
	R
	HR
	R
	1
	-
	-
	HR
	-
	R
	R
	-

	Section: Triseminale 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	A. pusilla GKP 12922
	HR
	HR
	1
	R
	R
	HR
	1
	1
	-
	MR
	-
	R
	S
	-
	-


I=Immune; HR=Highly resistant; R=Resistant; S=Susceptible; EL, LL=Early and late leafspots; RT=Rust; AT=Alternaria; SP=Spodoptera; HE=Heliothes; TH=Thrips; JA=Jassids; AP=Aphids; SM=Shooty mould; RN=Root knot nematode; PM=Peanut mottle virus; PSt=Peanut stripe virus; GR=Groundnut rosette virus; PS=Peanut stem necrosis virus 
Table 10. Details of reported genetic transformation of groundnut
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10. Future thrust areas for groundnut improvement

Most groundnut cultivation is confined to rainfed areas under low input conditions.  Significant gains in yield have been achieved but they are not as spectacular as in the case of wheat, rice or maize.  The following research areas could lead to further progress in yield improvement in the near future.

Numbers of germplasm in the world collections have increased in the recent years (>14,000), which includes all the three gene pools. Several species in different sections have been found to possess desirable agronomical, pest and disease resistance and for quality traits. Major attempts have also been made to utilize them for groundnut improvement. However, the pace of utilization and the economic end product, the cultivar does not commensurate with the available resources. Although several advanced and stable breeding lines have been developed their performance when compared to the local varieties remain at par or even below. In spite of difficulties, looking in to the narrow genetic base, lack of stable and high level of resistance for diseases and pests in the cultivars, land races and cultivated germplasm of groundnut, the wild Arachis gene source offers unparalleled mine to harvest. At least in the near future introgression of useful genes from species of section Arachis should certainly find a priority in the era of high cropping intensity, growing use of pesticides and declining trend of agricultural lands. For which the suitable pre-breeding pathways integrated with available different parasexual techniques have to be exploited. Similar to sugarcane, hotspots for enhanced natural seed set in interspecific hybrids can be identified and crosses effected. In addition choice of parents, suitable bridging species, which combine better fertility and seed set should be identified to introgress more and more wild genes sources to the cultivated back ground. 

Conventional breeding and molecular marker based selection should go hand in hand for priority specific and directed exploitation of large gene pool cutting the time and resources. Collaborative long term and multidisciplinary approach in utilizing wild gene source would be crucial for the success. 

Understanding the aflatoxin biosynthesis pathway and suitable genetic modifications in the pathway to check the production is another priority area of research. Current research at the USDA Southern Regional Research Centre in New Orleans, USA, is focused on understanding the aflatoxin biosynthesis pathway. Scientists have identified 0-methyl- sterigmatocystin as the last known precursor, and the enzyme oxidoreductase, that catalyses the conversion of this precursor to aflatoxin B1.  When the gene responsible for the enzyme is located, it could be removed or altered to stop production of aflatoxin.  
Other areas where recourse to bioengineering may help are resistance to Spodoptera and leaf miner among insect pests while bud and stem necrosis virus in case of diseases.  Work on these new approaches has only recently started but limited to only a few laboratories. Identification of novel resistant genes and stable integration in to appropriate agronomically superior genetic backgrounds should find a focus in the national programme.
Emphasis in breeding for improved quality targeting export promotion to regain the lost position in the world trade should be laid. A few varieties are already in place but promotion of cultivation in aflatoxin free niches supported by appropriate premium price would boost export opportunities
Groundnut fodder is a valuable by product especially to the resource poor groundnut farmer with one or two draft or milch animals. Improvement of fodder quality traits s a virgin area as far as groundnut is concerned. A slight improvement in the fodder quality traits will have a major impact on the animal health. Identification of traits associated with fodder quality, their inheritance and integration in to the breeding programme are to be attempted.
11. Major crop improvement Research stations

a) Directorate of Groundnut Research (DGR, Junagadh, Gujarat: Formerly known as National Research Centre for Groundnut was established in the year 1979 as the first commodity based research centre at the national level at Junagadh, Gujarat under the crop science division of Indian Council of Agricultural Research (ICAR), New Delhi. The major objectives of the centre are:

1. to conduct basic, applied and strategic researches to address the limiting groundnut productivity with a national perspective 
2. to act as a national repository of working collection of groundnut germplasm (about 9000) and 
3. to coordinate the multidisciplinary applied and strategic researches carried out through network centres drawn from the strategic locations across the country and
4. to organize and augment the nucleus and breeder seed production of new and improved varieties.

A multiple resistant erect variety Girnar 1 (resistant to rust, LLS, sucking pests and drought tolerant), a large seeded high input responsive semi-spreading variety, Girnar 2 and an early maturing erect variety, Girnar 3 have been released for cultivation in different parts of the country.  
The AICRP-G network centres situated at strategic locations have received more than 38,362 genotypes (Singh and Nigam, 1996) from 1980 to 1995. This led to increased use of exotic germplasm in the national programme. The efforts led to the development of a number of varieties, such as JL 24, GG 2, Kadiri 3, M 13 and J 11 with tolerance to various stresses, which was owed to their parents of exotic origin used in their development. However, due to the restriction imposed on import of germplasm collected after 1994 there is reduced movements of germplasm exchange and use.
b) International Crops Research Institute for Semi-Arid Tropics (ICRISAT), Patancheru

Until 1976, the Indian researchers had accesses to only about 5000 germplasm accessions, predominantly indigenous with narrow range of genetic variability. The establishment of groundnut programme in 1976 at ICRISAT was a booster for groundnut research in India. 

Collection of about 14,000 germplasm globally and systematic evaluation at ICRISAT, Patancheru resulted in identification of numerous sources of resistance to both biotic and abiotic stresses. During 1980’s ICRISAT provided access to the groundnut researchers in India even to exotic germplasm collected from various centers of diversity, particularly from South America, the primary centre of diversity which made significant contribution towards the development of high yielding stress tolerant varieties. The supply of different sources of resistance, segregating and advanced breeding materials oriented the breeding programmes of the National Agricultural Research Systems (NARS) in desired direction, involving incorporation of resistance or tolerance against major stresses. 

Collaboration in genetic enhancement of groundnut led to the release of 20 improved groundnut varieties either sponsored directly by ICRISAT (ICGSs’ 1, 5, 11, 37, 44, 76, ICGVs’ 86325, 86590, 91114) or through SAU’s namely BSR 1, ALR 1, ALR 2, VRI 1, RG 141, SG 88, SG 99, Pratap Mungphali-1 (ICGV 92035), Pratap Mungphali-2 (ICGV 92195), Avtar (ICGV 93468), ICGV 00348, ICGV 00350, R 2001-2, R 2001-3, Mallika (ICGV 00440) and VL Mungphali-1. Several other promising genotypes selected from the basic materials supplied by ICRISAT are in pipeline in state varietal programme and under AICRP-Groundnut varietal evaluation programme.

c) Bhaba Atomic Research Centre, Trombay

Bhaba Atomic Research Centre, Trombay initiated a mutation-breeding project as early as 1957 and became the pioneering institution in mutation breeding research in groundnut India. Several promising semi-dwarf, compact plant types and large seeded mutants have been developed by the institute. A total of 14 groundnut varieties, which were popularly referred to as ‘Trombay Groundnuts (TG)’ have been developed through mutation and selection. Two varieties,  ‘TG 1 ’ and TG 3 were developed by BARC by treating the kernels of ‘Spanish Improved’ with X-rays (75 Kr). The variety, TG 1 had large seed size (85 g/100 seed) while  ‘TG 3’ had medium bold seed size (50 g/100 seed). In addition, early maturing mutant genotypes, (TGE 1 and TGE 2), water use and partitioning efficient variety, TAG 24 has also been developed. Subsequently, the institute also evolved novel breeding technique of irradiation followed by recombination and developed about 10 varieties. 

d) All India Coordinated Research Project on Groundnut (AICRP-G) 
The All India Coordinated Research Project on Groundnut (AICRP-G) was established in 1967 under the aegis of All India Coordinated Research Project on Oil seeds (AICORPO). Looking to the importance of groundnut crop it was delineated from AICORPO and given a separate project status from 1992 onwards. To integrate the basic and applied researches of the then National Research Centre for Groundnut (NRCG; currently, DGR, Junahadh) thine project was operated from the erstwhile NRCG, Junagadh. It has five lead centres located in the five major groundnut growing states and 17 supporting centres located at the strategic locations. Since inception of the AICRP-Groundnut centres in 1967-68, a total of 156 varieties have been developed and released till 2010 for general cultivation in different production areas like: rainfed kharif; rabi-residual moisture; irrigated summer and spring production systems.  Of which, several varieties were endowed with inbuilt resistance/tolerance to major insect pests and diseases; suitable for acid soils; saline soils and high water use and partitioning efficiency. Twenty three different institutions located in different parts of the country were involved in releasing 181 varieties in the country (Table 11)
11. Current status of groundnut at national and international levels


Besides ICRISAT and USDA, institutions like Texas A&M University, Oklahoma  State University, North Carolina State University, University of Georgia (both state and the USDA), the University of Florida (Marianna), and AgraTech Seeds Inc. (Ashburn, GA) maintain a large collection of breeding lines. These lines include non-commercializable breeding lines, genetic stocks, materials from genetic studies, germplasm developed to incorporate resistant genes for biotic and abiotic factors etc. The materials closest to commercialization in these institutions may be exploited in other programmes limited resources prevent substantial evaluation of these materials that is not destined for immediate use. Nevertheless, groundnut is one of the delicacies and snack food in the western countries and hence will continue to occupy its prominence.
In India, groundnut will continue to remain as an important oilseed crop especially in rainfed areas. Although the crop faces stiff competition from few crops like soyabean (Maharashtra), maize (Karnataka and Tamil Nadu) and Bt cotton (Gujarat and Maharashtra) and lost a sizable area, the strength lies in its multiple use such as oil-food-feed. In addition, groundnut can be grown as an inter crop with a wide array of field and plantation crops with limited or no additional inputs. More over, the crop is gaining new grounds in the potato or toria fallows in spring season in northern (parts of Gujarat, Uttar Pradesh) and eastern parts (Orissa and West Bengal) of the country. North-Eastern states offer further scope for popularizing groundnut where due to prevailing short day conditions, the partitioning of photosynthates was found efficient leading to higher yields. Developments of appropriate post-harvest technologies will result in product diversification and value addition to capture both domestic and international markets.     
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Table 5. Genetics of vegetative, reproductive, pod and seed traits in groundnut
	Traits
	Gene action
	Inheritance pattern
	References

	
	
	Monogenic
	Digenic
	Trigenic
	Polygenic/complex
	

	A. Vegetative

	1.Habit
	Perennial dominant over annual 
	​-
	-
	-
	+
	Seshadri 1962

	2.Growth habit


	Prostrate dominant over erect types
	+
	+
	+
	+
	Varman et al. 1986; Cofflet, 1974; Varman et al. 1986; Ashri and Levy, 1978; Essomba et al. 1987

	3. Plant height
	Tall dominant over dwarf types
	+
	+
	+
	-
	Patil and Mouli, 1975; Branch and Hammons, 1983; Radhakrishnan et al. 1991 

	4. Stem pigmentation
	Pigmented stem monogenic dominant over absence of pigmentation
	+
	-
	-
	-
	Badami, 1923; Patel et al. 1936

	
	Pigmented stem controlled by two genes with complimentary or duplicate epistasis 
	-
	+
	-
	-
	Patel et al. 1936; Patil, 1965; 

	5. Stem pubescence
	Stem pubescence dominant over glabrous
	+
	-
	-
	-
	Badami, 1928; Patil, 1965

	
	Stem pubescence incompletely dominant over glabrous
	+
	-
	-
	-
	Patel et al.1936; Balaiah et al. 1977


	6. Nodulation
	Nodulation dominant over non-nodulation; highly influenced by host, Bradyrhizobium strain and environment
	-
	+
	+
	-
	Nigam et al.1980a, b, 1982 ; Dasheill and Gorbet 1982

	7. Albinism
	Two duplicate loci interacting with a third loci in an epistatic manner
	-
	+
	+
	-
	Upadhyaya and Gopal, 1995

	8. Leaflet shape
	
	
	
	
	
	

	a. Crinkle 
	Crinkle leaflet dominant over normal
	+
	-
	-
	-
	Hammons, 1964

	b. Flop (droopy)
	Flop recessive over normal 
	-
	+
	-
	-
	Branch and Hammons, 1981

	c. Narrow leaf
	Narrow leaf dominant or partially dominant over normal
	+
	-
	-
	-
	Tiwari et al.1990; Matlock et al.1970

	d. Carduroy (cup shaped with ribbed parallel lateral veins) 
	Carduroy recessive over normal 
	+
	-
	-
	-
	Loesch and Hammons, 1968

	e. Puckered (partially crinkled with yellow margins) 
	Puckered recessive over normal  
	+
	-
	-
	-
	Dwivedi and Nigam, 1989

	9. Leaflet size
	Polygenic
	-
	-
	-
	+
	Essomba et al.1993.

	10. Leaf colour
	Dark green dominant over light green 
	+
	-
	-
	-
	Badami, 1923; Dalal, 1962


	11. Variegated leaf
	Cytoplasmically controlled
	-
	-
	-
	-
	Branch and Kvien, 1993

	B. Reproductive traits

	1. Inflorescence on main stem
	Controlled by two sets of duplicate loci with epistasis
	-
	+
	-
	-
	Hammons 1971

	2. Maturity
	Earliness monogenic recessive over late maturity
	+
	-
	-
	-
	Badami, 1923, 1928

	3. Flower colour:
	
	
	
	
	
	

	a. White 
	White flower colour is duplicate recessive over normal (yellow colour)
	-
	+
	-
	-
	Patil (1965) cited in Murthy and Reddy, 1993

	b. Light yellow 
	Light yellow flower colour is monogenic, recessive over normal
	+
	-
	-
	-
	Patil and Mouli, 1984

	c. Lemon yellow 
	Lemon yellow dominant over orange
	-
	+
	-
	-
	Banks and Pitman, 1986

	d. Deep orange

 
	Deep orange dominant over orange; epistatically controlled
	-
	-
	-
	+
	Radhakrishnan et al. 1991

	
	Deep orange recessive to normal 
	+
	-
	-
	​-
	Knauft et al. 1991


	C. Pod and seed traits
	
	
	
	
	
	

	1. Aerial podding
	Aerial pods monogenically dominant over normal podding
	+
	-
	-
	​-
	Vanisree and Prasad, 1995

	2. Pod size
	Large pod dominant over small pod; quantitatively inherited
	+
	-
	+
	​-
	Badami, 1928; Hassan, 1964

	3. Pod constriction
	Absence of pod constriction dominant over constricted pod
	-
	+
	+
	-
	Badami, 1928; Hassan, 1964; Cofflet and Hammons, 1974b

	4. Pod reticulation
	Deep reticulation monogenic dominant over shallow reticulation
	+
	-
	-
	-
	Patil, 1965; Jhadav and Shinde, 1979

	5. Pod beak
	Non-beak monogenic dominant over beak types
	+
	-
	-
	-
	Balaiah et al. 1977

	6. Shell thickness
	Thick shell recessive to thin shell; controlled by five factors
	-
	-
	-
	+
	Badami, 1928; Seshadri, 1962

	7. Seed (kernel) size
	Large seed size monogenic dominant over small seed size
	+
	-
	-
	-
	Balaiah et al. 1977

	8. Pigmentation in testa 
	Duplicate genes designated as (F1F2D1D2)
	-
	+
	-
	​-
	Knauft and Wynne, 1995

	9. White testa
	White testa monogenic dominant over normal 
	+
	-
	-
	​-
	Norden et al. 1988; Branch, 1989

	10. Seed dormancy
	Seed dormancy incompletely dominant over dormant types; multigenic; 
	+
	-
	-
	+
	Stokes and Hull, 1930; Hull 1937

	11. Red testa
	Red testa dominant over normal
	-
	-
	+
	-
	Knauft et al. 1991

	D. Quality traits

	1. High (25%) Oleic acid concentration
	Duplicate recessive over normal Oleic acid concentration
	-
	+
	​-
	-
	Moore and Knauft, 1989 

	
	High Oleic acid monogenic dominant over normal Oleic acid concentration
	-
	+
	​-
	-
	Knauft et al. 1993b

	High O/L (Oleic acid/Linoleic acid ratio; >30 when compared to 1-3 in cultivated types) 
	High O/L ratio types recessive to normal; digenically controlled
	-
	+
	​-
	-
	


Table 11. Institution-wise varieties released in India
	S.No.
	Institution responsible for release
	Number of varieties released
	Total

	
	
	Spanish bunch
	Valencia
	Virginia runner
	Virginia bunch
	

	1
	Achraya N.G.RangaRao Agricultural University (ANGRAU), Hyderabad
	K-134, Kadiri-4, Kadiri-5, 

Kadiri-6, Kadiri Harithandra, Kadiri-9  Tirupati-2  Tirupati-3, Tirupati-4, JCG - 88, Prasuna, Abhaya, Kalahasti,  Narayani, Greeshma 
	-
	Kadiri-71-1
	Kadiri-2, Kadiri-3 Kadiri-7, Kadiri-8, 
	20

	2
	Bhabha Atomic Research Centre (BARC), Mumbai
	TG -3, TG-17, TG -22, TAG - 24, 

TG - 26, TG -37A, GPBD 4
(Vikas)
Pratap Mugphali 2 (ICUG 92195)
Pratap Mugphali 1 (ICUG 92035)
GG 8
(J 53)
TG -38B, (TG 38)
Co (GN) 5
Dh 101
(Vasundhara)
LGN 1
(Ratneshwar)
TLG 45
SG 99
Prasuna 
(TCGS 341)
ICGV 91114
Phule Unap
(JL 286)
Abhaya
(TPT 25)
TMV (Gn) 13
Kalahasti
(TCGS 320)
Narayani
(TCGS 29)
AG 1 
(Anand Groundnut 1)
JL 501
VRI (Gn) 6
TG -51, TPG -41 ICGS 11
(ICGV 87122)     
SG 84 
(Spring Groundnut 84)   
VRI 1       
Girnar 1 
(CGC 4018)  
ICGS 44  
(ICGV  87128)    
VRI 2       
RG 141      
ICGS 1   
(ICGV 87119)     
ICG    (FDRS) 10
(ICGV 87160)              
VRI 3  
(VG 55)      
ICGS 37
(ICGV 87187)        
RSHY 1    
(Pragathi) 

	-
	Somnath
	TG - 1
	11

	3
	Birsa Agricultural University (BAU)
	-
	-
	-
	BAU-13, BG -1, BG - 2, 

BG -3
	4

	4
	Chaudhary Charan Singh Haryana Agricultural University (CCSHAU), Hissar
	MH-1
	MH-2,

MH-4
	-
	-
	3

	5
	Chandrasekar Azad University of Agriculture & Technology, Kanpur
	-
	-
	CSMG - 84-1, CSMG - 9510, Chandra, Chitra, 

T-28, Faizpur-1-5
	CSMG -884,

T-64, Kaushal,

MA-16
	10

	6
	Directorate of Oilseeds Research (DOR), Hyderabad
	Mankya (DRG 12)
	-
	-
	DRG -17
	2

	7
	Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth, Dapoli (BSKKV)
	TKG 19A (TG 19A)
	-
	-
	Konkan Gaurav,


	2

	8
	Junagadh Agricultural University (JAU), Junagadh
	J-11, GAUG -1, GG -2, GG -3,  

GG -5, GG -6, GG -7, GG -8
	-
	GAUG -10, 

GG -11, GG -12, GG -14, GG –16, GJG-HPS-1 (JSP-HPS-44)
	GG -20, GG -21
	16

	9
	Indian Agricultural Research Institute, Hyderabad
	RSHY-1
	-
	-
	-
	1

	10
	International Research Institute for Semi-Arid Tropics (ICRISAT), Patancheru
	ICGS-1, ICGS-11, 

ICGS-37, ICGS-44, ICGV-86590, ICG (FDRS)-10, ICGV-91114
	-
	-
	ICGS-5,

ICGS-76, 

ICGS-86325
	10

	11
	Jawaharlal Nehru Krishi Viswavidyalaya, Jabalpur
	Jyoti, JGN-2, JGN-3, JGN-23
	Gangapuri
	-
	-
	5

	12
	Kerala Agricultural University, Thrissur
	-
	-
	-
	Sneha, Snigdha
	2

	13
	Marathwada Agricultural University (MAU), Parbhani
	LGN-1, TLG-45
	-
	-
	LGN-2
	3

	14
	Maharana Pratap University of Agriculture & Technology (MPAU&T), Udaipur
	Pratap Mungphalli-1, 

Pratap Mungphalli-2
	-
	-
	-
	2

	15
	Mahatma Phule Krishi Vidyapeeth (MPKV), Rahuri 
	SB XI, JL-24, JL-220, JL-286, JL-501

 
	Kopergaon-3
	Karad-4-1
	Kopergoan-1, B-95
	9

	16
	National Research Centre for Groundnut (NRCG), Junagadh
	Girnar-1, Girnar-3
	-
	-
	Girnar-2
	3

	17
	Orissa University of Agriculture & Technology, Bhubaneswar
	Kisan, Jawan, Smruti (OG-52-1)
	-
	-
	-
	3

	18
	DR. Panjabrao Deshmukh Krishi Vidyapeeth (PKV), Akola
	AK-12-24, AK-159
	-
	UF-70-103
	AK-265, AK-303
	5

	19
	Punjab Agricultural University (PAU), Ludhiana
	SG-84, SG-99
	
	Punjab-1, M-13, 

M-37, M-335, 

M-548
	c-501, M-145, 

 M-522, M-197


	11

	20
	Rajsthan Agricultural University (RAU), Bikaner
	RG -141
	
	RS-1, RG -382, 
	RSB-87, RSB-138, 

HNG -10, TG -39, HNG -69,  

ICHG -00440
	9

	21
	Tamil Nadu  Agricultural University (TNAU), Coimbatore
	Pollachi-1, Pollachi-2, ALR-2,

CO-1, CO-2, CO-3, Co (Gn)-4, 

TMV-2, TMV-5, TMV-7, TMV-9   TMV-12, TMV (Gn)-13,  VRI-1, 

VRI-2, VRI-3, VRI-4, ALR-3 

VRI (Gn)-5, VRI (Gn)-6, BSR-1
	TMV-11
	TMV-1, TMV-3, TMV-4
	TMV-6, TMV-8, TMV-10, ALR-1, ICGV-00348, 

VRI (Gn)-7, Co (Gn)-5
	32

	22
	University of Agricultural Sciences (UAS), Dharwad
	Spanish Improved, AK 12-24
TMV 2
TMV 5 **
J 11
SB XI
TMV 7 **
Pollachi 1 **
S 206
TMV 9 **
Jyoti       
GAUG 1 **
Pollachi 2  
Dh-3-30, MH 1       
JL 24  
(Phule pragati)    
TMV 12 **
Co 1        
Kisan       
KRG 1       
TG 17 **
GG 2  
(Gujarat Groundnut 2)     
Jawan
(OG 71-3)       
Co 2        
JGN 2
(Jawahar Moongphali 2)
Dh-8, TG 3        
ICGS 11
(ICGV 87122)     
SG 84 
(Spring Groundnut 84)   
VRI 1       
Girnar 1 
(CGC 4018)  
ICGS 44  
(ICGV  87128)    
VRI 2       
RG 141      
ICGS 1   
(ICGV 87119)     
ICG    (FDRS) 10
(ICGV 87160)              
VRI 3  
(VG 55)      
ICGS 37
(ICGV 87187)        
RSHY 1    
(Pragathi) 
TAG 24      
Tirupati 2  
ICGV 86590 
(ICGS 86)
TG 22
R 9251
TKG 19A    
K 134
(Vemana)   
Tirupati 3
(TCG 1518)
GG 3
(Gujarat Groundnut 3)      
DRG 12 
(Mankya)
TG 26
R 8808 
(Apoorva)
VRI 4
Kadiri  4  
(K 150)
ALR 2
(ALG 56)
BSR 1
(ICGV 86143)
OG 52-1
(Smruti)
JCG  88 
(Jagtial 88)
Tirupati 4 
(TCGS 30)
ALR 3 
(ALG 63)
Co 3
(TNAU 256)
GG 5
JGN 3
(Jawahar Groundnut 3)
JL 220
(Phule Vyas)
VRI (Gn) 5
Co (Gn) 4 
(TNAU 269)
GG 7 
(J-38)
GG 6
AK 159
Dh-86, (Prutha)
Kadiri 5
Kadiri 6 
(K 1240)
TPG 41
TG 37A
GPBD-4, (Vikas)
Pratap Mugphali 2 (ICUG 92195)
Pratap Mugphali 1 (ICUG 92035)
GG 8
(J 53)
TG 38B
(TG 38)
Co (GN) 5
Dh-101, 

Mutant-III, KRG-1, S-206, GPBD-5,TMV 9 **
Jyoti       
GAUG 1 **
Pollachi 2  
Dh 3-30    
MH 1       
JL 24  
(Phule pragati)    
TMV 12 **
Co 1        
Kisan       
TG 17 **
GG 2  
(Gujarat Groundnut 2)     
Jawan
(OG 71-3)       
Co 2        
JGN 2
(Jawahar Moongphali 2)
Dh 8        
TG 3        
ICGS 11
(ICGV 87122)     
SG 84 
(Spring Groundnut 84)   
VRI 1       
Girnar 1 
(CGC 4018)  
ICGS 44  
(ICGV  87128)    
VRI 2       
RG 141      
ICGS 1   
(ICGV 87119)     
ICG    (FDRS) 10
(ICGV 87160)              
VRI 3  
(VG 55)      
ICGS 37
(ICGV 87187)        
RSHY 1    
(Pragathi) 
TAG 24      
Tirupati 2  
ICGV 86590 
(ICGS 86)
TG 22
R-9251, TKG 19A    
K 134
(Vemana)   
Tirupati 3
(TCG 1518)
GG 3
(Gujarat Groundnut 3)      
DRG 12 
(Mankya)
TG 26
R-8808, R-2001-3, R-2001-2 
	-
	DSG-1, S-230
	TGLPS-3 
	16

	23
	VPKAS, Almora
	VL-Moongphali-1
	-
	-
	-
	1

	
	Total
	102
	5
	28
	46
	180
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Figure 2. A scheme of development of cultivars by combining irradiation and recombination techniques 
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